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INSTANTANEOUSCHEMICALREACTIONSANDTHE
THEORY OF ELECTROLYTICDISSOCIATION

BY!.OUïSKAHMNBKRG

ïn a previousarticleon the theoryof electrolyticdissocia.

tien,' 1hâvebrieflydiseussedthe factthat the chemicalreactive-
nessofelectrolyteshasbeenurgedasa supportofthathypothe-
sis. In viewof the wide-spreadideathat instantaneouschemical

action,if notaUchemical~action, is dependentuponions,the

productsof so-calledelectrolyticdissociation,1 conclttdedto

subjectthisquestionto furtherexpérimentâtinvestigation.
Théquestionthat 1soughtto answerpnmati!ywas,Canin-

stantaneouschemicalteactionscausing precipitationby double

decomposition(comparable,for instance,with the precipitation
ofsilverchloridein aqueoussolutionsaccordingtotheéquation,

AgNO~+ HC1==AgCt+ HNO~)take place in solutionsthat
areexcellentM~/a/o~? To invcstigatethis question,hydro-
carbonswerenaturallychosenas the bestsolventsknownfor tlte

purposein hand. Benzenewasused as the solvent,thougha
fewprehmiharyexperimentsindicatedthat petroleumether, or

toluenewouldhaveservedequallywell. Thébenzeneusedwas

of theverybest cfystatlizaMe,thiophene-freevarietyof Kahl-

baum'smanufacture. The benzenewas allowedto standfor

daysoverphosphoruspentoxide,after which it wasredistilled

fromthis dehydratingreagent. It was finallykeptstanding
overmetallicsodium. The electrical conductivityof this ben-

zene was then tested. As it is impossibleto estimateby
meansof the Kohlrauschmethodthe electricalconductivityof

substancesofsuchenormousresistance,anotherplanwasadopted.
It wasbrieflyas fo!!ows What was practicallyan Arrhenius

résistancecellwith the platesless than a millimeterapart,was

Bull.Univ.W!B.,ScienceSénés,t. ateoJow.P~ Chem. 339
<'9<").)·
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placed in circuit with a sensitivegalvanometerand a direct
currentdynamo,generatingapressureofï tovo!ts. The dynamo
wasa largemachineusedtofurnish light and power; and be-
sidesthe résistancein the cell abovementioned,there was no
resistancein the circuit,except the low resistanceof the gal-
vanometerand the necessaryconnectingcopperwires. Before

using,the cell wasin each casedried by heating,as wereall

containingvesselsused in theseexperiments. When the cell

containedair,onlya slightmovementofthe galvanometernée.
diecouldbe notedonclosingthe circuit. On placing the ben-

tzene in the cell and c!osiagthe circuit,the denectionof the
galvanometerneedlewassomewhatlessthan whenthé cellsim.

ptycontainedair. The benzenethen conductedless than air.
This experimentwasrepeatedat varionstimeswith alwaysthe
sameresult. In viewofthéfacts found,1 did not considerit
necessaryfor my purposeto attempt to measureexactly the
specifieconductivityof thebenzene.'

In seekingsuitablesolutésto be used in benzenesome
difficultieswereexperiencedtheseneednotberecountedhere,
as they weremainlydueto thefact thatmostsaltsof metalsare
practically insoluble in hydrocarbons.It was finallyfound,
however,that certainoleatesof the heavymetals,name!ythose
ofcopper,iron, and manganeseare solublein hydrocarbons,a
factdiscoveredby Schôn.' It mightbeaddedat once that thé
oleatesof cobalt and nickelare also solublein benzeneand
petro!eumether. 1couldnot6nd the latter saltsdescribedin
the literature,and henceconcludedthattheyhâveprobautynot
beenpreparedheretofore. !n this investigationthe oleatesof
copper,nickel,andcobaltwereused. Thesesaltswereprepared

Anideaofthésensitivenessofthémethodemployedmaybeobtained
fromtheMtowingWithtwelvelargestoragebatteries(i.e.,apressureof24
voMit)insteadofthedynanto,andpyridlneofspeciScconductivityoftessthan
M-'recipfocatohmsinthecelladeflectionofthirty<M!edivisionswasnoted.
Withaprmureoft tovottsendairinthecell,adenectionofaboutone-lialfof
ascatedivisionwasobservedwhenbenzenewasplacedinthecell,thédeftec-
tionwasacatcetymo~thanathitdofadivision.

Iiebig's Annaten.a44,~66(t8S8).
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by heatingpureoleicacidwith thecalculatedquantityofstand-

ard solutionof sodiumhydroxide(prepared from metallic

sodium),and then adding to the sodiumoleatesolutionthus

formed,a slightexcessofthe sulphateof the heavymetal,the

oleateofwhichwasdesired. The precipitationsweremadeat

roomtemperature. Theprecipitatewasin eachcasethoronghiy
washedwithwaterandfinallycarefullydriedin anovenat no

degrees.
The generalcharacteristicsof the oleatesof copper.iron,

·

and manganesearegivenby Schon. The oleateof nickelisa

green, amorphous,resinous solid at ordinary temperatures.
Coba!toleateisalsoanamorphous,resinoussolid it hasa dark

redcolor,which turns brown whenthe salt is heatedabove

ïao°, probablybecauseof décomposition.After the oleatesof

copper,nickelandcobaltwerepreparedand driedas abovede-

scribed,theywereanalyzedby earefuiignitionina crucibleand

subsequentréductionwithhydrogen. Thé resultsobtainedwere

as Mtows 3.33t5g copperoleateyielded0.3337g Cu,or 10.02

percentCu forCu(C,,H0,), thé theoryrequiresïo.ï6 percent.

5.567tg nickel oleate.yielded0.5240~nickel, or o.~t per-
cent Ni; for Ni(C,,H0,)~ theory requires 0.46 percent.

3.9200g cobaltoleateyielded0.3834g Co,or 9.77percent for

Co(C,,H~O,),theoryrequires9.51percent.
Theoleatesofcopper,nickelandcobaltare readilysoluble

in benzeneeven at roomtemperatures. The solutionof thé

coppersalt is greenishMue that of the nickel salt is greeni
andthat ofthe cobaltsalt is darkred. The colorsofthèsesolu-

tionsarethen similarto thé colorsofsaltsof the corresponding
metalsinaqueoussolutions. On heatingthé dark red solution
ofcobaltoleateintoluène,the solutionturnsblue,and oncool-

ing,it againbecomesdark red; this behavioris then exactly
like that ofcobaltonssaltsin aqueoussolutions. Whenthé elec.
tricalconductivityof thesesolutionswastestedbythe rigorous
methodabovedescribed,it wasfoundthat theydo not conduct
betterthanpurebenzene. The solutionsthus testedwereabout
livepercentstrong. Metalliesodiumdoesnotprecipitatetheheavy
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metalsfromthesolutionsoftheseoleatesinbenzène indeedthé
solutionswereallowedto standovermetallicsodiumso as to
insuretheir thoroughtyanhydrouscondition. A copperoleate
solutionwasallowedto standovermetallicsodiumfor weeks,
withoutthe leastchangetakingplace. This wasshownby the
tact that nocopperappearedonthesodium,andthat when thé
sodiumwastaken out of thé solution,washedcarefullywith
benzeneanddissolvedin water,nota traceof copper sulphide
couldbedetectedonsatutatingthecarefullyneutralizedsolution
withhydrogensulphide. 1wishin thisconnectionto call par.
ticularattentionto the well.knownfact that a freshly eut sur.
faceofmeta!!icsodiumgraduallyturns pinkishin color even
whenkept undera thorougMydehydratedhydToearboa.–ben.
zeneor petroleumether, for instance. In perfonning the ex-
perimentofplacingmetaUicsodiumin a solutionof dry copperoleatein drybenzenetheslightpinkishhuethat the freshlyeut
surfacesof themetalassumeaftera time,mustnot be mistaken
forcopper. Magnésium,aluminumandzinchavebeenkept in
a copperoleatesolutionforweekswithoutin the leastchangingtheirappearanceand luster. It is abundantlyprovedthen by
physicatandchemicaltests,thattheseoleatesin benzenearenot
electrolyticallydissociated. In thecaseof theoleateof copper,1mademolecularweightdeterminationsin benzenebythecryo.
scopicmethod the resultsaregivenin TableI.

TABLEI.

Coppefojëate 1 Bcnzeae
I~wenng

Mot.wt.

0.6788 :3.~ ~,oy 2342
'.3805 .8.45 (' o.,s,
Mr. WalterD. Pattonmadeboiliug.pointdetenninationsof

solutionsofcopperoleatein benzène.His resultsare given in
TableII.

If a little water i. addedto the solution,the sodiumia acted upon with
evolutionof hydrogena.d becomesc~M with ..timy precipitate, probably

sodium°'~ (which !c.My !.Mt.Ne in be~M)and hydroxideofthe heavymettd.
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Coppefoteste .-I-
Benzène Rise Mot.wt.

0.555! n.52 0.050 zs&s
t.o683 n.~z 0.090 2750

h~< 4 < < .<
Thé theoreticalmolecularweightofcopperoleateis625.6.Thé
resultsin TablesI. and II. would,accordingto the current in-

terpretationofsuchcases,showthat copperoleateis polymer-
izedin benzenesolution.

A solutionof dry hydrochloricacid gas in the thoroughiy
dehydratedbenzeneabovedescribedwas next prepared. The

hydrochloricacidgas wasevolvedby droppingthé concentrated

aqueoussolutioninto concentratedsulphuricacid. Thégaswas
furtherdriedbypassingit throughconcentratedsulphuricacid,
andnnally througha largetowerfilledwithpiecesofdrypumice
coveredwithphosphoricanhydride. The electricalconductivity
of sucha solutionof dry hydrochloricacid in drybenzeneis no
better than thatof thé benzeneitself. Thedrycarbonatesof so.
dium,calcium(calcite),and barium(witherite),placedin sucha
solution,are notin the least attacked.Bright magnésiumribbon

is notactedupon. Zinc,however,isactedupon,'hydrogenbeing
evolved andthis takes placewhetherthe zinc is amalgamated
or not and withabout the samerate,judgingroughtyfrontthe
rapidityof theevolutionof the hydrogen. Thézincwasof thé
verypurest zincwireof Merck'smanufacture. Apieceofplati-
numplacedincontactwiththé zincunderthesolutionof hydro-
chloricacid inbenzenein nowayaffectedthé évolutionof hy-
drogen the latter always appearedon the zinc, not on thé

platinum. Adilute aqueoussolutionof hydrochloricacid ap-
pearedto act ratherlessreadilyon the amalgamatedzinc wire
than did the solutionof hydrochloricacidgas in benzeneon an
amalgamatedsampleof wireof thesamepiece; but thémoment
the wire in theaqueoussolutionwasplaced in*contactwith a

ComparemthisconnectionthemtMMttngobservationsofM.Gotnbetg
(Amer.Chef)).Jour.<5,324(!90t))endthoseofotherobserventtowhon!he
refera.

TABLBII.

-r--=-



6 Louis A~A~K~~

scrapof platinumunderthésolution,hydrogenwasveryeopiousty
evolved,almostentirelyon the platinmn.' It is well.known
that in the last-namedexperimentthe solutionof the zinc is
accompaniedby a currentofelectricitythroughthé metalsand
the solution,andthatthe chemicalactionis mnchmorevigor.
eus in consequence.Ontheotherhandit is clearthat zincde.
composesdry hydrochloricacid in drybenzène,andthis appar.
entlygoeson withouta concomitantelectriccurrent fora piece
ofphtinumin contactwith thezincdoesnot affectthé evolu-
tion of hydrogenin the benzenesolution,as it does in the
aqueoussolution. Again,contactwithptatinumorothermeta!s
doesnotcausemagnésiumto beactedupouby théhydrochloric
acidsolutionin benzene. Iron,nickel,cobalt,copperand cad.
tniumare not attackedby a solutionof hydroeMoricacid in
benzene;tin andaluminumareslightlyacted upon lead very
slightly. Mercury,silverand,ofcourse,goldandpiatinumare
not actedupon. Thesestatementshold,whetherthémetalsare
in thesolutionbythemselvesorincontactwithothermetals in
factnovisibleeffectwascausedby contactwith other metals.
MetaHicsodiumis fairly rapidlyacted upon by thé benzène
solutionof hydrochloricacid. The chtoridesof thé metals
acteduponarepracticallyinso!ub)ein benzene theyappearon
the metalsas a whitecoatingafterthe actionbasgoneon for a
sumcient!engthof time. Thécoatingaroundthé sodiumhad
a milkygetatinousappearanceafterthéactionhadgone on for
twelvehours. Aperfectlybrightglobuleof thé tnetalremained
unchangedafterbeingthuscoatedover.

1wishto stateemphaticallyin thisconnection,that in ob-
tainingtheaboveresultsextraordinaryprecautionswerensedto
guardagainstthe presenceof any tracesof moistnre. A train
wasusedconsistingofa hydrogengeneratorconnectedwith thé
usualpurifyingsolutionsanda finalwash-botttecontainingcon.
centratedsutphnricacid;thetatterwasattached to the hydro-

'Thiabthewen-knownexperimentwhich,in atighttymodifiedfonnOstwaldcitestoilluetratewhathecalfschemicalactionata distance.
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chloricacidgeneratorconsistingof a flaskcontainingconcen-

trated sulphuric acid, into which conceutratedhydrochtoric
solutioncouldbedroppedby meansofaseparatingfunnel.The

hydrochloricacid gas generatorwasconnectedwith a wash-

bottleof concentratedsulphuric acid, and thé latter with a

tower(4oon high and6 cm in diameter)filledwith piècesof

dry ptnnicecoveredwith phosphontspentoxide.'This tower
wasconnectedby a glasstubewiththesmallBaskcontainingthe

benzeneand substanceto be tested.Thisflaskwasfittedwithan
excellentdoublyperforatedrubberstopper,andwasin turncon-
nectedby a glasstube to anotherlargetowerfilledwithpumice
coveredwith phosphoricanhydride. Beforeintroducingthé

benzeneand the dry substanceto be testedinto the flask,the

latter,as wellas its stopperandconnectingtubes,washeatedto
driveoff moisture;and while thèsepartswerestill fairlyhot,
thé benzèneandsubstance*to betestedwerequicklyintroduced
andthé whoteat onceconnectedwith thé train. The air was
then displacedwith dryhydrogen; and finally,thé hydrogea
generatorwaseut offby meansofa cockand thé hydrochloric
acidgaswasslowlyevolveduntil the train wassaturated. In

makingthéprecipitationswithdryhydrochloricacidbypassing
the gas into the oleatesolutionsin benzene,thesametrain and
thé sauteprécautionswereused. Thèseprecipitationswillnow
bedescribed.

Jn thesetowersplugsof dry cottonwereusedto preveutanyof the fine

particlesof phosphoruspentoxidefrombeingcarriedaway.
The method of dryingthe he))!:enehas tieeogivenat)ove. The meta)*

wereeteanedwithemery etoth (a new, frcah piècebeingu6e<!for each) and

geMttyheatedbeforeinttrodncingthem intothe benzene,except in the case of
sodiumand magnesium. The magnesiMn)ribbonwassimptythoruugMydeaned
withemery ctoth on accountof thé pecullarbehaviorof this meta) toward

hydrochlorieacid in benzene,severalsampleso!magneaiMmribbonof d!tterext
makeswereused. but alwayswith thé samefesott. A sampleof Schuchardt's
bestzincwasalsoemployedin additiontothe samptefromMerek but like the
latter saatpte,it waaattackedinvariably. Thésodiumwaseut under dry ben-
zèneand introducedveryquickly into the flask. The carbonatesweregent)y
heated the sodium carbonate was preparedby fusing sodiumbicarbonate
in a ptatinmndish. The substancesheatedwere,ofcourse,introducedintothé
benzènewhite stit) hot.
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Wheadryhydrochloricacidgasis passedintoa solutionof
copperoleatein benzene,there is fonned a heavy
brownprecipitatewhichis cnpric chloride. The reactionthat
takes placemay be written thus: Cu(C,,H~O,),+zHC!==-
CuC~+ 2C,,H~O,.Wehavehere then,a caseofinstantaueous
precipitationbydoubledecompositionwhieh is perfectlycom-
parablewiththat oftheformationofsih'erchloridein aqueous
solutions,when sitvernitrate solution is treatedwith hydro-
chloricacid. wish to emphasizeagain that these benzene
solutionsconductno better than benzeneitself. Even at the
instantof théformationof the precipitate,thereisnot thé least
perceptibleincreasein théconductivity. 1 testedthis by plac-
ing acopperoleatesolutionin thé resistancece!!withdynamo
andgalvanometerincircuitand then quicklypouringinto thé
cella saturatedsolutionof dry hydrochloricacid in benzene.
Thé precipitateformedinstantly,but the galvanometershowed
nochange. Theoleatesofnickel and cobalt,whentreatedin
benzenesolutionswith dry hydrochloricacid, react in a per-
fectiy analogousmanner. Thé precipitatefrotn thé nickel
oleatesolutionis brownishyellow that fromthe cobalt solu-
tion isMne. It ishardiynecessaryto add again,that in these
casestoothesolutionsaremostexcellentinsulators.

Thesefreshlyprecipitatedchloridesof copper,nickel and
cobaltare generallycontaminatedwitholeicacid,whichadheres
to thent,especiallyif thesolutionsusedarestrongerthantwoor
threepercent. It ismoreoververydifficultto washout thisad-

heringoleicacidwithbenzene. If the precipitationis madein

sufficientlydilutesolutions,the amountof adheringoleicacidis
slight,andmaybewashedont with benzene,as thé following
quantitativeexperimentsshow. 4.4§togcopperoleateweredis-
solvedin 200cebenzene. The solutionwassaturatedwithdry
hydrocMoricacidgas; theprecipitatefonnedwasfilteredoffon
a dry weighedfilter andwashedrepeatedlywithbenzene. Thé
filtratewasshakenup with waterand the mixturesaturated
withsulphurettedhydrogen;therewasnoprecipitateof copper
sulphide,showingthat precipitationin the benzenesolutionhad
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beencomplète. The precipitateand filter wereweighedafter

beingdriedin the ovenandcooledin a desiccator. Théweight
of the CuCI,was0.9625,correspondingtoo.4~3g Cu,or io.aa

percent; the previousanalysisyielded10.02percent; theory

requires10.16percent. The copperchloridewasa brownpow.

der, solublein water; onevaporatingthé aqueoussolutionthe

characteristiccrystalsofCuC!,+ 2H~,0wereobtained. 4.9376g
nickeloleateweredissolvedin 200ce benzeneand treatedas

just described. The yieldwasi.os79g NiCt,,correspondingto

0.4803g Ni, or 0.73 percentNi; thé previousanalysisyielded

9.4ï percent theoryrequires0.46percent. The brownishyel-
low chloridewasstill a triflegumnty,indicatingthat the adher-

ing oleic acid had not ait beenwashedont. 4.8703g cobalt

oleateweredissolvedin 200cebenzene,andthesolutiontreated

as describedabove. The yieldwasI.0275g CoCI,.correspond.

ing to 0.4669g Co,or 9.57 percent previousanalysisyielded

9.77percent theoryrequires9.51percent. The blue powder
was quite free from oleicacid, and dissolvedin water with

characteristiccolor. The filtratesfrotn the chloridesof nickel

and cobaltwereshakenup withwater; the mixture was made

alkalinewith ammoniaand then saturatedwith hydrogensul-

phide. No precipitate was formed,indicatingthat in these

casestoo the precipitationin the correspondingbenzenesolu-

tions hadbeencomplète.

Anhydrousstannicchlorideis a mostexcellentinsulator;it

wasfoundthat its conductivityis no better than that of air.

Two samples,onefromKaMbaum,thé other fromSchuchardt,
showedpracticallythe samebehavior these sampleswere in

verysecurelyclosed,smallglassstopperedbottles,and when it

wasfoundthat the liquidshadsuchenormousresistance,no fur-

ther attemptsto dehydratethem weremade. Stannicchloride

mixeswithbenzenein a!l proportions,and such mixtures were

foundto conductnobotterthanbenzenealone. In testing the

conductivity,the methodabovedescribedwasused in ail cases.

When a solutionof anhydrousstannicchloridein benzeneis

poured into a solutionof copperoleatein the samesolvent,
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therefonnsMM/a~ a heavybrownprecipitatewhichis priu.
cipallyanhydrouscupricchloride. Thé reactionthen may be
written

2Cu(C.,H~),),+ SnCt, zCuCt,+ Sn(C,,H~)~. Thé
precipitatectingstenacioustytosomeof thestannicoleate,which
it dragsdownwith it; and it is,moreover,extremelydifficultto
freethéprecipitatefromthé adheringoleateby repeatedwash.
ing withbenzene,becauseof the sticky,gmnntynatureof the
preeipitate.A dilnte solution(aboutone percent)of copper
oleatein benzenewas treated withas!ightexcess'ofad!!nte
sotutionofstannicchloridein the samesolvent. The precipi.
tatewasfilteredoffand washedrepeatedlywithbenzene. How-
ever,it alwaysremainedg~mmy. It wasdried in the ovento
removeadheringbenzene. 0.5640g of this precipitatewas
treatedwithwater. Byfar the largerportiondissolved,yield.
ing a bluesolution. The latter was 6aa!!yboiled and the

floatingoilypelliclewasfilteredoff andwashedwithhot water.
Thisoilypelliclewasexaminedfurther. It provedto consistof
oleicacidandtin. A quantitativeestimationof the latter was

notntade,becau!.ethesan)p!ewashard!ylargeenoughto war-
rant the attempt. The Mueaqueousfiltratewas precipitated
withsilvernitratesolution.Thesilverchlorideobtainedweighed
o.9o6~g,correspondingto 0.224~g chlorine. The copper,in
thé filtratefromthe silver chloride,wasdetenninedas oxide.
Théyietdofthé latter substancewaso.248og,correspondingto
o.i982g copper. Accordingto the formulaCuCt,,0.2241g
chlorinecorrespondto o.20tog copper. The filtratefromthé
firstprecipitate,fonnedby addingstannic chtorideto copper
oleateinbenzene,wasevaporatedandfinallycarefullyheatedto
ti~" to expelstannicchloride duringthis processthésubstance
turneddarkerandpossiblysufferedslight décomposition.Thé
residuewasa dark,thickoilymassat roomtempérature.2.5778g
of it wascarefullyignited in a cruciMe,and thé residnewas

evaporatedrepeatedlywithconcentratednitricacid,and finally
stronglyignited. The SnO,thusobtainedwaswhite (showing

Itwasfouttt!thatthécatctttatedquantitydidnotgivecomplètepré-
cipitationofthécopper.
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that the ~cipitation of the copperhad been complète)and

weighedo.gg.correspondingtoo.xoo~gStt) or 7.8 percent

Sn; theformula(C,,H 0,)Sn requires9.5 percentSn. Thé

tin foundwasthent.y percenttoo lowforstannicoleate. The

lattersalthas to my knowledgenot been preparedheretofore.

ït isclearthen that thereactionof stannicch!orideon copper
oleatein benzenesolutionis not whatis commonlycalleda.

smooth reaction but the resultsaresufficienttoshowthatit

takesplacein themainaccordingto thé equationabovegiven.

Phosphorustrichloride,arsenictrichlorideandsilicontetra-

chloride,obtainedanhydrousin well-securedcontainersfrom

Schuchardt,werefoundto bemisciblewithbenzenein a!! pro-

portions. Thesolutionsthusfonnedweretestedandtheywoved
to be insulatorslikethesolutionof SnCI in benzene. Yetin

eachcasewhena solutionof copperoleatein benzeneis ~teated

with a solutionof PC!, AsC!, or SIC! in thésamt;solvent,

cjpperis precipitatedin formofa darkbrownpreopitate. Thé

precipitateis essentiallycupricchloride;but it is in each case

contaminatedwithsomeof thé oleate,as inthecasewhereSnCt4
is usedasprecipitant. Oteatesofphosphorus,arsenicandsilicon

haveapparentlynotbeenpreparedhetetofore it will be inter'

estingto seewhethersnchcompoundsarestableenoughto per-
mit themto beisolated. The compteteanalysisofsomeofthese

precipitatesandanalogousones from other oleate sotutions,

notablythose of the oleatesof nickel,cobalt,manganeseand

iron, has been undertakenby Mr. A. A. Koch,Assistantin

AnalyticalChemistryat this University. He will in due time

reportthe resultsofbisinvestigations.

Weseethenthat HCI,SoCt~PC~,AsCI~and SiCI~each

precipitatecupricchioride*from benzenesolutionsof copper
oleate. This is parallelto thé fact that in aqueoussolutions

solublechloridesprecipitatesilver chloridefromsilver nitrate

solutions;andyetnoneof the above-namedbenzenesolutions

HaMtt!ewaterisaddedtosuchprecipitates,theytomgreenishincolor
insufficientwaterthecapficchlorideofcounedissolves.
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areelectrolytes.If wewereto attemptto applythéterminology
ofthe theoryofelectrolyticdissociation,weshouldhaveto say,

in benzènesolutionsthe reagentforeupriciomisthechtonne
ion but clearlythis wouldbe absurd,for thesebenzeneso!u.
tionsarenon-conductors,i. e., theycontainnoions.

Thésolubilityoftheseprécipitatesis alsoclearlydimini~hed,
asin the caseof aqueoussolutionsofelectrolytes,byaddingthe

ptecipitantin excess. This was noted in particularwhena
solutionof copperoleate was treatedwith just the calculated

quantityof SnC~,theprecipitationwasnot quitecomplète but
onaddingmoreof thé précipitantthesupernatantliquidbecame
elear. We havehere then in solutionsthat are mostexcellent

insulators,&Uthé well-knownphenomenaof precipitationas

theyoccurin the caseofordinarysatts'maqueoussolutions.

Whenhydrogensulphide,driedoverfusedcalciumchloride
and finallyover phosphoruspentoxide,is passedintobenzene
solutionof the oleatesofcopper,nickeland cobalt(thèseso!u-
tions weredried as abovedescribed),the sulphidesof heavy
metalsareat once throwndown. If these oleatesolutionsin
benzeneare firstsaturatedwithhydrochloricacid,so as to pre-
cipitatethe chlorides,and then saturatedwith dry hydrogen
sulphide,the sulphidesof thé heavymetals do not fonn aa

slightdarkeningseemedto takeplacein the caseof thé copper.
Stannicchloride dissolvedin benzenewas treatedwith dry
hydrogensulphidein largeexcesswithoutanyvisibleformation
ofsulphideof tin; however,on standingover night a copions
precipitatedidform.Arsenictrichloridedissolvedindrybenzene,
showedsimilarreluctancetowardforminga precipitatewithdry
hydrogensulphide;whenpetroleumetherwasusedas solvent
thésulphideofarsenicfonnedalmostinstantaneously.Thepe-
troleumether wasdriedby thé samemethodas thebenzene.

In his bookon the theoryofelectrolyticdissociation,H. C.
Joneshascompileda listof experimentswhichshowthat water
isnecessarythatcertainreactionsmaytakeplace. 1wishtostate
definitelythathavenoinctinationtocaUanyoftheresultsofthese
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experitnentsintoquestion but it is unfortunatethat in corn.

pilingHughes'experiments,Jonesshouldbaveomittedthe one'
that showsdefinitelythat dryhydroch!oncacid<~fyreact with

dry manganesedioxide. It bas been shownby Hughes' that

dry hydrocMoricacidgasdoesnotdecomposethé carbonatesof
calciumandbarium 1havestatedabovethat thesecarbonates
are alsonotdecomposedby hydrochloricacid in benzenesolu-
tion. Hugheshasalsofoundthatdry hydrochloricacidwillnot
reaetwithdryammonia this fact1have fut!yconnnned,andï
wishtoadd,that this is thé onlycase in which1 attemptedto
coufirmthéexperimentsof Hughes,or theotherslistedbyJones.
Yetwhenanhydrousbenzeneis treatedwith hydrochloricacid
driedoversuiphurieacidandfinallyoverphosphoruspentoxide,
andthenammonia(evolvedby heatinglimemixedwith ammo.
niumchloride,anddriedbypassingthrougha toweroflimeand
oneofdrypumicecoveredwithphosphoruspentoxide)is passed
into the solution,a white butky precipitateof ammonium
chlorideat onceforms the benzènevapors,moreover,are suf-
ficienttocausethereactionto takeplace. In theseexperiments
a train like that describedabove was used. It was siightty
altered,sothat the hydrochloricacidgasgeneratorcouldbeeut
out afterthe trainhadbeensatutatedwiththe gas,and thenthe
ammoniageneratorturnedon so as to saturate the train with
ammonia. Neither the solutionof hydrochloricacid gas in

benzene,nor thésolutionofammoniain benzene,nor the mix-
tureof the two,conductbetterthanbenzeneitsetf;noris there

any changein the conductivityat thé instantof mixing thé

Awordofexptettonconcentingoneof Hughes'experimentsmustbe
givenhere.ThélatterMy<(Phil.Mag.35,533(~3)). andï quoteinfull.
At<inMtivesolvent,snehesMhydfMMetherinonecaseandbenzeneinM.

other,wmtaken,andsilvernitMM<!)M&tvedinitbywafmixg.TbK'Mgbthe
solutionacurrentofdryHOgaswaspassed.Fursametimenochangecould
beobserved,aodevenafteranbouronlyaverystightturbiditywaaproduced."
ThisHreadilyexplainedbythéfactthatdrysilvernitrateIspMCtieattyinsolu.
bleindrybenzeneaswellasindryether,evenonboiling,a factofwhich1
haveassuredmysctf.

'PMt.Mag.M,5M(t8o3).
*INd.94,"7(t8o2).
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-~t.-t: A~* ~t~J~J~f-~i.~ti'-solutions. Again when anhydrouspyridine(driedfor hatf a

yearwithfusedcausticpotash,so that even the shafpestedges
of the latterdid notsuKetthe leastchange)is mixedwith ben-

zene,a solutionis formedthat conduetsno better thanbenzene

itsetf. Yetwhensuch a solutionis mixedwith a solutionof

hydrochloricacidin the samesolvent,there formsinstantlya

heavywhiteprecipitateofthehydrochlorideof pyridine.Dilute

aswellasstrongsolutionswillshowthesephenomena.
Thatwecanhave instantaneouschemicalreactionsin solu-

tionsthataremostexcellentinsulators,justas wehavethemin

solutionstbat areelectrolytes,is herebyestaMishedand there-

fore,whoeverdaims that the instantaneouschemicalchangesin

aqueous,orotherconductingsolutions,takeplacebecauseof the

fact thatthesesolutionsare electrolytes(or.in currentphrase.

otogy,beeausethey contain ions),mustassumethé burdenof

ptovingbisproposition.

~t~fM!~)'ofPhysicalO~M«<'y,
M«!)' <}/'~~MWt,

~/a~t~w,f~M.,
/??'./~0/.



INORGANICFERMENTS

BYD. MCINTOSH

Colloidalsolutionsofmetalshavebeenknownandstudied
formanyyears.' Thesesolutions,alwaysobtainedby chemical

means,by the reductionof salts of variousmetalsbysugar,
a!dehyde,etc., were invariablycontaminatedby the reducing
agent. Bredig,'in the tast few years,by"sparking"meta!s
undemeaththe surfaceof water,succeededin obtainingpure
colloidalsolutions.

SortionsofptatinumandgoldhâvebeehstudiedbyBredig3
andhispupils,andfoundto act in many ways,tike platinum
blackandthevariousorganiefennents that they aidedreac.
tionsin thesameway,and in generalhad their propertiesde-

stroyedby the same substances. From these considerations

Bredigadoptedthé nameinorganicferments.
Ofthe reactionsinfluencedby thés;colloidalsolutions,the

principalonesstudiedhavebeenthe decompositionofhydrogen
peroxideandtheunionofhydrogenand oxygen.4The results
obtainedshowthat thé first reactionis hastenedbyalkalies,
whilesubstances,.uchashydrocyanicacidandmercuricchloride,
retardit,and in two-thirdsof the casesinvestigated,there is a
markedanalogybetweenthéactionofbloodandcolloidalplati-
nutn. Thé unionof hydrogenand oxygenbymeansofcolloidal

platinum,wasfoundto be governedbynearly thé samecondi-
tionsas thédecompositionof hydrogenperoxide,the onlynota.

CareyLea. Phil.Mag.(s)9<. 3!o Amer.Jour.Sei.(3) 476t
47:4'. '79. M<)n.SchneMer.Mt.phys.Chem.8,~8(tSt~t).

Zeit.Mgew.Chem.tS~, ~t 7.eit.Etektrochem.4, st4, s47
('898).

Bredigo.MMUervonBeraeck.Zeit.pliys.Chem.}t, :58('899).
Bredigo.Hteda.!bid.37,t(t90t).Btedign.Reinders.tMd.M.yt~~M).
Bredig.AnorganischePermente,Leipzig,t90t.

Loc.cit.andEnMt.Z<tt.phya.Chem.M,448(!9M).
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bleexceptionbeingtheretardationofthereactionbyelectrolytes,
suchas sodiumhydroxideand potassiumsulphate,whitein the
othercasethey hastenthe decompositionor have no influence.

ProfesserBredighavingdiscoveredthat colloidalsilver in
alkalineso!utiondecotnposedhydrogenperoxide,at his sugges-
tion 1undertookthe investigationof théreaction. For thésub-

jectas wellas foradvice,ï desiretoexpressmysincere thanks.

Colloidalsilversolution

This solutionbasbeendescribedbyBredig.' It isprepared
by "sparking puresilverwiresundemeaththésurfaceofwater

keptcoolby ice. Withacurrentof10or t2 amperesanda po.
tentialdifferenceof30volts,the silveris soondividedintoex-

tremelyfine particies,which passreadily.throughntter.paper.
TheseparticlesaretoosmalltobedMtiaguishedbythemicroscope,
andgive a deep brownor blackcolorto the liquid, so that
when placed in a tencentimetertube,the light froma power-
fut sodiumlampisquite eut off. The waterused in making
this preparationchangeditsconductivityfroma -a.10~(Ostwald
units)to 40 or 60 timesthis value.

The silveris slowlyprecipitatedfromthissolutionat ordi-

narytempératures,morequicklybyheatandsalts. A solution
whennewcontaining0.08~g perliter, held only 0.053g after

standingfivemonths. Two solutionscontaining0.0~5g and

o.ong containedafter seven months0.013g and 0.005g re.
spectively.

The amonntofsilverin solutionwasdeterminedbytaking
from50-200ce, evaporatingit to a fewcentimeterswith nitric
acidin a porcelaindish, coolingand titrating with potassium
thiocyanide,usingferrica!umasindicator. Théprobableerror
in thesedetenninationsis large, sincethe silver is présentin
suchsmallquantities,and in extremecasesmight reach io per-
cent.

Thereseemsto bea Hmitto the amountof sitver held in

solution,and in no casewasa solutionfoundwithmorethan ï

"Ano)'gent«:hePenneate,"Mp~,t~M.
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In its coUotdalform thé métal is only slowlysolublèin
nitric or sMiphuricacid. When pennanganateis added the
solutionis instantaneousand thé pennaaganateis decolorized
sothat the silvercanbe sharply titrated. Numbersare given
in Table II. fortitrationwith potassiumpermanganatein pres-
enceofsulphuricacid. There seemsto be no simpleformula
to expressthé reaction.

gtam'atom,which is about thé !imit of solutionof colloidal

ptatinutn.'
Theconcentrationsofsomeof thésolutionsusedaregiven

in TableL weakersolutionswerepreparedfromthèsebyaddi.
tionof thé so-calledconductivitywater.

TABt.aI.
-0: .=-=:=.

HydrogenperMtde
The hydrogenperoxidewas obtainedfromthé 3 percent

commercialbyseveralmethods,and theelectricalconductivities
afterdecompositionweretaken as indicativeof.its purity. In
the firstmethod,due to Bredig,thehydrogenperoxidewasdis-
tinedundera pressureof 5omm till onlya smallpartremained.
Thé distillatewasmadealkaline by bariumhydroxideto pre-
cipitatesulphuricacid, andthé excessofbariumhydroxidepre-

Xeit.phys.Chem.3t,!?) (!a99).

TAN.RH.

Sitversottttioa Titre.
Amountused (strength) a/MoKMnO~

toocc t/to6oN 8.oc{:
toocc t/toooN 8.5CC
toocc t/soooN 4.3cc

Numberof pteparettoo Utetecontaining t g «tomof sittef

t to6o
2 tooo
3 t30o
4 t7°o

In !ts <*nUmf!n!ff~m thf mftat !c <\Mtttc~mtu en1t<h~ tn
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cipitatedbycarbonicacid. Afterfiltrationthe liquid was dis.
tit!edunderdiminishedpressure,thefirstportionbeingrejected.
The product hada conductivityof ao.io~, while that of the

impuresolutionwasaooo.!o~.
Purificationby two distiUations,the Jast with a little

bariumhydroxide,was tried. The hydrogenperoxidehad a

conductivityof iz-i~io- but theyieldwas small.
Betterresultswereobtainedbyfractionatingthedistillates.

Bydilutingsolutionstwentytimesas strongas necessarywith

goodwater,oneobtainedhydrogenperoxidewith a conductivity
ofa$.io-< Atlsotntionsusedin the experintents with silver
hadconductivitiesunder30.10*

Methodofmeamtement.

The déterminationof the cataJyticpowerof the silversolu-
tionswaswitha fewexceptions,to be mentioaed later,carried
out in a bath whosetemperaturewaskeptat 25" o. bymeans
ofa thermostat. Anattemptto measurethe rate of décomposi-
tionby meansof the liberatedoxygen,failedou aecountof the

supersaturatedsolutionsof oxygenformed. In general 20 ce
ofhydrogenperoxidewereplacedin a small Edeameyer flask

purifiedby steam, tightly corkedand innnersed in the bath.
Whenthé liquidhadreachedthe températureof thé bath, por.
tionsofsitver(orsilverandalkali)wannedto 25°,wereadded.
Thenat regulartimeintervals2-5ce werepipettedout, runinto
dilutesulphuricacidcontaininga little manganesesulphate to
hastenthe reaction,andtitratedwith M/ioopotassiumperman.
ganate. Onlya little manganesesulphateshould be present,
since with alkaline solutionsmanganesedioxide is formed,
which rapidly decomposedhydrogenperoxide,causing large
errorsin titration.

The silvermaydecomposehydrogenperoxideaccordingto
the équation 2H.0, = zH,0 + 0,, a bimolecularreaction,or
the reactionmay be H~O,= H,0 + 0, a monomolecularone,
aswitheoUoldalplatinum. The resuhswithsilver aregiven in
TableIII. UnderA– .c the numberof cubiccentimetersused
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.–~– ft<–t- _<<tin thetitration under0.~43 ~the resuttsca!cu!atedasa mono-
molecularteaction,andunderKthe resultsas a bimolecularre-
action.

(Thé goodconstantobtainedin III. ts probablyaccidental,
as many other experimentsgaveresultsao moresatisfactory
thaa I. and II.)

TABU!III.

S!!ver1~340. H,0, ~32. Onedayotd

t

Time
(tnm!ot)tet)A–~ 0.434. x K

o as.95 –– o ––

3.08 !9.6 o.o!7 6.35 0.0040
5.33 t6.o o.0!7 9.95 0.0045
9 ï2.6 o.ot7 t3.35 0.0045

!4 9.5 o.0!4 '6.45 0.0047
'9 7-7 o-o~ !8.:5 0.0048
29 6.4 0.009 t9.55 0.004!
49 4-5 0.007 Bt.45 0.0037
89 2.7 0.005 23.25 0.0037

t6o 1.4 0.007 24.55 0.0043
2

o 26.85 –– o ––

2 23.0 0.0!5 3.85 0.003!
5 !9.3 0.013 7 55 0.0029
9 '5.5 <ot2 11.35 0.0030

'4 '2.3 o.oto t4.55)

1

0.003!
24 8.0 o.oto t8.85 0.0036

44 3-9 0.008 22.95 0.0040
59 2.! o.oo8 24.75 0.0074

3
1

0 25.7 –– o ––

3.5 '8.5 o.ot8 7.2 ,0.0044
6.75 i4-5 o.ot6 n.2 0.0044
9 t2.5 0.0:5 !3.2 0.0046

!4 9-6 o.ot3 !6.t 0.0047
20 7-6 0.012 t8.! 0.0046
30 5'4 o.oio 20.3 0.0049
50 3-o 0.008 :2.7 0.0059
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Silver 1/2600. H,0,t~. Oneday otd
0 h2

Ttme A-.f Time A-.r

o 27.1 0 att.!
23.7 2 24.0

4 21.2 2t.O
6 '9' to t8.
9 17.6 25 ts.s

14 !5t 100 tS.t
24 12.2 – –

M t!.2 – –

70 tO.S – –
tOO to.0 – –

Silver </46oo. One day oM

o

0-

27.0 0 28.1
'o 22.4 to z6.s
20 20.1 20 25.7

'9' 35 23.9– 80 22.0
– 120 21.8

Silver ~7800. One day oM

o ) 28.8 0 28.8
'0 26.2 to 26.0

23.9 2$ 24.2
6o 22.8 6o 24.0

Silver t/4o,ooo

o 33.' o 32.8
15 32.9 t5 32.6

32.7 6o 32.6

SHvert/oo

o 30.3
!8o

375 29.6
675 29.4
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Duringthé reaction)t wasnoticedthat thésolutiongraduaMy
!ost itsco!or,as if thé si!verdisso!vedtn thé hydrogenperoxide.
Whendissolvedthé cata!yticprope~ywasdestroyed,but color
and eata!ysisboth appearedon addinga little attcaM. See

TABMIV.
SHver1~2,000

!6N. H,0,t/2oN. Na.CO.~oN

A–.t- A-~ A-~ A-~

o
53.4

5~.5

o 3~.4 35.4(ca!ca)ated)
30 5~5 5~ 5 – 2.!

300 sz.' 5'.8 M o.o –
~~M~T~y T~«~~–t~< < uTable IV. It seemsprobablethat in thé solutionof the silver,
somesolubleoxideor hydroxideis formed. This compound,
studiedby Wettzren,'is brokendownwhenalkaliesare added,
silverbeingprecipitated. In neutralor acidsolutionsthe reac-
tionsof coj!oidatsilveron hydrogenperoxideaïe

and
i.H,0,=H,0,+0.

2. Ag,+:H,0,~Ag,(OH),
and whenalkali is added,

Ag,(OH),= Ag,+ aH,0 + 0,
Whennew,the silver solutiondecomposedhydrogenper-

oxide,but aftera fewmonthslostthis propertyto someextent.
In TaMesV. and VI. aregiventhéresultsofa fewexperiments,
in someof which acids or neutralsalts are added. No good
agreementcould be obtained in parallel experiments,as thé
sotutionof the silverwasiaCaencedby unknowncauses.
In alkalinesolutionsthe agedidnot seemtoaSectthe catalytic
propertiesofthé silvergreatly. TableVU.givesthe tesuttsob-
tainedby the use of 1/50,000normalsilverthreedaysold, and
sevenmonthsold. la the caseofsilver,whichhad stoodwith
alkali forsomelittle time,theeffectseemedindependentof thé
age.

UeNg'oAoMten,<4'.tos(tM?).
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TABM\.

Sitver~2600. HO, Fourdaysold

t~oooCH.COOH.

TABLEVI.

Silver1/5400. H,0,~o. Sevenmonthsold

WhenmadeatkaMaethe nte <~detMnposiUoawas too fut to be meM-
ured.

'JL– 4 silver

< A-~ < A-.f A–y A-~ A-x

o 26.2 o 25.7 o 24.8 o 24.8 o 24.4
!.5 M.8 2 20..) 2 18.6 2 20.3 ~0 24.3
3 M.3 4 '7'8 4 15.2 3 )[9.4 240 24.1
6 !8.8 6 t~.y 6 !2.6 8 t9.2 – –

!o t8.! 9 t3.s to to.g 240' t9.o – –
M t7.8 tg 10.8 M 7.7 – – – –
40 t7.o 25 7.0 – – – – – –

-556.4-

KCIt/tooo. Na,CO,so

a_3 3 sccfrotn! 5from2 2

o 25.2 o 25.3 o 25.6 o ao.8 o 2t.t
t.5 2!.y t.5 2!.6 !.5 20.5 5 i~2 5 15-7
3 '9.3 a 19.5 3 '7.8 ï4.3 M 13.0
4-5 '8.9 4-5 '7.9 5 '4-8 '5 ï~5 M 9.5M t8.8 !o t4.2 !o to.3 25 9.5 40 6.2

30 !8.7 ao 9-630 4.0 35 7.8 70 3.6
270 i8.2 – – – – 55 5.5 –

85 3. 1

tw~.tt)3<)w. n,w,~u. OCVCUmmKCitOM

1

WithH~0<)/tooo

< A–~ < A–~ A–~ j 1 A-~

o 36.6 o .33.6 o 36.6 o 348
3 :9.6 3 ~9.0 30 36.4 6 34.6
6 26.0 8 !9.6 !8o 36.2 go 33.6

M 23.2 40 7.0 – – t8o 33-0
30 !6.o – – – – – –
60 12.0 – – Il – – – –
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Théreactionofsilverin alkalinesolutionseemed6f inter.

est,andmanyexperimentsweremadetodecidethe orderof the

réaction,the inSuenceof alkaliconcentration,light, tempera.
ture, etc.

Thealkaliesused

Thesodiumhydroxideusedthroughotitwas preparedby
the actionofwateron sodiumin an atmosphereof hydrogen.
Thé sodiumwascontainedin a platinumdish, atthough silver
and nickelwereat firstused. A!!threewereapparentlyactedon

bysodium,but the effectappearedsmaUestin the caseof p!ati.
num,dueperhapsto the smallcata!yticeffectof platinum salts
on hydrogenperoxide. Thé resultswith sodium hydroxide
madein platinum,silverandnickeldishesarc given in Tables

VIII, IX, and X respectively,

Atkatiandsilverstandingt:hoXR.
Attat!andsilverstanding36homt.

Silver. t/so.ooo. Seveamonthsold

ÏABMVII.
H,O,t/22. Na(OH)~32

Silver!/5o,ooo.Threedaysold

<
A-.fo.4M3K < A-.fo.4M9K

A-.f,'o.4M3K

o 27.0 –– o :6.6 –– o 33.8 j ––
2 !3.6 0.065 ï !8.4 0.069 5 ~6.8 o.oao

8.6 0.054 2 t3.8 0.062 !0 20.2 0.022
8 2.7 0.054 4 'o'o 0.035 '5 '4.0 0.025– –– 5 7° o'°5o 20 8.8 0.029

– –– –– 25 5.4' 0.032

o 27.9 –– o 25.4 –– o 33.6 ––
t 22.4 0.04! 21.2 0.034 $ 26.0 0.022
2 !9.o 0.036 z t8.~ 0.030 to t8.6 0.025
3 t6.2 0.034 3 !6.o 0.029 t$ ti.2 0.032
5 !2.S 0.030 S '0 0.028 25 6.6' 0.028
7.5 9.3 0.027 7-5 9.' 0.026 – – ––

to 6.8 0.027 to 7-' 0.024 – – ––
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Nonnat NftOH t/< nonna! NaOH1/4 Mormat NaOH

l

t t t
< A-~A–~

< A-~A-~ <
A–~A–~

o 20.6 20.9 0 20.9 20.8 0 2t.15 2!.2
60 2o.s 20.6 6o 20.6 20.6 6o 209g 2t.tI

t8o 2t.O 20.2 t8o 20.2 20.2 t8o 20.4 20.7
420 )8.8 t8.7 420 t9.o t9.t 420 t9.9 20.0
)26o 15.5 t4.o 1260 t4.y t26o t8.s t8.7–– – – 2700 9.2 8.s 2700 ts.s '4-~

tS oonnatNaUH t/t6aorma)NOOH )/~ xonna)NaOH

O 2L0 aLls O aLI 2I.p -1-0 2t.O 2t.tj 0 2t.1 21.0 0 2t.052t.t5
60 20.6 20.8 6o 20.9 20.7 6o

20.0 )
20.2

t8o t9.s '9.7 '8o 20.5 '9.9 !8o i8.o 18.4
420 t8.5 '8.7 4M t9.9 '8.9 420 15.5 '6.0

t26o n.o tt.o 1260 t7.5 '6.7 '260 3.0 3.s

)~4noMMtNaOH t/tt8 aonuatNaOH t/<g6ttormatNaOH

o 2t.t 2t.t l 0 2!.t 21.25 0 2t.25~2t.2
6o !9.4 19.8 6o 20.t 20.t 6o 20.0 20.5

t8o t7.o 17.5 t8o t8.t 18.3 t8o t9.t 19.4
420 to.8 to.8 420 t6.o 16.5 420 t8.o ( 18.3

t26o 3.6 3.0 1260 14.0 13.8 t26o 15.8 16.4

)/:ftt)on)M)NaOH f/MttortnatNaOH
i

-–––– – ~–
0~2!.2 2t.t5~ O!2t.4 21.4

60 21.0
20.8

6o 20.4 2t.35
t8o 20.7 20.2 t8o 21.35 2t.35
420 t8.5 t8.o 4~0 2t. t 2t.2

1260 16.8 16.7 1260 21.0 2t.t
– – – j 2700 20.9 20.7

TAamVHL
Sodiumhydroxide

H,O, x~

""t'
"i.

O-h- '"Í,
n.-
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ÏABM IX.

Sodiumhydroxide

H,0, t~6

ttonMtNftOH '/2 noma) NaOH)/4 MormatNaOH

< A–~ < A–.t A-

o !7.6 o t7.5 Il
o t7.3

'o t7.4 15 '7-3 '1 15 '7.'
60 t6.s 60 <6.6 60 16.8

!8o ts.o t8o ts.o t8o 15.5
300 !3.4 490 tg.: 300 t4.2
4M 12.2 780 Q.4

Il

420 t3.o
780 8.t

-1
1380 48 780 9-8

~40 X~. __T~ '3~°_5A~.

t/SnofmatNaOH )/)6t)0)')n~KaOH t~nomaetNaOH

o 17.6 0 t7.4 0 ty.o
!$ !7.2 60 t4.4 30 t2.8
60 t6.a 120 !s 60 8.8

t8o t4.4 240 8.4 Mo 4-8
3°o 133 6oo 2.5 240

1

4-0
4M t20 – – – –

780 8.2 – – – –

!t4Q 4.5 .r* _ri.~ T'

t/64normalNaOH t/tt8 nornmtNaOH t/ec normatNaOH

o t7.3

1

0

1
!7.t 0 t7.7

60 !4.9 60 t~.S tac !7.6
t20 t4.!

Il

120 t5.2 1200 !7.4
240 12.6 240 14.2 – –

6oo 7.5 6oo to.o – –

t200 2.0 t200 3.5
– –

TABU!X.

SodiumhydfoxMe

H,0,!4o-=~
'––––jr"–––––-––––-

NomM)NeOH t/<normalNaOH 9 t/3~ nont~t NaOH

A-x A-~
,c

A-~

0 20.t 0 2t.4 j 0 20.0~
10

4-1

10 5.5

le

17-0-M ~.t tO 5.5 j! tO ty.O
– – –

– M t~.8– – – – 60 6.o
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In investigatingthé actionof other alkalies,the potassiumhy.
droxide,sodiumcarbonate and ammoniawerethe chemieaHy
pute laboratoryteagents. Thèse experimentsare tabutatedin
TablesXI., XII., and XIII., and it is of interestin view of the
fact thatcompoundsofalkaliesandhydrogenperoxideexist'that
the maximumrate of decompositiontakesplaceat aboutï~3
normalalkaliconcentration.

TABI.NXI.

Potasstamhydroxide

H.O, t/22
f"

;I- .=:
i/4 MfmtttKOH

0

t~ normal KOH~t6 MMMtKOH

ta 2
1 A-.f!A–.f 1 A-A–.t' A–.fA-~

o 34.6 34.8 0 34-8 34.7 o ~4.4 34.8
30 29.4 28.6 30 27.6 a7-4 '5 27.7 28.8
6o 25.0 24.3 60

2t.8
aa.t 45 !9.o !9'5

tzo t7.2) <7.2 tao !3.8
11.7

75 t2.4 13.0
t8o u.ti.to.8 180 7.1 6.8 !05 8.1 8.8

t~ Mtm&tKOH !/6t normatKOH !/<ï8 MnnatKOH

o 32.0
3:.o

o 35.0) 35.4 0 35.2 3~.0
5 28.5 28.4¡ t5 j34.0 33-8 30 34.' 34.6

to 26.8 26.8} 6o 32.3 3~.3 6o 32.3 32.0
'5 ~5-4 25-3 ï2o j 29.8 30-0 240 30.4 29.0
30 22.3 22.3 240 26.5i 26.5 360 29.0 27.0
45 20.0 !Q.6 360 24.0j 24.3 ~80 26.5 24.6
6o !8.0 t6.t1 500~20.2~2t.t – – –
90 !2.9 !1.0 78o'!2.9'T4.4 – – –

t/<MMort)M)KOH

o ')
180136.2 Il180 35.8 –

Atnmoaiadécomposesthé hydrogen peroxiderapidly, giving
oxygenandwatef,

2H,0, aH,0, + 0,.

Catveit.Zdt.Etektrochemie,7.6M(t~ot).
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TABLEXIII.

Ammoniumhydroxide

H,0,1/22

T&BM!XII.

Sodiumcarbonate

H,0,t/M_

!/4MO)-m<dNH,OH

A-x 0.4343!: A-x 0.4343K

0 33.4 ––
334 ––

!0 28.5 0.0030 29.9 O.OOÏI
20 26.0 0.002~ 26.!t 0.0023
y 23-t 0.0023 23.2 0.0023
45 '9.5 0.0023 t9.8 0.0022
60 t6.6 0.0022 t6.8 0.0022
90 !t.6 0.0022 t2.2 O.OOÏt

!a0 8.2 0.0022 8.6 0.002t

**t't'<

t/MnontM)Na,CO, t/4ononNatNa,CO, t/8oMfmatNa,CO,

A-~A-~ jf A-.fA-.r A-~A-~

0 34.6 34.8 o 35.0 34.8 0 34.7 35.0
'5 3'.6 3'.6 '5 3'.o 3'.o 30 32.0 3~.4
30 27.7 27.7 30 ~7.7 ~7.0 60 30.8 31.1
60 22.0 21.9 45 ~5.2 24.6 120 29.! 29.3

uo !3.7 t3.S 6o 22.7 22.o 270 22.7 25.0
r8o 8.6 8.8 t20 t6.6 !s.o 570 t5.8't7.6
360 2.9 3.0 – – –! – –! –

f/t6onormatNa,C),
J

!/x)normalNa,CO,

o 33.7 33-s o 3S.o –

6o 3''6 31.8 240 34.8 –

t20 30.6 30.4 '260 33-6 –

240 29.6 29.4 ~740 33.2 –

360 28.6 27.5 – – –

6oo 24.6 22.7 – – –

t2oo t7.5 *6.8 – – –
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~SnormatNHOH

0 M.6 )
––

_1-'

~(, ––'o 29.0 0.0028 29.3 0.00:6
~.7 0.00:9 25.3. 0.002730 23.33 0.0026 22.7 0.002540 t7.66 0.0027 t8.2 0.0026M t3.o 0.0030 i t4.o 0.0028

~0033
8.tJ 0.0029

</t6notmatNH,OH

o 32.8 –– 3~6 ––
'° ='7.5 0.0033 zS.o 0.0029

~-o 0.0033 22.5 o.oo~s30 18.6 o.oo36 ~.3 0.0036
45 t3.3 0.0038 .3.2 0.0038

~J~f' 9t 0.0039

'/32t)om)atNH,OH

o 32.8 ––
32.4 ––

S 28.7 o.ooso 28.3 o.oo5!'° ~3-~ 0.0062 23.0 0.0065~0.0 0.0062 tQ.6 0.0064'6.! o.oo67 156 0.0069
30 '0-' 0.0074 9.8 o.oo75

t/64nonuatNHtOH

o0 30.4 1 ––
303 ––

~5.4 0.0034 25.0 0.0036
0.0034 20.9 0.003530 17.6 0.0034 !8.o 0.0033

14.6 0.0034 .4.8 0.003450 t2. 0.0034 t2.6 0.0033M !0.4 0.0034 n.2 0.003!"o 8.4 0.0030 8.7 0.0029°-' 0.0030 7 0.0027

TABLEXIH.–(C<M~<~).
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ano nyarogenperoxideactsonammoniaaccordingto the eqKa.
tion 1

2NH,+ 3H,0, =NH,NO,+ 4H,0.
Butsincepotassiumpermanganateactsonnitrousacid,

(5HNO,+ zKMoO.'= 5HNO.+ aMnO+ K,0),

the titrationsgive but thé H,0, decomposedinto waterand

oxygen. Thé ca!cu!ations,althoughthé NHis becomingless,

TABMXIV.

Sodiumhydrate,~aorma!

H,O,1/22

JahKtbenehte, tM~p. t~t.
Zeit.ana).C)tt'm.m, 95 (fM~).

Sitw )/t8o.ooo Sitverf/~o.ooo

3 33 < t t

A.fA-.<-A-~A-:rAA-~

o 3t.8 3t.6 3t.z o 29.9 28.4 28.4
30.0 29.2 29.6 s 25.0 24.5 25.020 28.0 27.5 27.0 M 2!.0 21.2 2).7

30 25.9 25.7 25.0 t5 !8.2 !8.6 ~.460 22.0 22.! 2)f.4 20 t5.8 16.4 )7.2120 t7.5 !7.4 t6.8 30 12.2 !2.6 t3.8
!8o t3.t !3.2 u.6 40 to.3 9.0 n.o
240 to.4 10.9 9.0 – – –
540 50 3.5 ~8 – – –

</)~notmatNH,OH

0 go.! –– :9.8 ––
'0 25.3 0.0033 as.0 0.0033
20 22.4 0.0028 22.0 0.0028
30 20.0 0.0026 t9.2 0.0028
4° '8.3 o.oo2<t t8.o 0002~
50 t6.4 0.0023 !5.7 0.0024
00 t5.t 0.0022 t4.7 0.0022
80 i3.4 o.oo<9 j3.7 o.ootg

!0o ti.z o.oot9 n.o o.oot~
an(i ~tvf~PAUrintvsrnv~~wanfow, .~em,n. .7L. a..at.

<t ––––––––

TABMXïn.–(C<'<).
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point to a monomotecuttttreactionfor the decompositionof

Hp, by NH,.
StrongalkaliescaMMtbe kept in bottlesmadeofglasscon.

tainingmanganese,asenoughmanganesegoes into so!ut!onto

decomposethehydrogenperoxidequickly. Manyexperiments
with such alkalies wereat first made,and the reasonforthe

rapiddecompositiononlyfoundaftera longsearch.

TABt.B XV.

SodhMnhydroxide,i~ normal

TABM!XIV.–(C~M«~).

Sitwrt/~Co.ooo sitvert/fSo.oco

3 i < t< A-~ A-~ A-~ < A-~ A-.f A-~

0 ~3.0 M. – 0 29.4 28.2 29.2
15 20.4 20.0 j – 10 25.1 24.7 25.0
30 19.6 18.0 – M 22.0 22.0 20.8
45 '6.4 ~.8 – 30 '94 19.6 t8.g
60 14.6 14.4 –

45 '6.7 !7.o t5.3.
90 t2:7 12.2 – 60 t4.2 t4.4 12.8

120 Yt.O tO.O -– j 90 t0.3 t0.7 !0.6

SUwwt/<o,<x)o gMvert/~o.ooo

o 27.6 z7.o 26.8 0 24.6 25.4 25.~
2.5 2!.t 20.5 20.1 t t9.o t8.6 18.5
5 15.2 !4.3 13.8 2 t~; –

'o

¡

9.6 8.2 7.3 2.5 –
t4.4 '4.4

'5 5.8 4.4 4.1 3 '0.5 !t.6 n.6
3.0

¡

2.4 ~4 5 6.5 6.9 7.33–
7.5 34 3.9. 4.2

– 10 2.0 2.4 2.5

SUver)/4:,ooo sitvert/oe

o 23.8 23.4 24.0 0 33.8 33-8 –
1 16.5 15.8 t8.6 t2o .31.5 32.2 –
2 10.8 n.2 ~.4 420 27.7 30.8 –
3 6.8 6.7 8.4 – – – –
5 4.0 3.7 4.3 – – – –
7.5 2.4 2.1 2.t( – – – –

!0 !.4 !.0 ï.2 – – – –

tifttnt t~ a Mt~M~~M~<iI< ~<~<~t! t~~ t~- J~it'
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Sttvef
</<)o,<x)o

Sitver~60,000

o 25.2 27.0 27.4 o 24.2 25.2 –

t 22.7 24.2 23.2 0.5 20.8 21.8 –

2 2!.0 21.0 20.6 t8.7 tÇ.8 –

3 t9.i 18.6 t7.4 t.5s t6.o !6.4
–

5 t6.6 t5.6 !2.4 z t4.7 t46 –

M to.8 8.4 7.2 3 t2.4 n.7 –
– – – – 4 to.~ to.2 –

5 8.5 8.!
– – – !o 4.2 1 3.5 –

Sitvert/tO

0 3!.6 – –
60 .;0'0

– –

Il<20 29.6 – –

TABMXVI

Sodiumhydroxide, t~8and ~32 normal

Silver!6o,ooo Silvert/i8o,ooo I Silvert/~o.coo

t t Z t
A–.fA–.f A–.fA–.v !A–~A–~

`

0 30.8 30.4 oo 30.0 29.3 o 27.8 27.6
5 30.! 29.5 2.5 24.2 23.4 23.0 23.!

!5 27.5 26.4 5 '8.4 t8.t
r

2 ~t8.6 !8.7
30 24.4 20.0 7.5 '4-! '3.7

il
3 '4-6 15.o

45 2!.o 16.3 10 n.9 to.7 ;I 5 9-S '0.8
6o 15.2 n.4 !$ 7.6 6.4' 'i 7'5! 56 7.6 r

90 8.5 6.5 20 5.2 ~a~io 3-5 4.8

SodiumhydMjtidet/~2

o 30-6 30.4 o 30.0 30' o J27.9 25.4

·.

5 27.8 – 2.5 24.2 25.2. 22.4 2!.2 y
!0 26.0 26.8 5 20.8 2 19.0 18.4

ao a3.a to Iy.t IB.o 3 I6.a IG.z20 23.2 24.1 10 t7.t t8.0

l'
3 '6.2 16.2

30 2t.7 2t.8 M u.6 t2.5i'ii 5 '2.6 t2.o
6o)t!o t7.4 30 7-' 8.7J'!o 6.8 7-'

9ojt3.4 '3.0
– – –!– – –t20jt0.2 9'7 – –t– –

TABM XV.–(CM~M~.)

–––.––_–––––––––~––
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SilverinsodiumhydroxidemttttiM
The effectof différentconcentrationsof silver in sodium

hydroxidesolutionoffront t~a normalon thé décompo-
sitionofhydrogenperoxideis given in TablesXIV., XV.,and

XVI., whereonesecsthatan increaseinsilver increasesthé rate
of decomposition,but that the rate isnotproportionalto thé
amonntsttsed.

fn normalsodiumhydroxidesohttionone-ha!fdecont-

positiontakesplace

with 1~80,000silverin t~ minutes
`

t/90.ooo 25
~60,000 6.5
!/so.ooo z.s

t~Ï.000 t.~

With i/t8o,ooositverthé timesfor 1/2decompositionare

wMt normalNaOHt~ minutes
'4 53
t/8 7.4
!/32 ~.7
~64 69.0

As the concentrationof alkali increases,we pass through a

maximumrateof decomposition,whichisalsotrueof ptatinum,
goldandvarionsorganicfermentsin alkalinesolution.

Alkali,whenaddedto colloidalsilver,slowlyprecipitates
the metat,whichthencantake but littlepart in the catalysis.
Oncalculatingthe numbersgiven in théprevioustables either
asa mono-ora bimolecularreaction,the numbersare not very

satisfactory. If the sohttionbeagitatedduringthé reactionso

that the silverisbroughtintobettercontactwith thé hydrogen

peroxide,theconstantshowsthé reactionto be undoubtedlyof

the first order. Resultsobtained in this way are given in

Table XVII.

!na<tenceei lightandheat

To testthe effectof lighton the speedof decomposition,a

largeglassbeaker,dividedinto twopartsbya closefitting pol-
ishedmetalplateand filledwithwatei servedas a bath. One-

halfof thebathwas illuminatedby a t~ amperelamp,whi!ethe
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Silver~60,000

t 2 3 3

< A–.fo.434}K A-.f).4M3K
iA-.fo.4343K

X

o 20.8 –– o 20.2 –– o !9.8 ––

t.o8 t8.o 0.025 t !8.t o.oz! j!7.o 0.037
2 t6.3 0.023 2 16.2 O.o2t1 2 t6.0 0.020

3 t4.o 0.025 3.o8 t4.t 0.022 3 !5.t 0.0:7

5 tt.<t 0.023 5.2 !t.O 0.022 5 !2.6 0.0!?

7.5 8.7 0.022 7.7 8.3 0.022 7-5 'o.t 0.017
!o 7.0 0.020 M 6.6 o.o2t to 8.0 o.ot7

t~ 4-5 o-o"9 '5 4.4 o'o!9 '5 6.o 0.0:5
– – –– – – –– 20 44 0.0~4

=~-

4

_1-

S

0

t/<e6))vef

0 20.0
––– 0 20.0 *––– 0 20.8 –––

t ty.8 0.022 !7'9 0.02! 60 !8.8 ––

2 ï6.t 1 0.020 2 t6.! 0.020 – ––

3 !4.3 o.o2t 3 14.3 0.02! – ––

S t!.6 0.02! 5 t!.3 0.02! – ––

7.5 9-! 0.020 7-55 8.3 0.022 ––

!0.0 7-3 0.0!9 !05 6.5 0.02! – – ––

t5 s.' o-o'7 "S 4-3 o.o'9
– – ––

15 5.1 0.017 15 4.31' 0.019M 3.7 o.ot6
– – –– – – ––

Sitver t/~o.ooo

t
r-

< 3

o 20.5
–– o 20.3 –– o :9.9 ––

t.t)2t8.2 0.0!2 2.5 t8.2 0.0082 2.5 t7.0~0.0!2
5 t4.7 o.ot2 3.8 t7.o 0.0087 5 t4.s~o.o!2

7.5 13.2 o.on 1 5 '6.!t 0.00877.5 n.9 0.0:3
to n.5 o.on 1 7.5 14.4 0.0086 t0 10.4 o.on

t5 9.5 0.0097 to !5 0.009! t5 7.6 o.ot2
20 7.8 0.009! ï3 !0.o 0.0089 20 6.o o.on

30 5.9 0.0078 20
S

7.8 o.ooQO 30 4.3 00096

TABU!XVII

Sodiumhydroxide,normat

H,0, t/4o
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other wasprotectedfromlight bymeansof blackckth. The

temperatureof experimentwas33°. Table XVIII. showsthat

light !tad no effecton thé catalysis,sincethe variationsin the
twoseries are smallerthan the experimentaletror.
In Table XIX. the effectof increasingthetemperatureisshown.
The velocityofdecompositionincreaseswithrisingtemperature,
but nosimple relationseemstoexist,' due probablyto the in.

creasingeffectof thea!kati and to précipitationof thé silver.

TABI.!}XVIII

Sodiumhydroxide,normal

.=_A~

Arrhenius. Zett. phys. Chen*.4, :}6 (t889).

TABU5XVn.–(CMA'M«<~).~~R~ ~.Vtt,––Wt«M<MH~.

SUvert/tito.ooo

0 to.75 –– o tp.8 ––

5 i8.o$ 0.0034 5 iS.z 0.0032
to t6.9$ 0.00:9 !0 t6.8 0.003!
M tg.os 0.0026 :o t~.3 0.003;
30 13.2 0.0025 30 !2.2 0.0030
45 !t.8 0.0022 45 to.!5 0.0028
6o 9-S 0.0022 6o 8.2 0.0028
90 7.4 0.002: oo 6.6 0.0023

~o 5.95 o-oo!9 – – ––

Sitvert/tso.ooo.Pourdayeotd

!nHght

A–.f 0.4343K A-.t- 0.4M3K

o t7.9 –– – ––

~-5 !56 o.0!o~ 15.9 0.0096
5 t't-2 0.0087 1~.2 0.00<)0

to n.4 0.0085 n.6 o.oof!~
15 9.7 0.0077 9.8 0.0077
20 8.2 0.007~ – –––

~5
1

6.6 0.0075 6.8

1
0.0074

35 4.3 0.0077 4~ 0.0079
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A fewresultsobtained by thé use of ammoniaaud other

alkaliesaregivenin Table XX. It willbeuoticedthat thead.

ditionofsilverhas little influenceon thé actionof hydrogen

peroxideon ammonia. Thé reactionis perhapsmorecomplex
than Berthelot' thought. When sodiumhydroxideis added

the rateofdecompositionincreases. This is explainedby thé

fact that théstronger hydroxidedecomposesthé compQMndof

ammoniaand silver. Potassiumhydroxideactsin thésameway
as sodiumhydfoxide.*

A))tt.CMm.Phys.(7) tt, M~.
Ibid. n, aty.

TABt.RXVin.-(<M~).

!t)thedow

o t8.t –– t8.o ––

2.5 t6.tz 0.0089 t5.8 0.0098
5 t4.5 0.0084 t4.3 0.0087

!0 !2.o 0.0077 n.6 0.0083
!5 9.8 ooo77 9.9 0.0075
M 8.1 0.0076 S.z 0.0074
30 5.5 O.OQ75 5.6 0.0073

SHvertj'75,000

lotight

0 !7.2 –– 17.2 –-

t !3.8 0.0~2 !<t 0.03~
2 t!.y 0.036 !2.0 0.034
3 9.9 0.035 !o.t 0.034
5 7.1 <033 7.4 0.032a

7.5 4.8 0.032 5.2 0.030
!o 3.t 0.032 2.! 0.039__»~

Itt<t)!n!ow

0 ) t7.2 –– !7.2 ––

t t4.4 0.034 t4.2 0.036
2 t2.4 0.03! t!.9 0.035
3 to.t 1 0.033 to.o 0.034
4 8.7 0.032 – ––
5 7-~ 0-03! 7.3 0.032
7.5

111!
5.3 0030 5.0 0.03:

to 2.5 0.036 3.4 0.03:
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Thereseemsto be someuncertaintyas to thé exact reaction

takingplacewhenhydrogenperoxideactsona aa!katiuesilver

salt.

ÏABMXIX

Sodinmhydroxide,normal

H,O,1/40

Sih'ert/t8o,ooo

'5° 4:' 650

t9 2 t 2 t9

<
1

A–.fA–.r x A–~A–~ A-.rA–.f
)

o 2t.o 21.0 o t9.85 !9.9 o ts.6 !$.!
to 19.65 !9.s 2.5 t5.t !5.6 0.5 to.6 10.9
20 !8.5Ji8.3 $ ta.s 13.0 !.o 7.3 -7.z
40 !6.~ t6.o to 8.0 9.~ t.sg 5.3 6.t
60 i4.7 !4.3 !$ 6.4 7.6 3.8 4.5
80 f3.! 12.8 20 4-8 6.o 3 ~-6 3~
–

–~
– – – 4 '-7 ~4

SitvM </3<o,oco

0 JtO.2 20.2 0 !6.7 17.!

5 t6.3 !6.4 0.5 t4-6 '35

!0 14.4 !4-6 t.O.tt.O tt.2

'5 tt.5 n.7 2 7.8 8.1

M 9.4 8.5 3 5.3 6.4

7-5 7.' 4 3.8 4-3

35 5.8 5.5~ 5 3.0 3.3
–

– –~ 7-5 2.2 !.8

Sitvert/ee

~° 4!° 6:°

0 22.4 22.t
2t.t KM – 2!.0 !0.o!!

50 '– –' 4~f
80 2t.2 !7.0' –)
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8Hvert/7:,ooo 1
Sitvert/w

A-x A-x 1 A-~ 1 A-x

o i7.7 0 6.6 o t5.8 0 19.9

5 t6.s to t5.o t <~9 'o 17.7

15 14.8 M 13.7 3 "'s

25 t3.8 30 !3 5 8.4 30 14.6
35 ~3 6s 9.5 7.5 7.0 40 '35
65 !o.6 – – to 5.6 65 to.5

85 8.7 –
.JLJJIL.IL..

Silver</7!.oo<'

KOHN/4 Na,CO,K!~o

o t6.4 0 j !6.!
– t4.4

1 !4.5 1 '4.' – '3
2 12.9 2 !2.6 – t0.9
3 tt.77 3 !8 – 98
4 !o.6 5 to.7 – 8.6

5 9.6 7- 8.8 – 7.o
7 7.8 'o 7.7 – 56

) to 5.8 –
– – –

H t~ j J.o ) –– i

Thenard'foundthat thé sitversalt wascompletelyreduced

to finelydivided sitver. Berthelot'makesthe réactionHUtch

morecompticated,dividingit into threestages.

(t) Ag,0 + H,O, =Ag,O,+ H,0
(2) 3Ag,0+ 3H.O,= Ag.O,+ Ag, +0, + 3H,0
(3)Ag.O,-2Ag,0+0.

Thé6rst reactiontakesplacevery quickty;the third only

after threehours. Berthelot,by treatingthé precipitatewith

acid and measuring thé amonnt of gas givenoff,concluded

that théoxideAg 0 wasformed. Baeyerand Villiger3found

Antt.Ch:m.Phys.9,96(t8<8).
Ann.Chim.Phys.(g)at, t~ ( )88o)Comptéereudus,9«,s??( '880)

Ann.Chha.Phys.(?)n, a<7(t8~) Ibid.~3.5:(!9o').
Bet.chem.Gea.Berlin,34,74934.

TABU!XX.

AmntotHumhydroxide,N~

H.0,~42__
"7'7:-7:7:=-
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noevidenceforthé existenceof this oxide,and frotn many ex.
perimentsconctudedthat thesilversalt wasreducedto Meta~ic
silver. Resultsobtainedhere confirmtheir conclusionsin a~

respects.
TableXXI.showsexperimentsin which a silversalt-in

thiscasethesutphate– is substitutedfor colloidalsilver, and
thesespeakagainstBerthelot'sconclusions.Withsih'ersulphate
of a concentrationof î~oo,ooo,the mean constant is 0.0025i
whilewithcolloidalsilverhavinga concentrationof t/i8o.ooo
the constantis0.0027(TableXVII.).

TABmXXI.

Sodiumhydroxide,normal

_H,0,!;40

Ag,SOtt/6o,ooo
i; AgSO.t/fM.ooo

t 2

oo
'7.85 t7.8s o t8.3s tS.s~

5 !t.8 n.o 5
'°

74 7.' !o
9.6 9.2

'5 5.5 49 '5 6.7 6.4

3.5 2.5
J

M 5.35

Ag,80, )~oo,ooo

A-.f !o.4343K A- 0.4343K

o t8.t –– )~.<) ––

5 !6.<) 0.0026 t6.6 0.0028
'5 14-5 0.0028 t4.7 0.0025
25 J2.85 0.0026 !3.o 0.0023
35 ".8 0.0023 n.9 0.0022
45 9-8 0.0026

Ii
to.5 0.0022

60 8.0 0.0026 ;I 8.3 0.0023

In the caseof colloidalsilver no changeis noticedwhen

hydrogenperoxideisaddedwithalkali,and the catalytic prop-
ertiesarenotdestroyedbya largeamountof H 0, so that the
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oxide
Ag~Ois probablynot here found. Sincea silversatt

gives almostexactly thé same constantas colloidalsitver, it

seemsprobablethat thé silversa!t is reducedat once to the

Mtetat,whichdecomposesthe H,0,. Silversulphatein neutral

or acidsolutionsdoesnot decomposehydrogenperoxide.

Soittbiesitverwasnext investigatedin orderto compareits

actionwiththat of thé colloidalform. The sotubte si)ver

was madeaccordingto CareyLea'sdirections,andwascalledby
him ModificationC."

ioyceof a 30 percent ferroussulphatesolutionand 200

ceof a 20percentRochellesalt solutionweredilutedwith 800

ceof water,and to thiiiwasaddeda solutionconsistingof 200

ccof a io percentsilvernitratesolution,200ceofa 30 percent
Rochellesalt solution with 800 ce of water. A dark red or

black powderis precipitated,whichonthéfilterappearsbronze

colored,but when well washedand dried,appearslike gold.
This drysolttblesilvercontaineda little tartaricacidand iron

oxide.

Silverpreparedin this waydifferedfromthe colloidalonlyy
in the sizeof its particles,which werelargerand moreeasity

precipitatedon standing,by heatandbysalts. One wouldex-

pectthe catalysisto beslowerthan withcolloidalsilver. Table

XXII. showsthat 1/24,000normalCareyI<ea'ssi!ver décomposes

hydrogenperoxideat about the samerate as ~60,000normal

colloidal(TableXVII.). The solublesilverin neutralor acid

solutionsdecomposedbut a triflingamountof H~, dissotving
as doeséolloidalsilver.

Hydrogenperoxideacts on metatticsilver,giving a co<n-

poundalreadyreferredto whenalkaliisaddedthiscomponndis

reducedto thé tneta!. Frotn 1/15 nonnalH~, whichstood

over metaUicsilver for 12 hours,sitverofa concentrationof

1/10,000normalwasfoundin solution. Thé solutionwasnot

analyzed,but frotn thé speedof reactiontheamountpresentwas

detennined. The behaviorof thissitvetin presenceof alkali

atidhydrogenperoxideis shownin TableXXIII.
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Influenceofpoisons
In the papersoninorganicfermentspreviouslyreferredto,

theauthors hadfoundthat such poisons as potassiumcyanide
and mercury salts decreasedthe speedof reactiondue to the

ferment,and evenin somecases"killed thé ferment. With

ï~6o,ooonormalsilver the catalyticproperty was totallyde.

stroyed when i/to,ooo potassiumcyanide is present, but at
ï/t 20,000normalhad little effecton the reaction. SeeTable
XXIV. The samehoMstrueforsilversalts (TableXXV.).

Thé causeof this is madeclear by a simpleexperiment.
When we add hydrogenperoxideto a silversalt in sodium

hydroxidesotution,silveris at onceprecipitated,which decom.

TABu;xxm.

Sodium hydroxide, normal

H.0,
~o_

TABM!XXII.

CareyI<ea'ssilver

Sodiumhydroxide, normal

H,0,1/40

S!tvert/ooo SHvert/48.ooo

< A-.f A-~ 1 A-.r A-.t

o t~a tS.y 0 t8.3 !9.6
~5 '7 12.9 2.5 ~.6 t5.3
S 9.4 94 5 "2 tz.o
7.5 7-5 7.3 7.5 9.8 to.2

'o 5.7 S.6 !o 8.3 S.;
'S 4.' 4.0 '5 6.3 6:1
30 3-0 2.8 20 ~.6 4.5
25 a.t 2.0 – – –

<
1 A-.r A-

o M.? xo.y
ï !2.2 t.3.t
s 92 9.3

'5 i.3 3.!

iw/Inense weioewn
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ÏABU} XXV.

Sodium hydroxide,normal

H,0, !/45. Ag,SO<!oo,ooo

TAN.BXXIV.

Sodiumhydrate, corme!

H,0, 1/27. Sitver t/6o,ooo.

KCNt/tooo

n

KCN

t 2 < 3
A–.f.A–.f A-.f < A–.ftA-.f A–.f

o :o 23.7 ~.o 0 z~t i 23.0 22.9
240 23.5 ~3.4 23.5 75 22.9 M.8 M.8

t440 21.7 21.7 21.9 t440 2t.3 S 2t.3 2!.3

KCNt/tM.ooo

-I!

KCN)t/<e

< 'A-.f A-.f if.4M3K~1:
Ii

1 A-.f A-.f o.4!4}K

0 !0.! 20.7 ––
l'
Ii 0 20.6 21.2 ––

2 tj.4 !6.4 0.022~ 1 t6.7 !8.~ 0.026
4 to.4 tt.7 0.027 2 – !6.o 0.026
6 8.6

8.8 j 0.027' 3 !3 '4-3 0.024
8 7.6 6.4 j 0.028 5 n.6 n.t 0.024

'o 7.5 5-o j o.c27i 7.5 – 8.8 0.022
– – -– –––; M 8.88 7'! 0.02!
–) – – ––; !5 6.0 4.8 o.ot9

KCNt/tt~o

.->

KCNt/)t,5oo
J

KCNf/us.ooo

A–~A–~ < A–~A-.r A–.tA–.f

o ty.t ty.ûj o t6.9 ty.i o ty.3 17.4
5 t7.o 17.0 5 16.9 –

5 !6.9 16.9
60 !7.o !6.7 t~o 16.9 t6.7 30 t6.6~t6.9

325 i6.9 t6.6 900
!6.is

!6.3 240 t3.8 tg.!x
t:oo 16.6 16.5 – –) – – – –
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posestheremaininghydrogenperoxidecata!yt:ca!!y. If potas.
siumcyanidebeprésentin sufficientamounts,potassiumsitver
cyanide is not decomposed,and no black precipitateresnlts.
Expenmentiagin this way, we can prediet that bromides,
chlondes,sulphides,etc.,will stopthe catalysis,and thesecon-
clusionsare in agreementwithexperimeut.

Quiteother resultswere obtainedwith mercuricchloride.
Insteadofbeingdelayed,the decompositionwasaccelerated.In
Table XXVI. the effectof mercuricchlorideonthecatalysis
wherecolloidalsilverandsilversulphateare presentis shown
and in TableXXVII.the effectwhenonlythemercuricchloride
is present.' The explanationis the same as for silversatts. t
Mercuricchlorideis reducedtomercury,whichdecomposedthe
hydrogenperoxide. Potassiumcyanideatid hydrogensulphide
actedaswithsilver. Noevidenceofa reactionsimilarto that
ascribedby Berthelottosilverwasnoticed.

TABMXXVI.

Sodiumhydroxide,aonnat

H,0,5. HgCt,t/t.so

Colloidalmercurywasobtainedby the samemethodas the
sitverby"spâfking" a mercurycathodeand platinumanode
beneaththe sutiaeeof water. The partides were larger,pré.
cipitatedto a great extentafterstandinga month,andin neutral
or acidsolutionhad little effecton hydrogenperoxide. The
resultsobtainedwith thissolutionare givenin TableXXVIII.

SeeBredigaudRetttdets.Zeit.phys.Chem. 339(.90.). Thiswofkwaadonebeforethepublicationoftheirpaper.

CottoMMs;!vert/t8o.ooo SttverButphatef/Mo.ooo

< A-.f A-.t-
A-~ j A-.t-

o '7-i '7.'5 o t7.t ';6.7
'5.4 5 t5.i5 '5.55 '3.'S '355 'o tt.y t:.g'° 9.7 ".8 t5 8.9 lo.o
7.5 9.6 M 6.5 8.0
5.6 8.o i3 25 4.9 5.6
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thé reactionbeing calculatedas monomotecutaf.Potassium

cyanideand hydrogeMsu!phideacton colloidalmercuryas on
silver.

TA!H.EXXVII.

Sodiumhydroxide,nonnat

H,0, ~40

ÏAB!~ XXVIII.

Colloidalmercury

Sodiumbydroxide,normal

H,0,5o

Fromthe actionofmercurythenamefermentseemsinsome

A–.f j o.4M}K A-~ o.4~}K

o ts.! –– t~z ––
t2.t 0.< n.2 0.063

2 Q.s o.o~ 8.5 o.o57
3 7.6 0.043 7.5 0.044
5 5-4 0.039 5.0 0.042
7-5 4-4 0.031 4'o 0.033

aayv= af~r

HgC),t/M; HgCt,t/.oso

< A–.f A-x < A-x A-x

0 20. !!0.6 0 2!.7 Zt.~
'6.5 t6.3 5 '9.2 '9.45

2 t5.2 !4.55 'o t5.35 i6.t5
3 '3.5 '2.s M 9.55 n.t
5 n.o~ to.o 30 5-40 7-5
7.5 9.9 8.5 so 4~ 5.8

to 8.7 8.0 – –

t5 6.8 6.45 – –

HgC),!o.soo
_i~_

HgC),)~,ooo

o zi.8 2t,7 o u)
20.85 20.9

3° 20.7 ïo-5 !oo t8;t t8.2
6o i9.6 !9.6 tSs !5.o !5.3

'35 !5.4 '4-4 440 lo.! to.s
2to n.3 to.8 –

480 4.3 3.5 il – – –
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respectsan unsuitableone, whitein the caseof colloidalplati.
num, bothin the catalysisofa mixtureofhydrogenandoxygen
andofhydrogenperoxide,mercuryhindersthereaction ina!ka.
linesolutionsit actsasdothe otherferments.

Conclusions
Thé principalpointsin this articlemay be snmtnarizedin

the followingstatement

i. Colloidalsilverdecomposeshydrogenperoxidein acid
andneutralsolutionantit it is dissolved.

2. Colloidalsilverdecomposeshydrogenperoxiderapidly
whenalkaliesarepresent the reactionisa monomolecularone.

3. Increaseof temperatureincreasesrapidityof decompo-
sition.

4. Lightbasno influenceon théreaction.
5. Silversalts in alkaline solutionare reducedtotallyto

silver,whichdecomposesthe hydrogenperoxide,givingamono.
molecularreaction.

6. Substanceswhichformcompoundswith silver not de.
composedbyhydrogenperoxideexert a retardinginfluenceon
thecatalysis.

7. Solublesilveractsexactly like colloidalsilveror silver
reducedfromits salts.

8. Colloidalmercury,or mercuryreducedfromitssalts,acts
inalkalinesolutionlikecolloidalsilver.

~C~ U~M~,
y~,



NITRILES AS SOLVËNTSIN MOLECULARWRIGHT

DETERMINATIONS

DYLOUISKAHMNBBRG

Nitrileshaverarelybeenusedas solventsin making<no!ee-

ular weightdetemiinations. In 1897Wemer' determinedthe

molecularweightofmercuricehionde,mercuriciodideandsilver

nitrate in benzonitrileby the ebuMioscopicmethod,andthiswas

theonly casethat 1couldfind in the literaturewhere a nitrile

had been used as solvent. Wernerdeterminedthé so.catted

molecularelevationof the boiting.pointfor this solventem-

pmcaUyby using diphenylamineas solute and assnmingits

tnolecular.weightto bethatcomputedfromits formula. In this

wayhe obtained36.5as the constantfor benzonitrile. Accord-

ingtotheTrouton.SchiS ru!e,Wernercalculated the constant

to be 43.79 hestateselearlythat he is unable to explain the

discrepaacy. Recentlythé latentheat of evaporationof benzo.

nitrile basbeencarefullymeasuredby Louguinine'and also by

myself.3 Theresultsof theseinvestigationsarepracticallyiden-

tical, thé valuefoundbeing87-7. PTomthis value the molec-

ular elevationof the boiling.point,whencalculatedaccordingto

theAtrheuins-Beckmatinformula,becoines'Ko.oz(i8g -i-z73)'théAtrhenius-Beckntannfonnula.becomesK ==
–––g'––~7-7

or 48.67,whichis the constantthat ought to be used in com-

puting the molecularweights. In Table I. are given the re-

sults of Werner,recalculated,usingthisconstant. In thé table,s

representstheamountofsolute, the quantityofsolvent, &thé

observedriseof the boiting.point,and m thé molecularweight
calculatedaccordingto the usua!formula.

Zdt.anetg.Chem.t:, (t~).
An:Mv.desScience*NatutettetdeGenève,9.s-~6(tS~).J.

jour. Phys.Chem.230(189!).
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TableII. givesa seriesofdeterminationsof myown. The <
sampleofbenzouitrileusedwas thé sameas that employedin
makingthemeasurementof the latentheatof evaporation.

TABLEII.

(Solventbenzouitrile)

-~==-=-==~~°' == '7°)
~I

la thecaseofacetonitrile1foundthe latent heatof evapo-ration to be ï~.6. The value obtainedby I~guinme is
170.68. Accordiugto the formervalue the boiling-pointcoa.

stantbe~ whileaccordiugto the173.

TABU!I.

(Solventbenzonttrile)
DipheayianuM~C.H,),NH.mol.wt.= 169).r-i:=-o:r~='o. s.

0.1298 20. o.t35
°-~S7 2o.n 0.250 ~8
0.0<t t~ o.t69 2:0

_–– (HgCt,,mol.wt.= 27:)
0.~23 .9.~ "t26––––42t–––

'9.45 0.358 .800.3738 ~.68 0.280 L
o.87'o ,68 o.~

– (H~I,.mol.wt. 454)
o.'737

23.92 fo;o6t..g~-––o.5'35 ~3.92 t 0.~3 ) ~4
SHyernitrate (AgNO,,mo:.wt. = 170)

o.3M4 23.74 0.345 "–––220–––
0.8336 23.74 0.750 :,o~74 23.50 o.t6o
0.4326 23.50 o.38o 236

J_
A M

o.'098 i6.6t 0.130 M8

`

0.33~ !6.6t o~~ ~g~08 t6.6t 0.590
In thera<!fnfof<ttnn!t< T f~–j tt-- < 1
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latter value it equals14.63. In tnaking the cotnputationsin

Table III., theconstant1~.39wasnsed. The sampleof aceto-

nittile employedwasthé sameas that usedin makingthedeter-

minationofthe latent heat of evaporation.The solutesused

wete,with the exceptionof the silvetnitrate, of KaMbaum's

manufacture. They were naphthalene,tnetting-poiat80° di-

phenyl, melting-point69-69.3"; and diphenylamine,metting-

point 5~ ThésilvernitratewasobtainedfromBaker&Adam-

son,and wasthoroughlydried. Thésymbolsin TableIII. have

the samesignificanceas thosein the precedingtables.

TABMIII.

(Soiventacetonitnte)

Naphthalene(C,~H,,mol.wt.==t~S
_0 -'==~==.T:='n`

0.3103 !04 0.280 144
o.5t53 n.o4 0469 143
o.?9to u.04 o.7t7 144
0.9952 n.o4. 0.905 143

Diphenyt(C,,Ht..tnoi.wt.==t54.)

0.2208n.25"i0~65t?~
0.3246 n.25 0.242 t?:
0.5494 "-25 o.42t t~
0.8374 n.25 0.673 t59

Diphenylamine((C,H,),NH,moi.wt.=={69)

~Y~jQ~g,~
0.5314 n.29

1

0.549 t~
0.6838 !t.29 0.679

l
128

0.8735 n.29 0.833 133

Stivernitrate(AgNO,,mot.wt.==!7o)

0~856"'to~99'oTt8o 135
0.30~0 to.99 0.298 134
<5397 'o-99 o-S'o
0.7977 to.99 0.760 138
t.0350 to.99 0.939 144

T~,,1. _1_1.A 1r ,tu.&tf:t~ ua1ttAflpIf thé constantcalculatedfromLouguiniae'svalue for the

latentheat ofvaponzationhadbeenused,the molecularweights
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in Table III. wouldhave been t.8 percenthigher. Asthe boil-
ing-point constant of acetonitrile is nearly 3.8 times that of
water, the molecu!arweights M the formersolventare more
readilyaetenmnedwithaccttracy.

The attempt wasmade to usepropionitrileasa solvent for
molecularweightdeterminations,but it was unsuccessful,inas.
much as in spite of aU exertions,it wasfound impossibletosecurea sampleof thesubstancethat hada sufficientlyconstant
bothag.poiat. Thesamedifficultywasmet in tryingto employ
butyronitrileandvaleronitrile.

Prom Tables I. and II. it appears that the molecular
weightsof thé solutesin benzonitrileare all considerablyhigherthan the theoreticalvalues,without,however,reachinga figure
correspondingto a double molecule. The mercuricchloride,mercurieiodideandsilver nitrate solutionsin benzonitrileare
fairly goodelectrolytes;whilethe solutionof diphenylamineintliis solventisa non-electrolyte. Fromthe boiling-pointresults
inthe tablesonecouldclearly nothaveforetoldthesefacts.

Turning nowto Table 111.weseethat naphtha!e.eaad di-
phenyl yield molecularweights higher than the theoretical.
The solutionsof thesesubstancesin acetonitrileare non.electro-
lytes. Again, diphenylamine,which is also a non-electrolytewhendissolvedin acetonitrile,yieldsanabnormally!owmo!ec.
ular we.ght.' In fact thé molecularweight of this soluteis
!owerthan that of silvernitrate, althoughthe latter substance
whendissolvedin acetonitrileis an electrolyteparexcellence.

A comparisonof thé resultsobtainedwith diphenylamineandsilver nitrate is of special interest,becausethese two snb.
stanceshavepracticallythe sametheoreticalmolecularweight.
Thoughthe solutionsof diphenylamineia bothbenzonitrileand
acetonitrileare non-electrolytes,andthe solutionsof silver ni-
tratesm the~ solventsare goode!ectro!ytes.yet inbothsolvents
thèsesolutesbehavepracticallyalike. This then is a striking
illustration that thereis no such simple relationbetweenthe

~<< c.~Jour.PhyaChem.5.344(19!)1).
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boiling-pointsofsolutionsand their eleetrica!conductivityas

the theoryof Arrheniusc!ai)ns.'

At any givenpressure,thé boiling-pointof a solutionis

'determinedbythéconcentrationand by thé chemicatcharacter

of thesotventand 'iotute,whichdeten))inesthé mutualattrac-

tion existingbetweenthetn. This mutual attraction is thé

essenceof the so-calledosmoticpressureandis thé causeof the

processofsolution. In applyingthe gas laws to solutions,we

doat timesgetmolecularweightsfor the sotute that are equal
to the theoreticalwithinthe limit of errorof experimeut;but

morefrequentlywedo not, andthis regardtessas to whetherthe

solutionsare electrolytesor not,as is well shownby thé solu-

tionsin thesenitriles.

It isprobablethat the high molecularweightsin benzo-

nitrilearepartty,ifnot largely,due to thé relativelyhigh boil.

ing-pointof the solvent (t8()"). In acetonitrilethe molec-

ularweightsaremuchlower. Its boiling-pointis 80.5". Ex-

amplesof this kindare not uncolnmon and1 hopeto recur to

tnispointerelongin thecourseofa tnoregeneral consideration

of thesubjectofsolutions.

~tt~it/Of~JM~ ~MM/ff,
M!t<Wt)'<)'Wisconsin,

Madison,Wis.,
~f. 5,

Inthecaseot~Uvetnitratewheadtesot~ed{nacetonitrile,thé<o-ca!ted

degte<ofe)ecttotytictUNiodatioaeotte~pondtagtothemotecHhrweight'35
(CM)tpMeTaM6l!)is:6percent;fromthéconductivitydetenoinatioMof
DutoitaadMderich(BnH.Soc.Chim.Paria.(3)'9. ('SgS))it i<about34
percentforapproximfttetytheMateconcentration.Tobewre,thiscompenson
tanotquitefair,newearenoteompatingthesolutionsatthesametempérature
butthediecrepancywouldverytiketynotdisappearevenifthecompartaottwere
madeatthesametemperature.Comparejour.Phys.Chem.$,;;9( 'y!).
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Thé experimentson the sotubi!ityof calciumcarbonate
weretnadein a similarmannerto thosedescribedin the prece.
dingpapers.' Sincethe solubilityofthecarbonatesisdependent
uponthe partialpressureof the carbondioxidein the gas phase
in contactwith the solution,the effortwasmadeto bring these
solutionsto equilibrimuwith ordinaryair. Air wastherefore
drawnthroughthenaskscontainingthesolutionsin contactwith
thecalciumcarbonatein the sotid phase. The flaskswerear-
rangedinsérieswithappropriaterubberandglass tube connec-
tions and a continuonsstream of air drawn through by an
aspiratorattachedto a hydrant. Beforeenteringthe sortions

the air wasdrawnthrough a di!ute solutionof sulphuricacid
to free it fromany tracesofammoniaor otherimpuritiesin thé
laboratoryatmosphère.Precipitatedcalciumcarbonatewasused
in order to take advantageof the largesurfaceexposedby the
materialin this form,andthusbringthesolutionstoequilibrium
asquicklyaspossible. AUthe salts usedwere obtainedfrom
Baker& Adantson,werelabeledC.P.,andwerefound to be of
a satisfactorydegreeof purity. As small changesof tempera-
turedid notproduceany markedeffecton the solubilityof the
calciumcarbonate,andas thé températureof thé laboratoryheld
quiteconstantduring thé periodwhen this work was done, it
wasnot deemedworthwhiîeto makeuseof a constant temper-
aturebath.

Sinceit wasfoundthat the majorpartof thé calciumwent
intosolutionas the hydrogencarbonateratherthan as thé nor-
toatcarbonate,the calciumdissolvedis stated in tenns of the

ContributionfromtheBuKa~of8oH&,U.8.DepattmMtofAgncutmn-.PublishedbypenaiMtonoftheSecretaryofAgnettttttte.t ~<mf.Phys.Chem.5,s~y 643( toot).

SOLUBILITY 0F CALCIUM CARBONATEIN AQUE-
OUS SOLUTIONSOF CERTAIN ELECTROLYTES

IN EQUILIBRIUMWITH ATMOSPHERICAIR'
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hydrogencarbonate. Of coursethé statetnentsandcharts in
termsof reactingweightswouldbe the santéforeither thé nor.
malor hydrogencarbonate.

In the accompanyingfigure the calciumsait fonndto be
solubleis plottedin all caseson the axis ôf ordinatesand the
amountsofothersalt componentsof the solutiononthé axis of
abscissas.

SelaMIityofcalciumcarbonatein sodiumchloridesolutionsat 25°C

Air waspassedthroughthe solutionsfor twenty-seveudays,
thesolutionsbeingtestedfromtimeto titne to detenninewhen
finalequilibriurnwasreached,at whichtimetheygaveno reac-
tion withpheno]phtha!einethat is to say, the solutionscon.
tainedno normalcarbonatedissolvedin them.

Atfirstsight this resultappearedverysurprising,but it is
in linewith th-:observationsof Treadwelland Reuter,andwith
thé observationsmade in this laboratoryin thé study of the

equitibriumbetweenthe normal carbonateand hydrogencar-
bonateofcalcium,describedin a precedingpaper.

The resultsobtained in the analysesof the solutionsare

givenin theaccompanyingtable, whichis self-explanatory.
TABL~1.

Calciumhydrogencarbonatesolubleinaqueoussolutionsof sodium
chlorideat :5" Candinequilibriumwithair

Ca(HCO,),
J

nact

Gramsper R~cHngweights Gramsper ReactmtfWMghtsliter pertiter liter perliter

o.to46 l 0.0006,5~ l,'.I~ter_o.to~6 0.0006~ o.ooo o.eoo
o.t~o o.oono 9.720 o.t68
0.20$! 0.00t28 2!.0!0 0.362
0.2152 0.00t34. 30.30! 0.522
0.2252 O.OOt~O

1

$0.620 0.872
0.2212 0.00138 69.370 !9S
0.2:72 0.00135 98.4oo !.695
o.t97! 0.00123

1
147.400 2.540

o.t569 0.00095 234.500 4.040
o.t227 000076 262.300 4.520
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Theseresultsarepresentedgrap!uca!tyin théaceompanying
Sgure.

f'tItta.

RMttint) Wefaht: of Sotts per Ut<t-

The solubilitycurve presentsa well-markedmaximum
point,correspondingto a solutioncotttainingin a liter about 56
grams,or 0.95reactingweightofcalciumhydrogencarbonate;i
that is to say,at the maximumpointthecorrespondingsolution
wouldcontain about o-o~î grantof calcium- equivalent to
o.t<t02gram of the nonnat carbonate. Hence it appearsthat
thé solubility of calcium carbonateunder thèse conditionsis
about80 timeswhat it wouldbein purewaterfreefrontcarbon
dioxide.

lu the seriesunderconsiderationit was found that in thé
solutioncontainingno sodiumchlondethere was 0.1046gram
per liter of calciumhydrogen carbonate,equivalentto 0.0592
gramper literof thenormalcarbonate. Thereforethesolubilityof the calciumcarbonatecorrespondingto thé maximumpoint
of the curve is 2.36times its solubilityin waterin equilibrium
withthé air, but containingnosodiumchloride.

Solubilityofcalcimncarbonateia sodiumsulphatesolutionsat 24"C
In this sériesofexperimentsnormalcarbonateswerefound
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to be present in thé solutionsof higher concentrations,al-

thoughsuccessiveexamiaationsat intervalsof weeksshowed

eonclusivelythat the solutionshad reached a final state of
equilibriumand remainedunchanged,even with the prolonged
passageofair throughthem,

In thé accompanyingtable the total amountof calcium in
thé solutions is given in terms of the equivalentin calcium
hydrogencatbonate,althougha part of the calciumshouldmore

properlybegivenasthenormalcarbonate. The actualamounts
of thé bicarbonateor hydrogencarbonatefound in the solution
arealsogiven,andin the figurecurvesare plotted from both
seriesofdata. For purposesof comparisonthis is considered
more desirablethan giving thé amountsof normalcarbonate
found,whichcouldnot wellbe illustratedin thé figures.

TABLSII

Solubility.of calciumcarbonatein aqueoussolutionsof sodium
sulphateat 24"C,andinequilibriumwithair

It willbe observedthat thé cnn'es do not showmaximum
points,but that thésolubilityof thé calciumcarbonate,buth in
thé fonnof nonnalcarbonateandofhydrogencarbonate,steadily
increaseswith increasingconcentrationof sodiumsulphate. It
isespeciallyworthyof note that thé solnbilityof thé calcium
carbonateis \'erymuchgreaterin solutionsof sodiumsulphate

Totat calciumcatcutated Cateiumactua))y disso~ed
a<Ca(HCO,), asCa(HCO, Sodiumsulphate

Gt'M))6 R. wte. Grams R. wte. Grams R. wts.
po hte)- per liter per )ttM- per liter per liter per liter

0.0925 o.ooo57 o.o()~ 0.00057 o.ooo o.oooo
o.t~SS 0.00092 o.t488 0.00092 2.800 0.09!
o.t729 0.00)07 o.t7!9+ o.ooto?- 5.2;;$ 00356
0.2330 o.oot45 0.22)0 o.oot3? 11.730 oot.3)
0.32~0 0.00201 0.3020 000f88 36.860 0.26t2
0.3960 0.00246 0.34~0 o.oo2t4 74 o'o o-5!45
0.4580 0.00285 0.3660 0.00228 n6.too 0.8228

0.5630 0.00350 0.3940 0.00245 184.200 t. 3054
o.59'o j 0.00367 0.4060 0.00252 213.700 t.5t46
0.6650 ) o.oo4'3 0.4300 0.00267 255.900 '.8t35

ït witt tw ~hc~tt~~ thot t~~t ~m-t.~c ~~t ~t. <«~–
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thau in solutionsofsodiumchloride,althoughin theformerc~se
thes!ightlysolublecompound,calciumsulphate,is ptesumably
formed,and in thé latter thé very &o!uMesubstance,calcimn
chtoride.

Evengrantingthatpractiea!)y all thé calcium su!-
phateformedagainunitéswiththe sodiumsulphateto fonn thé
solubledoublesulphate.andmakingthé further ratherimprob-
ableassumptionthat thisdoublesulphatedissociatesentirelyin
&Mcha wayas not to yietda calciumion, ttie casedoes not be-
compclear for,at leastia thé higher dilutions, it would still
beexpectedthat the sodiumchloridewouldhave a greater sol-
venteffectthan the sodiumsulphate. It is tme that in the cal-
culationof the datapresentedin this paper thé reactingweight
ofsodiumsulphateisbasedon thé formula Na,SO insteadof
on the fonnula~Na,SO,.4. Aninspectionof Fig. 1 will show
that evenon this latterassumptionthé sodiMtnstttphatecurve
wouldlie well above the sodiumchloridecurve. Assuming,
therefore,that thé effectof thé sodiumions wouldbe the same
in thé two cases, it appearsthat the SO~ion has a greater
effectthan the Cl ion in renderingthe eatcimn carbonatemore
soluble.

Abovea certain concentration(about 50 to 60grams per
liter)with respectto sodiumsulphatethé cnrves arept-actically
straightUnes that is to say,thesolubilityof calciumcarbonate
in solutionsabovethis concentrationis directty proportionalto
théatnountof sodiumsulphatepresent. Assumingthemasslaw
to hotd,this indicatesthat at thèsehigher concentrationsthé
sodiumsulphatedissociatesasa binaryelectrolyteaccordingto
thescheme

+

NaNaSO~Na-i-NaSO..
From this point of viewit wouldseetn that thé relative

eSectsof thé NaSO~ionsand théCl ionson thesolubilityof the
calciumcarbonateare to be compared,and that thé first-men-
tionedion is thé moreeffective.

If it bcassumednowthat theCa ion does not unité with
thé

NaSO~ion to forma morecomplex ion, but does unite
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withthe CI ion to formcomplexions,the greater solventeffect
ofthe sodiumstil pliateoverthat of the sodiumchloridebecomes

intelligible.. It is to befranklyadmitted,however,that this train
ofreasoninginvolvesa numberofassumptions,and that, while
someevidencesfront othersourcesmaybeadducedin support,it
canbe advancedonly tentatively. It further accents thé very
unsatisfactorystate of ourknowledgeof solutions,especiallyin
other than thoseof high dilution.

SolubilityofcalciumcarboMtein sodiumchteridesolutionsat 25°C
in cMtactwithcalciMmsulphatein thesolidphase

Thé solutionswerefoundto containno normalcarbonates.
Théeffectof thé dissolvedcalciumhydrogencarbonateon thé

solubilityof thé calciumsulphatehasbeendiscussedin the pré.
cediugpaper. Byreferringto the figureit willbe seen that the
effectof the dissolvedcatchunsulphateon the soltibility of the
carbonatewasof thé samegeneral nature,but mnchgreater in

degree. With increasingconcentrationof sodiumchloride the

solubilityof calcium carbonategraduallyincreasesup to a
maximumpoint, then dropssuddenly,andfinallydecreasesvery
gradually. Thé maximumsolubilityoccursin a solution con-

tainingabout40 grams perliter ofsodiumchloride. It will be
rememberedthat the maximumsolubilityof the calcium su)-

phate, when calcium carbonatein thé solidphase was also

preseut,wasin a solution containingfrom80 to 85 grams per
literof sodiumchloride.

Whilethé effectof the presenceof calciumcarbonateon the

solubilityof calciumsulphatewasshownto be s!ight in solu-
tionscontainingless than 80gramsper liter ofsodiumcMoride,
it willbe seenthat thé effectof thé calciumsulphate on the

solubilityof thé calciumcarbonateis relativelygreat in all con-
centrationswith respectto sodiumchloride. Furthermore, thé
normalcarbonateappearsto be entirelyconvertedto the hydro-
gencarbonate,in the solutions.

SttBUMry
Thé solubilitycurveforcalciumcarbonatein aqueoussolu-

tionsof sodiumchloride,andin equilibriumwith ordinary air,
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showsa weU.markedmaximumpoint. Apparentlyunder such
conditions,the solutionscontainno normalcarbonates.

Sodiumsttîphatehas beenshownto have an astonishingty
greateffecton the soltebilityof calciumcarbonate,the restt!ting
solutionscontainingnot only hydrogencarbonate,but normat
carbonateas well. Further, there is no necessaryprecipitation
of the limecarbonatewith increasingconcentrationwithrespect
to sodiumsulphate; but thé solubilityof the lime carbonate

steadityincreases,withincreasingantountsof sodiumsulphate
in the solution,up to thesaturationpoint )f this latter sait.

In thé presenceofsolidcalciumsulphate thé solubilityof
calcituncarbonateismuchdecreased. With increasedconcen.
trationwithrespecttosodiumchloride,the solubilityof calcium
carbonateincreasesto a maximum, then suddenlydecreases,
showinga breakin the solubilitycurve. In equilibriumwith

ordinaryair, thesolutionscontainnonormalcarbonates.
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TheAbMtttteAtemicWeightaoftheCtemitatEtementa. &/<!t/tM~ t~M

~~o~w~Ct~mt~AVw~~A <~M~ty, e~Z~Mf~y/'M!

Unity ~M~M in simple /aa~t<e~ ~othe ~a~)!/ scientifie

~/«-. ~yCM/efM /M~ ISX <'M,-pp. xvi +~. Louis:

Ch~ CtM~ttfHinrichs, /oe/. /~6e; paper, ~.oo, «<<.– Downin the bot-

tom of bis beart each one of believestbat Mmemodificationof Pront's

hypotheeish true. The acceptedatomieweighteare just eacogh away from

multiplesof snything or of auy embination of severalhypothettcal etementa

to depriveanyauchhypothèseofau experimentalbasie. On the other hand,

they approximatemuchmorenearlythedes!rcdvateeethan stettMat all prob.
able ln casethey feattyare independentvalues. If the elementsasnowknown

are not tme elements,wehaveoneoftwohypotbesasopen to us. Either onr

Mca)!ed elementsare analogonstosolidsolutionsof the reat elementeor they
are compoMKhof these elemeatt. If the eecoad hypothetis be true, our

accepted atomie weights sbould be wrong. Mr. Hinrichs undertakes to

prove that this Mthe case. Histhesish that ail atomic weighteare exact

multiplesof the twenty-fourthpartof the atomic weight of carbon, this latter

beingtaken as exacUytwelve.

It willhave to beadmittedtbatthe toneof thebookMinexcmbly bad,and
that Mr. Hinrich~haagone out ofhiswayto weakenwhatever force his argn.
ment may have. It Is quite possiblethat our acceptedatomic weights are

wrong. It ia quite possiblethat chemiMahave been over~onEervativein their

attttude. That bas happenedin othercasesand will go on happeningto the

end oftime. tt Mpossiblethat thetnen,on whomMr. Hinrichspours out hie

wrath, may be singularly deinded. These are ail questions whichare open
to debate. ït ie not possiMethat these men are ail deliberatelydishonest.
Thieisnot a point whiehwecancMsiderevenfora moment. There it, how-

ever, anotherpossibility, that Mr.Hi))riehs)ssittgutartyde)t)ded. Because

one is in a minority, oneis not necessarityright.
Thé tendencyon the part of everyreader of this book will be to assume

that a case that is put so abusivelymust be very weak. lu this particular
case,suchau assumptionwouldbean injustice, becansethe substanceis very
muchbetter than thé form. We willthereforeoutline what seemto be thé

strongpoints in the argumentand,afterthat, wewill eonsidef the weaknesses.
Mr.Hinrichspointsout.qaitecorrectty, that there is no reasoato assume

that any meanof a seriesof experimentsnecessarilygives the value desired.
Asa casein point hecitesthe hopelessnessoftrying to Snd the weightof a new
silver dollarmerelyby weighinga large number of o)d ones. Here thé true
valueliesaboveany singlevalueaadcanbeapproximatedbyextrapolationand
deCttiteassumptionswith regard to abrasion. Mr. Hinrichs aleomakes the

pointthat, in the overwhelmlngmajorityofcases, the probaMeeno<- of thé
chemistlameretyan arithmeticalfarce. Ail that aprobableerror showsis thé
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accuracyin reproduciagconditionsand it doeanot atandin any rotationwhat-
soeverto the real accumcyof the reeotta.

Theauthordaima that att 'dry way' methods are better than wet way'
'aethods.andhespedneattyexdttdesaaysitvercbtoridedetemtinatioM on the
gronad ofsotuMtityof the aatt. Thb etiminateaa tat~enamber of détermina.
tionttwhichhavegiven results dinering from those Kqttiredby the author's
hypothèseaad b therefore,tactieaMy,a btMMaatmove. Whether it h jttatM-
able in a !ea);ehatter tntth la not socettain. Ënom due to occlusiondo oecw
)tt dty way ptocesses,though the author makes no refetenceto them.

tn c<MMtder{ogthe ratio bëtweencatbon andoxygea, the authorta certatnty
right in exdudtag ait form of cabon except dtamond. Thé experimentsot
Moissanhaveehown the enonaouediNe~tty in g~ttingpure carbou. Bxe!a.
ding doabtfniresultathé author findsthé œUo M t6 OMetty. This willnot be
disputedbecauseOstwaldadmltathat the variationsfromthé eveo number fall
withinthe limitsof experimentalenor, though he htmtetf ittdtaea to t:.oo: as
the mostprobantevalue.

Crookesdeterminedthe ratio of thaUium to thallium nitrate and fouud

t.!03Qt:for the ten experiments,or t.~ots if the arot experimeatbe exetaded,
whMeHinrichBcatcutatesaratiooft.onthebasieof'n M.),N !4, 0 t6.
[!t maybeworthmentioniogtbat Ostwald (t~hrbtteh t, 113)gives the total
thalllumand thé total thaHiumnitrate for the ten experimentsfromwhich fol.
to~vaa MMattedmeanratio whicht$entaHerthan Mneoutoftheten singleratios
obtainedby Crookes.] 'this agreementis very remarkableand seemaan ex.

tremelyimprobableoneexcept on the assumption of intégrâtvaluesfor that.
tima and nitt~gen. This !anot the viewtaken by thé chemicatwortdand tt iB
thereforenecessaryto considerthé ratioo{nitrogen to oxygen.

Thé valueassumedby Clarkein t88t was t4.o6, wMchhappenedtobevery
etose to that obtained from the den~itydeterminations. ConsequentlyMr.
Hinrichstakesthe densitydeterminationaas accumte. In !8~, however,Lord
Rayleigh's oeasatetnentt gave t4.o~ for atmospheric nitrogen (contaiaing
argon)aad <4.oojfor pure nitrogen. This last value ts not to be distinguished
fromt4.oowhichour author therefore takes to be the true value. Ostwald
takes Staa'e value of 14.04! as the correct one; but Mr. HinHchaexctndes
Staa'aworkopeciCcatty. If that be done,there seems to be no reason for not

taking t4.ooas the trae value.

RamsayandAston convertedborax into sodium cbloride. Mr. Hinrichs
showsthat thé tesnttaagreeadmirablyon thé assumptionofNa~j, Ct M.St016,
Bu. Thedéterminationof boroacarbideby H. Gautiergivesa valueof n for
boron. Wethereforehave the sameresntt for NaCt that we have just consid-
ered forTt andN,tbat thé value is anexactmultipleofo.g. Theexperimentsof
Tnmer and ofSvanbergon mercuriccMoridemake eNorine~ if mercury be
taken as 200. This is in hannoey with Hardht'a eiectrotyticexpérimenta
Thé expérimentaof Erdmannand Marchandon mercuricoxidemake mercury
Mo,Mthe chainit completeand wemayconsidersodiuusas exactlyt}.o.

Ptattnnmismade t9S on the bM<aof Seubert'a meMurementa entphur be-

eomet~fromMarchaMd'aexperiments;and Smith'a datagivettoforantintony.
The valueM7for leadMbasedon the workof BeMeUw,and 56 for tron refera
back to Svauberg,whilegold tamade197from Mallet'sdata.
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WehavethMoxygea.nitmgen.earbontbaron,mercury,chlorine, thallium,
suiphur, lead, sodium,ptatmom,goldandaatimony as confirmingthé author's
views. Wemissas yet bariom,bromine,calcium,copper, hydrogen, iodlne,
potassium,silverand strontium,ait etementswhich are popularly supposed to
havebeen determinedwithconsiderableaccuracy. Of these, calcium is gener-
attyacceptedas 40andOstwaldgivesbromineas 79.96?with a possibleerror of

0.038.whichtbtts bringstheeven80withinthe calculatedlimit of error. Thé

aMthortakMt37fo)'bati))m,reject!~thevatue of t~y.s, which he calculates
fromtbe workof Richards. Coppermade 63.5, todine 127,and silver to8.
whitethe valuesfor potassiumaad 6t)-ont!nmare considered as not known.
Hydrogenb made.chieSyfrom Raytetgh's density determinations, Mortey'a
measurementebeingrejectedon the ground that he fomd oxygen to weigh
morein one Baskthat)!e another,andalsoon the ground of admitted impuri-
tiea,p. !53, in thegases.

Th<!questionmaybe askedwhyweshould take the 5yntbeeieof tballium
nitrate as determiningthevaluesfor thalliumand nitrogenand not accept the
work of Stas on silver nitrate. Mr. Hinfichs plots the calculated atomic
weightof nitrogenagainsttheweightofsilver usedin the silver nitrate synthe-
<esand showsthat for théMmeweightaf sitver the values from faBed silver
nitrate alwayslie belowthosefromdriedsilvernitrate. Consequentlyit is not

justifiable to talte tbemesnofboth setsof determinations as giving the true
value. Further he ctaim<that bothsetsofobservationsshow fluctuationswith
themasstaken, the valuesfor nitrogencoming ont higher for one hundred
and fiftygramaof silverthan for either higher or lower amounts. As it is,
taking the meanofStas'sandMarigMM'smeasurementson fusedsilver nitrate,
nitrogenbecomesexactlyt4 ifsilverbetakenas exactly to8.

Taking it ait in a)i,theauthorbasdevelopeda very strong argument but
hebas had to rejectthe volumetricdetenninationsef the sitverhalides and this
is the weakpoint. It is tmethat the end.pointsin the titrationof idivernitrate

bysodiumchlorideare notthé samewhenapproachedfromthé two ends. It is
alsotrue that the meanofthesetwovaluesis not necessaritythe correct value. It
It mayalsolieadmittedthat silvercMonde is soluble in water, between one
and two minigramsper literaccordingto Goodwin. Thesefacts are generally
adntitted,but that doesnotprovethat methodsinvolvingthe solubilityof silver
cMoridesare necessarilywortMea). Thisisdistinctly not proved and yet it is
of fandamentatimportance. If thesemethodscan be thrown ont, thé author is

probablyright in bis conclusions. If thevcannot be thrownont, the author is
still possiblyright, but the probability~f it is verymuch decreased.

The revieweris not asyetpreparedto say that Mr. Hinrichsis right in his

conchtsions; but it doesseemas tboughthe question of the atomie ratios was

distincttyan openone. It seemsatsoasthoughit wouldbeprofitableto science
ifsomeof thedata acceptedbyMr.HinrichsshoaMbe verifiedand that work
of this sort is of farmoreimmédiateimportancethan to determine the atomic

weightsof a largenumberofelements.

Thereis anotherwayof lookingat this matter which may be profitable.
Whatdoesthé factthat theviewsof Mr.Hlnrichs havenotbeenacceptedprove
in regard to their accuracyor iaaccatacy? Absolutelynothing at ail. The
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aaturat coMervatiMn.[ seientinemenis sogreat that a revoiutionarytrutli bas
to

BghtitswayandtoBghthard. M. Hiuriehs haa never made any atomic
we.);htdeterminationsbimself, norbashe ever had .tudents who hâvedoncso,
This bas beenfatal tothe acceptattceofhis views,but it bas proved notliing in
regardto their merit. Thé questionat Issueh not one of manipulation,but of
the critieatinterprétationpf rceMits.Thé watt with gréât maniputativestti!)
mayalsohavea Mg!,)ydevelopedcriticalsensé, but it isnotneceMMitythecase
and the twofacultiesare quite aslikelyto be found separatelyas together.Con-
~Meatty twoof the argumentsagainstMr. Hinrichs fall to thegroond, nemeh-that bis viewsmust bewrong bec.t.Mthey tmve not met with favor.nd that he
la not qualifiedto judge be<aMsehebasnever shown hh ability to makeatomic
weightdeterminations,

Thewholequestion is thereforeopenand can be broadlystated asfollowsiDo theméthodeapprovedby Hinnchs~ivetheresMhsthat he thinttt they do?1

Wilder D. ~«a~M/i'

MeNenMtehMaMtot<~ ~~WM~~ f~<K~
~M~. /<!X~ ~,Mt.M/ /~t~.
paper, 6 marks.-The bookopens ~th a chapteron thé définitionanddassifica-
tion of normal ceth. the deMti.n being as Mtows: "A normal ceHi6 a
chemical system with phases of constant composition in reversible equitib.rium." deals the general theory of normal cells, the
Mb-headifbe.ng relationbetweenthe energyof thé systemand thédectfomo.
tive force; catcutationof thé energyof a ce!t variation of the e)e<twn.ot)te
Mrceof aceMwtth the concentrationof a mention temperaturecoefficient;
QMMt theory, The third sectionIsdevotedto special fonns of non)Mtte)).
withthé Clarkand WestonceHsas tbe important features. Chapter four takes
up the stMdafdizationand use ofnormat cells. Ttte wholema!teBa very
vatuaMeaad.ervice.Memonograph.pMenting thé main hcts in a clear and
concisemanner. Asthe author doesnot consider the effectof pressure,his ia-
correctapplicationof thé phase nt)edoesno harMt.

Theofficiai Gennauvalue for theClarkcell la now t.43<8int. voltsat fs",Md for the Westoncell is t.ot86 int. voltsat M". It seems rather a pity that
no référenceshouldhavebeen madeto the workof Richardson the silvervolta.
meter.

~<M~/?.~aw~
TeberradioaktiveSttbstM<eBmd dotenStrahlen. ~f Ciesel. (&tMM<.

/«~ f~WM~~ ~<-M!MM~- ~~tt~, ZfM<< )
/oX~ /<,< /<Mmarks. -The only oneof thé newradioactit-emetais whichseeMMto beat ait
certainis radium,withanatomicweight higher than ~4 aad a chatacterittic
spectruise. Poioniumlosesits radio~etitityon standing and it8 specHum;s aot
yet knowntodin'er fromthat of MmMth. Aetittium shows only thé thorium
linesand the monographwas writtenbeforeanything had beenpubtishedabout
carohn.um. Thé radio-activeleadof Hofmattt)and Stmus is believedto be
tuduced lead. This is the more probable stnce thé expérimentaof the
Curies, of Rutherfordand others showthat nmny metakcan be uMdetempo-
ranty active. Ait thatwe ktlowahout tM&at preeeM Mthat this charge or
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whateverit is is tranmitted by orthrough thé air and is not a direct result of

the tight raya. t~< D. j6'<««y~i'

Ceberteste MsMgen. ByC<M~~ Ff«M. /~«~A von ~<e4.

(&MM/M~ ~MMC<~ «m/ f~MM(~.<<'<'A<)M<'A<yH'~< ~V. Band, 7~

~if.) /oX~< pp. ~M~ ~~a~ Enke. ~Wf~

paper, r.2o MM~j.–This is a carefullywrittenand readablereviewof the sub-

ject ofsolid sotMtioM.In general the ground bas been thoroughlycovered,

though there is no referenceto Cady~ workon naphthateneand chtoracetic

acid; to Walker and Appleyard'sworkon picric acid, water aad eUk to Ki)9-

tef's workon ether, rubberandwater,and on iod<ne,starehandwater.

~M~/?.~aMC~

PmyetkaUKh-chemtttcaePmpaedMtt):,«o/~ besonderer~<H<'A~«~

der medicinischeu ~'t~~fA<&'M, SM~mil kistorischenand ~M~ra~MfA~t

/t~ By Cf/A. Fr~ //< /7~ (/~). /M~ 6

<M< j?tf~3~<«~ (~),' .n~f~~n~,

JM-?~ (~py). r6 X~~t. /z~ ~<<f<«M~M.–TMs unique
work purports to deal with "the fundameata) théoriesof physico-chemical

science)with specialreferenceto medicine." Thé HrBthet! appearedin

ï~s, and containedeighteenchapterson physico-chemica)scienceand iogicji

methods.objectsandoriginofthe science space and time; causation meas-

urement,graphie représentation matter, energy, work, force momentum,

Motion,test. vetoeity,retietaneeto motion; divisibility,conatitutionof matter,

etherhypotheses,historicalsketchof atomiMn living and lifelessmatter.

The second ha)f"was advertisedto appear in the same year, and the

headingsof its twenty-onechaptersweregiven. ït appeam,hdweve)',that the

authorhas found thé taskof condensinga text-book of physics,chemistry,and

biologyinto thé spaceof~oopagesto bemoredifficultthanhe hadanticipatedi

the first sectionof the secondhatf wasnot ready until t8o6, and a!thongh

larger thauthe whole"second hatf" as originally contetnpiated,it contains

but five chapters. vi)! fermentationand pathogenicphenomena porosityi

air-pressMre.barometer,manometer changesof state ofaggregation and gen-

eralitieson the stateof aggregation. The second section bringsthreemore,

–motecuiar mixtures classificationofthe forms of energy and generalities
on the variouskindsofenergy. Thereis still a "third sectionof the second

balf and then thé secondvolumebegins.

judging by the tength of the individualchapters, thisgrowth of the work

under the hands of its author bas been confinedto certain sections. The

chapteron fermentationbas becomea treatiseon bacteriologyof ~Mpages the

generalitiesonthe statesof aggregationoccupyt36 pages and the ~3)devoted

to moteculatmixtutes contain,with muchelse, a full account of the "dis-

sociationtheory."
The chapter on "porosity onthe other hand, is restrictedto M pages a

short résumé of its contentsmayaffordsome idea of what is to be found in

this remarkable book. To begin with, thé existence of "intermo!ecnlar

spacesIl is argued fromthe phenomenaof eompressibitity,the turgescenceof

gelatinein water,and the contractionobserved when alcohol and water are
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~.h .? of another order of magnitudeare observablein thé aponge.

Xf'~ squeezing.~eury throughit,with whieh author the P~bo~oxide
through hot

iron,
of carbon thro.gh hot porcelain, and ot air through thé

MMegp. Thepo~ofth~ki~~ ~t d~M. and their importance
respiration (=,p~M.y to the amphlblae) exp)ain~: and the condition.

be administeredthrough the ~i..re deduced.
cornes aud P°~'ty<'fth. soil,~t~~ 't.d illustrationsof the Importanceof this factorM hygienea.d agriculture. The remainderof thé chapterh devoted to ad.

sorption. Afterp.MgMph.o experimental meth~ and a table givingthé
.f.t.v.nd«f~tg.b~bed by charcoal, the ~th.~ the
difficultyof removingthe lait traces of air f~ b.~et~nd thé ~«~ity

in ~<' analysis, to adsorption de~tb~M~'B
bMath-pietHfM.Davy'B glow-lampand Doeb~i,)M's hydrogen ~ttef.wdclosesthéchapter with a referenceto thé ~e of turf es .“ antisepticbandage,of charcoal water, preserylng refinlngsupr.

Whenit h added that tMashort chapter Is illustrittedby fourSg. that
its t~Hty pages, two (ta fine type.) are devoted to a descriptionof the

structureof thehen'Begg. two more to the anatomy and phyeiojo~ ofthe
huma. skin, and one to an hbtoricat "exMr9m on the air.pump" that there
~u.t.ti.n of h.!f a page(in Engthh) fromBoyle,and four lines fromHb.pocmtes; that refere.ees to the literature occupy two page. and finallythat
spaeei.f.andfor short htographtcat notices of Papi.. BaMnet.Ky~ and
Doebereiner,and for an historical sketch of thé Aceademiadel Cimento,some
idea may the vadety and c.mpn.he.~Mes. of thisuniquepro.duction.

In theoriginalityof its planGrlesbach's ~~t~M~ remindaoneofM.-
mann't ~A.f~. although it far Mteeds the latter work in scope the
treatment?î" though of °~~ty much çondensed the text iBMMM-
paniedby full marginal note and the atatementaof fact are accote and upto date. Althoughno previoMknowledge of scienceon the part of thé reader
la presumed,both chemietaaud atudentaof medicinewlll find in thia book in-
formationon ail sorts of interesting and important subits that are usuallynot
Mehtdedtn the coursée" on science in the univeKitie! /.<)!A

Chdattan Schônbein. ~n<1868. ~~w< ~< t~Mt~ <m~
A~«~M von ~< W.A. A~A/ F~M~7X.< XM
~+~. /7o~M~w~M/M~a~99. fhf<t<)~-o 6
~By far thegreater number of the tetter. are from Sehonbein.with
brief but Bympathehcreplies from Liebig, whose high opinion of hh cor.
reapondenttirete<M<. créatif, .~ay.prod.cing aomething unexpectedand
out of theordinary is everywhere~iaiMe.

.J~ MM~pondeaceSchonbeinWMde-
votedte the atudyof bis chemicalhero oxygea but hia numeroMand im-
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portantdheoverieaattfactedeompafative!yt)tt!eattent!oaatthetime.thema~o)--

ity ofthé ehentt~tsof that day being so busywiththe ptepatationofnew con-

pounds,and Mmuchoccapiedin forcing the varied matedab of their science

intothree SpanM)boots,hydrogen,water, ammonia, that they could pay but

littleheed to teseateheaowniag any other objeet Sehonceht'e rather e<m-

temptuousopinionof the "Typ!<ta"wae fully ohated by bis cotTespondents,

Liebig,Graham,and Faraday Paraday's didum is the shottest ï am too

stupidto Mnderstandtheo~enic chemistryofthé present day Il

Timeahâvechanged,however; and thé SchSnbetaPeler (to connection

with whiehthèsetettetsatepaMiehed) h celebmtedwhen the phenomenaof

catalysis,slow oxtdatioo, nitrification, and the like are attntcting unlversal

atteatioa and whencar author'a contentionthat fermentation b conditioaed

by the catatyttcaction of ueorgaobed matter has just Meeivedattiking con-

6nMt!oa.

The letteraare mostinteresting; and manyofthe experhnentt describedin

themwouldmake capitallecture demonstMtioae. W.Lash ~<7~'

LeCOMMt tM MotMMà Gazet à Pétrole. By L. ~a~tM. (~4~M<

tnM<~Mî.) ~X~<-M;<+/7~. Ant.-CM<A<<«~c<t/.–
TitisneatHtUevolumelathe outcomeof a couneof lectures given by MafchtB

at Bordeaux,in tS~t~oo, beforean audienceof engineera. It begiattwith aa

aceountofthe successivedesignaof gas motors,and pettoteummotors, and theo

entemio detaitinto a theoretical study of the action of thé varioustypes of

these prime movers. Establishmentof thé best conditions for working and

determinationof the thermalefEcieocyto beappmximatedic each ca*e.are the

ptimatyairasof the book. The theoretical treatment Mprefacedby an expo-

aiUonoftheprindpteoftheequivatenceofheatandwofk, aad is followed by
a chapteron the caiotimet~cstudy of iadtcetof diagrams, and by another on

enttopy-tempetatarediap'ama. The work has been done with extrente rare,

andwithaproperuse~ofthe principlesof the!tnodynat))ics. y)vf0f

ANMoatof VetMMMeAMtytie. 7~M<o<fon Me M~/t f~tM~

~<~< o~HM~rt', a~<)H!/)<n~ M-Ma~wa'«< ~~<pa,«M!oM-

dry, a~M.)'~cfM<M/c~< with the /;M<~M<'<M<K'a ~o/~oMt/î,

~!NM<«M! ~< tttg-a~, tablesof <t/<MMt<and molecular tf~A~. By

~«?<7CM~)! X <-M M« + 7~. /%t7(!t/~«t. P. Blakistons

Sonand Co.,/~o/. ~«)«/. net.–Tbb book gives an excellent

ptesentation~fall théordinary methods of vohntctnc analysis, and of some

that are not commoaiyincludedin text-boo)<&Thetteatment of indicatoMh

unusuallycomplete, although it is doubtful whether the beginningstudent

wouldderivemuchbeneStfromthé pamgtaphon the theory of indicators. On

thewholetheworkttitt answervery well the purpose ot a handbook for the

atudentand a small referencebook forany workerin this field.

Theoccurrenceof etn)Min spelling and in the use of wordais anfortanate

in bootManywhere.and must bc protested against in those intended for in-

struction.They maynotbe<MMNtaHyftequeetin this volume,yet whenthe eye

lights by chance on "comptehensive" for "comprehenaiMe," and the per-

sistent transformationof thé name Poirrier into Porricr, one most infer that
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otherettoMof the same kind wouldbe found if the text werectosetyexamined.
A. P. ~t~~M

AnMMdBctteate CtMmteatAnatyeb. For ~~M/j </ M~t<~w. M<t<
Mao',and <&y. W. ~o~. X /9 etM,- + ~<
/%t7a~ y ~~M/en't~t and Co., ~~o. a~
TMsIsone of thoseboo):et)ponwhichthe reviewerneed use few werdw. It la
intendedfora specialclassof «tndents axa though not free{fomminorerrora,
ttematerialle wi)fety6et<!ctedtomeet the nee<bof those forwhomthebookwas
made. A. P. Satinders

AaatyeedeaNhtMMfgMMM. ~C~oty~~i! (~<~<~«'K~<-
~<Ma~). //x~<w;7<. A~C<!«~
/~< paper, ~<j/~<!w~. –TMt iuterestlng !iMevolumearose out
of a courseof lecturesgivenby the author on thé anaty~Bof fats and oils. at
the Institut Pasteur. It ht provided with numeroua tablea. and gtves what
appeats to be a fairtycomptetesurveyof this somewhatspecialfield.

P. .y<!f<)t<~t

tee FhMtM tincteriatM et leurs Matipea colorante. By V. Mo~at.
(~ je«'«/ ~MM'~). /f x e«t,- /j~. Paris.
C«MM~o~. w~ ~e~, ~~<t~. -Thts volumeof thé
handyand wen-ptiated ~Mf-~wct~ series continuesthe treatment of the
author'a earlier volume, in the eame series, on Les JtfaW~ ~/e~a/M
"a/ttrelles. !t givesa systeMaticaccount of the MtMat vegetabledye~ Md
closeswttha rapidreview,accompaniedby a MMiogmphy,ofthé subjectof thé
glucosidecolors.

J. E. ?>

3Sco<!BMtttMeaMeaicatSab}Mts. y%M~'<t'on,M~ Philadel-
~M.- P. F~M/oa'.t Son and Co., /90/.–TM9 la a qaiz.bookfor medical
etudeats. Seventeeu of ite pages are devoted t6 chemistry. It Mêmewell
adtptedto!tspMpose. /.F.7)M'~
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<:n~a/ ~~<t <a/«~t< articles Ma/ ~a<- «~fMt<~)t)' ~M~«!/ CX~M~/ry.

Onthe existenceof a new element asMettttedwith thorim. C. Basker-
ville. /<M<f.~)t. Chem. Soe.93, (/;?/).–On boiling eeatMt thorium
chtoridewithsulphurdioxidepart of the thoriumpfecip!tatesasbasicsulphate.
FromthéStttate.the balanceof the thorium is ptedpitated by ammonia. A

eimHarsepatattoncan beeffectedbyfractionalerystatthation of a citrate sotn.
tion. Thé thoriumoxide from thé more Insolubleportion bas a density of
about 9.9, while the other oxide mM above M.5. Tbe 6t9t ia thorium
thesecondis believedto bea new etement, to which the author assigna the
nameeaM)!))!um.Carolinium!smarkedlyradio-active,thorium probablyhot
at all. The atomlcweightofthodom ie about 223,whilethat of catoMntumIs
over ~o. CaMMotnmtetrachlorideh more volatile than the thorium com.

pound,and this fact had ptevioudybeennoticedby Chydeniuswhodid not m-

vestigatethematterfurther. The paperis a preliminaryone. f~. D. B.

The«tcmitweigMof antimony. C. C. /'MM<<e«ofE. F. Smith. Jour.
~w. O~M.&<.99, (/eo/). –Hydiochtoric aetd was passed over potae-
siumautimonyltattrate, couvertingthis satt lato potassium chloride. The re-

st)M))gatomicweightof antimonyh tM.$s3. W. D. B.

Onthe tendencyof the otemtcweighte to approximateto whote nambem.

~S~. /%< Mag. (6) (/oo/).–Pfoat the theory of probabili-
ties tt Is shownthat the atomic weightsshould followsome modificationof

Prout'ttaw. and that the chanceofan accidentât coinddence in the approxi.
mationto wholenambeMi<not morethen t in tooo. H. 7~B.

Remarkste a paper by T. MMM. W. Felgenlraeger. /~t«& s,

W (~~)' – 1" a paperby Middet(;, 406)the causewasgiven for the change
ia eeMMweN withtemperatureof the balance used by Richarz and Kriga)--
Menzelin their workonthe ntfandeaeityofthe earth. In the presentnote thé
authoretatesthat thé changeia better attributed to the unequal expansion of

the ateetknifeedgeaand brassbeam. H. ?~B.

TheairbMomttef. H. A. Naber. /~«~'<~««.4,~(/oo/).–Thi<is
an exceedingtyinterestingand valuablehistoricalsketchof the developmentof

theairbatometer. Theadvantagesof sucha barometerare set forth at some

length. ïn conclusionthé author requeststhat historicalor other referenoesbe

sent to him. ~.?~A

REVBEWS

c<w~w/
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<?W-t~~(M~~ff~M
Onthe mett~g-peint of goM. L. ~o/&~< and A. Day. /)~<t ~a.

4, 99 (/!?/). In thé aathors*pïevtoMspaperonthemeasaremeotsofhightem-
teratures (5, 613),the Metting-pointsfor a number of metth weregiven, by
what the authors catt the wiremethodand etueiblemethod. Forgold,onlythe
formermethod wasgiven,and it !ethereforeconsideredofiatereettodetermine

the tnetting.point, usingagreater quantityofthe material,<)5ogMmaof thepure
gold betttg<Me4. It is ehownthat thetnaMenceof air la very MMÛand pro-
ducesno error. Byt)ie crucible method thé meUing-poiatis to6n°, whetea~

by the wiremethod it )o63.9°. For the cattbrationof a themtoJHMtionthe

latter method consideredto be in every way satisfactory,end requiresthé
use of only 0.03gtam of goM. T. B.

The t~Behctteo of hydrogen. M. W. ThtfM. /%t7. /Mi! (<) t.

(/eo/).–The author deseribea very completetyhie appsratus fortiqttefying

hydrogen,on the Mmeprinciple Mthé method used by Dewar. The ad<M-

tageashownare cheapaessand expediency. It ta ~bowathat hydrogenrentaine
a perfectgas down to verylow tentperatHtes,bnt that the point at which the

Joate-Thomsoneffectchangess!gabas not yet been determined. B.

On atMttic and molecuJarvolume. J. ThM~. Dmde's ~a. s,

(/$o/).–Tbe author considers as a contionatton of his earller work, the

motecutar and atomie volume at the boiHng-point,et o' C, at the ctMcat

tentperature,and at thé absolutezero. He Cnda it coavenieotfor tiqoids, as

with gases, to introduce three differeat volume conditions. ). A "Kem-

volume a. The constant(van derWaats) whieh ieasthe "KemvotHme"

variable 3. The motecuiarcMohme. Asectionofthe paperh deyotedto the

workofdeHeea.BatteUiandGaUtziaeontheedticato&ttditiott. 1t is shownthat

thevalueof 6 for gaseeIs in the proportionof /2 t greaterthan t for Uquids,
in whiehcase the workof theseinvestigatorsmaybe accepteda<be)Nglis accord
with other work. ïn regard to the volumeof the eotid materiaioa eotidiaea-
tion it is ehownthat the diminution lu volumestands in an inverseratio to the

degreeof associationof the liquid at the tempesatureof solidification.

~A

Onthe expansionofmetah)at MghtempeMtntM. ??0~ and A. Day.
~M~'t ~n. 4. /<~ (/oo/).–Reviewed (s, 6~) front Sitzungsber.Akad.
Wiss.Berlin, t9oo,1009.

Studioswith the air thermometer. A. ~o~. /)n~'t ~«. s,

(/?c'/).–Thé anthordeteribee a changewhiehhe lntroducedin the Joity air

thermometerto facilitate more accarate readingaat Mgh temperaturesup to

400"C. Thé manometer,as firat Mggestedby Neumann, la connectedto thé
thennometerbulb by a long meta) capillary tube, thus placing it beyond the
reachof the heated région. Variousmecbanicaldeviceeare iactoded and de-
scribedto aid in seenringaccuratereadinga. Some observationsare given at
the end to show the accuracyof tbe instrument. H. T. B.

MeamMaMateofthé expaMibMtyof a eatOJena g!ass. y. 7~~c//cw/<y
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and ?'. 7~Evans. 7% ~f. (6) t, (/et'/).–Theg)ae9 adopted by the

BMthoreforhigh température,air-thermometerworkiaa hard Jenaglass,called

by MeMM.Schott andGenossen,VerbrennnngarohrengtM.MeaMrementsby
thé weight-thenaometermethodaremade of the cobica)expanetonofthbgtase.
Ute rewth obtatnedareo.oot~, 0.03)82,o.oot83,o.oot9t. 7~B.

ThenM)absorptionof cattoaM«ieitiae. S. ~<M<fM. /~w<~ /<«?. 4. [;

<jX!(/po/). – Thepaperit the outeomeof thé authot's earller work on the in-

Nuenceofcarbontedioxidein the air on the temperatureof the earth. Tyn-
dall'. workonthe absorptionofbeat by carbonicdioxidele stodted in connee.

tiottwith laterwork, and the conclusionsare appliedat considerablelength to

thequeatlonofthe temperatureof the atmosphèreand earth being influenced

bythe presenceof CO,and watervapor. ?~B.

Ontht Maeneecf tempeMtaMon the Hemat eendaettvttyof glas.

A~C~f. ~«~ ~<t. 5, p/j) (/oo/). –Théwotk deacribedin the present

paperwasundertakento reconcitethe dtscrepaneybetweenthe reaatt<of Paal.

hom and thoseof Pockefor tbe température coefficientof the Mme kind of

glass. Thécauseof the error lapoieted out as one inherentin the methodem-

ployed,aad a modificationis BttggeetedwMch appearBto obviate it. A very

~)(ghtde<Ma<ein thermalconductivitywith rlseof temperaturele ehown.

B.

y)<w.c<w<~o~a/Systems

Tne )x)tthtg-t<)h)tcm-vefor mhttMMof ethyl attehet and water. W. A. z

~«yM and R. R. ~iti'/f/. ~o~. Am. C~w. Sot. ~9, (/oo/). –Thé
anthoMCxdthe minimumbotUng-point,about 0. belowthe boiling-pointof

purealcohol,fora solutionof aqneouaalcohol containing96 parts of alcohol

by weight. It ie a rea)pleasureto bave this matter settledconclueively.
W. D. B.

~f~<.<~M/<M~~ Systems

ConMbettoaate tneknowledgeof reveraiblereactiona. N. ~N/ /oMf.
~4m.CA~«.Soc.a3,jo~ (/oo/).–Thé action of hydrogenaatphideon zinc or

cadmiumaulphatein suiphuric acid eotntioa or on zinc or cadmium chloride

ln hydrochloricadd solution la slow. With saturated hydrogen sulphide
thé rangeofconcentrationof free acid within which it would be possibleto

teparatecadmiumcomptetetyfromzinc ia only aboutsevenpercent in hydro-
cMortcadd solutions,while it la seventeenpercentin sulphuricacid solutions.

D. B.

OnNMdttenttoaiUonof Mdtmnnitrate by aniphndcacid, n. C. Vol-

t~. ~r. Am. Cbem.&< ~o (/oo/). –Théfirststageia representedby
the equation

NaNO, :H,80, == NaH,(80,),+ HNO,.

Thistakeaplacebelow!oo*. The next stage, oecarringbetweentoo"and !M'

ieto be written

NaH,(80J,+NaNO, ==<NaH80,+HNO,. W.D. B.

OntnedetemtMtthMtoftitecNerMMof )t!Mi m<Ma, î. C. W. ~~<y.
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/M«-. /h<t. <~fm. &< a:, 810(/j)of). – Thé teaettonbetweensodiumcNortde
andsulphurieacid takesplacein two atagea

<NaC!+ :H~Ot=. NaH,(80,), + HCt NaCt,
NaH,(SO,),+ NaCt= aNaHSO,+ HCt.·

Thé BtatTeactioatakea placetpcataneonatyand uKohreaptMticaUyno heat
effect. The masamuetbeheatedLaorderto bringaboat the second MacMon.

Whenpotassiamcbloride ie BMbsMttttedfofMdima chlotide, the StBt~Mttioa
evolvesheat, whilewitb ammoniumchloridethereb absorptionof beat.

D. B.

ThesntpheMMM of leed. ~w~ y~ Am. Chem. &w. ~9,680

(/!?/). –Thé author haapreparedtbe ontphohatidMof lead by dtMotvfoglead

sulphidein a attong totatioa ofthe balogenadd andaddingwater. Noattempt
te madeto detennmeany limitingcmtdMoaa,and thismaybetaken asa typical
instanceof the kind of workdetteby peoplewhoare notfatnMarwithtbe phase
'e. D. F.

The reaction betweencMettaeaad ajamoata. A. 7V<y~and A. C.
Lyon. Jour. Ata. Ct~. &f. sa, (~M).–The normal relation between
cMoffneand ammonia!arepreaentedby the équation

MNH,+6C!,==N,+NC),+oNH,Ct,
but this teault isobtainedonlywhen the twogasefare taken approsimatelyin
the proportionscalledfor by the equation. /?.

The indirect weighingof quantitative pteetpttatea. R. ?'. ?Xe<~<
Jour. ~4~. Chm. Nw. ag,~ (/jM/). If wekncwthe aumof the votnmeaof
a liquidand a precipitate,theBamof the weightaand the epeciBcgravitiesof
liquidandofp<edp!tate,wecaawritefoureqMatioaacoanect!ngthéfourMattnowt)
quantities,the singleweightsand tbe single volumes,and can thereforesolve
for ail {'Mïor forany one. The author showsthat this method gives satisfac-

tory teeuttain a numberof easea. ïa coMidetitt~the easeand accuracyof thé
method,one pointfteemsto bavebeen o~eftcoked. Ifwe are to determineden-
aities to thé nfth décima!placewemuethold our temperatureconstantat leaat
to o.o; and there is no referencem the paperto anyench point. < D.

~<M!<<M

Studioson Mhttioaeot atannMMea!ta, ïn. & }~M~. ~f. ~M.
CX~w.Nw.93, (/~). –Thé reactionfor theoxidatioaof stannoMecMotide
in aqaeoMhydrochloricacid solutionmaybewritten

SaC),+ <HCt+ 0 = 8NCt<+ H,0,
or

SnCt,+ 3H,0 + 0 = Sn(OH),+ tHCt.

tn the firstcase the stanaic chloride would be hydmtyMdby the water with
fonnattonof 8a(OH), andhydMcMoricacid,a changewMchcouldbedetected
by meaaMdngthe conductivityat inte~ab. Bxpedmentsahoweda changecor-
feapoadingto the nmt reactiontrrespecttveofwhethetthe oxidMngagentwere
oxygen,potaM!mnbichromate,ferticchloride,hydrogee peroxide, or sodium
hypochlorite. It waanot possibleto calculatea satisfactoryréaction ~etodty
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constant,but the awthofBhotmthat Oetwatdiewong in a~aming tbet maxi.
mumreactionvelodties at anymoment ean oeeur on!y when cata)yt!eagente
are present. W.D. B.

ThtotyofctoaafornMtteaoBmeaottttoe. ~x~<'&. ~4~.4,

(~/). – TMtis an htetmting attempt to workout qaantitativetysome of

theeaueeegoveMing the condensation of moisture from air tiMHghem the
efdeaofmountainsnnder the increesedwind pressureat thebase. Anmnberof

diagramsaregiven, showing the relationbetweenthemootttaia proSteaad the
tateofformationof cloud undercertain speclfiedconditions. A zoneof mmd.
mumcloud fonnationexi~t, depeadiogmore on the contourthanontbebeight
ofthemonatain. H. T. B.

~MWM/<t~ /'i~?~

RMMtthM wtth 9tMdMa ceUa, in pMtiMiat the WMtMtcadmiumeeM.

~a~<?-< & Lindeck. 0~<t Ann. (/oo/). –TMepapercontaitM
acompietesummaryof thé récenteerieeofMpetimeate madeat the ReichMtt.
etaltto test the eSciency of the Westoncadmiumcell. Agréât mttMofnamer.
icaldata formaeeverat pagesofthe Annaiea, representingan immenseaMooot
of t~oo)'and contributing a V~tuaMeaddition to the largequantityof literature
on this wbject. Ae bas beea pointed ont in a review of a pteviom paper
(t. 6ig) the itregatarities shownby thif ceHare Mehbedto thé streogthof thé

amalgam, and the adoption of an amalgam of tg percent!esteadof !4 per-
cent,as prevloustyused, causesthe iniegularitiesto disappear. A tedetemnaa.
tionof the temperature coefficientvlndicatesthe original formulaproposedby
oaeof thé aothors for bis type of cell, although for a !3 percent amalgama
newformula haa been obtained wMch agrees more nearly with the observed
M~. H. T. B.

Onthé itKgntettty of théWeatencadmiumeeHwith a !4.3peKentatnatgam
ia theMighbM-hoedof o". ?' y< /~«~ 4, (/oo/). – Arepty
to the cHtidstMofferedby Bamesand independeattyby Cohet)of the Mthor'a
workon the Westoncelle. !tts claimedthat only in a 14.3percentM)a)gam
willthe inegwlarUyin the Westoncell occur, and that there is completeagree-
mentwiththé aMthor'atempératureformulabetween <6''and +40" fora cet)
of )3 percentamalgam. Alarge numberof ce!b are testedwith a moreor less

completevindicatiot)of the author's teftatts. !t la of tnterest to havea more

thoroughinvestigationof the Reichsanstattformof ceMtaken ap in this way,
andmoreparticntarty to havethe somewhatwidelyseattetednotesonthiswork
summarized. ?~B.

Onthe thennMtectrtc pMperttMof o~Meaand meMUeaulphides. B. van
~<f/. /7nM~'t ~«M. 4, ~<!(/oo/). -The author showsthat the conclusions
reachedby Anton Abt (s, 6M).that the additive, thermoetectnc pMpertiesof
someof the metaHicsulphidesand oxidea,are by no means general,as shown

by bisown work. The author's somewhat barsh crMcismby no meansde-
tracts fromthé interest and possibleoignincanceof Abt's work. 7~

Onthe thataetedaUc cmvMtôt thé electric dischargethnmgh Mttaedgas,
/?M~. Z~-t~'t ~Ma. 4, (~e<). –Bythé chatactensth:curvethé au-
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thor MfeMto the relation betweeneteettmotive forceand currentstrength for
any partieutar tube. In thé presentpaperthedependeneeof thé cbaracteristtc
on the pressureof thé gas and on thé influenceof a ntagnetic 6eMIl ttttdied
very completely. /r. 7~/?.

t<<tCMHepNp<tUM<)<MattypeKhenaBdatnmint))m.& ?. ~~a~<M
and A C. Laws, Mag. (6) t, ~$o/). –Apreliminatynotein wMch
it is shownthat the magnettcbebaviorof Impurealloya<<iron and aluminium
is very different to !nMitself. A laterpaperby RtchatdMMand ~owndsgives
a more completeMposhton. (Nest review.) /y. r. F.

ThtmatMtt<pMte~<MtïthtaUeyBotMst*~naa<atumh)h)m. S. W.
~~<!<tt a~ ~.«w~. ~<y (/~). –Thé ma}odtyof thé
experimentsdescribedweremadeby thebattMc methodona specimenof iron
containing 9.64peteentof aluminium. Amongthe ntost importantconetustOM
cited by the author are the following "The hyeteMNsloss et firat<i!mtni9heB
M the temperaturerieea. It then incfea<eaand teaches a maximumvalue at
about Mo"C, whichtemperatureIs about 80° higher than the tmperature of
maximum induction. On further heating,it fallsoffrapidlyand becomesneg-
llgible at about 700"C. Anabrupt increasein the permeabilitytakes placeat
6$: C (during heating), followedby anequallyabrupt diminutionon further

heating. The curveconnecting the temperatureof minimum permeabilityand
the percentageof aluminiumfor the specimensinvesti~ted, h) a atmighttine.
Thé microscopieexamioationof thé spécimensshowsthe pfesenceof cnstah)."

B.

~~<f~ and ~/«<)'/«; Dissociation

The etectrotyticséparationof meKMyfromeepper. C. ~a«<f F.
~.M~. Jour. Am. <<. Soc.93, (/j~). –itis ahowa again that mer.
CMryeau be completelyseparatedfromcopperby electrolyzinga cyanidesolu.
tion at 65**with a currentdensityof notover0.0003amp/cm*. TheauthoMbe.
Me~ethat the tracesof carbon,often found in metais deposited fromcyanide
solutions, are due to incompletewashing. W.D. B.

The precipitationandMpMttienofeitve)'in the etett~atyMeway. W. H.
~<<«~ Jour. Am. <~M. Soe. )0. 583 (/).-SHvef
tan be sepatated comptetelyfromcopperin a cyanidesolutionwith a eutrent

density of 0.000:amp/cm'even whenthe atomicratioof copperto silverla five
to one. When zineand cadmium salts are present in the solution,cadmium
tends to precipitate with the silver, bnt HtMcan be preventedby heating the
solution to y5"-8o". W.D. B.

The etectMtytiemethodapptM to onMtinm.L. G. Kollock and E. F.
&~< /ca~. ~4M.Chem. Soc. <9, 6oy(/~o/).–Uranium hydroxidecan be
depositedquantitattvety fromacetate, nitrate.or sulphateEotntioM.Nosepara.
tion from iron can be effeeted in acettc acid solutions, but uraniumean be

sepatfatedin these «otutioMfrombarium,catetum,etagnesiumor zinc.

W. B.

TtM electrolytiadetonninationof ntetyMMam. L. G. A<t//<~and E. F.
~Mt~. ~M< Am. Chem.& 669(/{?/). -Motybdeaemcan be precipi-
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tated quantitativelyas the hydmted sesquioxideby electrolyzinga solution of

sodiummolybdateacidinedwithautpharicacid. The currentdensityis o.ooo)-4

amp/en)*. Theprecipitateisevaporatedwithnitric acidbeforeweighing.
/?. A

Onthe changeta conductivityo<sait solutionsin tiqntt satphatMBacid,etc.

A. ~<<)<'A. ~M</f'~~a. s. ~7<i(/e<).–8att solutionsin pureMqnidSO,
are shown to bebave M electrolytes up to and over the cnticat point. The

compressedgas solutions showthe conductivityof electricityby ions. The

solutionsusedwerethose of Kl, NaI, KBr and KCt. The temperature eoeS-

cientwas foundto be négativeup to theanperiorlimit (160*'C),withtheexeep.
tion of KI, which shows a Maximu)))at 99"C. The conductivityof saturated

vapors showsa maximum at the cfiticat point. Determinat)o))swith water

solutions couldnot bemadeaccuiatetyon accountof thé solutionof theglass,
but the maximumconductivityof a water.glasssolutionwasfound<obe under

gto*'C. Consideringtbe temperatureexpressionof thecondnctivitydeducedby

Arrhenius,it !s shownthat it ie not applicablefor temperaturesnear thecriticat

point. The absorptionspectraofa aumberofiodidesohttionsareexamtnedaad

it is fonnd that in general these show a correspondenceeither to the uadiMO-

ciatedMitmoleculesor to the ions. H. B.

On the intermt Maiatanctof the WMtMcetl. A7~wfM<. /M<j

Ann. a, 818t/ooo). –Thé author showsthat the internat resistanceof the cett

madeby thé HuropeanWestonInstrument Co. remainsconstantwith tapse of

time. add otherwiseindicatesthe suitaMenessof the cet! as a standard. The

Reiensanstatttype of eeHts tested also, andshowssimilarreadings. There isa

little too muchtendency to condemu the Clark cet), the argumentsbeing far

too imMmcieat. B.

Onthe zppthiationof the calorimetertomeasttrementswtth rapidOMMtattng
carrenta. F. ~fo~M. /?~wc~'j Ann. ï,~ (~oo~).–!n order to showthe

attomatoosabsorptionin alcoholthé heatingeffectprodacedby the absorption
is comparedwith that whichshould beobtainedby eatcutationfromOhm'elaw.

Catorimetricdetenninations aremade for anumber of substancesfrom the re.

suttsof which thé anomatonsabsorptionlashownas an increasein conductivity
of the materiat.

Liebeaow'stheory of etectric résistance in metaMc alloys lé studied for

rapidoscillationswith wavesfrom t4105meters. H. T. B.

Onthe relationof the conductivityof metalafor heat and electrlctty.
/?~f. ~w<fe'~Ann. a, (~ooo).–Thé object ot the présent paper is to

showthe relationbetweenDmde'séquation representing the ratio of the heat

to the etectricatconductivitydeducedfromthe etectrontheory(5,4:0) andone

obtained by the author in tS~S,froma slightlydifférentstandpoint.

The pKetptttthm of eeUetteby eteetNtytes R. ~<<a~ and j.
OAff. yo«f. Ain. Ot<M.& as. ~? (~oe/).-The anthorsgivea brief sketch

of the previouswork on the subjectand describetheir own work on the coag-
ulationof arsenicsulphide by the eblorideof barium, strontium,calcium,and
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potasatum. Equivalentqnantitiesof the bydmxidesof the four etemeate are
carried down. The paper closeswitha bibliographyof thé subject.

W.?'. /7. F.

On pOSitiveana MgattveitM. 7. Sf~ jour. ~M. <~m. Soc. :9,
700( /oo/).–Thé author takea~atmwMn'tequation

HCtO+HC!~H,0+Ct,
and postulatesthat the Ionsof hypochtorouaacidare the activemasses. Grant.

.–

ing this, wehave HOand CIas the dbMdaMoaptoduett. Thie ia interesting
and may be true but thé author pmctieattyaMMtne~what be la going to

W. B.

ïmpxtvea electrtc<MMtefor !<ttetatotyne. S. A. ~< and R.
~<w< jour. ~M. C~«t. &?.o, (~/). –Thé hnptotemeat coaa~ in
makingthe furnaceof carbonbrickstuted togetherwith Dixon'eetove paste.

?': D. B.

CondacttvltypredMediDhydrogenandcarbonicaeMby the motionof nega-
ttvetyehMsedtoM. y. S. ?baM)Ktt<<and P. J. ~M<.y. Phil. (~),.
~o (/!?/).– ttt continuanceof the previoMworkof oneof the anthoMon the
conductivityproducedinair bythe motionofnegativelyehMgedioM (s, 421),
the experimentsdescribedin the present paper have been made. The experi-
mental arrangementsbeingthe same,the twogaMa,H and CO,,are subatituted
in place of air. Thé resultsareworkedout on the collisiontheory desedhed in
the previouspaper. It la found that a negativeIon makes nt collisionsper
secondper cm !nhydrogenaad. toMMoMtn CO,. from wMch it ia possible
to comparethe meaa, freepathof thenégativetonwith the mean, free pathof
the molecule. In compariMnto a molecule,themean, freepatbe in thé three
ga~esare asfollowa

4.8 t in H, 4.6 ht CO,, 4.3 in air.
If the ratio had been 4 t tt la computedthat the moleculesconid act)Mt!y
touchon coUMon.

Cootidefingthe energynMessatyto ionhe agM, the anthors conctudethat

it could not be morethan wbere !s thé charge in e)ectMStat:eunité,

while from the measureutenteof Rutherfordand McCtang the vatae comes
'7S'« e

900
It appeamfromthe anthcr'egeneralKM«s tbat it fequitea less energy to

iontMhydfogenthanat)-o)'«)tbonicactdgas. H. T. B..

BeM<tKhonth<etetttiMKiMhatgeiaMKa<dt;MM. W. Wien. Cnt~'t
(/po/). – Thé workdetcHbedtn thé pfe«entpaperwasnndeftaken

to atudy, and if possibleto determinethe natureof thé Canatfays. The snppo-
aitionadvancedby Mèche tbat they conaistof positive metal ions front the
cathodedoeanot seemprobablein M faraa they joumey towarde the cathode
and adually pasathrough it whenperforated. Boseconsideredthat they were
metal particles fromthe anode,but thio teenMhnpostiNe, ainee it would te.
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.1 I.. 1.
<tn!rea transport of positivepartiel Froma studyof thémagnetiedeneetion

of the rays, in a similarmanner ta the methodadoptedin thé author'siprevious
work, tt is shownthat they are probablydevelopedfrom the gas itself. Rays
ofdifferent angutar deflectionare found, giving widely'tinrent vainesof tbe

ratio of the charge to the mass. No definiteconctueionsare arrived at, but

someideas are advancedin the light of the modern theory of gas conduction

whichmay lead to a morecompteteexptanation. H. y~A

DetenntMtienof the conductivityofa gas in the pMKiveg!ow. y. ~a~. b

~~f'~ 4. F/~(/ocf. ) – Thi~!<a continuationof thé author's previous

paper(s* 6tf The questionof the conductivityofa ga!;ia taken up fromthe

pointof viewof that of an electrolyte.
It is shown that for small current denaitiesthe conductivityincreasesin

proportionto thé current strength,but for large current densities it increases

faster. Therelation of the conductivityto the sectionalarea Mstudied, as weti

as the dependenceon thé pressure. Il is shownthat thé conductivityisa func-

tion ofthe current density, pressureandsectionatarea. H. T. B.

OngMeeMIonisationand unlpolardischargefromglowingbodies. Stark.

/~w~ Ann. 4, ~o~(~oo/).-The authordi9cnsse<variouskindsof ionizatMn

at Mmetength, )))ctndiagJ. J. Thomson'stheory of the generat!onof ioM by
collision. Thé Influenceof fieldstrengthand températureform a considerable

part of the paper. Thé compticatedsubjectof Httipohrdischar~efromgtowin~
bodiesla brieOydiscussed. 7~B.

Onthe epeciacvolocityof 1011810the dischargefrom points. A. P. Chat-

/OfA,W. <Kt/A<-<-M< H. /M.<-o«./%< (6) 19 (/oo/).–!n a

previouspaper ($, 88) Chattockdescribedcertain experimentsby which he

was enaMedto measurethe specifievelocityof thé positiveand négative ions

in a point discharge in air. In the presentpaperfurther experimentsare given
for hydrogen, carttondioxide,air, oxygenanda non-condMctingliquid, suchas

turpentine. The agreementofthe resultswiththe velocitiesmeasuredfor the

same gases, ionized by X.rays. is shown. For turpentine thé valueof thé

velocityie of the sameorder as that in ordinarye)ectro)ytes. !n conclusiona

sensitivepressuregauge Mdescribed.whichit is ctaimedmust have been su6&-

cientto indicate pressuresof a fewten'thouMndthsof a millimeterof water.

H. T. B.

Onthe relation of CuMdieiectriMte the passageof an electric cutrent.

&.ttf~< Û<'M<~Ann. 4.~o/ (/!)0f).-For a ftuid dietectric, such as

toluene, thé author stadica thé effectof the passage of a eurrent from the

analogyof the passagethroughan ionizedgas. The phenomenaof fatigue
and recovery of the materialare studied,and the presenceof freeelectricity
at thé two electrodesis shown. Il. T. A

Remark to the paper ofE. V.SehweMter onthe retationef nota tietectrics

te the paaMge of an electric current. f~~x~y. /~«< ~H~. 4, o~

(/<XM).–Theauthor claimathat the workof Scbweidler(precedingreview)is

of the same purport as his ownin tSas. H. ?~B.

Onthe relationef naMdieteetheste thepassageof an electricOtnent.
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Mtf~ Df)~ ~H. (~w).-The author's firatpaper on the
behavioroftolueneto the passageof an electric current (aeetworêviez back)
x followedbythe presentpaper,whieh la a continuation of the work forben.
zeue,pcuoteumandhexane. The Muence of impuritieson the condtictivity
ofthesepoorlycoMducUngsubstancesla studied in ort!er to Me whether these
bave any eSeet in causingthe variation from Ohm'e law. Negativeresults
were,however,obtained. y A

Ctowin: dhctwee ta gas mixtures. /~M~ ~o
~~).–Metcufyvapore]tertsagMat influenceon the apectnttnof a gas M
shownby B. Wiedemannand again by P. ~ewis. At high tempefatMtesmet.
curyvaporMatonevm:Ne. !t! order to iovestigate thie pointthe authot detet-
minesthe potentislgradient in a dischargetube at both thé positiveandnega-
tiveeade. Expedmeattwerettied 6rst on nittogea atoneat <MNetet)tteMpem-
tans. thea onmercuryvaporatone, aad then on a mixture of nitrogen aad
mercuryvapor. It wasahownthat the presenceofa smallquantity of nitrogen
tewettthe gradientm the positiveglow, while the enect of mercury vaporon
the cathodefallonlycommencesbetween 70° and top" C, and fromthat point
onwardcausesit to tise. H. y

Gtowingdischargeta Miam. ~K~ /)~ ~«. s, (/).
The potential gradient in the positive glow, the cathode fall, the potential
gradientthroughoutthe tubeand the spectrumof hetium. formthe subjects of
thepresentpaper. ne heliumwas prepared fromcteveite. H. T. B.

Onthe eeett ofamagnetteNeMon thé diMhMgetbrougha cae. R. & ?~7.
/o~. /%< ~g'. (<) t, ~o(/co/). –Thé object of thé présentpaperis toex-
plainthe phenomenonnoted in discbarge tubes when the pressureis froma
t/io to t mm, that a transverse,magnetic fieldcausesa large increaseMthe cur.
rent passingaad a correspondingdrop in thé potentia). This is an apparent
contradictionof the osaateffectof a transverse,magneticfieldon a rarefiedgas.

It is ahown,however,that the two eurves, sbowingrelation betweenpres-
sureand potentialfor magnetic field on and otf, cut each other at a certain
pressure,and whenia the régionaboveor below this critical présure, one or
theother phenomenonwill be noted.

Curvesarealsogivento showhow ttMpotentialgradient in thé tube varies
underthe influenceofthe magneticfield. H. T.

Contributionto thé tmowtedgeofthe cohereraction. A'. (;M/ /?~<j
Ann. 4.7~(/~).ncontiouancein the line of work commencedby the
author previoMty,the coherer is the <mbjectof further investigation. The
negativecohereractionwherebythe resistancebetweenthe metal surfacesin-
creasef)inateadof diminishes,is foundto bedue to insunicientcontact previous
to the cohereraction, tt is fonndpossiblefordifférentmetatsto reproducethe
negativeactionat will.and at the sametime to avoid it. Metalpowdercober.
en areliable to the negativeactionfor this reason. Aeriticat potentia)between
the metalsurfacesis toundabovea certain valueof the current strength, and is
indepeadeatof anyiacrease of curreat or etectromotiveforce. An etectromo-
tiveforcebelowthe critlcalpotentia)producesno cohereraction.



