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AN ISOTHERMALCALORIMETERFOR SLOWREACTIONS'

E. D. COONakpPARRINQTOKDANIELS

LahoratoryofPhyeicalChemistry,UninràlyofWi»c<m*in,Madison,Wisconsin

RectivedOctoberta, 1939

Thiscalorimeterhasbeendesignedforthestudyofphenomenainvolving
the slowevolutionof heat, partioukrlyin the studyof chemicalkinetics
andbiologicalprocesses. It oanbeusedat differenttemperatures. The
heatingeffectis exactlycounterbalancedby a coolingeffectproducedby
evaporatingcarbontetrachlorideor other liquidina regulatedair stream.
The amountofcarbontetraohlorideevaporatedis determinedby adsorp-
tion in silicagel. The increasein weightis oonvertedinto caloriesby
calibrationwithelectricalheating. In itapresentfonnthe calorimeteris
limitedto a precisionof aboutonepercent,andit isnot recommendedfor < '•«
rapidreactionswith plenty of materialwherestandardcalorimetersare
nowsatisfactory.

Endothermicreactionscan be measuredaccuratelyand easilyby bal-
ancingwith measured electricalheating. Exothermicréactions have
beenbalancedby melting ice at 0*C as in the Bunsenice calorimeter,
byvaporizationofa liquidat its boilingpointas in the ether calorimeter
(1),byadditionofcoldwater (2),coldmercury(3)ora salt whichabsorbs
heat on solution(4). The Peltiereffectexistingbetweentwo dissimilar
metals,whena currentofelectricityflows,basbeenusedalso(5,6).

DESCRIPTION OF THE CALORIMETER

The calorimeteris shown in figure1, It consistaof two vacuum-
walledvessels,1 and N, mountedwith variousaccessorieson a frame,
immersedina largethermostat20cm.belowthewaterlevel. The vessels
are connectedby a multiplejunctionthermel. The "référence"unit I,
whichstaysat constanttemperature,containsfineoiloflowvaporpressure,
anelectrieheater,and a stirrer. Asecondthermel(not shown)indicates
equalityof temperaturebetweenthe oiland the waterof the thermostat.

The "variable"unit N of 400 ce. capacitycontainskerosene. The
coverofnickel-platediron sets into a mercuryseal shownat F. A ring
ofsheetiron,heldin placewithrubber,containsthemercuryandthe whole
seaiis protectedon the outsidewith largerubber tubing. Variousac-

Furtherdetailaofthis investigationarecontainedinpartofaPh.D.thesisfiled
intheLibraryoftheUniversityofWisconsinbyE.D.CooninJanuary,1932

T KO.»bbJomttfAi.or pamtu. chemibtrt. voc. xxxm. ko t
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cessoriea,passingthrough smalltubes in the.cover, are attached with
litharge-glycerinecernent.

In the first modelsthe wholecalorimeterwasfilledwithoarbontetra-
chlorideand short sectionsof rubbertubing wereexposedto the vapor,
but it waa foundthat the variablevesselwasalwaysa littleoolderthan
the thermostat even after standing twenty-fourhours. This cooling
effect,whichpereistedno matterwhetherthe roomwascolderor warmer
than the thermostat,was finallytraced to solutionof the carbontetra-
chloridevapor in the rubber;anda'slowevaporationof the liquidto main-
tain fullvapor pressure.

L-~

The thermel B connectawith the referenceunit. The stirrer E of
glassextendsthrougha longbearingto the water level. Theglassshaft
is cementedto a brassrod whichrotatesin a bearingseveralcentimeters
abovethe cover. The heat generatedin the bearingis preventedby the
thermostat fromreachingthe catorimeter. The chimneyG, for the ad-
missionof reactingmaterials,extendsto thewaterlevelwhereit isprovided
witha stopper. TheheatingeoOC of50cm.bareNo. 28constantanwire
iswoundon a glasstube and solderedto leadsofNo. 16copperwire. The
leadsare set in paraffinin longenugly-fittingglasstubes passingthrough
the thermostatwater.

1 /<
n.: V
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The coolingunit A is a cylinderof sheet coppercontainingoarbon
tetmohloridethrough whlchairis bubbled. Otherinert liquidaofdifférent
vaporpressuresmay be moresuitableunderotherconditions. Forhigh
temperaturesa higherboiUngliquid is better. The mercurytrap D is
introducedto insure the sameconditionsat thebeginningand at the end
ofa determination. Asmallglasstube (notshown)passesdownthrough
the exit tube and endsnear the merourylevel. By turning a stopeock,
air is foreeddownthroughthis tubeandaUthevaporbeyondthe mercury
seal is sweptout.

The air sent throughthe coolingunit mustbe dry and free fromany
substancewhiohmightbeadsorbedby thesilicagel. The rate of flowis
regulatedby four stopcooksdrawndownto capillariesof differentaper-
tures. Connectingthesein parallol,it is pouBibleto send air throughat
any rate from ten to severalhundredbubblesper minute. The air is
driedby passing it throughconcentratedsulfurioacid, calciumchloride,
phosphoruspentoxide,and silicagel. It is brought to the temperature
of the calorimeterby pa&singthroughthreeglasstubes, 2 cm.in diameter
and 80cm. long, filledwithcopperturningsandimmersedin the thermo-
stat. In the last tube is an additionalsectionof phosphoruspentoxide.

Theamountof carbontetrachlorideevaporatedis determinedbyadsorb-
ing in two glass-stopperedU-tubes,eachcontainingabout 75 gramsof
silicagel. Whenthe secondtube inereasesin weightby morethan about
1mg.thefirsttube is rejuvenatedbyplacinginanoilbathat 150°to170°C.
and drawingthrough dryair for twoor threehours.