~M'M!M 75

An interesting relation is foundbetweenthé critical potentielsand atomic

weightafor dictent metals. The produetofthe two is found to beequal for

Ag,Cu, Zn and AI,whilethe productsforCd,Sn,Feand Niare justdoublethe :f

valueof the taat. Bi is found to besix timesand Pb four times.

Thé influenceofan alternatingeurrenton the résistanceof thé coherercon.

tact te found te be anatogouato a metal teshtance. Thé inftneMeof tem-

perature,which isatudiedcarefuUy,is to lowerthe contactreaistance.

H. 7: R.

ttotion ofthe electricparticlesin an e!ectt0<tat!cCetdand e)M<t<))nagMtie
force. E. Riecke. ~M<<ï~4.~(/~o/).–TMsMacontintMtiottofthe
anthor'a previousstudyof the motionof etecMcpartMee in a homogeneous,

magnetiefield. Thecaseof a unitom, electriefieldeotxbinedwitha uniform,

magnetiefield la atudied. T. B.

Onthe eMœ la a etream of eteetrteparticles. ~<w~. ~?M~ Ann.

<t, j'M(/po/ The author devetopsa theorysomewhatdifferent fromThom-

Mtt'stheory to accountfor the stria:in a dischargetube, from the ionic stand-

point. It embracesmoreamumptions,and b hence less simple and straight-
forward. H. 7: B.

Onthe behaviorof liquidein capittatytubesunderthe Moeaee ofanelectric

eanent..y.~M~f. /~«~M.s,~o(/~o/).–Thé presentpaperwas
undertakenby thé author from a considerationof a paper by Quincte Onthe

transportation of materialparticlesbythé etectriceurrent," and consistsessen-

tiallyof a more completestudyof the eteetnccurrenton capillary phenomena.
Acapillary tube partiallyimmersedin a liquid!s placed under the pole of an

influencemachine, suchthat whentheotherpoleof themachineisconnectedto

earth and the liquidMconnectedto earth aeurrentpassesthrough thécapillary
tube,and throughthe intervenlngair space. By having the liquid connected

eitherto the negativeor positivepole,a eurrentoftiquidismadeto passeitherup
or down thé tube. A numberof experimentswerc tried in varioMSways and

amongthe most interestingit wasshownthat withwateras well as mith dilute

solutionsof salts, whenthe liquid is connectedto thé negative pole a carrent

oftiquid nowsapwardwith the electriceurrent,thequantity beingproportional
to the time, within certain timits, and to the intensity of thé current. When

the liquid was connected to the positivepole the reverse effectwas noted.

The botanical aspectof thé questionis presentedby thé author in rotationto

the variouaexperimcnts tried on the influenceof electricityon ptants.andsome

light is thrown on the connietingresuttssofarobtained. 7~ B.

/)«-~nn7)' «?</C~<«-t

Onthe dependenceof the dielectricconstant,etc., onpressureand tempera-
ture. A0~<t< Pn«~'< ~w<. 5, (/~o/). – A theoretica)discus-

sionof the lawsgoverningthé dependenceof the dietectricconstant, thé ntag-
nethation numberand the refractive indetton the pressure and température.
Theauthor's déductionsdiffersomewhatfromthe equationsgivenbyother ob.

servers. H 7~A
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M<W et mfntttioa for electric wavee, mMBMeaby a mMMeaMato-
~twetw. C./Y<w. /<. Mag. (6) r, (~/).fhe <,to<ii6edradio-
M'~OMt~tefconsistsof a thenno-junctioo of coMtantan and magaanin, eom-
Mn«t with thé electrie resonatordevised by Ktemencic, the whoieattached
dtfecttyto theSMpenstot)of a galvanometerand thus formingonepièceofap-
petattM. Ae ittgeniousdevicefor providing the liquid dielectric tn the Mci)ta-
t<tf,iaphtCeoftheusualbathofoM.i<ta allowthe oit to aow down the upper
t~~t~ ~d M<etthé sparkwithan adhetingdrop. Bythismeansit ispossi.
Me to bting the feBectittgsurface very tt~r to the spart. Thé tength of
WveM~t W8B4.4cm.Thesubstances examined were pMafBo,bard rubber,
~tt(!vtMtOMttiodeof %vood.lu the case of thé latter double refrnctionwas
shown,thusauhttantiatiag previous work by other observera. To showthat
t!t~abMfptiMh the twodirections!n the woodcould not xecoMntfor the dif-
fefentdisplacementsof the waves,a brief, math~utatica)discussionofthe theory
n! statitinatywavesisgiveu. T.

Bee~WtetMdMntgenmys. Himstedl. /)~j~sM. 4, (/)?/).
C<ttttf9fyto the results of B)eterand Geitel, it is shownthat Mntgen rays
t)9vethé MM'etoHueneein stoppingthe sparking from an electrie machineas
W)h)M~ben btoaghtin the neighborhoodofthé spark gap.

Th~~ftectofa lowtemperatureis tricd onthe radio activité of radium,but
Wtthapp~t~nHy.aeattytMgati~tes~ts. VanomexpehnMutsatedeMritiedon
the effectif thephosph&escettceofratHumon thé eye (more completelyde.
<c~be(!iu thé Mxt paper). and the effect in loweringthé resistanceof the
~eteaittotce!!bythe radiationemitted from n~tum, as wettas by the X.mye.

y.

OntttC«ttec ofBecquereland R9at~en rayaon thé //<w~~ and
<r. A. A~f/. Drude's ~M. 4.~7 (/oo/ ). Asthe optieaerve is not set.si-
tive din~tty to becquerelor RSntgenrays. thefeeble light noticedfromradium
tn~t be ts<:nbe<tto fluorescenteset upon the materialof tbe eye itaeif. The
<~thorstries thequestionfromthia point of viewvery thorougMy,and finde
tbet a))pans ofthe eye nuorescewith equat intensity. T.

On~iMttdiattoa. /7/<
<M~~H.<3o,(/{w).-

meafs oftwo,speciatly arrnuged,superposedphotographieplates,the author
~bowst)tat thé penetrationis lessfor the radiumraya that can be deHcctedby

tfagn~X'fieldthan for the rayathat cannotbe so deuected. W.D. F.

Ontho MnceOradioactivitycaMeaby Mttaof radium. CM~ and A.
~~< 0;w~ ~a~M..3~ (/!?/).-Thé phenomenonof induced
Mdtattoa becomesmore intense when one works with closed vessels. The
eUthoraabowthatthete is transmissionof sotnething through the air WM)e
UtehypotitesisofRuthetfordaccountafor an the tacts, the authors do not yetfe%)cerMiothat it is the onlyone that will doso.

OnMeced radlo-activityand the gMM<Mdeactive by radium, y Csnf
A. ~M<-w. CoM~ ,3<. (/~ ). Whenthe active nta-M.

a'«t a pt~ceofcopperart placedin a seaiedtube, the copperbecomesactiveand
the degfwof tttMty appear!to be iadependentof thenatureofthe atmosphère
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in the tube and of iMpressure,–at any rate so long M the pressureexcee~
one centimeterof mercury. If thé tube be openedand thé pressurekept below
o.oot mm Hg, the coppercea~esto beactive, aad the gasthat h witbdrawnby
the pomp is intensely radio-active. This gas when examined shows no new
spectrnmrays. if! /)

On secon~ty radio-activity. H. ~f~< <M rendus, t;t,
(~o/).The authot-décides that theemiMion from radio-active substances
consisteof a gascon!!ernanationand a radiation. The gascons émanationis
stoppedby gtasaaad by mica. 'fhe author distinguishesat Ieastthree kindso(
radiation myswhieharenotdeHcetedby a magnetiefieldand whicharereadily
absorbed raye which are not deHectedand whieh have (~eat peuetrating
power; rays whiehare deftected. /) A

ActionofMatxmfayBeBMtMiotn. j?. <M,!$z,~
(/po~).–'fheresistanceofaBeieniMmeeH wasreducedwhentheseteniontWM
exposedto radiumradiation. /). R.

Onthe Mectien of a magneticnee~te by cathode raye. von CM/
~M~ ~a. s, p~ (/po/). -The author nnds that the cathode raye havea
magnetieeffect. H. T. B.

OntheiDaMnceofrayBoottMapafkatMhMge. ~w< ~«~
~<M. S. 8/1 (/oo/).–A repty to a paper by R. Swyngedauw. The author
shows that the effectof uitm-viotetrayson the spark décharge resultsentirely
it)a diminutionof the retardationandnot in a toweringof the aparkpotential,
and this whether thé potential is applied eiowiy or quickly. This stands in
contradictionto the alertions of Swyngedauw. H. T. B.

OpttcattetatieaBofMttaiBtartMtMtogtyceML /c~. ycf~M.
CXFM.Soc,23,81J(/oo/). ThesimplemetaUictarttatesshowaa largerspecifie
rotationingiyeerotthan in water; thé antimonyl tartrates show nearly the
same rotationin the twosoivents,whitepotassiumboryl tattrate showsa much
lower rotationin glyceroltban in water. /). F.

Onthe molecularrefraetienofchloralhydmte diMObedin difterentMtvente.
M. ~~A<. ~.7. CA~. 37. (/00/). -The author finds that the
apparentmolecularrefractionof chloralhydrate varies nlarkedly with thé sol.
vent UMd. No other resnitsare obtained and the autbor cousiders the possi.
bility of the dissociationof chloral hydrate into chloral and water as barety
worthmentioning,in spiteof the factthathe givesthemetting-point as46"-4/

<).A
RefractiveinaitMofcatcinmchlorideM!utions. û'. W. Bremer. ~wt.

n~ (~) 5, (/j)oo).–The refractivepower of the calcium chloride solu-
tione. whenexpressedby thé Loren.bformula,does not dependon the concen.
tration and differsbut littlefromthat for water.

The différencesbetweenthe indexof refractionof a given calciumchloride
solutionand that of water,bothreferredto the same rays,bas about the same
value Irrespectiveof the wavelength of the light used. These diiTerencesare
proportionalto thé amouutofanhydroassatt diœotvedin onehundred gramsof
water. W./). B.
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Ontte phosphorescentglowtn gaeM. J. 8. F. Pkil, A/ (o)
343. (~~). –Thèse two papen)forMan extensiveand eareMstudy ofthe
briUlantphosphorescencewhich,under certain pressures,followsthé ring dis-
chargein differentgaees. Amongother things the author showsthat the glow
h a volumeeffectand consisteof unelectrifiedparticles. It appearsto bedue to
impurities,but the glowingparticlesresemble,to a certain extent, thé emana-
Uonfromthorium. Anelectromotiveforcebas no effect, and the conductivity
shownto exist in the glowheteett-ot/ttc in nature. F.

Onthe bandtpMtntm ofclayand attMgea. C. Drode's ~M. 4,
7M (/j~/). -On accountofthe uncertainty in the measurementsofHaMetbetg
of the bandepectnxnof aluminium, whether it belonged to a!nmtttiMn)or to
aluminiumoxtde,the author studiesthe spectrutnof aluminiumlnatmosphereaof nitrogen,hydrogenand oxygen. It waafoundthat oxygenwasnecessaryfor
the productionof the spectruut.and that in the other two gasesonlythe N and
H lineswerevisiblewith the metaï linesof aluminium. y.

Sp«!<M9Mp:<;notMcoottnt)))gt)MetMteftheat)aMphere.Lord Rayleigh.
/%< /<t~. (6) t. /oo (/j~/).-The first note ia in regard to the results of
Gautier,whoshowedby chemicalmeansthat aonna) air coxtaiMabout parts
in to.oooof hydrogenand varyingamounts of hydrocarbons. The author ex-
amines air spectroscopically,but finds it is more probable that thé faiat
C-tioe.whichhe dtstinttty obeen-esin air, is due to hydrogencooledfrnm thé
glassof the sparkiagcbamberorfrom theplatinumelectrodes.

The secondnote is a simple andconvenientmethodof demotxtratingat at-
mosphericpreMMMthe présenceof argon fromsmallquantitiesof air, s cconty
beingnecessary.

Thethird note is a diffusionmethod forconcentratinghetiumfromthe at-
mosphere. ~y 7' /?

Photographsof the ultra-redspeetnuttof the atMt metate. H. ~<MMM«.
/?~<& <~ (/oo/).–8ea<itive plates prepared from Burbank's re-
ceiptwerefoundto be the mostsatisfactory for a!! raya from the uttra-viotet
into theuttra-red. Emissionfpectra of the metais obtainedby vohtitMag in
the are,werephotographed. TheMtetahstndied wereMtMum,sodium,potas.
sium.rubidiumand caesium. /y y

NenMtsfrom the arc apectrumo< hon. Kayser. Drude's ~na. 3,
(~ooo).-The author publishesanothertableof the atc spcctrumof iron,

basedon Rowtand'snormalsandobtainedby meansofa Rowlandgrating. An
accuracyof0.003ÂngstromunitsMclaimed. H. T.

Onthe influenceof smatt imporitieson thé epectrumof a gas. ~~WM.
W(~!W). !n a previouspaper the authordeseribesexpert

mentsto detennine the spectraleffectof smaUadmixturesofntercMryvapor to
pure hydrogengas. In the present paper the experimentsare continuedfor
nitrogen,and in additionthe influenceof traces of oxygenand hydrogenon
the nitrogenapectrumisstudied. The resultof the workshowsthat verySMa))
quantitiesof the addedgas have a !arge influence on the spectrum. The in-
tensityof the nitrogen spectrumreachesa ntaximumat about 3.5mmpressure,
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and decreaseswith inereaseof preMure. Thé presenceof the tnercmryvapor
ditninishesthe intensity,but at thé Mmetime preventsthe intendty of the

nitrogen lines fromfalllngoiîso rapidlywithincreasingpressare. The effect,

however,Mnot so simpleand regularMin the case of hydrogen. This seema

to be the generaleffectoftmparitieson the spectrumofagas. y: B.

Oathe MMtttveneMto light of Suoreaceine,Mesubstitutionptcdacta Md

the teuttob<tMeoftheM)M. 0. C~. ~<7.~A~. Ct~ 3?. ~7 (/~ ). –
The followingconclusionsare draw~

TheteukobasMofthetriphenyt methanedye.staffsare very sensitiveto

light.
Introductionof a nitro group into a leuko base of the Ruoresceinedye-

stuffs increa<esveryniuchthé rate at whichthe leukobaseoxidizesto the dye-
Btuffia the dark.

The bleacitingofthe triphenylntethauedye.Btn~eisdue to oxidat!on.

It is probablethat thereactiontaking place in the light is chieHyan ion

reaction.

The oxidationof the leukobaseis aceeteratedby theprésenceofthe result-

ing dye-atuffso long as the latter's concentrationdoesnot exceed a certain

limit.

The sensitiveneattolight ofthe leukobasesand thedye-stnffeis much in-

creasedby the presenceofotherdye-etufh.
The effectoflight on the reaction betweenmercuricchloride and ammo.

niumoxalate is alsoincreasedby thé presenceof dye-stans.

Thecatatytic actionof thedyeetn<fsis perceptiblewhilethé concentration

is very low and passesthrougha maximumwith ittcreMingconcentration.

It is probablethat the catatyticactionofthe dye-stuffsis due to their ab-

sorptionof light. W. D. B.

Onthe transparencyof hydrogenfor light. ~So)«<MW<. /?<-M~<t.

4, (/oc/). –Spectrnm photographaof hydrogen are taken with the light

passingthrough a tube,whichmaybeeither exhaustedor held at atmospheric
pressure. The extraordinarytransparencyof hydrogenis shown, and the au-
thor concludestbat withinthe timitf)of bMexperiments,the gas does not ab-

sorb light at all. A tube tiHedwithhydrogenis foundto be more transparent
than the sametube exhausted,which isconsideredto bedue to the evolutionof

mercury vaporand fattyvaporsunder thé diminisbedpressure.
It wasfoundthat the transparencywasvery seriondydiininishedby pass.

ing the gas throagh a rubber tube, the contantinationfrom the rubber being
mostmarked. ~y. y~B.

Onthe depecaMMofthe absorptionof light m solidbodiesonthe tempera-
tute. J. Koenigsberger. ~"a. 4,7!~ (~~o/).–Two classesofbodies

are treated, metallieandnon-n)etat)ic.Ofthe tonner it is shownthat the innn-
enceof températurebasnoeffecton the absorptionor teftectionof light from
theirsurfaces,overa rangefromto" to 360°,and in the caseof platinumas high
as 8oo". For the latter substancethe author gives the Mtowing rute In

solid,selective,absorbingbodiesan increasein temperaturecauses a displace-
ment of the absorptioncurve towardsgreaterwave lengths, at the same time
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in singlecasesa small extensionof the ahsorbingboundary. Thé shwof thé
maximua)absorptiondoesnot apparentlychange." H.

Absotpticao«!(;MiaMtMedg)MMB. A't~Mo~. /~<"t.~M.<,
60( /!?/). –Fromthe point of viewof the wideuaeuf coloreclglass.the inves-
tigatio))of thé absorptionfor transmittedtight is of considerablepracticat in-
terest. CaUingthe intensityof the light beforetransmissiont.. then thé ex-

tinction coefficientB
==

where J is thé inteneityof the tmnsmitted

tight, and is the thicknessof théglasa. ThéabsorptionconstantA=-
g;3

where8 thé epeti6cgravity of the glaesandg is thé numberof xtinigranM
ofcoionn){oxide i)tonegram of g)M9. Thé constantA h ptotted with wave
ten~th,and a number of beautifultables are given, ehowingthe relation for
differeistcoloringoxtdes. CobaltoxidehMthe greatestabsotbingpower,and
théoxideof iron the teast. n.

An electrically heated "B!<Mk"body. 0. /.MWM~o~A'M~a~M<.
~<-«<~f'!~)t«.

(/oo/).-A ptatmuxt tubeetectnMUyheatedby a heavy
currentand enclosedia suitaNethenttat shieldala used,and a tentperatureof
!50o"C obtained. The interior of the tube is blackenedwit))a chromium,
nickeland cobalt oxide, whichis foundto standhigh temperatures.Théappa.
ratusgivesgood results.

Onthe pressureof light waves. D. A. <7c/<M«ww~./)~<
(/!?/).- This isan etabotated.mathematica)discussion. H. T.

Onthe etMtde analogyof the ZeMManetMt. W. H~ /)n~~ ~<M.
4, W (/~o~).–The object of the paper io to showthat theLorentxtheory
(e[ectM-<tpticat)of theZeemMMeffectteadstotheMme resultsaBtheattthor's
applicationof KiMhotf'elaw to thé inversephenomenon. y:

Onthe changeof waveformof light pMohtg!atoa ObpeKh!:andabsorbing
medium. t~. Yofgt. ~j (/).-A continuationof an
earlierpaper on the Mmesubject, the object being to correcta alighterror in
an importantaNumption upon wMchthe equationswerebased. H. T. B.

Contributionto thé kacwMge the physicalpropertiosof euverrellecting
surfaces. C. C'~otw. 7?~</< Ann. 5, (/jw/). –Thépresentpaper Ma
studyof silver rellecting surfaces from varionspreparationsby reMOt)of thé
extensiveuse of silver mirMmfor optical work. Changestake place in the
mirrorswhich atfect their utitity and constancyfor vanoMkindsof work.
Déterminationsof the etfctrica) résistanceshowa graduai changein the char.
acterofthetayerseon-espondingto a change from the molecular.whichhas
beencalled colloidalsilver, to normatsilver. A decreasein résistanceis a re-
suit of this inversion. The molecularsilver behavestess as a meta!than the
normal,so that fresh surfacesfromall preparationsshowa large initial résist-
ance.and a phase differenceon the renection ofiight that correspondsmore
witha non-metalliebody. Whilethe inversionfromthemolecularto the nor.
malsilver takes place, a gradua)towetingof therésistancetottows. T. B.
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On the spectral equationof peMaheaplatinum. D. A. Co/tM~~sM~.

Z~w<~ ~M. 4, M (/). –Thé author pointsout that the formula deduced

byThiesenand thénewformulaobtainedby Planck are incorrect when com-

parcdwith théobservationsofLumnierandPringsheim. Il. 7~B.

TeintteratMreataOeiss!ertubes. A'. Af~A~. ~«< 4, j?y ( /$)o/).
Pron) the workof G. Wiedemannon the temperature of a gas under dis-

charge.the lawwasformulatedthat the tentperatureof the gas is inversetypro-

portionalto the crosssectionofthe tube. Taking the temperature of Geissler

tubesof largesectionand calculating,accordingto the law, forcapillary tubes

enormottstyhigh valueswouldbeobtained. To te~t this pointthepre):entwork

))MbeenundertakenforCO,,0 and H. It is ohown, theoreticatty and prac.

tlcally, that thé temperatureismorenearly proportionatto the reciprocatof the

radiusand not thé crosssection. 7~ B.

OnttMabtQtpttenotgMiattCtMkMtube. R. S. Willows. /%<7.

«) t, (/(?/).–Thé well.knownphenomenon of the exhaustion of a

Crookestube at certah pressuresby the simplepassageof the discharge, forms

the subjectof the presentpaper. The reasonthé author gives, as the resnKof

a largenumberof experimeattwith vatious tubes and electrodes, te that the

gasesforma chemicalcombinationwith the glass. To reduce the effect to a

minimum.Jena-gtaMshouldbeused in preferenceto lead-glass,and thé latter

in preferenceto ordinarysoda.g]assin thé constructionofthe bulb. 7~A

Onthe sttMMt tn MtMboatMaue to meqMt heating, Mtdonthe <Mb!e re-

fractionMsatttnfftherefrom. ~(~ Rayleigh. /%<7.~/a~. (6) t, 169( /~o/). –
AmathematieatdheaMionofthe stresseashownopticatty in g!ass, when un-

equally heated. The subject la of special treatment of Hopkinson'f)work,
withreferenceto theopticatmethodof exannnation.

In the case of so-caUed,toughenedglass, the author con~ders that the

causeof the toughening,whichhaebithertobeensupposeddue to a crystattine

structure,can beexptainedby referenceto the knownconditionsof stress.

H. 7: B.

Determinationof the frequeneyof an aKenMttngcurrent. R. ~it~j~aM.

Drude's ~M<t.4. (/).
– A watehspring.clampedat oneend and freeto

vibratewhenptueked,bas attacheda smat)squareof paper. Whenilluminated

byan alternatingcurrent, suchthat the periodof vibration ofthe spring ia the

same as the alternating current, thé paper appears to stand still. Thé time

of vibrationof the watchspringmaybe calculatedfromita dimensions.

H. T. B.

Onthe radiationlawof blak bodies. F. A~ Z~M~'t 4,

(/;?/). –Thisis a verycompletediscussionof the subject, taking into consid-

eration the laws proposedby different observers. From the author's own

measurements,carriedoutwithgreatcare, the
tawofP)anckfron).'=o.ootto

o.oootis foundto becorrect. 7~B.

Sur la doublet~fMctionaccidentelledanstee liquides. L. AMeMos. ~a/

~a!< &t. Ch!<Mw, /61 (~/). -This la a hydrodynamical atudy of the
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tt 2A-4 .t_t..t- -01
"accidentai double refraction, which h observablefa liquideaubjected to
statesof strain. !n the examinationof the case tn which the atates of atrain
are produoedin a viscousliquideontained(n the spacebetweena totatingcytin-
der and a eoncentdccyllndricalenvelope,a relationlafoundbetweenthe angu.
tar velocityof the cylinderand thedouble refractionperunit length. This re.
talionagréée wellwith avallableobservationsof UmtMfandof deMetz.

e~a/&!6~A.)', C~W<)'<M~ ~M<

Structure.system<MdmagneticpMpetttM aatd crystaleaad their mix-
taK with MM. 0. Lehmann. D/tt~'t Ann. 6~ (/{<w).-A verycomplete
and exhaustivediscussionofphyaicatcrystallography,more M parUcutarwith
referenceto the evidenceto supportthe idea, advancedby the author ln tSao,
of the existenceofauH Ctyetate. A crystal ta deSttedas an aaiMtroptcbody,
ofwhich the conditionof aggre~atioacanbe liquidor <otid,but not gaseous.

A

Onthe Mttttonof bothetasMetty eoMtantaot iMtM~!emedhtto the met<e-

<t!<)-ttMO)ry. /?~j~MM.4,(/~).-TheaathorendeavoM
to show that the applicationof theold moleculartheoryofelasticity,wMchhas
hitherto led to contradictoryresults,)9jtt contpteteaccordforeryatattiaebodies,
when the reciprocalactionbetweentwo moleculeaiftin a directioncorrespond-
Ing with the symmetryof the crystal. For isotropiebodieathé partides are

aupposedto becomposedofminute fragmentaofcrystatain all possiblearrange-
ment (quaBi.isotroptc). H. T. B.

Rapid meMOtementof surface teneloos. A. C~<' and A. Ptrro/.

Cc~M~M, !9t, /o~ (/;)o/).–tt Mdaimed that measurementsaccurate
to oneor two percentcan easilybemadeby themethodof weighingthe drops,
providedcorrectioaaare introducedfor the numberofdropsand for the rate of
formation. D. B.

Onthe thidoMNof ChMand the aphereof action of molecularforce. C.

6f«'w~. ~t (~<Mo).–A replyto G. Vincent to refute the
chargesof inacct)Mcyln théautbor's carlyworkon the subject. H. T. B.

On the relation betwemthe Yteecsityparameter Md someother phyateat
constante. A. Balschinski. ~t?. pkys. CX~f.3~, (/po/). -The author
deducesthe relation

M~~
=rnnat.,

E(m~=~-
whereM ia the molecularweight,MR the molecular refmct!on,8 thé critical
temperature, and B =~T' the viscosityparameter. When E is expressed in
c. g. a. units. the meanvalueof the constant ia39.500as deducedfrom nfteen
substances. Starting fromthis valueas given it is of course possibleto solve

approximatelyfor the criticattemperature. D. B.

ExpérimentaldetenMBaUonsof the eapHhty constanteof cenaenseagases.
C'n<«w<M&./?~«~'j ~«M.4, (/). –Simitar to thé author's previoue

measurementsof the capillaryconstants of &tong aerieaof fiuids and molten
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metats,a numberof experimentsare tried for liquidgases, xach as sutphurous

acid,ammoninandchtohne.

Themethodofcaptttatywavesisused.duetoKetvin.withtheaseofatun-

ingforkof high frequencyto producethé waves,as proposed by Matthiessen.

y. B.

DedHetieMfromMpiHafypJMMtaeM.~Mt&'M. /~7«<f'ao.4,~

(/~o/). –Attowinga liquidof surface0, and températureT, to change its sur.

faceisothermallyto 0, then increasesits températureto T,, keepingthesurface

constant,and then retum to (teoriginalsurface0, and temperature T, by Bnt

i<othetma)!ydiminishingthe aurfaceaad then lowering the temperature, the

quantityof heat that MttetBtheliquid:hotttdeqttahhequMtitythat<srentoved,
and the aumof the mechanicatworkshouldequal0. Asthe data <how,tb!Bia

uot the caee. The author invNtigatet the question mathemattca!)yon the

groundthat with the changein surfacelaeoaaected an exchangeof heat, and

that a pecullarspecifieheat pertatas to the Mffate. The relative potentiat of

the twomoleculesis put tn the formlnvolvingwhatthe authoreatb character-

httc constantsforthé molecules(f). Then the charactedaticconstant for the

atomof thé elementMan integralpartof the molecule,or

~S.

Anexpressionfor Se,is found in termsof the méchantes) work,absotntetem-

peratureand the motecutarvolume. H. 7~B.

Onthe mr&cetensionofoN-MVMedwater aM&cee,and the ephereof action

ofmcteea!MtOtM. R. H. /~«/<ï ~«H. 4. (/oo/).–0)iveoil

carefullyshakenwith alcoholis used,and ia fonndnot to spread out over the

surfaceof waterwhen the ahakingbasbeen doneseveral times. Two metbods

ofmeasuringthe surfacetensionofthe oit and water surfaceare used, one,the

surfacedrop methodof Quincke,wherebythe contourof the oil drop is meas-

ured,and by the cohesionbalance.

It ia foundthat the edgeof theoil drop in waterchangeswith an inerease

or diminutionofthe watersurface. Thé boundarytension of oil againstwater

is alsofoundto bedependenton the sizeof thé boundarysurface. Thé resatts

of theworkpointto thé actionofthe wateron the oil, and the author makes

the suggestionthat it maybedue to hydrolysisof thé oit. H. 7~B.

OeanrttM tension. ~«/tA~ Drude's Ann. 4, ( /oo/). – Atheo-

reticaldiscussionof surfacetensionon the assumptionof a densityin the capit-

!arylayerthat changescontinuouslyfromthat of the liquid to that of saturated

vapor. It is shownthat the surfacetensionmustnecessarilyexist, and that it

leadsto a valueof thé capillaryenergyidenticatwiththe molecularconstantin

the thermodynamietheoryof vander Waa)s. H. T. B.

Investigationinto the Mneace ofcapillaryonthe veteeityofeNuxofnnifs.

C. C'Ant<MMft. ~<H/J Ann. S, ~6 (/po/).–Twotypesofoutnoware

studiedexperimenttdty,wherethe tiquidSewsin drops and whereit nowsin a

stream. tntheretattonbetweeoontnowandheight of head it is shown that

the increase in the quantity of liquid that drops ont decreaseaand passes
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through a minimumw tite head 'nereases, whichia the point where the drops
arst form into a stream. Asuddenincreasein the quantity then takM place
to be followedby nearly equatincrémentsin qua ttity wMt further increasein
head. In atudying the effect of surface tension on thé outnowing tiquid
(water) the time of dischargewastaken with the streamin air and in water or
sait solution. !t was foundthat the timeof dischargein air wasgreaterthan in
water for high head8. and thé reverse for low heada. VafioMother experi.
ments were tried mainly ahowiugthe in(!uenMon the timeof discharge by
altering the form and chamcter of thé stream. Vaporsof atcohot and ether
were fouad to have an effect in attering thé surfacetension. Theeffect of
alteling the directionofeSax was triett with négativerewttti. Thé MpiOary
effec:tdue to electrical potentiatwasfound in the caseof mercury. Polarization
with the anodestream causesa tengthentng of the etream and an increase in
e<Bnx,the reverse beingthe casewith eathodiepotan~tio)). H. T.

Oe the viscosity of mixtures of tiqttMeand of MhttioM. C. ~M.
/%< bfag. (o) t. (/;?/).–A theoretical atudyof thé fonnuta Cntt pro.
posedby Arrheniusfor the calculationofthé viscoaityof a mixture which con.
tains ~o'perceatof one constituent. Three casesare consideredwhich tea't tu
three fonnutee.catted by the author thé mobitity thé viscosity and thé

iogatithmic." Front a companMnof thé expérimenteo{ Thorpe and Rod-

ger:. Unebarger, and Wijttanders.it Mshown that the observedviscosity la
t'-ssthan that givenby thémobilityformula. AnempiricatformulaMproposed,
whichgiveswhat the author calls a firstapproximationtowards a rep'e'*ta-
tion of the viscosity of a physical mittnre in tenns of the viecositiesand
naturesof its constitnentt Thé author goe<on to say Uke other empiricat
formu)a',it will tn time liereplacedby a formulafoundedon theory and capa.
ble ofinc1udingcases in whichthe liquids,owing to somechemical action on
each other, give rise to mixtureshavingviscositietontsidethe limits of those
of their constituents The formulais atsoapplicablein the caseof the varia-
tion of viscositywith temperature. T. B.

Onthe vbcMtty ot gMeaand the variation withtempérature, P. F~</<
bach. /?~a<<ta. s, /<M(/oo/).–The aathor's ear)ter communicatedre-
autta are comparedwith the formuta proposedby Sutherland. For hydrogen
thé smattesttraceof anotherguscausesa large inereasein the viscositycoetN.
cient. T. B.

Onthe viscosityofargonMd tte change wKhtemperature. ~M/~<

/)n«tf't~w<(foo/).–Onaccountofthe{Mt that Lord Rayleigh did
not enclosebis apparatus in a suitable température jacket, the author makes
a redeterminationof thé viMOsity.taking greater precautions,and thereby ex.
tending the rangeof température. The methodused la the transpiration one.
Thevalue obtained froma sériesof experimentson carefullyprepared argon ts
«04 X 'o' at o° C. For the effect of temperatureas high as !8j.7" C. the
formulaproposedby Sutherlandisamply subatantiated. T. B.



THERMOSTATSAND THËRMORRGULATORS

BYWtM<ÏAMC. GEER

Asordinarily appliedin chemicalor physicalwork,the
termconstanttemperaturemay meanalmostanything,varying
withthe observerandhiswork andrangingfrom variationsof

severaldegrees to a few ten-thousandthsof a degree. The
error permissiblein the results should, of course,determine
the maximumvariationof temperature,which is allowablein
each particular instance. Since investigationsmay be made
muchmorevaluableby therefinementof methods,the attempt
to attaingreaterconstancyof temperaturebas led to the pro-
ductionofmany ingeniousformsof thermostats.

The objectof the presentpaper is, primarily,to presenta
formof thermostatwhichseemsto havesomedesirablefeatures.
Severalpointswhichwereat firstthought to be originalwere

found,on looking over the literature, to have been usedby
others. It bas, therefore,been thoughtbest first to summarize
the mostimportantworkvhieh basbeendooein this field,and
then to describea simpleeffectiveregulatorand working ther-
mostat.

In orderto keepa bodyat constanttempérature,it isneces-

sary,if it becolderthan its surroundings,to supplyheatto it in

quantitiesjust sufficienttocompensatefor lossby radiation,or,
if the conversebe the case,to take heat front it in quantities
just sufficientto balancethe absorption. In eithercase thé de-
siredconstancymaybemorereadilyobtainedby surroundingthe

bodywithsomemedium(a bath) which is held at the desired

temperature. The twogeneralmethodsof obtainingthis con-
ditionareradicallydifferent.

In the first, thé bath consistsof phasesin equilibrium
such as tiquidor vapor in equilibrium with solid or liquid.

Sincethis equilibriumis dependentonpressureand concen-
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trationas wellas température,in orderthat thetatter be defined

accurately,the twoformervariaMesmustbefixed. Underthis
sectionmust be treated att thermostatsdependingon fixed

points:–(i) melting-or freezing'points;(2) boiling-points;
(3) inversionpoints; (~) cryohydricpoints.

Thé seeondmethodcomprisesall thé liquid and air-baths
to whichheat is suppliedundermechani.catregulation. There

maybeconsideredherethe caseswhete

(ï) The regulationis notautomatic,

(a) Tbe regulationis automaticand is aceomplishedby
meansofa thermoregulatorwhich

(a) Controlsa gassupply,
(A)Controlsanelectriccurrent,
(f) Controlssomeotherheatingagent.

ï. Thermostatsdependentontheequilibriumofphases
The conditions which detennine equitibrium between

phasesbeing known,thé methodsof obtainingconstancyof tem-

perature under these conditionsshould be, apparently,ideal
for thermostat work. Practical difficultiesarise, however,
whichlimit theirusefulness. Thèseare mainlydueto the diffi-

cu!tyofmaintainingthe differentphasesof the systemused as
the bath, in perfectequitibriumwith eachother. The chief

advantageof the methodshouMbe that a regulator is not re-

quired.
The melting-or freezing-pointsof a fewsolidsare much

used. The melting-pointof pure water is employedfor zero

degrees,whiteDeVisser'usedpureaceticacidfor 16.7°C.
Thermalequilibriumbetweensolid andliquid caa be ob-

tainedonlyby takingverycarefulprecautions,white the labor
andexpenseinvolvedlimit the applicationof this method, in

practice,to thé substancewater.

Thé boilingtemperatureof liquidsis fixedif theconcentra.
tionand pressurearedefined. Bymakinguseofdînèrentliquids
andvaryingpressures,it is possibleto obtaina verywiderange
of temperatures. This at presenttnay be carried from liquid
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hydrogen 257"C(55mm)(Dewar)tozincat 930°C (yoomm)
(Holbornand Wien),but theseareby no meansthé limits.

Usingmixturesofsulphuricacidandwater,L. Hâmmerle,'
Sprenge! and Laspeyres"obtainedrangesof boilingtempérature
from100°to 317°which,by meansofspeciallyconstructedap.
paratus,theyappliedto thermostatwork. Differentmixtures
wereused by A!!uard*and ReynoMs.*In thesecases where

pressureregulationwasnot attempted,the degreeof constancy
of the boilingtemperatureleavesmuchto be desired.

LotharMeyer~constructedan apparatusfor fractionaldis-
tillation at constantpressuresbelowthat of one atmosphere.
This wasmodifiedbyStade18and others,and later by Brown9
with whom the pressurevariationsdid not exceedo.a$ mm.

Makinguseofcarbonbisulphide,waterand paraffinoil, he was
ableby changingthe pressuretokeepa bathatanytempérature
from25°to 300°,maintaining it "absolutelyconstant" with-

out, however,givingmoredefiniteresults. The vapor-pressure
measurementsof Ramsayand Young'°gavea seriesof values
betweeno° and 360°,white the accurateworkof othersbasde-
terminedmanymorefixedboiling temperatures. Since this is

the case,the methodmaybe employedin the comparisonand
standardizationof thermometers. Wiebeand Bottcher" and

Pomplum"have describedthe results of such work. Traube
and Pmcassohn, makinguseofa small mercurypump, regu.
late by hand everyfive or ten minutes. For pressuresbelow

0.5atmosphere,they claimedto be able to maintain the tem-

peratureconstantwithin ± o.ot" as longasdesired.

The apparentadvantage of this method of liquid-vapor
equilibrium is that no heat regulationshould be required.
Superheatingmustbe avoided,however,and the tiquidkept in
ebullition. Thegreatdifficultyarisesin the attempt to main-
tain constant pressure-a problemas difficultas that of con-

stant température. The effectofgravityonthe boiling-pointof

liquidlayers of differentdepths is alwayspresentand at low

pressureisverymarkedindeed,althougheven at ordinarypres-
suresit maynotbe ignoredin carefulwork.
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The rangeof inversionpointsis presumablyextensive,but
bas not beenworkedovertoany extent.

Cryohydricmethodshavebeenveryrarelyusedin constant

températurework,exceptin the caseof freezing.pointdetermi.
nations. The actual cryohydrictempératureis rarely teached
with any degreeof accuracybecauseof the lack of thermal

equilibriumbetweenits solidand solutionphases.
Al! the methodsdependenton phase equilibrium have

definitelimitedspheresofusefuluesswhiehare not lessenedby
thé simplicityofmethodwhichin manycasesthey allow.

II. Thermostatsdependentonmechaaicatregulation
The thermostatwhichis most uselul in the laboratoryis

one into whichobjectsmaybeplaced,orfrom whichthey may
be removed,withoutdisturbingthé essentialpartsoftheappara-
tus. The onlyformswhiehmeet this conditionare thé open
liquidbaths andair.baths. To keeptheseat constanttempera-
tures thé heatsupplymustjust balancethe radiation loss this

requirescarefulregulation.

Non-automaticrégulation

Thermostatswithoutautomaticheat régulationare few in
number. Pulfrich" describeda methodof 1 maintaininga re-

`
A seriesofwell-definedtemperaturesis givenby the inver-

sionpointsofelementsorcompounds. For tlsein thermometer

catibtation,RichardsandChurchiH'~haveemployeda séries of
saltshavinga total rangeofsixtydegrees. Fromtheir workthe

followingtable is taken

SaK Invem!patemp.Hgthermometer.

Sodium chromate '9.7!"
Sodium sulphate 32.484
Sodium carbonate 3~.3
Sodiumthiosulphate 48 o
Sodiumbromide 50.8
Manganèsechloride 57.8
Trisodiumphosphate 73.4
Barium hydroxide y8.o

Thé faMCf nf tnwtMnn nninte !c m'fet'maMtf t-v~Mc~~ tt«t
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fractometercylinder at constant temperatureby means of a

water entrent. The water at constant pressurewas passed
througha gas-heatedcopperspiralintothe chambersurro~nding
thécylinder. If the waterpressurechanged,it wasnecessaryto
useagas regulator. Rothe'*describeda thermostatwhich was

adaptedfor thennometercalibration. It was a well insulated

bath heatedby meansofan efectriccarrent passingthrough a

centralcoUof wire.

In the useofall thermostatsof this kind, the assumption
is made that the conditionsduringoperationwill remain the
sameasat the timeof adjustment. This,however,is rarelythe
case-a changeofgasor waterpressure,of dynamopower,of

laboratorytemperaturewouldcausea verynoticeablechange in
the temperatureof the bath. Satisfactoryresultsmay oftenbe
be obtainedif the operatorisat handto controlthe conditions;
ne'verthelesseventhis carefulattentionmaynot preventsudden

changes. 'For generallaboratorywork,therefore,the most de-
sirablethermostatcontainssomeformofthermoregulatorthrough
whoseaction the sHghtestchangeof thermalconditionwtl! be

exactlycompensated.

AutomaticregotatMs
Automaticthermoregulators,one andall, dependupon the

principlethat a changeofheatconditionsin thebath causes,in
somesubstances,a volumechangewhichdirectlyor indirectly

regulatesthé heat supply. Since the regulationis conséquent

uponthis volumechange,an absolutelyconstanttemperatureis

neverattained. The most efficientregulatoris thereforethé

onewhichreducesto a minimumthis oscillationaboutthemean

value.
Regulatorscontrellinggassupply

Sincegas is thp mostcommonsourceof heat in the labora-

tories, the majority of regulatorsare adapted to control the

gas supply. Kemp'' made what was in all probabilitythe

first gas regulator. It consistedof a U-shapedglass tube of
whichoneend wasan elongatedbulb which served as an air

thermometer. The expansionof théair withinthis bulb forced
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mercuryintothe otherarmagainstau inner gas-inlettube,thus

cuttingoffthe gassuppty. In orderto prevent the flame from

beingextinguished,a smallopeningwas madein the sideof thé

gasdeliverytube. The gas was, 6f course,approximatelyad-

justedat the outset. Bythis means, its supply was controlled
and the compensatingchange occurred. The action was not

very sensitiveand the lag was marked so that the apparatus
nevergave good results. A!! regulators which thus directly
controla glasssupplyaremodificationsof the Kemptype. Bun.
see changedthé fotmof the instrument and used mercury in

placeof air. Reieheit''addeda sidearm anda screwforadjust-
ing the instrument. Ostwald"useda calciumchloridesolution
in placeofair andaddedanadjustmentdevice. Thisisthefonn
whichis quitegenerallyusedby physical cbemists. Bythe re-

placementof the air byether,Andreae'<obtaineda more sensi-
tiveaction. Severalothervaporregulatorshavebeendescribed,
but whiletheseareverysensitive,they a!so,like Kemp's origi-
nal form,areeasilyinfluencedby changes in atmosphericpres-
surewhichrendersthemunsatisfactory.

In all theseregulatorswheremercuryandgasareincontact,
the surfaceof the mercurybecomescontaminatedin the courseof

time, and this interfereswith the regulation. To overcome
this difficultyKreusier~and James," who modifiedKreusler's

apparatus,useda Boatuponthe surface of the mercury which

openedandctoseda valve. Schtosing'~and D'Arsonval~em-

ployeda membranebetweenthe expanding substanceand thé

gassupply. Thus themercuryor other liquidexpandedagainst
a diaphragtnwhichservedasa valveto controlthe gas supply.
This valvewasgreatlyimprovedby Pensky.~ The main diffi-

cuïty with membraneregulationlies in the selectionof a suit-
ablediaphragm(rubberbeingexcluded,if !ongserviceisdesired).

The regulators.whichthus directly controla gas supply
havebeenusedwidelyand withsatisfactory results. The chief
defectis that they requiretoo much time to adjust (especially
whenstudentsare usingthem)and that for somework theyare
notsumcientlysensitive.
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The earliest regulatorswere made of metal. Bonne-
mam~(1824)and Ure~(1831)appearto be the first who made
useof thèse. Lothar Meyer~*employeda rod which commu-
nicatedits expansionor contractionby tueansofa lever to a gas
valve. The apparatuswasquitecomplicatedbut,like all metal-
lie regulators, was usefulfor high temperatures. By far the
mostsensitivefonn ofmetalticregulatormaybe madeby braz-

ing or riveting togethertwolongthin barsof meta!withdiffer-
ent coefficientsof expansion. Oneend of the combinationbe.

ingfastened,a slight changein températuregivesan exaggerated
motionto the free end,whichmaymovea devicefor changing
théheat supply. GumUch~'and Knipp33have deseribedappa-
ratusof this kind. Bodeastein~bas recentlymade use of the
differencein expansionof porcelainand iron to control high
temperatures. There seems to be oo goodfeasonwhy such

regulatorsshouldnot giveefficientservicein the laboratoryas
wellas in technicalpractice.

The eiectro-magneticgas regulatorconsistsof a contact
thermometerand an electro-magnetwhich is arranged so as to
movea valvecontrollingthe gassupply. These are connected
in serieswith a battery. The typicalcontactthermometercon-
sistsof a capillaryjoinedto a long bulb 611edwith mercury,
into which is sealed a platinum wire. Into the capiHary
extendsanother platinum wire. Expansionof the mercury
will bringabout contact betweenthe wire and the mercury
thread in the capiHary,closingthe circuit, movingthe valve,
and thus regulatingthe gas supply. The usual arrangements
are madefora smallconstantflowof gas which cannot be ex.

tinguished.

The inventionof the contactthermometerevidentlyshould
beaccreditedto Maistre,~althoughDu Moncef usedonebut a
short time later. Theseelectromagneticregulatorshave never
beenusedso extensivelyas thosebased on the Kemp model,
sincethe sourcesof the electriccurrenthavebeenlessaccessible
than gas. Whiledesignedprimarilyfor the control of a gas
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supply,the Maistrecontact thermometershave been employed
to regulateotherheatingagents.

The useofa hot liquidcireulatedeither in a closedor open
circuitby meansofa centrifngalpump,is onewhich is capable
ofveryextendeduse in the mostaccuratekindsof work,forex.
ample,the recentworkof Bameston the specificheat of water.
It is necessarilyused,however,in conjunetionwith a thermo.
stat whosetemperatureis controUed. Barnes employeda cir-
culatingsystemcomprisinga thennogtat,a putnpdriven by a
water motor, and the observationbath. The thermostatwas
after the modelofGouy.~ Schalkwijk23heateda bathby means
ofa circulatingwatercurrent,whichwas in turn heatedby gas,
controlledby a regulatorcontainingxytene.

Thé above-nientionedregulators,designedprimarilyforuse
in connectionwithgas as théheating agent,hâvebeenmoreex-
tensivelyusedthan any others. It is well to point out here,
however,that when a temperature differingbut few degrees
fromthat of the room is to be maintainedfor a considerable
time,specialprecautionsare necessaryto preventthé gas flame
frombeingextinguished.

On p. io6 there are cottecteda few referencesunder the
heading "MiscettaneousRegulators," thermostatswhere oit
lampswereemployed,combinationsof gas heating with water
currentsandothers.

Currentregulators
Withinthe last few years, several thermostatshave been

deseribedin which an electric current bas been used as the
sourceof heat. Twomethods wereemployed -one m which
the currentwaspassedthrough a heating resistanceof wire or
electriclamps,the other making useof an electrolytewhichwas
itselfthe resistance. Duaneand Lory" made use of thé latter
method. Theypassedan alternatingcurrent througha solution
of salt held in a woodenthermostat having zinc electrodes.
They claimeda temperatureconstant to 0.001 The thermo.
regulator,in the form of a contact thermometer,was made of

tPMC.Roy.Soc.London,97. (t9oo).
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brasstubeswhichwerefilledwith alcohol. Thé expansion of

thealcoholwascommunicatedto the mercurythroughwhich a

relaycircuit wasmade,whichinterruptedthe heating current.

E!ectro!yticbaths,however,have very distinct disadvan.

tages. Thé heat willbethegreatestwherethe linesof floware

thé most concentrated.If the bath ismadeof a notMonductor,
the electrodesof equalsize,the bath large,andthe bodiesplaced
thereincomparativdysmalland non-conductors,then there will
beequalheatingthroughontandthe bath willpossesstnanyad-

vantages. If a metallicbodybe placedin the bath, the lines of

flowwill concentratetowardit and thus thé greatest heat will

beat or near the surfaceofthis body. The tendencywoutdbe,

therefore,forthe bath to be unequatlyheated. This difficulty

maybe overcometoa largeextentby stirring as vigorottslyas

did DuaneandI<ory. Butunderthesecircumstancesthis form

of thermostatpossessesnosuperioritydue to this mode of heat-

ing.

Gouy~describeda thermostatwhichwas heated by.incan-

descentetectriclampswithinbrass tubes. The regntator was
an a!cohol-!nercnrycontactthennometer. To counteract .thé
strictionin the capillary,heuseda mechanismwhich gave to

the upper platinumwirea verticaltnovetnentof 15mmthrough
a definiteperiod. Bythismeanshe secureda temperaturecon.

stant to 0.0002°. Young!'used tampsbeneath a bath. The

regutator was a crndeformof contactthennometer,and the

variationobservedwasa fewhundredthsofa degree.
From theresuttsof thelast fourobservers,it woutdappear

that whentheetectriccurrentis usedas the heatingagent, it is

possibleto reducethe températureoscillationstoso great an ex-

tent that thismethodof heatingthermostatsis superior to all
othersoverthe rangeoftemperaturetowhichit basbeenapplied.

Thermostatrevirements
From a studyof theabove-describedformsofapparatusand

a considerationof the requirementsof a constant température
bath, it is tobe conchtdedthata goodthermostatshould satisfy
the followingconditions:
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(ï) It shottldbe well insulated,and hâve a low radiation
constant.

(a) Thé heat supplyshontdbe capableofquiet:anddelicate
control.

(3) Thé fluidof thé bath shouldbe thorougNystirred.

(~) There shouldbe useda thermoregulatorwhich is sim-

plein constructionand adjustment,andsensitivein action.
Insulationis necessaryto conservethe heat and to protect

thé bath fromsuddentempératurechanges. If the heat supply
is properlycontrolled,the extentof the températurevariationis
alsocontrolled. To have everylayer of thé bath liquid at ex-

o~f the same temperature, is quite impossible,but by thor-

oughstirring,the differencein températurebetweenlayersmay
bereducedveryappreciably. Simplicity in the apparatusis a

primerequisite; manyregulatorshave so manypartsto bekept
in orderthat their usefulnessis therebylimited. Thébestregu-
latoris the onewhich is thé most sensitive,mosteasily made
and kept in adjustment,and whieh will workwith the least
attention.

The bibliography,on pp. 101- showsthé main types of

thermoregulatorsand thermostats. It is perhapsnotcomplète,
but contains référencesto the most prominenttypes which
have been employed in thèrmostatwork. Matiypatentedde-
viceshave been omitted. Combinationsof diSereuttypesare

frequentlyand successfullyused,e. g., the thermostatdescribed

by Rothe~for lowtemperatures. Onemaywithconfidencepre-
dict that the mostimportantdevelopmentin constanttempera-
tureworkin thé futurewillbe atongthe Unesof combinations
of the varioustypesdescribed.

III. DescriptiMofan electdtallyoperatedthermostat
In the Laboratoryof PhysicalChemistryof CornellUni-

versity,experimentswere performedlast year which gaverise
to the apparatustobe described. Since the expérienceof sev-
eralyearswithmanyformsof gasregulatorshadbeenso unsatis-

factory,andsinceanamplesupplyofelectricpowerwasavailable,
heatingby electricitywas resorted to, in the hope that much
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-t- – t.- ~t~t- ~~t.–~-tt~ – –– :– t<betterresultscouldbeobtained. Theseresultsare given in the

fot!owing}'aragraphs.
For the preliininaryexperimentsa seven-literwater-bath

waswellinstttatedwith cotton wooland ~.5 ohms of No. ïo

Germansilverwirewerecoiled in the bottom upon a board.

Abovethecoilwasa largebrassfan ofa diameter nearly equal
to that of the bath, drivenby a small water motor. Upona

traysuspendedabovethefan, was placed the thermoregnlator.

Theradiationconstantof the apparatuswasdeterminedfor

severaltemperaturesfromthat of the roomto 75°C. Fromthe

datasoobtained,thé eurrentnecessaryto compensatethis loss

wascomputedfromJoule'slaw. A curvewas plotted with de-

greesabovethéroomtemperatureas ordinates and current in

amperesas abscissas.Thus, foranydesiredtemperature,within

theusefullimitsof theapparatus,the requiredeurrent could be

foundwithease. Thiseurrentwastaken fromthe 110volt al-

ternatingincandescentlampcircuitof the laboratory.
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Thé electrical connectionsare shown in Figuret. The
fmme-resistance"consistaof a large wire resistanceframeby

means of which the maximum current Howingthroughthé

heatingcoil is regulated. Thé tamp-resistance,"which is in

multiplewith the relay contact, allowsa constantcurrent to
flowthroughthe heatingcoil, thus allowingthé bath tobecon-

tinuaUyheated. Thé relay is controlledby the thermoregitla-
torto bedeseribed. The tworesistancesaresoadjustedthat the
constantcurrent thtoughthe heatingcoilaud thelamp-resistance
isslightlylessthan that requiredto compensatefor thé lossby
radiation. Whenthe platinumcontactof the relayis madethe

lampsare short circuitedand a current, somewhatlarger than

necessary,nows through the coils. Thé constantcurrentis
madesosma!!and théadditionalcurreNtso large that irregu-
taritiesof the powerin thé main willproducenoiti effectsin the
bath. The adjustmentof thé fratne-and lamp-resistancesis
madewithconsiderablecare in order to avoid breakingexces-
sivecurrents,sincetheconsequentarcslightlyfusesthéplatinum
points,causingthemto adhereto each other. NotfouMearises
fromthis sourceif therésistancesare properlyadjustedand a

strongbattery is usedon the retaycircuit.
Thedetailscf the thennoregutatorwhichwasemployedto

controlthe circuit just described,are shownin Fig.2. The

regulatorwas madeto tie flatuponthé wire tray in the lower

partof the bath.

The principalpartsoftheapparatusareof glass. Thé main
tubeBMGFNRis o.75cminternat,1.03cmexternal,diameterand
beforebendingwas60cm long. The capillaryBAis0.046cm
interna!diameter'andï6 cm in tength, witha tube6.5cm long
and0.8cmexterna!diameter(thesamesizeas thécapillarytube)
seatedaboveit. Titestop-eocktube is 24cm tong. Théwho)e
wasbent into the shapeshownin thé figureand wasfilledwith
3oceofmercury. Byexperimentmercury'provedto be much

Itwasfoundthatthediametershouldnotbemuehlessthanthatde-
scdbed,sincestrictionbeceme<excessiveandtheapparatuslessseneitive.

Byachangeintheformofthecapillary,atcohot.tolueneorotherliquidwithlargeeoeaicientofexpansionmaybeused.
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moreserviceablethan alcohol,becauseof itshigh thermal con-

ductivity,and the factthat neitherteakagenor evaporationoc-

curs throughthéstop-cock. The lengthFG and thewidthMN

are eacb15cm. Theplatinumwire K is carried bythe small

brassapparatusD. Bymeansof this, the wire tnay 4 easily
raisedandlowered,thus allowingof veryaccurateadjustment.
The threadedrodH, to which the wireis solderedis, whenad-

justed,held in positionby the jam-nutJ. The band L clamps
thebrasspart to the glasstube. C i§ a secondplatinum wire

sealedthroughtheglass.The tube is filledwithmercurythrough
the stop-cockE, whichis ctosedwhenin use. As is seen, the

regulatoris soconstmctedthat if, even after long use, it bas

becornedirty, it maybecleanedveryreadity.

The relationof théregulatorto theelectricalheatingcircuit

is shownin Fig. i. The retay used wasa i~o~hnt instrument

actuated bytwo storagecells. In order to prevent inductive
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sparking withits attendant difficultiesat the contact point P,
a non-inductiveresistanceis connectedin multiple with the

fegttlator. For this purpose,one incandescentelectriclampwas

used,the resistanceofwhichwas just enoughto preventthé re-

lay front operatingwhenthe connectionwas broken at P. As
the mercurythreadseparatesfrom thé platinumwire thé elec-
tromotiveforceinduced in the relay coitspasses through thé

lampwithoutproducinga sparkat the surfaceof the mercury.
The actionof the apparatus,whenadjusted,is as follows

with a slight tise in the temperatureof the bath, thé mercury
thread touchesthe wireat P,the relayacts,theplatinumcontact
is broken, the lamp resistanceis throwninto thé circuit and the

heating current reduced. A slight fall of temperature pro-
ducestheoppositeeffect,the lamp-resistanceisshorteircuitedand

largercurrentflowsthrough the coils.
The capiUaryof the regulator is so small, the amount of

mercuryso largeat)dhas sogreat a surfaceexposed,that the

regulator isextremelysensitive.

In using the apparatus, when connectionsare made, the

températureofthé bath is broughtto aboutone-tenthof a de-

greebelowthatdesired,by meansof hotwater. The currentis
then tumed on, and when a thermometerindicates that the

temperaturedesiredis attained, thé rod H is quickly screwed
downuntU theplatinumwirejust makescontactat P, indicated

by the clickof the relay. The rod is clampedin this position
bymeans of thé jam.nut. The frame-resistanceis then care-

fuUyadjusted. The apparatus now operatesatitomaticallyas

longas desired. The bath maybe set at any desired tempera-
ture, as is evidentfroma considerationofPig. 2, with as great
accuracyas theskitt of the operatorwi!)allow.

Throughoutmanyruns of from three to five hours each,
with the above-describedseven-literbath,at températuresfrom
20° to 50° C, variationsof notover0.002"wereto be observed
on a Beckmannthermometer. During the great majorityof
nms nochangeat all couldbe read,althoughthe readingswere
taken with greatcareand everyeffortmadeto avoidstrictionof
the thennometerthread. Onreheating,afterthe bathhadcooled,
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it wasfoundthat thé apparatus returned to withina fewhua.
dredths of a degreeof the temperature of thé previousrun.

It becamenecessaryto usea larger water.baththanthatde-

scribed,andsoone similarto the above,of thirty liters'capacity,
wasconstructed. This bathwasheatedby means of two coils
in multiple,whichbad an equivalent resistanceof foMfohms.
With thirty liters of water, the radiation constant wasdeter-
minedandfromthis were calculated the current, in amperes,
andpowerht wattsnecessaryto compensatethe loss. Thesere.
sultsaregiven in thé followingtable

Radiation WattsBathtempérature comtant Ampères required

22"+ 5° ~.5 t.8 tz.o
M"+to<' 26.5 :.t[ !7.s
~°+!5° 39.5 3.2 40.!
M'+2~ 52.4 4.3 69.4
~11~ 65.6 5.4 n5.o
M°+30" 78.8 6.5 t67.o

The constantcurrent wasabout one-balfof that given in
the table,the auxitiarycurrentfrom one to threeampèresmore.

In a!!baths thé positionof thé thermometerbas much to
do with thé temperatureobserved,unlessthé stirring isextraor-

dinarilyvigorous. Measnrementsmade with thé thermometer
bulbat the surfaceof thé bath, and at thé tray showeda maxi.
mum temperaturedifferenceof o.ooj°, which decreasedvery
appreciablywhenthe efficiencyof thé stirringwasgreater. No
carewasnecessaryto keep the oscillationof temperaturewithin
± 0.005°,while in actual useit waseasy to hold the tempera-
ture soconstantthat a Beckmannthennotneter failed to show
anychange.

Thé thirty-Hterbath bas been used considerablyin this

laboratoryon various kinds of constant temperature work.

Duringmanyruns of from fiveto nine hours each no change
over 0.002°couM be observed. The apparatus wasfoundto
operateperfectly,noattentionbeing necessary.

It is well to state that thé apparatus and methodof main-
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taining a water.bathat constanttempérature,presentcertainad-

vantages. The regulator issimpteinform,iseasilymade,easi!y
6!!edand, whennecessary,easilycleaned it is very sensitive,
due to the large surface of the regulatorand thé expanding
materialused it is capableofquickandaccurateadjustments
so far as ourexpériencebasgone,the mercuryin the capillary
doesnot becomeoxidixedat the pointof contactwith the plati-
num. In the thermostatitselfit isofadvantageto bavea heat.

ing current passcontinuallywhHethéauxitiarycMfrentis sent

onlyas required. Of the fourrequirementsofa thermostatmen.
tionedon p. o~,all seem to be present,except possiblya low
radiationconstant.

Althoughothers may presentthetxseives,thé main disad-

vantageseemsto arise fromthé largecurrent nsed and the ex-

penseof relayand résistances. The formermaybefobviatedby
thé use of twoor more incandescentlamps in multiple in the
bathas the sourceof heat, accordingto thé methodof Gouy.
This may be as serviceableas the use of the coils ofwire,
attboughit is notemployed in this laboratory. Many devices

maybe employedto replacethé relay. They are,as a nue, not
so retiaMeas agoodtelegraphrelayofabout130 ohmsrésistance.

The apparatusdescribedabove,therefore,is a serviceable
formof electricallycontrolledand heatedthennostat operating
overa moderaterangeof temperatureswith considerableaccu-

racy.

In conclusion,this paper presentsfirst a reviewof those
thermostats employing thé principle of chemical equilib.
ritun to obtaina constant temperature,secondty,a brief sketch
of the main types of thermoregulatorswhich have been em.

ployed in scientificresearch,and thirdly,a descriptionof an
efficientthermoregulatordesignedtocontrolthé temperatureof
an electricallyheatedthermostat.

For suggestingthe line ofworkandfor valuableassistance
in prosecutiagthe same,the writerexpresseswith pleasnremost
sincerethanks to Dr. H. R. Carveth.
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ANAI<YTICAÎ< CHEMISTRY AND THE PHASE RULE

CLASSIFICATION'

BY WHUËR D. BANCROFT

We definephysicalchemistryas théstudyof theformation,

separationand identificationofphases and thé examinationof
the varionsrelationsbetweenthe factorsgoverningchangeand

equUibrium. This is practicaUyequivalentto sayingthat phys-
iea! chemistryaims to present thé scienceof chemistryas a

completeandsystematicwhole. It bas beenfoundthat thé best
methodof presentingthesubjectas a whbte is to c!assifyour
material first according to the number of components,dis-

tinguishing one.component,two-component,three-component
systemsand soon,while,forthe sakeof brevity, we often caU
all systemscontainingmorethan two componentsmutti-compo.
nent systems. Having made our first great separationinto

groups,wesnbdivideeachgroup accordingto thé number of

phases. Thisclassificationaccordingto componentsandphases
is knownas thé phaseru!eclassification. It is unquestionably
thébest classificationforpresentingwhatis ordinarilyincluded
underphysicalchemistry,andsomeof ushold the beliefthat it
willone day bepossibleto treatsuch a subjectas organicchem-

istry profitablyalong thèse same lines. Titat, ttowever,is a
dreamof thé future and only the first steps in this direction
haveas yet beentaken.

If the aitnof physicalchemistryis to present thé science
of chemistryasa completeandsystematicwhole,it is obviously
impossible to omit so important a branch of chemistry as

analyticalchemistry,and it is therefore necessaryto consider
this subjectwithreferenceto thé phase rule classification. It
is myobject to showthat théscientificsignificanceofanalytical

Readt<efotetheNewYorkSectionof theAmericanCheoticatSodety,
Decemberé,t~o).
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chemistrycanbe broughtout clearlyandnatura!ly in a course

of lectures on elementaryphysicalchemistry. This does not

meanthat analyticalchemistryshouldbe taught as laboratory

workin connectionwithsucha course. The actual drill in a

seriesof specifiemethodsis onething andcan best be acquired

in a distinctcoursearrangedfor thatend. Therelationof thèse

methodsto thé scienceofchemistryis another matter and one

which 1think is notverygenerallyappreciated.
lu théelementarycourseto which 1 have referredwe be.

gin with thesimplestcase,that ofa one-componentsystem and

study the physical statesof the substance,thé thermal and

opticalrelations,density,viscosity,surface-tension,conductivity,

etc.,and the wayin whichall thèsevarywithvaryingconditions
of pressure, temperature,wave-length,intensityof magnetic

field,electromotiveforce,etc. This is alsoour firstintroduction

to analysis. Anypropertyor combinationof propertiescan be

usedas a meansofidentification.In organicchemistry,for in-

stance,thé melting-pointor boiling-point,isone of themost fre-

quentlyusedstandards,while in inorganicchemistrywe rely
moreon otltertests. In gasanalysis,wemakeuseof the pres-

sure-volume-temperaturerelationsin orderto tell us thé massof

thégas, afterwehavedetenninedits naturein other ways. It

wasa densitydetermination,however,that led to thé discovery
ofargon andthe otherinert gases. In microchemistrywe de-

pendlargelyon thecrystallinefonnasa meansofidentification,
while the spectroscopegives us a very sensitivemethodof

recognizingcertainsubstancesbymeansof thé rays emitted or

absorbedat varioustempératures.
Our knowledgeof thèse propertiesand conseqncnt!your

identificationby meansof them presupposesthat wehave pure
substancesto study,a conditionwhichcanbeapproximatedvery

eloselyin a numberof instances,but whichvery possiblycan

not be realized actually in any one. Wc must therefore

hâvesomecriterionasto the purityofanygivensubstance,and

sincea puresubstanceisone in whichthépresenceof thé other

componentor componentscannotbe detectedby any analytical
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meansat ourdisposal,it willobviouslybe in order to take up
next thecharacteristicsof two~omponentsystems,inctuding–
so faras maybe–ait specialproperties. Thesepropertieswill
be the samethat westudied in the caseof thé one-component
systemswith the addedcomplicationof the variation of thèse

propertieswith the relativemassesof the two components. A

pure substanceis then to be consideredas the lirnitingcaseof
a two-componentsystem,thé case in which the massof the
secondcomponentapproacheszero. Thé delicacyof our tests
will dependon thé amountof variationof some propertywith
the concentrationwhenthe concentrationis verysmall.

Havingdeterminedthat a givensubstanceis not pure,it is
oftenof interestto knowwhatthe impurityis. In somecases
this canbe done directiy by volatilizingor precipitatingone

componentmore or less completelyand identifyingit. In-
stancesofthis are the separationof two liquids by fractional

distillation,thesublimationof ammoniumchloridefroma mix-
ture of ammoniumand potassiumchlorides,thé drivingoffof
occludedgasés,the evaporationto drynessof a solution,or thé

freezing-outof either solventor solute. Thèseparticulartypes
are but a relativelysmallproportionof those to be considered.
în the remainingcases,we either start with two or more im-

purities,in otherwordswitha multi-componentsystem,or we
add oneormorecomponentsin orderto get a phaseor a eharac-
teristicwhichwecan identify. A generalsystemofqualitative
analysisisnot possibleuntil wehave studied thé propertiesof

multi-componentSystems.
In thestudy of mutti-componentsystems,specialstress is

laid onthe variationofsolubilitywith the nature and concen-
tration of thé other components,and also on the formationof

compoundsby metatheticalreactions,bothpointsofutmostim-

portancein qualitativeand quantitativeanalysis. It is not too
much to saythat the bulk of whatis inc!udedin a qualitative
test for basesandacidsis basedon a study of relative solubili-
ties and is thereforephysicalchemistrypure and simple. In
thé qualitativeanalysisof the laboratorycourseweare dealing,
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so far as possible,witha careMty selectednumber of facts in

regardto thé solubilitiesofa limitednumberof substances,thé

basisof selectionbeingthe desireto obtaina limited numberof

substancessuccessivelyas solidphaseof approximatepurity.
To illustrate this point,let tue run overthé regularschetne

for the détectionof thébasesas givenby DennisandWhittlesey
in their little manuat. Silver,mercuryas mercuroussalt, and

leadare distinguishedby the insolubilityof thé chlorides. The

chlorideof silver is solubletn ammonia,while thé mercurous

chlorideMackens. Leadis recognizedhere by thé solubilityof

the chloride in hot water and the sparing solubilityof the

chromateor iodide. Mercuryas tnercuric salt, lead,copper,
cadmium,bismuth,antimony,tin andarsenic are distinguished

by the formationof sparinglysolublesulphidesin hydrochloric
acidsolutionand the last three,antimony,tin and arsenic,are

groupedtogetherowingto thé solubilityof their sutphidesin

ammoniumsulphide. Mercuryis identifiedby thé insolubility
of thé sulphate in nitricacid,leadby the insolubilityofthe sul-

phate in sulphuricacid,,cadmiumby thé relative solubilityof

the sulphide in sulphuricacidas comparedwith thé sulphideof

copper. Bismuthis recognizedby the insolubilityof the basic

chlorideand copperbythé colorin ammoniacalsolutionor thé

insolubilityof thé ferrocyanide. Arsenicand antimonyare dis-

tinguishedfromtin by the volatility of the hydrideand from
eachother by the insolubilityof theantimony.sitvercompound,

by the orangecolorof the insolubleantimonysulphideand by
the insolubleammoniumarsenomolybdate. Thé final test for

tin is the reductionofmercuricchlorideby stannous chloride.

In thé next group,nickel and cobaltare recognizedby the

fact that thé sulphides,when formed,are insoluble in dilute

hydrochloricacid. Theyare distinguishedby thé insolubility
ofcobaltichydroxidein boitingammoniumhydroxidesolution.
whilethe solubilityof nickelsulphide in solutionscontaining
ammonium salts is worth referring to. Iron gives a black

sulphidesolublein hydrochloricacid; but the color reactionof

the sulphocyanateis the real test. Chromiumis recognizedby
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conversioninto insolublelead chromate,aluminumby thé pré.
cipitationofthé hydroxidefromboiling aluminatesolutionson
additionofammoniumchloride. Manganeseis identifiedbythé
colorof the permanganatesolutionandzincby the insolubility
ofthe sulphidein aceticacid.

The test forbariumis the insolublechromateor sulphate
forstrontiumthe précipitationof the insolublesulphateby cal-
ciumstt!phate forcalciumthé insolubleoxalate,and for mag.
nesiumthe insolublephosphate.

Outof this wholelist, theonly basesnot8na!!yidentifiedby
thé productionofan' insolublesubstanceare mercuryas mercu-
roussalt,copper,iron and manganese,and the test for copper s
withferrocyanideis much more sensitive than the color test,
whitewithmercurywehave the change of one insolublepré- :<

cipitateintoanother. a
One great advantageof looking at thé matter from thé

standpointofrelativesolubilityis that neitherteachernorstudent
canfail to recognizethat the test will succeedonly in case the
amountofsubstancefonnedis tnorethan is necessaryto make
a saturatedsolution. Lookingat thé matterin this waywesee
that the text-bookson qualitativeanalysis shouldlay cmphasis
on the approximatelimits of sensitivenessin each particular
precipitation. Thoughthis pointhasbeen urgedfor years by
Ostwald,it is still ignoredverycompletelyin mostlaboratories.

Wherea gradedscaleof solubilitiesis impracticable,other h

methodsof identificationmust be resortedto, and these.are

justasmuchto beclassifiedunderqualitativeanalysisas those
methodswhichordinarilypassunder that name. Thus a sepa-
rationby fractionaldistillation,if carried out for the purposes
of identification,is qualitative analysis quite as much as thé
orthodoxprecipitationsof thé inorganicchemistor thé more r
recent"groupreactions"of the organiechemist,and it would r

givethe studenta c!earerideaof thé interrelationof thé differ- <

ent branchesof chemistryif this point wereiasisteduponmore
often. Someof thesemethodsare so recognized. In the quati- s

tativetestsforsulpliurand iodine,wesublimethesesubstances

r
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withoutchange. In blowpipeworkon charcoalwe leavebe-

hind thé substanceweare to identify. In the caseof the borax

beadwedependoncolorchanges. The absorptionspectrumis

of great importanceas a qualitativetest in many tare earth

separations.
Afterwe bavedetenninedwhat the constitoentsare in a

given mixture,it isonlynaturalto ask how muchof eachcon.

stituent ispresent. Froma scientificpointofviewquantitative

gravimetricanalysisisa matterofséparationand estimationof

a phase,and a coursein quantitativegravimetricanalysisisvery

largelya courseto developmanipulativeskil!. 1quoteFresenius

on this point. The mostextensiveand solid theoreticalac-

quirementswill not enable us, for instance,to detennine the

amountofcommonsaltpresentin the solution,if weare with-

out the requisitedexterityto transfera fluidfromone vessel to

anotherwithoutthésmattestlossbyspurting,runningdownthe

sides,etc. The variousoperationsof quantitativeanalysis re-

quiregreataptitudeand manual skilt which can be acquired

only by practice." The choiceof phase fordeterminationin

gravimetricanalysisdependsprimarityonthesolubilityrelations

as in qualitativeanalysis,but is subjectto thé further condition

that the newphasemustbeonewhichcanbeweighedaccurately,

or whichcan beconvertedinto one which can be so weighed.
In electrolyticworkthe precipitationis effectedby the current

insteadofby an additionofa reagent.
Whitequantitativegravimétrieanalysisisa matterofphase

separationand estimation,othermethodsofquantitativeanalysis
are basedon relationsbetweensomepropertyofa phaseand thé

relativemassesoftheconstituents. If we tabulate thé way in

whichanygivenpropertyvarieswith the relativemass of any

oneof the components,wecan thenuse the data thus obtained

asa meansof determiningtherelativemassof thatconstituent

providedthe propertyin questionvariesonly with thé relative

mass of that constituent. The density, color, boiling-point,

freezing-point,conductivity,indexof refraction,temperatureof

clouding,electromotiveforce,rotationof the planeof polarized
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lightare a few of the properties that have thus been used.
Sincemanyof theseproperties,suchas thédensity,boiling-

point,etc.,vary with the relativemassesof all the constitnents,
thèsepropertiescan be usedonlyforanalysisin the caseof two-

componentsystems. Thns we can déterminethé amountof
aleoholin aqueousalcoholfrom the density,but thé test fails

completelyif the alcoholcontainsacetone,fuseloil, oranyother
impurity. We can detennine the strengthofaceticacid by its

freezing-point,but thé test fails if ammoniabas been absorbed
fromtheair. Wecan determinetheamountofphenolin a hot
aqueoussolution by observing thé temperatureat which thé
solutionclouds,but the presenceof anythingelse changes thé

températureof clouding and makes the method worthless.

Conductivitydeterminationsareof no valuewhen two or more
saltsare present in relatively varyingamounts. In the cases
wherethesemethodsare serviceable,it is to benoticedthat the

propertyin question usually varieswith the temperatureand

pressureas well as with the relative massesand that each
measurementmust thereforebe madeat a definitetemperature
and pressureto be of any value. Thé flashtest for keroseneis
onein whichso manyfactorsenter that the conditionshave to
beandarespecifiedin great détail.

While many of the propertiesof systemsare nsefu!for
analyticalpurposespracticallyonly in two-coulpotientsystems,
this is by no meansnecessanlythé case. Withincertain limits
the rotationof thé planeof polarizedlightby an aqueoussugar
solutionis independentof thé natureandrelativemassesof the
othercomponentsand conseqnentlythispropertycan beand is
used,withinthesesamelimits,asa meansofquantitativeanalysis.
Similarlythe differenceof electricalpotentialbetweena metal
andan electrolyteis assumedto be a functionof thé concen-
trationof thesamemetalas ion in the solutionand not to be

primarilya questionof the concentrationof anyother substance
as ion. Solongas this conditionis satisfied,thé measurement
ofanelectromotiveforce gives us thé meansof analyzingfor
thatmetalas ion,a methodwhichbasbeenusedvery much in

physicalchetnistry.
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Whenstudyingthé varionspropertiesof mutti.component J

systems,weshouldnaturallyinelude color phenomenain près*
enceof so-callediudicators. Afterwe havesettled,oncefor aU,

that a given colot change takes place when thé ratio of the

massesofan acidanda baseexceedsa certainvalue,wecanthen

use this knowledgeto enableus to déterminethe amount of an

acidin a solutionbyfindingthe amount of thé base necessary

to producethé colorchange. This is the generalprincipleun-

derlyingal! quantitativevolumetricanatysis. It istobenoticed

that this is entirelyindependentofany hypothesisthat wemay
make to accountforthé colorchangeoccurringat all oroccur-

ring at that definiteratio. Indicatorshad beenused for years
beforethe presentexplanationof their actionwasadvancedand

methylorangeisoneof the standard indicators,though we are

by no meanscertainwhat the significanceof thé colorchange

actua!Iyis.

A theoryas to thé cause of the particular ratio is equally

supernuous,though possiblyvery desirable. We findexperi-

mentallythat thécolorchangeoccursfor instancewhentheratio

of sodium hydroxideto hydrochloricacid exceeds40:36.~in

roundnumbers,and that is all that is necessaryforthevolumet-

ric determinationofsodiumhydroxideby meansof hydrocMoric
acidor vice-versa. If we chooseto account for this particular
ratio in termsofcombiningweightsand compounds,wemaydo

so; but our analyticalmethodsrest on the experimentaldata

andnot on the hypothesis. This will be seenif wereflectthat

the factson whichwebase the atomichypothesiswereobtained

by quantitativeanalysis. Asa matterof fact,wedonot always

get exact ratiosinvolumetrieanalysis. In titratingsitvernitrate

with sodium chloride we have two distinct end-points,one

wherefurtheradditionof sodiumchlorideproducesnoprecipita-
tionand onewherefurtheradditionof silvernitrateproducesno

precipitation. Thèsetwo end-pointsdo notcoincideandneither

correspondsto thé atomic ratio betweensilver and chlorine.

Yet wecan takecitherone and get resultswhichareasaccurate

as the determinationof thé end-point. When we titrate a fer-
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a n s
rous solutionwith permanganate,it is not necessarythat we

knowthereaction. We standardizeagainsta knownsolution

of ferrousiron. Asa matter of fact, wedon't use thé atomic

ratio, becauseweapplya correctionforthé amount of pennan-

ganate necessaryto producea standardtint. When thé iron

solutioncontainshydrochloricacid,otherprecautiottsare neces-

sary. 1quotefromFresenius Makethe iron solution to be

tested up to t/~ liter, add $o ce to a largequantityof water

acidifiedwithsulphuricacid(about one!iter), titrate with per-

manganate,thenagainadd 50ce of thé ironsolution,and titrate

again,etc.,etc. Thé numbersobtainedat the third or fourth

timeare taken. Thèseare constant,whilethénumberobtained

at the first time, and sometitnesalsothé secondtime, differs.

The resultmu!tip!iedby 5 gives exactlythé quantityof per-

manganateproportionalto the amountof ferrousiron present.
Il

Wesha!talsosee that the analyticalresultscomefirstand

the theoryafterwardsif weconsidertheneutratizationof phos-

phoricacid in presenceof methyl orangeor phenolphthalein.
The ratiosare differentwith the twoindicators,whilethe nature

of thé indicatordoesnot affectthé ratiowhenweneutratizesut-

phuricacid. Were-statetheresultin termsoftheelectrolyticdis-
sociationtheory,butthisis notessentiatforanaiytica)purposesand

our anatyseswillremainaccurateevenifthéetectrotyticdissocia-

tion theorybesuperseded.Whenitcomesto titratingweakacids

in presenceof methylorange,for instance,we findeitherthat thé

end reactionis notsharp or that it occursat a slightly different

ratio fromthat predictedby our theory. ln thé first casewe

discard thé indicator; in thé second case,we actuallyadopt
the experimentalratio, thonghweusuattydisguisethis by tak-

ing the so-ca!tedtheoreticalratio' andapplyinga correction."

Titrating chloridesin slightlyacidsolutionswith silver nitrate

whenusingsulphocyanateasan indicatorwould be a case in

point.

1 have taken up this questionof votumetricanalysisat

Cf. tUdettonf.Jour.pMnttinïast.t: !t9(t9<M).
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somelengthbecause1wishedto bringont thatthereisnoreally

fnndamentaldifferencebetweenanalysisbymeansofdensityde-

terminationsand analysisby titrations. In bothcaseswe con-

structa tableempiricaHyand referback to that. Inmanycases

oftitrationwecanpredictour tablewith a somewhatgreater de-

greeofaccuracythan wecanpredict the densitiesof mixtures

froma knowtedgeof the percentagecompositionbut that is

all. Onr methodsof titration or of precipitationare better

adaptedto atuiti~omponentsystemsthan tnany ofthe so-caHed

physicalmethodsbecausethey are, as a rule, methodsfor one

componentor constituent. This, however,is subject to thnita-

tions. Precipitationwithsilvernitrate and weighingas silver

chlorideis not accuratewhen bromidesor iodidesare present.

Precipitationwithsulphuricacidand weighingas banMn sul-

phateisinaccuratewhenlead salts are present. Of courseno

O)tewouldmakethis latter mistake but 1 doubt whethermost

anaîystsappreciatethé close ana!og)'betweenremoving!e~d

saltsbeforemakingquantitativedetenninationsforbariumand

removingallexcepttwocomponentsbeforcmakinga quantita-
tiveanatysisby densitydeterminations. In thé first case the

processisa simpleoneand theyhavedoneit often. In thesec-

ondcasethéprocessis notalwaysfeasibleand it is a problem
whichtarelyoccurs. Consequentlyit seemsto involveentirely
newprinciples. Asa matteroffact,therearespecialadvantages

andspeciallimitationsin eachanalytical method; but it is a

completemistaketo try to drawa sharp line betweenanalysis

bycomparisonof so.cal1edphysicalpropertiesand analysisby

contparisonofso-calledchemicalproperties. Thé twopassone

intothe other and it is utterly impossiblefor us to say, for

instance,whetherthe densityof a given solutionis dueto thé

partialformationofa compoundor not.

1 have tried to show thé theoreticalaspectof analytical

chemistrywhen consideredfrom thé standpointof physical

chemistryandthisbringsus face to face with the problemof

howfar thé teachingof analyticalchemistryand of physical

chemistryshouldbemodinedin conséquenceofsuch a pointof
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view. 1cansee noreasonat presentformakingany very radi-

calchanges,and yeta generalbroadeningwon!dbeprofitablein

both cases. The physicalchcmistshouldknowmoreanalytical

chemistrythan hensua!!ydoes. Ourmathematicalrelationsare

basedon resultsobtainedbyquantitativedeterminationsandare

to be confirmedbyother resultsobtainedby quantitativedeter-

minations. Thé moreaccurateour mathematica!relationsbe-

come,the moreaccuratelywemustmake our detenninationsif

weare to reach any definiteconclusionas to the accuracyof

oar hypothèses. Ofcourseif wearedeatingwithapproximation

theoryand regarda differenceof tea percentas a pretty good

agreement,wecanaffordto be slovenlyand inaccuratein dur

analytical work. In thé theoryofsolutionswehavebeengoing

througha periodof that sortwith its attendant results; but 1

hope that a new era is dawningwhenweshalldevelopexact

theory,and whenwesha!!studyall solutionsand notmerpjyin-

finitelyditute ones.

The advantagesto théanatytica!chemistfromthé point of

viewwhich 1haveoutlinedare that he willperceivethat there

is much moreto analyticalchemistrythan lie had perhapsre-

â!ized,that there aremanycaseswhereother methods besides

thoseofgravimetricand vohxnetricanalysisare important,and

that he should be familiar with those méthode. This bas

alreadybeenrecognizedbyKriissin his little book, SpezieUe
Methodender Analyse,"publishedia 1802. 1am not suggest-

ing anything really new, but 1 can carryit furthernowthan

Krüss conMdo nine yearsago. It is essentialto know the

analyticalmethodsof the physicalchentist. It is quite as im-

portant to knowthemand thesubjectfromthé phaserulepoint
of view.

Oneillustrationwill suffice. Ananalysisofa pieceofsteel

will show the percentagecomposition.It may show a little

more,the amountof "hee"and "combined"carbon; but thé

result of the analysis tells relativelylittle about thé physical

properties,which howeverare the essentialthings froma tech-

nicalpointof view. A microscopicalanalysiswillgivea great
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dealof informationandis rapidly comingmoreand moreinto

use. It is quiteas importantthereforeforan analyticalchemist

in a steelworksto understandmicrochemieatanalysisas to be

familiarwiththe moreusualmethodsof analysis. Havinggot
the facts,it isnecessaryto interpret them,and this cannotbe

donesatisfactorilywithouta knowledgeof the phaserule. The

microscopemayshowthe existenceofa numberofcompounds
but it tells nothingas to the relativestabilityor as to the con-

ditionsof formation. Of course thèse canbe workedout etn-

piricallyandhave been so doae to a certain extent, but this

meansan immensewasteof time. The recent work of Rooze-

boomin applyingthé phaserule to ironandsteel showsclearly
thedifferencebetweenhavinga theoryto guide one and grop-

ingmoreor less blindly. This has been fully recognizedin

Englandat any rate. Thé way in which the propertiesof a

metalor alloyvary with thé thermalhistoryis quiteas impor-
tantas the wayin whichthesepropertiesvarywiththépercent-

agecomposition,andthe twoshouldbestudiedtogether. Isthe

analyticalchemistgoingto qualifyhimselfforsuchworkornot?

<~WM'M~f



A THERMOSTAT, SENSITIVE TO A THOUSANDTH

OFADËGREE

BYW.P.BRADI.BYANDA.W.BROWNE

For the prosecutionof certaininquiries relative to critical

phenomenait wasdesirableto maintainconstancyof temperature
forseveralhours withina thousandthofadegree. This reqntTe-
mentwasmet by the useof the thermostatwhoseconstruction
is illustratedin Fig. i.

0 is the capofa Cailletetapparatus,and J is the upperend

ofa glasscompressiontubewhichcontainsthe glass to be ex-
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amined. Mounteduponthe formerbymeansof a flexiblerub-

ber joint K, isa glassbellH, which, with its contents,is the
thermostat.

The regulatingmediumis containedin a continuousglass

spiral I, whichisso disposedas to givean unobstructedviewof
thé top of the compressiontube. The spiralis closedat oneend

bya veryaccuratelyground glass cock M, and terminatesat
theother in an uprightU-shapedportionI<containingmercury.
The constrictionin the outer limb of the U is the point at
whichthe inflowof heat is regulated-or, as it maybe called,
thecut-on.

A is a reservoirof warmwaterwhichfeedsthe thermostat.

The water nowsthrough a short, narrow,and well insulated

tube FGPto thecut-off,is throttledat that point,and then es-

capesinto thebeilH. A clothfilterF servesto retainanysedi-

ment.

Thé reservoiris providedwith an ordinaryattachment for

maintainingconstant level of water, and the bell H bas an
overflow. Theseare not shownin the cut.

The températureof the thermostatis readuponthe stemof
a Beckmannthermometerwhichcarriesthe usualelectric ham-
merN.

The factorswhichcontributeto theefficiencyof this ther-
mostatmaybeclassifiedas follows

i. Those which induce, on thé part of thé regulating
medium,a promptresponseto changesof temperaturein the

thermostat. These are (a) effectivecirculation;(b) a large
ratio betweenthe surfaceof the regulating mediumand its
volume.

Thesefactorstaken togetherproducea promptnessof re-

sponsein the regulatorwhichgreatly exceedseven that of the

Beckmannthermometer.

2. Factorswhichproducea large linear movementof the

mercuryat thécut-off. Thèseare (at)the constrictionin the
wallsof the regulatorat the cut-oC (b) the largequantity of

expansivemediumused (<*)its high coefficientofexpansion.
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Factors (a) and (b)are nearly alwayswell providedfor,
evenin thermostatswhich are intended for rough work only.
Itt thepresentapparatus,thé combinedeffectof the three factors
is a verticalmotionof thé mercuryat the cut-oiïgreater than
that producedin theBeckmannthermometerbythe santéchange
of temperature.

3. Thé factorwhichtends to prevent irregularities in thé
amountofheat lost from the thermostatbyradiation, viz., in-
sulationof the bell.

4. Factors which tend to prevent irregularities in the
amountof heat introducedinto the thermostat. These are (a)
the natureof the thermalvehicteemployed (b) the relationbe-
tweenthe temperatureofthis vehide and that of the thermo-
stat (c) steadtnessof temperaturein thé reservoir; (d) the

pressureor head underwhich the feed-waterHows (e) the
narroworinceof thé conduitthrough whichit Hows.

Thesefactorswillbeconsideredin detail.

ï

Promptnessof responseto changes of temperature is the
sine~<! nonof efficiencyin a thermal regulator. In compari-
son with this, mereamplitudeof responseis of small moment.
It is obvions,in fact, that verysmallamplitudeindeedwill suf-
fice,if thé responseis immédiate. On thé other hand, slug-
gishnessof reaction tends directly to create and perpetuate
thennal oscillation andgreat amplitude,if couptedwith slug-
gishness,mayevenaccentuatethis tendency. Thèse are con-
siderationswhichhavenot receivedas yet thé practical atten-
tion whichthey deserve.

(<!)C.t~/o'/M~.–Inorderthat every change of tempera-
ture maybefollowedas quickly and faithfully as possibleby
thé regulator,and in orderalso that the temperature in every
part of the thermostatmaybe the same,thé best possiblecircu-
lation is indispensablein the bath. Thé device employedto
secnrethis result,as shownin the figure, is a simple propeller
wheel, solderedupon a piece of brass wirewhich serves as a
shaft. This wheelwaseasilyeut froma bit ofsheet copperand
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was trimmed into symmetryafter mounting. Its diameter,
limitedbythe amountofspaceavailablein the bath, is 3~ cm.
It is drivenby a smattwatermotorat a speedof 800-1000revo-
tutionsperminute.

Theresults areeminentlysatisfactory. In an actual test,
duringwhich thé natureof the circulationwas revealedby the

presenceofsuspendedmatterin thé waterof the bath, it was
foundthaton thé averagea given small portion of water re-
tttrned to the wheel after a complete circuit about once a
second. Moreover,the eurrentwasso enectuaHybrokenupby
the dispositionof théregulatorcoilsthat it penetratedeverypart
of the bathin reasonabledegree with the same rapid motion.
As thédimensionsof the bellare 2$x ï2 cm,the mass of water
thus circulatedis about2500ce.

Thebest resnttsare obtainedwhenthé wheel ha~such a
directionof rotationthat thé wateris drawnupwardthroughit.
If thé bladesare immersedto a sufficientdepth, the surfaceof
thé water,though distorted,doesnotbreak.'

(&)~x~–Provision isthus made for bringing every
changeof temperatureanywherein thé bath into immediatere.
actionwiththé wholesurfaceof thé regulator. The rapidity
with whichthe regulatingmediumcan nowrespondobviously
dependsin large degreeon thé extent of surfacewhich it pre-
sents. Thégreater thé surface,thé soonerwill thé fu!teffectof
thé changebe felt.'

Fromtliis pointof viewthé sphericalfortn of regulator,
which presents thé minimumof surface,is clearlythé worst

Wetriedat firstvadoMstiffetsofthecentrifuge)type. Themotion
whichtheyproduceinthebathislargelya rotaryone. Forthepresentpur.
posetheyaremuchiofcriorinpointofefficiencytothesimplepropeller.

!nthéJonma)ofthéAmericanChemicalSociety,t<)o),page330,S.W.
Younp;callaapeciatattentiontothispointinabriefdiscussionofthennostatic
sensitiveness.Hedistinctlystates.however.thathemadexoexperimentsin
thisdirection.

We<)een)it notituproperin thisconncctiontomentionthat webad
alrendybeentestingthétubularfonnofregulatorforseveralweeksbeforethe
appeanmeeoftheertMementioned.
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whichcouldbechosen. Thé usualshortcytinderislittlebettet.
In each of these, the great bulk of the mediumis withdrawn
fromthé directactionof the bath, and, except in the case of
tnercury,which is a good conductor,must be heatedby the
slowprocessof convection. In the presentapparatusthe regu-
lator is tubularandis woundfor convenienceinto spiral form.
Thé glasstubiugemployedhappensto haveaninterna!diameter
of 5~ mm and a total length of four meteri,. Its internai
capacityis thereforeabout90 ce, and the area of the surface
whichthe inclosedHqnidpresents is not far from 700 sq cm.
Thé sameamountof liquidin sphericalformwouldhavea sur-
face less thaa oneseventh as great. Still smaller internat
diameter,withor withoutincreaseof length wouldbe entirely
practicableaud proportionallyadvantageous.

Agtassregulatoris opento objectionon the ground of its
lowthermalconductivity. In this respectmetal tubing would
give better results. On thé other hand, the transparencyof
glassisa factorwhichmorethan offsetsany advantageswhich
tnetalmightoffer. It permitsa icadyinspectionofits contents.
For onething,theregulatormustbeentirelyfreefrombubblesof
gas,howeverminute. Their compressibilitymakesaccuracyof
regulationimpossible. Their presencecouldnotbe detectcd in
a metalexceptperhapsindirectlybytheireffects. Inglassthey
canbe locatedat once.

The bubblesarenoticed,if at all, withina few hours after
thé regulatorbasbeenfilled. They seemto be due to the film
ofair whichadheresto thé surfaceof theglass. To avoid them
the newly6!tedregulatorshouldbeallowedto standsomehours
beforeuse. It is then to be emptied,thoroughlyrinsed, and
carefullyrefilled. If the nqnid employedin thé regulator is
capableof dissolvingair at al], it is wellto have it freshlydis-
tilledbeforeuse.

Whateverthe materialof the regulator may be,thé walls
ought to beas thin as is consistentwith strength and rigidity.
Thickwallsonlyserveto hinder free interchangeof heat be-
tweenthe bath and thé interior. In this respect thé present
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regulator is capable of considerableimprovement. Its walls
measurei mm in thickness.

2

Whenthose conditionshave been secured which provide
in high degree for promptnessof responseon the part of the
regulator,thé next factorsto be consideredare thosewhich pro-
ducea large linearmotionat the cut-off.

(a) Thef<?~ –Theouter limbof the U is greatly
constfictedto fonn partofthe eut-off. Its interna!diameter at
that pointdoesnot exceed1.3mm.

(b) ~MM~–The large volume of the spiral, already
statedas approximately90 ce, also contributesgreatly to the
endin view.

(<')7X~i~~M~.–Mercury,though an excellent conduc-
torof heat,seetnedto us undesirableasa regulatingmediumfor
tworeasons. Its coefficientof expansionis low and its high
specificgravity appearedlikely to endanger thé safetyof the
spiral.

Organic liquids possessin generala coefficientof expan-
sionseveraltimesas greatas that of mercury. Unfortnnatety,
thosewhosecoefficientsare the highest, such as ether, methyl
andethyl bromide,methylformate,etc.,are unavaitabtebecause
of their lowboiting-point. Ethyl alcoholwas finallychosen as

promisingon the wholethebest results.

3

Z~M~MM.–Perfect insulationa!one wouldsecure con-

stancyof temperaturein a closedsystem. In practice, insula-
tion is ableto do no morethan to reducethe speedwith which
changeof temperatureoccnrs. Fortunatelythis issufficientfor
thennostaticpurposes. If thechangesoccurslowlyenough,the
regulatorbas time to feelthemandto reactbeforetheallowable
limit of variation is reached. To secure this resultwith the
present thermostat is a simplematter. We simplywind the
sidesof thé bell with bandsofcottonbatting about an inch in
widthandthickness. Withthis arrangementonecansecure at
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will a viewof any portionof the interiorby simplypushing
apart the bandsat the properplaces.

The topof the bath bas never been shieldedat all from

radiation,a!thoughit exposesa surfaceofmorethan tooosqcm.
In f.(et,it isonlyfor thé nnestworkthat insulationon thesides
is required. Withoutanyinsulation whatever,thé thermostat
will functionatewithin one-hundredthofa degree,as has been

provedby actualtrial aad this too in a room where the tem-

peraturesometimesvaries 10-12 degrees in thé courseof the

day. (Comparealso~).)

4

Whiteit isdesirabletoshielda thermostatfromsuddenand

irregular!ossesofheat, it is muchmoreimportantto avoidsud.
denandexcessiveinflow. Sluggishnesson the partof théregu-
latorandexcessivesupplyof heatare thé two radicaldefectsof
thermostatsin general. It isobviousthat both of thèsedefects
workin thesamedirection. Both tend to produceoscillationof

temperature. Wheneverthe inflow is excessive,thé cut-off
closesentirely. Onceclosed,it remainssountil the temperature
of thebath,in itsdownwardcourse,has sunk again belowthe
normal. Whenit doesopen,it openswide. Anotherexcessive
inflowfoUows,with thesameresultas before.

It is unnecessaryto saythat the oscillationof temperature
thusestablished,whateverits amplitudemaybe, is fatal to fine.
nessof regulation. It willbe noticed,moreover,that the very
pointsof constructionwhich are usually well providedfor,
namelythosewhichproducelarge linear motionat the cut-off,
are preciselythosewhichtendto perpetuatesuchan oscillation
whenonceestaMished.

Whatis requiredfor accurateresults is a throttling" of
the inflow,notan alternateopeningand closingof the conduit.
Almostas muchheatought to be flowingat aUtimes as will
sufficeto counteractthe lossby radiation. Ail that shouldbe

requiredof theregulatorisa quick control of the slight addi-
tionalamountneededfrom time to time. Attention to this

point woulddoubtlessincrease thé efficiencyof a!most any
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thermoregulator. Severalfactorsmake such a throttting pos-
sible.

(a) 7~' /A<M/ ~A~.–As a source of heat for fine

thennostaticwork,thé gas Rameseems quite unsuited. Thé

rapiditywithwhichgasnowsthroughan aperture makes fine-

nessofadjustmentdifficult. Veryslight increasein thé aper.
ture makesa relatively large change in the amount of gas

whichpasses. ThédtiHcuttymaybe avoidedby thé useofelec-

tricity or warmwater as the sourceof heat. For reasonsof

convenience,wechosethe latter.

(6) 7~~er<<~ of the~Af~. – A studyofthé properre-

lationbetweenthe temperatureof the vehicle and that of thé

thermostatled to interestingresults.

It hardly needsmention that thé water of the reservoir

must alwayspossessa temperaturesomewhathigherthan thatof

the bath, in orderto counteractradiationfrom thé latter. Thé

differenceamountsto a few degreesonly, and dependsupon a

numberof factors,but moreespeciallyupon thé effectivenessof

thé insulationof the bath, thé sizeof thé water conduit FPL,
and thé pressureunderwhichthe waterf!ows.

Nowwefind that abovethisminimumworkingtemperature,
whateverit tnaybe,there is a considerablerange within whieh

the precisetemperatureof théfeed.wateris a matterof indiffer-

ence. Withinthis range,the temperatureof the thermostatre-

mainsexactlythésame,no matterwhatthat of théreservoirmay
be. Withinthis range,thé regulatorthrottles. Justas soon as

this rangeis overstepped,in other words, when thé accession

ofheat whichfollowsa sliglttincreasein thé sizeoftheopening
at thécut*oHnotablyexceedstlie realreq~irement,the throttling

suddentyceases. The actionof the regulator becotnesat once

oscillatory,and théreadingsof thé thennometerswingrapidly

up anddownin sympathy.

Fig. 2showsquiteclearlythe effectof this sudden transi-

tion fromthrotttingto alternateopeilingand closing. In the

experimentthereHtustrated,thé temperatureof théreservoir,-
shownin the upperportionof the diagram,-was allowedto rise
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~1"'1.c.t'nn~"o" vhinh l.m in hhw ,()"hh,t"-
steadily. That of the thermostat, whichlay in thé neighbor-

hood of 26°, remainedfor a time perfectlyconstantupm~thé

samethousandthof a degree. This sectionof thé curveendsat

the pointA, Onlythé last fiveminutes(Ifit are shown.

Onthe otherhand,whenthe températureof the reservoir

passed~°-36°,constancyinthé thermostatceasedandthecnn'e

becamebroken. Notonlyso, but thé oscillations,which now

occurredcontinuot<s)y,becameconstantlygreater in amplitude
as the in8owingwaterbecamehotter.

At 6o'6t° (B)thegas Rameunder the reservoirwa.sex-

tinguishedand the temperatureof the feed-waterfell. This

wasthesignalfora reversa!in the curveof the thermostat. In

general,thé oscillationsdecreasedin amplitude, though not as
_1__1_.
~dictctt,meva~tHfn.tVt~am.~n-M.y~~

regularly as they had pre-

vionstyincfeased,and they R-

naMyceasedaltogetheras sud-

denlyas theybegan.(C). Thé

temperatureof the reservoirat ]
this point was about two de.

grées lower than at A where

the oscillationsbegan. From

this time on,the temperature
ofthe thermostatremainedcon-
stantagainuntil that ofthéres.

ervoir feU belowthe working

range. Onlythefirstfewmin.

utesof this periodare shown.

One cannot fail to notice

howeverthat the température
of thé firstperiodof constancy
in the thermostat is not thé

satneas that of thé second. It

is lower in tact by four thousandtbs of a degree. The

explanationof this differenceis simple,though not at once

apparent. It lies in the fact that any considerablech&ngc
in the temperatureof the feed-wateris felt more quickly
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in the conduitthan in thé walls of the U which envelopsit.
The wallsof that portionof the conduit(A', Fig. 3)which!ies
belowthe joint Dexpandor contractearlier than thé wallsof
theenvelopeB. Whenthe temperatureof the feed.waterbeginsto rise, forexample,a difïerentia!expansiontakes place,which
resultspracticallyin thnisting the cut-offslightlylowerinto thé
constrictionC. This meansof coursethat the températureof
thé thermostatmust fall somewhat. On thé otherhand,if thé
temperatureof the feed-waterfalls, the end of the conduit is
slightlydrawn up with referenceto thé constriction. Its posi.tion being higher,the temperatureof thé thermostatmustrise
beforenormalflowcan be reestablished.

Thèsechangesof ievetare exceedinglyslight, to be sure
but they are ttnmistakable. Onestriking manifestationof their
results is to be observedin the suddenelevationof the entire
fieldof oscittationin thé curveof thé thermostatat thé pointB,
wherethé heatingof the feed-waterendsandthé cootingbegins.To the left of B, the entire lowercurvein fact is to be thoughtof as lying slightlylower than it wouldif the reservoirtemper-
ature werestationary to théright,as stightlyhigher. Thé true
positionof Mo~M/<-<w~<M<yis accordinglyneitherthat of thé
firstperiodnor thatof thé second,in thediagram. It undonbtedtylies A and C in a verticalsensé,not far from1.152°as
readfromtheBeckmann.

The effectofchange in thé températurein the reservoiris
shownin anotherwayin Fig. tn this experiment,astationary
periodis followedat A (upperhalf of thé diagram)bya rise of
nearlyfivedegreeswhich endsat A'. Then afterthirteenmin.
utes of stationarytemperature, there is an e)evationof threc
degrees. Later still three degreesmoreareadded. For a min-
ute after thebeginningof eachrise, noeffectis noticeablein thé
thermostat. A certainamountof timeis requiredforthé newly
heatedwaterto reachthe eut-on. Then there begins in each
casea rathersteepfallof somethonsandths,followedat oncebya somewhatsiower recovery. In every case the restoration
of stationarytempératurein thé reservoirmeansthé recoveryof
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constancyin thé thermostat. This recoverymoreoveris exact.
Whetherthé stationarytemperatureof the feed-waterin the ex.
perimeut lay at 41. 46°, or 52.3, the thermostatreturned
faithfullyto the samethousandth,beeauseat! threeofthèse tem.
peratureslie within the workingrangeatreadymentioned.

Whenthe temperatureof the reservoiralternatesbetween
fallingand stationary, just thé oppositeeffectis prodnced. ln.
steadof thé depressionsshown ia Fig. 4, correspondingeleva.
tionsare obtained in thé curveof thé thermostat. There is no
other differenceso longasthe temperatureof thereservoirkeepswithinthe working range.

(C). J?~<OK in the reservoir. It foUowsthatallcoarse
Huctuationsin the temperatureoï the réservoirshoMtdbeavoided
if one wishes to eliminate thé last readablevariation in thé
thermostat. This means,in thé first place,that the reservoir
also must be provided with a regulator. Asamatteroffactweemployfor this purposea portionof a regulator originallyintendedfor the thermostat, which was accidentallybroken.
Its capacityis onty 50 ce.

The efficiencyof the tubular typeof regulatoris iHustmted
herealso, in an unexpecteddegree,under very adversecircum.
stances. Although the reservoiris oftnetal,painted black and
entirelydestitute of insulation,althoughthe sourceof heat in
this caseis an unprotectedgas name,whoseHuctuationsin size
are verynoticeable,andalthoughthenature of the regulation,as mighthave been expectedunder thécircumstances,is strictly
osctUatoty,neverthelessthe maximumvariation,at atemperatureof 50°,doesnot exceedone-twentiethof a degree.

It is not at ait necessaryto thé endin viewthat the regu-lationin the reservoirshouldbeas fineasthis. Wehavereason
to believethat a variation of half a degreewould be entirelyadmissible. As the allowabletimitofvariationhoweverdepends
onthe amountof differential expansionof the conduit and its
envelopebetween the pointsD andC(Fig. 3),it followsthat the
shorterthe tongne A' can be made,thé better. This isa point
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whichdidnotoccur to us till thé present regulator wascom-

pleted. It is afterall ofsecondaryimportance.
Thé regulatorin théreservoirhavingsecureda reasonably

stationarytemperaturein the feed-wateras it enterstheconduit,
fluctuationsin the conduititselfare avoidedby suitableinsula-
tion throughoutits entirelength,andalso by using in its con-
structiontubingof narrowbore. Thé more rapidly the feed.
waterpassesthroughto the thermostatthé better.

But thé temperatureofthé feed-wateris not the only cir-
cumstancewhichaffectsthe amount of heat admittedto the
thermostat. Thevohnneoftheinnowisalsoafactor. Precisely
the samedisadvantageswhichfoUowthe introductionof water
whichis toohotcau be producedby too copionsan amount.
Attentionmustbe paidthereforeto théconditionswhich affect
the amountof flow. Oneofthèse is the head of the 8ow,
andanother,thésizeof théaperturebywhich thé water leaves
the conduit.

(D) Z~?~w<?~a'a/~ /M' – Aftefanumberoftrials,we
foundthata differenceof levelof 10cmbetweenthewatetin thé
reservoirandthat in thé thermostatwas ample for the main-
tenanceofa temperatureof 30° in thé latter. If the temper.
ature tobemaintainedwereconsiderablyhigher, this difference
wouldhaveto be increased. The preciseamountof head in

anygivencaseiseasilydeterminedby trial.

The constantlevel attachment to thé reservoirand the
overHowfromthé thermostathavealreadybeen tnentioned.

(E) Theorifice. Thé conduit at its lower end is capil-

lary. Its sizeat thé orificemay best be indicated by thé fact

that it allowsthépassageof water, under a head of 10cm,at
thé rateof80-100dropsa minute.

It chancedthat thé annular spacebetween the end of thé

capillaryandifsenvelope(C,Fig. 3) was very shghtty smaHer
than thé bore of thé capillary itself. This circumstance

affordsa decidedadvantage; for when the mercuryrises too

rapidlyin theconstriction,- as it will usua!!ydo at thé begin.

ningofa nm,beforethé regulatorhas settled down to normal
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Wftftfincf–!t f!<Me!n~ftthn tn~nt tt.~–n-working, it risesinto the interiorof thécapillaryitselfinstead
of aroundit. Thé advantageliesin thefactthat thésubsequent
fall of the mercuryis in thé directionof thé water.pressureand
not against it. There is accordinglyless danger that sntaU
globulesof mercury shaUbecomedetached,and lodge in the
constfietionor above it, awayfromthémainbody.

It maynot be uninterestingto note the manner in which
thé thermostattakes up its normal functionsat thé beginning
ofantn. This is representedinFig.5. Whenthétempératured <1.

ts snti oeiowmat ot nnat constancy,
the feed-waterflowsunchecbedexcept
by th<:narrownessof théconduit. Thé

temperature,measuredin thousandths,
goesboundingupward,passesthé nor.
tna!pointA bya fewthousandths~falls

again byradiationtoa point verylittle
belowthé same,and UnaUyrisesto the
normalat B where it remains. The

experimentwhosereadingsare repre-
sentedin thediagramis fairty typical.
It is a rare occurrencewhen the tem-

__111. .t. s- t n v ·
pemturecrossesthé normallinemorethantwicebeforebecoming
constant.

Asto thé tength of time during which this thermostatis

capableofmaintainingconstancyof temperature,weare able to
hazard noconjecture. As wasstatedat thé outset, the instru-
ment wasnotconstructedfor the study of thermostaticcondi.

tions, uor to test thennostatic efficiency.It was neededfor
actual use,and such testsas havebeen tnade are for the most

part incidental. The longestrunso farmadelastedfour hours.

Duringthe first twohours, readingsweretaken every minute
during the last two,everythreeor fourminutes,at convenience.

~<?~' 0~ /~M~~M~~ was MMC/AMM<!M07A~a de-

gree. It m<tybe that anotherhour or twomighthavebroughta

change,as thé mercuryshowedsignsof a tendencydowuwards
towardthecloseof the run. This was due, however,iu our
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opinion,notto any irregularity of function in the thermostat
itself,but tothe lodgmentofa minute quantity of sedimentin
thecut-off,attributable to imperfectfiltrationof the city water.
Partialstoppageof the cut-offbetweenthe tip of thé capillary
andthesurfaceof thé mercurywould force thé mercuryto a

slightlylowerlevel in order to maintain thé same amount of
flowasbefore. This lowerlevelwouldof course correspondto
an equivalentfall of temperaturein the thermostat. Unless

changesof temperatureare to be read upon some thermometer
moresensitivethan thé Beckmann,it seemshardtyworthwhile
tosearchforthé causeof a fall which amounts to less than a
thousandthofa degree.

The mannerof regttlationwhichthis thennostatexhibitsis
oscit!atoryaftera!L Butit is needlessto say that the oscilla.
tionsare notof the coarsetype discussedabove. Undernormal
conditions,the thread of thé Beckmanncan be seen to move

altematelyupanddown,but not by an amountsunicienttowar-
ranta differenceof readingin the third placeof decimals. Thé
amplitudeof thé oscillations,in other words, is less than one
thousandthofa degree.

Besidesgreat constancyof temperature,one other serions
demandwasmade upon this thermostatby the inquiries to
whichreferencebas beenmade. It wasverydesirable that its
regulatorshouldbe capableof rapidand accurateadjustment,so
as tocorrespondto any temperaturewithina considerablerange.
Thèsetworequirementsseemat first thought antagonistic. A
changein thetemperatureof the thermostatinvolves a change
eitherin the volume of the regulatoror in thé massof alcohol
whichit contains. In eithercasea joint is necessaryat some
pointin theregulator,anda joint involvesa possibilityof leak-
age.

At firstwesought to utilizesomesort of plunger or screw,
whichcouldbe made to penetratemoreo: less into the regula-
tor andsochangeits volume. But it soonbecameapparentthat
anyjointtight enough to retain alcoholwassubject to a slow
processof readjustment,lasting for a considerabletime after



ï34 Bradley~of~. Browne

each movementof the plungeror screw. This involvedvexa-

tious delays.
On the otherhand, wehardtyexpectedto find any simple

glasscockby meansof whichthe alcoholin the regulatorcould

1
be increasedor decreasedat will, withoutdangerof leakage. In

this, however,wewereagreeablydisappointed. Sucha cock is
shownat M in Fig. i. There is absolutelynothing peculiar
about it. It is just sucha oneas everylaboratoryaffords,o;)!y
itappears to havebeengroundveryperfectlyindeed,whetherby
accidentor otherwisewe cannotsay. It eertainty required no

grinding at our hands. With the aidof the leastbit ofvaseline
as lubricant, it turns smooth!yanddoesnot leak.

Abovethis cock,the tube of thé regn!ator is continued to
a length of about 10 cm. This prolongationcontaiasat all
timesa certainamountof alcohol. The addition of a bulb at
this point wouldbe advantageousasan alcoholreservoir.

To set the regulatorat any given temperaturebelowthe

boiling-pointofalcohol,thecockisErstopened,andwater,either
hot or cold,as the casemaybe, is added by hand to the bath
until the desiredtemperatureis reached. Effectivestirring is
maintainedmeanwhileas a matterof course. By the aid of a
rubbertube, oneendof whichis slippedover the open end of
thé regulator above the cock, while the other is held in thé

mouth, sufficientair pressure is exerted upon the alcohol to
raise the mercuryin the U up to the orificeof the feed-water
conduit. The cock is then carefullyandsnuglyclosed.

As the feed-wateris eut offfora momentbythis procedure,
thé temperatureof the thermostatmust fall slightly beforethe
flowis reestablished. But oneeasilylearnsto makedue allow-
ancefor this during the additionof thé hot or cold water, and
is thus able to adjustthéregulatorwithinoneor two hundredths
ofa degree.

It only remainsto add that wheneverthe thermostatis a!.
lowedto coo!oSat the endofa day'swork,the cock M should
beleft open. Otherwisethe contractionof the alcoholmightbe
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sufficientto drawwateror even air past the mercuryseal into
the spiral. In the latter case,~hich is muchthe moreserions,
it is neeessaryto disconnectthe reservoirat P, taisethé regu-
latorbodilyoutof the bell, and bygiving it a peculiarspiralor

wobblingmotion,workthé air bubbledownwardtiHit enters
theverticalportionof the re~ttator and escapesbythecock.'

One otber.bitof tnanipuïàtionis sometintesnecessary. Oc.

casionallythroughcarelessnessor-inattention,especiallyat thé

beginningofa n<n.a little mercurywill becomeseparatedfrom
themain bodyand lodgetn the wedge-shapedannularspacejust
abovethe endof thé capittary. Whenthisoccurs,oneshutsoff
thewarmwaterat G, and disconnectsthe joint P. Then, by
meansof the rubbertube, as already described,one impartsto
the wateraroundthé capillarya suddenbackwardmotion.This

usuallydislodgesthe mercury. If insteadof joiningtheparent
massbelow,the merchryis drawnup withinthe capillary,it is
sureto descendagainas soonas connectionsare madeand thé
flowof the feed-wateris reestablished This operation,though
simple,involvesa resettingof the regulatorat thé temperature
desired,and unfortunatelythis cannotbe donewithabsoluteac-

curacy.

WesleyanMxf~'K~
Jan. /~o?.

Throughout this article we describe the thermostatas il By pro-
vidiogeach timb of the Uwith a bulb of suitable size, one might easilyavoid
all danger of dtawing watef or air into the spiral, thereby secmiMj;absolute

pemianencyof adjustment.
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The well-knownphaseruleofGibbsassertsthat an n-com.

ponentsystemhavingr coexistentphasesin a state of equitib-
num has

ft+2–f r

degreesof thermodynamicfreedom. When,forexample,a two-

componentsystembas four coexistentphases,the equitibrium
valuesof the pressure,the teMperature~andthe relative masses
of the componentsareconstants whenthreephasescoexistone

of thèse quantitiesis independentlyvariable,the others being
functionsof it whentwophasescoexist twoof the quantities
are independent while,whenonly one phaseremains, the
vatues of three of the variablesmustbe assignedin order that
the state of the systemmaybedeterminate.

For conveniencein diseussingphaseequilibria,1 proposed
a few yearsagoto tenn the number

H+2–~

the "variance of the system;and so to distinguishbetween

Il nouvariautstates", "monovariantstates",etc.when the vari-

ance in zero,unity, etc. Nowthat thisnomenclatureis becom-

ingsomewhatwidelyused,asby Bancroft,Duhen),Roozeboom,

Saurel,and otherauthors,althoughnot alwaysin exactly the
sameform,it will bewellif a setofsuitabletermsnan be gen-

erallyagreedupon. 1wouldthereforesuggestthat the number

? + 2–~r

bestill termedthe variance ofthé systemtowhichthe letters

relate and that when the varianceis successivelyzero, one,

twj, three, and morethan two,the systembesaid to be in an

Invariant,
Univariant,
Bivariant,
Trivariant,
Multivariant,

THE NOMENCLATUREOF VARIANCE
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state. Onewouldthus speakotone-component,two-component,
etc. systemsin invariant,univariant,etc. states; and, incident-

ally, avoidthe use of the veryundesirabletenn, a "y-vafiant
systtm.

The nomendatttreheresuggestedisso convenient,and so

decidedlyan improvementonits originalforminwhichawkward

orhybrid words tike "nonvanant" and Il monovariantwere

used,that it wouldseemto be worthyofgeneraladoption.
CornellMt<t~7f
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DieTheoriedeeBtetacMmeia~te. ~y fW~ncA Co<Ma~t'. X w,'

~M. /~)!M~M<'<Ht~M~oo/. /~)f<<cMa~–Thitisan

attempt,andaveryinstructiveone, to treat thé lead aceumntatof fromthe view-

point of the etectfotyticdissociationtheory. Thé headings of the ehaptersare
ehemica)theoryof the ceU thermodyaamictheoryof thé cett osmotietheory
of the cett changeofthe eteettomotiveforce withthe strength ofaeid; change
of thé electrodepotentialawiththe strength of acid temperature coefficient

effectof externat pressure; behavioron charging and d!:chMg}ng reversi-

bility feactiotteon open circuit internat resletance capacity current and

energyefficiency reactionsin the celt dating formation methodsof measure-

meats.

Thé author bas donc his work well, atmo!fttoo weU. Everything is ex-

ptainedwith sucheasethat onebasa tarking suspicionthat perhaps we have

not been to)d everything. Thebookis rather too much like a trip through a

chemicatworks.

Asa matter offact, this Ctiticim)Is not uttjust. Many of the dMtcutttes

cited by Schoopare ignoredabsotutety. One reasonfor this is that the rever.

sibilityof the cell practicallythrowsout most of the other exptaaattons. !H

the last resort, however,the questionof MveMibi!itytesta ou thé application
of the Helmholtzfonnula,andno proof is giveu that the Helmholtzfonnula

appliesonly to reveMiMecells Until this proofis given, the conclusionscaa

not beaccepte))as final. Tworeversedcalomelcells give very satisfactoryre-

sults accordingto the Helmholtzformula,but it is very doubtful whether they
are strictly reversibleexceptforzeroeurreat. ~<7~~ D. Faa~'o/]!

OuMnesof EtMtKthembtty. By Harry C. /MM. /7 X (tw /o6.

New t~ D. ~r/<A~~<'aa~C?M~<tMy,~oo~. /Mf< AoM«<<,%jo.–ThiB
is a reprint of a seriesof articlespublishedin thé ~'<c<r<f<~~«w. The fol-

lowing are the headingsof the ehapters introduction osmotic preMwe

theory of electrolyticdissociation some appUcattonsof the theofy of elec.

trolyticdissociation etectrotymeand theories of etectrolysis (two chapters)

velocityof the ions; conductivityof sotutiona (two chapters) catcutationof

thé electromotiveforceofelements(three chapters). Thé ptiee seemsMgh.

4 Wilder D. F<!«<

Jahrbueh der EteMtOthemte.~fnfA~ ûber die Fortschrille des y~w

igoo. ~y A~nM<and W. ~c~~t. ~aA~a~. 16X cm

M«+~9o/ ~<!«<'a~:<~<M~MA'))a/7{)o/. ~-t~tv.~tw~.–
This is distinctlythe beatvolumeof the series. The reviews are longer than

heretoforeaad morecarefullywritten. The onty criticism to be made )s that

the pure and appliedparts havebeen worked out without sufficientreference,

one to the other. Thus KtMenbeTj{'texpenmenta on thé précipitation of

lithium f)'ompyridinesolutionsappeartwice and the ~Me h true for the cnt

of Lob'sstirrer. Thesethings increasethe sizeof thé volanteunnecessarity.
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Tite most interestingpointela the volumeare perhaps Richards'a study of

thé slivervottameter,Gouys investigationou the maximum surface tension,
Foerster'swork on thecbloratefonnation and thé experimeats of Haber and

otberson thé réductionof nitro-compounds. It is worth noting that KaMen-

berg'aviewin regardto theeour tasteof acidsodiumsa!tsis snstained.
· <M~<fD. ~<«~

ModemChetatatty. By William ~w~. Part y%w?/ta! /M

~f~~a~f. ( 7~ Temple/~w~t) 9 x M' and /p7. New

~< 7!t~~/«~M7/M Company. «~ </cM, f~& MfA.–The

&Mtvolume gives a sketch of theoretical chemistry. Cttaptor deals with

elements, phtogiMo),discoveryof oxygen, combiningproportions, Daltou's

)aw, Gay'~ttssae'e )aw of volumes, AvogadM'ahypothèse, atomie weights,
molecular weights, Dulongand Petit's law, cquivalents,iMmorphism. The

sewod ehaptet Mdevotedtogaseousand OMnot!cpressure, the laws of Boyle,

Gay-Lusiac,Pfefferand Raoult. ïn thé third chapterwe team aboHtdissocia.

tion sud aboutolectrolyticdissociationor ionisation. The preparation, classi.

ficationand vatencyofthe elements,and the structuralfommtaa, ctasst6cat!on

and nomenclatureof compoundsare discussedin thé fourth chapte)-. In thé

fifth chapter the subbeadsare methods of detenuitting the equivalent and

utolecularweightsof the elements,allotropy. ttmmerisn),potymerisn),optical
and cfystaHogtaphKisoMMnsm,Mereoteomensm,tanto~erum eoastitate the

sixtb chapter, while théseveath,and lastchapter,deats wititenergy.
The second volume is devoted to <ywten)atiechemistry. A preliminary

chapter on methods ofpreparingelementsand ontheir physical propertiesand

cottstaatshfoHowedby chapterson the hydrides hatides oxides and sut-

phidea; nitridesandphospMdeB;boridtN.carbidM.andsilicides; anhydrides,

acids,and satts a)!oya.
The préparationof hydrocyanicacid by distillation of ferrocyanide with

sulphuricacid dependson the relativevolatilityofthe twoacids, not on thé re-

lativestrength~as thé authorseems to impty. It is a pity to confusethe ques-
tion of what constitutesacomponadwith thé questionas to wbat cotnpoands
exist in solution. Wilder D. ~MC~

tee Carburesd'HydMgene,tS~t-taot. ~tAfrfAM expérimenlales. By
M.Berthelot. /eX~e" AWï.'CaM<AtM'-MMaM, ~f<-tf-

~~<a/<'i~<)!~M~M<fA~~M. /f+~ ~0/M

carbures pyrogène. Nwt ~t!~tM. pp. <~c/.77/ Combinaisondes

carbures ~<M < l'hydrogène, /'0.t~'A~, les ~X~~ </ /'«!«.

156. /~< paper, ~/h!'«ï. – This Ma collectionof the papers on this snb-

ject pnNMtedby thé authorduring the last 6fty years. The first volumeiode-

votedtothe ayntheMsofacetyteneand the polymersof acetylene; to the er-

plosivepropertiesof acetylene;totheaynthesisof metliaite, ethane, ethytene,

etc. to thé aynthesisoffonnicacid fromearbonmonoxide; to thecombination

of acetyleneand nitroget),oxygeu,thé halogens,and with ntetaHiccompottnds.
The secondvolumebeginawith a studyof theaction of bigh temperatoree

on hydrocarbonsandcloseswiththe investigationson propylene,trimethy!ene,
the terpenes,camphor,etc. The third volumedeatBwith thé generalformation
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of the derivativesofhydtocarbons,subdividedinto hydrogentMtioa,oxidation,
and eynthesisof atcohots.

The wholeconstitutesa monumentalwork,the importance of whiehMnot

fully appreciatedevenyet. Thèse investigationsof Berthetot'a are hoand to
fonnoneof the baséefor the scieati6c organic chemistry of the future. The
work wiUhaveto be repeatedwith moreanefut observationof conditionsand

timits. but that !s true ofaMorganiechemistty. This work of Berthelot'aieex.

sentiallyqualitative,but :t ittatongthe right lines, a line from whichorgtttic
chemistfy basdiogfetsed. Wilder D. FaH~o/if

tMte)'e!MOtMtmMt<HL~t'M~t~a~A'A'aK~. ~x~cM. A~<t.-
~S<M ~<'Wa~. /~o/. – Thia h a collectionof thé hvesttgatioM puMbhed
during the years tS~S-t~oofromthe chemica)department of the Uniwniityof
Padua. Uadet'theguidanceofPmfessofNasit)!, thirty papem werepublished
dealing withail M)-teof subjects,in phystcatehemMtt-y,inorganic and organic
chemiatry,aMtyticatchemistry. tt hatt iatefestingteadittgaod Manévidence
of the sc!e)tt:6csettvity !n Itallan uniwertities. ~ï/o! FoM~~

The ElectromotiveForceof Nttata ta CyanideSotatiM*. XB.eXw(f.
X cm; Berkeley,~~o. –Thie pampMetN a bulletin of the De.

partment of Mioiagand Metatturgyof the UniveMityof Californiaand Mte.

printed fromthe Transactionaof the AmericanïnstitMteof Mitting Eagineers.
fheaathor ha*madea uutnberof measufemeatson the potentialdMeMMMbe-
tween metals and potassmm cyanide solutionsof different strength). tn 6.s
petKCN Mettons, gotd gives a greater potential diCeteace tban silver, lead,
mercury0)' iron, but a tcMeroae than zincor copper. In solutions containing
0.0065pet KCNgold stands tn thé series below everything except mercury.
Specialexpérimentashowedthat even in tbeptesenceofair, solutionscontain-

ing less than o.oot pet KCN do not act upon gold strips. In concentrated
solutionsof potassiumcyanidesaturated withoxygen,gotddissolveslessreadily
than in moredilutesolutionsand the authorshowsthat this is due to the de-
creasedsohtMUtyof oxygen in concentratedcyanide sohttions. Taken alto.
gether. this is a most intensting aad instructiveinvestigation.

~< D. FaNf~i'

BtiefwetiMttzwisehenJ. BerzeliusundF.WentM.<M<4t</7<-a~~A~)!<
C~eto~ ~tw~fA~M ~< C<~<< ~7 <.<~MA~MWM/<t~-von

MM~<tM<t.~f~<M von 0. ~<Mt. /6 X ~Fa~
.~M +7~ za'<.)'~f~< 7~. Leipzig: ~ï~/M ~~waa~. ~o/.
~t'f< laper. <OtM<<.46 M< –Thèse volumes fill out the gap in the
publicationof thé letters whichpassedbetweenBerietius.Mehig, and WoMe).
Thoseof Liebig andWShter have long been fatttttiar: those of BerteHttsand
Uebig appeared in t~. These three booksshould lie on every chemitt'a
shelves,and what is ntore. every chemist should read them. The three men
whowrotethemare notonlyanmngthégteatestofchemists.but they affordthree
types of scientificmind, as different frontone another as can be imagined.
Histoncatty. Berzeliusis thé most impressivefigureof the three, as he is one
of the most impressivein the historyof science; but if he is impressivewhen
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viewedin hhtrelation to the deve!cpmentofchemistry,he te none the less so
when seenfrom a more intimateside. WShter'sattitude towardshim was ever
that of pupil to master, and rigbUyso hewas,as WoMer often calla him, his

fatherty friend. There was,it Mtrue,at yearsdifference ln their ages, but

the relation must have beenthé samehadthey beenof tike âge for the mind
of BerxeHuewason a plane of surenessaad individuality to which bis gifted

pupil never attained. Asonetumt overthemany pagepof these volumes,it is
to the letters of Berzeliusthat one comesback again and again with ever in-

creasing interest.

Muchspace ln thé correspondenceisof course given to the investigations
in hand at the time. It h œtonisMngto considerthe rapidity witlswhich Ber-
zelius worked,anHthe extent of groundwbich he covered. His wonderfully

compteteandgenctatkttowtedgeofchemistryheattdbMtesmaittty to the pre-
paration of the Jahresbericbte. WoMercotttp!a!ttBof having much writing to
do. Yes, that tediou8,to besure,"repliesBerzelius, but we must admit
that without thie very writingweshouldnotafter ait grow to what we might.
If Davy, for example, had had to writewhenbe wasyoung, as you have to do

now, I am convinced he wouldbaveadvancedchemistryby a huadred yeafa;
but now, he ha<givenus nothing butbnMantfragments just becausehe was
not obligedfrom the 6Mt, to work himself)nto all parts of the science as a
whole. Write on, therefore there willcome an end to it but the

kuowledge that youacquireby tt willremain. I curse the Jahresberichte when
ï begin them but t praisethem whentheyare done,and 1 see how thé work
has inereasedmy store of facts. Thétetten of Berzeliusare fuH of such wis-
dom. WhenWobterasks aboutfittingupa laboratory,Berzeliusreplies that he

has no advice to give. Youknowyourself,that If ï have any giftin that
direction it consistain knowinghowto get slongwith what there is, and not in

arranging things weil and comfortabty,to wlticht bave neither had nor could
find meattsor way."

Il

The warmfriendshipwithLiebigandthe gmdualestrangementbetweenthem,
which one seemsto Mvethrough in readingthe Ben!e)ius.I,iebigletters, is here
seen onty in side.tights but lu the referencesto him, we can see how the old
ties break, one by one.

"I am heartily sorry when 1 CadLiebigat fault, but be loves haste too

much," writeaBetMtiasin !S~4.Ïn t~8–thinkbetter,attnost,ofUeMg, now
that we bave begun to quarret a little,thandid before forhe isaa ehild,but a
child of truth and honor.In tS~)– 1 havethe idea regarding him, that he
standamttchtower asphilosophic thon asanexperimental ehentist, in which
last respecthe takes one of thé highestplaces. Our relations seem now to be

growing somewhatdifficult t suspectthat he is much<Mspteasedwith me be-
cause 1 cannot accepthis theories. M) sorryfor that but in auchcase1can-
not removethecause. What a happy folk we menof science shoutd

be, if wecouldwashourselvescleanof thevanitythat gives us so many dark
hoMM." And tater, – 1 cannotpotsiMyunderstandhow he can, against thé

spttit of chemicaltheory, regardchknne aspart of anorganic radical.
There must be something in scientMcmatteo like whatwecallTact in social,-
a feeling that tells one what is right andproper,although the reasons may not
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for the momentbedear; and thls feeling some posseMta a high degree.
whiteothera,whomaybe giftedwithgreater genim,entirely taek it. When1
Mea wrongtheoreticalidea, ï feet)t, even thoughthé correct oae may be un-
known to me,and withoutbeing ableto makeclear to myseif that it la fat<e
just as the car hearea faieetooe This surenessof uimsetfwasthe sourceof
BerzetiM'strength,as it often wasofbis weakness. It) t84)he writes "Asa
resultof too muchthioking aad btttrowing overtheoretical matters,for which
hehaa no naturalaptitude, heseematohavegotintoaMateofaenroM
excitementin whichhe isao longerhimself,aad by which he will be rulned if
bedoesnot takea hoUdayof somelength, saya year." The idea that MeMg
wasactuallygoingmadbeeameatrongerand strongerin thé mindof Benetiesi
but the coolnessthat camebetweenthem had of courseils eau~ein their diver.
gent theoreticalviews.

HM feeling"for the cotrectnessof theoriesdid not, as we have seen,
alwaysstandhim in very goodstead. It failed him again when he wroteof
Faraday's workon the lawwhich bears his aatne,–"This work, which is in
its intentiononlytheoretical,isof aucha nanowneMof view that it hM very
machtessenedtheopinion 1 formerty had of Faraday." Indeed throughout
hls careerit maybe doubted whether the feeling for correct theoty was Mt
rather coMpieaoneby it9absence.

TheptogtMsitespintsof the Freachschool he both hated and despised.
TowardsDumashe wasever bitterlyhostile. 1 MMtconteMthat hâve long
watchedmy opportnaity to set the dogs on that chemical robber, Dumas."
Andof Laurent,Gerhardt, and mostof thé othershe thought HtUebettet. To-
wardsthe end he felt that the tideof progress in chemistry bad turned away
fromhis ideas,and this no doubt embittered bis feeling against the younger
school. H is," hecries ont in tS~, "just as if no one had readwhat1 have
preached in the Jahresbenchte ever since 1839. Cassandra'sfate bas faUea
uponme."

Pefbapathecbiefintérêt of Buchtetters astheaeMeain the revetationofthose

petsonal feelings that mayoften lead to thebe&twotk.–theiotetestand en-

coMMgementof friends,the criticismand hostilityofenemits. There is a iiv-
ing backgroundto such a careerasthat of BettctitMof which one gets only a

giimpsenowandagain thtoogh publisbed articlesin the journais. Andhe is
no less wonderfal in bis old age Ëghting for bisOMtworntheories against thé
newerview~ofUebig,and Laurent,and Gerhardt, than when he hia)se)fwas
in thé vanguardof progressthirty yearsearlier.

With MitMheriichit wasthe storyof Liebigoveragain with the dineteoee
that the formerreat)ylost ail bis Meedsin the end,andwastefta patheticfigure.
alone. He Munsatisfiedwith himselfand ai) the world," writesBerzeliusin
tS~t, and seesdangerand betrayatin everyword. Nature did not allowhim
to be simple,andby bis perpétuelaad discontentedatrivingafter influenceand

positionand a sortofdespotismoverothers, he basmadea host of enemies,and
secshimselfnow,in thé midst of annoying. eompticatedsurroundingawhieh
allowno momentof rest andoontentmeutto his spirit,becausein it ait hehasnot
thé strength to raisehimselfabovethe judgment of others, or to dectareopen
waragaiMtthem." Andagain, – Heis a strangecreature, whowouldmthe)'
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rain everythingwithhie best friendsthan carry out what he bas undertaken to
do." Andlater,Now that MitscherlichhMdeceivedme in two matters, î
hâveforhimonlythé respect,- the great respect, ï wonMsay whichpay to
the manofscience;the personatinterest basgone,without quitebeing repiaced
by distike. 1do not seornhim, but what is more and worse, he is indifferent
tome."

Warm.heartedandkind as Berzeliuswasto those he liked, he wasprobably
no veryagreeablecompanionto suchas <ttany wayannoyed him. Ilt do not
like beingtn the laboratory," lie writes, "with HanefeM and Maua.beca<Me

they are bothof them so little at home in chemistfy that they keep asking
questionscoatinoatty this incessantquestton<ngmakes me crossand short in

my replies,with the result that theydo not ask any more. but do their work

wrong, andthen 1get angry again."
Asheadvancedin life he sufferedseverety from gout sometimesbe was

bed-fiddenforweeksatatime. This ittneM and the years of incessant and

vigorous)aborbroughtBerzeMtMto old age before his time. On August M,
t839,he writes,– 1 1 amsixty yearsold to-day, and feelit too in my capacity
for work, especiallyin regard to chemicalresearches. The quiet and sgreeable
waiting forreeutts,which fofmer!ymade the p!easarein work, )s gone it d!s-
turbs menot to reach them at once,and if they do not appcar soon, the work
becomesa boreto me. 1 forgetwhat 1hâvedoneunless jot it down at once
and if do, 1forgetto coMutt my notes, from thé old habit of remembering
everything so weil. If the work branches ont and bave to notice many
things, t confusethem and my memoryplays me false, so that 1 take one for
the other. Furthermore,the summerheat hae destroyed a good deal for me,
and thé cursedniée,whichneitherpaper nor glasswi)i keepont. bave drowned
themselvesby dozensinmy solutions,orcompletelydevoured )itt)equantitieeof
animal mattertwhich1hadplacedont on watch-gtassesforspontaneousevapora-
tion." !n <&t),whenhe wasooty 6: yearsold, he comptaine.– amnowin
the time oflifewhen only the remembranceof things of long ago remains,
white that whichhappenedyesterdayor the day before,is completelyforgotten.
For this reason ï am no longer equalto any investigationsbut those simple
ones whichcan becompletedwithina few days,and !n whieh need retnember
no complicateddetails. He wasat that time busy with his investigationof
thé gall, whichhe had begun a few years before, and was slow in finishing.
Later he say*.– 1 have lost the desirefor experimenting keep on pottering,
however,withthegat), but withoMtpleasure; 1 shouldlike very mach to finish
with it beforethé years makemequite useless." Six years later he writes,
"One is no longer6t for exact investigationswith 68yearson one'e back the

eye ianot sosure, and the handsdo notobeyas they did one bas not the eamc

patience, not thé same composure,with whieh when some least thing goes
wrongwithanexperimentonemakesit again and yet again." He did not in-
deed do muchafter this and it wasin the following year, t8~. that his last

long iltnesscame. HisMientiScinterestsand his activity in writing, however,
bekept upahnostto the very end.

In hisowncountryBenetius wasa prondnent and publie-apiritedman so
that wecometo hear a good dea! incidentally, of aftairs in Sweden through
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these years.–of the choiera outbreak in tS~. of public éventaof d)ffeM))t
Muds.and of the honorswhiehwere from time to time bestowedupon himsetf.

On thewhole, the impressionof BeneH<M'characterleft by thèse letters,
is that of a manofperfectsiocerityht every act, of untiring energy in his work,
of kindty sympathywith those he !oved, ofbroad.minded public spidt, and of
that mixtureof modestywith the conscionsneosof worth wMchla so character-
istica))ythe gift of verygreat men.

Muchspaceis taken up in the letters with thé diBenssionsregarding the
publicationin German, under WShtef's care, of BeMeMMs'Lehrbuch and of
the demingswiththe publisherArnold in tMa connection.

In a))of this 1 hâvesaid very Httte of WoMer. His tettets are fullof inter.
est to him who ream for a picture of thé growth of chemistry through those
years but the intensepersonalquatity, thé picturesqueness,the lofty indepen.
dent spirit, are not there. W8Me)-'swas aquiet, atfeetionatetempérament bis
aim wasto avoidthe centemof coattict and keep the peacebetweenhis friends
too if he could. His tettereare not duM far fromit; onty one reada those of
BerzetiMSMt.

Theunderstahdingandenjoyment of the letters, which cover thé period
between t8ï4 attd 1848, is very mach facilitated by a synoptiea! index at
the beguMiag,and by many good foot-notes throughout, thé work of J. von
Braun.

On the wholetwo statety vottnnes,and mostwetcotneonea.

A. P. Saunders

Die PrincipiendM NMhMtk. ~oM~e<M<-A<-(/M~t< By ~c
~<M"y~ ~x~ ~<+?~. B. c. 7<t<~ff, /oo~.
-The Lagrangianfunction,or spectSeaHythe Lagran~ianequationsof motion,
is a means,primarily,of expressing what may be ea)!edthe Newtoniandyna-
tnics of matter with greater breadth by generaibing the coordinates. Ttte
eqnationswere,however,soonfound available by Maxwell,amongothers, for
treating the motionof other agencies than ponderablematter. Helmholtz in
his theoryof cycMcsystemsgave to the equationseven greater comprehensive.
ness, by systematicallygeneraHnngthe forces,thé momenta, the acceterations,
velocities,etc. Thus forcesand energies and worksare allied to the usual con-
ceptionsonly in mathematical form. The forcesmay be ordinary forces, or

they maybe torques,or electromotiveintensities the momenta may be elec-
troMnettc while e!ectne otrrent&occur like velocities, self-inductionslike
momentsof inertia, etc.

Kônig)berger,fot)owtngHe)mho!tzand Hertx in his developmentof the
doctrineof concealedmotions,proeeedstoinvestigate in tike manner, system.
atically,aUthe usual principlesof dynamies. Begianingwith D'Atembert, he
treats in turn Lagrange'sequations, Hamilton's principte,the doctrine of ~n.

ergy, Gauss'sprincipleof least constraint, Manpertnis'sprincipteofleastaction.
the principleof areas, of the motionof the centreof mass, Helmholtz's princi.
pte of concealedmotions,the general doctrine ofpotential, and thé equationsof

Laplaceand Poisson,not to mentionother relevantmatter.
To enter into a non-technicatdiscussionof thèse subjects seemsont of the

question. KSnigsbetgerexpresstydisclaimaail intentionof deducing proposi-
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tions witha direct bearingon the physical oniverse. It Is pnrety thé broa')er

mathentatieatdevelopmentwhich fascinates him. To the reviewcr, thb dis.

claimerseemsoverdmwn. AnySystemof dynamics whichcontains thé New.

toulau worldas a speeia)case h likely sooneror later to lead to newpointe of

viewwhenthe specializationis made. W!tM~s,for instance, thé interpréta-

tion reachedof Weber'selectrodynamie!aw of attraction. This is found de-

ducible fromthe tawof gravitation, provided a third «w~aM point is M at-

tached to the systemas to act upon it only through inertia. Indeed Konip-

berger ii(pUKnittgthe subject with a trenchant enthueiasmrare in the vétéran.

A recent paper communicatedto thé Berlin Academytreate the Lagrangian

equationsfrom the pointof viewof twodimentionaltime.

The book is dedicatedto thémemoryof Helmholtz,and is in a measurein-

spiredbyfamousHeidelbergassociations. Barils

Catalase. ~~<W~f< ~X~7/ ~<CM<M-M-

ment TM~t~ 0~, /(?/.–This is Report No. 68 of the Departmentof

Agriculture. Thé author decidesthat the power of decompoMnghydrogenis

not thé propertyof any Mtherto described enzyme,and he therefore ca)b the

enzymewhichhasthis power,catalase. it existsin an insolubleand a soluble

formto beknownas a-catatase and j~~atatase. Thé anthor bas studied thèse

twofonnsof catalasewith referenceto their behavior towards various salts,

mercuriechloride,acids andbases,alcohol,chloroform,phenol, formaldebyde,

nitrousacid, praMicacid, hydrogensulphide,hydroxylamine,pheMythydradne.

and alkaline silversortions. WilderD. /?<t~i!

GeometttcExercisettn Papet faldiog. ByT. &<~< ~<w. ~<M and

~M'~ by W. ~C~MM and D. ~M< X /p pp. xiv +

CA<a~o.-6~ Court /~M~< ~~<t<!y, /co/. bound,~oo, ~M~.–

This littlebook is a systematic developmentof thé geometryof plane 6g))tes

boundedby straight lines, basedupon the ideaof superposition. Take any ir.

regular pieceof paperand fold it upon itseif; a crease is formed–astraight

line. Spreadthe paper ont and again fold it, so that the formercreaseis fotded

on to itself a newcrea~is formed, at right angles to the first. Using this

idea, and that ofcomparisonof equal distances (using tength of a crease for

unit of measure),mostof the exorcises in Bxctid'sfirst four booksare ptoven

anda methodis givenforconstrocting any number of points on nearly all of

thec!assiccurves,and someproMenti'connectedwith them. A chapter is de-

votedto the progressionsand thé summationof a few infinite séries,including

anapproximationconstructionfor w.

For teachers of elementary geometry the book is reatty of considerable

vaine, as it shows in a foreiMeand tangible way how properties vaguety

knownto us byexpérienceare togicatand necessaryconséquencesof a fewdefi-

nitions. Aset ofcoloredsquaresof paper ia providedwiththe book.

~Y~o~
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7~<'o~K<0/'<Att <<<~<!Wm«tf<7c«Ma/t'j Io issue, ~~e~~ as ~(W<M<,
fW~a< ~M~<aK/e<<~«t<<t~dH~M< ttert~M aMy~A<w</R~~e~ CA~mf~ty.

G'M~B/

A new investigation coacemingthe atomic weight et onmtnm. T.
~K<A<t~<t~& S. ~o/ /~w. Am. ~M~. 3}r,J65 (/OM).–The au.
thoreoxidizedUMBOMbromideUBr, to Htanyt bromide UO,Br, by meao~ of
hydrogenpeMxide. An atomicweightof~.53 was obtain6d. Further work
ia phnaed.

OnptaeM<ymitun. C.p.&A ~<'<7.aw~.<(/).–The
author discHSsesthé beliefof BetteodorfaadofMuthtMnn that preseodytnium
Ma complexsubstanceand gives bis teaMns for not shanng this view. The
sampleof praseodyattumoxidebas now been tested speettoscopicaHyfor ]an.
thanum and foundto containnoae. Taking oxygen as t6.ooand autphw as
3ï.o6, the atomic weightof praseodymtttmbecomes140. i: 0.09 D. F.

Thepeheatc<y9tetnoftheebmenta. ~.N!t!~a/ ~M/Ot~M.
39'~ (/?o/).–Thé author arrangestheetement* in lines of seventeen with
gapsof ten betweencarbonand nitrogenand betweensiticonand phosphoruB,
whilehydrogen b completelyisolated. D. B.

The aigafacanceof chaaglngatomic volume,ï. T. W.Richards. ~w.
Am. Acad. 37, (/!X'~).–Si))<'ethen!o)eeutarvo)umeaofcott)po)tndsafeaot.
ae a rule, the tant of thé atomic volumesof the components,the components
ntMt have vanaMeatomie volumes. Thh is then fonanhted "Thé atomic
volumeis not constant, buta function of pressureand temperature,and prob-
aNy of electrical stress." Thé authof oextwrites the energy equation

<~=ffQ-~f
!n the form

P~f~Q-
whereP is the internal pressure. Thé value of P can be catcatated approxi-
mately ffom thé specifieheat at constantptessare C~.

C.=(P+~)~.

Whiletbis value of P "can hardty represent anything very definite. it ntMt
neverthelessbe supposedin a générâtway to increase whenthe self.aEn!ty in.
creases. Hence, whitegiving nocertain knowledge,its ttudy may give an in-
dication of affinity." Fromdata in regard to zinc mercury and their oxides,
the author condudes "Thus thereappearsto be in this case a connection be.
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tween thé compressionof substancesand their tendency to combineone with

another." W.D. B.

Theet~aiaeaoceefcaaBgtagatemicvotame.n. T. ~<t~. ~<v.

~M. 97,jop (/w). –Thé author showsthat therefa a distinct parallel.
isrn betweenthe heat of fonnationofthé chlotideaand the contractionwbich

takes place. A jump M then made front volume change to work and the

author formulatesthe followinglaw: "Thewbrk needed for the compression
involvedin the formationof one eoM or liquid by the combinationof two

otheMhappMxitnateJyproportionalto theheatevolved.

As a way of feode~ag plausible the fepn)eionof one atom for another.
wMchispartiallyovercomeby the potentialenergyof affinity, the author pats

forwardthehypothetiBofanetasticatomandstatea his belief that he willbe

abtetoehow:–

t. That the conceptionia not inconsistentwith the two lawsofenergy.
That it connictswithnone of the quantitativecoac!uMOMof the atomic

hypothesis,nor the kinetietheory of gases, if heat be assumed to be due to

mechaniea)energyoperating uponatomieinertia.

3. That it is ableto interpretthé actoatdenvatioM of gases from thé gas
lawbetterthan anyother theory, retaining the essentiatimport ofthe equation
of van der Waals,and modifyingthe equationonly as regards thé changea.

bility of a and6.

<t.That it is consistentwith the varyingspecifieheata of substancesin the

eotid,liquid,and gaeeousstates.

5. That with the helpof this theory, such physical properties as tenacity,

ductility,malleability,andcoefficientof expansionassume for the first timea

conceivaMeconsietency.
6. That upon it may be based a deCnMonof the essential influenceof

chemicalchangeand equilibrium.

7. Thatthe variablecomprcssibilityof atomsfnmishes a plausibleexplana.
tion formanyof the phenomena of quantivatence,inOuding even thé feeNe

aBiaitiesholdingwaterofcrystattizationand other so-called molecularcombi.

nations.

8. That it explains all the tridimensioMtrelations of material, such as

9tcreochen)t6tryand crystalform, at least as wellas anyother theory.
o. That with thé provisothat electricalenergyis a rhythmic manifestation

of energy–tendingtorepe!itse!fattd therefore to keep upon the surfaceof

materialwhich!s susceptibleto it, and henceto expanda free atom tnanyof

the electricaland magneticphenomenaof matterbecomemore conccivaNe.

M. That the effectof )ight in hasteningthé attaitintetit of chemicalequili-
brium, and the possibilityof storing and emittingtight energy possessedby

material,maybe interpretedin a similarway.
)). That the careful considerationof all these and other facts leadato a

sotnewhat newconceptionof the relation betweengravitation and chemicat

affinity,as wellaa betweenmatter and tuminiferonsether. This conceptionin-

volvessimplyan antithesisof contractingandexpandingtendencies,and isthus

foundedentirely uponanenergetic basis.
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tï. That the idea is capableof throwingMghtupoa thé periodic system,
and the geneslsand permanenceof the etementa.

t3. That !t may be applied evea to such astrophysicat proMems as the

causeof thé sun's heat.

Thescientifiewortd wiHhailwithdetigbtthé carryingoutof this programme.
tt maybe weMto take accountof stockSrst. At thé present moment thé mat-

ter stands as follows. Posttilatinga newpropertyfor an atom does not aeces.

satity interfete with any results obtained without that assumption, and may

help to explain phenomenanot previoustyaccountedfor. <f~Z).<?.

On the ptMttMl attttnmeat <ttthé thetmodynMateMate of tempetatare.

J. ~<M~«HM. /%<7. ~a~. [<]it, /~o (/<o/).–TMB papet follows from the

axthor's two previouspapen. Thepresentone is the fetutt of an attempt to

providea sufEcienttysimplemethodof reducingto the thenaodynamie scalp.

The methodof treating the dMerentiatequationsrequlreathé k nowledgeof the

Joule-Thomsoneftect, and the bothennat compressibilityat one tempemtMre

only. Aftershowing how the fundamentaléquations <an be integrated, the

theory la applied to N. aod H. whereit Is shown that three constante are re.

quired ht order to Mpresetttthe experimentalvalues, and hence the resulting
formulais. as thé author pointaeut, onlyempydcat. The thennodynamiccor.

rection for the constant volumegas thermometer is fouad, and a comparison
with Chappais' resutts seems to point to a source of error in his work. In

wotking out the correctionto the constantpteseutegas thermometerit is shown

that it is considerablylarger than the constantvolume type. H. y~B.

The law of phystMtchemtMtptMMMs.C. ~<tM't. ~t<. CAfw.

38, (/oo~). – Instead of the Clausiusformula,

Q

~ap~
=

Q~T~T'

thé author deducesthe formula

= e

\<)T~ !T'

wheref, i8 the molecularvolumeof the vaporandP, the total pressure on the

liquid,Is kept constant. [Thetacit assumptionis madethat the vaporpressute
is not changed whencompreMinga liquidby a piston permeable to the vapor
and impermeableto thé liquid). Thé author next inttoducesand advocatesthe

conceptionof fugacitywhich is the tendeneyof a substance to pass out of

the phasein whiehit is. For an ideatgasthe fugacityisequal to the pressure.
Incldentally the author concludesthat the heat capacityof a gas is

-Q-+Rlogp

and not the entropy. D. B.

ArgonaetitseempMioaa. ~wM~'a~T~ ~K/A~.
CA~M.3~. (/?o/).–Reviewed (9,3to) fromProc.Roy. Soc. ey.~ïQtt~oo).

A new tttxMtttetybarometerwith aatotnatlczero. B. Woringer. ~<-<7.

~A~. Ct<M. 38, ;26 (~eo~).-The instrument wortts on the principle of the
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automath!burettes where Mt overhead siphon drawsoff thé liquid untit the
short annt* exposed. !f barometersand nmnometersarea)t of the same-sized

glsss tnbfng.a singleadjustableverniercan beused forat). ?'. D. B.

Nc<iBMUonof Htmptt'a gas'eppaMim. r. W. Richards. /~f. Am.
Acad. M. (~/).–Theauthordeseribet a home.xtademodificationof an

absorptionpipette whichbas stoodthé test oflaboratorywork. He further re.
eomtnenfbthe use of a so ceburette with a waterjacketas a measuHngappara-

W. D.

O~.C~M~OMM~.~fJ/~M

Onthép!ty9ic<HtMmMtsmo<ttmtHemptcratt. 0. Rabe. ~t/.
~fw. 98, /:y (/<?/). –Thattian) picrate occurs ))) a yeHowmodiScatio))
stableabove46*and a red modificationstable below 46°. Thé densityof the

yeitowformis ~.993and of the red fonn 3. t&t,both at D. B.

The~pMteepavtty of otpMMtiodide. W. Sprlng. Zeil. eMo~.Chem.

~7,~ (~o/).–8chM obtattted a value of 4.4! for the spécifiegmvity of

cuproustodHe,white a ~détermination by the author gives s.~t. The im.

portanceofthis lies in the tact that cuproui iodide is now seen to be formed
ffotnthe elementswith t-oattactio)),whereas ScMS's figureca)!edfor twenty.
fourpercentexpansion. W.D. B.

Thé equation ef ttate and the theory of cytHea!motion. J. D. van der
Waals. ~!f< C~~M.38,~7 (/oo/).–A discussionof the modification
of the gaslawmade necessaryby aMmninga gasundergiven températureand
vohtmeto bea systemin cyclicalmotion. D. B.

ttete on the iMttMnaateof anide and in particatat of hydrogen. E. ~y.

Amagal. /%< ~y. [<] a, 65r (/po/). -The author draws attention to the
tact that the isothermalsforhydrogen, whichwere shownin his eartierworkto
be ttrsight !iaea, and as such qttotedby Rose-înne:, hâvebeen shownin a later
work to becurved. Thia latter workextendedto mochhigher pressttrM.and is,
therefore,moretftMtworthy. It) the presentnote he inaiststhat "the isother-
matsfor ait botMeainduding hydrogenshowa perfectlydistinct tarvature."

H. T. B.

Tbothermal pmpertteaof isepentane comparedwith those of normalpen-
tane. /<at<M and S. t~f«~. Phil. Mag. [<] t, ?o~ (/$o/).–tt i!,
abownthat thé departure fromBoyte'staw it)the caseofisopentanebear!!a con
stant ratioto the departnrefor normal pentane at the eatne volumeand tem-

pemture. This simple law thé author claimsyields resultswithin thé experi-
mentalerrors. y.

Thetheoretlcalevatuationof the ratio ofthe apetMcheataof a gas. y. H.

/,MM. Phil. (6] j, o~(~o/). It ispointedout that thé variationof
the valueof ir fromthe Maxwe)).Bottzn)anntheoremofthépartition of energy
might be attribnted to an interactionbetweenmatterandether. a slight inter-
actionbeing suOieientto cause a modificationof the theorem. The present
paper isanattempt to study this point, and to obtain a valueof the constant in
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agreementwith observation. tn thegénérâttheoryupon whichthe remtte are
basedone Mnd of freedom,either vibrationor rotationin addition to thé free.
dom to moveia spaeeh aeeordedthémolecules. The transferof energy takes
placeby coUhionsbetweenthe molecules.and ta additiona transferls imagined
to take place by iethervibrations. From the theoretical deductious the ratio
ofthé speeincheats ehoutdcornet 9/5. Asan example,it Mfound that air Is
almostcompletelyregular, the vattieof y being t.~o~oat o" C, and t.~o~! at
too" C. Oxygen,hydrogen, aittogea, and carbon monoxideare eited as in.
stancesof regutarg<Mee.Asan !nstaaceof an ifregutafgasthéMthot-,ofcourse,
etxdiesCO,. H. y

TtM'-CCMt~M~~f~Mï

On remarkable phemoMM near the edUMt point of partta)!y miscible
liquide. ~MMM<<M-.Zeit.~t. C~fMt.38. (/9o~). -Thé author hae
studied the opalescencewhichoftenappearsjust beforeor just as a liquidsepa-
râtes into two pbases,aud Badethat it is not a time phenomenon. There le a
markedincreaseof viscosityat thispointand itisprobablethat the twomaxima
coincide. The systembeMene, water and acettc acid, showed a marked in-
creasein viscosityas thé point ofcloudlngwasreached. D. B.

The solubilityof m<mx<tB<)Msulphate. y. W.Richards and F. R. 7~~n~.
/< ~M<.~«< 96, ~oo(/po/ ). –ThéresMttBCooËrmthoseofCottret) (4,637)
as against the nteamrententtof Liuebarger. W. B.

New determtaatioM of topper-ttn,eepper-eiM.and tht-ttoc alloys. E.
~y. Zeif. phys. Chem.38. (/{?/). –Théauthor haadotenitinedthé den-

aitiesofeopper-tinaUoyscotttaining2&-toopercent tin. of copper.zinealloya
and of tin-MMattoys over the wholerange. Thé attoys were prepared by
fusingin aporcelaincrucible,but aodetailsare givenas to rate of coolingor as
to thé inhomogeneityof the samples. W. D. B.

The apectncvolumeas a characteristlcof cbemicalcompoMastn metaHic
alloye. y)/o<y. Zeil. ~t. 0;~<. 3!, (/oo/).–The author ptota
the specifievolumesagainst the percentageconcentrationsand draws conclu-
sionsas to thé existence of eompoundsfrom thé form of the resulting cont-
pounds. Thé weakpoint in thé argumentis that the possibleexistenceof solid
solutionsis ignored,which is thé more unfortunatesince brasses and bronzes
atmostcertainlycomeunder this head. D. B.

The taermMtemiotry of aUeyeof copperand zinc. Baker. ~<7.
~'t. Ct<w<.38,ojo (/po/–Theheat of formationof the alloys was deter-
minedby dissolvingin aqueoussolutionsof ferrieand annnonium chlorides or
of cupricand antmontmncMondea. Attthe attoyeofcopperanddnc are fonned
with evolutionof heat. Thé maximumheatof formationoccurswith an alloy
having the compositionCnZn,and equab t«t43 cal per gMnwnotetttte. Thé
author th!n)<sthere exists possiblya componndof the formulaCuZn. Thereis
no comparisonmadewith the conchtsionereachedby other methods and the

pOMiMntyof<oHdao!nt:on9iaovertoo)(ed.The valueof thé work therefore

dependsexclnsivelyon the experimentalresults. f~. D. B.
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IsothermeformhttMtothydwnbrte acidMéthane. /V.C'M. ~<7.
C4fW.39, (/pf/). -The author bas detenni))e<tthé pressure.volume-

temperaturerelationsfor fourmixtMMsof hydrochloricocof and etbane. Thh
h a a/ttetn in whieha maximantprMsoreoccurs. W. D. B.

bobaric aquMueeohtioaa. <?~ ~<7. 39.
(/!?/). – Byioobaricsolutionsthe author understandseqttimotecntarsolutions

ofeubstatxeshavingthesatne 'density number.' It is found that such Botu-
tionsh)tveequaldeMiti~. D. B,

Oathe calcuiatioaof ?9 heatt of dilution fromKtKhhca'Bformula. F.

/«~ ~M/ Chm. 3~< (/po/).–T))e author discussesK)rchhoff'&
fonnulafor the relationbetweenhMt of dilutionand the changeof the percent.
age lowetingof the vapor-pressurewith the température,showingthe discrep.
aney that has existedbetween theory and experiment. He Mmsetf tests the
fonnutaby meaeuj'ementBat the hoillng temperatureand the freexingtemper.
atures. !n two cases,KCtand KNO,in water.the differencebetween the cal-
catatedand experimentaltMa!tawasless than fifty percent. D. B.

StudiMonthé thermochemlstryofveryditute ~taHone. ~Mr<

~t<. Oifw. 39, ( ). –Wheua reaction absorbs béat. at) electrie

tamph put intothe catorimetefand the electrical energy measured.wtuch it.

neceMry to keepthe température constant. Whenthe réactioninvolves heat
thé )aMpis put in a second identical catorinteter and the electrical energy
measured,whichla necessaryto duplicate thé resulta in thé firot calorimeter.
The temperaturechangeis measuredwith a thermopile. Thé bulk of the data
are to be found in the author's doctorthesb. /).

~«~-Ct)~OM~~<M)M

Onreciproealsalt pairs,m. ~< Zeil. ~4~. 38,
f/oo/). -A dtfMttNitonof the freezixg-poiotrelationsin thé case of two eatts
wbichformtwo otheM by a mathematteat reaction. Some experisnentswith
BaCQ,and K,SO,ahowthat thiais the stable pair. Attention Mdrawn to the
ease withwhieh theorettcattyinstablephasesmayoccur and to the possibititv
of this beingreatbedon a large scatein thedépositionofminerais.

D.B.
OnanaeidMpteaatt. ~A<f:C.C<<2<'<Y.<!wy.

<?<-<?. (/oo~).–Thc Mthonihavepreparedthe sa)tKHMg(SO,),2H,0
and havedetennined the concentrationof the solution in equitiMun) with it
and with schôniteat 250. /).

ThefonMtbaeîttchoydtite. /V.Mts'~ ~(~ F. B. A~ww~ <?~
Dawson. Zeit. C); 39, (~/). Reviewett(3, 508and s. Mo)

frpmSihungober.Akad. Wiss.Berlin, tS~, ~08; t~a,

On the behavior of some fluoridesefthe heavy metals in Mtatien.

~a~ ~?<!<to~. CX~M.ay. (/<?/).–Thé author hae investigated the

M!t)M)ityof mercHricandcnpncoxides andofcadmiamnuoridein hydrof!aohc
acidof varyingconcentrations. Fron) the mamrelationwith ntercmy, the au-
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.w"thor concludesthat hydtofiuortcacidhas thé formulaH,f. Lead hvdMxM.la
aparingly dilute

~p~&y~~n~

~AA

~T~ "f. cN.ri<e by dissolved cM.dd. W.

1

~~a~a~ 31, gQT~when
solutionsof calcium, and

From the
increasingconcentrationof the soluble chloride, the

Ruthoraconcludetbat the mercuryi, present as part of thé bivalent anion,HgC),. MMMm chloridesolutionhMno effect onm~u~M chloride.

B.

cocentrated M!M. ~M~Chem.3S.~ (~~). -.TT,. authorstarts from the
tweenthe chemicalpotentiels,pressure andtemperatureand postulatest)..t n.deanite relationbetween and M,M. in caseswhereno knownreactions

.ccnr.~di.gt.the)aw.fd.6niti.n.ndM~tip).pfop.n.. He then de.
ducesaa equation describesadinimblythe distributionof iodine between

by jakowkin. Very remarkable results are also .b!tained for thé distributionof etberbetweenrubberand water audof ~.phthot
~i"~

~y~Sthe precipitationof one~tt byanother. Thé .mh. conclusionsrest on the
gratuitoushypothesisthat

<~
coaat~t

foreach substanceMeverysolution,an assumptionknownnot to be true.

W. D. B.

system: ether, water, hydrochloricacid.
39'~ (~~).-N=bon.tec.!c~ati.n. to show

~t.th.rcomb.e.w.U,hyd~h!.n.addt.f.n..hydr~M.rid. soluble inwater.
Wh,)eth.B.aybetme.tbetM<oningiBnotveryc<,nvi.ci.g. Thei.

plied conclusion,p. 59,that lesshyd~Moric acid ia absorbedwhen there ia a
hc.nogeneoMs.tutMnofethM.watera.dhydr~ht.nc.cidthan when this isnot seem.extremelyimprobable.The chancesare verystrong that the au-
ttMrhasnotMndied.tatMofeqmtibriun). ~C.~

Th.c..dM.fd)Mth.d substancesas dedacedfromdistribution experi-menta.
~M~ ~j.r~.3a.~<(~)~a a

nun~the distributionratio does not vary with the temperature, in.the~ it does. The authorsdecidethat the variation .ce~ wh.nth. solute{MM molecularcompoun~ withoneofthe eotvent!. Variationswiththe con-
centration areattributed to the cause. Thé experimentson ~di~.
t.onofmereunc chtoridebetweentolueneand watershowa conti.uo.Mchangeof the d.~nb<.t..n ratio withthe concentration,but the authors décide, never-
tbeless, that the ratio ispractlcallycitant. The di.tribut!.n of bromine be.
tweenwaterand air variesverymuchwith the temperatureb~tweeno' and6.andtherefore the authors conchtdethat bromine forms hydrates with water
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which are decomposedby rising temperature. On the other hand at <s"
brominein water fottowsHenry's lawand thereforethe authors conctude that

there h completehydration at that temperature. They do not state how this
conclusionis to be recondted with the precedingonethat there h marked de-

hydrationat all temperaturesaboveo". D. B.

Onthé theery et Mtattene. W.Nernst. & CXfM.38, ~7 (/po/).
–Thé authorditcUtEesthé effectof the assumptionthat the presenceof other
substancesaffectsthé application of Henry'e law. As he postulates that thé

partial pressureof water vapordependson the concentrationsof the dissolved

substances,he missesthe significanceof the relativesolubilities. The article
ahto containsan abusivepolemicagainst Arrhenius. W. D. B.

On cobalt miphide. W. Hem. ~M/. e<tMy.Ct<m. s7, ~<)o(~po/).–
When cobaltsulphidewhichhas etood fora dayanda hatf is treated with 0.5a

HC!, hydrogensulphide is formed and cobalt goeafntoMotion. If thé cobalt

sulphidebe filteredand attowedto stand on the filterforfourteendays exposed E
to thé air, no hydrogensulphide is fonned whenthisprecipitateis treated with

0.5 tt HCI. On the other hand, cobalt sulphategoe! into sohttion.

W. B.

Onthe tsemerphhnnbetweenthé Mttaofbismuthandof the rareeartha. C.
/Mw<tx. ~t7.ttH<«y.C~M.9yt~~(/!W/).–Ijanthanun),didyntiun)and
yttrium nitratesform two sets of solid solutionswithbismuth nitrate. Since
bismuth sulphatedoes not crystallizefromwater,onlythe serieswith an excess

of lanthanum,didytnium or yttrium sulphate couldbe obtained. When the

speciScvolumesof the crystatsare plotted against the percentagecomposition,
straight linesare obtained. W. D. A

QuantitativepteeipitaUea of meta!e by o~anit bts<e. W. /y<

a~c~y. C~fM. ~/o ( /j)o/ ). – Expérimentâtdataare givento showthe accu-

racy obtainablewhencopper, magnesinn)or zinc is precipitatedby guanidine
or piperMine. Piperazinedoesnot give completeprecipitation. Tetramethyt
ammonium hydroxidegives comp!ete precipitation,but the precipitate is Eo

gelatinousas to make this reagent unsatisfactory. W. D. B.

The oxideaof cobalt. E. ~M//a<y. &«. oaot?. Chem. (/oo/).–
An analysisof the cobatt "peroxide" precipitated at thé anode showsthat it

ist~attytheoxide Co,0,. OxidationofCo(OH),by potassiumperaulphate. am-
moniumperautphate,ehlorineor iodinegavea hydrated Co,0,. With sodium

hypochloritea substanceof variaMecompositionwasobtained,containing more

oxygen. This ispreBumabtya mixture of thé peroxideCoO, and the oxide

Co,0,. Wheniodine isa-tded to thé sulphateaotutionand tben causticpotash,
the peroxideCoO,is obtained. W. A B.

Hr/oft/

On thé law of the actionof lavertine. ~iMM. &t<. phys. C%~M.99,

(/oc/). –Thé author finds that thé inversionof cane sugar in présence of
invertinemaybedescribedby the formula

<(!+ ~)(.
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whare A is th<* )Mitt.t ~–

~.s.x=~–tion of the time1. The constantla amallerthe grester tlteinitial concentrationof the sugar, butthe ~t.,
.S~t~

T~~cttoavebciiyforbfomiaeaodethvïaimh~ c o
t~/)0

Tbe reacttottvelocïtyforbromineanüatbyl ¡P. 6rrrgarszky. ,Zs,l·

1&lr~ t
acetate and hydrobromieacid aecordingto the eqUlltlon

"='°"+"<:H~O~.H.B,.

~XJ~water. The alcobolconcentrationmaybe considoredconstant and the reactionvelocity w.Bfoundto bedirectlyproportionalto theconcentration of bromine.The hy.tr.bro~ acid formed
'e.eliutinated byJ~

Ou the rate ofdecompositionof&II1JDoniwnnitrite. K. ,9rrrdl. Zeit. pleys, u

Oath.Mt..fdec.mp.~ien.<Mm.~Nn,tt~ A-due to the actionof undiS1lOCiatedammonium nitrite on nitrous acid set freeby hydrolysis. ln consequencetraces of ammonia decrease the resetion
ve~y~n.

OnpotymetecNtMeheBtieatefMtM ~.&Aa~ y.. Cdem.~r~ the reaction between feme ehlorideand iodldes. The reaetlonvelocitydepends approximatelyon the concentra.the squsre of the concentrationof the iodide. The re.action betweenchromieoxide and the iodidesla nionoujolecularas regards the=~~=~ beltave as though the rc:actionweremonomolecnlarwith regardto tiieui, but others do not. W. D. B,

~x~?~~ oxldatlonwith g88eOU8 W.
ri

OMcy.nid. i.id,~
by~y~ <~)- Whenc.b..t.

a~ec. oxidized
feL~~t~<- hmonomolecular. Whenferrousoxalate. tartrate or citrate Is aubstitutedforthe Ilcobaltouscyanide, the ~t,

b~ factorappeara to be the oxygen made active
dMtatbtogfactor

'a

.cid,dd.dto~f~
Wh.n ~i~acid is added to the fermuscitrate solution to take up the active oxygen, thereaction

~cutar~

W.O. B.

~1..n.. n,i~ w.th ~t ~h

in anatmosphereofoxygen is mixedofth.ferrie
Mr.~ acid,the red color of the ferrie hydroxide appears when

practically double the

=~S~Ferrons iron makesactiveone ofoxygen foreveryone taken np. ilr, p, R, n
On the solutionof lIIetal8,1. T. Ericson.Aarén and W. palrnaer. Zeil, n

Il

~E~ hydrochlorie
=

acidof differentconcentrationsis not that requlredby a plainapplicationor theU a~~ h~h~ S'X:

u
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to toatl galvanicaction. It ahoaidbe noted, however, that thé oNtystirring

wasthat producedby hydrogenbubblesso that the experiments as madeare not

conclusive. W.D. B.

The rate of Mt~ton of <ineta acMMtatiea. T. F~~w-

anorg. Ct~w. ey, ~oo(/OM).–When ditate acideact on xinc there MSrat an

inductionperiodduring whichbubblesof hydrogen form on and eting to the

surfaceof the ~inc. This changeslater into a periodduring whieh ga9 h given
offfteetyand the rate of attackremainenearty constant until the bulk of the

zinc has beendissolved.

The rate of attack la probablydue both to local galvanie action and to the

directactionof the acid. Thé rate ofattack increaseawiththe concentrationof

the acidfaster than the conduetitity. With dUnteacidathe temperaturecoe<5-

cientis smatt, but it !no'eaM<with increasiagconceatratioNof acid.

Non-etectt~ytMteduce the rate of attack, the reduction beittg rottghiya

funetionof the concentrationand not of the chemical nature. Thé Bfst addi-

tion of salts decreasesthe réaction velocity; a further addition increases it, a

maximumbeingobtained if there is a maximumconductivity. W.D. B.

The pMatyets of platinum catalyste by peboaa. G. ~'<<. phys.
05fNt.9$, /M (~/). –Thé author disputesthe viewof Raudnitz that prusaic
aciddoesnotaffect the catstyticagentbecause removalof the ptussic scid re.

storesthe originat condition. W.D. B.

~/M<rowo<«~Forces

PyMchemteatDaaieUceMs.7?.&«A~. ~<'<<.<!M~M.z?,(~oo/).
The author measuredthé etectromotiveforcesat differenttemperatMesof the

followingce))scoataining fusedsatts:–

Pb~PbC),)At;Ct jAg
Zn) Zn C),j Pb C),)Pb

Zn Zn0, ) AgCt Ag

In a)t three casesthe electromotiveforcedecreaseswith rising temperature. 1);

the Srsttwo casesthe changeiatioear, in the third it is linear above $80' The

valuesat 600°are 0.319,0.269and 0.4:7V respeetivety. From these Cgttresand

fromthe measurementsof the hatf-ceHeagainst chtorine, it appeaM that the

potentiel differences betweenfuaed salts are not zéro. The ineasureinentof

the cell
Pb Pb C),) f,Ag Ct + Ka,U Cl Ag

showedthat the etectromotiveforcedecreasedwith decreasingconcentration of

silverchtoride,eventoattychangingits sign. If we assume complete dissocia.

tionof Bilverchloride in the most dilute solution 0.035n, the dissociationof

fuaedsitver chloride calculatesto !7 pet at 5:0", :8 pet at 640", 60 pet at 730*.

Investigationson the etMttometite aeUvtty of etemeotary gases, II.

Fot« Zeit. phys. Chem.38, 39, (/po/ ).– tn the first paper (S.328) it

wasshownthat the nsuatvalue for the hydrogest-oxygengas cell is much too

low,owingto the slow diffusionof thé gasea into the metal electrodes. Pur-
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a4~n_Y~aa_ _11' 1.1.ther experimentspoint to t.t39 Vas theprobable value. At the oxygen e)M.
trode thete is equilibtlutn between water, oxygen and hydrogen peroxide.
Hydrogen peroxidemaygive a Mgherpotential thau oxygen, and this poten.
tiat hotds constantfor a long time. from the sudden change of the potCntta)
on heating, the anthordeduees thé formationofan isomericbydrogen peroxide,
a reducingagent. /).

tnvesUgttiemen the etMtremotiMactivity of etementaty gMes, III. A'.
F<M~a~ ~ctan. ~t< CA~<.9~ (/yo/).–A gold electrode in
dilute sutphuric acid is sensitiveto Mghtwhen potadxedwith oxygen. Rays at
the violet e<tdofthe spectrum lowerthe oxidattoa potentiel those at the red
end raise !t. Thé total vadathm amouats to about o.t V. D.

Expedmeett oncontacteteetrteity. O. /irwM<!wA. ~)7. ~t. Chem. 99,
(~oo/). –Théauthor bas madea number of experiments as to thé sign of

the change when différent substancesare brought !tt contact with plates of

platinum, paraBa, glassot sulphur. He belleves that the aH-intportaatfactor
is the adhering tayerof water, the sign of the charge being determined hy the
relative migrationvelocitiesof the ions. In cases where there are no ioM. the
relativedietectricconstants must be taken toM account as bas already been

doneby Coehn(9, M3). Bxpenmentaof Emich showed the ptesence of sut-

phuric acid on the surfaceof stick sulphur. ?'. /). j9.

OnMttodiepolarbation Md fonMtton of aMeys. A. CiM~. ~7. phys.
04~M.98,<oo(~/).–Whenthe precipitating ion alloys with the cathode,
the decomposMonvoltage shottMbe lowered. With a mercury cathode zinc
satts show thégreatest tendency to fonn alloys. In dimittMhingséquencecorne

cadmium,silver,copper, iron. Zincshowsa tendeney to alloy with platinum
and hydrogen with palladium. Hydrogen gives excess values with other
cathodeswhich,however,fatt belowthevalue for visiMe précipitation of gas.
The author concludesthat the secoudde~mposition point with potassiumsalts
isdue to the précipitationof KH, and not of potassium. Ammoniumsatts be-
have like the salts of thé alkali metals. W. D. B.

&aexperimeatea the theoty of the aewtat; eieettode. F~~M~tx. &<<.

~)tt. C4~<t.96.?oo(/oo/). – Successiveinstantaneous photographe of a now.

ing electrode9t)dof thé electrometershow that thé potential differenceforma
atmost instantMeonstyas the drop tearsaway and then decreasesgradually.

W. /). B.

Oopassive imn. A. ~<MM~<'M. ~< ex<-M.39, o/ (/oo/).–Bx-

pefimeMtaon thé polarizationcapacityof passive iron show that it is not cov.
ered with a non-conducting layer of oxide. The aharp anodic po)ariM;ion
curvesare against the viewof an oxide tayer corresponding to lead peroxide.
The electromotiveforceof an iron électrodevaries with thé ratio of ferrieto fer.
rous iron in thé solution. the total quantity of iron being constant. The author
indines to the viewthat passive iron is trivalent metallic iron white active'iron
!s bivalent metatticiron. This hypothesisaccountafor maay but not for ail of
the facts. W. D. B.
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ConeetiM. /<!Aa. ~<7. C~<. 3!, ( ~~o/). –Thé author now

admtts that thé expérimentât verificationof his previouf:comtttsions 's, 6)9)

wasMneound. The finalconclusionis that the~{aslawsdo noth )tdfor su.ca)ted

strong electrolytes andthat wehaveno way of determining thtir dissociation

even in dilute sotuttone. B.

Thé etect ofa salt with a commonionon tha electromotlvetôtM of concen-

tration celle. 0. Sackur. 7eit. ~w. <~w<. 36, ~p (/)?/).-Thé expert-

mentsweremadetotMtaformt))aofAbeggandBose(s,4t7). "henuthor!!

claim an averagediscrepancyof o.ooo~Vwhtch looksweH bot m'am a large

percentageerror. The authore concludefurther that the migratioc vetoett~es

do change with the concentration,but that this variation is not 'nough io

account for thé diecrepancieaobservedwhen applying thé ditutioa law tf.'

strong electrolytes. W.D. B.

The eloctricalbehaviorof ehmmtatnwhendissolvingln actdt. ~9wM~.

&<7.phys. C4<w.98, (/~). – Whettan osci))etingand a non-ose.ltating

plece of chromium are connected in acid, the electrical and the hyCroget)

curvescorrespondin time, though of course not absolutely in form. the

acidsohtt!onbe made to (towpMtthé electrodesat a sufficientrate of speed thé

oscillations practically cease. Very pure chromian) gives no osci))atKf<

Addttton ofsulphur or arsenicto thé acid tends to produceoscillations.

/?.lt! D. fi.

Thé thennmMgMtic and t!tennoe!eetricpropertieaof eryBtatUMb~atnth.

/Z.<ï. ~t'f~. [o]a,j~ (/!?/).–Thé present work is ar. exten.

sionof the workof van Everdingenon the verificationof the theory cf thenno-

magneticphenomenadtKoveredby Etttngehausenand Nernst. A plateof bis-

muth was usedeut frm a largecrystal,so tbat the ehief crystattographicaxis

lay in the planeof the plate andparaUe)to its tength. The tongitudioat and

transversal thermomagnetiephenomena,and thé thennoetectric forcewith re-

lation to copperare etudied. H. T. B.

On thé eteetrtcatrethtaaee of btamuthin a etreng magnetic field. G. C.

~t~jo~. /?. Mag. [6) a,~oo (/!?/).–Thé author shows by a very nice

arrangement ofapparatus that the changein résistancein bismuthina magnetic

fieldfor atteraating currents (naybe representedby an atternating 8. M.F. set

up in the MsmMth,and worksont equationsshowingthe magnitude and phase
for frequenciesbetween to and 60 per second. In addition he considéra that

his results reconcitethé contradictoryresultsof Sadovsky,and Wacbsmathand

Bamberger,although the experimentsarenot yet entirely completed.
r. F.

~/<'<~f/y~ and jE/~W/y/M'/?<ItOCM/MH

The etectrctyaisof fased leadiedHeand lead cMortde. G. ~«~<t<-A. ~h'A

a'«' Ct<w. aS, i (~o/).–B]tperin<ents with fnsed lead iodide showed

marked irregularitiesof carrent yield at 700". The cause for this was not dis-

covered but anatysMof the anodesolutionprovedthat there was no measur.

able formationof Pb~.
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Experiments wete made with fu<e<)tM.< <'htn~f). .)~Expérimentawete madewith fusedlead chloride to determinewhether the
evotutionof chlorine followed Famday's taw: tn addition to the Mpectedd.fneuttieedue to diffusionthrough the.e)ectro)yte.it wasfonnd that thecarbon
anodeabsorbedlargequantities of chlorine. After etiminating theseMMrceaof
error as completely'aspossibte, a current efScieaey of 99.t percent was ob.
tainedat the anode.

Sp~ciatexpérimentato test LoreM's formula tor the relation betweende.
polarizationand currentefficiencyshuwedthat the formuladid notdescribethe
factBwith absoluteaccuracy.

Aetudyof the cathodesolutions by means of potarizedHght provedthat
theso-caMfogsarereaHy solutions of leadin lead chloride and are not sus-
pensions. The mmela true for cadmiumin cadmium chloride. W.D. B.

QaanUtattveaetttmiMUM of bismuthbyetectt.ty.ts. A-. ~wmt~.
&<<.ewo~ Ct~t. !7, (/).–After a ~eoerat study of thé méthodepro.
posedfor the etectrotyticdétermination ofbismuth, thé author Mtommeadethe
use ofbismuthoxidedissolvedin concentratednitric acidor of bismuthnitrate
dissolvedin dilute glycerolsolution. tn either case it is importantto keepthe
electrolytewett stined. The author doesthis by rotatiog the anode.

/).
Onthé Mtveatand diMoeiattngaction01 Uquid cyanogenand tiq~d hydro-

eyanie aetd. AI. a'w~<f2w~. ~7. Chem,39, (/po/).–Se)ts are
practicallyinsolublein tiquideyanogenand what does dissolve showsno eon.
ducting power. !Mliquidprnssic acid potassium iodide andS(CH,),I dissolve
readilyand conductaboutfour times as well as in water. D.

Onthe alkall aatteof hydrogea peroxidein aqueoueMtotiMe. H. ?~Cal-
f~. ~7. /A.t' C4~. 98,~/jr (/). tn alkaline solutionshydrogenper-
oxide formssatteof which the anion is univalent 0, + aH,0. Thé migmtion
velocityof this atliou is 48.5. The solubilityof potassium chlorateis increased
by the addition ofhydrogen peroxide,

MaMeiationrelationswith temary eteetrotytes. AT./~< ~,7. phys.
Chem.38, 602(/!?/ -The author calculatesthat HSO. as ion Mnot present
in appréciableconcentrationin sulphuric acid solution moreditute thau ttath-
molecnlar. Oxalicacid bebavesdifîerentty. /).

Thé etMsMMtiet!of acidimétrie and alkalimatric indicatora.
ana<y. Chem. ( /). -The author ptopose: and discossesa clas-

sificationofindicatorsalong the followinglines –

A. Indicators with uaivalent characteristia ion.
t. With univalent characteristicanion.
a. With univalent characteri~ticcation.

B. Indicatorswith muttivatent ion.
i. With positiveand négativeion.
2. With univalent and bivalentatnon or cation. Z).B.



ON THE RELATIVE VËLOCITIES OF THE IONS IN

SOLUTIONSOF SILVER NITRATE IN PYRI.

DINE AND ACETONITRILË'

DY HERMAN SCHLUNDT

Althoughthe velocitiesof thé ions have been extensively

investigatedin aqueoussolutions,thérelativeionic velocitiesin

non-aqueoussolutionsis a subjectthat basbeen given but lim-
ited study. Hittorf' madesomedeterminationsof transference
numbers in a!coho!iesolutions. He investigatedsolutionsof
zinc chloride,zinc iodide, and cadmium iodide in absolute

ethyl alcohol,andatsoniadeadetenninationwith cadmiumiodide
dissolvedin amy!alcohol. I,enx~alsoworkedwith solutionsof
cadmiutn iodidein ethyl alcohol,and extended his investi.

gationsto solutionsof this salt in variousmixtures of atcoho!
and water. Determinationsof transferencenutnbers with solu.
tionsof potassiumiodideand potassiumchromatein mixturesof
alcohol and water were also madeby Lenz. More recently
Campetti<studiedthe influenceof thé solvent upon thé migra.
tion velocitiesof thé ions. He investigatedsolutionsof lithium
chlorideandsilvernitrate in water,methyl alcohol, and ethyl
alcohol,andfoundthat the solventoftenexercises considerable
innuenceuponthé migrationvelocities. Thé results of Hittorf
and Lenz likewiseshow this. Mather's' déterminationof thé
relativevelocitiesof thé ions in a tenth-nonnalsolutionofsilver
nitrate in ethylatcoho!conctudesthé list of investigationson
transferencenumbersin non-aqueoussolutions.

T!tispaperwaspresentedbeforethéWisconsinAcademyofLetters,
SciencesandArtx,inapreliminaryfurm,December27,t~ot.

'Pogg.Ann.!o6,) (t8s9). AtMOstwaM'sKhssikerderexactenWis-
senschaftenNo.23,p.to~.

'Mdm.Ae.!mp.St.Petersb.30,No.:<),p. ~.t(t8Sï). AlsoOstwald.
Lehrbuchd.allgemeinenChentie, Aunage.p.6)8.

NMOvoCimento,g;,!t6 ( )89~).Référence.Xeit.phys.Chem.16,t6s
('895).

Am.Chem.Jour.26.473( too<).
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Apparentlynoattemptshave heretoforebeen tnade to de-
terminetransfetencentnnbersin solventsother than water and
théalcohols. This workwasaccording!yundertakenwith thé
viewofdeterminingtransferencenumbersin othersolventsthat

yieldsolutionswhichconductfairly welland at the same time
to ascertain,in a gênera!way,thé effectof increasingdilution

ttponthé relativevelocitiesof the ions.
For severalreasonssolutionsof silver nitrate in pyridine

andmethylcyanidewerechosenfor this investigation. Thèse
solutionsconductwell,and the vohttnetricestimationof silver
by Vo!!tard'sexcellentmethod is rapidand accurate. To me
thésilvernitratesolutionsin pyridineappearedof specialinter-
est. Pyridine,as is well known,fonnsdefinitecompoundswith
silvernitrate.,i. e.. silvernitratecrystallizesout with pyridine
of crystallizationfron) its sotutions fonning thé compouMds
AgN0~.2C,H,Nand AgNO~C~N. In perusing Hittorf's
ctassicatresearcheson tnigrationvelocities,it wasnotedthat thé
relativevelocityof the cation increasedwithincreasiugditution,
asa rn!p,in solutionsof suchsaltsasshowa markedatEnityfor
water,i. e., salts whieh, in thé anhydronsstate, are strongly
hygroscopic,and which,for thé most part, crystaUizeout with
waterof crystallization. Coppersulphate and ferrie chioride
aregoodexamples. On thé otherhand,saltsshowingretative!y
weakaHinityfor water, yield transferencenumbers for thé
cation,whichvarybut little, or decreasewith increasingdilu-
tion. Potassiumchlorideand sitvernitratewiUserveas exam-

p!es. Sincepyridineand silver nitrate have a strong mutual

affinity,weshouldexpect thé transferencenumberof thé cation
in solutionsofsilvernitrate in pyridineto increasewithinereas-
ing dilution,analogousto the behaviorof solutionsof salts
whichhavea markedaninity forwater. Thé experimentalre-
sultswhichfollowwill showthis to be thécase.

Apparatusandmethod

Severalpreliminarytests weremade with varionssimple
formsofapparatus.suchas had beensnecessfn!)yusedby other
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investigatorsin their researcheson ionic velocities in aqueons
solutions. A tenth-norma!solutionof sitvernitrate in pyridine
servedfor this preliminarywork. Thèse tests showedthat such
fonnsofapparatusin whichthé solutionremainsincontactwith
rubberstoppersor rubberconnectionsduring thé test were not
wellsuitedowingto thé reducingeffect of the rubber. Thé

portionof thé solutionnear the rubber stoppers gradually be.
cornesturbid and, upon standing,finely-dividedsilver settles.
Thésolventeffectof pyridineuponrubber isalsohannfu!. Thé
fonnof apparatusdevisedby Loeband Nernst' is freefrom this

objection,andsincegoodresultswereobtained with it, this ap-
paratuswasusedformost of thé subséquent tests. Two sizes
of thisapparatuswereused, -one of about 30 ce capacity for
the concentratedsolutionselectrolyzed,and another of about60
cecapacity for the moredilutesolutions,–tenth- and fortieth.
normal..

A disk ofKahibaum'spure silver served as anode, and a
barofsilverascathode. For further details regarding the ap.
paratusthé readeris referredto théarticleof Nernstand I<oeb.

Thé apparatuswasconnectedin series with a silvervolta.
meter,a Westonmi!!iamtneter,anda resistancefor regulatingthe
currentstrength. A setof tweh'estoragebatteriesor a uo volt
dynamofurnishedthé current. Dnringelectrolysisthe appara-
tus waskept in a largereservoirofwater in which thé temper.
ature did uot vary more than half a degreeas indicatedby a
thennometerstrappedto thé apparatus.

Thé amountof sotutionused in thé several tests was de-
terminedby weighingthe apparatuswith fittings, then intro.

ducingthe solution,and weighingagain. Thé weighingswere
madeto the nearestinilligrainforsolutionsstrongerthan tenth-
normal,and to the nearestcentigramfor thé tenth-nonna!and
moredilute solutions.

Beforebeginning electrolysisthé cell was placed in the
bath forabout fifteenminutes toequaHzetempératures. After

electrolysisthésolutionwastransferredto three taredflaskspro-

Xeit.phys.Chem.a,$48( <888).
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videdwith wellfitting stoppers,and weighingsof each made.
The diSerencesgavethe quantitiesofsolutiontakenforthé anode

portion,the unchangedmiddle layer, and the cathode portion
respectively,exclusiveof the residueremainingin thé appara-
tus. Thé wfightof thé residuewasobtainedby weighingthe

apparatuscontainingit and subtractingfromtheweightthusob.
tained thé weightof the complete,empty apparatuspreviousty
ascertained. Thé weightof the residueplusthé weight of thé
cathodeportionin the weighingnask gave thé total weightof
thé portionof the solutionabout thé cathode. Thé sum of thé

weightsof thé threesamples and the residueshonldequal thé
amonnt of solutionoriginally weighedont in the apparatus.
The check wasneverperfect, thé stunbeingsevera! inilligratns
less,even forsolutionselectrolyzedat o°, and in thé solutions
trnnsferredat rootntempératuresthédifferencesamountedtoa few

centigrams. This loss,which wasevidentlydueto evaporation
during thé transferof thé solution front thé apparatusto thé

weighingnasks,wasdivided in proportionto the weightsof thé

respectivesamples,and each samplewasallottedits shareof thé
loss.

The sampleswerethen analyzed. Themiddlelayer,which
should show no change in concentration,was subjected to

analysisfirst. Whenit differedmoretitanonepercentfrotnthé

original solutionin strength, thé experimentwasentirely re-

jected,and nofurtheranalysesweremade. In caseswhere thé

changein concentrationof thé middlelayer(whichis compara-
tivelysmalt)was one percentor less,it wasconsidereda partof
thé anodeportionof thé solution,whenstrongerthan the origi-
nal, and a partof thé cathode solution whenweaker. In thé
severalexperimentsthe middlelayergenerallyshowednochange
in concentration.

Thé durationof thé electrolysis,thé currentstrength em-

ptoyed,thé temperature,etc., are noted in thé tabulatedstate-
mentof results.

Preparationand analysisof solutions

Thé silvernitrate usedwasof thé c. p. variety. To obtaiu
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it perfectlydry and neutra!,it was fused. After powdering,it
waskeptdry in a dcsiccator. Thé pyridineusedwas twtcede-
hydratedwith fusedcausticpotash and distilled. Thé sample
useddistiltedbetwepnn4°-n6° under a pressure of 743 mm.
1 a!n indebted to Prof. Kahlenberg for thé sa!))p!eof aceto.
nitrile used. It had been carefnUydehydratedby him with
phosphorttspentoxide,andd:sm!cd fromphosphornspcntoxide.
Its boiHtig.pointwas 8t.o" undera pressureof 739mm.

Thé varions solutionselectrolyzedwere prepared thé day
beforeusing. Wheti silvernitrate is dissolvedinMtet!ty!cyanide
a slight reddish-brownprecipitate wasobtained,which, when
filteredoffand dissolvedin nitric acid, shows thé presenceof
silver,but thé amountof precipitate was too small to warrant
further investigation.

Thestfength of thésohttionswasdeterminedvohnnetricaUy
by Vo!hard'stuethod, using standard solutionsof annnoniun)
sulphocyanate. Differentstrengths ûfammonimnsulphocyanate
solutionswereetnp!oyed. They were standardizedby titrating
weighedquantitiesof ntetallicsilver dissolvedin nitrieacid,and
alsoby titration of weighedsamplesof silvernitrate in aqueous
solution. Comparisonof thé solutionsgenerally emptoyed–
fortieth- andfiftieth.normal-with a hundredth-nonna!si)ver
nitratesolution,and titrationof thé silver depositsobtainedin
thé vottameterduring electrolysis,showedthat thé cyanatesolu-
tionsremainedof thé samestrength fora long tilne.

Thé solutionsof silvernitrate in acetonitrilewereanalyzed
by distillingoff the nitrilefroma weighedsatnple,ascomp!ete!y
as possible,on a water-bath.' The residuewas diluted with
waterandtitrated. Wheneverthe so-calledmiddlelayerdiffered
fromthé original solutionin strength byonepercent or more,a
seconddéterminationof thé strength ofthé originalsolutionwas
made. Gesierallythéstrengthof thé middlelayercheckcdwell
with that of thé originalsolution. To guard against mistakes
in the observationof the end of thé reaction,thé schemeof

1NotaUtheacetonilriledistilsat thistemperature,a synmyliquidre.
maining.
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Nernstand Loebwas followed. One cc of the H~ooAgNO,
solutionwasaddedafter thé titration wasbelievedto be com-

plete,and cyanatesolutionagainadded till thé colorof the in-

dicatorappeared.
ïn the analysisofthe solutionsofsilvernitrate in pyridine

a somewhatdifferent coursehad to be pursued. Duringthé dis-

tillationof thesesolutionssome decompositionof thé pyridine
takes place,and violent décomposition– combustiutt– occurs

towardthé endof theoperation. Thesedécompositionproducts
colorthe aqueoussolutionof thé residueto snch a degreeas to

interferesotnewhatwith the sharpnessof the end reaction in

titration. But thé silvermaybeaccuratelydeterminedby add-

ingan excessof uitric acid to thé original pyridinesolution,

diluting withwater,and titratingas in aqueoussolutions. The

pyridinenitratein thédilute solutionsdoesnot interfere in thé

leastwith thé titration,as théfollowingcomparativetestsshow.

Fivesamplesof silvernitrate wereweighedout; threeof thèse

weredisso!vedin pyridineandtwo in water. Thé solutionof

ammoniumthiocyanateused in these titrations was approxi-

matelytwenty-nfth-normai.Thé resultsobtainedare recorded

in the followingtable:
TABLBI.

ï.
Gran<9 NH,CNS NH,CNSperr

No. AgNO, Sotvent M<;))ite<) gramAgNQ,

< 0.4000 Water 58 08ce t~S.s ce
2 o.zoof 29.02 t~s.o
3 0.3003 Pyridine 43.58 t~.i
4 0:000 i 28.98 !449
S 0.2006 29.t2 !44.o

The pyridinewasrecoveredby concentratingthésolutionof

pyridinenitrate,and thenaddinga largeexcessofcrudecaMstie
»

potash. Thé alkali layerwasretnovedbymeansofaseparatory

funnel,and the pyridinepurifiedas previouslydescribed.

In analyzing thé three portions into which thé original
solutionin théapparatuswas dividedafter electrolysis,it was

not deemednecessaryto take thé entiresamplesfortheanalysis,
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in thécaseof Mostof thé solutionsofsilvernitratein pyridine.
Sincethe middlelayer is cotnparativetysmall, the wholeof it
wasgenerallytitrated. Theanode and cathodesolutionswere
weighedin taredflasksto get thé weightof the totalsolutionof
each. In workingwith the normal and half-noriiialsolutions,
a z cesatnpiewasremovedfrom thé weighingflaskcontaining
théanodesolution,andafter weighingthé flaskwithits remain-
u]gcontents,a secondsampleof two ce was removed,and an.
otherweighingmade. Thé procedurewith thécathodesolution
was thé same. Thé two pairs of samplesthusobtainedwere
titratedas beforedescribed,and fromthe resultsobtainedthe
numberof cubiccentimetersof ammoninmsulphocyanatere-
quiredfor thé total solution was calculated. With the tenth-
normalsolutionsone sampteof 10 cewastaken fromeach the
anodeand cathodesolutions,and its weightand strengthdeter-
minedas before. With the fortieth-nonna!solutionsthe entire
solutionswereusedfor thé analysis.

The methodof ca!cu!ating thé transferencenumbersand
someotherdetailswill appearin the followingexample.

Anexampte
Thé relativevelocitiesof thé ions were calculatedby Hit-

torf'sweU.knownmethod.' Thé followingexampleillustrates
the method. Anapproximatelytenth-normalsolutionof silver
nitrate in pyridinewasprepared,andits strengthaccuratelyde-
terminedby titrating twosamples

Onece of the NH~CNSsolution' usedis equivalentto 4.101
mgofAgNO3or 2.6634mg Ag. From thèsedatathe strength
oftheoriginalsolutionwascalculatedas follows

Pot;8.At<n.98,6()8s6). AlsoOatwtd'sKtMsitterNo.:<.p.38.tt isaboat(ottieth.aorumt.

NH,CNS
Sample Wetght tequired tg.sotutiourequired

99~3 40.70 cc 4.ïOtccNH,CN8
2 to.58o 43.38 4.100"
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The quantity of AgNO,in g of the solution =

4.t X 4.'9!= !7.t8mg.
The quantity of Ag in i g of the solution =

4.1 X 2.6624="!0.92mg.
Hence the amountof pyridineia ) g of sotution ==

t o.OtytS ==098282g.

And the silver with t gramof pyridine= –– = n. 11 ntg.
0.9 2'J

Thé amount of the above solution taken for electrolysis wag

63-7~5~~s. Thé solution waselectrolyzed for 240 minutes,
at 0°, with a current of 6 milliamperes as indicated by the am-

meter, the potential differencebetween thé electrodes being 39
volts. Thé silver deposited in thé vo!ta!neter amounted to

96.4 mg.

The anode portionof the solution weighed 19.7tog
The middle tayerof thé solution weighed 5.70; g
The cathode portionof the solution weighed 37.836g
The residue in thé apparatus weighed 0.460g

Total weight 63.707g

The loss is so small that it is negligible. Thé following
tabulated data show (i) thé amounts of each portion taken for

analysis, (2) thé number of cubic centimeters of NH CNS re-

quired, (3) thé number of cubic centimeters calculated for the

entire sample, and (4) in the last coltitun thé actual ntnnber of

cubic centimeters of NH CNS used in titrating thé entire san)-

p!es.

l,
Total Total

KH.CSS NH.CNS NH,CNS KH.CNS
Solution Sampte tequired pergrem catcu)ate<! found

Middte 5-70'g 23.3300 4.0900 23.3300 ?3.33cc
Anode !o.!2o 32.45 ~.tSz tox. toz.to
Cathode 9.89' 35 zS 3.68 t35.oo !34.85
Residuej 0.460 t.t5 –– j t.!5 1.15

Totats 26t.62 ce 26t.43ce

Thé whole amount of solution taken when muttiptied by
thé NH~CNS équivalent of one gram gives a check on the



_J_ '° j
'< 'S '7 '8 '9 M 23 !4

R!t~ So'utionttectMty~Anodepofiionofsotutioa
1.

Cst)t<x)eportionofsctution Cat:c.

Expen-~emM-r.CurfMt~Mp~–––-j-––––––––~–Agmt. 'Agmi-
number

~'1'– w~._.–
?

v
in

a t'
.l.t. 'g.aotvt

g~
Mntot.

mg.“,“,–––-––––
tenttnn'g.Mauode«cathode

j__ _St''JAtiH0~8otMnt
Mg.s

AgNO,j8otvent
AgongtHalj 'AgNO,SoientAgoriRia.)~

i
330 ? 3.5t7o.3Mri )5.t07'84.893ttg.oô~s.~to248!tt2.999~.5763).46t6j~.6~3302.465S t4.86st.5660).68o2s5.7';2.6-;2.72 23 33° 6 tt 170.31ra/a15.1°7i 114.893U3.0615.410!:1.481at.66gk5763.,1.4616!55.6 2.465

:.14.865:
1.5660i1.6802!55.732.632.72 t8.5 360 6 n t6t.oM~ S.o~o~i.~to55.93)~3.7442.075j2!.6ô9t.3t8ot.2~954.9-– –– –– –– –– –

~4.,
2 18.5!360 8 11161.0 8.O9{)'91.91OS5'93¡23'i4~12.075121.66911.3180.1.2119154'9i8.a36-1 34·334·0
3 23 :40 8 7 '30.8 S~é~ 56.35)~.4661.140jU.3260.72400.6382!45.0<8.2~6f.36''6.8750.8646o.95"944 34.334.0°

t 3'oj
8 7 '68.8 8.t47~9'.85356.36tn.34''-087no.254io.69oo0.577?!56.5'~98t.3?tt6.8770.8392o.95'256.833-5-6

5 '9 225 !2 t68.2M/.ot.724!98.276tt.tS6).46ot.2t760.2430.77380.673668.o–– –– – –– –– "1
6 19

'225
6

23
168.2

« 11.72498.27611.181161.4601.217\60.2431°'7738,0.6736168.0t85o.5oz35.683i o.3t8g0.3963 4°.4'-
°

300)
6 23 126.2

t.7t7~98.z83n.n 17.6470.423
!7.2240.2687'o.t9<3

48.8~.t8;0.50235.6830.3)890.396348.838.7.8.7
7 o ~o 6 39 96.4 t.7t7,98.283;n.n !9.7to0.429f9.28to.27t810.2)4238.8~.296) 0.57037.726o.~6t9o.4t9t39.240.240.6°

~S 4 39 57.8"/400.435;99.5~5)2.765!4.220o.U3tt4.no.o7t860.3901)24.95tf.22o.)2784t.o90.0~20.~3625.443.243.9
9 22 300 2 24 37.7 0.436,99.564!2.76%22.t500.12922.020.08)800.6094)t6.84u.7S:o.){854t.6o0.09430.~52)6.8 44.744.5

Sotvent:Acetonttn!e

360 'o
3 233.2j

? ï8.5548t.446t44.739.)7o1.8857.285;t.t978~.os43!89.7fi :4.4~2.494~t.94o't.584ot.728!89.! 38.538.2
'9 270 7.5~5 125.3!n~405.64894.35238.039.t8!0.6268.555(0.3973!0.3253~53.3t4.47oio.709!3.76)',0.45060.523352.642.442.0
'7

240 8 n ,23.5)<Ht 2.09597.905!3.69t5.5740.432~5.<42,0.2750~0.2073.55.8:2020.574,3t.628!0.36440.432955.045.244.5
'3 '9 8 –

?6.4''~350.58899.4t2!3.735'2.395o.t36:t2.258io.o864io.04s8.35.8.ô~oio.~o~34.53o'o.o887so.'29o,36. 46.947.3

ÏABMII.

Sotvent:Pyndine
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total volumeof NHCNS required,63.~5 X 4.1==26ï.2= ce

NH CN8tequiredon thebasisof the strength of the original

sottttion. Thé resu!tscheckedquiteaswell in theotherexpert.
mentsthat wereperformed.

Pfomthe foregoingdata thé transferencenumbér for the

silverionwasca!cu!atedfrontthé anodeportionof the solution

as follows

Thé quantity of AgNO in thé anodeportion~ ï02.t X

4.191= 427.9mg, whichcontainedzyt.S mgAg. Thequantity

ofpyridinewasevidentlylo-yto – 0.428= ï9.28zgrams. The

silver withthisamoMntofpyrMineonginat!y==19.283X !i.n =

214.8mg. To this amonntof silvermust be addedthe silver

whichwent intosolutionfromthe anode. Hence214.2 +96.4

or 310.6mg representsthé amountof silver that wonld have

beenfoundpresentif no silverhad migratedout during elec-

trolysis. But thé quantityofsilveractt)a!iyfoundin the anode

portionwas 271.8<ng consequenttythé amonnt of silver that

migratedout was3!0.6 27!.8= 38.8mg. Thé transference
~88

numberfor thé Ag-ionthereforeis = 0.402= 40.2percent.

Promthe data on thecathodesohttionwefind,byasiinilar

cakniation,that 39.2mgof silverhavemigratedin during the

etectrotysis. Hence the transferencenumbërof thé Ag-ion=

= 0.406= 40.6percent.
96.4

Thésilverdepositon thecathodewas bright and adbered

well in thé case of pyridinesolutionsof silver nitrate whose

strength was tenth-noriiialor greater, while in thé fortieth.

normalsolutionsthé depositwasgrayand spongy. Thé silver

depositsfromthé acetonitrilesolutionswas bright, crystalline,
and looselyadhering.

Experimentalresults

Thé followingtablegivesthé dataobtained in the several

experiments,and thé transferencenumbersfor thé cationca!cu-

tatedtherefrom. The strengthof thé currentis given in rniHi.

amperesin thé fourthcohunn. Thesenumbersare thé current
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readtngsobservedontheantttteterused,whichwasgraduatedto
miUiantperes,and must be taken to indicatethé approximate
currentstrength.' Cohnna5 givesthe potentialdifferencesbe-
tweenthéélectrodes. Theseweremeasuredby closingfor an
instanta shuntcircuit containingthé vottMtetef.Cotumnsand 2Tgive theamountsofsih'ef in the silvernitratewhich,be-
foreelectrolysisof thé solution,wasdissolvedin thé quantities
ofsolventindicatedin cohunns t~ and to. Thèse figuresare
obtathedby multiplyingthe numberof gramsofsolventby the
amoutttofsilverwithonegramof solventfôundin calumn io.
The last twoco!umns- 23aud 24 -give thé transferencenum-
berof thécationas calculatedfromthe portionsof thé solution
aboutthéanodeandcathoderespective!y.

!n théexperimentsnutnbered2and 5 an apparatusresem-
blingoneof Rein'ssi)np!erforms'wasused. A fortieth-nonnat
solutionof thiocyanatewas used for mostof thé titrations;i
but for thé analysisofthe dilute solutionsemptoyedin experi.
ments8and 13,a hxndredth-nonna!solutionofthiocyanatewas
nsed. In experimentio- nonnatsHvernitrate in acetonitrile

the analysesof thésohttionsweremadewith'a tenth.norn:a!
solutionof thiocyanate.

Table III. givesthé relative,velocitiesof thé siher ion, at
TABM111.

Transferencenuntherof thecationmuhipliedby too".u.

utHMcm concentrauons tn solutions of silver nitrate ht water,
methyl alcohol, ethyt alcohol, aceto«itn!e, and pyndh The

Fromthé amountof silverdepositedin the vottantete)-theexact curtettt
Mtettgthiu amperescju)d of coursebededuced.

'SeePi~.s. Zeit.phy<.Chem.2S«898).

Solvent
Votantein

HterBCOtttatuiogottegmm.motecuteofAi'NO.

_J°~t M 40

Water 53.2 so.o 48.3 47.3 "17.
Acetonttnte –

383 – j.z.2 448 – –
Pyndh.e 3:.6 34.2 So
Methvtatcoho)

Ethytatcohot

diSerent concentrat!ons in solutions of s)!wr nîtrot. <
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.î.< ~< 1 <-transferencenumbers in aqueoussolutionsare taken frontthe
workof Hittorf,and thosein théa!coho!icsolutionsarefrotnthé
determinationsof Catnpetti'and Mather*. Catnpetti'soriginal
articlewasnotavailable,andas noneof thévarionsabstractsof
his papermentionthé concentrationat whichhe worked;thé

positionofhis resultsin thé tabteis uncertain.

Concludingremarks
FromTable111.it appearsthat there iscotisiderablediffer-

encein thé relativevelocitiesof thé ions,in solutionsof silver
nitrateof thé sameconcentration,in differentsolvents. There.
su!ts also indicatethat with increasingditution tl)e relative
velocitiesapparenttyconvergeto the samevalue,about0.~7for
the cation,in the differentsolvents. Butthe expérimenta!evi-
denceat handon this pointis still tootneagerto makethegen.
era! statementthat withincreasingdilutionthé relative\'e!oci-
tiesof thé ionsof a substancedissolvedin differentsotventsap-
proachthesamevalue.

In aqueoussolutionsofsilvernitrateweseethat thévelocity
of thé cationdecreaseswith increasingdilution;while in thé
solutionsof pyridineand acetonitrilethe oppositeholdstrue.
In this respect,theseno't-aqneoussolutionsof silver nitratebe-
have likecertainsaltsin aqueoussolutions,coppersn!phate,for

exampte. Moreover,when thé transferencenumbersof thé
varionssaltsstudiedin aqueonssolutionsat differentconcentra-
tions are elussified,it appearsthat thosesalts whieh show a
!nar!œdaninityfor thésolvent,as a rule,yieldtransferencenum-
bersfor thécationwhiehincreasewith inereasingdilution and

again,solutionsof saltswtuchshow but slight variation,or a
decreasein velocityofthe cationwith increasingdilution,have
a relativelyslight affitlityfor thé solvent.

Silvernitratebasa pronouncedaninityforacetonitrileand

pyridine,thé rise in températurebeingespeciallymarkedwhen
silvernitrate is dissolvedin pyridine.3 Promtheanalogousbe-

Campetti.AbstMctZeit.phys.Chem.t6.t6s(tS~s).
Mather.At)).Chem.Jour.~6,473( '90)).
Thethermaleffectsarcn<wbeinginvestigatedinthistabo~tory.
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haviorof thèsesolutionswith respectto the variationof thé
transferencenumberswith thé dilutionto aqueoussolutionsof
saltswhichshowa markedamnityfor'water,andfromthe Con.
trastofbehaviorof silvernitratesolutionsin wateron the one
hand.andm pyridineandacetonitrileon the other, it appears
that theaffinityof thesolventforthé dissolvedsubstancemust
receivedueconsideration.inanyexplanationof thèsephenomena.

Thesevariationsof the transferencenumberswith the dilu.
tion maybe explainedby assmningthe presenceof various
complexionsin the solutions;thus,forexample,A. A. Noyés'
cites the case of barium chtoride,–a salt in which thé
velocityofthécationincreaseswith inereasingdilution,–and
states in explanationof this change in velocity with the
dilution thatit is necessaryto assuméthat thereare presenta
considerablequantityof complexnegativeions formedby the
unionof oneormorechlorineions with one or more chloride
molecules,e.g. BaCI'3or

BaCl~,andthat thesedissociatewith
increasingdilution. For the oppositebehaviorof the cation,
i. e.,decreasein relativevelocitywith increaseof dilution,as is
the caseofaqueoussolutionsof silvernitrate, we must on this
basisassumetheexistenceof complexpositiveionsin the solu.
tion, and that these dissociatewith increasingdilution. For
solutionsofsuchsaltsas showlittleor nochangein the veloci.
ties of the ionswiththe dilution,weshouldhavetosaythat but
fewcomplexionsexist; or,assumingtheirexistence,the num.
ber ofeachkind,positiveandnegative,isabout the same, and
that theydissociateat aboutthe sameratewith increasingdilu-
tion. To explainthe oppositebehaviorofthe solutionsof silver
nitratepointedout above,in differentsolvents,on this basis, it
is necessaryto assumethé existenceof complexpositiveions in
aqueoussolutions,and complexnegativeions in thé pyridine
andacetonitrilesolutions. But théassumedexistenceof these
varionscomplex,free ions in the differentsolutionsof silver
nitrateunderconsiderationmustbeascribedto the influenceof
the solvent. In fact the resultsinTableIII. illustrate well the

Jour.Am.Chent.Soc. (t~o,).).
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importantrôleof thesolventin ionizationphenomena. More.
over in view of the paraHetismhère pointedout betweenthé
affinityof solventanddissolvedsubstanceandthe changeof the
transferencenumbersof théionswith the dilution, it seemsto
methat the trueexplanationfor thèse variationsin thé ionic
velocitiesliesin a compkxunionof solventand dissolvedsub-
stance,and not in theassumptionof severalkinds of complex,
free ionsof the solute.

During the progressof this work ProfesserKahlenberg
offeredhe!pfu!suggestionsfor which 1 desire to expressmy
thanks.

~0't<M'~<y~M~ Ct~t~
M«'n<'<y~<~MMM~,

Wis.,
Feb. /~?.
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Ina previouspaper'oneof the authorsbasshownthat thé

temperatoreof inversionrepresentedby

XnSO,.7H,0 ZnSO,.6H,0+ HO,

whenmeasnredby thé electricalmethod,differsconsidemMy
front thé same point measnredby solubilitydéterminations.
Thereseemslittle reasonto doubt thé electricaldetenniMation
sincethéresultsotjaeger'give an independentverificationof
thé point The solubilitymeasurementsof CaUendarand
Bames~forzincsulphatehavealsobeencompletelyveri~edby
E.Cohen,<andhavethusaddeda secondindependentverification
of thistempérature. It wassuggestedin théfirstpaperson this

subjectthat thepresenceof thé mercuronssulphatein théClark
cell usedforthe electricaldeterminationscauseda loweringof
the inversiontemperature. This seemedall the moreprobable
as it hadbeenprevioustyshown that thé mercuronssulphate
wastoa certainextentsoluble,andexerteda smallinnnenceon
theB.M.F. of théClarkcell. To show this, cellsof special
designwereconstructed,similar to thé H-formof cell, with
electrodesseparatedbya longnarrowtube, andthèsecompared
withcellsof thé nsua)test-tubetypewith the zinc rod not far

removedfromthé pasteofmercuroussulphate.
!nadditionan H-fonnofce!)wasmadewitha massofzinc

placedin théshankbetweenthé twotimbs to collectthé mer-
curoussulphatethatdinusedoverfrontthé positiveto thenega.
tivelimb. In boththèseexperimentsthé cellswith zinc elec-

Jour.Phys.Chem.4,<( tyx)).
Wied.AMtt.63,354(~7).

Proc.Roy.Soc.62,)y)(t~).).
Ptoc.Roy.Soc.o!AnMterdam,3:4( f~oo).3.
t.c.p.<9.
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trodeshietdedfromthe din'ns!ngmercuroussalt had a higher
E. M.P. than thosenot soprotected. Sincethenfnrthffexperi-
mentshâvebeenmade,whichshowthe solubilityof thé mer-

curoussulphatein thé zinc sulphatesohttion,and an attempt
madeto measurethé diffusivity. For this latter an H-fonnof

cell was conatrnctedwith a glass tap betweenthe electrodes

whichcouMheopenedandclosedat will. Altitough no very
definitequantitativeresultshaveasyet beenobtained,a measur-

ableeffectwasnoticed.'

Thé teMperatxreof inversionasmeasuredby theClarkcell,

i. e. 38.75°C,differsso widelyfrom thé satne point tneasuret!

by thé sohtbititydetenninations,whichis 30.95"C, as to sug-

gest someinfluencedue to thé solubilityof the mercaroussul-

phate. It wasdecidedthereforeto make someexperimentsto

test this pointelectricallyand toarrangethe conditionssoas to

avoidthe presenceofmercuroussulphate. Two inversioncells

wereconstrMctedforcotnparisonin thé H.form(Fig. i) within-

Theseexpérimenta,oneoftheauthora(H.T.B.) cwnedontwithDr.
E.CohenbyhlsMMftesylabistabor.<totyinAtMtefttam.
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terveningglasstap. la oneof the cellsboth limbs werefilled
witha ïo percentzincamalgamand a mixtureofzincsulphate
crystals,and in the otherboth timbs werefilled with mercury,
mercuroussulphate,paste zinc sulphate crystalsand solution.
In bothof thesecellsthe E. M.F. was zero: whenboth !imbs
containedeitherphaseat all températures,wheneachlimbcon.
taineda differentphaseat the inversiontemperature.

Cohen'searlyexperiments'wereavailablefor an inversion
cellsimilarto our second,whiehcontainedthe heptahydratein
onelimb andthé hexahydratein the other limbin thépresence
ofthé mercuroussulphate,but wefoundoninspectionthat the

temperatureat whichthe cellgavezero E. M.F. wasnot suffi-

cientlyprecisefor ourpurpose.
Ourmethodofprocedurefor theexperimentswithour two

typesof ceHswasverysimple. Thé glass tap wasclosedand
thécrystalsin one limbinvertedfrom the heptahydrateto thé

hexahydrateby immersingin a water.bathat a temperaturebe.
tween55"and 60" C,keepingat thé sametime thé other limb

containingthe heptahydratejust below the inversioutempera-
ture. Thé cell wasthen removedto a thermostatnearthe in.
versiontemperature,and soarrangedthat by disconaectingthe

regulatorthe températurecouldbe variedby smaltamountsup
or downthe scale.. Assoonassunicient timehad beenallowed
forthe twoîimbsof the cell to attain the temperatureof thé
baththéglasstap wasopenedandthe E. M.F. of the cellmeas-
ured. Sinceeitherphasecanremainmetastableovera consid.
erablerange,it waspossibleto makeobservationsseveratdegrees
aboveand belowthe inversiontemperature,and thé true tem.

peratureobtainedbyinterpolation. Byvaryingthetemperature
sufficientlythé change in the limb containingthe metastable
saltcouldbeobservedby the returnof the E. M.F. of the cell
to zeroon the inversion.tothé stableform.

The differenceofpotentialbetweenthe twoendsof the cell
wasmeasuredon thepotentiometerdescribedin the firstpaper."

Zeit.phy<.Chem. 53(tS~).
'l.e.p.4. ·
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Since thesedifferencesweresmat!and changedsign at thé in'

version tetnperaturethé electrical connectionswere madeas

shownin thediagram(Pig. 2)so that a changein signcouldbe

measuredimmediatety. Onepole of the cell waspennanentty

fastenedto a pointonthé bridge-wire,and thé other passedto

slidingcontactw!nchcould be placedon one wire or on the

otherdependingon the polarityof the cell. Onecenthneterof

thé bridge-wirecorrespondedto î/to of a millivoltand the

galvanometerwascapableofdetectinga shiftof one millimeter

on the wire. This gaveampleaccuracyin the measurements.

For the methodof measuretnentandadjustmentof thisfonn of

instntmcntforsmalldifferencesofpotentialthefirstpapershonM

beconsuhed.

In ourexperimentswith the secondinversioncell contain..

ing thé mercnroMssulphate,the methodof invertingone limb

and théelectricalmeasurementswereexactlythé sameas those

just described. Sincethé E. M.P. of thé cell resultsfromthé

dtCerencein thésolubilityof thé two hydrates,sufficienttime

had tobeallowedona changein temperaturefor thé solution

to assumeitsnonnatstrength. Thé temperaturewas therefore

varieds!ow!yand bysmall incréments. Nogreaterroris likely
to havearisenfroma wantofsaturationorsnpersaturationsince

a largequantityof crystalswas alwayspresent. Fron thé ex-

periencewiththe "crystatClark cell in whichthesolutionis

alwaysin contactwith the solidcrystals,the "tag" is exceed.

ingly small and quite negligiblefor thé temperatureranges
we workedwith. Neverthelessthis point couldnot be over-

lookedandcarewas taken to obviate it. Crystalswereplaced
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in the uarrowtube connectingthe two limbs ao as to ensnre
saturationthere,andwhenthe salt wasinvertedtheentire limb

Mpto the glasstap was iulmersedin the hot bath. The two
limbs couldbekept separatedfor an indefinitetimeby keeping
the tap c!osed,andsince the tevet of thé liquid temained the

samein thé twolimbstherewasnopassageofsolutionfromone
to the otherwhenthe tapwasopenedfor a measurement.

The followingtablecontainstheresutt of theobservations.
The difterencesof potential are expressedin millivolts,the

changein signoccurringat the inversiontemperature.

TABM OP OB8BRVAT!ON8

Iavers!oncellwithoutmercuroussulphate

Froman inspectionofthe tab!eit willbeseenthat the in.
versiontemperaturein the caseof the two cells is very neaï!y
thé sameandbotharebetowthe temperaturegivenby the soht.

bility determinations.A smalldiBerenceexistsin thé results

by the twoce!!s,andshows,webetieve,aneffectproducedbythe

E.P. inmnMvotH Tempemtute

-o.t5 3977"C
0.00 ~.62

+0.~5 36.9!
+ o.40 36.00
+0.56 35-17
-0.55 ~t.6!
–o.6() ~.n

Inversioncellw!thmercuroussu)phate

–o.t~ ~o.o
–O.!? ~o.O
-'o-'4 ?5
–o.tt 3~.0
–0.04 38.0
-o.o3 38.3
+0.02 37-5
+0.07 37.3
+o.oft 37-0
+o.oa 379
-0.05 3844

I?~~<~~t*f-.––t~ -f~t.~~~L<~!« <L- ~< ~<
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presenceof thé tnercuroussulphate. It cannotbe said,however,

that solargea differenceas exists between the temperatureas

measttredonthé Clarkcelland as measuredby thé solubility

detenninationscaobeascribedto the mercuroussulphate,but

mustbe lookedforelsewhere. As it has beenshown concht-

sivelythat themerouroussulphategoesintosolutionin the cell

a smalleffectmight be expected,but it does not seem to be

enoughto accountfor the discrepancyin question.
In conclusionwemaystate that weare continuing the in-

vestigation,andhopeto beableto connnunicatefurther results

in a laterpaper.
~CMeM/)'tt'<ïFMt/t/<w,
~rC~/{/a<MM~,~M~

~At<'<~<,/pM



SYNTHETIC ANAI<YSïSOF SOLID PHASES

BYW!t.MRD. BANCROFT

Exceptin therareinstanceswherea solidphaseis in equitib-
rium witha liquid phase of thé same composition,thé usual
method of analysis requires the preliminaryisolation of' thé
solidin a pure state. This isnot alwayseasy. There may be
dangerofdissociationif dealingwitha componndcontaining at
leastone volatilecomponent. There may be difficulty in re-

ntoviogthé mother.tiqnor,as in the caseofalloys.
This latter ditScnttyhas been partiallyobviatcd by van

Bijtert,'whoaddeda third component,knownnot to enter into
the sotid phase, and estimated the amount of mother-liquor
clingingto the crystalsfro<nthe quantityofthis third substance

apparentlypresent in thé crystals. This process involves re.

movingthésolidphasefromthé solution,and M also open to
errorowingto the possibilityofa changein thé compositionof
thé mother.Uquorwhiteremovingthe crystals.

Beinginterestedin thé studyofalloys,1 havereversed the

processofvan Bijlertand determinethé compositionof the solid

phasefromthe changein thé compositionof the solution from
which it separates. Let us supposethat we hâve three sub

stances,A, B, and C, and we wish to detenninewhether thé
solidphaseis pure A, pure B, a compoundof these two, or a
solidsolutioncontainingA and B only. Westart with a soht-
tion containing gramsofA, grams of B per gram of C.
We let this sotution cool to some convenienttemperature,
pipetteoffa portionof thé solutionandanalyze. If the solution

contains gramsof A andy. gramsof B per gram of C, thé
solidphasecontains-f, –.c, grams of A andy. –~ grams of
B. If -f, = o, thé phase is pure B if jf, – = o, thé

phaseis pureA. If the twodifferencesarensitherof them zero,
the ratiogivesthé mean compositionof thé phase. The only

Zett.phya.Chem.8.~3 ('89!).
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.t.
limitationsare that theresha!!bebut one sotidphaseand that
thé componentC shattnot fonn part of it. !t is,ofcourse,pos.
siblethat thé solidsolutionin equilibriumwitha certaintiqnid
phasemighthappento have a compositioncorrespondingto a

compound. A secondanalysis with differeiltinitial and final
concentrationswillenableone todistinguishbetweenthèsetwo

possibilities,sincethé compositionof thé solidphasewillvaryif
a solidsolutionandwillremamconstantif a compotind.

For thé sakeof simpticity,it bas been assntnedthat thé
initialconcentrationsweresttchas to have everythingin solu-
tionat someaccessibletemperature. If thiswereessential,thé
methodwouldbe applicableonly tosystemsinwhichtherewas
a markedchangeofconcentrationwith the température.This
isnot necessary,and thé initial concentrationsmay be thoseof
thésystemregardtesswhethera homogeneoussolutionis or is
not formed. Thé onlylimit to thé aecuncy of analysisto be
obtainedby this methodis that the massof thesolidphaseshall
notbeso gréât as to make it impossibleto drawoff enongh
solutionforanalysis. It is not essentialthat thesystemshallbe
in equilibriumwhenthésolutionisdrawnoff,nor thatthesolu.
tionshallbe free fromthe solidphase,thoughit is desirableto
haveas littleof théso!idphaseas possiblein thémassto bean-

alyzedinordertomakethedifferencebetweenthéinitialandfinal
concentrationsas largeas tnay be. If there wereenonghsolid

phasein suspension,thisdifferencemightevenbecomezeto.
So far,wehaveassumedthat thé third componentdoesnot

form.partof the solidphase. Thisassumptionbas beenmade
as a prelimisiaryconvenience;but it is not essential. Thé
methodis eqnanyapplicableto systemsin whiehtemarycom-

poundsoccnr. Whereverit is not knowndefinitelythat thé
thirdcomponentdoesnotenter into thé soHdphase,a graphicat
methodis thé bestfor interpretingthe results. If we plot the
initialand finalconcentrationsin a triangulardiagramandcon-
uect thé pointsbya straight line,thé compositionof the sotid

phaseis representedbysomepointlyingin theextensionof that
line. If wemakea secondanalysis,with differentinitial and



!8o H~M<y~

i:< ~~– ~t ~~t t~ ~1~~finalconcentrations,and plot these résulta,thé compositionof

the solidphaseis representedby somepointlying in the exten.

sionof thé line connectingthèse two points. Thé actna! com-

positionof the sotidphaseis thereforegivenby thé point of in-

tersectionof thesetwolines,in casethé solidphaseisnota solid

solution. If thé linesmeetoutsidethé diagram,the solid phase
tnnst be a solid solution in other cases, where thé analysis
showsthé presenceofmorethanonecomponent,a solidsolution

maybepresent,but a secondanalysiswill settlethe question if

itisata!!doubtM.

To illustratethis there is given in Figure t a schematic

A

diagramfora systemmadeup of threecomponentsA, B, and C,
in whichthé substancesAandCformtwoseriesofmix-crystals,
and thereare twocompounds,AB, and ABC,neither of them

stableat itsmelting-point.Thécontinuonslinesshowthé bonnd.
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ary curvesand thécrosses,the initialandfinalconcentrationsin ]

the crystallizatioiiexperimeiits.In thefieldin whichpure Bis

solidphase,the dottedUnesmeetin the cornerrepresentingone

hundred percent B. In the fieldfor thecompoundAB., the

dottedUnesmeetat thé point D,wMchrepresentsthécompound

AB,. In the fieldfor thé ternarycompound,the Unesintersect
at H and the solidphase thereforebas thé compositionABC,

representedby the pointH. In thé field in which we should

expectto findpureA as solidphase,thé dottedtinesas drawn
do not intersect at all. Fro<nthé upperline we might sus-

pectthat wewerein théfieldforcompound AC. Thésecond
dottedlineshowsthat thesolidphaseisa solidsolution01Cin A.
If the solidphasehad beenmix crystalscontainingA, B,andC,
as in the caseofcopperand iron sulphatesin water,the two

lines wouldhave intersectedinsidethé diagrau),but a third

crystallizationexperimentwouldhavegivenanother line cut-

ting thé other twobut notpassingthroughthé point of inter.
section.

Whereone is deatingwith inorganiesubstances,a direct

analysisof the solutionwill ust)a!!ybe the simplestand the
mostaccuratemethod. Casesmayeasilyoccnr,however,where
a directanalysisis very dinictutor inadvisable.Under thèse

circutnstancesa zeromethodcanbcemployed. We start with
a saturatedsolutionat somedennitetempératureandthendeter.
mineany convenientproperty,such as density,conductivity. ·

boiHng.point,or acidity,etc. Wenext add oneor morecotn-

ponentsin the proportionsin whichwebelievethemtooccurin

the solidphase,andkeep the solutionat the adoptedtempéra-
ture until equilibriumbasbeenreached. Ifwehavebeenright
in ourguessas to thé compositionof the solidphase,thé solu-
tion will be entirelyunchangedbecansethe addedcomponent
or componentswill have separatedas the solidphase. If we

hâve been wrong,thé compositionof the solutionwill have

changed. Thé accuracyof thé analysisdependsonthéaccuracy
with which wecan detect small changesin the concentration

of the solution. This gênera!principleofkeepingthe concen.
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trationof the solutionconstantbyadding to it thé phase which

is beingremovedbas previouslybeen applied successfiillyin

this labomtorybyDr. Carvethtotheanaiysisofthevaporsgiven
offbya mixtureof twovolatile!iquids.

Whenwearedealingwithalloys there is a possibilityof

applyingthe zeromethodin anotherform. If wedetenninetlte

temperatMre'timecoolingcurve,weshall get a break wherethé

first solidphasesepamtes,anotheratthe boundarycurve where

thesecondsolidphaseseparates,anda third at theeutectic point
wherethé third solidphaseseparates. If wemettthe massand

addoneormorecotnponentsintheproportionin whichthey occur

in thésolidphase,weshallraisethé températureat which thé

firstbreakoccursand!eave the other two nnchanged. If we

addoneor morecomponentsin a differentproportionfromthat

in whichtheyoccurin the solidphase,weshallchangethe tem-

peratureat whichthé uppertwobreaksoccur,whilethe temper-
ature of thé thirdretnainsunchanged.Theaccuracywith which

wecantnakeonranajysis dependson thé accuracywith which

wecanpickupour boundaryeurve. There are severalserions

difficulties. Thereis a possibilityof supeifusionand of thé in-

tennediateformationof instablephases, a phenomenonwhich

we knowto beseriousin the caseof steel and which may be

serionswithotheralloys. Théo,the moreof thesolidphasewe

add thégreaterthéaccuracyof theanalysis fora givenerror in

determiningthé boundarycurve; but the largerthémassof thé

solidphasethé lessmarkedwillbe the break at the boundary
curveandthe greaterthe error in determiningthe température
at whichthisoccurs. Thereis nodoubt but that thé method

can be used to determinethé compositionof a compound.
Whetheronecanoseit to distinguishbetweena puremetaland

a solidsoiotioncontainingless than one percentof thé other

substanceis notsocertain. It becomeslargelyaquestionof the

de!icacyof thé recordingapparatus.
Oneof the tnostimportantpointsin regardtoa methodof

analysisis the accuracyto beobtained. Thé amount of solid

phasewhichwill interferewithdrawing off a portion of thé
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liquid phase will vary with the relativedensitiesof thé two

phases and the form of thé crystals,andcannot thereforebe

stated generally. Prom Charpy'sexperitnentsonaitoys' a mix-

ture containing75g of tin, 30g of tead,and 4$ g of bismuth

ahouldgiveat about tzg", 100g ofsotid tin and a solutioncon.

taining 25g of tin, 30g of lead,and 45g ofbismuth. Taking
the mostunfavorabtecaseandthrowingall thé error on thé tin

and lead,wewillassumethat our finalanalysisshows 25.25g
of tin and 29.75g of tead to 45 g of bismuth. This would

mean that th&solidphasecontained40.75g of tin and 0.25g
of lead. In otherwords,an errorof onepercent in the deter.

minationof thé tin in thé solutionmeansan errorof one-halfof

one percentin the compositionof thesolidphase.

From SeideU'sexperiments.on the solubility of sodium

sulphate, sodium-chlorideand water, a mixture of 04.25g

Na,SO~,8.t5 g NaCt,and igo g H,0 shouldgive at 25° a soht.

tion containing23.15g Na~SO~,8.t5 g NaCl and 100 g H,0.
Here an errorofonepercentin the amountof sodiumsulphate
tneansanerrorofaboutthe sameamountin the water to salt in

the hydratedsalt. Asa matterof fact,anerror of this magni.
tude is notpermissible.

Thereare twothings to benoticedabouthydratedsatts. If

one addsthéanhydroussalt to the solution,there is the theoret-

ical possibilitythat it may becomehydratedon the surfaceonly
and that equitibnummaybe reachedonlyafteravery longtime.

Experimentsthat havebeenmadein this laboratoryshow that

this difficultydoes not occurwith sodiumsulphate or batium

chloridewhenthesesubstancesareaddedaspowder,and s!ow!y.
Thé secondpoint to be noticedis that theocclusionof mother.

liquor in the crystalsintroducesno error in case the occiuded

liquid bas thé samecompositionas thésolution.

In this paper 1 hâve describeda method of synthetic

analysiswherebythé compositionof a solidphasemay be deter-

ComptesfeNdus.!t6,ts69( tS~S).
Am.Chem.Jour.17,s~(t9M).



t8~ .S~~<- ~M~y ~~A</ /%a~y

mined witho«t removal from the soutien. When thé zero
methodis used,it is uot necessaryto knoweither the initial or
finalcompositionof the solution. This methodshouldprove
servieeab!ewitha!!oy8,eaorescentcompounds,basicsalts and
substanceslike manydoublesaltswhichare decomposedby the

puresolvent.

<~w//Mttt~M~



A DERIVATION 0F THE PHASE RULE

BYJ. ?. TRBVOR

A!thoughseveralformsofGibbs'sdérivationof the phase
rulehavebeenpresentedin recentyears,1venturein thepresent
paperto offeranother,in the hopethat its simplicitywillentitle
it toconsideration.

i. Thecase~Kconstitueats

Let us firstconsidera phase-systemhavingn independently
variable"contponenjts eachone beinga componentofeach of
thé phasesof the system. At equilibrium,the energy of each
of the coexistentphases is a function of the volume, the

entropy,and the component-masses,of the phase,

E<(~, M~ M~). ('==1, 2, ~-).

Bydifferentiationof these functions,we find expressions
for the intensities that correspondto thèse variables(the
extensities "), i. e., for the pressure,the temperature,and the
ehemicalpotentialsof the components,

~==~.(~, <<“ <'<“ ~), (~'=t,z,)

~==~(~, <“ <,“ ~).

(t)
~=~(f<, C~. <-“),

~=~+.)(~, <-(“

Herefor the specifievolumes,specifieentropies,andspecifie
component-massesor massconcentrations", of the phaseswe
introducethé notation

“– Vt –~ '?<

~-S~'
t

'S~'

The first derivativesof thé functions E, may be regardedas
functionsof thesevariables,since the functions Ef are homo-

geneousand of the first degreein their variaMes.
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Differentiationof thé functions E, yields pritnarily, of

course,(n+ a)~ equationsfor the phase intensities

but betweenthèse functionsobtain the (n + 2)~conditionsof

equilibrium,

r

A
=

A
=="'==

A =

/t ~)– t~ – t w==p, ~=:y

~==~, === =
==~,

~M == =
== ==

whichservefor theelirninationof thephaseintensities,whereby
weobtainthe(a + 3)~equations(t). Thé only fnrther inde-

pendentrelationsbetweenthé variablesof (ï) are the r equa.
tious

(~
2/<~

1.
i

Weintroducethe w concentrations and thereforealso these

equations(2),insteadof restrictingourselvesto functionsof thé

(n t)~ ratiosof thecomponent-masses,in order that our setof
variablessha!!includethé phase-concentrationsof a!t thé com.

ponents.

Relating to our system of r coexistentphases, we have
abovethe

(a+2)r-< r

equations(t) and(2),between

(M+::)~+(?-):)

variables. Of these variables,therefore,the number that re-
mainsindependentis the differenceof thesetwo nmnbers,or

n+ 2 –

It appears,that is to say,that of thévariables

A

~t << << (t = 1, 2, ~)

the numberremainingindependentlyvariable,the variance
of the system,is
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W==M+2–f.

This is the phaserute forthe casein question.
It may be, however,that certain of the componentsare

absentfromcertainof thephases. This fact will be expressed

by y equations
~=!0.

Thé effectof theseequationsis to causey of the concentrations

c,yto disappearfromthé setof variables,and y of the equations

~/==~</+.).

of the set ofequations(ï), to disappear from among the equa-
tions between them. Further, whenever the number of the

componentsofa phasereducestounity, anadditionalconcentra-
tiondisappearsfromthe setof variables,and an additionalequa-
tion,

2/<

vanishes. The numberof disappearingequations being thus

equal,in eithercase,to the number of disappearingvariables,
thenumberofvariablesremainingindependentis stit!,asbefore,

a + 2 –

The above result, but with reference to a smaller set of

variables,is obtainedby meansof the aboveline of reasoning if
westart fromany oneof the setsofauxiliary fundamentalfunc-

tions,
F<(~<t mt., ~<t. "<<n)

G<(A ?'< ~<. ~<<. *") «'<<.)

H<(~. C. ~t <M~).

2. Thecaseofn + Aconstituents

Thé caseconsideredin the foregoingis not whollygénérât.
It maybe that the numberofsubstanceswhosemassesvary in
the phasesof the systemexceedsthe number of independently
variablecomponentsof the systemas a whole. Denoting the

phase-massesof thé formersubstances,the "constituents", by

A~, A~ (<==t,z,)
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andsupposingprovisionallythat eachof the n + Il constituents
isconstituent of eachphase,we have for the energiesof the

r phases,

E<(~A,A,A~+~),

functionswhichare homogeneousandof the first degreein their
variables. Differentiationof thèse functionsyieldsexpressions
forthe intensities,writiHg for thé chemical potential of the

/-th constituent,

~==~("<. C< C< C,+~) (~'= t, f)

6= ~(~ ?<.C, C~ C~ )

(i = l, 2, 'f r)

(3) ==~(~ C, C~, G, + )
*t<

= "'I(n+4+.)(îr; CIIICio' CI("+,).~+~==~(.+*+.)(!'< ?<. C< C< C<(,.+A,).

Hereagainthe notationincludes extensities,namely,

eT–J~L “ r–

andhereagainthe phase.iotensitiesare replacedby thé eqnitib-
riumvaluesof the intensitieswith referenceto the systemas a

whole;by meansof the equationsrepresentingthe conditionsof

equilibrium. Thé onlyfurther relationsbetween the variables
of (3)are the r equations

(4)
~C~

and equationsbetweensomeor all of the X/&
Relatingto oursystemof r coexistentphases,wehaveabove

(M+~+2~-+~-+A
eqnattottsbetween

(u-i-h-1-x)r -1-r -i-h

(M+~+2)~-+(M+~+2)

variables. Ofthèsevariables,therefore,the nnmberthat retnains

independentis the differenceof these twonumbers,or

? + 2 r.

It appears,that is to say, that of the variables,
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A '"< ~t*

in C~C~, C~+A), (~==t,z,)

the numberremainingindependentlyvariable, thé variancewof

thesystentis
v=M+2–

It may be, however,that certainof the constituents areab-
sent from certain of the phases. This will be expressedby y
équations

A(,=o.

The eSectof theseequationsis to causey of the concentrations

C~todisappearfromthe setofvariables,and y of thé équations

~/=~<(/+.)'
of the setof equations(~),to disappear from among the équa-
tionsbetweenthem. Further,wheneverthe numberof thécon-
stituentsof a phasereducesto unity,an additionalconcentration

disappearsfrom the set of variables,and an additional equation

2~
1

vanishes. The variancethusremainsin any case

V=M-{- 2 –

as before. The phasem!e, that is tosay, is true generally.

Here,as for thé simplercasetreatedunder the nrstcaption,
the santéresult, but with referenceto a sma!!erset of variaMes,
is obtainedby the samereasoningif weset out fromany oneof
the setsofauxiliary fundamentalfunctions,

F<(~<. A<MA<~ A'("+*))

G<(~, At. A~, A/(,+<))

H<(~<~< Ae, Ai,, < A~+~).

The tteatment under this second caption, Thé Case of
M+ AConstituents,maybe regardedas the gênera! derivation
of the phaserule. That under the nrst is a particn!ar caseof

it, and maybe lookeduponasmeretyintroductory.
Cbnt~/MMtW~t~



LIMITATIONSOP THE MASSLAW

BYWtM)ERD. BANC&OPT

Nemst*and I<uther*have shown that thé dissociationof

a compoundin solutioncan be deducedfromthe dissociationin

thé vaporprovidedHenry's law hoidsfor thécompoundand its

dissociationproducts. If we havea compoundABdissociating
into Aand B, let f,, <,and <*be the concentrationsof AB, A

and B in the vapor phaseand let < < <-bethécorresponding
concentrationsin the solution phase,the solvent being one in

1

whichno polymerizationoccurs. If the solubility relationsof

AB,Aand B are given by the equations

(t) <,=~ y <,==~ <,=~

and if the equationfor equilibriumin thé vaporphase is

(2) K<, ==<,<-“

the equationforequilibrium in the solutionphasewillbe
a

K~' f'==~(3) – ·
"<"<

Thiswouldseemto showthat a solvent bas no effecton the

formof the equilibriumequationso long as it does not change
the molecularweights of thé reactingsubstancesanddoes not

fonncompoundswith the<n. There is one assumption,made

expHcittyby Nernstand by Luther, whichdoesnot hold in all

cases. They haveassumed Datton's law that each substance

in the vaporphaseis absorbedproportionaHyto its partial pres-
sureand independentlyof thé natureof the otherabsorbedsub-

stances. !n tnanycasesthis isnot true. Thé presenceof ben- t

zenein alcoholor acetouedecreasesthe absorptionofwaterand

vice versa. Salicylic acid precipitates water from aqueous t

acetoneat o°. In other words,the solubility coefficientvaries

Zeit.phya.Chem.0.36(tS~) 8, oo(t897) <B, (t~ot).
'ïbM.ae.3t7(t89S).

tt
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with thénatureandconcentrationof théothersubstancespresent.
We will thereforetake up thé case where thé relations “

= ~,c/ andc3= hold for A and B by themselvesbut not r
for A and B together. Ignoring any disturbing effect ou the

compoundweshall have

(4) <=~ <== A,<), c,==A,<).

The equationfor equilibriumin the solutionphas<becomes

(5)
K~~=<(<).~(<).

In a caseof this sort,the equilibrium wouldnot be represented
by thé usoatéquationand thé experimentaldata might be more

accuratelyreproducedby an equation withfractionalexponents.
Chloralhydrateis a casewhere thedissociationproducts,chloral
and water, are only partially miscible and thé changeof the

dissociationwith theconcentrationin acetonesolution, for in-

stance,must be differentfromthat of the dissociationof aniline

acetate. We are notlimited to a case where thé dissociation

products precipitateone another. Take the case of chloral

hydrate in cMorofonnsolution. Since water is very !.paring!y
solublein chloroform,the partial pressure of water vapor will

vary with thé atnountof undissociatedchloral hydrate present
and this will introducea specialcomplication.

We see thereforethat e\'en in caseswhere thé molecular

weigittof eachreactingsubstanceis constantand whereHenry's
law holdsabsolutelyforeach reacting substance taken singly,
the orthodoxmasslawequationwill not apply in tlie solution
if any oneofthe reactingsubstances influencesthe partial pres.
sure of any of the otherreactingsubstanceseither positivelyor

negatively.
ïn thé caseswhereDalton's law maybe assumed to hold,

the effectdue to thé natureof the solvent will be seen in the

changeof the equilibriumconstant, thé moresolublesystem in-

creasingat the expenseof the other. This seemsat first sight
to be contradictedby thefact that a reactionruns practically to
an end in theotherdirectionwhenoneof the reactingsubstances
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ispractically insoluble. This apparent discrepancyis due to
the introductionof a new phase.

I<etthe equationfor the dissociationof the compoundAB
in a givensolventbe

(6) ~=<
andthen let us changeto a solventin which the solubilitiesof
A and Bare unchanged,but inwhichABis ï/Dtimesassoluble.
Weshall thea have,if the solutionremainsunsaturated,

(7) KD~==<<“
Kwelet ybe the amountof AB which bas changedover into
thedissociationproducts,we may wnte the lastequation

(8) K0(~ ==(< +~)(~+~).
If the solutionin thefitstsolventhadbeensatutatedwithrespect
to AB, weshoutdhavewrittenequations7 aod8 as follows

(9) K~'==<<= H

('o) KD~"=~"==H,

where H is a constant. If we let x be the amount of AB
whichbas precipitatedand y, as before,the amount which bas
changedinto the dissociationproducts,equation(10)becomes

(n) KD(f/- ~) = (~ +~)(< +~) = H.

A comparisonof equations9 and lï showsthat they can hold

simultaneonslyonly when y is zero. In other words,therewill
be increasedformation of the dissociationproductswhen the
solutionis first unsaturatedand no increasewhenit is saturated
withrespectto the compound. Thé tendencytoformthe more
solublesystemis thereforeconsistentwith Bertholletslaw.

OWM<~MMtW!~
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TtMnneayMtntqaeetCMmte. ~P.JMfM. /oX~<w,t.f+~.
~< A. ~~M<!<t< /{w~.–Thé che)M!stof to-daywill admitmoreor !essre-

gretfully that his mathematica!kaowtedge )s too restficted to ondefstmd the

volumesof the celebtated Frencbphysteist, but th!s book will cause him to

change Ms opinion, for thé author bas exptessed bis ideas in the simplesttan.

guagehe knows.

Actuatedby the défile to make thermodynsmtcs M hetpfnt and neeesMfy
to chemlstryM it hMbeen to phy~ies,and knowing that exactnesaiseqn!va)ent
to clearness,he bas eooadated in thé fimtehapter the fundamentab to applied
thermodynamice. ThesediscttN force and work, quantity of heat and inner

energy,chemicalcatoHmetty,revenible changeain their bearlngon equitibria
aad the pftactpteeof chemicalstatice. The reader whosetraining hat notgone
beyondthe confinesof etementary calculus, may find these as well as the Mb'

Mqaent chaptetaof the book notmerely intelligible,but p!MMfab!ytoteMigiMe.
There h then given a simple non-mathematical explanation of the pbase

rule, in whichthe limitationsand fundamentalhypothèses are dfscnsMd. The
author nowintroducesaa Innovation by deaMngwith multivarianteyeteaMof

tbree.fottr.andCvecotnponents; and then eaivaHant and tovariant systeme
withone or morecomponenta. The order of the subsequent chapters is dis.

placementof equilibriumby varioua energy faetoM, bivadant système,mixed

crystals,opticalanttpodea,and metatHealloys,criticalstate, chemicattnechaatcs
of the perfectgaz, capillaryaction in relation to apparent Mse equiMbria,fatse

equ!tibda, systèmeunequallyheated, and chemical dynMnieslu relation to ex-

plosions.
Thé aubjectmatter contains much that la very intetesting and well p)'e-

seated, of wMchthé best Maeeare thoseia whieh the author bas MmseKdone

pioneer work–theo'it!ca)BtatB of mixttMesand fatse equilibtia. ÏMtances
of thé latter are met at everyturn, ahowing that the author bas (and with per-
fectright) regardedtt of very great importaoce. Thé tthMttationshavebeen
chosenfromthectassic as well as the more modem cases of thé latter there
are treated optical antipodes,isomorphousmixtures, and the theory of )Mnand
steet. Colloidalsolutionsare not discuesed.

tt is difficultto understandwhy Duhem baschosen the order used in this
book. ït Mcertainly onewhich woatd be extremely difficult to employ with

anyone whois beingintrodaced to the Mtbject. Why one shoutd be taunched
on the atormyaeaof three components b not apparent whea it h difficultto get
completebearingswith one-componentsystems. There is ateotackiag )n this,
asla other works, a shafp distinction as to the variableswhichare of primeira-

portancein determining atates of equilibrium and thoae whoseeSchacy ia

secondary. ln thé scienceofchemistry the accuracyofall insttMnentawhether

esperimentalor matheinaticalmuat alwaysbe regarded. ïa the STStdevetop-
ment of the phase rule this was not c<MMidefednecessary at the présent it la
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and lu thé future mnet becomeinereasingty M. Only then can thé limitations
oftberMte be elearly deaaed and its eSectivenesaaa a system of attack :a-
creased.

Duhemhaa not emptoyedthe theorem of Le Chatelierin ite most effective
form; thé TammMmtheory on the vetodty of phase formata and thé tact
that ehemMtaare :ntetteetyinterested :a the study of phase séparationM wett
as fonnation havenot beenregahted.

Thèse, however,are minot points whichwill be differeattyemphatizedbydifferentteacheta. The wM-k good and well adapted for the serious Btudyof
aMtea~eM of chemistry, eepedeMythose who lament the chaotiestate o{ ~ost
méthodeofpt~ent.tiott.. ~?.<:e~.M

Th.Bh)mM~.tphy,tM)c:M~t!y. ~<t~r. ~x~
~)- A<7X<-<t~~Wa~~M~ /W~tM<
~.oc.–The head~Ka of the chapteta are atoms aad motecutea- easee-
Mquida;MMds;MtMtioM; thetmoehemhtry; etectKtchttniiitry; phctMhem~
btry cheMtca!dynamita and equitib~m; measurementaof chemical ac.
ttvtty.

This particularanangeMeo~eaUafor a number offorwardreferences. 'One
<MMag Instanceis the discussion of the dilution taw before the maeslaw..
ThereMemsto be no reason for this in the MetoHcatdevetopmentof the Mb.
jectand it certaMy ia not justifiable. tn the pteface. the author atatMthat he
bas devoteda relatively large portion of the book to the discussionof the te.
satta la phye{~ ehettttstfyobtained befote 1885. Thh is a featurewMchthe
reviewergreeta with pteamw. ÏN fact, more couldhâve been Mtrodncedwith-
out hann. Gladstone'swork on the apectraof salt solutions is intefestiaeboth
ln regard to the evidenceit btiaga in favorofthe electrolytiedif!soe!atMBtheoryand the évidenceagainst that Mme theory.

There are a fewslips in the book. It la misteading,p. n, to state that car.
bon, boton, and silicon Mtow thé law of Dulong and Petit at 6oo<'without
stating that someof the 60.eatted normal elemente hâve becomeabnormal at
that temperature. K iauafatt, p. 88, to quote RamMy'e views in t88t when
he bas since withdrawn thetn speclfically and emphaticaUy. In disoussingTMMton'slaw, p. Ms, it wouldmake thlnga easierfor thé studentif thé relation
werelimited spec)6<-a))yto the boitiag.point at atmospheriepressure. Where
two )!quidsate partially miMiMe,it is notnecessantytrae that thé lowerboiling
solution, p. t73. passeaoS more rapidly. Thia la necessattty true onty wnex
the massesare expMMed:n molecular weighteand not ingmma. It wouldhave
been instructive to have shownthe way in which fractionaldistillationdepends
ontheditterencebetweenthe vapor concentrations and the liquid concehtra-
tioM, htsteadof giving the concentrationpreesnte curves for the )iquid onty.It ta a pity, p. 207,to implythat the variationfromRaouM'efonnotationfor the
molecularloweringof thé freezing.point ladue, in thé caseof water, to potym-
erizatioM. It is more senoM not to show, pp. ~t. ïSt. that N in the van't
Hoff-Raoattfonnata. refemto thé motecutar weightof the Mhent as vaporand
not to its molecularweight as Mquid. A!treferenceto thé heat of dilution has
beenomitted, and the anthor therefore Nad<himaetf compettedto aMume,p.
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9)9.that the molecularweightof barium is 75.7 whea diMotved0) mercary.
Kh hardiy jucti6abte, p. 976,to cite Kiieter'aexperimeutaonether, rubber,and

water,andon water, ~-naphtho),and naphthatene, and to omitaHreferenceto

Ktister's workon starch. Mine, and water, and to Walker aud Appleyard'sex-

perimentson silk, piericacid, and water. Thé ttseof instead ofQ for<tqMaa.
tity ofheat seemsMt-advi<ed.OstwaMbas long eineeadmittedthat the expefi-
ment, p. 367,did not demonstmte the existence of free iotta in a solution.

There Mno objection to desctiMngHessaa tbe tathet of thennochemMtryand

Rao)))tas thé father ofa!)cfyoseopicwork ifone so whhM but it seemBlike

ovetdoingthe parental tetattomto say, p. ~[~, that the theoryofCtMtttMwillbe

recognizedto be thé father of the Theory of Btectfotytic DiModatton.

'fhefe are many intefesttMghcts in the book and it will be valuable for

reference. Thé volumeshowsa marked intprovement over any previouspah~
licationby the author. The scopeIs wideand though thé exécutionfalleshoft

of the plan, this h a defectwhieh can be remedied. If the author wouldar-

range Msmatter moresystematicallyand would correct the errorsof detail, tbe

secondedition should makea very MtMactoty text-book.

WilderP. Bancroft

The Bitpettmentat Study of Gans. An <MeMM~ ~.<~fnMM/«~
<~Mo<bM!W/M~in tke ~/M-~«)M~KW properties ~~t~ <t~
more imporlanl ~M«M'~t <OM«~'<~M~M<A<'<M~e~. By~/OtT<~W.ThttWtt.

/~XMCM,r<~+~ New York The A/it~~t~aa Company,/of/.
–"Thé manipulation of gases bas been the object of attention atvaH-

ous epochs of ehemieathistory. Schee!e cottected his gasee in Naddera

Priestley,MMconecioMJyimitatiag Mayow,brought the pneumatictrough into

use; and BunsendevieedproeetsesstiMemployed in analysis of gaaM. The

deviceof Sprenget's pump,and later that of Topier, bas placeda new Instru-

ment at thé dispooatof chemieta and the ingeaioMSméthodeof Hampsonand

ï<!))deof producingliquidair in quantity bas made it posaiMeto dealwithgases
as easi)y.if not more so, as with liquids. !n the research on the gases of the

hetinmsefiManumberofworkeM, inctnding t<o)'dRayleigh, andDn. Collie

and Travers, bave made use of appamtus, a description of which does not

atwayeappearin the originalpapeK on the subject, but wMchwill be found

treated of in this volume. Dr. Tfa~ersbas also taken the opportunityof tabu-

lating the more important constantsrelating to gases, and what Is perhaps of

ati))greater moment,of directing the attention of chemists and physiciststo

lacunaein knowledge,whichsuggest subjectfor tresearch."

The subdivisions of thé book are: thé fundamentat gas taws; mercuty

pamps stop-cocks, etc.; coHectingand storing gases preparation of pure

gâtes; reading instruments; measurement of votume; caHbratiott,etc.; gas

anatysis compositionof atmosphericair; gases of thé hetiun) gmnp déter-

mination of density retationship of temperature, pressure, and volumeover

Mmitedrangesof pressure relationsof température, pressure,andvolumeover

widerangesof pressureand temperature liquefaction of gases manipulation
of liquefiedgases vapor-pressureand criticalconstants solubilityof gasesin
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MqoM~jepectac béate; effaetott, tfaoapiMtion, aad diffusion MfMct:w!ty:i
epectrmnaMatyatB:methodaofmattttatxingaa constant temperature.

~T~fA~WM~

VoTteeangenabet ttwoMttKheMt phyeMtaMteheChamie. Ff H. ~M V

~tM-a~ ~if.'C~f~MM~ ~X~
~+~ ~!tM)M~<M~ F. ~~M~y ~t~~Ma, /yo/. paper, 6
M<t~t.–The second edltion does not differ materially from thé Sïtt. What
changes have beea made aatedate thework of Bodeaot~a«N fatseequilibria so
that the chapter relating to this stands M 6Mtwritten. ~ï/~ D. ~aw~

ABM~mtMtePennectt. ~Ca~y~ ~x~ Leip.
~V/M ~MMM, –TMs le recapitMtation!n book formof the

author'a work oo the preparationof eoNotdatmetalsby meaoaof the arc and of
tte work<Mtthe anatogy betweeuthe action of these meMa on hydrogen per-
oxide and the behavior of fenxMta. Thh pamphlet te much moreeonvemeat

fof)-efefeacethaNtheot!g!t)atpapeM. )~).&MM~

UqattMtien des )M~<M ~M<M. ~< /o x < /70.
Paris: C. Hermann, /{?/.–TMethe~a conteinaa geueral discussionof the
phettomena connected with the vapot<zatiooaad eoadenMtionof twoMquidaor
gasea. Thé author bas hlmself titudied the behaviorof miztutes of carbon
dtoxMeaodantphar dloxide, of carbon dioxide aud methy) chloride, and of

methylcWorideaad satlphur dioxide. Morethn one-third of the bookla taken
"p with the tababted data. The work !B most valuable in increas!ttg our
knowledgein regard to retrogradecondensation. Wilder C. &M<~

Apentea de <)a<miea. By Pedro N. Ara/a. 7X~ ~<7/<M. 7~~ vol.
aMM. 7~X~ fM,- pp. J< J~. ~p. F~WM Aires: ~~At~tt /a

/~<M'<* ~wt." /oo~. –Weare used to ttanstating text.booha ftom Ger-
mao into Engtish for the beneSt of ow studenta; but tmostationafrom the
Spantahare not common. This bookfromSouth Amedta ia a MmarkaMycom-
prehensiveone, and atudente with this work a: a text-book should be well-
equippedif they have reatty masteredaMwithin the coveM. The 6Mt balf of
thé afst volumeia hrgety physicalchemiatfyaodtheauthordbeMNet– in very
condensedfona–thegene~ pMpettieaofntattef, thé theory of vortex ttngs.
the gaa laws,thé critical phenomena,rotation of thé phtae of polarized light,
surface tension, viscos!ty,cfyaMtoRMphyt)tctud!ttgsolid solutions, solutions
and sotuMHty.osmotic preanniesnd Mporpressurerelations, detenntnatton of
molecular wdghta, lawa of de6oite and multiple ptope~oM, pedodic law,
valenceaad atructutreformulas, thennochec'btryMtd«isodat<oa, contact etec-
ttidty. etectMtyMe,etectto!yt!c dissociation theoty, mats law, phase rule,
p))ysto!ogicatactionof elemeuta. Thesecondha)fofthe6Mtvoh)mede<<tawith
manipulation and methodaiu organie ehembtry, together with directions for
making forty-fiveot~anic compoonda.

After this p)-et:m!narymentaland OMMatdrill, the author exponnda the
chemtm-yof the aMphaticcompoandalu the secondvolumeand the chetMiatry
of the cyc1iccompounds la thé third volume. The portiondealing with atka-
loidsis made very complete for thé benent of atadentaof pharmacy. It la not
mrpfMag that tbree editioas havebeencalled for in ten yeare.

i~M~M~~
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MçoeBdeEsteKOcMmiea. ~f~Mtw/M~~aAMM!
~Mt~f~Wa~SMMK~~M~. ~X~CM;«+~. (Mw~O,

/«~o/ /'h!Mf<t~M<ti/o, –This volumete based on tectoreagiven at

theanivenMty. The first chapteris introductoryand shows the imnBcieneyof

ptanestmctafefonnataB. Thé seconddea!awtth thé etoreochemisttyoftaïboN,
exclusiveof thé betMenedefiwttwes. The constitution of benzeneforms thé

subject of the third chapter, while the last chapter Is devoted to the stereo.

chemistryof nitrogen. <MM~BM<

TteAMtysisotAh-M«WatM. ~n'~<w<~M~ (~</<
C ~w~t~y~.) /~x;M <M.' pp. jr/. Ct/M~ The &Aoc/.S~w

/~M, /)??. Wof.' w eew/t.-This is the Etat of a seriesMMtogottsto
Ottwatd'8 Klasaiker. The followingannouncemeat is made in regard to the
eedee:–

"Thé laboratorymethodof science teachiag. at first appliedto supplement
the text-book, bas provedso wttMtNethat tho text-book workbasin a tneasote
becomesubM-dtnateto the laboratory work. la the laboratory the cèdent
comesin direct contactwith thé facts of science,and ueeaMatext-boot mainty
to eNppte<net)tand correlatewhathe has tearned in thé tabomtory. Thé text-

book,however,too often provesiaadeqwate. FMm hia expetieneein getting
knowledgeat firsthand in Utelaboratory thé student cornesto feel a deshe to

get Metcoowtedgeof matters whichfrom lackof time and faeitMeahe cannot

study by laboratoryméthode,alro at 6Mt hand bewants to Mnmtttheoriginal
sonrceaof knowledgeof the facts given <n the text. The valueof "Mppte-
mentaty reading," aa ? Is called,ia aniversally tecogaizedin the study of his-

tory and Mterature. It givesthe etadent a breadth and power }mpMstMeother-
wise. And so )t would be tn thé study of science, if the original eewteBof in-
formationwerereadily accessible.

Tomeet this want ie the object of the seriesof ~e~oh of Scienu ·

C7<M~ These coeetet of eottectioaa from the writinga of the pioneersof

science,soeditedas to be withinthé comptehenetooof thé begtaaer!a science.

TheyemtMacetheBctenceBofMOMCY(BO<fANV,xcOM)Ci?and pBY8tOK)ov),
CHBMtSTRV,PBVStCS,A8TRONOMY,PHYStOORAPHV,etc., and are Mcompanied
with coplousnotes, reproductionof enta and plates, biographicalsketchesand
other matter calculatedto arouseinterest andhold attention. Bach"«~
b editedby a manwho isa teacheras well as a scientist. It ia believed tbat
the study of such "Reprints" cannot fall to incntcate more of the true
scient}6cspirit into scienceeducationand to make it more andmoreofa train-

tng for power."

Very appropriatelythé first number of this seriesconsistaofselectionsffon
l,avoisier. WilderD. ~<!n~~
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The ~MMeiaef the etementa. ~<t. «ao~. CA~<.<B.?

(/<?/). Théauthor considersit a remarkablecoinddencethat there are seven

(eight) groupa according to the periodiclawand that there are sevengroupa of

ctyatat forme. Byassigniag a dennite ctyetattine~oop toeach group in Men.

delejeff's table, he beMevesthat everything Mn be exptained from valency
dowoor up. W. D. B.

Oaa new etement, europium. /?fM<M'(<t)'.~M ~w~fM,!9a,

(/$c/). –Byfractlonal crystatUzattonwith the double magneslumnttrat~ it)

nitric acid solution, the authorbas eeparatedfroma gadoliniumeRrthan oxide

with an atomic weight ofabout t~t and a chafMterieticapectrum. This oew

e!emetttbas been namedeuropium. W.D. B.

The oait ef the atomte weighte. 7'. ~fAa~&. a<t< C4~<.

~M (~~)–A discussionof the relative menb of hydrogen and oxygen as

standard, It seemea pity that the authorwhoutdbaveweakenedhMotherwise

excellent argument by an appeal to authotity. He argues that the oxygen
standard muet be accepted becausea majorityof chemistshave voted !a favor

of it. If there is one tMttg that is absotutetycertainin tMsworld, it JBthat an

appeal to authority h out of place<nsdentinc màttera. W. D. B.

Onnentral aCaittea. L. ~t~v/. ~<<. anorg. C%~«.~9, jr~ (/~).
Thé author believesthat ammoniais to be coosMefedas anetectWcaMyindiffer-

ent substancewith a pair of nentratMng(positiveand negative)aNnittes. The

nitrogen can thetefote becomepentavatentonly whena positiveand a negative
radical can be added sia)n)taneoae)y. Ptatinnmtettachtorideh toottedupoo ae

a substancewith two pairsof neutral aOtttities. Il can therefore take up hvo

more uegative radlcals and onty two, formingK,PtC),. Wetnef'a c')ord<nate

number would then be the wn) of the active affinitiesand of the neutral

affinity pairs. D. B.

Ow-Cbw~w~ ~/wM

The metUng-paintof manganese. C. Heraens. ~<'< JS/MM,

8, (/po?). –Thé ate!ting-pointwas determinedin an atmosphere of care-

fuHy pariSed hydrogen in a special Herseus etectnc fumace. The metal was

placed in an alumina vesseland ametting-pointoft<45°C.wasobtained. This

may be sHghttyinnccarate owingto the detrimentaleffectof hydrogen on the
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,r ns.e., .ra E,ed,thermocouple. An atmosphère of nitrogen could not be used bécasse mu.

gaxMeburna :n this gmat about MM<tMO". W. D.

OnMmeaUettoptemodMettteaaefinetgtntccompoMea. ~.A~ ~<7.
eM~. C~, a8,j~ (/j~/).–N!cM MtphMe,when Srst ptedpitated. tedb.
solvesreadily <ohydrochlorieacid. On standing, it !oseaits power. It oxi-
ditesin the air much mote feadHythan cobalt sutpMae. ChtomhM)bydroxide,
when <:ratprecipitated,la readily soluble in sodium hydroxide, but this ie Wo
longerthe case after the Mbttancehae been dried fn vacuum for a few days.
Onthe other hand, there is no inversion point when dae o)tMeie heated and
the color changes fromwMteto yellow. W.D. B.

7~<C<MM~<W~/~~<Mt

On tbe attoya of attmtiatnn <tad magneattm. 0. ~~M«!M/. <~M~~
MW~M.'39, (~?o/).-From the fyeeziog-pointcurve there would appear
ta be two compounde,AtMg,and AtMg. W.D. B.

OatheeitvetMbtMMdM. ~WMA .ZMA<Mo~CX~. :8,~6 (/?o/).
-Vogel believed that the precipitatesobtained by the action of t))ver nitrate
on the cMpfOMahalideswere the subhatidet of B))vef,Ag,X,. aad not a mixture

9Ag+ 9AgX. Thé author n))d<that ntttic acid, sodiumthlosulphateaod mer.

euryreact with the predpttatee as though they were mixtures and not corn.

poltnde. W.D. B.

On the diMMMtn e<chloralhydrate and thteralateehotateht eetattona. L.
B<-M~. ~H/ ~4~. &<. C'j~«w«',tsot, – BoiMn~.pointdetenntnattoM
witheMoratalcoholatein ether, acetone, methyt todide.etbyl bromMeandcar-
bonMsn!phMeas wellaawith cbloral hydrate in ether andacetoneahowedthat
themolecular risewasrather toosmall than too large. It is doubtfulwhether
tblsproves anything in regard to diModatton becaueethe Mtate01its d~sod~
tion prodoctaMighteMity be present in the vapor. When chloral hydrate is
ad<tedto boMtngchloroform, methyl iodide, ethyl bromide, or carbon bisul.

phide, thé boiMng-pointfaUsandthen rises. The author atMbnteathis to thé
formationof water wMchetowtydistita off but a slowdistillation of this sort
wouldappear to be Incompatiblewith accurate measurements.e<peda)!ywhen
the sotute is volatile. Pfeedn~-point determinations in aitrobemeoe and

~.totuidtneehowedno dissociation. As dissociationwould ptobaMyraise and
not !owe<'the freealng.point,this la inconctnsive. Expedmentswith C,H,Br,
aad CteHtin boiting eMotalhydrate gave valueshromwhicha heatof~apoma-
tion wascatcntated whtchagreed faidy with the expefimentatvalue.

~«/CbM/<M~< ~<!<fM~

Onthe MtabMty ot eMvwtatphate and metOMyentphate. Z~w~fr.

<~c'y. C4~<.«, (~oA–TheattthorhasdetenMned the solubility
ofsilver sulphate and ofmercuronssulphate in water and in solutionsof Mt-

phodc add and of potassiumsntphate. Thé eotaMHtiesin water at zs" are

!t.7tX'o~4fornterctttOMMtphateandi<57Xt<fo)'sH~)'9t)tphate. !n
the sulphuric acid and potassium sulphate sotuttons, the sotaNUtyla less <n
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eachcase thaa in water, but the amountof the change doMnot cohfonn to the

theory.

Thee!tpt<<)nMtatve)rMMt<emeiattwetehM)t(!<meettMh!t. ~<

n~w~M. !9*. (/~).–The authot bas etttdted the reduction of

mefewy sulphideby ydtcgea wheuhydtogMta exeew acteoo mercury sul.

pbide, whenmercuryJepresent io exce~. andwhen hydrogen<MtpMdeaeta on

m&tmy in exceM. The experimontswerecarriedout at 4<o* ?'. D. B.

,C
Onthe K<)Mt<Mof otlverebloride by hydrogen,and tho MverMKacHeo.

yo~M'««.y. (~m~ ~M<<M,t~a, /9~ (/po/). –Abo~e900°the teacttott be-

tweensilver chlorideand hydrogenIs revemible. Prom the equUtbfiMmprès-

suresat <MeMattempeMtmeathe author calcutatesa hefttofMactH'Hof –6790

cat.wMteBefthdotfoond-Tooo.
~C. 8. “

Action of bMMand Mt<eon thé Mtte of <uninw. '4. CM~w<.<~M~

~~M, !~t (~~). -The action of piperidineon ammontutt)eMof!<<eacte

free ammontaand the actionofammoniaon pipendtne hydroeMondesets free

ammonia. W D. B.

Phyaicat-themiMtetetiMonttqmMBamNMniaeottttieM.
<?c/~AM~

Zeit. e~w- Chem. ~7 (~M)- AttempMto detemtiM thé amouat of hy.

dmtion of ammonia, froma atudyof the partial pfMMMewhen MMai8 added

to tbe water. provedfutile, presumablybecause the urea affects the sulubility

of ammonia}awateriMespeeMwof anyhydmtion. Thé addition of ammonia

to solutionsof sattaof the atMi metats decreseeethé toodactivity aad this de-

cteaMseems to dependbut alightlyon the nature of thé salt. When ammonia

is added to balide eototioMof substitutedammoniastHoretnarked changes are

observed,duedonbUessto the partial displacementof the substitutedammonia.

ïi! D. B.

OneopMMtNorMe. ~.C~ ~7.aa<My.O~M.a<(f~).

When cuproua chtofide b wa~hedwith water in the dark it goes over into

cuprous oxide aad hydrochloric acid. ïo thé tight up to thirty percent of

metallic coppermaybe formed. D. B.

Oa the behavloret hyoMeMoth:acideotattoneet metoataMtcacM towafd

hydmgeneetphMe. G'.yo~~a'M. ~.<M<My.O~(~).–The

action of hydrogensulphideon a solutionof metastanuic acid in dilute hydro-

cMoricacid precipitates chieNySn(OH), mixed with more or less sulphide.

Expenmeatssttowedthatthisprecipitate, when d~ested long enough with a

large excessof hydrogen sulphide, wasconvertedcompletelyiato sulphide.
!l! D. B.

Theaction of mannite M MmMth nitrate. 1. Ht«M<'and C. ~«'M~.

eit. a<tc~. 04~. *a, ~/o (/~). –Thé foUow:agfesH~areobtaixed :–

WheoMatnathoittateMtntutated with a suCcient quantity of mannite,

clear aqueoMsolutionscan then be prepared which cen be mixedwith almost

anyamountofwatcfwitttontdecompositiot).
In these solutionsthere is a slow feactiontaking;placewhiehreplacesnMc

add succeMtwetyand completelyby mannite.
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Meftoediate andend.prodoctocan be isotated. ailreadity<oiub)eiocaottic
potaahor soda,and somein water. /). /?.

The tM'< of Gay-t.MMCand the dioMChtienof tMepM compOMnde.
/~MM< CM«~t fM~tM,t9*. r4ot (~M).The author concludesthat au
equilibriumwhichMnot displaced by changing pressure)) aot displaced by
changing temperature, a conclusionwhichisobvioMty fa)ee. W. /?. B.

ChemteataetteaBin dbattvet or gMMMBystetM. A. ~<M< Comples
rendus, t~, (/;M/). –rhe reat or v:ftua)formationof thé systemwhieh
tende to existatoneatitt6a:tedHut:oa and which decte<t6Mwhea the solvent

removed,decteaseethe vapor pressureof the soivent." f~. D. B.

Cnferrite MtottOM. F. ~a~. ~'<7. ~A~/f. 7, (/<?/). By
anatysb with atantMMchloride, the author succeedstu showiagthtt thé change
causedby heating anelectrolyticallyprepared solutionof ferrate it actually a
changeto fcfnte andnothing else. j~. D. j?.

The nMttMMMtiMof ptMphode acid. ~M< C~ rendus,
t~, /?// (/). Whenan aqueoussolutionof phosphorlcacidh nentnttiMd
with lime water, there is precipitated CaHPO,. On standing!K contact with
lime water, this pfectpftateatowtytakes MpHme,appaMnHyfo)'miogCa,PO,OH.

A

Actionof tteeMam pheeptMteon sttvM attMte. ~~<A~<. Comptes
rendus, t3<, /~j; (/~o/).–Thestu<!y of the action of wyin~ quontitiesof
silvertttttate on disodiumphosphate leadsto the followingresults

3Na,HPO.+ sAgNQ,-= Aa,PO.+ NaH,PO. + Na,HPO.+ ~NaNO,.
Att the silver is precipitatedand carries downabout fivepercent of NaH,F(\.
The solutionis alkalinewith methyl orange and acidwith phenolphthaleine.

3Na,HPO.+6AgNO, ==6hfaNO, 9A&PO.+ H,PO..
The titvef if)not entirely precipitatedand the precipitatecontainsMmesod!nn).
The solution ta acid to methyl orange and to phenotphthateiae but onty
about onea«d one'hatf times as much alkali Moeededwithphenotphthateine
as with methyl o)-aHge,showtogthat thé acid ia not exclusivelyphosphoticacid
as required by the app)'<MdoMteeqttatba

~Na,HPO,+ 9AgNO,= 3A~,FO<+ 9HNO,.
The silver le not entirety precipitatedand the p~dpitate <enotentin-tyAg,PO,.
The solutionis acid to both indicatorsand feqttifespracticallythe mmeamount
ofa!M) with each,after précipitationof the dissolvedsllver,showingthat the
freeadd ismainty nitrie acid. D.

ShnttttMeoMaction of two bMM on ptosphofie acid. M. ~f~<<.

CO~~ ~M, t~t, /7 (/oo/).–The pair of baseshM always been so
setectedthat one.givesa solublesalt with phosphoricacidand thé other an m-
solublesalt.

~'&t~elocilias ·

The roactlon between niMe <me hyMeatc acide. J&ibt~. &t<.

«eo~y.O~M. ~9,~7(/~).–Two very distttrbing factors were found to be
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tho pfeeeMceof tracesof ferrie oxide tn the. dtetttted water and unhnown

"getma" iMthé air. BvenaftereHmiaatingthèse dithtfbaaeeB,it wm Motpos.

~Metocatottate&tMttionyetodty constant for thé teactton between aitrous

acid aad hydtiodic acid,between nitric acM aad hydnodic add, or betweea

aitdc acid, ttMt'oueadd and hyddodtc ttctd. yerfoa$ salta act as eatatytic

a~ata, presnmably thK'))Khthe formation of a fenohyddodtc acid. Other

metate, such se copperand maogaae<e,have no ellect. W.D. F.

Pemde-Mtatytte Mt~athM).C. Engler and L. M~/< ~M/. anurg.
Ot~M.ae, (~<M). –?<M'the case wherehatf the oxygen is made active, the

authors write the foliowlagequationon theaM<aitpttoaof an intermediateper-
oxtde:

AO,+B=AO+BO.

UadeftheaameawumpMot), for thé case where the catalytie agent M~ea))ed

does pot appear ta change,wehave the equation

AO,+aB=A+tBO,

which may ofcoursetakeplace in twostages. The authOMdiMMesthreestyles

ofoxygetttMMfetKM:
i. Thé nobleandeetni'coNemetab and their oxides.

9. Oxidesand Batteof metalewtte MadHychanging valence.

3. OtgfMttctenMOta.
In at) these cases,thé aathOKbeMevethat an intermediate product !a formed,
th!9product beingprobablyPtOfor PtO,H,0 in the case of ptatinamNack.

~A

OnehnMntccM<Ktet.P. Rohland. J5ft/. ea~y. <~4~ <o, (/pM). –
The change ofthe anhydMMimohtbte violetcbromic chlorideInto the soluble

modificationi<verymochacceteratedby the metals K, Na, Mg, A!, Zo, Cd,

Su markediy aeeetMatedby the metalaPe,M, Pb atighttyaccetefatedby the

metals Sb, Bi,Au. Hg,Ag andoot aceetetatedby platinum or gold. Thé au.

thor beliovesthat the <eatacceleratiag agent la chromous chloride,which is

fonned to a greater or lesserextent by the action of the differentmetata on

chtomic cbloride. ?'. D. B.

0&theMte<t<Mtati<MK){MMe,a. Z.M~a~&?b7/oe!!to. ~t~.

anorg. Chem.'a, (/~).–The authomshowthat the rate of stin-ing bas

an effect on the rate of solutionand also that practically invMNeeottdparticles

may be thMwn off, whichpby havoe witb thé experimental resulta if not

guarded agaiust. Coottatyto the viewof Drucker(5, 416)thé rate of solution

is independent of the votome. The structureof thé solid hasan eSect.

~/?.

On the ate of Mtettea. K. ~~<~< Zeil. «w~. Chem.ta, 159(/oo~).
–A teply to Bruaef and ToMoczko(preceding review) in which the author

states that he doesnot eoatideftheir etiUeiemsweUfounded. W.D. B.

F~~M~ttw Forces

The attmgea-hytmgeBgM eeN. FaM~. &M. anorg. Ot~t. 99, j;<~

(~<). Nitrogea andhydrogenelectrodes!a a eotMt}o<tof ammoniumnitrate
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in ammonia have an electromotlve force of about 0.6 volt and ammoxia h
formed when a current passes. Expetimentt on decompositionvoltagesgave
no tha<-pvalue; but the value la in the Betghbofhoodof0.6volt. D. D.

Thé hydtegtMMothMgas «M. E. ~/<f. Zeit. ~t<n~ 7, ~o
(/). –Thé author gives bis roasonsfor not accepting thé conclusionsof
Akunoff ( s, 269). He beUevesit more tbaa probabletbat the 6fBtdetooposi-
tion voltage in the case of hydrochlorie acid refers to the formation of hypo-
chtomueacid andnot to eModne. W.D. B.

Onthe equilibriumrelations at eaa eteetNdM. Fo~. ~'< Elektro.

<~M~. 7.~7(~/).–Attenttoa!eea))edtothefaetthattheoxygenetecttode
;n entphudc add b a very meertate thing B!))cethere appearto be two hydro-
gen percxtdeathere,aad there may be peroulphurieacid. At the chlotine e)ec.
trode there is hypoeMoreuaacid. The author proposesnaming aMetectmde
aftertheaHbetanee wh!chla added o)' temovedin order to keep near eqaMb-
'Mn- D. B.

Contributionto tho thMty ef !ea0 aMModatem. ~M. ~M~

7. (/oo/). –Théauthor shows that thé lead accumutatof cMtbe
conaideredaaa concentrationcell with respect to quadrlvalent!ead.

B.

On eieettetytie short chcatte ta MBMetmtieaeeUs. 0..SiMt~. &<

~A'~we4~aM, 7,7&/(/oo/).–The pottatiai d~etencebetweentwoditfefeaUy
concentrated solutionsof the samesalt can be reducedpractically to zero,ac-
cording to Nernst,by adding to each solutionequalquantities of a aatt with a
commonion. Thieie called aa "etectnttytic short circuit". The author bas
testedthe formulaof Abeggand Bosefora numberof casesand findathé theory
cottarmed to withinseveral tentha of a millivolt. This seMMpretty Mtitfac.

toïy.tMtit must be remembered that My variationfrom the theory would
probablyfatt wttht< thé Mme limita, M that the expérimenta are conclusive
only so long asone Is certain about the correctnessof the pfemiMB.

D. B.

Récent workonaeommtateMof other metals than tead. S. v. ~t<ya~.
~i' ~~Mi~MM, y, (/).–Theantho)-disc)Mse< the silver peroxide,
the nickel oxide, ironoxide and cadmiumeteetMdcs. As a laboratory otFed.
ment only he takesnpthe eeH

MO) K,CQ, ) ZeC(~. W. D. B.

OncentaetetMtt'omotivefeteeaaethethMtyofiont. B. Rothé. <M
yM<fM,tgt, ~/j! (/oc/). –Thé aathor basdeteimiaedthé electromotiveforces

corresponding to the maximumsurface tensionof mercuryin hydroeblorieacid
and antphutic acid sototioM. The valuesincKaMwith incteaahtgconcentra-

A

~~</w/~M and ~/<mfy/~ /)<M<~e~<M

ExperinMnttonthe pfenamUMof atamiattm. ~i! aud R. <?<~<.
~M~m~, a, y, (/po~).–By MettingabathoferyoMte, atMoiaun)

Naorideand alumlnain a stnatt carboNcntciNeby means of the arc and thea
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etectrotydag with six toton voltsand fifty ampères,it waspossibleto get 4 to

S~atumUMm. Themethed was not mtiafactory hecauw thé contenta of thé

cruciblesotidiCedin thé courseof an hour. The later expertments were car.

nedonina)aq;erte6se)aadwtth a ctttrentofjoo~ooatnperea. Thepotentiat
dMeteneelaseven wtte, ntMthtgup to ten as the atumtna Is coMamed. Thé

M)thoMobta!Nedaverypureatamtnumevett thoughthey did not me partXed
alumina. ln a discuestonwlth H. GotdMhmtdttheymake the point that most

of the <!Mea)n EuMpeeaaton~BOO)comeahom the carbonanodeeMtdthat the

e9tceed)n~puntyo{theAn)eneana!aMtt)t)tmla due largely to the highgtade
aecdeatMed. ~?.

<htthe cmtMt ad onorgyeactenetMla thé eteetMtytttpto<ottteaof aUcaM

typeeNohtMMdtMMatw. ~~<WM/~<t~ ~<'<7.~<wf~M~,

B,~ (/~M).–Thé additionof chromate and the use of platinum Nack elec.

tMdeshave tnade it possiNeto make hypochlorite contaiaing g bleaching
chtodae pet titef witha otttent efficiencyof 9S percent. Thé platinum black

electrudes,bealdeaiacteaeittgthe eNciency, lower the voltage by nearly one

volt. Byaddiag smattamountsof hydrochloric add every tittte wbile after

the hypochloriteconcentrationreachesits maximumthe authora haveobtaitted

ao efficiencyof 94 percentforchlorateoa a ran tastittg seventy bouts, At thé

end of twenty.fourhouMthere hadbeena current efficiencyof 98 percent ot a

meaNvoltageof 3.66V. Thiscorrespondsto x2.5kilowatt hottMper kitu~fam
of chlorate, a mostremarkableehowittgwhich might pcs$)Mybe further h))'

provedby workingat a lowereufrentdeosity. D. C.

EttetMehemieatt~tMttonof JMtenea. K. ~<7. ~<wA~ 7.

~(~iW).–Theeteettodeeafetead; the anodeeotution le a soda solution or

ten percent eutphtxicadd. Thé cathode solution consistaof the ketooe dis-

solvedin aqtteouaalcoholto whichhas been added <percentsodiumacetate or

one pereentsulphuric add. The cM~entdenaity i<o.s-f.s aotp/qdm and thé

temperature so°-oo°. !n alkaline eotttttoas aMphaticketones give a mix-

ture of atcoho!aad pit)Moae,whitearomatie ketones give eecondaryalcohols.

tn acid solutions. aromatieketonesgivepinatonee. The yieldIs son)eti<ne<as

high as ninety percent. W. D. B.

Tht electrotytic tenMttoa of perchloratea. F. <~M<< &<<-

<~WM.7t<~ (/oo/).–Thé formation of perchlorate from chlorate increosea

with iNCreasinganodedensityand with falling temperature tt Is practicaMy

indepeadentof the concentrationof perchlorate aad chlorate ont!! that of the

tatter becomesvery smati. Starting from ch!oride. no petchtotate la formed

untit the major part of the chloride has been chaMge<tto chlorate. Thé per.
chtorateappearathé Mener,the more favorablethe fondittoMfor its formation.

W. D. B.

Onthe etettmtytic MMatiMet ~-totayMtacid. H. Z~<t~ and R. Z.

&to< &< ~K~~M, 8, (/oc~). ïn atkaUae solution ~-totuyHc
acidcan be oxidizedto terephthaticacid, though not qttatttitativety. Wtth a

high current densityat theanodethe oxidation e65t(et)cylahtgher but thé oxi-

dation rxnatoo far. Witha towercurrent density, a pure~te<ephtha)icacid !a
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obtained,but with a lessereteetricat eBdeney. tncrease in the concentration
of the ~-totuyMcacid and of thé atM! increases the etMency. A smooth

platinumanode works muchbetter than an anodeof merenry.pid, silver,eop.
per, iron. or nickel. W. P. A

Onthe etectMchemica!behavior of «tetyteoe. A. Coehn. Zeil.

f~Mtc, 7, <M/(/t)o~). – Thédccompositionvoltageof a eausticpotafhsolution
Is loweredby passittg in acetyteneat the anode. By careful regulâtion of the

voltage,it weepossible to obtain à qMenUtaUveyieldof fornricacid. Similarex.

perimenta w!th sulphuric acidgave a quantitativefomation of acetieacid, the

acetytene formlng aldebydetpotttaneoMtytn presenceof Mttphttncactd.

D. B.

On tdkyt ammonium MMtgama. Cm~tto. ~t<. ~wAfW)< 7.

(/po/).–The author e!ectroty~ed sabst!tute<tammonium oxa)atee' in

présenceof a flowing mercurycathode. With methytaminé an amatgantwas
obtainedwhich yieMedmethyl amine hydrochloridewhen treated with hydro.
cMoncacid. With dimethyl ammonium oxalate an amaigam was obtained
which gave methyl amine hyth'ochtMMeand ethane, but no dimethylanline
hydtoeMondo. NoaoMtgatncould beobtainedwith tdmethyt or tetramethyt
ammoniumoxatate. W.D. B.

Onthe eleatrolytic ionnattoB of a!Mt tenatM. ?'. ~<A. &<<.Eleklro.

~M~, 7.7~ ~9c/ ). – Théauthor aumsup his teeott&as follows –

Ëvery ifon forms fenate when madeanode ln eontenttated alkali solu.

tions,cast iron most readily,next stee), and leastreadily wtonght iron.

Piecesof wroMghtiron o)'stee), whichdo not at SMtyield ferrate,can be
madeto do M by mahing them alternately anode and cathodefor a fewseconds
at a time or by a long coxtinaed wtak anodic po)a)rixationin concentmted
alkali.

!ton, which bas servedin the formationof ferrate, bas a dark color, Ispas.
sive,and ie very resietant to rusting. Thé current yield of ferrate la better in
causticsoda than in eausttcpotash. The yield ittcreaseawith increasingcon.

centtation of the electrolyte.
With a CMTrentdensity ofo. t amp/qdmin causticsoda the yietd ? 47 per.

cent for cast iron, a6 percent for Bteet,and t~ percent forwro~ht iron in

otMtticpotaeb the corresponding 6gtn'Mare tttirty seven,thirteen and two.

RaJMngthe temperature increMestheyieldofferrate. Iron, etectrotyticatty

precipitated in a Ctassen platinum diah, givei)practically no ferrate at o°, a
sixteenpercent yield at 30",and eighty to one hnndred percentyield at 70°.

The yieids of ferrate and of oxygensam op one handred percent. Perrite

is thereforenot fonned primarity. The potential differenceferrite-ferrate
isabout –0.78 V, that of concentratedatkati againetactive iron about +0.6V.

Bothvaluesctmnge but etigtmy betweeno'* and 70". Ttie potentielof the pas-
siveiron, which bas been nsedfor forming ferrateshowsaboutthe santépoten-
tial agalnst ferrate solution at low temperatureses thé value for ferrite< fer-

rate; at bigher températures it changes byseveraltenthsof a volt towards thé
cathodeaide. W.D. &
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Ont)tettee<NtyMeK<MMmof <MmaMeaKm cMtnoomtete amitM. A.
<M~. &«. ~o~ern~, 7, (/~). Théauthor pNMhheaeicped.
ments to test thé Boehftn~erprocessln whiehsma)!amountt of at!a, copper,or
tMNeattareaddedto the cathodecbember. The rédaction !eto the amine,and
canrent eCciencte*of 7o-gopercentareobtaitted. TMtphenômenonh thon~ht
to be due to the chemica! redaction of phenyl hydtOxyttMMMeby thé Snety
dMdtdtJnofcoppet-pKcipitatedbythecurreBt. ~).A

Oa etectMtytieehmmtem. B. A~MMMM.~A ~A~ y.
(~M).–W)tMt) certain deNotte limita of Otnent deMetty,temperatureaad
coMeeatmtioa,e))Mmtnmcaa be preetpttated front an aqueoMasolution of the
chloride, sulphateor acetate. In someitMtaNceea current eSciMey of 8$ per.
cent wmobtaitted.

StmattMMBtpMttpttattenefiMn ana nickelfrom)nixe<tmt~tte MtatiMa.
?'. ~~<ar. & ~wA<-M~, y, (/co/). From a mixed eotutioa

of nickel and ironmtphates, nickel atone ptec!pitateftprovided the vottag<'be
kept !ow enough. Wtth ïncreastn~ cmTeat denaity, iron appears !n smat)
antOHiMta,MMeatyjamptng to a high valueand then faUin~off a Kttte. The
author makesthé tentative sngg<Mt)oathat pMMbtya compound<sptedpttated,
Pe,N! forfnataoce.

Ttt qamMtaMvedetena<Mtientf cadmium. J5'. ~< and R. W.
A~. &<<.oMMy.Chem. tB, (/?f/). -After a companMn of thé differ.
ent methodBofdetefmtamgeadmtum,the authors concludethatthee!eetro))~ic
determinationin cyanidesolution Is tbe bett providedthat an excès: of potas.
sium cyaaMe!eDotused and that other tia!tsare not present. W.D. B.

BttttMtytte Kp<n'ath)aof cobalt and nidMt. D. A!/<K*tM~. ~tM//M
~w</M, tga, ~?(/oo/).–The mixture of cobalt and mette) hdissotMdin
aceticadd. Poreveryo.;);g of nMtat there !s added 3 g ammoniumsotpho-
cyanate, t g ot MMand t a ce. ammonia to nentratiœ thé excessof acid. The
sotutiotthmadeopto 100ce and electrolyzedwith a potentiat dOferencenot
exceedingonevolt andacan'ent density of not leu than 0.8 amp/qdm. The
températurele70"-8o"and thé nickel is precipitatedasaulpbide. W.D. B.

Onthé etMtfMnNnteatbobaviorof nickelammoniant aulphate. W.Pfan-
~'M~ Zeil. ~M~w. 7. (/oo/ ). – Théautho)- samsupeomeofhis
re~uttseomewhatasfoHowa

The additionofammoniumSHtphat*to a solutionof nickel Mtphatecauses
the~onnation of the complex double salt, (NH,),M(SO<),+6!f,0. and in.
creases the tpeciticeondacttvityof the solution.

Ïn concentratedsolution the double salt diasociateecMe<!yioto tNH~and
K)(80~),. h) more dilute solution the complexanion dissociatea further. If
at'rHnK Is etiminatedthere will be decompositionof the double salt at the
cathode and formationat the anode wherethé double eatt often c<yetat!tze:.

At thé anodethé nickeloussulphate laoxidiMdto nickelle sulphate, whtch
geneMteaa coantef.etectrotnotiveforce. Thé ntche!icmtphate, beingtnataNe.
décomposée,precipitatingMackM(OH),.

When towennent densfties are used, the pt~pftatioo of nickel la not a
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ptimary réaction. With tncreM(ngétirent density, primaryprecipitation of

nickel may occur, the metal comingdownMa powder. Bystirring. one canof

course use a higher current densitythan otherwise atsoby heating.
W. D. B.

Pettodie ptMMOMMdattnt atectNtyett. A~/tc~. ~Mf ~M~*

fAfM~. 7. ~o (/<w). – Whena solutionof anatka)! sutphide it electrolyzed,
under suitableconditions,pefiodicphenomenaare obtained, due to thé alter-

xattng precipitationand dimoMngof eotpharat the anode, t~. B.

Onthe CMetHoUMof BMat-temptMM!t*ae ehownby tmaeteMMeexperi-
mente. ~S'.Rieger. ~M/. ~&<«f. 7, & (/~o~).–By semt-ecm-

pte!:Mtta the author meanaMtt<which showmore or leu of the propertiMof

the compotteats tn ditute fto!nt!on. With potassiummercuriciodide, potaœtom

titvefiodMe.potatstttM mercuriccyanide, potassium~tac cyanide, potassium
cadmium cyanide, potassttttnfetfo~xatate and potassiumferfi-oxatate, the

ttoMetmetal coucentrateaat tbe anode. With potMsiuMcoppersulphate, cop-

per paMesto the cathode, but thé tnmsfefencenumberMdiattttcttyMaaHefthan

it would be if no copperwerepresentMpart of thé anion. W. Z).

An apparatue tt!oatMthtg ion volocittesand tMtMtttMM. B. D. ~<

~M/. /<wA~w, 7. y~o(/!?/).–Theamthor hatdevne<)an apparatusdif-

fering somewhatin coMtmcthM)fromthoseofMSUef,Kobtfaascb, and Mitler

and Kearick. W. D. B.

Amo<MeetMMaa tttTMM. /,«'tMaH«. ~M~.Eleklrochemie,a,

(/po~). – fhe essential feature ofthe fomaceie that it consisteof two kinds of

stone, an 'outer Infusible and a teptaceaMetnncflayer of a Hildesheim etone

whieh la eott enough to be easHyeut. The tuner etone, in which the fusion

takes place, laused but onceand costaten pfennigseach time. D. B.

SMMtttfMMMotthe hitheTvegdabtM'to the MeM action of petMaiam
salte. ~~«. ComptestM< !3t, (/ec/).–Expe~menta with

Bordeauxwheat showthat thé beneficialeffecteof potassiumm)ta are notice-

able ln the followingconcentrationsin grams per gram of solution carbon-

ate 0.000,000.t; phosphate 0.000,000,9$;<u)phate+o.ooo,ooo,8; chloride

0.000,003 nitrate o.ooo.Q04. W. D. B.

Contributionsto the constitutionof iaer~nic eompounot,IV. A. ~~t~

and C. Herly. Z~<. ~j~. 04~M.39, (/oo/).–Cot)ductiv!ty determiM.

tiona of metal ammoniasalta. la tnany inetanee:thé conductivityof thé solu.

tion increaseaon standing. The article also containsa polemicagainst Peter.

sen. W. D. B.

Onthé mmber at teM ta MetalammoniaeotnpeMda. /wM. ~t~.

~'<. C~w. 39, ~o (/oo/).–A reply to Werner and Herty (preceding re-

view). W. D. B.

Oaaeatntaatta. K. ~~w< &<~<!M<y.Chm. M,~ (~oo~).-The
author betievesthat salta like NaCtand KCtare reallyatighttyacid !n solution

and that Mtta like sodiumMtphate are stighttyalkaline ln solution. Starting
from th!ehypoth<ai9,the author attemptsaqualitativeexptanattonof thé action
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of the nenttatmtte onsugartxve~ton,etc. The dfScxtty la that thishypothesie
cannotaecountfor morethM)the sign of the effect. It ie muet) more Mhety
thaï the eNeetia toanected with the changeof eot)tM)!tyof the eatalytie agent.

A A

Octhé wtMttyof themaaalaw for etMag etectMtytw. H. f..S~a~Af.

~<. ~M/M~w< y,<!i%(/p<v).–PigM!e8Meg!vt!)tto show that the dtht'

tion law holdsfor strong <teettotytMpMvMedwe take toto account the change
of the totematpMMateaad the contraction. W.D. B.

On the atMMiatimot etMBgetee<toty<ea.O. Sackur. &< ~M/MM~M,

7, (~/).– AgeMMttetiew of the recent discussionsof thé dilution law.

The author has madesomemeaBMfementaon the conductivityot mixedetettro-

tyte~aad Sadathé observedvaluesatways!ower than thé calculatedones.

A A

Studio ID M'ttm!iMttM. Berthelot. ~'<~M tw~M, !9<, /j//

(/~). -A general discussionofindicatom with apedal referenceto thé titra-

tiooofwgMicadds. W. D. B.

OnartMctatgMphtteandon ptattama Mdiam ManodetMtet<<!<. ~i!

t~. &< Eleklrochemie,a, (/eo?). –Efpeirimetttswith Achettoegraphite
showed that it was scarcely attaeked in eight percent caustlc soda at M'

alightly attackedlu sodiumchloridesolutionand teadUyattacked ia sulphuric
add solution. Thé electrodescontainno humus and are preferable to carbon

anodes at att times. The author beHevMthat the ptatiOHHtIridium electrodes

of Heraeusare preferableto graphite for thé manufactureof chtorate.

tT.D. B.

0<t d)<p)napna. /MMK. J2M/.~?/~wfA~«M', 7, (/~). – A
newdiaphMgmmaterM ladescribed,differingbut aMghttyin compositionfrom

thé one obtainedbefore(;, 273),but havieg a much lowerelectricaltesietance.

The matedat aUo<Mrapiddiff~on but tbis taa be checked withoat aEfectia~
the electricalresietaoceappfeciaNyby saturating the walla with a solutionof

water glassand a solublesalt, aod then treating with an acid. Since tbe mte ·

of diffusiondeefeasethve~setyas the square of the ratio of thé diameteMand

the cotiductivityonly inveMety,a Bee-poteddiaphMgm maybe almost Imper-
ytouato diffusionand yet offerveryttight reBietaeceto the current. Something
of this sortseemsto havebeeoapproximatedexperimeataily. W.D. B.

Dtf/cf~M<yand 6~Mï

DetennhMt~Bof thédMeeMcconstantsof somesubstancesof thepyridine
andtipttMtae atdea by!tnt<e'a method. R. Aof~MtM~. &«. ~M/M~M~,

7t (~~)- Eighteea substanceswerestudied. Reptacementof hydrogen
towets thédielectricconstant, the hweMg being greater thé morecarbonthere

b in the alkylgfoup, and the nearerthé teptac~g groupia to thé nitrogen.
W.Z'. B.
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MOLECULARATTRACTION'

BVJf.E!.MH,t8

In 1887van't Hofffirst appliedthe gas law PV= RT to

solutionsand showedthat the moléculesofa dissolvedsubstance

exert the same pressure,as osmoticpressure, that a gaseous

moleculewouldexertunder the sameconditionsof volume and

temperature. Now,so rapidly bas evidenceaccumulated,the

law is almostuniversallyacceptedas true for moderateranges

of concentration. If the dissolvedsubstancedissociates,thé

number of moleculesin the solution must be increased,

(PV/,= RT, i beingthe van't Hoffcoenicient),but the principle

underlyingthe lawremainsunchanged-a dissolvedmolecule

exerts thé same pressureas would a gaseousmoleculeunder

similarconditions.

Since a gaseousmoléculeexerts pressure bccauseof its

translationalenergy,it seemsa necessaryconclusionthat if a

dissolvedmoleculeexerts an equal pressure its translational

energy mustbe the same. Mechanicallyit is quite impossible

that the dissolvedmoleculesshouldbaveand maintain a differ.

ent averageamountoftranslationalenergythan is possessedby

the moleculesof thesolvent. Sowereacha coaclusion,which

bas been expressedby others,' that the average translational

energyofgaseousandliquidmoleculesmust at the same tem-

peraturebe equal.
A study ofthe specificheatof gasesmakes it clearly prob-

able,and thé conclusionis widelyaccepted,that thé totalenergy

of a gaseousmolecule,exclusiveof the energywhich hoids the

moleculetogetherand of extraneousforces,is proportionalto

fatteofromtheauthor'atheaispresentedtotheFacultyofthéUniver-

sityofNorthCam!inafortheDegreeofDoctorofFMosophy.
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its translationalenergy. At least this seemsto be trnennti!we
approachthe temperaturewherethé molecule is brokenapart.
It appearsreasonablethereforeto concludethat the totalenergy
~~ofaMotectttentustbethe same in the liquid as in the
gaseousstate,the temperaturebeing thé santé. If at a given
temperaturea given weightofgas representsmoreenergythan
thesaineweightof thé substanceas a liquid, the extra energy
ofthe gasutustbe energyof positiononly. It cannot be he!d
to be energyof motion so long as thé gas law PV = RT be
foundtruefor solutionswithoutsnrrendecingall that is essential
in the kinetictheoryof gases.

Uponthis beliefthe followingwork is based and the as.
sumptionis justifiedby the result.

The energywhichis addedto change a liquid into a gas
mustthen bespent solelyin overcomingthe external pressure
and in alteringthe distanceapart of the molecules. (Unless
themoleculebreaksapartalsoor nearsthe point of dismption.)

Denotingthe energy spent in overcoming thé external
pressurebyE, this energycan be calculatedfrom thé equation
(') E,=0.024 P(V-f)cats,

whereP is thé pressurein atmosphères, and V and the vol.
urnesafterand beforeexpansion. Thé calorie wasassumedto
befromo" to t" C, becausemostof thedata ttsed was referred
to that standard. Row!and'svalueofthé thenn, ascorrectedby
Day,"wasused, 41.88X !û"' ergs fromÏ5" to 16° C, and thé
specifieheatof waterat o° C wastaken to be t.oo? referredto
théspecifieheat of waterat 1~°as unit.~

The energyspent in overcomingthé molecularattraction
is denotedby E, and the total "tatent" heat sttppliedby L.
Thereforewehave

(~ I.-E,=E,.
,1

In the theory of liquids it is usual to considermolecular
action upon any individua!moleculeas limited to a certain
sphèrearoundthat molecule. Imaginesucha molecularsphere.
If thémo!ecu!escontainedtherein are very numerouswe can
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supposethemevenlydistributedaround the central tMo!ecu!e.

Supposean expansionof thesystem to take place so that the
moleculesformerlycontainedin thé sphère are nowevenlydis-
tributedthroughoMta largersphère. Let v and V representthé
volumesof the two spheresand Mthe number of molecules.
Thenthe distancebetweenthé moleculesof the twospheresare

~t~ and ~v~ respectivety. Nowassnmingthat the attraction
betweenthe moleculesvariesinverselyas the squareof the dis-
tanceapart ofthe moleculeswe can derive a meansof testing
the assumptionasfollows

Let a certainmoleculebe distant fromthe centralmolecule

by;f~~ beforeexpansion.Afterexpansionthe samemolecule
must be distant :f~v/«. The energy spent in moving this
moleculeagainstthe attractionof thé central moleculeis front

mechanics,

~(~ "~) x ( ~)

wherem is thé massof the molecnleand the absoluteattrac.
tionat unit distancefromthe central molecule.

If we in turn considersimilarlythe energyspentinmoving
eachmoleculeof the sphèreand sum up, we hâve for the total

energy necessaryto overcomethe attraction of thé central
moleculein producingthe given expansion

~==~(~)~+~+-+~).
(4) Em

lrïlï Vin x XI X;
+ +

Xn-a

This !atteffactor wewillcall
This expressionrepresents the energy E~ spent by the

moleculesof the massin movingawayfrom a singlemolecule

duringa givenexpansion. Hence to get the total energyof

expansionfora givenmassMwe n~st tnultiply the aboveex-

pressionby one-lialfthé numberof molecules,sinceofeachpair
of moleculescomparedonemoleculeonly is consideredmoved.
Thisgives

t? ï 1

EM-
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T ~t~~Mf~ «M~t Tt ~m~t~t. ~t~ ~~M~tï~~ m~MM..M~
Letting d and D represent thé densitiescorrespoadingto vol-

umesv and V wehave putting

v
M KM MM

~==y==~V=~=M,~==<

(S)
B~==~(~y-~D),

whereËMis the energynecessaryto producethé expansionin
mass M fromdensityd to D, mbeing the molecularweight of
a moleculeaad ~t its absoluteattraction. c is an unknown

constant.

If weconsiderthis last equationto holdduring thé change
of volumeofa liquidinto a gasat temperatureT thenwe have

referringto equation2,

(6) I~-E.t=~(~S-~B.),aadat~~M

i«-E.<==~(~r-~),
r

the subscripts sigoifyingthe temperatureof the observation.
Nowmaking the suppositionthat n remainsconstantwith the

température,weobtainthe ratioof the twoequations

f~ Lr-E.T~S.
L<-E,D<'

an equationin whichall of the quantitiescanbe measuredand
~/<-A <0~ an <t~t~M/0;/ asstamption

MK~KM/tM'attractionvaries inverselyas ~?0!~
distance fromtlaeM~~<&and doesnot vary with the ~M-

~~<t/M~.
The result ofthis test is shown in TaMeI. Columns1-7

containthe data with the citationsof authority. No actualde-
terminationof the density of the gas couldbe obtained for

CH~OH,CH,OH, (C,H~O, CS,,C.H,, andCC!,at the desired

temperatures. The density was thereferecalcutatedfor these

gaseshom the equation

(8) ~o.o~7~
t
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basedon the gaslawsaud the densityof hydrogeno.o 89876~
Thé error thusintroducedis probablyvery small, since for thé
indicatedpressurethegase~ if normal,obeythe gaslawsclosely.
Column9 gives E, calculatedfrom equation i. CoJumn10

givesthe twotemperaturesT and/concernedin the calculations
whichfollowonthesametine. The ratioof (Lr – E,T)/(Lt –E,<)
isgiveniHcohtmnn andthe ratioof(~r – ~6f)/(~– ~D7)
isgiven in column12.

Ofthe twentyratios shownin columas tï and ïa, from ten
differentsubstances,oaly three, N,0, from –ao" to o", and

from– 20" to 20°, 80,, from o" to 65°, fail to agree by as
muchas sixpercent. The agreementof the ratios shown may
be regardedon the whole as quite satisfactory,since eight
measurements,someof them diNcutt, enter into each calcula.

tion, thus makingthé probableerror of observationquite large.
It wi!!benoticed,however,that within the limitsforwhich

equation7 is testedweare really getting on both sides of the

equationthé ratiosof twonumberswhich are verynearlyequal,
and fromthisstandpointthe agreementmight appearto bequite
accidental. It becomesnecessarythereforeto look at thé sub-

ject froma differentpointof view. w

If the ideaswhichbavebeen presentedare correct,then at

temperatureT, I~–E.f representsthe energyrequired to pro-
ducea givenchangein the densityof the substance. At tem-

pérature a differentchange in the density of the substance
occurs. Howmuchlatent heat will now bereqniredto produce
this newchangein thedensity, if the law of attraction is the
inversesquareof the distance? Or, in other words,the interna!
latentheat ofa substancechangeswith the temperature. How
muchof the changecanbe accountedfor onthesuppositionthat
it is causedsolelyby the correspondingchanges in the density
of the body,theattractionto vary as described,viz., inversely
with thé distanceapartof the molecules?

We mustbave(Lr–En.) – (1~, E.~)= change in inter-
nal latentheatwith the temperature,as an observedfactsimply.
Sincefromequation7
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wealso have

~E.. ~r)
~ë;

== changein internai heat calculatednponthe suppositionthat
the attractionvariesas the inversesquareof the distance apatt
of the molecules. Or combiningthe twoequations,

(9) (I<T-E,T)-(I«-E,<)==

rt?(Lr-E.T)(~ ~DT)
1~-E.–––

la TaMeI., eotutna 13 gives the observeddifferencesas

shownby the teft.handside of the aboveequation. Column14
givesthe calculatedchange in thé latentheat as shown by thé

right-handside of the equation. Column 15 gives the differ-
encesbetweenthe two values,the calculatedbeing subtracted
fromthé observed.

In eight out of twenty comparisonsthe error is mofe than
three cals. But in only three cases,H,0, o" to ioo" and o" to

200°,C,H~OH,o° to 78°, is thé errormorethanfivecals. The

îo!towingpointsare to be noted
i. By thesubtractionthe sumtotalof the errorintroduced

by aU of the measurementsis leftin theresutt. This tends to

magnifyan error relativelysma!

a. A studyof the measurementsentering into the calcula-
tion and a compansonof theseandsimilarmeasurementswhich
havebeen madewill showthat an error of three cals is easity
within the limitsof errorof the measurementsas taken. Even
an error of fourcals is not excessivelylarge. For instance dif.
ferentmeasurementsof thé latentheatof waterat o" and at too"
showan errorby différenceof twenty-onecals. Alcohol,which
showsthé next largestvariationin column15, showssimilarly
a possibleerrorof 6.5cals. As to N,0, thé third largest varia-

tion, an inspectionof the densitycurveas taken, showsthat the
measurementsare irregularandsotnewhatuncertain.
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3. Thé attractionwasassumedconstant,whileit mayvary

slightly with thé températureowing to a looseningofchemica!

bonds,etc.

Noallowancewasmadefor molecularassociationor dis-

sociation. Even if sucha dissociationis causedby thé attrac-

tion whichweare considering,yet if it persistedin thegaseous
state it wouldmodifythe valueof Ë, and wouldthus produce

quitean appreciableeffect. Moreovern wouldbecomevariaMe,
not a constant,and thé methodemployedto calculatethe aver-

age distanceapart of the moleculeswouldnot holdgood.

5. The fact that in the caseof NO and H~Oagreementis

reachedin one casewouldseem to indicateeither an error in

sontemeasurement(forthe other cases)or else the existenceof

sometemporarycondition,as molecularassociation,causingthe

variation.

6. 7%a/<WT~.)~WO~<'<' two~J~M/MM is /CO

w<<:f accidenlal.In thecaseofwatercertainly,andprob.

ably in severalother cases,the disagreementis too pronounced
to be laid uponthe experimentalerror. It maybe that one or

severalof thé causesabove-mentionedare sufficientto explain
the discrepancy. Seealsothé remarkon page23!.

Co!umn8, TaMeI.,containsthe latent heatcalcutatedfront

the équation

(to) 1,e(L, E1T)(~/ÍÍï-- -Da )+$u~
'<='

obtained by soh'ing equation 7 for L<. Thé observedlatent

heat usedin this calculationis that given in co!tnnny .forthe

températurewhichcorrespondsto the Mankin column8.

Byreferenceto equation6, and thé suppositiontheretnade,
M~

it willbe seen that
M
= constant,andwecanthereforewrite

~n
the équation

(H) Lr-E.T-Cff~Dr). ·

But this is thé equationof a ~~< /~<w~ o~M <~
coordinatesif L – E, and ~oT– ~o" beregardedas thévaria-
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bles. This givesus a methodof showingto the eyetheapproxi.
tnationof the formula.

In Diagtamï, L E, (Table I., column t6) are ptott~ as
ordinates and ~– fo (Table I., colman ty) as abscissae.
Whenthreeobsen'attoasareshown,as m thé caseof NO, H 0,
CO,,SO,,and CH~OH,the dotsare connectedby a heavyline.
/< a'<7/ ~M thal /Ac~<M~ these /M~ M &</j~A~.

0% i 1 t t 1 1

Whenonly twoobservationswereavailablethe obscrvattonsare
connectedby a dottedline. If these Unesare prolonged,four,
H~O,CO,, N,0, CC~, will enter the smat! square outtined
aroundthé origin. Three others,CS,, CH~OH,(C,H,),0,come
withtn thé secondsquare, and the end, if prolongedof SO
C,H~OHand C~ are shownbydots. 7%cdiagram shows

/m/)~< is /A<'supposition ~/<f~oyM
are a<'e«~~o/.

Sinceequations7, 9, u are but altered expressionsof the
same fact, wecannot regard them as helping to confinneach
other. They onlyserveto emphasizethé agreement originaUy
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shown(equationy). But if wecan conSnn the above results

by an attogetherdifferentlineof argumentthen we very much

increasethe probabilitythat both thé original hypothesisand

the conclusionsderivedtherefromare true.

Such a conSnnatioawecanobtainby thehelpofa theorem

by Crompton,~wherethe fo)!owh)grelationhoMs,

l~«= 2RTlog, d('2)
~=2RT!og~,

the notationbeingthe sameas that alreadyused.

The equationis veryneatlyderivedon theoreticalgrounds

quite different fromthé aboveassumptions. (Cromptoncon-

siders the change in densityas due to pressurealone, then

doublesthe amountof energyrequired,in ordertokeepthe sub-

stancein that statewithoutthéexcessof pressure.)
In confirmationof this result the followingobservedand

calculatedlatentheatsweregiven

The calculatedlatentheatsshowan undoubtedcorrespond-
enceto the observedvaluesand thé lackof exact agreement is

attribntedby Mr.Cromptonto molecularassociation.

It seemedthat the theorywas hard!y well enough estab.
lishedby the publishedresultsshownabove to warrant its use

for the purposein view,whereit con!d not be checked by ex.

périment. Asa preliminaryto its usea furtherexaminationof

the theorywasundertaken. The valuefor thé gasesN~0, SO,,
andCO,givenabovewere recatcutatedffont thé data used in

Latentheat Latentbéat
Substance Tempemture.°C observed calculated

N,O –20" 66.90 70.93
o" 59.50 58.77

20° 43.25 42.36
CO, -25" ~.23 7'.9!

o" 5748 54.~6
22 .o~ 31.80 3t.o6

SO, o° 9!~ 97-'7
30"

0
80.5 86.05

65"
°

68.4 70.03

'l'h.. "l""l,t 1..t. 1. d,nm ~f11f11l1f11111tPt1 fMYt'PCYIhHlÎ_
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Table I., and below(rable II., cotumtt7) aregiven the vatues
obtained. Theyarepracticallythé sanieas thosegiven by Mr.

Crompton. Also thé values for water for which data was
foundat the temperatureso°, ioo", 200" Care added. For all
the othersubstancesshownbelowthe density oj the
gas Mused (équation8), becausethe substance-could be as-

sumed,within the!i<nitsofpressureused,to obeythe gas laws

very accurately,providedmolecularassociationdid not take

ptace. If there was such associationCrotNpton'stheory, Mn-
modifiedas to themolecularweight,couldnot be used properly
and hence/AMcalculationintrodtlcesno new ~~s~/M'H.

Columnsi to show thedata used and cite authority ex-

cept for the substancesalreadygiven in Table t. Column 5
containsthe calculateddensityof thé gas, the pressurebeing
takenas oneatmosphere. CoiaMM6gives thé observedtatent
heat,and Co!umn7 thecalculated.

Twenty-Uvegasesare shownand forty comparisonsare ob.
tained. In twenty-oneof thesecompatisonsthé agreementis
within fivepercent. In ten others within ten percent. Nitte
areoffmorethan teu percent. This would not seemto be a

verygoodagreement,but severalpointsmust be noticed. Thé
calculatedlatent heats are usually thé largest, in every case
wherethé theoreticatdensityis used,exceptC,H OHat 78.2°C
andC~O, (tnethytacetate)at $6.3" C. This was to be ex-

pectedsince thé theoreticaldensityof the gas used wouldbe
somewhattoostnatt. Againit will be noticed that the agree.
ment is botter if thé comparisonsat thé boiting-pointsof the
substancesare aloneconsidered. There are twenty-twosnch

observations,andof these fourteenare within nve percent of

agreetnentand ontyfour above ten percent. These four are

H,0, CS,.C,H,CH,and
C,H,0,. andexceptCS,,theyare liquids

whosemoleculesaresupposedto be associated. The amountof
motecutarassociationofa liquidbas beenfoundto increasewith
decreaseof temperature,and this wouldexplainthe factthat the

agreementis notsogoodat teMperatnresbf!owthéboHiag-pomt.
(For molecularassociationcausesan energy change not con-
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temptatedby Crompton'sformula. Resides,if the association

persistedin the gaseôusstate it wouldcausea variationfromthé

calculateddensityof the gas. This tatter observationdoes not

applywherethé observeddensityof thégas isavailabte.)
It wouldseem that Crompton'stheory can be regardedas

givingveryapproximatelycorrectresultswhen molecularasso.

ciationdoesnot take place.
If weconsiderany gas,it is reducedto thé liquid state by

pressureandby the molecularattraction. In nature of course

the two,pressureand attraction,act jointly and continuoMsiy.
But theoreticallywecanseparatetheiraction,sincemechanically
all forcesare independentofeachother Legitimatetythen,we

can considera liquid at its critical temperatureas reduced to

that density: Pirst, by the actionof a pressure; second,by the

actionofmolecularattraction. Accordingjythétheoreticalden-

sity of thégas at its critical temperatureand underits critical

pressurewas calculated from equation8. Thegas wouldbe

reduced/Cthat conditionif therewere no molecular<

Theremainder condensation,/Cthe <ï~M/ density,must

be thework<F attractionalone.

If the attraction obeys thé law already assumed,viz., the

inversesquareof the distance,andif thisattractionbe supposed
not to varywith the temperatnre,wecanuse equationy to cal-

cu)atethé energyexpendedat the critical point by the attrac.

tion in changingthe gas trou]its theoreticalto itsobservedden-

sity. (Thisenergywewillcall 1~.). Thé theoreticaldensityof

the gasat the critical temperatureDt=°°'?,
from8.

Likewise

E,ï==0.02<t(-.– –)~r=0.02~(––––,––-?-)~T.'\DT '\C.O!Z27~T~ </T/'

from

Substitutingthesein equationy,wehave

(,3)
~-o.o~(~)~
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/j~ 'fo.ota27~m\

{~––T––)(I<E.).~a).

By thé useof Cmmpton'stheory, we cau obtain auother
Measureof the sameamountof workand the two resultsshould

agree. In thiscase,againwritingfor Dyitsvaluewehavefrom

equationt2,

<, 2RT/ O.Ot227ArM\
(t4) 1~= ~og,

–
tog, ––~7 Prm14 £<Tm og, og, ~ï -il

whereR = 1.038,or combiaingthé two equations,traasposing
Etï, andwritingfor Ë,;its value,

(.5) 39,6T~(t.)(IS) 3.916Ttmlog,dT log, T

–o.o24(––––-–– !~T==
"\0.0f227~w </T/"

f~ ~)O.OtM?~M). )~T
-–––

1 1f~ )

WhereD<isalso calculated(equation8), thé equationas.
sûmesa still morecomplicatedfonn.

Tisusedabove([~ 14, and 15) to represent the critical

temperatureonty,thoughthere wouldseemto be nothingin the
methodto.preventits applicationto other temperatures.

It willberecognizedthat théprincipleunderlyingtheabove

equation1~is brieflyas follows the change in density is due
to thé pressuteandto thé attraction. Crotnpton'sfonnu!a cal-
culatesthé totalenergynecessaryto producethé changein den.

sity asif it wereall producedby thé pressure,becausethé law

governingthe changeof pressure with thé density is known.

Equation7abovegivesthé lawgoverningthéchangeof deusity
with theattractionand enablesthé same amount of euergy to
becalculatedas if the changewereprodMcedby the attraction.
The twoca!cu!atioasmustagrée.
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2 -I\C,1
TeMpcmtufe

3 5

Substance "C Lr–E.T < Ratio

Water, H,0 o" 199.6 1508.8 t2.24
!oo t9o.t6 !437.z n.66
200 189.05 t428.8 n.~

Carbondtoxtde.CO, -25 24.8~ 340. to ïo.64
o 24.82 339.78 !0.6z

~'04 23.63 323.49 ( ïo.!2
N!trous oxide,NO –20 20.25 299.29

,t
8.94

o 22.24 3~8.75 9.82
ao 22.83 337.56 !o.o8

Bthy!atcohol,C,HtOH o 6~75 893.75 ) ïg.oo
78.2 59.90 866.93 ) Ï4.54

/Corfes
pOBdmgto == < !d.8o

6o.41 Table III. Col.13J { 14.80~60.4; Table 111. Col. tt4.35
Sutphurd!oxide,SO, 0 .23.62 345.t7) !o.t9

3° ~.83 333.72 j1 9.86
65 22.1y 324.03

1
9.57

Ethy!ether,(C,H~O 0 22.42 447~9 ïo.52

~1~ ~.55 10.64
Carbon disulphide,CS, o 17.24 347.32 8.!oo

46.2 !7.44 35".39 8.t95
Benzene,C,M, o 29.20 474.Q2j 10.86

80.4 27.80 452.'4 to.34
~ttA ~4~ «~ TTT ~–~ T~t _–~ t t TThe data usedin TablesIII. and IV. aregiven in Tables I.

and II., and Table III., co!mn!!s1-5.
!&Table 111.,column9 containsthe results calculated ac-

cordingto the !eft.handsideofequation ï~, and column10 con-
tains thé resultsca!cu!atedfromthé right-handside of the equa-
tion. Whenthe necessarydatacouldbe obtained for the latter
calculationat severaldiCerenttemperatures, thé results vary
according to thé data chosen,and the average is given. This
variationis on!yslight,as willbe seen frontTable IV., cohnnn

3,where the unaveragedresuttsare given, a result which neces-

sarily followsfromthe agreementpreviouslyshown (équations
7.9.")-

agreementof thé twosets of valuesisverysatisfactory.
Out of a total of twenty'threecomparisonsonly six lack agree-
mentby morethan twocals,and three of these six are within

<

TABM!IV.



M8
·

threecalsof agreement. H,0, C,H~OH,and C,H~O,show the
worstagreement,and thesehave associatedmotecntesatordinary
temperatures. Thé valuesfor water really furnish a striking
confirmationof thé formulafor thé proportional error is smau.
A!eoholandaceticacid alonefait entirely ofagreement.

7~ agreement~M~ w~A~ seem/c ~< /AF~M'
attraction~~<M~ and alsa~<KM <<M/< many
N<&~<MfM~Wa~f~M~~ W//Aa changeM /&' ~M~~a/M~.

Bysti!t another argument wecan cotiRnnthe truth of the

originalformula7 and the supposition upon whiehit is based.

Usingequation6 and solving for le we have for one gram of

substance,

(tô) <I«–E~)~
~Dr'

la a gas indefiniteexpansiontakes placeas the pressureis
decreased. This showsthat the attraction betweeuthetno!ecu!es
cannot be great enough to make the paths of the mo!ecu!es
closedcun'es. In a liquid,while undonbtedtytnanyiiiolecules,
wltosevelocityis above the average iiiolectalarvelocity,are con-

tinuallyNyingaway fromthe surface, yet it mnst certainlybe
thé case that most of the mo!ecntes are drawn back by thé
<no!ecutarattraction. There must be for each substancea cer.
tain temperatureat which the motecutar attraction, without
ontsidepressure,is just strong enough to overbalancethe ki.
netic translationalenergyof the averageparticle andcauseit to
returnto the liquidor solidsubstance. At this point if the at-
tractionvariesinverselyas thé square of thé distancebetween

the motecutes,we wi!t hâve
=

where is the mo!ecM!ar
K

~RT
vetocttyandis equalto R~beingequalto 1.038,andRis

thedistanceapartofthe motecuîesand isequalto Hence,

('7) ~=<T~M/<
cand beingunknownconstants.

Itisacotnmontext.bookidea that at the critical temper.
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attirethe kineticenergyof the moleculesof a tiquid(gas)under

the criticalpressurejust balancesthe attraction. The ideafests

on the diminutionandfinaldisappearanceofsurface tension at

the critical temperature,and the fact, that a liquid at its

critical temperaturemay be changed to a gas without the

addition of external energy, i. e., by an infinitésimal

change in pressure,the heat of vaporization being zero.

It must be at this point then that equation 17 holds

good. Onthisassumption1have
calcntated (Equationly),

and showthe resuttsin column t~, Table 111. is also cal.

culated fromequation 16, and shown in column n. Again
wheredata wereavailableat differenttemperaturesthe avera~e

only is shownin Table III. and each calculationis given in

Table IV., column

Combiningthe twoequations16and ïy, we have

(L, E.,)~
'7~ T~~T~=~.

or

)
-<=–

~18
T

constant,

whereT tnustbe thé critical temperature. This ratio is given
in Table HI., column14,average results being given where

couldrepresentmorethan one temperature,and the detailed re.

sults are shownin Table IV., column5. The valuesobtained

seemtoapproximateti.o Outof thé twenty-threesubstances

examinedfive,N,0, C,H~OH,CS,, C,H~, and C~Ct,, differ

fromthe averageconstantby more thanten percent;andof these

C,H~OH,C,H~, and N,0, CS,, to a less extent have con-

tintiallyfailedto agreewith thé theory and the moleculesof

C,H~OHand C,H~O,are known to be associatedat ordinary

temperatures.
Wemustexaminea !Itt!efurther thé suppositionmadethat

at the critical température thé molecularattraction just bat-
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LIL 1- e
ancesthe kinetic translational energyof the molecule. For if
this be true, then the kinetic translationalenergy,Ë, of the

moïecu!eascakulatedbytheeqttation

('9) E,=~RT==~~I. W

for thé critical temperature,shouldequal thé attractiveenergy
calculated from Crompton's fotmulà (12) tess E (TableIII.,
column 9) and equation y. (Table HI., column 10.) The
kinetic energythus calculatedis shown in Table HI., column
i i. The agreementis not usuallygood,the kineticenergybe-
ing almostinvariably several(twoto six) cals too small,and
failingentirely to agreein the caseof H,0 and C.H~OH. Thé
lack ofagreementmaybe due partially to thé measurementsof
the criticaldensity whichhave beenused,or to someinfluence
exettedby the pressure,or to oneof severalothercauses,butall
tny attemptsto satisfactorilyexplain the divergencehavesofar
provedfutile. The values,columas9, ïo, n, are of the same
order of magnitude,and the disagreementshowssomesigns of
regularity. Therefore1do not think that the lackofagreement
necessaritywill be foundto offer a seriousobstacleto what has
preceded.

If thé methodsoutlinedin this paperhold tnte and if the
discrepanciescan beexplainedor brought into accordwith the
theorymanytines of investigationare opened.Thecalculations
involved,even with thé help of tables,are time-consumingand
laborious,and thé necessarydata are scatteredandsomewhatun-
certain. Work hasbeenundertakena!ongsevera!!ines,but the
resuttsare not yet understoodorcomptetedsunicienttyto jnstify
their publication. Attentionwill becalledhereonly to one or
two obviousapplicationsof thé ideasdiscussed.

Equationsï6and 17 afford a method of detenniningthe
relativeattractionbetweenthe moleculesand hencepermitof a
further studyof the lawsofattraction. This attractionappears
to dependprimarilyuponthe themica! nature of the mo!ecu!e
and not uponits mass. We may say thereforethat
ular attraction<<?a~ ~J<?~~ the <M ~~<!Z'A<MM
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in //M/ variesinverselyas <~ ~a~ distance of
the << moleculesand doesnotvary a~Mthe /<M!M~.

<<MK the O~W/KM<<tM!~ in ~M~ <<MM~

~MM~ the~W/~Wf~~of theMC&M~and not t~~ W<M.

Againtheargumentpursuedmigbt leadonetosuspectthatthe
entire increaseofthé specificheat of a liquidover that of a gas
at constantvolumemustbespentia increasingthe distanceapart
of themolecules. Investigationshowsthat this is not atways,
if it isever, thecase,and hereinpossiblylies the true causeof
thé discrepanciesfromthe theory.

·

Againthe law of attraction assnmed does not leadto the

gas equationgiven by vander Waals.

Again the foregoingwork bas an obviousbearing npon
boiliug-points,vaporpressuresand Trouton'sformula.

In conclusion1 wishto acknowledgeand here expressmy
thanksfor the encouragement,criticism,and helpful suggestion
givenmeduring the progressof this workby Dr. Chas.Basker-
ville.

Sxaunary
Evidenceis advancedto prove that
t. Mojecn!arattractionvariesinverselyas the squareof the

distanceapartof the molecules.

a. Thé absolutemolecularattractionisonlyslightlyaaected

by changesin temperature.

3. The molecularattraction depends primari!y uponthé
cttemicatconstitutionof thé uto!ectt!eand not upon its mass.
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STUDIES IN VAPOR COMPOSITION,II.

BYH. R. CARVETH

A. INTRODUCTION

Thé PhaseRule,.asfonnulatedby Gibbs,basdoncmore to

presentchemistryas a completeand systematicsciencethanany
other modern theoreticalresearch, and manybeiievethat its
workbas but begun. When its fuît scopeis appreciated thé

study of phasesin a!! their interrelationsbipswith regard to

formation, separation,and identification, and the relations

of the various componentsof the phases,– it will nndottbt-

edly cause a revolution in many of our methods. Consider-

ingfor the momentthe séparationswhichareordinarilycarried
onin laboratorywork,one must tealizethat theyare to a very
considerableextent carried on by uninteMigentnt!e-of-t!nnnb,
théoperatorraretyunderstandingclearlywhereor why certain
chemicaloperationsare to be performedor to besuspended.If,

however,he basa usefnltheoryas hisguide,hemayatSrstwork
more slowly, but in the end he will necessarilygain mnch.
Fromnoneof thé works on laboratory practiceor theoretical
instructioncanhe obtain thèse. It is unfortunate,therefore,
that the possiblepractical applicationsof PhaseRule resntts
havenotappealedmorestrongly to thé workersin this field
it is with thé objectof keeping these in view,thereforethat thé
writerbas resumedwork on the stndy of \'apor composition,
aimingto interpret,explain,or criticizeknowntacts,white in-

troducinga fewnew ones.

If, at thé outset,oneformulâtesfrom past expertencethat
in auychemicalwork Arbitraryconditionsarenot always thé

necessaryconditionsfor eqni!ibriMm",he makesa statement
whichcausesbim toconsiderhis experiment,its conditionsand
the resultat whichhe is aiming. Thé conditionswhich pre-
vailat equilibrium,especiallythé variousconditionfactors,thé



238 /<5

interrelationshipsof thephasesand the!f components,and thé

knowledgeof their relativeimportancewith regard to control-

ling innuencesmustallbeconsidered.Amongthé factorswhich
are usuallyofprimeimportanceare temperature, pressure,con.

centration, electromotiveforce,etc.-in otherwords, aH'nat-
Mra! adjustments,strivingto bring thé systems to a state of

rest or eqttilibrimu,tendto involvea change in someof these
terms. It may bepossiblein manycasesto interferewith arti.

6cMad}nstœcntsandto arrive at a differentfinal state–thé
sametenns, however,are involved.

Tt)esamefactswereall consideredby Gibbs in his defini.
tion of state ofeqni!ibriMtM'.He found that in this condi.
tioMthe potentialsof the variousénergies–heat, mechanical,
chetuica!,or eiectrical–ia the differentphasesmust be equal.
If theyare not so, thereis alwayspresenta transfer of energy,
hencea velocitytennand thé tendencytowardthe equa!ti!ation
of .thesefactors. ln anycase, therefore,where a systemis iso-
latedfromsurroundingssoas to absorbnoformof energy,it will
be comparativelyeasyto determineby simplednîerential meas-
urementsof any of its conditionfactors,whetîterit is oris notin
a state of equilibrium.

tn the case,however,where the system is in iaterchange
with its surroundings,there is as the guide the principleof
actionand reactionor the theoremof I<eChateHer,"Anychange
in a factorof equilibriumfromwithoutis followedbya reverse

change of that factor from within the System." With these

principtes,one is in a positionto considerin detail thé effectof
variousartificialandarbitraryconditionson the final state of

equitibtittm.

B. ARTIFICIALCONNTIONS

If one takes iceandsaltat o° Cand brings them together
(isolatedcompletelyfromthé surroundings)there is formeda

solution; if a thennometeris inserted,it is found that the tem-

peraturefalls, rapidlyat first,and thenmore stowty. The ten.

dencyis undoubtedlytowardthe conditionscharacteristicof the
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invariantSystemice,salt,saturatedsolutionandvapor. Whettier
or not this is reacheddependson a numberof factors,of which

the most importantis the relativemassesof salt andof ice. The

controllingphasesarethesolids;thé controllingenergyisthe heat

of fusionand not the heat of solution; the volumechangealso

addsan energy term. Thé temperatureof theequilibriumpoint
for the invariant systemis strivenfor,but owingtothe slowness

with whieh energyand materialtransfertakesplacewhenthere

is but slight differencein driving pressure,thevelocitytenn bas

alwaysto be considered.beforeconclusionsare reachedinregard
to equilibrium.

If, ltowever,onebrings togetherwaterand salt at o" C, it

will be foundthat again there is interactionbetweenthe phases

tendingto the formationof solution saturatedor unsaturated.

The resultantequilibriummaybe that of thébivariant,solution

and vapor, or the univariant, salt, solutionand vapor. The

controUingfactorsarethe relativemassesofthephases,the phys.
ical stateof the components,the heat of solutionof thé salt in

the solution,and thevolumechanges. Hereagainthe velocity
termis foundon closeexamination to fall away very rapidly
whenthe finalconditionsof concentrationand températureare

approached.
It is of coursenotstated that heatis the only energy con-

cerned in the casescited there is alsovolumechange, and

thereforea mechanicalwork tenn concemed. Otherformsmay
have to be considered. Thèseenergiesmay work in thé same

or in oppositedirections,i. e., one bepositiveand thé otherneg-
ative in the strivingfor equilibrium.

Artincial conditionsmaybe broughtabout just as wellby
thé removalof the phasesas by thé additionof one or more

phases,and the relationsdiscoveredwill correspondin many
casesto the twoabovecited. In muchofthe workwith which

chemistshave to do,the operationsare undoubtedlyreversible.