The thermostat of 750liters capacityis kept constant withinabout
0.001°with the help of efficientstirringand a mercuryregulatorof the
oscillatingtype. The contactwiredippingintothe mercuryin thecapil-
lary isforcedup by a springagainstthe undersideof a horizontalpulley
wheel. Theunder sideofthe wheelispartlyeutawaysothat the contact
wiremovesup and downfor a distanceofabout2 mm.duringonerevolu-
tion, thus making and breakingthe circuitand insuringcertaincontact
withthemercury.

The thermel, whichindicatesa différencein temperaturebetweenthe
"variable"and "reference"units, consistaof two 11-junetionelements.
Eaohis used independentlyof the otherand oneacts as a checkon the
other. Constantan wire (No. 28) and copperwire (No. 24) wereused.
The résistancesof the thermelswere39.92and40.29ohms. Whenused
with the galvanometer,having a sensitivityof 5 mm. per microvolt,a
deflectionof1 mm. correspondedto 0.00025°C.The twothermelsalways
agreedwithin 3 mm. A reversingswitchwasuseful in correctingfor
possiblestray potentials in the circuits. Other switchesenabledthe
operatorto useeither oneof the twothermelsor to connectthegalvanom-
eter withthe potentiometerfor use with the heating coil. Ail connec-
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tions andswitcheswerewoUinsulatedand mountedon groundedcopper
shields.

PROCEDURE

The thermostat la firstbroughtto the desiredtempérature(25'C, for
example). The referenceunit is broughtto a temperatureslightlylower
and the wholeoalorimeterisset in the thermostat. The temperatureof
the "reference"is thés broughtto the temperatureof the thermostatby
meansof the heatingcoil. Thefinaltemperatureadjustmentis effected

simplyby meansof stirring. Thegalvanometeris then conneotedtoone
of the mainthermelsconnectingthe twounits,and the temperatureofthe
"variable"unit isbroughtto thesametemperature,usingeithertheheater

Fia. 2. Rate of Thermal Lbakaqe

Caloriesperhour. A= 0.25,B= 0.12,C 0.08,B'0.12, C' = 0.07.

or the cooleras necessary. Theseadjustmentscanbe effectedin a short

time, but in order to insurecomplèteequilibriumthe systemis leftun-
disturbedfor severalhoure,–preferablyovernight,whenboth thermels
shouldreadwithin0.5cm.ofzero.

The next step is the establishmentof a reproducibleconditionin the
cooler. Airis bubbledthroughthe carbontetrachloride,and the vapor
that passesthroughthemercurytrap iswashedoutbya streamofair from
the inner tube. The temperatureis broughtbackwith the heateruntil
the galvanometerreadszero. The silicageltubesare weighedseparately
and connectedto the outletofthe coolingunit.

The reacting material is then introducedthrough the chimney,and
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during the courseof the determinationthe temperatureis maintainedas

nearly isotbermalas possible. Thegalvanometerdeflectionsof the ther-
melare kept within3 or 4 cm.of thezeropoint and thetimesof theposi-
tive and negativedeflectionsare kept about equal. Withslowreactions

evolvinglessthan 3or 4 caloriesperhour this controlignot diffîcult,and
with reactions involvingmoreheat the controlbecomesrelativelyless
important.

At the endofa déterminationthe vaporin the exit tubeof the cooleris
again swept out and if necessarythe original temperatureis restored.
Thesilicageltubesareweighedandtheheat ofreactiondeterminedbythe
amount of carbontetrachloride.adsorbed;0.0206gramis equivalentto 1
calorieas shownbelow.

It is easier– andalsosufficientlyaccurate-to applya smallcorrection
at the end of the experimentthan to bringback the galvanometerexaotly
to zéro. Expérimentawith thedirectinput ofelectricalheat showedthat
a deflectionof1cm.correspondedto 0.357caloriein theemptycalorimeter
and to 0.372caloriewhenthe calorimetercontainedreactingmaterialin a
certain glass tube.

The errors introducedby thermalleakagewhenthe calorimeteris not

exactlybalanced,areshownin figure2. Tangentsto theseexperimental
curvesgive thf rates of coolingor heating. A deflectionof 1 cm.of the

thermel..galvanometerindicatesthat the temperatureof the variableunit
diffèrefromthat of thereferenceunitand the thermostatby0.0025*0.,and
that the transferof heat then amountsto 0.06calorieperhour.

CALCULATIONS

The input ofelectricalheat wasdeterminedby standardmethodswitha

type K potentiometer.
The heat of stirringconstitutesthe least accuratepartof the measure-

ments but the correctionis small-about 0.1 calorieper hour. In slow
reactionsit isnecessaryto maintainstirringonlyfora portionofthe time,
and in moreviolentreactionsthe total evolutionof heatis largecompared
with the heatofstirring. Aftera rapidchangein temperatureit isneces-

sary to stir forat least ten minutestoinsurethermalequilibrium.

Theheatofvaporization.ofcarbontetrachloride

It was not the object, in this investigation,to findthe true heat of

vaporizationbut rather to determinethe heat of vaporizationunder the
conditionsof this calorimeterso that exothermicheatsof reactionsmay
be calculatedfromit. It is possiblethat a slightJoule-Thompsoneffect
at the mercurytrapand somelossof spray have preventedthe determi-
nation of the true heat of vaporization. Neverthelessthe valueobtained
here is not greatlyinerrorand the methodcanbeadaptedeasilyforexact
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measurementsof the heats of vaporisation of liquids at various
temperatures.

The carbontetrachloridewas purifiedby refluxlngfor 2 hours with
potassiumdichromateand 8ulfuricaoid. It wasfraotionallydistilledand
theportionboilingbetween75.18*0.and 75.20°C.at 734.2mm.wasused.

The rate ofHowofair throughthe coolerwaaadjustedso that the heat
absorbedin evaporatingthe carbon tetraohlorîdepracticallyoffset the
eleotricalheating. The averagevalue of the currentthroughthe heating
coilwasobtainedby plottingthe currentagainsttimeand estimatingthe
médianheight. Thevalueobtained is at leastonedécimalplacebeyond
signinoantfigures. A small "end correction"was appliedfor failure to
reachcomplète"isothermality"at theendofa determination.

Several experimentswerecarried out using a current of about 0.1
amperefor timesrangingbetweenfifteenandthirty minutesand evapo-
rating 0.25 to 0.5gram. It was found that at 25°C.the evaporationof
0.0206 ± 0.0002gram of oarbontetrachlorideis necessaryto offsetthe
evolutionof 1.00calorie(15°calorie)of heat. No calorimetriedetermi-
nation of the heat of vaporisation of carbon tetrachlorideat 25"C.is
availablein the literatureasa checkon thisvalue. In factmostheatsof
vaporisationhavebeendeterminedonlyat thenormalboilingpoint;a few
at 0"C. A valueof0.0200gram per caloriewasobtainedfromthe Claus-
ius-Clapeyronequation,usingthe vapor pressuredata from the Inter-
nationalCriticalTables.

Heatof neulralizationofhydrochloricacid

The accuratelyknownheat of neutralizationof hydrochloricacidby
sodiumhydroxidewaschosento test the calorimeter,even thoughsucha
fastreactionas thiscanbe determinedmoreaccuratelywithother,simpler
typesof calorimeters.It wasthought thata satisfactorycheckusingonly
2 ce.of 0.5N hydrochlorieacid wouldgiveconfidencein measuringun-
knownheatsofreaction.

Exactly 2.00ce. of 0.4942N hydrochloricacid wasplacedin the thin
glassvesselshownin figure3 and sealedoff. A slightexcessof 0.5 N
carbonate-freesodiumhydroxidewas placedin the upper compartmcnt
and the wholevesselwas brought to the temperatureof the thermostat
and then submergedin the calorimeter. Whenthermalequilibriumwas
establishedthe tip of the innertube wasbrokenwitha longrod and the
upper solutionallowedto flow down. Mixingwas effectedby gentle
shaking. The reactionwas so rapid that in attempting to keep the
temperatureconstant, too much carbon tetrachloridewould often be
evaporated. In suchcasesit was necessaryat timesto use the heating
coil. The results are summarizedin table 1. The values in the last
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columnare obtainedby subtraotingthe sum of aHthe correctionsfrom
thecaloriesabsorbedbythevaporizationofcarbontetrachloride.

Consideringthe smallamountof material usedthe averagevalue of
13.39is in verygoodagreementwiththe best valuesin the literatureob-
tainedwith largequantities. Recalculationof thedata of Richardsand
Rowe(7)and ofRichardsandHall (8)and a correctionfrom0.55N give
13,909caloriesfor the heatofneutralizationper molein 0.50N solutions
at 20°C. Correctingto 25°C.thisvaluebecomes13,642caloriesper mole

fi

LJ
Ftf!. 3. MIXINOVE88EL

TABLE 1

ThehealoJnculraliaationof 2 ce.of 0.4942N hydrochloricacidoA r w. v. avaaa sr ngmvwvm wr aw.va~

VËiaar calories heatino tiug or HEAT of- ckd cor- total cor* heat OP
CCll EQUIVALENT COU. STIHRlNO STIIIRINU RECTION RECTION KKUTRA1.I-

CCU ZAT1OM

0nim mtvrût minuta calorie* cttlurù* calories calorie*
0.4287 20.81 7.196 56 0.11 +0.146 7.45 13.36

0.3701 17.96 4.666 40 0.08 0.20 4.54 13.42

0.2772 13.44 none 40 0 08 0.10 0.18 13.26

0.2886 14.00 1.00 37 0.07 0.48 1.69 13.41
0.3266 15.80 2.67 55 0.11 0.48 2.30 13.50

Average = 13.39

and2.00ce.of0.4942Nhydrochloricaeid then evolve13.48calorieswhen
neutralizedwith0.50 Nsodiumhydroxide.

Heatofhydrolysisofmethylacétate

ThereactionCHCOOCH,+ HSO+ (NHCI) = CHSCOOH+ CH»OH
+ (N HCl) was chosenfor study because it is a typical, slow reac-
tion whichcan be readily followedby titrations. The reaction was
catalyzedby normalhydrochlorieacid. It is knownthat the reaction
involvesvery littlethermalchangebecausethe equilibriumis nearlyinde-
pendent of temperature. Subtractingthe heats of combustionof the
reactants fromthoseof the productsthe reactionappearsto be slightly
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exothermic,the exact heat evolveddifïeringgreatly with the various
valuesacceptedforthe heatsofcombustion. Aslighterrorinanyofthese
largequantitiesmakesa largerelativeerrorin theirdifférence.

Ascarriedout in the presentinvestigation,the reactionprovedto be
endothermic.The coolingeffeotwascounter-balancedwiththe heating
coilandit wasunnecessaryto vaporizecarbontetrachloridein the cooler.
Ninetyce.ofN hydrochloricacidwasplacedin the thermostatand 1000.
of methylacetate was added. Ten ce. of the resultingsolutionwas
placedin the calorimeterand 2 ce. sampleswerewithdrawnat intervais

)-iot–––.––––.––––'––––'–––'(-fin
1 2 3 4 5

>

Ti- in 100.

Fio.4.HEATAbsorbesin THEHydrolyhisof Mbthyj.Acétate
TheverticalUnesrepresentmeusuredheatsuppliedbyelectricheatingcoil.