In manycases,however,the conditionsfor realizingcomplete

reversibilityhavenotbeenworkedout, and perhaps never will

be. In thé presentelementarystate of the subject, it will be
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wiser to restrict the discussionto examplesof thé reversible

type. In casessuchas the above,the systemmay bc regarded
as enclosedin an envelopeimperviousto any fonn of energy

when,however,a phaseis to beseparated,energyof somekind

must be suppliedor withdrawn,and hencetheaboverestriction

must be dropped. This is also thé case whereone or more

phasesare beingaddedco))tinnotts!y.
In a!! cases,therefore,whereone is addingor withdrawing

phases,there are changesin thé energies of the systemwhich

proceedin a denuitedirection,eitheraddingto or withdrawing
fromthe energystoreofeachphaseofthe system. Equi!ibrium
will be reached when thé various factorsof equitibriumcon-
cernedhave assumedor beensocontrolledas togivea constant

\'a!ue. ~f~M~,therefore,as these~K'/o/'j are cAa~ while

a~ot~ M& addedor being~WM~< ~:7/M<~ lias not

~/< <Y~<< Furtherthe <A~<MHlaward a'~M ~fA<

tend, ~MMfa/~ M/M~/CM'<</wlaichihis /< is

<?/~M~//o ~«~ afinal j/~ ~7?'~K~. If one is dealing
with any univariantsystem,it isonly necessaryto select arbi-

trarily any valueof a~ variable,and everypropertyand condi-

tion of thé Systemmustat onceassumea definiteand constant

value conversely,ifon fixingone condition factor,all others

are founddéfunteandconstant,onehas to dowitha univariant

system. If thé systemis bivariant,thé operatormnstholdcon-

stant any /M'cconditions,inordertopreventchange conversely,
if holding two conditionfactorsconstant preventsthé system
frotnchauging, one hasto dealwithabivariantsystem.Similar

statements hold true for systemsof any degreeof variance.

Moreover,the numberofphaseswhichmay possiblybe present
at equitibrinmindicatesfrequenttya degreeofvariancedifferent

frontthé initial. It is in suchcasesthat thé changingvaluesof

the conditionfactorshavea very definite significance. Since

illustrationsof thèseoccurfrequenttyin thé bodyof the paper,
no further referenceis requiredhère. It is évident,however,
that thé itaHcizedstatementIsa directdeductionfromthe mean-

ing of thé PhaseRule.

The various conditionfactorsof equilibrium,external-
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such as pressure,température,audelectromotiveforce–and in-

ternal chemicaland physicalstatesand concentration– now

assumethe rôleof indicatorsof change.

Déterminationspf their valuesmaderoughiymay in many
casesgiveall the informationdesired; but, starting with arbi-

trary conditions,as oneapproachesthe actual equilibriumcoa.

ditions,the equalization.ofevery one of these factors proceeds
moreand moreslowly. There is methere thereforethe distinc-

tions between thé requirementsfor differentiatand absotute

measurements. Since theseare approachedhyperbolicattyfrom

either side,it is but right to demand that all values given in

quantitativephaseworkshouldgiveas far as possiblethé prob-
ableerroras gaugedby the methodof workingfront the oppo.
site directions. At presentthis is raretyor neverdonc,evenin

inethddswhichbave beenwelldeveloped,and whichare to-day
thé onesmost frequentlyused in laboratorywork.

C. ARTIFICIALCONDITIONSANDPASSAGEOFVAPOR
BUBBLES

There are variousmethodsof obtaining a rapid readjust-
mentof material and energiesin particularsystems,but all re-

quire that the smallestpartsof the differentphasesbe brought
into close contact frequently. The velocity of thé trausfer

variesverymuch with the physicalstateof the phases in con-

tact, beingmostrapid in gaseousand slowestin solid phases.
Onemight rapidlyshoota salt throu~hwaterwithoutobtaining

any indicationwhateverofequilibrium. A similar experiment

might be performedwith liquid or with a vaporor gas. Thé

thoroughnesswith which these phases are mixed includes,

therefore,thé timeof contact as one factor; the velocitytenu

always to be remembered.

AHother factorswhichaffectphasesveryunequallyshould

alsobe considered e. g., viscosity,capillarity,gravity,electrical

stress,distortion,etc., mayeachexercisean effect. Butsomeof

these may be eliminated or kept constant so as to have no

influenceon the interrelationof the phases; it wason the as-
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sumptionof this possibilitythat Gibbs's Phase Rulederivation
hoîds good.

Of thèse,however,theactionofgravitymaynot alwaysbe
disregarded. Anyobjectimmersedin à liquid stands under a

greaterpressurethan it wouîdat thé surfaceof thé liquid This
excesspressuremaycausea great differencein equilibriumfac-
tors. This will alsobe thecasewherebne is dealingwith the

passageofany vaporor gasthrough a denseHqttid here, there-

fore, hydrostaticpressuremayplaya prominentr6!e.

OBe-tempenentsystems

This eHeetofgravityjs met in the studyofvapor pressure
relationsofone-componeatsystems. Sometimesin comparison
with other factorsthé pressurevalue expressednumericallyis

negligiblysmall,but in mostmeasttrementsit bas to be consid-
ered. Kahlbaum,'whenworkingon the vaporpressureof mer-

cury by the dynamicmethod,founda differencein the temper-
ature ofvaporandliquidof t.7" at p= 28.~ mm,but of 32.1"°

at p= 0.87mm,andgavehis results the correctinterprétation.
His demonstrationthat in usingthis methodthé layersofliquid
differmoreand morefrom the temperatureof thé vapor the

greater the ratioof thé hydrostaticto the external pressure is

complete. In the tightofbis work,it seemsnecessaryin speak-
ing of the equilibriumbetweenvaporand liquidto restrict our-
selvesto the phenomenouof equiHbrinmdirectlyat thé boundary
surfacesof the twophaseswheretheoreticallythe definitepres-
sure andtemperatureprevail. The bubbleof vaporcould not
remain in equilibriumwiththedenserliquidwhichsurroundsit
unlessotherforces(e.g., capillary)oSset the densitydifferences.

The disappearanceofthe bubbleof vapor,or its expulsion
fromthe liquidindicatethedirectionin whichequi!ibnun)may
be found. Partingwithits heatof condensation,it must raise
the temperatureof the liquid,or beingexpelledit must pass to
a placewherethe pressureis less. Bubblepassage,therefore,
with its concomitantchangein conditionfactorsmay therefore

Siedepnnkte,p.69.
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be usedin examiningequilibriumconditionswherea vaporphase
isconcerned.

Especiatattention basbeendrawnto this effectof hydro-
staticpressureto illustrate thé foresightof Gibbs in his Phase
Rulederivation,and also to caUattentionto a term which bas
beenrepeatediyoverlookedin recentresearches. Casesmay be
foundwhefechemistsworkingunderreducedpressures,e. g., in
Moteeularweight and vapor pressures,have given results as

quantitativewhenthis sourceof errorbasbeenentiretyignored.
Superheatingis anotherdinicuitywhichhas beenmetin all

vaporpressurework.' The heat supplyis deliveredatoneplace
morerapidly than it is transferredto do the work of vaporiza.
tionevenlyand uniformiy. Hencethereis observedthe relue.
tance to change which is almostinvariablypresent whenone

phaseis being transformedinto another,and this showsitself inii
the raised temperatureofthe liquid. Varionsdeviceshavebeen
usedto overcomethis forexample,Faraday"advisedtheuse of

platinumfoil eut by scissorsintonarrowstrips soas to resemble
a fringe, or si!ver, copperwire, filings,piece of cork or torn

cartridgepaper,and notesthat thé additionof someforeignsub-
stancelowers thé boiling-pointof concentratedsulphuricacid
sotnedegrees. LeGrand~in his work on the boiling-pointsof
saturatedsalinesortions, whichfor that period was donewith
considérableaccuracy,madeuseof platinum to preventsuper-
heating. Yet more than sixty years later we meet the state.
ment "As a fact no oneprior to mehas used fillingmaterial
to carryout exact boiling.pointdetenminatiouswith thennome-
ter inserted andaccordinglythé formerwork has "durchaus

missg!uckt Doesit seemstrangethat if it wasnecessaryto pré'
ventsuperheating to thé extentof wholedegrees,it wasc-qually
necessaryto use as good meanswhenmeasurementsin thou-
sandthsof degreeswereto bemade?

That such a statementhas beenacceptedwithoutdispute

Ostwaïd'sMeaaKrement*,p.tt9.
Faraday. ChemicatManipulation,«5(tS~f).
LeGrand.Ann.CMm.Phys.Si))4~}('S3S)'
Beckmann.Zelt.pbys.Chem.<t,<jj6(!8~6).
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showsontytooplainlythe little thoughtthat bas been devoted
to overcomingthe problemofsuperheating,and it is advisaMe
to considerbrienyits causeand the methodsof its elimination.
Whenheat is suppliedto the surface in ordinary methodsof

heating,we havea layer of liquid which cannot rise abovea
certain tempetatnrewithout changeof state, imp}ng!ngon a
solidbodysuchasglass,which varies in temperature between
its interna!andexterna!surfaces. Thé côhesiveforcebywhich
the wateris he!dto the glass is differentfromthat whenin con-
tact witha metal,and this forcebas tobeovercomebeforevapor
formationcaa takeplaceat thé surfaceofcontact. Thevelocity
of heat transferisof courseverydifferentin the twocases. The
bubbleformationseemsto takeplacemorereadilyfroma series
of points than froma smoothsurface -probably bccansethe

sttperheatingis localizedto a siiialletarea. The trnmber of

pointsbasalsoadefiniteeffect thishas been shown by Beck-

mann,'whofoundthat additionof glassbeads loweredthe ap.
parentboiling-pointfrom0.60°to0.24°onhis thermometer,and
that fnrtheradditionof beadshadno furthereffect.

Besidesthe method of adding to the boiling solventa
materialwhichcausesmorereadybubblefonnation by surface
effects,the planbasbeenadoptedto add material whieh held

gas in its pores,e.g., charcoal,hydrogenizedpalladittm,etc.,or
else topassthégasdirectlyinto the boiling liquid. As the gas
isevolved,it is snrroundedby a layerof hotliquidwhichvapor-
izesinto it as intoa vacnum.

Another method, which bas not received the attention
whichis its due,reqniresthe passageinto thé liquidofthevapor
havingthé sainecomposition. Onlywhenthé thermometerin-
dicatesconstancyis the boiîing-pointactnaHyreached. Is it

possibleto havesuperheatingby this method? Are thé results
obtainedby thèsedifferentmethodsthesame?

In findingananswerto this question,use was made of an

apparatusof thegenetalfonn employedby McCoyin his motee-

Beckmaaa.Zeit.phy*.Chem.«. ~9 (tS~S).
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ular weight work,as shownin Figare i., This apparatus for

working with vaporsbas beene<np!oyedvery frequentlyin our

subséquentwork. Into the oMterjacketB was put water and
a number ofplatinumtetrahedra into thé inner tube C aBeck-
mann thermometer. After the .temperatureof the water had
been raised to the boiling-point,a clip wasslippedover the rub-

ber tube at A, and thé steam
forcedthrongh thé inner tube
C. The thermometersoon as-
sumeda steadyreadingat 50.7°.
Water was now added to thé
inaer tube. This was soon
raised to its boiling tempera.
tare; successivereadingsat im
tervals of one tninute cont-
mencedat 5.~° and differed
as Mttleas 0.001 but rose

steadHybecauseof tbe inefease
in hydrostaticpressure as the

vapor condensed. The water
in the outer tube was now re.

placedby a salt solution boi!-

ingatïo6.y5"andthethe)'tno<ne.
ter immersedto thésameextent
as before. The readings now

indicated 5.140°,rising occasionallyabout 0.001" irregularly,
and at the endofsix minutes'reading5.145°. Thèseresutts are

surprising in that they indicate the great velocity with which
the heat transferfrontthe vaporbubbleto the liquid takes place
-that a vaporheatedsevendegreesabovethé liquidwhenenter-

ing does not exert any greater influenceon thé boiting.point
than may bemeasuredin thousandthsofdegrees under the con-
ditions of the test.

To test further thé velocity of transfer we have passed
water vaporthrougha tube heatedalmost to redness and then
into the inner tubeof a large test-tubesurroundedby a vacuum



~6 ~C<MT~6

jacket. Whensteamwaspassedin very vigorous!y,thé Beck-

mannteading(setdifferentlyfrom thé one above)was0.621°.

When, however,the velocity of generationof the steamre-

mainingconstant,the longdeliverytube was intensely heated,
tite thermometerindicatedo.6ya°. la other words,gréâtsuper.
heatingof thé steam and conséquentformationof very large
bubblesof vapor raised thé temperature 0.05°. The actual

effect,therefore,of passinga vapor into its own liquid is the

rapidequaîtzatiottof temperaturewith concentrationfactors,the

velocitytermbeingsometimesverygreat
Nowthe selectionof a zero for differentia~measurements

in phaseworkbasbecomea ptobleiiiof some importancesince
thé iutroductionof the boiling-andfreexing-pointmethods;thé

reproductionof the zero ought alwaysto be a simple prob!em.
Beckmann,in hisoriginalpapers,basgivenus some data illus-

tratingthedinicuttiesia this direction. In his last paper' he

givesa pageofdirectionson thé use of filling material,which

in substancemeans that the material is to be added as long
as the boiling-pointfalls. Several students, who were told to

followoui thèsedirectionscarefully,reportedthat the Beckmann

methodgaveresults from0.1° to 0.2° higher than thé vapor.
heatingmethod,with degreeof immersionof the thermometer
andotherfactorsconstant. Onrepeatingthé experimentsmy.
self,it wasfoundthat thé Beckmannmethodmight give values

considerablyhigher than the other and that these might be

selectedas arbitraryzerosof référence,but that with care the

boitingtemperatureobtainedby the differentmethodsmight be

foundthesame. Wehaveneveras yet foundthe indicatedtem-

peratureofebullitionlowerin thé first than in the vapor-heating
method. The!atterseemsthereforeto indicateanantomaticzero,
whichiscertainlyofgreat advantage.

The bearingof this relativeor absotutezeroon thé test of

purityof a bodyby referenceto its boiiing.pointis obvibus.

Wten the thermometeris immcrsedin theliquidthere is always

presentthé hydrostaticpressure whiehin a casecited above

Beckmann. Zdt. phys. Chem.40, t~s ( f~M).
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amountedto o.t"–and the eSectofsuperheating.Nowin some

cases,e. g., ethylalcoholand water,this differencein the boit-

ing températuremightindicatethé presenceof nearly10pet of

waterand90 pet ofalcoholin placeof pure alcohol. In cases,

therefore,wherepurityis detenninedby means of thé boiling.

point,it is advisableto déterminethe temperatureof thé vapor
andcheckup by at leastonemoredecisiveanalyticalproperty.

Syatemaef twocomponents,formingnocompounds,bothcomponents
volatile

After noticing that thé vaporof A passed into liquid A

raisesthe temperatureofthe latterto its boiling-point,one is in.

terestedin findingthe temperatureeffectswhenthe vaporof A

is passedinto tiquidBorvice versa. Now a vapor containing

nothingbut A canbe in equitibriumwith noliquidexceptpure
A (if weassumea!I substancesvolatile). The temperature
towardwhichonewilltend thenonpassingthevaporofAintoB

is thé boitingtempératureof pure A. If then one starts with

Ha~d
Bat its boiting-pointandpassesin the vaporofA, thérange

oftemperaturewillbefromthe boilingtemperatureof B to that

of A. We6rst madethisobservationonsubstancesshowinga nor-

malcurve,e. g., acetoneandwater,makinguseof theapparatus
shownin Fig. t. Thenext mixturewas that of ethyl alcobol

andbenzene,whichshoweda minimum temperature. It now

seemedprobablethat thecurve indicatedthé actual directionof

temperaturechangesinpassingfromB to A. This willbe the

caseif thé transferofenergyand materialtakes placewith very

greatvelocity. Ashasbeenshownabove,this was fouhd to be

the casewithwatervaporpassedinto liquidwater,and laterex.

perimentsshowedthesamewithalcoholvaporinto alcohol,etc.

Asatisfactoryarrangementofsimitarexperimentsfor two.

componentsystemsis very difficultowingto the differencein

compositionofJiquidand vapor. In lieu ofsttch,it wasdecided

that if variousnuid pairs possessingabnormal boilingcurves

showedby this methodthé same minimumor maximumtem-

peratureswhichwasto befoundby other methods,it was very

probablethat thé sameconditionas to equalizatiouof temper-
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ature andconcentrationprevailedas intheone-componentsystems.
ConseqMent!ya numberof case:,have been examinedin

this way. In everycasewherecompoundsare not fonnedit bas
been found that these temperaturesdo correspond–usuaHy
within less than o.ï". The cotnparisonswere made in each
casewith the samematerialwhich had been used with other
methods. It isof coursenot strange if the materiatused by
differentobserversgivesdifferentresults,for the effectof slight
impuritiesis verynoticeable. Annthet factorwhich cannot be

ignored is thé !ag of the thermometer. Whenone considers
that the time requiredto make a run from pure B to nearly
pureA has beenat timescnt downto fiveminutes,it iscertainly

°

possiblethat the thermometermaynot assumethe equilibriuin
pos)tionfor the temperaturedesired.

Another methodofcheckingthis minimum or maximum

températurewasobtainedbychanging the positionsof B andA.
Forexample, passingthé vaporof methyl alcoholinto acetone
at a pressure of 744 mm, the temperature fell from 55.0°to

55'35°'after which it rose again. The acetonein the inner
tube was raised to its boiling-pointby meansof the etectric

heatingcoi shownin Pig. i. Wheninto a mixtureof thealco-
hol and acétone, which started to evolvebubblesat 58°, the

vaporof acetone was passed,thé temperaturefell to 55.~2°
whenit beganagainto rise. The materialsemployedwere the
samewhieh hadbeenusedby J. H. Pettit,' who founda mini-
mumof about 54.80", = 728.9mm. This agrees very well
indeedwith thé resultsobtainedabove. Withabsolutealcohol
and commercialbenzene a minimum was found at 67.55°,
P = 743'S this was reproducedat 67.~ on interchangeof

positionof the materials. With purest materialsavailablethe
minimumwas obtainedat 66.60°atp = 733.0,the same result

beingobtainedby reversa!. This correspondsverywell indeed
with the result whichThayer"obtained by fractionaldistilla-
tion,viz.,66.7"at =737mm.

Pettit. Jour. Phytt.Chem. 3, ( tS~).

'Thayer. Ibid..t,38t(t898).
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On passingacetoneinto water, thé température fell con.

tinnous!yfront98.8" to 6n° in fifteeu minutes. On taking
outsomeof thé solutionfrom C and adding more acetone to

thé outervessel,thé temperaturefell in about seven minutes to

S~°. On passingwater vapor into acétone, thé theftnometer

hadin twominutesindicated58°, these titrée experimentsin-

dicatingthat thé curvewasof thé normal type. Similarty,thé

passageofearbonbisulphideinto benzeneor vice versa showed

that the curvewasnormal;thnsconnnning thé resnltspreviously
obtainedby thé dynamicmethod.' With hydrochtoricacidand

water,the maximumasobtainedby both methods was 108.2"

atp ==~8.3 tntn. This correspondsexactly withresultswhich

we have obtainedon distilling thé same acid. Results with

othernuidpairswillbegiven later. The general conclusionis

that thé methodof vaporheatinggives resnits vhichconfonnto

thoseobtainedbythe distillationmethod and that thé proba-

bility is that whenno compoundsare formed,adjustmentof con.

centrationand temperaturetakes placewith great rapidity. No

measurementson thé concentrationat thé minimumhaveyet
beenmade.

Varyingexternatpressures

Norestrictionwhateverhavingbeen imposedas to the ex-

ternalpressure,it is apparentthat the methodmaybeappliedin

workingat any pressuresfrom very low pressuresup to the

criticalpoint. Experimentsof this nature coMld,taken in con-

junctionwithconcentrationdeterminations,give us information

as to the dispîacementsof maximaor minitna with the pressure
andas to whetherthe normalcurves ever becameabnonna! or

viceversa. Notlessinterestingbut far more difficultin realiz-

ing experimentallywouldbe thé examination of thé effectsat

thécriticalpressures,thé bearingon retrogradecondensation,etc.

Dephlegmation

The bearingof the resultsobtainedaboveon thé theory of

'CMveth. JoMr.Phya.Chem.9tt93()8<~).
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depblegmatotsis veryreadily Reen, The followingdtagramsa
and3 showfonnsMsed:n lectureîllustrationof thetheory. Thé
Hteidt9tiU)t~flaskA boldsa mixtureof twocomponents(both
volatile)as forexample,acetoneand water. When a seriesof
bulbscooledbythe air (BBB,Pig. 2) is insertedbetweenaask

and condenserandthe conteat of theflaskis boiled,somevapor
passingoveriscondensedin thé firstbutb. Verysoonthis blocks
up the vaporinlet, and b<tbb!esof vaporpassthroughthe con-
densedliquid, whichis soonraisedto the boi!i))g-point. In the
nextbulbcondensationand bubblepassagetakesplaceand soon
thronghout the sene& In every bulb thé liquid therein con-
tainedis at itsboilingtentpcramre. The thermometersthrough.
out the series indicate temperaturesalways lower and lower.
The vaporpassingovernnatty is verymuchricherin the more
volatile componentthao' the vapor initially condensedin thé
nrst bulb. Evenwithout an experimentalconfirmationwhieh
bas beengiven,<ntecan easilyseethat a lowvelocityof distilla.
tion wH!favorbettercooling,and hencebetterséparation.

This formof apparatus willnot serveas a goodlaboratory
fonn becaMsethe condensedvapor accMm~ates.Thé same ob.
jectionholdsforPig. 3, which indicatesmerelyan evohttionary
stage,and which,it may be readilyseen, is related in form to
practicaHyall theordinary ïonas ofdephlegmatoK. Thé Hem.
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pet, forexample,wouldbe consideredas ofessentiallythe same
type, combininga great numberof dephte~matorsand surfaces
of liquidsin a verycompactfonn.

Por the completeremovalof the more volatile component"j.

in a short spaceof tirne,it is better
to have thé liquid which is con.
densedfail slowly,cominginto con-
tact with the ascendingcurrentof

vapor. Of course the greater the
numberof stepsorph!egmsholding
tiquid,with whieh the vaporcomes
into contact, the more nearly will
the more volatile componentdistil
ovérin a stateofpurity. Anumber
of chemists still hold to thé idea
that coolingand passingthé vapors
over the condensedliquid is suffi-
cient. The workofBrow! i ndicates
that passage~~?~ thé condensed

liquid a!!owsof bettercontroland
more eSicientseparation,a!thongh
thereisalwaysthedisadvantagethat
the condensedliquidaccumulatesin
the still-head.

There havebeenat times very
lively discussionsas to thé eStcien-

/cies of various formsof distiUing
apparatus, and numerous and in-

génions works of the glassblower
havebeenproducedas newtypes.* Fromthé practicalas well
as theoreticatstandpoint,it is desirableto have(r) auapparatus
whichis suScieut!y cooledto allowof somecondensation;(2)a
verylargenumberof interceptsholding liquid through which
the vapormust be forced and (j) provisionforthé return of
the condensedliquid.

Bmwa.Jour.Chem.Soc.97.49( )88o).
ComptMYoun~.ïbM.,7:,699(t8$9).
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TMC~Pt~f <-m ~–J t~Insofar as (2) and (g) are concerned,thèseconditionsare
fotnttedin a verydesirablenmnnerby thé Hempetcohnnn. In
manycases, however,especiallywith Hquidsof highor lowboil.

ing-point,thé firstconditioncannot becontrolledproperly,the
condensationbeingtoomuchor too little. The result is that
in M)anysuch casesfractiouatioMis not carried on with satis.
factoryresults. Butby a propercontrol of thé temperatureof
the rectifyingcohnnn,it ispossibleto obtainseparationswhich
areexactly analogouswith tho~ obtainedwith ordinary mix-
turesand air coo!iag. Averydecidedob}ectiottto the Hempel
fonn is, of cottrse,the amountof liquid containedin thé still-
head.

Ït wasat one ti<nethought that the stiH.headshould be
keptat a constanttemperatureof the tnorevolatilecomponent
audit is a tnatterof historicalinterestthat théseparationof ben.
zenefrotn toluenewaseffectedin this manner.' With thé still-
headsof constant temperaturewhichhavebeenused,therehave
beenso far as the writer is aware,noattemptto use a dephleg-
mating cohunn, but rather to obtain thé separationby frac-
tionalprecipitationof the less volatile !iquid by meansof the
coolingaction of thé watts. This bas beendonc by Mansfield
andby Brown,'whoiu thiswayobtainedseparationswhichwere
fairlysatisfactory,but werenot better (in thé cases used) than
cotildbe obtainedby a gooddeph!eg<nating'apparatus.

Experimentsbavebeencarriedonin thislaboratorymaking
use of still-lieadsof constant temperaturesurrounding-a tube
containing a largenumberofintercepts. It wasfound,however,
that thé compietenessofseparationsvariedmorewiththédegree
of heating thé boilingliquidthan with inconstancyin thé tem-
peratureof thé stitt.head. In everycase,however,it wasfonnd
possiblebykeepingthestiH-headtempératureproperlycontrolled,
to obtainbetter separations. In preparationof pure substances
it is usnat!y weUto kecp thé jacket a degreeor sobelowthe

boiting températureof the <norevolatileand exercise thé same
precautionsas with the Hempel.

MaMSetd.Ana.Chem.(UeMg)69,t~ (tS~S).
CompareYouttg.Jour.CheM.Soc.75,679( )899).
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CoatiauMsdistiUation

In connectionwithséparationsby thé agencyof still-heads
ofconstanttempératureit seemedpossiblethat by maintaining
twoparts ofa system at differenttempératurescorrespondingto
the boilingtetnperatHresof thé component,onemightbeaMeto
effect coMtinuousseparation, especiallyif use weremade of

dephlegmatingintercepts. ht 1900, Mr. Ira H. Derbyexperi-
iMeatedon mixturesofethyla!coho!andwaterwithanapparatus
shownin Fig. 4. This consistsof a long block-tintnbe sur.
roundedat its lowerend A by the vaporofboilingwater,at :ts

upperend Bby vapor froinboitingalcohol, and filledwith in.

tercepts. The mixture to be distilledwasslowlydroppedin at

C,thé vaporpassingoff to the condenserat D, and the residue

thfOHgha trap at E. Starting with a mixture containing6a

pet ofatcoho!by weight,thé weight percent of alcohol in thé
distillatewasfoundto be 90.6; with an initialmixturecontain.

ing 40 pet, and the other conditionsbeing improved,the distil-
lateon threesuccessivemus contained00.6 pet, Q~.ypet, and

93.9pet Thé percentageofalcoholin the residuewas found
to averageabottt 0.5 petwhenworkingcarefully. Whenonere.
Mtembersthé impossibiHtyof separating water quantitatively
fromalcohotby distillationalone,thé eniciencyof this appara.
tus is striking indeed. It is a mere matterof increasingthé
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Thèse resultsshowtheactual heat amounts required in a
fractionalseparation. To obtainideasas to thé efficiencieswe
shou!dreqnirethé valueof thé heat evolved whenthese various
disti!!ateMttxtHfesas vaporsare brought togetherwith thé con.
densate mixtures as liquidsat their boiling-points-in other
words, the sum of thé heat of condensationand thé heat of
solution. It is seenthat inaccordancewiththis theoreticalvalue,
lessheat is actuaUyrequiredto obtaina vaporof89.9pet thana
vaporof 88.5pet,87 pet,85.2pet,or 76.7pet. In other words,
efficientdephlegmationworksboth in the direction of saving
heat andin givinga purerproduct. Ofcoursethèseexpenmeuts
wereperformedundersuchconditionsthat ait the heat supplied
performedélectivework. Despitethe ingeanityofdétailshowa
in Mr. Derby'scalorimetrieapparatus,it is not thoughtdesirable
to describeit herefor this reason–that while one attempts to
keep the upperha!fof theboilingtube at 78", there must be
within the dephlegmatingtubea rangeof températuresfromthe

length and diametefof thé tube, the number of interceptaand
the velocity of delivery m order to obtain a practical, cottt-
ptete and contmttonsseparation. Thé problemof continuons
fractionaldtstithticn fortwocomponentsisshownby thèse ex-
perimentsto beune <~pabteofeasysolutionm technical work.

TheaetHatve!octtywithwMehdist:aHoNwase~ectedwas
in aUthese casesvery low,dueof course to the limitations in

thestzeoftheapparaHM.
With regardto the totalamountof heat required itt opera-

ting by this conttnuousmethod,the foUowiagresults were ob-
tained,starting with an initialmixtureof a 20 pet alcohol

"='=~=-=-==''='4"=-

Nttmbefofnttt t a <

Gramsofdistitlateobtained za.z 9.6E 9 toz
WetghtpctatcohotindistiHate 76.7 8s.a 87 88.5 s~aTimeof rua ia minutes tg~ 60 t7~ ~g ~o
Sma!tca!onesrequited t68so 6470 s337 5783
SmaUcatonespergmmdistiUate759 674 62t 593 567
Weightpetatcohotin residue J t.5 2.<j 2.0 s.o 2.0
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boiling-pointof thé mixture down to about78". For that rea.
sonthe "constancyof temperature Il signifiesa range of some

degrees. If, therefore,onewishesto makeuseofa temperature
jacket, it is advisableto have thé températureslightly lower
than thé boiling temperatureof the more volatile,since the

velocitywith whichthe vaporis actually passinghasto be con-

sidered,and it is desirableto have as the nppennost layer of

~iquid in thé depMegmator,thé pure volatile component
whichmaynot condensejust at its boitingtemperature. The
actoa!temperaturechosenis ofcourse directty connectedwith
thé velocityof the distillationand shouldbethé lower,themore

rapid the disti!!ation.

Theseexperimentsare,sofaras thewriterisaware,theonly
oneswhichgive dataas to the heat e<Bciencyobtainedwith any
particularformof distillationapparatus,and form part of the
scheme required in thé examination of any technical form.
The workhas not beencontinnedfurther in this directionsince
it isapparentthat the standardsas to what constitutesefficiency
in the laboratoryvarywitheach problemof laboratorywork.

If, however,onecomparedan apparatusof thé continuons
formwith any discontinuonsnon-fractioningforms,in regard to
emcienciesof any kind, thé result would be to baaishthe latter
fromthe factoryas tnemcientand nnscientinc.

Vapercomposition

Accordingto thé phaserule, it is necessarywith two corn.

ponentsand two phases,to fix two variables in order to define
the systemfor purposesofreproducingit. Thesemaybe t and

andc, or~ and c. Now,in the ordinary methodsof deter-

miningthecompositionofa vapor in equilibriumwithasolution,
this is not done. The vaporphase is usualty removedat con.
stant pressure,varying temperatureand concentration,or con.
stant temperaturewith varyingpressureand concentration. Of

course,the methodofanalysismay be snchthat thevariation is

verysmatt, but this is farely the case. After many practical
dimcuMesindéterminationofvaporpressureswithacetonewater
mixturesit oceurredtous that better controlandmoreaccurate
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resultscouldbe obtainedby maintainingtwo of thèse variables
constant. Thé nrst ideawasto pass into thé solution kept at
constant temperaturea vaporfromanothersolution,whichvapor
shontdberonghtyof thé compositioncorrespondingto equilib.
rium with the first. This wasrather dia;cu!t to carryout easily
and sMccessfuHy.

Thé planwas therefore tried of returning to thé boiling
liquid a liquidwMchhad apptoximatetythe samecomposition
as that which was being removed,and in thé sameamonnts,
using thé constancyof the thermometeras thé gaugeof thé con.
centrationof the boilingliquid,so that the thermotneterwould
stay constantso longas the heat snpplyremainedconstant. We
have here thereforethé exactanalogyof the Beckmannmethod
for boiling-pointwork, only that in additionto addingthe vapor
condensed,we are also removingit for purposes of analysis.
This method bas been foundto work very well in practical
work. In someptelitninarywork,it wasfound possiMeto keep
the boiling-pointofan acetonewatermixtureconstantfor (ifteen
minuteswithin ±o.ï" over a part of thé curve wheresuch a
temperaturevariationindicateda concentrationchargeof0.2pet,
where thé concentrationof liquidand vaporphasesdifferedvery
widely.

In the casewhereanalysismay be difRcutt,tliisnowoffers
a synthetic methodof determiningvaporcompositionby distit.
ing off a certain amount of vaporand adding to thé boiling
flaskthé sameamountof liquidmadeup syntlieticallyand then
examiningforequatityof boiling-point.

The firstmethodis to bepreferredin caseswhereaecuracy
is desired. It is exactlyanalogousto the method discoveredby
Bancroft' fordeterminingthé compositionof a solidphasesepa-
rating, thé detailsofwhich havebeenworkedout byBrowne.*

<~n~ Mn~M~,~n7, /!MA

[?b~aM<<M<]

1Bancroft.Jour.Phya.Chem.6,!78(t9M).
Browne.!Md.May,!()o.



ON THE STAB!UTY 0F THE EOUÏUBRIUM OP

UNIVARIANT SYSTEMS

BYPAU!.SAURItI.

The followingpropertiesof the multiplepointof an ~<om.

ponentsystemare wellknown

At the temperatureandunderthe pressureof the multiple

point ? + 2 phasescan coexistin equitibriam. At the temper.
ature and under the pressureof thé multiplepoint the systemof

M+ 2 phases admitsof a continuonsseriesofstates of equilib-
rium inwhich the entropyandthe volumeof thé systemand the

massesof the phaseschange,whilethe totalthermodynamicpo-
tetttial of the systemand thé concentrationof the phases remain

unaltered. The state ofequilibriumis contp!etetydetermined

if, in additionto the massesof the independentcomponents,the

volumeand thé entropyof the systembe given.
If werepresent the multiplepoint by a point in thé tem-

perature-pressnreplane, therewillpassthroughthis point Il + 2

curves,eachof whichrepresentsthestatesof equilibriumof one

of the n + a unn-ariant systemswhichcanbefonnedby sup-

pressingoneof the phasesof the univariantsystem.
The multiple point divideseach of these curves into two

parts; along one of thèseparts the equilibriumof the cor-

respoudingunivariant system is stable, while along the other

part the eqiiiiibriuiiiis nnstable. Theobjectofthé presentnote

is to establish thé followingtwo theoremswhich enable us to

distinguish thé stable fromthe unstableportionsof the temper.

ature-pressurecnrves.

I. Consider at the températureand under thé pressure
of the multiple point a reversiblechange which increasesthe

entropyof the invariant system,but whichleavesits volumenn-

changed. During this change thé massesof certain of the

phasesincrease,whi!ethe massesof the othersdecrease. If thé

massof thé ~th phase increases,then the i-thunivariantsystem,
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t~at !ct~ tMtv ttt~ «M~M~î~~t ~<– :– –~i-< t<that is to say,the univariantsystem in whichthe Mh phase is
!acki)!g,cannot exist in stable equilibrium at températures
higherthau that of thé multiplepoint. If, on the other hand,
the massof thé Mhphasedimiaishes,then thé i-th univariant
systeM)canuotexiatat temperatureslowerthau that of the mul.
tipte point.

H. Cottsiderat the temperatureand under the pressureof
thé multiple point a reversiblechange which diminishes thé
volumeof the invariantsystetn,but which leaves its entropy
nachanged. Duringthis change the massesof certain of the
phasesincreasewhilethe massesof the othersdecrease. If the
tnas&of théMh phaseincreases,then the ~th univariant system
cannotexist in stableequilibriumunder pressuresgreater than
that of thé mnitipiepoint. If, on the other hand,thé mass of
ttte !-thphasediminishes,then the i-thunivariantsystemcannot
exist underpressureslowerthan that of the tnnMptepoint.

Thèse twotheoremsare forinvariantsystems,the analogues
of the theoremsof Moutierandof Robinfor univariantsystems.
They aredue to BakhuisRoozeboom.'

To establishthe nrst theorem,considerat the temperature
and underthe pressureof the multiplepoint the Mh univariant
systemin equi!ibrinm. If we keep the volumeof the system
fixedwecancausetheMhphaseto appeareither by increasing
or bydecreasingtheentropy of the system. Suppose that an
increaseofentropycausesthe i-thphase to appear. Denotethé
total thermodynamicpotential, the entropy and thé volume of
thé systemin the firststateofequilibriumby< H,, V,, and in
the secondstate of equi!ibnumby4'H,,V, Then we hâve
obvioudythe followingreiations

~=~.
H.<H,, <,)
V.-V,.

If wetake thesystemin the firststateof equilibriumand if,
withontchangingthéconcentrations,wechangethe temperature

ReetteMdestravauxchimiquesd<tPayz.BM,0,3~( tM?).Mehetero-
·

KenenG)eich}(ew)ch<e.!,43(t9ot).).
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T and the pressureÏI, thé changein the thermodynamicpoten-
tial will be given by the equation

~H,~T+V~n. (2)
In like manner, if we take the systemin the secondstate of

equilibrium and if, without changing the concentrations,we

change the températureand the pressure, the change in the

potentialwill begivenby the equation

o~,==-H~T+V~n. (3)

If wesuppose that the changein temperaturedT is posi.
tive, equations r, 2,3 yield immediately

<t,+M,>+~4' (4~

If werememberthat at a giventemperatureand undera given
pressurea systemcannot be in stable equilibrium un!essits

thermodynamicpotentialbas the smatiestvalue possibleat that

temperatureand underthat pressure,it followsfront inequality
<tthat, at a temperatureslightly higher tban that of the mu!ti.

piepoint and undera pressureequal to orslightlydifferentfrom
that of the multiplepoint,thé i-th univariant systetn cannotbe
instableequilibrium.Thisestablishesthénrstpart ofTheoretnI.

Supposethat'at thé températureand under the pressureof
the multiplepoint a decreasein the entropyof the system,kept
at constantvolume,is necessaryif the /-th phase is to appear.
Equationst are to be replacedby the following

¡
<==4'
H.>H,. (5)
v.==v,.

If wesupposethat dT is negative,équations5, 2, 3 yield im-

mediatelyinequality It followsthat, at a temperatureslightly
lowerthan that of the multiplepoint andundera pressureequal
to or slightly différentfromthat of the multiplepoint, thé !th
univariant systetncannotbe in stableequilibrium. Thisestab-
lishesthé secondpartofTheoremI.

Theorem II. catibeestablishedby a courseof reasoningin
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a!! respectssimilarto that }nstgiven. Insteadofthe conditions
i and 5 wenowhaveto considerthe conditions

~.=~~ <=<&
H,=H,. and H,=H.,
V,>V,. v.~v;.

With thé firstsetofconditionswe take <~n positive, with the
secondset négative. In eachca'<eweobtàm inequality4.

The demonsttationwMchwe have just givea is entirely
analogottsto the demonstrationwhich we have given' of the
theoremsof Moutierandof Robin.

?? Keft,AprilM,~pM.

Jow.Phys.Chen).3. {t)~).



BYPAULSAURM.

Considera Systemofn + 2 phasesfonnedbymeansof in-

depehdentcomponentsaad denoteby the entropyand thé

volumeof the unit of massof thé !-th phase, and by thé

massof the j-th componentwhichentersinto the unit of mass

of the i-th phase, If we denoteby ~lï~T~ the s!opeof thé

pressure-tempeTaturecurveofthe ~-thunivariantsystemthat can

be fonnedfromthe invariantsystem,that is to say,of the uni-

variant system that canbe formedfrom the invariant system

by suppfessingthe i-th phase,thenat themultiplepointthe fol-

lowingéquations*hold

~T"'

,jT.. ~'M
o. (;?

dlla+a' ~~+~r mn+i m · f7t"z,a
°TM+J

je à in,

</T,
~u'

dT,
nn ~rir m~"

dit,
1 lit Mn$ in2n

= o. (2)

~<t+<
r ~la+~r ma-FWr · ma.f.s,a

<'U)t +1e

In a previousnote wehave shownthat theseequationsof

Rieckecan be written in the form

Rieeke.GotthtgerNachtichten,p.M}('890). Zeit.phys.Chem.6,
t68(.890).

jour. Phys.Chem. !~o(t~o!).

ON THE FUNDAMENTALEQUATIONS OF THE

MULTIPLE POINT
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f+t2a+' 8+2

2~ 2~ (3)
f~i 1

f.a: 1
t

in which~,8H, denote the change m the volumeand the
entropyof theMh univariantsystem,correspondingtoa certain
reversiblechangeof that systemat the multiple point. It was
shownthat théreversiblechangesare such that

~~==0. ~~==0. (4)
~r,

and it should havebeenpointedont that thé + 2 reversible
changesused indefiningSV,and 8H,constitute,whentaken in
successton,a reversiblecycleof the invariant system. Our re.
sutt canaccordinglybe statedas follows:

Considerat the tempetatureand under the pressureof the
multiplepointa réversiblecycleof thé invariant system,which
can be dividedinto « + 2 reversiblechanges,each of which in.
volvesthe phasesofoneof the« + a univariantsystems.Duringthe~h of theseréversiblechanges,the volumeand the entropyof the invariantsystetn.receiveincrements8V,.<H,. These in.
crementssatisfynot onlyequations4, but aiso equations3.Riecke'sequationscanbe put into another form,which is
evensimplerthan that just given.

DénotebyMithé massof thé ~-thphase,by 9)Lthémassof
the jth compoment,and by H, V, the entropy and the volume
of the invariantsystem. Then the followingequationshold

'+' l
t.+! a

~M~-H. ~M~=V,
'="1 <~t1

n+t

~M~==9tt,. ~==t,2.M. n. (~

Considerat the temperatureand under the pressureof the
multiplepointreversible changewhieh leavesthe volumeun.
altered. The precedingequationsgive us
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M+92 <)+'

~SM<=8H,
~~M,==o,

<~t <
«+t

~~M,=0, ~==t,2,K. (6)

Fromtheseequations6, weobtainat once

?.. ~n, Min

?,. V,, M, WM
sM,CM;

~«+tt ~+~ ~0+t.t)" ~<t+!.M x

~)' ~))) ') ~)t

==(-!)'-+'? (?)
~+., M,+, M,+,.Hx

!'tt+!, Mtt+t.tt ~«+t.M

The coeNdent of8H in this equationis the same as the coeffi.
cientof ~n, in équation i. It follows from this without

diSIctUtythat équationi caa bcwritten in the form

x+~

~8M~~o. (8)
''=<

Considernow.atthe temperatureand under the pressure of
thé multiplepointa reversiblechangewhieh leavesthe entropy
unaltered. Equations5 nowgiveus

"+t «+t

~~M,=8V, ~~8M,==o.'~t <Mt
+<

~~M<=o, 0, ~==:t,2, .?. (g)
<<

Fromtheseweobtainat once
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1

~t ~) M~, M,H

~M
8M.

*+<. a. ~<t+~ ~t+!.tt '") Mt,+<.a

~tt M!);. m~
<

=(-t)<+'SV ~)
~+,, M~ M~

~M+), M«+t.tt MM+t.Mn

Thé coeSeientof SVin thisequatton is the same as the coeBt.
cientof <<T,~n,in equationa. It foUowsthat cquation 2 can
bewrittea in the fomt

+t

~=0. (“)
ta 1

Thefundamentaléquationsof the multiple point can ac-
cordingtybe put into thé fonnof équations8 and 11. It should
be remembefedthat in thé Ërst of these equations SM,dénotes
the incrémentof M,,due to a reversible change in which the
volumeiskept constant, whi!ein the secondSM,dénotesthe in.
crementof M,due to a reversiblechange in which thé entropy
is kept constant.

New
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Ceem d'électricité. Toute ~<~M~a~w. Lois d'Ohm, ~t~w-

By Pellal. ~X~ CM,' t~+~p. Paris: <Tt!t<M~.

Mf//<t~,/~o/. /Mo?.- /o~wwfj'.–The present book h the fimt of a
oerieaofthree volumes,containingthe lectures deliveredby Pellat at the 8or-
bonne. !t b writtenin the wett-knowo.elear-eut,trench manner,and demanda
no fnrther mathematieatequiptnent than the MMtelementaryknowledgeof the
calculus. Thé volumebefoM«s treate of etectrottatics,Ohm's taw, and theMao.

electrics,and la thereforepatUcutat-tyinterestingin view of the valuable con-
tdbttttone wMchPettat has made to etectrostat<M.

The ptcxentatioMof thé Mtbject<9original froma French point of view; it
doesnot start ont with Coatou)b'<law, but ratherfromtbe fundamental experl.
ments in etectnMtaticsconsidered apart from thé law, which in fact ts not

<i<rect!ytrue for heterogeneousmédia. !t Memtto the reviewer,hott-eve)-,tbat
even if this methodts newin France, it doesnot differveryeMentiattyfromthe
introductionto Maxwett'egteat treathe. The definitionof a quantity of elec.

tHettyiamadeby aidofParaday'~ ice pat) experiment. Thé delightfui and

leistirelydescriptionsgiven, however,are in marked contrast to the draft and
stresswMchcharacterizesMaxweH'streatment. Thb chapter and the follow.

ing on the electrostatlcfield,contain manynewand striking experimenta. A
etdtfnt introductionta madeMdy in thebook ofHe!n)hottz's /< and
thé old potentiatxotation of Volta la effectivetyrevived. The appeaMneeof
the round Jacobiat)delta, here as in Poincaré's books,is evidenceof its general
introduction in France. A like indigence of thé reader M Engtiah boo!tais
remote enough.

tn the next chapter,etectrostaticprinciples aadtheir consequencesare dis-

cnMed.the remarksgroupingthemselvesaround Poisson'sequationand GaHM'e
theorem. Tothé reviewer, thé Inexorable eoMistencyof this chapter is a
trifle wearisome,and he is tempted to believe that the Méthode by whieh
womenproverbiallyreach conclusions tnay after all bave something in their
favor. At least one would like to be spared thé labor of constructing
diagrams in one's bmin fromtediousdescriptions. Mach may be Mid by thé
man of schotartyand digniSed leisure, against thé xarrowness and rigidity of

diagrams. anddonbttessthéother man who reasonsahout electricity as Ettctid
reaM))sabout geometry,will agree with Mm. Butwithmost of us, acquisition
is alwaysa moreor iess incidental matter and one ia grateful to get an idea,
no matter how, if it is onty attainable in a reasoneble time. The chapter is

very long. Mnchof it, particutarty the treatment ofthe refraction of iines of
induction, laweildone.

The chapter oninduction and capacityMohorter,but of the same nature,

heing virtuallya reviewof thé preceding. The subject is overhauled with a
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degree of<~H that !~M n. loopholefor the etudent t. Merc~ hh own !m.
ag.oatton or aeMteaeM.Thé book i. literally a tectare course.

Afterth~intfodttctoty romarkt. the~ foUow~e~tchapt~ M,electrieal
ma.Mne.. in wMch.as h Mm! in P~.h t~t.bo.t~. targeartMcaUy executed
d~f~ the explanations maintain the S degreeof
~M~~b~Md 4.w. in the preceding c~pteM. -n.. nviewer
~X~ manyof these a
greater wealthof diagrameh~~ th~aghout the book. The .rd~ty his.

P~~ throughout la attractive. One b~omM itapresud
~1~ tbe rapidprogrell8ofscience,but with the more ~My~ott)o~ahort.th~t9 the famé cfMatty~ceMentwwk.

ïn thé followingchapter on energy, the discussionla madecompletebythe
int~uc~<,t the heat .tteet. ,.hM. thé condenser, dt~~T~hS
nature by Pellat himself. ïti..ud.~ that, in a book so tigo~ lofflcal,
.ubject9 like .t.ctne.t oscillationand joule's law ehould be :.ttc<ced
~.atM. Mb~q~tty t. be proved. Finally t. thé dh.e. of x-My.d~Medphenomena,it ~m~ )ae<caMMethat att referenceto the work .f t J
Th<m,M.dhiBpMpit< Mws.fM.oMwithM,~<d~mt.;tted. Thetheorygiven.fmth~ Myphenomena,in wMchViHMd'.expiation i. t.nM.{ thedtfsoeMioMof watervapor lapMented, together withthe authorato wltom themain diecovedesare referred (n.t. B.gHah Mme.p,~). quitedif.
~––– chiefthinkera on the subject.

M)f.t'haptet- M dMMtdM b .d..)Mb!e. He hM here enibodiedmuch
~T

fuadamental experimeatebyof Boltzmannfor gases. Nev~thet~ ~e missesa variety offamiliar .nat~t. for instance, the more ~cent experiments of Ayrton and
Pen-y Th. reviewer k..w..t no book ;n wMch the phenomenon of
dielectricpolorizationand ita co.~q.e.cM is M clearly put. The amall chap-ter QuC<mh~b.~ dedacesït coaeiateatlyf~, Gauss'a th.o~Sithet~ of thM being the more Mttquattd cMtw.. Chapters foHow on
P~~ and a final chapter on ~~E~ Themethod here !Bnaturally th.t of the Th.n,~n and Tait diagram, though more
c~.t~nt..n~ Magnas,Becqaerel, and
othera, than is usuallydone.

"c t t 'u

Throughout whole book a logical ~"<~ of the
6Mt~.Mdyetcned<tpMt tt down without a feeling of diMppoint-ment. Sha~ of Lagrange p~ of Freanel and Fourier, C~a.d
~1' T that at the Sorbonne a

presented asnow,whieh h E.g)bh~ah:ng MwtnM is atinost.ncient hhtory?
C. Barns

?~~M/~
M~i,

~X~MM+?0! Z~r. Quandi
Price

~&~

~yu.d~~th~g.Mr.t phyai~t ch~try. Th~h~d:.c. of the chapteM ~o-
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chemicalviewa: tawsof Avogadroand vaa't Ho(t; vapo~pMssui'eofsptntMnaii

boMiag.pointand freexing.poiatof<o!t)Monsgénérât conditioaaofequitibrinm
reactionvelocities;electrolytes andeteetroiytic dissociation conducttvityof

etectrolytes degreeof dissociation,and dissociationconatant additiveproper-
ties of sohttioM; eqnttthrittm between several electrolytes ca!en!at!onof
eleetromotiveforces; potential difference between two substances; oxidation
and réductionec!ts,6ecottdaryce!)<; etectrotytic anatysia; theetectriccurrent
asaaourceofheat.

Whenweconsiderthe amountof ground to be coveredin abouttltree han-

dred pagee,it la obvious that the subject can only )x- outlined, and tbis Is

actually the case. TMt ie rather aa advantage than otberwise,becausethere ie

reat oeedof a bookwMch willglvethé etudent a preliminary gênera! viewof
the subject,leavinghim to Stt i))the minor details later. Ae tt la, the author

catisattention in a mild way to a number of discrepancles whieh are usuatly

paMedover )n aitente. He pointaout that the so-called MtnMMtyproduet

isnotaconataatbecansetheaotHMXtyof the undissociated sait la affectedby
the presenceofother substances, He shows that thé dinet-encebetweenthe

decompoaitionvoltagefor the hatogeMacida and thei)' 6o<)inmaattsh not thé
same a<the differencebetweenthe corresponding values for the oxygen acido
and their sodiumsalts. He does not tay much stress on –o.$6oVat the abso'

lute valuefor thé normal calomelelectrode. !n many reapectsit iaa verysatis.

factory little book. Thefe are two fautta to be found with it. There are no

referencesto the Hterature,and the body of the text dates back to <8< the

time whenthe author lectured the subject at Stochhotm. ~n many respects,
therefore,thé hookia some fiveyears or more behind the times.

Wilder D. F«'«~?

Gmnftiaa aer qMtttattvw Analyse M~w~/<!«~<-< vos d'~

~WM. Ft'M.Fc~<v. /~X~«+~. Z~M
~<~<M<!«~,/oo~. /'r< to<M<7 Me~j. – It) thé préfacethé aothor iay6
"!n pfeparingthisbook t bave tried to present the theoretical relationa be.

tweenthe chemiea)processesm an easity intelligible formaad as nearlyexactly
as is possible. Bystnctty to~icatapptication of the relations thaa obtained, 1

hope to haveestablishedtheir eignMcanceand thé importanceof a knowtedge
of them.

!n addition to the theory of thé ions, 1 lmve laid speda! stress on thé
fundamentattawofcheMieatequilibrium,the mass taw. Thé great importance
of this taw, evenforqualitative expérimenta, Mpointedout whereverpossible."

The Sratpart ofthe book dealswith the detectionof the metats of the six

groupsin the usuatorder. Thedétection of the aeidscotneanext. There ia a

chapteron blowpipeanalysis, oneon thé preparation of sotntioM for a))a)ysi<.
and a finalchapter on the rarer metals, tbattiMM,gotd,and thé ptatinnmmetala

being inchtdedunder this head.

The author bas donc nia workweil and the really inteteatinf;questionla as
to the advantageof rewriting qualitative analysis in the language of the disso.
ciationtheory. !n certain respects,there ia a distinct gain. We see at once

whypotassiumferrocyanidedoesuot behave in some waya like a ferroussalt,
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and whyntercnric cMorideand taercuric nitrate ettowdMereneetwhtchatCNOt
chaMcterhtieof Mmeother chtorideaand nitrates. M)aimportantto !ayetreM
on the qualitative effect of maasaction and on tbe revetsibitityof reactiona'
but tMtMt) be done JMtm wellwhenapeakingof sulphatea*of Mtphateiona.
On the other band, there are dtattnctdisadvantagea. When wewd a salt ~ith
a eonnnonion wenanaUyget a décrète in totnbtMty.but this la not gênera!
and webaveno way of p~dietin); whetherthere Mbean increaseor detrease
of solubility ta any particular case. The important tMng for the atudent to
know is that botb casesoccurand that we add an excessof the preeipitattag
substancewhen tMecausesa deoreaseof solubility, and that wedo not add an
excès!:wtMttthis caueesan :ncreate ia sotuMMty. purther. the important tbingto the etadeMtis thé quantatt~e etdeand not the quantitativeaide. He adde an
exeeMof the precipitating agent whenthis eansesa decreaseof wtnMKtyquite
itrMpett~~tMthMtMadtCMaBecJM) or can not be expre~ed aigebraicaily.It la not too much ta say that there (s no single case in qualitative analysis
where thé precipitation takes place accorditjgto the formula wdtten by the
author, and consequentlyit is a nilstaketo !aystress on the formata. It ie an
additioxat miatake ta appty thé dthtttonlaw to sodiumcMoride. It ia aimpter,1
but it is not true. It atso will not hetp phyaicat chemistry to account for the
solubilityof tead sulphate in concentrated aatphnric acid by Mferring to the

concentrationof HSO.. Every caetniet who ia not overwheXnedby a theory
knowathat leed suiphateis aolublein tiqnidMtphnric acid just as potassium
nitrate is to!nb)e in liquidnitrieacid, mercuricchloridein liquidmethyl alcohol,
sodiumcMorideor angar inliquid water. Théreviewerbetieveathatnoehemiet
ean work with maximum eNciencyuntesa he la familiarwiththe gênera!prin-
ciptes of what we are forced to call phyaicat chemhtry but he doœ not
beneve that there litanything to begained bymis-stating facto.

Thesecriticisms do not apply to this book alone. The author la not to
blame because be bas written down thinga which are generatty accepted
by phyetcatchemiats as true. Therelaacarcetya text-bookonphyaicatchemb.
try whichdoes not contain tbe sameandwone errora of fact. Wehâve beenso
carried awayby the beautyand the apparent 6hnp)ienyof the etectrotytic dis-
eociationtheory that we bavemther tost our gnp on thé facta and no ionger
distinguishvery cteariy between whatis provedand whatMnot proved.

Whitethe reviewerbellevesthat the future text-bookon qualitativeaM)y.is
will containmuch legs dissociationtheory than this one, he recommend!titis
book to teachera, if only to team what the other extrême is.

Mercnronschloride, p. to. ia not affectedby tight when pureand dry.

<MM~/).~Mm~
The EtemMtt of Physical CneMtatty. J. /.w~j~ ~,y<

&~«< M~KM.revised and enlarged. X /~<-w, + ~.r. New York
John tM~a~ Sons, vec?. bound, ~.oc. –TtM Bot édition ot this
hook bas atr~dy been teviewedIntitis journal (3, ~). A porter notice of
the new edition will therefore aaNce. The present volume when comparedwith thé earlier one shows many minor atterationa in thé text the major
changes are a ahiftingof the chapter on the Rote of the lotm in Analytical
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Chemtstry,axd thé addition of a chapter of problems. There ia no donbt that

thé book couldbe stndied with profit, but tt is uneritical in a 6e)d wherea

critical attitude of tntnf)iftthe bestfruit of study. Pnrthennore we Cnd here,
as tttdeedin atmost ail worka under the same title. one side of thé subjectde.

vetopeftat the expeneeof thé rest. The présent book is written hon)thé stand-

point of the theory of electrolytlc dissociation M <hephase n)!e h disposed
of it)nve pages, tt does corne with sonMthingtike a shock, however,to findin

a work revisedin too~,the same blithe statements about the eonnectionbe-

tweennormal osototie behavior and electrical conductivity whtch Arrhenius

couldproperly make fifteen yeamago.
Thé addedchapter of problems willonqaestionaMyfender the book more

useful by giving thé atudent a kind of drill which other textado not pruvide.
A. y &«at/<v?

A TMt-Boe!:of laorganic Chtmtstry. A. F. Holleman. y)'<!)!<A!&'</

by/MM C. <~< X Mcm MM+ 158. New yt~ John Wiley

<&«!, /oo~. /M~ bound, ~<t.–A notice of the Datch original and

of the Germantranslation of thls book has atready appeared in this Joomat

(<t,6!t ). Théaftangemeot and the contentaof the present<ra<M)ati(MtareMb-

Btanttsttythe MtMe.

Thé workas a whote is a very admirable one, aad by {tacomp!eteneMand

modernpoint of viewcornéeinto comparisonwith the simitar wofkaofOstwald

and Erdmann. It may be said to be less modern than Ostwald and teMcon.

piete than Ërdmenn; but coMidenngitastnaHersize, itbearscompatison with

those workswell,and is certainly one of the very best text'booka in our tein-

guage. Bythis is not meant that it Mfree front faults, for it bas many, some
due to the author and some to the translator. Beingonly about hatf as large
as the worksjust mentioned, it sufteKmuch from co"'pression, especiallyin

the theoreticalparta, the treatment of the fundamental )awsof cbemicalcom-

binationas we)tas of the more mathematical «pecttt of theorettcat chemistry

beingoften far too condensed.

tn the matter of translation, whilethe Ënghsh isgeneratty clearand good,
there are wordshère and there whichsound somewtmtmorethan quaint. Snch

is, atnongothem, the phrase pierdag o<!or(pp. 0, ~t, 84), as a translation

of "atechend so plurivalent la to the reviewer'aear unusual,andnotto be

preferredto thé morecustomary muttit-atent polyvalent as of mixed

etymology,the translator has apparently intentionatty avoided neverthetess

he doesuse penttvatent M speMed,which is somethingworsethandonbtfttt,
as is also tetnvatent The phrase spectrat anatysio is aubstttutet)fortbe

moreusttat "spectrum anatysis"; "a renective surface of mercnry" appeara
on p. 5t "momentarily renders "momentan on pp. t6 and 83; "estima-

tion" occttrson p. 64 where "estinMte" would be correct; on p. t66 ttaods

the veryawkwardphrase aayet no compoundsof argon bave beenable to be

prepared" hydroge!e ocotra Htronghoutthe book many times insteadof

hydrogel and on p. 96: "phosphoms bronze" for"phosphor bronze

Ertors ofthis kind, so fat' as they are enors, are not few. Bvident ombsiona

are on theother hand not many certainly thé workof Chapmanon the melt-
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ing.point of red phosphore ahootdbave been etted. Of actual mispriuts the

following may benoted :– UO,tMtead of U,0 on p. 9~); foHowiogthe Cer-
maa edition, the melting.point of potassiumnitrate lagiven (p. ;to) at t~ in

place of 3}8° the name Tamman is M mJMpetted.
To atone for these defecta, the éludentwill nnd muchwhich isoften not in-

ctttded !n bookaof th!a eize so reactionvelocity,the phaserule, Mmottc près.
sure, thennochemistfy, Le ChateXet'emte, Hetry'Btaw, aad manywc)t top!ca
come in for discussion, though there la «ogeneral treatment of oxidation and
reduction pToceesea. On the whole, as wilt be seen, a pretty complete pro.
gMmme fora book of only 4~0pages.

!n gênera! appearance and cteamess of type the book does not compare
favorably with the German edtt!on. A. P. N!t<«~~

UbmgBbeteptete«hf die eMttMtyUMhedaMt~ong themhthM PtapaMte.
~«w <?<~f«~ <w ~<t~-<t/cn'«M/<if C4w«A~- <M<<~/<n)fA<'M~ By
A~t~ /~x?o<:M,- /M<+/oo. ~<t/ ~7~/wA~ /<)o~.
~Wt.' maf~. – Thé authof gtvesdirectionsforoxidMngchroiniuinMtpbate
to chtomic acid, for preparing sodium hypochlorite, potasaum and sodium

chlorates, potssaium aad sodium bromates, potassium iodate. potassium pe)'-
chlorate, ammoamm persulphate, cuprous and cuptic oxide, lead white, lead

d!sntphate, and for the recoveryof copperfrombrao. 'fheorganiepreparations
include the clectrolysis of acids, the prepamtionofanttine, pheayt hydroxyt-
amine derivatives, azoxyand azocompound~,hydrazocompounds, and ben!

dines, diamines aad amino phenots. the reductionof catbottyt compoundsand
the oxidation ofalcohol to iodoform.

Each expedment is accompanied by a general discuMionof thé reaction
and of the conditions, making the Htt)e volume a very satisfactoryone. The
atudent will have some difficulty tt) making out what the anthot meana by

StonaMbeate". WilderD. Bancroft

Die BtektmtyM des WaMetB,thte CarthfBhfHat;uo< Anwendung. By
~<~ot- ~~Aa~ (~/c)t<A~ Stct- o~waa~ ~M<)'MA<Mt«'. FaM<<

/.). /oX~M.«+//7. ~<t/ ~<7~/M~M~ /~w.'

wa~–Thbia the firat of a series of Monojpaphs on Applled Etectfo-

chemistry." The editor outtinet bis plansoMewhatasMtowe "tt is intendfd
to present as completeand aa exact reporta as possibleon single branches of

applied etectrochennatry,thé firstvolumeof whtchnowappeare. Thèse mono-

grapha are not to be merely a general statementof the present condition of the

particular bnmchof applied eltetrochemistrywith whiehthey deat, but are to
be extensive special reporta frontwhiehone can alsogather an idea of the his-
tûricat devetoptnentand a good knowledgeof thé moreimportantpatents. Thé

effortwill be made to overcome,so far as possible, the eecretiweneasprevailing
in technical circlesand to furnieh data in regard to constructionand operatiag
expenses, }t)regard to existing factohea,etc."

This is a most excellent plan, and the tist of eottaboratorspromises weH
for the future numbera. Certainty everyone willwiehthé editorauccessin bia

undertaking.
As the titte showa, the nrst number of the serieaie on thé electrolysis of
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water. This choice was maderather on ftccountof the historien)importmccof
the subjeet than for itBtechnical importance. It is, however,a good selection;
becanseit does give M a relativelysimple case.

The technical processesare divided into three classes. those which htrnish
hydrogenand oxygen separately, those which furnisit them without œpamtion,
and those whichfornieh oxygenalone. Under the firet head, the anthor di~.
tingulabesbetweenproccsseswherethere isa porousaon~ondttctingdtaphratp)
wherethere ie a solid non-conductiogdiaphragm and where there is a coo-
duetiMgdtaphregn). Thé divisionin which themtxed gesea are formedMde-
voted exclusiveJyto a discussionof vo!tametere. The ptccemeowMchftMtfsh
oxygenalone can be divided into those !<twhtch there h depotartzationet thé
cathodeand those !n which there is a precipitation of Meta)at the cathode.

Hydrogenand oxygen are used in the oxy.hydrogen Mow.pipefor high
temperatures,and for workingmetah where the presence of carbonwouldbe
dieatlvantageous. They are used for lighting purposesas the Mme-tight. Ex-
pertnteutt bavealso been madeto usethe mixedgases for explosives; but this
isnot a commercialsuccessas yet.

Hydrogenalone isused forballoons,and the etectrotytie hydrogen weighs
only abouth<)fas much as thégawobtainedbythe actionof acidson zinc. Thé
hydrogen-airflameMused largely for ]ead-bnn)ingand for wetdingatumionm.
Witha modifiedWetsbachburner, this fiamegives a brilliant tight and haa the
advantageof not contaminatittg the air.

Whiie the practical MMSfor hydrogen are somewhat limited, there Is no
doubt but that every reduction in the price of oxygen will be followedby a
largelyincreesed delnand for it. Wilder D. Bancroft

Uber aMrganhche Colloide. By ~~</ /.o/~wM<-< (~~M~
C4M<t~~ Ulld ~fMwA-/f~M~~ ~-M~. ~<
/<X~ <-w, pp. /d/o. ~M/ /!M<M~</ /oM.–The au-
thor discusses the formation of colloidal hydroxides, sulpbides, elements,
hatides,and miscettaneouscotnpoand~. Thé ntonographconta!as a numberof
mostinteresting facts.but there isadisUnct failure toappreciate relativevalues.
nredig'*work «n colloids receivesless than a page van Ben)n)e!en'ework ia
dismissedwith a word, as "being out:!de the scopeof the paper" there is no
referenceto Hanly; and fewwill understandabout the reversible formationof
sol andgel under the inaaence of alkali. The pamphlet la valuablefor whatit
brings but it does not JtMtifyits title. Wilder D. F<M<y<?

Gntnadse einer GescMehteder Naturwissenschaften,~< eine ~«~SA.
in das ~~<«M< ~<<yM< M/t<rwW<-M«-A<i'/t'~<tZ<a/Mr

By /'W<<~ /?<!a«~w<!<t. ~<M~. ~/as/ Abschnille a~ den
hervorragender jVo/«)~f~~ aller J~ ~MA. ~f~

X28 xv + Leipzig ~<7~/w F~<f/Ma«a, /W~
~e~ <, AoMM~p M<t~. – Thé appearanceof a secondéditionof tbia workmay
be taken to indicate that it bas found somethingof the welcomeit deteneo. It
eontistitof selectedpatMgM from originatworks,–"so))rces,"–which range
chronologicallyin thé presentedition front Aristotleto Heionch Hertz,and in
subject-matter from CopetnMua'sdescriptionof his heliocentric aniveMeand
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Be~et's meMuretoextof ouf distancefromthe star Q~t. to Datton'setomic

hypotbesMand pMteur'aaecoMntof thé organisnx tn the atmosphère.
The book is publishedby the MmenrM which btinRa out Ostwatd's Klas-

der ~<t~)t M~t~Mt~~H, and <t might aeem as M that séries had

alreadycovered the ground, but they are meant for the spectatietatone, wltile
this collectionwill appeal to anyone whohMan Intelligent interest !)t the Me.

tory of the Miettces. This la mainly because the editor hM managed by
judieioMBomisatonsto give in 6ve or ten pageswhat la eeseatia! M each case,
withoutmaking the text too dtwoaHnttom.

Thé contenta, if clasaifiedby subject, wouldMt out tonghty a8 Mtows :–

botany 8, zoology to, phyetcaM,aatmnomy to, chemiatry <s,geaeMteciettce6.
To those teacheN of languagewhohâve lookedin vain for suttattte teading

matter in M:eattec GeMtae, the book will be a boott nothing could be better
for the purpose than some of these Met papeM; and they have !n most
casesbeenao fer modentMedby the editor as to remove at) obscure afchtisms.
CMthe whole the collection le one to be most cordiallyrecommended. The

presentedition la larger than ttte Srat by ten newarticles. <

It may be wett to saytbat the unbound volume faHt to pieeea when the

pagesare eut, ao that intending bayera will do wet!to get bound copies.
A. P. -NMW<M'.f

OtttwaM'aKhMetterder eMttea WtMeMthaftM.
No. //o. ~i' t~twA 6~ /MfM< RoM~ F~M~

<~ &M~H~t'. /70~. MM~J.
No. j4M<M<ew< zur yx~Mp~Mm~. MtH. H. /y<o/

Herausgegeben !/M<~a.<-/V«wt. marks.
No. Mt/MS~M «&'<'A«~f~ f<~ den M~<~<FW /.<(/i~M/,

das ~~M~. «~ ~~WM. H)a John Mayow. ~~o~x M'<t
G. Donnan. yopp. i mark.

A~ ~m<M~M~«~nn/ ~a~/M~/

Faraday. ~~M~afo«~.y.!<.0~<t~ /t~. /o<
/.&tW<!t<t.

?. ~M<t/-M~«<<'M ~n7<!<. ~CM~M<i<M/

Faraday. ~f<!«~< fOMA. J. von Oeltingen. A'/A M0<<

//J/ ~W<t~t.

/z< M~/A< &)!~aM<w. (/~o/).
Wegreet with pleasure the appearance of further volumes in Ostwatd's

series of wett-editedand inexpenaivereprintsof KieotiSc c)as!t)cs. Th<*ooeon

hygrometrycompletesthe publicationof Saa<sure'~papers. Tbe eoMectiMtof
Hetmhottz's publicationson the then))o<)ynamiMofchen)ica!processesioctudes
the paper of tS?? on the electromotive forces of coneentMthM)currents, thé
famouspaperof t8S~in which the theory ofhee energy is formutated. ftodthe
two subsequentpublicationsunder the samegénérât title. The editor, Planck,
has corrected the numerous enots of the original texts, and bas added very
hetpM and brief annotations. Mayow's work bas been carefuny retranslated
from the original Latin, and MlikewiseweHannotated. The remaining vot-
umes of the present lot continue Paraday's experimental researches. Con.
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taiatng aowonehundred and twenty-eight volumes,this admirablesériesbas
becomenotable in estent as wett as in quality. F. T~~pr

MMtBM!efQMttt<ttiTeAMtyei<. ~<w<~M/w/~«~MMM
~f A /~t~/ and jP<~w<fC N<~M<t. F/<'M~A~<W<M.

tM~~ff~a~M. ~XM <M/ A~ /?. ~t~ Nostrand
<~M~< /po~. W< ~~af, ~«, net. – "To enable the besinner !n thé
qualitative laboratory to dea) with chemtcat change in the light of present
<tad:etof WANtRsoi.oTM!tand the maMaction hM beenthe main purpose in

preparlng this edition. With this intent the little book hM been written anew
thMMghoat. It wasfirst puMtehedby oneof the authoram t8~, aad designed
then as nowfor c)MM:taking a short course ln qualitativeprect!ee.

"!n this editionas in the onefirst issued,theabjecthaotMmuchanatysie
as it la chentbtry not detectivemethod for its ownsake Mmuch ts it la a per.
sonat aequatataneewith thechatacter of thé chemieatetementeand with thé
nature of chemicalchange. Asuitable course tn quaMtetivechemistryis found
to be a favorableavenueby whtch to approach thé vaatagegMMndsof ecience."

The MtuMHty.pMduet"Il confrontaoeaad the authors speakcf ions when
they meatt acid or basicradicals. The followingquotations may be interest.

ing. ''RedHdngage)tt<changePe~toPe~(p.73). "TheferrocyanMes
and forricyanidescontain neithe)'the ferrous nor thé ferrie ion in appreciable
quantity, as la evident troo) thé fact tbat they do notyield the ordinaryreaetione

offenoMorfefticf)atte(p.7t)." Reducingagents effectthe reverse change
[o! ferHeyanidestnto tetTocyanideo](p. m)." Thismayhelp the atudent, but
then again it maynot. ~<). ~M~~

Méthode of CM Aaatysta. By m~w~t~a~~w ?<-
~<~ Cf~-MMedition, andconsiderablyentarged, by Af. /~M~. -{-
<'w;ft,<-+~. MwK~ 7X~~<~M<aw~)~.
Aos~. %?. – Thé earlier German and Bngtish editionsof this valuableand

suggestive work by one of the greatest authorities on gas analysis are wet)
known to ait whoare interested in the subject. In thé present newtranslation
of the last Germau edition, to quote the traMtator's préface, "thé work bas
been thoroughly revised,both by the author and the translator, and bas been
changed to such an extent that this translation may indeed be regarded as a
fourth edition of the book." The net addition amountsto about one hundred

pages.

Manyof these changesand additions will prove very acceptable for ex.
ample, thé enlargementin variety of gases and mixtures discussed(iactuding
the noble gases and bacteriatdecomposition-products)and the extension of
gas-votumetric methods to thé anatysis of a larger number of solid sub-
stances. One of the changes witt however be greatly regretted by some,
namely, the onn~siot)of the o!d apparatus for exact analyais pictured on page
47 la the Engtish edition of ten years ago. ïn spite of the mortaMtyof thé
manyrubber connections(thé cause of its omission), this apparatus is one of
unasuai comptetenessand ntnessfor ita purpose.

The reviewer nnds alsowith fegret severat evidencesofhastein writingand
in transtating. Thé most serionsis the statement on page 77: "!f the gases
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are saturated wtth motstnre when meaMred, CMfrectionafor thé tension of

aqueousvapor MeanneceeMfy." This otatementh not tme aa applied to the
meMaremeatofchanghtgpteMareht constant wimne, and thetngenioua "cor.
rectiontnbe" designedtoeHtninateehangingconditions does not remedy the

esMOtiatdMeMtty. TttetettBionotaqtteoMsvapofiaatwayfteMchaetMmbting
blockto the novicethat tMt mbtahe ia pecn!)ariynnfortnnate. ThéqNetit:onis

correctly treated on page 69 of the oM BttKt'ebedMtot). Other evidenceaof
hasteare the confMin);tiatematta about the solubility of helium on page t69,
and thé statement on page474that t ce of carbon dtoxMe weighe 0.00)~663;
gram. This last numberh tikety to conveya false Impressionof accwmcy
fotthetaatthfeeepu-M hâve ne ~ttMcanee Moteeslatitude and thé <tettouB
detMoas fromthe gas <a~are coMidered. latitude atone might cause varia.
tiotMfromo.oo<96tto o.oo<968.

The arrangementof thé book htHkewtwsan évidenceof haste, Mng some- j
what<catte)red and inconvenient and one fegrett that thetHbte of atomic e
weighta~hoMtdbebaMdupon H = <inateadof upon thé Internationalstandard h
0==t6.060.

Butthèse are, after aM.matters of detall, which when recognii~d can do d

no serionshann. As onewouldhâveexpected,thé book )e fut) of value, and
shouldbe in the bands of everyone who bas to deat chemicallyor phyaically
with a<'HfotMmateriat. T. W. ~~)e~

MteatMa and TMt-PapeH. 7~~ MM~f,~-<«~<w, <«a/ and

/f~ MM~!W~. Designed jor MM <AMMf~./Aa~<t< and
~<«~ ~<<An. Seroadedilion, revised andeularged. /~X~

~A~+~7- 'f)~'t.H~&)'e~Mf,o~. /'n<
jb.oo.-The secondeditiot)coataiM in an appendixan account of the follow-

ing indicatora: aMMtine-gfeenB: ammoniacal copper solution coïatMne-

ma)<ehitej~eet); diazopatanitrantHne.propyttnctacreso):iron isopyrotritarate;
u-oneaticytate; patent bine L: pert~o); potassium ferrocyanide with ammo-
nium motybdate sodiumalizarinesutphonate. ~t7d~ D. ~«w~/i' ~1

I.'tndMttie des AddM minéraux. jF)~v/o~Mf<*~w~~w Aide. t

/NO<~). Z~fw<C~t7/f~. //X/N~M; /~r<j.-C<t!f/A~-H'ao.
/M~ ~o~. ~o~'axH t<MMt<f,.}/nMf!.–This numberof thé ~f)'c/<~<~
~<'M<~w des ~«&we<f!f deala tnaMy with the manufactnreofMttphunc,
hydfochtonc, and nitricat)ds. aithough a))ontone-third of the workX)devoted
to other inorganic acids–hyd~naonc, eutphurous. atrKniotMand arsenic.
boricaad liquidcarbonte. Severalchapterscontain atatioticsas to importa and

exporta,taxea and freight. Some of thé morerécent processes,as the contact
method for satphttric, and thé Vatentine and Guttman-Rohrmann for nitnc
aeid,are describedand compared.

Thé book bas beencondensedtoo nmch for American technical studenta;
it addaone tnore to the )Mtof descriptivechemicalworka whichit MdesiraMe,
but not neceesary,to baveas a convenientréférencebook. H. R. Ce~f~A h

DttPK<abeweg)tB~vonCttetnHMUenMitdMtJahretee<.~<M-/e'~w«'

(~«MM/MM~Ct~Mt~A~ ?«<<<~<'W<fA<M< ~-M~< ~<!H~,

~i~). /<X ~M' <o/jo. ~M~e<< /'M«M~BMA<, /om.
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– Thtt attthftf<titM~<MM~Mtthf fhtncfftattt n~!f<* a MtOtt./WM.' /o t/M~t. – Thé author diseussesSmtthe chMgM)n priceof a nunt-

ber of the important chetnicale, pointing outtheMoseefor the partictt)arvaria-

tions. He next coosMefsthe general causesattecttngthe chemfMtindultry as

a whole. Uode)-tMe))<MMtthé author gtfOMptcoatof production; supply and

demaod patents; trusts. WhitemMtproductehavefalteu}npriéeenormously
since thé sixties. there ie very little changeit)titeCMeof htmingsulpburicacid,
crude hyth-ochtoric acid, todine, potassium tedide, mercury and mercuric

chloride. White arsenic,methyt atcohotandabsolutealcoholare higherft)priée.
The pampMetla a most exceUentone and shouldbe readby a!t chembtB.

~t&Fawn~

BtMtM<Mt;aett; tMf dM<goand maetmetioe. Mansfield.

(~< Ao~nt~Of~M~, No. ~.) px cm; New t~A.'
D. Van Nostrand Company,rgor.. /~w.'tc<of~–Apretimmary
chapter on hiatoryand classificationte followedbyoneon the propertiesof the

magnette circuit and by one on materials of constructionafKt fortnulas for

whdiog. Tractiveand attractive etectromagnet*are next dieoMMdand then

etettmtnagoets for altemating OMTents. Thebookcloseswith an appendix of

oeeM information. ~<M<~ Bancroft
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~A< <, ~M, M ~<w<~ <“ ~M~,

~<y.M~tM~~r.<,<<<CA~H~.

C'<w<Mt/

C~m~mse~thgatMMtypM~. C. ~j,
~e.~(/~).~Th.MthordM<MMM at Mme length the ~fm.~ of
the Sprengel pamp, and the vanooapMtat.tioa. neeeMaryfor ttaeOMeatwert~
ing. He empbasizes the hct that the tpeedof workingdepends entMyo. the
properadJMtmeatofthe iMaowingand o.taowit,g merçury. This has to be

~eg~ated
for Mchpu.np. T.av.id the bteakiag of theMt tubea,which iathe

most cemmea Murée annoyancein thie formof pump, an inner tubeof steel
Mptaced so as to recelve the iaHowingmerew-y. ïtt ecnet.dot. somehinb are
givea for the constructionof M eBcieat pump.

AtamiMUMmh: w.Mt.g by NMM .< M automatlc oaM.w. H. C.
~<. ?' M~(~).-Th. t~Me co.t.M.g i~a

.adthMmitehMa hôte la the bottom covered with M. iM. plate. This M
either Mettedthrough by the m~ the crnclbleor Is pMhed up by M~t of
a lever M soonas the contentaof the craeiN. M. liquid. !n this waythe mol-
te.,r..come.t<hBtMdth.miM~terward~. S<~) r.it.ca.b.w.Med

place by thh proce~ and h CMbe used ettccessfuMyto mend brokenahafta

TheaiptMcMM of than~atotate volume. ï. T. ?'. Riehards. &
C~m.4., (/~). -RMiew (6, ~) from Proc. Am. Acad. 37, 3

( r9o~).

Reptytoth.KaMHM~p,)~tM~r. 7: ~«<6.~
(~).-The author points out that the expiation of MgeottMgw ot thé
change lit oensitiveneaswith temperaturein the balance used by RiehaMM,d
~ngM.Mend (6, 6s) <.pMt{,)tycorrect, but that his MM.ben.are incorrect.
He a1sorepliesto the o-ttMMtmadeby PeTgentraegerto someof bMobserva.
tional data.

y

Cw-~m~at~ ~M~M

On tite 8M.Ueda.cmdy i.M at low tKMarM. M. TX.
~~<- ~6. (~). -The deviation from Boyte'. ).w at a pressureof
~7 mm wMchwas discoveredby Behr.foms the subject of the presentpaper.The auth.rg,M, te.gthy cr!tid<M.ofth. work that bas beendoneOnthe 8nb-
ject, which, taken witb bis ownwork, leadaMmto doubt thé existenceofany
anomaly. The deviationswhichbavebeen observed he coosM~ to be mote
likely due to errora of experimeul8. ~y~
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Onthe MpMMimof potcetatnan9 glaeaat high tempetraterM. ~~o~
and C~«. Z~<~ Ann. 6. (~oc/ ). – Bythe method previoMty
used,the aathors determittethé thermal expansionof Bertia porcelain,and the
harftJena thermometer gtma (59"'). Peculiar interest is <tttachedto their
meastMementsfor ihe formermateriat on accomttof the recent work of Chap-
puis aad HaAer on the boiling-pointof satphor (s, <4S). By using the for-
mula obtainedby the authors, and reMteahtHagChappuisaad Hafttefe resatte
for their air tbermometer measutBmentt,thé MMug-pointof Bu!ph)t<'M)owere<t
hatfa degree, whieh bringoit more into agreementwith CallendarandGrfNths'

expetimeats. Simple pareMic fo)-mw)Mare chtained fw capillarytubes and

Mdeofbat'dJeMtgtaes. y: B.

7~-C<'M~<w~/ ~mj

Onthe factor i M a ~MtMenet the MMMtttatiM!n medefatetyaMateMtn-
MeM. Chem. M,~ (/~).–The author uses a sen.
aitivetwo-liquidmeaornetet with water and anilineasthe liquide. !t wasfound
that thé molecular loweringof tbe vapor pteMHfepassea through a minimum

forNaCtandH,SO<atabouto.smo!. WithKNO,thevs)MedeeKa~srapidty
with increaeiogeoaceNtMt!on,whUe!t ioefeatea slowly witb sager. Bxperl.
menteoa boMiog.potntawith a special tHvefbeiHng.aaBkand also witha modi.
6ed McCoyappaMtttSahowedaeitnttar fesa!t. At 56" acd at M* no mh)<n)Mm
was found with NaCJ. The author tcaches the conchMionthat ttfo!eo)!ar

weightdéterminations in moderatelyditute solutionsoNernoetue asto the dis-
sociationof a solnte." The author betieveeta ttictting to the eteettotyttc dis-
Mciatioatheory, but in supptemeMttngit by arbittary assumptionsin regard to
the polymerizationof the uad:6sociattdHtbstaMe. W.D. B.

On solutions of <MfgMteMïtahtwattr. ~.F< CXfM.

40, (/oo~).–Thé apparent disorepancieebetween the Mtooticphenomena
wtth MgMydissociatedinorganic salta and the jreqttirementsof the MMStaw
can beexplained by the assumptionof thé «ccwfeace of certain chemica)fe-

action~dunngthe ptocesaofsohttion, chief among which !a hydtatioa, wtth

thefofmatMnofeomptexesaed with hydrolysisas next in importance.. ne

magnitudeof the diaciepancyie in general dependent on the greater or !esser

teadeneyof the ionsof the sait in question to formcomplexes. If thisteadeacy
is very mtaH,there is a good agreement betweenthe requiments of the mass
!awaud thé experimental data. W.D. B.

Onthe detennhMtionof moteeatarweigete,V. B. J?~aM<M. Z'<<.
CXf«<.40, /~o (~oo?).– A générât discussionof sotne of thé ptiociptes con.
neetedwith the boiling of liquideby babbling in vapor. The autbor then de.
scrihesin dotait a modificationof the McCoyapparatus designed by himself.
He la not prepared to admit that the thermometerreadingsare any more accu-
tate with this fonn than with the old, nor doeshe believe that there ia aay tea!

savingof time. The uew method takes !esssolventin the boiliag tube.

W.D. B.

Onthe themteat dynamiMof BictMtMtbeayt. A. ~~<MM;. Zeil. ~t.
t~~w. 40, r (/),–At ordinary tempeMtarMthe réaction between nickel
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and carb~nmoooxideh a reveraibleone. With change of pressurethé change
of equilibrium ia repreaentedMrty accuratety by the formula KC, =C/. Thé
vatueof K varieahoweververymuch with the nature and atate of thé metatUe
nickel. Wttte titis unexpectedreault may be due to surface tensionphcttomeaa,it ta impossibleto estaMhhtMabeyond qaestton. With nickel dust them WM
the least decompositto)). Thé catc~atton of the heat of réaction front thé dis-
ptacMnentof the e~uttibrimnwith thé temperature gave a value wMchdoe<Mt
uKfeeat at) wtth that obtaineddt~tty. No mtptsaation waefoxod for thh db.
crepaney.

ThedecoatposttioaofmcMcafbooy! ia a moMomoteetthrreactiou, wbilo
the fom~tioMMareactionof the thM order and Mt of the Sfth. 'the reaction
velocityisvery muchaCfeetedby the presenceof air, hydrogen sulphide, mer.
cury, etc. A few apeclalexpérimentewere made to det~tnine whether meaaer-
aMeau)omttsofe!cMdica)-tx)ttyttOHMbe obtained, but the MMttftwere att
negatire. D. B.

Thé phyetcatcheaittty ofe~phafte afiMt.<?.~t~t~. ~~Mi)~~ o
8, 17( /{w~). – Thhisa diMttMionof the contact procesefor maM~g6M(ph<t<)e n
acid with BpecMtMtetexeeto thé fact that SO, is absorbedmore rapidly by a 98 t
percent acid tllan by axyotber concentration. Thé author considers tMe acid
of constant be{)ing.pointas a mixtureof H,80,.H,80,H,0 aad SO;. There be.
ing no free water there!anothing to potymerizethé 80, and it thereforerMcta
dtrectty with the moMohydmte.formiog the anhydrous acid. W. D. F.

The MqMfMMMofmtttMM ~Mea. F. <~aM. &~ ~A~. C~. 49,
~7 (~~). – Tmnehted fromthe author'a doctor thesis (6, !96).

Onthe changeta votanteand deoeity e<t~aide by thé abBerpUooof MMBE. ~M< ~~<t <, j~~(/co/). The absorptionof hydMgen.~y-
Ket).sulphur dioxlde,carbondioxide, and aniutoula are studied. Thé reautta

Il«howthat for the less absorbentgases thé taw of proportionality between the
increaseia

vot'neaBdtheqMntityofabaoj-bedsaaMsnbstantiated, whilefor
strongly absorbedgâtéettte )awdoes not hold. Thé apecifiegravit of the ab.

MrbedgasisfoMndtobesfeaterthanthegastatheMqttidcondttion. ~A 0

~M~M~W~M

Onthe solubilityof anmoata te Mtt MtotioMae ehown by neMMMm<atof
partial pKBMre.1. ~t~ and /?,M. phys. Li
(/co~). Thé solubilityof ammonia in salt solutionsvarieswith the nature and
concentrationof the salt. The change with thé concentrationof the satt ta not
linear, but thé authorscoMiderit as !inear because that simplifies thé mathe.
<!):tUca!relations. W:th anionswbieh bave an afBnityfor water,thesolubilityof
ammoniadecreaeet. Thé reviewerbelieves that thc careful and accuratestudyot thé behavlorof oneéaitwouldhâve been moreprofitable than the superedat
and inaccurate meaMrefnentsactually recorded.

The occlusionot magaMhmoxalateby Mtetom eMttte Md the solliblitty
of calciumoxaJate. ?: W. ~Aan/t. C. ~M~a~/y.~M~. <

<MC~.Ctfw 7/ (/~). -The authora showthat anything whieh tnerea~ t
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the amount of MMMMOCiatedmagnésiumoxatate increasesthe amount of occlu-
sion. The precipitated calciumoxalate takes up magnesinn)oxalate on stand-
MKin contact with the solution. Calciumoxalate is soluble to the extent of
about six mittigranm per liter at .8". 'n.e'précipite should thereforebe
washed with a solution of ammoniumoxalate!n water. D. B.

On the atate ant pM~ttiM of MtteMB. y D. Z~ana~. ~<t7. ~M.CX~. 39, 468(/~?). -Thé authorbetievMthat thé pro~. of dyeit)gcon<<ote
MMaHyin the absorptionofa colloidaldye.atua by a cottotdat aber. The au-
thor aMumeathat cottotdehavean eaormou:)y bigh molecularweight because
they affect the vapor.preMweof thé watersoslightly. This conclusion falls to
the ground if the cottoMaare not appreciablysolublein water. He also looks
)tponHeary's)awoaaninterest)nggeMm)t)!at)on. having no necessary con.
nection with the molecular weightof the solute. There ts therefore nothing to
trammel theautho'-M hh~eottaMoos. and he Ma<)M no conclusions which
can be tested experimentally. Theie are coMsequeottyno difficulties.

~.AF.
Actionot hy~egM)petextaeea petaMtommetavanadatt. /M«n<w~

~w. 40.~ (/~). -WhMhydrogeapew<ide<.ctson KVO, or
on molybdieacid thé heat offeactionineMaM:until thé ratioof hydrogen per.oxide to the other substanceia two to one, when it beconxs constant. With
tangstM acid there i9 no fhatpty matkedpoint. H~

O~wc/M/~j~~ ~</ /)~j~

ThedMhMieaefhydm~nihfexxhptUadinm. ~0~ Drude's
~.6, (/!W).-ThedetenMination ofthediffMton of hydrogen through
pattad:t)Mand the dependenceon pressureMthe object of thé attthor's work.
It Mfoand that the diffusionvar)Mwithsomepower of the pressnre, and it is
suggeated that dissociationbkM placeattd that only hydrogen in the atomic
state passMthtottgh the meta!. This Memsto be m~tantiated by thé results
of Hoitsema. Thé experimentalresultsMembestexplained on thé assumptionthat thé diffusionis proportionalto the dissociatedmolecule. At atmospheric
pressure one square cmof palladium,0.0.09mn. thick. allowed in o..e second
0.0080ce of H to pass. Orah.m-8 results for glowing platinum are a tittte
greater: but, as the author pointsout, the metal was heattd moch hif-h~ in
Grahant's experiments. /y. r

~/<M7<M

Oneatatyai.. ~.0~
~y.~(~,).-TMsi.an ad-treMdeliveredat Hamhttrg. poor types of catalysis are d!stin);ishedthe overcomingof anpersatumtion catah-shin homogeneonssystenM cataty.is)n heterogeneoussystems; actionof en~me.. In thédiscussionof an explana-tion of catalytieagent, it ls nowadmittedthat thereare probablysome casesin

whieh the formation of intermediateproducts leads to an increased reaction

M~D. F.

jBXf~WM~'M/f<'<

The electromotive force of the hy~m~ea-eMotinegas cell. jt~
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~K<t.C~4t,~ (/eM).–Thee!eetfomotive fotee ofthe hydrogen-
eMofiMOgse ce)tin normalhydrM~ttwicaeMla t.366ovoltsat Thechange
et the etectmtnotiveforcewtth the concentrationof the add is not at aHln ac.
eord withthecateutatedchange bat thé discrepancy mayhe due tn large part
to directhydrolysisofthé cMotiaeandcooMonentinoremeht the concentration
ef hydtoehtoricactd. The e)ectfM<ot!veforce appears Mt to depend on thé

ptevioMhhtofy ofthe chlorine. W. /). B.

BMmtrttùnetMtMdetetettMa. /?~< ~.F/~wAM~.7,7<w
(/?o/).–Thé authot objecta very pMperty to thé tcK K ~tbe formula for
poteotM dMo-eoeMwith oxididNg<M'Mdadn~ ageatabecfUMeenenewertnowt
what BMbstaecMMetaken.as fomiag and what as <Maappeating.He proposes
<0refereverytbiageither to the hydrogenelectrode standard or to thé 0.560
of the calomelelectrode,wdtiogthe concentrationof the teduction producta in

the<tMeemtorM)doftheox!dat:oaptO()acta)athedenont:Mtor. Heattodte-
CtMsesthe heat effectt. D. B.

Oa the <tMtttttmpmMeBof altoya MppM Ma cobalt. C. ~<tfAe~.
~MM/~ ~«w. 6, </<?/). –Théauthor describes a seriMof experimentaon

alloysof copperandcobalt,whiehhe can-iedout in a similarway to the expert-
MentsofPeoMnefonattoy* of copper and nickel. Very amaUqoantitiea of
eabalt are fûttedta exert a largeinOHeneeon the e!ecMc properties of copper.
An attoyot from3 to s peteent ef cobatt producea a diminution of thé tem.

pefatttMcoeeicientofthe copperto o.ooo~. wMch tafoead to be a minimum
value. Amaximumthennoetectttcforceof M mierovotteagainst pure copper
te foundfor thé Mmeatrengtb of a'toy. The spedSo t~ittanee of the attoy la
a maximumbetweeno and to percent of copper, while for this ettength thé
thenxoetectficforceisa minimum. Nopractical utility can be expectedfrom
a coppet~obattalloy,but the author saggesta that a mixture of from t to 9
percent of eobatttMttdbe emptoyedfor thennohtMtttow), wMch would have
the advantagenot possessedby other materiaisof a bigh OteMng.pointand low

specifiefesistancp. The cobaltalloysshowmagnetie properties, which la coa-

trary to thé MpetieMcewith nickelattoya. ït h pointed out Ma matterofioter.
est that twoauchc)ose!yallied elententsas Nt and Co sbouldahowsuch widely
diffetingpropertieswhenalloyedwithcopper. H. T. B.

ThetempemtMetMateientofthe BMMpttbtUtyof salt eetaUentof tbe tMo

groupwith aptetatMteteneeto hea ch!otMe. H. ~o~ /~</<< Ann. 6,
(/oc/).– Ttte objectof the presentworkMto determine the conectneMof the

tempemtMecoeatcietttoftheBMtepttMtttyaa~twettby P)e<snerand by Jaget
and Meyer. Thé method of )nea<MrementIs the one proposed by G. Wiede.
mann, and consistain measuringthe tumiog moment of a vesseltoata!n!))t;thé

liquid auspendedlna magnetie field. The fetatiot) between tempefatùte and
coMentMtfoaehowt<<omecMnotMchanges,accquntedfotby the author's sup-
postUoaofhydtotymtion. TMahe attemp~ to prove by solution tn alcohol,
bat othercomplicationspreventany resuttafront beht(:obtained. Mconetuaton
it la ohowothat the teeattaofJSgefand Meyerstand tn close accord, aad that
the resuttsof Ptea-nefare too bighcomparedwith the presentexporiments.

7: F.
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RMMt!mtot))tpapMbyJ.KMo~ebM~f on tbe MMtpttbHtty of watar.

C./f<f~< /f< ~«< ~n.6,~o(/j~/) –TheauthontpointoMt
that they used three n)et)to<tafor determining t))e!r SeM strength, and that
ttteir communicationshâvenot an been seen by Konigsberger. 7: A

~/<'f/~W aad ~<'f~/y</C ~t'MO~a/MM

OaeteetKtytiefeaotagtnGetBtany. ~7<tw~< ~i'f~ro<A<-m~,e.
07 (/~). –A briefaccottutof thé nnnsproducingetectrotyticsodintn.copper,
sllver, gold, ptatinnm, nickel, biamuth. tin and zinc. Some of the author's
statements in regard to thePapenbotg workshavebeen questloned,Zeit. Btek-

tn)<:he!nie,8,t77(t~). W. D. D.

Onthe cathodicbetavier o( iroa tn ammoniumnitrate MteOenMdoB a new
forro-ferric oxide. A. ~a~~MM. ~M~«f~w~. 7. (/po/).–
Haber ha<tfottnd that, when a concentnted ammonium nitmte solution was
etectM!y2€<tat a lowteotperattorewith a lowcurrentdensityandan )tut)cathode,
the iron dissolvesand a golden yettowsolutionla formedfromwhieh at) anMf-

phoxeMack oxide precipitateson heating. This bas been con<!rmedand the
author ehowttthat that oxidebas the compositiontPe0.3Pe,0,. It wasfound
further tbat metattic iMn ia attacked by a saturated solution of anttMOMium

nittateinammonia.gaabeinggivenon'attd a golden yellow solution formed.
Thh takesplace atore readitythé more finelyd!vtde<tthe ifoo. In thé result.
ing fen'0-ammoniMmnitratesolution, the ironis present as part of a eomptex
cation.

OnheatixgthisMtutionttteeewoxideMpfecipitated.

The etectMtyBitof <tt&tUcMeddesolutlollswith carbonanodes. Sproes-
~tv. ~<'<7.~MM, y, j; j~, /o/.?. /o~, /o/ /<~ (/oo/). –This is
au investigationof carbonanodes, coMistingof retort carbon. apecial aoode
carbon. and a French graphite. Acheson'agraphite was not induded in the
test. Except in onecaM,thé )osson cokingwasless that) t.s percent, 9how-

ing thé absence of any largeamount of volatilehydrocarbona. The atnouMtof
aah varied from 0.4percentto 5.00percent. The ash always contained Pe,0,,
A),0, and 8i0,. Thé porosityvaried fromtt to a9percent, the retort carbons

being the least porous.

Experiments on thé etectrolysis of neutral potassium chloride solutions
showedthat the yield of hypocMoHteis always tem with carbon anodes than
with ptittinomanodes,andthat oxygen is evolvedat a otuch earlier stage. Thé
décompositionof the carbonanodes in thé eiectrotysixofalkalichloridesolutions
s esseittiallyan oxidationprocessand the ehief produet ie carbonicacid. la a
few instances. there was a partial chtonnation, but the importance of this is

very stight. In additiontothé lossby combustion,there isatso a loss through
tnechanica)disintegrationwhich may, in some cases, exceed the )oss due to
chemical action. Thereis no essential difference in the behavior of carbon
anodes due to the presenceor absenceof a diaphragm.

ïn Mtphurtc acid solutions, aH the carbon anodes were attacked badly,
over niaety percent oxidation taking place. îa caMtie soda solutions, the
action is much lessat températuresbelow!s' though there ia no differenceat
55°. The author drawsthe followingconclusions
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ï. Theox!dM{ntfaf*ttnM~f ~t~t.-t~– –~t. l'he oxidizingactionof etectfotyticoxygen on carbon fa dépendit on
thé natomtqttattHeaof the Cturbon,on thé tetttperatuMwMchaffectsthévelocityof the reactionbetweenwboa end oxygen.and on thepotentiatoftheo~ygen.9. TheMla Modirect relation between the eteetMtyt!e<~dat.M.of carbon
in tittlphuric acidor sodininhydroxidesolutions and the rate of Miction
cblorldesolutions.

The potosity oHhe anodeearboot h a veryMftoMitem,since the solution
httbeM~.ftheetMtf~e may have most of the chloride removedelectro.
yt<M)tyat,d thé. we haveau ~Mt<ti.e analogous to that in thé M))phateor
MydfoitidesotMUott.

h~.C

~mM<~nthr.q.t..M.
Z.

&?, (/~).-Thec.th.de~t.t<.nMM!~
.ngn~.c.mpoHnd.g.teoho) and aogc.n.e.tMh-d Mtpharic.cid
Thé M~,e!t,tMn wa~.)pl,u~ acid (! M). Pt.tMtm eh-ct~d~ wereused
.nd.dhph~n,; the cathode density waa .mp/qd.d the voltage3-3.5volts. About70percent of the the~th~t yield was obtained. W.D. B.

Me eteetMtyticK~aettm .t ~nMm-MthMq~cne in .theMae MMoa andet t,Saa< of ~inttM.MthraqatMtM tu ttcMsolution. y. ~.«
~~«.,7.7~(/~).t, acetate solution with a nickel
w!~Mth~e~!tM.aothMqu!noneMn be reduced to

c.amMo.Mthfaquinone
'<<s(p,e<=ed;.g review). Whendi~tved i,, .ceti.tda.d

Mtphuncacid.thé t.: din.tM-authMq.tn.M be reduced to thé c.r~po.d.
ing di.n.t~th~uin.ne. Under .(Mitaf conditiona thé ..dMtM~nthT..
q-tinonereduces to t.diaatjdo~athraquittoae.. ~.F

N~tytitMa.Uonof.tMt. F.& ~<M~~w,7,~
<).The.uth.r h..i,e.t!g.ted the effect of concentration,~t

density and when potassium nitrite is e!ectro)yi!edwith a zinccathode. concentration i, the yield of ~onh and de.
the yield of hydroxylamine. thé current denaitydecreasea

the yield of both. !.<)~ the temperature plays havoc with the yield of
h~ne Budis not favorableto the yieldof amn,.n~

M~ Un and tin My,t~ by et.ctr.ty.t,. jr.
a.~ (~).~w«h high concentration of ~chMd.and lowcurrentdenaities, there is noformationof mossy tin. Whe,,

rent dett~y exceedsMnp/qdm UnMyatahare formed. Expedmeats Bhowed~tthe thne after whlch th~ crystala appear .ne~~s with
rent density. Acurve "S'~a to «t~t~ thig, but the other c.ndtti~ arenot .pe.,ned~th,t it i,do.btM whethem.y one couldd.p.~te the results.
2~1~ and tin crystals both result from'<e.
~e'he~t~ occurringwheu other cationsare prerentandthe crystalawhen tin atone is there. Il/. D. B.

pipilmats on the peJ'ltWl8Dcyof plaUnUI\1.irJ4lumanodesfor elecbolyeJs
.~r~– -<~.t. with pMn~-Mdiu~ electrodes, only ~i,
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thé toMof weight!s a questionof a fractionot a miXigramand that these e)ec-
trodes are thereforeadmiraMysuitedfor tec)M!ca)work. A

Pytogenie reMtioMand synthMesby means of tbe electric etn-Mt.
~<M. &< ~a<-A~«~, 7, oo~(~/). –Theauthorts stttdyingtheeifectof

etectricattyheated wiresondifférentliquideand vapere. With ehtorofortnand
otherchlorine earboncompounds,there le always a precipitateofcarbonon thé

~tie, M tbat thé natureot the wite ee~sMto be a factor. Thé chief produclaof ?
the dissoetatiot)of cMoK'fom)are hydfocMonc acid, perchtorethytene.per-
cMofEthancand perchtorbenzenè. The belief that dtchtomtethytene,CCt,, ie
an iatennedmte product,h strengthened by the facta that ptesenceof water

cauMa formation of carbon monoxide, and that presence of aattitte causes
formationof triphenylguanidine.

Carbon tetrachlorirledecomposeawith titteration of chlorine, Perchlor-

ethytene, percblorethane,and peteMothett~eneare ateo totOted. In ptesenceof
waterthere is a coasideMMeformatiMof cafhott mottoxidc. /). B.

OottedtKCtMmbtMttenettNottaewtthMtbon. M~F~ott. &t<.

JE'/<wA<fw~, 8, (/~). Whenchlorine Mpassed throogh the arc, no
reactiouproductscan beisotated.though thé carbon ettctyodes ehow6it;)Mof
weaf. Whett the chlorinein a MtMwclosedvessel is exposedto the action of
the arc, traces of benzènehexachtondeare fortned. When a targer vessel is

MMd,hexacMotethanela formed. ()/. p.

HMeMthMwith phtiaMmresl8tanceand petretemn ether thennometeK.
~p/to~. /))'~f'~ <4xx.6, ( ). – ThépteMNtpaper Ma contribution

fromthé Relchsanstatt, being one of a series of papem by the author. rhe

comparisonof thé ptatinom thermometer with thé H.thermometer ia carried
down to the temperatureof liquid air. A comparison of the nitrogen and

hydrogenthennometef scalesis atM made at the low température and shows
that thé former readao. towerat t~o" C. A comparisonof thé ptotinMtn
and nitrogen therMtometetsat bigh temperatures shows that. the equation de-
dueedby Cattendarfor reducingthé readhtg of thé ptatinmo to thé nitrogeu
fcate is correct from<)oo"dowa to -78°, but ceases to hoMdownto t~o* A
detertnioationofthe boiMng-pointofoxygengives t~j* for?6.ocm. Some

experimentsare describedon thé petfotenmether thermoMteterwhichgavegood
resutts. H. 7: B.

Condoettvttyot mixedMttttteaaof electrolytea. M~ ~7. Eleklro.

~M~, 8, ~7. e%<Fw.40, (/oo~). – Thé Mtowiog conclusions
are drawn

t. The conductivityof a mixture is atways less than thé st)n) of thé colt.
ductivitiesof the singleeteetrotytee.

ï. This decreaseof conductivityla to be referred to a decreasein themigra.
tion velocitiesin consequenceof the changedviscosityand to a change in the
dtasoeiatioaowing to thé changein the solcent. The nrst effect is in general
moreimportant than the second.

3. Thé cottdnctivityof the mixed solutions is further determined by thé

sohydrictendeucy, in eonsequenceof the chemlcal réactionswhich take place.
B.
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Asimple Mq<ttdteahtOMefor laboratorypatipos~ R. ~<<x?. ~<. ~t.
CX~w.S, ( /po?). This conslstsessentiatty ofa U-tMbettt wbtch thé feeiot.
axce ? taried by etidtnga gills. f0(t up or down. D. A

m~-M/fft~C~

Onthe N~wett !aw K= a' in ita beMin~on the amteeehfatmetoMof aeb-
ttanM. /<. /?a~tA<M~<. ~7. CX~M. //p (/<?/).–T1)e author
ctaimsthat the diete<'t)fieconstant K equata the square ot thé teffactiveindex

<"<!ywhe)t thé couducting partictMare not in coMtact. White tttfgfe~tion
takesplace, the valueof K mayexceednt. These a~gregationsare not to be
confusedwtth moteentarassoctatiott. /). B.

A MMtt contribution te thé MMtoatmt question io eqNMmeoteUen. G.
~< /M~, y, ~y (~~). -Thé eteetriea)absorption «f

pyridineor betaine itt water i~ntochgreater than would be expeetedfrom thé
MMY}orof the componentaor from the eoadHetMty. Thh ia pfesnmpth'e
evidenceht favor of a hydrate in solution. W./). B.

Thespectrum ofcyMogeo. C. C. Baly and Phil.

M j'~ ( /?o~). –The experMoentsdescribedln thepresent paperweremade
to 6Mwhether thé pure cyattogenBpecttuttteontd be «bta)Md free from thé
carbonspectruM. ïn accomptishingthb the nuthors have added a great deal
of évidenceto provethat the Swan spectromie that of tarbon monoxide.and
thé carbonoxide specttmnthat of carbondioxide. y~B.

The*neetfao< hyategea eaa aeme ita eemtMmd*. y~HtM~.
/?< "lag. [6] 9,~0 (/~o/). !t has beenshown by the author that the M.
ea))<dline spcctrum of hydrogen cannot be coneideredapart from the tpec.
U-amof water vapot. From the Te~ttttsof thé aathot'Binvestigationswith high
tensionelectrical diechargeshe tomes to the conclusion that hydfcgen ta an
insulator,aod that thé passageof etectricity through hydrogen, nitrogen and
oxygenand their ga<e«Mcoutpoandsiitconditioued bythe waterMpurpresent. ·

H. y: B.

Actionof solar radiation M oitver cMotHe ht presence of hydrogen.
/~MM«.f. Comptesw~M. t~, (/<?/).-White silver chbride aud
hydrogendo not react perceptibly in thedark at temperaturesbelowMo", the
reactiontakes placeat ordinary temperatures!n directsunlight, the rate beittg
approximatelypfoportionatto the lighted surfaceof the oHvereModde.

II'. /). B.

PaytMogiMtMMMXM'traditnotaye./<?M<'r<<t~<~w. C~M~/M
~~</M,tgt, /~(/!M/).–VerysedowbM)-n8, followedbymortiftcation,were
the resultof exposingthé t.kinfor sometime to radiumrays. W./?. B.

Notaon accidentâtdonbletreffacHeoin liquida. B. Hill. /7. ~/i,
M (/9<).–AcontinHatio)t of the atudy of double teffaettoa in solu.

t:oMofgeIat:)teandgut)t.ambicinwater,whenaubjected toa)tM)n. Je!)iea
wereMedtoo ditate to béa)-theif own weight, and the experimentsgiven in
the papera<efor these eactosed<athin.watted bMs tubes. H. T. B.
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AmetMcfprepMingMteKdtaatM. ~<~<y/<!)' ~<'M.
99. (/!W) –TheproMem which thé authur set himeetf was to prepare a

amformty'cotoredsteitdy.bttfningflame. He does tbill by blowing air under

highpressurethrongh a sait solution,getting a flamecorrespondingin shapeto
a blowpipeCame. W. A

CMtfMmtioMto the tmewMgeof cathode raye. M~. & Cy~f't

6, (/~o/). –Thémodemtheory of cathode raysbeing a etreamof negativety
chargedparticteaor etectrottsis the staadpoint fromwhich the authorstamont

to stody them. The n'Hectionof the faye and the relationbetweenthé reflected

and incidentray are determinedfor different materiaht. The absorptionof the

rayain metai tayereshowsthat it dépends tafgety oit the K.M.P. t~aard'B

lawof absorption18fonndto be oilly a first approxlnlation.Thevetocityofthe

Kys Isfoundto be0.703X 'o" H. y B.

On the action ot Becquerel raya on bactetia. E. ~Mt'M.n <«/

Caspari. /?~</f'j ~M. 6,~70 (/oc/).–ït waefound for the MMrMwmtt

/rc<~<M<Mthut the two typesof Be<queretrayefrom radiumdifferentirely in
theiraction. TttepenetNting rays were found to have ooeffectat a!),while the

raystMityabsorbedwerefound to exert an important influencein checking thé

devetoptoeatof the organion. H. y: A

Onthe preMereof MgM. ~<w. /)rM~ An». 6, ( ). – !o
orderto mMMttethé pondembte forceexerted by light rays, theaothorobserves

the deflectionof an exceedinglydelicate MMpeasio))upon whieh the rays im.

plnge. Thé chief sourceof error which ha<!to be overcotne was that due to
theordiMaryradiometeraction. This was to thé author's satisfaction redMeed
to a minimumby workingwit)<an exceedingly high vacuum. The energy of

the rayswasmeasured in a catofimeter. The rMutt of tbe work shows that

light rayaexert a pressure equal to 0.000038dyne. Recentty E. P. Nichols,

workingwitha bjtomete)'method, ha<shown this force to beequal to 0.000)0$
dyne. The )MeaMrementtagrée very weHwith thé value calculated from thé

theoryof Maxwelland Bartoti,and thux give an important experimental verifi-

cationof the theory. The expérimentât dimcHttiesof the investigation are

n'nneroMsbMtareovercoueexceedingty we! and the result taken in conjonc-
tion with Niehob' work fonnsa very valuable contribution. H. T. B.

A critical ttady of d<trkradiation. 0. ~~MM~r and E. Prjllgshei"
/)~< /<««. 6, (/oo/). –T))eauthors have fhown in another place that
thé équationof Wienfor a spectral radiation isnot a general taw, and does not

accuratelyrepresenttite tactsfrom their work on radiation from Nack bodies
for long waves. This ia contrary to the results of Paschen, and the theory of
Wienand Planck. They point out that the amatisystenMticvariationfromthé
theoreticatéquationmay bedue to errora of experiment in their work, and in

the workofRubens and KMr!baam,but it would bea matter of theoretical in.
terestif these variationswerereal. H. y. D.

Onthé tadiaUM ffom btactcbediM. /<-M. ~«<~ Ann. 6, <~<
(/~o/).-This is a repty tothe criticism of the author'a workto be found in thé
récentpaperaof LummerandPringaheim. H. y F.
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Onthe dtpmaeMe of the aborption et a gMin pMtteaia)-ot tMbeo dtMtde
on ptMMM. ~tt~~M. ~a~t ~«x. 6, (/{?/).Thé a~thot
makeaa atudyof tbe absorption of uitta-red rayain carbondioxtde. Assottfcea
of heat he uses an Argand bamer, a large Bansea boreer and an eteetncaUy
heatt<tspifat. ThetMtwgivehitt<atempeMtMteofy)0"C. TheeCectofptte.

safeaaddendty-efthegaahdetenMtNed, and the ittaaeaee oftheabMfMMg
hyer. Jt is foundthat an incteme of t~ pen-ent in thé abitotptfot)reautte front
an iMCtfteein the ptessute from t to 4 atmosphetea.

K la found that tbe inMeasetn ahxorpttoofeBattein ax <t)eMaeela width of
the absorptiott bMtd,which egtMs with the resulta of Kayser and PaKhen.
Thé femttaof Afthentaa atsoshow that the absorptionia a fonctionof the de)).

dty aad abMtMttglayer.
Theauthor diseoMMthe suggestionof Arrhenius that the vatytttg qaatttity

of CO,ln the atn<osphereptodoces a d~ereace in the absorption,and eomeato
the conclusionthat the change in the absorptionwith pKMHteissosmaHaeaot
to be iaflneucedby the smat!HMctMatioMin the eafth's atmoaphetB.

H. T. B.
Oy~<t~M!~j', ~<V~W<y a~ ~MMt/f

A aew met)Mdfor detMmiaiat; the surface toMiane of ttaaM*. H.

t~a<Me~. 2H~A~. C~M. 99.).–The authot-atesamodieca.

tionoftheSitaoa.Jaeget'method. The concentration surface tentioncun'esfor

mi)[tutesot!iqaidsmayhwveas manyformaaa tbe concentration-pressureeurvea.
The aurfacetension of solutions containing two salts eau be cajcutated with

gréât accatacywhen the values for the binary solutionsare ~oowt).

B.

CftptBMycomtMtaotwgantettqaMt. ~.<4.C<(~<t~F«~. Co~/M
~'M~M,t~, (/).–Prom the aurface tension constante, the authoM
concludethat pheaetot, ao!«), ethyt acétate, nitrobenzeneand benzonitrileare
monomolecularMliquida,while M-cteM)o potymerked. D. A

Capittatyconstanteof organieliquida. P. A.C~~ a~ A. ~o~ ~w~/M
w~ofM.!9<, (~~). – Two oxitneaand fou)-methaoeabave heen studied.
Alisix appear to be petymen~edlu the liquid state. D. B.

On the BMtetaÏatead&te energy of solutions. D. Pékar. &<<. M~.
Ot~w.19, (/~). -Special experiments showedthat in a numberof cases
the motMMttursurfaceeHergyof a solution could be resafded M an additive

property,thotf~h not to the extent of perMittiag calculation of thécritical tem.

petatMeofthe solution. The bahavior of autphtM-in various <otventah con-
sideredto polllt to the existence of S~in solution. f~. D. B.

Onthe aMfMttenatonof liquid air. L. C~«tw<t<A. /?w< ~M. 6,
(/). Liquidair, varying in strength of oxygen from 49.9 percent to 76.7
perceat wasfoundto havea "uffate tendon ofn.6t to ~.63. Thé speeine co-
hesionwaafound to be iadependent of the peKentage eontpo~tion and jn the

meaneqaattotg.t. Then~ethodo~meas~~ren~entwasnycap~afywave~ The
KB~taa(;tee wellwith Knipp'a measurements.using capillary tabea.

B.
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In a récentarticle' ProfesserBancroftbassuggesteda new
methodforana!yzingthé solid phase appearingin three cont-
ponentsystemswithout removtng it froin the mother-liquor.
In the followingpagesare describedseveralexperimentalappli-
cationsof this methodto the analysisof the solidphase sépara.
ting fromaqueoussolutions.

The methodmay be appliedin eitherof two ways: (i) as
a directmethod,and (2)as a zero method.

In the first case,the solid phase under considerationis
allowedto separate ont in quantity, thé compositionof thé
originalsolutionin termsof the three componentshaving been
previons!ydeterminedby chemicaî analysis. Then, after thé
~ppearanceof thé sotidphase, thé compositionof thé mother.

liquoris sitnilarlydetermined. From the two seriesof values
the compositionof thé solid phase maybe computed either
arithmeticatty,or by a graphicalmethodinvolvingthe useof the
triangulardiagram.

A simpleillustration of thé mode of applyingthé direct
methodis aSordedby the caseofan aqueoussohttionofsodium
sulphateand sodiumchloride. If the concentrationof the for.
mersalt is sufficientlygreat and that of the latter sttmcientïy
small,crystalsofsodiumsulphatewith ten moleculesof water
willappearon coolingthé solutionfromsay~° to 2 Now

supposethat analysisof the solutionprior to the appearanceof
thé crystals shows thé percentagesof thé three components,
sodiumsulphate,sodiumchioride,and water,to be respectively
a, b,and c and that analysisof the mother.!iquorafter thé ap-

Jour.Phys.Chem.6,fyS( (902).ThéMMeprinciptehasbeenapplied
ioanonfyetighttydWetentformbyKeatuer.Zeit.phys.Chem.39,6j8( t~).
ThefirstmentionistobefoondMddenawayina paperbySchretnemak~.
Zeit.phys.Chem.tt, 8t(1893).

SYNTHETIC ANALYSIS IN TERNARY SYSTEMS
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pearanceof the crystals showsthe pereentagesto be a', and
Since no sodiumclilorideseparatesont, we mayreducethe

percentages,forpurposesofcomparison,to the bas:s== ==ï.

Théo
are the amountsofsodiumsulphateandwater,re.

spectively,in thé originalsolution and aretheamo~ats
in the tnother-Jiquor. Thé excessof thé amoHntof each cotn-

ponentin the original solutionoverthat in thé ntother-tiqMOfis

proportional to thé amount of that component in the solid

phase. Thereforet – u tepresentsthe amountofsodiumsttt-

<*
phate,and

– the
amouotof water in the crystals. The

quotientsof these expressions,respectively,by M and M~,the
molecularweightsof sodiumsulphateand water, fepresent the
teiativenumberof moléculesof the two componentsptesent in
the solid phase. And finally,by dividing thé secondquotient
by the first, weobtainan expression

M(<)

M'(af-<t'~) t

for the numberof moleculesof waterto oneof sodiumsulphate.
This illustrationdealswitha solidphasein whichonly two

of thé three componentsare present. When att three com-

ponentsare present,the calculationof the final result from the

analyticaldata maybe accomplishedin an equally simpleway.
In either event,however,thegraphicaltnethoddescribedbelow

maybe preferablebecauseof its evengreater simplicity.
ïn the secondcase, the compositionof the mother-liquor

in tenus of the three componentsis determined, after some of
thé solid phase to be examinedbas appeared in the system.
Then a considerablequantityofmaterialsupposedlyidenticalin

compositionwith the newlysepamtedsolid phase is added.
Afterequilibriumbas been re-estaMishedat the sametemper-
atureas before,the compositionof the motber-liquoris again
determined. If the compositionis foundto be the samein both
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cases,–withinthe!imitsof experimentalerrer–and has not
beenaltered by thé additionof thé newma~riai,then thé solid

phaseofiginaiïyseparatingout is identicalin compositionwith
the substanceadded.

Insteadof detenniningthé compositionofthemother-Hquor
by anaiysis,we maymeasuresomephysicalpropertywhichis a
function of the concentrationsof the components,suchas thé
electricalcoaductivity,or the vapor tensionof thé solutionfor
a giyen temperature,or thé boiling-pointfor a given pressure.
If the measurementsmadebeforeandafterthe additionsof the
newmaterial are the same,it is tobeinferredthat thesubstance
addedis of the samecompositionas thé solid phaseunder ex.
amination.

As an illustrationof the modeofapplyingthe zeromethod
tnaybe taken the simplecaseof au aqueoassolutionof barium
chlorideand bydrochloricacid. Sinceany changein thé per-
ceutagesof the other twocontponentswouldcausea change in
the percentage of the hydrochioricacid (unlessthe change
shouldbesuch that the sumof thepercentagesof the two cotn.
ponentsshouldremainconstant),it is necessaryto findthe per.
centageof thé acid only, by titration with standarda!kali in
orderto obtaina fixedpointof reference. This is donc after a
quantityof the solidphasebas beenallowedto separateout,and
the systemhas beencatefullybrought to equilibriumat a cer.
tain temperature,readto at least tenthsofa degree. A consid.
erablequantity ofeither the hydrated bariumchlorideor the
anhydroussalt, togetherwith an amountof waterequivalentto
the two moleculesis now added. After equilibriumhas been
reachedat the sametemperatureas before,the percentageof
acid is again determined. If this percentageis foundto be the
sameas that previouslyobtained,then thé concentrationof thé
other twocomponentsmust haveremainedunalteredexcept in
the one above-mentionedcase. Thereforethe two components
bariumchlorideand watermust be presentin thé solid phase
in the same ratio as in thé materiatadded i. e., in the ratio

BaCt,:2H,0.
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Itisnotnecessaty that thé new material added shalt have
the exact compositionof thé solidphaseunder consideration,
elsethezero methodwouldbeofvalueonlyasameans ofeonnrm'

ing data otherwiseobtained. Differentknownamountsof one
or moreof thé componentsknownor supposedto be presentin
thé solidphasemaybesttccessiveîyadded,thé effectofeachad-
dition uponthé compositionof the solution being detennined

by one of thé above-mentionedwaysafter the systetnhad corne
to eqntHbriMH!.For exampte,ifa salt is known to crystat!ize
{romsolutionwitha numberof HMJecuiesofwater, thé number

may be readityascertainedby adding,to a systetn coutaininga

quantity of thesolidphasein question,a portion of thé anhy-
droussalt, togetherwith an amonutof water equivalent to one
or more !no!ecn!es. If it is found,after a sufHcienttitnebas

elapsedfor thé hydrationof thé anhydroussalt added,that the

compositionof thesolutionis not thésameas it was beforethe
additionof anynewmaterial,then another water equivalent is
added. This processis repeateduntil the solution is bronght
back to its original composition. Thé total number of water

equivalents addedis thenequalto thé number of moleculesof
waterof crystallization.

T!terearenumerouspossibilitiesregardingthe compositioa
of a soHdphaseappearingin a three-componentsysteiii. Among
the simplestof theseare the following. The phase maybe (ï)
a pure coutponent,(2)a binarycomponndof components,(3) a

binary solidsolution,(4)a temary compound,(5)a ternarysolid
solution,(6)a solidsolutionof onecomponentina compoundof
thé other two,(7)a solidsolutionof twobinarycomponnds,and

(8)a solidsolutionof twotemary compounds.
As actuallyoccurringinstancesof thé forgoingwehave,un-

der properconditions:(ï) potassiumchloride separatingfroin
thé systempotassiumchloride,hydrochioricacidand water; (2)
sodiumsulphatewith ten moleculesof water from the systettt
sodiumsulphate,sodiumchlorideand water; (3) a ~o!idsoin.
tion of potassiumsulphateand ammoniumsulphate from the

systempotassiumsulphate,ammoniumsnlphateand water; (4)
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a hydratedferriechloridewith hydrochloricacidof crystalliza.
tion fromthésystemferricchloride,hydroch!oricacidand water¡

(5) a solidsolutionofpotassiumnitrate,sodiumnitrate and sit.

ver nitrate from thé Systempotassiumnitrate, sodiumnitrate
andsilver nitrate;' (6)a solidsolutionof hydratedferricchlo.

rideand ammoniumchloride from the system ferrie chloride,
ammoniumchlorideandwater; and (y) a solid solution,of thé

heptahydratesof zinc su!phate and ferrons sulphate fromthé

system zinc sulphate, ferrous sulphate and water. A we!t-

authenticatedinstanceof the eighth caseis notat hand.

Thé methodin either of its fonns may be applied to thé
aboveand to aH other cases in which a solid phase separates
froma three-componentsystem. Since thé applicationin any
caseis fairly typical,it has been thought sunicientfor the pur-
posesof thé presentpaper to considercases coming nnder thé

firstthree hcadsonly.

Experimentalwertc

(I.) Thé solidphase isa pure component.
The systemstudied was potassiumchloride,hydrochloric

acidand water. Thé zeromethodwasemployed.
A saturated solutionof potassiumchloridein presenceof

hydrochloricacid wasmadeby ptacingabout 150gramsof thé

C.P." salt, 225gramsof water,and 60grams of concentrated

hydrochloricacid in a flaskfittedwitha stopperprovidedwitha

perforationfor the thermometer. Thé flaskwasgentlywanned

and then allowedto stand for ~5 minutes, being frequently
shaken to facilitatethé establishmentofequilibrium. Thépro-
portionsof thé componentshad beenchosenwitha viewtohav-

ing thé salt presentin considerableexcess. Two sampleswere

now pipetted off from thé clear solutionat thé temperature

32.°, and weighed. The amountof hydrochioncacid present
wasdetermiuedby titrationwith half-norma!sodiumhydroxide
solution, with methylorangeas indicator.

After introdncingabout 150gramsof additionalpotassium

OnthébMtsofthefactthatpotassiumandsodiumnitrates,andsodium
andsilvernitmtea,respectivety,formsolidsolutions.
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The agreementbetweenthe twovalues in the last.cotumn
indicatesthat the solidphasepresentin the Systemwasidentical
in compositionwith the materjal added. It was therefore the

purecomponentpotassiumchloride.

(î!.) The solidphaseis a binarycompoundof components.
(~) The systemstudiedwassodiumsulphate, sodiumchto.

ride andwater. Thedirect methodwasapplied.
An attempt wasfirst made to obviate thé necessityof de-

terminiag aualyticallythe compositionof the original sohttioa

by determining it syatheticaHy. Suitable quantities of anhy-
droussodiumsulphate,decrepitatedsodium chlorideand water
were weighed accurately to nnHigrams,into an Erlenmeyer
flask. The systemwas brought to equilibrium at about 34°,
the flaskbeing frequentlyshaken,and allowed to stand some
time in a water-bathat this tcmperatureto effect as nearly as

possible the completesolution of the sodium sulphate. The
nask was nowallowedto cool to a temperature of about 3ï",
with thé result that a quantityof solid phase appeared. After

equilibriumhad beenre-established,a santpte was taken from
thé clear solutionand dividedintodifferentportions,whichwere

analyzed for chlorine and sutphuric acid by precipitationre-

spectivelywith silvernitrate and barium chloride. Front the
data fumished by these analyses,the percentagesof sodium
chlorideand sodiumsulphatewerecomputed. Thé perceutage
of watcr wasfoundby difference. By the arithmetica!method
describedabove,the number of moleculesof water present in

chtonde and bringingthe systemto equitibrium.as before,thé
concentrationofhydfochtpricacidwas determined in two new

samplestaken fromthe Baskat theabove temperature.
Results wereas follows:

No.of Wet~htof
_n_

AveMge
analysis

ransple Weight
ofHel

P«oeut
Hel

I.ilct
anatyek sampte Wet<;ht~HCt PercentHCÎ pct.HCt

t~ 20.3!7gr !.44<~ 7.09' Lo.-c !6.o<6 t. 7.078 j 7.003
u.338 0.8034

7.086
)_“

8.805 o.<3! 7.078 P-~
The aereement hftwpanth<'t~n vah«*<!!n th<*<«ct~ntttmM
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Waterof crystallizationfor Na.SO
= 9.7± 0.05 molecule.

This result wasnotquiteassatisfactoryas had beenhoped.
Thé error maybavearisen fromeitheror both of two sources:

(ï) incompletehydration of thé anhydroussodium sulphate,
caused perhaps by the formationof a protective coating of
the hydrateupon thé particlesof the anhydroussalt; or (2) the

presenceof someimpurityin either the sodiumsulphateor the
sodiumchlorideweighedout at the start.

To test whether orno théerror arosefrom incompletehy.
dration,a secondexperimentwasperformedsimilar to the first
in everyrespectexceptthat extra precautionwastaken to insure

completehydration. The anhydroussalt was very finely pow.
dered,and sifted little by little into the Baskcontaining the

weighedamountof water. Aftereachsmalladditionof thesalt
the flask was vigoronslyshaken, to prevent caking of the
materialduring the processof hydration. Furthermore, such

proportionsof thé componentswerechosenthat the sodiumsul.

phate wasalmostcomp!ete!ydissolvedat a higher temperature.
Analysesand calculationsweremade in thé samewayas before
with thé foUowingresutts

the crystalsfor everymo!ecu!eofthe anhydfOMSsodiumsulphate
was calculated. Resultswereas follows:

Pereeatagecomposittonof

Compoaent
–––––––––––––––––.–––––––So!utton Mother-tiquor

(by syntheah) (by anatysts)

NaCt a.t~ 3.05
Na,SO, :8 t5 a t.07
H,0 6972 75.88

~~<t~~ ~f ~V~f~~tti~~t! ~<. KT~Cf\ ~.« ~t~t~

Percentagecon)poMt!oaof

Cotoconent
Solution Mother-Hqttor

(b/Nyatheais) (hya~ysb)

NaCt tt.yo t~.96

Na,SO< !7.68 to.t3

H,O yo.6a 749'
TX/at~M*~f ~v~c~att~at~n ~v Ma Cf~ – -i- ~M.ï~

H,O yo.oa 749'
Waterof crystallizationfor Na,SO

= 9.7 ±0.05 molecule.
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The agreementbetweenthèse two results obtained under
conditionsforwhichthé probabitityoferror as thé result of in-

tompletehydmtionwaswidelydifferent,eliminatesthe possible
innuenceof that source,and pointstoward the alternative inno-
enceof some impurityin thé salts used. Both of thé salts
wereso-called C.P." préparations,but had not been fnrther

purifiedby me. Carehad beentaken thoroughly to dehydrate
thesodiumchloridebeforeweighing. Somelittleturbidity had
beennoticedin thé solution,however,whenthé sodiumsulphate
wassiftedinto thé flask,and trouble had not been taken to re.
movethe insolublematerialwith a view to introducinga cor.
rectton. This iinpitritywouldbave thé effectof making thé ap-
parentconcentrationof the sodiumsulphatein the originalsolu-
tiongreaterthan the actual,and that of the water, since it was
determinedbydifference,SMa!Ierthan thé actual concentration.
Thus the finalresn!twouldbe toosmall,as is illustratedin both

experiments.
tn thé thirdexperiment,further trouMefromthis sourcewas

avoidedby determiningthécompositionof thé originalsolution,
as we!!as thatof themother'HqMor,byanalysis. Theprocedure
in this casewasasfo!!ows About4! gramsofsodiumchloride,
6t gramsofaahydroussodiumsulphateand 50 gnuns of water
werewarmed,withfrequentshaking, until aU thé salt wentinto
solution. Whenthé solutionhad cooled to about 34° it was

givena thoroughfinalshaking,to insure uniformity of compo-
sition. Foursampteswerenow pipetted off two into smaH

weighedflasks,and twointo weighed"pigs" of the sort usedin

solubilitywork. 'l'he chlorinecontent of the first pair was de.
terminedas in thé precedingexperiments and in thé second

pair the amountof water was determined by evaporating thé
so!utionto drynessand heatingtheresiduenHtiItheoehydration
of the sodiumsulphatewas complete. From the results for
chlorinethe percentageofsodiumchloridewascalculatedas be*

fore,and the percentageofsodiumsulphatewas foundbydiaer'
eace.

Theremainderof the solution, cooled to about 21°, was
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treated with a minute crystal of thé decahydrateof sodium

sulphate. Abundant formationof crystalsoccurredalmost tn-

stantaneously. Samples were taken from the clear mother-

Jiquor-after sufficient time hadelapsedfor the establishment

ofequilibrium,and after this had beenfurther insured by thor.

onghshaking-and analyzedas abovefor chlorine and water.

Results wereas follows:

Compouent
1-

PercentageeoMposftfooof

C.mp<~e.t "so)uti.nMothe.-tiqu.r
( byMa!ysf6) ( byana)y<!s)

NaCt to.82 t3.53
Na,SO, tô.tt 9.12
H,O 1 73.07 77.35

Waterof crystallizationfor Na,SO~
===10.0 ±0.0$ molecule.

This satisfactoryresultshowsthat the purity of the salts

hadbeenrightly questioned. If the first twoexperimentswere

tobe repeated,all difficultysuch as here experiencedcould of

coursebe avoidedby dissolvingthe salt in water,and recrystal-

lizingafter thé removalofextranenusinsolublematerial by fil-

tration.

(2) Thé systemstudiedwas barium chtoride, hydrochloric

acidand water. The zeromethot!wasapplied.
About 300 grams of hydrated barium chloride,50grams

of hydrochloricacid and 400grams of water were placed in a

stopperedErlenmeyerflaskprovidedwitha thermometer,as in

theprecedingexperiments. The Baskwasslightly warmedand

shakenvigorouslyto insuresaturationof thé solution,and then

atlowedto cool,21.3°beingthe finaltemperaturereadfromthe

thermometerafter thé system had reached equilibrium. The

proportionsof thé threecomponentshad beensochosenthat the

salt waspresent in considerableexcessat this temperature. As

in the precedingcase, by detennining the percentageof hydro.
chloricacid a fixedpoint for the systemmaybe obtained,since

thispercentagemay beregardedas a fraction of thé other two.

A pair of sampleswasthereforepipetted off from the solution,
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andthé percentagein questiondeterminedbytitrationwithbalf

normatsoditnnhydroxide.
Thesystemisaowdividedas nearly as possibleinto two

eqna! parts,eachof whichcontainedabout the samequantityof
solutionandcrystals. To eachof these portions, containedas
beforein a stopperedErlenmeyerflask providedwith a ther-

tnometer,a weighedamount of powdered,anhydrousbarium
chloridewasslowlyandcarefullyadded. Thé anhydroMSsalt
hadbeenpreparedby heatingthe hydrate inalargeevaporating
dishfora numberof hoursovera sand-bath. The saltwasthen

powderedandheatedagain, until, at a températuresomewhat
above100"therewasuot thé slightest visibletraceof moisture

depositednpona coldwatchcrysta!repeated!yheMc!oseoverthe
salt. Into oneof the Baskswasnow poureda weighedamount
ofwater,slightlyin excessof the amount requiredfor the corn.

ptetehydrationof thé anhydroussalt added; into théother was

pouredan amountslightlyless than the correspondingtheoreti.
calamountforthat flask. After a period of time sufficientfor
thé temperature-wbich had risen about tendegreesduringthe

hydrationof thesalt to return to the starting point, 21.
twosamptesfromeachBaskwereanalyzedforhydrodnoricadd.
In the firstflask,to whichthé larger quantity had been added,
a smalterpercentageofacidwasfoundthan in the second.And

nowassuming-as is perfecttylegitimate in this case–that
theamountsofsolutionoriginallypresent in thé twonaskswere

equal,or sonearlyso that the error resulting from their differ.
enceis negligible,we mayobtain by interpolationthe percent.

age of hydrochloricacid when exactly the amonnt of water

eqnivatentto two moleculesis added. This was effected in

practice by plotting excess (or shortage)of water in grams

againstthe changeproducedin the concentrationof thé hydro-
chtoric acid. The necessityfor the divisionof the original
solutionintotwoparts,and for thissubsequentprocedurein the
déterminationof the hydrochloricacid after the additionof thé

newmaterialarisesfromthe practical difficultyof adding the
exactequivalentofwater.
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A comparisonof the finatpercentageof acid obtainedby

interpolationwith the percentagefoundat the sametemperature
beforethé additionof the newmaterial,showsthat thé compo-
sitionof thé solutionphasebasnot beenaltered. Thereforethé
solidphaseorigina)!ypresentin the systemtnustbe identicalin

compositionwith thé new material added, or must be a com-

poundof bariumchlorideandwater in the ratio BaC!2H,0.'

(3) The systemstudiedwas ferrie chloride, hydrochloric
acidand water. Thé directmethodwasapplied.

About250gramsofferricchloridewith twelve molecules
of waterwereplacedin an Erlenmeyerflask. A current ofdry
hydrocbloricacid gas-obtained by adding concentratedsul-

phuric drop by drop to concentratedhydrochloric acid, and

passingthegas throughconcentratedsulphnric acid contained

in a Muencke wash-bottte–was passed into the flask until

about hatfthe salt had been liquefied. The generator was

nowremoved,the solutiondilutedwith about 25 ce of water,
and the naskheateduntil the remainderof the solid had been

melted. After the flaskhadbeenthoroughlysbaken, a san!p!e
waspipetted into a smallstopperedflask,quickly c«o!ed to or-

dinarytemperaturesandweighed. It was then diluted to ex-

If thecompositionofthesoti.!heassumed,toatartwith,thenit would
bepostibtetousethemethod)nacaselikethistoascertainthedegreeofcom-
pleteriesstewhichnnanhydioNssaltcouldbehydratedin a giventimeby
bringingIlintocontactMt!)waterundersuchconditionstbatsolutioncould
Mottakeplace.

Resultswereas follows

BefoKadding AtMMhtsadded ¡-.
BaC),:H,0 (ingMmtt) Afteradd:ngBaC!,?H,0

No. Pct.HCt BaC!, H,0 No. Pet. HO Average

1 3.429 55.025 !o.?94 ta
3.387a 3.432 –– –– b 3.40: j 3.394

–– –– –– 2a
Av'ge 3.43! 58.75! 9.858 t 3.~39 3.442

Byinterpolation 3.433
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actly 200ceandset aside forsubsequentanalysis. Immediately
after the samplehad beenremoved,the large ftaskwasquickly
stopperedand placed in a cold water'bath to prevent lossof
waterby evaporation. A minute crystal of the dodecahydrate
of ferriechloridewas added. A solid phase slowly separated
out at about1$". Whenthis had appearedin coasiderablequan.
tity, the Haskwasthoroughlyshaken and a secondsampleob-

tained,wMchas beforewas diluted to 200 ce. In two ten ce

portionsofeachofthesesamplesthe percentageof iron wasde.
tenniuedgravimetricallyby precipitatingwith ammoniumhy-
droxideand weighingas ferrieoxide. Thé precipitatehadbeen

thoroughlywashedwith hot water until no reaction couldbe
obtained for chlorine in thé filtrate. Thé filtrate, inctuding
wash-water,wasthen analyzedfor chlorine. To calculate the

percentagesof thé three components,thé differencebetweenthe
total percentageofchlorinefoundand the chlorineequivalentof
the iron foundwasreducedto tenus of hydrochloricacid. The

percentagesof ferriechlorideandhydrochloricacid being then
known,that ofwaterwasfoundby difference.

Resultswereas follows

PercentagecompoMticnef.

Compooeot
Sotutton "–– Mothef-Hquor

(by anatytM) (by Matysia)

47~5 44.63
HU ~~6 s.~tt

H.O ~.29 ~.g6
~H~t~t~It'f~~Tt ~t <Waterof crystallizationforPe,C~= 12.14:t 0.2 molecule.
In théRrstattemptmadetoapply the methodto the analysis

of the solidphaseappearingin this system,care was not taken
to dilute thé solutionwith a little water after leading in thé

hydrochloricaeidgas. Asa resultsomeof thé acid was lostby
evaporationduringthe graduâtseparationof the solidphase(and
the conséquentincreasein percentageof the acid in the solution)
and the finalresultfor the moleculesof waterof crystallization
wasrather high.
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(III.) The solidphaseis a binary solidsolution.

The system studied was potassium sulphate, ammonium

sulphateand water. The directmethod wasapplied.

Quantitiesof the two salts were weighedout roughly in

sucb proportionsthat bothof them would separateout whenthe

solutionwasallowedto crystaHize. A saturatedsolutionof the

mixture wasmadeat 00°,thepotassiumsait beingdissolvedfirst

The solution was brought to eqnt!ibrium at this temperature

by thorough shaking. Bymeansof a pipettewhich had been

heated to about the températureof the sotution,a samplewas

quickly drawn,placedin a stoppered8ask, cooledand weighed.
The flaskcontainingthe originalsolution wasalsoquicklystop-

pered,to preventlossof waterby evaporation,and cooled.

In twoportionsof thé sample,total sulphurieacid was de-

termined by précipitationas barium sulphate. In two other

portions, total solid was determined by weighingthe residue

after the waterhad beenevaporatedoff. Toeffectthis evapora-

tion,the sampleswereplacedin solubility "pigs" and heatedin

a drying closetkept at about ïoo°, a slowcurrent of air being

drawn over thent by meansof a suction pump. The reliability

of this methodhad beenpreviouslyshown byanalyzing a solu-

tion containinga knownweightof the salt mixture.

The originalsolutionhad been cooled, in the meantime,

and brought to equilibriumat ï~ A large massof crystals

had appeared. Samplesof thé mother-liquorwere analyzedas

above. Fromthé twoseriesof results were calculated the per-

centagesof the three components,respectively,in thé solution

and in thé mother-liquor. These are foundto be as follows

Percentage compositionof

CoMponent
SotutionMother-ttqMM

(by analysis) I
(by aMtyMt)

H,O 5~-38 58.88

K,SO. 59' 3.64

(NH,),SO, 4'.7' 1 37.481

Siucenowaterseparatesout in this case,thesepercentages
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are reducedto terms of waterequals one,and the other compo-
Méatscomparedas usuat. The final resultwasas follows

Number of reçûtes of (NH,)SO, for each one of

K.S0~4.ï3±o.o5.
So thé twosalts forma solid solution, though in this par-

ticular case the mixture chanced to be verynearly a molecular
one.

MeeasstoaofresMtts
.Thegraphical methodof calculatingthecompositionof the

solidphasefrotn the dataobtained byanalysis involvesthé use
of thé triangulardiagram. For a completegeneraldiscussionof
this fonuof diagram and the manner of its use, see an earlier
paperby ProfessorBancroft.1

There is obviouslynothing to be gainedby plôtting the re-
sults obtainedin the applicationof the zeromethod,forthéfinal
compositionof thé systemis thé same as the initial composition,
and thé compositionof the solid phase is obtained by simpty
keepinga record of the new material added. Whenthe direct
methodis applied, however, the triangular diagram affordsa
quickandeasymethod (t) of obtainingthe compositionof the
solidphasefrom the resultsof analysis, and(2)of assigningthé
limitsoferror.

ï

Rither percentagesor molecularweightsof thé three corn.
ponentsmay be used as thecoordinatesof thediagram. la each
caseit isof courserequiredthat the sum of the coordinatesof
any point onthe diagram shall be equal to onehundred. Two
pointsare locatedon the diagramby plotting the data obtained
respectivelyfor the original solution and forthe mother.Hquor.
The straight line drawn through thèse two points alsopasses
througha point, thé coordinatesof whichshowthe composition
of the solidphase. Obviouslythis point maynot be definitely
locatedby a single line of this sort. Starting from thé point

JoN)-.Phya.Chem.1, 403(fS}?).
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representingthe compositionof thé tnother-liqnorafter the
separationof the solidphase,we mayexpect to find the desired
point onanypartof thé linebeyondthe point representingthé
compositionof the originalsolution. But if a secondseries of
data be obtained,the line drawn through thé two new pointswill ilitersectthé firstline at thé point representing the compo-sitionof the solidphase. If molecularweightshavebeentaken
as the coordinates,the retative .no)ect<tafproportionsof the
componentspresentin the solidphasemay be readdirectly fromthe dtagratn,wherethey appearas the coordinatesofthé pointof
intersectionof the two lines, If percentageshave been taken,the readingsmustbedivided by thé molecular weight of the
respectivecomponentsin order to obtain the molecularcompo.sition.

Thé solidphaseis shownto contaiuone, two or aU of the
three componentsaccordiugas the intersectionof the two lines
is (a)at oneof theverticesof thé triangle,(~ at a point on one
of the sidesof the triangle,or (c)at a point within the triangle.tn either of the firsttwocasesone linewouldhavebeensufficient
to locatethé desiredpoint could the assumptionhavebeenmade
at the ontsetthat onlyoneor two respectivelyof thé threecom-
ponentswotildbepfesentin the solidphase. In somecasesthis
assumptionis possi-ble.Supposefor instance that a given salt
is knownto crystaUizewith X mo!ecu!esof water. Toeva!oate
X, a new"indiffèrent"component- that is, oneknownto form
no compoundwith the two componentsalready present is
addedto the system. The line drawn through a singlepair of
points detennined by analysis will now intersect one of the
sidesof the triangle at the point representing the compositionof thé solidphase.

Figurest and2 i]!ustrate the application of this graphicalmethod to two of the experimental casesdescribedabove. It
will beobservedthat in neither case the comp!etediagram is
shown,but only that portionwhich is of particular interest in
the case under consideration. The data were first roughly
plottedon the full-sizeddiagram, in which of courseeach corn.
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ponentis representedovera range from zero to one hundred
molecularweights. Then, as the points tocatedwerefound to
havegroupedthemsetvesw!tMathe UnMtsof a comparativelysmallportionof the entité diagram,that particularportionwas
enlarged,and the rest left out ofaccount. Sincein both cases
oa!y twoof the componentsare present in the solidphase, the
finalresult will berepresentedin each caseby point on thesideof the tfiang!eoppositethe vertex, whichin thé complète
diagram represents 100 molecules of the absent component.Cate was taken, therefore,in selectingthe limitsof thesmaller

diagram,to retain in eachcaseas oneof thé sides,a portionof
the sideof the largerdiagram along which noneof the compo-nent absentfromthe solidphase wasprésent.

ïo Fig. i are plotted the analytical data obtainedfor the
systemsodiumsulphate,sodiumchlorideandwater. Thépoint
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A, waslocatedby synthesis,and B, by analysis after the solid

phase to bestudiedhad separated in su<Ecientquantity. 'rhe

straight linedrawn throughthèse pointsintersecttheriglit-hand
sideof the triangleat a point representingthe systemcomposed
of ~o.y moleculesof water for every9.3 moleculesof sodium

sulphate. Thé quotient of the first of these values by the
secondgives9.75,whichis thé number of moleculesof water
indicatedby this experimentas present in thé solid phasefor

everytno!ecK!eof sodiumsulphate. The pointsA and B were
locatedrespectively,by synthesisand analysis in the next ex.

perimentmadeupon thissystem,as describedabove. The line
dtawn thMughthem intersectsthe sideof the triangle,as nearly
as maybe readfrom thé diagram,at the same point asdoesthé
line obtainedin the formerexperiment. The pointsA and B
werein the next cxpenmeot tocated by analysis, and the line
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drawnthrough thetn intersectsthe sideof the pointcorrespond-

ing to 90.91moleculesof water and 9.09 moleeulesof sodium

eulphate,or to 10.0moléculesof waterforoneofthé salt.
In Pig. are plotted the analytical data obtainedfor the

systemferrie chloride,hydrochloricacidandwater. Thé point
A showsthé compositionof thé solutionbeforetheseparationof

the cryatals, and the point B shows the compositionof the

mother-tiqnorafter the crystalshâve appeared. Thé Unedrawn

throughthé two points intersectsthe baseof the triangle,along
whichare representedsystemscontainingno hydrochloricacid,
at the point C, the coordinatesof which are respectively92.4

H,0 and 7.6 Fe,C~. The quotientof the first of thèse values

bythé second is i3.t6, which is the number of moteculesof
waterindicatedby the experimentas presentin the solid phase
foreverymotecuteof ferriechloride.

2

By using the graphicalmethod of expressingresults it is

possiblewith very little troubleto assign withconsiderableac.

curacythe limits of expérimentalerror foranygivencase.

AU error to whieh the final result in any case is subject
arisesofcourseprimarilyfromtheerrorsinhérentin the methods

ofchemicalanalysisappliedin thé courseof theexperiment. If
the percentagesof the différentcomponentsin a systemunder

givenconditionscontdbedeterminedin the firstplacewithab-
soluteaccuracy,the final resultwouldbe likewiseabsolutelyac-
curate. But this is nnfortnnatelynot possible. Andmoreover,
a small initial error in the chemicalanalysestnaydutittg the

subsequentcourseof calculationbe greatly multipliedin many
cases.

If the probableerrorsinvolvedin the detenninationof the

compositionof the systemat each point consideredbe used as

radii in describingcircles respectivelyaboutthé points,and if
twotangentsbe drawnforeachpairof circles,thenthe intercept
betweenthé intersectionsof these twolines withtheside of the

trianglerepresentsthe probableerrorof the finalresult.

Byinspectionof the diagramsshown in Fig. 3 it will be
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seen that the magnitudeof this total errordependsupon(t) the

diameterof the circ1es,(2) thé distance betweenthe centersof

the circles,(3) the distanceof the.circles from the sideof the

trianglestowardwhich the tangentsaredrawn,and(4)tiie angle
at whichthe straight line connecting thé center intersectsthe

side of the triangle. That is to say, the final errorbecomes

smaUer(ï) as thé error of theoriginal chemicalanalysesandthe

accompanyingcalculationsisdiminished,(2) as the amountof

solidphaseaUowedto separatefrom the systembetweenthetwo

pointsis increased,(3)as the concentrationof the component
absentfromthé solid phasebecomeslessat the point nearerthe

sideof the triangle,and (4)as the change in the concentration

of thécomponentabsent fromthe solid phase becomesgreater
betweenthé twopoints. Theselast,two considerationsin their

presentformapplyof courseonly to the casesin whichbut two
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componentsare presentin the solidphase. Whenat!threecorn-
ponents arepresentthé error will be minitnizedif, in addition
to fuISMingthe first two conditionsmentionedabove,the con-
centrationsare sochosenthat thé twostraight lines connecting
respectivelythe pairsof pointsdetenninedby analysisintersect
each other at right angles. This is illustrated in thé last
diagram shownin Fig. 3, where Xis thé pointrepresentingthe
desiredcotBpositiûnof the solid phase, white the citde dtawn
about this pointas a center indicatesthe limitsof experimental
error. In all thé diagramsin Pig. 3 thesizeof the circlesbas

beenexaggefatedforpMfposeofdeamess.
One of the experimentalcasesdescribedin thé preceding

pages affordsan excellent illustrationof the influenceof calcu-
!ation in nntltiplyingthe error,evenwhenall other conditions
wererather favorable. This is thé case of the systemferrie
chloride, hydrochloticacid and water, especiallyselected,be.
causeof thé greatopportunity for ettor, as thecrucialtest ofthe
applicabilityof thé newmethod of analysis, ln changiug the
iron, which had beenweighedas ferrieoxide,to tenn&of ferric
chloride, thé originalerror was mnhip!iedby at least two. A
comparativdy largeerrorwasthereforeintroducedintothe value
for hydrochloricacid,which was determinedby difference,and
also into the valueforwater, determinedin this caseby double
difference.Obtainingthe quotientsofthe valuesforthétwoother
cotnponents,respective!y,bythat forthé hydrochloricàeid,caused
still further KUt!tip!icatioaof the error,a processwhichreceived
its final hnpetuswhenone of thèsequotientswasdividedby thé
other to obtainthe finalresult. This errorcalled for compara-
tn'ely large circ1esabout the points locatedby analysis; so that
althongh otherconditionswerenot veryunfavorable,as maybe
seen from Fig.2, the probableerrorof the finalresultwascont-
paratively large. tt is of great importance,therefore,if any
considerableaccuracyis desired,that the percentagcsof at least
two of the threecomponentsin eachcasebedetermineddirectly
byanalysis. Thus if the percentage of hydrochloricacid in
the case just referred to could havebeen directlydetermined
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by titration, the finalerror won!dhavebeengreatlydiminished.
This is impracticable,however,becauseof thé tendencyof the
ferricchloride to hydrotyxeundef the conditionsof theexperi.
ment.

The resultsobtainedin the firsttwoexperimentsupon the

systemsodiumsulphate,sodium chlorideand waterhavebeen

publishedwithout reservebecatiseof their value as an illustra-
tionof the applicabilityof the methodeven under adversecon-
ditionsof another sort; namely,whenthe initial compositionof
the Systemwasdeterminedby synthesiswithout the previous
precautionof securingstrictly pure components. Thé limitsof
errorassignedin thèse twocaseshâvereferenceonlytotheetrof
whichmighthave arisenin the coMfseof the experimentas per-
formedunder normalconditions,and not to that introducedby
the impurityof oneof the components. Thèsewerethé6tstex.

pentnentstried in applyingthe newmethod, and naturally the

syntheticmethod wasfirst resorted to, becauseof the smaller
amountof time and labor involved.

In all of thé aboveexperiments,the analyseswereconducted
with little or no more pains than must be taken in ordinary
carefulanalyticalwork,andtwo anatysesonly were made for
eachdétermination,of which thé average was nsed in calcula-

tingresults. No attemptwhateverwasmade to introducesuch
refineinentsas are usedfor examplein atomicweightwork,the

objectof thé experimentsbeinga thoroughtest of tbeefficiency
of the newmethod underordinary laboratoryconditions,rather
than an exhibitionof the high degreeofaccnracyattainableby
thé exerciseof the greatestpossiblecare in manipulation.

In thé ordinarycasesto which this methodmaycorneto be

appliedthere will oftenbe but little cat! for a high degreeof

accnracyin the finalresutt,so that unusual refinementswill be-
comesuperfluous. If forexamplethe problem be the analysis
of a solidphaseknownto be a definitecompoundof twoor more
of thécomponents,the final result needbe acenrate to such a

degreeonly that therewill beno doubtconcemingthe~M~

compositionof the solid phase. That is to say, if the solid
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phase is knownto be, for instance,a hydratedsalt'containingx
moleculesof water,then wou!dsncha final result as 9.8 for x

point unequivocaUytoward 10 as the desired ttuntber.even
thongh so large a probableerror as ± 0.2 molectdewere in-
volvedin thé experhnent. If howeverthesolidphaseis known
or thoHghtto be a solidsohttiooof anysort,regionaldetennina.
tiens wiUnot!eadtoso satisfactorya result. If the différent

componentsor compoundsof componeatswhich are present in
the solidsolutiondonot happento be presentin approximatety
molecular proporttons, then the regional datam will point
towardthe tact that the .phaseis a solidsolution,but will be of
no further value.

White this useof the methodasa meansofsecuringregional
results for thé compositionof anysolidphasein tbree-component
systemswouldbe no doubt of itself sufficientjustificationfor
this descriptionof a fewtypical détailsof its application,it is

by nomeans the onlyfieldof usefulneuof the method. Bythe
exerciseofeven ordinarycare inconductingthe analyses,resnits
should be obtainedin a!mosteverycasewith a degreeof accu-

racyequal to, and in the majorityof cases,1think, muchgreatet
than that of,the resultsobtainedby the tnethodnowia vogueof

recto~'ingthe solid phase from the system and analyzing it

directly. To bear out this statementunderconditionsmost un.
favorableto the newmethod,directanalyseswere madebf the
solidphaseseparatingfrom thé system ferric chloride,hydro.
chloricacid and water,at ordinarytemperatures. A large por.
tion of the crystallinemasswas removedfrom the system and

carefullydried with 61ter.paper. Twopieceswerenoweut out
fromthe heart of thé mass,eachof whichwas quicklyweighed
and dissolvedin water. Thé ironwas weighedas ferrie oxide
and calculatedto ferriechloride. The differencebetween this
value and the total weight gave the atnount of water, from
which the numberofmoleculesofwaterwas readilycalculated.
This wasfoundto be n.88, a tesu!taboutas far fromthe truth
as wasthat obtainedby the new method,and with a probable
error moreor less indeterminatebecauseof the impossibitityof

ascertaining(i) the amount of mother-liquorwhich may have
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While 1do not care to make anyfurther daim for the ac-

curacyof thé method,because none of the experimentalwork

yet performedbas beencarriedont underconditionsguarantee-
ing minimumerror,1am not preparedonthe otherhand to de-

cry the possibilityof applying thé method,underextremely
favorableconditions,to work of greaterdignitythan that sug-
gestedin thé precedingpages. If certainconditionswerecare-

fuHyfulfilledit might be practicaHe,for example,to use thé
method-either as a direct or asa zeromethod-in thedeter-
minationof the atomicweightofan element,suchas sulphurin
thé compoundsodiumsulphate,or phosphomsin thé compound
hydrogendisodiumphosphate. In either case the ratio of the

anhydroussalt to thé waterof crystallization,or that of thé an-

hydrousto the hydratedsalt couid beusedto obtainthé desired

result, assumingthé atomicweights of the other éléments in-
volved.

If thé direct methodwereused,care wouldhaveto be taken
to exctudeanalyticalprocessesinvolvingthe atomicweight of
the element under consideration. If for examplethe atomic

weightwereto be detenninedby analyzingthe decahydrateof
sodiumsniphate in the systemsodiumsulphate,sodiumch!oride
and water,the percentageof sodiumsmphate iHthé original
solutionand in thé mother-liquorconld not be determinedby
precipitatingwith bariumchloride. The procedurefollowedin
thé lastof the three experiments uponthé systemas described
abovecouldhoweverbe adopted. The methodof calculation
for this particular caseis shown in the followingequation

beenocctudedin thé crystals, and(2) thedegreeof incomplète-
ness(or overcompteteness)of thé dryingprocess,but probably
ofa magnitudejustas great, if not greater,than thatof théerror

towhichtheMewerntethodwassMbject. This wasundoubtedly
an unfavorablecasefor bothtnethods,sincetheerrorwasineach c,
casegreatlyenhaneedby calculation,an effectmuchmore pro-
nouncedin the caseof the new tnethod,however,than in the
other. The atHountof careexercisedin conductingtheanalyses
wasas nearlyas possiblethe samein bothcases.
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tb'=~b' (1)M, "<A' (')

in whichw,, and denoterespective~theatomicweightof
sodiumtaken twice,the atomic weight of oxygen taken four
times,and thé molecularweightofwater takenten times,while
a, 6, c, a', denotethe percentagesof the threecomponents
sodiumsulphate,sodiumchlorideandwaterin the originalsoht.
tion and in the mothef-tiqMor~especttvety. representsthe
atomicweightofsulphur,andmaybeevaluatedby solving the
equation.

The xeromethodcould probablybe most advantageousty
applied to a case like the aboveby carefullymeasHftngthectec.
tficat conductivityof an aqueoussolution of sodium sulphate
and sodiumchlorideat a certaintemperature,adding a kaowa
weightof pure anhydroussodiumsulphate,and then diluting
with knownamount8,otwateruntil the conductivityat the same
températurebecameexactlythe sameas before. The final re-
sutt wouldthen be obtainedbysolvingthe équation

~+M,+M,
(2)?. "'?,'

in whichx, w,, m and hâvethe samesignificanceas in (t);i
while w, and?', denotefespectiveiythe weights of anhydrous
sodiumsulphateandwateradded.

Wheneitherof these methodsis used, the difficultiesfe.
sulting (r) from occlusionof the mother.Hquorby the solid
phase,and (2) fromthe possibilityof incompleteor overcom.
pietédrying of the phase,difficultieswhich hitherto have con-
stituted a stock objectionto thé useofhydratesin atomieweight
work,wouldof coursebeentirelyavoided.

The conditionstobefu!6!)edinsecnnngmaximumaccnracy
in the applicationof the direct method(most of which bave
beenalreadyalludedto above)are brieflyas foltows (ï) care in
the selectionof analyticalmethodswhich give as directly as
possiblethé percentagesof thedifferentcomponents,thus avoid.
ing error-ntultiplyingcalculation; (2) extreme carefulnessin
conductingthe analyses,includingthe introductionofall usefut
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refinements,and the carryingout of a largenumberof analyses
foreachdetermination,soas to secure themostreliableaveragei
(3) selectionof temperatureand concentrationconditionsso that
(a) the largestpossibleamonnt of solidphaseshallbe allowedto
separateont betweenthe initial and finalpointsdeterminedby
analysis,(~) the concentrationof the componentabsentfromthe
solidphasebecomesas smaUas possibleat thé initial point,and
(<-)the change in concentrationof the componentabsent from
the solidphase becomesas great as possiblebetween the two
points.

Thé conditionsto be fulfilled in orderto secure maximum
accuracywhenthe zero method is appliedare too obvious to
merit especialconsideration.

Thé graphieatmethodcan only beappliedsatisfaetorilyto
systemscontaining three or, at most. fourcomponents. An
analyticaltreatmentbecomesnecessaryforthe generalcaseof n
components,all ofwhichmaybe present inthesolidphase. Let
A, B, C, D, etc.,be the percentageconcentrationsin one initial
solution,and let dA,dB, dC,dD, etc.,be thechangesin the.per-
centageconcentrations,as shownby analysisof the final solu-
tion. Let A.,B,. C,,D,, etc., and ~A,.~B,,dC,,~D..etc.,bethe.

correspondingvaluesobtainedfrom anotherinitialandfinalsolu-
tion. Let A,, B~,C., D~be the percentageconcentrationsof the
unknownsolidphase. If thé percentageconcentrationof any
componentbe higher in the initial solutionthan in the solid
phaseits percentageconcentrationwillincreaseas crystallization
proceeds,white it willdecreaseif the reversebe thé case. Prom
the twosets ofanalysesweget the relations

A-A. o~A~ A, –A.
~9 B–B.n. ~B,"B,-B.

~A ~A_A. ~A, A, A.
<<C C-c. -c.T~

A, A.
r

u. ~D, D,– D.
etc. etc.

In thèse equationsA.. B., Co, D,, etc., arethé onlyunknown
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quantities and can be detennined by solving thé eqtMtions.
Whena solutioncontainsa largenumberofcomponents,it seems
probablethat the zeromethodwillgive moresatisfactoryresults
than the directmethod.

In concluding,ï wishto express my sincerestthanks to
ProfessorBancroftfor suggestingthe line of work, and to ac-
knowledgemygratefulappreciationof the numerousinvahaMe
suggestionshe has kindlyofferedduring its prosecution.

C~wMt~~tw~~



ON INDIFFERENT POINTS

BYPAU!.SAUREZ

If a bivariantor multivariantsystemis in equilibriumat a

given temperature and under a given pressure,the state of

equilibriumof thé systemis, in general,staMe thé massesof

the phases as weU as their concentrationsare determinate.

However,at exeeptionat points, which Duhem has ca!!edin-

diffèrentpoints,thé stateof equilibriumof a bivariantor mu!ti.

variant systemis indifferent. At sucha point the Systemcan

undergo,withoutchangeof temperatureor pressure,a reversible

changewhichchangesthe massesof the phases white leaving
their concentrationsunchanged.

I<etus denoteby n the nnmberof independentcomponents
and by r the number of phasesof thesystem. Let 9<~denote

the total massof the /-th componentandlet denotethemean
concentrationof this componentthroughoutthe system,that is

to say, let

__9~_

'~9~

FinaUy,let w~denote the massof the/-th componentwhichis

present in the unit of massof the ~thphase. Then, as wehave

shown,' thé necessaryandsunicientconditionsforan indifferent

pointare that each déterminantof the orderr thatcanbeformed

from the matrix

M,, M, M,~ Mn

M,, ?“, M~, M~,

<')

M~. ~M, MM, Mnt

shontdbe equalto zero.

Jour.Phys.Chem. 48(t~ot).
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It mayperhapshelp in making the meaning of 'this result
etear if westate it in geometrica!tenns. But for this purpose
it willbe necessaryfirstto tecall a few elementarypropositions
in analyticalgeometry.

Considera straightline. The positionof any point on the
line is detenninedby its distance from any fixed point of the
line ormoresymmetticallyby its distancesfromtwofixedpoints
of the line. Take twofixedpointsat a uait's distanceapartand
let xi, xs denotethedistancesfrom the two nxed points to any
givenpoint on the line. Then wehavenot only

~+~='. (:)

but also

A,+A~=o, (~)
in which A, and A, are constants. Equation may be called
thé equationof a point. If a secondpoint whosecoordinates
are is to coincidewith the pointxy, wemust have not
only equation3, but alsothé équation

A~,+A~==o. (~)

Fron thèse twoéquationsit followsthat

~). ~.i =0 (5)~°

is thé conditionthat the two points xand y coincide.
Considernext a plane. The positionof any point in the

plane is detenninedby its distances from two fixedintersecting
lines or moresymmetricallyby its distances frotn three fixed
lines forming a triangle. Take three fixed lines forming an
equilateraltrianglewhosealtitude is equalto i, and let 3denotethe distancesfromthèse three lines to any given pointt
in the plane. Then it can be easilyshownthat

~+~,+~,==t. (6)
It can also beshownthat the equationof any line in the plane
is of the form

At.r,+A~,+A~,==o, (7)
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in whieh A,, A,, A are constants. If we wish to express the r
fact that the three pointsx, y andlie in the same straight
line, we must write the equations

A,+A~+A~,=-=o,

A,+Aj',+A~==o. (8)

A, + A~,+ A~,= o.

Prom these it followsthat

~t.

=o (9)

is the conditionthat the threepointsx, y and a lie on the same

straight line.

A point in tlteplane is determinedby the intersectionof
two straight lines. Thus the positionof a point is determined

by the equations

A,~+A~+A~,=o,
(10)

B, +B~,+B~=o,

in which the A's and B'sareconstants.Fromthesewe find that

––?' ==– ~<
)
A,. A,)

A,. A, ) ) A,. A,
lA. A'I lA" AI1 1Bit A.I) B,. B, ) B.. B. t Bu B,

If we express the fact that a secondpoint ycoincideswith thé

point x weshall find that~ satisfy'equationsio and n.

Prom this it followsat oncethat

(t2)
Y, YI Ya

Accordinglywhen twopointsx and y coincide,thé following
conditionsare satisned

~-o. ~=<, (~-0,
~<' J't ~<' )1-

Consider finally an ordinary space of three dimensions.
The positionofany point in spaceis determinedbyits distances
from three fixed planes which meet in a point or more sym-
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metrieallyby its distancesfromfourfixedplanesforminga tetra-
hedron. Takefour fixedplanesforming a regular tetrahedron
whosealtitudeis eqnalto ï, and let x,, x., denote thédis.

tancesfromtheseplanesto anygivenpoint tn space. Then it
ean easilybeshowathat

.F,+.~+~,+~=)t. (14)

It can alsobe shownthat the equationof any plane in space is
of the form

A,+A~,+A~,+A~==o, (ts)

in whichA.,A,,As,A~are constants. If we wish to express
thefact that fourpointsx, y, and wlie in the same planewe
mustwritethe four equations

A~r,+ A~ + Ax, + A~, = o.

A~, + A~, + A~, + AJ'. = o.
(.6)

A, + A~, + A,?,+ A~. = o,

A,~ + Aw, + A,a', +A~ = o.