O Titrationdata. XCalorimetricdata

fromtheremainingsolutionfor titration. The courseof thereactionwas
thusfollowedsimultaneouslyfor a periodof 3 hoursand42seconds,by
thermalanalysisand by chemicalanalysis. The differencebetweenthe
titrationsàt the beginningand end of this periodshowedthat 0.00513
moleof methylacetate had been hydrolyzedin the calorimeterduring
thistime. Tomaintainthe temperatureconstantit wasnecessaryto add
5.61caloriesfromthe heating coil. The heat of stirringwas0.405,so
that the reactionabsorbeda total of 6.015calories,or 1170caloriesper
mole.



AN ISOTHERMAL CALORIMETER FOR BLOW REACTIONS 9

The courseof the thermalreactionin a singledeterminationis shown

in the uppergraphof figure4, in whichthe four vertical Unesrepresent
the additionof heat-at approximately0.1amperefor intervalaranging
from1.5to 2.5minutes.

The true hydrolysisreactionis complicatedby the presenceof the hy-
drochlorioacid,for as the reactionproceedsthe reactingsubstancesare

removedfromthe solutionand the productsare added. Correctionsfor

thèseheats of mixingweredeterminedexperimentallyusingthe vessel

shownin figure3. Five-tenthBof 1 ce. or0.0065moleofmethylacétate

wasadded to 10ce. of N hydrochloricacid, this quantity representing

nearlythe amountremovedduringthe reactionin the calorimeter. The

heatevolvedwas11.45calories,correspondingto 1763caloriespermole.

Checkdeterminationswere1800,1793,and 1762givingan averageof

1779calories.

Similarly,when0.00705moleof glacialaceticacid, purifiedbyfreezing,
wasadded to 10ce.of Nhydrochloricacidsolution,the heatevolvedper
molewas respectively258,232, 237,and 227,givingan averageof 239

calories.

Adding0.00748moleof methylalcoholto 10ce. N hydrochloricacid,
the heat of evolutionwas 1423,1421,and 1422caloriespermole. The

thermalchangefollowingthe additionofa similaramountof waterto N

hydroohloricacid wasnegligible.
Thesummationof theseveralreactionsisthenasfollows

Removalof1molemethylacetatefromNHCI. 1779caloriesabsorbed
Removalof1molewaterfromNHC1 0calories
Additionof1-molemethylalcoholtoN HCI. 1422caloriesevolved
Additionof1moleaceticacidto NHCI. 239caloriesevolved

Totalheatsofmixing. 118caloriesabsorbed
Totalreactionasmeasured. 1170caloriesabsorbed
Heatof reactionpermole,excludingthermaleffects

withNHCl 1052caloriesabsorbed

Oneotherdirectdeterminationof this reactionis reportedin the litera-

ture (9),givinganabsorptionof1070caloriespermole.

HecAoffermentationofyeast

The growthof yeast is an exampleof the type of reactionfor which

this calorimeteris uniquelysuited. It is an exothermicreactionwhich

proceedstooslowlyfor accuratemeasurementin an ordinarycalorimeter.
In eachexperimentthreeculturetubes ofyeastand glucosehavingiden-

tical concentrationswereprepared. Two werepasteurizedat the time

the thirdwasplacedin a tubein the calorimeter. At the endof thedeter-

minationthis culturewaspasteurizedalso. AHweretitrated forglucose
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contentand tho différencegavethe amountof glucosedestroyedduring
the fermentation.*a

The fermentationcausedthe temperatureto riseslowlyandeveryhour
or so air was passedthroughthe cooler,evaporatingcarbontetrachloride
and bringing the temperaturealightlybelow the normalvalue. The
courseof determinationI is shownin figure5, wherethe verticallines

representtheseperiodsofcooling.

1 1 IlL

t Z 14 4 5 6 7 » 9 10

TTmt in hvtn

Fio. 5. Hbat EvobvBDi» THEFermentation of YZAST

The vertical Unesrepresent the measured cooling effect producedby evaporating
known quantities of carbon tetrachloride.

The heat of fermentation is calculated from the data of determinations

1 and II as follows:1 an<111 as tottowg:

i a

WeightofcMbontetrachtonde. 0.4452 0.1777gram

HeatcompenMted. 21.60 8.64 calories

Timeofatirring. 9.1 5.5 hours

Heatofstirrtog. ttO .66 calories

Heatof fermentation. 20.50 7.98 calories
Correotionfor vaporisatioaot water. 0.59 .23 calories

Correetedheatof feranentation. 21.09 8.21 calories
Weightof glucoseat beginning. 0.260 0.1575gram
Glueoaeconaumed. 0.1617 0.0632gram

Caloriesper gram of glucoseconsumed. 130.4 129.9

Theaveragevalueof 130.1caloriespergramofglucoseis ingoodagree-
ment with the value 133.3reportedby Rubner (10)usinga "microbio-

calorimeter"and a Beckmannthermometer.
The correctionnecessitatedby the carryingawayof watervapor by

thecarbondioxideliberatediscalculatedfromthevaporpressureofwater

TheauthorsareindebtedtoDr.P.W.WilsonoftheDepartmentofAgricultural
Bacterioiogyfortheyeastculturesandtheiranalyses.
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(23.7), the volume of the gas, and the heat of vaporization (582 calories

per gram).

Thereactionof fermentation

CoH,80.-2CO,+ 2C,H»0H

shouldevolve147.9 caloriesper gram of glucoseaccordingto data on
heatsof combustion(11). The fact that the observedvaluedifférafrom
this valueby 17.8caloriesmay be due in part to the heatsofsolutionof

glucoseandethyl alcoholin waterand in part to the fact that other fer-
mentationreactionsareoccurringalso.

An unsucceBsfulattempt wasmade to measurethe heat of bacterial

growth,but the culturesof Azotobacterwerenot largeenoughto givea
reUablevalue. Less than 0.2 caloriewasevolvedduringa periodof 6
hours.

Thermalstudiesof the décompositionof nitrogenpentoxidein liquid
nitrogentetroxidewillbepublishedlater.

BUMMARY

1. An isothermalcalorimeteris described,capableof measuringcon-

tinuouslyfor many hours reactionswhichevolveless than a caloriean
hour.

2. Evolutionof heat is compensatedby evaporatingcarbontetrachlo-

ride, or otherliquid,absorbingthe vaporinsilicagel,and weighing.Ab-

sorptionofheat is compensatedby measuredelectricalheating.
3. Specialprecautions,ineludingthe éliminationof rubber,are neces-

sary inmaintainingan organicliquidin a calorimeterat exactlythe same

temperatureas its surroundings.
4. At 25°C, 48.5 calorieswasrequiredto offsetthe vaporizationof1

gramofcarbontetrachloride.

5. Usingonly2 ce. of solution,valuesfor the heat of neutralizationof
0.5N hydrochloricacid in closeagreementwith acceptedvalueshave
beenobtained.

6. The hydrolysisof methyl acetate has been foundto absorb1052

caloriesper mole,after correctingfor the heat of mixingwithN hydro-
chloricacid.

7. The heat of fermentationof yeast at 25°C.has beenfoundto be
130.1caloriespergramof glucoseconsumed.
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THE CRIÏICAL IGNITION OF EXPLOSIVE HYDROGEN
MIXTURES

J. H.MAAS»ANDCHARLESEWING»

Unicersityof Cincinnati,Cincinnati,Ohio

ReceivedJuty »S,19SÎ

Thomton (1) observed that the least spark energy required to ignite
an explosivemixture of a gas in air varies discontinuouslyas the composi-
tion of the gas is changed continuously. If this condition be represented
graphically by plotting the least spark energy for explosion of mixtures
with the proportion of explosivegas in air, the resulting ignition curve is

composed of a series of distinct "steps." This phenomenon, which is
called "stepped" or "critical" ignition, is shown to depend upon the pres-
enceof nitrogen in the gas mixtures considered here.

It was found that the ignition curve for hydrogenin air mixtures has
two very distinct steps. On the other hand, smooth curves were found
for mixtures of hydrogen and oxygen and also for mixtures of hydrogen,
argon and oxygen whereinthe argon was present in the same proportion
as nitrogen in the air mixtures. The purpose of substitutjng argon for

nitrogen was to determine if the action of nitrogenon ignition differed
fromthat of an inert gas,and this seems to be the case.

EXPERIMENTAL

The explosionswere carried out in an iron bomb ofabout 100ce.capac-
ity with a spark gap consistingof a steel needlecathodeand a plane anode
alsoof steel. This bombwas conveniently made ofordinary pipe fitting,
the main piece a one and one-fourth inch cross. Twoone-half inch holes
in the cross on opposite sides of the spark gap were fitted with rubber

stoppers to provide a safe outlet for the explodinggas, which blows the

stoppers out. Steel phonograph needles were used for the cathode.
Thesewerereplaced foreachexplosion.

The gas mixtures weremade up in volumes of three liters by displace-
ment of water from the gas container. The measurements were made

on gases saturated with water vaporand at roomtemperature. The bomb
is filledwith gas by mercurydisplacement.

The electrical arrangement for discharging the spark in the gas consists

1Depnrtmentof Physics,UniversityofCincinnati.

DepartmentofChemistry,UniversityofCincinnati.
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A » .» .1. I» Jï 1_ __j. I *lï_ il..
of chargingcondenserafroma sourceof directourrentwiththe electrodes
wideapart, Thedirectourrentsourceis thendisconnectedand thecon-

denseradischargedby approachingthe eleotrodes. Not morethan three

secondsneed elapsebetweenthe time the direct current connectionis

brokenand the timethe électrodesare broughtwitbinsparkingdistance.

PlO.2. WlBIHODlAQBAM

S,sparkgap;C,condenser;V,voltageof».c.source

Duringthis intervalof timethere is someleakagelossin the condensers,
but it hasbeenfoundthat this lossis negligibleupto abouttwentyseconds.

Theenergy"E" expressedin termsof the capacityand voltageof the

condenseradischargedin thesparkisexpressedas follows:

E = 1/2CV»
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Thé curvesin figure3 are for ignitionat 160volts, spark potential.
Similarcurveshavebeenobtainedfor the ignitionof the samehydrogen
mixturesat 100volts,but the least sparkenergyat thispotentialis higher
than the leastsparkenergyforignitionat 160volts.

JOULiS
a~ âK

Fia. 3. IONITIONCurves FORIonition op Hydhoobn Mixtdhbb
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APPLICATIONOF BLAIB-LEIGHTONEQUATIONTO X-RAYS

J. A. LESTERandJULIANM.BLAIE

DepartmentofPhysics,UniversityofColorado,BovUer,Colorado

ReceiuedJulySS,19SS

BlairandLeighton(1)havepresentedan equation,

= 2T,z*(6 a) Kadt

for thetimerate ofgrowthofthe latentphotographieimage,whena photo-
graphieemulsionwas exposedto a blue lightof constant intensity. In
this equation,x is the developabledensityexistingat any timet; b is the
ideal maximumdevelopabledensity(definedbelow);and K%and Ka are
reactionvelocityconstantsofforwardandreversephotographiereactions.
In this paperan attempt willbe made to showthat this equationalso
holdafortherate of formationof the latent photographioimagewhenpro-
dûcedbyx-raysof constant intensity.

METHODOFPROCEDURE

Ordinaryx-rayplateswerenotusedbecauseof theirrelativeopacity,but
insteadglassplatescoated withregularlanternslideemulsion. For ease
and greateraccuracyin determiningthe density,this coatingwasmade
about one-thirdas thick as the ordinary lantern slideemulsion. The
sourceofx-rayswasa deep therapymachine. Thesex-rayswerefiltered
through1 mm. of aluminumto render them more homogeneous.The
conditionsduringexposurewerekept constantby keepingthe current
throughthe tube and the operatinglinepotentialconstant. Underthese
conditionstheintensityofthex-rayswasfoundto beuniformandconstant,
bymeansofa dosimeter.