Fromtheseit followsthat

XI

=o (,?))
-<

` o (Iy)

~t.

is the conditionthat fourpointslie in the aameplane.
A straight line is detenninedby two planes. Thus the

equationsofa straight lineare

A,.f, +A~ + A~, + A..c.= o.

B~, + Br, + B~, + B,~
= o.

'~)

in which the A'sand B'sare constants. If we wish to express
the fact that three points x, yand z are on the same line, we
mustwriteequations t8 and the four analogousequationsob-
tainedby replacingx by yand by These equationsmay be
writtenin twogroupsof threeeacb. Front the first group we
findthat
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A. -A,

J~
M

1~<' <f<' ~4' j~

A, -A,

~t.
(t0~

r

xe, J' s, x" J' ga

and fromthe secondgroupwefindthat the B's are proportional
to the samedeterminants. But this cannot be true since thé

A's and B'sare notproportional. It followsthen that

~t.

XI j~ j, ==o, F, =o,

J~

~t'J~)' ~) ~t' ~*<'

~~J~ =0, ~f,. ==0. (20)

~t.

Ëquations 20are thusthe conditionsthat threepointsx, y, and

lie on the satne line.

A point is detenniaedby three planes. Thus the equa.
tions ofa point ate

A,+A~,+A~,+A~==o,
B,~ + B~ + B~ + B~ = o. (zt )

C~+C~+C~+C~~o.

Prom theseequationswefindthat X., .f, .r are propor-
tional to certaindeterminantswhichit is unnecessaryto write.

If we wish to expressthe factthat a point ycoincideswith point

x, weshall findthaty,, are proportionalto thésamede-

terminants. It followsthat

~=.~=~==~. (221

Accordingly when two pointsx and y coincidethe following
conditionsare satisfied
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~==o. ==o -=oo
~J~'

·

=<, =.. (~
jxu YsIl =

0,
1Xt.

Y,¡ =o,
1 X" yti=

o. (a3)
xa

Wemayextendthis fea~oningto spaceof morethan three
dimensions. Denoteby .r,, the n symmetricalco.
ordinatesofa pointia a flatspaceofM– i dimensions. If two

pointsx and y coincideit ean be shownthat everydeterminant
of the ordertwothat can beformedfromthe matrix

(~4)

isequalto zero.If threepointsx, y, and!ie onthe samestfaight
lineit can beshownthat everydeterminantof the order three
thatcanbe formedfromthe matrix

xi, ~)

<'5)

is equalto zero. If fourpointsx, y, and w He on the same

planeit can beshownthat everydetenninant of the orderfour
thateanbe formedfromthe matrix

(26)

x..

is equalto zero.

Fina!!yit canbe shown that the necessaryand sufficient
conditionthat r pointsx, y, z, shouldlie in thesameflat

spaceof r 2 dimensionsis that every determinant of order r
that canbe formedfromthe matrix
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~t. ~t.

~7)

j~,

beequalto zero.

If weobservethat thé concentrationsM/and satisfythé
conditions

a

~~=t. ~~==1, ~==t,2, (28)

~=" /='

it followsat once from the preceding discussionthat wecan
stateconditioni as follows

In orderthat a bivariantor multivariant systemofphases
beat an indiffèrentpoint it isnecessaryand sufficientthat the

representativepointof the systemand the representativepoints
of the r phaseslie in the same flat space of r 2 dimensions.
Inparticular,for a two-phasesystem the representativepoints
mustcoincide,fora three-phasesystemtheymustlie in thesame

straightline,fora four-phasesystemthey must lie in the same

plane.
Thé indifferentpointsofa bivariant or multivariantsystem

forma serieswhichis analogousto the seriesofstatesofequilib-
riumof a univariant system. At the indifferentpoint which

correspondsto a given temperature there are a determinate

equilibrium pressureand determinateequitibriumconcentra.
tions. In general,in passingfrom an indifferentpoint to an

adjacentindifferentpoint,theequilibriumconcentrationsof the

phaseschange. In general,then, in passingfroman indifferent

pointto an adjacentindifferentpoint, it will be necessaryto

changethe meanconcentrationsmi. However, the mean con-
centrations can bekept constant if the equilibrium concen.
tmtionsof the indifferentpoint vary with the temperaturein
sucha mannerthat the point, line, planeor r- 2 dimensional
flatwhichtheydéterminealwayscontainsthe point which the
meanconcentrations determine. Thus, for a two-phasesys-
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tem, the concentrationsof the two phasesm«st remainequal.
This will surelybe thé caseif oae of the phases is a phaseof

fixedcomposition. For a three-phasesystem,it isnecessarythat

thé line determinedby the concentrationsof tbe three phases

alwayspassthrough the pointdetenninedby the meanconcen-

tration~ M~. This will surely be thé case if two of tbe

phasesare phasesof fixedcomposition. Fora four-phasesystem
it is necessarythat the planedeterminedby the concentrations
of the four phasesalwayspassthrough the pointdeterminedby
thé concentrationsmi. This will surelybe the caseif three of

thephasesarephasesof fixed composition.
The simultaneousvaluesof thé temperaturesand pressures

of thé indiSerentpointsofa givensystemof phasescanbe rep-
resentedby a curve,the slopeofwhieh is given by Clapeyron's

équation,'

~n Q
~T TSV

în this equationT and n denotethe temperatureandthé pres-
sure,Q denotesthe heat absorbedby the systemduring a re-

versiblechangeat the indifferentpoint, and SVdenotesthé ac-

companyingInereasein volume. In general,as we passalong
this curve wemustchangethe mean concentrations In the

specialcase, when the mean concentrationscan be kept con.

stant, the systembehaveslike a univariant system.
In conclusionit may be observedthat in the caseof sys-

temsconsistingof three or more phases the indifferentpoint
correspondingto a giventemperaturecanoccurinsystemswhose
meanconcentrationsare different. Fora three-phasesystemthe

pointw, can takeany oneof an infinitenumberofpositionson
a limitedportionofa straight line. Fora four-phasesystemthe

pointM~can takeany oneof an infinitenumberof positionson
a limitedportionof a plane.

NewYork,~y~, /{XM.

Jour.Phys.Chem.s, 54(t9M).



BYH. R. CARVETH

Mechanicaicaniageofliquidparticies

In mostworkonvaporcompositiontherehas beenignored
the questionas to whetheror not very small particlesof thé
solutionarecarriedoverwith the vapor. If suchactnaHytakes

place,the velocityofdistillationwill be foundto havea definite
effecton thé concentrationof the distillate. Preliminaryex- cc
perimentsmadeby Mr.V. H. Gottscha!kconnrmmy own–no

appréciableeffectbasbeenobservedunderourexperimentalcon-
ditions. Moreaccurateexperimentson this subjectare neces-

sary beforethé exact conditionsfor avoidanceof this trouble

maybe determined. Thestudyof the actionofbaffleplatesand
otherengineeringsubjectsis intimatelyconnectedwith this topie.

If it ispossibleto havedistributedthrougha phaseparticles
liquidor solidwhichby somephysical propertymay be differ.
entiated fromotherparticlesin the phase, it is necessaryto ex.
aminesuchcasesfromthe view point of theory. Recent work
on the solutionphasewherecolloidsare presentraises the ques.
tion as to whetheranalogouscasesforthe vaporphasemaynotbe

found,i. e.,whereina vaporphasethere may beparticleswhich
are properlyclassifiedas liquid rather than vapor. Whether
the effecton the,propertieswill beas markedason thoseofcol.
loidal solutionsis difficultto state thé problemstill remains

open.

Twocomponents(onevolatile), three phases-solid, liquid,vaper
Whenin additionto a solutionand a vaporphase there is

presenta secondsolutionor a solidphase,the systemis univa-
riant. Ifonestartswitha solution(at itsownvaporpressure)and
a great excessof the solidphasesand passe,in the vaporof the
volatilecomponentat atmosphericpressure,thésystemwilltend
to pass to the temperatureat which three phasesare in equilib-

STUDIES IN VAPOR COMPOSITION,n.-(C~w~)
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riumat atmosphericpressure,and then to the temperatures at

whichthetwophases,vaporand unsaturatedsolution,existunder

thesamepressure. Whensteamwaspassedintoasohttiooof
calciumchloridemixedwitha considerableamountof the solid,
thetempératureas indicatedbythe thennometerrosecontinually
untit,as in oneexperimentperformedina silveredvacunmtube,

the boiling-pointof ï6s°(/=~44)wasreached; after remaining
at this pointuntil the calcium chloride had all dissolved,thé

temperaturefell,since thesystemwas now striving toward the

boiling-pointofan infinitelydilute calcium chloridesolution.

Thetemperaturerose,passedthrougha tnaximumand again fell; t

this, however,is not comparableto the other casesin this paper !<

wherethe samephenomenonbas been observed,becauseunder
the conditionschosenthe rangeof temperature is not fromthe t

boiling-pointofone substanceto thatof the other.

Anyonewho basevef attempted todetermine with accn-

racythe boiling-pointof saturatedsalt solutionswill appreciate
the effectof varyingamountsof the solid phase present. The
methodofvaporheatingproposedin this paperseemsto offer a

readyexperimentalmethodfor suchdetemnnations. It will be
foundhere, however,that the velocityofsolutionof somesalts
is very !owand this may affect the observation,so that the
actual maximumobservedis not the highesttemperatureattain-

able,i. e., is not the true boi!ing.pointof thé solution. This
shouldbeutostreadily reachedby slowpassageof the vaporand

safeguardingfromtoogreatlossof heat. Readjustmentbetween
the phasestakesplacemoreandmoreslowlythegreaterthe num-
berof phasesconcerned.

Some experimentson the variation in thé boiling-point
observablewithsaturatedsolutionsweremadeforus by Mr. A.
W. Browne. Makinguseofa saturatedsolutionof ammonium

sulphate,hefound1.6~ (Beckmann)as thetempératureat which
the solid firststarted to appear. Asmoreand moreof thé solid

separated,thé successivereadingswereï.6y, i.yo,0.80,0.30,and
0.20. Whenenoughwaterhad beenaddedto formunsaturated

solution,andthesolutionwasevaporateduntil solidjustappeared,
t L

t
<
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the boiling-point(in a vesselof glass, nickel, or silver)rose to

1.68°,showingthat the changedue to volatilizationof ammo.
nia couMbynomeansaceountforthedi~reoce. Experiments
repeatedundermanyvaryingconditionsshowthat potassiumand
sodiumsulphates,chloridesand nitrates,behavelike théammo.
niumsulphate-the presenceof freshlyprecipitatedsolidphase
lowersthe apparentboiling.pointof the solution. Further ex-

perimentsby Mr.J. E. Root, whose results may laterbe pub.
lished,connrmthis fact.

The regularBeckmannmethodbasbeenusedto determine
the boiling-pointsof saturatedsolutions,but hereagainwehave
foundthe difficultyof the displacementof the zetoreadingwith
the velocityof heating. In work whereone requiresthe true

boiting.pointfortheoreticalwork, this Beckmannmethodwill
notdo; weresortedthereforeto the methodofvaporheating.

For sometime wemadeuseof theapparatusshownin Fig.
î morerecentlythis bas beentnodifiedas indicatedin Pig. 5,
the objectbeingto avoid expensivebreakageand to allow of
bettercontrol. The modificationconsistsin making the appa-
ratus in two piecesinsteadofone as waspreviouslydone. The
lowerend of thé vaporheaterpassesthronghthe cork of a 500
ccdistillingflask. The corka!sc carriesa thermometerand a

two-waystopcock, which serves either as a safetyvalve or
as a meansof adding more solvent. Into the innertube was

put pure salt, or saturatedsolution into the distillingflask
a solution of the same salt saturated at its boiling-point.
The vaporfromthe latter passesinto the inner vessel. tn the
caseof auxnoniunt sulphate, fifteensuccessivereadingsmade
overan intervalof oneanda hulfhoursshoweda maximumdevi-
ationfrom 1.53°to !.55°, with an increasein barometricpres-
sureof i mm. In this caseelectricheating wasalso employed
at thé sametimethat steamwasbeingpassed,but thiswasfound
not to be absolutelynecessary,the extra supply of heat really
servingto compensatefor radiationloss.

Concentrationbysuperheatedvapor

That, by passingin the vapor at a higher temperature,thé
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Rntxttnn mnv tsolutionmaybc concentratedveryappreciablybas beendemon-

strated in the casewherevaporfroma veryconcentratedcalcium

chloridesolutionwaspassedintoasolutionofmagnesiumsulphate.
Thé appatatuse<ap!oyedisshownin Fig. 5. Thé amount of

r–~Bin

effectiveworkwhichcan be performeddependsonthe differences

oftemperatureand on the specificheat of the vapor. In this

specifiecasethe differencein temperaturesof the vapors above

the two solutionswasabout 20°,the specifieheat ofwatervapor
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abottt0.39 as a consequence,onegramof water vapor given
offby the chloridesolutionwould,if no heat loss took place
whileit wasbeing transferred,carry with it fromthé boiling
solutionin the inner tube moreof the solventby giving to it
about8 caloriesper gramof vaporpassedin,thusconcentrating
the solutionin the innertube. The moreeffectivethéprotection
fromradiationlosses,the moreefficientmustbe the concentra.
tion. The applicationof this methodwouldbe a uselesswaste
of time wereit not that it is the onlyonewhichhasbeen tried
in this laboratoryby whichit has beenfoundpossibleto deter-
minewith any degreeofaccuracytheboiling.pointofa saturated
solution. It obviates the danger ofsuperheatingpresentin all
workwhereglassvesselsare heatedovera freeflame,doesaway
withfillingmateriatandavoidstheeffectsdueto thépresenceofa
solidphase. The readingsareeasilymade,themaximumbeing
chosenas the boiling-point,becauseit is coincidentwith the
appearanceof the solidphasewhich in this casewhere tracs.
parentvesselsare employediseasilyobservable.Whilefor very
exactwork it tnay not be allowableto considerthis maximum
températureas the true boiling-point,becausesupersaturation =

maybe present,neverthelessthé probableerrormaybeobtained
by comparing the result with that obtainedby the converse
methodof solution.

If sodesiredthe verysimpledeviceofnsinga trapallowsof
the return to the outerboilingflaskof the volatilecomponent
frontthe inner tube, thus making theconcentratorperfectlyau-
tomaticand allowingof excellentcontrol. In this connection
it mightbe mentionedthat the veryingeniousapparatusdevised
by Beckmann'may be applied to the methodof determining
vaporcompositionsbythe boiling-pointmethodemployedbythe
author*forrough determinations. It is certain;however,that a
vaporheaterprovidedwith a boilingvesselandtrap will be far
lessfragileand just as serviceableas the newBeckmanntype
whetherthe apparatusbe usedfor molecularweigutor forvapor
compositionwork.

Zeit.phys.Chem.40.t4S(tOM).
Jour.Phyt.Chem. t~:}(tS~).
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Of courseonemayemploysteammore bighly superheated
in order to obtainmorerapid evaporationif such is desirable.
In sucha caseas this, superheatedsteamis passedinto theoMter

jacket of the apparatusshownin Fig. ï, thence into thé inner
tube. Care mustof coursebe taken not to hâve the water at
such a temperatureas to producedecompositionproducts. (la
caseswherecalciumchloridesolutionis employed,it must not
be forgottenthat at its boilingtemperaturetbissolutiongivesoff
small amountsof hydrochloricacid.)

It is of coursenot necessarythat the vapor of the solvent
be used-any indifferentgas highly heated is also effective.
In technicalpracticethesuperheatedgas or vapor is frequently
passedover, but rarelythroughthe solutionbeing concentrated.
In the laboratorythe methodmaybeemployedin increasingthe
velocityof cvaporationwherematerialofconstructionisexpen-
sive,e. g., in the volatilizationof hydrofluorieacid frombeakers
which may not be heated externaUy. The extensionof the
method to the déterminationof physicalconstants is readily
conceivable.

Twocomponents,threephases liquid, liquid,vaper
A fewexperitttentshavebeenmadewith liquidswhichare

not thoroughlymiscibleevenat theboHing-point. Chloroform,
wbich was slightly impure,waspassedintoboiling watercon-
tained in the innertube. The temperaturefett in abouttwenty
secondsto 57.90 (~ = 743.8)and then rose slowly. Onpass-
ing the mixed vaporsofwaterandchloroforminto boilingwater
the temperature had faUenat the end of two and one-half
minutes to 58.4°( = ~i.y). In this casethe impuritieshad
a very markedeffect.

With benzenein the innertube andwaterin the outer, the
benzenehad evaporatedcompletelybeforethé thermometerbe-
cameconstant. With positionsreversed,the nHa! mixture in
the inner tube boiledat 68.85°(~ = 745.2). Naumanngives
the valueof 68.8°at = 74~5.

The bestconditionsforobservingthe minimumcorrespond
to those in the caseofsolid,solutionandvapor,where the vapor
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fromthe systemis passedinto the samesystemheldin thé inner
tube. This allowsof a far morespeedyreadjustmentofall con-
ditionfactors,and is the one whichshouldbe ttsedin all work
wherequantitativemeasurementsarebeing made.

Twocomponents fourphases

Starting withany invariant system,the mère increaseof
the volumeof vaporwill bring no change in thé system. If,
however,the vaporis capableof supplyingheat,théchangewill
be toward a univariant and then toward a divariant system.
Amongsuch caseswouldhave to beconsideredthé cryohydric,
eutecticand inversionpoints– (t) solidsolvent,solute,solution
and vapor; (2)two solids,solutionand vapor; (;})onesolid,two
solutionsand vapor. Whenbut oneof the componentsis vola.
ti!e,the phenomenaas observed(e. g., constancyof temperature
conditionfactorsat invariantpoint)shoutdbe thé satneas those
observablein simpleheatingorcoolingwork. Whenbothcom-
poundsare volatile,the case ismerelyan extensionof thé titrée-
phasesystemofferinglittle moreof interest.

VaporpresettfeabydMfereatialmethods
If into theouter vesseloneputs alwaysthe systemwith thé

higher vaporpressureandinto theinnerthat withthe lowervapor
pressure,and keepsthe apparatusat constanttemperaturea bub.
ble ofvapor maynot passtitroughthesotutionunlessthedriving
pressureis equalto the externat pressureplus the columnof so.
lution in thé inner tube. ËqnUibriumis présentwhenthé bub.
ble doesnot passthrough. The methodthen offersa variation
for the démonstrationofdifferencesof vapor pressuresat con-
stant temperatureas wellas differencesin temperatureat con-
stant pressure; it is not,however,of suchgreatpracticalservice
as the latter.

What constitutesa component?
The definitionof a componentisalwaysgivenby reference

to the numberof limitationsixtppsedon the possiblenumber of
constituents,everynewconditionlesseningthe numberof com.
ponentsby one; e. g., ifone bas thé four possibleconstituents,
K, Na, NO)and CI, withonly one limitation– that K Na ==
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NO)+ CI foreveryphase,thenumberof componentsis three.'
With a one-phasesystemthe degreeof variance cannot be to!d
without itnposingcertain conditions: io other wofds, phase
separationis mostintimatelyassociatedwith the definitionof a

component. On other hand, A is ~«~t~~
work certain limitationsare present,thetï'~<w~<~ a'~
as ~ot~aw~maybeafM~M~<~

If the phasebasbeenseparatedand a further readjnstment
takes placewith measurablevelocityin that orsomeother phase
in eqnHibtittmwith it, it is knownthat equilibriumbas not been

reached,that possiblythereis some change in the components
of the system, and hence that the variance is not constant.
White makingany kindof tneasuietoentin a phase, e. g., the
determinationofany conditionfactor,it is frequentlyfoundthat
thé elementof timebas to be very carefully considered. The
unwritten opinionof chemistsseems to be that whensuch a

changetakesplacein a one-phasesystem,there is present some

change physical or chemical. As an instance, one might
take the caseof methyl alcoholandacetic acid. When mixed
in eqttivatentparts,the solutionishomogeneousandthe physical
propertiesdefinite,butafter a time, the physical and chemical

propertieshavechanged,the velocityofchange dependingupon
the temperatureand other controllable factors. Among the

propertieswhosechangeis mostreadilymeasurableis the vapor
pressure. ln this particularinstance the boiling temperature
will fall as timepasses. If the boUing.pointchanges with the

time, it is certainthat somerearrangementbas taken place in
the solution, in ordinary indefinitelangttage, some physical
or chemicalchange; the initial conditions were not those of

equilibrium.

Vetccityofreadjustment
The velocitywith whichreadjustmenttakes place nowap-

pears in a newlight-as an indicatorof rearrangement in the
solutionphaseitself. Whenbenzenewaspassedintoalcoho!,or
water into thesolutionof a non.volatilesait, thé readjustment

Cf.PhaeeRule,p.M6. i
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took placewith great rapidity. Théchemicalor physical con.
stants or conditionfactorsdid not vary with the time,–e. g.,
if the tiquidin the inner tube was taken ont and boiled for a

long interval, there was no change observableon bringing it
back to its initial condition. This wouldnot be thé case if one

passedmethylalcoholinto acetic acid or vice-versa,or mixed
and boiledthe two materials. The studyof velocityvariations

may indicatethereforewhetherone is dealingwitha system in
a state ofequilibriumornot.

An articleby Christiansenonthe boiling-pointsofmixtures
of chloraland water' showedthat by his methodofdeterniining
boiling-points,he could not reprodncethe results,nor did he
offeran explanationfor the peculiarbehavior. Otherobservers
have studiedthe dissociationof chloral hydrate, obtainingcon.

tradictoryresultswhich Ostwald*recordswithout offering ex-

planation. Attracted by the difficultiesof the subject, we at-

temptedby meansof the vaporheatingmethodtorediscoverthe
minimumwhich Chrisdansenhad found. It was found that

start~agwith chloraland water one minimum could be found

very stronglymarked,but that the whole courseof the curve
was very uncertain, maxima and minima occurringin great
numbers,but not reproducibleat the same temperature. This
wasprobablydue to the fact that in our endeavorsto use small
amountsof material,everyoperationchangedthe historyof the
chloral-watermixtures. Thé thermometerreadings are not

given as noattention wasat that timepaid to the thermal treat.
mentof themixtureand reproductionis thereforeimpossible.

This nowindicatedvery clearlythat in the solution some

readjustmentwas taking placeand that somenew factor, prob-
ably the formationof chloralhydrate, was exercisingan influ-
ence. In sucha case whileone might, by referring to separa-
tion by crystallizationor distillation, decide arbitrarily that

the numberof independentcomponentswastwo,it is still con-
ceivablethat if the reactionvelocitycouldbe decreasedthé sys.

Jottf.Phys.Chem.3,585(t8~).
'Oatwatd.ï<ehrbach,9ot(t89)).).
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tem mightonthe samegroundsberegarded as a thre~compo.
nent, water,chloral,and the compound.

Acaseexactlyanatogousto the above was discovered by
Mr.V. H. Gottschatkwhilestudyingthe systemaceticanhydride
and water. The curvesobtainedby the vapor heating method
showedsingu!arpoints at differenttempératuresaccording to
the mannerin whichthey wereobtained. When conductivity
wasemployedastheanalyticalagent,furtherexaminationshowed
that tliiswasbecausethe reactionvelocityevenat thé boiling.
point is low. This systemmaybe regarded thereforenot as a
two but as a three-componentsystem.

Thé bearingof this on thé occurrenceof more than one
singular pointin the boiling-pointcurveof a systemis obvions.

ThecurveforonecomponentAand the compound AB might
showa maximum,a minimum,or might be normal; the corn.
pound ABwith the componentB might also be abnormal or
normal. Passiug therefore from A to B and examining the
boiting-pointsof mixtures in equilibrium, one might hâve
numerouscombinations,two minima and one maximum, two
maximaandoneminimum,etc. If more than one compound
wereformed,the numberof singularpoints might be increased
indefinitely.

If compoundsmaybe formedand the measurementof the
boilingtempératurebemadebeforeequilibritunbasbeen reached,
the boilingcurveforthis instableconditionmaygive onemuch
informationin regardto thé formationor decompositionof com-
pounds.

At presentthe only one case of' a two-componentsystem
whichseemsto showbotha maximumand a minimum is the
fluidpair,sulphurdioxideandmethylchloride,'which however
has not beenexaminedfromthispointof view. M~M~~<
aboveknown,C~ ~M/ M~~ /At/ in /M~ workthe first

ÏM examittationof any ~M~ry~M is art ~/<MM~
discover/M~M/MM~<M~.

Amongtypicalcasesof systemswhichare apparently two.

Caubet.Cotuptesrendue,t~t,to8(1900).
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component,but are not truly such, may be cited: su!phnr tri-

oxideand water,chloral and atcohol,acetone and chloroform,
carbonandsulphur. The compoundmay showa boiling-point

lyinghigher or lowerthaneithercomponentoreiseintermediate

thereto. In casessuch as sulphur and chlorine one may have

a seriesof compoundswhich may be isolated by resorting to

differentmethodsofseparation,distillation atone not being at

att conclusivesincethe compoundmay dissociatein the vapor.
In suchcasesit is absolutelyimpossibleto statewhat thé num.

berofcomponentspresentmayactuallybe, in order to foresee

whatmaybe observedunderstipposedcircumstances. In exam.

iningsucha case,however,caremust be taken to ensure the

presenceof equilibrium conditions. Doubtlessmany of the

peculiarrelationsfoundin phaseseparationby freezing,erysta!.

lization,etc., will later be tracedbackto thé formationof com-

pounds.
Threecomponentaonevolatile,twonon-volatile

In thiscasethevaporisofconstantcomposition.Thestudy
of thé temperaturechangeswithvarying concentrationmaybe

followedvery readilyby meansof the methodof vaporheating.
Unsaturatedsolutionsmaybe carriedto saturationby meansof

thesuperheatedvapor,ormolecularweightdéterminationsmay
be carriedout in the satne solutions. This subject will in a

subsequentpaper bediscussedin regard to its bearing on frac-

tionalcr~'staJ!)xation.
The cases in three-componentwork which are of interest

are thosesubject to easycontrol,i. e., univariantand divariant.

One is alsointerestedin the passagetoward those, but until a

trivariant is reached,thé temperaturechangesinpassingupward
meanabsolutelynothing.

Threç4compouents,notreacting twovolatile

Giventhree componentsof which A and B are, and C is

not, volatile,it is possibleto learn much about the vapor corn.

positionsfroma studyof the boiîing'pointrelationsof saturated

solutions. If one starts witha saturatedsolutionof C in A at
the boiling-pointand passes in B as vapor, thé thermom-
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etre indicates readings teadin~ toward thé temperature of
ebullitionof the saturated solution of C in B. The boil.
ing curve as observedmay be either normal or present a
maximumor minimum. When the three-phasesystem chang.
ingfromAandCtoB andCshowsanormalcurve,wearealways
dealingwitha bivariantsystem,the relation of A to B in the
solutionbeingdifferentfromwhat it is in the vapor. If three
phasesare presentat the maximumor minimum,we knowthat
weare reallydealingwith a univariant systembecause the re.
movalof the vaporis doneat definitetemperatureunderdefinite
pressure,and hencethe concentration is determined. In other
words,withan abnormalcurve, the relation of A to B is at. a
definitepointthe samein the vaporas in the solution.

The varioustypeswhich may be observedunder this head.
ingare

(t) The binarypair of volatilecomponentsgives a normal
curve,whilethe samesystemwith a third componentadded to
saturationmayshowa normalor abnormalcurve.

(2) The binarypair maygive a curve with maximumor
minimum,while the temary system may be either normal or
abnormal.

ln suchsystemsthe conditionswhich wewish to examine
relateto the effectof the third non.volatilecomponenton the
concentrationand temperaturechanges, on the vapor compo-
sition,andon the behavioronfractionaldistillation.

In the casewherea binary pair giving a normalcurve still
givesa normaleurvewith a ternarysystem, it has been found
thatwith the latter thé boilingeurve lies higher, and that the
curveof vapor compositionis displaced toward the side in
whichthe non-volatilecomponentis least soluble. This holds
justasweltin thecaseofunsaturatedaswith saturatedsolutions.'s

The additionof thé third componentwill therefore hinder
the workof fractionaldephlegmationif the substanceadded is
moresolublein the morevolatileand help if tt is more soluble

'MittM.Jour.Phy&.Chem.t~ (t897). GaM.Zeit.anotg.Chem.
a:6(!90t). AbeggundRieaenfeMZeit.phya.Chem.40,84(t~M).
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in the lessvolatile. For an exampleof the latter, the addition

ofsodiumchlorideto anacetone-watermixturehelps in thé sepa.
ration by distillation,the sodiumchloridebeing more solublein

water. The additionof a non'volatileorganic body soluble in

acetoneand insolubleih water wouldhinder the separationby
distillation.

Whenthe binarypair givingthenormalcurve showsonthé

additionofa third componenta maximumor minimum,a very ]

peculiardisplacementof the vaporcompositioncurve would be

indicatedwhosecauseor significanceis not at present fully un-

derstood. Peculiarsolubilityorreactionrelationsmight lead to

thé discoveryof such a case. Ifa maximumwere present,frac-

tional dephlegmationwouldgivethemorevolatile over at first,
the lessvolatilereturningto the boiting flask. The indicated

boiling-pointin the Oaskmightthereforerise, pass to a maxi-

OtNmand thenfall again,in thecourseof a continued fraction.

ation. !n casea minimumwerepresentthéboHing.pointtnight

fall, passthrougha minimumandthen rise again. In the case

of directdistillation,theboiling-pointwouldrise to the maximum

or the boiling-pointsofthesaturatedsolutionsofthe components.
In such casesthe use ofdirectdistillationas a means of separa.
tion isvery ineffectivecomparedwithfractionationmethods.

If the ternarysystemshowsa normalcurvewhite the binary
is abnormal,the displacementin vaporcompositionproducedby
thé additionof the third componentis as markedas in the last

case. On direct distillation, the boiling-pointof the solution

will rise continuouslyuntil the temperature remains constant

whereone is distilling overonepure component. Such a case

may probablybeobtainedwith calciumchloride, hydrochloric
acid and water. The behavioronfractionaldephlegmationmay
be examinedin this fashion. Thevaporcontains continuously

varying amountsof A and B (two-componentsystem) which

are dephlegmatedby othercontinuouslyvaryingsolutions of A

and B. Thé temperaturesindicatedby the distilling vapormay,

therefore,rise,pass througha maximumand then fall. If the

normalcurveshowsa minimum,this mixture on fractionation
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distilsoverfirstof at! and the boiling-pointof the vapor rises

continttously the boiling.pointof thé solutionitselfmay faUor

mayriseonfractionatian.

The last twoproblenlaticalcasesconsideredofferfar leesof
iuterestthan the casewherean abnormalbinary curve remains
abnormalin thé ternary System. Thé displacementdue to sol-

ubilityeffectsis still present in this case. Direct distillation
wouMof courserestiltin thé boiling-pointrisingcontinuouslyto
thé maximumpoint of thé ternary systemwhere thé solution
and vapor contain the same relative amounts of A and B.

Dephtegmationof the vaporwouldagain mean the passageof
solutionsofA andB into othersolutionsof A and B with the

concomitantchangesin the temperaturesaud concentrationsof
solutionand vapor.

Dephlegmationin three-componentwork

It bas alreadybeenseen that the fractioningcolumnworks

by performingin oneapparatusa verygreat number of fraction-
ations. The questionarises, can thé displacementeffectedby
the additionof a third componentbe increasedby combininga
number of fractionationsinto onemoreeffectivelythan by the
useof the fractioningcolumn, working with a two-component
system? Taking a spécifiecase,–wotttd the separationof

hydrochloricacidand water bydistillationbe more effectiveif
in additionto solidcalciumchtoride in the still, one put solid

anhydroussalt in the sti!head ? Wouldthe sti!head itselfbe
more effectivethan one containing glass beads atone? This
casebas not beentested. Experimentsmadewithalcohol-water
mixtureswith limein the stiH.headshowedvery little improve.
ment over glass beads, thé experimental conditions being
exactly atike. In freeing carbon bisulphide from water, the
useof limein thécolumnwasverymuchmoreeSective. This
methodis of coursemerely a variation of that emp!oyedfre.

qnent!ywhereforexample the vaporsare passedover ntetattic
sodiumas a dehydratingagent,only that in thé latter caseother

decompositionproductsare formed. Thé methodmay be ofad-
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vantage in certain spécifiecases, but is probablyof restricted

usefulness.

DehydratiMby distillation

The ordinarymethodof dehydrating aqueous salts in an

exsiccatorsaltsholdingwaterof crystallization dépendson the

distillationofwatervaporfronta place of higher to lower pres-

sure. This takes consideraMetime,and thé questionarosewhether

it could not be performedmorerapidly bydirect distillation.

The salt chosenwasferricchlorideholding twelvemoleculesof

water. This wasput into the inner tube of the apparatus (Fig.

5)andbenzenevaporpassedthroughit the \'aporissuingwascon.

densed,aud droppedthrougha calcium chloride tube back into

theflaskcontainingthéboilingbenzene. In thefirstexperiment,

with 100gramsofthe salt, theamount of waterlost in one hour

wassix grams,or about13percentof the totalwatercontent. In

thesecondrun with i !0grams,thé loss of water in two hours

was22 grams, or 50 percent,the compositionof the final mix-

ture correspondingto the hexahydrate. In the third experi.

ment 64 gramsof the pentahydrate lost 4 gramsin forty-five

minutes, or about 30 percentof the total watercontent.

The substancewhichis to be used to carryover the water

vapordependsonthestabilityof the salt. In this casewe were

unable to detecta traceof hydrochloricacidcarriedover by 50

gramsof benzene. While,the method is very rapid,its use is

suggestedmainlyforthe caseswhererapid workor largeamounts

of material are required.
Threecomponents all volatile

ïn the case where the components are all miscible,the

maximumnumberof phasesbeing two, the systemis trivarianti

toomany variableshavethereforeto be nxed to study the sys.

temfrom thé viewpointofvapor heating. Schreinemakers' is

examiningsuchcases from another standpoint. The effectof

the third componenton thé displacement of thé maximunt or

minimumshoutd prove very interesting for example, might

Zett.phys.Chem.36.t57.4~. 7M 37,n~ 38,M?(!9M) 39.~5

C9M).
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benzene,addedto watef'atcoho!mixtures,not displacethe vapor
compositionverydecidedly? Even whena secondliquid phase
appearsthe systemwill in most casesbe divariaot. In connec-
tion withfractionaldistillation work, attention mustbe directed
to onepoint–that it is perfectly feasible to separateby frac-
tionaldistiUatiocwith steam or other immiscible solvent. In
somecasesthe amountof liquidreturned to the still maybe too

great,but this.trouble is easilyobviated.
The relation between displacement in vapor composition

and catatyticor solventaction may be iUMstmtedbyreferenceto
the actionof hydrochloricacid on metbyl alcohol. When the
acidvaporis passedin, a very small amountof methylchloride

isformed. The presenceof zincchloride– dehydrating agent
-increases the velocityof the reactionto a great exteat This
is probablynot due to solubility alone, but might also be at.

tributed to re-arrattgementproducedby the presenceof thesalt
e. g., formationof unstablecompounds. It may laterbe found

that evenwhereno new chemical product is fonned, the addi.
tion ofthe third componentexercisesan effectnot of solubility
alone, but also of re-activity. It followsnaturally that the

questionof yield is ioNuencedvery decidedlyby the displace-
mentsdue to solubilityeffects.

Malti-cempeaentsystems

Likeall othersthesehave first to be examined in regardto

their reactivity. This determined, the same conditionsbold
whichhavebeenappliedabove in determiningthe significance
of changingfactors.

Vaporheatingmethodappliedinotherwork

Thé apparatusdescribedin Figs. i or 5may be appliedin

laboratoryworkforseverat parposes. In the first placeit is a

serviceableformfor the checking of thermometersat the boil-

ing-pointsof variousliquids. Thé methodneedsno furtherde-

scription. It may alsobeused to find the purity of a volatile

substance in exactly the same manner as is indicatedby the

thermometerplacedat théhead of a Hempetcolumn. In cases

wherethe substanceshows a maximum or minimum boiling.
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point withanothersubstanceeasilyobtained in a pure state, the

methodmaybe emp!oyedto test the purity of the reagentsbe-

causeherewe hâve another fixedpoint. This was shown by

expetimentson chloroformand water (p. ~26). It basalsobeen
usedin this laboratoryfor the detectionof volatileacidsorbases i

givenoffbya boitingsolution,the solutionformedin the inner
tube there reactinguponthe reagentor elsebeingwithdrawnfor

testingafterward. In this wayit has beenpossibleto easilyde-

tectammonia~ndhydrochloricacid in the hydrolyzedsolutions s

of varioussaltscontainingthem,e. g., ammoniumacetate,or sul.

phate,zincchloride,magnesiumchloride, etc. For this work,
the heating produced by the absorption militates somewhat =

againstthe useof the apparatus.

Summary

In this paper on applied Phase Rule work, it has been

shownhowby the examinationof condition factors there have

beendiscoveredpracticalandsimple experimentalmethods

(i) For the rapid determinationof the generalcourseof a

boilingcurveformixturesof twovolatilecomponentsi

(2) For the exactdeterminationof vaporcompositioni

(3) For concentratingsolutionsand determining the exact

boiling-pointsof solutions, saturated or unsaturated; hence a

modifiedapparatusfor molecularweight determinationby the

vaporheatingmethod.

(~) For dehydrationof saltsand liquids

(5) For the displacementofmaximumorminimumboiling-

points,and the examinationof this displacement.
Thé study hasshownthe rationalmethodfor tbe avoidance

ofsuperheating; hasdiscussedthe ideal formof dephlegmators,

indicating their action; has described for the nrst time the

methodof continuousseparationby distillation,and shownthat

economyof operationand purity of product go hand in hand
has indicatedthe necessityof lookingfor velocity terms before

undertakingany study involvingthe separationof phases; and

in generalhas shownhow three-and multi-componentsystems
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mayat timesbe referredback to systemsofa smallernumberof
componeuts.

To his studette especiatlyMt. Ira W. Derby, the wnteï
wishesto expresshis thanks for bearty co.opemtton to Profes-
sor Bancroftfor suggestionand kindly criticism he is deeply
indebted,

t~M~ M'Ftf~'H~



NOTE ON THE OPTICAL ROTATORY POWER OF

CANË.SUGARWHEN DISSOLVED tN AMINES

BYGUYMAURtCEWHCOX

In a récent investigation*it wasshown that pyridineso!n'

tions of cane-sagarhave a much higher rotatory powerthan

aqueoussolutionsof the samestrength. It seemedof interestto

determinethe effectofother solventson the optical activityof

sugar. At thé suggestionof Prof. Kahlenbergthe solubilityof

sugarin someof the amines was tried, and it was found that

sugardissolvesin isopropylamine,allylamine, and amylamine
morereadi!ythan it doesin pyridine. EspcciaHyis this truein

the caseofallylamine,in which sugar dissolvesuntit a thick

syrupis formed. Whenthe solventswereevaporatedfrom the

solutions,crystalsweredepositedwhichdid not lose materially
in weightwhenheatedto 90° in an oven, or when desiccated

forseveraldaysoversutphuric acid. They thereforeconsisted

of puresugar and werenot compoundsof sugar andthesotvents

ttsed.

Beforedetermining the effect of these solventson the

rotatorypowerof sugar,it wasdesiredto findout whetherdry-

ingsugarby heat causedany change in its rotation. Aquantity
of the best loafsugar was thoroughly pulverized in a mortar.

Partof it wasspreadona large evaporatingdish and dried in

an ovenat 90° forabout two hours. Another part was dried

forseveraldaysoverstrongsutphuricacid. Ten percent solu-

tionsin waterwere prepared from each portion and from the

undriedsugar. Severalmeasurementsof thé rotationin a tube

twodcmlong were made with a Landolt-Lippichpolariscope
manufacturedby Schmidtand Haensch,and the followingaver-

ageresuitswereobtained Sugar driedby heat gave a rotation

of8.501°; sugar dried over sulphuric acid, 8.503°; undried

sugar,8.500". Thèsevariationsare within the limitsofexperi-

G.M.Wilcox.Jour.Phys.Chem.S.SS?('89').
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mentalerror. Thé averagedensityof the solutionswas1.0322,
whence[<t]~°was foundto be 66.5~.

In the experimentswithaminesheat-driedsugar wasused.
Asonly small quantitiesofthe solventswereon hand, MeasMre-
mentswere made in a onedcmtube. This tube was provided
witha water jacket and had an opening ia one side, through
whiehthe bulb of a thermometercouldbe placeddirectly in
the solution. The allylaminewas obtained from Schuchardt
andhad beendriedforsometimewith fusedcausticpotash. It

appearedpetfeetlyclearand wasused without further prepara-
tion. A seriesof three solutionsgave the followingresults

.1v~

PetcentM~t DeMity ag"

6.25 0795 3.yg ~.5
'50

1
0.826 y~s 749

25.oo 0.898 16.63 74.'
Aconsiderabledecreasein thé speci&cîotation is nottceaHeas
theconcentrationincreases.

Thé amylaminewas of Kahlbaums make. It wasdried
withfusedcausticpotashandredistilled,nearlyall passingover
between9~.7<'and 97° at a pressureof 746mm. Sugar is less
solublein this thanin allylamine. The solventitself wasfound
to beopticatlyactive,givinga négative rotation of 0.58° in a
tubeone dcm long. Aftercorrectionfor this, the followingre-
sultswere obtained

–

PercentMgar Deaaity r~l's"

3.!S5 0.7602 !.25 77.0
6.250 0.7754 3.00 y~.?

12.500 o.8o6o 6.79 73'
MIL- < <The isopropylaminecame hermeticallysealed in a glass

tube from Schuchardtand wasused as obtainedwithout redis-
tilling. As only a smallquantitywas at hand,a singlesolution
waspreparedand carefullymeasured. Thefollowingresultwas
obtained
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Percent sugar 1 DeMity <
°

M?*

6.35 0.749 3.4s 73.7

Tt- j~ –i. ~.t.-i. ~i ~t~_ ~t ~< t tIt is evident that sugar in all three of these solvents,as in

pyridine,hasa much higherspecifierotatory power than when
dissolvedin water.

Onaccountof the lowboiling-pointof the solvents(except

the amylamine)and the extremely pungent and disagreeable
odorwhenheated,no effortwasmade to determinethe effectof

changeof temperatureuponthe rotation of these solutions.

Sincethese solventsare formedfrom ammoniaby substitu-

tion,the effectof ammoniaon the rotatorypowerof sugar is of

interestia this connection. Ost' foundthat sugar dissolvedin

strongammoniasolutionhasits rotatory powerincreased. Two

detenninationsof the rotationof a 10 percent solutionof sugar
in 25percentammoniaweremade to test thisand gaveanaver-

ageof 60.1as the value of ["]~°. Stronger solutionsofammo-

nia couldnot well be usedat ordinary temperatures.
For comparisonwith the rotation of sugarin waterand in

pyridinethe aboveresultsaregraphicaUyrepresentedin the ac-

companyingfigure. Thé data for the aqueoussolutionwereob-
tainedfromthe work ofTo!!ens,*those for thepyridinesotution
fromthe articlealreadymentioned.;Franklinand Kraus~found
that sugarisvery solublein liquid ammonia. A determination
of its specifierotation in this solvent would be of interest. It
has notyet beenattempted,although the experimentaldifficul-

tiesonewouldencounterare not insurmountable.

Curveï is for sugar in pyridine. CurvesII and III show

thé rotationof sugar in amylamineand allylamine. CurvesIV

and V give the rotation in isopropylamineand in 2~percent
ammonia. CurveVI is for the aqueoussolutionofsugar.

NeaeZeit.fMfRubeaz.Jud.s, 4:.
Ber. chem.Ges.Berlin,t7,175(iSSt).
'G.M.WUcox.t.c.

Am.Chem.Joar.90,8~ (îS~S).
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AUthesesolventswhich causethe rotation of sugar to in.
ctease arestrong bases. While theseorganicbasesand ammo-
nia increasethe rotationofsugar, thehydroxidesand the saltsof
the alkali metals,whenaddedto aqueoussugar sotntions,cause

~s~

the rotatory powerto decrease.
Sugarisknowntoha~.H~tly

~TT' and ~J~b!~
pounds

are
bnn.d in the casesaboveinvestigated,the rotatorypower clearlyindicatesthat tccsecompoundsof su~f with thesolventsdo ex!st in the solutions.

~a~en!< ~~H,~
M<tM~< ~wc~M,

~~t~MM,f~
~<')',VpM.



NEWBOOKS

LeMixteet la Combinaisonchimique. By P. /?M~M. Il X j~ cw,'

~07. ~tfM.- C. Naud, /j)OF.– If webring together sugarand water,the sugar
willdMappearand we ahat)bave a oyrupyliquid whicb Is not pure water. One

wayof lookingat the matter lato assume that we have a mechanicalmixture of
moleculesof sugar and of water. With a microscopeof fabutoustyhigh power
wecould see the particlesof Bttgarbetweenthe water particles just as we can

dietiaguishoate ffom cent when the two are M!xed in a peck measure. An.
other wayis to say that wehâve nelther water nor sugar present,but a newMh-

staaeehavingproperties diffenng more or leu completely from those of thé

components. Since wecan get baek pure water and pure eugarfrom this new

substance,wemast recogMtiœthe potential existence of water and sugar in the
mixture or solution though denying the actual existence of either. Thé Cn't of
thete view<washeld in early times by the Greek atomisticphilosopheraundet

Bpicnros,and is set forth clearly in the versesof LucKtius. Thé second view
was heM by the pefipatette phitosopheMand wasfonnulated by Aristotte.

la this volume under considération, Dubemhas traced the developmentof
the conceptionof a mixture o)-solution from the days of the Greeka to the

presenttime. Through the MiddleAges the views of the petipateticphiloso-
phere pfedominated but there camea change with the seventeenthcentury.
BothBaconand Deacartesheld the atotnhtic view though their conceptions
dXferedin somedetaib fromthose of Epicurus. lu thé eighteenthcentury, the
inNuenceof Newton was felt and the as<umptioasof mutua) attractions and

repulaionawere introduced to account for phenomena which Descarteshad ex<

ptafaedbyassumptions in regard to the shapeof the atoms. A kinetic theory
wasMbatitutedfor a dynamic theory.

The devetopmentsof the nineteenth century are the law of conservation
of mass, the law of definite and multiple proportions, the defiaitionof an
elementand ofa compound, the M!ationbetween the chemicalfonanjaand thé

equivalentweightB,thé structure formula without and with steteochetnistry,
the conceptionof valence. Doben) outlines this growth of chemicfttscience
withoutpostulatingor denying the existence of aton)o. The fact that this can
be done teada to thé question of the tMefuhtessof the atonie theoryat ail.

Accordingto Duhem, thé only point in favor of the atomic theory is that it
makesthe law of definiteand multiple proportionsappear as a necessaryconse.

quenceand not as a most surprising and unexpected tact.
The real reason, in Duhem's mind, for rejecting the atotnic hypothesis, ia

to be found in the success Mjowin~ the application of themodynamies to

chemistry. While the atonie theory has unquestionably been of great im.

portancein enaMing us to prepare and to classifyan enonnoM numberof com.

pounds,it haa not been of vaine in leading to new )aws. Duhem sketches thé

growthofchemicat mechtnics hased on thennodynamics" and shows that
the only distinction which can be made thermodynaatically betweena com-
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,mnna tiea Il e.~a. u
that the follows definite~d multiple~ort).M white the latter d~ not. t. other w. ~M.n a substance.f v.n.bb coM~ti.. in whichcertain c<.Mdt~t. are pot~tMty tho~h~

actually preseut. Wehavecomebaek to tbe viewof Arlatotie,
tt'htte thie ia moreor leu DuhemS~~ farther ~aa mM;. people wtttcare
t.fot

The Mt.~tng p~~ p. h an ./t)~
.~) ~S a substarce with variable compositionmerely

and is the chemical componnd~hf~ î" free ~P°" For ch~cat
principlesof thermodynamics,theae questionshave no 1neanÎng.

A.it.thb.t.ten,enti.t~e<t)-em..We do not know and we donot muchcare whetherhydriodieacid ~M.. hydrogen and Min. <n,.u.h~
Mt but weare very much intereatedi. the question whether a vapor baviug
~r~f~ r~~
hydriodic acid, hydrogen aud lodine. It M Mt correct to say "ehem~tmecha.~ b~d ~.ty the principles of th.M,odyM~ J~E

between these two cases. m one case, the system will behaveIike a
.n~mp..ent~~u, m the secondc~. more or Jesslike tw.~n,pon~~te. 'rhedt~kedif~t.ke~.J.n, oxide and carbonicacid in equivalentquandties. Duhem M'
page 195,that the '°" asked on page '93lislegitimate, providedwe~n de.termine the {~n).t potentials of the substancesactually present.What D~hem i. trying to proveand whathe h.. resily broughtont clearly
bth.tth.p~nttre.d.f~t:6cth..ghtin.h~i~~ f~ ~S

To this exteat wehave approached the pointof viewof AriatoUe.
The book.s a most intefMtiag and wetc.mebit of work. Although nomi-

philosophy,it will«ppeat p~~nty ~h~.and .houtd be read by .Mchemista, Wilder D.
The ~ctMW.th~ oi Ore<MtcChemistry. Dy A~~ C<~n~

~~A&A~. ~X~ pp. New Mac-
~~C~y. 7~lnpr.p.n.ti.fthi. new edition, advantage hasbeen taken of the opportunity offeredto correct a number of errors in the first
~~i~ ? ~t the ~hGenn.. editionof Pro-fessor book. 1" many c~ the laboratory directions have been
improved,a number of newiHu~tioM havebeen added, andthe Special Part
..win.m.th<~ for the p~tio..f glycol, dimethytcyctEn~..xyteno) ph~ythyd~yta~e. nitroso benzene, ~yt aldehyde (Gatter-
mann.Kochsynthesis), ~icyHca.d.hyde (Ri~r..dT!en~n.aSSeaynth~). e.p~.h).dde. th.d.c..np~thmof inactive .Mdd!~d:Xits active c<~t,tue.t,. and a zinc d~t determination. The p~MMtioM.~
acetyteMandaeetytenetetMbfomtdehavebeett.mitted"

~<sot

Thelaboratory T"~ !='"a standardwork and bas Bt<~ thetest of actualuse in the laboratory, It ), not unfair to assume that it coMea
very n~t to realizingthe organe chemiat'aidea of a laboratory manuat Thé
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author has donc what he trled to do with great MeceM– barring the chapteron
fractional crystattization,which is hopeleisslybehindthe tintée. The question
is whether the present high standard of loboratory mamtatafor organic chem-
ht<cannot profitablybe raised atiMhigher. Tttemainobjectsof the laboratory
course,aa et present given, are to give thé student praetice!nmanipulationand

fatuiliarity with the propertiesof the substances handted. This la necefary,
but it )s not neeeMtnyto atophère. Thé atudentehoxtdlearn moreabout thé

conditions. If there is ao time to study these in the laboratory,they thoutd be

giventn the text of the manual. Let us take the firstexperiment in the book,

the synthesisof ethyl bromide. The student ie told to add 90 g of alcoliol
withoutcoo!in~ ta 20og sulphuric acid, then tocoolandadd 7~g of ice-wate!'

and afterwarda <oog of finely pulverized potassium bromide. The mixture in

subjectedto distillation, which )Mat not be too slow. If these directions are

fot!owed,att wi!t be wet!as far as the o/nthes): of ethyl bromide le coneerMed
but howabout thé etudent? The student ought to teamwhy more than twice

the theoretical amount of alcohol la taken, why it is not necessary to cool the

autphutic acid white adding atcoho!, wby that amonotofstt!pht)ncacidh taken
and not some other, why the water i9 added after the atechot and "Mtphttrtc
acidhave been mixed aod not before, why the potassiumbromideisadded last

iasteadof the sulphuric acid, why the distillation n)Mt not be too atow,and

whatwouldbc the effectof varytog the relative proportions. Theseare ail im-

portant points which thé student ought ta know and which will someday be

Includedin every laboratory course. When that time comes it will be per-
celvedthat tt la moreimportant to incorporate the anaweMto thèse questionsin
the text than to inctade brief noteson the general theory of thé reaction since

these latter are to be found in any text-boott on organicchemistry.
Onp.) t3. the translator writes For thepreparationof ethyl benzènethé

ethyl bromide thus purined cannot be used." Thé German original reads
For the preparation of ethyl benitene it la not necessaryto purify thé ethyl

bromide!n thia way." WilderD. FM<y~

TheBïpaaefMofGasMbyHMi. ~<t«/< (.&M~<-
~Mo~, A~o. ) X~o ~< ~<- + /<&. New York The ~M~-tMM
~00~C<w<~t!M.f./oo~. /~f'<f.' AonH<~oo. Thereare given one article by
Datton.one by Gay-Lussac,one by Biot, two byRegnault,and an abstractof a

paper by Chappuis. The selection bas been wett.toadeand the volume is

worthyof its place in the series. ~7< D. Faw~

Strom- und SpaBattn~mMeungtn au Kathalen ta Eat!adan~M6hren.
~tt'/t'/a/MMM~~ ~«- /M<«~ der ~M<a'do«ndi der AcA~M~<7o~A-
M~AM/*0~f<a< der /t'M<~<v<tM~</M<t/~f!<7<ï< zu ~/aM~s. By
~~A«f~AM~. ~X~CW,- /0. ~<f~ S. /JM/. /M~

paper, Mar~.–ThiBis the author's "<</<7<t~<'M~A~" et the University
of Ertangen. Thé chief conclusion reached is that the eunent nows only
throngh that portionof the cathode whichglows. It wasalso proved that the
carrent density is less with cun'ed cathodes at the inaer portion than at the

ottter,though this differencedisappearawith increasingpressures.
Wilder D. FaM~~
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T~C~~Wj <<~S~M~<}~A<M~M/ ~) ? ~JTM, as ~OM~f as ~M~A/<,
~~a< <<~t <a« /<M.t~<< <t~MMMo<~t)y «~«Ma~ phau ~Ay~~ C'A<wMn'.

Cmeral 1

On the ctaatMMttenet thé atonie w«gMe of néon, argm. krypton, and
MMa. H~. Comptes~M. tM, 7~ (/;??). –Théauthor betiewee
that the group of jnert gâtes betongstohie series H X ?", neonbeing the firat,
aud nitrogea the secondof this series. A

Beat of MtttiM betweenMbatmMsaa MtMeand ae geMe.
C~~M ~~M, t34, < (~~). -"thé beat set free in the teaetioa of a Mb-
~nee in a soM etateand under a ptesaïe equal to the vapor pressure,and the
heat set free in the teaottoaof the samesubstances)n the gaseoMsstate at coa-
ttant volumetends towardthe same valueat the absolute ~M." W. D. B.

PKdactiee and maintenanceof lowtempeMttttes. <M«! Comptes
M~~a~.'39,~c(/).–Theaathotebtaias tempemtures down to -60" by
placing methyt chloride ta a poMm eatthenware ~essei, thé spoata<teot)s
evaporationbeing enough to lower thetemperaturewithout blowingair through
the MqxM. For temperatufeadowa to Mo" solid cafbontc aciddissolved ia
acetone}sused. With liquid air, the enthor nseoa bath of petroleum ether
which doesnot freeMat ï~

A new method ot hantMaf;Mqaea<<gaeoa in <Mled tubes. /y. Moissan.
CM~M~~M. '39,7<N(/oo/).–Toobtain tempemtMresdown to–too" the
author recommendethepassageof air througha solution of solid catbonic acid
tn acétone for towertempératureshe tdvtses the use of liquid air or of liquid
oxygen. Whenhehastostadythe action of liquefied gasea on a solid lu a
eeated tube, he usesglaastubesof an ietenta! diameter varying from 11/2 mm
to 6 mm, and an externat diameter varyingfrom6 mm to to nnn. Theee tubes
will stand pressures varying from <ooto 30o atmospherea. tn order to Mat
them, the solid and liquefiedga<are introduced into the tube and the liquefied
gas soMiBedby cooling. It iz then, of course, perfectly easy to Mat the tube.
Beforeopening the tube, the réaction productashould again be converted htto
the solid state. This methodis not possiblewhen hydrogen is set free dutingthe reaction bécane then the tubes inwtaNy break. W. D. B.

CompoMdeofatnn~amtMetidewithaMtaJtchtoddM. E. Baud. Comples
y~t<<M,133,~oo(/oo/). –fhennochemieat data.

0~-C~Mj~ Syslttns

Formation of iee ln thé voteanoM of Auvergne dafia~ the aommM.
P. Clanzeaud. Comptesrendus, t93, W (~<M). -1" hot weather the rate of
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evaporation la 80great !n the porous lavabeds )athé Auvergnemountaine that
lce is formed even though the normal temperature ts 35" in the shade. [!t
wouldseem as though a dry wind wouldbeesxentia!]. W.D. B.

Oa the beUtng.pttntot Mteatam Md on eomeether pyrometrieCMMt<m<9.
D. ~~Af/o/. < WM/M, 134, (/The boitlng-point of
selenium <afoundto be 6go°Inateadof the prevlouslyacceptedvalue of 665°.
Achange of baromètre preMUfeof )o mm caMSMa changeof f in théboiling-
point. Thé aMthortOMMeMthé fottowingboittag-pointias fairly well estab.
tithed setenhtnt6~o",cadmium778* zinc~tS". W.D.

Some phyetcat pMpetttM of hydro~n MteaMt. R. de Forçrand and
/'<M-<MM. 0)M~Mw«/<M, 134, (/oo~).–HydK)gensetenide boih)
at –49° and solidifiesat –64". Ita deMity la about a.M at its boiling-point.

f~. n. B.

VapotpreaaMM~f hydrogen eeteaMeand the dtaMtbtien of tta hydrate.
R. /aH</ and /MM./)«MM<. Comptesrendus,t34, ( /{??).– Thé
authora have detemined thé vapor pressuresof Mquidhydrogen selenide et
fot)ftetnpeMtufe9,ffomwMch theycattntate a motecularheat of vaporization
of4740calories. This value agreea well with the requirements of Trouton'a
lawfor liquidewhichare not polymerized.

Tt<echange with the temperatureof diMoeittioopMMMteof the hydrate of

hydrogen selenidebas aiso beendeterminedaad its heat of formation is calcu-
latedat 16,82ocalories. W.D. B.

Comparbon botwoon thé pmpMttMof hydrogenmteaMe and hyato~M
odpbide. de /n!«J and /'OM<'J./M<!CM.Comptesrendus, <M,
(~~). –TbecWticat pte<!U)-esofbydmgenaa!phMeandhyd<cgenselenideare
almost identfca) thebéats of formationof the hydrates are nearly the same,
and so are thé molecularheats of vaporization. The vapor pressurecurves are
oearty parallel and both substances show valuescorresponding to normal
molecular weights in thé tiquid. WMtethé generaldata forhydrogensetenide
aad hydrogen sulphide are aimilar, bothare veryd!<fereatfromthe correspond.
ing values for water. W. D. B.

Preparation MOpMperKeoaf a new ttUconhydfMe. ~MM« and S.
~<7<'jr. CoM~/M t34, 569(/pM). Byacting on magoe~un)silicide
with aqneoM hydrochloriéacid and condenaingtbegas evotved,there is formed
e colorless mobitcliquid boilingat + s: and freezingat t~ tt takes lire
apontancouslyin thé presenceof air at ordinarytemperataresand buras with a
britHant Oame,depositingamorphoussiliconand silica. Hadensityi< greater
than that of water in whieh the tiquid isbut slightlysoluble. Atabout aso" the

vapordécomposesinto aiticooaad hydrogen. Thecompositionof this substance
i<representedby the formula 8i,H.. W. D. B.

On the ateMHatimo<mettUt md thé atstMM meMa. C. W. A'<
~«w. K. and P. Seidler. & «<wy. Chem. /77 (/)??).–By
WM'Mngunder verylow pressurethe authors haw sacceededin distilling cop-
per, Htver, gold, !ead,zinc, cadmium, teHarium,antimonyand bismuth. There
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was no MtMfactoryévidenceof a MatdistHtationof tin. Thé authorsehowthat
a fractional distillation in vacuogtveaone a very pore tnetal indeed and they
have therefore xtudied the densities, apeci6c beats and optical properties of

these dtstitted metals. Theycatt attention to the very seftottserrors existing
lu mostdensity determinationsaad special measaronents of their ownwhereby

copper waasMbjectedtoapreasHMof to,oooat)))MpheMBin M:tor oit ahowed

thatavetryNafkedincteaseofdensity took place under these eifCMntstancea.
White a tnarked change in deotity was obtained forcopper under pTMSMte,thé
other metalsdid not show so deantte <t) effect. The apecific heat changed
with the denaity, deereasiag with inofeMtttg density but the change in so

a!ight as atmost to lie withinthe limita of experimental errot. < D. B.

OntheMtaMon~S=~=-K.
R. de Forcrand. Co~~ rendits,

'34,7~ (~M*). – From Regnawtt'eexperiments on vapw ptessures ot Mqnid
aMmonta,the author bascalculatedthe tno!ectt)arheatofvaportimtioaforevo'y
5°. Thé heata of vapotizatiomdecrease with increaaing température,ttecreae-

ing more MpM!ythe hlgher the temperature. The value for the boMng.potnt
under 160mm pressure''otmpooda veryc)f<se!ywith the valuecalculated from
the ammoniacalmetalliechlorides. ïn the case''of ammonia the author'a law

appears to hotd in ail phyeica!or chemicat phenotnena the heat of solidifica-
tion of a motecujeof a gas Is ptroportionatto the absotuteboitiog-potntunder a

pressure of ?6omm. t~. j9.

Onthe thermal eqoivateata.the 6iM<etttiM, the vaporisationana thé beat
of fusionof ammenta. R. de /<!t~. Complest~<!M. tM, 70~ (/po~).
Ptom the author's formata hededucesthe relation that a substancewMchboita
at M"absolute temperature under atmosphericpteesure bas a heat of vaporiza-

tion nt this temperatureof cal. He checks thia by eompadson with thé
33-33

data for the ammoniacalmetallicchlorides. D. B.

Heat of fosteoof Mqoidammeata. /!<MTM:~«~ 6'. ~/iMM/.Comptes
w«/M, '34.7~ (/~c~).–The Mthors show that the heat of fusion of sotid
ammonia coatd have been calculated iairty acewatety from de Porcïand'a

formula. They also point out that the difference betweenthe niolecular heats
of vaporization of ammottiaand of water isexactly what it abouldbewhen one

takes into accoaat the differeucehetweenthe boiUog.pomtsof the two liquida.
W.D. B.

Onthe molecularweight at the botHa~-peint. R. de Forcrand. C~M~M
~'«<<<M.t33, ( /oo/ Assuming tho autbor'9 extensionofTronton's )aw to

solida, it is possible to calculatethemolecular weight. On thisassumption he
finds IJ for iodine, Hg, for mercury,S, to 89.0for sulphur, and (HNO.)
foi nittic acid.. W.D. B.

The metMMtarweight of chloralhydrate at thé boiting-point. R. di ~b<

crand. ~w<~M~«~M, t33, ~7~ (igoi).-The author concludes that liquid
chloral hydrate at ita bo)!)ng-potntcontainsabout foorpercent of undissociated

cMora!hydrate. This conctusionisdeducedfromanappUeathmof the author's
formata (preceding review). W.Z). B.
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Catcotathm of the heat MtbtiaMtteaand the heat of fusion of some

etemeote. ~7'fW!!M< Comptes <M, t39. (/oo/).–Bymeans
of theanthor's formula (preceding rêviez) a heat of vaporization of t6,<76
calories is calculated for P,. On the assumption of As, a value of eo,;so
calorieais calculated for the eumeof the heatsof fusion and vaporization. The “

correspondingvalue for Se, la ao.t~ocaioriet,and for C~90,000calories.

D. A

e A newvolatile aatt e<bKyUtmn. C. Orbain and H. Lacombe. ~M~/M

rendus, !33, (/oo/). When berytUumhydrozide is evaporated with di!«te

acetic acidand the gummy mass dissolvedinpure acetie acid, cryttatsofabMic

M!tare obtained readity soluble in chloroform. This new salt meits et :8~
and distils without decomposition at }~o. The vapor demity determinations

correspond to aHatcmie weight Be= 9. W.D. B.

Cdticat constante and molecularccntpbitity ot the bigher hyarewbMa.
A. Cwy~aMi/P. ~<t/ ComplesMn~, <33,/~7 (/po/).–TheaMthora

have determined the ratio of the molecularrefraction to critical coelficient,the

ratio of thé real critical denaity to the theoreticatcritical density, and the con-

staot/~for durent, diphenylmethane, diphenyl,and naphthalene. The reaults'

showthat these substanceshave normal molecularweights in the Hquid phase.
?'. A

Critical constants and meteentar complexityof some organic eontponaes.
P. A. C/<.c<'and P. ~/< Comples rendus, 134, /< (/~('~).–Anisot,

phenetoi. Meresot, aniline, dimethyl aniline, and dimethyt-o-totuiditte ahow

the ehanctëristict of liquidawhich are not polymerized. On the other hand,
nve aliphatic nitriles showed very marked polymerization, the ratio of the

actua! density to the theoreUcatdenslty being5.93for acetonitnte, whichia the

highest vatueyct observed. W. D. A

Preparation and properties of metaUtcniobium. H. ~MMM. Comptes

f~~M, !33,~o(/90/).–Niobttei9tni:tedwith augar charcoal and heated in

an etectric furnace. An aHoyof nioMum,taetahttnand carbon is thw obtained.

This massis converted into naotantatates and Suon!obates, and separated by
the method of Mangnac. Niobieacid ia mixedwith charcoal and heated in an

etectrie farnace. Aningot of niobiumi<thMobtained, containing twoor three

percent of carbon. This niobium scratchesquartz and does not meit in the

oxyhydrogen Oatne. ïtia readity attacked by fluorine and forma a volatile

chloride whenheated with chlorine to about900' Water vapor doea not act

on this niobiunteven at 6oo". j0. A

Preparationef tantatam ia the electric tamace. H. Moissan. Co~~

~f~M, 134, (/).–Tantatic acid wMobtained from the mixture of

columbiumand tantalum, as describedin thepreceding review. Ita purity waa

assured by determination of density and molecular weight. On heating the

oxide with carbon in the electric furnace,a brilliant metallic maMwasobtained

containing small amounts of carbon. This tantatuM scratches glass and rock

cryatal, la infusiblein the oxyhydrogen blowpipe,which, however, changes it

into oxide. It bas a deneity of it.y~asagaiMt thevatueof to.78fOHndby Rose.

D. B.
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8MM propertteaof fMe<tUrne. ~c/~a. C~~ ~M..M. /j<
(~ao~).–PMte limefnsMin the oxyhydrogen Mowpipeonty when thé gMes
are dry, intimate!ymixed and are exactly in thé ratio of twoparta of hydrogen
to one ofoxygen. Ou the other hattd, it can be melted without difficulty and
made to bot! with an arc oî 300 ampères end 50 to 70 volts. When a

graphite cytinderIs dippedinto fused lime, there is 6rat a formationof calcium
carMdeand then of calcium. Silicon b at once o~dized to ailles. and a basic
silicate je fonued. D. B.

y~-C!M<t~<MM~~Mt
0

Contributionto thé etndye<atamtntmt-tMaMdtttamtnnm-nMnetMMaUoye.
L. Guillet. CO~/M~<M, <34, ~<!(/~). -The author bas prepared the

following compounds Fe,A),,FeAl" Mn,A),tMttAt,,aedMeA~. D. B.

Stn<y of aUoysof atmainam and tBetybdeaum. L. Ct~/M. Comptes
rendus, t93, ( /~). – The author hat i-edueedmotybdic acid with atom:-
num powder. Froma atudyof the aMoyathas obtained, he deduceethe exist.
MM of the toHawingcompouod~:At,Mo.A),Mo,At,Mo,AtMo,AtMO.,AtMO~.

D. B.

Contribxttoato the atudy of tin~tatnianm alloya. Cf«7/ Comptes
rendus, t93, o~(~M).–The author bas reduced canote acid by meansof
metattie alminum and bas aucceeded in <Mtat!ag the two compounds, A)8n
and At~Sx. W. D. B.

The «Heya of ttomtoom and BM~estam. 0. Boudouard. Comptes
rendus, '33. /oo~(/~o~).–By the action of ammontnm chloride solution on
magaesiuot-atuminumalloys the author ha~ separated the compoundsA)Mg,,
A!Mg.aad AttMg. W. D. B.

Tte ctMmtttt equilibrium in eyetema containing iroa and carbon. G.

C4a~ and C~f~. ChM~t ~f~M, t9<, /<~ (/oo~. –Some of the con-
clusions Romeboomdrawa!Hregard to the formation of graphite in cast iroa
aeemed to be in contradiction with some of the experimental tacts. The
authors showthat the iron in the experiments in questioncontainedsiliconand
that the presenceof ailiconhMaa marked effect on the eeparationof graphite.

W. D. B.

On thé eitptoetea of ateeta at high toaptMtmfee. G. CX~.f aM</
Grenet. C~w~ ~f~M, '34t~~ <~C~~)– For températuresnp to 650" the
coefficientsof expansionare practically the Mme. no matter what the percent.
age compositionofcarbou. Above this temperature the coefMents are nearly
the same for steelacontainingleasthan 0.85percent of carbon but are diner-
ent for those cottaining more carbon. D. B.

Stttdy of thé transformation of ateeta by meaoa of the dU~temeter. C.

C4<t~ and C~w/. Comptes rendus, tMt (igoa).-All ateeh begtn
to change at 700"regardlessof thé carbon content. The amountof contraction
at this teaiperature varieswith the percent ofcarbon prêtent, reachinga maxi.
mum when the atee)contains0.85percent carbonand being less for any other
concentration. On raisittgthe temperature stiit further a second contraction
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takes place, whichie a graduai oneand caa be observed only with steeis con. ?

talning more than 06$ percentof carbon. W. D. B.

On the etate ofstHeoota Met troa. MMs. Ow~/M M~M~,13;, /<w~

(/jM'7).–Theaathortwhohawe otudied the properties of ailicon in iron and

steel bave hitherto decided that this silicon was present i)t &mttd solution.

The author decidesthat !t Is thereas a compoundSiPe,, which, however, forme

a eotMsolution with the Mce)Bof iron. 'the only proof for this assumption ta

that Nitftcacid or thé double chlorideof copperand potMsintndoes not attack

amorphona MticonwM!eit doeaattack the eiliconln iroa. It m dear that this

MgaoMnt bas HtMeor no weight. A F.

On the coattcands of goldandchlorine. F. Meyer. ComptesM'~fM, <93,

(/!?/). –By acting on Caety powderedgotd with Hqdd ehiortne, the

authot bas preparedaaHc cbloride. He bas then determined the dissociation

presaot~s both foraurie eMorideand for eoroM chloride at vafioua tempêta-
tures. D. B.

AtUono<gMeeMeammoniaonthe hyatechterMeaof thé fatty amines. F.

Bidet. Comptes rendus, <39,3J8 (/oo/).–Ato''apfemareof)4o,)nm was

found as equilibriumpressurewhen gaaeoueammonia in vafying antonnts iB

added to ethyl ammonium chloride, Thé author seema to believe that this

pTessutewiHbe the sa<))e,no matter how much ammonia ia added but this

can be true only so long as there are « +1 phases pte~eet. With ammoniaand

dietbyl ammonium chloride, the correspondingpressureis 891mm.

W. D. B.

OnthecompcBtUoaofthegMhydmtM. A~T'M~. CMM~fwt~nt,

'34' ~t 9P~(/<KM').–Thé author points ont that it is verydifEcutt to analyze

so!id gas hydrates. Thus, Paraday obtained 10 of water for the water in

chlorine hydrate, Rosebaant 8 of water, and Villard assumes that the value

shoutd be 6. The author attempts to Mtve the problem by means of his

fonnuta. He Snds in this wayvalue of 7,dMering therefore from thèse ob.

tained by other people. W. D. A

Heat et formationof chlorinehydrate. R. de /<!M<f. Comptes M~</fM.

'33' 0~ (/oo/).–Therntochemicat measorementsgive )857cat for thé heat

of formation ofchlorine hydrate, white thevaluecalculated from the dissocia-

tion pressures is t8.6cal. D. B.

On the MhtMMtyof dtett!ci))mphosphate ht pOK water. A. ~«<~M.

Ow<MWt</M, !34,(/p<'?).–Thea))thori!ee)na to believe that thé con-

centration of the sotutiondépendeupon thetime and on the ratio between the

atnounts of sait and thé volumeof water but it is probable that these conch).

sions mean nothing more that)that equilibriumia reachedvery slowly. Under

auch circumstaoces,the apparent xotubitityat the end ofany given time wouid

appear to ))ea funetionof the maMof the salt. W. D. B.

Cempeunasof alcoholwith cMerMesofntMganeaeMd cobait. F. FoM~«w.

C<'M~ ~~«ï, 134,555(~OM).–MangMesechioridecrystsMzes from abso.

tute alcobol with three of alcohol; cobalt chloride with two and one-baMof
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attobol. AithydrousnickelcMoride,on the other haed, dtMotvesbat e!ow!yin

boilingalcoholand la appafenttydecomposedby tt to some extent.

~A

CtyataNtMttono< certem oxiOe.J. ~~a. ~M. '99, ~o~
(/oc/). –Thé author bas crysta)Mi!edcerium oxidefromfmedtoditua cMortde,
fused borax,and fusedpotassiumMtphate. In eacbcrnethé crystalsare oeta-
hedftc, {eotMptc,cotctte~, and ttanapaKOt but the densityvaries from7.3 to
8.0, dependinguponthe temparatute. Agt~otah olivecolorof theM-yotaHii~d
oxide Mdue to the presenceof a fenwMeatt. A B.

FK~amtionM<ptope)ttteteipetM~))mhya)titt. H. MtJ;ssan. eo~
~fM~M,<34, (/). –By the actionof bydrogenon potassiumat a tempes
atMfeofgeo"the~ formed a white cryotattine hydride baving the formula
KH. Thisie decomposedat onceby water, takes 6te whencooled tu auottae,
chlorineand dry oxygen,'and tea veryenergetie reducingagent. D. F.

PMpamtieaand propertiea of Mdtma hydrlde. ff. Moissan. Cbmptes
~Mf<M,<M.7/ (/{XM). –Théhydrideùf sodiumh madein thesaMeway tMthe
hydride of potassium(precedingreview) and haeatmitarproperties,

D. B.

AMwayotteettef tonnte aeM. ~<~MaM. Comptes~M, t94, ~o/
(/). -On treating potassiumhydride at ordinary températureswith carbon
dioxide, thereis formedpotassiumformate. On treatingwithcathonmonoxide,
there isformedpotassiumformateand carbon. c. B.

VaporpKMamof MtatioBe. y~< CbM~ ~~M, tas (/po/ ).
–"Witha<o!veot whiehdoeanottake part in the chemicat reaction, tf thé
substitutionof a substanceA fora substanceB !n the compoundBCtakes place
with evolutionof heat, thé vaporpressureof the solvent ie h!gherwhon thcte
is in solutiona givenmaMof ACthan when there lapresentan eqnivateatmaM
otSC." W. D. B.

OttittWMiMpointafor the hMtotaHttUoa. ~.<.0~on. <~w~
'33. (~~). – Aa aqaeonssolutionof sodiumcMorideat 52" haano heat of
dilution. Anormalsolutionof hydroehtohcadd haaa zeroheat of dilution at
83°, a doublenormalso!at)onat !oo*. D. B.

OatheottaUoneeMtMteterMttMtntiona. ~t<'x. C~/MtM~,
'33. /~7 (/!?/). –Thé author findethat the tempemtnreat wMch the heat of
dilution b zerola tndepettdeatof the concentration of any neutra! eatt. Theae
tempetatHresare s:" for sodiumcbtoride, 64.5°for potassiumchloride, 116<'for
sodiumnitrate, and tM" for potassiumnitrate. Theoetast two vatueawere ob-
taincd byextrapolation. /).

ThenMtaMy of soUdhydMtMof petMaiamhyeKitide. R. de~wt!)~.
Comptesrendus, t33, 157(/eo/).–FroMmea9MtBa)enteofthe thermochemical
heata of solution, the author deduces the existence of KOH, KOH.o.;H,0,
KOH.H.O, KOH.2HO. The author makes no referenceto the freezing-point.
work of Pickering,though that workis concluaivewhitethis is not.

~AA
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ThMCMtstnty ot Botidhydrates 01 sodium hy~MMe. 7?. de /%ww«<

Cbw~/Mrendus, <33, (/{?/). – Proma stady of the thennochemicat béats

of sotMtion,thé aothor deducesthe existenceof the compounds 3NaOH.2H,O,

NaOH.H,0. <NaOH.7H,0. W. &

Heats ot solutionofsettdand ttqoM<unmon<<at y;* <m<hoat of fusion of

aotMaauaonta. C.~<M~ ~~<w~M.<94.~(~{w~).–Theheato{
solution of liquid ammottiaat –7;* and tiquidwater at + to" is 1.77cal. The

heats of sotMionof solidammoniais –0.068 cal and in conséquence,the heat
of fusion of M!idam<no))iaia t.S~Scat. These valuesreferred to ty gMtne
of ammonia. W. D. B.

8pectachMtan<«tomtem<tMofvaa<<iam. C.~i:~M<M<t«<< Co

C~M//Mrendus, !34, (/po~). – Thé axthoAhave prepared ferro.vanadium

containing about yt percentof iron. They have determined the specificheat
of this attoy and bavefound the molecularand speci6c hents of vanadiumfrom
these data, assumingan additive relation. tn this way they nod an atomicheat
of 6.4.

Analloy of atuminumand vanaCiumbas been prepared which is believed
to bea compoundwith a form AtVa. Fmnt thé specMcheat of this a!)cythey
dedttte at) atomtcbeat forvanadiumof 6.35. IV.D. B.

Onthé prepamttMof batim. A. <?f«! CbM~<M~w<~M,t33,~ (~co/).
–Barium amalgam wasplacedin a porcelaintube andheated gently and regu-
larly by etectricity. Under thèsecircametancee90 percent of the mercury it
driven off by the time the température reaches850", and all of it at a temper-
ature of tooo*. The barium melts below tooo° and appesrs to boH at about

t'S" The metalthus obtainedIswhite and nearly as soft as lead.

OntneiatMcatMnttumMdKahydtMe.<4.CM«~. C~M<«/«~, tgg,
(/?o/). – Meta!!icstrontiumbas beenobtainedby driving off the mercuryfrom
strontium amalgamin the same waythat the anthor obtained barium. Stron-

tium ia very like barium, but metta at a higher temperature and doM not
combine so teadtty with Mquidammonta. When strontium la heated with

hydrogen there is formeda whitehydride having the formula SrH,.

Oothe<tUoyaofette))M)M<wt<hztn«m<tcadmtam. C<!a<< G~M
WM~$, t33, /<~ (/~). By heating dry strontium iodide with zinc and

meta!uc sodiMMin a dosed vesse!,the author hasobtainedan alloy of zinc and

strontium containing t8 percent strontium. By evaporating M vacuo this
could beconcentrated veryconstderabty,but it was not possibleto obtaio pure
strontium beeausethis metal evaporatedwith the zinc. Pure strontium conM
not beobtained in this wayfromthe cadmiumalloy, though an attoy was pre-

pared containing 45 percentetrontium. D. B.

Investigationson calciumstUcMe. H. Moissanand W./MM~. Cb~M
rendus, !34. jof (~~) – When time is fused in presence of an excMsof

silicon, there is formed the compoundCaS! This substance is attacked but

W. /?. B.

/?.
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elowlyby water.morerapidly by dilate bydrocbloricacid. tn both caséethere
h tvotutionofhydrogen but no formattoa ofeottd silicon hydride.

W.D. B.

On MtMefnaatimeaMe aad on Mme aUeyaof (ht9 aetat. P. Z~~«.
Comptesw«<M.<34, (/oo~). – The author bas prepared an additionalc~ye.
tallizedcompoundofantiBMny and lithium having the formula SbM,. This
wasobtainedby electrolyzing a mixture of potassium and lithium eModdea
withan antlmonycathode. It waeimpossibleto get any satisfactoryresults by
thedirectMttooof n~taUte lithium on Mtimonybecause the reaction WMtoo
~)eet. W. D. B.

Oe the Mtien of Uthinm ammoniumon MttmMy and the pmpMttMo<
HtMamMttmenMe. Z~MM. Comptesrendus, !34. (/~).-l.ithiom
an)mon!untfMcttwtthaatitt)Otty{o)f)BingthecompoMnd8bU,. the same Mb-

ttantewMch)Bobta!aedbye!eet)'o)yBia. This compoundis much less fusible

thMttscompeneMts. It dissolvesin )!qu!d ammoniaand ctyotaMbeofrom it
withoneof ammonta. The cootpotmdie a powerfulreducing agent.

C. B.

CnaaewMOamphMptMte. ~M< (~M~MWM</M.tM.<!e~(~~).
With methyt orange as indtcator, one équipent of sodium hydroxide

aeattaHzesone molecular weight of Ctthophosphotic acid. With phenol-
phthaleineas indlcator. two equ!vate))t8of sodium hydfotide are oecetsaty;
withtonnefic as ittdicatot. about one and one.half equivalents of aodlmu

bydroxldeare necessary. With this as a starting point, the author has suc-
ceededin preparinga crystaHiMdsalt having the formula Na,H,(PO.),. It i8
betievedtbat tbiesalt willbe of distinct advantagemedicinally. W. D. B.

OBt)t9se)qai:oatephMptMte. J. B. Smderens. Ctw~~</<M. 194,7~
(/ef'~).–Theanthor pointa out that the salt describedby Joutie (precedingre-
view)bas beenknowneince )88t. W.

On moa<tM<th)macMotthephMptmte. If. Giran. CbM~~ rendus, t~,
7// (/).–The author bas prepared a Mtt with the formula NaH~PO,),.
Thisi&the monosodimnMtt corresponding to the insodium salt describedby
joulie (tworeviewsback). W. D. B.

~t<t-<~M~<MWM'~/fM~

Onthe M!ttbMttyof mMmett of copper antphate and sodiumeulphate. G.
Wet!«<<t~~«MM. Comptes~M~<M,~39,~y (~)(M).– At temperatureabe-
tow30°the sameequilibriumis reached whetherone adds sodium sulphate in
exeestto a saturatedsolution of copper sulpbate or copper sulphatein excesato
a saturatedsototionof sodiumsulphate. Abovey)* the equilibriumappeara to

dependupon the amount of sait added and the nature of the satt added. No

explanationisoffeted, though :t bpetfectty evident that a doublesalt must be
formed. W. D. B.

The actionof silver on hydtrebmmicacid and thé reverseaction. yoanM~.
<<a<fM, !39, (/eo/).–At6oo" the ratio of hydrogen to hydM.
bromicacidia bigherthe bigher la the initial pressureof hydtogen. ThMittas
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it ehou!dbe, eince there is an increase in presftore when bydrogen redtteee
silver bromideas shownby thé equation

tAgBr + H, tAg + 2HBr.

Prom experimentson thedisplacementof equitibriuMwiththe temperature,the
author calculatesa heatof reaction of t~joo cal. Pmm Betthe!ot'!<meaM~e-
ments the valueis <4.8oocat. W. /). B.

OBMMcMwMeotaeodymhtm.C.t~M. ~M/M.
(/?o/). – ByheatingNdC),6H,0wtth hydrochloric acid gas at tes' the author
preparedthe MonohydMte. By heating above t6o* also in dry bydmchtohe
acid gas, thé etthydf&MMttwas obtained without any trace of oxychloride.
Botting-pointmeasurementsin absoute atc~ho!gave a value of 248,while thé
formulaNaC),calls for, $0.

On pfa<Meynitnmchloride. C. ~«<~w«. Cow~M rendus, !34, ~7
(/~).–By8HcceMivedehydntttoa of the heptahydrate of praseodymtMn)
chloride in a ctMreatof hydrochloric acid gas, the author hM prepared a

moMhydfateaad the aahydroMtsalt. He bas determined the beat of solution

of Weheptabydrateand has studied qualitatively the solubility of the anby-
drons chloride M various so!ve<t<. No difference between the chlorideaof
pKtModymmmand aeodymtMmhave been discovefe<twhich ia sufficient to
forman élective separation. /?.

PreparationMa ptoportios of atroattam hydride. H. C<w/w. Comptes
rendus, <34./of(/~).–Theauthof treata a strontium cadmiumattoy con-
taining 45 percent strontium with heated hydrogen. Cadmiumvolatilizes
and strontiumhydrideMfonned. TMe hydride is a white solid having the
formulaSrH, and decoMposeswaterwith great teadioes9. /?. F.

DMompcaitienofcalciumammoniumand of lithium ammoniumby ammo-
nium chlorida. H. ~fpMM~. <~K< ~v<MfMï,tg~, (/~o/). –It was hoped
that ammoniumcouldbe preparedby allowing ammonium chloride to act on
calciumammoniumCa(NH,), at a tentpefature of too" but the gas evolved

provedto bea mixtureof ammonia and hydrogen. Sabstituting lithium am-
tMOoittmfor calciumammoniumdid not change the results. W. /). B.

Actionof metalatamoniaaoa hydrogen aetphMe. ~Mm~. Comptes
~Mt, <39,7// (/).– At tentperatttfe: of -~7$'' to –70" liquid hydrogen
aotphide feaetawithlithium ammonium, fonning lithium sulphide, ammonia
and hydrogen. The )'e<u!tia the same when calcium ammoniumia substituted
for the lithium compound. ln neither case could the radicalammoniumbeob-
tained.

Stedy of ammoahtmamatgMt. ~<MM<!n.Cc~M, t33.
(/~o/). – Byacttogon sodiumamatgamat -M" with ammoniumchtondedM-
solvedin liquidammonia,it waspossibleto obtain a solidammoniumantatgam.
Tbis waaplacedin a vacuumand allowed to decompose. Two volumesof am-
moulaweregivenof foreach volumeof hydMgen. The authordoesnot, how.
ever, feel certain that this ptoves the existence of the radical ammoniumin the

amalgam. He considersit quite poMiMe that we have ptesent a hydtide of
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sodiumwtth ammoma of cryBta!tiMtton. If we wtite the formula of the com.

pound Na,H.NH,. this wouldaecooat for the eOfeeta. W. B.

Actionofhy<M:en OnetmatiMtMMt:a)a. A. C««~. COt~M~ tM.
(/oo~). -The author desefibeathé precautions whieh bave beeo taken ln

order to obtain strontium hydride &eefrommercury whea actingon strontium

amalgam with hydfogea. W. /?. B.

Action ofpotaMtnmhydrMeon tthyt tcfHe aad methy!tMetMe. H. Mois-
M<t. <M ~~M. t34. 3~ (~~).–Bthyt htdide teaeta tt about t8Q*
with potassium hydride, fofmtng ethane aad potassium iodide. T!)e ethaae
thus formed is very pure, Methyl ddottde teactt under thé same conditions
with potassiumhydride, fonnta~ methaae and potassiumchloride. W. D. B.

New seriea et MpMtoMatson the MtiM of hy<!MgtapeKxMe on e!!vM
OxMe. ~A~ <M,t33,(/~o/).–TheaathotBhowa
that very dMMMttthermal effectaare obtained when silver nttMte liépïectpt-
tated by sodiumhydroxide and then redtMotvedat once by an acid and when
silver nitrate la preclpitated by sodium hydroxide, treated with hydrogen per.
oxide, aad then d!a!otwedm an acid. Tbis proves that hydrogenperoxide bas
someaction on eihtet oxide.

PhoaphMieacid and the cNorideeof the alkaline oarths. Berthelot.
Comples ~M(<M, ~3, (/).A study of chemical equilibrium in eys-
temscontaining phoephoricacidand vafy!t)gamoaats both of the chtorides of
the atkatine earths and of sodiumhydroxMe. The amount of alkaline earth <n
the precipitate variesfrom two to fourequivalents aad isa marked funetion of
the time. W. D. B.

Action et hydrogen peroxide on tioc oxide. /?. de Forerand. Comptes
rendus, '34.~ (/~).–The author concludes that the action of hydrogen
pefoxtde on zincoxMecausesthe formationof ZM,0,j,Zn,0, and ZnO,. the firat
of which ia stable at Mo", and the !aat of which is vory instable evea in thé
cotd. Theae three bigher oxidesare all hydrated. and it is possibteto coosMef
them aacompoundaofzincoxtde with hydrogen peroxideMBteadas of hydrated
peroxides. W. D. B.

Onsornethallium satta. y~ew~. Cow~/Mf<M. t34, (~). –
Thé author describesa number of acid salts of thallium chloride and bromide,
and raiseitthe question whether theseare really compottndsor are to te con-
Mdoredas mixtures of isomorphouscompounds. W.D. B.

On thé cMtMbMntdesof thaMiamof the typeT!A. TXoMM.<~M~~
rendus, tga, (190/) –Thé author etiticizea the statement of Cushman (s.
6t6) but states that hehasbeenabtetoobtatn the compoundT),Ct,B), in two
c~statMae forma depending upon whether he cooled the sotntion rapidly or
slowly. D. c.

New methed of preparingMitine and the analogous aUtattes. P. ~<
and ~SM<<f~M. Comptesrendus. '33. (~~). – When nitrobenïene
and hydrogen in exceasare psssedo~f fteahty reducedcopperheatedto ~00*to
400°the MtfobeMenela reduoedalmostwmptetety to anitint. When there ia
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tMtenoogh hydrogen, some azobenzene i< obtaitted. With fn-thty reduced
nickel heatedto Mo"a verypure aniline can beobtained. When the nickel h
heatedto !so'3<)o" the chief products are benzene and ammonia. A similar
reductioncan beeffectedby meaneof water gas. W. B.

Neweyntheebof mettMne. .~e~~ and J. B. &Mj. 0'
rendus, <M. (/oo~).– At 350"methane la formedquantitativelyby passittg
a mixtureof hydrogenand carbonmonoxideover freahlyreducednickel. The
Mmereaction can be broughtabout with carbon dioxideif thé température be
raisedto about 300". tn both cases the results aremoresatisfactoryif anexcese
of hydrogenbe taken.

DirecthyaNgeotMttMof thé MtMeaof carbon ta the pMMaw ef dNetMt
metah. P. Sabatier andJ. B. Senderens. <M~~M,<94,M~(/~).-
At <so"in thé presenceof finelydivided nickel, hydrogen and carbon monox.
ide combine to form methaoe without précipitation of carbon and without
formationof carbootcacid. Above980"there ia atwayea précipitation of car-
bon blackof the nickel aad a formationof carbondioxide. With finelydivided
cobalt eMCttythé same reaction takeo place, but at a eomewhat higher tem-

perature. Platinum, palladiumand iron do not bring about the formation of
méthaneat any temperature. Copperbas no effecton the mixture of carbon
monoxideand hydrogen. With carbon dioxide andhydrogen a reaction takes
placeat about4;o", but )t coneist: in the réductionof carbondioxide to carbon
monoxidewith the formationof water. D. A

Preparationof pure cedfNnoxide. 7. ~Ma. Complesrendus. t93, w

(/oo/). -The author purifiedhis cerium oxideby a modificationof the WyroM-
boftand Verneuilmethod, nting etectro!yticoxidation. The oxide whenpure
la perfectlywhite but laccioredby tracéeof nitrates. Zinc reducesthe oxide
CeO,to Ce,0, and hydrogendoesthe same thing. D. B.

Actionof Mpde hydtrMMteon setatiOBaof motallic Mtte. A. ~t'
Comblesrendus, t33, (/o<), <34. (/~).–Theaathor haspre-
paredanamberofba~icMttsby bringing the black Cu,OtH, in contact with
solutionsof salts of the heavymetals. W.D. B.

On the eryetaHiMtioo of chromium eesqaiMidt. A. /)~. C~~M
rendus, 134.336(/oc~).– When a mixture of potassiumbichromateandsodium
chtoridelaheatedto rednessand the cool mass extracted with water there re-
main cryatateof chromiumsesquioxide. The author findsthat thia erystatiita-
tion !s due to thé intermediate formationof chioro~hromateof sodiumand is
not due to the sotobiMtyof chromiumoxide in fusedalkali chlorides.

/). B.

Onthe crystallisationoftente MMe. Complesrendus, t~ ~07
(~).-Whea ferrotMeutphateand sodium chloride are heated together, a
certain amountof crystallizedferrie oxide la formed. The aathor shows that
this takes placeoaty when there is moisture presentandwhen there Istherefore
a formationof hydrochtoticacid. In other words,the aeceMarycoaditioMme
those workedout by H. Sainte ClaireDevillefor thé formationof ferrieoxide
fromferriecMoride. W.D. A
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AtM M<bMiesatphttea tf Modymiamaad o<pMBMtymimm.C. Malig.
M<M.<~M~Mrendus, )tM.< (/oo~).– Thé aathor hMprepared and atudied
the followingttewMtta Nd(SO,H},,Pr(SO,H),, (Ndf)),80,, (Pr0),80<.

~?. B.

Onthe peiynMtiMdetate of otdiMry MtgoMoe <ma thé iMmwtt trous-

fanjMtienefMigetiiteinte tndirabim. L. ~<~«~. Cbw~M, t3<.
~7~(/j)o~).– Thérapid oxidationof ludoxylin acid solutionformafiratindigo.
tine wMehchangesgradually into the stableformof biaindirubine; in alkaline
solutions iadtmMtMMfirst formed,which then change htto Msfodigotttte.

&

~OMM~M<we<Mf/<M~M

CenetaUMMonon the fixation of metatt by c4ll waMe Devaux.

C<M ~~M, t33,~ (/co/). –TheMft tissuesof plantebave the power of

femovittgcopper,lead. silver, iron, nickel, cobatt, and cadmium to a certain
Hmitedextent, from solutionsof their eatts. Gold, platinum, and chtomium
are not M fixed,and mercuryooty ;a&ttites<mttty. Thé anatyttc methoda for
zinc,magnesium,and alaiminumate not sufficiently delicateto txake it certain
tbat these metalsare fixed. Ametal thm 6xed caa be dMptacedby another
metal, this displacementbeing reversible. /).

Genninatton apM-Mof PenttUMamln moist att. <7.~MM~. Comptes
~< tM, (/{?/).–Thé author Sndf)that the spores of 7%MM/~«M
germinate whMthe percentage moisturela above 8:. When the ratio of the

partial pressureto the totat pressureia lesathan o~, it seetnaprobablethat thé

aporMtutbuotabsorbmoistnre and theretore do not germinate. This tower timit
is not to be lookedupon a<definitelyfixed. W.D. B.

lIelodlies

!aveet)gat)enaof the taw ofactionof<ucr<tM. ~<'M~. COt~M wt~M,
'33.~ (/~o/).–Thé rate of inversionof saccharoseby Bucraecean be repre.
sented by the formula

aK.1 1 a+,r ~T'<
D. B.

On the inversionof MCCBMMe.P. /%<<<.Comptes rendus, t34, f/~

(/~).–TheMthorhHsdetern)ine<ttheheatof reaction for the inversion of
saccharoseat about60"by meansof hydrochtorieacid. For a concentrationof
one molecularweight of saccharosein t~ontoteeularweightsof water the heat
of refraction is ~675calories at 6}". This diffèresomewhat from the vatue of

3~84calories, at tS", obtained by Brownand Pickering for the Inversionof sac.
charoseby sucrase.

ïa~MUgattoasMthe meeaMiBmof etterMeatton in plaots. E. CX<o/
a)x<<. Combles y<~M. !33. ~oo(/oo~.–"B~eriftcationinptantsiB
caused by the direct action of acidson the atcohob and b acceteratef!by the

presenceof aomesubstances actingaa a dehydrating agent." Thésubstance
whichaccelerateseaterificationis a diastaseexerting a dehydraMttgaction in a

eMorophyMttxdium." W.
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The fotamtten ef OMae. A. Ct~. rendus, tg:, 7~ (~/).
The author bas detennined the antount of o~ne formed at M" in a Berthelot =

apparatua. The
amountofoiMnethusfomtedinereaseaaaymptoticaXywith the

time, tending toward a tfmit whiehdépends solely on the température and not
on the currrnt. W. D. B.

Distribution o< acidity ia thé atatk and tea<of the (towor. ~~<
Comples~.< tas. (~~). K ja f<mndthat thé portion o( thé p)Mt
wMchkgfowtngthenxMtrapidtybatwntostacid. Therehthetefore"sdose
relation between the formation of acid, the MteoftMwth and the activity
of the plant ceHe." W. B.

~MO/fM' /'«<-fM

OnoxMaMonM< reOactieaeeMe. C. /~<< ~7. ~W(~. Ct<-w.
29,196(/po~). –Theauthor starts off with Oetwatd'e deNnitiottthat oxidatiou
laa processwh!ch increaseathe numbet of positiveor decn-Meathé number of
negativecharges. It wouldbe iatereatiag to k»owbowtbis applies in the re.
actionbetween potassiumchlorate aod pota<siantat)!pMte. Thé author then
distinguishesbetween o:ddMngand reducing agenta euch as the metals and
eotMtancesXkepermanganates.

The theory of oxidation ce1lsmade up of oxidising agents is developed
°_along the line of the theory of gas cells. The feaMtt why ptatinttm elec-

trodes ln some of these oxidizingagents givedefinite valueaat once and ln
other casesdo not. ie to be found in the differentrates with which the ions of
theoïidhiag agents react with the ga~ alwayspresent in the ptatinun. etec.
trodes. It ia shown that platinum electrodes in oxidizing agents always cot).
tain gas;and it is observedthat the potentia! differenee is atways due to this
chatgiag with gas. It wasohowa that the rMMttaof PeteMfor potaMinmfem.
cyanideand ferrocyanideare accutate for a given constant total concentration,
but that there are distinct variations ffom Peters' formulawhen acids or
atttatiesare present. It wasshown that thé reeattaof Peterswithregard to chro-
miumandmanganèsesointioMagréewiththe results to be expected /~0~ tt
was further shown that the potential: obxenredwith platinum electrodesin

.hydrogen peroxide soi~tiona does not correspond to the oxidizing action of
hydrogen peroxide, but that secondarydisturbancesoccur. It iebetievedto be
better to consider hydrogenperoxide as a peracidof water. D. B.

On change of the etectromotive foKe and of the tomperatureCMNdent
eftheDMieU Mtt with the concentrationof the ~inctatphtte. J. C~M~.
C<<M rendus, t94. ~y (/poj). – Starting with a6 percentzinc sulphate thé
voltage of the Daniell ce)! increases with dilution until the concentration
reacheaone hatf of one percent. With further dilution the vottagedrops fMm
about t.)!? to about t.o6. For concentrations above one-halfof one percentthe température coefficientis positive, whMeit is negative for the more dilute
aotutions.

Theanthor writes the Nemst formula with a term added for the temper.attirecoefficient. He writes the Helmholtz formula and attributes it to Lord
Kelvin.

A B.
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On the etMt~pMMy .ett.< wttM<xt.M HMtecatM. A. Couy.~M ~9. (~). author haa made experiment8 on the
tn~thMMtMtf~ce t. mereury with one hundred aad <))ttydifferent
~tMCM. each of ~Mdt wMMhM ta Mnaat solution of sodiumsulphate.In M~ the additioncf the Mgmie eab~ce p~uced a décrie thé
MM<mamMtftceteaB)oa.

~?J?

OtttMetM~HMpUtatv.MxtmamforaenttMgM~mmpetmae. ~.Cc~.
<M rendus. 133. (~). _.rh. author hM determined the maximum
surface tensionof men:)t)-y<“a numberof o~aoie liquide and <d8 vaHatioM
of y or 8 peroent. ThMe .ab~acM which have the greatest effMt in dilute
aque.M<solutionhave atso the greatest effectwhenpure. W. D. B.

OnthethwtMttMMdtyefcMbeaMdatctMtetMb. C.a~m-. ChM~-t~M. tM. (~WhMthefMt.tt.~ttMcwbon .teeteMeplott~t. tu
the themoet~c dia~p~a there <$a common Mtn;mum .t about a
maximum, and .$ee.ad minimumabout .M-' f~m the <M~m.m. Between
6~ and !ooo' the CMve.fM-ateeh with diNeteat amouuta of carbon lie far
eaot~hapart M that UtMmoetectdcforce couldbe MMdM.meth.dof .naty~The nickel .teeta weremeMaMdagatost platinum aad the gênent fena ot
the electromotlvefoKe.tempeMtMecurveh parabolicexcept for the «~t con.
taining 5 percent nickel. AU containing between 5 <md percent of
n ctet showedMM-ttedvariations.t aho.t 4.0" to :oo< evidently due to m.tee-
u).f Man-MgemMta. Slight changesJNthe mtOMt of nickel are suNctent to
cause large variations la the temperatureof theneutral point a.d~theetectM-
motive force.

t''v<Mttpm<,a~~MtNm~.t<MM. ~.p~<-M. C-M.tM.
7M (~?).-A.fter adhcMat.n.fth. He!mh.ttzfonnuta theauthwdeacnbea
meas.temenb. made with ptatinam etectrode. acida a.d atkaMe.. He Mn.
MeM that the seat of the etect~~e forceta at the B~ace between the two
solutions.

W. D. B.

O.a.mepheBomMM~v.tt.tepet.dMtioa. ~A< <
~t' 'T~T~ discussionofpoM~tion in whtch the author
points out tbat fonnic .dd. !<M.i.Bta.K,mayact in two w.ys a.. depo!f

<
dependiog upon whether it la oxidizedor reduced. W. D. A

OMthepMtMMa<tvt.<dMt.etMtm!yth!Mt~<.t&«eU. ~.&i..<M
< ,94,~ (~).The..thor.h~ that ..ch Mb~nM.sodium

decomposedmore P~M added to the

~S~e~pa8soff more readlly. W. D. B.

Stady of Mtb bM«t on thé ttdpmtat action of MtMbhtKMa KaactMagenta. Berthelot. Comptesrendus, (~).SS

~em~th.~ber.fcetb~g reducing and .xidMnK
~.g.. that i. ammoniacal solutions py,~and formal beha~ very differently <wt.g t<, M~t ~n. taking plaee,white these tw..ubat~ee. bebave~N~ty in a sodiumhydroxide solution.

D. B.
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Ona MpNMy etectMmater. Co/<y. <~M~ f~at, t94, (/{MM).
ïn order to use tiqatd ametgamsin a capithry electrometer,the author bas de-
<iMda formwherebyportioneof the smalgam in the capillary can be forced
overinto the fargef ntMawithout difficulty. D. A

Oo the Me the eapithfy etMtMmettt for meMadag tru dMMtneMof

pettatM betweM MMtgamaad etMtMtytet. L. ~M«<a~. Comptesrendus,
'94. ~7(~00~).-The autbor ca!b attentionto the factthat itt tS~t hehad de.
sctibeda fotm of capittary etectfomete)-suitable for the Mme purposeaa that
inventedby Boley(preceding fevtew). Attentionh aho called to the facttbat
a tin amalgam !n pfeeeace of satphMricacid has ptaeticaMythe maximum

capillarycon8tant and that tt therefore givesdirect ~)e potentisl readings.
W. D. A

OntfetmefetecttiMtthennaaeter. C. ~/<«. Comptesrendus, t34,
(/?M). Ttte author ttsesthe changewiththe temperatureof thé electro.

motiveforceof thé Clark<eUas a meansof meawriag the temperature.
D. B.

~<w/.f~ and Elec/1'OtylicDissoeiation

8t)tdtee on the theory of etectmtytie copperextraction. J. ~t. ~)7.

anorr. ût~t. 90, (/oo~).–W:th a cuprous sulphideanode in eulphuric
acidsolution, copper goesinto solutionas eupt-iceatt and aulphur precipitates
on the anode.caMing an increasingand variabletetbtaace. Witheurrentden.
sitiesmnning up to 30 ampe~ea/dm',and sMtphnficacid of a density t.
there is no apptecttMe oxidMng of the sulphur. Under these circuntetaneee,
thevoltagevaries very much.

With a cuproussulphideanode io bydrochloricadd solution, copper goes
into solution partly as CMproMeatt and partly as cupric salt. The way in
whichthis ratio vades withcurrent density, tempetatHM.and deneityof add
hMnot beencarefully workedont. The sulphurh oxMhed to Mtphatic acld.

With captons sulphideM anodein athatinesohttion,there Isformedcopper
hydroxideand the sulphur ia oxidi~ed.

With cuproussulphideas cathode in acid solution, bydrogen sulphidefa
fonned and metattic copperremainson the electrode.

With cuproussulphideas cathodein alkaline solution,Mtphurdissolvesas

sulphideand metallic copper remains bebind. The voltageunder thèse cir-
c .mstancearemains very constant.

Expetiments werealsomade on the precipitationof copper from CMpric
chlotide solution,with the following tesn)ts

(t) The current efficiencydeereasearapidty with increasedatirring of
thé eteetrotyte and the electrolyteis thereforeto be atirredonlyenoughto keep
its compositionconstant.

(a) Additionof hydrochlorieacid has a favorableeffecton the purity of
the copper but decreasesthe current efficiencyenonnonaty. With very con-
centrated hydrochloric acid, however. the current efficiencyincfeasessome-
what.

(3) Additionof sodiumchloride has a favorableeffecton the purity of the

copper,cutting down the (ofNMtionof caprons chloride under some circum.
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ttancea to zéro. Thé decreaseln the CMrMtttetScienty ie not as great M with
hydroeMoricacM.

(4) Ahigh cotMCtttrationof cuprie chloride h HNfavomMeboth for the
tnrre.tt yield and the panty of the copper, but the concentration of capdc
chtoridemu~t not beteoMtai! or the copper doea aot Mpamte in a coheKOt
mas$.

(5) RiseoftetapemtMMactaunfawtaMyotttnneat efSdency ana on tbe
purity of thé copper.

(6) tnctCMwgthe ettnent density ioereaMt the CMwenteSeieacy until

MchdeMMemteMMhedthethydMgeabegiMtoptectptMe. Promaeoht.
MotMBtaMag !;)o molcuprlecbloride, t/tomot hydrochloric acid, and 4/to
mot MdiMmchloride,copperwas precipitatedwMchwas over99.9pure.

W. D. B.

Bte<tMtyth:tMptMth)no<peK~phatMwttho)ttadiaphMgm. E. ~s~
and 0. Friedberger. Zefl. EM<~A~M. B,~c (/!m~tt was hHMdthat
potassiumpetmtptmteeu he made Mttshetofity without Mttttga diaphragm,the TtdnetiMtbeing negtigtMe. The tCMonfor this ie the tpafhtg eohtMMtyof
the potassiumpets~phate. When ammontuntpeMutphate was prepared elec.
trolytically, the reductionwas a very diaturbingfactor. Additionof potassium
chromate to the acidsototionhad no effectbetMMCn)etat)!c thromtum {spre.
opitated msteadof a diaphra~mof oside or hydroxide. lu newtMtor aikatiae
sotMtioM,addition of ehMOtateis effectivein cutting down the reduction.

D. B.

Bteetmtyttc preparation ef haUae eompOMOeof acétate. Richard.
~O~MM~M, '93, (/?/).–MonMh)o)racetonecao~e8di)ybe made by
ek<:tMty.!it)){a sotation of acétone in coaceotrated hydfodUotic acid, No
figuresare given for theyietd.but it K stated that low temperature and a low
carrent denaityat the anodeateadvaatageoMand that there la pMcticaHyno
fednctton at the cathode. ByMtMtttuttMghydrobromicacid for hydtocMoric
acid MMobMmacetonecaa beobtained. in tbb case, it ia dedraMeto wortcat
a temperature of M°-4o''and there is considerablereduction at the cathode.

A

EtecttOyetaotammMinmcMorMedhMtvedtnUqeidamBMnfa. H. ~f~-
jt<M. ~m~~ w~M, t39, y~(/oo/ ). – Whenatomontum cMMidediaso~ed
tt) a MtMtienof MquMammoniaia etectrotyted at atempeMtare of aboat -.80"
there is evoived hydrogenand cMonae, but no nitrogen. When ammonium
iodide !s substitutedforchloride, the productaofelectrolysisare hydn)gen and
todine. The iodinedces not react withthe ammoniauntil the temperaturerisea
well above yo". D. B.

New method of meaaurlagand teMtdioe Mt:h temperatures. A. Job.
C& rendus, tM. J9(~M). -The author mabeause of bisvoltameter with
a capillary tube, keepingonecapillarytube at the temperature to be measured
and another capillarytube at ordinary temperature. Prom the ratio of the two
pressures he detemines thé temperature. H appearathat this ratio in a linear
funetion ot the temperature. Byrecord)~ the variations of pressureone bas
therefore a recordofail thé changea of temperature. W.
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OntheeeteroithetMe. C.e~. ~M~/M~M~M.t39,~<M(/~).-
MeMMrementofthesaKsofpotassiMm,barium and aine penuanganates show
that the dihte MhttioMof the<6three substancesbave the sameapectrumwhile
this ia not tme for moreconceatmted eotutiona. jp

AcMimetty et arMatt acH. <4~n«- e~ ?~<ww<i4. ~w~M
rendus, '33,~0 (/j)o~).–With tenth-aorcMt arsenic acid and methyt orange
asindicatoroneeqnivatentof Mdtum. potassium, ammonthm,barium, stron-
tium or calciumhydro)tHe9M<Bceato nemrt.Hiiewhethe~ hot or cotd. With
phMo)phtha!eiMe,two equivalents are neteMary in a coM solution and two
eqntvatents of the alkalies !o hot solutions, but three equivalentsof the allca-
line eartha i)) hot Mtttttoas. Thé presenceof $attetompMcatesmatters.

D. B.

/M<~t~-<f!<yaud C~/tft

MeaaaKeof wave-!Mgth8it)the solar apectmm. A. and c. Fabry.
Comptes rendns. t33. (/$o/).–The authors hâve compared thtrty.three
Myedirectly with the green cadmium ray by their method. On compatlng
their wave.tengthawith those ofRowtand, they 6nd that the ratio betweenthé
twoM not constant. They conclude that Rowtand's seate ia not absottttety
correct even in relative values. W./)

On the changeof theoptictt MtattM in the Mtem the stable hevoTetMy
beneot. ~«~~o~ c~e-cw de F~/w<M/. Comptes~~M. t~,
6o8( /<w). Theauthors haveprepared a numberofesteraof borneoland Cad
that the rotary power variesfrom aboat )9" to -49". ïn eomecaseawith
the Mme homotogonaseries,the rotary poweraare approsimatety inverselypré.
portionat to the molecularweights. W.D. B.

RefracUMMteea ofMqaMmtxtatM. de Kowalskioa~ de ~<K/
ski. C~/M rendus, t39, (/oo/). – Thé indexof refractionof mixturM of
ether and eMoroform,et ethyl atcoho)and benzène, and of ethyl alcohol and
toluene can be calculatedwith tair accuracyfromthe valuesforthe components
on the assumptionof theproperty being an additiveone. Since the dUeetric
constants of thèse mixturescannot be calculated from the values for the pure
components, the amhomconctede that it ia onlythe absorptionin the ultra-red
whichchanges irregnMy in these mixturM. /?. F.

On the MMerMttMof refracttve enorgy in mixturesof a!eohetend water.
~<M-. <3'M rendus, <34.< (/!XM).–Owing to the marked con-
tr-MUon,the indexof refràctioafor aqueomalcoholpassesthrougha maximum
for a mixture containing 78 percent of alcohol by weight. The refractive
energy tieemsto be as nearly additive in this caaeas :))the caseof mixtnree of
glycerol it) water. W. D. B.

On the refractive indicM im UqeM )aht))re<. Ma ~nM. Comptes
WK!M. t34.?% (/OM).–Thé observation by Ledae (preceding review) that
therefractive index ifttn additive property for tnixtares of aïcobot and water
haitcaMedthé author toinvestigate twoother mixtures.acetoneand water,aad
anitine and ethyl alcohol. In both thèse «Meeit Mfound that the refractivein-
det is not an additiveproperty. W. D. B.
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On tho MdtMtMvt~ tt MK<et Maine. P. < and A. Debieme.

<~M~MM'<t<fMt.t33.~7<(~–ïfaMhttto)t of radium chbrtde be ptaced
in a beaker under a be!t-}afMgathef with a second beaker containing pure
water, the waterlu the second beaker will MOttbecome active. If a eimMaf
6o!ntioabeplaced!n a celluloidcapante and this dipped into pure water, thé
water wtMbecomeactivealthough uo trace of satt paN~ through the cettotoid
waa.

Il the capsulebe Mependedabove the water, thé water do«mot becomeac.
tive M toogas the capsuleta dry oo the oatstde. When a Mttof radium lad<<h
sotved)owater, the water becomesactiveas can be shown by distillation. 0)t
the other hand. thia tiattster takeaptaceatow!y. If wediatit o<tthe water very
soon after the MtMUoabas beenmadeup, the activity of the d!etMtatewill be
found to be very much teesthan if the dtutUtaUoahad heenmadeton dayetater.

F.

SomeehMntMtfeactteMMMedby ta<Ham. M. Berthelot. C~ ren.

</M, !39, ~iw).–!od!B<: pentoxide ta decompeeed by the Mght ffom
tadtum chtorideand a shnita)-pheoemenonwaa cbteTvtd witb m<< Ou the
other band,no insoluble eatphnfhp~ectpttated from a solutionof antphw ln
carbonMsatphideand the oxidationof oxatte acid also !9 not affected by the
action ofthe radiumrays. It h. however.thought tMe lack of action may be

duetotheatMOfpthMtof raya by the glass through wMchthey had to paM.
This la the moreprobablebecauseit was noticed that thegtMs blackened.

)~. /?.

SomethemieatteacMempMfattd by M~tMamya. ~<-w/. 0)~M
rendus, <39. (/(?/).–Under the tnauence of Mdtxn) raya white phos-
phonMchangesto red and mtfcndc cMoride feacts with oxaMeacid. It was
also found tbat seedoof whitemustatd wMch had beeo exposed to MdMon
from radiumfor a weekhad hat the power to germinate. W. D. B.

TheeaMt of Mdie~ettve MbataacMon the tomtMttty Q<~MM. <~

~M~<«~. <~M~t ~!</M. 133.p~, Ci~M.30, (/).–
The author Cndathat the minimumpressure at wMehfta gasbecome<ttaminMe
under the Maence of etectricatvibrationsla raised whettthe gM ia exposed
to radium fays. W.

Onthe MdtMctMty o< airMiam. H. ~~N~ OM~~ w~M, tg}.
?77 (~/).–Ctoohee has found that it il posstMeto obtaht au inactive
umntom nitrate by fractionalcryatattizatton. By precipitating bariumMtphate
from a solutionof bariumchlorideanduranium chloride, Debleme found that
the bariumsulpbate wasmuch moreactive than the uranium. The author haa
dtseoveMdthat the inactiveuraniumregains tta activity on atandtng, white thé
active baHumsulphate !osesits activity in time. He concludesin consequence
that the radio-activityIs not due to impurity in thé uranium aatt, but la really
chatactefittic of nmniMm. W. D. B.



THE RATE 0F THE REACTION BBTWEEN ARSE-
NIOUS ACID AND IODINE IN ACID SOLUTION

THE RATE 0F THE REVERSE REACTIONi
AND THE EQUILIBRIUM BËTWEEN

THEM

BYJ. R. ROEBUCK

INTRODUCTION

The early researcheson the rates at which chemical re.
actions take place in homogeneoussystemsat constant tem.

perature, led to the enunciationof thé simple law that /~<?
ya~ any momentM~V/M/M~ /0 COMC~M
reactingsubstances«!/ ~<MW<

~=A(A-~)(B-y)(C-.<r) Eq.t.

Considerationsbasedonthe relationshipbetween the rates
of inveisechemicalreactionsand the compositionof the system
at equilibrium(Guldbergand Waage'sequation) tnade it seem

probablethat this lawshoutdbe modified,and that the concen.
tration of eachteagentshouldappearasa factoron the fight of

Eq. ï, CWF~ M~ MC~~M~ ~M~<t~M-~~~M'~ into the

reaction; and the expression

<~ = ~(A ~-)'(B – ;c)"(C Eq. 2.

correspondingto thechemicalequationfor the reaction

eA+ j8B+ ~C+.== 8D+ cE+

may be regarded as the fundamental equation of Chemical
Kinetics. Thé mathematicalconsequencesof this equation
have beendevelopedat lengthfor a numberof cases.

It is verydifficult,however,to bring much of the receut
workon ChemicalKiueticsinto line with the requirementsof

Eq. 2,although a greatdealof ingenuityhas been expendedin
the attempt, and no hesitation bas been shown in writing
formn!as for and ascribing properties to hypothetical non-
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isolable"intenMediateproducts," in order to help out the as-

sutnptionof imaginary initial reactions."

UnderthesecircumstaHces,it is worthwhileto examinethe

fundamentsof the theoryaomewhatcritically. Thé introduc-

tion of the indicesinto Eq. a is basedon thé so-caUed"kiaetic

viewof chemicaîequilibrium,"vix. that in a systemat equitib*
rium the two oppositereactionsare atill taking place,but at

equa!rates. Accordingto this view the concentrationfunetion

of GuldbergandWaage'sequationistoberegardedas thequotient
of two other concentrationfanctions belonging to the kinetic

equationsof the two oppositereactions.

The consequencesof this assumption have been subjected
to a strict test in onecaseotuy,' viz.: the Esterincation-Saponi-
fication teaction, a reactionwhich in every respect behaves

normally; the resutts were in accordancewith thé theoryof

kineticequilibrium. The present researchwasundertakeuwith

a viewofascertainingwhetherthis theory may legitimately be

extendedto reactionswhoserates can be accountedfor only by

assuming the existenceof bypothetical "intermediate com-

pounds."
The reactionselectedfor thé trial was that between arse.

niousacidandiodinein acidsolution. Thèse substancesreaet

tofonn arsenicand hydriodicacids the reaction is reversible,
aad undersuitableconditionsof température and dilution pro-
ceedsat a rateconvenientfor measurement.

The ordinary chemicalequation representingthis reac-

tion is

H,AsO,+1, + H,0 H.A80. + sHI.

Adoptingthé notationof the ion theory, this equation may be

written"
0 for +

AsO.+I.+H.O~.AsO.+gI+aH,Eq.3.

and the conditionofequilibriumis

1Zeit.phys.Chem.M,968(t897).
Nothingcertainisknownastothe<OMinaectutionofMMniousacid.

Scept~e~
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Co st
a.6

Fq- 4.~-==~ 4.

1
(wherea representsthe concentrationof theAsO~,b thatof the 1,
and so forth in the orderof Eq. 3. The "concentrationof the
water" is constant).

This equation is in agreementwith the experimentson

equilibriumofTable XXXIII.

PfedictiMM<<fthetheory

According to the theory of kinetic equilibrium, the ex.
<!

presston mustbe regardedas the quotient of two others,

for instance (i) ab and .f.?*, correspondingto the kinetic

équations

<~<~==~o; and– < = A'f.a', Eqs.5,6.

Shouldthe experimentsshowthat the rateof oxidation ofarse-
niousacid wasproportionalto thé firstpowersof the concentra.

tionsof the As03and1~,the theorywouldrequire that the rate
of the reverseteaction(reductionof arsenic acid by hydrogen
iodide)shouidbe in accordancewith Eq. 6 and the "explana.
tion wouldbefurnishedbyassumingthat the reactionswhose
ratesare reallymeasured"are thoserepresentedin Bq. 3.

But this isobviouslynot the only way in which the frac.
tion in questioncanbe dividedinto two factors; a number of
otherpossibilitiesareenumeratedin the followingparagraphs.

(ii) <ï.~and i/asstt!niog the instantaneousreaction

I, I, +1'this maybeexplainedby the chemicalreaction
0 1 d0 1 +

AsO,+1, + HO = AsO.+ 21+ zH.

(iii) <t.s', and i/.c.F assumingthe instantaneousreac-

tions1~1, + I, and 1~+ OH IOH + 21, this maybe ex.

plainedby the chemicalequation

SomeofthepOM!MefactotittgsobvtoMstycannotcorrespondtokinetic
eqaathMM.Toc!)«Meanettremecme,a,andA/



368 /o~M~

r rr r-r r
,E,

r

As6,+HOI==ÂsO,+H+Ï.

(iv) a. and ï~; addiag to the assuntptionsof (ni)
+

tbe following,viz: HOI~H+01, this cas6 may be ex.

pla!aedby:
rrr 1 r rrr 1 r

AsO,+OI==AsO,+I.

(v) Equation4 maybe chaMgedinto thé fonn:

<

Const.==~.

aad thts maybefactof~d. For instance,into and ï/

whichmaybeexplainedby the help ofthé reactions

+

zl, + H,0 10~! + si + 3H (tastaotaaeoos)

and
rrr rr, r

"i..

2AsO,+IO,H=aAs6,+I+5.

(iv)PtMaMybothnumeratoranddenominatorof théfraction

of Eq.4 maybemultipHedbyone and thesamequantity (for in-

stanceby j), and the prodact maybe factored. Under this head

wou!dcorneexplanationsbasedon"cata!ysisbyhydrogenions,"

etc.,etc.

Afterreadingthe precedingparagfaphs, thé thought sug-

gestsitself,that, nomatterwhatrelation might befoundtosub-

sistbetweenconcentrationsand rates,an exptanation wott!dbe

forthcotning. The objectof this research,however,was not to

seeksuchexptanatioas,but to ascertaihwhether thé connection

betweenthé fonnsof the rate and equilibrium functionspostu-

latedby thé theory,existsin reaMty.
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PARTI.

THERATE0F OXIDATION0F ARSENIOU8ACIDBY IODINE
IN ACIDSOLUTION

BXFtANATÏONOFTHETABM8

Units

For the purposesofthis paper,one unit of arseniousacid
is definedas the quantity of arseniousacid representedby the

symbolAsO~in centigrammes;thiscorrespondsto 0.99grammes
of white arsenic. Similarly,oneunit of arsenic acid is 1.42
grammesof

H~AsO~.t
Oneunit of "free iodine is 3 X 1.269

grammesof 1~(" triiodion"); it maybe obtainedby dissolving
2 X1.269grammessolidiodineinpotassiumiodidesolution.One
unitof"iodion"maybeobtainedby disse!vingx t.66 grammes
potassiumiodide; and oneunitofsulphuricacid (0.98 gramme

H,SO~)is containedin 20ceof normal sulphuricacid.

Representingby A, B, C,and D, the initial weightsof the

triiodion,arseniousacid, iodion,and acid, expressed in thèse

units, andby x, the numberofunitsof triiodionreducedat the
time the residual weightsof the four constituentsat this
momentwill be A x, B x, C+ x, and D + x. In a solu-
tion whoseinitial compositionis known, the quantities of all
fourcomponentsat any momentmay, therefore.be ascertained

by detertniningthe "free iodine"bysodiumthiosulphate.
Thé unit of volumeis one litre. The unit of time is one

minute.

Descriptionoftables

At thé headof eachtableis given the total volume of the
solutionin which the reactionwascarried out, and also the
numberof units ofeachreagentpresent in that volume at the

momentof mixing.
Under "Reading" is enteredthe numberof cc of sodium

thiosulphateused in the titration this is proportionalto the

correspondingvalueof A -x. In the experimentsof SeriesB,
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this eatry basa diSerentmeaning,which is explained on page
372.

Thé constants <6,, aad werecalculatedfromthe
data of the tablesby tneaasof the followingequations:

<~ = 2.30ki(A x),'
1

<=~,(A-

dx/d9= k,V (A ~x)(B~ x) ~k`tA--x)tB s xi
~~v~=.?~.

1

whence~D = k,.

In calculatingtheseconstants,the time of the 6rst readiug(line
s in the tables),and not the momentof mixing, was in general
taken as the starting point. The labor of cotnpMtationwas

muchshottenedbythe useofan exponentialmethod,wMchwill

shortlybe pubtished.

METHODOPCARRYINGOUTTBE BXPEMMENT8

The reactionwas carriedon in a 600 ce Haskkept at o° C

by immersionin a well stirred bath ofsnowand water. At in.

tervals50ccwerepipetted into a beaker in the bath; the time
wasnotedandthe triiodiondetermined.

Theinitial cempeaition

Thé stocksolutionsfto~ttwhich the reactingmixtMïeswere
madeup were(I.) whitearsenicdissolvedin asolutionofsodium

bicarbonate,(II.) iodinedissolved in a solution of potassium
iodide,(III.) potassiumiodidesolution,(IV.)dilutesa!phuricacid.

They weremadeup and standardizedin the usual manner.
In calculatingthé initial composition,the amountof acid

necessaryto neutralizethe sodaof the arsenite solution wasde.
ductedfromthe total amountof acidadded. Similarlywiththe

iodine; fromthe potassiumiodideused in making up solution

(M.) was subtracted the part which united with the iodine
to formtriiodion,and the differencewasaddedto the potassium
iodide suppliedfrom stock solution (III.) in calculating the

ïathetablesofSeriesB,Ain thiefonnu)awasrephcedbyB.
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initial amountof the iodion. For example,in making up the
sohtion for theexperimentsof Table I., ï used sodiumarsenite

1
solution50 ce,containing50 X 49.4/1000uaits AsO~,and soda
SMmcientto neutralize50 X 0.0396==1.98 units of sulphuric
acid iodine solution5 ce, containing 5 X 49.2/~000= 0.246
units triiodion,and 5 X ï~.o/ïooo= 0.088 nnits iodion potas-
sium iodide solution 50 ce, containing 50X 29.3/1000= ï.~y
units iodion; sutphuncacid, to cc 9.43 ~.acid= 4.715 anits
water,485 cc.

Hence thé initialcompositionof the solutionwas:

AsO;,2.47units = B.

Tniodion,0.246unit = A.

Yodion,ï.4y + 0.088= 1.56units= C.

Acid, 4.715–1.98= 2.735units = D.

Volume,600ce==0.6unit ==V.

Determinatieaof thefesiduatfreeiodine

Preliminaryexperimentsshowedthat sodiumthiosulphate
is oxidizedbyacidsolutionsofarsenic acid, the rate of oxida.
tion increasingwith increasedconcentrationof the thiosutphate
and of the acid. As dilution, or removal of the acid (by
acetatesor carbonates)acceleratesthe rate of the reaction be-
tweenarseniousacidandiodine,these obvionsmethodsof over-

comingthe difficultywereexcluded.
A specialinvestigation,however, showedthat if care were

taken to avoidexcessof thiosulphate during the titration, thé
errordue to theoxidationcouldbe neglected in solutions con-

taining less than50grammesof H~SOper liter. 1 accordingly
restricted'my measurementsto sotutions which werenormalor
lessthan normalwithrespectto the acid. The greater part of
the thiosulphatesohttionwas run in quickly, the contentsof
the beakerbeingwellstirredmeanwhile, and thé titration was

AlitreofastrongMtttttoaofanatMiaecarboattereadilydissolves)oo
gremmeaofafseniomoxidebutifsnchasolutionbeaef<Me<ttbegreaterpart
ofthearsenicwillcrystallizeont. Thisseta limittotheconceotMtionof the
atseoioMSacidinmyexperimente.
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completedwitbout excessof thiosulphate. 1 endeavoredto de.
ternnnethe résidât arseniousacid directiy by Penot's method.after removingthe triiodion by sodiumthiosulphate. Thé end
pointhoweverwasveryunsatisfactory(no doubt owingto thé
largequantityof potassiumiodidepresent)and the attempt was
givenup.

waa

In théexperimentsof Series B, wheretriiodionwas in ex.
c~. the titration was begnn by adding approximatelynormal
sodiumthiosutphatesolutionfromapipettein quantitysufficientto reaetwith all the ttiiodion initiallypresent amount
equivalentto the arseniousacid initiallypresent Thereadingswerethen 6nishedwith a more dilute solution from a buretteThe burettereadingswerethus proportionalto the amountof arse.
niousacidMoxidized,and are enteied in the tables under the
headingReading."

tI Thé experimentalerror is comparativety
largein casesof this nature, where thévalue ofx is obtainedin
the formofa small differencebetweentwolarge numbers.

At! pipettes usedwerecatihratedat the outsetby weighingthe waterdischarged; both in the calibrationand in subsequentuse30secondswasallowedfor draining.

RESULTSOF THEEXPEMMENTS
SériesA

Witha view to determining the effect exercisedby each
componenton the rate of the réaction,Ï carriedout a set ofex-
periments,SeriesA, whoseresultsare SMmtnarizedin TablesI.
to VII. In ait these the quantity of triiodion present initiallywas very much less than that of the acid, the iodion,or the
arseniousacid. The concentrationsof these latter, and conse.
quentlytheireffecton the rate

remainedapproximatelyconstant
during the progressof the reaction, white the concentrationof
thé triiodionfeUto less than t/ïo of its initial value.

In Table I. the constancyof k, ascomparedwith shows
that the rate is proportionalto the firstpower of the concentra-
tionof the triiodion.

In TableILthe initial concentrationsof triiodion,potassium
iodide, and acid are the same as in Table I., but that of the
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arseniousacid isdoubled. The valueof calculatedfromthe

readingsin this table,is doublethat Of in Table I. It fol-

lows that the rate of the reaction is proportional to thé first

powerof the concentrationof the arseniousacid.

In Table III. the concentrationof the iodion is approxi-

matelyfour timesas great as in Table I., and k, has fallen to

aboutone-fourteenthof its value in Table I.; that is, the rate is

TABJ,EII.

A, o.246; B, 4.95 C, t.56 D, 2.735 V, o.6

TABMîI1.

A,0.246; B, 2.47 C, t.56 D, a.735; V, 0.6
n

No. &e)td!ng A–~ ~,X'o' 4',X'o' ~X'o ro

42.6 0.0 0.246 – – –
a 30.8 5.0 o.ï78 – – –
3 25.5 8.67 o.ï47 5.95 3.23
4 M.o n.8 o.ï27 ~~5 6-48 3.41
5 !8.6 t~.S o.t074 2.03 5.52 3.40
6 t5.35 '9-7 0.0886 2.o6 5.7' 3-~4
7 '3.'5 23.3 0.0759 2.02 5.68 4.14
8 n.5 26.7 0.0664 1.97 5-57 4-56
9 9-' 3''8 0.0526 t.g7 5.76 5.00

'o 7.33 37.2 0.0423 !.93 5.67 5.69
5.35 45.3 0.0309 '~9 5.67 6.63

12 2.83 60.0 0.0163 t.89 –– t0.!
Average 5-7

No. Reading A-x A,X'o* ~Xto*

42.7 0.0 0.246 –,
–

2 23.2 3.8 o.t34
3 t8.6s 6.3 o.t074 3.40 5.33
4 14-35 S.6y 0.0827 4-~5 6.o8
5 to.4 11.7fi 0.0599 4.40 6.40
6 8. t4.2 0.0470 4-37 0-4~
7 6.SS '6.3 0.0377 4.39 6.59
8 4-4 ~0.8 0.0254 4-~5 6.45
9 3.5 ~3'o 0.0202 3.86 6.55

!0 1.85 30-0 o.ot07 4-~0

Average 6.4
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inverselyproportionalto the squareof the concentrationof the

iodion.

Nowas to the acid. In the experimentssummarizedin

Table IV. the concentrationof the acid is twicethat inTable I. i
the valueof hasfallen from 2.15to 1.25,or in the ratio of

i to 0.58. In TableV. the concentrationof the acidis ~t/2that

in Table IV., and the ratios of the constantsare

k,(TableIV.) ~,(TaMeV.) ==1.0 o.y.

Fromthis it appearsthat whenthe quantityof acidpresent
in the 600ce is not lessthan 5 units, the rate is inverselypro.

TABLEIV.

A.0.246 B, 2.47 C, t.56 D, 5.47 V, o.6
–~––––=~=-=,–~

fABM III.

A, 0.~46 B, a.47 C, 5.95 D, 2.735 V, 0.6

No. Reading. x <6,X~ ~X~

t 42.5 o.o o.ooo – –

z 4t.5S 6.7 o.oo6 –

3 39.a 22.8 o.ot9 o.t6 5.4:
4 36.6 42.8 0.034 o.t5 5.35
5 34-ï 63.3 0048 o.ts 5.~4
6 29.2 !oo.o 0.077 o.i6 5-8ï
? 26.7 !37'o o'09~ o.!S 5.27
8 ~3.2 t83.o o.!t2 o. 5.23

Average 5.38

:t-:rs~=_ =_ r~_

No. Readtag .f ~,Xto' ~Xto'

~2.0 0.0 0.000 – –
2 38.2 2.5 0.022 – –

3 35.4 5.0 0.039 '.3: 2.8?
4 31.3 8.9 0.063 1.25 2.49
5 26.3 tS.ï 0.093 .29 3.2!
6 2!.6 M.o o.ji9 -a'7
7 t7.8 29.7 o.!42 .22 3'!9
8 '3.9 40.0 o.165 .18 3.09
9 9.55

1

56.5 o-too .36 3.09
M 4.95

V
88.5 o.2!7 .03 2.96

tt 1.70 !39oj 0.~36 0.99 2.98

Average 3-02
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portionalto the concentrationof the add. This conclusionis

supportedby subsequentexperimeuts (see Table XVII.), and

the deviationobservedin the caseofTable I. mustbeattribitted

tothe effectof the relativelylargequantityof nentralsaltonthe

dissociationof the acid.

TABÏ.EV.

A, 0.246 B, 2.47 C, 1.56 D, <t.< V,0.6

No. RMdtttg A-~ ~.X'~ ~X~

4t.tt o.o 6.246 – –

2 40.: a.o 0.241
3 36.! 7-33 o.2t6 8.76 a.o8

4 30.95 iS.o o.t85 8.77 2.n

23.63 ZQ.o o.t4t 8.5: 2.)8
6 20.35 37.3 o~M 8.43 t.86

7 !7.45 46.7 o.t04 8.!o 2.14
8 !4.!5 58.7 0.0847 7.99 2-'8

9 "'35 7~ o.o68o 7-82 2.o6
M 7-~5 !t6.o 0.0434 7-!7 '-86
Il 3-75 ~43.0 0.0224 7~9 ~'6
ta 2.30 t79.o 0.0:38 7-c"

Average 2.07

TABMVI.

A, 0.49: B, 4.95 C, 3.n D, 2.735 V, o.6

No. Reading 6 A-~ ~Xto' ~X"~

i 4t.tt o.o 0.492
– –

z 40.4 .t6 0.484 –

3 38.05 6.83 0.456 o.yt 3~5
4 34-~5 ï3.66 o.4to 0.68 3.24
5 3~-35 21.66 0.363 0.67 3~5
6 26.33 3'.83 o.3t5 0.65 339
7 22.63 43.5 0-27' 0-62 3-'i
8 !9.4 57.5 0.232 0.59 2.99
9 t4.7 84.3 o.t76 0.54 2.85

!0 9.5 "8.3 o.H4 0.56 3-01
nr 8.03 t34.2 0.096! 0.54 2.99
12 5.82 !65.5 0.0697 0.47 3.73

a.,a.e ~JC
Average 3.t6

Finally the experimentsof Table I. wererepeated,with the
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samequantitiesof the fourreactingsubstances,but dissolvedin

half the volume(in otherwordsall fonfconcentrationsdouMed).
Thé valueofk,(Table VI.)is in accotdatMwiththeconctMstoos

of the precedingpatag~phs.
Table VH. tesemMesTable VI., exceptthat the concen.

TABLEVII.

A, 0.2~6 B,4.95 C, 3.02 D,5.47 V, o.6
-==--

No. Reading 6 A,XtO' ~XtO*

t 4t.O 0.0 0.000 – –

2 39.1 2.o8 o.ot2 – –

3 35.6 6.8 0.032 0.85 3.68
4 3t'~ '4-8 0.059 0.76 3-43
5 26.0 2~.3 o.ogo 0.80 3-~4
6 Z!.o 36.3 o.!2o 0.78 3.66
7 t8.3 46.7 0.136 0.74 345
8 t2.7 68.0 o.ts6 0.73 34'
9 to.ï 8!.7 o.!8s 0.73 3-45

M 8.75 92.7 o.!93 0.72 353
Il 6.65 !to.o 0.206

1
o.7t 3.55

J2 50 t29.5 o.216 0.70 3.51

Average 35'
.t .t.e t.a r~ _r_r: _L .1.tration of the triiodionisbalved. In conformitywith the con-
clusion reachedby comparing aod inTableI., this change
bas not affectedthe valueofthe constant.

Employing the notation of page 369,the results of the
seriesof experitnentsjust describedmaybe condensedin the

followingexpression,whichconnectsthe rate of the reaction

with the concentrationsof the reactingsubstances

(A-~V.(B- ~q.7,~+~v..(D+~V- ~-7-

SeriesB

For the purposeof ascettainingwhetherthé effect of the
v&riousconcentrationson the rate of the reactionwas inde-

pendent of wide variationsin the quantitiesof the reagents

present,a simitar set of experiments(TaMesVIII. to XII.) were
carriedout, in whieh the arseniousacid was present in much
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TABM vin.

A, z.46 B, o.&t? C, 2.99 D, 8.2 V, o.6

No. Reading 9 x ~,X'o~ ~<X'~

t 20.6 0.0 0.000 – –

2 !Q.6 2.5 0.012 – –

3 18.3 6.7 o.o28. 7-3 5.7
4 !7.5 "o 0.037 5S 4.6
5 15.6 23.3 o.o6o 4.8 4.1
6 14.7 28.5 o.oyt 4-9 4-~
7 ï3.8 34-0 0.082 4.9 4-4
8 12.5 43~ 0.097 48. 4.2
9 t2.o 48.3 o.t03 4.7 4-~

ïo 10.9 5~-5 o.116 45 4.0
Average 4.2

No. Reading x ~,Xto*I& ~X"o'I&

t 20.6 0.0 0.000 – –

2 !98 ~.t6 0.009 – –

3 t?.o !3.7 0.043 5.9 2.7
4 !5.9 26.5 o.o61 44 '.9
5 t2.6 46,3 0-09* 4.4 '-8
6 !0.4 69. 0.122 42 1.9
7 8.7 89.5 o.t43 4.1 '.9
8 7'3 !04-o o.t59 4-2 t.9
9 6.t u8.o o.ï74 4.4 2.0

to 5.0 !6.o o.t87 4.5 z.!
!t 3.0 t76.0 O.Ztt 4.7 2.2

Average 2.0

No. Readfag f) ~Xïo* ~X'O*

<tï.2 M o.ooo – –

a 38.7 !t.o o.ots – –

3 36.0 2s.o o.o.;t 2.0~ 2~3
4 3ï.6 ~.5 0.057 2.32 x.t?
5 27.5 7'.S 0.08: 2.30 2.a3
6 34.0 9~-6 0.103 2.2$ 2.2~

7 "9~ '3~'o o.!29 :.t5 2.!7
Average 3.20

TABÏ.NIX.

A, 4.92 B, 0.247 C, 2.99 D, 8.2 V, 0.6

TAB!<SX.

A, 2.46 B, 0.247 C, 2.99 D, 3.865 V, o.6
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ÏABMtXI.

A, t.aa; B,o.n~} C, !.so; D.to: V, 0.6
i

No. Reading C x A)Xt<~ ~X~

t 10.3 0.0 0.000 – –

a 9.8 3.3 0.006 – –

3 9-o 7'3 cote 9.6 4.3
4 8.4 t2.o 0.023 7~ 3.3
5 7~5 ~9.6 o.03y S.t 3.0
6 5.85 30.0 0.05~ 8.5 4.0
7 4.4 45.9 o.07t 8.a 3.9
8 3.M 64.0 0.084 7.7 3.7
9 2.6 79.5 0.093 7.5 3.7

!o t.9 too.o o.iot 7.4 3.6
Average 3-6

smallerquantity than theother three. Thérésulta are presented
in a condensedfonn in Table XVII. and,as will be seen, are in

full accordancewith the requirementsofequation7.

SeriesC

In order to bavea series of measurementswhere the con-

centrationof the acid was about thésameas in the experiments
on equilibriumof Table XXXIII., andin thoseonreductionof

arsenicacid of SeriesD, 1 carriedout a third series, whose re-

sults are contained of Tables XIII. andXIV.

No. Readhtg B-.<- ~,X'o* ~X'o'

ao.6 0.0 0.247 – –

2 t9.7 a.66 0.~36 – –
3 t8.8 7.0 0.225 4.s ï.93

t6.2 t6.y 0.~94 6.!1 2.~6
5 '4.9 25.3 o.!79 5.3 2.09
6 '3.! 39.5 o.!57 4.8 t.99
7 u.9 so.0 o.t<t3 4-6 '.93
8 y 9'3 7~-o o.m a 4.7 ï.9<'
9 7.2 95.0 o.o86 4-8 s.o8

!o g.t t29.o o.o6t 4.7 z.07
i 2.6 !94-o 0.03* 4-6 2.t8

Average 2.09

TABU!XII.

A, 2.46 B, 0.247 C. 2.oï D, 8.2 V, o.6
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No. Readfag <? A-x ~X'o* ~X'o~

i 43.! o.o o.:s6 – –
2 33.7 ~5 o.!oo – –

3 3~.8 7.5 o.t95 2.35 3.t2
4 28.5 20.25 o.t69 3.55 5.39
5 24.t 35.o o.t4.Ï 4.46 5.7~
6 21.6 48.5 o.t26 4.37 5-~9
7 i8.4 63.0 o.t09 4.35 593
8 '5.5 79.7 0.092 4.37 5.80
9 13.7 94.5 o.o8t3 4.25 5.95

!o !0.5 tzt.o 0.0647 4'S 5.92
il 4.4 27t.o o.o26t 3-92 493

Average 5.69

In thé experimentsof TableXIV.the concentrationof the

acid was 2% timesas great as in thoseof Table XIII. if the

rate is inverselyproportional to the concentrationof the acid

then

~.(TaMeXIV.) =4/9 of~(TaNeXIII.)=20 X!o-<.

If, on the otherhand, the rate varyas the inversesquareof the

concentration,then

k,(TableXIV.)==(4/9)'of A, (TaMeXIII.) ==9 Xfo-<

The results of the trial were ïnarredby slow depositionof

No. Reading C A–.<- ~,Xt<~i~ ~XM~

46.7 o.o o.:77 – –

2 42.8 2.33 o.254 – –

3' 4t-6 10.67 o.:47 -18 t.99
4 38.9 24.67 0.23' .85 t.Sï
5 37.~ 395 0.220 .64 2.19
6 34-5 69.0 o.~to .38 ~.66

6 3¢.s 6g.o o.zro t.38 r.667 30.7 'o o.t82 .31 ï.84
8 22.5 262.0 o.!34 .07 ï.54

Average t.8t

TABUt XIV.

A, o.:77 B, 4.89 C, 1.69 D, 62.3 V, o.6

TABM XIII.

A, 0.256; B, 4.89; C, jf.69; D, 27.9; V, o.6
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arsenions oxide during the measurements to this is due the

steadyfa!t of k, in Table XIV.; but its value at the beginning
of the experiment(line 4, TaMeXIV., = t8.$ X nr<) leaves

no doubt that the rate is iavetsely proportiooalto the Stst

.power,and not to the secondpower,of the concentrationof the

acid.

OtherexpMiments

As it is not possibleto preparea solutionin which the con.

centration of the triiodion M greatly in excessof that of the

iodion,it was not possibleto parallelSeriesA andB bya fourth
in whieh the concentrationof the iodionwassmaH.

With regardto the acid,the experimentsof Table I. made

it seemvery unlikely that simpleresultswouldbe obtainedfrom
solutionsin which the acidwaspresent in small quantity the
more so, becausein order to keep the rate within measureable

limits, the concentrationofthe salts wouldhave to be increased
in proportionas that of the acidwaslowered.

TABU!XV.

A, 0.500 B, 0.499 C,0.500 D, M.75 V, 0.6
_–

No. Reading x ~X'o*

t ~6 o.o 0.0 –
2 4t.o !.8.} 0.007 4.9:
3 39.25 4.83 0.029 7.04
4 37.1t 9.5 0.054 6.95
5 34.9 ïS.'6 o.o8! 7.37
6 3~~ ~'7 o.tzo 7-49
7 29.0 390 0.152 7.64
8 25.45 62.5 o.t94 7.58
9 23.55 79.5 o.2t7 7-6'1

ïo 20.55 113.0 0.253 7.79
Il t9.! !40-o 0.271 7.64

Average 7.45

T~:––t<– W-< _*––- ~t-- ––< -t – '.<

Finally, Table XV.gives the resnltsof an experimentwith

equivalentquantitiesof arseniousacid, triiodion and iodion in

presenceof a large excessofacid. The constancyof A maybe

regardedas further confirmationof the truth of equationy.
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TemperaturecM&deat

The experimentsof Table XVI. werecarriedout at ïo° C,
all the othersat o"C. Bycomparingthevaluesof fromTables

XVÏ. and XVII., it will be seeo that a rise in temperatureof

10° C multipliesthe mte by ~.5.

TABt.BXVI.

A, 0.27! B, 0.979; C, t.254; D,92.75 V, o.6

Temperatureto" C

No. Reading A-x ~X'o*

t 25.0 o.o 0.2?! –

a 23.t z.s O.zso –

3 zo.6 6.0 0.293 ï.74
4 t7'~ ï~'o 0.186 !.g6
5 t3.8 t7.S 0.~9 s.st
6 n.9 2!.2 o.ta9 2.87
7 9.9 33.5 o.'o7 2.39
8 7.7 't7.3 o-o835 2.4!
9 5.85 59.3 0.0634 2.62

to 3.9 78.5 0.0423 2.84
iit 3.0 95.3 0.0325 2.8a
tz 2.9 tz~.o o.o3t4 2.20

Average 2.51

ResaméefTables1-XVY.

In order to facilitate comparison,the initial compositions
and the values of and from TablesI. to XVI. have

been collectedin Table XVII.

k, basbeen taken from liae of each table. is the

averageofall the values (except the first) in each table, and

<&bas beencalculatedfrom bythefonnulagivenonpage370.

The fact that A does not vary in anyregulat mannerwith

D is proofthat the rate of thé reactionremainsproportionalto

thé firstpowerof the concentrationof theacidup to the highest

concentrations; while the constancyof fromtable to table is

evidenceof the accuracyof Equation7.
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Table i A B C D V ~X~~X~

ï. 0.246 2.47 !.56 2.74 0.6 z.ts 5.7 0.26
II. 0.246 4.95 t.~6 2.74 o.6 4.25 6.4 o'~9

III. 0.246 a.47 595 2.7~ 0.6 o.ts 5:4 o-~S
IV. 0.246 2.47 '.56 5.47 0.6 t.~5 3.0 0.28
V. 0.246 2.47 <.5<& 8.2o 0.6 o.M 2.t 0.29

VI. 0.490 4.95 3ï' t 5.47 o6 0.68 3.: 0.29
VII. 0.246 4-95 3.02 s'47 o.6 0.76 3.5 0.32

VIII. 2.~5 0.247 3.01 S.20 0.6 2.3: 2.2 0.30
IX. 49? 0.247 2.99 8.20 o.6 4-4 2.0 0.28
X. 2.46 0.247 2.99 3.87 o.6 5.8 4-2 0.27

XI. !.22 0.!24 1.50 4-'0 0.6 7-8 3.6 0.2$
XII. 2.46 0.247 2.0! 8.20 0.6 6.1 2.1 0.29

XIII. 0.256 4-89 *-69 2~.9 o.6 0.35 0.57 0.27
XIV. 0.277 4-89 '.69 62.3 o.6 – – –
XV. 0.500 0.499 0.500 22.75 o.6 0.75 0.28

XVI.' )o27' 0.979 1.254 22.75 0.6 – 2.5' 0.95

Average (omitting XVI.) 0.28

PARTH.

THERATE0F REDUCTION0F ARSENICACIDBYHYDROGEN
IODIDB

The planof theseexperimentsis the sameas that ofPart I.,
my objectbeing to déterminethe effectof changingthéconcen-
tration of each reagent singly. Except in the experimentsof
Tables XVIII. and XIX. arsenicacid waschosenas thereagent
to be presentin smallquantity,in ordertoavoidoxidationof the
sodiumthiosulphateduring the tittatioo.

Thé unitsand symbolsdefinedon page 369 are employed
in this part also,with the additionof the letter E to represent
thé numberof unitsofarsenicacid initially present in any ex-

periment. Thesign of x bas been changed, so that in Part
II. x representsthe numberofunits ofarsenionsacid formedby
the reductionof arsenicacid.

To theconstantstherehasbeenadded definedasfollows:

<=~V''(C-.c)(D-~)(E-.f).

TempemtareM~C. AMtheothers,0*C.

TAB~xvn.



.~w/K'K ~a'~< ~«w~ ~o~ <M~7p<A'~ 383

MBTHOD<?CARRYINCOUTTHEEXPERÏMBNTS
The reactionwascarriedout in naskskept at o" C by a

bath ofsnowand water. Thésolutionfor the réactionwaspre-
pared in two partswhichwerecooledto o" Cbeforemixing. In
one ftaskhalf the sulphuric acid was added to the potassium
iodideandpart of the water in theothernask the arsenicacid
was mixedwith the remainderof thesulphurieacid and water.

By thus dividing theacid 1avoideda rise in température whea
thé contents of the flasksweremixed and the reaction com-
menced. Any iodineliberatedin the first <!ask(owingto the
action of the air on the acid sotutionof potassiumiodide)was
determined and allowed for. Owiagto the short duration of
most of the experiments no moreelaborateprecautionsagainst
the actionof air seemednecessary;but tomakesure, the experi-
ments in Table XXIVa. werecarriedout with solutions freed
from air and kept undercarbondioxide. The constants calcu-
lated fromthese experimentsarealmostidenticalwith those of
Table XXIV., whereno suchprecautionsweretaken.

Thé experimentsof Tables XXVIII. and XXIX., where
the rateof reactionwasmeasuredoveran interval of 50 hours,
were carried out in test-tubesfilledwith carbon dioxide and
sealed.

The progressof the reactionwasdetenninedat intervalsby
measuriagont 10ce of the reactiogmixture,dituting it to ioor
2o timesits volume,in order to stop the reaction and reduce
the concentrationof thé acid; and then quictdy titrating with
sodiumthiosulphate. For the reasonsgivenon page37 excess

of sodiumthiosulphatewasavoided.

RESUMSOFTHEMEASUREMENTS
Séries!)

The constancyof in each of thé tables (in Table XXI.

le,is calculatedfor comparison)showsthat the rate is propor-
tional to the firstpowerof the concentrationof the arsenicacid.

Evidencethat this lawhoHsforbigher concentrationsas well,
is affordedby the experimentsof Tables XVIII. and XIX,
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(wherethe reagentpresentin small quaatity is iodion); in oae
of these the quantityofatsettieacid présentis twicethat in thé
other, aad the valuesofkystand in thé sameproportion.

ÏABï.aXVin.

C,o.t385 D, aa.85 {E.ï.!6 V,o. i:

$8.3 ce so<Mt)mth:o8ulphatesolutionis eqaivateattoo.ï~s

unitsl,.

TAB!.BXÏX

C.o-s D,22.85 E. 0.580 V, o.!2a

$8.3 ce sodtMtnthiosulphatesotHtionia eqaivateat too.

uaitsl,.

No.
JR~diag $ x c-.f ~.X~ ~,X"~

t o.o o.o o.o o.t385 – –
2.8 t.o 0.00665 0.}2 – –

3 5.3 4.2 o.otas
o.tz6

6~4 .84
4

l,
9.5 M.7 0.0226 o.6 s-75 .M

5 15.2 M.o 0.0361 o.t02 ~-796 t i8.o 27.0 0.0~27 0.096 5.35 .65
7 M.o 37.7 0.0523 0.0862 5.02 .6t8

1
24.2 46.7 0.0575 o.o8to 4.64 .489 25.8 5~7 o.o6t3 0.0772 4.02 30

Reading C C-~ ~,>:to' ~x'o'

0.0 0.0 0.0 O.t~SS –
1 4.0 !.3 0.0095 o.!29 – –
3 7~5 3.7 0.0!72 O.ï:t 9.9 .yo
4 'o.y 6.a o.oa~ o.i!3 tg.9 .47
5 '5.~ M.s o.o~6! o.!02 !o.8 .6<:6 3!.7 !7.5 o.osts o.oa? to.s .65
7 !5.o :8.a 0.0594 0.079 7.8 .zt
8 27.3 38.0 0.0648 o.o737 6.6 .goe9 n .12.r L"1I~
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T&BMXX.

C. 5.64; D, 94 E, 0.990: V, o.i3

44.6 ce sodium thiosulphate solution is equivalent to 0.290

units I,.

TABLEXXI.

_C.3.76: D. 9.4 E, 0.290 V. o.!3
~w--r-

<t5.! ce sodium thiosulphate solution is equivalent to 0.290

uaitsl,.

~°- RMd!).g x E_ IfJ

0.0 0.0 o.O 0.2~0 –

345 a?7 o.oM~ 0.268 –
3 'ï.65 !o8 0.0602 o.:3o 8.a
4 '6.3 t~o o.to6 o.!8<t 11.4
5 '9.8 a:.5 o.!288 o.t6t 11.26 23.6 29.0 ot53 o.!37 n.t
7 27.3 373 o.!77 0.113 to.ç8 ~9.9 43.8 0.194 0.096 io.o
9 3ï.9 so.s 0.207 0083 !o.7'o 34.3 59.3 0.223 0.067 Io.6

37.2 73.0 0.242 0.048 to.6
39.2 87.5 0.2S5 0.035 to.4'3

Af;
4'.4 '08.0 1 0.269 0.02! to.5

AA.~ M uwiime» flvnm.l.,l.l.1__a: 1-

No. Reading ~–~ ~,XM' ~X'o*
IIj

t 0.0 0.0 0.0 0.290 –'
2 !.7 2.2 0.0t09 0.279 – –
3 7-55 12.8 0.0486 0.24! 6.0 5.334 9-3 '6.5 0.0598 o.2.;o 5-87 5.345 13~9 27.0 0.0894 0.20: 5.7: S.566 '795 37.3 o.!t5 0.175 $.78 6.07
7 22.75 52.5 o.t46 o.ï44 5.71 6.688 28.5 76.5 o.184 o.to6 565 7.87
9 332 t03.o o.2t3 0.077 5.54 9.3''o 370 t34.o 0.238 0.052 5.53 ".9il 39.8 t67.o 0.256 0.034 5.5~ '5.612 42.5 ~'8.0 0.273 oot7 5.65 25.5
<t5.! CC sodium tM(N<t!nhntf <mt)ttinn M <t~{.M~t t~



386 T~

37.0cesodiumthiosutphatesotationis equivalenttoo.i36
unitsl,.

In TablesXX., XXI.. XXII., and XXIII. are given the
resultsobtainedby varying the concentrationofthe iodion. In
the firstpair,wherethe concentrationsare highest, adding nfty
percent to the iodion doubles the rate; in the secondpair,
doubling the iodion multiplies the rate by about two and a
quarter. Thns the "otder of the reaction with respect to
iodion decreaseswith decreasein the concentrationof that te-
agent. Evenin Tables XVIII. and XIX. the rate seemsto fait

37-c ce sodiumthiosatphatesolution is équivalentto 0~36

naits!

TABî.sXXIII.

C,0.644; D, 22.85 E, o.t36 V,o.!z

ÏABM XXII.

C, t.zM; D, 22.85: E, 0.136; V, o.
.a.

n

R~S
i

B-~ ~X!~

ï o.o o.o 0.0 0,136 –*
'.8 t.M 0.0066 0.129

3 3'~ 5-3 o.ot~o o.a 6.3
4 !a.S !0.3 0.0460 0.090 !?.<i
5 !8.t ty.o 0.0666 0.069 ty.z6 as.t 28.5 0.09:3 0.044 !7.3
7 30.3 4~.2 o.tt!4 o.o<5 17.58 3~-8 $3.2 0.1206 0.0!~ ty.y

~t f~ <i~M!!t<Mtt~t* ~<

No.* Reading a B-~ ~XK~

t 0.0 0.0 0.0 0.6 –
2 t.os t.66 .0.00386 o.t~ –
3 8.8s ts.s 0.0326 o.to3 y.68
4 12.5 zs.5 0.0460 0.090 y.yy
5 ~.7 3,5.7 o.o614 0.075 7.3~6 20.4 48.3 0.075' o.o6tt 7-
7 ~3.7 64.0 0.087! 0.0~9 6.94
8 a6.9 870 0.0989 0.037 6.47
9 29.8 tt6.o o.to95 0.026 6.1310 31.9 !6t.o 0.1173 o.o!9 5.83

32.8 t98.o 1 o.t2o6 0.015 3.84
M.O CC sodium th!<Mhtnhatf Mtnti~n tu ~.M:at~.t ..<
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44.6ce sodiamthioaulphatesolutionis équivalent to 0.290

unitsl,.

TABM!XXIVa.

C, 1.88;D, !8.25;E, 0.290;V, o.~
A!tsolutionswerefreeofair and thé experimentwascarried

out underaa atmosphereof carbondioxide.

44.6 ce sodiumthiosMtphatesolutionis eqoivatentto 0.290

Moitsï,.

TABLEXXIV.

C, t.88; D, !8.as; E, 0.290;V,o.ï3

No. Reading C x B-~ ~Xto*

t o.o o.o o.o 0.290 –
2 z.8s 2.5 o.ot8s 0.97! –

3 8.1 8.3 0.0.5:7 o.a.;7 !o.o
4 t2.9 t4.5 0.0838 o.:o6 9.92
S !7.8 22.2 o.116 0.174 9-77
6 21.8 29.3 o.ï4: 0.148 9'8ï
7 25.2 37'o 0.164 o.!26 965
8 29.9 47-3 o.ï94 0.096 to.o
9 32.2 590 0.209 o.o8t 927

'o 36.3 76.3 0.236 0.064 8.50
ï!t 407 "'o o.265 0.025 9.63<–i–.t–t.t~' t

No. Reading ~,Xto'

1 0.0 o.O –
2 3.35 2.3
3 7.05 6.7 94
4 !2.0 t2..S !0.0
5 '55 t?.3 'o.t
6 !9.o 22.7 to.t
7 22.! 28.5 tO.O
8 25.3 35-o io.t
9 28.9 44.3 !o.o

'o 32.0 543 9.9
34-9 67.0 9.7

~–––JJ:<~i--JL-t,A' <



3~ 7~

J~
B-~

1 0.0 o.o o.ago ~T"
''S ï-5 0.009~ 0.280 –

3 8.0 0.0307 O.a<0 e~4 7.? ~.8 o.050t4 7-1 14-8 0.0501 0-240 5· 35 '0.4 21.7 0.0677 O.M2 ~M6 ~5 ~.3 0.08.3 0.209 !.9a7 6.S M7 o.!o73 o.tS }.~8
°- 3g °-'SS 4.8o

to "f 0.133 4.70!o 28.o 89.8 o.!8a 0.108 4.69I'- 1 °-~ 0-08~ 4.5012 36.: !6o.o 0.~5 o.oM
44.6 cc sodium thtnentnhntn .t:

B~~ ~x,~

1 0.0 o.o o.O 0.2~0 –
2 '-3 3-o 0.0085 o.zS! –
3 ~'5 75 o.ot~o 0.276 i.?t4 475 M.3 0.0309 0.259 9.045 7.95 37.5 0.05~7 0.238 2.096 '0.6 52.7 0.0689 o.Mt 2.09

8 K
°-~ 2.04° 'S9 t!2.0 o.t23 o.Jt67 2.0?9 2i.7 !37.o 0.1~ 0.~9 aos10 25.6 ~9.0 o.!66 0.124 202

~9.3 M3.o o.i9i 0.099 2:S
~.7 279.0 0.2t2 0.078 2~~A.nf~ a~tît~Mtttt!<t~t.~t~ –t. a.vs

44.6 ce sodium thiogulphate sohttioa is eqaivateat to 0.290

«Otsl,.

4·g7
44.6 ce sodium thiosulphate solution .s équivaut to 0.290

Moitsl,.

ÏABLBXXVI.

C,88;D,9.ïg E, 0.~90; V, o-tg

TABMtXXV.

C,1.88;.D,t3.7; ]g, 0.~90 V,o.!3



J?~!C/MM~!f~M ArseniousAcid and lodine 389

*Jt J°'<) <H~.U U. U.t~t t./U
44.6ce sodiumthiosutphatcsolution is equivalentto 0.290

uoitsl,.

TABLEXXVIII.

C, 2.27o; D, 2.293 E, o.gto V, 0.155

67.5ce sodiumthiosulphatesolution is equivalentto o.~ïo

ua!tsl,.

TABI.BXXVII.

C, 3.7&;D, 70 Ë, 0.~90 V, o.t)

No. Reading Ë–.f ~X'o*

ï o.o o.o o.o 0.290 –
2 0.85 2.0 0.00553 0.28~ –
3 3-9 '9.0 0.0952 0.265 1.85
4 74 4''S 0.0482 0.9~2 1.78
5 !t.o5 68.0 0.0719g 0.218 .76
6 15.5 !045 0.1007 0.189 .72
7 !9! 139.0 0.!2~ O.t66 .7!
8 22.~ t75'o 0.146 o.!44 -7'
9 292 262.0 o.igo o.too 1.74

io 3' 30~-0 0.203 0.087 .7'
!i 33-3 351.0 o.2!7 0.073 .69
!2 33.8 414.0 0.233 0.057 -69
t3 38.3 490.0 0.249 o.o4t .7°

Ho. Reading .f E–~ ~,+to* ~XM*

t o.o o.o o.o o.3!0 – –

2 0.35 to.o o.oot6t 0.308 – –
3 2.3 66.0 o.oto7 0.299 3 84 ~3°
4 265 74.o o.otaa 0.298 4'~ ~5"
5 9-45 ~-o 0.0434 0.267 3'~ 2.17
6 246 994.o o.!t33 o.t97 3~ !'97
7 a6.6 t!77-o 0.122 o.t88 3.!7 t.83
8 29.7 1~2.0 o.t37 o.t73 3.07 '-77
9 35.8 2480.0 o.t6<t o.t37 !6t 1.43

to 373 2880.0 o.!7t 0.~30 ~-34 ''3'

Average 3.:6



390

44.6cesodiumthiosulphatesolutionis equivalentto 0.290

uoitsl,.

offmorerapidlythan the concentrationof the iodion-at least,

the "constant calculatedon the assumptionthat therate is

proportionalto theconcentrationsofthe iodionandofthearsenic

acid,certainlydiminishesas the reactionprogresses.
In thecaseof the acid the effectof concentrationon the

orderiseven moremarked. Companng~TaMesXXIV.,XXV.,

and XXVI.; XXI. and XXVII; andXXVIII. and XXIX., it

67.5 ce sodium thiosulphate sotution is equivalent to o.~o

uoitsï,.

TABÏ.BXXX.

C, !.88; D, ï8.75; E, 0.290; V, o.z6

TABU! XXÏX.

C, 2.270; D, !.t~7: E. o-gto; V, o-tss

No. Reading <' x E-.f ~X'o* ~XM'

t o.o o.o 0.0 o.3to
– –

2 o.z 9.5 0.00092 0.309
–

3 t.: 70.0 o.oosst 0.304 3 54 '7
4 37 292.0 o.otyo 0.293 s.7~ o,8t9

5 '3-! 99'o o.o6oz 0.250 3.!9 °93S
6 t4.8 t!75-o 0.0680 o.z4a 3-04 o-9°6

7 !6.9 !430.o 0.0776 0.~32 3.05 0.873
8 2!.6 24700 0.0989 o.zn a.~8 o.675
9 22.<). 9880.0 O.tOZ 0.208 X.!3 0599

Average 2.<8

No. Reading 0 B--c t,X'o'

t oo o.o oooo o.a<)o
–

2 0.9 ~$ o.oo6 o.a8~ –

3 2.35 '8.7 0.0)~ 0.275 8~'

4 4.'5 38.0 0.0269 0.~63 93~

55 6.55 66.88 0.0426 0.247 9.4~
6 94 998 o.o6n1 0.229 9.61

7 n.6 13~.0 0.0745 o~'5 945
8 t44 '76.0 0.0936 o.t96 9-3'

9 15.9 '97-o o.!034 o.'Sy 9-33
J:. If_A: .C!t..tn'hft.~ an.1.n.1't.-I,ltalpnf fAn n~
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is apparentthat the ordef fatls from weU over the second,to
almostthe first,whilethe concentrationof the acid decreasesin
the ratio 16: That this is not due to changesin the dissocia-
tion of the Stuphuricacid,is evidencedby the fact that nothing
anatogouswas found in the reaction between arseniousacid
and triiodion it <nay,however,be aseribedtoa change in the
dissociationof the arseniousacid as the concentrationof the

sulphurieacidis increased. The reactionswouldthentakeplace
accordingto theequation

+
H AsO,+ IOH AsOt+ 1+ 2H.

This explanationdoesnot necessarityassume that thé ions of
arseniousandarsenicacidswhich ï have selectedforuse in the
chemicalequationsare those actually present and reacting,"
but only that whenthe concentrationof the hydrogenions is
belowa certainlimit the ions of the arseniousandarsenicacids
containan equatnumberof hydrogen atoms, whileabove that
timit hydrogenis taken up more rapidly by the arseniousion
than by the arsenicion. This is in full accordwith what we
knowof the relativestrengthsof thé two acids; the polymerie
formulasof the acidshoweverreceiveno supportfrom thesere-
sults.

TABLSXXXI.