Aftercoating,theplates weredriedin an inclinedposition,makingthe
emulsionslightlythickeron the lowerend than the upper. To reduce
theerrorwhiehthiswouldproduce,theplateswereeut into twolongitudi-
nal halves,oneof whichwas turnedend forend beforeexposure. Then
exposuresof increasingtimesweregivento consécutiveportionsof the
sameplate. Severalplates werenecessaryto obtainail the pointsshown
on figure1. The maximumexposureon oneplate wasrepeatedas the
minimumexposureon the next. The plates were then developedin a
ferrousoxalatedeveloperdescribedby Hurter and Driffield(2) for 20
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minutesat 19°C. They werethen fixedfor 6 minutes in acid sodium
tbiosulfatesolution,and washedand dried in the usual manner. Thé
resultantdensitiesweremeasuredin the samemanneras that described

by Blairand Leighton(1). The densitiesof correspondingportionson
eachhalfplate receivingthe sameexposureweremeasuredand averaged.

Asthe separateplateshademulslonsof slightlydifferentaveragethick-

nesses,the plotted densitieswouldnot form a continuouscurve. In
severalcasestherewouldbeslightbreaksbetween the series of data ob-
tainedfrom oneplateand that obtainedfromthe next one. The over-

lappingof timesofexposuremadeit possibleto expressthe densitiesofall
the plates in termsof any onechosenas standard by the use of a small

multiplyingfactor. Thisfactorwasthe ratio betweentheaveragedensity
ofoneportionofa plateandtheaveragedensityof a correspondingportion
of another,eachhavingreceivedthesameexposure. The densitiespro-
ducedbyexposuresto x-raysareshownby the circlesinfigure1.

Exposure
in Minute,s

FtG. 1. The Densities Fbootjced BY Exposons TO X-rays AND the Densitieb

Indicatbd bt thb Blair-Leiohton EQUATION

DETERMINATION OF b

Thequantity,b,mentionedin theaboveequationis the idealmaximum

developabledensity. It may bobrieflydefinedas that densitythe plate
wouldhave if everygrainof silverhalide were developed. Blair and

Leighton(1) havepresenteda ohemiealmeansof determiningthis quan-
tity. It mayalsobedeterminedina mucheasier,butsufficientlyaccurate
manner. Jones and Hall (3) have shown that increasingmaximum

developabledensitiesare obtainedby exposuresto increasingintensities
of light. Theyshowed,usingthe teminologyof Blairand Leighton,that

whena plate wasexposedto intenselight, the maximumattainableden-

sity approachedthe idealmaximumdevelopabledensity. On the basis

oftheirwork,one-halfofa platewasexposedfor the optimumtime to the
concentratedbeamof a carbonarc projectionlantern. The other half
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wasexposedfor30minutesto x-raysto producethe maximumattainable
density fromthis source. The maximumattainable density,shownby
thehighestpointonfigure1,wasmultipliedby the ratioofthe developable
densityproducedbythearcon onehalfof the plate, to that producedby
the x-rayson the other half. This gave a closeapproximationto the
idealmaximumdevelopabledensityin termsof the plate chosenasstand-
ard. Thisquantityiashownbythestraightlineinfigure1.

INTEGRATION OF EQUATION

If, in the equation,

dz (6dl

s
welet xi = and addandsubtraotthequantity the equationmaybe

put in the standardformofintegration,

_M.

K,LLL[ (~b+ 2dx(z '(' 2Ky'e a dt~L~J

Thereare severalintegralsof this equation. ln the paper by Blair and

Leighton(1)it wasintegratedintoa logarithmicform. It may, however,
beintegratedintothefollowingform

K, ~b -i-

r tanh-r

Yz b-FZKrKs41C"°

d-I-C,

~V~~ 1

whereCi isa constantofintégration. ~'3ub8titutingxi forzand solvingfor
x weobtain

s C6 r tanh 2~~b-(- 4~ r t -f- C,~ K'r
<.z..

llfb +7~
tanb 2" 1

b +
K'

1+ et
2KI

(I)

where

C: KsC, ~b+ if=2 f' 41f~

EVALUATION OF CONSTANTS

From the data shownin figure1 a ratiobetweenKI andKt wasdeter-
minedwherethe slopeis0. ThenKIand Kt wereevaluatedby graphical
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meansfromthe experimentalourveby measuringthe slopeat somevalue
of x. The constantCi wasthen foundby taking the x andt coôrdinates.
ofsomepointonthe experimentalourve. Theourvein figure1show8the
valuesofxforthe timeat givenbyequation1.

8UMMARY

A differentmethodof evaluatingthe idealmaximumdevelopableden.

sity is desoribed,and a differentintegralof the Blair-Leightonequationia
presented. Evidenceis presentedthat this equation also expreseesthe
rate of formationof the latentphotographieimageby x-rays.
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It has recentlybeenshownconclusivelyby Briggs,Greenawald,and
Léonard(1) and by Briggs(2) that cesiumiodideand iodineform two

binaryadditionproductshavingthe formulasCsl»and Csl<andthat the

compoundCbIsdoesnotexist,at leastabove25°C. Water solutionswere

usedby theseinvestigatorsin preparingthe compoundsat 25°C,but as

the latter wereanhydrous,they are undoubtedlythe only stablebinary
compoundswhiehcanformat 25°C, independentof what solventis used,
or indeedofwhetheranysolventis used. Onthe other hand,Abeggand

Hamburger(3)workingonthesystemcesiumiodide-iodine-benzeneshowed

fromsolubilityresultsthat therewasevidenceofa higherpolyiodidewhich

theybelievedto be Csl9. Theymadeno attempt to detemine whethera
solvatedternarycompoundexisted. Sinceit has recently beenshown(4)
that potassiumiodideformssuch a ternary compoundwith benzenewe

haveinvestigatedthe systemcésiumiodide-iodine-benzeneat 6°C.and at
25°C.and alsothe Systemcontainingtolueneinplaceof benzène.

Thecesiumiodideusedwasan exceedinglypuresample whichhad been

preparedby heatingthehigherpolyiodide. The latter had beenprepared
by crystallizationfromwater containingan excessof iodine. Benzene,
toluene,andiodinewerepreparedbythe methodsdescribedpreviouslyby
Foote and Bradley(4). The apparatus and methods are alsofully de-
scribedin the samepaper.

THE SYSTEM TOLUENE-CESIUM IODIDE-IODIKE

In thissystem,qualitativetests showedthat nosolvatedcompoundswere
formedand that césiumiodide,likepotassiumiodide, is insolublein the

solvent. The investigationwasthereforerelativelysimple. Theoriginal
componentswereaccuratelyweighedand by determining iodinein the
solutionafter equilibriumbad beenreached,the compositionofthe solid

residues,whethermixturesor pure compounds,could be calculatedwith

probablygreateraccuracythancouldbeobtainedby direct analysis. The

resultsobtainedaregivenin table1.
The resultsshowclearlyat each temperaturethat there arethree uni-

variantpointe. Ateach,thesolubilityis constantand the residuesconsist

21
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ofa variablemixtureoftwosolids;the twopure compounds,whichare ia

equilibriumwithsolutionsof varyingcomposition,existbetweenthe uni-
variantpoints. The averageof thesixrésulteobtainedfor freeiodinein
CbUis 59.35;and ofthe fourresultsforCalais 49.73. Thecorresponding
calculatedpercentagesare 59.44and49.42. The resultsconfirmthoseof

Briggsandhiscoworkers(1)at 25*C,usingwateras thesolvent,andshow
that the samecompoundsalsoexistat 6°C. No solvatedternarycom-

poundwithtolueneexista.

TABLE1
Theaystemtoluene-cesiumiodide-iodine

T-WC. T »'C.

lodinoln todiaein Unaotvated«olid Iodinala lodinein UlIIIOlvated80IId
solution renoua rwlduooontain» solution naidin roiduocontains

uxifht wfight v»ight wtftAl
ptrctnl percent percmt percent

0.060 16.66 CsIandCsI, 0.024 11.18 Cal and Csl,
0.047 48.18 Cul and Csl, 0.024 46.00 Cal and Cala

0.77 S0.13 CbI, 0.S4 49.70 Csl,
1.72 49.57 Csl, 1.08 49.50 Csl,

2.53 51.42 CsI.andCsI, 1.53 52.30 Cal, and Csl,
2 54 63.80 Csl, and Cal, 1.53 66.25 Cal, and CbI,
2.54 57.21 Cela and Csl,

4.35 69.76 Csl,

3.09 59.25 Csl, 6.74 59.79 Csl,
9.90 58.53 Cal,

13.46 68.17 Csl,

14.66 59.68 Csl, 10.39 64.06 Csl, andI,
10.43 89.77 Cal, and l,

16.46 62.24 Csl, andI,
15.37 94.32 Csl, and l,

THE SYSTEM BBNZENE-CESI0M IODIDE-IODINE

Qualitativetests showedthat at the iodineendofthe systemthe solids
containedbenzene,showingthe existenceof a ternarycompound. The

simplemethodof calculatingthe compositionof the residuewhichwas

adoptedwithtoluenethereforecouldnot be usedin this caseand it was

necessaryto analysethe residues,at least whenthe pure solvatedeom-

poundwaspresent. TheSchreinemakermethodofdeterminingthecompo-
sitionofthesolidsbytheanalysisofthewet residueswasentirelyunsuitable
in this caseon accountof the positionand formof the solubilityourve.
Wewerethereforeforcedto determinethe compositionof thecompoundby
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Siôyfesv
TABLE 2

'xnŒÊfêrK
The tyitetn bemene-ceaiumiodide-iodine

~t1)f_t) `Ti.r m ·T
?«$?F%\

f^* > < tOUB BB8JDUB

MU»<><9 fjiHHBlK
– KE8IPUB COHTAU»

_~Er
` .ortoN fNR

lodine

Ceoitfn
Buruene

RbAlPUR CQNTAtN9

•^ a» itni iodid*

rvV/i L– -1
1~ Q 'YL

y=26°c.

^yy
fsTSïTc > P»c«n< iwenl (Krc<R( percent
Ng/OOl^ 0.049 10.00 90.00 oone* Cgi and Cal,

2 0.045 42.14 57.86 none* ChI and C»I,

3 0.71 49.38 50.62 none* Cul,
4 1.34 60.00 60.00 none* Cal,

5 2. 36 63.15 46.85 none* Csl, amiCal,
6 2.34 56.68 43.32 none* CM, and Colt

7 3.89 59.40 40.60 none* Csl,
8 5.27 59.40 40.60 none* Csl«

9 7.76 68.6 33.3 8. If CbI, andT. C.%
10 7.74 66.2 14.7 0.1f Cgi, and T. C.§

11 8.88 76.64 16.96 8.50*. T. C.§
12 12.19 73.23 16.22 10.55*. T. C.|

13 14.09 79.9 12.5 7.6f T. C.§ andIt
14 1 13.83 91.8 5.1 3.1t T. C.f andIt

T 6°C.