C,o.94t;D,ti.7;E,6;V,o.!2

Temperatureto~*C

No. Reading jf ~X'o'

d

t 0.0 ô.o o.o –
z 2.9 1.7 0.0316
3 6.2 4-2 0.0676 ~)
4 8.5 6.5 0.0926 8.8
5 13.3' ".5 o.t45 5.9
6 t7.7 '6.7 o.!93 8.0
7 20.5 22.0 0.224 6.8
8 22.3 27.5 0.243 6.0
9 25.9 335 0.282 6.2

M 30.6 40.3 0.334 6.6
nt 34.8 48.5 0.377 6.s
ï2 3~5 56.0 0.398 6.3

Average 6.8
ï ce sodium thiosulphate solution is equivateot to o.0!09

ttnitsï,.
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~r .c'

No. Reading x ~X'~

ï o.o o.o o.o –

a 2.85 8.5 0.0~08
–

3 4.6 )'5.8 0.0658 t.5
4 6.3 23.0 0.0905 3-6
5 8.9 35.0 o.!2y 3.3
6 M.8 48.3 o.t55 ~9
7 12.7 63.8 o.t8z 30
8 t47 ~i'S o.ato 2.8

9 18.8 ttï.o o.a6<)) 2.9

Average 3.1

i ce sodiumthiosulphatesolution is equivalentto 0.0143

anittti,.

Temperaturecoentcient

ComparingTables XXXI. and XXXII., it appears that a

rise of ïo° C multipliesthe rate by 2.2.

PART m.

EQCIMBMUBt
A priori considerations,and the resultsofsomepreliminary

experimentsmadeit seemprobable that at equilibriumthe re-

îattoa*

j.v~(E+~)(D+.<-)'(C+~)'
"––(A-~)(B-~)––

wouldsubsistbetweenthe concentrationsof the reagents.

The changein tte concentrationof triiodionneededto bal-

ancegiven changesithe concentrationsofeachofthe othercon-

A,B,C,D,E,.<VbavethéateaniNgsMstgnedonpage3&t.The~gns
+ and mustbeiotMchMgedt(theKfM:tiontMdtB~toequiUbnmaiato!ves
theformationiastMdofthedisappearanceof triiodion.

TA~a XXXH.

C,0.84: D, n.8 B. t.ï6 V, o.t2
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ttc maa ~ft~Mmn~~ ~MÏ~ cttOf~v hu 1~<M~ t~~ ~noMt~~stituentswasdetenninedquite sharplyby keepingthe quantity
of that teagent in the mixture small, in comparisonwith those
of théothers; thé concentrationsof thé latter beingthns almost

unaffectedby reactionstaking placein the solution.

Thé interprétationof the resultswassti!!furthersimplified
by makingup thémixtures accordingtoa plandescribedunder
"Sénés E."

MEMODOFCARRYÏNCOOTTHEBXPERIMENTS'
Asa criterionthat the solutionshadactuallyreachedastate

ofequilibrium,it was obvioustynot suiBdeMtto makesure that
theif compositionsremained unalteredfor a longeror shorter

periodof time; such evidencewouldnotexclttdecasesof "fa!se

equilibrium." It was necessarythereforeto make up solutions

containingthe sametotal weights of arsenic,potassiumiodide,
iodine,sulphuricacid, andwater; inoneofwhiehthe componeats
wereoriginallypresentas arseniousacid, triiodion,iodion and

acid,and in the other as arsenic acid,iodionandacid.
To avoid toss of iodine by evaporation,the experiments

werecarriedout in stopperedbottles. In eachcase two bottles
wereprepared,usingthesame volumesof the varionsstock solu-
tions(page~70),but in one of themthé order of mixing was:
Sodiumarsenite, SMtpharicacid, iodide,iodine,and water to
makeup the volume;and in theother: Sodiumarsenite,iodine,
iodide,sniphnricacid, and water to makeup the same volume.

Sothat in the first case the arseniousacid was slowly oxi-
dizedby the triiodion,andin thé secondthe arsenicacid formed

by the instantaneousreaction betweensodiumarsenite and tri-
iodionwasslowlyreducedby the hydriodicacid.

Finat analyseswerecarried outonlywhen the quantity of
triiodionwas thesame in the twomixtureswithinone percent;i
a periodof less than twenty-fourhours was quite sufficient for
the purpose.

Direct titrationof the triiodionin the solutionby sodium

thiosulphatewasaot feasible; as intheabsenceof triiodion the
reactionbetweenarsenic acid and hydriodicacid was rapid
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enoughto affecttheresult. It wasfound,however,that by pour.
ing intothe solutiontobeanalyzeda solutionof thiosulphate in
quantitysunicientto removealmostaUthe triiodion,mixedwith
watertoslowthe rate ofreductionof thearsenicacid,the titration
couldbe brought to a satisfactoryconclusion. For the rcasoue

givenon page371,excessof thiosulphatewasavoided. If after
the conclusionof the analysisat least oneminuteelapsedbefore

reappearanceof the bluecolorof iodideofstarch,it wasevident
that tHewater had beenaddedin saScient quantity.

Twoaaatysesweremade of the solution ia each bottle i
and coasequenttyfourdeterminationsof eachequilibriumpoint.

RESULTSOFTHEMBASUREMENTS

SMiesE

Havingfound by trial the proportionsin which the stock
solutionsmight be mixedso that only a veryslight reactionwas
necessaryto bring the systemto equilibrium("standard" mix-
ture), 1prepareda set ofbotttes' in which the concentrationof
the triiodionwas twicethat of the standard,while the concen.
trationof the iodionwas t/z, ~2, and ~a~imes the standard
res}'ective!y. In the first,the amountof triiodionincreased,and
in the thirddecreased,whitein thesecondit remainedstationary. i
From this it is obvious without further calculationthat the
third powerof thé concentrationof the iodionmust appear in
the equilibriumconstant.

Thé sametnethodwas employed with the other reagents
and with thé volume finallythevalue of K6 (Eq. 8) was cal.
culatedfromeac!texperiment.

Aglanceat TableXXXIII. showsthat therequirementsof
Equation8are satisfied. The greatestdeviationis in the caseof
the iodion,forwhich the third poweroftheconcentrationseems,
if anything,a trifle high. This is in line with the observation
made in discussing SeriesA (page373), that mnttiptying the

Nos.4,s,and6ofTableXXXIII. No.t Mstandard.
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concentrationoï the iodionby four divided by fourteen in-

steadofbysixteen.

TABi.aXXXÏII.'

Séries F

On finding that the effect which doubling the concentration

of the sulphuric acid produced on the rate of reduction of arsenic

Ne. t la the ataedard. In Noa.9 to t6, A wasthe samees in No. in

Nos. to 8, A waatwiceMgreat Mttt No. t.

Temperatureao" C. AUother expérimentaof Part !!ï, temp. o'*C.

TABL8XXXIV.

No. A-.f B-~ C+x D+~ a+~ V K,X'o-4

t 0.0t857 0.3424 0.5689 !40 0.40!ÔO.t1 !5

003607 0.3432 0.5750 t.6t2 0.4008o.! t6.!

3 0.03098 o.33:h 0.580! t 446 0.40S9o.tt !$ 8

4 0.0479: o.3a6o 0.7958 '.t27 0.3890o.! t4 ?
5 0.0381 0.3452 o.7!98 !.t37 0.3988o.! 14.6
6 0.03346 0.34!* o.6856 t.i4' 0.4029o.t t4.8

7 0.0394* 0-34~5 o.s7'7 '-136 o8o! o.t t4.i

8 0.03509 o.t720 05760 t.t38 0.40180.! t655

9 o.0t635 o.!699 o.57'2 t.t39 0.4039 o.n89 t7.7
to 0.0198 o.!734 0.5677 !.t;}6 0.4004o.tt49 tô.ti
n o.o2!2 o.t748 0.5663 t.t~s

0.3990 o-t!~

!5.8

t2 o.ot903 0.3428 0.5685 !.t39 0.40)2 o.t 14.6
t3' o.ojtt3 0.3349 0565! 1.147 04091 o.t ?6.t1

!4 0.01787 o.34t2 o.5596 !.t3o 0.4023o.t 14.8

!5 o.ot646 0.170! 0.5678 t.t35 0.4037o.n89 !7.o
t6 0.01354 o.t698 0.5644 !.t32 0.4003o.t26o <5.9

No. A A.c B-x C+x D+~ B+jf V

i 0.0384 00384 0.4836 o.!99t !0.8o 0.0985 o.t
0.0768 0.0909 0.5036 o.tSot !4.49 00785 o.t

3 0.0768 0.0844 0.497! 0.1866 13.72 0.0850 o.!
Re~aal?
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acid wasdependenton the concentrationof the suïphuric acid
(Series D), 1 undertookthe experimentsof Table XXXIV. in
order to determinewhetherthe conditionsofequilibriumwere
affectedby the same circumstance. Thé measuretnentsshow
clearly that whenthe acidispresentin largequantity, the third
or a higher powerof its concentrationand not the secondpower
mustbe introducedinto the equationof equilibrium.

· Tmperaturecoeaciemt

ExperimentsNos. !2 aad of Table XXXIII. werecar.
tied out with differentportionsof the samesolutions. No. t3 at
20° C, and No. ïa (likeall thé othersof the table) at o" C. A
riseof 20" C thusahnostdoubles thé constant. From the ex-
perimentsof Parts I. andH. a riseof10°multipliesthé quotient

by t.6, whichis notfar from1.4,thé square root of 2.

Relationbetween aad K.

Accordingto the theoryexplainedin the Introduction,the
constantsof the tworatesand that of equilibriumshould becon.
nectedby thé relation

tf – ka
K.––.

"4

Introducing the 'values ==0.28(TableXVII.), and ==
3.26X io-~ (Table XXVIIÏ.) gives 8.6X io' as the "cJcu-
lated value of K~; whitedirect experiment(Table XXXHI.)
gives K. ==t.~ X io'. The twonumbersare thus of the same
orderof magnitude.

In
selecting k 1 was forced to use the data of Table

XXXIII., as it is only whenthe concentrationof theacid islow
that the rate obeysthe lawof paragraphiii of the introduction.
The large amount of salt present in this experiment (three
moleculesof potassiumiodideto oneof su!phuricacid) was in.
troduced in order to make the rate quick enongh to measure.
Perhaps the considérablenutneriealdiscrepaneybetween
and K6is due in part to this circumstance.
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CONCLUSION
The resultsof my experimentscan only be regardedas a

verystriking confirmationof théTheoryofKinetic EquiHbrium.
In Part ï. it is shown that the réactionbetween arsenious

acidandiodinein acidsolutionproceedsaccordingto the scheme'

<=~f.~

The "order" of the rate of the reversereaction,however(Part

II.), dependsonthe concentrationsof the reagents in compara.

tivelydilute solutionsit is of the third order,

< = ~t'.y.?,

but if the concentrationof the iodideorof theacidbe increased,

higherpowersof~ and 8 mustbe introducedinto the equation.
Finatty, in Part III. it is shown that thé conditionof

equitibriumof Eq. 4

~–
.f~

hoMsonly for the dilute solutions,wherethe reversereactionis
of the third order,' and that in the case of solutionscontaining
a greaterproportionof acida higherpowerof x must be intro-
duced.

Thus for dilute solutionsmyexperimentsontheratesofthe

tworeactionsand on the equilibnumbetweenthem are in fu!l
accordwith the theorydevelopedin paragraphiii of the Intro-

duction. For solutionscontaininglargerquantitiesof acid,the

expressionfor the rate ofoxidationofarseniousacid remainsthe

same,while the changein the formof the equilibriumfunetion

is paralleito that in the expressionfor the rate of reductionof
arsenicacid on page 3011bave suggesteda plausibleexp!a-
nation of the changesin question.

The quotientof the tworateconstantsis of the same order
of magnitudeas the equilibriumconstant(page306);andthefew

experimentscarriedout at highertemperaturesshow that the

temperaturecoefficientof the equilibriumconstantaccords,both

Usingthesymbotsofpage367.
In theexperimentsofTableXX.itisofthefifthorder.
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iasigcMd in magnitude,with the quotient of the tempeîatMre
coefficientsof the tworates (page396). Owingto the conditions
underwhichthemeasNtementswerecarried out,a doser agree-
ment coutdhardlyhe expetted.

lu conclusion,I wish to express my thanbs to Prof. W.
Ï~ashMiMer,at whosesuggestionthis reseatch was undertaken,
and underwhosedirectionit bas been carriedout.

M~f~ ?<WïW/e,
/a<)',/pM.
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ON THE TRIPLE POINT

BYPAULSAUREZ

BakhuisRoozeboomhas recentlygiven'a completedassitt-

cation of the varionspossiblekinds of triple point. Although
there is nothingto be addedto his results,it may beof interest

to indicatetwoothermethodsofobtainingthem. Oneof these

methodais due to Gibbs,but up to the presentit doesnot seem

to havereceivedthe attention it deserves.

The fundamental equationsof the triple point are well

known. They are

<~ïï,
+

<~Ï,
(O,

oM,_0(~ ".) + ~)-gT + ~.–<) =o. (!)

(~ +(~)~+(?,)~
= o. (<)

In thèseequations denotethe entropy and the volume of

the unit of mass of the Mh phase, and ~n~T\ dénotesthe

slopeof the pressure-temperaturecurve of' the <-thunivariant

system,that is tosay, of the system which is formed by sup.

pressingthe i-thphaseof the invariantsystem.
Let us supposethat the phasesareso numberedthat

f, > f, > f,, (3)

and let us writeequation t in the form

~n,

~~(<+«' (4)

~T, ~-t..

If we observe that, in virtue of 3, the coefficients(~
–

~),

(~ ~) are positive,and also that

– = (f, !) + (P, !),

it followsfrom 4, by a well-knowntheoremin algebra,that

DieheteMgeneaGtdchgewichte,1.169(t90!).
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~ïI IdT ;c i.,to.·n.lL.ts :s. s_ _srr 1
a~< is intermediatein valuebetween<~n,T, and <~n/<n*.Wethus obtainthéfollowingtheoremot Dahem t

ÏHBORBMî. -At a ~M~~ot~ higher or
lower triple ~M' the SNMW~ ~t~
corresponds10 the ~M~MM~'OM~«/ is aCfM~aM~
~<-<t~/ changein W/M~liesbetween 0~~ /!f0 ~M'y.

Ip like manner,let us imaginefora momentthat thé phases
are so munberedthat

?,><> (5)
and let us wtiteequation2 in the form

iytr
dT

i~h
"~a)~a_

(%)S+(% (6)
~~––––~–––––

Promthis equationweobtainat once thé following theorem of
Roozeboom

THEOREMlï.
~0~-0!~j~<<

~.t that ~w~, MW' whichcor.
~M& /Cthe~0!M~W<W!M~ Mùf<-f<M~~M<//<
eliange!H~~< liesA./M'< the other /M~~~M.

The univariant systemcan be grouped into two classes.
The systemsofoneclasscanexist in stableequilibriumonly at
temperatureshigher thanthat of the triple point; the systems
of the other classcan exist :n stable equilibrium only at tem-
peratureslowerthan that of the triple point. Wehave shown~
that thé coefficients(~ (~ v,), (v, ~) equation t
enableus to formthèsetwoclasseswithout, however,enablingus tosay which class correspondsto the higher temperatures
and which to the lower. Thé univariaut systems which cor.
respond to positivecoefficientsform one class white the uni.
variantsystemswhichcorrespondto negative coefficientsform
thé other. If wesupposethat the phasesare so numbered that

chimie 8. 367 Traité<t..T. deMécaniquechimique.2.98,
DieheterogenenGleiehgewichte,t, (t~ot))..

'Jfo)M-.Phy4.cheM.6,~(t9o,).
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conditions 3 are satisfied,then thé univariant systemsi and

3 formoneclasswhile thé univariantsystem2 formsthe other.

We mayaccordinglystàte the followingtheorem 1

THBORHMIII. 7%~MK~~MM<systemwhichcorresponds

/&~M~CM ~MM~M/ changein volume

M stable~A'M~ d!//~M~'f<< whichlie on one side <~
the tripde paint while<A~two o<~ MH~a'M/ systemsare in

stableequilibriumat ~M~~aA<~Mwhichlie on theC~~ side of
the triple point,

Wecaa alsogroup thé univariantsystemsinto two classes

by putting into oneclassthe systemswhichcan exist in stable

equilibriumonlyunder pressuresgreaterthan that of thé triple

point and into the other dass the systemswhich can exist in

stableequilibriumonly under pressuresless than that of the

triple point. We have shown*that thé coefficients(~ – ),

(~, ~,)t(?, ~) equation 2 enableus to form these two

classes. The systemscorrespondingto positivecoefficientsform

one class,whilethesystemscorrespondingtonegativecoefficients

form the other. If wesupposethat the phasesare so numbered

that conditions5are satistied,then the univariant systemst and

3 formoneclasswhile thé univariantsystem2 formsthé other.

We mayaccordinglystate the followingtheorem 3

THEOKEMIV. Theunivariant systemM~~ corresponds
/C the /~<M~~M<M~that involves ~M/< change ÏMen.

tropyis in stable~A~MM K~<~~Mj7< which lie on one

side< triple~M' while ~a'cother univariant systems
are Mtstable~<&MM tanderpressureswhichlie onthe C~~

JM~ triple point

By combiningtheoremsI. and III. or theoremsII. and IV.

weget at oncethe followingtheoremofGibbs 4

THBOREMV.– ~a~ describea small closedcurve about

Duhem.Zeit.phys.Chem.9,379(~t). Traitéélémentairede M~.
canlquecMMiqae,t3g.

~our.Phye.Chem.6,957('9M).
Roozeboom.DiehetefogeneaGleichgewichte,98(tyt).
"OntbeEqniHbnnmofHeterogeoeotMSatetaneea,"p. t74.
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~& ~M~, this curve <~<~M~ <w/j and MW/<~
~w~<a~~M!~<

Roozeboomhas shown that the nve theorems which we
havejustgivensnmce,whentaken in connectionwith the well.
knowaequatiotM

~· ~t~ ~_i .b `'TW1, -'rh '~i. ii)v "1 ~=~. fi,
M

toco!np!ete:yc!assifythe various typesof triple point that can
occur.

The classificationof the varions types of triple point
eau be obtainedin a slightlyditefent way. In the first place,
if wetakea pairof p, axes respectivelyparallel to the T, n
axesandif, in the v oplane, we construct the triangle whose
verticesare the points(~, ~), it followsat once from equations
7 that the sidesof this triangle are parallelto the tangentstothe
three univariantcurvesat the triple point.

Moreover,wehaveshownpreviously' that if each term of
equationi bedividedby the determinant

~t, t

?.' 1
(8)

?.. 1

the signof thecoe<Rcientof ofn, enables nstotet! on which
sideof the triplepointthe correspondingunivariant system is
stable. If thecoefficient<m~T~ is positivethe i-th univariant
systemis stable at temperatureshigherthan that of the triple
point,whileif this coefficientis negativethe eofrespondiagsy&.
temis stableat temperatureslower than that of the triple point.

Thédeterminant8 is positiveor negativeaccording as the
arrangementof the verticest, 2, 3 of the triangle is counter.
clockwiseor c!ockwise. If the phasesaresonumberedthat con-
ditions3are satisfied,it follows that when the determinant is
positivethe sidesia and 23lie abovethe side13,and when the

DieheterogenenG1e1cbgewic:hte.t. tSg(t~ot).
Jcar.PhytCbem.6,96t(t~ot).



O~M~ ~03

déterminantis negativethe sides12and 23 lie below the side

ï3. Wethus havethe followingtheotem

THBORKMVI.–~y'a/<y,~a.f~ ~a~<tM~~a~

~'<<~ to T, LIjKf~and /M~ (p,,~,) ~K-

~~T!«~ !f<?<'<)!?~<KMtheO~~MMt ~MW
MM!B'<<f~<M~~ O~ïfH~, through the /<~M/,~M~

~a! sides< /~M' sidetWy~CKa~ /<'

~~M/ cAa! M~~F A~ ~~M'/A~o~~ /wc, ~~?~

~M~ curve~~M<&M <&'W~M! /0~~ ~M~<t<M~~
while 0/ /MW~.C~~ofin ~<<MM ~A~' ~<Ï/?~

~<W~J~CP~F~<MM~<)'('A<<
in M~M~&~abovetheother/MW,thecorresponding~My~F~

M <&~f/MW~AF~ temperatures ~M? other two

CM~~ in ~C~MH Aw~f~M~M~M.

Wecanget an anaiogous theorem by tnakiag use of the

fact' that if each term of equation 8 be divided by the de-

tenninant

?.. t

1 (9)

?.. «..

the signof the coeScientofa!T,/<~n,enablesus to teHon which

side of thé triple point the correspondingunivariant system is

staMe. If the coeBcientof <fT,n, is positive the i-th uni-

variantsystemis stableunderpressures lower than that of the

triple point, whileif this coefficientis negative thé correspond.

ing systemis staMenNderpressureshigherthan that of the triple

point. From this we obtain without diScalty the following
theorem

THEORBMVII. – ~<& /Ma~~ M~~ ~y-

~F~0«~ /C/M/~ changein lies /C ~A/
0~~ /!fNsides, correspondingunivariant curveextends in

O~M'KW~~Zf~M~J. M ~A~'~<!W~,this side

A~ < other<MW, <W/C~~ curve F.f/~<~

in a&MM < ~A

Joar.Phya.Chem.0,26t(<9M).
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If wet<m the planethrough a rightangleso that the 11
axisbecomesparallelto the Taxis, and the v axis pataUelto
thé négativedirectionof the Il axis, we eau restate theorems
VI.andVII. as follows

THEOR~MVIII. – MM placed ? fi
axis is ~e~~ T <MTMand lhe v a~ /a~~
M~a~M'<i~~M~of then axis <M~ ~MMa/<M~M~~

~M~W~~ M~< < (~~) ~<~ /<M~<t~ the
three sides of triangle, these three ~M~ are

/<& <f<K~ <t/the~&M'~ stableportions
of thethreeunivariant <M~T~.

This theoremis due to TamMaaa,'whobas stated it with.
out adequatedemonstration.

Bymeansof the last theoremwe can at onceenumeratethe
varioustypesof triple point. Thé results are given in the ac-

companyiagdiagram(Pig. t). The eight figures correspond
respectivelyto the followingeight sets ofconditions

?. > >

"<' f,,

<o. f,, t >o.

1 ?“ c,, t

(t)f.>~> `
(5)<>~> ¡ ('e~,

(!)",>~>ï' (6)f,>>v,;

(3)~>f.>f,; (7~,>~><

(4) > > f, ¡ (8) f. > > f,.

It nowremainsto showthat the aboveclassificationcanbe

veryeasilyobtainedby carryingeut ia detail a courseof reason-

ing outlinedby Gibbs.'

Considera system consistingof three phases formedby
meansof a single component If we denote by 4~ thetotal

thermodynamicpotentialof the unit of mass of the ~th phase
tbe well-knownconditionsof equilibriumof the invariantsys-
temare

Dmde'BAna.6,65('90t).
"OntheEqaiMMumo!HeterogeneousSobataneea,"p. t?~.
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~,=~==~. 8. (t!)

For the three univariantsystemsthat can be obtainedbytaking
the phasesin pairs the well.knownconditionsofequittbntnnare

Let us take in spacea system of rectangular axesalong
whichweshall measurethe temperatureT, the pressuren, and
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thé thermodynamicpotential At a given temperatureT and

undera givenpressuren weshall have three values 4' 4'_

for the thermodynamicpotential, correspondingto the three

phases. Wethus obtainthree surfacesor rather threesheetsof

the samesurface.

Thé three sheetsofour potential surface taken in pairs in-

tersectin three lineswhich,by equations i a,representthestates

ofequi!tbrtUMof the three univariant Systems andthepoint in

which thesethree Unesintersect tepteseats the state of equilib-
nMmof the invariantsystem. Thé projections, upon the tem.

peratHre-pressureplane,of these linesand this point are respec-

tively the pressure-temperaturecurvesôf the univariantsystems
and the triple pointof the invariant system.

At a given temperature and under a given pressurethe

moststablestate ofequilibriumof a system is that for which

thé thermodynatnicpotential bas the smallest value. Accord-

ingly,at a giventemperatureand under a given pressure,the

lowestof the threesheets in our diagramwill representthe most

stablestateof equilibriumof our one.componentsystem.
Thé three univariant curves divide the space about the

triple point into six regions. By consideringa small closed

curvesurroundingthe triple point we shall beabletodetermine,
in eachof the six regions, which sheet of ouf thermodynamic
surfaceis the lowestand eonsequent!ywhich phaseis thestable

phase. For this purposewe shall need the equationwhichcon.

nects the change in the thermodynamic potential with the

changesof temperatureand pressure,viz

== –~T + ~n. ( t3)

Through thé triple point M (Fig. 2) draw two lines MT',
Mil' parallelrespectivelyto the positive directionsof the tem-

pératureandpressureaxes. If we move from the triple point
a shortdistancealongthe line MT' to a point M,,weshallhave,
fromequationi~, for the correspondingchanges in the thermo-

dynamicpotential
~,=-~T,
~,==-~T, (14)

~,==-T.
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Thé relativepositionsof the three sheets above thé point

M,dependuponthe relative values of M. Thus, for ex-

ample,if

9, > ?, >
weshallhave

<~ < <

and the threesheets,beginning with the lowest,arearrangedin

the order 2, 3. At the temperature and under the pressure

correspondingto thé point M~,the phase i is the stable phase.
In like manner,if wemove from the triple point a short

distancealongthe line MII~to a point M~,weshall ))ave,from

equation 13, for the corresponding changes in the thennody.
namicpotential

==~,<fn,

</4',==f/n. ('5)

~<&,==~<~i.·

The relativepositionsof the three sheets above the point M,
dependuponthe relativevalues of f,, Thus, for exam-

ple,if

> >
weshallhave

> >

and the threesheets,beginning with the lowest,arearrangedin

the order3, 3, i. At the temperature and under thé pressure

correspondingtothe point M,, the phase 3 is the stablephase.
In our discussionthere are thé foUowingfour cases to be

consideredcorrespondingto four differentarrangementsof the

univariantcurvesat the triple point

CaseI. Thethreeslopesofn~T, are positive
CaseII. Twoof theslopesare positiveandonenegative
CaseIII. Oneof theslopesis positiveandtwo negative
CaseIV. Thethreestopesare negative.

Throughoutthe discussionwe shall supposethat the phasesare

sonumberedthat

~>> (r6)
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Let us supposethat, at the triple point, the stopesof the
three univariantcurves are positive. Thus

<~L.
> o~

~n..
>0

t~n.
0. (17)

~'>o. -~>o. ~>o.
(,7)

1

Conditions7, ïô and 17 yieldat once

> f, > c,. (t8)
From 14aad ï6 wefind that, above the point M, (Fig. 2), the
sheets beginning with the lowest, are arrangedin the order
ï, 2,3. It followsthat, as we move along the closedcircuit
fromM, towardsM,, the first univariant curve encounteredis
either the curvethat correspondsto the intersectionof thesheets
i, 2 or the curvethat correspondsto the intersectionof thesheets
2, 3. In like manner, from ïg and 18 wefind that, abovethe

pointMy,the sheets,beginning with the lowest,arearrangedin
thé order 3, 2, i. It follows that, as we movealongthe circuit
t)ft

fromM~towardsM~,the first univariant curve encounteredis
either the curve that correspondsto the intersectionof thesheets

3, 2 or the curvethat correspondsto the intersectionofthesheets

2, i. There are thus two sub-casesto be consideredcorrespond-
ing respectivelyto Figs. 2 and 3.

If, in the firstof these cases,we describe,fromM,,a small
circuit counter<!ockwiseabout M,we shall find that the rela-
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tive positionsof the three sheetsin each of the six regionsof

the plane aregiven by the followingtable

3 3 r a a

z t 3 2 ï 3

t a a 3 3 t

In this tablethe numbers in the same vertical cotnmn refer to

the sameregionand indicateby their relativepositionsthe rela-
tivepositionsof the correspondingsheets. If we erasethe por.
tions of the univariant curves which correspondto unstable
statesof cquiHbriumwe obtain the first of the eight diagfams

given in Fig. r.

If, in Fig. 3,we describea small circuit counter.clockwise
aboutM, weshall find that the relative positionsof the three
sheetsare givenby the table

3 2 i 3

2 3 i 2 3 t

ï 13322 2
If we erase the portions of the univariant curves which cor-

respondto unstable states of equilibrium we obtain the fifth

diagramiu Fig. r.

An analogousdiscussionof the remainingcases yields the

remainingdiagramsin Fig. ï. CaseII. correspondsto the dia'

grams2 and6, CaseIII. to 3 andy, and CaseIV. to 4and 8.
The methodyields not only the stableportions of the uni.

variantcurves,but also the regions of the plane in which the
differentphasesare stable. The numbers in Pig. i have been

placedso as to indicate thèse regions.
A~f York,May r9o2.



ON A THEOREM OP TAMMANN

BYPAM.SAUREL

We have recentlygivea' a demonstrationof the following
theoremof Tammaan*relativeto the triplepointof a one-com-
ponent system: Construct in the volume.entropyplane a tri.
anglewhosevertices have for coordiaatesthe specifievolume
andspecifieentropyof eachof the threephasesof an invariant

one-componentsystem, and from a point witbin the triangle
dropperpeadiculârsto the threes!des. If the temperature-pres-
sureplane be so placed that the temperatureaxis is patanel to
the entropyaxis and the pressureaxis parallel to the negative
directionof the volumeaxis, then the perpendicularsjust drawn
are respectivelyparallel to the directionsat the triple point
of the stableportionsof the three univariantcurves.

Thé objectof the presentnote is to showthat this theorem
caa be extendedto the multiple point of an n-componentsys.
tem.

CoBsidMa two-componentsystemand denoteby the
entropyandthé volumeof thé unit of mass of the Mh phase
and hy ?“ the massof the~-th componentwhich is present in
the unit ofmassof the i-th phase. At the quadruplepointfour
phasescan exist in equilibrium along each of the four uni.
variant curvesthat meet in thé quadruplepoint threephasescan
coexist. If we denote by aMI~T, the slopeof the pressure.
temperaturecurveof the i-th univariantsystem,that is to say
of the systemwhich is fonned by suppressingthe ~th phase of
the invariant system,we have the followingrelations:3

Jour. Phys. Chem. 6. 399(t9M).
Dtnde'aAM. e, 6s (t~ot).).
Gibbs. "Oa thé Equilibdnm of HeteMgeneoosSabstaNCM,"p. tM.

Cf. Joar. Fhys. Chem.s, so ( t90t).
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At the quadruplepoint the slopesof the four univariant curves

are connectedby the so-calledfundamentalequationsof the

point,' viz

a'n, ~T,
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~n,
vst tn mu

~T,
1 mis, NU· vs~ mil' mn dII 'l,. mov m»

=0.
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It should beobservedthat since

ma+ <M<.-= ï

the letters in the last eotumnof each of the determinantsin

equations i and a can be replacedby unity.
Let us take in spacea system of rectanguhraxesalong

which we sha!! measnre the specificvolumesp,, the specific

entropies and the concentrationsmi,. If we con&tructthe

points whichcorrespondto the four phases that coexist at the

Riecke.GSttingerNachrichten,p. 293('890).Zeit.phys.Chem.6.
i~8('890). Cf.Jour.Phys.Chem.},t7o(t90!).
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quadruplepoint weshall obtain a tetrahedron. From a point
within thé tetrahedrondrop perpendicularsto thé four faces.
Let tts takealso a pair of temperature-pressureaxes parallel re-

spectivelyto thé entropyaxisand to thenegativedirectionofthe
volumeaxis. Then it can be shownthat if we project upon
the v p!ane the fourperpendicularswhichwehavejust drawn,
the projectionswillbe respectivelyparallel to the tangents to
the four univariantcurvesat the quadruplepoint.

For this pttrposeconsider the plane passiag through the

points2, 3. 4. Theequationof this planeis

p, M, t

t,. M, t
= 0. i 3))“ “ .“ ==o' (3)

%t "*<)<

'~t. ~t. r

and the directioncosinesof the perpendicularto this plane are

proportionalto the coenicientsof ~and in this equation.
Thus the cosinesofthe angles which the perpendicularmakes
with the v and axes arerespectivelyproportionalto

"'«' I
f,. M, t

~l" fn", 1 1 va, ritu, 1 (4)?" "). –
f,, (4)

?" "'«' M, t

andconseqnendythecosinesof the angleswhich the projection
of this line upon thev p!ane makeswith the same axes are
alsoproportionalto thesedéterminants. From this it follows
that the cosinesof theangleswhich thisprojectionmakes with
the pressureand temperatureaxes areproportionalto

')' ï !'“ M, t

Il'1''

1

1 VI:

M't. 1

moi, t
p., i

(g)

?<' ~tt. ï
~t. 1

1

Accordingtythe slopeof this line withreferenceto the T axis
is the ratioof thèse twodeterminants; and the firstofequations
i showsat oncethat this ratio is equatto the slope of the first
univariantcurve at thequadruplepoint.
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In like mannerwecan showthat the projectionupon the

p planeof eachof the remaining perpendicularsis parallel to

the tangent at the quadruplepoint to oneof the remaininguni-

variantcurves.

But we cangofurther wecanshow that the directionof

each projectedperpendicularindicatesthe directionof thestable

portionof the correspondingunivariantcurve.

For this purposeconsideragain the plane passingthrough
the points 2, 3, 4. Thé perpendicularto this plane from a

point within the tetrahedronhas the samedirectionas the per-

pendicularto thisplanedrawnfromthepointi andtheperpen-
dicular from the point i extends in the directionofsmallerorof

largerentropiesaccordingas the point i and thé point at in-

finit on the positiveend of thé axis lie on the same or on

oppositesidesof the plane 234. It is well known that if we

substitute for v, m in the determinant of equation3 the

coordinatesof variouspoints, the result is positivefor ail the

pointsthat lie ononeside of fheplaneand negativeforall points
that lie on the otherside. Thereforethe point i and the point
at infinityon the axis lie on the sameor on oppositesidesof

thé plane 2 34, accordingas the fraction

is positiveor negative. If werememberthat is positive and

very large in comparisonwith unity. we maysaythat the point
at infinityon the positiveend of the axis and the point i lie
on thé same or on oppositesidesof thé plane 23~according as
the fraction

'f. Il

~t. ~,t.
1

tt. ~M. 1

~t' ~0. 1

'!)' ~M' I

~). t

v.. ?,. f

~<' ')<< ~<tt 1
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f,, Mt,, ï

-f,. M,

~). 1

<).

~M. ï

M, t

~t.,

is positiveor negative. Thus the perpendicular from a point
within the tetrahedron to the plane234 extends in the direc-
tion of smallervaluesof or in thedirectionof targervaluesof
accordingas

f,. ï

!'“
i

M, (6)

var ?..

f.. ?“ M, t

!~) I

is negativeor positive.
In like manner it canbe shownthat eachof the remaining

perpendicularsextends in the directionofsmaller or of larger
valuesof according as the fraction

j~. M, M, t

vt: efs:

1

'Vib tdqlib 1 VI, mu. 1~<t. Ï 1 f,, M, 1

j~. M, tj ?“, t M, ï

j" 'j.
r '"“, t 'of !'“ M,J"T (y)

~t. *"“. f,, t,, ï t~ M, t

"<. '?« ~o.

Il

?“ M,), t f,, M~, t

~t' ~t. "'m l ~,t ?“ 'M, t P,. M~, t

which correspondsto it is negativeor positive.
On the other hand, we haveshown' that if each term of the

first of equations2 be dividedby the déterminant

Jom-.Phye.Chem.e, <6t(t9M).



OM<t7~0~'M<7~MM'~M 4t~

n.. M. t)i~t< ~n' Il

~t. ~!t' t ,o~
~.t.

1.

(8)
v,~ ne~ men r

~tt M«. 1J

the coefficientof </n,~<!fT~'in thé result enablesus to tell thé

directionat the quadruplepoint of the stableportionof the ~th

univariant curve. The ~th univariant curve extends in the

direction of lower or of higher temperaturesaccordingas the

coefficientof ~n,~T< is négativeor positive. Théfirstof equa.
tions 2 when expandedbecomes

1 1

+"f Sr– ~T s-i-
man 1 f,, M, t dT.

~Tï ~n
(v,

'~=°'
P,, M, 1 !“ M,

and it is easy to see that after dividingby the detenninant8 the

coefficientsof the different terms are respectivelyequal to the

fractions6 and 7.
If we rememberthat the temperature axis bas been taken

parallel to the entropy axis, it followsimmediatelythat thé pro-

jectionsupon the vplane of the perpendicularsdrawn from a

point within thé tetrahedron to its facesare respectivelyparallel

to the directionsat the quadruplepoint of the stableportionsof

the four univariant curves.

The demonstrationwhich we hâve just givenapplieswith-

out changenot only to the triple point of a one-componentsys-

tem but also to the tnu!tip!e point of an n-componentsystem.

The theorem in its general form may be stated as follows

Constructin a nat spaceof Il + dimensions the + points

whosecoordinatesare the specificvolume, the specificentropy
and the concentrations of the M+ .? phases of thé invariant

n-component system. These points form a figure which is

boundedby n +.? nat ~imensiona! spaces. From a point
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within this figuredrop perpendicularsta the n + facesand
project this set of linesupottthe vohtme~ntropyplane. Take
a temperatureaxisparallelto the entropy axis and a pressureaxis parallel to the negativedirectionûf the volumeaxis. Then
the hnes dmwn in the volume-entropyplane are respectively
parallel to the tangentsdrawnat the multiplepointto the stable
portionsof the n + univariant curves.

A~wt~M-May/p,



EXPERIMENTS ON THE ELECTROLYTIC REDUC-

TION 0F POTASSIUMCHLORATE

BYG. H. BURROWS

Whena solutionof potassiumchlorateis subjectedto elec.

trolysiswith useof copperelectrodesa remarkably high elec-

trical reduction efficiencyis gained. At the suggestionof Pro-

fessorBancroft1have madea studyofthéconditionsb~stsuited

to this reduction, at the same time attempting to obtain in.

sight into its charaeter.

The problemis ofespecialinterestin that a principleis in-

volvedwhich, it seemsprobable,willproveof générât applica.
tion in thé carryingout of nsefu!reductionprocesses.

Byvarying singly the differentfactorsinvolved,a seriesof

resultsare obtainedfromwhich the conditionsfor maximumre-

ductionare readilydeduced. Aftera generaldescriptionof ex-

perimentaldetails theseresultswillbe taken up.

Except in the experiments intendedto test the effect of

changeof concentration, the chloratesolutionusedcontained

50g of K-C10 to the liter. The chlorateused containedthe

faintesttrace only of chloride. Foreachexperiment450 cc of

the solutionwas tneasuredinto a beakerof~oocccapacity.The

beakerwassupportedin a water-bath.

The electrodeswerecut from sheetcopper. Oneof these,

usuallythe anode,wasrotated. This modeof stirring proved

veryconvenient,savingthéspaceofseparateapparatusandbeing

quite efficient. In this way also both surfacesof the anode

sharedequally in the action. On account of the presenceof

additionalresistancein thé circuit thérotationdid not causeap-

preciablefluctuationin the current. Amercurycup onthestem

of the rotating electrodefurnishedmeansof contact.

The current used wastaken froma i iovoltcircuit. In thé

earlierexperimentsthis wasmeasuredby an ammeter,reading
to tenths of amperes,or by a voltmeterusedasan ammeter,ail
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runs beingtimed. I<atera coppervoltameterwasalsoplacedin
series. Errordue to its previousabsence is within that result.
ing frontother uncontrolledfactors.

The amountof reductionwasestimated by gravimétriede.
terminationof the chtoridefonned, this being the sole product
of the reductionof thechlorate. In the electrolysisof an un.
dividedsolutionof potassiumchlorate using copperelectrodes,
a dark brownprecipitate,essentiallycopperoxide,fonns;thisis
mixedwith particlesof lighter colorwhichare probablyanoxy.
chloride. The cathodesare s!ighttyNackeaed,whiletheanodes
are rapidlyconsumed,what remainsof them beingcoatedwith
oxide and peculiarlypitted the pits are filledwith cuprons
chtoride. Theprecipitatesweredissolvedandthe anodescleaned
by dilutenitric acid,the solutionsgained being added to the
main solutionand the wholefilteredand made up to a definite
volume. Fromthis portionswere taken for analysis.

Usuallytworéductionswerecarriedout at the sametime,
thosëexperimentsbeing made in séries, the results of which
wereto be directlycomparedor contrasted.

The "percentageefficiencies usedareelectricalefficiencies
on the basisthat for 100percentone moleculeof

KCtO willbe
reducedby 3 x 26.8amperehours.

The variablesthat areconsideredas determiuing the yield
are anodeandcathodedensities,temperature,concentrationand
amperehours. Acompacttabttlationof results maybe of ser-
vice in their discussion

With anodesof 5 x io cm and 2 X to cm,othercondi-
tions beingthe same,the cathodes in each case 5 X 10cm,the
averagereductionenicienciesare 140 pet and 176 pet respec-
tively. In a shorter run anodes of 2 x 10 cm and 0.~1cm
diameter (latter a copper wire, the sohttion was stirred by
attached g!ass rods) gave efficienciesof 300 pet and 175pet.
The efficiency,then, increases markedly with increase of
anodecurrentdensity,a maximumbeing reachedwhentheden-
sity is veryhigh.

Usingcathodesof5 X 10cm, 2 X io cm, and ï X ïo cm,
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the percentagesare 140pet, ï4~pet, and 139 pet respectively.

Withina wide range the extent of reductionappears iadepen*

dent of the currentdensityat the cathode.

Thé temperatureusuallychosenwasthat reachedthrougha

'– .L – -.–

bàth of boiHngwater, slightlyelevated,about a°, by the heat-

ing effectof the carrent, tMatis 94"-96°. An expriment of

whichthe efficiencyat this temperaturewas189pet, duplicated

x 1 8 ~i! v

la sXtocm sXtocm 4 a 9~-96" 50 M t36.z
4 4

3a 147
c 4 137.8

av. t40.3
1a zXtocm la '73.3

3~ t79.4
av. 176

M sXtocm zXtocm t~

155.5
av. t43.8

4 tXtocm tfe '38.7

sa sXiocm 3 85.!1

s« 78.7
av. 81.9

6<t 4
!.5 M

1

95.9
4 ` 6a 96.6

lav. 96.3

M zXïocm 0.5 7~ '96
4 4

7a 204
av. 200

8<4tcmdia 8~ t?4.4
8a 175.4

av.t74.9

9 zXïocm ï to 189.!
to 100 9 189.7
ne 6z'63"5o n~ 184.6

b ne 189.7
jav. t87

tM 37'39" '492

t2ej 135

~v. t42
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at 62"-6~ gave ï8~ pet, and at 37"-39", 142pet. Between
about 6a° and06", an unexpectedly wide range, the efficiency
is constant,whilethat for ~o" showsa markedfaUingoff.
At this lower temperature the blue hydratedcopperoxide at

first separatesand gradually darkens, changingto brown.

The efficiencyis, within the limits tried, independentof
the concentrationof the chlorate solution. Solutions of 50 g
and ïoo g KCtO~to the !!ter gave dEcienciesof ï~o pet and

190pet.
Withconstantcurrent the yielddecreasesas the length of

the run increases. Runs of one-half,one, and two hours dura-

tion, other factorsbeingconstant,gave200pet, 189pet,and 176
pet. Onaccountof the formation of cuprouschloride and of

copperoxychtortde(?)the solution graduallybecomesalkaline.
The decreasingrate of réduction is in partdue to thé freealkali
formed. Oninitiallyadding 10 cc of sodium hydroxide solu-

tion, containingapproximately i g NaOH to ï$ ce of its solu-

tion, to the chloratesolution, the yield was decreasedfrom 171i

pet to iiz pet. Using a greater amount of the caustic soda

solution,20ceand 30ce respectively,there was practicallyno
reductionofchlorate. Thé anodes werebut slightly attacked
and there wasa vigorous evolution of gas at each electrode,
which is notthe casewithout freealkali initially added.

Summaryof the foregoingresutts:
In theelectrolyticreduction of potassiumchlorate in so!u.

tion, usingcopperelectrodes, the anodenot beingplaced in a

separatecompartment,a yield approachingaoo pet is readily
gained, andthispercentageappears to bethe maximum. This

efficiencycanbe obtainedover a widerangeof temperatureand
of concentration. It is favored by a highcurrent densityat the
anodeandis independentof the cathodecurrent density. The

efficiencyis rapidlyeut down by the presenceof free alkali and
this is slowlyformedduring the courseofthe e!ectro!ysis.

The explanationthat first suggests itsetf for this extraor-
dinan' eB!ciencyis that a large fractionof the yield of chloride
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is simplythé result ofspontaneousdecompositionof théchlorate

ttseit, or ofone of its reductionproducts. Thé temperatureof

the water-bathand thé presenceof finely dividedcopperoxide

and ofcertainamountsof coppersalts in solution wouldfavor

such action.

As a result of spontaneousdecompositionthere must be

either evolutionof oxygenor simultaneousformationofa higher
oxidationproduct,that is, ofa perchlorate. In the experiments
tabulatedabovethere is littleor no gas evolvedfromtheanodes,

none-fromthe mainbodyof the liquidand a momentaryevolu-

tion only,of hydrogenfromthe cathodes,this seemingto cease

when the copperoxidebeginsto separate. Tests madefor per-

chlorateyieldnegativeresults. Moreoverneitherboitingasolu-

tion of chlorateof the strengthused with copper sulphatenor

heating it on the water-bathwith finely divided copperoxide,

causesit to break downto chloride. These facts showplainly
that thé hypothesisofdirect spontaneousdecompositionis un-

tenable.

tt is conceivablethat our high efficiencyrests Mpona

changein valenceof the copperwhich dissolvesfront théanode.

If the copper goes into solution in cuprousformsubsequently

becomingfurther oxidized,an efficiencyof 200 pet might be

realized. This, however,wouldnecessitatea loss in weight at

the anodeequal to twicethe increase in weight of the copper
voltametercathode. In runsone-halfhour in length thé lossis,

indeed,î.6 times thé weight of copper depositedin the volta-

meter. Butwhenthe time is extended to two hours the two

weight differencesare approximatelyequal, and this without

great faUingoff of efficiency. This, then, as an explanation,

mustalsobe set aside.

The rapid destructionof the copper anodeand the initial,

but momentary,evolutionofhydrogenat the cathodewould be

in accordwith the formationof intermediatereductionproducts
at the anode,which are further reduced by the hydrogen,ab-

sorbingit. The assomptionof reduction taking placeat the

anode is unusual, its validityis, however,readily tested.
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If such an action takes placewewottldexpectthat onsepa.
rating theanode and cathodeliquidsbya membraneor porous
cup,hydrogenwould be cootinuooslyevotvedfromthecathode
andtheanodeelectrolyte wouldgive evidenceof the interme.
diateproductsof reduction,probablythrough the giving off of

oxygenwith formationof a chloride. A trial of this wasmade

through,twoexpentnentscatried out in séries,each being ar.

rangedasfollows: An unglazedclay cell was placed in a 500
centbeaker. ~30ccm of the chloratesolution was distributed
betweenthe two compartments. A coppetanode,z X ïo cm,
was inserted in the cell. A cathodeof like dimensionswas
rotatedin the outer compartment. A current of four amperes
wasallowed to pass for half an hour. The temperaturewas
9~-96°.

Fromthe outset, and continuing through the experiments,
thereis a vigorousevolutionof hydrogenfromthecathodes,but
no bubMesof gas rise fromthe anodeliquid. Aboutthe cathode
the liquidremainsalmostco!o.ess,beingslightlybrown at the
close. Here there is no, or at most very slight, formationof
chloride. In the anodecompartments,on the other hand,the
reductionis marked, giving a heavy precipitate of cuprous
chlorideas the chief product. Thé anode liquidsbecomeblue,
showingthepresencein so!utionofsomecoppersalt Thereis,
however,no trace ofchloritesor of hypochloritesto be foundin
this liquid and these cannot havespontaneoustydecomposed,
givingriseto the chloride,for as abovenoted, no oxygenisset
free. The chlorate that undergoesreductionhère must, there-
fore,passdirectlyto chloride. The hydrogencannot play the
rôle tentativelyassignedto it Determinationsof the chloride
formedin the cathodecompartmentsshowefficienciesof 73 pet
and 76pet respectively.

In these last experiments the anodeliquidsdifferedfrom
thosein which no cell was used in becomingacid insteadof
faintly alkaline. Toeliminate this differenceandso makemore
positivethe proofof anodereductionunderthe conditionsofthe
firstseries,other experimentswerecarriedout in which caustic
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sodasolution,madebythe actionof sodium on waterand free
fromchloride,wasaddedin small portionsto keep the liquidas

nearlyas possibleneutral. Otherwisethe detailofarrangement
wasas describedabove.

Here too the reductionwasnoteworthy,though insteadof

cuprouschloridecopperoxidewaspreeipitated,the chief amount
ofchlorideformedremainingin solution. There was no evi.
dence of the chloratebeing reduced in steps. Bach of two
trials gavean efficiencyof 58pet.

Thé acidoralkatineréactionofthesolutionwasdetermined

by litmus paper. In orderto~preventgreat increaseof volume
it was necessaryto use a rather strong soîution of sodium

hydroxide. On this accountit was possible only to approach
neutrality,thesolutionbeingmuchofthe timeslightlyalkaline,
andas previouslyshownthe presenceof freealkali in sufficient
amountcompletelypreventsreduction. It is probablethat with
more perfectmeansof neutralizationthe efficiencywouldbe

considerablyhigherthan found.
The matkeddifferencein the actionat the cathodeaccord-

ing to whetheror not this electrodeis contained in a porous
cell,not being readity explicable through any change which
takes placein the chlorate,appears to be connectedwith the

copperwhichgoesintosoîutionfromthe anode. Thispointstu
an analogywiththe resultsobtainedby Binz' in the electrolytic
reductionof indigo.

Binz finds that with use of a zinc anode in causticsoda
solutionreductionof snspendedindigo to indigo white takes

placeat the anodebydirectaction of the metal. And further
that by dissolvingzinc in an alkaline cathode electrolytein
which indigoissuspended,the reduction is about î~ thnes as

great as takesplacewithontthe zinc, the trials being made in
séries. Repeatingwithuseof solublecoloringmattersBinzand

Hagenbach'obtainedlike results and conctude that reductions
attributed to nascenthydrogenare frequently better explained

Ze)t.EtektMchem!e,s,5,M)(tS~S).
*ïbM.6,ï<!(t899).
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asdirectréductionsby metals. The sameprincipleunderliestbe

processpatentedby the firmof C. F. Boehringerand Son' for
the reduction of nitrobenzene to aniline. This is effected

throughuseofa tin cathode,or of an iadiSerent cathode and
additionofa tin salt to the cathodecompartment,from which
the anodeis separatedby a membrane. Later theyfindthat the
tin maybe replacedby certain othermetals,as copper,lead and
iron. Bythis methodis gained an almost quantitative rédac-
tionof nitrobenzeneto aniline hydrochloride.

A. Chi!esotti'bas recently extended these results and bas
called attention to the importanceof the methods of Boeh.

ringer and Son. He regards the spongy metal which is de.

positedon the cathodeduring the reductionas the active agent,
but statesthat the reductioncannotbe ascribedto the catalytic
actionof this métal,since when the reductionof a portion of
nitrobenzenewith tin is completeail of the tin is precipitated,
but on addinga freshportion of nitrobenzenetin again passes
intosolution.

To test whetherthis theory of Binzwouldapplyto the case
in hand,an experimentwasdevisedin which10g of crystalsof
purecoppersulphatewere initially added to the chloratesolu-
tion about the cathode. Reductionat the anodewasprevented
by insertingthe latter in a porous cell containinga solutionof

potassiumsulphate. The electrodeswereof sheet copper, the
size being 2 X 10 cm. Thé cathode was rotated. The tem-

perature was that of the water-bath and a current of four

ampereswaspassedforhalf an hour. At the otttsetno bubbles
rise from either electrode. The anode liquid assumesa deep
bluecolorandthe anodeis split intoa numberof layersbetween'
which a white substance is deposited. The cathode liquid,
originally blue in color, from the coppersalt added,becomes
almost colorless. A heavy depositof cuprouschloride forms
mixedwith a yellowsubstancewhich also coats the electrode.

Gefln8nPBtent,II(K~3,I1~ ~I~~·GenaanPatent,tt6~a,nyoo;(1900).
Zeit.Etektrochemte,7,768( t~ot).
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Analysisshowsan dnciency of 91 pet, and this confinedto thé
cathodecotnpartmentwhere under like conditions,but in ab.
seaceof the coppersalt, no reduction takes place. The result,
therefore,is in harmonywith thé experimentsof Binz.

Whenthe reductionwasconfinedtotheanodetheefficiency
was58pet. This added to that just obtained for the cathode

gives ï~ pet as a total. It seemsprobablethat this sumwith

greater accuracyin securing comparableconditionswouldap.
proachthe maximum of 200 pet, found for the corresponding
casein whichsimultaneousreduction is allowedto take place,
no cell beingused. Assumingthat under like conditionsthe
sumof theseparateefficiencieswouldequal the joint efficiency,
the mostapparentcauseof discrepancylies in the free acid and
alkali respectivelypresentwhen the electrodesare separated.

The substancereducedin the aboveexperimentsis an elec-

trolyte,while the investigations of Binz and the processesof

Boehringerand Sondeal immediatelywith non-electrolytes.
In the reductionof nitrobenzeneit wasseen that there is a

choicebetweenusing a cathodeofa particular tneta!or ofusing
an indifferentcathodeand a salt of thé metal dissolvedin the
cathodeelectrolyte, At thé temperaturesemployedwithpotas-
sium chloratein solutionthé simple useof a copper cathodeis
not sufficientto causereduction.

Préviensusehas not been made, as far as the writer bas

discovered,of simultaneous reduction at anode and cathode.
And theonly instanceofanode reductionnoted is that in which
Binz effectsthe change of indigo to indigo white in alkaline
solutionbythe direct actionof a zinc anode, ïn hissubséquent
work,however,Binzmakesuse of a porouscell.

Disregardingthe higher efficiencyattainable, the doing
awaywith the necessityof two liquidsin many, partiotJarlyor-

ganic,reductionswouldin itself make possiblea decidedsaving
in timeandmateria!.

Thefact that spontaneousdecompositionof the chlorateis
not one of thé factors and that the passagefrom chlorateto
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chlorideseemsto be direct,rendersit high!yprobable that the

result is general. Thiswill be determinedby further experi.
méats.

Thé workdescribedin this paperwascarriedon under the
directionof ProfessorBancroft,to whom the writer takespleas-
ure in expressinghis sincerethaaks.

<M~ MttMM~.
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DepartMMtef Ap~Kme: MeM~Mtieaeof theDivisionof StMs, 'aoe.
~y~/M Whitney. C'M'etWMtf~O~, Mt~t'~oH, /oo~.–The
volumecontainagênent review of the work, with spécial reference M the

purpose,progresaand cost ofsoit aurveys. There are alsothe~oHow!t)({speciat
reports:–

A SoitSurvey aroundLancaster, Pa., by C. W. Dorsey.
Soli Snrvey of Moatgomety County, Ohio, by C. W. Dorsey and G. M.

Co~ey.
SoitSnfveyof CecilCounty, Md.. by C. W. Dorseyand J. A. Bonsteel.
Soit Surveyof St. MM'yCoaaty, Md., by J. A. BoMteet.
SoilSurveyof CalvertCounty, Md., by J. A. Bonsteetand R. T. Avon

Burke.

SoliSurveyof CalvertCounty, Md., by J. A. Botttteet.
SoitSurveyfromRaleigh to Newbent, N: C., byW. G. Smith.
SoitSurveyiu WeberCoanty, Utah, by P. D. Gardne)-and C. A. Jensen.
SoitSurveyia SeviefCounty, Utah, by F. D. Gardnerand C. A. Jensen.
SoitSurveyin Mt River Valley, Arizona,by T. H. Means.
SoitSurveyaround Freano, Cat., by T. H. Meansand J. G. Holmes.
SoitSurveyatoaad Santa Ana., Ça).. by J. G. Hotmea.

!nve~tigaUonsoathe Physical Properties ofSotte,by 1,.J. Briggs.
Applicationof the Theory of SotettoM to the Study of Soib, by F. K.

Cameron.

Reaultaof TobMcoBzpertmenta Coadacted in VadonaParts of the United
States. by M. L. Floyd.

In additionthere are twenty-four most excellentsoitmaps.
!n the paper by Mr.Brit;gs.it !a shownthat tbe capillaryrise InntobtMttt

maybe fourto ave times that in dry Mi!a; that solutionsof sodium chloride
andsodiumsulphate in concentrations up to hatf-nonnat differ very little in
their capillaryrise frompure water that the capillary rise for saturated Mtu.
tionsof these Mttab onty about two-thMe of that for pure water; and that thé
capillaryriee for sodiumcarbonate solutions la greaterthan that forpure water.
Thistaatphenonteaoeia attribated by the author to thé action of sodiam car.
bonate in removiot; grease, Attention la also drawn to the fact that the
amountof carbon dioxide absorbed on the surfaceof a pure quartz sand in
equilibriumwith the partial preMore of carbon dioxide in the atmosphère il
MOtimesthe amount of carbon dioxide contained in the interatitial spacesof
the eaod."Il

tn the paper by Dr. Cameronwe 6nd a disoMsionof the following pointa
nature and funetionof soit solutions; equitibriumbetween carbonates and M.
carbonatesin aqueouaMtutiona; solubility of calciumcarbonate in aqu<-oM
solutious of variouaelectrolytes M)ttM)i(yofsodiumchloride in contact with
calcium carbonate and calcium sulphate almultsneously a classification ot
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atMieoih; ocMtiooatocctM-enceefatkaM in humid regions estimation of
cafboMtee, bicarbonatea, aad cMoftdM: ehemicat phenomena presented by
somealkali vegetation.

The volume laa worthy sttecMMrto the ISggreport (:, 964). If one te to
judge ft-emthe tevtemcr'acopy, morecafé on the part of the Koverament book
binderswould be very deairsble. M~ /?. ~a<M~

Eteaentaty !Maetrat<eMo< ttt DMMmtM and !ntep<H Catcotoe. By
~T' ~+W CM~ C~
<M~<~ Co., ~w.-Tt)e Opea Court PnbMeh.

tngCotnpanydMenrMthMhBfofMpfiatittgaod thus rendering geneM~ty ac.
eeostNeDeMorgtm'sHtttebook. To My onewhoh ixtefeatedin thé p~ncip!e<
MdMaptbhed from. the processes of the ioaNiteatmatcalculua-and every
educatedperson b orat aay Mteoagtttto be thh Mtttebook ta iovatuaMe. Anyone who teads through the one hnadred attd thirty pageswhich eonettmte tM<
uniquebook w!Hacquire a etearcompreheMsionof the two facts that a dMeMn.
tial coefficientla the limit of a certain ratio and that a deSotte lntegral la the
timtt of a certain aum. Thèse two Measare of fuodtHneatatimpoftance in att
appMcaUMaof the calculus and should be familiat to every phystcht and to
every chemist. If one wereasked to name the moatlnteresting and useful por.tionsot the book one wouldbe tempted to cite the entire table of contents. If,
however,one were obliged to !imtt the list to a doMa toptcf.. the following
setecttonwoMtdpethapsbejusUSed: Taytor'aTheofem, Der~ed PunctioM.
Differential CoeNdeata, Ratlonal explanation of the I~NpMge of Leibnitz,
AppMMmatioas,Solution of Bquatioas, CatentMof Hatte Meen-nces Succès
aiveDMfeteatiatiM.The Integral Caicutus,Connectionof the Integmt with the
DifferentialCatcuhM.Nature of Integration. ~tM~/

CeaeMButtetta, No.~M Clietnicatsaud Allied /<!(~. By CX~
and TX~M~M. CX./a~. x ««, jo< t~AtM~w. /oo?.

This is the report on chemicals and allied producta prepared for thé twolfth
eeMM. The matter is dassiSed under the following groupa acMe sodas
potashes; a)uma: coat.ta)-pT.)dMctB;cyanides; wood distillation; fertiUzert'
bleachingmatenats; chemica!aproducedby the atd of etectdcity dye-stt.<îa;
tano!ttg materials; paints, pigments, and varnMtes; explosivea; p!Mtica es.
aenUatoita; compreasedand liquefied gMea; fine chemicale; general chemi-
cals. In addition to the general report there are B!xtypages of tables giving
statistiea in regard to these nineteen groups, and there la also an appendix In
whichare g;vea the chetnicatpatents of the décade. It is a most valusble bulle-
tin and it ii. very iuteresting to notice the importance given ln it to pbysical
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t
7~o~'<f~/A~ff~ta~<M«<<A~/iM<~M<<t? &<«~,a<~'<Wt~f<tt~e~M~,

f~/<M/~n~<f<<t/<t~tM~/A<tM~«/<?a~/~w~7!)«~<t/C4<w~<~y.

CcM~
AmntontembMmMem<ttheatemte wolght of nitrogen. <4. Seo/l. yo«~.

CX~M.&w. M, (~of<). –Theanthor'e aampteaef amntontumbromidewere

br!t)(ant!y white and showed no grayneM when heated tn air to tSo". No

diaientty wm experieneed !n enbMmingthe aatt, etther ht a vacuum, it) a mix-

ture of ammoniumand hydrogen, or in pure ammonta ttsetf, and no trace of

yellowcolomtion was obaoted lu any instance, the condensed eatt being a

Mmewhathomy, traualuceut masa. Thé salt therefore differed from that of

8ta<,whieh becamegrayieh when heated in air to temperaturesabove too°,and

whiehbecame yellowwhea heated !t) the presenceofdry anttnonta.

The author Sndefor the equivalenta of ammoniumbromide and chlorlde

whenreferred to silver, 97.995 and 53'S'6 respectitety. iastead of 98.032and

M.Sït as fotttd by Stas. White it la not certain that the diserepancy iadue to

an error on the part of Stas, it eeemaprobablethat tue ammonium bromide of

Stascontained someptatianm. W. D.

The cattotation of atomie welghte. F. W.Clarke. Am. C4ew.~«f. z?,

(/~<M').–Thé author pointa out that the nsuat tendencyfn tbe présent method

of calculatingatomtc weights <ato accumulate all enota, accidenta) or sys-

tematic, n)'on the constant whieh la last determined, He further showathat a

moresatlafaetorymethod would be to obtain a group of normal equations in.

votvingthe atomtc weights of a number of elementaand to sotve these equa-
tioMail at once. In thi< way the eaora would b6 distributed and the resn)t

wouldbe moreaccurate. At present thé data are tnenaictent for carrying out

thismethod. W. D. B.

AnewfetenninaMcnot thé atomic. weight of calcium. y. W. Ridlards.

Jour. ~w. C4<M<.&c. *4,~7~/ ~!<. anorg. C~fM.30, (/~). –Thé an-

thor haa prepared pure calcium chloride front an ïtanan marNe and from a

Ruttand marble. Thé two are apparentty identical and when the ratio of

chlorine to calciumla determined by precipitationofsi)verchloridea value for

theatom!cweightofcatcinn)of4o.t26h obtained, dMering but slightly from

the value of <to.j~a<eeenttyobtained independentlyby Hinricheen.

D.

A new investigation cooeemtae the atomte weight of nMntnm. T. W.

Richards aad Mwigold. &<7.M< CtcM.9!, (/OM). Reviewed

(6, r46) from. Proc.Am. Acad. 37,365 (t9o<).

SpecMcheats at the abaotate <ero. A. /~<M<. Comptesrendus, '34, y~
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(/!??).-Thé aathw dedace. thé Mtow!~ conc<Mioaa:At the absoute
zero twoIystemlof 801Idacontalnillgthé sameéternité have the Mme apecifieheat. Thé apecMcheat of a MtMand of its saturated vapor tend toward the
samevalue for T Thé BpedBcheat of a solid and that of <t<MtMfated
vapor teud towardthe value zeroas the temperature approaches ter..
~t a saturatedvapor that of the or the liquidfromwMch itia formed. Thé speetOeheat under constant pre~MKhaea thntt.

t.gvatueof.

Contribatton t. th. ~tMhttM of <i<mtc woighta. &A~ ~<.
"T?. ~~)–~M~r MauMe.that a part of the atootie
weight of each~te~eept hydrogen iadne to a chem~Hy active portion,wM!ethé balance b chemically Inactive. Sta~ with thi. aM.mpti.H. he
dedaces à series of formulas and e<.mpafMthem with thé accepted aton.!c
weteht.. ~.AF.

Thé heat oî fafMtt.a. and constitution.f tM..itdte. C. and
f~.T~ (~).-The authoM Cad 8..56 cat
for theheatofdeMmpMiU.( iron nitride by wtphud..cid. The heat of
f.n,,at..n.f iron nitride la probablyabout 3 Cal, but this h lot certain untU
MMeofThoM~'evatuM have beengone over again. The authors believe it
impossiblethat the formulaFe,N shouldbe accurateand hotd it more probablethat the motecntar formula fsFe,N,.

Aay.teNofc.nMM.Mfotth. hMt t.«M. in calorimeter expotimente.
Franklin (~).-The author determines

Mpedmentatty the water va!uMof hb catorimeteffor a,}. etc.. minutes after
standing.

WatefataknowntempetatUte~pouredtntotheemptycatotiotetttand the change of the temperature with the time noted. The author c!ahn.
that it is nowpo~iMeto meM~ theheat evolved in thé calotimeter with an
accuracyeqaat to theprecision withwMch the thermometercan be read.

D. B.

ANaot.maticttmp.Mtnr.regn!ator. C. Knipp. Rev.
(f~C.–The regulation was made by means of twoeopper-ironban) whichmoveda system of tMeraand these .Mde or brokethe etectrical circuit. It waa
possibleto hotd the bath constant to within adegree ot 376°. B.

ActMmiMtnMthodforcbtaMngvaewo. G. and c. R. dfan-
Am. CA<M. (,~). -The aathor. displace thé air ln a

desicoetor let the ether be absorbed by ''y~ochMc acid.la this way there is nodiaicutty in obtaininga vacuumof 1-4mm in a veryfew
minutes.

W. D. B.

RMommendatiOMin regard to the uae ot m<xMtaeq~tty aig., in chemical
equations. N. Marshall.

~ho~
to the useof thedouble arrow to represent equilibriumbecauseth~

'~T' for other He therefore '?-KMtamodificationsofthese. IP. ,0

MedMMtienofHem~t's~aaappaMtM. T. W.Riclrards..2'eil. anorg.
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CX~t. ~p (/})o~).–Reviewed (6, !4&) from Proc. Am, Acad. 37, Mg
('9°').).

OM~e~M~<M~<

The beitinx-pomtof liqutd hydmgM dttenaiaed by hydrogen aad heMam
gas thermometeM.J. ~~c<tf. ~4<M.MM-.&<. (~) tt, ~eo (~c<M). Aplati.
numrésistancethermometer gives – ~.4" for thé boiMn~.potntof hydrogen,
Sineethe readingsof the platinum thennometer are not accurate at this tem-
pemtaf~,the author bas checked these )'e<attsoe a hydrogen and a heMum
thetmometer. !t now Mêmeprobable that the botting-poiotof hydrogeil i~
– ~.s*. of oeoa – 939", and of Oicygett– t~.s*. W. D. B.

Netttog-potntofeoM. Z.MA~<w~. z. Day. ~y~. & ~)
M. (/<?/). – Rewiewed(6,66) from Dntde't Aaa. 4, 99(!90t).

PMMmtMtyceaMBMiMUença the mothodfor eattataMogMhbMtttMand
eqtttUbrtamMnetaata ofchemteatMMtttM.andon a fenMttafor heataof vapor-
iMtiM. A. Findtay. Zeil. ~j. C~M. 4t. 18 (/~).–The author has
apptted the formula of Rataaay and Yooog for the calculationof thé vapor
pressureof onesubstancefrom the vapor pressureof another to the sotHMMty.
He wt-iteethe formula

R=R~+~-<).
Ïn thia equation R and R~are the ratioaof the temperatureaat wMcbthe sub-
stanceshave the MmesotuMHttes c h a eonstMt and are the tempera.
tutea at whichone of the two substances bas the two eotuMHtiesin queettoa.
This equationho!dswhether the substancesare dissociatedor not, and whether
the heat of solution la positiveor negative. Thé authorbas testedthis formula
for zinc bromide and zinc cbloride. for potassium bromide and potassium
chloride, and for cadmiumbromide sud pota~ium nitrate.

This sMneformula can aiM be applied to thé calculationof-equilibrium
constants,and bas been tested for the teactioa betweenacetoneaad di-acetone
alcohol. Theauthornndsfurther that the heat of vaporisationfor two sub.
stancesla given approximatelyby the formula

~=Ï<,T,

In this eqMtiott, I<,is the heat of vaporiMtMnof the first substance at the ab.
solutetemperature T, L, is thé heat of vaporisationof thé second substance
at thé température T,atwMchthe vapor preNure of the second substance ia
equal to that of the firstsubstance at thé temperatureT,. W.D.

Onthe expansionofcertain metata at hightemperatares. ~~o~ and
j4.< ~M.7o«r-. &t. (~) M.~ (/eo/).–Reviewed (5. 6:3) from
StbnngBber.Akad. Wiss.Berlin. t90o, too~.

Onthe density of tee. T. F<!<w~.Phys.~f. !3,~ (yao/). –Measure-
tnentsweremadeon thé density of ice whichhadbeenformedthat year, a year
preceding,and two years earlier. Accordingto thèse determinations the den.
sityof old and new river ice is the Mtneand maybe taken aso.otMtd: 0.00007.
Thisagréesto two parta in to.ooowith the valueofo.ot&Mgivenby Nicholsfor
river ice not newly eut.
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Cnthé gaehtw between79 tad t~o mm pKamM. Z<~
~Ayj.C4~M.4t, 7~ (/~). – Attempemtareaof m*-ts" and between the pree.
tore limits of 75and t~omm.BoyIe'atawhotda for air, hydrogen. oxygen, and
argon, at any rate, withina thnit of one lu fifty thotteaod.

The two epeeMchMte ot gMe*. W. D. F< Phys. M.
(/~<). –TheaathctdiscBssMthe ratio of thé epeciBeheats of gasM.aMumtag
thé van der Waatt forMob. He auda that theMh a correction term whieh ia
of the aarneorder andmagnitude,and the same sign, aa the varlationaof the
observedvalues of the ratiosfromthe almple values t.<t,and t.8ts.

Oas thennemetm et high tempeMtwee. ~~<~ and A. L. Day.
~w. Sel. (~) M,/7/ (/<~).-Re~ewed (!. 6~) ftom Drude-BAno. a, n

Sos (~œ).

OngennMtamhyaMe. F.t~~M. ~<.a~<C~<3o,j~(/po~.
–Theaathor hMaucceededin preparinga genMaiam hydride whiehprobably
haa the fonttttta GeH,. Ashe waxnot McceBsftUta preparing the hydtMe of
tin, the author conchtdeathat the dMoico betweenmetaMoidaand metal should
bemade betweengermaniumand tin. B.

y~-OM~ Systems

Noteon the applicationof thé phasetate to the fMaiagpetat of Mpptf, ttt-
vert andgold, K W.Richards. ~M.~f. (~) t~/y (/~).-Hot-
bont aad Dayfindthat the fasing point of gold la io640whether determined in
presenceor a)Met)teofair. The author pointa out that thia !s ae onewoutd ex-

pectt)ecausethetendencyofgo!dtodiBM!vea)r, oxygen, or nitrogen la very
stight.

Hotbont and Daynnd further that the fttMngpoitttofMtverb very vaHaNe
in presence of airand theauthor showsthat this would neceasarily be the case
if weassumea variable ataorpUoN'of oxygen. Hotbom and Day Bnda con-
atant mett!ng.po!nt for copperof to6s" !n presenceof air and to84<'in absence
of air. This ia eMityexplained. The higher mettiag-poiat i<the truemetttng-
point for pure copper. The !owcrmetting-potntb the value for the quadruple
point, Mtidcopper. atotMMoaofeupronaoxidein liquid copper, a solution of
copper in liquid cupronaoxide,and vapor. W.D. B.

Oa the constitution of bhMty Oteyt. A. Franklin
/H~. t:3, ( /). – Thbla a paper on the general properties of binaryalloya
and the author abowahow the freeziag.poiotcurvesand cooting corveoare ob-
tained and diacussesthe conchMioMto bedrawn fromthese and froma etudy
of the rnicroscopicalstructure of the cooled attoy. The value of the paper
would be greater werethé étalementsmote accurate. The author Méatsto be.
Mevethat the freeang.pointatwayafaMawhen a Mtid solution eepamte~,and.
atway!)rises whena pure componentseparatea. Thé truth of the matterb that
the frcedng-pointatwaya fallawhena pure component aeparatea and may rise
or fall when a solidsotniionseparates. W.D. B.

On thaUtamattoys. S. Kurnakow and N. A. &<?. <<y.
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C~t. 90,86 (/OM).– Additionof thattiun)to sodiumcausesa loweringof the
freezing-potatand there is a eutectiepointat 64°. The temperature then rises
to a quadruple point at 78', toanother at !5~, thenpassesthrough a maximum
at 30~.8°,and M!a to a eutectie point et ~8". Further addition of thallium
causes a rise to thé freeztng-pointof pure thallium. judging fromthe toweriag
of the fre~ing-point, pure thalliumdoesnot separate from My solution. The
maximum mettfng-pointcorrespondsto <tcompoundNaTI, lt b not known
what are the MHdphaseset the quadruplepointat ?".

When thallium Madded to potassiumthere h noevidence of any towenag
of the heezin~point aad it la thereforeprobablethat a aoMdsolution separates.
There la a quadruple point at a temperatureof ~t.!)" the freeziog point curve
passesthrough a maximumat a temperatureof 33S*and fallsto a eutectic point
at !ye.s". Promthit point it rises Monnaityto tbemeKHtg.pointof pure thai.
lium. The positionof the maximumcorrespondsto a compoundhaving the
formula KTi.

The ffeedng.poittt cun'es for cadmiumand thallium and for tin and thal.
tium consist oftwo branches only. In bothca~. thé toweriogof the (reezing.
point by thallium tanormal and in bothcaoeethé toweringof the freexing.poiat
of the thallium is abnormat. Thé freezin~-pointcurve for mercury and thal.
lium ehowethe existence of a compoundHg,Tt ttaMeat ita melting-point.

D. B.

Onthe meltlng-pointof aMeyaofaodtomandpotassium. N. S. A'~M~ow
and N. A. ~MfAM. anorg. ~M. 90. /<~(/oo~). –Thé freexing-poiot
curve for sodiumand potassiumconsistaof three branches. Thé eutectic point
cornesat–M. and the solution contaiMoo.~ atomic percent of potassium.
There la a quadruple point at 6.9"wherethe solutioncontains40atomic percent
of potassium. Thé general formof the curvemakestt possible,though by no
meanscertain, that there is a compoundhaving the formulaNa,K. This invet-
tigation ia veryvataabte in that it disposesonceforan of the myth in regard to
the compoundNaK. /) F

The aUeys of lead and teUMrtMt. /'i~ and C'. B. C<7~oM. ~w.
Ct~oar. 9y.a/ (/pc~).–When tellurium is added to lead. the free7.ing-
point rises. passestbrough a maximumat acompositioncorrespondingto PbTe.
then fattsto the eutectic pointât a concentrationofabout 8oatomic percenta of
tetiurium. Prom this point thé curve rMeftto thé fremng-point of pure tel.
lurium. The authora concludefromthis curvethat there is auch a compound
as PbTe.,

White this conclusionmaybe right, it is not jnstMed by the expenments.
AUthat the expérimenta showis that a sériesof solid eotntions separate untit
the eutectic point is reached, and that thereis a point at which thé concentra.
tion of the liquidand solid solutionsare the same. W. D. B.

TheaU~yseiaattmMyaadteUmhm. H. Fay and H. E. Ashley.
Ct<-M.four. (/oo~). –Whentellurium isadded to antimony the freez.
tng-point falls, passesthrough a minimumat about 30 atonie percents of têt.
lurium and throngh a maximuntat about 60 atomicpercentsof tettutiMm, and
reaehes the eutectic point at a compositionof about87 atomie percents of tel.
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tMiam. Thé anthofsconctudetbat there la a compoundSb~Te, bat th!a coa-

dution laas unjustitiableM the conclusionin regard to the lead teMaride(pte.

tediagfe~iew). ~?.A

Thefemmht for thé <<pKMieaof the tKMtng temperature of aotatfoa<.

~<. Rev. M, ~o ~co~).–The aathw Muées afonnata

which taaomewhatmore compMeatedthau that of vaa't HoC'e,but the differ-

exce betweenthe twoMin Mostcases too sma!! to be detected by the pfeteat

méthodeof tMamtement. D.

Onthe &<Miag-t<'tntef tqeeeM MtoMOMo< MB-eïe<<TCtyt<e.N.

Zm' Rev. K, ~o; ~H~. /t. <~<'M. 37, ~7 (/~).–The

vahMofthetaotetatardeptes~on ia foundto be t.a;-t.86 !(t extreme dilution

for ali the noa~tectfotytesatadied except three, aad la found to temata con.

étant for ail thevarionsconcentrationsof the non-electrolytes, levulose, dex-

tmM, maao!te,datcHe,gty<ero!tand eMotathydrate. The valueof the motee-

otaf depteshm increaœs with increasing concentration, for caoe-sugaF,mMk

sugar, and maltose. With a numberof beaMae dertvativeatt was found that

the n)û!e<:atafdep[emt<MdecKaeesatatapid rate with liierease of eoa<~tttTa-

tion. Not oneof the twenty-ti~non-eteetrotytesthat have been etudied shows

aay evidenceofdhisodation<nextreme dilution. B.

The me!eM!atweighta of certain Mtta ln acétone. H. C. Jones. /4M.

Ct~w. j~ /< (/oM).–Otto:t aad Friderich atated that ammonium

Mtphocyanate,n)eK:ttr!ccModJe,Md!amiod)de.titMnntcMoride.aHdcadmiam

iodidehavenormalmolecularweights in acétone. Siocethese aubstances ateo

conduct, tt seemed worth while to repeat these meMureotents. Thé author

Sada that cadmiumiodide and ammonium eutphocyanatehave valuet higher

than thé normal,whichdecrease with dilution. Sodium iodide givea values

lower than thenormal,whitemercuriechloridegives values whieh are practi-

ca!tynormaland it<tconductivityla exceediagtyamall, Lithium chloride is sa

insolublein acetonethat no detenotnattona could be made. Thé author re-

gatdatheaeretatteaaeatiretysatisfactory, aMHmiag both polymerizatfonand

dissociationforcadmiumiodideand ammoniumsotphocyanate. D. B.

The aotabitttyof 'MafEMMOMMtphate. T. ~Me~ta~ /'h~<

Am. C~M./Mf. i6, 7S(/0tt/). – Reviewed(6. t5o) fromProc.Am. Acad.96,

Soo(tao').).

Onthe heat evetveawhon !tqnMaMebrougbt in contact wtth pow~ete.

E. /.M<<t~ Phys. Rev. t9, (~eo~).–Thé author bas detettnmed the

heat effectwhenNnetydividedsilicaMmoistenedbydiffeMtttliquide. "Thé rel-

ative amountof liquid does not seem to influence the heat effect. A certain

minimumquantityia necessaryto ptodace the tna~MtMtheat change, but aay

excemof tbat amountbas no appfeeiaNe influence. The heat edect per unit

mass ofthe powderi: the same for the sametiqnid at theaame tempemturepro'

videdthis minimumamount bepteaent."

"TheCaerthepowdefthegfeaterthe heat effect eeema ln general to be

true. !n the case of water, totaMtxe, pyridine, aad nitrobenzene, the heat

eNectwithaiUcaï. la twice that of aiUcaI! and the granules of the second
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powderare about double the atzeof thoseof the Bnt. But in the caee of ben.

zene, no suchdifférencesare apparent. Hèreabout the Mmeheat effectla pro.
ducedwith either powder. Whi!e quaMtttivetytt undoubtedly ho!da that the

6tter the powderthe greater the beat effect,tt has notbeenehownquantttàtlvely
that auch le tbe case. It ie noteworthy that the differentliquide do not vary
mach in their heat effeeta water gtves the tatgMt and benzene the amalleat.

But pyridineand nitrobenzene, although very similar to beMene chemically,

giveheat effeetawhicb neaf that of water." W.D. A

Heatof MtaMonof fMOMiaotta ethyl alcohol. C. L. ~y~f <~ C. R.

Rosell. ~4M.<w. Sd. (~) M, (~oo).–Reeo)'cinotdissolves in a large ex-

ce<sof ethyl alcobolwith evolutionof heat. The aathoMshowthat it dissolves
in a saturated solutionwith absorptionof heat and that the heat of dilution }<

largeenough to reverse the aign. W. D. C.

Remafta ea a paper of Nr. Caabet On the ttqeefactien ei ~ae mixtures.

A~<~«. ~M/A;M. Ct~M.41, ~(/~).–Theauthorg<vesreaBOt)sfor

betteviagthat the vander Waa)atheory la a more perfeet working hypothesie
than the Duhenttheory. He also crit!ci!~<aome of Canbet'e atatementa and

e)[peritMeota(!,4tt).). )~. D. B.

SomephytiM!pMpettteBof BKdeatM MtoMoM. M'/<yand y. 7.

~M&y. ~<<)a,M(/po/).–Theauthofabe)ievethatthechangM
ofthe densitiesand of the refractive Indices with the composition are discon.

tinuons for mixtMreeof nitric acid and water. The pointa of discontinuity for

thedea~tie9cotreBpondtott)!xtofesofttitrieacid with t4, 7, 4, t.s, and t

molectilarproportionsof water. The pointsof discontinuity as ahownby thé

teffactive indicea cortespond to mixtures of nitric acid with 14, y, and t.s
molecularproportionsof water. W. D. B.

The <pMiacheat of eohtMoBtwMchareMt etMtrotytes,Il. W.F. Magie.

Phys. Rtv. t~ (~/).–ThesabstaneeaatMdied were catte-Mgar, dextrose,

maltose, mitksugar, tevutose, mannite, dulcite, resoecin, hydtoqNittoxe, and

pyrocatechinitt water. The last three eotutionswerealso atudied in oqueous
akohol. Milkaugar ehoweda apecifteheat whiehvadedwith thé titne, <maUy

teaehing a conetantvalue. The general result fs that thé motecular heats are

constant for differentcoacetttrattoMwhen the sortions are so dilute tbat the

asMtmptiûMof the tbeory apply to them. Molecularheats of isotnera ln sota.

tion in the Mme eotvent are not always the aaMe. Thé apparent motecutar

heat&of the samesolute differ tn differentMtvents. The author states that the

heat capacityC of an electrolytic Mtotion may be given accurately by thé

formula

C~H+A-~B.

Here H is the original heat capacity of theMtvent,p is thé dissociationfactor,
or the ratio ofthe mass of the solute wMchis dtssociatedto the wholemass of

the solute, A and B are constanta to he determined ffom the observed heat

capacities. W. D.

On thé etnenof hydrogenand eNMhM,ï.-m. /</i'/A~. jour. ~<-M.
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.SOc.yg,~/o (/<?/).–Theautherondathatoxygen !e present among the gM*
eoueprodacta of tbe etectfotytit of hydrochioric acM aad that even though
ttMM of the towet chlorineoxMMmay be fonned during etectMtyets !t le un-

likely that any escape a p)reHm!ea<'ywaahhtg of the gase*. The soM)H!ty
curve for chlorine la hydfoeMotieacid at a<*fatts oC rapidly from pure water

te a solution coatatotBgabout o.~ hydMchtotic ac}dpet too ce. With increat.

!ngconcentration of hydrochlorfcacid, tbe solubility of cMottne iacreasetvery

nearly Hneatty. W. D. B.

~(tM.(~M~<MMM<~~M

SotaMtty of mMaKs o<Mdt<Mteatthtte m<tMahmeMotMe. A. &<~<.

Am. ~<w.y<'af.<7t (/~w).–À oambet-of !MthenaB bave been deter-

mined for thé ayateotsodiumMtphate, sodiam chloride, and water. These re.

Mtteare M9eMin theoxelves, but the awthot's inte~ptetatton o( them ts eTto-

neousand he bas overlookedthé fact t!)at most of the pointa wMchhe betieves

to benew werepoiated out moreelearly a number of yean ago. W. D. B.

Oa the mtttea Myattiaof ether chloridean< sodiumcMoMte,and their Mta-

UtM. H. W.~<w<f. Am. CX~M./<'af. ay, (/~<M).–Thé author has de-

terminedisothermefor silver chlorate, sodium chlorate, and water at :s'' and

at so". At both temperatures theMtts form two seriee of solid ftotutioMand

the ratio of sodium chlorate to titvefchlorate in the solution Is always greater
than in the crystals.' /).

Thé lowering of thé heettati-poimtof aqaeoM hyan)t;M dtMide. H. C

~MtM, At~ and F. P. Hyde. Am. C4~t<t.y<K<f. M (/~).–The

presence of hydrogea peroxidein water decMMeathe loweringof the ffeenag-

point producedby adissolvedsalt. 'rhe authora Incline to the beJief that the

hydrogen pefodde decteasMthe dissociationwhich wouldotherwtte be caueed

by the water. W. D. B.

The sehtbtMtyet batime sulphatein fenle eMortde,aluminiumeMortae.and

tMpMahmeMeddt. G. S. Fmps. ~4M.05<M./M<a7,~ï(/~).–The
author finde tliat magoesinatchloride iocreases the eotuMMtyof barium SMt-

phate aliglitlyand that aluminiumchloride and ferrie chloride inereasethe sol.

ubility quite markedty. though lesaso than aa equat <onteBttation of hydro.
cMonc acid. /). B.

InOMnMof sodium aotphftte0)t the vapor pKaaMe of aqnMM amaMnia

eetottoae. B. P. ~MaM. /c«~. C~M. Soc, 70,7~ (/jw/).–Thevapot- pres.
sureof ammonia solution is mach inerea~edby additionof sodium sulphate and
ie higher than M would becomcaupposing the hydrate Na,SO,toH,0 to t)e

formedand ao inoremethe eoncMtMtionof the ammonta solution. Thé vapor

pressurecurve shows notrace of a break at 33?, and the author therefore coa-

cudes that there ia nochange in the atate of hydtation of the diMotvedsodimn

Mtphate. D. B.

The dMempeatUenef metcaNMeMedde by diesolvedch1ortdea. T. W.

~M4<!M~and E. <~9M& ~it?. C4~<. 40. J~(~pM). Reviewed

(6, tsa) from Proc. Am.Acad.37,347( tooj).
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On thé nature of ~yiodMM and th.~ diaMciattoa tn aqoMM solution.
~<tM<M.

~a<-w.M.~(/~).-Theauthofnadtthat the
motecularconductivity ofpotassiam MMe solutions{aconsiderablydiminished
by the additionof iodine. Hiaexporimentetead to the view that the electro-
tytic dissociationconatantof Ht, la of the aame order of magnitttde M that of
thé hydt-Mteadd and that the complex Ion bas a smaller migration velocitythaa the almpleton.

?

Netat-ammoatacompeaadata aqueoMsolutions,I. M. Dawson and
~<M. 0~. Soc. 79, (~/).-T1,e a.thoK have atudied the
sped6c action exerted by vat-ioueMtteofthe alkali oetats, and the influence of
thé concentrationof the eatt sotuttonson the distribution of ammoaia between
water and chtaMfofm. Theyfind that the Mtventpower of aqueotMsolutions
of the alkali ealtsh, in general, lesa t))anthat of pure water, tithium chloride,ammonium bromide, sodium lodide being exceptions. !n most cases the
authora Snd that the decreasein the dhtribuUon coefficient la proportional to
the concentration,but this la not alwaysthé CMC. D. B,

Onth.hy~MM.ftiMMdtM.. ~<. ~<.<M~.CA~.ae.~
(/<?/).- Pr~Myprecipitatedzinc hydroxiderequired six eoH:vate),t.of o.8 n
caustic potash to dissolveit. After drylug at 6o<7o", thirty.six eq.:vatenta
wereaeceMary. lu the case of leadhydroxide, eight and one.ha!f equivalentsof alkali werenece.Mry to dissolvefreshly precipitated lead hydroxide and 8.88
to dissolvedriedlead hydroxide. No change, tberefore, takea place ,n lead
hydKxideondrying.whereasdaehydroxtde appears to change into a more
stableand !eMsoluble form.

On the htterpMtaMeaof certain medMMtfMaof metaMte hydroxMM.
~'M&wA. &7. anorg. ~M. 3. (~~). _The author betie~ that the
di<feret!cetnbebavior between some fresbly precipitated substances and the
MMeMbst.ncM.fterdrytngisdueto a physical dîfference, analogous to the
differencebetweenyellow and red mercarh: oxide,and la not due to the for-
mation of an isomer aahMbeen aMumedby Herz.

Onthe «htMMtye<~tnc hyam&idetn atNnotta and ammonla basel.
Herz. ~-<A<!H< C4~. 30. (~). -TheaMthorhasntadeexpedments
withamn.onM..nethy) amine, and ethyl amine. dimethyl amine and diethylamine. Zinc hydroxide h intotuble in the tast two. With thé others tt was
found that moreof the basewaarequiredto disMtvethe dried zinc hydroxide,the moredilute the base. The aubstituted atnmonias dissolve zinc hydroxidelesareadily than ammonla. thta différencebeing greater thé higher thé nrolecu-
lar weight of the substitutedradical.

Onthe KMHonbetweenethyl ateetMtâne hytroeMotio acid. y
Chem, &~ M. (/).- Théauthor nMstudied the reactionbetween

ethyl alcohol and hydroeMoricacid at W aad 6ads that the results can be
dMdedintotwogronps.inoneofwhich anaverage constant o(o.!76 i<obtainedwhile the constant in the other group la0.930. It seema certain that the value
of the constantdect-easeswith increasingconcentrationof the hydrochloricacid.
Whilethere are many dhturbiag factors which might affect the equilibrium
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constant,it lanot puastMeto deten~ne whether thé dtecKpMcy WMto be te.
ferredto any one or to et)of them.

Expetimetttaoa reactionvëtocMyahow that the constanta are very eatis-

factorywhenno wateria presentat the beginuing, but that the constantdimin.
bhMwith the time whenwater takea part lu the reaction from the beginoiog.

A A

The ptepaMtiMof ctteK itom othMMtMeof the aame acid. S. ~<
~twa~O ~<M<M. /cw~ Chem. & M. ~&' (~/). –Thé authora 6))d
that pureethyl tartrate may)x made from methyl tartrate by heattog thia sub.
ttatttewtthaaexceNef ethyl atcohet, o~ag hydMdttodc add as a catalytte
agent. CoawrBety,puremethyl tartrate can be obtained by heatingethyl ter.

tratewtthattexcessofmethytatcohot, ueiag hydrochtorie aetd ae a catatyttc
agent. The authora haveatoo detenained the rotation ot methyl tartrate at
varioustetnpemtttfes. W.D.

The efteetof tempeMtate,of coNeidattente hydrate. and ot a megaeUcteM
on thehy<tM)y&teof tenic cblort4e. H. M. Goodwine'~ W.Grover. ~'t.
/~f. <t,(/~oo).–"Theeftect of!oweHttgthete)t!peraturOtverygfeat)y
to diminishthe rate of formationof colloidalfetric hydrate aud to iMcreasethé

iaitiat tag in the reaction. The presence of colloidal hydtate exettB a very
markedcatalyticaction, eatMingthe reaction to be accelernted by an amoant

approximatelyproportionalto the amount of colloidel hydrate present in the
solution. Noetfectof the <nagttet!cfield coald be detected on the coune of
theteaction." ~?.A

Onthe formationof «teiam eathMe. ~~M«~. Zeit. anorg. ût~f.
9t, ~6(/po?). We writethe equation for the formation of calciumcarbide

CaO+sC=CaC,+CO.
Thh reactioniseudothermicand the questionaroseas to the tMceMarytempera.
ture and whether the réaction was revenible. Thé author obtalueddiatiact
fonMtionof calcium carbide at a temperature of t6to' If the reaction )Ba
dissociationreactionM wouldappear from thèse feMtts, it ahoutdbePossibleto
lowerthe tempeMtureby lowering the partial pressure of carbott monoxide.
The author did this by paMingan indifferentgas over the mMsand found that

undeftheeedreumstancetcarMdewaaceftaMyfonnedat 15750. Atthiatem.
perature,the diasociationpressure iBappafeattyM low that it la practicatly<t))-
possibleto reduce the partial pressufe of carbon moaoxide futthef by pasatne
an !t]di<fefeatgas over the maas. IV./)

Contributionsto ourknowledgeofMprMseempoanaa,I. C. ~o~<
0..SMff~. ~<t<.onorg.CAfw. 9!, (/oo?).–Cap)rou9 chloride ta decom-
posedto a certain extent bywater with formationof cuprotMoxide aad bydto.
chloricacid but to a greater extent into cupric cbloride and metatttc copper.
ThNtatterdeeompoaittonKdecfeased by addition of chlorides. tnpotaMtam
cbtotideeotutioMstrongerthan 0.05normal,cuprous chloridedissolveswithout
decomposttioa. The authors coactnde that cuprous chloride goesinto solution
partlyas auch,and pettty m the fonn of complex ions, Ftom solubilitydetw.
minationsand from meamt-etneNtaof electromotiveforce they conclude that
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thereisoneatomofcopperin the complexsait but that the nature of the ea)t

varies,heingKCnC),in diinteso)tttiot)sof potassiumchloride and K,CuC!, in
moreconeentratedsolutions. They wereunable to décidewhether free cuprous
ionaaremonatomicot diatomic. D. B.

TheaMtmpaetttenefeMeMtea.tï!. ~&<~<!«. yof<f.CXM<ya,
~7 (/eo/).–!n the slowdécompositionof calcium chloratethere ia about one
bundredand eighty timesMmuch cblorideformed as oxide, and thé freechlo-
rine hasno appreciableactionon the oxide or oxycMoride. With silver chto-

rate, chloride la formed at about twice thé rate of the oxide, but the free
chlorinereactswith the «idde sothat aUbut about 0.9percent of the total cMo.
rixe recoznbinesat atOMphericpressure. W. D. B.

Pyrite anaa~tMette. A~. ~o~. ~w. jour. &t. (~) <e, (/{?/ ).–
It lenot alwayspossibleto dtatiaguiet)pyritefrom marcasite,elther by the color

orbythedett~ity. TheauthotSndB.however, that under uniform and easily
controllableconditionsthe percentageof the total sulphur oxidi~t! by ferrie
salts isveryconstant foreach mioera!but differs greatlyin the two. The oxi-
dationcoefficientis about 6ofor pyrite, and about !? for marcasite. The oxi-
dationcoefficientin any givenmixtureof pyrite and marcasite is not an addi-
tivefunetion. The author bas determinedthese coetBcienteexperlmentally and
Sndathat onecananalyzea mixture of pyrite and marcaslte by meaos of the
curve to withinone percentwhen the mixture ia quite rich in pyrite, end to two
or three percentwhen it consistamaintyof marcatite. D. B.

Onthe <etompMK<enof hydrogenperozide by vadeoe aBbetancesat t)!g)t
temperatures. Ar. ~o~ a~ M. Clark. ~M. ~<-M. jour. ~6.

(/oo/).–Thé authors havestttdied the action of a number of substances on

aqueouahydrogenperoxideat too". Some of these substances catalyzed thé

peroxiderapHty,whiteotherswere appafentty without action upon it at this

temperature. Jt Mnot possibleto drawany générât conclusionsas yet coneen!.

ing the cause of this décomposition,but it Mernt possible that the substances

capableof bringingabout the décompositionof hydrogen peroxide first coM.
bineswith it to producean even More Instable derivative than the hydrogen
peroxideiteeif, and that this then décomposesinto oxygen, water, and thé sub.
stanceoriginallycausingthe catatyms. D. B.

~/0<M

On the saponificationof carbonieana autphnric esters. /?. f~~f~~<

~7. C4~w.4t,~ (/po?).–Theauthor nnds that the saponification o{

sulphonieesteraby water la not acceteratedby the presenceof hydrogen as ion.
Acidsexertan Influenceoxty when they bring about a side réaction having a

measurablevetocity. Thé acceleratingaction of alkalis can be considered as

a saponificationby hydroxytas ion, in which caseit is a side reaction, or as a

cataiyticactiondue to hydroxylas ion. t~. D. B.

OttcaeBtieatdyaamiMaadthe chemiMteqaHibrita) under thé influenceof

light. M. H~7~nt<!«. Zeil. phys. C6~<. 4', (/o<M).– Thé author bas
studiedthe reactionbetweenearbonmonoxideand chlorine under the influence
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of light. He Cttdethat the réaction h of the second otder and that there la no
lawcorfeepondiagto Paraday'a lawby which the reaction wetoeityt< ditectiy
proportionalto the amoant of radiant eaet~ anppMedduring the unit oftime.

& A

Vetodty «f ehonict! reaction. f~. /7MW. ~M. ycMf. ~M. (4) u. ~<!
(~/). –Thé anthorproposeafollowing reaction vetodttes by makinga photo.
graphieMeotdofthe change ta the index of refraction. One expedment of
thMMftontho'ateoUMvetaioo of cact-sagar ia given. Thé constant is not

MtMactoty but the author doee aot seem to look upon th!t as militating
agatMthiemethod,

Nate M the rate e< hydr~toa ef mettphMphettc add. C. and F. C.
Me~. ~M.Ct<tM./otM'. (/OM).–Thé authorshavemadeaqttetttative
studyof the rate of hydration of metaphosphorie acid, UMXgDaane'Bopticnl
method(precedingreview). /).

CtMyate of hyd~tne..?. 7~«<t<«f. Chens. to, 41.37
(/;x~). –Théautho)-finde that the catatyaia of hydM~ne aulphate ia hot

tiqoeoussolutionby meanaof platinum ta gtvenby thé equatlon

3N,H.=4NH,+N,.
Thé Mtatyetsof freehydrazine in hot aqueoue solution by platinum eau be de.
Kftbed by the eq~Uon

9N,H~=tNH,+N,-(-H,.
The catatysiaofhydrazinein alkaline solutloll caa be representedby the equa-
tion

3N,H. = <NH,+ tN, + 3H,. W. D. B.

AsMy of f;fewhtgcryatata by fxetMtaoeoM photomicrography. ?* W.
Richards and H. ~r~<t<!A~. Am. Ct~w. ~)~. <6, 6~ (/oo/).–The
authorshavemadephotographeof Mtat!oM of sodiumnitrate, banuc)chloride,
copperMtphate.fernMMatomonhuttsulphate, and potassiumiodide whilethese
solutionsare c~-stsHMng. !n none of these c~ee waethere any evidencethat
a secondHqoMphMesepafateBjust beîore crystaMizat!on. The authombelieve
that they couldhavedetected auch a eecondliquid phase if the globulehad bad
a diameterof o.ootmm. They studied the rate at which the crystalgmweand
findthat i)tCMt))ent<of time correspond to eqoat iocMmentaof volumeand not
to equal inerementaof aurface,as might have been expected.

WhHethe authom'experimenta seem to be conclusivein regardto thenon-
appearanceof a Mcondliquid phase in these cases, it would have beea much
motesatt~aetoty if theyhad also Btudieda case in which a second liquid phase
doesappear. Whilethey are certain that they could bave t-ecog))i:eda liquid
phase, theynever havedone to. W. D. B.

J?~~6M~t~ jR~M

ThemedyMmieaof the voltalc eeM. H. S. Ot~< Phys. Rev. H, r
(~<Mf).-The authorshowsthat the temperature coefficientof thé cellmust te
the aumofthe temperaturecoefficientsat thé onctions. He bas measuredthé
temperatureeoefEdentat the junctlona between metal and liquid in thé Daniell
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.e-t- ~U-- 1- «cett and nadsthat the aumof these ta approximately equat to thé tempeMtore
coefficientof the ce!

VatieMaetennhxttoneo<thé etectmmoMw<<)-?of the C)MkMil. H. S.
e~t~a~. Phys. ~<-p.M, (/<?/). –Thé <Mthertabntatea a!tthe detetmtt)~
tions of the electromotiveforce of the Oarh cell and ehows that the mean,

omittingOark'edeterminatioMB.oftheebsotatedeterMinatioM, three in num.
ber, la t .4~ vottaat ):

TheetMttomettw~reeofmetttatn Mtottoaeof cygnide. S. B. <~w<)'.
~M. C~M./M~7,~(/pM).–Hevtewe<! (6, )4o) from a Bulletin of thé
Department ot MMng andMetallurgy of the nniversity of CaUfwnia.

TheeftMtefpatK~aad pKMeM on ehxtMt~c action. R. R. ~<M~.
Phys. 13, (/~c/).–With zinc amalgam and zinc Mtphate the current
fiowsup throughthe tubeoppositeto gravity. With a oear!ysaturatedsotutiot)
of cadmium aulpbate.the entrent Howadownthrough the tube. Experimenta
have been madeon the change of the ete~twnotife force of a number of cella
with the pteMMM,fUttotn);up to 300.atmospherea. W.D. B.

On thé graduationof thMmepUet. D. Berthelot. Comptesrendus, ,3~
p~ (/oo~).– Since the curvefor log E and /<~<is represented by a atraightline between400"aad noo*. only two fixed points are necessary )n order to
graduate a thermopilebetween400° aud t too". The author fecotntneods thé

mehhg.po)ntof~nc,4t9',at)dthemeM~po)ntofgotd, to64". as these two
points. The bolling-pointof sulphur, 445', Mnot suitable, owtag to the great
precautiotis aeceMatyto get an accurate reading. /).

8tttdy of ettb in whicha M!t reaction le K-enforcedby oxidbtBgand redae-
incagente. ~<A<o<. Comptes rendus, 134, /oco (/!??).-Thé author
dMcnbes a number of experiments with two liquid cells, containing salte,
bases, or acids,and to whichelther pyMKatto)or hydrogen peroxide,or both,
have been added. W.D. B.

Potadtatienand Internat Ktiatanee of e)ectMtyHeCelia. ~tM.
/!i~. Rev. o, /o~, /&(/oo/).–

t. Etectrodesof copperin CuSO.and zincamalgam (both plsteaand liquid
amalgam) in ZnSO"wheafreshly placed in their respectite solutions,give with
varying currents,carvescompletelysatisfiedbya formula of the BartoM.Wiede.
burg form, and ib derivedequations.

2. With suchelectrodes,therefore, the internat reaistancer la, accordingto
our assumption,constant.

3. Etectrodesof silver in AgNO, and zinc in ZnSO,. in the main give
curvessatisfiedby 9t)cha formula,

4. Electrodesof platinumtpoHshed) in H,80.. do not conformas far asin.
veatigated,to the formulaa. Themaximum value for the depotarHatio)),how.
ever, Min agreementwiththat fouud by other methods.

S. BtectmdMofat) thèse metaJs in their respective solutions show, upon
standing, a markedincreasein apparent reohtance. At) results obtained con-
cxr in their teatimonytbat this is not an inerease in the real résistanceof the
cell.

W. D.
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On the tecempMttiM vott&geee( fused BoaiM&hydroxideand lead chtoride.
~fA~. &)7. tM~y. <M. <9, (/<?/). -FtMed MdhtMhydroxide

showstwo cathodtc bteate and two aaodtc breaks, thé lower one o! thé anodtc
breaksbeing very eilght and ifKgtthu-. The eathodic break at t.t6 volts at
390"h due to hydrogen and thé break at 2.o6 vo!t<at 389" to Mdhtm. Thé
anodlcbreak at t.~t volts at ?3° ta attributed to hyd~oxyt aa tonand the vêtue
«f &.)t volt at 395"pointa to oxygen as (on. With fused lead chloride. two
cathodie and two aoo<t!cbteake were found, but the lower one Mth case
tenda to dieappearthe more tomptetety thé wede and cathode ate separated,
ConsMtMottythMebtrMtteare due to depo<ar!MttoBand the explanation of
Oan-aird Incorrect.

BtectK~Coity as a baaiefor the ayttemattMtiea of taorgaaic Mmtennda.
7. Z.m- /<M. C~MM./M~. <?. v<~(igoi). – Thé author g;~ a Met diMus-
don of the electro-affinityhypothestsof Abe)~ and Bod:Sadet and then shows
that there are a large auMbefof cases!a which this hypotheete does Nothold.
Thé Coa!paragraph of the paperla worthquotbg in futt.

"Thé physical chemist h not the ouly one who regteta the more or lesa
tardy acceptanceof the newet theorles by the teachem of iaofgaNteMbjeete.
There are manyof Mawhoseline of etndylieswhoHyia tftotgantcfields,whoare
willingand anxioua to do a<MhmMoaaty work as wecaa {01the extenstonof
thesetheories, but the pubticatioaof such a speculation ae the aboveby men
protniaeot la the physitat-chenM worlddcea not materially M~t towardthat
end, for )t naturally Mt~s doabte as to the aecwacy and range of our cot.
teagoe's knowledge of practical chemistry. It is m a protest in the nameof
that practical,experimental chemistry that the aoovecritlclsms are 8ubmltted."

The.Mthorteeottretynghtinthfs. ThehypothestaofAbeggandBod.
Rader~MaatnteteatiagBpecutMtoB. but it has never advanced beyond that
atage,and it is a gréât pity that many people hâve tooked upoa it as being a
fairly trustworthy guide. {~ D. B.

E~f<W~~ M<f~~<<W~tC Dissociation

Naa~facHtMand Me of meMMeeodtam. y. /?. ~«~ /o~. Franklin
/M<. "59. (/!M~).– Thé author preparesmeMtic sodium in a two.compart-
ment ceUwith f usedsodiumhydroxide at the cathode and fusedsodiumnitrate
at thé anode. The dtaphrapn Ma mixture of taagMeetteaad Portland cement,
contained betweenwalle of perforated aheet steel. !n order to prevent these
atee)wa)b frombeing eaten away, they are also made electrodes and about 5
percent current is wasted bere. This ia profitable becaoseit iacreMesthe life
of the diaphragm about ton times. The nitrogen dioxide and the oxygen
evolved at the anode are carrted into water and converted iato nttnc ac!d. A
carrettt of 400amp is u<edat an averageetectfcmottve forceof 15voMs.Exter.
nat heat is Medonly whea startiag eut and wbea chauglng the caps.

D. B.

Onthe rate of the eteetmtyUedMomtoatUenof «MMeaeMia the presenceof
satphaneaeM. ~M& &<A Me~. Ct~w. jt, /e/ (/po~).–When
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OMticadd in eutpharic actd solution h etectwtyzed with amooth ptatmum
electrodeatttere lepractieatty no decomposition,but decompoaittontakea place
whenplatinizedanodesare used. Fromthese facts. the aathor coachtdea that
the decompositionla a secondary procesadue to tbe chemical action of the
electrolyticoxygen. Wheu thé concentrationof theoMtic aetd <ahigh thé de.
compositionfollowsFaraday'a law veryclosely. ïn dilute solutionsthedecom-
pMtttoa Mtowethe lawfor a monomotecular reaction. Thé reaction vetoc!ty
eoaBtaatie {~dépendentof the cun-entdensity and changet appmxitttatetypro-
portionally to the temperature between ts" and M". Since the reaction !e
moaomoteouia)-,the author cottctudMthat oxygen reacts ae0 and not aa 0,.

)~. D. B.

OnthtpKpMattenotbMtneionebyeteetmtyate. C~~MM. ~M. CX~.
t7, (/sw). -Thé author haa atud!ed the etTeetof varying conditioxe

in the etect~!ytic prepamttoa of bromoformfrom acetone. ByworMngatabout
95°with an anodedensity of 3 amp~ dm, Mth)~ twice the theoretical amount
of potassium bromideand adding sodiumcarbonate M aa to keep the solution
faintly yellow,he gets )oopercent efficiency. This ia a mostgratifying result,
though it must beadmitted that thé authofe method of aoatysh woutd cause
bim to overestimatethé yfetd very much. With alcobol insteadof acetonethe
current yield wasnever greater than Mpercent. W.D.

A newsolutionfor the copper ~ttamete)-. W. A-.~5~< Amer.leur.
(4) M, (/). –Asaturated xotntioaof copper sulpbate was boiled for

a short time to expe!the air, and then kept at Mo" for about one how in con.
tact with metalliccopper, in order to nentrat~e the solution. The denaity was
then about t.M. Avery small amoant of ammonium cMotidewaaadded about
0.05percent. This solutiongives MtMactory resulta at temperaturesbetween
M and 400,andcac be naed with actXTentdensity as high as 0.07 amp/cm'.

A B.

RMMrtMMtheaetMmiMttCBatf ttMeferMce Mmbem of iona dMiai: the
etectMtyets.< t.eh Mtattana. W. &
Thé author haarepeatedsome of the tneaaufeMentamade forty years ago and
Bndsthat ananimalmembrane changesthe tranafereace numberin the case of
MKsof bivalentmeta)a. It bas no <-n'eeton the Mtts of the alkali metala h,
the eartier otpenments, the author obtainedno change forcopper sulphate and
for the saltsof the alkali metals, aad he therefore concluded that the animal
membranehadno effect. The results for the aalts of the alkali metalshave
beenconSnttedbntamht~emusthavebeen made in the measurement with
coppersulphate. W.D. B.

A newapparatu fordetenatn~ thé relative ve:ocM~ of toM, with some
Ka.tt.f.r~v.ft.a,. W. T. Am. CX~ ~(~).-The author's apparatuafor determini.g migration vetocittesconsistae~entiaMyof two tubes connectedby a U-tabe ta which there is a g)a<aatop-coek. He
bas made measurementeof aitwernitrate at different tempemturea. both in
water, absomteatcohot,and aqueoua atcoho!. He finds that the tMMfeteaee
number tendstoward unity with ri~cg temperature, that the effect of decrease
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the
~î

that < the <~p.Mt.te.and that the m!gr~M ve!<~t~ vary wtth the nature .f the M~nt.

~?.

A
"M.mMt .f iMtew~tMM in ~M.. Mt.U.M.

f,
79- (~L- ~<j. C~M. 4.,

(~ Thé method
h.. ~dt6<.ti.. th.t of M~b.t df~ to twoMM. KtpMta. Thé meMt.t.mMt, are m~e ia water and not in geMM,

not

fequ~d
tetng that. Mt~tt.. of the ~di~tof M.t.iu..bout the Mme num.

~XT~ but OiNef.fMm

~t~ density of thé
methodc.Mi<t t. the imptiMOMentof aquMMMtationto bemeMMtedbetween
twopattitioM ofgeMne containing thé ioditator ). <. ~tutiM., th.B pré.

~S
during th. of .“ e~t. Th.

r
potassium

whattwer th.. those p~vi.tM)y .~pted, but theH~o. for thi. !s tobe fou.dn f.rdnK of the )i< th~gh thé g.Mne. Théauthor h.d M~tf ..t~
that a pot-OMce))caaMt be Mtbstitutedfor gehtine.

j0. A

_aBm~a!MM~t. ~«,
C~. 3,. ~<.

e~, (/~). -Thi. !s M.-

~t.ng
up of th.th.n.. workon ~MB.tphurdt.xM~t. Th.

electrolytes "q"id MtphMfdio~de

show ~~yt ~<~
iodide .nd te~thyt .n~ijn iodide are

the.~yMtt.whosemotec.tM we;gbts.fe ,M.M<-fU,anthe .<t th.t the

cMon~
and b~mM~ of the q~.n,My ammoniumb~ aad eMortde..f

thetert!<M-ybM<a,ve norm.! m.kcat.r ~ghta and th.t m.,t of the other

S~
higher than the n~ Th~e i. thereforeMo. b~we< thedt~i~io. as cat~ted from the m.tec.r weight d.ter.~.tf.M MdMc.tcuh.M from th. c..du.tMty. The .uth.t. ~er

X~ r~ ~PM'~
partty bythech..ge of the béat of vap.riz.tion .nd parity by the ~.mptioNthe Po~" <'t ~t. In no

O~M.. d.n
law h. d but hidy g<~ .ppr..m.ti.. ~y beobt~~

or formula< 't H.<T.
Expenments on thé change of the eondt.ctivity~th thé temperature.haw that

~°* ~~Tdco~a zct..t thé edt.e.t temperature. I. view of the f,ct th.t the condue.
ttvity.

Mf~M
b kM~n..tway. b~meB zero .t the ~tic.t tempérât~ thé

~décide
that it be i~.tety connected with the~d~

'y~ich disap~n..tthe~t(c.!p~.t,ith.therefore behev<.dth.t it b M !mp<t hetw in det.nn!.ing the q~Mon of

c~et~ Th~~pt! theL h~S~which cond~~t h~ MKh.u~te~
[Thi,w..M~nt.beme~.thé. way of ,t<t the e~pMed d<~td.e that poty~~d Mq~S

necMMnty thé MMin which eoed~vity took ptace.]. .0
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OahM~mt(!M!vent<<tadi<mMngBMd<a./M~. ~M~.<!«t~.<
'?'~7~ (~<).–AMen<ctnbfotMde bas fMMing.point constant 8g. While
Mmeinotgaotc substances show an abnormally bigh molecular weight, most
Maaty mtte givemotecutw weights dbttactty lower thaa the normal, a)tho~h
thé vat~tioMie tesa than with arsenic t~cMe~de. Chlor-sulphurlc acid, sul.
pharie acid, and dtmethyt sulpbate are solventswhieh havea nwhed ionMne
tendency.

TasMMttMojfMae-e~M M the CM<tMthmMet solution e<potMeixm
eMMMo.hydrogeneMo)rt<e,aad patMetamhy~MMe, with evt<tMMcf a~t <M.
mation!a the htst MM. C. <Mt~~ and 0. ~<!K<w.ycM~ C~w..S~. 79,
(/<?/).–Thé addition of a)~r to a potassium eMoHdesolution causesa
decreasela conductivity whieh thé authoM beMevemay be asetibed whony to
incteated viscosity. When angar la added to hydtegen chloride solutions, a
eimHa)-t~utt b obtained. With sugar aod potaNtum hydMxtde solutions an
entirolydifferent re9ttttia obtained, ~Mch pointeto the formationof poiaMinm
socrate. The authoMcoae!)tdethat augar la really to be looked upon as a very
weakactd. ~.7?. A

/M~ and

DMecMc coMtaot e< pamCa. W. G. ~o~-MM~.~<M< Jour. Sci. (<,)
~!(/).–t. For tevenab as htgh as 800,000,000per second thé

velocity of ctectrtea! diaturbances in magnetic and noo.taagoettt wifes of
dMetentdiaotetemtathe same, th<Mahowingthat thé magaetic propett!M of
{MMare not able to followsuch rapid chaNgea.

a. The effectivefield run of t~eche)-wires,as far as it can be deduced by
Meantofattatgon tube. doesaotextend morethttt 3 cm ftom thé wttes and
thé effectof the heavywave withia thie Mgio))variea approximately tnve~yas the square of the distance ftom the wi~a.

3. The dielectric constant of a given paM<6atncMasMwith the det)e!tyof
tbe pamaStt. It tncfeMesrapidly from a temperature M" above the meMng-
point to a temperature 30" below the melting-point, Amongdtffetent paraSM
the dielectric conetant incteaeesas the me!tiag.point of the paraOttttoctea~.

4. Thé dielectric constant tnetea<ea ae thé wave.tength detteaMa. It la
greater for short light wavestban it M for ahort electrical wavee. Cauchv's for.
muta a: a meaM of obtaining thé index of'refmetion for indennitety long waveedoesnot meet the expérimenta!tacts.

OpMtatactMtyei eettaiaethMa and Mtem. Guye. Jour. C~.
-S~' 79. (~oe/).–The autbor ahowe that the conclusions reached by
McCraeand Pattetsea ln regard to the properties of thé acetyl and phenacetyl
deft<raHv€9of dlethyl d-tartrate are metety onecase of the much more general
statementalready madeby Guye that Whe))substitutionsofchaine or groupaof elementeare efteetedin aa aeymmettic carboncompound in a position auni-
cienHyfafKtnovedfMmthe asymmetticcatbonaton), the rotatory poweria only
alightly aOfected."

A epoctrophotometrtcstedyef the hydKtyaie of duate feRic chloride aota-
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Mmm. F. ~<w. /%yt. ~f. M, (~/).–The author draws the M.
towjingconcMoM:–

t. Astudy of the absorption ftpectfabas provea to be a good method for

foMo~ng the pM~Masivechangea in the colloidalformationand will be service-

aMewheneveranyco!or changes take place.
2..The présence of lonizadonte detectedand the fact that thé ione are not

completely transparent are shown.

3. Quantitative determinationsofthe Mtt of ioatMtionla impossibletn the

present eMe,but it b indicated that it ta qultep<Me with somesortions.

4. 'rht)rebetightttiMetefMettcefo)'thepyMeoeeoftwo<K)nioMNOc)e<tf!y
thowa by the etecttkid method. However,thé generalagMemeat of the optt-
cal with the electrical méthode of finding-theMte of fonnaMonof the Caat

products gives us further, though indirect, reaeon for accepting Goedwia'a

theoty ot the reaction.

5. IMtMeia some, but rather djght, evittencefor tMoMogthat the moleculea
of thé finalprodact are aot all of the aamemagnitude,i. e., x ia the formula

(!'eO,H,),

mayhave more than one value fordifferentmotecatea.
6. The cleating of the solutions aod the displacementof the absorption

banda towardthe violet dpoa dilution Md the subsequentformationof a<nwch

greater absorptionband displaced towardthe red apoo the formation of a more
comptexmolecule,confirmthe dymmic cMMtdeMtioM. W. D. B.

ThetbMfptienspectMmoteoUeMatttnIchyoMte. &JS. Phys.
Rev. 13, (/jW).–The absorption curve for Gtaham'a colloidal ferrie

hydrate lies between the hydroty~edfenic hydrate and the ferrie cMoride
spectre. The author assumes that Graham's colloidalferrie hydrate containe
appreciabte quantities of inactive erystattoid hydrate. (f~D. B.

Onthe contimus apM!t epectram. B. ~at//j. <~M/~ WM~, 'M,
/fo6 (/oe?). –When the apark pastee betweentwo metat etectrodea there is

atwayea continuous apectrum in addition to the spark spectram. It seems

probable that this continaotMapeetrwn ia due to incandescentparticfes set free

atthepoleaaod this ia coulirmedby tbe fact that those metale, iron, nickel,
cobalt, manganese,whieh give a large number of Incandescent particlea are
those whichgive the most intenae contiottousfpectroto. Thé increase of setf-
tnducttondecreaMa the intensity of tMs continuonsspectnmt and it a)<o de.
reases the number of incandescent partides. D. B.

Spectra of hydrogenand the epectrnmof aqueousvapor. y. y~:t~M~.
<4w./OM<&<. (~) to, M~(/~oo). -Reviewed (j, 89) from Phi). Mag. M so,
MS(<9oo).

Thé spectraof hydMxenand Mmeof tts eempem~. J. Trowbrldge. Am
four. & (~ «,~0 (/{?/).–Reviewed (6,984) from FhM.Mag. [6] <, ~o

·

('90!).).



SO~UBÏUTY, ELECTROLYTIC CONDUCTIVITYAND

CHEMICAL ACTION IN LIQUID HYDRO-

CYANIC ACID

BY LOUIS KAHLBNBBRCAND HSRMANSCHLUNDT

The properties of solutions in which liquid hydrocyaaic

acid is the solvent are of importance in investigating the general

problem of nature of solutions. Spécial interest attaches to

the electrical conductivity of solutions in liquid hydrocyanic

acid because of the high dielectric constant of this solvent. J

Some tinte ago we made preliminafy tests* of the electrical con.

ductivity of solutions in liquid hydrocyanic acid; but before we

could collect a sufficient number of quantitative measurements

to warrant a publication of them, M. Centnerszwer,~ at the re-

quest of P. Walden, measured the electrical conductivity of two

substances, KI and
S(CH3)3I

in liquid HCN.~ These solutions

H. Schlundt, Jour. Phye.Chem. }. t~t ('90!), foundthe dielectriccon.

stant of liquid HCN to be 95.

Jott)-.Phys. Chem. $, t62 and 384 (!9<)t).
Zeit. phyB.Chem. 39' tM (!<)0t).).
Thèse<!etenn<MthMMof M Centnerszwer tMrec!eatty modeafter thé

work on the same subject had been begun ln this laboratory,and after the arti.

de tnjom'. Phys. Chem. 5, <S9(t~ot) had appeared for in speaking ofthe

deshaMMtyof meMuHng the conductivity of solutionsin liquid HCN, M.Cent-

nerazwer(t. c.) mentions Jour. Phys. Chem. 5, !$) ('90t) and t)tys:–"Es
MMendtes um M mehr tohnenswett, ais die vor kttnMmvefoffentMchtenVer-

suche von Schlundt diesem Korper eine MetekttMtatBkoMtexte von 95
ztMchretben–– We thereforewieh to cat) attention to thé tact on p. 162,
Vol. 5, Jour. Phys. Chem., is the atatement "–– an investigationof the

conductivityand other ptoperties of satts dimo!ved!n hydrocyanicacid is now

in progressin this tabomtoty," end that thé pnority claim with which Cent-

nenzwer closeshiaartide: "Da iMwschen die AusfiihntMgahnticher Mes-

sungenvon anderer Seite (L. Kahlenberg, Jour. Phye. CheM. 384 (t<)0t))

angek3ndigt wurde, so bielt ich es fNf angemessen, das vorlâufigvon mir in

dieaerPtegegesammette MaMat hier mitmteuea" b not justifiable, <<nce

aanoaneemeMtof the progteMof our measufententa waa made in the earlier

article, Jour. Phys. Chem. 5, t6< (t90t). It ie of course hnmateriat for thé

progressof the Mienceas to who makes the investigations; but in joetice to



448 L. ~o~M~ <!M~R. .S~<A

he found to be better conductors than the corresponding aqueous
solutions.

The hydrocyanic acid used was prepared by gradually add-

ing a strong solution of Kahlbaum's best potassium cyanide to

a solution of pure sulphuric acid of 1.25 sp gr, whieh was con-

tained in a retort connected with a reflux condenser, whose tem.

pefatnre was kept at 30° C. The gas was dried by passing it

through a series of three large 'Utube.9-filled with fused calcium

chloride, and Roatty througb two such tubes containing dry

pitance covered with phosphoms pentoxide. These drying
tubes were also kept at 30" C. The thoroughly dried gas was

then conducted into two glass bottles immersed in an ice-bath.
The liquid obtained by thus condensing thé gas was colorless

and left no residue upon evaporation. Its specifie electrical

conduetivity varied sontewhat in the case of different samptes
that were prepared. Thé results of these conductivity measure-

ments are given in the tables below. In this connection we de.

sire simply to emphasize that the saMple of lowest conducting

power had a specific conductivity of 0.473 X to-s reciprocal
ohms at o. This figure is iower than the one (0.496 X ïo"'

reciprocal Sietnen's uaits) that M. Centnerszwer' obtained in the

oursetves,wefeel that attention sbouldbe calledto the facts here presented.
It should farther be atated, that work on tbe eo~e!!ed d<Mociative

power of sotventawaapublishedfromthts laboratory in the Jour. Phy<t.C))<m.
3, 'a ('S99). and that the reseatch iactnded a number of inorganie Mhents
(notably fCt,. ABCt,.SoC!,)as we))aaatatgeMtnber oforgan:c solvents. tn
that article it wasmadeevident thatit was desirable to subject to fartheria.
veatigationthe dieh-ctficconstants of many aolvents. This work was coase-
quetttty doneby H.ScMandt, Jom-.Phys. Chem.5, pp. tS7and !o3(igot ). After
the publicationof the tiret article on dhMdatt<e power of totveata from tbill
laboratory lu tS~, Walden took up 1 admirable. extensive researcheeoa the
dis-ioeiativepowet-ofitMM~MticfMiveota. He did not measure the dielectric
constants ofthese <otveat9.Mf did he evea aoncanee hit attention to make
such measuretnents. la viewof this aad the additional fact that work on the
disMciattvepowerof sotvents,bothinorganlc andorgauic, was douehere before
Walden befjtn Mafese~ches on Morgmicm~ente. thé iodtmattoaof the latter
that the atudiesof H. Schlundt on the dietecttieconstants of (both organit and
inorganie) aolventeconatitute a eontiMoationof hia( Walden's)work h clearly
MNJMt.

C.
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caseof his mostcarefullyprepared sample.
Thé resistancecell consistedof a graduatedand calibrated

tube of aboutao ce capacity,cbsed at one end into which the
electrodeswerefused. The latter consistedof two rectangular
piecesof heavyplatinumfoi!to which werewelded,short pieces
ofplatinumrod, the joints being further careftilly secured by
meansof solderingwith gold. The electrodeswereplaced in a
vertica!positionin the tube. To the end of the platinum rods,
whichprojectedslightly beyond the glass tube, copper wires
about i mm in diameter were carefully soldered. These were
coveredwith an excellent rubber insolation,and the soldered

joints and the projectingplatinum rods werecarefullycoated
with wax. The insulation thus secuted was tested and was

foundto beentiretysatisfactory. The copperwires were con.
ductedupwardparallelto the glasstube of thé cell, being held
close to the outer wallof the latter by meansof small rubber
bands. Thesecopperwireswere long enoughto allow the cell
to be immersedin an ice-bathand at the sametime to be con-
nected convenientlywith the rheostat and the bridge of the
Wheatstone combination. The electrodeswere coated with

platinumblack. The volumeof the liquidin thé tube couldbe
read to 0.02cc. The so-calledresistancecapacity of the cell
wasdeterminedby meansof a ~50KCtsolution(whosespecifie
conductivitywastaken to be 0.003765in reciprocalohms at

25°C)and was foundto be0.~264. The upper end of the re-
sistancecellwassecurelyclosedby meansofanexcellentrubber

stopper.

All the conductivitymeasurementsweremade at o" C by
meansof the well-knownmethod devisedby Kohlrausch. In

making a seriesof determinations,thé liquid hydrocyanic acid
wasfirst run into the cell. And after the conductivityof the

pure solventhad beendetermined,verycarefullyweighedquan.
tities of the solute were successivelyintroducedinto the cell,
thé volumeof the liquid and the conductivitybeing noted in
each case.

Thé substancesemployedwereall ofahighdegreeof purity,
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and special care was taken to guard against thé présence of
moisture.

Besidesthe quantitativemeasurementsof electrical condue-
tivity of solutionsin liquidhydrocyanicacidgiven in Tables i
to 24 below,a large numberof qualitative so!ubi!ity and con.
ductivity testsweremade,the resultsof whieh will now be pre-
sented. la this work it wassought toselect representativesub-
stancesof variouskinds.

Thé following substancesare readily soluble in liquid
hydrocyaatcacid,but the resultingsolutionsare non.electrolytes,
their conductivitybeingnogreater than tbat of the solvent it.
self, and commoulyless ïodine, water, methyl àlcohol, ethyl
alcohol, glycerine, ethyl ether, phénol, picrie acid, resorcine,
menthol, aceticaldebyde,chloral,benzaldehyde,acetone,benzo.
phenoue,ethyl iodide,cMofoform,propyl nitrate, aceto.acetie
ester, benzene, benzil, urea, urethane,aniline,~-to!uidine,xy!i-
dine, camphor, bomeo!, ethylene cyanide, a-naphthonitrile,
~-aaphthonitfite, amyl sutphydrate, benzoic acid, cianamic
acid, tin tetrachloride,tin tetrabromide,tin tetraiodide,sutphur
motzochloride,nicotine,tbeobromine,caffeine, papaverine,ttafco.
tine, cyanine,HoSmann'sviolet.

The followingare solublein liquid hydrocyanic acid, but
the resultingsolutionsareverypoor' conductorsof electricity:
Aeetic acid, cyanaceticacid, trichloracetieacid, tnchîorlactic
acid, crotonieacid,o.nitrobenzoicacid, amidobenzoicacid, pyri.

dine,qn;noHne,phenythydrazine,benzamide,acetaai!ide,dipheny!
amine, aconitine,coniine,ddphine, arsenictrichloride,antimony
trichloride.

The followingare solublein liquid hydrocyanic acid and
yieldsolutionsof fair conductingpower: Bismuth trichloride,
silvernitrate,"strychnine,morphine,brucine,atropine, cocaine,

AMrtdeaoftheextMtofthecondaeUonof thMesubstancesmaybe
formedfromthequantitativemeMxremeNtsthatweremadein a numberof
caMa–seetaMeabetow.

ThisM!thtoa)y8pariaglysolublein)iqttMHCN.
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veratrine,acetylchloride,phosphorusoxychloride,thionyl chlo.
ride,' sulphurylchloride.1

The followingdissolve{a liquidhydrocyanicacid and the
resulting solutions are good electrolytes.:Potassium iodide,
potassium sutphocyauate,potassiumpermanganate,potassium
cyanate,platinumpotassiumcyanide,femc chloride, antimony
pentachloride,hydrochloric acid, sulphur trioxide, suiphuric
acid (H,SO~),amyl amine,and

NH(C,H,,)CS.SNH~H,J.'
The followingsubstancesare sparinglysolublein liquid hy.

drocyanicacid,thesolubilitybeingdetectedin the caseofthe salts
by the increaseof theelectricalconductivityof the saturatedso!u.
tion abovethat of the puresolvent Sodiumchloride, potassium
chloride,ammoniumchloride,sodiumbromide,potassiumnitrate,
sodium nitrate, potassiumsulphate,potassiumchromate, borax
glass, sodium oleate, potassium platinie chloride, potassium
phthalimide, cobaltous chloride, cadmium iodide, mercuric
chloride,mercuricbromide,cupric arsenite,cupric arsenate, sil-
versulphate,silver cyanide,silvercyanate,arsenictriiodide,tar.
tarie acid, camphoricacid, boricacid,biuret, thiourea, quinine,
sulphate, brucinechloride.

The substancesthat were found to be insoluble in liquid
hydrocyanicacid are: Calciumchloride,barium chloride, cal-
cium nitrate, strontiumnitrate,bariumnitrate,leadnuoride,lead
bromide,leadiodide, lead chromate, mercurouschloride, mer.
curie iodide,mercuricoxide,cadmiumnitrate,cadmiumsnlphate,
cupricsulpliate,cuprouscyanide,cupricoleate,aluminum chlo.
ride, stannous chloride, silver chloride,silver cyanide, silver
cyanacetate, chromium trioxide, phosphoruspentoxide, iodic
acid, oxalicacidanhydride,phtbalicacid anhydride, petroteum
ether, paraffine,naphthalene,carboudisulphide,iodoform,oleic
acid, palmiticacid, stearicacid, cane.sugar,levulose, erythrite,
asparagine, phenot-phthateine, nuoresceine,naphthol green,
alloxan, alloxantine.

Thesolutionsof thesesubstancesehowedaa :ncteaseofconductivitywithlapseof time. Forthenaote,thesotnteamaybaveconta!nedtracesof
moistureia the<etwocases.

Preparedbytreatingcarbondiatttphtdewithamylamine.
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la the following tables giving the results of quantitative
measurementsoî electtical conductivityof solutions in liquid
hydrocyanicacid; p representsthe volumein liteMin whichone
gtam-tno!eculeofsolute is contained,and A the molecularcon.

ductivity of the solutions in teciprocatohms at o" C. The
specifieconductivityof the solventis givenat the head of each
table. In computingthe valuesof A the conductivityof the
solvent bas been subtracted. Any one desiting to deduct
the conductivityof the pure solvent'willûnd all necessarydata
for that purposein the tables.

TABMStt

FeCt,

(Sp.cond.HCN= 4.07X to-~)

A
_f

v A

4-'77 !ï!.7 75.5 !74.7
7~4 !35.S !<9.t t8!.s

M.78 t45.8 ~t.t atg.y
~'°7 t5~-4 !0<ta.o 4 259.0
33.ta t~.o

TABM2:2 TABM33

SbC! BiCt,
(Sp. cond. HCN ï. X to-~) (Sp. cond. HCN = 3.5 X !o-')

v A A

0.709 0.77 ~96' 6.67
~9 o.4! 7.~73 489
3.123 0.40 20.24 3.t3

~o~ ?~28.08 1.19

1 Mt.a.a__ _r ~u_Thé practlceof dedncting the coadnctMtyof the pure Mtvent fromthat
<~the solution te, to say the least, open to se~ooaquestion.

SolutionpMhaMyoMghUyeupeMaturated.
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TAM.R44 TABM5$

AgNO,' Ag,SO/

(8p. cond.HCN== t.4 X to-~) (Sp..cond.HCN==3.6 x to-*)

v A f A

3!.o8 ï6.ot t6o.y 259.6
M4.8 ï7.t9
392.0 24.71 1

ÏABLB66 TABÏ.E77

NH(C~H,,)CS.SNH,(C.H,,) KI

(Sp. coad. HCN =4 07 X to-*) (Sp. cond. HCN = 4.07 X !o-')

v A v A

5.559 83.7 !o4 254.1
!2.70 !27.4 27.07 278.0
23.58 t6o.3 8!.S7 300.4
53.'7 194.1 212.6 308.2
91.37 208.3 452.5 324.8

'6J.9 223.3
;:44.9 227.5
6oo.o 238.7

TABUt88 TABL899
KCNO' KCNS

(8p. cood. HCN = !.o X !o-*) (Sp. coud. HCN = t.o X to-~)

A f

-l

A

"62 284.0 1.679 ~ï
2.799 169.3
5.826

122.20 275.ï

The saturated solutionof this ait hae a ap. cond. of 0.00384. ït con.
tains tess th<M!40 f~Mneof AgNO,per Uter.

'.The ap. cond. of the saturatedsohttionis 0.00797.
The saturated solution haaa sp. cend. of o.oo~.
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TABUttO TABMH

KNO, K,CtO/

(Sp. comd.HCN==0.89X!o-<) (Sp. coad.HCN==3.6 Xto-*)

f A v A

t8.s8' a;;6.t
1

t~t.o 967.8
t09.6 a8s.3 tM6 670.9

TABM ta fABUt

KMaO. NH~Ct

(8p.cood.HCN == ï.<tX to"*) (Sp. coud.HCN = t4 X to-~)

v A « A

5.534' ~~<x 66.!5' t~~
9.890 :t<t.t

23.40 ~63.3
ï04.S 3!0.s
'95.0 Mc'.a

1329 5ït.o 1

TABU!t4 TABMÏ5

Atnytamiae,(C,H,,)NH, Pyridine.C6H6N

(Sp.coud.HCN = !.4 X to-*) (Sp. cond. HCN = 0.752X to-')

(Sp.cood.C6HnNH.< t.9 X ïo-*) (Sp. coad. C,H,N < 2 X to-*)

"A "A

0.2698 8.86 o.t37o 0.038
0.~977 2~.5 o.t9o6 o.io6
0.954 36.8 0.3026 o.t90
2.203 M-! 0.5070 0.320
5.733 78.2 0.7798 0.344

t5.8o 109.4 1.858 0.500
d 7455 0.792

Thiaaohttionwaaaeafty MtMMted. A Mtamted sotation wm <<mndto

havea ap.coud. ofo~y~.
Thesaturated MhtttcnhM a ep. coud. ofo~)o8,t.
Thiasolutionwu nearly MtoMted. The tp. cond. of the satuMtedM!o'

tion te o.M6.

ThbMhttioa was very MMty setnMted.
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TABM16 TABLS!7

Stfychaine' Morphine*

(Sp.coad.HCN==0473X to-') (Sp.cond.HCN= 0.665X to-~)

A A
1–– ––––––––– "–'–i "–

33.3 57.6

1

ï55.: 84.2
88.o 874 592.S 99.9

a<)o.i t3o.9

TABMtt8

Acetic acid TABLE19

(Sp. cond. HCN== 4.07 X to-') Cyanaceticadd*

(8p. cond. acetic acid < 2X to-') (Sp. coud. HCN = 2. [3X to-~)

A ffi

H-

A

0.0883 o.ool6 0.2378 o.t~ô
O.!208 0.00~5 0.4231 0.29!

0.43:5 0.0:33 20.14 o.8t2

ï.37t 0.0798
J!0.52 0.623

TABM 20 TABM Zt

Tfichtoracetic add Tnchïortactic acid*

(Sp. coud. HCN = 1.4 X io-') (Sp. coud. HCN = 1.8 X M-*)

v A v A

0.3990 o.o68 4.6!? 0.36~
o.5s88 0.087 48.72 z.~a
Ï.OÔ2 O.tï8

2.402 o.2to

6.068 0.359

36.59_t.8o9
TheeatMMtedMte«onha<a ep.cond.of 0.00~73.
Asaturated solution eonta!N9neaTtygtM)-m<~eeole )n 26 Hten and

bu a sp. cond. of o.oM~t.
Thé Bp.cond. of the eataratedsolutionis 6. MX 'o~

<The saturated solutionhasa sp. coud.of t.g! X "o-
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Thé saturated solution bas a ap. cond. of 9 6Xto-*

t This solution
had a sp. cond..f ..on3. while a saturated solution

willserveto give < <H~ M~ as tothe e~tteatto whtch HCIta soluble in HCN.

inittally weremade as M.. M the gas
wa.c.ntp~y absorbed. As thé absorptionwaa not performed in the
length ofUrnem the <tM~t series thefigures~f ~)y c<~
arable.

ÏABM;
Hydrochbftc acid. (Sedes t)

(Sp. cond. !.Q5X !0-~

TABÏ,SM
Crotonicadd*

(8p.coad.HCN===t.4X!o-*)

Hydrochloricacid. (Series2)
tSp.cond.HCN = 0.54X !o.)

-Ï

.f sv

v
A

0.8066 o.o2!

-v

1.567 c.041
2.708 0.071

'9.33 0.495

\f <.Muu.t.u~ A tO–

.–––

S-7°' 64.4 (after two hours)

~-SS 7S.8(~:tiatty)'
°'35 89. (after 75minutes)

~~° "39(after2hoMrs)

––– –––~Jf t'~t

_A
A

'~7 i4.56(Mtiat!y)'
"-°7 74.3 (after two hours)

wuu. ti\~j~ – o.Bg t0

A"

'93S 39.8(initia!!y)'
'9-3~ 44-9 'after t~ minutes)

7'.9<a{ter3,o-c!inotes)
_9~ 91.6 (after several hours)

HydrocModcadd. (Series3)
(Sp.coud.HCN= o.&3X to-")
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TABM34

SMÏphuricacid

(Sp.cond.HCN= 0.8 X to-*

Thesu!pharicacidusedhada sp. gr. of 1.840at20"andthere-

fore, accordingto Wiottkt's tables, it contained94.79percent

H,SO,,or77.38percent80,.

GMtMo(thiaacidinMoce.Mhttton 8p.coud.X '<~

0.520 S7S
t.68S 9.98
4.584 t3-~
to.o86 15.03
t7.!58 ï6.t&

34.4S9 15.85
6~.0~4 Yt.6o

ThésulphancaciditseK 6.37
o.t. –!J

The solutionsof known strength of hydrochloricacid in

liquidhydrocyanicacidwere obtained by filling a gas burette

with hydrochloricacidgas thoroughly dried with concentmted

sulphuricacid and finallywith phosphoruspentoxide,and caus-

ing a measuredvolumeof the gas to be absorbed in the liquid

hydrocyanicacid containedin the resistancecellabovedescribed

at o". The graduationon the cellpennitted the volumeof the

solutionto be read. Thegas wasforced out of the burette by
meansofdry mercury,a veryfinecapillary tube running from

the buretteto the bottomof the column of liquid hydrocyanic
acid in the cell. The gas wasdisplacedvery slowlyandthe ab-

sorptionwas quite complete. Exposureto the air was avoided

as muchas possible,but it is not claimedthat the solutionwas

Gramaof this acid <ntooce. solution Sp. cond. X

t.226 tt.53

4.855 i8.62

Thé autphMnc acid itself 15.60

Sulphuricacid

(Sp.cond.HCN= t .4X to-~

Thesulphuricacidusedbada sp. gr. of !.89&at20"andthere.

fore, accordingto Winkter's tables, it contained90.08pefeent

H,SOtplus9.9: percentSO,,or 83.46percentSO,.
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absolutelyfree fromtraces of moisture. Présenceof moistnre
would elevate the conductivity,and therefore the results in
Table 23 are probably a trine too high. It will further
be noted that in Séries 2 of Table 23, where the HCNhad the
lowest sp. cond., the solutions also had the lowest conduc.
tivity, and furthermore,the solutionsin SeriesYhadthe highest
conductivity,and the HCN used in this series also had the

highestconductivity. The conductivityofsolutionsof HCI in

liquidHCN moreoverincreaseswith lapseof time,showingthat
thespeedof the réactionwhichgoeson canreadilybemeasured.
It wasnot our purposeto investigate the rate of this reaction.
Wesimplydesiredto ascertain approximatelyhowwellsolutions
ofHCIin liquid HCN eonduetas comparedwith corresponding
aqueoussolutions. The resultsareentirelysufficienttoshowat
a glancethat HCI in liquid HCN is a much poorer conductor
thanHCI in water.

No attempt was made to prepare a sulphuricacidcorre-

spondingexactly to the formulaH,SO~,that is to say one that
contained8ï.63 percentSO,. In thé one case (Table 24) the

sulphuricacid dissolvedin liquid HCNcontained77.38percent
SO~,in the other case83.46percent SO~. To computemolec.
ularconductivitiesin thesecaseswasnot attempted.Thespeci6c
conductivitiesgiven in the table are sufficientto indicate that

sulphuricacid in liquid HCNis amuch poorerelectrolytethan
comparablesolutionsof sulphuricaeid in water.

An inspectionof Tables i to 24showsthat the potassium
saltsinvestigated,namely,KI, KNO~,KCNS,KMnO~,K,CrO~,
KCNO,(Tablesy to t2) are most excellent electrolyteswhen
dissolvedin liquid HCN. KI and KNO~hâvea molecularcoa-

ductivityin liquid HCN which is over3.5timesasgreatas that
of the correspondingaqueoussolutionsat thesametemperature.

J

TheconductivityofaqueoussolutionsofKCNS,KMnO, K CrO,
and KCNO haveapparently not been investigatedat o~; but
theconductivityof thesesalts in liquidHCNevenat o° exceeds

Forcomparisooseethemol.cca.ofthesesaltaln<M}aeoaBMtatioMato"
it)~onr.Phys.Chem.s, 348(t~ot).
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their conductivityin aqueoussolutions at 25°.' The conduc.

tivity of NHCl (Table13)also exceeds that of corresponding

aqueoussolutionsat 18° and the same is true of Ag,SO~

NH(C,H,,)C8.8NH,(C,H,,),Table6, alsobasa highcondnctivity
in liquid HCN thoughthe conductivity of aqueoussolutions
of this saltbas apparentlynotbeendetermined, it wouldseem

that the figureswouldprobablynot reachthe magnitudeofthose
in Table 6.

Théhigh conductivityof the solutions mentioned in the

precedingparagraph,as comparedwith the conductivityof the

correspondingaqueoussolutions,might tetnpt one to draw the

conclusionthat the Nerast-Thomsoarule is indeedverifiedin

caseof the solvent, liquid HCN, ioasmuch as its high dielee.

trie constantwoutdleadone to expect a conductivityexceeding
that of comparableaqueoussolutions.~ But all such ideas are

at oncedispelledby a further considerationof the remaintng
substancesin the foregoingtables. So it appears at a glance
that acids(Tablesï8 to 24)dissolvedin tiquidHCN are incom.

parablypoorerelectrolytesthan the correspondingaqueoussolu-

tions.~ Silvernitrate(Table 4) in liquid HCN condnctsonly
about one-fourthas well as in aqueous solutions of the same

strength at o*~ Ferricchloridein liquid HCN (Table i) con'.

ducts lessthan halfas wellas thé correspondingaqueoussolu.
tiens of this salt at 25° so that it seems likely that the aque.
oussolutionsof thissait at o° will conductbetter than those in

liquid HCN. AgainSbCl~and BiCI,(Tablesa and 3) arepoor
electrolytesin HCN; a comparisonwith aqueous solutions is

of courseimpossiblein thesecasesas the salts are decomposed

CompareKoblrauschandHolborn.Letivermogend. Etektrotyte.
ComparetaNeainOttwaM'eLebrhnehd. e))gem.Chem.9,756,~t.

'M. Centnersxwet-().c.) foundKl andS(CH,),!to conductbetterin
liquidHCNthaninwateranddrewsucha conclusion. 1

W))i)etheconductivityoftheseacidsinaqueoMMhttioMftto"basap.
parentlynotbeeadetennined,thevaluesinliquidHCNaresoverylowas to
admitoftMtconclusion.Infact,if theconductivityof thépureHCNwere
aubtractedfromthatoftheaceticacidsolutionsthefem~adeMwouldinseveral
casesbenegativeineign.

6CompareJour.Phy<.Chem.s, M8(<90)).
CompareGoodwin.Zeit.phya.Chem.21,3( !8o6).
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into oxychbridesby water. The re!ativelyhigh conductivity
of amylamine,strychnineand Morphinein liquidHCN(Tables
14, ï6, 17)is worthyof note. These bases undottbtediyreact
with the liquidHCN, forming salts that dissolvein excessof
the solvent thé action in the caseof amylamineis violent in
character, being accoMpaaiedwith Uberationof much heat.
Pyridine(Table 15) forms very poorly conducting sotutions,
thoughit probablyalsouniteseliemicallywith the solvent.

The factsare then, that whitesomesaltsdissolvedin liquid
HCNconductetectncitybetter than in water,manyotherscon.
duet mucb poorerthan in theircorrespondingaqueoussortions.
The acidsasa classillustrate this in an especiallystriking man.
ne)-;for whiletheir aqueotissolutionsare most excellent elee.
trolytes,their solutionsin HquidHCNareonlymoderatelygood
electrolytesin the caseof HCIand

H,SO,,whilethe solutionsof
the organicacidsare exceedinglypoorconductorsof etectncity.
In the faceofthesefacts,the Nerast-Thornsonrule can clearly
not be consideredas substantiatedby thé conductivityof solu.
tions in liquidHCN.

A comparisonwith the conductivityof liquid ammonia
solutionsshowsthat KNO~,NH~C;,and KI are better electro.
lytes in liquid HCN than in liquid ammonia;' on the othet
hand, AgNO~isa much better conductorin the latter solvent
than in the former. Solutionsof KI and KCNSin liquidHCN
are muchbetterelectrolytesthan the correspondingsolutionsin
tiquid SO,

Whi!ein somecases,like KI and
KNO (Tables7 and 10),

thé Molecutarconductivityincreasesbut slightlywith the dilu-
tion,as it doesin the correspondingaqueoussoiutions,ia other
caseslike KCNS,KMnO, and K,CrO, (Tables 9, 12 and 11)this increaseisveryconsidérable,exceedingby far that in the
aqueoussolutions. These statementsholdeven if the conduc.

HCN.
'~fMofthésotabMityofMmanyofthealkaloidalaliquid

CompareCady.Jour.Phy~.Chem.t. 7~ (tS~y);atsoPfanMtaat,dKraus.Ame)-.Chem.Jonr.94,87(t~oo).
CompareWaldenandCentuerszwer.Zeit.Mtorg.Chem.30,<?( .~M).
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tivity of the liquidHCN usedas solvent be deductedfrom the

conductivityof the solutions,as is commonlydone in the case j
of aqueoussolutions. Again, the molecular conductivityof

AgNO,(Table4)changes but slightlywith the dilution,which
is also true of aqueous solutions of this salt althoughas bas
beenremarked,the latter are much better conductorsthan the
HCNsolutions. In the caseof BiC! (Table 3) the molecular

conductivitypasseathrough a minimum; or, if theconductivity
of the solventbe dedncted,the molecularconductivitywouldde.
creaseas the concentrationdecreases.

Wbenthe resultsof the conductivitymeasurementsof the
solutionsin liquid hydrocyanicacid are regardedin connection
with the conductivityof aqueous so~tioïts, liquid ammonia

solutions,solutionsin liquid sulphur dioxide, etc., it becomes
evidentthat the conductivityof a solutionis notdeterminedby
the dielectrieconstantof the solvent,its stateof polymerization
or itsspate valences, but rather by the specificnature of the

compoundformedwhen soluteand solventact oneachother to
formthe solution.

Onlya verylimited numberof tests of chemicalaction in
solutionsin liquid HCN weremade. Metallicsodiumandmetal-
lic potassiumact upon thoroughly dry liquid HCN, forming
hydrogenand the cyanides of the metals; the latter are soon
coatedoverwith the white salts which are practicallyinsoluble
in liquidHCN. Metallicmagnesiumand sodiumcarbonateare
not attacked by liquid HCN. A solution of

SO in HCN,
thoughit conductedwe!l(havingasp.cond. of0.0066),neverthe.
lessdid notact in the least on dry magnesium,zinc, calcium
carbonateor potassiumcarbonate. Fuming sulphuricacid of

sp gr 1.898at 20°, when dissolvedin liquid HCN' attacksmag-
nesium,zinc (amalgamatedas wellas plain),and potassiumcar-

bonate,but doesnot act on aluminun), cadmium,iron, copper,
silver,lead,platinum,or calciumcarbonate. Butwhencadmium
is placedin the solution in contactwith platinum, hydrogenis
evolvedon the platinum. On the other hand, iron,aluminum,

The solutionsusedwerethoseinTableï4.
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copper,leadandsilver are not attacked by the solution even
whenin contact with platinum.

HydrocMoficacidsolutions in UquidHCN attack magne.
siumand alsozinc(amalgamatedas well as plain). Cadmium
is alsoattacked, but veryslowly. Zincor cadmiumwhenplaced
in contact with platinumin the solution,caosehydtogen to be
evolvedmainlyon the platinum-as in theconespondiagaque-
oussolution. Hydrochloricadd dissolvedin liquid HCN does
notattack aluminum,iwn, !ead,e&pper,8i!ver,p!atiaMm,sodium

carbonate,sodiumbicarbonate,calciumcarbonateorbariumcar.
bonate.

Solutionsof trichloraceticacid in liquid HCN attack me-
tallicmagaesiumandsodiumcafbonate,but notcalciumcarbon.
ate or zinc, even whenthe latter is in contactwith platinum.
YetTable ao aboveshowsthat trichloraceticacidinliquid HCN
is an electrolyte,thoaghto be sure not a very good one. TM-
ch!of!acticacid dissotvedin liquid HCN doesnot attack mag.
nesium of zinc, while cyanacetic acid in solution in liquid
HCNdoesact on magnesium. Phosphorustrichloride,thionyl
chloride,sulphurylchlorideand amylaminereactviolenttywith
liquid HCN.

~<!<MH!<My~t< Chemistry,
M~<!WM~~~iM~

~<t<f< H%
~~M.



THE EXPANSION 0F A GAS INTO A VACUUMAND
THE KINËTIC THEORY 0F GASES'

BYFÊTERFIREMAN

ItisatuadaMental fact that when a gas expands into a
vacuumthereis, roughly speaking,no evolutionor absorption
of heat ia the wholebodyof the gas. Bat while the passingof
a gas intoan empty vesselis not accompaniedby any changein
the total quantityof heat in the gas,a change in the distribu-
tionof the heat takes place. If the experimentis carried ouf
with the aid of two metaUicvesselsof equalcapacitycommuni.
catingbymeansof a tube providedwitha stop.cock,and if one
vesselis filledwith a gas under considerablepressurewhile the
otheris vacuous,then on opening the stop.cockand allowing
the gas to passinto the empty vesseluntil equilibriumis estab.
ti~hed,weobservea considerablerise of temperaturein the ves-
selwhichwasvacuousand a nearlyequalfaUin the other.

What is the causeof this simultaneousriseand fall of tem.
perature,a rise and fallwhichseemto compensateone another?
Anattemptto give a clearanswerto thisquestionis the object
of the presentpaper.

Let usdwellfor a little whileon thé. importanttheoretical
bearingsofthe experimentdescribed.. In the first place, it at
onceleadstothe thénnodynamica!principlethat thé energy of
a gasis independentof its volume. Itt thesecondplace,thefact
that there is no change in the total energywhena gas expands
intoa yaonumclearlyshowsthat there is norepulsiveforce be-
tweenits molecules. For if there werea repulsiveforcethe ex.
pansionwouldinvolvea decreaseof potentialenergy,whichde.
creasewouldhave to be madegood by the increaseof kinetic
energy,by anabsolute increaseof the temperatureof the entire
massof the gas. Since this is not the case,it followsthat there

ReadbeforetheChemicalSectionoftheAmeticacAssociationforthe
AdvancementofScience,PittebtM~,Ju]yt. toot.

J. P.Joule.Phtt.Mag.May,t&M,p.377.
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tsnotepulsiveforcebetweenthe moléculesofthe gases. Theproof
of the absenceof a repulsiveforce in the gases is au indirect

supportof thekinetic theoryof gases,the only other doctrine

regardingthe nature of the gaseousstate. According to this

theory,the tendencyof a gas to expandandto611any spacethat

is assigned to it is not due to a répulsiveforce betweenthe

moleculesof the gas, but to the kinetic energy of the moving
moleculesunder the influenceofheat.

In the tbird place, a most accuratestudy of the energy

changeswhena gas expandswithout doing work supplies the

expefitnetitalbasisfor oneof the correctionsmade in the gas

équationby vander Waalsandembodiedin the so-calledvander

Waalsequation. JouleandThomson'on causing gases to ex-

pand
Ufroma high pressurevesselthrougha porousplug fouad

a slight loss of heat This loss leads to thé assumption that

there is an attractiveforcebetween the moleculesand that the

lossof heatisdueto theworkdouein overcomingthis attraction.

This attractionis taken intoaccountin the vander Waalsequa-
tion.

1hâve dweltat somelength on the theoretical bearings of

the phenomenonunder considerationin ordertoemphasizemore

the importanceof findingan adequateinterprétationof it.

The phenomenonis this Whena gas passesfrom oneves-

sel into anotherwhich is vacuous, there results an increaseof

heat in the emptyvesselanda decreasein theother. Why? A

plausibleexplanationwouldappear to be this As soonas some

of the gas basenteredthevacuousvesselthérest of the gasdoes

workon it, causingthe rise of temperaturein onevesselandthe

loweringin the other. But this explanationis very vague,and

if not properlyqualified,eanbe refuted as follows You start

with the moleculesat a given temperature,i. e., with a certain

Meankineticenergy youstart with the molécules whieh are

perfectlyelasticbodies. Nowwhateaubethe result ofcollisions

of that portionof the moleculeswhieh first entered the empty
vesseland the remainingportionwhichis pressingafter and on

WiUiamTTtonMON'aMathematicatfmdHtyeicatPapers,Vot.T.,Attide
49.p.3M
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the former? Thé moleculesof both portionsbave the same

averagevelocity. Nothing elsecanresult thananexchangeofa
certainmean kinetic energywith the samemeankinetic energy.
Hencein consequenceof the increaseof volume,only the free
meanpath of the moleculeswill increase,whichbasnothing to
do with the magnitudeof the kinetic energy, with the magni.
tudeof thé heat.

The properexplanation,without bringing in any notions
whichthemselves feqoife elucidation,can be, in my opinion,
foundas follows Considerthe moleculesof the gasas they are

readyto passinto the vacuousvessel. Theyarrivewith vatioua

degreesof velocity. Consider,first, a swift molecule, In the

emptyvessel it will evidently retain its high velocity. Next,
consider a slow molecule. Before it will bave made mach

progressit will be overtakenby a fastone andexchangeveloci.
ties with the latter, according to the law of impactsof elastic

bodies; it will continueon its way, but with a high velocity.
Andsowith all the moleculesor, at least,with the greatestpart
of the moleculeswhich enter the emptyvessel they will either
havepossesseda high velocityand retain it or acquire it as ex.

plained. The result will bea congrégationofswiftmoleculesin
the vesselwhich was vacuousand a laggingbehindof the slow
onesin the vesselwhich wasfilled with the gas at the begin.
ning.

Wehâve hère as it werea separationofmoleculeswithhigh
velocitiesfrom those with lowvelocities. Hencea rise of tem.

peraturein one vesseland a fall in the other.

But this result is only possibleowing to the fact that in
the bodyof a gas at a given temperaturethere are molecules
with widelydifferentvelocities. If the gasmoleculesin a given
vesselat a constanttemperaturemovedallwiththesamevelocity
then the expansionof a gas intoa vacuumcouldnotbring about
a newdistribution of the heat in the bodyof thegas.

Thus the experiment of the expansionof a gas into a
vacuumthrows further light on the kinetic theoryofgases,cor-
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roboratingthe viewthat thémolecules in a closed vesselat a

constant temperaturemovewith various degreesof velocity.

Pufthef, in the Mgbtof the abovereasoning,the cold pro-
ducedbythe escapingpf a gasftom under a high pressure into

the atmosphereis due to theswift moleculesmahing away far

into spaceand the slowoneslagging behind.



BYPAULSAUREL

It is wellknown that amongthe consequencesof the phase
rule are the followingtheorems:The stateof equilibriumofan

invariant systemis completelydeterminedif its entropyand its

volumebe given the stateof equilibriumof a univariant Sys-
tem is completelydeterminedif any one of the three pairs of

variables entropyandvolume,temperatureandvolume,entropy
and pressurebe given and, finally,thestate of equilibrium of

a bivariantor multivariant systemis completelydetermined if

any one of the four pairsof variables:entropyandvolume,tem-

perature and volume, entropyand pressure,temperatureand

pressurebegiven. The objectof the presentnote is to show

that to eachof the abovepairsofvariablestherecorrespondtwo

theoremsrelating to the displacementofequilibrium.
As is wellknown,the twofundmental principles of ther-

modynamicsmay be expressedbythe followingrelations

~E=~8-n~V. d)

~~T~H. (2)

in which E, H, V, T, 11denoterespectivelytheenergy,entropy,
volume,temperature,and pressureof thesystem,anddQ denotes
the heat absorbedduringa smallchange. In the secondof the
aboverelationsthe signof equalityappliesto reversiblechanges
whitethe signof inequalityappliesto real changes. As a con-

sequenceof the aboverelationsweobtainat once

~E~T~H-ÏMV. (3)

If wedénué the three functions:F, thefreeenergy,G, the heat

function,and the thermodynamicpotential,by meansof the

equations
F==E-TH,

G==E+nV.

~==E-TH+nv,

weobtain from3 withoutdimcu!ty

ON THE DISPLACEMENTOF EQUILIBRIUM
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<ïMT-ÏMV, (4)

<~G~ T~H+Wn. (s)

~H~T+V~n. (6)
Ftom 3) 4t S<6 it follows that the condition of stable

equilibriumcan beexpressedin any one of the four fonhs

(AE)H.v>o, (7)

(AF)t.v>o, (8)

(~G)B.n>o, ~9)

(At)ï.n>o. (jo)
In eachof theseinequalitiesthe quantity in parenthesisdenotes
the variationdue to a vittual changeduring which the mass of
the systemandthe variableswritten as subscriptsare kept con-
stant

Let us denoteby M~the massof the~th componentwMch
is present ia the ~th phase,and let us denote by r the number
of phases and by n the number of independentcompoaeats.
Then inequatity7 caa be written in the fonu

r n r n

2i~~+~ii~~M.>o.
(.:)

~=tt=.t

If all the virtual changesate reversiblewe may replace each
variation~M~by its negative wethus obtain

r n r n n

-i2~~+~2i~~M.>c.
(~

~t ~tt-<

From 11and 12it followswithoutdifficultythat

r n r 11 il

22~~=°. iS2s.>~ M
f't

b 8M(I
0,

<-t ~t
SMu8Mu>o. (13)

¡"I j=i 1..1J""I.1

In like manner we can replace 8, 9 and 10by the following
pairs of conditions
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r 18 r n n

22~ 2i2~~>~.u ~r â~UsM"=o,,~r.G~rôM"aM,sM~sM~>ai(I4>
J-Cam(,

8M:(I=o,
i-i J-1à.1ibuvb?4,3Mq3Mr.t>0;(14)

~t~tc ~=,,jt-,
str a r 18 Il

22~~=°. 222!>~
~af/~t

1/
<ot/=<<")

U

r a r 18 18

22~~=~' 222~>~
(16)

t=.t /=t
e/

t~t /~< kmt

The first relationin eachof the four pairs of relations tg,

14, t~ and 16maybecalledthe conditionof equiMbnum the

conditionof equilibriumservestoestablishthe varions theorems

induded in the phaseraie. The secondrelation in each of the

abovepairs of relationsmaybecalledthe conditionof stability.

Correspondingto eachfonnof the condition of stability there

are two theorems relating to the displacementof equilibrium.
These theoremsweshallnowdeduce.

Considera systemwhichis in stable equilibrium under a

volumeV and withan entropyH. Conditions13 are satisfied.

If we increasethe entropyandthevolumeby dHand ~V, anew

state of equilibriumestablishesitself. In passingfrom the first

state of equilibriumto the secondthe mass M~ receives an

incrementùfM~. The first of conditions~3 must be satisfied

when we replace H, V, M,yby H + <~H,V +<<V,M~r+ <iM~.

MakingthesesubstitutionsweobtainwithoutdiSculty
r ft r

~H~ ~E SM J.L~M
~aH&BL~+~2<2f&VSM'~

~tjf=.t
(1

)~)/=.t
bvbmv

r a K

+221~=~-
<~

+ ~aM~~(t8M¡¡dM,.=O.
(17)

<c<</~) jt-f

If we refer to equation 3 we nnd that whenthe system is in

equilibrium
an ilB

~==-11. CS)

Prom these equationsit followsthat
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f M

r 1#
;b"8

r n
&E

(19)22§H~~=' 22avâ:~=" ~9)
'="/°'

1/
~a</N.<

fi

in whieh~T andSIÏdenotethe changeswhich wouldhave oc-
curredin the temperatureand the pressure, if, with constant

entropyand underconstantvolume, thé masses M~ alone had
varied. If wesupposethat SM~==a?M~in other words, if we

supposethat theyirtualchanges in themasses are the same as
the actualchangeswhich occur when the system passes ffom
onestateofequilibriumto an adjoiuingstate of equilibrium, it
followsfromthe secondof conditions13that the third term in

equation17is positive. Equation 17canaccordinglybewtitten
in theform

&T.~H-m.~V<o. (1.)

Similarreasoningappliedto conditionst~, ig and 16yields
withoutdifficultythe followinginequalities

-8H.&n.SV<o, (IL)

ST.<m+oV.<~n<o,o, (III.)
<

-SH.<n'+~V.<m<o. (IV.)

Inequality I. applies to a!! systems which are in stable

equilibriumundera given volume and with a given entropyi
it thereforeappliesto all systemswhosevarianceis equal to or

greaterthan zéro. InequalityII. applies to all systemswhich
are in stableequilibriumat a given temperature and under a

givenvolume it thereforeappliesto all systems whoevariance
isequalto or greaterthau one. Inequality III. applies to all

systemswhichare in stableequilibriumunder a given pressure
and with a givenentropy; it thereforeapplies to all systems
whosevariance is equal to or greater than one. Finally, in-

equalityIV. appliesto all systemswhich are in stable equilib-
riumat a given temperatureand under a given pressure; it
thereforeappliesto all systems whosevariance is equal to or

greaterthan two.

Promeachof the inequalitiesI., II., III. and IV. we can
obtainwithoutdifficultytwo theoremsrelating to the displace-
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mentof equilibrium. Thas fromI. weget the twopairsofcon-

ditions

dV= o, yr.~H < o I.(e)

<<H=o, M.<<V>o. Y.(~)

In like manner fromIl., III. and IV. weget the pairsof condi-

tions

<==o, ~H.<n*>o; H.(a)
<fT=o, m.~V>o; lï.(~)

<fn=o, sr.~n<o; ni.(<t)

~H=o, sv.~n<o; ni.(~)

<<Tl==o. 3H.<n'>o; IV.(a)

<~T=o, SV.<~n<o. IV.(b)

These eight pairsof inequalitiesfall naturallyinto the four

followinggroups

<<V==o,
or ~H.<<T>o; V.

<~n=o.

d'V=o,
or &T.<!fH<o; VI.

~n==o,

m==o,
or SV.aTKo; VII.

dT o,

dH= o,
or

dT = o,
~n.<~v> o. VIII.

<<T=o,

ConditionsV. stated in wordsgiveus van't Hoff'stheorem

If, underconstantvolume(or underconstantpressure)the tem-

peratureof a system in equilibriumbe inereased,there results

a changein the massesM~,oras weshall say,a change in the

state of the system,which, if it were to take place under con-

stant volume(or underconstantpressure)and at constant tem-

perature,wouldhâveforeffectanincreaseofentropy. Similarly,
if the temperaturebe loweredthe resultingchange in the state

of the systemwouldcorrespondto a decreaseofentropy.
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Conditions VU. stated in words give us LeChatelier's
theorem If, with constant entropy(or at constant temperature)
the pressureofa systemin equilibrium be increased, there re-
suttsa changein the state of the system which, if it were to
take placewith constant entropy (or at constant temperature)
and underconstantpressure,wouldhave for effecta decreasein
volume. Similarly,if the pressurebe decreased the resulting
changein thestate of the systemwould correspond to an in-
creasein volume.

ConditionsVI. give us the following theorem which is

anaIogoustovan'tHon'8 theorem: If, under constant volume

(orunder constantpressure)the entropyof a system in equilib-
rium be increased,there resultsa change in the state of the sys.
tem which,if it wereto take place under constant volume(or
underconstantpressure)and with constantentropy,wouldhave
for enecta decreasein temperature. Similarly, if the entropy
bedecreasedthe resultingchangein the stateof the systemwould

correspondto an increasein temperature.
ConditionsVIII. give us the followingtheoremwhich is

analogousto Le Chatelier'stheorem If, with constant entropy
(or at constanttemperature) the volumeof a system in equilib.
rium be increased,there resultsa changein the state of the Sys-
tem which, if it were to take placewith constantentropy (or at
constanttemperature)and under constant volume, would have
foreffectan increasein pressure. Similarly, if the volume be
decreasedthe resulting changein the state of the system would

correspondtoa decreasein pressure.
It maynotbe out of place to recall briefly the principal

dates in thé historyof the abovetheorems. In ï88~ van't Hoff

gave' the theoremwhich is expressedby conditions II.(a), and
in the sameyear Le Chatelier gave,' without demonstration,a
theoremwhichwasavowedlya generalizationof van't HoS's
theoremand which in fact is equivalent to the theoremsex-
pressed by conditions IV.(a) and IV.(~). A few years later

ÊtadeadeDymtniqoe,p. 161(!884).
Compt.fend.te, 786(t8&t).
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Le Chatelier'gave to the theoremsenunciatedby him a some-

what more definiteform and asserted* that the theoremscon.

ceming the displacementof equilibriumareconsequencesof the

stabilityof the equilibriumofa system. In i8go Duhemmade

goodthis assertionby showing~that the theoremscorresponding
to conditionsII.(<ï))IV.(a) and IV.(b) are consequencesof the

followingtheoremsofGibbs: whena systemis in stableequilib-
rium at a given temperatureand under a given volume the free

energy has a minimum value when a system is in stable

equilibtiumat a giventemperatureand under a given pressure
the thermodynamicpotentialhas a minimum value. In 1801
Le Chatelierand Mouretgave a demonstrationsof inequalityIV.

and deducedfromit the two theorems IV.(a) and IV.(~). In

1897Duhemgave6the theoremwhich correspondstoconditions

II.(~). Finally,in 1897,Planckgave" an equationanalogousto

equation17without,however,deducing thetheoremsIV.(<!)and

IV.(b)whichare conséquencesof it. The démonstrationwhich

wehave just given of inequalitiesI., Il., III. and IV. is identical

with the démonstrationwhichwe have previouslygiven' of in-

equality IV.

Since.the abovewaswrittentherehasappeareda notebyJouguet
(Comptesrendus,tM,14:8( t~M))inwbtchfegivenadémonstrationofthéo-
remsî.(<t),ï.(~),M!.(<!)and!IÏ(~). Thisdemonstrationis ina!tessentiah
themmeastheonegivenabove.

NewYork,y«M~ /pM.

Recherchesexpérimentateset théoriquessurlesEquilibreschimiques,
pp.48,<to(!88S).

Recherchesexpérimentâtesetthéoriquessur)<aBqoiUbreschimiques,
p.:8(t888).

AnnatesdelaFacultédeToulouse,4. N (tS~o).Cf.Traitéëtémeo-
tairedeMécaniquechimique,!45.t84( 1897).

<OntheEquiHbriumofHeterogeneousSubstances,pp.t~s,147.
6LesEquitibreachimiques,p.~9(tS~t). Extraitde laRevueGénérale

desSciences,98févrieret t5mare,tt~t.
TraiteélémentairedeMécaniquechimique, 153(1897).
Thermodynamih,p.t~ (tS~).
Jour.Pbys.Chem.5,61(t~ot).).



ON THE CRITICAL STATE OP A ONE.COMPONBNT
SYSTEM

BYPAUt.SAURBL

It doesnot secmto be generallyknown that Gibbs, in his
memoiron the energysurface,' bas given in outline a very ele.
gant theoryof the critical state of a one-componentsystemand
of the coammttyof the liquidandgaseoasstates. In particutar.hebas deducedfour pairsof conditionswhichare satisfiedat the
critical point. OM of thèse pahs of conditionswhen inter.
pretedgeometricallyshowsthat the critical isothermhaaapoititof inflexionat the criticalpoint. This theoremhad previouslybeengivenby van der Waals' as a consequenceof the equationof state towtnch he hadbeen led by molecularconsiderations.

The conditionsgiven by Gibbs in this firstmemoirdo not
readily lend themselves to further developments. But in the
great memoir,publisheda few yearslater, Gibbsgivesa generaldiscussionof the critical state of a two-phasesystemfromwhich
hededuccsthé general conditionswhich must be satisfiedby acriticalphases These conditionstend themselvesmorereadilyto analyticaltreatment than those firstgiven.

In the presentarticle we give a demonstrationof the con.
ditions which are satisfied by a one-componentsystem in acriticalstate,and fromthem we deduce the most importantofthe theoremsrelating to the critical state. In particular,it willbefoundthat mostof the theorems which Duhem, in his verycompletediscussionof the critical state,4bas foundit necessary

t'I~°~P~theThenn<~yMmicPm~
~y~~––––AcademyofArtsandSciences,s, (2)382(t813)·

( t873).
vandenC' Vtoeistoftoestend,p. 04. Mde.

H~ Substances,p.,<“.4TraitéélémentairedeMécaniquechimique,s, ~~(tS~).
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,e.t.w_ 0to assumeashypotheses,areconsequencesof the fModameataias.

sumptionsofGibbs.

Thé assumptionwhichlies at the basisof Gibbs' discussion
is that, for a given substance, there exists a one-valuedana-

lytic functione of the two variables and v such that if and
v denotethe entropyand the volumeof the unit of mass of a

homogeneousphaseof the substancein equilibrium, < is equal
to the energyof the unit of mass of the homogeneonsphase.
This hypothesisis oneform,and perhapsthe simptest,of the so-
calledprincipleofcontinuity. If we measure v and e along
three rectangularaxes in space, the surfacedetermined by the
simultaneousvaluesof v and e is Gibbs'energy surface.

Ptom the definitionof the function e, it follows that, in

passingfrom one point of the energy surface to an adjacent
point on the surface,we have

d,
bc

d~+ dv.
~~+~>- 0

If wecomparethisequationwith the tbermodynamicequation
whiehappliesto an infinitelysmall reversiblechange, viz.

<&==T<~–n< (2)
in whichT and Mdenotethe temperature and the pressure,it
followsthat whena homogeneousphaseis in equilibrium

T==~ 1

(3)&< <~

-n=~.
The conditionthat thé equilibriumbe stable requires that,

in anyvirtualchangefroma state of a stable equilibrium, we
shouldhave

S<>T~–n~, (~)
in whichthe variationsare to be construed strictly. On the

other hand,the definitionof the functione requiresthat, in pass-
ing fromonepointof the energysurfaceto an adjacentpointof
the surface,weshouldhave
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~M~
$e

= ô~$ri-I~ w
$v

+*{~+~~+~}+. (3)

Prom 3, and 5 it followswithoutdiScu!ty that whena homo-
geneousphaseis in stableequilibrium,the quantity

~~+~~+~~
is positivefor all valuesof and Thé wetl-kaowncondi.
tions that this be so,are that

~'<>

> o ts>

& &p'

~'t
>

-~>°- (7)

Asa conséquenceof 6 and y weobtainwithoutdt<Hcu!ty
y<

>~.>o. (8)

Equations 3 may be called the conditionsot equilibrium
whiteinequalities6, 7, 8 may be called the conditionsof sta-
bility. If wesupposethe e-axisto bedrawnupward,conditions
6 and may be expressedgeometricallybysayingthat ata point
of the energysurfacewhichcorrespondstoaa homogeneousphase
in stableequilibriumthe surface is convex in every direction
andthis convexityis turned downward.

Let us considernext the equinbnun) of a system of two
phases formed from a single component. Ta each phase in
equilibrium there correspondsa point of the energy surface
whosecoordinatesare respectivelythespecincenergy,thespeciSc
entropyand thé specincvolume of the phase. If we denote
quantitiesreferringto these two pointsby the subscriptsi and
2 respectively,it canbe shown that wheo the systemof two
phasesis in equilibrium,the followingconditionsare satisfied
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(~).~)..

(~)~~).. M

.).).-(~:
Theseconditionsmay be expressedgeontetrical!ybysaying

that the tangentplanesat the points ï and 2of the energy sur.

face coincide. To showthis weobservethat theequationofthe

tangent planeat the point i can be obtainedby wnting the sub-

script i aftereachof the quantitiesin equation l and then te-

placing a~ by e–
e~,~– ?,, – The equation of

the tangent planeat the point i is accordingly

-=(~)/+(~
or

-).).).(H.
M

Prom equations9, zo, i i and13it followsat oncethat the tan-

gent planesat the points and z coincide.
If wedenoteby e, and v the speciScenergy,the specific

entropyandthe specincvolumeof the system, by M, and M,
the massesof the two phasesand by M the massof the system,
we have the followingrelations

M ==M,+ M,,
M<= M.t, -}-M,<

M~=M,%+M,
Mf==M,f,+M~

from whichweget

M,<,+MA

M.+M,
M,%+M,~

M,+M,

M~.+M~

M.+M,
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From thèseéquationsit followsat once that the point which
representsthe speciScenergy,entropyand volumeof the system
of twophaseslies on the straight line which joins the points ï
and a and dividesthis line into twosegmentswhichare to each
other inversetyas the massesof the two phases. From this it
followsfurthcr that if the two.phasesystemis in equilibriumat
a given températureand undera given pressure,it admits of a
coatinuousseriesofstatesof equilibriumat that temperatureand
under that pressure; throughoutthis seriesofstates of equilib.
rium the speciRcentropyand the speciËcvolumeof each phase
remains unchanged, while the masses of the phases,and thé
spécifieenergy,entropy andvolumeof the Systemchange. [

Let us suppose that thé systetn undergoesa reversible
changesuchthat the representativepoint movesfromthé point
i to the point 2 alongthe straightline joiningthem. Through.
out this changethe températureand thé pressureremain con-
stant; the thermodynamicequation2 accordinglygives us

''–==T(%)-n(f,-fJ. (t4)

Ins~ad
of movingfrom the point i to the point 2 along thé

straight line joining them let us move from one point to thé
other alongsomecurveof the energy surface. Then, by equa-
tion i wehave

'(~+~")- C5)

If, in particular,we movealonga curve on the energy surface
such that constantly

~=(~)~T. ('6)

(sucha curveis calledan isothermalcurve),equationï~ becomes

'=T(~)+~ (~)

If, on the other hand, wemoveaîong a curveon theenergysur-
facesuch that constantly
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~(~==(~)==-.n. (.8)
9p \)

(sucha curve is called an isopiesticcurve),equation ï$ becomes

<<,==~n~).
(t9)

Comparingequations ï~, 17 and 19, we obtain thé following

equations

ïl~
(<o)

T(%)= ~)

Equationszoand 2ï admit of a simple geometricaliatef-

pretation. let us take in a plane a pait of fectangularaxes

alongwhichweshall measurethe speciScvolumeandthe pres-

sure ofa one-componentsystem. If the system is kept at thé

constanttempérature Tthe représentativepoint in the pressure-

volumeplanedescribesa curvewhieh may be calledthe actual

isothenncorrespondingto the temperatureT. If, on the other

hand, weconstruct in the sameplane the curve whoseéquation

is obtainedby eîitninating betweenthé equations

-"=~. `

in whiehT is supposed to be constant,weobtain a curvewhich

may becalledthe theoretical isothermcorrespondingto thetem-

peratureT. Equation 2o then gives us Maxwell's theorem 1

If weagréethat areas lying on oppositesidesof a curveshallbe

givenoppositesigns, then the area includedbetweenthe actual

isothermand the theoretical isotherm is equal to zéro. Equa-

tion 2ï yieldsin like mannerthe following theorem analogous

to Maxwelt's:The area included between the actual isopiestic

and the theoretical isopiesticis equal to zéro.

MMweM.Nature,n, 358(1875).Clausius.Wied.Aon.9,337( )88o).
P)anc!t.Gteich~ewichtszoatSndeisotroperKSrpef,p.39( )8So).
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Let us now retum to the considerationof the conditionsoff
equilibrium9, ïo and i t. If werememberthat e, is a funetion
of ?, and &,and that <“is a fnnctMnof and p., it followsthat
equations9, toaod n i furnishthree relationsbetween the four
quantities one of the fourbeingchosen arbitrarily
the othersare accordinglydetenninate. Thus the point ï must
lie ona certain carve of the energysurfaceandthe point s must
lie on a certain other curve of the surface; moreoverto each
point ofeither of thesecurves there correspondsone and only
one point of the other. Thèse two curves together constitute
the so~aHedconnodalcurve, the locusof the points of contact
of a doubly tangent plane.

Since the température and the pressureof the two-phase
systemin equilibriumare determinedby the positionof the tan.
gent planeat the points t and 2, it followsthat for a two-phase
systemin equilibriumthe temperatureand pressurecannotboth
be chosenarbitrarily; they are functionsoneof the other. We
can gofurther and determine the relation that exists between
the simultaneousincrementsin the temperatureand equilibrium
pressure. For this purposelet us considerequations9, io and
ït. Aswe pass from a pair of correspondingpoints ï and 2 to
an adjacent pair, the following relations, obtained by differ-
entiating equations 9,10 and iï, musthold

~~=~~). < )

~~).). M8v av

~)/(~).).

-(~).)/(~(~.(~
If we make useof équations ï, 22 and23,equation24reducesto

~+~).==:o. (.5)bi a'1
+

iv- ê)v 1=..°, (25)

or
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,/a<\

(.6)
v,-v,

d(8c~ d(ële)~). 1 ~),

and if we remember that when a homogeneousphase is~in

equilibriumequations3 aresatisfied,weobtainClapeyron'sequa-

tion

~=~.v,-v, d1`

Thé stiaight Uneswhich join pairs of correspondingpoints

bf the connoctalcurvefonn a ruledsurface,thevariouspointsof

whiehtepiesent the speciRceneTgy,entropy andvo~me of the

variousstates ofequilibriumof the two-phasesystem. Weshall

showthat this tuled surfaceis a developablesurfaceand that it

is thé envebpe of the doublytangent plane. To showthis we

observethat the equationof the tangent plane at the point i

can be written in either of thé forms

<-<.=(~)~(.)+(~)~
(~

or

––(~).-(~––––(~(ë).ClfI, i)v 1 ClfJ i 1

In virtueof conditions9, ïo, and 11 this tangent plane is also

tangent to the surfaceat the point 2. Moreover,in 'virtue of

the sameconditions,the coenicientsin equation29 are, as we

havealreadyshown,functionsof a single arbitraryparameter.

Consequeniiy,the doubly tangentplane, in its motion, remains

tangent to a developablesurface. To nnd the characteristieof

this surface,that is to say to nnd the intersectionof twoconséc-

utive doublytangent planes,we must diSerentiateequation 28

with référenceto the arbitrary parameter. Wethus obtain

-~=-(~(~)/(~

+<(ë).

or
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~~t

(.~(~+(.(~==0. (30)

Equations 28 and 3o are the équationsof the characteristic.
Thé plane 30 passesthroughthe point i as is at once evident
by substitution and for and v. Moreover,it passes
throngh the point a for,reptaciag andc by and v., we ob-
taio

(~(~+«'(~~=0.
~)ill)d

an 1 av
=0. (3t)

Equation 25showsthat whenthé points ï aad2 are on the con.
nodalcurve the condition31 issatis6ed. Thus the line joining
the points i and 2 is the characteristicof the developablesur-
face to which the doublytangentplaneremains tangent. This

developablesurface is thereforethe sameas the ruled surface
formedby joiningcorrespondingpointsof the connodalcurve.

To completethe discussionof the equilibrium of the two-

phasesystem it is necessaryto add that it canbe shownthat the
conditionsof stability îeqnirethat at eachof the points i and 2
weshould have

y~
&?' ~<'

~f' B!

y<.>0,
y.. 0.

~>0, ~>o.

To simplify weshall representthe determinantwritten above

by the symbolA, so that, by defiiiition,

~L
8~'

(33)

~)&

We shall next deducethe conditionswhich are satisfied
whena pair ofcorrespondingpointsof the connodaleurvecoin-
cide. Such a point of the energysurfaceis called a plait point
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andthe correspondingstateofthe one-componeotsystemiscalled

a critical state of the system.
If we expand by Taytof'8 theorem the expressionswhich

appearon the right-hattdsideof equations9 and 10, we obtain

~)=(~.+(5-)~+(~).

(~).-S).+(~).<+(~).<-ifti av 1 + blbv ,('1,)+ bto 1 +
(~)

the terms which are omitted beingof the secondand higher de.

grees in the differences~– If we suppose that

~t' – are very small, that is to say, if we consider

a pair of correspondingpoints verynear the plait point,wemay
write the followingequations whichare approximatelycorrect

(~(-).+~)(~),=o.
(36)

~)(&).+~(-~).=~
~)

Thus at the plait point wehave

y~

limit X,–I!, M~ &~ “.t,nnt-"––"=:––
==––. (gs)

~L 9

B~
From equations 38it followsthat at the plait point

A=o. (39)

The plait point is accordinglya point on the spinodal curve,
that is to say, on the curve whichdividestheportionsof thesur.

facewhich are convex in atl directionsfrom those which are

concavo-convex. For, as is well-known,equation 39 is the

equationof the spinodal curve.

We shall assumethat the line joiningcorrespondingpoints
of thé connodal curve becomesin the limit the tangent to the

connodalcurve at the plait point. From this assumptionand

fromequatiolls 38 it followsthat thé directionof the tangent to

the connodalline at the plait point is given by either of the

equations
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1t7~+~°' ~)

~+~~==~ ~)

Furthennore,at the plait point the connodalcutve is tan-
gent to thé spinodalcurve. For, io thé first place, the plait
point ison the spinodatcurveand, in the secondplace,twocor.

respondingpointsof the connodalcurve adjacent to the plait
point lieon the portionof the surfacewhich is convexin every
directionand forwhichtherefore

A>o.

It followsthat the spinodalcurve does not cut thé connodal
curveat the p!ait point, and thé simplestassumption that we
can makeis that the twocurvesare tangent at the plait point.
Thé equationot the spinodalcatve being

A==o.

it followsthat the directionof the tangent at any point of thé

spinodalcurve is givenby the equation

= o. (42)'9,+~T~=°- (42)

At the plaitpoint this equation tHustgive the same value for
the fraction~</p as équations40 and 4x. Accordingly,at thé

plait pointthe three detenninaotsof thé secondorderwhiehcan
be formedfromthe matrix

y< y<

a=~_
a~c' ~3)

9!'
are equalto zero. Moreover,the limiting position.of the line

joiningcorrespondingpointsof theconnodalctuveand thedirec-
tion of the comMontangentto the connodaland spinodalcurves
&tthe plaitpoint are givenby the equations
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j~

limit '== ~== == –- (44)
v,–p, ofp y' <)*<_

(44)

&~ an
Conditions~3and 44sufficeto establishthe principalprop-

ertiesof the criticalstate of a one-componentsystem. As the

oniycasein whicha critical state of a one-componentsystem
basbeenrealizedis whenthe coexistentphasesare liquid and

vapor,weshall, in what follows,supposethat the phasesdenoted

by the subscriptsi and 2 are respectivelyliquidand vapor.
As we move along the connoda!CHn'etowards the plait

point the quantitiese,ande~, and p,and approach limits

whichwetnay cati the specifieenergy,entropy and volumeof

the critical state. The temperatureand the pressure also ap.

proachlimits whichwemaycallthecriticaltemperatureandthe

criticalpressure. It followsthat the change in volume during
the vaporizationof unit mass, &, z' thecorrespondingchange
in entropy, the external work during vaporization,

n(~ ~), and the heatof vaporization,T( ~,),all approach
zeroas the systemapproachesthe criticalstate.

Atthough – and Z',– approachzeroas a limit, the

ratioof these twoquantities, in general,will approach a finite

limit. This followsfromthe fact that thereis nothing in equa-
tions4~which obligesus to assumethat the limit in question
is eitherzeroor infinity. Equation27taken in connectionwith

the resultjust obtainedshows thatas we approachthe critical

statethe slope ofthe temperature-pressurecurveofthe two-phase

systemapproachesa finitelimit.

We have statedabovethat the systemunder consideration

is supposedto consistof the twophasesliquidand vapor. This

assnmptionis expressedanalyticallybythe inequalities

'h > > t't. (45)

It followsfrom these inequalitiesthat the limit of the ratio

(% ?.)/(~. ~.)is positive,from whichit followsat oncethat

at thé critical point the slopeof thé temperature-pressurecurve

of thé two-phasesystemis positive. Moreover,since the plait
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point is an ordinarypointon the connodalcurve it followsthat
the $peci8centropyand volumeof the critical state lie respec-
tivelybetweenthe spécifieentropiesand the speciScvohunesof
the two phasesin equitibnumin the immédiateneighborhoodof

tbecntical state.

Since,by conditions the diiTerentfractions in équations
44 arepositiveandsince,by conditions32,

&*< 9'<
> (46)

B~X'' ~>°'

it followsthat, at the plait point,

~< <~

Equations 9 and 10give the température and the pr€~
sureof the two.phasesystemin equilibrium. Aswemovealong
the connodalcurvethe changesin temperature and pressureare

accordinglygivenby the equations

~(~)~(~-(~).~(~M

-(&)/~(~).=(~).~+(~).~v
-f-

w,r â,~v~!r
`~'

àv' ydv,.
(49)

Fromequations44it foiïowsthat at thé plait point the right.
handmembersofequations48and 49 are equal to zéro. We
haveaccordinglyat that point

dT oT
(So)

~-=°' <~=~
~o)

<fr <n'
-,–==0, –,–==0; (tt)
<& <t

~n ~n
< ~°' ~=~

c ~)
dti. ~l=

~n
0,

<~n
0.

-~==0. -=o. (53)

Let us considerequations50. These equationsshowthat if
in the temperature~ntropyplanewe draw the two curveswhich
show the relationbetween the temperature and the speciSc
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entropiesof the two phasesin equiHbrium,these two curves
meetat the pointcorrespondingto the critical state and haveat

that point a common tangent paraHe! to the entropy axis.

Moreover,sincethe speciScentropyof the criticat state is inter-
mediatebetwcen and it followsthat the critical tempera-
ture is a maximumor a minimumof the temperaturesat which
the two-phasesystemcan exist in equitibrium. If we assume

that the critical temperatureisa maximum,and if weremember

that is less than it followsthat in the neighborhoodof the
critical state

dT
> o@

dT
< (54)

~<"
C54)

Similar reasoningenables us to deduce the followingpairs of

inequalities which correspondrespectivelyto equations51, 52
and 53.

~T
>o@

~T
0; (55)

~>o. ~-<o;
(M)

~>~
~<~ (56)

~>~ ~<
(57)

dts di,,

Correspondingto each of thethreesets of conditionss: and 55,
52 and 56, 53and 57, there isa theorem analogous to the theo.
rem statedabovefor conditions50and 54. Of these theorems
the bestknownare thosecorrespondingto conditions51and 55,
53 and 57.

Let us denoteby I<theheatof vaporization. Wehave

I<-T('). (58)

As wepassalongthe connodalcurvethe change in the heat of

vaporizationisgiven by theequation

~L ( ?, %)<n'+ T(~, <)
or by

~=.T(~r-~). (.,))-2el7-II. dT dT 59

If we makeuseof conditions5o and 54 we nnd that as weap-
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proachthe critical state ~L/ofT approachesnegative infinity.
From equation 59 it can also be shown that dL/dll alsoap-

proachesnegativeinfinity.
In like manner ifwedenotebyW the externatworkduring

vaporization,wehave

W=n(~), (60)

and it canbe shownwithoutdiBcuttythat~W/oMÏand dW/dT

approachnegativein~aity as weapproachthe criticalstate.

Let us supposethat T and ï! are always definedby equa.
tions 3, remembering,however,that only those pointsof the

energysurfacefor which conditions6, y and 8 aresatis6edcor.

respondto stablestates ofequitibrium. As we movefrom one

point of the energysurfaceto an adjacentpoint, we have,from

equations3
,¡te s

~=-~+~-

-~=~+~-

By'solvingtheseequationsfor o~and dv weobtain

~T
6d'l=

– &~
c6a)~== (63)

-tlII. âv~

A~== (64)
-~n

O~P'
1

If wesupposethé point to moveon the energysurfacealongan

isopiesticcurvewe must haveconstantly

~n=o.

We thus obtain fromequations63 and 64

(65)\n- y~ (65)
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(bs>Wc/n" y< (66)

O~OP

The subscriptH in the left-handmembersof thèse equations
denotesthat n issupposedtoremainconstantduring thechange
considered.

If wesupposethepointontheenergysurfaceto movealong
an isothermalcurvewemusthaveconstantly

<~T==o.

Equations63 and64 then give us

/jm\ A

` d~)T = ~l'c (67)/T a't (67)
o~v

/<ni\ A
Wf /T & (68)

At the plaitpointof the energysurface Ais equal to zero.

Accordinglyfor the criticalstate of aone-componentsystemthe

followingconditionshold

/~T\ /<~T\ /ï\ /<m\

(~-)n=°. (~-)n=o. (~-)T=°. (~r)T=°- ~)

Moreover,if weconsidera point on the energy surface in the

immediateneighborhoodof the plait point,conditions46 and

47are satisfied. If, in addition,wesupposethat for the point
consideredA is positive,weobtainfromequations65,66, 6yand

68 the followinginequalities

/~T\. ~n\~
(~n>°- ~n>°. (~T<~ hrÀ<

These inequalitiesapply to a one-componentsystem con.

sisting of a singlehomogeneousphase in stable equilibrium in

the immediateneighborhoodof the critical state. Since the

quantitieson tberight-handsidesof equations65 and 68 are

positiveforany homogeneousphasein stableequilibriumit fol-

lowsthat the firstandfourthof inequalities7o are verifiedfor
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anyhomogeneousphase in stable equitibrium. But weare not

justifiedin assertingthat the secondandthirdof these inequaU.
tiesare verifiedelsewherethan in tbe immediateneighborhood
of thp criticalstate.

Weshall next calculatethe valueof

ld;rt\<n

at thé plait point. From equation65weget

dT
&A a'<

.~T~

dv

~n-––y<–––TyT~-
~)

W

At the plait point à is equalto zero andthe right-handmember
of the aboveequationreducesto its firstterm. Sincefi is to re.
mainconstant,equation62gives us

o
a'e

dl i)'c~.«di,. (72)"==~+-

If weeliminatedv betweenequationy2 and the simpliedform
of equation71,weobtain

<~ a

9'!Sf

(73)

/<~T\
9~ 9~

< /n y: y<

Fromconditions43we know that the determinantwhich ap-
pearsin this equationis equalto zero at the plait point. We
thusobtainthe firstof the followingequations

~T~ ~T\ ~1ï\ ~'n\
\d~ ~tt`o' tdv'~n_'°' Cd~lT

o' ld~/T'-O.(74)~~n-o. de ~~=°. de

Thé otherscanbe establishedin the samemanner.
The correspoudingrelationsin 60, 7oand 74 give us four

theorems. For the sake of brevity weshallstate only the last
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of thèse If in the pressurevolumeplane, we construct the
isothennatcorrespondingto the critical temperature,this curve
will bave a pointof inflexionat thécriticalpoint. Thé tangent
at the point of inflexionis parallelto thé volumeaxis at any
other point of thecurvethe tangentmakesan obtuseanglewith
the volumeaxis.

Equations69and 74weregiven by Gibbs in his memoir
on the energysurface.' Conditions43,whichwebavetaken as
the starting pointofourdiscussion,weregivena fewyearslater
in thegreatmemoir Onthe EquilibriumofHeterogeneousSub-
stances."3

It is hopedthat the foregoingdiscussionwill help to draw
attention to thefact that Gibbs' memoiron the energysurface
containsa generaltheoryof the criticalstateof a one-component
systemand of the continuityof the liquid and gaseousstates
which is notonlyextremelysimplebut which,at thesametime,
is entirely independentofmolecularhypotheses.

The memoirin question is important in the history of

thermodynamicsfor anotherreason. In it Gibbsshowsthat the
conditionthata systembein stableequilibriumat a given tem.

peratureand undera givenpressureis that the thermodynamic
potential,€–T~+ny,bea minimum.~ A few months pre-
viouslyHorstmanhad stated the condition of equilibriumin
termsof theentropy.s

NewHw~.yMa~jo,1908.

vanderWaats.OverdeContinuiteit,p.84.
P.396.
p.i9t.
P.393.
Uebig'aAnaeten,170,t~y(t8~s).
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TttMaeiptMofhMtgMicChemietty. ~??~0~ ?htM&tM
with M<raa~e~ Mw~<M ~~o~~ /!ï<M~. x <M ~<f~ +
7%. A~wK~i!cw~tM.MMf<eM. A~oo~–Kh~~actiya a
matter for congratulation that Oatwatd'e G~x~~atM der aw~M~~t
C~~f bas appeared ta an adequate English ttMBtatioa. Thé tranalatorIl un.
questionablyJMtined imhis expressedhope that he ia contributing to a more
wide-tpteadknowtedgeof the applicationof the more Mcent deve!opmentaof
general chemistry,and coaeequeatty to a juBtM-apptedationof their importance
in the atudyof the other branches of the science. Thé book ia too tntky to
serveMa text for the most of om-MtMdnctotycollegecoatSM but it ought to
be widely ated by beginning atudentsas a t-efefenMbook. An tttteMatitteele.
ment of the translation la the totToduetionofWaMMf'enomenclatureofthe ione.
Thé book isclearly printed, and haea proper Indez. y. 7~

DteBegdaeandThMdeBdettMdentMphyeik ~)'F.<c. A~<~
<< ~~t~ft~j~M~ 0~~a<t, <MM'<~<~ herausgegebenvon

A7<-<~<< Mit ~<~M ~<Tw~ t'M ~~M~ ~<ta). x
~+J~. ~OM~M~~<M~ /M~.7M<j,.
A~ A~ Ma~.–Farthef tjMttfytngévidencethat the wodd reattydoes
move h afforded by the belated appearance of a German version of JudgeStatto's ConceptsaodTheoneaof Modern PhyshM(6Mt edMon, t88t). It is
MMagethat the philosophically tadiaed Germant, of ail peoptea,thcaid have
overlookedtbia important work for M long a time. Whea Mach's attention
wasattracted by the book, he interestedhimeett in it with eathusiasn) and in.
apired the present translation, for which he haa provided a most interesting
etevenpage preface. With this Introduction to the Germa public the work
willnowcontinueon a broadened career of UBeMness,in contributing to thé
apreadof MMtderand ctearer viewsin regard to physicoandehetnhtry. ln the
light of all the newly awakened interest in StaMo'8ideas, we have little occa.
Monto regret that the book appeared a decade or two before its time. The
Genoanedition is prefaced by a fair portrait of the author. and the index bas
beenreprodneed. y~

The Scienceof MethaniM. 0-,7, and ~M/<<a!/ ~M,~ <~its De.
velopment. ~f/M//tA!

yht~M~.c<M,
~cCb~M< &M</ revised and enlarged <<w. x /o <-M,-M..n'.f +

OtfO~O. <~« OM<~/M~< Cb., /~M. /M< ~«a<<.~.00 <«<.
In 9igna)Mt)gthe appearance of a revised EngtM) edition of Mach's famoM
~<'6t<MM,we cannotdo better than to quote the introdttctoryparaxtaDhofthe
TntMtator't)preface.

-a r

Sincethe appearance of the 6Mt edition of the present tranalation of
Mach'sMechanicathe views which ProfesserMach bu advanced on the phit-
osophyof sciencehave found wideand eteadUyincressiag acceptance. Many
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fruitful and etucidativecoatroversieehave sprang from his discussions of the

historical, logical,and psychological foondationsof physicalscience, and in
considerationof the great ideat euecesswhich bis workshave latterly met with S
in ContinentalEarope, tbe tlme seem ripe fora stiUwiderdisséminationof his s

viewsin Engttsh-speakingcountries. The study of thé history and theory of
science isnndingfuller and fuller recognitionin our t)a)ve)t!tiee.and it is to be

hoped that thepresentexemplary treatment of the simplest attd most typicat
bmoet) ofphy~imwill stimulate furthe)-progress itt tMf)direction. E

The footth CentMNedtttoa of this work appearedin t<)0t. The author's
additionsare pre<en«d!aetM)g series of appendices. ThetextofthepfeMat
édition haabeen thoroughlyrevisedby the traoetator, and i<whottyadmirable.
The typogMpMedreMoftheBngtMhverftion is ditttactty better than that of
the GenMn. J. y~~

TtMTheetyefOptice. ~M/ 7h!a~~M~<'C~w<!«~' S

C. A'~o~ Mann and ~o~~ A. ~t7/<~«. /~X~/ cm ~)-<+~. S
New York: Longmans, Greenand Co., /ot. ~.oo. – WheaDntde's
tfeatise appearedin igoo.it was enttouttced that tts purpose was to introduce
thereadet'whoisfamUiarwith the differential aad iategral calculus into the
domaln of opttcala such away that he might be able to understand the aims
and resottBof themost récent Investigation,and to followthe originalpaperaM
detail. la hispréfaceto the present translation, Prof.A. A. Michetsonwtitea
that there is fttBngtMhnogeneral advancedtext on optica that e<nbod!esthe

important advaneeeof the last decade in both theory and experiment. He

pointa out that theonty genetattext in Engtieh. PtMton's Theory of Light, "0"
contains ao fondamentatdevelopmentof somefundamentallyimportant theo-
ries, in particular of the theory of optieal instrMneats, thé electromagnetie
theory of light, or the applicationof thermodynamicsto the studyof radiation.
Such mattersbeingexceptionallywett treated in Drude'abook,Prof.Michelson
concludeathat, Noone whodésiréeto gain an insight into the most modem

aspects otopticatresearchean afford to be onfamHiarwith this remarkably
original and consécutiveprésentationof the subject ofoptiM."

J. E. 7>M~

ABwenana~der DMtMentiat-Mtd Iategral-rechanag auf Géométrie. By
C~o~~<~t. ~a/M~Fa~ ~~A~o~ die Theorie der ~/<!f<t~.

X <:M,'pp. !'? + Z~~y.' M'~ «t~ Cmnp.. paper,
MMr~.–An importantfeature of chemical thennodynamies!s the use of

surfacesforgraphicalreprésentationof thé thermodynamicbehavior of bodies
and Systemsof bodies. Thèsesurfaceswere first studied by Gibbs. and have

recextty beenextensivelyemployedby van der Waalsand other workers in the

equilibriumtheoryof two and three componentsystems. In order to keep in
touch with suchwork, somehnowtedgeof the theory of surfacesis requisite
and it is this factthat makes of interest to the physicalchemistthe appearance
of a new introdHctorytreatiseon this theory. ScheCen's book is the second
volume of a work, Application of the Differential and Integral Calculus to

Geometry,the nrst volumebeing an Introduction to the Theoryof Curvesin the
Plane and in Space.
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lu plan and ln défait the work deservex Mgh pralse. The theoreme are

developed from the analytical standpoint, and everythtn~ discasœd ia treated

thoroughly and h well Mtnattated byexamples. Many weH~rawn figures add
to the intelligibility of thé treahaent. Betng intended for begtnnere. thé
author bas avoidedpresenttng the subject aa the theory of invariance of two
quadratie differential forma. ThetOtt ie divided into four sections: Thé Arc
Etementof the Surface, Curvature, the PundametttatSquattona of the Theory
of Surfaces. Surface Curves. The typographyof the book lawho)!yadntirabte.

J. & ?~f<M-

McMfMaUete VortMengeaabe)-NeMtMMt aa< HeM. By C.<~<w«.
~X~o cm; ~W<+~. M~z~ /eAitM ~MtMtttt! Bartk, ~oo~.
~'<?.- paper, o,' <ca~, 7.~ Ma~.–Thb book ta the development of a
aérienof nntverstty e~enatoa lectures deliveredat Prague tt) tS~-t~oo. It aima
to BMpptyan outtioe of the Fafaday-Maxwetttheory of etectricHyand of the <
relation of light to electric phenomena, for the beneCtof teachem)n the Mhoo)a
and of beginuers ta the Mntve~ty. The methodta a viMtaiMxgof the geomet-
rtcat dMwtng of Mneaof force, by consideriag magoettc and etectdc a<tx ta
aaato~y withatream )!ne9 to water. It ia introduced by a chapter on the Bow
of water. The CMttecture deala with the magaeUsMof iron, under the title of
The Mageetic Plux, the second with e!ectr<xtati<Nunder the titte of The Btec-
tnc Flux. Thé voltaiccurrent Mtreated aa a aux in wMchthe lines are closed
curves; and thé whole subject h carried through on this plan. BtectM.
magttetic waves and Mghteome into consideration lu the coactadittg chaptera.
Noattention isgiven to any of the current eorpu)tcu!artheoriea.

E. ?~~of

Cryoscopie. ~c«~S-~M, /o< (/oo/).
Frangea d'ïnteffeMneeet leara AppUMtieMmétMto~qaM. ~f/. ~<K~

Z~M.f. ~t'f~<t, No. 7~. lor p;. (/00~).
La C<omeMenon eecM<UeMe.By P. F«~< &!M/ No. /<. 70
~~).

Le Phénomènede Kerr et les PhénomènesetMtfo-opttqMt.By B. Néculcéa.
&ientio, No. 16. o/ (/oo~).

Théorie de la Lune. ~<~y< ~'M/M.Ao./y. 86 pp. (/oo~).
GeometrograpMeou Art des CoMtnMtitaat[eomeMqaM. By ~M< Le.

MMW. Sciewlia, No. t8. (~00~).
L'Etecthctte, <~</«t~de /t~«~ ramenéeau prindpe des ?)-<!f<!«.<-

virtuets. ~(~tn/o~o. ~M«<<M,?.). p~. (foo~).
Sur les Priacipea fondamentmx de la Théorie des Nombrea et de la

(Momttrte. By Laurent. Scientia, No. o~ (/~).
Limp boards; /~X~ CM. Paris 6'. Naud. /W~ ~/MM~~<K~.–
Il will be recalledthat each volume of the Scientia serieeia intended to

present an accoant of the présent state ot devetopmentof Mmesctentine toptc.
ïn the nwMberoatready !Mnedthia workbas beea admirably dohe, partly as a

conséquence of entrusting tt to competent authorities, and in part because the
authora have not beenrequired to writedownto the !eve!ofa popularaudience.

Three of the present volumes areconcereed with pure mathematica aon-
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ËactMeMgeometry,geometrogtaphyot the Mt of géométriecoastfucHca,aad
the fondamentalprincipteaof the theory of numbersand ofgeometty. Onevol-
ttmetMatea topte of mathemttttcatphy~M, the theory of themooa, by wMch<t
meantthe anatytieatdoterminationof the motion of the conterofgmvityof the
moonrelativeto the center of gravit of the eatth. 'nMee volumes deai with

phy<(cettopica; inteffefencefringeg, etectfooptic phenomena,aad electricity
the last of these devetoph~ the Maxwettiaa theoryta~ a consistentandclearway.
Thefemaiatngvolumeis a treatiseon cfyoscopy,by Raoult. Thé tnatter ia dit.
CMaedunder the eacceadvebeada geaemt pdndptes, méthodeof observation,

cryoscopyof aon~tectfoiytea, ctyoscopyof electrolytes. Bveryone {nterested
ln phyetca!chemistrywi)t beattracted by thie book. A Ust of RaouM'esclen-
tMcpuMicattoat,eighty~even ln number, is appended. ~?. ?~~

A ï.abMfttotyN<m~xtofMiyatea,for Use tn HtghSchoeh. By Henry Crew
and Roberl R. 7~<t/ ~X/<<w,- ~+~. New fM.' 7X~Mac.
M~e~ CoM~s~, ~oo~. bound, ~.oo.–Th<8 manual of laboratory
workla phyeieemay aatafsily be regarded M a companion volume to Crew's

Physies,but tt might be Medto supplement any good text. The a!a)of the
aothore is not to describe ctaMicat expe)'imeat<but rather to iHMtmte the

prindpteaof phyetca.and to do this with simple meane. They hâve SMCceeded
in producinga weil balanced aad homogeneoM course, which if carefully
Wtfted throagh abould prove very Instructive. Ninety-four experiments ate
deocr)bed. y. 7)MW

The?<Hm<!atiMMof Geometry.By David ~«M~ff translation

~7. yb!<'M~«/. 7jX/e~M/ pp. MM+/ Ckicago <~M Court

Pablisking Co., ~oc~. ~t~ bound, ~oo «~.–HHoert's widely known

essay( t889)onThe FowttdatioMof Geometry te put into EogMahla the present
edition. At this date it labardlyneeeMaryto say anything of the contenta of

thebootc the tttte moreover la sufficieutly self-explanatory. The translation
bu beensubjectedto severe eHttciMn. T~t~~
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<M<<<~««~<t/(t«t-M<t<<t~<f/Aa<~rH~oxaM~~AaM<t/«!«~

Cmw~

OaMteato!!)icwei:MofMtci)tm. /<~j<w. &«.CX~M.
99, J~ (~x'/)/ 40,7~0 (~~).–Thé author bas anaty~d calcium carbonate
obtained fmm the purest Icelandaparaad 6nd<an atonie weight for catdnm
of 40.t4t. He bas also analyzeda calciumcarbonatecomiag fromRassm, and
thiegtvMMman atomic wdght fot catetutnof 40.~6. He point*out that tMa
la in good agreementwith the value found by Richardaof 40, and that the
method usedhy Richarda wouldbe Ukety to givevalueàwhichare a MNe tow.

W. D. B.

On the atomic weight of aMeatc. W. C. ~M~t. Jour. Am. <~M. Soc.

<4,4B9~90<). The author haeconvertedsilver atsenate tttto ttitvet chloride,
silveraMenateinto eUverbtomide, lead Msettateiato lead chloride, and lead

aMeaateinto lead bromide. He 6))d8~.008 for the atomtc weightof arsenic.

H~/?.F.

îttnthMmMtrepottottheCommtt~eoaAtomteWetthte. F. W. <~e~.

/<Wf.Am. C~m..Sec. ~4,~o/ (ypo?).–Thia b the report on the detenniaa-
tioMpublished in tyt. The elements which hâve been atudied during the

past year are nitrogen, calcium, arsenic, antimony, tellurium, tungsten,
uranium, lanthanum, praseodymium,neodymium,and thorium. W. D. B.

Theti~teMMofcaMgtacatomtcvehMM, T. W. Richardt. &

C~M. 40,~7 ( /pM).– Reviewed(6, t47)fromProc. Amer.Acad. 3?,399

(t~M).

Onthe theoty of anMtaMtedMmpo<mdt. F. W. ~<tW<A<M.<Zet7.phys.
Chem.se, ~p~(/po/ ). – TMslaan Moment in faw)' of the aMomptioaof free

valencesMagataat thé assumptionof a doublebond. W. D. B.

The ttMtMtaMeBof tbe e!<m<at<. H. Armstrong. Froc. ~y. &<.

70, M(/?o~). -The author outlines and d)scMMe<a new atMogement of the

etemeatala the pedodic table. W. D. B.

The ethttiye temperature of th ean. W. E. Wilson. ~w. Roy. Sot. 09,

(/oo~).– Proma compatisoabetweenthe heat radiated fromthe eun and

a unifonnty heated itrontube, the author condudeathat the temperature of the

Mmis6;9o''C. W. D. B.

<C~M~tW~< Systems

Conectfoaof thé boiUag-pehttaof liquidafrom ehMt~edto normalpreBMre.
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& y<M~<w. Ct~m. 9!t 7~7(~oo~).–Thé rosultsbeaHng on the re-
lation

f-~ 1

"T 'r-

at 760mm hâve beea carefullytevteed and tabulated aad the eonoect~n with

other cobstants,as weHas withthe constitutionof the aatxtance indicated.

R. C

VaporpKtBttKsM< epeeMcvolumes of bopmpyt bobatyrate. S. Young.
yM~. CX~. Soc.8t, 7~ (/oo~).– Déterminationof these phy~cat constante.

~C

The deMity and surface tension of UqaMai)r. C ~< Rev.

'4t ;PS(/!W~).–Thé density of liquid air varieswith the timefroma value0.93~
asymptottcatty to the value (.tjt, the density of liquid oxygen. The surface
tension of liquid air when 6Kt made iBbetween9 andM dynesper centimeter.

W.D. B.

OettattydtttnototUmm of t~aecaeMtphat by Dam<m'Bmethod. H. ~<.f
e~ <?. /=)M«!fn ~A~. C~~M.39. (foo/). –Thé aothoMhave deter.
miaed the vapor density ofsulphur uader varyingpressuresat a temperature of
about 449". For pressures above tso mm the values are approximately con-

stant, and point to vatuesUghUy higher than S,. With decteaeing pressure
the values dropped M that a va~e not much above8~is reached for a pfeMare
of M mm. Thé authors concludethat there iethereforea sulphur correspond-
ing to 8, and onecorrespondingto 8,, but they are not yet certain whether the
form of the dissociationcurve catte for a sulphur withan intermediate value or
not. D. B.

Speciac volumesof oxy~a and ottMgeavaporat theboiting.potntof oxygen.
7..e<f:M~ Froc. Roy. &f. 69, (/). -The meanweight of one liter of

oxygen vapo<-at76omm and 90.5° abo is 4.4M g aad the specinc volume M
2:6.~5ce. The apeeinc volumeof nitrogen at ita boitittg-poiatof 78° abf is be.
tieved by the author to be Mf.) ce. W. D. B.

Onan Mtteattenof the conceptionofthe crltlcalcoattante. A. Baischinski.
Zeil. phys. CAf~M.40. 6~ (/!W~).–Thé aathot donnéeas orthomenc those
substancesin which the molecularwetght of the Mquid!a the same as that or

theaaturatedvapo)-; attomericmtbstaoeesarethoseMwhich these two values
are different. Thé author further concludesthat wemayconsideran otthomeric

polymerizedsubstance as followingthe lawof the correspoad:ogstatesprovided
weMbstttute the variable or "meta etitical valuesof temperature, pressure
and volume for the critical temperature, preMare,and volume. W. D. B.

The potymetfiNttionof cyantc acid. A. &a«- and T. K~ Jour.
C4<Mt.Soc. 81, ~po (~xo).–TheMMd obtained whenliquid cyanic acid is
aHowedto potymerize at about o" C ia a mixture of cyameMandcyananc acid,
and is not pure cyamelid ae is generaUyeappoied. TMawa4ahewttby treating
the 6oMdwith an excessof hot water when about 30 percent of the mass re-
NMinedinsoluble. The solutionyielded crystak of cyanurie acid on evapora-
tion. jt~.D. B.
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Onthe Mnetttationofcopper-tinaMeyt. C. T. /~oat e~ A~f~.
Aw. ~.aw. M./77 (/{?/)/ 69,(~~).–TheaathoM point ont that a

ntictoacopteatady of alowlycooledeopper~inattoyemaybe entitety misleading
MMte<scoaSfmedby eMtnhmtion of samptes euddeotycMHedat epeciaed tem-

pentures. itrom the freezing-poiatctMveof copperand tin and from a micro-

Stoptc study of the cooledalloys, the anthoMconctadethat there can exiat in
stable eqailibriumwith the melt three types of mixed etystate, thé compoond
C%8n, the compoundCuSa, and pure tta. ïn addition, there i< a aabetanee
whiehiettaMeattowertetnpemtHfesftNdwhichhprohaMythe cotnpoandCn,8n.

D. B.

Oa the meKiBgof «tesoctattag cempattada. A. ~t'~M~f. ~M<.~t.
C~. St. <!M( ~~) -Owing to theslowcryeta!)(Ntionof CaC)~H,0 tt was

necessaryto providefor almost completeioanhtttoaof the ffeextBgvesselif any
accuracywasto beattained. Bxperlmentawith M!dnm chloride he~hydKte
as solid phaseand with aniline pheaotate ehowedthat in eachcaaethe fteedag.
point curvewas CMtMaNOMthiough thé meMttg.pcintof the compoMtd. In

each casealso the rate of crystallizationvariedconticuonstyon addiog elther of

the eompotteats. Additionof HO or S0, to H,80~causeda mdden very large

change in the rateofcryttatthwtion, aad the author therefore conctudes that

H,SO, is not appietiaNy diesocietedinto ita componentaat ita ntetttng-potnt,

wM!etheBiMgtecomponeotsa)'epMsettt!aoteot teMin the calcium chtoride-

water or thè aniline-phenolmelt. D. A

0)t the attoyaof atmnhtNtn. W.Chm~M<f/. A. ~/aA5Mft. Jour. <4~.

C~M..&w. 94. 353(/~o~). Agenetat discussionof the alloya of ahtmtnant

with lead, b<smoth,cadmium, platiuum, tangatex, nickel, tin, autimony, and

copper. Tte authors believe h the existence of the following compot)ttd9
AtSb,AtfCu,.and AtCa,. W. D. B.

Onthe aUoyaof eadmimnwith hutam and calcium. H. Gautier. Comptes
rendus, <34,/t~(/j)M).–TheaHoyeofbariutnandofcatciunt with cadmium

hâve beenprepared in the same wayaa the alloysof cadmium with strontium.

BydbtHhtion it wasposstMeto obtain analloycontaMog45percent of barium

and one containingS5percent of calcium. W. D. B.

OnM)<niem. ~)~ ~ty. aw~. CX~<.90, (/!??).
– Thé author

has meltedtogetber phosphorus and seleniumlu varionsproportionsand comes

to the conclusionthat P<Se,aud P~Sêtare to beconsideredeacompounds. Hia

definitionof a compoundunder theseOrcunistaneetappearsto be a solid which

witt melt aad distit withoMtchange, a denaMonwhichla satisfactoryso far as

it goes,but wMch would exclude large numbera of compounda. Since the

author hMnot determinedthe freedag.point cnrve with any degree of aecu-

racy, tt is Impossibleto tell much of tmythingfrombis reaatts. W. D. B.

Thé MtoMMty gypmm. C. A. ~w~ and L. ~<. Jour. Am.

CX~M.&f. 94,0~7 (/~o?). -The authorshâve determinedthe aotabitity cnrve

for calcium sulphate between o" aad 107°,reachiug equiMbrinmfrom both

etdeaand paying specialattention to the ~e of the partMea of soHdgypaom.



/?C}~MM 499

Theyfind a maximum tmt~biMtyot about4;° aad they Cadatso that tMt is Dot

due to the appearance of a newMJMphase. W. D. B.

Setnbttityof the calciumbalteof the aeMaof the aceticaedea. S. Lums-

den. O~w. &w.at.j~c (/?o~).–Theat)tho)'hae determined the eotu-

bUttycnrvee for the calcium mttaof a numberof acidaof the acette seHea. AU

except calcium isobutyrate and calciumfonnate showa minimumsolubility at

aometemperature. With thé exceptionof calciumformateall the salts cryeta).
the wtthone of water at too* W. D. B.

The equilibrinmbetweenthe MM aaa ita eatMâtedMhtUonat MfioM tem-

ptMtotea. y. S. f.t~M~M. /M~. Ct~M.Soc.et,~ (<{??).–Thé authorde-

cides that there are three <aetOMwhieh affect the MhtMKty thermal energy,

aSaity, and osmoticpressnre. Thé CfBtteada to cause a solubility inereasing
with increaseof tempetatttre. wMtethe other two work !n the opposite direc-

tion. The author beMeveathat the theoreticalreaultantof the<ethree forces is

etwayaa solubility curve passingthrough a minimum. W. D. B.

Onthe aotoNUtyef anatogMeM!t<. W.<?.Rabe. ~7. a~f~ Chem. 31,

~(~~)'–fheanthor6ttde thatta many cases tbe ratio of the molecular

solubilitiesof two analogousM!tsat the ttametemperature ia approximately a

wholenumber and decteaeeewith dsing temperature. D. B.

TheoifeUcatheat et solutionof Ca90<B,0. H. B. ~Mfw. ~A~
Chtm. 39.< (/po/). –Théauthor bu detennh*edthe thermochemicalheatof

solutionof cadmium sutphate and the beat ofdilution froma aumberof concen-

trations. Hecalculatea the thermodynamicalheat of solution of thé salt, and

showsthat this Mpositive at towtemperatures,negativeat high températures,
and passesthrough zeroat about t; This is in agreementwith the solubility
relatiouafor cadmium aulphate. ïnddentaHy thé attthor etates bis belief that

the methodaof RoMeboomaadof van Décanter for deterntitttng tht thermo-

dynamicatheat of solution are better than that of Stackelberg. W. D. B.

Onméthodeof detenninin: hoateof solutionsat the saturation point. E.

M'a~<K~y. CXew.41,96 (/pM). – Arepty to Holsboer (pré'

cedingreview). D. B.

Stady of MtMomeiticMt. H. ~<~«x~. CO~~ <w«~«~ 134, /o~

(/~).–By heatingtogetherallicon andan exceNof lithium, theauthor bas

preparedthe compoundSi~i, correspondlngto the newhydride of siticon pre

vioMs!yobtained. lithium silicideformsindigo-bluecryetats,bas a density of

nboatt.temtd decompoaeain vacuo above6oo* forming lithium vapor and

amorphoua silicon. When treated with a smatt amount of water, there is

fotmedhydrogenandhydrogenaiMddecontaining some Si,H, whieh rendefe

the mixture apontaaeonstyinBammaMe. Whenwateraet: &!ow)yon this aiM-

cide the hydrides are destroyedby lithiumhydroxideand pure hydrogen atone

isevohed. ~F.

Absorption, VH. on action of high temperatMet and the stntctuK of

aUietcacid hydMget. van ~M<<M<. anorg. ~~«. 30,

( /~?). – ThétpectScgravity of the substancewhiehfomMthe wallsofthe cells
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ln the aiMcicacM hydroget h about ~o after the aadden changein dehydra.
tion has taken place. Thia correspondsprobably to the contraction of the anb.
stance when tt la saturated with water. After the gel ha< been ignited, thé
epeeMcgravity of this substancela 2.3. It therefore dcea not eontmct further
whenMtoratedwith water,but the hottow anacea CMup. When ignited, the
cell substancegraduslly toaMthe powerof absorption whereby !t forms a solid
solutionwithwater. Itt addition, thewholemaMeontMCtaln BMCha way that
the hollowspacesgradmtty disappear aad therefore there. la a graduât disap-
pearanceof that ebMtptiottpower by wMchthèse hollow spaces contain water

vapor. ln some casesit ta probablethat a fewhollow (tpacesremain for a tirne,
and that the absorptionof water la preventedby the walls of thé cell havingbe.
corneimpermeaMe. W. /)

The pnopertiesof mixture. of tne lower atcohota with benzeneand with
teMene and water. & ~<~ < F. C. Furley. C4cM.&< 8t, ~p
(/<w~).–BydistithUon the authora have foundthat with benzène the fottow-
ing atcohota give mixturea of minimum boMtNg-potnt–methyt, ethyl, tM.
propy!, tertiary bntyt, «.propy), and lsobutyl. !aoaMy) and benzene ahow a
normal curve. \V!th water and benzenepresent, ternary mixtures of constant

boiliag.point wereobtainedwith ethyl, ieopropyl,tertiary bntyt. and w-propy!
alcohol. The fact that solubilityrelationshave a very important beartng in the
explanationof these reaultaseems tohawebeen overlooked: for example, ben.
~ne added to an atcohot-watermixture muat inereese the relative proportion of
water to aicohotin the vapor becausethe benzene !9 leu soluble in the water
than in the alcohol. The reaultsgivenin this paper give freqaent confinnation
of this theory. H. R. C.

Fraenenat distillation as a methodof quantitative anatyets. S. and
E. C. Forley. /o~. C4~. &f. ai (/OM).– DeCning middtepoint aa
the temperature midway between thé boiting-poiata of the two liquida into
which the original solutiontends to separate,the authors find that the weight
of the dMMate whieh cornerover beforethe middle point Is reached ia atmoat
exactly equat to the weightof the more volatile component or mixture. The
fractionation is effectedby means of a Youngevaporator atitt-head. Excellent
rMutta were obtained for the normal nuid pairs. methyl alcohol and water,
isoamylatcohotand benzene. !n other caseswhere a tnixture of constant boil-
!ng-po!ntis the 6ntdMt)t)ate, the methodbas been confirmed, e. g., with thé
higher alooholsand water,and mixturesof benzene with methyl, ethyl, and
propytakohota. SaceeMhasalso atteoded tbe work in thé teraary systema.

Exceptionsweremet in the casesof benzeneand hexane, ethyl alcoholand
water,which the authors ascribeto the fact that the curve representing the reta.
tion betweenboiling-pointand molecularcompositionla very nat at either end.
It would bemore rationalto refer ait rMMttsdirectly back to vapor composi-
tious. TMsmust be doncbeforethe timitatioMof the method are underetood.

H. R. C.

The vapor preasure and betting-poMteof mixed Mq<ttea, & y<w<
jour. C4~t..SM-. e<,7~ (/eo~). –Gtithrie bas shown that, if two liquida when
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mixed showaeithef vohlmenorheat change, the relation between vapor pte~.
sureand percentage compositionby weight shontd be a straight line. Young
haa tested thh for the noid pair chlorbenzene and brombenzene and found
Gatbne's formula vetjCed. H. R. C.

The propertlea of mixtarea of the lower atcohoh with water. S. Young
and C. Forley. Jour. Chem. Soc. 8t. y~ (~po~.–The MMng-pchtta,
apectftcgfavttyaMddp/dt vatues for the lower alcohols have here been very
MrefuMydeten)t!ned. ïo the cases whefe mMotom botOag-pototahave been
observedwith water aethe other component, these eooataatabave a)Mbeende-
termioed for the constant boHtttgmixtures. Thefëb atsogivena table showing
the percentage contraction found whea the atcohob aremixed with water.

H. R. C.

tiquld mbturea and minimumbciMnMeinta. C. A Holley. /oMt-.Am.
Ct<M. Soc. a4, (/$o~).–The author Sade minttnont boittng.poitth for
amyt broMide and amyl alcohol, aMyt bt-omideand isobutyl alcohoi, amyl
bromide and propyt alcohol, amyl iodtde and amyt alcohol, amyt alcohol and
amyl acétate. With amyt todtdeaad tfx)bntytakohot and with amyliodideand
propyl atcoho!, there la an apparent lowering of the boOiog.poiat of o.t". but
the author doeanot feel certainthat these are reallycasesof minimum boiling-
points. W. D. B.

VapOtpMMotM~aqMMMMtotiMB. P. Ptrman. Jour. C~&C.
79' 7~ (~po~).-The author bas determinedthe pressure-concentrationcurvea
foraqueoae ammonia at fivetemperatMe:, aad proposesto determine the corn.
positionof the vapor phase. W. D. B.

The molecularweights of <emecarbon (empeMee ta concentratedMMieM
wtta carbon «Mnpo)M<a<M sotvMta. C. JL.~f~ ~M./cM~. &<. (~) tg,~
(/ao~).–Theanthor h88 studied the behavior of a number of organic com.
pounds in orgaatc solvent, ae!ag thé Oatwatd-Watkeïmethod. Hedécides that
the equation

,og(-~+,)=~~N R to
will anewer for all parposesto which van't Hoffa formulais put and that {t Is
altogether independent of the ostpotictheory. In this équationQ' la the heat
of vaporization of one gram-motecoteof solvent fromthe solution, the quantity
of the sotut:M)being Mgreat that ao change lu concentrationh producedwhen
the gram-molecule la removed Tt la the boiling-point of the aotutio)).T<,that
of the pure solvent, and R la the gas constant. W.D. B.

TheMtonoihyat-cgeaanaoxygen. ~.F. Fat~. Jour. Chem. Soc. 8t.t,
~00(/}??).–

t. The gases pMdaced by the electrolysisof purifiedbarium hydroxide do
Mt explode on heating to rednessafter drytng with distilled phosphoric oxide.

9. The gasea can be heated to the melting-point of silver without co<)).
MnaUon.

3. If only partiaily drled, the gases unité s!ow!yon heating. and although
visiblewater ia present, no explosiontakes place.



5~ ~M~M

thédded"~undried gaeesunite in ordlnary tempe~toM.the drted gaseedo not.

th, observabledwing thorough d~ng of gasea, M
that the dtMccia~oaof~MeaiNthe a~ded MndtMoa.if it M<<t8,canaot be
proved by volume meMtnemeatw. W. D. B.

Thedh-MtMtiM.fMtttoaMahydMs.n.n. ~F~e<~A~dan.
(~~).-M.thMe btgia. to be formed from

carbon andhyd«)ge. at the temperature of .Mo'. At some temperature, at
pteseot xnkttOMt,between!aoe' and ~000 acétylèneand ethaae begin to be
f<wmed. tn the arc the formationof ail theae hydtMMbona contres until a
cettaiaeqaiMbtiant between them and carbon vapor azd hydrata !a estab.

Sineeméthane and ethane are produced BintMttMeoaatyand at ratea
wMchbearaMoeta.ttaHoto each other dndng the whole time the arc i8
Ma~oMned.the .uthoM believethat ethaae ie formeddirectly fromit.eteme.ta
end not bydecompositionof either methane .r acetyh)M. The authora a)Mbe-
Mevethat acetytene is formeddirect from its etemeatt. W. Zt.

The epecM. h..t of MM.M. ïn. Magie. Rev.
(/<w). Thhb a deso-iptioao( a modified KaattdtM calorimeter.

~/?.

~wW.CbM/M<M/Systems

Bq)tiUtrhtnUteay))tem, sodiumcarbonate, ettyt ahotot, and water. C.
A~ & CX~ (~~) The author bas made a very

completestudy of the system, sodium carbonate, ethyl alcohol, aad water.
This ia oas ia whieh two liquid tayeM occur. As a preMm!Mty. the author
fonad thatthereisMothet-etaMe hydrated eodiam carbonate, the ~modiSca.
Mon.Na,CO,7H,0. This hydMtecryatatMze.between;t.9" and 35. ïa ad-
dition to determlnlng iwthenM and boundarycurvee, the author bas made
somemeMatementsof vaporpressures. He conanne the M)w)taof other oh-
servers, that the addition of a sait to aqueous atoohot maycause a rise or a fall
of the boiling-point,dependiugupon the relative maMMof water and atcohot.

D. B.

CMtttbettM to our kxowtea~tof eaeOtbrh tn eyetMMof three compononte,ln which two tiqaMptMMaMa occur, R. Meerburg. Zeit.
40.~ (/~).-TM.haetudyof the ByatenM,di-ethyl aminé, atcoho), and
water, and di-ethyl am!ne.ether. and water. These syttems d«îe)-from those
which bave previoustybeeneoMtdo-edin that di-ethyl amine and water hâve
a minimum consototepoint. This, of course, reversesthe general fetations.

D. B.

Ontheeyat~NMMthMddenttticMM.MtwttM. C.~f.M. &,<.
a«My. Ot~t. (/~).–The author bas made a careful study of the
basic bismuth nitrates and nnde the foMowia~Mtts. TommpMfythe formulas,
wewilf let Bstaod tôt Bi,0,, N for NO,. aod W for HO. The nentmt Batte
are then BN.W~. BN,W.. and BNW,. The basic ~ta hâve the formulas
BN,W,.BNW,. BNW,B.M.W,.B..N.W,. and B,NW. A namber of other basic
sattawhieh have beendeacribedby Beeker. JanMen,and othera, coutd not be
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obtained, aad tt la probablethat thett formulaswerebased on analytical errora,
due to too long waxhingor to too intense drying. The neutral salt, Bbf,W,
and the basicsalt, BNW,,showa continuouschange of vapor pressure on de-

hydrattng at W. D. B.

Oa the mhea efysta!eof MMe<featpaateand sine eatptMte. H. W. /<
~M. C4~<o~. 26, (/PC/). Between end 36" copper sulphate and
zincsulphate formtwo eetao{mix crystals. The author shows that the limit-
ing cotnptMtUoMfor the twoterteechangewith the temperature. W. D.

DecompMtthMefhyataMmttetyaMa. R. Hollmann. ~<t.
40.~ (~po~).–TheaathoThae~vena« extended discussion of thé possible
decompositionof hydmted mix crystats,and findsthat there are three possible
typesof decompotitioncurvesfor eytteme wherecomplete MMdMMtyoccura.
For the compositionof mix crystalswithdifferentamounts of water séparât~
froma commonsolution, the ru)eie Btatedthat the mix cryatat of the Mghef
hydrate la alwaysfiche)-m comparisonwith the lower hydrate in the compo-
nent, addition of which raieMthedecompositiontemperature. W.D. B.

The doublesalteof ata~Mtam aotphateandzincenlphate. R. ~o~Mo«a.
~<. Chem.40.~77(/co~). – Astadyof the décomposition température))
for mix cryetatsofzinc and magtt«iantMtphatet shows maxima at the points
wheremagnésiumand zincare presentia équivalentquantities and wherethere
are two equivalentsof magnésiumto oneof zinc. W. D. B.

The MtiptOMtnatureo<eetobHitychangog. Rolhmund and N. Il.
<jwot?. ~'<7. Ct<'M.40.o/f (/oo~).–By meansof thermodynantic
cyctetheauthontconctudethatifMbttaneeA deereases the solubitity of sub-
stance C in substanceB, substanceCwilldecreasethe soitibllity of substanceA
in substanceB. They conchde, further, wMchia probably wrong, that these
twochanges of aoiubititywillbe approximatelyequal. Instead of testing this
directly, they get at their resoitsindireettyby oteesuringthe change in the dis.
tribution of phenolbetween waterand benzene when potassium sMiphateand
other saite are addedto the water. Theyalso stuJy the effectof different saits
on the distributionofaceticacidbetweenwater andcMorofonn. Under condi-
tions like thèse, it la impossibleto testany theory, and it is therefore not sur.
prising that the authoradecidethat the agreementbetweea theory and experi-
ment is as good ascould be expected. W. D. B.

On the sotubUttyof the heavy metal hydroxides ia M~imn hydtMHe.
7. ~a~~a«~. Zeil. anorg. <~<w.30, (/oc~). Solutions of the hydrox-
ideaof beryllium,aine, tin, and lead in alkalies show a concentration varying
with the concentrationofthe atMi. Theauthorcoaciudes from tbis that no
compoundexista according to delinite proportions; but this conclusionis not
JMtiSedby the facts,which mefetyshow that no non-dissociating compound
exista. With zinchydroxide,more hydroxidegoes into solution at nrst than
correspondsto thé stableatateandzinchydroxidereprecipitates spoutaneously.
This phenomenonwas notobservedwith the hydroxides of tin and lead, but
pfobaMyoccMmwithberyiMumhydroxide.The change of solubility with the
concentrationof the alkali ia relativelysmattwithbery!Mumand tin hydr~xides,
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very appreclablewith lead hydroxides, and-very large Indeed withdnchydtox.
'°~

~A

Onthe Mtme of atMtM Mtetiona of mttotBc hyam~tM. A. ~M~A.
~W<.aw~y. O~M. 30, ~o(/oo~).–The hydroxides of bery!)!nm. zinc:,ger.
maotum, tin, and lead are very weak acida since their atkaii eatta are etrongly
hydrety~d in aqueouatwtuthMMand th~e solutionsare onty stableln pfesence
of a large e«!Meof alkali. ThMehydroxides behaveonly as monobMMacide.
Zinc and berylbumhydroxides are very weak acide, and it is even doubtful
whethe<-a)Miziocates exiat to any appMdabte Mteat in a~eotta aotatiMa.
The hydM~deeof lead, Un,and germanium aMdistinctly acid, lead being thé
weakestand germanium the stMogest acid of thé three.

Lead hydtoxide la a atronger base than beryllium hydroxide and also a
«rottget-acid. The author acoountafor this diao-epan~yby aeMmtngtbat there
is a changeofconstitution in the case of the lead hydroxide, the plumbltes be-
longing reallyto the fonnic add type. t~.

ThebetM~cr<tmotMa!N'M)np<)nndawheBahMtviBg,!ï. C.j?<<~
OM~ ~s'. ~M<. CX~. 39, (/{M~).-fhe authoM hâve doter-
m<nedthe solubilityof ailverchloride in ammoniacal solutions of varying con.
centrations, to which potassium chloride was alao added. In addition they
bavemeMtKedthe electromotiveforce of a nambet-of concentrated eatta. They
toacMe that the complez salt, AgCtzNH,, e~H !n solution aad that the
cation b AgtNH,. ln a (/M normal solution they décide tliat onty 0.068per.
cent of the sUveria present in the fonn of silver as ion. D. B.

Onthe <M)ebNityof eMbonmonozide in binary organio mixtures. F. W.
Skirrow. ~t<& 41. (/<~). -The solubility curve for carbon
monoxidein mixturesof twootganictiqnidamayehowaMaximutn, a minimum,
or netther. In the cases ot maximumsolubility, the author showsthat there fa
a minimumsurfacetension very close to the point of maximum solubility.

W.D. B.

Onthé actionof ergMie acideon nMtaUicantimony, ï. B. ~W~ and C.
&<w«~. &t/t. G~4'o(~oo?).–Whitethea)iptMticacidtt bave
bat little actionon antimony in the presence of air, the oxyacida dissolveaati.
mony readity uader these circumstaneea. No dennite station seemsto holdin
the aromatlcseries becausephonol,benzoie acid aad saticytie acid do not act
on aatunony whilegallic add and tannic acid do. W.D. B.

ThepMtMathMotabMhtte aicohot from atrengepirit. & }~t<
C4<'w. 8t, /ay(/).–ln tSQgSquibb e:cptesstd thé be!ief that absolute
alcoholbad Mt beenprepared,although he obtainedaproduct of sp. gr. o.8os8t
at o'4°. The author, ttoting that the temary mixture of alcohol, benzene and
wate)'gaveaboitiBg-po!nttytng!ower than any of the minima for the three
binary mhtafM, dedded that on carefut fractional distillation it should be pos-
sible to obtainthree well-markedfraettoM– nrst the ternary mixture of mini.
mnmboittng.potnt, then a binary mixtureatao of constant compodtion, whtte
the lut fractionshould be the pure component. Working with alcohol coa-
taining 7.4percentand te)Nof water, he bas, by dMUing with an amount of
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benzene apptottmatety eqaa! to Me alcohol solution, obtained diettHatetof

ep gr 0.80695at 0~4° with hemae in placeo{the beMene 0.806!?. This tMe

of benzenea*a dehydrattagagent for atcohot<aof great interest to a)twho are

coneemed in the <tndyof phaseaeparatioM. H. R. C.

The nature of metat-ammMiacompcaoaaln aqteona MtatttM. M.

~as<!<MM<f/. ~Ow. jour. Ct~M. &? 77, (/poo).–'fhe aathofa

have detennieedthedistributionratio for ammoniate chloroform and water at

aad havethen atudiedthe effectof addio~ salta to tbe aqueoMsolutions.

Coppersulphate, dnc 8ulphate,copper chloride, and cadmium iodide ail <a.

cfeaie the concentrationo!ammoxtftin the aqweotMsolution and ti)Mincrease

is the Mtne forequivalentquahtitiesfor each sait. Thé authors concludethat

this tncTeaftecanbeaceouotedfor on the Msumptiono( a diMoctathtgammooia

eompeand containingup~tofourof ammonls to oneof the salt. W.D. B.

Mttat-<tm)BOBtatompmndehttqeeoMM!attMMtM.-ÏV. M. Z'<!tf~<

«<M~ /Mf<3~f.Jour. C~M. &?. 79. rodg, /o/~ (/~). -The enthors Cnd

little or no evidencethat calciumchlorideforms a comptex satt withammoata

in aq)MO)MsotuUoa. In Part !V. the authorsdeacfibeMpedmettte ehowto~the

inftuenceof tempetatureon thed!<Mdat!onof copperammoniaeulphate. While

the MMtttapointto a etighttnefeaMla dissociationwith rising temperature,the

amount of the changeMteo smattto permit of any accurate coMhoiona being
drawn. W.D. B.

CoMMttMtiOMon doublehatogen Mtte. L. ~M. ût<-M.

four. e6,~) (/~o/).–Thèse generathatione refer to the eatts of the alkali

metals, ammoniumand univalent thallium, and do not iactade the double

ttatideeof theotgMicbasesor the salta in whichbivalent metals fonnthe more

positive haMdM.The valencyof iaactivehatidexhas little or no influenceupon
the types of doublehatideethat they formed. The Meding power of negative

haiides, wbatevertheir valencymaybe, ia nearly the same as tbat of at)ta)ine

balides. A verylargeproportionofthese double aa!tabetong to aimple types.
It la probablethat the eaeeof formationand variety of double halidesincreasee

fromthe iodideato tite tiaorides. TheothergradatioM, and energiesexisting
in sontecasesare probablynot general.

The authoradvocatesthe ctaMincationof doublehatideaunderthreegroupa,
based upon theirbehavtorin solutions –

t. Satta that formcompte]:!oas.

t. Other tattethat canbe tecryttaHiMdfrom wateror dilute acids.

3. Satt<that requirethepresenceof an excessof one of their cotnpottents
for their formation. D. B.

ContacthydMgMtMtienof ethytene hydroearbona. /S<!&t<aH~ J. B
Senderens. (~M~/Mrendus, !34, ~~7(~pc~) -The autbors find that hydro-

genizationby meansof coppercan ouly be etfected with a mono-Mbâtituted

ethylene. Thm, ptopy!eaeean be reducedbut not trimethylene. Theauthors

hâve nt<!hedthis factto determinethestructure fonnata of mentheM.

W. D. B.

ï~aaeUiMtMht Mhtiim to pottary manufacture. T. E. 7%o~ and C.
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~MWMt~M~. C~~a. NM'.M. 7~ (/~).–Theaathora hâve Bt~dM thé
conditions for the production of nearly Insoluble leadBUtcatesand 6nd that thé

foMowingeondtMoMateeesetttM:
the préservationot the proper relation between the acidie and baetecon.

stitttea~ thé fusion of tbe materiata for sach a timeand in so thoroughaman-
net as to «Howof thé chemical t'eacttoMbeing completed. In certain cases it
ie a!sodesttaNe to dry th<!atMcatewith add in order to extmct smatt quantities
of adm!xedor looselytomMned lead componndafromthe bulk of the product.

Providedthat thé foregoing ecaditiona are mtMed, then, withoutpreju-
dice to the tton.sotoMtttyln the atandefdsolvent ofthe lead in the eMeate

t. The qnatttity of lead oxide in the silicate may have any value op to

So-MpeMettto' even higher.
a. Thé othef base9(lime, aluminum, the <ka!ie<) May vary consider-

ably, tep!ac}agone aaothe)-and a!Mthe lead oxide within verywide limita.

3. The mBaeaceef bodcoxide, !fMspeettveof that of the silicate with
whieh tt maybeMMehted, still rematM t« be ascertained, but it hae been

pointed out that botte oxide up to 6 percent, thé highest amount met with lu
the specimensexamined, may in certain cases be present without apparently
exerciaingany epeciatinNuente tn pfotttottng thé solubility of the tead."

The silicateswhichyietd lead in quantity to the standard ootveutare refer-
able to meta.sMcicaeid, H,S)0, whileaUthoae of BMghtsolubilityare dedved
frommeta-polysilicicacid, H,8!,0,, aad from meta-di-siHdcacid, H,8),0,.

W.D. B.

<9MM/«'Pressure and Z?~M~

On the penaeabUity of antmat membranes. A. C'a&'c~. ~7.
Ct~M.40. (/po~). -The author has Btudied the behavior of a aumber of
animal membranesand finds that these behave verydifferently. Someareper.
meable to att the satts taken, white othem are more or less impervions. !n
somecases the impenneabOityseems to bea specMcproperty of the livingcell,
and disappears with ite death. f~. D. B.

The ptepaMtianof OMMttcmembranesby eteetMtyete. /y. N. Morseand
D. //o~<. C~Wt. /Mf. 96,80(/cc7). –Thé authors predpttatedaa
membraneof copperferrocyanide in the waMsof a porous cap by placing the
usualsolutionaioaideand out, and pasaingan etecttic current throughthe watts
of the ce!), nntit a resiatanceof <soo-~oooohms hm been reached. Cella made
in this waystood pressuresof four and one-half atmosphères without difficulty
and the Mtare above this pteMurewas due to the connections and not to the
membrane. W.D. B.

Rettop<tdedMnMi<)nefetectM!ytes.y. 7XM' Cb~x/M,
(/$tM).–When a solutionof hydfocMoricacid is placed above a sotationof
sodiumchloridethe hydMchtodcMiddMMeaintotheoppeftayefof the sodium
eMottdeand, at first, there la a tettegttde diffusionof sodiumcMortdetuto the
lowerportion of the sodium chtoride solution. The author ahowsthat this te-
suit can be accountedfor by meansof the Nernst theoty of diffusion.

~/?.A
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Onthe decompoaitionof organiohalogen compounteta ahioMie MhtMmeby

MatomaaMt~m. R. Z.otf~A~ ~t. Chm. 4<, jyo (~M). – White

a very simple formulawaefouad for the action of metattic sodium on hatogen

compoundsin atcohoticsotutions. it was not possibleto write any formula for

the action of sodiumamaigam. With bromine compounds, the décomposition

variedwtth the rate of Btttfing. The addition of water bas little or no effecton

the decompositionofiodbenzeneby sodium amalgam, white water hae a great

effect when metaHtcsodium b used. Thé amount of décomposition of the

iodinecomponodsh much greater wben sodian) amalgam ia UMdthaa with

metatUeMdt)Mn.The MMentMthmof the sodttm amatt[amhMtto appreciable

etfect apon the decompositionof iodbenzene, but a very marked effect on the

decoo)po)t!ttoaof brombeMMae. lithium, potassiMn,and sodiumamalgamare

verysimilar in their action on MdbeMene, but thé tbree metatft,when taken

pure, act dMh-rentty.

Coairibntion M the MotUM of phctoehetotMt reactions. E. Go/d6erg.

JM~t. C't<'M.4'. (~~).–The author bas atudied the oxidation of

quinine by chromicacid under the influence of light. It was showu that

Voget'sabsorptionlawand the photochemical law of Banaeoand Roocoeboth

hold. Whitethe reactioni8 apparently of thé ~ret order, it ie reatly of the

secondurder whenonetakes into account thé change in the strength of the

light due to the changeof conceatration. In this as in other photochemical

DMeefBes,the teactionvelocitychangea but otowtywith thé temperature.
D. B.

Noteon tMtamptM:d<te. F<tMr. ~<t<.<MMy.CAfM.90, (/po?).–

When a ceioMsait tsdissolvedin potassium carbonatesolution and treated with

attenious acid, both the ceriumsalt and the arsenious acid are oxidized by thé

oxygenof thé Mr. M~- B.

CtacoBeand cerium carboMtM. A. Job. Comples ~M~M, '34. ~o~

(/oM). – When potatsinnt arsenite ia oxidized by ceroM carbonate there b a

Mtnitto the réactionbecausethe cerous sait is converted into ceric satt, which

latter cannot take up oxygen from thé air. On the other hand it has been

foundthat a concentratedsolution of glucose and of potassium carbonate wiU

reducepercericsalta to ceronasalta. The ceroM satt will then take up oxygen

fromthe air, oxidMngtheglucoseand changing the percericsatt. Underthèse

circuuntances, the ceriumsatt Is s true catalytic agent, and tbe existence of an

intermediatecompoundcan easily be thown. IV.D. B.

The decNnpMtUMofchlorates. W. H. Sodeau. ~<'«< C4w. Soc.79.Mo

<~oo/).–ThiB paper dea1awith the auppoaedmechanicatfacilitation of the de-

compositionof potassiumchlorate.

"The author isof the opinion that the supposedability ofchemically inert

solidpartMes to (acintatethe decomposition of potassium chlorate M unsup-

ported by chemicalevidence,and. if exlsting, ia inadéquateto exptain even a

amaMfractionof the great fadMtationproduced by the oxidea of manganese,
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tfon, nickel, cobalt, and copper. Thé action of thé latter substances now en.
gagingbis attention would, therefore,appear to be entirely cheMtcat.

Veleyhadobservedthat the addition of one percent of barium sutphate
iacteasMthe mit of decompostMoaof potassium chlorate about Mo percent.
Thé author haa repeated thle expeiitnent and finda an avetage incK~e of
rate of oa)y 16percent. This ean easily be accounted fot by tbe formationof
bariumchlorate, a substance tes t~Me thaMpotaasium chlorate. W.D. B.

JMa'~CMe~MForas

SeaMMMMMmeateof gaeceUa. &<7. MOty. Chm, 9e,
(/<~). – Thé author bas wotted with gas cellauadet dMeMatpM~am and

findsthat methane la a completely iadMerent gas electrolytically, and that
thereforett aNeetathe poteatM of electricallyactive gaaea wit!) wMehit does
not reaet chemtca)!y.onty ta <o far ae it ditutes them. With hydrogen etec.
trodesmtde)-different partiel pressures,the final eqoiMbrtam ie teached fairly
rapidlyand the electromotive forcecorrespondsvery eloeely to that requitedby
the theoty. The presence of tracesof oxygen produoe a marked effect as waa
to be effected,ànd the effectla the more marked the more ditate the hydmgea.

D. F.

Rt)Mt~Mtthep<tpwtyNt.V.CMp!mM. ~M. ~M<wy.C4<
30. ( /~). The author ca)tsattention to the fact that he blmaelfhadMtp.
posedthat the h:gh value of the gaa eett wao due to the direct formationof
waterand not to secondafy reactionaa seemed to be implied ln the tetMence
madeby Czepinski. W.D. B.

OngaaMUa. ~MM;?. M<My.C~«M.90, (/~).-Theao-
thor expressesbis regret that Czepinskiehouldhâve m~ntefpreted Bose(pre-
cediogteview). HediscmMa the four typesofgaopoteottatawMcheaabe de-
ducedfromthe Nerntt theory. W.D.

Onthe aoM!)ttepotentM ofhydrogenat a metCMycathode. <4.Coehnand
B. Neumann. Zeit. phys.Chem.9~. JM(~).–Ca9pad had foMd that a

gKaterexcesavottagewasnecMMfy to precipitate hydrogen on mercury tban
on ptatinum. Th!a di<fe<-encemight be due to thé fact that mercuryh a Uqnid,
and might be due to a speciScproperty of thé metal. In order to décidebe.
tweentheM two

hypotheaea.theauthotaha~emadeexpetimentawithptatinMm
and mercuryat –85". At tbis temperature, mercury ts soMd,but the Mme
differencesin behavior betweenmercury and ptatinum are found. W. D. F.

Oathe potenHal of OMM. L. C~/i-y. ~.t7. ~t~h~, e,
(/~). –Thé author finds t.66volts for the hydrogen-ozonegta cell.

D. B.

Additionto the paper: Oathe effectofa Mtt with a commoniea onthe
e!eetM)notiveforce of concentrationcella." O. ~<t<~M~.Zeil, C~x. g},
~(/~).–ptanc&haaca!!edtheanthoT'a attention to thefaet that certain
aMnmptionamade in bis papef (6, t:?) are inaccutate. The result of the cor-
rectionia that the Abeg~.Boseformula<aonly an approximation fornmta,white
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Ptanck's fonnuiais exact. Thé authora had previonsty corne to the reverse

conclusion. W. D. B.

EtMttMmttvebehavitt o< Jaypocll1orlcMtt and oMedc acid. E.

Zeil. ~~w~MM, 8, (/oc~). -A higher voltage is necessaryto produce
a current witha Mtooth platinum anode than with a platinlzed anode. The

author la inclinedto beMevethat this i8due to the formation of a metastable

chemicalcompoundat thé amooth electrodebut fecogaizeatheother posaibiltty
that the formationof 0, from 20 may take place mwe rapidly at a ptatinized
anode than at a emoothone. W. D. B.

Oa the fepohttfMtionof the hydrogen electrode by <mbat<meeeof the

afMaaUcMtiM. A. /~<t<~a«~de Fo~<M. ~W<. ~<~M!C, 8, ~< 33a

(/yo~).– The author bas determtned t!)beffect of adfHnga large number of of-

ganicMbstanceetothehydto~enetectMde. TheamoNetofdepotadMtioaie

o.&t-o.~tfor thet)itM60gmup,o.33-o.K forthettttMgfowp,aBdo.t6-o.osfofthe
nitrosamines. Subataaceswith attatogonBConfftitueata~iveaoatcgousdepotaT-
ixationvalues, but no tegutarMea could be found between lsomers tn a given

group. la the caseof nitro M.subattMRonptoducta, however, the ortho eom*

pound in the ~ttongestdepolarizingagent. W. D. B.

MMaMrMMntof the tnto'Mt Katetaneeof gfdvaate MUt. C. /M, /f.

~t~. Rcv. t4, (/po~)..–The methodused ia a modificationof KohttauKh's

methodand h calledby thé author the capaeity bridge For three ce)b

that wereatudied,tt was found that the résistance was the Mme, whether the f

ceMwason openor ctosedcircuit. D. B.

Onthé decompositionofcarbon dieïide when snbmittea to electric dtMhatgt

attawpKMMM. Collie. ~fMf. CA~M.Soc. 79, /o<~ (~po/).–When

carbondioxide under lowpressures !s Mbmttted to the action of the electric

apark, it Is rapidly decomposed into carbon monoxide and oxygen. In one

case in whichdry gas under 5 mm ptesMrewas sparked for one minute, a de-

compositionof 65 percentwasfound. In another case, under t mm pressure,
there was63percent decomposition in ten seconds. Carbon monoxide is far

more stable. The authors believe it possible that the absorption of carbon

dioxideby plants and the subsequent liberation of oxygen when the plant is

exposed to sunlightmay be due to the excessive etability of carbon dioxide

when sabmittedto electricalstrain. W. D. B.

MagnetiMtienof steel at liquid ait temperatMes. C. C. ?)ww~'< Phys.

Rev. <4,/8/ (/).

Approximatelythe same tnagneHcmoment isobtained whether tungsten
steel or carbonsteel is magnetiMdat normal, or Hqutd air temperatures, other

conditionsbeing the same.

The initial tossin the magnetic moment due to the change of tempéra-
ture ofa bar ofsteel megnetized at –t8s" and then heated to 20", is much

greater than when the bar is magnethed at ~o'*and then cooled to t8s", a

consideraNetoseoccurringin both cases.

3. There isa certain amount of Instable magnetism in a newty-madesteel

magMt which tendsto pass off at the first change of temperature !a either
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direction hom that et which magnetization MM place, much tnore instable
!na(j<tet}Mnpassingoff by heating than by coeHng.

4. Tongatex steel magnets give a mach bigher magneticmoment than caf.
bon eteet and bave much leu of thé instable magnetim)just rderred to.

W. D. B.

CfyataMiMttoBaadwetoetMetatic ttKM. R.
(/!)M).–'rt!ea<)thorha9 studied the ttyata)tkath)n ot sulphur from carbon
bieulphideand mercury iodide fromalcobol under etectKmtattcstress. In no
case could aay Influencebe detected due to th!a cause. W. D. A

F~a~JB'o~M

The electrolyticreduction<~titde aeMin the pteMxeeof hydtMMoricacid
MdmtphotteaeM. /.7~ ~W~.«w~.<~<w.9t,~(/–TheaMthut
Bmbthat, wtth a mMemy cathode aad under suitable conditions, nitrie acid
can be convertedalmost completely !!tto hydroxylamine wtthoat formation o(
ammonia. With a lead cathode, about 40 percent yield can be obtained, and
withcopper only t~ percent. When <M)nga eoppet-catttcdeeoveredw!t))Sne!y
dividedcopper on!y a ematt amount of hydmxytatotne la formed, wM)e tbe
nitdc acid Mreduced atmost tomp!ete!y to ammcnia. Thé aathor betievesthat
the reduction to ammonia with copper cathodea doeonot pass through the
hydroxytamine stage.

Experimenta have been madeon the quantitative Teductionof nitric acid
with cathodes of different metals. With ptatinum cathodes no certain redue-
tion wasobtained. When the eleetrolyte waaa mixtureof aMc acid and <ut-
phutic acid thé total reduction vaded from76 percent with nickel to too pef.
cent with lead. whitetheyteMofhydroxytatnine vaded from 15 percent with
Mtvefto 4s percent with tin. When a little less nitric acidwas taken, a yield
of hydroxylamine of sa percent was obtained with tin, and 59 percentwith bis-
muth,while the yield dropped to t percent with put~entleat copper. With
amalgamatedcathode)!,a hydroxytamitteyietd of about 67 percentwasobtained,
whichvaried onty elightly with the nature of thé amalgam. Jncrease or con-
ceatration of autphunc acid decreasesthé total current yield but inereaKa thé
percentageyield of hydfoxytamiae.

Theauthor deduces the following conditions aa favorablefor obtaining a
high yietd of hydroxylamine an)ah{amatedlead cathodes, )ow temperature,
modefateconcentration of niMc acid at the cathode, aud a high concentration
of aMipharicacid at the cathode.

Onthe retint: action e<teadand mercaty cathodeatn mtpheric acid soln-
tioM. 7.7~/<<ttM~.JM««~. &«.<f<t<Mt'<8.~(/oo?).-with
leadcathodesthe reduction of caféine ismuch lessthan withmercurycathodes.
Amatgamatingthe lead electrode improves }t. Cathodes of tin amalgam are
veryeffective. The reduction of acetone tatces place more readily with mer.
caty cathodes than with lead cathodes, aad the teactiongoo)farther, the tedoc.
tion produet being almost exclusively isopropylaicohot.pmctiMUyno pinacone
being formed.
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TheeteetmtyttcredacttonotaitN-WM. C.f~ y<w~.C4~<.

Soc.79. (f~).-The authof haareduced nitfo-ufea in ammonium eMo-

tide solutionMing lron or zinceteetfodes. The solution il kept cold and M

high ae yo percent efficiency WMobtained. The reduction product fa eenti-

carbuide and waapteeipitatedMthe beMytidenederivative. W. B.

Neetmtyttc teNntagof tin MMpwith caMtie Mda solution. /y. Minnicke.

~W/.FM/tw<A~M~,e,7, (/~).–Tt)bieave)'y able accountof the

etectMtyticproceMof the working up ofti MMp,aad the author diKaoseftthe

dtBctttttes in mach detait. The best Bohtt!o)tcontatn<8-topefcent Bodtamhy.

droxideaad ao cMoride. The solution la e]ec<ro)yMdhot and the tin ie te-

movedMhydmted etanate oxideby treating first with carhoa!c acid, aad then

with lime. W.D. B.

Oa the formationof dMeaMy solubleptMtpttatM dadne etMtmtystewith

solubleaaedeB. ~y. Le Blanc aud D. FM~ ~7. ~/f~w<~<'M~,9.

i55 (/?o~). – The authoM hâve repeated I,uckow's procees for maMag lead

chromatewhere he usedtead axodeaand a Mtution containing a malt amount

of sodiumchromate and a large amount of sodiumchlorate. Thé authora find

that, when there is no sodium chlorate present, there is alao no formationof

leadchromate, lead peroxidebeing fonned at the anode, It eeemeas though it

wereeMentiattya time phenomenon, the tead diMctvingM chlorate and then

preetpttating as chromate. W. B.

Bthavior of lead MMdeain ptoephtttc M!d. /MK~ ~7. ~/f~

o4~M~,8,~ (/j').– When tead anodesare usedin adilute phosphoricacid

solutionhaving speciScgmvity t.o2, a gold yellowsolution isobtafttedcontain-

ing quadrivalent lead. This aolutionreacta with hydrogen peroxide evolving

oxygen,precipitating white plumbousphosphate and becomingcolorless. By

adding to this yellowsolution Mitawhich do not decompose it, a yellow sait

maybe precipitated which ia solublein phosphoricacid. Whenthisyettowsalt

ie treated with water, leadperoxide ie formed. < D. B.

Btectto!yttc depeattien of load hem phoapaetie acid MMione. A. F.

/a. four. Am. CX~M..&<.<4, (~~M).-The author findsthat leadcan

bedetennined electrolytically ftoru a eotution prepared t'y precipitating lead

phosphatewith photphotic acidand then ditMtvittgthis in anexcessofthe pre-

cipitating agent. ?'. B.

Contributionto the electrolytic anatyie of mercnry. D. ~t<t<he4«//<f.

&<7.~M/~wA~M~. 8,329 (~po~).– Thé author findsthat one source of error

in the etectrotytic determination of mercury ia the volatilizationof the mer.

eury. At 60° there mayeasily be a losaof 7 tngs. W. D. B.

OnelectricallypreparedcoppertatpMte. y. ~<f</<'< ~<'<7.FM/~w~M~,

8, ~o(~~). -The author 6ndathat whena copper wire imbeddedin sulphur
bmadethe cathode, an ever.!ncreasing!ayer of Mne.btack copper sulphide ia

formed. D. A

Onthe KMtiaM dating thé fMmatiM of cateiam carbide. C. Ciu. &

~n~~<t'~ S'JP7 (~M). –At the highest temperatures, carbonmonoxide
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eaanot exist, and carbon feactt with Urne formingcMMdeaod oxygen. It le
also known that calciumcatMdereacta withlime,BettiagtfMMiciam and car-
bon moat~Me. ïa consequenceof the fint reactiois,it leeMenttetto take more
lime than le called for by the equation as muaity wdKen< ?'. B.

The production cl httattte oatmewa eeMMe eehvativM. S. y~Mt~-
and R. ~<M~. Cllem.Soc.St, (/~M). –Thé authora have pre.
pafed the derivativesof zirconium,chromtMM,hMgeten, and motybdeoum by
heating the metab with bc'on <aan elèctric fumace. Theydid aot ettMeedin

prepariug the borideof copper or o~MMnuth. W.Z~.A

Tte fusion of Mïben. ~M~tf~. ~M<. ~~<~<~M~, 8, (/).
The authM pasaed a carrent o!4 amp/mm' throughcarbonMe placed under a

preMUteof <sooatmospheres. At the end of oneaud one-hett houre each tod
coatataed a coreof dense graphite. The author bas a!Mtried heatinga carbon
rod e!eetHcaHyand ptaaging auddeoty }ntowater Mndefa pteeaute ot <4oo-
tjoo atotosphetM. Under these dreumatMeea there werefoundMtthe Mtbom
rod cotorteM,tMttepafeotglobules which mayor may not bavebeen dtamoode.
TheauthorbeMew~ that thed)9!cutty wae due to too slow cooling, owing to
the î<eidenf)'<Mtpheaomeaoo. W. D. B.

!avMtit[aUoM<M)the t<nMMMy e<phtinam aad ptaMnamirldinm aM<ea
ta etMtmty<!aof .,4roobloric acM. Bran. & ~~wA~ 9, ypy
(/).The author finds tbat tbe pe<ceatagedecMnpoNttonof platinum
anodes decreases the higher the cenent denatty. White the anode i8 more at-
tacked the lower the current deoeity, the cathode le convertedinto ptatinam
blackmore rapidly the highef the ctttfeat dendty. W. D. B.

CathoaetMatepatton ht MnaeqnMMeof the temMUon an attoywith a
etthedeaMter~. ~t~<!«~ Sack. Zeit. ~Mt~~MM. a, ~).–
TheauthoM believethat thé decompositionof cathodesat MghenrMatdenMties
Mdue largely to the formationof attoys withthe alkali metalsln solution. To

prove this they showthat lead, tin, thallium, Mtd Rose'a metat when attoyed
with sodium and ptated in watergive the same general diaintegrationthat is
obtainedby electrolysisof a canaticalkali solutionwiththesemetatsaacathodes.
Zincand cadmium do not fonn aUoya with sodium and they are not decom-

posedwhen used aa cathodes. It is also ahownthat the formationof platiamn
biack and of black mercuryduring the eteetmtysiab to be MfeKedto the same

cause, the formationof an aHoy. < /).

EteetttMtty heated tftbemtety fwMeM for Mgh temptMtMea. C.
Heraeus. 25' ~nM~<-M~, 8, ~o/ (/pOj').–Eteetfic (antaeea which are
heated above :MO"by ptatinam wireado not taat. The heattng aptrat being a
round wire does not come in good contact withthe tube to beheatedand there-
fore haa a mach Mgher temperature than that. Owing to unequal contact,
there ia also nneqna!heating, and consequenttya portionof thewite mayeasily
be heated above the melting-point of platinum. Ail these dinefencesare ovef-
comeby using ptatinom Mt aboat 0.007mmin thtehness iattead of ptattomn
wire. Under these dKMMtaacea, it ia po<siMeto heat a tube 2-5 mm in
diameter about !40o*in Sve minutes without dtmaging the tube. A tempera.
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ture of t?oo*canbe reactted without melting the foit, but Myet no tube can be

found whichwillstand thia without décompositionor withont eondueting. The

useof phtinmn foil enaMeaone to get along with about otte-s!xththe weight

of ptatinumwhichwill be neeeMOryfor wire heating. D. B.

Aaapparatuefor etectt<WtMtyttMtpotposM. F. ~MM<M. ~<.

~~Mt~MM,8, 398( /). -The author de~ibM a eendeaMdformof apparntoo

forvottmeter.ammeter and vartaMe resiatexcee. W. D. B.

The eteetfiMtKBtatmce of steel and of pure iron. C. 2~<~< ~<.

CXM«.4% (/).–BqMtvatent quantities of different substances

whendtMohedlu iron increa<eite resistance by the same amount. The Iron

carbidehas no perceptible influenceon the reaistanceof iron. Mild steel con.

tainso.27percentof carbon tn solution bat this la believed not to be etable

anlesathere Isa certain escess of iron carbide preeent. The author believes

that the tMietanceof absolutely pure iron i6about 7.6 microohms referred to a

centimetercube. W. D. B.

Onthe ttennodyBamicaMd aiMociattcatheoty of binary eteetrotytet.

/Va«ot. ~t/Ayr. C4~<. 4t, ~? (~~o~).–The author flrat shows what re.

tationsbetweenpressure, temperature, etectromotive force and osototie pree-

este hoMfor aHconcentrations and Independently of any molecular theory.

He then takes up the relations postulatedbythe e!ectro)yttcdissociationtheory,

the assumptionof the gaa law, aad the masstaw. In thé third 6ect!on he dis.

cuMeathé questionof the catcutattoa of the degroe of dissociation from thé

etecttica)conductivityand takes the ground that no proof bas everbeenoffered

that the migrationvetocitieaof the ionsare indepeadent of the concentration.

ht conséquence,we cannot calculate the percentage diMociatioaof any aub.

staneeafrom the conductivity. He objects to the conductivity method atill

further ontheground that it ia etaentiatty a dynamicmethod and that a atatie

methodwouldbemore aatMactoty. W. D. B.

Mqatdnitrogenpermddeas a solvent. P. /~Mjt/<M<<and R. C. Farmer.

Jour. <M. &< 7)), ~~0 (~M). –
i. Nitrogenperoxide doeanot diMotvejnorgantcaatta. On the other hand

it is a goodMtventfor certain noa-metatHcetement:and readilydissolvesmany

organlccomponnds.
<. Thé perfect!yaahydrona liquid ia comparativelyinert as a chemical ré-

agent. Manyorganlc compoundacan be recovereduncbanged fron)their solu-

tion tn nitric peroxide.

3. Measurementsof the electrical conductivityshowthat it is not au ion-

izing sotvent."

4. Molecularweight determinations ahow that many anbstanceaare asso-

dated to doublemolecules in this solvent. W. D. B.

Thé diMttitttnt! power et hy<hogeamtphMe. W. 7~ Milling. ~M.

O~w.~Hf. *6,~ (/oo/).–The author nnds that potassium chloride dis-

solvesreadilyin liquefied hyorogen eutphtdeand that the solutiondoesnot con.

ductetectricity. W. D. B.
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The otMoetatteaet eet~ataaetds. bMM,andMtte at Matent tenttMatMM.
<~ ~MM<t~ /)Mf~<M. <4m. 0<-w. ~f. a6, (/:?/). –Thé

authors havedetermined thé condaetivitiesof a number of salta over a wide

range of temperature. From these condtetitity meaaurements, they have cal.
culated thepercentage of electrolytie dissociationand find that this changes
very slightly with the temperature. /?. F.

Oa thé MO<hKthfityof mhteK< ot eieettotytM. P. Sabal. ~yjt.
C4~M.4', M~(~~o~).–Theauthor basmadea numberof experiments to test
Bftfmw<t<et'sformula for nthttutea of eteettotytee. The agreementbetween the
facts aud the theory la recognizedby the authoras not being very satisfactery.

W. D. B.

On the IIIItiaept1caction of the hydMt{mim of dilnte acMe. M. Rial.

~Ayj. Ot~w. 4" (~~). –Theauthofhaattadiedthe effect of ditHte
aclds onthe development of yeast. With each actd there b a concentration
abovewMchthe yeast ferment doe~ Bot develop,and thb concentration ap-
peamto bea functio))of the concentration of hydrogen as Ion. Addition of
sodiumchlodde to a dMatehydrochloricacid solution Stst decMMeathé aoti-

Mpticpowerand then iacreaaeait. With a more toateotfated acid, the Orat
addition ofsodium cMoftdeinereaseethe entiseptieaction. As h well known,
addition ofsodiumchloride to a hydtochtodcadd solution iaoreateathe rate at
which thb acid inverts Moe-Mffa)'. From the anthor's expetimenta, he eon-
ciudet that if these expeUmentswete repeatedwitha auNeieatty diittte acid, it
wouldbe fo<mdthat addition of sodiumcMofidedett~aMathe rate of Inversion.
The author 6nds, further. that white additionof sodium acetate to acetic acid
aoiotioNdecteaaeathe antisepticpower, the addition of sodiumacetate in met-
cient exceescauses it to decrease. W. D.

A new method for the detenniMMoaof eteetMtyticdissociation. R. C.
/< Jour. C4wt. Soc,M. (~w). -The author has determined the

hydrolysisof bydtoxyazobeezeneby Sndieg howmuch freehydMxyMobeniiene
is taken up by tbe benzene hyer when sa aqueoMMttttionof a saitof hydroxy-
aNtbenMaeMBhakenwith benzene. Thé résultagive a diMoeiationconstant of

4.9XM-9. W. D. B.

OnthtaeMMtareofMetytene. ~W~. ~M/ Chem. 40,j~
(/OM').-The author hoped to detenaine the addity of acetylene by otsenfing
the changeof solubility whea aikatieewereaddedto the water. Hefinds, how-
ever, that barium hydroxide causesa slight incfeaeeIn solubility, amtnonia an
almost imperceptible increase, and that sodium hydroxide and potassium
hydf<ncidedecreasethe solubility. Theassumptionis made that thia deemse
of solubilityio the case of sodium hydroxideand potassiumhydroxideie the M-
MKantof an increase of Mtubiiity due to the alkalinature and a deeteaM due
to the spedSe precipitating power. He thereforemeaaHtesthedeo~ase of ao)M-
bitity of ethylene in solutions of cauttic soda and potaah, asattmea that this

specificaction!a the same for acétylène, and comesout trittmphantty with a

veryalight increaseof solubilityfor acetyleued)te to ils acid nature. A con-
ctaaionof this sort is interesting but vaitteiess. D. B.
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ThecondittoMdetermiMtiveofchemicat change, *e< of ~ectricat condnc'

Mooof gasea, and en the phemmenan of tumtoMtty. H. E. Armstrong. Proc.

~«y..SM<yo~~o (/oe?). –Théauthor believes that ehemieataction ia reverse

etectrotysis or that chemical action Ma take placeonty when «Melectrolyte is

présent. The autlaor pointsto thé récent experiments with dfied gasea as con-

Crn)!ngthis v!ew. Sinee water is not an electrolyte, he believesthat the essen.

tial th!ng ie not so mucbto remove the water vapora< to rmove the conduct-

ing intpM~tiM which are present siMottaoeousty. The author belleves tbat

luminosity and line apectraare the expression-visible signs-of the changes

attending thé formationof moleculesfrom their atome,or, epeakieg generatty,
that they are cot)MqHence<of chemical changes. D. B.

~~fM<aM~ C~!

On the dialactric constant of dilote etMtrotyttcaetntteM. <4.de F. Palmer.

Phys. ~w. <4.j~ (~). tt h)bighty probable thst the dMeetdc constants

of d!tute electrolytie solutionsof conductivity teasthan t.s X M"< are the same

as that of pure water tttetectdc fields varying at the rateof to*oscillations per
Mcond."If /?. B.

Improvement of the apparatM formMOMingdieteeMoconetants by means

of etectdMtwtTM. P. Z)~«/< & Ct~M. 40. (~oc~).-The au.

thor's previous apparat))*is improved by sxbttitHting a Tesla transformer for

the induction eoit and he glves directions for making the Teslatransformer.

~AF.

Oa the relation betweendeaaity and MM ofrefractiMofair. H. C*.Gale.

Phys. t4, (~M). –Thé author &ndsthat the équationof Gtadttoae and

Dalehotds ia the caseof air up to twenty atmosphères pressure wlth an error

not exceeding o.t pereext. W. D. B.

The rotation anddispersionof epentaeeoMtyactive sebetanees.C. ~ts/~f.

~MA~Ay~. Chem. 4!, (/po?). – Thé three normal tartartcesterswhichwere

studied show abnormal dispersion. Formulas wereobtainedfor the change of

the speciSc rotations of these estera with the temperatureand for the relation

betweeoapecificrotation, wave-teogthand tempetature. Tartadc acidand matic

acid show normal dispersion at low températures, abnormal dispersion at a

stightty higher temperature, and normaldispersionat yet higher temperature.
The three tartaric esters, tartaric add, and matic acid betong together in a

group characterized by abnormal dispersion and by great variations of disper-
sion and rotation with temperature, concentration, and solvent. Potassium

sodium tartrate is typicat of another much larger groupin which the dispersion
ia normal and varies but little with temperature, conceatration,and solvent.

A comparative etety of the epeetM, deMitiM, and meltlng-polntsof some

groupaof elemente,aud ofthe retattonefprepertiM teat0)))icmMS.H. Ramage.

Roy. Soc. 70, r (/~M). – Théwork and results now presented indicate

that the properties of the elementa are fundamentatty due to the structure of

the atom as revealedby their spectm rather than the quantity of matter in

them. It seeme, for instance, inconeeivabte that the transitionfromcalcium.to
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et<ontit)tttpMeeedafroMthe ttttetmedtateelements when w conter that thé
atrontium motecutetmust baveaaimitar structure to those of calcium. Thia

stntctaretsMttmptethat thefHndamecM Bunsen flame apectn<mof each of
these etements show8 but a fth~te Mac. The aaomattea, according to Me)!-
deMef'e law ta the atomic maMof teHoftomand iodine, etc., are further evi-
dellce of this. The properties oftettudam and lodinemay hâve nothing what.
e<wrtodow<the<Mhother. They ate. bowever,closely related battn ett tn.
correct order with those of the elements and their respectiveK'p~ M giveM
above. The ~ne~s was not )n the directionof teUMnomto lodine, but from,

or perhapathrough, oxygenand auorlno, reapectively. 80 a!towMh regard to
the other groups,

It !a more probable that lnthe geneds of the elementa.the pmpeftiea of
ceftaia faadamentat substancesaremodiBedby tucceB~veadditions of matter
to tbem, orbycauBesofwMehtMsia.toM.theappaKatMMtt. Theregularity
in the change <nthe propertiegoflithium, bery)))Mm.boron,and carbon,as seen
in tbe diagta)M, is very remarkable. It, la, futthettNore. very suggestive that
thé changes in properties are approxtmateïyproporttoaat to the quentity of
matter !n the atom in excessof aeonxtant(whtch te about 6), ao if it were thé
same matter that .if<added io eachcase." W. A

Otticatty active methoxy MMinicaetaaad tta eedMtivee. 7~ and

j. C. /~M' ~Mr. C4~M.~< 79, (/).–The motecutar rotation !o-
creaseafrom the taethyt form upw<Mdbat tende toward a maximum. WhMe
the taethoxy esters are leas activethan thé ethoxyesters, the aqueous sotutione
of the two acidashow nearty the same motec<ttafrotation. Thémotecatar to-
tations of ditote aqueous solutionsof the normal ~-matatez, d-lactates and
d-tartrates are much higher In thédextro-eensethan thoseof the corresponding
free acids in the case of alkylatedderivattvee,ou the other band, the rotation8
of the normalalkali salta are much lower, or, at most, only alightly higher
than thoae of the free acide; that la to say, the rise of rotation produced by
atttytatioa tetb much more tttoegty on the hydtoxy acMtthm on their Mite."

A A

Influenceet the betero-cyclicgroupoa rotatorypower. P. F. Frankland and
W. Aston. Jour. CX~M.Sot. ye, p// (/po/).–The authora hâve deter-

mioed the rotatory powerof di-ethylaad dt-pyfomucyttattTateand findthat the

rotatory effect of the heterocycttc fMutan ring ie qualitatively similar to and

quantitatively of the Mtoeorder Mthat ofthe homocyclicbenzenering.
They hâve atao devised a verypretty continuonsautomaticmethod for pre-

paring esteta of tattaHc and other non-volatileacide, whereby the water
formed in the réactionis taken upby dry potassiumcarbonate. W. D. B.

Ethyt ~<~<ctyttartrate and tta dibeaMyl aad di-Metyt derivatives.
~MfC~M.Jour. C~M. Soc. 79, fM~(/~).–The)-otat!o)) of etbyt octyl tar-
trate increases with riseof temperatureat aboutthe samerate as thatof di-ethy!1
tartfate. On comparingthe ratesof ethyl octyttartrate andita derivativeswlth
those of di-ethyl tartrate, it la seenthat Guye's rute hoMo,nsmely, that xubati-
tution effected aaBcienUy far removed from the asymmetric carbon atom

scatceiy modines the rotatory power. W. D. B.
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The ianaMM of Mtwntt on the rotation ef opttMUyMttM eompaM~.
& ~t~~<M. ~«f. Ot~t. Sot. 7a, /6y, ~/7 (~f/). – Tn water, methyl alco-

hol, ethyt alcohol, and normal propyt alcohol, the rotation of dissolved ethyt
tartrate alcoholdiminishessa the molecular weightof tbe solventtncreases. tn

very ditute glycerol solutions the rotation Mesbetween the values found in

methyl and etbyl alcohois. Molecular weightdeterminations ehowedthat this

variation of rotationin solution could not be referredto varyingdegreeaof asso-

ciation of the dissolvedBubstaacee.The aùthorbeMevee,however,tbat thereis a

eoaneetioa betweenthe internat pressure o< thesotventand theepecMcrotation

of the substanceadissolvedin it. When isobutylalcohol andoctyl alcohol are

used ae totventB,the same rule bold8that the rotationof ethyt tartrate tenda to

diminM) with inc:reaseof molecularweight of thé solvent, H~.D. F.

The magnetlc rotation of eome polyhydrie attehete, hMOMa,and Mtcha-

Mbteaes. ~<. ~<~i~w.8t,y(/).–
t. TNeinftuenceofthemagneticrotaUononettcceMtvehydroxytgKMtpain

polyhydrie ateonotedtmtnMteaas they increasein number, untit about the Mv

enth la reachedwheu tt becomeealmost nit.

z. After thé change bas taken place, MhttioMof glucoseand fructose give

magnetie rotations which indicate that Mrotationh not due to hydration but

that it la caused by a change in the constitutionof these substances.

3. Whenin solution, galactose does not undergoismerie changetoeogreat
an extent as glucose.

4. SucrcseMbuüt up of the isomerieor ~fonnsof glucoseand fructose by
the elimination of the elementaof a moleculeof water.

$. Mattose is fonned from one moleculeof glucose httheatdehydtc or

"~ondMon, and one molecule!n the isotnericor jt-condittonby the elimi nation

of the elements of the motect)~ of water.

Lactose is similarlyderived from one moleculeof a-glucoseand one of

~gatactose. Both are constituted in a similar manner to that proposed

by E. Mecherfor lactoseand thèse sugars undergo isonterie change when in

solution, the -portion becomiog transformed,moreor tess.intothet~cottdition.
This change accountsfor the birotation andcupric reducing powerof the two

sugare. W. D. B.

The actionof Mghton prectoM Btenes. Ct<t««M/. C~M/~ ~M~M, !34,

/(/).–Thediamondswhich give ont the most light are those whieh

«howa distinct nuorescencewhen exposed to theyiotet tight ofthe etectricarc.

It is fouad atsothat Burmah rubles show a marked fluorescenceunder thèse

conditions while the Siameserubles do not. It ispossiNe ln this way to d!st!n-

guhh sharpty betweenthe twogrades. W. D. B.

MeMttrtaghigher tempemiofee by mMMof Stefan's law. 7'?~ C~M~t

~M~Mf,'34,07/ ( /~M).-The author suggeststhat one mightttse for measMf.

tng very hightemperatures the tawof Stefan, R=:<t(T'–<'), where R repre.
sents the amount of heat emitted by a body radiating at an absolute tempera.
ture T, upon another at a temperature <, the entbsive powersof the two sub*

stances beingequal to unity, and a being the constant. For veryhigh temper-
atures, this can be simptiRedto the relation R =«T'. The author bas cheeked
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t<)hstation by eompariscnet the results thus obtatned with the va!tteeobta)t)ed

M~tt tsoo" with a LeChatelierpyrometeraud 6nda that the ernw h teM than
Ovepercent. ApptytngtMetothe temperature of the positive eathoa ta the
e)Mt)fttarc he Cad*a temperatureof 3490*. W. D. B.

Onthe MaM<t Nd!o-Mttvity«Met by thé satta of radium. P. <~<<wand
/M«M~. <~M/t~ rendus, (/}?/). –Théactivity of the wath of

a e!o~ vesselcoatatoiog a solutionof MfMtm Mtt depende upon the amount
ft ealt present and on the air space!ns)dethe watte. W./?. B.

un thé M{hteBM,ta the MfMm ttetn a mhttMe of cMm-MMof MatnmMa

<W<<t)tt,of My<which e<Mbe KaoeM. 7~7&MM<M<w.<~M~/M~«~M. <39,
(/). –Expedmeota made with a mixture of chlorides of radium and

bvitta) seem to thow that there are someMyswh!ch can be feNectedby means
ota<)t(n'(tr, ~7.F.

Ûa tati~eUve substances. P. Curie aud S. Curie. Complet ~a~M.
<94'~ (~?).–fhegeaeMt hypotheseswbieh the authora havemade in regard
ta the nature of ffMUo.atttvephenomenaare the Mtowinc. They betieve
thtt M<io-actMtyX an atomic property that each atom acte as a constant
~OHreeof eoet~y and that this activitydoes not very with the Urne«ad is al-

~ye the eamewheu tbe radio-activeeubstaocets brought to the same ehemical

~d phystcat tttate. They betteve that it h (MadvisaNeto formapedac hypothe.
la regard to the origin of the mdio~ctite enetgy. W. /?. B.

CeadotttvttyofMqatdQieteeMMmtdetthetntaence of radium raye and of

~OMtgM raye. P. Curie. CfM~ MW~34, ~o (/~). -The author
~ttda that MdMMmyaor Roettt<;enmys increasethé conductivity of all liquid
tt~te<~t!C)!,but that the amount of tbis increase varies very mach with the

O~tnMof the liquidemployed. D. B.

Oatheat)MtptiMtctM4iam<MtMtybyMq))fda. 7. Tommasina. Comptes
~~<f«~, t34, ~oo (/j)cj).–App)roximate experiments show the absorption of
fa~iUtMactivity by differentthicknessesof different liquide. M<D. B.

Cryslallography,C~an<}'a~ ~j~f

A «MUedof meMmiogMtfMt teMtoa. y. &Stevens. ~M. Jour. Sci. (~)
t6,~(~~Mo).–"Ant)'onwite hbentinto the fonn of a T, and thé croM
~~ow<dto ttoat on the surfaceof water. The body of the T projecta a little
~~tatce int<ttbe center of a coil of copperwire through which a curreot may

pass. Thé part of the T formingthe plunger h adjusted so that its weight Is

tXMtymfBeientto break through the liquidsurface. A stight pull toward the

eetitef of the coit due to the pa<sageof acwrrentwill then accomplishthis. The

~teM la fai<edand loweredby a Mcttaad pinioa so tbat it may be placed on

tt*c!!q<Msurfaceasgently aa possible, By meaM of a contlnuous reaiataace,
t!~ coneat may be applied in small increments and the amount required to

break through read trom a maaoatete)' W. D. B.



AHOYS OP LEAD, TIN AND BISMUTH

BYS. S. 8MPHBRD

Thé first workdoneonthesealloysconsistedofsomepurely

qualitativeobservationsoftheir melting-pointsby d'Arcet,Rose,
and othem Their observationswere too étude, however, to

possessother than purelyhistoricalinterest,and thé first really

significantwork is that of Rudberg' on the mehing.points of

binaryalloys. Hediscoveredthat in binary alloys thete were

two pausesin the coolingcurve,the uppér break being variable

and dependingon the compositionof the alloy,white the lower

one wasconstant and independentof composition. He places
this lowerbreak as fottows

For the ternary alloyhefoundthe lowestfixedpointat 98°
~nd noticed that in this case there were two upper variable

breaksin the curve.

Thé next property investigatedwas the variation of den-

sity with composition. Thompson,"Matthiessen,3Bolley-Pil.

!ichody<,Kupfefr,~Poh! and Riche7have studied the density
of theseand manyotheralloys. In every casethé tnetals have

been tnettedtogether in knownproportions,castinto ingots,and

the densitydetennined. The results, except those of Thomp-
son and Pillichody,agreesurprisinglywell, and 1 hâve thought
it desirableto give the resultsof these determinationsand plot
the curves. Since severalauthors have sought to deduce thé

existenceof compoundsfrom the variations between the cal-

culatedand observeddensitiesof thesealloys,it is necessary to

considerthese determinationsin somedetail. By the theoretical

densityis meant the densitywhieh the alloysshould hâve if,on

mixing the two metals, neither expansion nor contraction oc-

Por lead.tin 1870

1

Composition PbSo,-PbSn,
tin-bismuth !~°

il Il

lead-bismuth ~9" 1 Pb,Bi.

For the ternarv a!!ov he found the lowest fixed noint at 08°
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curs. Andsincedensityis not anadditive property,while Vot*
ume is, the theoteticaldensity is to be calculatedfrom the fol-

lowing formula
A+B

AV.+BV,'

whereAand Bare the weights ia gramsor percentagesof the

metaisAand Bin the aUoy,and V, and V, theu' specifievol-

umes respectively. Ure gives the same formula in terms of

densities,namely,

~_(A+B)<B
<B+A~

whereA and Baregramsper hundred, and and d. the deast-

ties of A and B fespect~y..
For purposesofcalculationand comparisonwe willassume

the valuesgivenby Richeas densitiesof the puremetats

ît is to be noticedthat through a misprint thedensityof leadis

quoted in his tead*antimonytabteas 12.364.
Att who have determined densities give their results in

termsofmolecularproportions,and this accountsforthe marked

variationsbetweenthe resu!ts of different wotkers. Since the

atomicweightstaken varywith the periodat whichsuchdeter.

minationsweremade,onemay be misledin comparingdifferent

déterminations.

1haverecalculatedthese values into percentagesand hâve

tabulatedthe determinationsmade under the name of the ob*

server. Knpfertusedthe atomic weightsof BerzeliusMatthies-

sen, aud apparently Riche, took Pb ==ic~.y, Su = 58, and

Bi= 208. Consequentlythe t:a.tead alloys are nearly the

samein percentagecompositionaswouldbe calculatedfromour

presentatomicweights. Thompson'swork showsthe greatest
variationfromthemean value and must be dueto using differ.

o_. r.

U.

t tteee!ty
SpedSewtumes~e~nou~

Pb t!,36<t 0.08799
Bi 9,830 o.t0!73
Sn 7,300 0.13698

a. '1 1.1_ ai_ 1.1. 1 v. n 1 1.
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eut atomic weights. Not having the original paper, 1 hâve

omitted bis Sgutes.

TABM{Ï.

MattLles Pilü-

VM-tfttiott

MattMee MtM-
Pct. PbKupfeft MBsen Riche chody Catc.j

M
K

Sn,'Pb 30.89 8.!73 8.t88 8.195 8.234 8.!93 –o.ot–o.oo

SOj,Pb 37.34 8.391 8.4!4 8.408 8.407 –– o.oo

Sa,Pb 47.20 8.74$ 8.779 8.766 8.795 8.764 –o.oo o.oo

Sn,Pb, 54.38 –– –– –– 9.037 –– –– o.oo
SaPb 6a.73 9.425 9.460 9.45t 9.433 9.454 –o.ot o.oo

Sn Pb, 72.84 –– –– –– 9.797 –– –– ––

SoPb, 78.15 to.077 !o.o8o to.noto.o52 to.n5 –0.03 o.oo

SnPb, 84.29 to.386 –– io.4t9to.33t 10.436 ––(––
SnPb, 87.73 10.555 to.590 –– 10.595 10.626 0.03' ––



j5'A<~</$2a

Sincethe theoreticaldensities are calculatedon Matthies.
senandRiche'salloys,the last column inchtdesthe variations

fromtheory notedby them. As is seen, Riche.got no varia-
tionsin theseconddecimal place, while Matthiessendid. How.

ever,Matthiessen'svariationsare quite irregularand notgreater
than thepossibleerrors in the compositionof the alloy. Kup-
ferr'sfiguresdo not vary more than caa be accountedfor from

the differentatomicweights used and consequentdifferenceof

composition.His data differ from the calculated by several
hundrethsof a unit, but he employed the picnometermethod
and apparentlydid not consider the purityof his metals. Every-
thingconsidered,thé densities agree very closely indeed. Thé

l
percentagesare calculated, using Matthiessen'satomic weights a
andthe theoryis calculated from the percentsgiven.

Thecurve(Fig. ï) is that of the theoreticaldensityandthe
observeddata lie upon it.

la sofar as densities are concerned,there is no evidenceof
a chemicalcompoundbetween leadand tin. For bismuth and
lead thedensitiesare

TABMII.
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BiPb,. Richegot a maximumat BiPb3,but this was through

faulty calculation; bis calculatedvalue was 10.448instead of

to.yoyas it shouldbe. His notethat thé alloy BiPb is more

readityattackedby water is not significant. Atl are attacked

readiïy.

For tin and bismuththé densitiesare

TABMIII.

The percentageshere are based on the atomic weight
ratios usedby Matthiessenand the theoreticaldensitiesare his.

It will beseenthat there is a very marked differencebetween

the observedand calculateddensities,with a maximumvalueat

DfN~/TY

Densltyobserved

Pct.8aM R Mean Theory Difl.'

Sn.Bi 62.59 8.n: 8.097 8.!04 8.068 +0.036
8u<Bi 53.~ 8.339 8.327 8.333 8.30: +0.032
Sa.Bi 45.55 8.506 –– 8.491 +o.ot5
Sn,Bi 36.20 8.772 8.754 8.763 8.734 +0.029
SaBt 21.80 9.178 9.t45 o.t6t 9~~ +0.030
SnBi, tz.24 9.43S 9.434 9.434 9.424 +o.o<o
SaBi, 6.52 9.6'4 –– 9.6:4 9.606 +o.oo8
SnBi, 4.44 9.675 9.675 9.674 +o.oo!
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1haveredeterminedthédeasittesofthèsealloysupto60
percentSaandonplottingthéspeci6cvolumes(Maey)~it is
seenthatthépointsliealmostexactlyonthélineconnecttNg
théspeci6cvolumesofthétwometals

TABMIV.

Hereagain the percentsare those usedbyMatthiessenand
the theoreticalvaluesare basedonthem. Asisseen,the varia-

tiânsare insignificantand irregutar.

t 1

Thèsedensities,of course,are not directlycomparablewith

thoseof otherworkers,but sinee the specifievolumeis inde-

pendentof temperature,so long as the density of the pure

DeMtty
PetSa H,0ata!.4"==tr SjxcMcvohme

o.o 9.833 o.tOty
tt-67 9.46! o.!057
23.5 9.ïo8 o.to~S
34.2 8.8t~ o.tt34
54.2 8.307 o.t204
59.9 8.170 o.!M4

100.0 7.305 0.1369
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tive, a variationof one-tenth in thé density of tin amounting
to o.ooz in the specifievolume, or a little over one percent.
Sincethe densityof a metal varies so much with its thermal
and mechanicaltreatment, deductionsas to the existenceof

compoundsfromvariationsin density of hundredths,or, as in
somecases,even thousandthsof units, are inexcusable. Thus
one alloy which was examinedhad a density of 7.53 when
cooledat a moderaterate heldat 100°for twodays,its density
changedto 7.31,although this alloy forms no compounds. A
similarcaseof an alloyof tin and bismuth gavea density of

metals is taken at the temperatureof the determination,the
methodallowsus to dispensewith much lahoriouscalculation
and correction,and has the furtheradvantage that the variation
froma straightline is more easilydetected than the variation
frotna curve. It is opento objectionthat it is not very sensi-

In thiscasethe aHoywhenkept wann tendedtocrystallize
and to assumeits normaldensity. This crystallizationwould

istday 8.t76
zndday s.t6y
3rd day 8.
4thday g.
Sth day 8.

Calculated 8.t.;9

In this casf the attnv when kent warfn tmt<<M<t/)nt~etaHi~o
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seemto accountfor the variationnotedby Matthiessenandby
Riche(seeTable III). A betterillustrationare the densitiesof

pure lead,tio and bismuth,as givenby St. Claire-Devil1e.

1-
CooMttowty Cootedqa!ckty Mtfe~aM

Pb t!.254 n.363 –0.109
Sa 7.373 7.~34 +o.t3s
Bt 9.935 9.677 +0.~58

Since the densityof the puremetalmayvarynearly three.
tenthsof a unit, dependingon therate of cooling,it becomesa

questionas to how far the divergencebetween the theoretical
1and observeddensity maybe usedas an indicationof chemical

combination certainly not variations in the hundredths. Of

course,if wework under aboutthesameconditionit is to be ex-

pectedthat the variations in densitydue to strainswithin the

alloy in crystallizingand the subsequentgrowthof larger crys-
tals, will introduceabout the sameerror.

In a recentpaper, E. Maey hasplottedthespecificvolumes
of a numberof alloysand hasdrawnconclusionsas to the exist-
enceofdefinitecompounds. Thusfor Pb.Bi he 6ndsbya pecu-
liar extrapolation either BiPb or Bi~Pb, while Riche found

BiPh~. The objectionto Maey'swork is that the specifievol-

ume,at the point wherehe predietshis compounds,has seldotn
beentaken, and it is not clear why his iron-antimonycurve is
drawnto the particular point that it is. Onthe other hand, he
mustbegiven specialcredit forcomparinghis conclusionswith
thoseof others. In conclusion,the status of deductionsfrom

densitywouldseemto be titis.

i. If titere is a distinct variationamountingto at least
tenthsof units, a compound,solidsolution,or allotropiefonn of
the metalmust be present

2. If there is nosuch variation,it provesnothing one way
or the other, though taken in connectionwith thefreezing-point
curvesand other properties,it is a usefui guide; in any case,
the finaltest will be analysis.
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The freezing-pointcurves'havebeendetennined byseveral

workers,those of Kapp9 being probably the tnost accurate.

Theyare perfeedysmooth,and gofat as they go might indicate
that the metalscrystallizepure from the fréezing alloy. The
eutecitcsas statedby Kapp are

The freezing-pointsof the ternary alloyhave been studied
andthe wholesystematizedby Chafpy, whose triangular dia-

gramis hère reproduced. His actually observed data are not

given,but forall practicatpurposesthe diagram is suSicientty
accurate. Aswill beseen,the isothermsshowno indicationsof

compounds. Gautier" arrivedat the same conclusion,as did
alsoLe Chatelier~.

Bi.Pbat57pctBi [~6°
Sa-Biat 56petBi !2~"
Sa.Pbat 66petSa 1 !86"
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Other methodsof attack have beeu employed. Roberts"
has studied atloys by meansof the induction balance and

gets a smoothcurvefor Pb~n, whitealloysinwhiehconipounds
are known to exist show very marked breaks. Laurie" has
studied the electromotiveforcebut givesno data.

CalvertandJohnson'<havestudiedthe hardness of alloys,
using weightstoforcea finepoint at givendepth into the alloy
in a given tinte,but fromwhatweknowof the tendencyof alloys
to liquate,it appearsthat this methodeau not lead to satisfac-

tory results. Matthiessen'shas studied the conductivityof a
great manyalloysand bis plotted curves show,in some cases
where compoundsare indicated by other methods, distinct
breaks and in othercasesnone. For Pb-Bithe curveissmooth,
running to a tninimumat 98pct Bi forBi-Sna smaUminimum
at 99.4pet. For Pb-Sna smoothcurve but with not nearly so
many observationsmade. From what is knownof the difficulty
of gettinga homogeneoussample,onecan not but feelskeptical
about his Pb-Snalloy conductivitieswherethe compositionis
variedby only tenthsof a percentandwheresmallvariationsin

conductivitycannotberegardedassignificant. In a later paper'6
he studiesthe effectof heat on the conductingpower of alloys
and findsthat the conductivityofalloysrich in bismuthbehave

differentlyon differentdays. His measurementsshow, though
he doesnot seemto haveseenit, a steadyincreaseof conductivity
from day to day. Thé alloyswere tested at differenttempera-
tures up to 100° and weare led to suspecta relation between

crystallizationin the wiresand thé increaseofconductivity. He
states that PbBiexpandson coolingand that PbBi does not;
that PbBi~expandsbut little, whitePbB~and PbRtgcontract.
Heycockand Neville"in their studyof the loweringof the freez-
ing-pointof metalsby the additionof small quantities of other
metals findthat both tin andleadare normalin bismuth as sol.
vent. Using leadassolvent,bothtin andbismuthareabnonnal,
white leadand bismuth in tin as solventgive values that are
only a little less than normal. These results are of the same
order as thoseof Spring, wherehe finds that moltenalloysof
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lead and tin evolve more heat on cootingthan calculated.

Spring'9has alsostudied the expansion of the alloysof Rose,
d'Arcet,Lipowitz,and Woodwith tempemture. His paper is

very interesting, though it would have been simpterhad he
studiedtHebinary alloysalso. However,on heating both the

alloy Bi~Sn~Pb~and Bi~Sa,.Pb, he finds thé expansion rising
rapidly to a maximumat 40°for the firstof thèsealloys,then a
decreasein volumeuntil at 5~° the volumeis muchlessthan at

zéro then an expansion to the melting-pointwheretbe varia.
tionswere too irregular to p!ot,and !a<:ttya-regular expansion.
Thé secondalloy expandsup to 38°andthecontractionismuch

less,the volumenot fallingbelowthe volumeat zero. Erman,~
using the methodof weighingin oil, findsthe samecontraction
but at 69° C.

A similar peculiarity is noticed by Mazzotto,"who finds
that the heats of fusionof Bi~n,Pb, and Bi~Pb do not agree
with the valuescalculatedfor the mixtures. In asecondpaper"
he findsthat there is a heat change in the binaryalloys ~F~M'

Rudberg'seutectic. It is notable,however,that thispeculiarity
occurredonly in alloyscontainingtin and not in the bismuth-
leadalloys. His table is as follows

y. P. M.P. T.

SoPb t8o.o !8z.o tgo.o
SaZN !95.s tgy.s tgo.o
SnBi t37.o t4o.o 9~.0
BtPb tz~oo tay.o

whereP. P. signifiesthe lowestfreezing-point,i. e.,the eutectic,
M. P. thé melting.point, and T the températureof the heat

change.
Person" notes that Rose'salloy, cooledin water,wiU heat

up spontaneousiyafter being taken fromthe waterand become
hot enough to burn the fingers. This recalcscenceis accom.

paniedby expansion.
Hiorns~ noticesthis recalescenceandsaysthat it is de.

stroyedby rebeating<i!<~to the mehing-pdnt;that four tons
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pressureper squareinchwiUprevent it, also tbat the fracture
beforethe changeis a!mostvitreous,afterwardscrystalline.

Later Mazzotto"showsthat the specincheatof Rose'salloy
dependson whetherit has been reheated to just below meh.
ing or not. If it has, its specifieheatvaries regularlyover this
range of temperature. Seealsovan Aube! <

Vicentiniand Omoadei"stttdiedtheexpansionofthe liquid
alloy PbSn and foundthat it expandedregularly up to 252"
wherethere wasa sharpbreak in the curve, and they predict
that thé compoundPbSnis in suspensionin the alloyup to this
point at whichpoint it goesintosolution. Oncooling,the same
break occursat 245°. There is also a paper by Wiedemann"
on the expansionof tin and lead.bismuthalloys,but his results
are not of importancehere,sincehe worksonlyabove 95~.

Foehr~ gives a table of densitiesmeant for determining
quickly the approximatecompositionof tin-leadalloys, (

FoHowingthe methodsuggestedby Professar Bancroft'~
and later appliedto the caseof sa!tsin water by Mr. Browne,
1have undertaken to makesimilarmeasuretnentsin the case of
the alloy of lead,tin and bismuth in order to settle definitely
whether or not there arecompoundsin the caseof thesemetals.

1 first tried a zero method. On taking the coolingcurve
of a ternary alloy,three breakswiUbe found,onewherethe first )
constituent séparâtes,anotherwherethe first and secondbegin s
to separatetogether (theboundarycurve),and a third at the ter.
nary eutectic. If we let the metals be A, B, and C, and
the breaksberespectivdy c,and~, and if A separate first,
then the point x will beraisedby remeltingthe alloy and add.
ing more A, whilethe points yand will remain unchanged.
If we havenot addedthe phasewhichis separating,bothx and
y will be displaced.

Thé alloy chosenhadthe initial composition

Experimeatal
c

Sn55.76pet
Bi 14.80pet
Pb29.35pet.
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Thé coolingeurvewasdetennined twiee, the upper break (.f)
cameat ï69° and thé boundarycurvewasreachedat (y) t57.t°,
as a mean result of two detertninations. Then tin was added
and the upper break fose to Ï73.5" (~), but the boundarycurve
again appearedat ïsy°,showing-that pure tin was separating.
Thé alloynowhad the compositionII.

M. KL

Su 58.5! pet Sn 57.83pet
Btt3.9opct Bit3.84pct
Pba7.56pct Pb28.~pct

1f~ ti t <<<
Enongh leadwas nowaddedto bring the alloy to compo-

sition III. On redetennining the cooling cnrve, x changed
slightlyand had changedto at ~59.2°. Betweeny" and y
there is a ta percent change in thé compositionof the melt,
correspondingin this caseto about 77grams of tin. Since the
3 gramsof leadaddedcattseda changeof 2° in the location of
B, then if onecan locate thé boundarycurve to within one de-
gree not more than ï.~ grams of lead can have sepafatedwith
the tin, or the compositionof the phase separatingis known
within a percent. In this particK!arcase,onecouldpick Mpthe
boundarycurve to withinone-tenthof a degree, and therefore
the tin separatingcould not have carried down with it more
than two-tenths of a percent of lead. The accuracy of the
methodis limitedby the accuracywith whichonecan pick up
the boundary curve, and this varies greatly with alloys of
different compositions. However, the method shoutd prove
serviceablein those caseswherethe analyticalmethodscan not
be applied.

1 next applied the method of analyzing the mother-liquor
at differentpointsdunog the depositionofcrystals. The metals
used in making these alloys were carefully tested as to their
purity. Thé alloy wasbronght to completefusionanda sample
suckedup intoa narrowglass tube(previouslyheated)and this
sampleanalyzed. The alloy cooledstowly with stirring, and
whenthe greatestchangeof concentrationconsistentwith pipet-
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ting offthe mother-liquorhad occurred,a sample was taken as
beforeand analyzed.

Methedefaaalyata
This methodnecessitatesan accurateanalysisof the alloy,

since,as Mr.Brownehasshown, a small error in thé analysis
will, dependingon the change of concentration,extrapolate to

large errorin conclusions. And this is especiallytme when we

plot our resultsona triangular diagram,and the pure compo-
nent is.separating.

For thé separationofany twoof these metalsvery satisfac.

tory methodshavebeendevised but such is not thé case for
the ternaryalloy. Thé usnal methodof dissolvingthe alloy in
nitric acid,weighingthe stannicoxide,and subsequentlysepara.
ting the leadand bismuthby the basicnitrate process,gives in-
correctresults. The natureof the error thus introducedis very
deceiviag. The parallelanalysesagreevery well, and the sum.
mation is excellent. But if one startswith knownquantities of
the metals,the errorbecomesevident.

Asis wellknown,thestannicoxidealwayscontains leadand
bismuthwhichcan not be removedby prolonged boiling with
nitric acid, white HertzogMfindsthat the basicnitrate process
may leaveup to ten percentof leadin the bismuth and thé sul-

phate methodup to 2 percentbismuth in the lead. Since the
laatomicweightsareso nearlythé same,no error from this source

appears in the calculations. Moreover,since the ratio of thé
stannieoxideto the leadand bismuthis alwaysthé samein any

".1.

given alloy,the amount of these occtudedis constant and thé

parallelanalysesagreeverywell. But if to an alloy of known

compositionweadd tin, analyze,andsubtract the amountadded
fromthe amountfound,the tin will alwaysbefound from a to

5 percenttoo high. Jannasch and others hâve separated lead
and tin, and leadandbismuth,bydistillingthechlorides in HCI,
Ct,, or bromine. 1hâveextendedthe methodto all three.

'JIn passingit maybe well to notethat severalmethodshave
beenproposedwhichcall for the evaporationto dryaess of solu-
tions containingthe chloridesof tin and bismuth. Fresenius

~r
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notes that solutionscanbe completelyfreedfromtin in tbis way
though he givesa methodelsewherein whichthis isoverlooked.
1 have been able to show that veryappreciablequantities of
bismuth can be lost in the sameway.

Distillationin a combustionfurnaceis nnsatisfactory,owingttt~ ~C~<-it-.~t ~t' t<-<to the dtHicultyof regulatingthé temperature
and 1 fiuallydecidedupona bathof boilingsul-

phur as the tnost desirableand convenient

temperature for the distillation. Notempera.
ture couldbe foundat which tin andbismuth

couldbe separatedbydistillation. Theappa-
ratus used consisted of a soft glass tube of

about J mm internat diameter,and 15 cm

long, drawn out at both ends to the shape
ofa solubilitypig. To thèseendsweresealed
narrowerglass tubes andthe jointswellblown
out. One of these tubes was bent back up
over the pig forming a sortof U-tubewhich
could easily be suspendedin the 6 X 18cm

boiling tube usedfor the sulphur. This tat.
ter tubewasjacketedwithasbestosandprovided
with an asbestoslid.

About0.7 g of alloy(castin smallsticks

by sucking up in 3 mm glass tubesand let
cool in a horizontalposition)is placed in the

pig and dissolvedin aqua regia. Alloysrich
in leadshouldbe dissolvedin HNO and then
HCJadded. The end of the tube (J)connect-
iner eu- 1. -jeLL-
ing with the lower end of the pig is closedwith a rubber
tube and phtg. When all the metal bas disappeared,a this-
tle tube is connected to the other outtet, the pig placed in
a small arsenicor combustionfurnace,the thistle tube dipping
under water, and the pig brought to dryness. A current
of air is forced gently over the surface,and thé heat applied
very carefully. Alloysrich in tin or bismuth tend to 'bump'.1.
When dry, the pig is transferredto the boiling tube. A slow
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current ofHCIgas is passedin through (~), the current being
morerapid after the bath basreachedthe boiting.pointandbis.
muthbegins to corneover. Thésulphur melts, thus warming
thepiggraduaMy.andthewhoÏe ;s finally bronght to boiling.
Afterthe brownvaporof sulphurappearsat the top of the boil..
ing tube, the boiling iscontinuedfrom an hour to two hours.
The tin passesoverquicklywhilethe bismuth tends to collect
in the exit tube(B) abovethe bath, and mustbe drivenonover
bythe freeaarne. The processis finishedwhen, after driving
out all the bismuthfromthe exit tube,nomorecollects. Onlong
runs,especiallyinalloysrich in lead,someJeadchloridesublimes
into(B), but it can be distinguishedfrom the bismuthbyitsdit.
fereatappeataaceand thefact that the glass must be brought
almostto melting in orderto volatilizeit. When the processis
ended,the pig is liftedfrom the bath at once, tetting the sut.
phurbuta off,andallowedto cool with the HCt still passing.
The tube is thendisconnectedand the thistle tube washedout
withdiluteHCI. The pig is invertedand acidruu into theexit
tubeto washoutany bismuth!eftin that.

The leadchlorideis dissolvedout of the pig with hot con.
centratedHCIinto a platinumdish, evaporatedto dryness,dried
at no" and weighed.

The tin andbismuthchloridesarenentralizedwith NH OH,
precipitatedwithan excessof

(NH~),S(nofreesulphur),digested
severattimeswith moresulphide,and the bismuth filteredoff.
The bismuth is dissolvedin

HNO the excessof HNO evapo-
ratedoff,and then precipitatedhot ascarbonate.The precipitate
shouldbe granular,and in all casesthe filtrateis to be warmed
with (NH~S. If the amountofsulphideso obtained is small,
it maybeashedwith the paper,the carbonof whichis sunicient
toreduceit. Otherwise,it mustbedissolvedandre-preeipitated.
The carbonate is removedas contptetelyas possiblefromthe
paper,the paperbumedinstripsoverthe crucibleandthereduced
bismuth dissolved in

HNO~ignited stightly, the carbonate
added,and the wholebroughtto constantweight.

The tin is precipitatedbyHCI,decantedseveraltimesonthe
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filter (if in large quantity,on two or three papers),washedfree

of chlorideswith water to which ammoniumacetate basbeen

added,and dried. Thé sulphideis separatedas completelyas

poœiMefrom the papers,these ashed, and ignited. Then the

remainderof the sulphideis added,and the ignition began very ]

gently. A two or tbreecentimeterflamesix centimetersfrom

the crucibleis bestat starting.

This methodis quiteaccurate,allowinga summationeasily
to o.ypercenton the total analysisand from0.3 to 0.5 percent
on séries. Thus wefoundthe following

So Pb Bi

Taken t8.oopct 70.00pet t:.oopct loo.oopct
Pouod t7.73pct 70.00pet n.Stpct 99.61pet
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Outoftwentyanalysesby thismethod,thelowestwas99.24
percentaadthehighestïoo.s8 percent,withaaaverageof99.83
percent.

Asatisfactoryanalysisbeing obtained,1 then studiedthé
solidphasecrystallizingonton coolingdifferentcoaceattatioos
of the tentatyalloys. Thé figuresaregivenMthefollowing
tables,

TABMtV.

Potat Pbpct. Snpct Btpct Total

A 21.67 67.ï6 to.5o 99.33B 36.21 46.97 t6.8! 99.99C !o.oo 70.00 2o.oo Takea
D ts.M M.z~ –– ––
.Ë 10.16 yï.88 ty.64 99.68F !8.5t 50.05 –– <–
G s.!ï 12.84 82.55 too.50H n.:4 25.90 62.55 99.691 5. ï3.33 80.78 99.24
J –– 28.74 6o.2t ––
K t6.90 n.27 7!-89 ïoo.o6
L 24.75 t8.74 56.17 99.66M 70.6! 5.55 23.49 99.65N 60.41 –– 3o'S5 ––
0 65.23 t5.76 !9.5S 100.58P 55.~2 20.85 23.52 99.79
Q 7'07 '6.43 –– ––
R 65.09 t9.95 '4.7° 99-74S 60.27 ï5.44 –– ––
T 49-ï~ 20.04 30'?' 99.87
In Table5arethe results of the analysesby whichthe points

in the triangular diagram (Fig. y) were determined. Aswill
be seen,the solidphase in the leadand bisthuthfields,PbE~OE~
and BiE"OE respectively,is not of constant composition,i. e.,
is a solidsolutionofabout 5 percent content, while in the tin
fieldthe solid phase is pure tin. In several instances it has
beennecessaryto determine the third componentby difference,
since the amount of mother-liquor which can be removedis

usually too small to admit duplicate analyses. However,the
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possibleerror thus introducedis not thought to be sefio~s. In

pipettingoff s&mples,unlessthe tube is well warmed and of

narrowbore,liquationwilloccur and successivesamples from

the samerod will not agreein composition. Thé tubes were

placed in a horizontalposition during the solidifying of the

sample.

Calculatingthèsechangesof concentrationinto the ratio of

the changesof the two to the third as indicatedby Mr.Browne.

Bi/Pb Sn/Pb

1

~M &8n BitnSn

A 0.0484 3·099 0.003 1.803 0.063petB °-

C 2.0 7.00 0.007 3.437 -o.u8 pctD 3-~7 -o."8pct

§ !:g
I:S

if 1.69898 2.582

ABiand àSn meanthé change in concentrationof the Bi

or Sn a négativevaluein the last column means that it was

the leadwhich cameout with the tin.

In the bismuthfieldwefind

Pb/Sn Bi~o APb ~N PbtMBt

G o.3983 6.q34 .a.o357 4.ozg -o.8g pctH ~S 4.0.9 -0.89 pet

} ~S~ °'°°~ 0058 petj 6.064 a.ogg

!:S ~& 4.n 4.55~I, r.3ac a.a6g3

In the lead field,again referring concentrationsto tin as

unity:
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Bi/8n pb/Stt ~Bi ~Pb BHnPb

M 4.~M ) ~.<~o
or°a S.Btt ta.o8pctN t2.723 6.~9 o-7<~ 5.8ti ï2.o8pct

0 t.:<).: t.tzS
o.t: r. 8t .6P 4.39 2.658 °- ~4~i 7.69pet

Q 0.7608
o.?.;68 t.o6 a.z6 petR 4.~5 3.:62 °-~ ~<'pct

S t.57< t.5-;a
T

3.992 2.4~

o°4o t.54t :.59pct

TH Palr~amiw. Lia.Ia_ a.L_ l.11 v nln reviewing these results, the following points become
évident:

i. That tin crystallixespure fromits alloy with leadorbis-
muth.

a. That bismuth crystallizeswith up to fourpercentof lead
assolid solution.

3. That leaderystaHizeswith about fivepercentof bismuth
as solid solution. There are no compoundsbetween Pb, Bi
and Sn.

Having thus establishedthe existence of the tead.bisnmth
solidsolutions,it becamedesirable to demonstratetheir exist.

ence in someother way. Accordingly,I undertook the micro-
scopicexamination. As it isextremelydifficultto get polished
preparationsofalloys rich in lead, the observationswere con.
finedto the bismuthfield. Abinary alloyof lead and bismuth,
containingfourpercent of lead was firstexaminëd. On freez.
ing, thesealloysexpandandforceout little buttons frômthe yet
liquidcenterof the mass. If, therefore, the coolingbe slow,
giving the largebismuth crystalstime to sett!e and the eutectie
to collectin the center of theblock, this eutecticwill be forced
out in thebutton and a microscopicexaminationof a sectionof
the blockand through this buttonshoulddiscover the eutectic,
if this isprésent. There was,however,no trace of the eutectie.
The specimenwasboth-polishedand etched,and sinceleadpre-
cipitatesbismuthfrotn its solutions,weshould easilybe able to
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&ndthe dàrk eutectic between the crystalsif it were present.
The buttons eonsisted,apparentty,of one large distorted bis.
muth crystatcontinuouswitha similarone in the center of the
blockand the crystallizationof the blockwas exactly !ike that
of pure bismuth.

A ten percentalloy similarly treated gave i very marked

eutectic,so that ourmieroscopicevidenceis in accordwith that
of our anatyses. Matthiessenfounda minimumin the conduc-

tivity of the leadbismuthalloyat a percentlead,which,.making
allowancefor the possibleirregular compositionof his wires,
coincideswith the appearanceof the eutectic. This fact maybe

ontya coïncidence,however. He founda similar minimumat ¿
0.6 percent tin in the tin-bismuth combination. Since it
is impMsibteto determinethe existenceof solidsolutionsof this

magnitude by meansof analysis, we examined a 0.4 percent
aUoymicroscopieaîly.Great care must be taken to get these

alloyshomogeneousonmelting. OnpoHshtngthé specimenand

etching by electrolysisin ammoniumsulphide solution, the
blackedbismuthappearedsurroundingthe tin crystals, and /M

greater amountin the centerof the block, thus showingthat we
do not havea solid solution in this case. An alloy of 2 per-
cent tin in bismuthgave an easilyseeneutectic. An alioyof a

percentlead in tin gives a clearly defined segregationof thé
eutecticin the centerof the block. M. Charpy in examining
an alloyof aboutthe compositionPb 20percent, Sn 5 percent,
Bi 70 percent,etehedwith hydrochloricacid,notesthat wehave
the large plates of bismuth surrounded by a broken mass of
leadandbismuthcrystalssideby side,and beyondthèse the gray
eutecticof lead,tin,and bismuth. He notes that-thé lead crys-
tals aredark,due to the depositof lead chloride. M. Charpy
may hâveoverlookedthe fact that both lead and tin precipitate
bismuthfromits solutions,even the chlorides, and during elec-

trolysiswithquitestrongcurrents, so that it is quite possible
that his gray massesare lead crystals,but concealedunder a

coatingofbismuth.

In reviewingthe workofotherson thesealtoyswe find thé
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analyticaldata in agreement with the data obtainedby other
methods.

That tin cfystaïïMespure is shownby the densitydetermi.
nations,by the freezing*poiatcurves, by the inductionbalance,
by microscopeexamination, and by analysis. That lead and
bismuthformsolid solutionsis shownby thé densitydetermina-
tions, and microscopie examination, as well as by analysis.
Kurnakow~isof the opinion that tin and bismuth form solid
solutionbecausethe lowering of the freezing-pointforbismuth
in tin is abnormal and because microscopieevidenceshows

secondarycrystals of tin. As to the first,it is true that bis.
muth dissolvedin tin givesa lowering of the fteeziog.poiatof
2.4insteadof 3 required bytheory. But using bismuth as sol-
vent, the loweringis 2.03 insteadof 2.07requiredbytheory,this
latter differencebeing quite within the limits of experimental
error. Unfortunatety, lead digsotved in bismuth gives 2.1,
althoughit is known to formsolid solutionswith bismuth and
using lead as solvent,bismuth givesa lowering3.02 instead of
6.4 theoty,while tin in lead yields 1.6,thoughtin doesnot form
a solid solutionwith lead and lead in tin is only a.y6 instead
of 3.

Cady36basshown that the fotmn!afor the loweringof the

freezing.pointapplies onlywhen the heat ofdilutionis zero,and
that the abnofmal lowering of the vapor pressureof mercury
whensodium,calcium, barium, etc., are dissolvedin it, is dueto
this factor. WhiÏe the lowering of the vapor pressure indi-
cates an atomic weight of 15-21 for sodium,ïo for calcium
and 75 forbarium, the atomic weightsbecome,if wewillmake
the correctionfor the heat of dilution, normal. Further, if the
dilution is accompaniedby an absorptionof heat, the atomic
weightcalculatedfrom the fall ofvapor pressurewillbe too high
andvice-versa. The solutionof molten tin inmoltenleadis ac-
companiedbyan absorptionof heat (Mazzotto)"andtin dissolved
in leadgivesa vatue for themolecularloweringofone-fourththe
normal,i. e., the molecularweight is Sn~. Whateverthe cause
of this abnormaldepression,be it polymerizationor the heat of
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dilution,oneis not justifiedin deducing the existence of solid

solutionsfromthe abnormalloweringof the freezing.point.
Thé irregular expansionof the alloy PbSn observedby

Vicentiniand Omondeiis due to thefactthat theywere working
with the partiallymoltenalloy, sincethe melting-pointof PbSn
is at about245, the point where thebreak in the rate of expan"
sionoccurredbeing theteforethe pointwhere thé lastof the lead
melted.

Promthepreceding,theadvantagesofthe analyticalmethod
ofattack becomesevident. Somecare, must, ofcourse,be exer.
cisedin applyingit. Jt is absolutelynecessaryto prevent any
alterationin the compositionof themelt by oxidation or vola.

tilization. This is especiallytrue in the case of high melting
alloys. Forexample,in the caseof the bronzes,workonwhieh
is nowunderway,if oneuses lead as the third component,the
resultsmaybe completelyreversedunlessgreat care be takento

preventoxidation. This sourceoferror can be diminished by
pipettingoffthe samplesat short intervals,although this neces-.

sitates very great accuracy in the analysis. But appliedwith

care,the methodgivesus our absolute proofof thé existenceof

compoundsor solidsolutionscrystallizingfromthe moltenalloy,
and,as in the casestudied,it demonstratesthe existenceof such

phaseswherethe microscopicand other methodsgive only in.

dications,ot fail completely. Thé methoddoesnot apply tothe
caseofcompoundsor solidsolutionsinstable in the presenceof
the melt

PARTI!.

Molecutarreanaagementsbelowthe eutectictemperature

It is interesting to notice for how many yearspromising
observationsmay be overlooked. As early as 1827 Erman~
observedboth the abnormalexpansionof the ternary alloyand
its recalescence.This peculiar propertywas recorded and let
lie. In 1876Spring" repeatedErman'swork indetail,connnned
his results,and still no oneseemsto hâve taken up the problem.

At first sight the case is verysimple. On coolingdown
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r_from the melt, wehave an expansionwithan evolutionof heat
and on reheatinga contiactionoccurs, -apparentlya simple re.
versiblephenomenon. However,a study of the paMished data
showsthat the recalescenceoccursat differenttemperatures,de-
pendingon the compositionof thealloy. ThusforRose'salloy,
Bi 48.9, Sn 23.5,Pb 27.5,the recalescenceis at 57° (Person);
Spring placesit at 54" and withcarefullycorrectedthermome.
ter and under the same conditions1have hadit rise as high as
59° aud fat! as !owas 53". SpringHnds54"ford'Arcet's atbyBi 49.27,Sn aï.a, Pb 27.5 percent, but whi!e the Rose alloy
held his calorimeterat 54°-54-75°for ~e minutes, d'Arcet's
alloyheld it at 54" only twominutes,whiteLipowitz'salloy re-
catescedat jt aud Wood'sgavebut a s!ighteffectat about29".
The contractionof the a!toyon reheatingtakesplaceat 48"-53"
for the RoseaUoyand a tnuch stnaMercontractionat 38"-4<° 3
for d'Arcet'salloy,white Lipowitz'salloybeginsto contract at ~1
25°, and Wood'sat 5°.

Ermaa foundthe contractionto beginat 43° and reach the
maximum at 68°, while he places the recalescenceat 57°.
There is, therefore, no definitetransition point either for the
contractionor expansion. Apparentty,it dependson the corn.
positionof the alloy. Hicrns""(he misquotesEnnan's temper. 1
atures whichwereon the Reaumur scale,giving the tempera. )
tures in Fahrenheit degrees and marking them Centigrade) e
states that the recalescenceis destroyedby threeor four reheat.
ings, but is reproducedby remelting thé alloy. He says that
the fracture of the alloy beforerecalescenceis ahuost vitreous
but crystallineafterwards. This can confirmonly in part. Its
fracture is finelycrystalliùebeforerecalescenceand coarsely so
afterwards. He notes that thé tensile strength is one ton per
square inch beforeand that the recalescencecan be prevented
by a pressureof four tonsper squareinch.

There remainsthe workonthe speci6cheat of this alloy.
(Thé alloysof LipowitzandWoodare introducedon!yfor corn. j
parisonand willnot be further treatedhere.)
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In both caseswe observea minimum value. Van Aubel*"
remarkson the differencebetweenSpîing'svaluesforLipowitz's
alloyand thoseofMazzotto.n Mazzottoreplies~that thé value
dependson whetheror not the alloy bas been reheated. The
followingtablesshow the eNectof reheating

It will beseen that the alloy whichbas beenheatedto n)dt.
ing possessesa very markeddifferencein specifieheat,also that
the alloyheatedto just belowmelting has this peculiarna-
ture, eventhough held just belowthe melting-pointfor fourteen
hours (Mazzotto).

Thé first atep in the solution of this problem raisesthe
question, Aiewedealing with a reversiblepheoometton?" Is

Spftng''basdeterminedtheseas follows

Temperature SpeciScheat

{

29.0" 0.0474

Rosealloy 3° 5. o~
68.2 o.os45

t. too.o" 0.088<

f :90" o.o62i
d'Afcet'a 4j..5~ 0.0528

) 56.5" 0.0650
L 'ot.3" 0.090;

m "a.,

Lipowitz'sattoy

Sp~ng MaïMtto!f*

fMt~tt~P~cheat
From me!t SpectSchM~

ReheatedSpeciCcheat
28.0' 0.0634 6o°-45° 0.0446 ––

500~ o.o554 45°-35" 0.0504 5o"-30<' 0.0359
90.5* o.o6as 3S"-3o" 0.069?)

30°-2s" 0.2408 3o°-2o" 0.0352

30°-250 0.2408

30°-200 0.0352
25°-20" 0.0869
20°-t5" 0.0476 M"-t5<

0.357!5 -io" 0.0384 t5°-to" 0.35!
'o"- 5" 0.0374 to"- 5" 0.0353

Tt–~t<t––––tL~t tt
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there any relationbetweenthe expansion,withrecalescence,and
the contractiononreheating? If this is a true inversion point,
the temperaturetnust be fixed. Take the caseof the Rose and
d'Arcet alloyswhichhave nearly thesamecomposition. Let us
assumethat a compoundorstableallotropieform changes over
at thé pointof recalescence. This beinga three-componentsys-
tem, we know, from the phaserule that when five phasesare
present we hâve an invariant system. Supposing there is
present a compoundBiPb, then we have present four solid
phases, Bi, Pb, Sn, BiPb, and vapor; the system is invariant
and the recalescencepoint mustbe thesameforboth alloys, since
the percentagesof the phasespresentmake no difference. But
the recalescencepoint variesanywherebetween80" and 20° for
the samealloy,as observedabove. Moreover,thé alloy when
melted, and, withoutbeing allowedto cooldown, he!d at 80"
over night, will cool downa~oM/ recalescence. That is, the
change tookplaceat 80° instead of sy". lu trying to obtain
thé density of the alloy before recalescence,the alloy was
melted,cooledto 70" and the weightdeterminedby the hydro-
static method. The density Srst obtainedwas 0.538and soon

droppedto 9.4:6, wheretheobservationsceased. Anotheralloy
gave 0.532at 70,falling to0.366,-andfinallyto 9.367 in aboutan
hour. That is,the recalescenceoccurredas easily at 70° as at
57°. Thé densityof the recatescedand reheated alloy used as
a check was9.243for nearlythe samecomposition. These den-
sities are referredto H,0 at 4" = i. In other words, the re-
calescenceis not a stable inversionpoint,and it is not reversible
since reheatingdoes not the recalescencenot the con-
traction. Weare deating,therefore,with a distinct, non.rever.
sible phenomenon.

The sourceof the contractionis easilydetermined. As we
have seen fromour analyticaldata, leadand bismuth formsolid

solutions,and this solidsolutionshowsa tendencyto crystallize
on standing. In nearlyall cases,thealloyshâve been cast, giv-
ing notime forequiiibnumto be reached We know, further,
that the solidsolution is forniedwithcontraction. If, therefore,



<M~ Tin and j9MW?</A 545

weheat an alloy containing lead and bismuth, crystallization
andcontraction will occur and the temperature at wMchthis
takesplacewill varywith the conditions. This offersanexp!a-
nationfor the fact that with Rose's alloy Springgets themaxi-
mum density at 55°, that Ënnaa finds it at 68°, and that
d'Arcet'salloy shouMshow it at 43~ Butdoesthiscontraction

actuaUyo<:curwithatead-bisntutha!!oy? Itdoes. TheMtow-

ing table gives the volume and temperature of a lead-bismuth

alloycontaining 33percent Bi (Rose's alloy6~percent):
_> .r- .J"

I. 3opercentBi H. 33percentBi ÏH. 33percentBt

Wï

32" = .00000 35" = .00000 75" = t.ooôt?
45" = .oo! 52 <to"= .00025 80" = t.00659
53° == .00/54 45" = .00070 85" = !.00420
56" = .00578 50" = .00135 85" = !.00403
6o" == .00303 55" = -oot8o 87" = J.00275
70" == .00547 6o° =c .00250
75" == .00648 64" == .00:86
8o" = .00661 7'" = .00360

75"== .00437
8o"== .00335

Thé volumesweredeterminedby Ërman's method. As is
seenfromthe tables,the tead.bismuth solid solutionundergoes
readjustmentat differenttemperatures dependingsomewhaton
its composition. Weare justified therefore in attributingthé
contractionof thèsealloys to the bisinuth-leadsolidsolutionand
cansee whyit is not a reversible phenomenon. BothEnnan

and Spring workedwith rising temperature and Springcarried
the temperature past the melting-point of the alloy. Conse-

quentlythey always obtained this readjustment on reheating.
To seeif this adjustmentwas permanent, a specimenof theRose

alloywasexamined. If wetake the volumeof the freshlycast

alloyas unity, after heating at 70° for twelvehours,the volume
became0.99808and did not show any reversechangeon stand-

ing for a week at room temperature. Thé changewas,appar-
ently,permanent.

E. Wiedemann~studied this alloyby meansof a largedila.
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tometer and arrivedat resu!tsquite differentfrom others. He
findsa contractionon freezing,requiringthree or four hoursfor

completion,then on furthercoo!ing,an expansionbeganat 50°
and in somecasesat 70°. This expansionwas completeonly <
after 24-36 hours. On reheatinghe obtaineda contractionbe-

ginning at 70" which lasted for days (compare with Matthies- )
sen's conductivityof Ïead*bismutha~oys.) He obtainedthe ex-

pansion and presumably the recalescencewhether heating to
fusion or to 85°. Rapidheatingto 88" caused the oi! to rise

higher in the dilatometertube thanwhenslowlyheated,and on

holding the temperatureconstantat 88° a contraction quickly
took placeuntil the oti columnindicatedthe samepositionthat
it attained by slowheating. Sudden cooling to 20° produced
the inversephenomenon.

From these data Wiedemannconcludesthat the 1 Rose

alloy exists in twomodincations,a and of which« is the one
stable at lower températures,aad~3at higher(above88°). Thèse
two modificationschangeslowly,the oneinto the other,and that
is why we get thé recalescenceat temperaturesbetween80° and
20°. On reheating,the reversechange(the contraction)begins
at about 70° (Ermannfoundit to beginat 43°, Spring at 48°)
and beforethe alloymelts,the changeof a into ~3takes place.
Regardless of observeddata, his conclusionsmust be wrong.
One will admit that, if ~9ought to changeinto a at 88° oncool.

ing down, thé changemighteasilyoccurbelowthat point as at

57°. But onecan not admit that ~3,which is instable below

88°, will begin to be formedbelowthat temperatureon re-

heating. Ofcourse,a might continueto exist above 88° just
as doesbelowit. This wouldbe quite in keeping with the
transformation of gray tin into the crystalline form, Cohen"

having shown that the twowillexist togetherevenat 100°, the

change being veryslow. Butonewouldhesitatebeforesaying
that the gray tin beganto formfromthe crystallineabove20°.
There are a fewcriticismsof Wiedemann'smethod which may
account for the disagreementbetweenhis resutts and others.
In the first place,he gives noneofhis data. It is easitypossible
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~natm~K~e f~f t~m at~fM~Mo MMM*~~~t ~o ~s~t t.-that the readjustmentsof the appatatuswerenotas rapid as he

thought. The metatwas enctosed(melted)in a glass tube and
this placedin the dilatometer,the wholethen sealed. Myown
observationshave shown, as was expected,that the glass of a
targedilatometer(50 ce) continuesto change for a long time.
When he heated the alloy rapidly,the metal andoil may well
have reached equilibrium before the glass did and thé quite
rapid contractionback to the normal value when the temper.
ature was held at 88° would then be accountedfor by the
gradua!expansionof the gtassand the cootingof the oi!column
forcedsuddenlyinto the capillary tube. Thermometersoften
act in thisway. On cooling,the metalcontractedmorerapidty
than the glass envelopeand thevolumeregisteredtoolow. Such
an exptanationwill accotint forhis unique results. Then, too,
the capi!!arytube was 1.5meters long and not caHbrated. Its
bore is notgivenand this leavesus in the dark as to just what
his figuresmean. The thermometerwithwhichhedid the suc-
ceedingpieceof researchon melting-pointsof a tin-lead alloy
registered3° too low. (Thus it read the freezing.pointof tin
at 227".) The effectof the tightly fittingglassenvelopeon the
expansionof the metat is anotberevidentsourceoferror and, as
he saidat thé start, the readingswerequalitative.

KoppNhas examined the Rose alloy but admits that the
alloy containedair cavities and evolvedbubbles. He gives its
densityas 8.9. It is nearer 9.3,andconsequentlyhis workis not
satisfactory. Webe~ examinedthe conductivityof thesealloys
at differenttemperatures. The liquid alloy bas a very slight
temperaturecoefficient,thatof Rosé =0.0007 and I<ipowitz=~
0.005. But on freezing,thé resistance dropsrapidly and then
decreasesregularlyto the recatescencepointwhereitdropsagain.
It then becomesregular. On reheating,the resistanceincreases
regularly up to the melting-point. In accordancewith the ob.
servationthat the freezing-pointis three degreeslower than the
melting-point,the resistancecurve showsthe break at 96° on
meltingand 03° on freezing.

Asfurtherevidencethat the lead-bismuthalloychangeson
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being heated and that the change is irreversible,we have
Matthiessen's temperature conductivity data which show a

steadyinereasein eonductivitywhenthe alloysareheldat about

90° for Mvera!days,and they donot regaintheir original con.

ductivity on coo!ingdown.
Lead'tinattoysalsoshowa similar increaseofconductivity

and in this caseit approachesrapidlythe theoteticalconductivity
of thealloys. This seemsto begoodévidenceofcrystaHization.

Calvertand Johnaon~finda similareffectofcrystat!izat!on
on the conductingpowerof lead-tinalloys for heat and the
variationbetweenthe theoreticalconductingpowerforheatand
the found value is lessthan the differencebetween.a east and

crystallizedmetal. Their data again confim our conclusions,
that leadand tin formnocompounds.

Since thé contractionis due to the lead and bismuth, and
sinee tin crystallizespurefrom both, recalescencemust be due
to the tin. It basbeenshownabovethat this changeis irrever-
sible and takes placewitha decreaseof density.

That this is not due to the crystallizationof liquid tin
which had hardenedas an amorphoussolid, is shown by the
facts that:

ï. Th alloy is crystallinebeforerecalescence.

2. Crystalsof Pb, Biand Sn added at freezingdo not de-

stroy the recalescence.

3. Recalescenceoccurswhethercootedslowlyor rapidly.
4. The alloy hasa definitemelting-point.
However,there are manyother propertieswhieh lead one

to suspect that weare heredealingwith an allotropie form of

tin, instable.at any temperature,the casebeinganalogousto that

ofNa~SO.yH~O,whichbasnoinversiontemperature,but changes
over at any time, dependingon the conditions. Nor need it be

necessarythat one obtainthis formof tinfrom thé pure metal,

any more than that oneobtainthe red séléniumfrom the melt.

Such an hypothesiswill accountfor the variabletransition

point andthe crystallinestructureofthealloybeforerecalescence.

It will alsoexptain the heat changebelowthe eutecticobserved



Alloysof Lead, and ~MM/A ~9

by Mazxottofor alloysof tin witheither bismuth,lead, or zinc,
white lie got no such change with bismuth leadalloys. We
know ~so that thé heat of fusion of lead-tinalloys is not that
catcutatedfromthe beat of fusionof leadand tin. Spring and
Mazzottofind thé heatof fusionto be abnormalin thé case of
the alloysof tin with Zn and Bi. Wehave also another pecu.
liarity which neednot be due to an allotropie formof tin, but
which falls prompt!yin line if weassumeits existence,namely,
the differencebetween the freexing.pointand melting-pointof
the temary eutectic,the freexing-pointof whichis93.7"and the
metting.point96". A possibleanalogybetweentin and carbon
and siliconwill help us, since weknow that both carbon and
silicon,whichstandabove tin ia the periodic table, crystallize
from metals in different allotropie forms. Sincebismuth ex.
pands on freezing,the tin is underenormouspressurewhitecrys.
tallizing,and this favorsthe formationof the denser form and
this is in accordwith.Hiotns'sobservationthat pressureprevents
therecaiescence. It fnrtheraccountsforthe secondarycrystals
of tin observedby Kurnakow,in tin-bismuthalloys,since, if as
Hiorns states,the recalescenceisnot completedat the firstcool.
ing downof the alloy,the densercrystalsmightstill be present
on microscopicexamination.

Spring" bas studied the heat contentof the lead-tin alloys
between1000and 2600and findsin everycasetbat it is greater
than the calculatedvalue. The valuehe obtainsconsistsof thé
heat contained in the alloy becauseof its temperatureplus thé
heat of fusion. Person<'states that the heat of fusion is not
constant for different temperaturesso that the source of the
"extra" heat may be this. On the other hand, if tin crystal-
lizes as an allotropie form from lead alloys, it is then quite
probable that the heat content would not be thesa<neas the
value calculatedfromthe ordiuaryformof tin. That his varia-
tions whichamount to as muchas fivehundredcatories(though
irregutaras comparedto percentagecomposition)are not due to
experimentalerror is shownby his determinationsfor thé nuid
alloyswherethé valuesdifferby not over one percent. In two
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casesthe variationis greater, but neitber of these alloys was
aboveits meÏting-point,hence the disagreement. Springcalcu-
latesthe heat contenton the assumptionthat insteadof pure tin
he bas the compoundPbSa~ M Pb~Sn présent, and 6nds that
neitherof thesewillaccount for thé facts. He then concludes
that wemust havepolymerizationin the caseof pure tin or pure
lead,and that on mixing them the larger moleculeis brokenop.
Onthe other hand,.if thé abnormal lowering of the freezing.
point is not due to the heat of dilution, then tin dissolved in
leadmay be polymenxedto the tnotecu!eSa Suchan hypoth.
esisdoesnot in any way conflict with tbat of tin crystaUizing
fromits solutionsin lead in an a!!otropicform. As a result of
thèsedata we areforcedto concînde that tin crystallizesfrom
thesealloys in a denser,at!otropicform, and have thoughtit de-
sirableto calculatethe possibledensityof this formof tin.

An alloy of thefollowingcompositionwas prepared

Sn ay.7: pet
Pb 23.06pet
Bi 49.22pet.

and its densitywasfoundto be 9.36 at 21.46°. The density of
the lead-bismuthsolidsotution shouMbe 10.51, the percent of
lead in the bismuthbeing 31.9 percent. If one considers the
leadbismuth asone component and the tin as the other, the

specificvolumeof the tin witt be given by the expression

~_A+B-DAV.
DB

whereA and Vare the percent and specificvolumeof the lead-
bismuthportion, D the density of the ternary alloy,A = 72.28,
B = 27.72. The calculateddensity for the tin in this alloy is
D= 7.28. That is, tin bas its normal density and the denser

allotropicfonn basbysimilar calculationa densityof 7.98. This
ts assumingthat the temary alloy bas a density about three-
tenths higher beforerecatescing. We hâve also assumed that
thé lead-bismuthalloyin the presenceof tin bas the same den.

sity that it bas alone,and this is perhaps untrue, since it is
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quite probablethat it wouldbemorenearlythe theoreticalvalue
for a mixture of pure leadand bismuth. That is, the density
wouldbe less than ïo. If it were10.4the density of tin after
recalescencewouldbe 7.4. But it wouldnotaffect the relative
densitiesof thé two formsof tin. A similar calculation for the

densityof tin, based upon Spring's figures,gives a densityof
tin in the Rosealloy to be 7. so that the form of tin in the
recalescedalloyseemstobe of the ordinary fonn, and the in-
stableallotropieform musthavea densityof about 8.

It was thought that the additionof tin to the alloy just as it
frozewoulddestroythe recalescence. H did not do so, though
the rate of coolingfrom the freezing-pointwas slower, indica-

ting slow transformation and also the recalescenee was less
marked. Neither lead nor bismuth affectedthe recalescence.
That the tin doesnot instantly destroy the instable fonn does
not conflict with the fact that such a form exists, since,as is
well known, gray tin willexist in contactwith the crystalline,
for a long thne, evenat 100°.

The practicalimportanceof this allotropieform of tin is at
onceapparent since the tin crystallizesfromthe melt in a denser
form,and this form tendstochangeover,oncoolingdown. Thé
strain which willbe producedon a casting by this expansion
after freezing must materiallyaltér its strength. The unex-

plainedweaknessof certainbrasscastingsmay find an exp!ana-
tion in this behaviorof tin, and it is of great importance that
the exact conditionsfor the formationand transformationof the

allotropieformsof tin be thoroughlyinvestigated.
Thé case just studied is a striking example of thé import-

anceof the phaserule asa guidein thé studyof alloys.
As a finalsnmmingup –

i. From alloyscontaining lead, bismuth and tin, the tin

crystallizespure, but oftenin an instabledenser form.
2. Lead and bismuthform two seriesof solid solutions,in

eachcase with contraction. Whenthe fusedalloys are cooled

fairly rapidly, the saturationconcentrationsare not reached.
In conclusion,1desireto thank ProfessorBancroft, under
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whosedirection this work bas been carried out, for his very
patient eriticismandencouragement. 1wishalsoto thank Dr.
Carvethfor muchkindlyassistance,Dr. Chamotfor similaraid
in the microscopieinvestigations,and Mr. A. R. Middletonfor
valuablesuggestionson the analyticalproblemsinvolved.
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INFLUENCE OP THE SOLVENT IN ELECTROL~TIC
CONDUCTION

°

BYHARRISONBASTMANPATTBN

INTRODUCTION

The theory of electrolytic dissociationof Arrheaius'bas

suggestedandguided much of the research in chemistrysince

1887 but it bas also diverted attention from thestudyof the
electricalconductivityof non-aqueoussolutions andof concen-
tratedaqueoussolutions. On the basis of this theory Nernst
andThomsonhaveattempted to show that the dielectriccon-
stantof thé solvent determines its so-calledelectrolyticdisso-

ciatingpower. Briihl attributes "dissoctatiagpower to spare
valencesof the sotvent. Dutoit and Aston claim that electro-

lyticconductiontakes place in solutionswhosesolventsare as-
sociated. Beyondtbis no part in the processof electrolyticcon.
ductionbasbeenassignedto the solventbytbe supportersof the

theoryofArrheniusand by writersofcurrent text-booksholding
this hypothesis. Nevertheless a mass of experimentaldata
exists in the literature indicating that chemicalactionbetween
solventandsoluteundoubtedlytakes placein thé productionof
solutions.

In 180~D. Konowalow'publisheda researchin which he
maintainedthat chemicalunion of solvent and solute was the

determiningfactor in electrolyticconduction. Sincethat time,
DutoitandMderich~KahlenbergandLincoln/,Eu!er,!Walden,"

Zeit.phys.Chem.t, ~St(t88y).
W!td.AMt.49,733('893).

Bull.Soc.Ch!tn.(3)ie,3!! (tS~).
'Jow.Phys.Chem. M(tS~); atMTMt)B.Wis.Acad.Scteacea,Arts

a.Letters,ta.395;andJow.Phys.Chem.3,457('8~).
Zeit.phys.Chem.aa.6t9(t8<)9).
Zeit.Morg.Chem.as.~'31900.
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Werner,' Franktin and Kraus,* Kah!enberg,' Wa!den/ and

Smits,' workingttponvarionssolutions by the electricalcon-

ductivity tnethod,and in somecasesusing cryoscopicand ebul-

lioscopic methodsas a check, have establislled facts which

render the theoryof electrolyticdissociationuntenable. More

recentlyL. Kah!enberg~bas shown that iastautaneoMsprecipi.
tation takes placeas wellin solutionswhiehare non-conductors

ofe!eetticityasinthebeste!ectTolytes. In anotherpaper Pro-.
fessorKahtenberg'takesthe position that mutual attractionbe-

tween the solventand solute is the essence of the so-called

osmotic pressure and is the cause of the processof solution.

Thé influenceof the solventon the change in concentrationat

the electrodesin anelectrolyticcell is clearlyshownin thework

of H. Schhmdt.* Moreover,A. Ponsot?has provedthat van't

Hoff'srelationPV==iRT isona weakbasis,theoreticallyaswell

as experimentally,and G. Quincke'"has calledinto questionthe

efficiencyof the selnipermeablemembranesusedby Pfeffer"and

others in determiningthé osmoticpressureof solutions. Nemst,
Garrardand Oppcrtnann'*findthat diffusionisacomplexprocess
in which the solventtakesa part; and J. W. Bruhl'~has shown

that thé solvent influencesthe change of isomers in solution.

Lastly HansWoM'<hasstudiedthé influenceof severalneutral

solventsuponthe conductivityof a fewaqueouse!ectro!ytes,but

withoutaccomplishingany marked advance.

ZeM.anorg.Chem.tS.t (1897).
BxM.Soc.Chim.(3)19,334(tS~S).
Bnt).Univ.Wis.No.47(SetenceSéries),Vot.2.No,$,397(t~ot).
Bt))).de L' Acad.Imp.deaScienceede St. PeterabourgV*series,

TomeXV,No.t.(t90t).
Zeit.phys.Chem.39,385(toot).
Joxr.Phys.Chem.6,t (t90ï).

Ibid.
Jour.Phys.Chem.Merch(t90<).
Comptesrendus,434(<894-9S).

"Wied.Ann.3,63t(!909).
OsmotischeUntersuchungen,8,(Leipzig,tS~).
GesaeM.Wiss.Gottingen,Nachr..Math-Phyt.KtaMe,t, M(t90o).
Ztit.phys.Chem.30,t (t8oo).

"Zett.Ntektrcchemie,8,tty(!9oa) Zeit.phyB.Chent.40,M~).
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The main purpose of this investigationis to estabilsh fur-
ther facts conceming the influenceof the solvent upon the

processofconduction in electrolytes,which may be of use in

framinga moreadequate theoryof solutionand of electrolytic
conduction.

MettodandaMMatas

The problem was attacked experimentallyin. two ways
(i) It wasdeterminedwbat relationexistsbetweenthe amounts
ofvanoossolvents required to alter the specifieelectrical con-

ductivityofa given solution-liquid in liquidorsolidin liquid-
to a stateddegtee. (2) It wasdeterminedhowthe specificelec- j
trical conductivity of solutions of two homogeneousliquids, «
whichare miscibleio all proportionsand are known to form

compoundsaccording to the law of definiteproportioas, varies
with their percentagecomposition.

Thé Koh!rauschmethodwasused for measuring the etec-
trical condactivity,' an Arrhenius cell with a tightly fitting
coverbeingemployed. Thé temperatureof thé cell was kept
at 25° Cto within one-tenth of a degreeby an Ostwald ther-
mostat.

ïn preparing thé solutionsthe cell was weighed, approxi-
mately to the fourth place, absolutelyto the third place, a

quantityof liquid sufficientto coverthe electrodes wasthen in-
troducedand the cell again weighed. After making the con-

ductivity tneasuremeats, a small portion of the second liquid
wasrunin froma burette anda third weighingofthecellmade.
The liquidswerewell mixedby movingthe electrodesup and

down,andafter the temperaturehad beenadjusted the conduc-

tivity wasmeasured. Byrepeatingthis processthe spécifiecon-

ductivityof solutions varyingfrom rather dilute to exceedingly
concentratedwasdetermined

Ingeneral,molecularconductivitieswere not determined

(ï) becausethe conceptof molecularconductivityis basedonthe

assumptionthat the solute alone–or its parts, the "ions" of

SeeOatwatd'sHandu.Hitfebachf. phyaico~hemischeMeMoagen.
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Afrhenius–condMCtthe etectfic current through a sotution;
and as statedin the introduction,this assumptionis not war.

fanted bytheexperimentat tacts and (2) because in the one

case calculated(Pig. 10,curve ï, pyridineand acetic acid) the
molecularconductivitydoesnotapproacha maximumat infinite

dilution. Similarexceptionsto the theoryofelectrolyticdisso-

ciation are abundant in the literature, so it is deemed more

profitableto workalongthe Unesthat willbe presented.'

SourcesCÏerror

In orderto ascertainthe extent to which the conductivity
of an electrolytein an Arrheniuscell ischangedby varyingthe

depth of the liquid above the upper electrode,the following
measurementsweremadein both thecellsetnployedin this in-

vestigation,usingan aqueous~50 potassiumchloridesolution,
the conductivityofwhichwas0.00277reciprocalohms.

Cell No.i Cell No.s

H R A H R A

0.2
Y

6o 49.71 o..) 60 47.M
o.g 6o 49.70 3.0 6o 47-~5
't'5 6o 49.75 6.0 6o 47-~0
6.0 6o 49.65

In the above table H is the heightof the surfaceof the

liquid abovethe upperélectrode in centimeters R the résist-
ance of therhéostat and A the bridge readingcorresponding
to the A usedin Ostwald'stablesforWheatstone'sbridge.

The variationsof the bridge readings(columnsA)clearly
fall within the limits of experimentalerror. From the above
resultsthe "capacityfactor," K, forcellNo. i is 0.1693and for

cell No.2, o. i863.
As faras possiblethe settingsweremadenear the middle

of the bridgeso as to reducethe en-orsin the bridgereadingsto
a minimum.

The specifiegravitiesof the liquidsworkedwith area)t known, so any
one wishing to do so can easily calculate the approximate molecular con-

ductivity.
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The error due to variationin temperatuteisgréât. A ï 3.07
percent' solution of anilinein aceticacidshoweda specificcon-

ductivity of 3.107X 10-' at 24.9°,andof 3.12ï X ïo"! at 25.1"
-*a change of 0.22 percentper 0.1 degree. A 23.5 percent so-
lution of acetic acid in pyridinegavea spécifieconductivity of

7.250X io-< at 25.1°,andof 7.300X to-~at 25.2"–a variation
of0.69 percent for o.t degree. To control this error the ther.
mostat was delicately adjusted the thermometer,which was
near the cell, was closelywatched,and check readings on the

conductivitywere made.

The error due to bubblesof gascollectingon the electrodes
wasavoidedby movingthe electrodesabouttilt the bubbleswere

dislodged. In the solventsstudied,bubblesare not so prone to
fonn as m aqueous solutions. In the most viscous solutions
there is undoubtedlya smallerrorof this sort, since it is well

nigh impossibletoget the last bubbles off the electrodes with.
out allowing the solutionto stand fora considerabletime too

long,in fact, to be permissible. From the slight differencesin
the readings when thé electrodeswere still visibly coated with

bubbles,when only a few bubbles remained,and finally when,
after long standing, all the bubbleshad clearedaway,1consider
the neglectof this error perfectlyjustified.

Tbe pyridine used probablycontaineda trace of picolene.
Witb this exception the solventsemployedwerein a high state
of purity.

The solutionsstudiedcouldbe left ten hoursover a water-

bath in the cells used without a readablechange in the con-

ductivity,showingthat thé coversof the ceUsfitted securely.
But the curveswith a great numberof pointsneverthelessshow

a slight influence of the presenceof moisture,since it was

necessaryto continue the readingsthroughseveraldaysin order

to have thé curve contiauous. The necessaryaddition and ab.
straction of ma~eria!to get the diBerentpercentages renders

someexposure to the air unavoidable. 1 have assured <nyse!f

In thisresearchthepercentageatrengthofaotatioaalwaysmeanBthe
aumberofgramsofsolutecontainedintoogramsofthesolution.
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that the error thus incurredwasnot suNIcient,however,toneces-

sitategreater refinementof methodfor thé presentpurpose.
In a fewcasesthé conductivitydidnot at oncebecomecon-

stant on mixing the liquids becauseof a measurablespeedof

chemicalreaction between the substances. This will be dis.

cttssedfurther below.

Considerationof the foregoingsourcesof error showsthat

it is unnece<!saryto compute the specificconductivity to more

than threedigits. Accordinglythe calculationsweremadewith
a slide-rule,using Ostwald'stablesfor Wheatstone'sbridge.

Materiats

Twoliters of Kahlbaum'sC. P. aceticacidcontaining09.41
percentacid(by a potassiumhydrate test)wascooledtil! about
one-halfhadcrystallized. Thé liquid wasponredoff, the crys.
tals meltedand again frozen and the remaining liquid pôured
off. Thèselast crystalsweremeltedanddehydratedwitha little

phosphoruspentoxide. The acid waspouredofffromthe phos-

phorus pentoxide and distilled. The fraction amounting to

someyooce, which cameoverat n6°-n7° undera pressureof

738.7mm,wasused. Its melting-pointwas t6.5~ its specific

conductivitywas !essthan 2 X to'~ andits specifiegravitywas

1.0~63at 25° as comparedwith waterat the sametemperature.
The pyridine,quinoline,amylamine,isobutytatnine,aniline,

dimethylaniline,and xylidineused weredried in each caseover

fusedpotassiumhydrate forat least a week, and then aUowed

to standover freshly broken potassiumhydrate. If the sharp
cornersof the causticshowedsigns of roundingoff, the drying
of the liquidwas continueduntil no suchactionwasobservedon

freshlybroken piecesof the caustic. The pyridineboiledbe*

tweenn~ and 117°at 738.~mm pressure; the quinoline(syn-
theticaccordingto Skraup) at 232° under 7~6 tnm the amyl.
amineat 96° under 738 mm; thé isobutytamineat 67° 1069"
under745min the anilineat 117°under88mm the dimethyl.
anilineat 1230under 87 mm and thé xylidine at 214° under

744.~mm. The latter substancehad aspécifiegravityof 0.9747
at 25°ascomparedwith waterof thé sametemperature.



560 /M<w ~~wae Patten

Thé followingpreparationsused were of the best C. P.
varietiesofstandardmanufacturers–Kahlbaum,Schuchardt,or
Merck. A fewof the compoundswerepreparedin this labora.

tory. A!!the substanceswerethoroughlydriedwith dehydtat.
ing agents,phosphoruspentoxidebeingusedin caseof benzene,
tohteaeand xylene,and fusedcalciumchloride in all the other
casesexceptthe alcohols,whichweredried withlime, distilled,
and finallyredistilledafteraddingsomemetallie sodium. Thé
acetonewasdriedformoathxoveranhydrooscopper sulphate.
Thé boi)iag.po!atsof these liquids were as Mlows: benzene

79.4° to 79.5"at 746.9mm toluene108"to !io" at 744.$ mm
xy!ene134.4°to 135.5°at 743mm; cymene 167° to 169° at

740.2mm amylene40° at 734mm methylatcohot65°to 6~
at 7~9mm ethyl akoho! 77.60to 77.8°at 738.2mm acetone

55-5° 56" at 738.2mm methytacetate 540at 742.3mm
tnethylnitrate 64.4°at 730mm; isobutylnitrate 120° to 124°
at 728mm; chlorofonn60° at 747.9mm; carbontettachloride

75.2°to 75.7°at 740.4mm bromoform144"to ~46.2°at 740.6
mm; ethyl bromide37.4"to 41°at 732.4mm propyl bromide

69" to 71"at 740.1mm; amylbromiden8.s° to 119° at 742
mm ethylenebromide128.$''to 128.7°at 741.2mm butylène
bromide150°to ~2° at 74!.amm methyl iodide 41° to 43°
at 742.7mm ethyl iodide7!° ?71.1° at747mm amyliodide
t27° to t:8° at 740.3mm benzonitrite187"toï88°at 737.9mm
nitrobenzene205° to 205.5"at 743.8mm; tenzaldehyde173.4°
to 173.7°at 729.9mm amylsulphydrateït5° at 742.8 mm;
ethyl xanthogenate194°to 106°at 742.8mm. The naphtha.
leneusedwas resublimed;andthe distlUedwater employedwas

carefullypreparedin this laboratory.

Remtts

The first seriespresentstheexperimentalresults showing
howthe spécifieetectricatconductivityof a solution consisting
of 17percentpyridineand 83percentacetic acidis changed by
diluting the solutionwith varioussolvents. A mixture ofpyri.
dine in aceticacidwaschosenbecausesucha solutionwasfound
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to be misciblewith a relativelylargenumberof solvents. Thé
solutionwasmade to contain ty percent pyridine and 83 pet.
cent aceticacid becausethis particular strength was found to
have the highestspécifieconductivityof any mixture of these
twoliquids.

A solutioncontaining t9.303g pyridineto 93.654g acetic
acid wasmadeup, correspondingto !7.oy percentpyridine to

82.93percentaceticacid. The specifieconductivityof this ~so.
lution was8.70 X to'~ at 25".

A secondsolutioncontaining 18.4!g pyridine to 89.80~
g acetieacidwasmadeup, correspondingto ly percentpyridine
to 83 percentaceticacid. The specifieconductivityof this so-

lution at 25° was8.70X ïo-~ Thé bridgeteadiugwasexactly
thé sameas for the firstsolution.

A third solutioncontaining 17.425g pyridine to 85.083
g acetic acid was prepared correspondingto 16.998percent
pyridineto 83.002percentaceticacid. Thé pyridineused was
not the samesampleas in the first two solutions; neither was
thé aceticacid. ThepyndiuedistiUed at 115° to ny" under

745.3mm. The aceticacid cameoverat 117°under 739 mm.
Thé spécifieconductivityof this solution was 8.66x 10"~at

25'C.

The solutioncontaining17percent pyridineto 83 percent
aceticacidwas diluted with differentawounts of varionssol.

ventsand the specifieelectrical conductivityof each resulting
solutionwasmeasuredat 25°. The resultsthus obtainedare

given in Table I. whichfollows. The headingsof thé tableare

self-explanatory. Bachof thé puresolventsusedhad a specific
conductivityof less than 2 X 10- except water (4 X ïo*~).
metlsyl alcohol (5.2 X ïo-ï); acetone (8.22X 10'~); methyl
nitrate (4.52X 10*~);benzonitrile(9.40X ïo~); andbenzalde-

hyde (1.00X io'~).

To facilitatea comparisonofthe numerousresultsgiven in

Table I., theseare preseatedin graphiefonnin Figs. i to 5 fol-

lowingthé table.
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SpedSccottducttvityofsotuttoncontaining17percentpyridine
and83percentaceticacidondilutionwithvarioussolvettts.

(Percentsindicatenumberofgramsofdilutantin ioogramsof

resultingaohttMti. Speci6cconductivitiesaremultipliedby M*.)

Bemne ;). Totueoe 3. Xyteae
-1-11 f,~
Percent 8p. eond. P~ceat 8p. cond. Pwceat 8p. coud.Perœnt Sp.

cond.!

P.
1."

i

_d

o.oo 866.0 o.oo 866.0 il
-1

0.00 866.0
5.93 697.0 3.43 769.0 ti 5.79 685.0

t?.6o 368.0 !3.o6 479-0 "'S' 495-0
32.06 !oo.o 27.80 r4o.o 22.t2 297.0 [
3702 44.6 39.42 a6.7 35.5 52.3
45075 1 9.02 46.75 6.)$ 38.8 ï8.4

4!.4 '8.4

4. CymeM NapMMmte 6. Atoy~e

0.0 870.0 0.0 870.0 0.0 Syo.o [
t6.o 4'o.o 5.94 7'9.o 22.2 204.0
~90 t 93.5 ".60 58t.o 38.0 t!o
37.6 i 29.2

– –

– –

43.0 t2.2
–

– – –

7. Water 8. Methytat<Mhot '9- Ethytateobot

Il
r~

o.o 870.0
1f o.o 870.0 o.o 8yt.o

0.42 898.0 7.2 90t.o 23.8 8~.0
0.84 923.0 24.7 768.0 !i 34-8

r
246.0

'-25 955.0 52.0 392.0 § 46.! 9~.8
!.74 994.0 ( 68.6 224.0 70.8 36.0
2.t5 !020.0 – – – –
4.07 i ti5o.o – – –

5.99 '26o.o
Il

– –
i

– –

ro. Acetone u. Methylacétate M. Methylnitrate

0.0
~870.0 Il

0.0 866.o o.0 8ya.oo.o

~870.0
'I o.o 866.0

o.o 872.0
18.0

~¡S55'O
Il, 28.5

340.0 27.0 521.0
'8.0 h'SSS.o ~8.5 340.0 50.9 gït.o30.5 338.o 46.t 73.6 50.9 2:6.0
48.6 t36.o 62.7 15.6 62.3 ï38.o



&/WM/ ~f/f Cf~K~~ 563

ÏABU! I.-–(C<~M~)

tUMtutytttitmte !4.Ch!orofonn
'd~'

13.laobutylnitmte 14.Chlorofom chiodde

Percent) Sp.cond.
PeKent Sp. cond. Petrceet8p. cond.

-1-
o.o 872.0 o.o 870.0 0.0 870.0

2t.6 347.0 t7.6s 541.0 29.7 2$t.o
34.6 !49.o 28.60 337.0 49.4 31.0
5!.6 34.8 36.9 j 205.0 52.7 "8.4
– – 43.6 ,!23.o 55.8 9.75
– –

49.00 j 72.0 – –
– 53-6o 43.2

– –
– – 57'~ ~6.0 – –

– j
– 60.30 16.0 – –

j: __f

t6. Bromoform t7. Bthytbrooide 18.Pmpytbrom!de

li
0.0 870.0 0.0 870.0 0.0 87t.o

38.5 386.0 48.8 80.3 !8.tt 578.0
56.8 t44.o 53.0 54.3 39.6 t72.o
68.0 45.4 6t.s 19.7 52.0 56.9
73.4 t8.6 – – 60.5 !9.8

– – j
65.6 9.65

tç. Amytbtomide M.Ethylenebfomid<:t. Butylenebromide

0.0 87!.o 0.0 872.0
1

o.o 870.0
'4.37 489.0

l,

24.3 477.0 3~.8 '272.0
25.05 266.0 4'-6 230.0 47-9 90.0
36.60 t43'o 56.8 73-4 5~.o 6o.6

45-6o 44-'1 66.9 20.2 57-8 3'
50.ÏO 25.6 – 6t.3 t8.3
53.95 '5.2 i; ¡ – il

– –
MO

ta. Methytiodide i~ 13.Bthy!iodide
1

~4.Amyliodide

0.0 870.0 1 o.o 870.0 0.0 8yo.o
40.6 299.0 40-0 '57.0 ~3-6 3<o
54-6 !4t.o 63.0 28.9 4' 86.0

65.6 62.9 72.0 13.6 50-8 353
72.8 3'-55 – S8.3 M.o

72.8 31.5
58.3 20.0

80.4 '4.2 1: – – – –
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< BeoMottdte !<&.Nitrobenzene a?. BeoMMehyde

o.o 870.0 0.0 866.0

W

0.0 867.0
20.7 515.0 37.4 ~o8.o 6.7 66t.o
54.8 zSg.o 43.4 aay.o 24.2 426.o
39.9 2t6.o 55-8 i28.o ;~a 245.0
6t.$ tt~-o

1

– –
4~.4 tag.o

72.0 64.3

I

– – –

78.3g 4~~a – – – –

<8 AmytMtphydMte
28

Amyl811lphydmte

Il

29.
genate

untho-

o.0 866.o I genate y0.0o.o 866.0 o.o 870.0
9.S7 543.0 :9.5 '70.0

20.00 ass.o 43.8 47'o
43.3 i!o.2 49.9 26.o
– –

53.3 '4.7

Naphthalenedissolveswith somedifficulty in the solution
of pyridinein aceticacid. To facilitate solution The cell con-

taining the pyridine-aceticacidsolutionand thenaphthalenewas
set in a dishofhot wateruntil solutionwascomplete,then cooled
to 25° and the conductivitydeterminationmade. That this so-
lution wasnot supersatnratedwithin the limits investigatedwas
shown by the fact that no naphthalene crystallizedout when

crystalsof naphthalenewereadded. Additionofmorethan 11.6

percentofnaphthalenecausesa tnassof crystalsto separate out
on coolingthis solutionto 25°.

There is without questiona pronouncedreaction between
the methyl iodide and the pyridine-aceticacid solution. The

condnctivityis at firstloweredto the figuregiveninTable I., and
then on allowing the solution to stand the conductivity rises

rapidly. Aftereach successiveaddition of tnethyl iodide the

conductivitysinks againto the figuregiven in the table. When
these figuresare plotteda smoothcurve is obtained. On allow-

ing the solutionto stand,a crystalline substance separates out.
It is readilysoluble in water and gives a precipitateof silver
iodide withsilvernitrate. Doubtlessit is anadditionproductof
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Methy! iodideandpyridine. Thé conductivityof this solution

affordsgoodopportunityto study the speedof this reaction.

In the caseofethyl iodidea crystallinesubstanceseparated
out from the ya percent solution (Table I.). This body is

analogousto that obtaiued with thé methyliodide,and is prob-

ably pyridineethyl iodide. Thé réactionproceedsmuch slower

than in the caseof methyl iodide.

No solid separates out from the solutioncontaining 58.3

percentof amyl iodide. On standing for two hours, thé con-

ductivity had increased,showing that a slow reaction was in

progress.
1 r-r 1

In Pigs. i to 5, whichpresentgraphicallythé resultsinthe

foregoing table, thé ordinates represent specifie conductivity

multipliedby io', and thé abscissas,thé percentof dilutant (see

headingof Table I.). The curvesare numberedto correspond
with the numbersof the solventslistedin Table I. Curve i is

that of benzene,tolueneand xy!ene theirpointsare not exactly

coincident,but nearly so, hence but one curve was plotted.

SimUarly20 is the curve of ethytene bromide and of ethyl
bromide.

The generaltrend of the resultscanreadilybe seen by in-
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spectionof Pigs.i to 5. In order to present more clearly thé
relationsexistingbetweenthe resuttsin this seriesand the phy-sicalandchemicalpropertiesof the dilutants, Table II. waspré.
pared. In this tableunder the heading "DHutaat" ate given
the varionssolventsemp!oyed,–the order is the same as in

f–––)–––t–––<–––) 1 .–––.––––––––––

Table I. Thé next co!umn contains thé molecular weights
usuallyattributedto thesesolvents, and the third colunmtheir
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formulas. Their specifiegravities,dielectricconstants, specifie
conductivitiesand coefficientsofassociationfollowin the next

fourcolutnns. UaderG~,G~,G~aregiventheweightsingra!ns
ofeach solventwhichaddedto 100gramsof the solution(ofpyri-
dine ïy percent aceticacid 83percent)will producea lower.

ing of the specifieconductivity to 200X ïo* 400X 10"' and

600 X ïo* respectivety. The valuesgivenfor Gare takenfrom

the curves in Pigs. i to 5. UnderM~, M M~,are given the

fractionsof a gram-molecuteof a solvent required to effecta

loweringof the specifieconductivityto 200 X ïo' 400 X ïo*
600 X to' respectively. The M'swere obtained by dividing
the G's by the formulaweight of thé solvent in each case.

Under V~ V V~ aregiven the volumesin cubiccentimeters

of solventrequiredtolowerthespecificconductivityto200X10'

400 X ï0' 600 X ïo- respectivety they were obtained by

dividing the G's by the specificgravity in each case. The ab-

breviationsusedare P, for Pata: N, Negreano; D, Drude; L

& J, Landolt& Jahn T, 'rereschin Ro, Rosa Tw, Thwing¡

Sh, Schlundt R &S, Ramsayand Shields.

Table I~ showsthat no simple relationexists betweenthe

dielectricconstantof a solventand its power to lower thé con-

ductivity. Thé coefficientof associationsof the solvent, also

gives no indicationof its effecton the conductivity. That the

alterationof the conductivityis not due merely to dilution-

i. e., to a thinning out of the conductingparticles- is shownby
the differentvolumesofdilutants required to producethe same

effect. (ColumnsV~, V~ V~ Table II.). Substanceslike

methyl alcohol,ethyl alcohol, methyl nitrate, acetone,etc., re-

quire a largenumberofgram-motecutesto effect the same low.

ering as onegram-moleculeof cymene,forinstance. In gênera!,
such solventsare capable of yielding conducting solutions.'

Their behaviorwill be consideredin the generaldiscussion.

ColumnsM, M~ M~, showthat forchemically~~«~MM

compoundsthe loweringof the specificconductivity is roughly

A.T. UncoÏN(Dissertation).Traxa.Wis.Acad.Scienceft.Arte,and
~ette~,Vct.XU.,pp.59S-4M.
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proportionalto the number of gram-moleculesdissolved. The

individualityof the curvesin Figs. i to 5 showsthat thé chem-

ical constitutionof the substanceis a very important factor in

determiningthe trendof the curve. At the same time the dif-

ferent specifiegravitiesof the solventscause gréât variation of

the volumeaddedto get the same effect on the conductivity.

As dilutionisundoubtedlyone factor in the altération of thé

conductivity,toomuchrelianceis not to be placed on a casual

inspection of curves charted on the basis of percentage by

weight. Butthé regularitieswhichappear in Table Iï. areonly

thé moreremarkablebecauseof this fact.

The foregoingsolventsand others were next added to a

0.1 normalsolutionof silvernitrate in pyridine in order to as-

certain how such additions affect the electrical conductivity.

The solutionofsilvernitrate in pyridine waschosen because it

can readilybeprepared it conductsfairly well it mixes with

a goodlynumberof solvents;and it representsa solution of an

inorganicsalt in a solventother than water. Silver nitrate dis-

solvesin pyridinewith liberationof much heat, andon evapora-

tion, additionproductsofsilvernitratewith pyridine crystallize

out, so that nodoubt canbe entertainedthat chemical combina-

tion betweensilvernitrateand pyridineoccurs.

Onehundredccofo.t nonnalsolution of silver nitrate in

pyridine was carefullyprepared at 250. The pyridine used

boiledat 114.7°to 117°undera pressureof 746.3mm, and thé

silver nitratehad beendriedby carefully fusing it. Expressed
in percentbyweight this solution is made up of 1.74 percent

AgNO~to 98.z6percent C~H~N.The specifie conductivity of

this solutionwas2.75X to"! at 25° C. A secondsolution,pre-

pared in the same Sask when the first was exhausted, had a

specificconductivityof 2.76X 10"

Prelitninaryqualitativetestsweremade to ascertainwhich

solventsaremisciblewith the solution just described. It was

foundthat ethyl iodidefirstgives a yellow precipitate, and on

standingamassofcrystalsformsthroughout the solution. Ethyl-

ethyl xanthogenateis immediatelydecomposed,freesulphurand
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a blackprecipitate forming. Carbondisulphidegivesa black

precipitate. Normal pentane and normal hexane do not mix
with the pyridine-silvernitrate solution. Ethyl bromidecauses
tbe silvernitrate to separateout fromthe solution; the sameis
true of turpentine. Careful addition of bromoformto silver
nitratesolutionin pyridine causes a white precipitateto form,
whichredissolvesimmediately to a bfownliquid on stirring.
Additionof propylbromidebeyond53percentofthe totalweight
of the resuttingsolutioncausesa solidto separateout. In the
caseofamylbromide~t percentcausesa solid to deposit; and
in the caseofbutylenebromide,additionof36percentresuttsin
the depositionof a solid. It is of coursevery likelythat the
solutionsweresttpersaturatedbefore thesesoMdsactuallysepa.
ratedout.

TableIII. showshowthé conductivityof 0.1nsilvernitrate
solutionin pyridineisaltered by addingvarioussolvents. The
resultsare alsopresentedgraphically in Figs. 6, y,and 8 imme-

diatelyfollowingthe table. In the figuresordinatesrepresent
specifieconductivitymuÏtipMedby ïo~,andabscissasthepercent
of distant addedas indicatedin Table3. The curvesarenum-
beredto correspondwith the numbersattachedto thesolventin
TableIII.

The curves of destruction of conductivityas plotted in

Pigs. 6, 7 and 8 are smooth. Their individuatity gives evi-
denceof the chemicalnature of the processof solution. The
fact that the curveofmethyl alcohol,Fig. 8,curve7, lieshigher
than that of water, Fig. 7, curve 6, is of considerableinterest.
The fact that amylene,an unsaturatedhydrocarbon,willmingle
with thesesolutions(silvernitrate pyridinesolution,and pyri.
dineaceticacid solution) white the saturated hydrocarbonsof
the fatty seriesrefuse to dissolve, wouldfurther indicatethat
solutionisa unionofsolventand solute.

Table IV. bas beeneompiledfromthe curvesin Figs. 6, y
and 8 in the samemanneras Table II. wasformedfromPigs. ï
to 5,exceptthatin the caseof TableIV.theapecincconductivity
wasloweredto adifferentdegree,i. e., to ïM X 10- ï6o X 10'
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TABU!III.

Specifieconductivityofo.t Msilvernitrateinpyridineondilu.

tionwithvarionssolvents.

(Percentsindicatenumberof gramsof ditutantln 100grams
ofresultingsolution. SpeciScconductivitiesaremultipliedby to'.)
=.

t. Benzène 2. Tolaene

1

~.Xytene

Pereeat 8p. cend. Pefcent 8p. cond. Percent 8p. cond.

o.o 275.o o.o 275.0 o.o 275.0

2!.3 102.0 !4.3 t47.o 10.4 177.0
31.6 48.9 38.9 58.0 !7.5 !~4.o

37.8 z8.t 340 38.2 24.6 76.~

4!.6 !9: 38-0 ~3-8 30.9 470
– – – 39-5 il 2o.8

4. Cymene 5. Amytene 6. Water

o.o a76o o.o 276.0 o.o 275.0

7.3 tSy.o 8.53 141.0 35-0 206.0

!7.2 108.o 27.9 55.0! 47-o i9~-o
95.9 59.5 34.7 3o'8 54.0 186.0

32.0 37.6
– 7P.8 t54.o

35.7 2~-9
– –

7. Methylalcohol 8. Bthylatcohot 9. Acetone

O.o 276.0 o.o 276.0 o.o 276.0
!4.5 3~0 "'o s'56.o 16.2 273.0
28.0 287.0 ï4-8 246.0 30.8 254.0
41.3 252.0 t6.0 24t.O 40-9 222.0

55.8 M7.o 18.o 236.0

72.9 !430 20.8 227.0 M. Methylacetate–––––––––––––– 23.0 219.0

Il. bobutylnitrate 28.2 201.0
0.0 1 633.6 ~3:0
o.o 276.0–––––––––– j

o.o 6
36.o 176.0

12.0 237.0
0° ~.0 .0.2 206.0
6.35 =4~0

1

43.g
34.6 <56.o

~.45 '5i.o ,o 5~.4 'ot.o
z5·45 tSi.o

S7·S I to.o 5a.4 IoLa
4'-<-o 9~5

~J
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TAB~EHL–C~a~.

M. CMoMfotm ta. CMbontetMchtm-ide t4. BrooMtona

Percent 8p. cond. Pefeent 8p. eond. Peteënt 8p. coad.

o.o 275.0 o.o 275.o 0.0 275.0
8.2 946.0 t7.z ~9.0 46.0 08.0

~8 !73.o M.ï 85.5 64.tr 42.9
36.2 tgo.o 4~s 48.2 7o.tt a8.6
48.3 !08.0 53.2 30.2 73.6 2!.4
62.4 64.9 –- – 1.
77.0 25.6 U

– –

!S. Propylbrotttide <6.Atoytbromide !?. Etbylenebromide

o.o 275.0 o.o 275.o 0.0 275.0
29.3 t42.o n.6 t93.o 5~5 8'.2
45.S 75.3 20.7 140.0 59.5 56.6
53.o 48.5 27.0 93.2 65.t 40.8– –

35.0 62.8 7'.8 24.5
41.0 36.4

t8. BotyteaehtomMe !9. Nitrobenzene ao. BenzaMehyde

o.o 275.0 o.o 276.0 o.o 276 o
35.6 r r6.o ao.4 a37.o r2.y a37·o
36.6 tt6.o 20.4 237.0 ~7 237.0

43.6 t7s.o 3~t t~.o– 54.1r t42.o 49.j ,t5.o–
– 62.3 115.0 – –

anazoo x ïo-~respecttvely.astodieatedby the subscriptstothe
lettersG, V, and M,which head theeotumns. Theexplanations
givenin connectionwith Table II. will make the headings of
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Table IV. perfectlyintelligible. The molecularweights,formu.

las, specifiegravities,dielectricconstants and coefficientsof as-

sociationof thé dilutants in Table IV. hâve already been given
in Table II., so that repetition wouldbe superNucus.

TABM;IV.

Table IV. showsthat the lowering of the specificconduc-

tivity is not proportionalto the dielectric constant of the (Mu-

tant or to its coefficientof association. Nor does the specifie

conductivitystand in any simple relation to these properties,
evenas togeneraltrend. The gradua! decreaseof the number

Datant G,~
G~JO~

V~ V~ V~ M~ usa MM

Benzène 22.1 15.6 9.4 25.0 t7.6to.6o.i8 o.Mo.t2
Toluene 22.1 15.6 94 25.6 ï8.! to.90.24 o.t~o.to
Xylene 22! t5.6 9.4 25.7 t8.2H.oo.zo o.!5o.o<)
Cymene 18.S !2.o y.t 2!.o t~ô 8.oo.t4 0.090.05

Amyïene t3.! 7.! 3.8 19.8 to.6
5.8~0.19

o.Mo.o6

Water – 207.3 7).o – 207.3 7t.a
– tt.~3.94

Methylalcohol 2t9.s 135.3 277.0~74.0!– 6.85~4.23
Ethylatcohol [34.2 78.6 46.0170.0 99.5 58.212.92 t.t.oo
Acetone 8t.8 103.2 – – !.4'

Methytacetate 8~2 5~2 2~2 9~6 5~8 3~7~:5 0.75)0.39
Isobutyl nitrate 48.4 30.4 t7.5 48.0 30.! !7.4o.4t

o.2~o.t5
Chloroform 84.552.1 28.252.t35.zt90o.7t 0.44)0.24
CMboatettacMonde 34.8 23.5 14.0 2!.9 t4.8 8.90.23 o.is'o.og
Bromoform 62.139.922.! 2t.5 13.9 7.70.25 o.t6~o.09
Propy!bromtde 534 33.9'9.2. 39.9 ~5-3'4.30-43 o.28!o.t6

Amylbromide 299 19.511.6 25.~ 16.5 9.90.20 0.130.08

Ethylene bromide 73.1 43.3 22.2 33.6 19.9 io.20.t2 0.2~0.39

Butylene bromide 46.1 29.9 17.5 26.t 16.9 9.90.21 o.o.o8
Nitrobenzene 151.3 93.1 52.7126.5 78.5 44.01.23 0.76~0.43
Benzaldebyde 85.2 52.2 29.2: 81.5 50.0 26.90.81

io.49o.28
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of gram-tnoiecMtesrequired to produce the same loweringof
conductivity,with increaseof the number of CH side~hain
groups in benzène,totuene,xyleneand cymeneshows thé con.
stitutive characterof this toweringphenomenon.

In a third seriesthe specificelectricalconductivityof solu.
tions consistingof variousorganie basesdissolvedin acetic acid
in all proportionswas detetmined. In the caseof pyridine and
acetic acidsolutions, specificgravity determinationswere also
made and the molecularconductivitycalculatedonthe basisthat
pyridine is doing thé coaducting–an assumptionwhich is,
however,not warmntedby the results obtained. Thé molecular
weightof pyridine in aceticacidwasfurtherdeterminedby the

freezing-pointmethod for several concentrations and a eurve
wasplottedto facilitate comparisonwith the mo!ecu!arcoadttc-
tivity curve.

Table V. gives the specificconductivityofsolutionsofpyri.
dine and acetic acid. The first column indicates the percent
acid by weight calculatedon the total weightof solution. The

°

specifieconductivitymultipliedby ros is given in the second
column. The sp. cond.of the pureacidwaslessthan a X ïo-~¡
the same is true of the pure pyridineemployed.

Curve i in Pig. 9 showsthe general trendof the results in
Table V. In Fig. 9 ordinatesrepresentspecificconductivityin
reciprocalohmsmultipliedby 10~;and abscissas,the percentof
organic base by weight, calculated on the total weight of thé
solution.

In Fig. 9, curves a to 6 were siinilarlyobtained,using or-
ganic basesother than pyridine. So curvea is thatof dimethyl-
aniline; 3, that of isobutylamine 4,that ofamyjamine 5,that
of quinoline; and 6, that of aniline.' These curves will be
consideredin their tum below.

In order to calculatethé molecularconductivityofpyridine

bopMpyhMnine.dipMpytamineandp<peridit<ewetetriedwithaceUc
acid,batthe aoetatesdonotKdtsMtveiaexcessof thebMe,MtMthiMfur.
therwasdonewiththem.
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in acettcMid,spectregravity detenMnationsweremadewhtch

are containedin Table VI. and from them a speciHcvolame

cutw'waschMted.

TABtBV.

PpeciËcconductivityof pyridined!ssotvcdin aceticacid

Percent Percent Sp.coad. Percent 8p.cond.X'<~
acid Sp.cond.X acid X lob acid

99.70 0.9567 92.92 494.6 47.47 ~7-o8

99.43 2.508 92.68 5'6.4 4S.'7 68.56

99.'8 5.303 9~.42 53~.0 4~-98 5=.o6

98.86 9'6t4 92.'9 S66.4 40.5' 37-~9

98.55 t6.68 92.02 580.! 38.28 29.~9

98.27 2s.t3 9'.68 586.!1 36.!5 ~ï-36

97.98 36.64 9'.43 602.2 33-52 '5.~4

97.74 So.7! 9!8 6~t.a 3t.t7 tt:8

97.47 6s.39 90.99 638.3 28.73 8.680

97.20 83.t6 90.74 688.6 25.77 6.083

97.04 83.5! 89.98 708.3 23.43 4.6:7

96.76 t02.3 89.78 7*95g '9.73 98'

96.49 t22.t 88. t5 780.3 !6.s6 2.060

96.23 142.7 86.76 828.! t3.t3 !.8o

95.95 '65.5 85.56 834.8 n.!6 t.45

95.69 t88.8 83.04 877.8 9.48i
t.o2

95.54 '98.4 80.55 868.5 7.51 0.613

95.28 240.9 76.02 843.! 5.50 o.4t4

95.03 268.7 74.03 786.2 3.36 j 0.253

94.78 309.2 70.39 684.5 t.t4 0.1326

94.56 324.! 67.oï 58t.5

94.27 344.2 63.66 48t.8

94.'9 383.~ 6!.37 387.2
93.89 403.t 58.36 260.6

93.64 4:5.8 56.03 248.5

93.36 450.! 54.35 "7'
93.'4 469.5 50.00 t22.8

l'ft. -1

TAam VI.

Spedfic gravity and ~peeiScvolume of pyridine dissolved in

acetic acid, at 25" C, as compared with water at 25° C.

(The percent given is that of pyridine calculated on the total

weight of solution.)

Tt)hCHCveis notreproducedinthispaper.
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With valuestakenfromthis curveand from curve t, Fig.
9, the molecularcouductivitieswere calculatedas set forth in
Table VII.

Percent SpectScpavity 8ped6ev(HMne

0.0 t.0463 o.9ssB
4.M t.0~9~ 0.9529~°'°~ 1.0566 0.9~

30.3ï ï.o6ag o.9<)09
37-43 ï.0575 o.~sy
5°'0! 1.0372 o.96±tt

'{¡°3-67 t.ot8o 0.9830
7~.06 o.~9s ~(~og

too.oo 0.9768 t.0:35
1~r
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ln Table VII., /t is the molecularconductivityand V., as

usual, is the volume in liters in which one gram-moleculeof

pyridine is dissolved. Thèse results are charted in curve i,

Pig. 10. The ordinatesare given to the right in tenus of

the abscissasbelowin termsof V. X 10. Curve2 is the trend

of the molecularweightsofpyridinedissolvedin aceticacidde-

termined by thé heezing.point method,which results will be

A .a a

given in Table VIII. following Fig. 10; ordinatesare in

termsofmolecularweight,M abscissas,in V~ the volumein

literscontainingonegram-moleculeof pyridine.

The depressionof the freezing-pointwas determinedac-

<

TABM VII.

Molecularconductivity of pyridine dissolvedin acetieacid

~to* Vr Sp.cotd.Xt<~ Percent

4ZOO.O t.503 :8o.o 5

5490.0 0.752 730.0 to

32<to.o 0.372 870.0 M

1660.0 0.248 670.0 30

673-0 o.t87 360.0 40
t8s.o o.t5a 'zo.o 50

~2 O.t28 14-0 60

!S6 o.t!2 4.0 70

2.97 0.099 3.0 80

0.890 0.089 t.o 90

0.340 0.085 0.4 95
,· .!J. ~J 17
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la iaMe VU! S is the weight in grams of pyridinedis-
solvedin the weight of aceticacidgiven in eotumn I< P~ is
the percentofpyridine in theresultingsolution; A,théobserved

loweringof the ffeezing.point; M, the ntotecutar weight catcu-
latedfromA, S, and L; and V~the volume(of solution)in liters

containingonegram-moleculeof pyridine.

Comparisonof curves ï and 2, Fig. 10, showsthat the

agreementbetweenfreezing.poiutand conductivity determina-
tionson which much of the confidencein the theory of electro-

lyticdissociationis based,is in this instancelacking to amatked

degree.
The smoothnessof ttty pyridine-aceticacid curve(t, Pig. 9)

castsdonbtupon the breaks whieh Konowalow' claims in the
curvesof specifieconductivity reproducedfrom his ptate in `

Il

Calculatedftonthelatentheatof fMtoo,K=

Wied.Ann.49,733(1893).

j

cording to Raoult's method, using a Beckmann thermometer

graduatedto 0.01° and enabling estimation to o.oot". Thé
SK

formulaM=~ was used,whereM is the molecularweight

S, tbe weightof the solute; L,the weightof the solvent A, the
observeddepression and K, the molecular depressionof the
solvent33.80.' The pyridine and acetic acid usedwere from
the stocksupplydesciibedunder"Matenats."

TABI.BVIII.

Molecularweight of pyridineia aceticacid bythe freezing-
point method. 't

.~=~–––~–-–~ – -– tl

.-–––––––=.==..===========–
.–_––~

8 F, M V/

0.2030 15.504 !.29 0.663 y7.o 5.840

0.7736 28.840 2.60 t.78~ 60.0 2.895 v

t.t&39 ï6.2t4 6.69 4.366 63.8 1.123

30095 23.927 'o 9002 54° 0.675

2.9620 !93?7 i3.:o ".399 4~ 0.567

t8.4t2 89.892 t?.oo 19.1 36-0 o 438

ÏH T~Mf* VTTT <! M t~f <Mf!<~t !M <~ratm! ~f ~o~i~tMO ~!c-
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plied by io'. Wheretwovaluesof thé conductivityare given

for one concentration,the conductivitychangedfrom the upper

figure to the lower. Thé figures5', 15', etc., give the time in

minuteswhichelapsedbetweenthesetworeadingsfor thé con-

ductivity. The percentsgivenin thecolumnsheaded"Aniline+

aceticacid are foracelicacid calculatedon the total weight of

solution the percentsin the columnheaded"Acetieacid + ani.

line are for<ïM~, basedon the total weightof solution. In

the firstcase,aceticacidwas gladuaUyaddedto aniline in the

secondcase,anilinewasadded to thé acetieacid.

The results in Table IX. are charted in curve 6, Fig. 9,

using in everycasethe specifieconductivityafter it had become

In Fig. ïï the ordinates are in specificconductivitiesex-

pressedin reciprocalSiemensunits multiplied by ïo~ the ab..

scissasin percentofbasein 100gramsofsolution. Curve i is

that ofmethylanilinein acetie acid curve 2 that of aniline in

acetic acid curve 3 that of dimethylanilinein acetic acid

curve 4 that of toluidinein aceticacid curve that of aniline

in propionicacid curve6 that ofaniline in butyricacid.

To setat rest this doubt, Konowalow'saniline-aceticacid

curve was experimentally reproduced. Thé results found are

containedin Table IX. The specifieconductivitiesare mutti.



~<MTMNN~KM~M<M58o

constant. Comparisonof Konowa!ow'saceticacid-anilinecurve

(Reproducedin CMrve2, Fig. ïi) with curve6, Pig. 9 showsthat
one of the curvesmust be incorrect. Table IX. showsthat at

severatpointson the curvea reaction whose speedcan be fol-

lowedby the change in the electrical conductivityof the solu.
tion is in progress.

TABMIX.

SpeciËcconductivityof anilinedissolvedin aceticacid
'=~="uC:<C='='=:O"==-=-=~

If the curvebe determinedby addinganiline to acetic acid

the conductivitygiven is in general too high if the acid be

added to the aniline, the conductivity is low and on standing
rises to its constantvalue as, for instance,at 53 percentofani-
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line in Table IX., the spécifieconductivityrose in ten minutes

from 307to 342 (X ï0"!), a variationof 10.2percent,and ntore

than sufficientto accountfor all the sag in Konowalow'sacetie

acid-anilinecurve (2, Fig. 11). It is worthyof note that at

6o.y8percent of aniline,the concentrationcorrespondingto one

moléculeof aniline to one of acetie acid, where the solution is

in fact a fused sait comparable with moltenKNO~,NaC!, or

SnC! there is no sudden break in the specifieconductivity

curve. Thé final conductivitiesobtainedafter equilibriumis

establishedlie on the satnecurve whether the solution be pré-

paredby adding acid to baseor baseto acid, and this curve is

smooth. This of course is what onewouldexpect. At first it

was thought that this readilymeasurablespeedofreactionmight
be due to the formation of some acetanilide but on standing
over night the solution containing83.3percentof aceticacid to

16.7percentaniline had a spécifieconductivityof 355X itf,

showingthat the rate of formationofacetanilideis soslow that

its influenceon the trend of the acetieacid-anilinecurvemaybe

neglected; and that in accountingforthe presenceofa measttr-

able speedof reaction upon tnixinganiline and acetic acid the

formationof acetanilidecannot be advancedasan exptanation.'
To investigate further this measurablechange in the eonduc-

tivity,the déterminationsgivenbelowin Table X. weremade.

Thémostnaturalexplanationofthbchangingconductirityisthatthe

processofaeutralizationofacetieacidbyanilinerequiresan appreciabletime
forits completion.Onpage75''Wied.Ann.40('893),Konowalowsayswith
refetreocetotheheatofneutralization,"UmdeoWSttneaostauschzubeschteu-

nigen,wartmGefiissee!nMhfefauaPtatiaaogebtacht.mitdessenHülfedie

LoaungintaecheBewegungversetztwurde.LetztererUmetandwarin)gege-
bepenM!evongrosserBedeutung,denntchbatteM<7sehrM~w/~«~~

M~,aw/f~<'< ~O~M~~M~/a~'MM«~a~ Théstowevotationofheat, togetherihrethé measuMNechangein thé Theeottdwtifityof

beat,togetherwiththemeasurablechangein theelectricalconductivityin
theseacid.aniMnesolutions,wouldindicatethat theaeutratizatiot)takesplace
slowly.Ontheotherhand,in theregionoflargeexcessofacidtherearecases
wheretheconductivityrises(~ percentacid,TableIX.)0))allowingthesolu.
tiontostand. ïn thisregionof thecurveformationof moresaltmolecules
!owemtheconductivity,sothisriseintheconductivityisincompatiblewiththe

assumptionthata slowneutratiMUonla takingplace.Thissubjectwillbe
takenupfurtheronaftermoredata.bavebeenpresented.
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Thé percentsofacidarebasedon the total weight of sotution
the specifieconductivitiesare multipliedby io'.

TABLBX.

Rateofvariationof thespcciCcconductMtyofanilinedissolved
inaceticacid. (Thepetcentsare ofaceticacid.)

Percent 8p.coud, Min. PoMeot Sp.cond. Min. Sec.

50.!4 360 o 1 62.oo 395 0 0
364 5 3?6 2 o
339 'o 372 3 30
337 '7 368 4 45
337 38 3~4 9 30

365 ~35 –

S7.55 4°7 o
1384 2 ¡ y3.'o 424 o 0

365 4 40~ 30
36' 7 394 S o

358 8 39' 6 30
35~ '8.5 386 0
355 'aoo 383 3' 30

T\ ~L~ 't~ ~–.Jt~– ~–2~~

Duringthe intervalsbetween the conductivitydetermina-

tions thece!!containingthe solutionwas maintainedat 25" in

the thermostat. Thèseresults are charted in Fig. 12. The or.

dinatesarespeci6cconductivitiesin reciprocalohms multiplied

by icP,theabscissasarein minutes. Curve ï is that of 50.1~

percentofacid; curve2of 57.55percentof acid; 5 is a similar

curvefor 38.80percentofamyl amine in acetic acid; 6 is an-

othercurveforamylamine,46.4percent in aceticacid; 7 is the

eurvefor52.62percentof isobutyl amine in aceticacid. The

resultsfromwhichcurves5, 6 and 7 wereplottedwill be given

followingFig. 12.

TableXI. containsthe specifieconductivitiesof solutions

of amylaminedissolvedin acetic acid. The percentsof amyl
aminearecalculatedon the total weightofsolution thespécifie
conductivitiesaremultipliedby 10~. In everycasethe conduc-

tivity wasallowedtocome to a constant value. These results

arechartedincurve4, Fig. 9, which is seen to be smooth,hav-
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TAM.RXI.

Specifieconductivityof amyl aminédissolved in acetie acid.

Sce I~odoit u. BSfnetein,tables.

ing two crestssimilarto thoseof thésutphuricacid-watercurves
of F. Koh!tatMch'andof B. Bouty.'

Percent aMtine Sp.cond.y to' Percentamine Sp.cond.X tt~

00.0 <2XtO*~
¡! 20.75 <t!o.o

00.87 a.~
Ii

24.60 372.0
01.40 6.07 i, 30.90 247.0
Ot.97 t~-8 38.80 t4o.o
o~~ 4i.o 46.40 65.2
04.23 81.6 62.30 2t.8
05.82 tg~.o 67.20 56.2
06.93 202.0 76.70 9~'o
07.86 252.0 83.02 60.3
09.25 282.0 88.70 t.t7
09.99 3<9.o 94.6o o.3t5
".53 378.0 !oo.o <2Xto-*
12.90 409-0
'4.70 434.0
15.50 435.0
ï8.6o 438.0
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While wWhi!ewaiting for the solutions of amyl aminein acetic
acidtogiveaconstantconductivity,measurementof the rateof

changeofconductivitywasmadein twoinstances,as followsin
TaMeXII. The specifieconductivityismultipliedby ïo' the
percentgivenis that of amylamine.

Rateofchangeof conductivityof amylaminedissolvedluacetic
acid.

Theseresultsare plotted in Fig. 12,asstated abovein con-
nectionwith Table X.; 5 is the curve for38.8percent amyl
amine; and 6 that of46.4percentamyl amine. Beforediscuss.

ing theresultsin TablesXI. and XII., 1wish to present some
data ofa similarcharacter obtained with solutions of isobutyl
amineand aceticacid.

TableXIII. containsthé specificconductivities(multiplied
by ïo~)of isobutylaminedissolvedin aceticacid. In everycase
the solutionwasallowedto standunti! the conductivitybecame
constant. From81.22percentof acid to 97.34percent of acid t
nomeasurablechangein the conductivitywasottservedon allow-

ing thesolutionsto remainfora considerabletime in the ther.
mostat. Throughoutthe rest of the curve a decreasein the

conductivityaftermixing the liquids and allowingthe solution

TABMXII.

.1" -w-
Percentamine 8p. coa<t. Miaateo Seconde

46.4 to~.o o

88.4 t

81.9 2

78.o g
74.3 5
68.o 8
68.0 i8 30
68.7 22

65.3 6o

38.8 (?) o
206 12

146 ï4 '5
'43 i? 30
t4o 23 30
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TABMXIII.

SpeciBcconductiv!tyof isobutylaminedissolvedinaceticacid

Percentacid Sp.coud. Percentacid 8p.coud.

a.95 o.ï3<6 68.56 282.0
5.~ 1.337 72.09 353.0

ï!.45 27.2 74.09 39to
'3.77 54S 77." 438.0
t5-S8 93-~ 79'oo 476.o
1792 tza.6 8o.t8 49~'o
20.00 !45.! 81.22 50!.0
M.95 '54-~ 82.09 5'o.o
27.87 !2!.9 83.19 5'6.o
30.92 79.5 84.57 517.0
34.43 54.6 84.79 5M.o
38.33 24.! 85.02 5!o.o
4'.42 t4.74 ~8.32 458.0
47.3<! 3.2.7 9ï.4ï 343.0
5!.96 64.5 94'S 196.0
56.49 !05.o 95-~9 io8.2

63.03 192.0 97-34 '9.4
65.87 232.0

TABU!XIV.

Speedof reaction. ïsobutyl aminé dissolved in aceticacid

Percentacid 8p.cond. Miautea Seconds

w_

_nt
~d

1.i

".45 27.9 o

27.4 2 0

27.2 9 o

'3.77 56.2 0

54.9 2 30
54-8 7 30

47.3~ 37.9 0

SeeFig.!2, 34.7 4 0
curve 7 32.6 8 30

32.6 t2 0

5t.96 68.2 0

65.8 2 30
64.9 6 45
64.9 to 0
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to cometo 25° was noted, the greater the excess of base, the

greatet the decrease. The specifieconductivityof the pure iso-

butylaminewas less than a Xïcr~ the percentsarebyweight
as in the foregoingtables.

This isobutyl atnine acetic acidcurve is smooth. It has
twocrests,similar to thoseof the amyl amineacetic acid curve.

TABMXV.

Specifieconductivityofdioethyl anilinedissotvedin aceticacid

.J.Pereeat gond. -4. Percent Sp. ~obd.Perceft II 8p.coad. Pèsent 8p. cond.
-j~ tl

!3-4 0.085' t! 50.fi t04.o
14.? o.~5 5t.~ no.o
t6.o o.t63 $!.9 116.o
!7.2 O.MO 1 52.5 !26.0
'9.o o.Z59 S3ï '28.0
20.9 0.670 53.8 t~.o
22.5 ï.03 54~ !9.o
34.' '.67 54.7 '46.0
~5.7 2.70 55.3 'S~.o
27.' 3.80 55.9 '56.0
28.6 5-'5 $6.~ 16i.o
30.0 6.55 S7.6 '7'.o
3!.8 8.8o 58.3 !8'.o

32.6 'i.o 59.2 188.0
33.5 '3.6 60.7 '98.0
35.2 '6.6 62.5 2!7.o
36.3 '9'S 64.0 232.0
374 23.2 66.0 250.0
38.5 27.0 68.6 276.0
39.'t 3'.6 7' 295.0
~0.2 36.3 73-1 302.0
4' i 43.4 75.2 3'5.o
42.2 45.7 766 32ï.o
43.' 50.0 77.8 327.0
43-9 58.' 8o.' 327.0
44.7 62.6 85.8 3".o
45.5 68.0 88.2 229.0
~6.2 73.0 00-5 '68.0
47.' 78.0 .92.3 '38.0
47.9 83.2 93.' 107.0
48.5 89.9 94.0 75.4
49.0 94.' 95.7 4'.7
49.8 99.8 97.0 '8.2
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For severalconcentrationsreadingswere made to ascertainthé
rate at whichthe conductivityvariedwhite the cell was main-
tained at 35° C. Thèse resultsare given in TaMcXIV. below.
Thé percentsofacidare calculatedon the total weight of solu-
tion and the specifieconductivitiesare multipliedby 10'.

TABUXVI.

Specificconductivityofquinolinedissolvedioaceticacid
¥- _e.-¥.ï-

Percent Percent Percent
actd 8p.cottd. acid Sp. coud. acid 8p. tond.

o.oo 0.512 27.6 13.2 55.2 !6z.o
o.!6 0.512 28.1t 14.9 55.9 168.o
0.33 0.522 28.9 i6.9 5~.3 '75.0
0.49 0.53' 29.8 18.6 58.2 188.o
0.65 0.538 30.5 20.2 5~'7 197.0
0.81 0.54' 3'.3 2t.9 59-8 207.0
1.45 0.552 3'.9 24.0 60.8 2t5.o
2.26 0.630 3~-7 26-ï 62.0 229.0
3.03 0.675 333 28.0 63.7 240.0
382 0.740 34.0 30-4 64.3 250.0
4.75 0.815 34.6 32.8 66.2 2590
532 o.9!o 35.2 34.9 67.3 268.0
6.30 0.99' 36.0 370 6S.2 272.0
6 77 .'3 36.5 39.6 69.2 280.0
7-46 1.23 37.3 42.2 70.4 286.0
S'7 1.32 37.8 452 7'-2 292.0
8.8o 1.44 38.4 4~.6 7~-0 2950
9.50 .56 39.5 53.8 7~.8 297.0'o.t8 .73 408 60.8 73.8 2990

to.8ï .83 4'-7 67.0 75.0 300.0
Ï2.I3 2.16 43.0 73.4 7~' 3040
)[3.22 2.47 44.' 8o.<). 7~-0 2990
ï4.3ï 2.88 45.0 87.0 78.7 296.0
15.67 3.25 46.0 933 80.5 2950
~6.95 3-76 47.ï 'ot.o 8~.5 278.0
18.0 3.85 48-t 1060 84.7 253.0
192 392 48.9 "30 862 228.0
20.4 4.41 50.o tt6.o 87.4 205.0
~3 495 50.6 t23.o 88.7 t84.o
22.2 6.gr 5'.2 !28.o 89.5

Il

164.0
23.2 7.76 52.0 t32.o 90.' !45o
24.2 8.6o 52.8 '390 9'-ï 1 !320
24.99 9.6o 53.6 i45o

Il

9~ x 106.0
25.7 !0.8 54.0 !53o

1
94.3 64.5

26.7 12.5 54.6 Ï57.0 97-4 '2.8
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Thus it is seenthat a measuraMespeedof reactionon mix-
ing is not peculiarto anilineand aceticacid,but that a similar
retardationof reactionoccurs in the case of amyl amine and
aceticacid,and of isobutyl amine and acetic acid. As these
aminesare notknownto formcompoundsanalogousto thé ani.
lides,it seemsbardlyprobablethat the formationof acetanilide
causesthiscontinueddiminutionof the speedof reaction. Tables
IX. to XIV. show the possibilityof finding such breaks as
Konowalowindicatesia his curves(Fig. ïï), but it doesnot fol-
lowthat these peaks necessarilylie on the true conductivity
eurve. Asa furthertest Konowalow'sditnethyl aniline acetie
acidcurve wasexperimentally reproduced,as given in Table
XV.and charted in curve a, Fig. 9. The conductivitiesare

multipliedby 10' thé percentageof acid is calculatedon thé
totalweightofsolution.

The aboveresultsas charted in cwve 2, Pig. o, show no
suchbreaksas Konowalowdaims. To seenre more data, the

specificconductivityof quinolinedissolvedin acetic acid was
determined. Theseresultsare given in TableXVI.,which fol-

lows,and chartedin curve 5,Fig. 9. Specificconductivitiesare

multipliedby ïo'; percents,as usual,are calculatedonthé total

weightof solution.

This quinolmeacetic acidcurve,too, is smooth. The te-
tardationof reactionon mixing the quinoline and acetic acid
wasless tnarkedthan in the other casesmentioned the values

given are for conductivitiesafter they had becomeconstant.
Thus it appearsthat the discontinuityof curve upon which
Konowalowbaseshis theory of chemicalcombinationbetween
solventand soluteaccordingto the law of definite proportions
bas nofoundationin fact–at least as far as indicatedby the
electricalconduetivity. The time requiredfor the completion
of the reactionexptainshiserror. Theiackofthisdiscontinuity
doesnot, however,shut out the argumentfor a chemicatunion
of solute with solvent 7wfact, a .r~M/Acurve ts !f~/ we
~K&)f~~< <O~MfM case~< unionlakesplace.

In summiNgup the resultsof his work, Konowalow'says

Wied.Atto.49.733(1893).



&~M/ )'?F~c~c CoM~p~ 589

(t) "The curveswhich express the electrical conductivityof
thesesolutions(aminesin acids)as a functionof thepercentage
composittonare not symmetrical. They are displacedtoward
the sideof thé liquidwhichbas the less molecularweight and

(molecutaf)volume and the more (displaced)the greater the
differencein the molecularweight and volume is." (2) The

peculiarpropertiesofaqueoussolutionsappear to bedue to the
lowmolecularweightand volumeof water."

In Table XVn., given below,1havecomparedthe molec-
utar volumesof the solute (column V~) with the percent of
solutewhichwithaceticacidgives thé maximumconductivity
(columnM~),foî the solutionsstudiedby Konowalowand by
lnyself. CotumnD containsthe differencebetweenthé molec-
u!arvolumeof the solute and that of acetic acid. Wherethe
molecularvolumeof thé solute is greater than that of acetie
acida plus sign isprefixedto the differencegiven incotumuD
whete less,a tniaus sign. Columns Fig." and "Curve" will
assistthe reader in locatingthe curvesof the substances.

TABU!XVII.

V.. D
M.~ Mg. Curve

Pyridine 8t.o -+23.6 ty.o 9 t
Quinoline tty.y -t-6o.3 23.9 9 5
Aniline 90.0 -f-3a.6 23.0 9 6
MethytantHne 109.4 -t-s~.o 25.0 ni t
Dimethyl aniline !:6.s -)-69.t 20.0 9 z
Amylamioe 116.o +58.6 t86 9 4
Isobutyl amine too.o +<)2.6 25.2 9 33
Acetic acid 57.4 –– – – !–
Water' 18.0 –39.4 84 o – –

lrit- '1. Il
The conclusion of Konowa!ow* that the greater the differ.

ence between the molecular volume of the base and that of the

acid, the greater the displacement of the crest toward thé side

The percent of water la acetic acid wMchgives the nMximumcoxduc.

tivity waataken from the curvedeterminedby P. Koblrausehandgivenin !<an-
doit and Bëmateitt's taMes.

'W!ed.Aa)t.49,7M('~).
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of the acid, is not borneout by myexperiments. For instance,

pyridinewith a molecularvolumeof 81 has its maximumat 17

percent methyl aniline,molecularvolume 109.4,bas its crest
at 25 percent; and quinoline, molecularvolume 117,bas its

maximumat 23.9percent. It is true that the eurve of acetie
acid and water is far displaced toward the water, but since

Konowalow'srule hoids in no casesave that of water, it is, to

say the least, premature to attribute the singular behavior of

aqueoussolutions to the low moleculafweightand volume of

water.

In the paper refen-edto aboveKonowalowsays, "The con-

ductivity of liquidsat ordinary temperatureis broughtabout by
thé chemicalamoity between the dissolvedelectrolyte (solute)
and thé excessof thé solvent. Thé peculiar conditionof thé

unstablecombinations(in theseelectrolytes)favorsthe ehemical

exchange,without which electrolyticconductionis impossible."

Concerningthe curvesof heatof neutralizationhe says, In
no case does the maximum correspondto a relation of one

moléculeof acid to one moleculeof amine and is always dis-

placedtoward the sideof the solutionwith the greateracid con.
tent."

Myexperimentsshowthat there is nodirect proportionality
betweenthe electricalconductivityof solutionsand the degree
of intensity with which thé solutecombineswith the solvent as

tneasured by the thermal change. For example,the heat of

solutionof pyridine in aceticacid is muchless than the heat of

solutionof amyl amine, and yetpyridineshowsnearlytwice the

conductivityofamyl amine at its maximum(comparethe pyri.

1determinedthebeatofnetttMthationofamylaminé,t~percent,in
acetieacid,8t percent,thecompositioncorrespondlngtothecreatofthespecifie
coaductivitycurve.4.378$gamylaminéboilingat96"underapreaeureof738
mmaddedto t~.t ~7gacetieacidwhichboitedat 117°aodefapreMUteof73<).o
mmevolved7<3.8tmattcaloriesat themeaatemperatureof90.6"C. FuMhef,
3.9'3g pyridineboilingat tts'tt7* undera pressureof745.3mm,addedto
<o.tosgof thesameMmpteofacetieadd–aeompMitioacotTMpoMdingtothé
crestofthespecifieconductivitycan~e–gaveont944.5emailcaloriesasamean
temperatureof~0.5°C. laeachcasetheheatwasevoivedetowty,iadicatiog
thattheneatKMzaMoab notJMtaataneoM.
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dine,curve t, Pig. 9, with that of amylamine,curve Fig. 9).
1 find,as Konowalowdid. that the compositionof these so-

lutionsat the crest of each curve does not followthe law of

definiteproportions.
That the electrical conductivitycomesinto existencesud-

denly,at a pointconrespondingtomolecularproportionsofsolute

to solvent,1do not find to betruc, going from base to acid or

fromacid to base. Thé eleetrical conductivityincreaseswith

perfectregularityas moreand moreof the soluteis added.

In explanation of the crestsobservedin Pig. 9, 1conceive

that as moreand moreof the base is added to the acetic acid,
moteand moremoleculesofa complexbodyareformed. Tbese

moléculeswill requirea definiteamountof the acidandbasefor

their formation,and uponthemwill dependthe conductivityof

the solution. Thé excessofacid isnot to bethoughtofas play.

ingno part here, that is, as servingmerelyas somuchspacefor

thesemoleculesto exist in. The intensity of cotnbinationbe-

tweenthe solventand soluteshadesofffrom(t) thestrongunion

ofsolventmolecules,in closeproximityto the solutemolecule,
withthat molecule; to (2) the weakerunion betweenthis same

solutemoléculeand the moreremote solventmolecules. After

the crestof thé conductivitycurve is reached,a rapid decrease

in the conductivityoccursas moreandmorebase is added. It

seemslikely that here we have differentordersof cotnpounds
formedbetweenthé acid and thé base. The moleculesof one

compoundfavor the transferofelectricitythroughthe solutioni
the moleculesof another compound,and of the original solvent

(there<naybe more than twocompoundsformed)tend to retard

the passageof electricity throughthe solution.

The tact that the crestsof the conductivitycurvesgiven in

Fig. 9 are all in the region of excessof aceticacid raises the

questionwhether the additionof a secondbase would increase

the condttctivityby forming more salt molecules. To answer

this questiona solutionof 2.396g aniline to 8.ï6~g acetic acid

correspondingto 22.7percentaniline to 77..}percentaceticacid

the concentrationgiving thé maximumspécifieconductivity
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– wasprepared. Its conducti~tywasdetermined,aod we!~hed
atnomttsof pyridine addedand the conductivityagain deter.
ntttted. The resultsare givenbe!owin TaMeXVIII. the per.
cents are for totalbasecalculatedonthe totalweightofsolution¡
thé specifieconductivitiesare multipliedby 10*.

TAN.NXVIII.

Specificconductivityofanilineandpyridinedissolvedin aceticacid.

B<"e Peteeat 8p.ton<t.

Aniline M.y 394.0

T.

f2~7 ~o.o

Aniline and pyridine ~4.'
6ot.o

)43.a 485.0
U~4 57.4

Clearly,then, the powerof the aceticacid to yieldsolutions
of higherconductivityis not exhaustedat the crest of the ani.
line aceticacidcurve(6, Mg. 9). To ascertainwhether this is
true of the othercttrvesin Fig. 9, the followingexperiment was
performed. 3.102g quinolinewasaddedto 6.256g aceticacid,
correspondingto 25.2percentquiao!ine.' The sp. cond. of this
solution was 3.05X ïO-J. Now aniliue was run in until it
ceased to cause an increase in the conductivity; then amy!
amine,and finallypyridine. Bachbasein turn is seen to unite
with the acid and raise the conductivity; and each base, too,
ceasesaftera certainquantityof it is added,to raise the conduc-

tivity, althougha largeexcessof aceticacid is presentand con-

sequentlyit must continueto unite chemicallywith the base as
moreand moreof the latter isadded. Theseresultsare givenin
Table XIX. whichfollows. Percentsare for total base calcu-
lated on the total weightof resultingsolution speciSccondue.
tivitiesare multipliedby los. ]

In eachcasetried sofar the baseaddedraised the conduc-

tivity. When,however,xylideneis addedto thé pyridineacetic

The quinotineuseddhttMedat230°toa~" undera pressureof74~.3
mm. Thepyridinecameoverat tts" to ny" undera pressure0~46.3mm.
Theotherbaseswerefromthestocksupply.AHwerethorougblydry.
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On standing eleven minutes and thirty seconds the con-

ductivity of thé solutioncontaining 53.2percenttotal base had
diniinisbedto 168X lo" although no crystals were visible.

Finally after an bout and a half a mass of crystals separated
fromthe solution. This change in the condnctivity,followed

by the separationof crystals, indicatesthat possiblythere is an

arrangement of thé constituents in solution into crystalline
groups before such groups appear as solid crystaîs.' On the

'ïnthis connectionseeG. Wytoubotï.Bull.Soc.Chim.(Paris),(3)
25-26.a, !os (t90<).0. LchManaon liquidctyftMs.Wied.Ann.t, 6~6
(t9W).IMd.s,~6(!9ot). G.Tammann.ïbM..),s<4(t~)t).tbM.s.M~
(t90t).

acidsolutionat its concentrationof maximumconductivity,a

sharpdiminution in the conductivity is produced,as shown in

Table XX. below. Thé percents are for total base calculated
on the total weight of solution; the specifieconductivitiesare

multipliedby 10*.

TABt.BXIX.
-0,-I-

BMe percent Sp.coud.

Quinolme ~5.9 305.0
27.7 360.0

QMtnotineendanitine
362.0

32.3 364.0
3~3 343.0

Quinoline, aniline and 37.!J
i

362.0
amyl amine 38.0 332.0

4:.t 359.0
47.5 3!9.o

QoiaoUne,ani!inea<nyl 52.9 222.0
amine and pyridtne 57.5 139.0

69.3 39.7
80.1 t8.6

Baee Pefceat Sp. cond.

Pyridine !y.o 873.0

(~0.3 7~.0
Pytidtne and xyMdeae < 40.2 346.0

(53.~ '9~.0

On standing eleven minutes and thirtv seconds the con-

TABU!XX.
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other hand, the decreasein conductivityobservedin the caseof
amyl amineandisobutylamine,togetherwith the slowévolution
of heat on mixing pyridine,amylamine or aniline with acetic
aeid, pointsstronglyto slowneutralizationof base by acidas the
causeor this measurablechange tn conductivity in these solu-
tions.

Thé resultsin TablesXVIII., XIX., and XX. are plottedin Fig. ï~. Thé ordinatesare ia specifie coNd~ctivityMo!ti-
plied by ï~ the abscissasin percentof total base in solutionin
acetic acid.

r-

The eurve1-2-3-4 is produced by successiveaddition of
quinoline, aniline, amyl amine and pyridine to acetic acid.
Curve 5-6 is producedby successiveaddition of aniline and
pyndtne to aceticacid. Curve 8 is that of water addedto thé
pyridine aceticacidsolutionat its compositionof greatest con.
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dnctivity, shown'by curve7,–see alsoTableI., solvent7 9 is
a similar curve for methylalcohol; and 10 is a like curve for

xylidene.
The resultsgiven in Tables XVIII., XIX., and XX. and

charted in Fig. ï~ show that by addinganotherbase we can
form new moleculeswhieh aid in electricalconduction sttfïi-

ciently to materially raise thé conductivitycurve. On thé
other hand, the xylidene curve(Fig. 13,curve10) shows that
new moleculesformedin preciselythe samewaymay lowetthe

conductivity of the solution. Thé effectproduceddependsupon
the kind of moleculeswhichthenewbaseaddedfonns andpos.
sibly upon thé arrangementof the atomsin thesemolecules.

Rettirning to Fig. o, it appearsthat as the 60 percentpoint
of base is passedin curves 3 and 4, thé electricalcondtictivity
again increases. The fact that the crest of thé curve doesnot

correspondto a definite molecularratio between the aeid and
base clearlydoesnot precludethe formationofa chemical corn-
binationbetween the substances. The observedconductivityis
the resultant of thé powerofsomeof the moteeutesto transfer

electricityand of someothers to opposethis transfer. The as-

sumption that the excessofthe solventis looselycombinedwith
the salt moleculeswhich are formedby theclosecombinationof
acid and base,doesnot necessitatethat thepowetof thesemole-
cules of solvent to oppose the transferof electricity is com.

pletely lacking. -The condnctivityof a solutionalso depends
upon the kind ofsolveat moleculesand uponthe MMW&~ofsol-
vent moleculeswhich are in combinationwithasolutemolécule.
The crests in Fig. 9 showthat a definiteexcessofsolventunited
with a salt moleculegivesa maximumconductivity. Thé nnm.
ber of solvent molecules united with a salt molecule will be

greater the gteater the amountofsolventprésent, according to
the law of mass action. Therefore in solutionscontaining a

great excessof aceticacid, and exhibitinga lowerconductivity
than that givenat the crestof thé curve,wehave verycomplex
molecules which conduet electricitylesswellthan the simpler
moleculeswhichexist at the crest of the conductivity curve.
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Purther, in the régionofexcessof acid,in Fig. 9, beyond the
crest of anycurveand toward the base side of the figure, a
smallerexcessof solventwith the sait molecule is seen to give
a lowerconductivitythan that at the crest of the curve. This
meansthat thereexistsa perfectlydefiniteratioofsolvent to salt
moleculefor whichthe conductivityis a maximum. Excessof
solventabovethis ratioor belowthis ratiogives a towetcondMC.
tion. The continuedchangein thé conductivityobservedand
notedin TablesIX., X., XI., XII., and XIV. and charted in
Pig. 12maybe simplyexplainedon this basis Whenexcessof
eithersolventis addedtoan acidaminesolution,the conductivity
may not immediatelyattain its full value although the liquids
be tholoughiymixedmechanicany– ashappenedin certain re-
gionsof the anilineaceticacidcurve ora high temporaryvalue
maybeobtained as in the caseof the isobutylamineandamyl
aminecurves(5,6, and 7, Fig. ïa). In the first case the sait
moleculeshavenot combinedwith the full amount of solvent
withwhich theyarecapableofuniting. As moreandmoresot.
vent is addedto thesesait moleculestheir tendency to transfer
the electriccurrentis changedin consequenceof their different
chemicalconstitution. Hencethe rise in the electricalconduc-
tivity with lapseof time. In the secondcase, where the con.
ductivitydecreases,the samechemicalactionis in progress,i. e.,
moreofthe solventis addingitself to the salt molecule,and the
comp!exmoleculeof salt andsolventgrowsuntil, whenequilib.
rium is reached,the amountofsolvent in this complexmolecule
isgreaterthan thé amountrequiredfor maximumconductivity.
Thereforethe conductivityof the solutionis less than at first.

The bestconceptionwehaveofconductionin meta!!iccon-
ductorsis that the particlesof metal transfer electrical charges
fromoneto the other. Thé ether hypothesisfumishesus ~ith
a pictureof the mechanismof this charge transference. This
etherhypothesisbas not beenappliedto conduction in electro-
lytesbecauseof the appearanceof productsofdecompositionon
passinga current. But now that electric currents may be in.
ducedin electrolyteswith no accompanyingdecompositionof
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the electrolyte,weare hot justifiedin sayingthat thecurrent is
carried through the electrolyteby convectionin the form of
"electrical chargeson the backsof the ions."

The characterof the curvesof alterationof specifiecondue.

tivity, Figs. i to 8, is explainedby this same assumption,that
thé observedconductionof electricity is a résultant of the in-

sulating powerofone set ofmotecutesandthe conductingpower
of other mote?u!es.

ln thecaseof thé watercurve in Fig. 13,curve8, the high
insulating powerof wateritselfgets nochanceto lowerthé con.

ductivity. The watercombinesto form moleculeswith power
of conduction,and the curveofconductivityrisesrapidly. Water
is known to forma compoundwith pyridine, C H N – ~H~O,'
and thé difficultyin keepingacetic acid anhydrous shows how

strong is thé tendencyofwatertounitewith it pyridineacetate
atsodissolvesveryreadily in water.

In the curvefor water,Fig. 7, curve6, in thé silver nitrate

pyridinesolution thé conduetivityis seen to be very gradually
lowered. Here it seemsthat the power of water to form new

conductingmo!ecntesisexhaustedsoonerthan in the pyridine
aceticacid solution,andlittle by little the insulating power of
the non-conductingmoleculesof waterprevails.

Throughout all thecurvesofdestructionofconductivitythé
influenceof chemicalconstitutionis clear. Bachsubstancehas
its own individualcurve. Adilutant which is known to yield
solutionswhich conductelectricitylowersthe conduetivity less
than a dilutant whosesolutionswill not conduct.

The principlethat thé propertiesof a compoundare resul-
tants of the propertiesof its constituentsbas been usedhitherto
with somesuccess. It would seem that we must workalong
this line if we are to formulategeneral principles by which to

predict whethera givënsystemwill conductelectricity and to
what extent.

'CattnBuchka,"ChemiedesPyridins,"p. 50. AlsoG. M. Wilcox.
Jour.Phys.Chem. 8,g93('90').)·
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GeMftdebaervatieae

The resultscollectedin Tables I. to IV. may be expressed
in the followinglaw For chemically~o-~g-otMj~<MMM
lowepingof the ~~c ~<M/ conductivityin solutionsis
~f~ ~<t'OMN~ the number<~<ÏM.MC~~ ~~M~H<
a~~ This law hoMsin a numberof cases even in solutions
up to 40 percent of dilntant by weight. A new methodof
molecMhtwetghtdeterminationis thus at hand. Likeall other
methodsextant, it bas limitations. The choice of the solution
whoseconductivityis to be loweredis important first,thediln-
tant mustminglewith it; second,no sharp chemical teaction
should,takeplacebetweenthe dilutant and the constituentsof
thesolution. Whitein the rough this property of altering the
conductivityof solutionsis colligativeforanalogouscompounds,
thé iaNuenceof constitutionis alsoclearly ia evidence.

Thé curvescharted in Fig. are of interest in that they
showthat the powerof solutionsto conductelectricitydoesnot
dependupon the intensitywith which the various constituents
uniteto formthe solution,but rather upon thé propertyof the
compoundformed.

Somanyexceptionsto the theotyof Arrhenius,whichneed
notbe detailedhere, haveappearedin the literature that 1 have
notdiscussedmyresults in thé light of that theory; especially
as the resultsas chartedin Fig. io also show a lack of agree.
mentbetweenthe ctyoscopicand conductivity methods in the
determinationof the degreeof "etectrotytic dissociation."

Summary

The resuttsof this investigationmay be summedup briefly
as follows

(t) Theloweringof the specincelectrical conductivityof
non-aiqueoussolutionsby addition of a pure solvent bas been
foundto be approximatelyproportionalto the number of gram-
tuoteculesof solventadded. AppHcationof this principteoffers
a newmethodof molecularweightdetermination.
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(2) The c'jrves of alterationof the specifieelectrical con.

ductivityare peculiar to each solventused. The alterationde-

pendsuponthe chemicaleharacterof the solvent employed,all

degreesof this chetnical influenceof solvent on the original
solutionbeingobserved,fromwaterto benzene.

(3) Four uewconductivitycurvesof bases in acetic acid

havebeendetennined.

(4) The ideabas beenadvancedthat electricalconductivity
is the résultantof (i) the tendencyofsomemoleculesto transfer
the chargeproducedby an impressedelectromotiveforce, and

(2) the resistanceofferedto this transferofchargeby other mole-

eûtes.

(5) Konowalow'sconclusionthat thesmallmolecularvolume

of water stands in a dennite relation to the powerof aqueous
solutionsto conductelectricityis showntobe unwarranted.

(6) The discontinuityof curve found by Konowalowin

acid-basesolutionsfor the electricalconductivityis shownto be

due to a measurablespeedof reactionoverlookedby him.

(7) Konowalow'sconclusionthat the magnitude of the

electricalconductivityofsolutionsis proportionalto the inten-

sity of the chemicalcombinationbetweensolventand solute as

measuredby the heat effect,is foundto beuntenable.

(8) It is shownthat the conductionof electricity by solu-

tionsdependsupon the fact that a compoundis formed by the

solventand solutewhen solutiontakesplace; and that the de.

greeof electricalconductivitydependsuponthe constituentsin

this con.pound,and possiMyupontheir arrangement.

1 wish to take this opportunityof expressingmy hearty
thanks to Prof.Kahlenbergfor themanycourtesieshe bas con.

ferredupon meduring~thisresearch. Theworkwasundertaken

at hissuggestionand basbeencarriedout under his direction.

Alsohe has greatly facilitatedmyworkby putting at my dis.

posaithe extensivecollectionof solventsin bis laboratory. His

presencehas been a constant sourceof inspiration. 1 further

thank Dr. Schlundt for the use of some solutions prepared by
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him,and for manyother kindnessesdoneme alsoProf.Hillyer
and Prof. Kretnets forsimitar tavots and Mr. WatterD.Patton
forhis carefal assistancein making the ffeezing.pototdetenni.
nations.

~a~M-a~My~tt~ Ciremistry,
f/~v~ H~w<w~,

~affM<M.~t..
May,~903.
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<~M/ ~~t <}/'oMy<wn)0<<t~~t/ bearispon OMy~itM </Mj-~< CA~T.

TheatttttceteMteoefwatetatM'etoo". C. T. Rev. r,

/~(/~)f)).–Thewaterwasp!aeedin6)deap!atinn)n-!ined steel tube and the

prindple employedwasthat of liftinga ptatinnm vane partly submerged in the

water. The critical temperature was found to be M9* and the critical pressure

Ms atmospheree. 'tMerela a graduât decreasein surface tension until near the

critical temperatun when it drope BMddentyto zéro. W. D. B.

Sotfaee tea~a at the iatMfMeo<two MqMMadetemiaeeMpedmMtaMy by

the metnoaof ripplewaves. F. R. ~~oa. Phys. Rev. M. ~7 (/<?/). –Thé

author made detetmtnatioasof the surfacetension at tbe surfacebetween mer-

CMryand water, mercuryand alcohol, water and petroleum. and water and ben-

zène. It waefoundimpossibleto measuremercury and benzene, and mercury

and petMteMn. W. D. B.

The varhtton with tempetatMe of the aarface eMr~M and deaeities of

UqeHO)tygen.nttMgeo.argon, and carbonntMOxMe. E. C. C. ~o'/y < y. C

~OM~. Oi~M..S<w.S'. 907(/<M~). – Théauthors havedetermined thé

change wlth the temperatureofthé surfaceenergy of Mqaenedoxygen, Mtrogen.

argon and ntonoxfde. The resulting relation ie linear, the constants for be-

ing t.9t7, 9.00~,<.oMand t.9~6 reapectivety. TheM Hqtttdsare therefore prac-

tically normal. The lines eut the temperature axis at tM-77". "4.99". '45.44°.

andt~47°ab8,wht!ethec)-iticat température are oxy~entM. nitrogen t~

argon tS5.6"and carbonmonoxtde t37.4". D. B.

Onthe Mbeetonof liquida. A Leduc and P. &!<o~. <~w~/M ~M~.

t3~(/(K'~).–Prom expérimenta {n a capittary tube the authoMnnd the

cohesionof.water to begreater than 24 cmof water. In a mercury barometer

the bfeak took placebetween the glass and the mercury and thé mercury itself

wasnot tom apart. Acotumn of 30eenthnetets of mercury was held up as tt

watandthereisreaMntoauppMethattheactMattintitismuchhigher.

On thé !awaof vbcMtty. L. JVit~~cs. Phil. llfag. [<] t. ~"<7.

~yt. ût<'w. 38, ~o(/!?/). –Thé presentmathematical theory of viscosityhas

as its fundamentalconceptthe ideaaof Poissonregarding the nature of the nuid

etate, and a devetopmentof the puiety descriptive method of MaxweH. It is

ahownthat the presentwork leads to a geaeratized theory of visc<M:tyof which

the generallyacceptedtheory ia a particular case. The author hopee to give

ultimatety some applications. B.

Oy~/f~~f, C~&tW~ and ~<f~

REVŒWS

D. B.
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Stadiea on the retattea between thé vtKMtty et Hqttidaand the abMhttt
temperature. A. ~~A~ ~n~, -Oat of oae bundred and
fotty-httt tiuhstaucM,tnoat are touad to Mtow fettty ehMetythe fonnuta

«MMAM/. Théanhydrides, acidt. eteohoh, and watware exceptions.
F.

Oa the viacMttye<heMemand thevMtation withtemteMtaM. H. &t«/
~M< ~M. 6,jM (/po/). –

~xpertmeata are carried outin a atmHafway to
the Mthor'. expedmenta on thé ~hcottty et argon. The tMttttMgreewettwith
thoaeof I<o)-dRay)eigh, and show that SothMtaMd'sformula for the effect of
temperature te conect.

AdetermiMUMof the viecoaity of water. R. Drew. ~<f. M.
Il ( ~/). – Thé author rotated eo.a<M cytiadeMat a constantrate, the water
beingplaced in thé epace between the two cyUttdem. In this waya value of
tMMMwas obtaiuedfor the eoefBe!eotof viacoaityof waterat M".

D. F.

Onthe htaMBMof preMate on the viMMttyof water. Hauser. Z~~
Ana. s, 597 (~~o/).–Thé method of atudy was that of thedtMhMgeftom
capiMarytubes as Mthe c)aM:cst expe~tneots of PoMth. Tbe ptOMUfewaa

MppUedbyaC~tetpumpfMMDMretet.Kadtagto tooo atmosphetea.and
the compressioncyttnder was enclosedin a constant tentpetatnMdevice. Some
iNtereatingpotaK in regard to the effectof pressure oa the viecosityof water
are brooght out, the expe~meots Mopng up to <tooand }oo atmosphetet. It
appeaMthat thé eCectof pressure ;B to increase the vtscMityfor tempetatUM~
above3!" C, becoming more pronouoced as the tempemtM~rtses. The total
amountis 4 percentat too" C for 400atmospberes. As bas been well known.
the effectof pressureia to diminish the vtKoatty for temperattttMbelow3<" C,
but at this point it b shown that pressurebas no effect at all. TMs minimum
point, as the author points ont. is near the point of minimumspecifieheat and
otherwiseindlcatesa change in the phyaical state of the water. B.

Thé etaatieity and vttMatty of ice. Hans ~M. Drude's s,
(/po~). Small alabaof ice are cut and the bettding momentobtainedby load.
ing in the middie and observing the de~eetion produced,the movementbeing
n<agtti6edby minrotaud tetescope. It is found that a permanentbeodoccurs
in addition to the elastie movement. Experiments are a)xttried on the metal
tin with very simihr resuita. Experiments on the rate of aowof ice weretded
with interesting fesatts. Under steady ptessaïe the wlodty of Bowincteases
with the time, so that after a large initial pressure to atart the Howa smaliprea-
sureanaices to continue it. Varions conclusionsare dmwa withregard to thé
movementof glacialice. 71.B.



ON THE PASSAGE0F A DIRECT CURRENT

THROUGHAN ELECTROLYTICCELL

BYS. BÏGBLOW

Theoccurrenceswithinanelectrolyticcell, includingas they
doall changesin the electrolyteand on the electrode, in other

words,the mechanismof current transference,electrolysis,and

polarizationhavebeen the subjectof many investigations. We

havemostplausibleand usefuitheoriesbearingupon these sub-

jects,the fundamentalidea conciselystated being that when a

currentpasses it is carriedby the ions,which, in the neighbor.
hoodof the electrodes,unite to form neuttal moleculesgiving

np their charges. Certain facts to be describedbelow do not

appearto be readilyexplainableon this simplehypothesis, but

requiresomemodificationor extensionof it. The present con.

ditionof our knowledgeis admirablysummed up by Nernst,'
whoalsopointsout whereinour hypothesesare lacking. For in-

stancehesays Westate that the ions separate at the elec.

trodes,but howdo they give uptheircharges? "are

wenot forcedto the conclusionthat the electricchargesarecapa-
bleof independentexistenceforan instantat least,or cannot the

electricalelementaryatoms exist by themselves without being
attached to matter?"Il In the third édition of his text-book3

he offers an hypothesis, which gives greater definitenessto

thedissociationtheory,ascribingan atomisticstructure to elec-

tricity,and assumingthe existenceof two new univalent ele.

mentswithoutweight convenientlycalledpositiveand negative
électrons. Accordingto this theory the free ions in a solution

are to be consideredas chemical compoundsof these elements

with the dissociatedparts of the electrolyte and electrolysisbe.

camesa breakingup of thesecompoundsat the electrodes,the

Ber.chen).Ces.Berlin,30,a, tMy(tS??).
toc.cit.ts6x.
NerMt.Theorettschechemie,DdtteAuNage.t9oo,p.~6.
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tnasslessélectronspassing through thé metallic conductorand

giving rise to the usual phenomenaofelectricalcurrents.

Thomson'scorpusculartheory' isanotiterplausiblehypothe-
sis whichmay lead to a morecompleteunderstandingof occur.
rences within an electrolyte. Certain attempts have been
made to apply it to solutionsand Thoutsoa*concluded that
the charge on the gaseous hydrogenion was the same, Il or
at any rateof the same orderas the chargecarriedby the hydro-
gen ion in electrolysis." Lengfetd~has offeredsuggestionsas

to~howthe corpuscular theorymight be applied to the ionic

theory,the solutiontensiontheory, and the periodic law," but
his article is spéculativeand no experimentsare madenorcited.
A numberof experimental facts are known howeverpointing
to the advantage,if not thé tiece:isity,of applyingthis theory to
solutions,and it is hoped that this article, with another to suc.
ceedit shortiy,may make this clearas wellas contribute some
newexperimentalevidence.

It wasthought that it might lead towardthe endin view to

study particularlythe current whichpassedthroughan' electro.

lyte when the electromotive forceat the electrodeswas rela.

tively small,sayone volt. ï~eBlanc~made it appear probable
that therewasa fixed anddefiniteminimumelectromotiveforce

requiredfor the electrolytic decompositionof each electrolyte
and the determinationof thèsedecompositionpoints or intensi-
tiesof fixationwas continuednotablyby Glaser'andBose~under
Nernst'sdirection. On the other hand Wiedeburg'and others

denythe existenceof sucha point on theoretical grounds. In

any solutionthere is a varietyof ions and thé theory demands
that whena gradually ascendingelectromotiveforce is applieda

foranexcédentMmmatyofThomson'sworkseeCtew,Astrophysical
Jo)tntat,tt,t7o(<9()o).

Phi!. Mag.4e.S44('898).
Jonr.Phys.Chem.s. ( t~ot).
Zeit.phys.Chem.8. (tS~t) ,9.333(t~).
Zett. E)ektMehem:<4.3SS.373,397.4~ ( '898).
!bM. s, 153(~898).

WM.Aan. 309(t8~);Zeit.phye.Chem.14,~4(tS~).
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to électrodesimmer&edin the solution, that anion and that

cation the sum ofwhoseintensitiesof fixationis thé least must

separiteout first,and until this minimumelectromotiveforceis

reachedthat nothing can separateont, i. e.,no cnrrentcan pass,

assumingFaraday's lawto hold. This is contraryto universal

experience,for it is foundthat with no matter what electrolyte
andno matterhow lowan appliedelectromotiveforcea current

doespass it maybe smaH,but.is ineasurable.,Anyof thé pub-
!isheddata ptottedon a coordinatesystemwithvoltsononeaxis

and currentquantity on the other show this, but also show

a moreor less rapid increasein carrent quantityat or about the

decompositionpoint noted by Le Blanc. That this rapid in-

creasein currentoccursin every instance at the same electro-

motiveforcewhich the electrodesand thé electrolyteswill give
as a sourceof electricalenergy is strongévidencethatthe point
is characteristicand that sotnenew processbeginsthere.

This objection,that small cnrrents do passbelowthé de-

compositionpoint, has beenmet in severalways. It bas been

suggestedby a number of investigators,for exampleSalomon'

that solutionsact to a sliglit extent as conductorsof the first

class, i. e., as metals, and Faraday himsetf was of this

opinion, but thé best authorities are opposed to this

view and Ostwald3 says: Insbesondere ist fiir die von

verschiedenenForschem aïs moglich angesehene1metallische,'

d. h. von der Ionenbewegung unabhângigeEtektrizitats-

teitungnicht das kleinste Anzeichengefundenworden." This

hypothesismay be rejectedas highly improbableand there re-

main two alternatives,either electrolysisdoesoccurat voltages

belowthe decompositionpoint or the currents in question are

merelypiling up ions inthe immediateneighborhoodofthé elec-

trode,forminga sort ofa condenseror "electricaldoublelayer"
Il

whileno ionsactuallydischarge. Theformationof thèsedouble

layetsmnstbe accompaniedby a detectabletransferenceofelec-

SeeforinstanceSokolow.Wied.Aan.$9.M~((896).
Zett.phys.Chem.~4,55('897).

Grundriss,DritteAugage,tS~,p.380.
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tricalenergyandsuchttansfereaceis indubitablyanexceptionto
Paradais lawas statedby Wiedeburg,who says: "Es tuusste
ja zudent eben ausgesprochenenSatznochder fernere,dassstets
die gesamteherangeführtelonenmengean den elektroden zer-
setztwerde, hinzutreten,um dasFamdayscheGesetz in seiner
gewohaUchangeführten.für die PraxisberechnetenFonn zu
Standezu bringen,unddem wiedersprichtim Grundeschondie
Anuahme, dass sieh an den R!ektrodenelektrische Doppel-
schichtenbtiden." Butsuch doubletayers cannot aceount for
all the current observedbelowthe décompositionpoint of water
because,no matterhowlarge the capacityof such a condenser
maybe assumedto be owing to thé closenessof the layers, it
must be finite and so the cuttent would have to cease
eventually. This howeverdoesnot happenand no matter how
longthé circuit is left closeda residualcurrent, or 1 Reststrom
stilt passes. Thé conclusionappearsinévitablethat electrolysis
of somesort occursevenwith the smallestelectromotiveforces.

The other alternative,that electrolysisoccurs at any elec-
tromotiveforce,is in accordwithourosmotictheory ofgalvanic
cellsfor we have onlyto assumethe solutionpressurefromelec-
trode into the solutionsufficientlysmallto be exceededby the
reverse pressure from within the solution outward. When
the productsof electrolysisaregasessuch a current must con.
tinually increase the concentrationwithin the electrode until
an equilibriumis reachedand then it should cease. This con-
dition of equilibriumwouldcorrespondto a maximumof polar.
ization,a thing oftensoughtforbut never yet found. Since a
residualcurrentpassesforan indefinitetime,wemustassumethat
the electrolysiswhiehoccursis of a nature not taken into ac-
count by our present osmotictheory. Again, this theory does
not satisfactorilyaccountfor thesuddennesswithwhich the cur.
rent increasesat the decompositionpoint.

The argument bas been advancedthat as much energy
must be required to decomposewater as is evolvedupon the
formationof water,and the quantityof electrical energy being

Zeit.phys.Chem.14,t~ (t8~).
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determinedby Faraday'slawthe intensityfactoror electromotive

forcemust be determinedalso; otherwisewe couldelectrolyze
witha lowvoltageandthen, allowingthe cellto delivera current

while water wasformed,regain the same quantityat a higher

voltage,thus gainingenergy, an obviousimpossibility. These

considerations!edTommasi' to express the opinion that water

is in somemeasuredissociatedinto hydrogenatomsaud oxygen

atoms,in a mannerresembling that in which gases dissociate,
and that it is the separation of these atoms at the electrode

which supports the carrent belowthé pointcalculatedfrom the

heat of formationof water. He considerselectrolysisoccurring
belowthis point in a sense parallel with the evaporationof a

liquid belowits boiling-point. It isgenerallyconcededthat the <

fa!!acyin the abovereasoning lies in its applicationto a reaction

whieh is not reversible,while it wouldholdonlyfor areversible

reaction. But the statement that it is not reversibleleavesopen
the questionas towhat the exact natureof the reaction is, and

it wouldbe a moredefiniteand satisfactoryexplanationofmany
rather troublesomepoints if it couldbe proventhat electrolysis
belowthe decompositionpoint of water differedin kind from

that above it.

Theresidualcurrent.

The residualcurrent has receivedby no means the atten-

tion it deservesandbut few investigationshave been reported.
The most importantis that of Helmhottz' who found that one

Daniell cell (electromotiveforce about i.ï volts) could send a

measurablecurrent through an electrolyticcell with platinum
electrodesin distilledwater or in dilutesulphuricacid for weeks

at a time. He furthermore found that sealing up the cell

completely made little difference,but that whenhe removed

practicallyall thé dissolvedgases from the electrolyte with a

mercury pump the current was much smaller. He faits to

give the details as to the strength of the current after definite

EtechficatReview,44.~93( '899).
Pogg.Ann.tïo.48~(tSy~)Wiss.Abband).t. 8:3.
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times. Danneel'workedon the sameproMetn and gives the
current he observesand the correspondingvolts but does not
state the time elapsedbetweenthe elosingof the circuit and the
observation,though it is to beassumedfromthe context that he
waiteduntil the curreat becamepracticallyconstant. Satomon"
workedwith silverelectrodesin silver nitrate solution and his
resultsbearingupon thé movementofa metal ion betweenélec-
trodesof the samemetal cannotbeofmuchassistanceindiscuss-
ing the problemof the residualcarrent in solutions between
electrodessuch as platinumwhichare not snpposed to go into
solution.

Hehnhottz's explanation of the residual current is as (
follows. Assumethat the sohttiot)contains dissolved hydro.
gen, or that the electrodescontain occluded hydrogen,
then at thé electrode to which oxygen is driven by the
current it combineswith the hydrogenpresent to fonn water.
At thé samc thne an equivalentamountof hydrogen is Hberated
at the other etectrodeand'willeither dissolvein the electrolyte
or be occhtded. Although electrolysisthus takes place neither
of its productsappearand the electromotiveforcedoesnot have
to do thé work implied by thé decompositionof water into
its components,in other words,a current tnay pass although
theelectromotiveforceis less than that reqnired for the latter t
purpose. The hydrogenfreedmaydiffuse through the liquid
until it reachesthe other electrodeand so by a constant circu.
lation support the current. If, at thestart, the solution or élec- ·
trodescontainoxygeninsteadofhydrogen,the reasoningwill be
the same. To this processhegivesthe nameof electrolyticcon.
vection. This explanationhasbeenacceptedas fundamenta!!y
correctby both Salomonand Danneelwhomade it the basis of
calculations as to what thé strength of thé residual current
should be. But neither one foundany satisfactory agreement
betweencalculatedand observedvalues, and Danneel working
with dissolvedgases found currents uniformty two to three
times as largeas thosecalculated.

Zeit.Btekhochent!e.4,)n. My(t~?).
toc.cit.andXeit.Etekttochemte,9,~64(tS~).
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Assuming some oxygen present at thé outset, either oc-

c!uded in thé electrodeor dissolvedin the electrolyte,or both,

we may readily see how it could facititate the discharge of

hydrogenions and the formationof water at the cathode, but

the law ofmassaction would lead us to expect that it won!d

hinder the formationof moreoxygenat the anode. According
to our present theoriesthé dischargeof eachcationmust be ac-

companiedby the simultaneousdischargeof an equivalentanion,
so it wouldseem that the passageof thé current should be de-

tennined largely by thé concentrationof thé ionpresent in least

amount. Therefore dissolvedoxygen, or dissolvedhydrogen,

might be expectedto ditninishrather than inereasequantity of

current transmitted. But this is contrary to the actual facts.

Again, assumingoxygenpresentand that it assistsin the trans.

ferenceof thé cnrrent by facilitatingthe dischargeof hydrogen

ions, it is obviousthat a great increase in thé concentrationof

these ionsshould be accompaniedby a correspondingincrease

in the current quantity. Experiments to be describedbelow

demonstrate that increasingthe concentrationof thé sn!phuric
acid used as electrolyte a hnndredMd makespractically no

differencein the residual current. The conclusionappears to

be justifiedthat the convectioncurrent theoryis not a fu!!ysat-

isfactoryexplanationof thé phenomena. In theopinion of the

writer it is at leastprobablethat eitherdissolvedoxygenor dis-

solved hydrogenas such is able to transferelectrical energy,and

further, that either one in solution furnishes anions and

calions,or charged particlesanalogousto these.

It seemeddesirableto inereasethe amountof experimental
data in thehope of nearingan answerto the questions,is there

or is there not a true decompositionpoint, and if there is, what

supports the current at lowervoltages?

Apparatus.

Two storage cells of eighty amperehours capacity each

were connectedin paralleland the circuit wasclosed through a

nickeliii wire woundon a drum as in thé Kohtrausch bridge.
The resistanceof this wirewasabout 30ohmsandconsequently
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the cnrrent taken fromthe cells was small (ï/i~ ampere)and
their electromotiveforceproved to be pract!ca!!yconstant for
three moothsand more. Bymeansof a wheelcontactanye!ec-
tromotiveforce lessthan two volts could be taken off for the

experiments.'
In order to be sure that the electromotiveforce was con.

stant, a Weston standard laboratory vo!tmeterwas kept con.
nectedat the electrodesof the experimentalcell all the time.
This vo!ttneter, havinga large scaleand a total range of three
volts,was easilyreadableto within two rnillivolts. It wasca!i.
bratedseveraltimesagainsta Clark and against a Westoncell
with certificatesfrom the Reichsanstalt and finally, when the
workwasbrokenoff,it wascomparedwith a new Westonvolt-
meter. Dnring thé workit did not vary more than two mi!ti.
volts. A key, such as is commonlyused with the capiHary
electrometer,threwa galvanometerinto the circuitwith the ex-
perimentalcell wheneveran observationwasto betaken. The
mirrorgalvanometer,readwith a telescope,wasof the d'Arson.
val type made by R. W. Paul, and an exceptionallydead
beat and serviceable instrument. Its interna! resistancewas

500 ohms and, as set up, it showeda deSectionof onescale
divisionfor 0.022microampere. As currentstrengthsextend.

ing overa widerangehad to be measured,a résistancebox was
insertedas a shunt with the galvanometerand different resist.
anceswere taken out soeh that at no timedid the galvanometer
deBcctionsmnchexceed100scaledivisions,withinwhich range
experimentshowedthe deflectionsto be direct!y proportionalto
the currents. For the ta!:eof clearnessand ready comparison
the shunts used and the actual galvanometerdeflectionswill
be omitted, and the results will be given in micro am-

The morecommonformofawireatfetchedonameteretickwithaalid.
ingknifecontactwasusedatBut.butwithnickelitawifethecontactprovedto
beunreliable,andplatinumwirehadto beM fineas to be itteoaveaieatty
breakahleinordertogivea moderatelyhighresistance.In thefinalatMase-
mentboththéntcMinwireandthewheelwere~oM.ptatedandthecontact
leftlittletobedeaired.TheptatingreducedthefMhtaMeof thewitefrom
about36toabout30ohms.



Z?~~CM~0~0!Kj5'Z?<< 6ttt

peres as calculated from the galvanometer calibrations.

The probable error in the galvanometer readings may be

taken as amounting to two to ~ve units in the last sig.
nificant figure. Cells of differentforms were nsed and they
wiU be described with the individual experiments. Figure
t is a diagramof the connectionsand showshowseveralexperi- ]

A, voltmeter.

B, gatvanometer.

C, reoiataneeboxM shunt.

D, drum woundwith niekeMawire.

E, storage battery.

F,, P,, F, experimentalcelle.

Gt, G,. G,, switches or keys to throw galvanometer into circuit

withceHa(G, io pMitton to detemine circuit passing

through P~).

tnetts were controlled and read with the one galvanometer and

voltntetef. One volt was used in each experiment unless other-

wise mentioned, this value being chosen for two reasons, first,

because it is below the electroinotive force of thé hydrogen oxy-
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gen cell(1.08volts),' and second becausea fairlyhigh voltage
wasdesiredin order that the currentsshouldbe as largeascorn.

patiblewith the otherconditionsandso morereadily andmore

accuratelymeasurable.

BxperiaMQtNe.ï

EtectMdesofplatinnm.each 17 mmsquare, i tnm apart.
Ptatinumwiresweldedon them werefastenedwithsealingwax

througha hardrubbercover,copperwiresweresolderedonont.
sidethecover. Thé electrodeswereheated to redaess just be.
foreimmersingin the electrolyte,whichwas n/2oo (molecular)

H,SO containedin a small jar, the diameterof whieh was)ust
large enough to admit them. Both vottmeter readings and

temperatureare given, as the former varied somewhatand
the latterhasa snarkedeffecton the residualcurrent,as will be
shownlater.

'time
n_r' M~ Zxpt. No. 5Thoe Temp. Vottt ampetMMicw'p'M* Time

24mio j t7.5 0.980 64.5 56.4 tomin
tyhours t6.o !.ooo 20.3 6.69 i9hours
43 ï4.5 o.99i; i4.3 ~.o! ?
9' ï3.5 j.o'o 7.39 4.08 (~
95 '5-o .ooo 6.96 4.34
"4 '6.0 .006 6.62 3.42
!t9 17-0 .oo8 7-08 –

6days t6.o .004 4.7~ Z.7S
7

If
!50 .000 367 2.63

8 t7.o j .002 3-4' 2.o6
9 !4'o j .~M 2.63 .77 <od9ysIf

'40 j .ooo .85 .72
"6.o .ooo .53 (4.23)

'5 "7.0 .ooo .33 .91
'6 20.5

l,
.ooo .24 1.56 t7days

18 If
20.5 .ooo .64 .oo 19

~o ï8.o t .000 0.77 .02
2! ï7-o .ooo 1.28 0.84
M t7'o .MM 0.79 –
25 ï5.o .ooo 0.45 .0.66 24da;-s
~7 '7-5 .ooo o.4t8 0.66 26
~9 t70 .MM 0.24~ 0.550 28
3~ t6.o .oco o.2t8 0.453 3!

'Smate. Zeit.phys.Che)a.!4.!77(t894).
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At this point unfortunatelyan imperfectiondevelopedin

the contactswhichmusthâveallowedthe cell to becomepart!y

depolorizedas thé currentran Mpto 7.18micro amperes. The

trouble was quieMy remediedand the experiment was con.

tinued, but the timesare nowfromthe dateof this interruption.

~i~j~ I~LI~

$ days !9.o .004 2.27 0.427
[~ 18.5 .Mo 0.968 0.297
t~ 19.0 .002 0.4:4 o.2;;8
ÏO Il

t9.0 .002 0.403 0.255
2t 20.0 .MO 0.277 o.a~ç
22 20.0 .000 0.253 0.293
23

Il
t9-o .000 0.2~9 0.275

59
Il

2t.O~ .MO 0.196 O.t78
63

Il
~3.0 0.99~ 0.242 0.264

M 21.6 0.998 o.!85 o.!63
70

Il
22.5 o.99S o.!8s o.t8o

71 23.0 0.998 o.t89 0~36

yx 22.5 1.000 o.!69 0.088

76 23.0 t.ooo 0.262 0.257
82 t9.o t.ooo o.2t8 0.134

This experimentshowsthat thereisa residualcurrent,sma!t

but measurable,and that thiscurrentdoesnot growinde6nite!y

smaller. Rather, it tendstoa minimumwhichhere appearsto

have beenreachedin the secondpart of the experimentafter72

days andamountsto 0.169microampère.
Thé difficultyof holdingall conditionsso constant as not

to affectthe residualeurrentis apparentfromthefact thattherc

is not a regularfalling off to a constantminimum value, but a

fluctuationhard to control though not hard to acconnt for.

The mostevidentsourceof variationsis from mechanicaldis-

tnrbance. It bas been observedrepeatedly that shaking the

électrodescausesan increasein the residualcurrent. The fol-

lowing experimentis a furtherdemonstrationof this andshows

also what the amountof thé effectmaybe.

ExperimentNo.2

Electrodes,platinumwiremm in diameter immersedin
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Thecathodewas shaken vigorously,at the same time the
greatestdeflectioriof thé galvanometerwasobserved. Thiscor-

respondedto a current of ï.~ga micro amperes. Theanodewas
shaken just as vigorouslyand the greatestdeSectioaobtained

correspondedto a current of 1.0~ microamperes. In 20 min-
utes the carrent had fallen practicaity to what it wasbefote

shakingandmeasured0.856microampere. The cellwas then
left forthreedayswith the circuit elosed,after which the follow-
ing measurementsweremade, showingthe limits withinwhich
the cellwasconstantwhenleft alone.

The cathodewasshakenasbeforeandthe maximumcurrent
waso.yo~microatnpereandfell to0.231microamperein twomin.
utesafterthe shaking wasstopped. Theanode wasthenshaken
and themaximum entrent obtained was o.594 microampère.
In the attempt to increase this currentthe anodewasshaken
moie violentlythan the cathode and the failure of the at-
tempt indicates that it is harder to increase the current by
shaking the anode than by shaking the cathode. In two
minutesthé cun-eat had fallen again to o.a86 micro ampere,
showingfurther that the recoveryof polarization is somewhat
sloweronthe anodethan on the cathode. This shaking must
oweitseffectto a partial destruction of the layer of ions held
near the electrode by the condenseraction and could hardly
haveanyeffecton the alteration whichhadoccurredin the elec.
trode.

~200 (molecahr) H,SO~ a leagth of about 4 cm. Cell, a
U.tubeof innef diameter ï cm.

_<

T;me TetNp. Volts MtcroampcK

18 bours 1 15.5 1 t.oa8 1 0-794
t8boMrs ~.5 t.oo8 0.794

Thé cathode was shaken vttvnrnMalv at thf* natm* t!tt.~ th~

Time Temp. Votta

44

Mtcfoampère

91 heurs ts.o 0.998 o.2.;8
95 t6.s ï.oo~. 0.2~
96 t6.0 t.OOO 0.220

The cathode was shaken as before and the maximum current
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Thé anode wasliftedout until onlyabout 0.4cm remained

in the electrolyteandthe current fell from0.243to 0.088micro

ampere, or a reductionof the electrodesurfaceto one-tenththe

originalwas accompaniedby a reductionof the current to one'

third. Probablyif moretime had been givenfor the current to

reacha constantvalueit wouldhave fallenin directproportion,

agreeingwith Danneel's'observationthat the residual current

is proportionalto the electrodesurface. Liftingout thecathode

in the samemannergavesimitar results.

When the currentmeasured0.242micro ampereagain the

cathodewasentirelyremovedfrom the solution,wipedoff with

filter paper, and then replaced. Thé maximum current

observedwhile the cathode was being immersedwas 1.363
microamperesandthé recoverywasmuchmorerapid than had

beenanticipated,the current falling to 0.200 microampere in

threeminutes. Removalof the anode and wiping it off with

filter paper was moreeffective,as a maximumcurrentof 3.566
microampereswasobservedwhitethe anodewasbeing immersed
anda yetgreatercurrentmight have obtained,but it wasreplaced
moregraduallythan the cathodefor fear of damaging the gal-
vanometer. Recoveryin this case was less rapid than in the

former.

Thèseobservationsare in accordwith the wellknownfact

that thé polarizationofplatinumelectrodesunder such eircum-

stances is largely a matter of occlusionof hydrogenby the

cathodeand of oxygenby the anode. The occludedgases of

coursecouldnot be wipedoff,and as much of the polarization
as wasdue to them remained,while all of that due to banking

up of ionsoppositetheelectrodesas a "douMelayer" musthave

beenremoved. It isevidentthat the formationof a condenser

by the accumulationof ions near thé surface of the electrodes

is capableof supportingbut a small residuatcurrentand forbut

a short time. It appearsto be in fact negligible as compared
to the long-continuedresidualcurrentsobserved.

The cell wasthen left with the circuit closed for 78 days

'loc. cit.
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more. It wouldbe tedious to give the almost daily measure.
mentsand it will be suS)c!entto state that the resultswere per-
fectlyanalogousto thosegiven !ttMl under Experitnent i, and
that thé smallest entrent was 0.066micro ampere observedat
the end of the 26th, 6oth, and 78th days.

Other experiments were tried, shaking thé electrodesof
cellsofdifferent forms,but as the results merely coNËnathose

just stated the details may be omitted.
Hetmhoitz' showed that upon co<np!etetyexhausting thé

air fromthé electrolytethe residual current was greatly d)<!t)n-

ished in fact he says that it practically vaoishedaftera time.
But his galvanometerwasby no meanssensitive; that used in
theseexperimentshad at least ioo times the sensibilityof his
and he did not give the dimensionsof his cell. The following
experimentwas performedto verifyhis resultsand obtainsome
numericaldata.

ExperimentNe.3
The cell consistedof wide bore combustion tubing rather

more than 30 ont long and drawnout at bothends. Acapillary
stopcockwith mercurysea! wassealedon to the top anda small
bore tube seated to the bottom connectedwitha rubbertube and

levelingbulb filledwith mercury. The platinumwiresleading
to and weldedon thé electtfodesweresealedthrough thé sidesof
the combustiontubing. The electrodes,of ptatinum,were toï
Mm long and 15.5mm wide. Owing to their !ength and the
difficultiesof sealing them in, they werenot parallel but bulged
toward each other near the middle. Thé shortest distance
between them was about 2 mm and the longest about 8
mm. By raising and sinking the leveling bulb the electro-

lyte (~200 H~SO~)was introducedfromthe top. Whenenongh
had been drawn in to completely submerge thé electrodesto
abovethe point wherethe platinum wires were sealed through
the glass,the stopcoekwasctosed,the levelingbulb waslowered
and the dissolvedgasescameoffcopiotislyunder the diminished

pressure. The bulb was then raised, the stopcockopened,and

'toc. dt.
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the gasesdriveneut bythé rising liquid. This processwasre.

peated~aa numberof timesfor twodays,the cellbeing left under

diminishedpressureovertwo nights. Upon raising the !eve!'

ing bulbthe last timenotraceof a bubble of gas appeared in

thé capillarybeneath the stopcockand though thé exhaus.

tion probably was not so complete as that obtained by

Helmholtz the amount of gas left was small. An electro-

motiveforceof î volt ( ±0.004)wasappliedas in the other ex-

perhnents,andobservationsweremade for 97 days. Thé cnr-

rent felloffrapidly,amountingto but 6.~71microamperesafter

6 hours,a valuenot far removedhom the smaUest,which was

3.235microamperesnotedat the end of thé zothday. The cnr-

rent variedbetweenthèse limits, several times rising to the

larger valuebut not againfalling quite to the minimum, thus

failing tushowany indicationof vanishingin any finitetime.

To comparethe resultsof this experimentwiththoseof Ex-

perimentNo. i in spiteof the marked differencein the size of

the electrodesin the twocells the expedientwas adoptedof de-

terminingthe conductivityof samplesof the same electrolyte,

~aoo H,SO, in each by the usual Kohlrauschconductivity

method. The cell of Experiment No. i showed a resist-

anceof 54.5ohmsand the cell of this experiment 10.4ohms.

Thus the lattercell basa conductivityabout five times that of

the formerandforcomparisonthe resultswithcellof No. i must

be multipliedby fiveor the resultswith cell of No. 3 must be

dividedby five. In this manner it is seen that a fa!! in current

strengthoccurredin No.3 in six hourswhichrequired15to 16

days in No. r. But another fact appears, name!y, that thé

minimumof No. 3 equaling3.245 micro ampereseven when

dividedbyfiveis nearly four times the minimumof 0.169ob.

tained in No. ï.'

BxpedmentNe.4

Two ptatinmn electrodesnot carefully measuredbut of

NoparticularBtresseu be laiduponthisobsef~tion,formitingthe
bulbattheendoftheexpedment,it wasfouadthatsomeairhadleakedin

throughthestopcock,mtherinvalidatingtheresultsandmakinga répétition
desirable.Thenextexperiment,however,beamoutthemainconclusions.
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somewhatsmaller surface area than those used in No. i were
sealedthrough the sidesof a largetest-tubeso as to be approxi-
mately ï cm apart. Thé tube was nearly SUedwith ~200
molecularH,SO~,drawn out at the upper end, connectedwith

the waterpump and gently warmed. When about one-halfof
the electrolytehad boiledawayand it was thought that almost

all the dissolvedgaseshad beenremovedthé tube wassealedoff,
and after it had cooledto the temperatureof the room the ex.

periment was begun as usual. The followingfigures again
showhowmuch the initial cutrent isdiminishedbytheremoval

of dissolvedgasesand howmuch morerapidlythe cuffeat falls

off in their absence.

The experiment was run for 81 days with almostdaily
measurements,showing after the 6fth day sometimeslarger,
sometimessmallercurrents withoutany discoverableregularity,
but of the later values none exceeded0.1~3 micro ampère,

though this value was reached twice again. The minimum

valuewaso.oy~microampereobservedon the 56thday.
A measurement of the conductivity with M/zooH,SO

showedthe cell to havea resistanceof 72.4ohms,thereforethe

factorby which the readingsshouldbe multipliedtomakethem

comparablewith thoseof ExperimentNo. t is 724/545orroughly

4~3. After41 minuteswe findhere0.942microampere,whieh
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multipliedby~3 gives ï.z$6 microamperes,reachedin Experi.
ment No. ï oatyafter tg to 16 days. Thé minimum of 0.075
multipliedbythé same factorgiveso.ioo, a value less than the
minimumof0.169obtained in No. ï.

Thé experimentsso far describedsuBiceto prove the over-

whelmingimportanceof the dissolvedgasesin supportinga cur.
rent belowthéusuattyaccepteddecompositionpointof water,a
fact recognizedby Hetmhottz." Kohlrausch and Heydweitter,"
workingof coursewithelectromotiveforcesmuchaboveonevolt,
noted the markedincreasein the specinc conductivityof their
best waterswhenin contact with air and measured the differ.
encedueto theair asabout 0.5 to0.6 X 10'°. Th<;ysay(p.215)
"Nach wurdemaonichtfurunmog!ichhahen,dassschon
die Sauerstoffabsorptiondas Leitvermogenbeeinflusst." But it
does not seemto have been realized that this necessitatesa
modificationorexpansionof our dissociationtheorywhichstates
that the currentis transported through an electrolytesolelyby
the ionsdueto dissociation. Beforeentering further into this
discussionan experimentwill be describedintendedto determine
the influenceon the residual current of greatly increasingthe
concentrationof the ions present in the electrolyte.

ExperimentNe. 5
A cell wasconstructedas nearlyidenticalwith that usedin

ExperimentNo. t as possible ait four électrodeswerecut out
at the sametimeand were necessarilyof the same size and the
differencein distance apart was less than half a miUimeter.
Care was taken to have all the conditions the same except
that the etectrotytein this new cell was M/2molecular H SO.4.
The resultsaregivenby the sideof those of No. ï, but the ex-

perimentwasstartedone day later and, as the times were not

alwaysthe same,they atso are given when they differed.
The currentis distinctty less with the strongerelectrolyte

in the carlierstages,but becomesabout the same after i days.
The rise andfait in current from day to day without apparent

toc.cit.
Wied.Ann.53.M~( tSM).
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causeis moremarked in No. 5 than in No. i and makesit hard
to decidewhetheror not, if ait conditionscould be held con-
stant, the current wouldbecomethé same. It appearsprobable
fromthe figuresthat they would, and this idea is further sup-
portedby the fact that after the 5oth day the tise aud fait is
practicallyparallel in the two cells.'

The résultaof ExperimentNo. 5 appear to show that the
current whichpassesthrough an electrolytebelow thé decom-
positionpointof wateris not camed by the ions resulting from
the dissociationof the electrolyte,but bya ~M due /o
the ~'MC~M~ ~M~/O tinrecognised.

Some experiments were made in connection with thé
troublesomeirregularitiesiathe currentsto determinethe effect
of temperatureon the residualcurrent.

ExpertmentNo.6
The cell was a smallwide-mouthJenaflaskahnostglobtuar

in formbut with a flatbottomand containing125ccwhenfilled
to the neckas it was in all experiments. The electrodeswere
of platinum.ao X 25mm, 15mm apartat the top and varying
between17and 19 mm apart at the bottom. Stout platinum
wires!edfrotn the electrodesto heavycopperrodswhichpassed
through a cork holding them rigidly in place. The electrolyte
wasM~ooH~SO~. A short thermometergraduatedin fifths of
a degreewasinserted through the corkso that its bulb was in
the electrolytebetweenthe electrodes. Thé wholeceUwassup.
portedby a clampin the centerofabatteryjarwhiehservedasa
bath. An electromotiveforceof one voltwasappliedand at the
end of eight days,the changein quantityofthé residualcurrent
during three or four hourswasbut slight. The bathwasstirred
with a featherand carewas taken not to shake the cell. The
measurementswere not made until the thermometer in the

Theseirregularitiescausedmuchanttoyancethteughonttheworkand
mMyonavaHmgattempttweMmadetoeliminatethem.WheMverpoa~MeconnectionsweremadebyMMenngorbymercuryCMp!)andaMothercontacts
wererepeatedlycteanedwithemerypaperandebamota,butevenwiththese
precaotionsitcannotbeatatedwitheettaiotythatsomeof thevariationsdld
notarisefromfaultycontacts.
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cell had remained constant to within two-tenthsof one de-

greefor 10 minutesandthensuccessivereadingsweretakensome-

timesexteadingoveran hour. Thesereadingsagreedwith each

other in aUinstancesto within fiveunits of the last significant

figuregivenaud the aveiagefofeachtemperatureisgivenbelow.

The cell wasthen allowedto potarizcfor35days morewhen a

residualcurrent of a.yymicroampereswasfoundto be passing

through it at a temperatureof 20.2°. It was hntnersed in a

freezingmixtureof salt and ice and five measurementswere

madebetween– 4.2" and 4.4°extendingover45minutes,the

largestcun-entobservedwaso.y8,the smallest0.76,or say0.77
micro ampère for –4.3". The ice wasthen taken out andthe

temperatureallowedto riseslowlywhile the galvanometerand

the thermometer were read as nearly simultaneouslyas pos-
sible., A few ofthe resuttsare tabulatedbelow

Thé cellwas left fora day with one volt as usuat, and at the

endof this time the cnrreat passing was2.42 micro amperes,
while the temperaturewas20.4'='.It wasthen immersedin ice

water and a number of measurementswere made to deter-

mine the current nearo°, after which the icewas removedand

observationsweremadeasbeforeat differenttemperatures..

Thé original object of thèse experimentswas to 6nd a

mathematical expressionfor the connectionbetween current

strengthand temperature,and whHeanyoneof the aboveseries

plottedona coordinatesystemgives a fair!y regular curve, it

wasnot consideredthat they checkedwell enough together to
make the attempt at a formulationpromising. Furthennore,

Température
J~~Qo~~o'

Micro ampères 0.77! 0.88 0.95 t.oz i.t3' !.z6! t.32

Température' ~o~ to.7~
!~o~ [~5~ t6~o~ t8~'Microamperes t.~6 t.58 i.yy :.o8 2.t6 2.59 –

Température 0.2~ 8.0"
t: j 't6.4° j 25.5°

Micro amperes 0.85 t.og t.44J t.93 3.80

~rt,e ".w"t ..c "~A" ,n. a..a

Temperatare"o.o~ 4.6° "S.o~Tto~ !6.t~°
Microampères t.o8 t.3! 1.70 2.08 3.59 4.08

fht* ~~nwoe t~~MQ~n~f~ t~ tv~~av! fnr c ~a~c <n~y&<utt<wo
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the,current qnantity being so dépendentupon the amount of
dissolvedait two sets of valuescould be obtained, one with a
solutionsaturated with air at a definitetemperature,andanother
witha solutionsaturatedat eachtemperature. Theresults given
approximatetothe firstcase becausemuchair couldneitherhâve
beendissolvednor given offduring the observations. Somees.
timatemay beformedas to the rate at wMch the conductivity
increaseswithtbe temperature. It about doublesfor au increase
of tea to fifteendegrees. This is greatly in excess of the aver.
agerate of increasein conductivity for acids which has been
determined as between 0.9 and 1.6 pet per degree by Kohl.
rausch'stnethod,' they pregutuablyowing their increased con.
ductivityto an increaseddissociationand increased velocityof
thé ions. A much higher température coefficientfor purest
water,distilledin vacuo,was found by KoMrausch and Heyd.
weiHer'amountingat 18" to 5.8 pet. The above figuresshow
a temperaturecoefficientbetween 7 and 10 pet, that is, much
larger than either, and this again indicatesthat the ionsdue to
ordinarydissociationare not what supportsthe residualcurrent.
This temperaturecoefficientis morecomparablewith that of the
velocityof tnaay chemicalreactionswhieh is known to double
andtreble for an increaseof about ten degrees.3

The followingexperimentswere carried out to determine
the effectuponthe residual current at one volt of temporarily
altering the electromotiveforce.

ExpérimentaNe.7,&,6, c,d.
The cellwas thé sameoneusedin Experiment No. 6 and

the temperature was held constant within 2~10of a degree
duringeachexperiment. The method of procedure when not
otherwisestatedwas to alter the voltageby meansof theroUing
contact,make a reading after five,minutes, then immediatelyreturnto onevolt, wait five minutes, read, then apply a new
voltage,read,and so on. A stopwatchwas usedto measurethe

KoMMtMchundHotbon..Mtven.Sx.aderEtektmtyte,p.n8.loe. dt.
van-t HoN.VortM)tngea.SMtesHeft,p. ~3.



Direct <~?~/ throughan ~?~M C~ 633

time. Thé cell was sufficientlypotafizedat the beginning to

allowof the assumptionthat if left to itself the residualcurant

wouldnot alter perceptiblyin the timerequired for the experi-
ment. The observationsaregiven in the order in which they
weremade.

ExpefimeatNe.y, a (Temp.2t.3°)

ExperimentNo.?, d

To eliminate the possibilityof errorsdue to therollingcon-

tact, the storage battery wasshort-circuitedthrougha resistance

box and the wiresleading to the cell wereattached at one end

and the middle. By removingor insertingplugstheetectiomo-

tive forceon the cell couldbealteredatwill. The resultsgiven
are those taken just twominutesafter the voltage was altered.

As the electromotiveforce wasnot changedat regular intervals

ExpeîimemtNe.y, <-(Temp.:t.8")

BxpN'imeatNe.7, <(Temp.t9.8°)

Vofteï.ooo
t.ozo )

t.ooo
1.040 )

!.oooMicroampères 4.5:0 t 5.690 t 4.620 7.076 t 4.5!a

VottS Ï.OOO f t.OOO 080 )t.OOOt !00

Micro amperes 8.884 ) 4.435 n.tt4 ) 4458 13.9!

Votts t.oooTt.tao t.ooo)t.~ot.ooo
Microampères 4.474 17.08 4.489 ) 22.55 4.428

<:mpctMMo«nHw<y~c~iemp. t~ ,)

Vo~sjï.ooor 0.980 t~oob 0960 t.ooo'Vo1ts 1.000
~o.9t3o r.~ o:g6o

i.ooc~
MicroaMperes 4.358 t 3.68t 4.4$! 3.!4a 4.335

Votts
o.<)4o

!.ooo 0.920~t.ooo 0.9o6
Micro amperes 2.934 4.48; 2.703 t 4.528 2.626

Volts 1.000 0.800 1.000 0.700 t.ooo
M'croamperea) 4.60~ 2.195 3.305 !.so2 6.006

Volts 0.600 t.ooo 0.500 1.000 ––

Microamperes t.23: 7.384 0.554 i 8.609 ––

VOttS t.OOO !.900 t.OOO t.300 t.OOO
Microampères 4.682 46.7 ) s.tS: 86.3 55~9

Vottsjt.400!! oocT"
<.500

i.ooo––-Microatnpefes 'to6.t 6.59! 133.!

.r

7.300 ––

1l~Â"ft+ 1U'A J
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It maybe seenthat temporaryandnot too great variations
in theeteetromotiveforce,either up or down, do not prbduce
any lastingeffeetson the residualcurrent at one volt. For in.
stancein No. y, b, afterthe electromotive force had been low-
ered to 0.920and retumedto 1,000,fiveminutessufficedfor the
residualcurrent to comewithin 4 pet of its initialvahte in No.
7, a, wherethé eleetromotiveforce wasraisedto 1.140,five min.
utes backat 1.000broughtthecurrent to within 2.3pctof the ini-
tial. This last resultis rather temarkabteandsomemoredefinite

changemight havebeenexpectedas 1.08volts,the electromotive
forceof the hydrogenoxygencell, waspassed. When the elec-
tromotiveforcewasaltered through wider limits more pertNa.
nent changesin the currentat one volt were noted. No. 7, b
showsthat a decidedloweringof the electromotiveforceconsid.

eraMyincreasesthe residualcurrent, this increaseamountingto
about toopet after the eleetromotiveforce had been at 0.500,

<

the times that the individnal voltages were maintained are

given in the third Hoe. Thé initial residttal current is less
than in the precedingexperimentsowing to the fact that the
cellhad beenpolarizingseveraldays longer.

6 Température22 5"
-=:=.

Vbtta"t.aoi !.o97 t.oot !.t!8 t.oot
Mtcro ampères 3.596 ~.595 g.~y !2.92t 3.334
Mtn.matBtstned –– <t7.<? 6.0 to.o ) 4.0

VottS!52 !.00t ) ).t76" ~.OOt t.238
Microampères tS.t 3.442 ) a6.o6 3.402 30.82
Min. maintained 5.0 5.0 6.0 4.0 5.0

Votts i.oot~ t.308 t.oot "T.386""i.oof

Micro ampères 3.665 88.86 3.966 nz.gt 4.
Min.!Nait)tained s.o 3.0 6.o 2.0 s.o

Votts !.4y6 t.oot t.576~root ~696
Mtcro ampères t~o-ty 4.882

<37.6
5.014 172.8

Mio.mahttaiaed 2.0 3.0 2.0 3.0 a.o

Vottst.oot–– _––
Microamperes

7.t6t
––, –– ––

Mio.maiNtatned –– –– –– ––
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undoubtediybecause thé lowerelectromotiveforce alloweda

partial lossof polarization. But the same train of reasoning
wouldleadus to expectthatafterhighelectromotiveforcesbad

been applied polarizationwouldbe greater and hence cause

smallerresidualcurrentsat onevolt. This is not thé caseand

the applicationof higher voltageis followedby a markedin.

creasein the residualeurrent. In No. 7, < after the application
of 1.300volts,thé residualcurrentat onevolt showsanincrease

of 56pet of thé initial, and in No.y, d, after thé applicationof

1.606volts,an increaseofnearlyioo petof the initial.

Thé interpretationgiven to these results is thatatsome

point considerablybelow1.67volts(thé minimumvaluegener-

ally acceptedfor the visibleelectrolysisof water)hydrogeaand

oxygenare freedandremainin solutionsupportingtheonevolt

eMrrent. This pointappearsto lieabovei. i4ovolts (seeExpt.
No. y,a) whichindicatesthat thegasesare not freedandleftin

solutionat 1.08volts. Recentworkshowsthat the value1.08

volts is toolowfor thé reversibledecompositionand formation

of water and Bose' suggests1.1392± 0.0150 volt as a better

approximation.
Kohlrauschand Heydweiller'noticedthatwhentheypassed

directcurrentsof 40 to 200voltsthroughconductivitywateror

throughsolutionsthé resistancediminishedto a minimumand

then roseagain. They accountedfor this in the case of salt

solutionson the basisthat anacidwas formedat the anode,a

baseat thé cathode,andtheseimmediatelydissociated,increasing
the conductivity but thé hydrogenionsandthe hydroxylions,

owingto their great velocitiesofmigration,met somewherein

the middleformingan almostinsulatinglayer of purestwater.

But this explanation wouldnot apply for their conductivity

water,andafter rejectingthe theorythat the phenomenonwas

due to impurities,and fiudingbyexperimentthat thé fonnation

of hydrogenperoxidewas not the cause,they concludedthat

complexhydrogenand hydroxylcompoundsmust beformed.

Zeit.Etetttroehemie,7,673(!90t).
toc.cit. AtsoWied.Aun.S4,~s( tS?;).
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If weassumethat thèse"compouads" are simplyhydrogen
and oxygenandgrant that theseelementarygases as such will

conduct,theirdifficultyvanishes. Snfticientlyhigh electromo.

tive forcesproducethegasesin the solutionand the conductivity
increases,but as the current passes,polarization also increases

until a point must be reached whete the conductivitywill

dtanoish.

Thete is anotherphenomenonin connectionwith these ex.

perimentsnotshownby the abovefigures. Afterthé electromo.

tive forcehadbeenheld for fiveminutes at a high voltageand

then returnedto one volt,a numberof readings were taken, at

oneminute, twominutes,and soon. Withoutexception,when
the electromotiveforcehad been 1.3or higher,the firstreadings
at onevolt showeda smallercurrent than thé later, thé cutfent

increasingfora short time to a maximum and then falling off

again. Thé followingfigureswill sufficeto illustrate this be-

havior.

E!ectrontotiveforcehadbeenheld at t.2 for five minutes

and then retumedto one volt.

Minutes
1

!.o
3.0 )

5.0
7.0 ic.oMicroamperes 4.967 5.tz8 ) 5.205 5.982 s.3'3

Minutes ts'ots.o t~oao.o!––
Microamperes 5.328 5.244 5.167 5.09 t ––

Mmutest.o
2.0

3.0 g.o 7.0
Microampères s.t~ s.35~ 5.4~9 5.5~9 5.6t3

Minutesjto.o!t2.oTsio20.0T~o
Micro ampères 5.752 i 5.760 5.752 5.690 ) 5.6t3

Mtnutes

_u .1. t.oTg-o
5.0 ) 7.0

to.oMicroampères 6.49! t 7.030 7.292 t 7.646 7.954

Minutes!<2.oT~o20.0T~o––Micro ampères t 7.946 7.877 7.739 7.700 ––

Electromotiveforcehad beenheld at 1.5 for five minutes
and then retumedto onevolt.

nnn~~

Electromotiveforcehad beenhetd at 1.3 for five minutes
and then returnedto onevolt.
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Whenthe precedingvoltagehad beenless thanonenothing
of thesort appeared,thé currentsinking gradually fromthe be.

ginning. A possibleexplanationis that at the higher voltages
thé concentrationof neutral hydrogenin solution about the
cathodewas increasedandhinderedthe formationof more neu-
tral hydrogen,while the neutraloxygenformedabout theanode
actedsimilarly. But diffusionsetting in then graduallydimin-
ishedthis effect. Perhapsthis phenomenonmight be MtHixed
in a newmethodfordeterminingthe lowestelectromotiveforce

necessaryto formthe neutralgasesin solution.

Conehsien
The followingtheoryis suggestedas furnishing a satisfac-

tory explanationof the facts and hannonizit~ some apparent
contradictionsand thereforeserviceableuntil thé advent of a
better. A dissolvedgas is in a conditionanalogousto a rarefied

gas,someof whosemoleculesThomsonbas shown are capable
of carrying plus electriccharges, others minus. Using the

phtaseologyof the corpusculartheory,we mayhâvea hydrogen
moleculeplus a corpuscleof electrical energy which is then

negativelycharged,and a hydrogenmoleculeminusa corpuscle
which is then positivelycharged. The processof solution is
suBicientto occasionthis differentiationinto tno!ecutesp!uscor-

pusclesand moleculesminuscorpuscleswithun.doubtedlyaJarge
residueof neutral molecules. Whythis shouldoccur is a ques-
tionwhieh maybe answeredsimultaneouslywith that as to why
electrolytesare dissociateduponsolution.

Whena chargedmoleculecomesin contactwith the metal
of the electrode its corpusctepasses to the metal, or a cor-

puscle passes from the metal to the positively charged
molecule as the case may be. The molecule whicb bas
lostits chargemaybe occludedor remaiu in solution in the
lattercaseit increasesthe concentrationof the neutralinolecules
andthus induces a further differentiationinto moleculesplus
corpusclesand moleculesminuscorpusclesaccordingto thé law
ofmassaction. K noexternalelectromotiveforcebe present,as

manycorpusclesaregivenup asare acquired byeach electrode
in unit timeand nocurrentisobserved. If the smallestexternal
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electromotiveforcebe present therewill be a tendencyfor one
electrodeto attract plus chargedmoleculesand for the other to
attract minuschargedmolecules,more corpuscleswill then be

givenup to oneelectrodethan are given out byit anda enrrent
willbe observed. Though thé charge on the individual ïho!e.
cule is probablythe same as that on thé ion a9indicated by
Thomsoa'sworkalreadyquoted,the formerarepresent in such
smallnttmbersthat the total eurrent earried by them is much
lessthan that carriedby the ionswhen thé decompositionpoint
is oncepassed,in fact negtigiMein all ordinarywork.

This theoryis thought to offera moreplausibleexplanation
of thé facts describedin thts article thanany other wehave. If ]
it be accepted,it enablesus tosay that there isa realand definite

décompositionpoint for each pair of ions, of course somewhat
variabteaccordingto the osmotictheory of galvaniccells, but a
fixedandconstantvaluefor any given conditions any current

observedbeforethis value is reachedbeing due to the charged s

moleculesprésent.
Furthermorethis conception is not necessarilylimited to

hydrogenand oxygennor to gases. Anysubstanceindilute solu-

tion in any solventis analogousto a rarenedgas and so maybe t

susceptibleto a differentiationintomoleculespluscorpusclesand
moleculesminuscorpuscles,thereby becomingable to conduct f

electricity without dissociation as usually understood. This n

wouldaccountfor Kahlenberg's*interestingdiscoveriesof solu-

tionsconductingwhile the boiliog. or freezing-pointmethods
faHedto indicate any correspondingdissociation. Other in.

stancesof such,at present anomalousbehaviorare multiplying

rapidly.
It is far from thé writer's intention to invalidate or sup-

plant in any mannerour dissociationtheory,but rather to sup- h
port it by offeringa small addition explaining some apparent

exceptions.
~<~ot~MM<<~G~t~o<<~MM/~y. g

MuM~t~a~~«~M'a~,
°

~~<w,~<fA., M
.S~ /i)o~.

Jo~r.Phya.Chem.3, (!S99).
t



BY PAUÎ. SAURBï.

Thé conditionswhichare satisfiedwhen a system of two

phasesformedfromtwoindependentcomponentsreaches acriti.
cal state weregivenby Gibbsin his memoir "On the Equitib-
rium of HeterogeneousSubstances."n Of the two conditions

given by Gibbs only thé 6rst has been used by 'subsequent
writers, and yet someof the most interesting of the theorems

relsttingto the criticalstate areconsequencesof thé secondcon-

dition. Thesetheorems,however,are wellknown, but hereto.

fore they have been obtained as consequencesof hypotheses
whichare lesssimplethan thoseof Gibbs. In the present note

weshall givea simple demonstrationof Gibbs' conditionsand

we shall then showtheir importancein the theoryof the critical

state.

In whatfollowsweshallsupposethat the systemsconsidered

have beenfonnedfromtwoindependentcomponents.Moreover,

by the term concentrationof a phase we shall understandthe

massof the firstcomponentwhichis present in the unitof mass

of the phase.
The fundamentalassumptionof Gibbsmay be statedas fol-

lows Forany given pairof componentsthere existsan anaiyti-
calfunction of thé variablesT, tl andx, such that if T, tï and

x denote the temperature,the pressureand the concentrationof

a homogeneousphasein equilibrium,{is equal to the thermo.

dynamicpotentialof theunit of massof that phase. This func-

tion is, in general,many-valued. Thus, for any givenvaluesof

T and II, we may representthe relation betweenand x by a

numberof continuonscurvesin the { plane. To eachbranch

of the function therecorrespondsa {curve.'

It can be shown that, when a homogeneousphase is. in

OntheEquiHbriumofHetemgeaeoMSubstancea,p. ty8.

ON THE CRITICAL STATES OP A BINARY SYSTEM
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equilibrium,itsspecifie entropy }ts specincvolumep andwhat
forconveniencewe sha!!call its chemicalpotential y, are given
by the equations

Il= ~l-, v = -11 p = ac~==~. 1 ~==~- o

Moreover,when the homogeneousphaseis in stableequiltb-
rium, we musthave, for any virtual change which leaves the

temperatureand the pressureunchanged,

~> (a)
in wbtch the variationsare to be construed strictly.' Bat, on
the other hand, it follows,from the definitionof that in pass.
ing fromonestate of equilibriumto an adjacent stateof equilib-
rium at thé sametemperature andunder the same pressure, we
must have

~=~+~~+. (3)

in which the omitted termsare of the third and higher degrees
in &r. From i, 2 and 3 it followsat once that when a homo-

geneousphaseis in stable equilibrium at a given temperature
and undera given pressure,

y
~>°- (4)t4)

Thus at every point which correspondsto a phase in stable
equilibriumthe { curve is convex toward the x axis.

If the system consistsof two phases in equilibrium it can
beshownthat

(5)~7,"V~ <5)

<).)..

in which the subscripts i and 2 refer to the two phases. The

geometricalinterpretationof these conditions is that the tan.

gentsat the points i and 2 coincide. Moreover,it canbesbown

On theBquiHMamo(HetetogeM~aaSatMtattcM,p. !66.
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that if thé systemis in stableequilibrium, condition 4 is satis-

fiedat eachof the pointsi and 2.

The points i and z maybelongto thé sameor to different

{; curvés. By varyingthe temperatureand thé pressure it may
be possibleto changetherelativepositionand the shape of the

curvesso that finallythepoints i and 2 are brought into coin-

cidence. If thé pointswhichare thus made to coincide belong
to differentt curveswereachan indifferentstate of the system

if, on the other hand, the two points which are brought into

coincidencebelongto thesamecurve we reach a critical state

of thesystem." In the firstcase,it iseasy to see that, although

.f, and:t*,becoMeequal,<?,and ?,, and p, do not. For –~
and v, are equalto thé derivativeswith respect to T and M of

that branchof the function which corresponds to the first g

curve,whi!e– and areequal to the derivativeswith respect
to T and II of that branchof the t function whieh corresponds
to the second<:cnrve. In the second case, however, not only

.F~and .f, becomeequal,but a!so and and p,.
I~etusconsiderthe secondcase. If we rememberthat at

eachof the pointsofcontactof the double tangent the curve is

convextowardthex axis,it follows that a line parallel to thé

double tangent and slightly above it cuts the curve in four

points. Accordingly,if the points i and 2 be made to coincide,

the tangentto the curveat the limiting point wi!t hâvewith the

curvea contactof thé thirdorder. The conditionsfor this are

wellknown; they are

= 8
aP=°' ~==°- ~)

Theseare Gibbs'conditions.3

Beforediscussingthèseconditionslet us return to the con-

siderationof equations5 and 6. As these equationsgive two

conditionsbetweenthe fourquantitiesT, 11,,f, and x"it follows

that twoof thesequantities,T and YI,forexa!np!e,can bechosen

OntheEqMiXMnmofHeterogeneousSubstances,p. t8).
vat)R!jnvanAlkemade.Zeit.phya.Chem.si, 298( tS~j).
OatheBqaUibtinmofHeterogeneoasSubstaaces,p. <9f.
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arMtfarHy.Accordingly,if wetakethreerectangularaxesin

spacealongwhichweshaMmeasureT, 11and i?,thé valuesof

.r, and whichcorrespondtodiNereatpairsofvaluesofT and
n wi!!déterminetwosurfaceswhichwesha!!ça!!théconcen.
tfatioosurfaces.

Equations7 giveMStworelationsbetweenthé thfeequaa.
titiesT, t! and.v. Accofd!ng!y,thépointsia théT 11<cspace
whichcorrespondto cntica! statesof thé system,ail lie oa
a curve. Thiscarvemay,withproptiety,becattedthécfitical
Une. Mofeove)',fromthémaonefin whichthé cnticatstates
havebeendeSned,it followsthat thécritica!Hneis commonto
bothofthéconcentrationsurfaces.

Théequationswhiehconnectthésimuttaneonschangesia

T, n andx aswepassfrompointto pointonthéconcentration
surfacesareduetovan der Waa!s.' He bas shownthat they
canbewrittenin théfoHowingsimpleform t

~n = ~T + (~, -~) (~ ) (8) jvlldn= f/ndT+ (.:fl-X.)
bx- 1h" (8) 1

~n = ~T + (~,-) (~~ < (9)v..dil =,91.dT+ (x, x,,) bx- h" (9)

in which

~=~(~)(~.
(10)

!==~–(jf,)(~) (tt)

~="(~)(-)~
('2)

?,,=~–(.<(~) (13)

Ifwesupposethat thé systembas reachedan indiffèrent

statewehâve
e

~,=~ '?,7~ ~7~ (14)

'AfchivMn<er!andabes,a4,t$(t89o).Zett.pt)y8.Chem.s,t43(t89o).
ArchtvMnéertandatsea,30, (t8$6).DieCoatit<u!tStdes{pefonnigeaund
aNNigeaZtMtacdee,<,to8,na, !y9(t~oo).
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Equations8and 9 both reduceto thé form

(«, f,)<m= ('?, ~T. ('s)

Thus the pointsin the Tn;t- spacewhich correspondto the in-

differentstatesof thé systemlie ona line which is commonto

the twoconcentrationsurfaces. This line may be called thein-

differentlineof the systetn. Fromequation 15 it followsthat

alongthe indifferentline the twoconcentrationsurfaceshave a

common tangent plane and that this plane is constantly

perpendicularto the T Il plane. Parther. the slopeof the pro.

jectionuponthe TIÏ planeof the iadiSerent line is given by

equation iS or, in morefamiliar form,by the equation

~E==~-S (t6)
~T t

This extettsionof Ctapeyron'séquationto the indifferentstates

of a bivariantbinarysystemis due to Gibbs.'

Let usconsider next thé manner in which the two con.

centrationsurfacesmeetalongthe critical line. At everypoint

of the critical line wehave

;~==~ ~=?,. ~==~. ('7)

tI8)

The coefficientof everyterm in équations8 and 9 is thus equal

to zéro. However,if werefer to équations 10, n, 12 and 13

and if we expand and by Taytor's theorem, we nnd

that the followingapproximaterelationshold

~=~)'(-
(t9)

~=t~(~)..
(~

'?.=~(~(-~)~.
(~)

,=~(~(~.
(~)

OntheEquiMbdamofHeterogeneoueSubstaocee,p. tss.
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Equations8 and 9 then take the form

(~)/~(~)/(~
<

(~If/)
drl

(a',)
dT + 2

( bIt(~)/).(~bxx t ~'t Xi Xix. a.r t

To nnd the limiting valueof the least termin equation23 we

observethat we haveapproximately

(S-)-
(25)

in whichthe point to whichx refers is anypointon the curve
in the immediateneighborhoodof the point t. If*we suppose
that the point to which x refersis oneof the twopointson the

t cntve betweeni and a for which

a.l
?-.

the first termon the right-handside of equation25 disappears
and the coefBcientof <~ in equation 23becomes

~c

XI

Since .c – is not larger than .f, – .< it followsthat thé limit
of their ratiocannot be infinite. It followsthenfromthesecond
of equationst8 that the limit of expression26is zéro. Accord-

ingly, at the limit, equations23 and 24reduceto thesameform,
viz

a'v ~1
~.n=~r. M~X-2dnbxl dT. (27)

Accordingly,along the critieal line the two concentrationsur-
faceshavea commontangent plane,and thisplaneis constantly
perpendicularto the T n plane.

Fromthe fact that along the indifferentand the critical
!inesthe tangent plane to the two concentrationsurfacesis per-
pendicularto the T It plane, wecan deriveat once several in-

terestingtheorems. In the 6rst place,if the indifferentand the
critical linesintersect, their projectionsuponthe T 11planewill
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be tangentto eachother. In the secondplace,if thesectionof

the concentrationsurfacesmade by a plane parallel to the Tn

planeeuteither the indifferentor the criticalline,theprojection
of thiscurveuponthé Ttï plane will be tangent to the projec.
tionof the indiffèrentor of the criticat line. Finally,a section

of the concentrationsurfacesby a planeparallelto theT xplane
or paraHe!to the ii xplanehas at the pointsin whichit cutsthe

indifferentand the criticalîines tangents which are paral1elto

thé x axis.

The theoremswhichwe have deducedas consequencesof

Gibbs' conditionsare well known. Demonstrationsof them

havebeengivenby vander Waats*andby Dnhem.'

NewYork.Jaly /~o~.

ArchivéettëeftfmdaiMa,30,a66(tS~C).DieCoatittuitStdMgMfonnigen
und<tnMij~t)Zuetandes,t, t)!-t46(t900).

TfaM<Mn)en<aitedeM~caniqaecMmiqtie,4,tc~-t~t(tS~).



DEDUCTION0F THE MAGNITUDEOF THE OSMOTIC
PRESSURE IN DILUTE SOLUTIONS ACCORD-

ING TO THE KINETIC THËORY

BYPBTBRMREMAN

If the kineticenergyof the mbvingMoleculesof the dis-
solvedsubstanceispracticallythe onlyfactorwhich determines
the magnitudeof the osmoticpressurein dilute solutions,and
if besidesit is knownfromexperiencethat this pressureisequal
to the gas pressureof a number of moleculesequal to that of
thedtssotvedsubstanceand occupyingat the same temperature
a volumeequal to that of the solution,it wouldappear that the

theoretiea!deductionof the magnitudeof the osmotic pressure
shouldbe a rathersimpleproblem. 1meana deductionwhich
is not basedon thermodynamicalreasoning,' but on the con.
siderationof, to use the wordsof Nernst,the molecular forces

and thé molecular motion' involved. And yet the attempts
tnade in this directiondo not appear to bave been suceessful.

NernsPdiseussesthose of Boltzmann/ Riecke,sand I<orentz/
and considersthemas rather provisional(vortâung). Any way

they seem to lack simplicityand persuasiveness.
In the followingthe presentwriterattemptsa very simple

theoreticaldeductionof the magnitudeof the osmotic pressure
in dilute solutionsby a considérationof the individual factors
and particular conditionsconcerned.

The magnitudeof the osmoticpressurein dilute solutions

beingdeterminedby the kinetic energyofthesolute,our problem

van'tHotfgaveusa thermodynamicaldeduction(Zeit.phys.Chem.
t, 488)which,afterthemanoerofsuchdemoaatMttone,doeaaotenterupouthe
natureoftheomoticpresaafe.

TheoretiocheChemie,SecondBditioo,t~B,p.940.
'toc. cit.
<Zeit.phya.Chem.6,474( 1890)y, 88(t8Q)).
Ibid.6,s<4.
Ibid.7.36.
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wouldbe solved if wewere able to ascertain the mean kinetic

energyof thé moleculesof the soluteand the numberof impacts
which they producein unit of timeon unit of areaof the semi-

penneablewall.

The first question then is How great is the molecular
kinetic energyof the solute at a giventempérature? Obviously
it will dependon three things ist, on the molecularkinetic

energyof thé solvent; 2d, on the mutualattractionbetweenthe
moléculesof the solvent and the solute and 3d, on thé tem.

perature. As to the first, after equilibrium is estaMishedbe.
tweenthé solventand solute, the moleculesof eitherwill giveas
tnuchas take and, therefore,have the same kineticenergy. But
howgréât will this commonkineticenergy be? Letus consider
what the molecularkinetic energyof the solventwouldbe if it
werealone. In that caseit would,wemaysafelyassume,depend
onthé temperatureand the mutualattractionsofits molecules.It
iseasy to seethat thesemutual attractionscannot influencethe

velocityof the molecules. For each moleculeofa liquid,except
in thé surface,whileconstantly tossedabout, is in all its posi.
tionsequallyattracted in all directionsby thesurroundingtnole.
cules; and, therefore,the total effectof these attractionson its
motionis the sameas if there werenone. Hencethemolecular
kineticenergy of a liquid will depend only on its temperature,
just as in the caseofgases, and be, we must conclude,equal to
that ofgasesat the sametemperature.'

Thus thé molecularkinetic energyof thésolvent,beforethe
additionof the solute, will havebeenequal to that of a gas at
the sametemperature.

As to the dissolvedsubstancewe cannotbut assumethat it
wil! tend to developa molecular kinetic energy also equal to
that of a gas at the same temperature.

It followsthat thé solvent and thé solute haveto be con.
sideredas contributingto the solution equal molecularkinetic

This conclusionis in entireharmonywiththeInterpretationof the
MquMstateas deduced,onthehandofvanderWaals'sequation,fromthefact
ofthemutualinterconvertibilityofthegaseoMandliquidstates.
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energy. Moreover,this kineticenergy cannot be affected,for

reasons similar to thosegivenabove,by the mutual attractions

of the solvent and soluté. Consequentlythe molecularkinetic

energy of the dissolvedsubstanceis equalto that ofa gasat the
same temperature.'

Thé secondquestionis: How great is the numberof im-

pacts producedby the moleculesof the solutein unitoftime per
unit of area of thé semipermeablewall? At the Srst thought
one is inclined to concludethat the numberof impacts,owing
to the presenceof the solventwhichretardsthe forwardprogress
of the moleculesof the solute, causing them to !essfrequently
traverse the volumeof the solution,will be less than that pro.
duced byan equalnumberofmoleculesmoving with the same

velocity in the absenceof the solvent. But on reSectionit is

easy to see that this conclusionis erroneous. For if a given
number of moleculesare uniformlydistributedin agiven space

whieh in casesunderconsiderationtheyalwaysmustbe and

if they movewith a given velocity,then the numberof mole.

cules passinga unit of timethroughunitof area ofa mathemat-

ical plane within that space,will be the same regardlessof the

circumstance whether a liquid is present which retards their

forward progressor not. The consequenceof thé presenceof

the liquid can merelybe this that the moleculesof the solvent

will linger and be tossedaboutfora longertime inoneand the

same region.
Thus liquid or no liquid,the numberof inoleculespassing

through unit of area in unit of timeand hence thé number of

impacts on unit ofarea ofa wa!! within the containingvesse!

depends only on the number of moleculespresent and their

velocity.

Having provedthus that thé kinetic energy of the mole.

cules of a solute in dilutesolutionis equalto that of a gas at

the same temperatureand that the numberof impactswith the

same kinetic energy dependsonly on concentration,regardless
of the presenceof the solvent,we havealsoprovedthat the os-

Aconclusionsbaredbya tmmbetofaathora.
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motic pressureof a substancein dilute solution is equal to the

correspondinggas pressureof that substance.'

Appemdh:
MeteeatarkineticenergyofaMqaid

By reversingthe orderof reasoninggiven above and start-
ing with the magnitudeofthe osmoticpressure,as foundby ex-
periment,a new and perhaps more rigorousproof than those
hitherto advanced,can be obtained that the kinetic energy of
the moleculesof a liquid is equal to that of a gas at the same 1
temperature.

Thé osmoticpressureinditute solutionis,as the experiment
shows,equal to the correspondinggas pressMre. The osmotic
pressure,like the gas pressure,is a productof the mean molec-
ular kineticenergyand the numberof molecularimpactsin unit
of time pefunit of area. Sinceoneof théfactors the number
of impactsproducedbya given numberofmoleculesofthé soluté
-is, as shownin the foregoing,independentof thé presenceof
the solventand is the samefor thé solutein solutionas it would
be for it in the gaseousstate, then the other factor– thé Idnetic
energy of the moleculesof the solute in solution must also be
equal to that of a gasat the sametemperature.

Nowthe molecularkinetic energyof the solute is boundto
be the sameas that of the solvent. Hencethé molecutarkiaetic
energy of the solventmust also have beenequal to that ofa gas
at the same temperature. This means that, in general, the
kinetic energyof the moleculesof a liqnidisequal tothat ofgas
moleculesat the sametemperature.-

Intheabovedeductionwehadht mindootysubstanceswhichdonot
diMOciateinsolution.

1Ofthetwofactorsoftheknownosmoticpressureone-the numberof
impactft–iB):aowtt,wheacetheotherfacto)-–thémolecularkineticenergybecomeaknown.Thhdeductionofthemolecularkineticenergyofthesolute
lamorethonmerelyspeculative.ThisfeaturerendersmyreasoninginthMap-
peadixeMentiattydifferentfroma<peco)ationofOstwald( AHgem.Chemietd
Edition,Vol. 699)towMchit lasimilarinformandconclusion.
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Physiea)-chentMa!procesaea,lawof, '48 L
– –

stttdtesottaqueousamMottiasototioos, 900
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catatyah, patatysia by paiMas, 'SS =
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PotMstnmand sodium n)eitia);-pointof alloysof 433
eMorate, on thé etectfoiytic réductionof. G.H.Ban'ows. 4t7
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tiquid nttrogen peroxtdeas a, 5'3– – Mtphut'dioxidcas, 444

SotventtUnCMenceon the rotationofopticaUyactivecompounda, s'7
in molecular weight detenninatiottt, nitriles as. L. Kahtenberg, 45
inorganieand ionidng média,- 44S

Spartedischargeaa in<toencedbyrays, '77
SpeciftCMavityofcuprooaiodide, 149
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Temperatureregatator, automatic, 430
vatiaUonof the surface tensions and densittea of liquid oxygen,

4~

tttttogen.ete., 60,
TempemturesinGeiMtertttbes, 8t
Ternaryelectrolytes, dissociationretattoMwith, !s8

eystems.ByntheUcanatyBiBof.A.W.Btowne, ~87
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