15 0.022 12.07 87.93 none* CbI and Cgi,
16 0.024 47.42 52.58 none' CsI and Cal,

17 0.55 49.25 60.76 none* Cal,
18 1.20 49.41 50.59 none* Csl,

19 1.31 53.68 46.02 none' Csl, and CbI4
20 1.30 66.85 43.15 none' Csl, and CbI,

21 2.00 59.37 40.63 none' Csl<
22 3.41 59.16 40.84 none' Csl<

23 3.80 59.8 39.9 0.3f Csl, and T. C.§
24 3.80 67.3 27.1 5.6t Csl« and T. C.§
25 3.81 71.31 20.15 8.54f • CbI,and T. C.J

26 4.55 74.22 16.74 9.04J T. C.J
27 6.25 75.23 15.23 9.Mt T. C.§
28 6.60 76.33 15.64 8.03t T. C.§

29 8.59 81.2 11.7 7. Iffi T. C. and I,
30 8.68 92.3 4.8 2.9t T. C. and J,
.w

ar..v s.u ~.a~ a. v. wuu ii

Composition of the solid calculated as in the toluene system. Residue unsol-

vated.

t Composition of the solid obtained graphically.
t Compositionof the soliddetermined by analysis (benzene by différence).

§ Tcrnary compound. no
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analysis,afterremovingit fromthesolutionandfreeingit fromthemother

liquorby pressingrapidlybetweenfilter papers. Thecompoundlosesita
benzènerapidlyon standing. Onthe other hand,thecolorchangesappre-
ciablyas it décomposes,so that it was not difficultto determinerather
closalyfrom the appearancewhenthe mother liquorwas removed. In
analyzingthe compound,free iodine was déterminée!by titration with
thiosulfateandcesiumiodidebyheating to removefreeiodineandbenzene.
The latterwasdeterminedby difference. The compositionof theresidues
at the univariantpoints couldbe determinedgraphioallywithsufficient

accuracywhenthe compositionof the solvatedoompoundwasknown.
Therésultagivenin table 2 wereobtained. Thetnethodusedin deter-

miningthe compositionofthe residuesis indicatedineachcase.
Thedata in table2 showin anentirelysatisfactorymannertheexistence

of the two compoundsCsl»and Csl* at both 6"C.and 25°C. Besides

TABLE3

ShowingtheratioCbI:I:C»H.for eachof thefineresiduesin whichthepureternary
ctmpoundmatprésent. Theratioaarecalculatedfromtheanalyticaldataintable0–

M.

RAT10

Cri I GO,

U 1.0 9.64 1.77
12 1.0 0.24 2.16
26 1.0 9.07 1.79
27 1.0 10.10 2.08
28 1.0 9.99 1.71

Average 1.0 9.52 1.90

thesetwocompounds,however,thereis a thirdsolvatedcompound. It was

presentin purecondition,as shownby the solubilityrésulta,in Nos.11 to
12at 25°C.and in Nos. 26to 28at 6°C. Theratio CbI I: C«H«has been
calculatedforeachof theseresidues,and theresultsaregivenin table3.

In consideringthèse ratios,it muet be bornein mindthat the material
usedin the analysiswas very finely divided,and was of neceasitycon-
taminatedwith iodinefromthe solution, sineethe benzènein the latter
wasexceedinglyvolatileand depositediodineas it evaporated. Theratio

CsI:C«H«appearsto be definitely1: 2, and allowingfor the fact that the

analytical résulta should be high in iodine,the ratio CbI:I is nearly
1:9, so that the most probableformula, basedon the aboveanalyses,is

CsI10 2CtH«,inwhiehtheratioCsI 1 is lesscertainthantheratioCsI C9H«.
It is evident,however,that the ratio CsI:I canbecalculatedjuat as in

the unsolvatedresidues,providedthe ratio of CsI:C«H«in the residueis
known. Judgingfromthe resultson the unsolvatedreaidues,thismethod
shouldgivemorereliableresultsthan directanalyses. In table4 wegive
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thechargesused,thecalculatedcompositionof the residueassumingthe
ratioCsl C«H«» 1 2,andtheratioCsl 1calculatedfromthecomposition »
oftheresidues.

Theratio I/Cal is nearly9, and the formula is thereforeCsIiO-2CeH«
or 2C8l'9Ij-4C«H«.The writersare not unaware that this formulais
mustunusualand a priorihighlyimprobable. The compositionas deter-
minedbyanalysis,andas calculatedin table 4, however,seemsto exclude

any simplerratio. The correspondingternary compoundof potassium
has the formulaKI»-3C»H«and is thereforeof differenttype, the only
evidentrelationshipbeingthat the cesiumcompoundmaybederivedfrom
thepotassiumby thesubstitutionofoneatom ofiodineforonemoléculeof
benzene.

TABLE4

Showngtheimghtoftachcomponentin theoriginalmixture»;thecalculatedpercent
ofetiiumiodideandofiodimin theresidues,aaauminqtheratioCsI:C«H»«

1:2;andthemoteeularratio1:Calin theresidues

C4UOLATKDCMCVltTtSO RATIO
NO. aainu lobws bbnîbhe C»I ih h ik I

IOD1D8 BBStODB HESIDOE
G«I

Iran» gramt Iran» percent parant
11 0.67 6.12 30.833 15.85 74.02 9.63
12 0.67 7.02 30.795 17.30 72.30 8.66
28 1.22 6.70 30.134 16.82 73.06 8.89
27 1.22 7.168 30.488 17.09 72.62 8.70
28 1.22 7.637 29.917 16.20 74.06 9.35

Average9.02nrcru~ço v.va

At any univariantpoint in the systemsinvestigatedtwo solidsare

present,and their dissociationpressureof iodineis equal to the partial
pressureofiodinein thesolution. The latter iacloselyproportionalto the
molarfractionof iodinein solution,as ail the solutionsare dilute. The
dissociationpressureofany polyiodidecomparedwithpure iodine(orthe

C
activity)is thereforegivenverycloselyby the expression

j^
in whichC is

Ce
themolarconcentrationof iodinein solutionat a univariantpoint,and
Cois thecorrespondingvaluefor pure iodine. The latter is practically
identicalwiththat at the univariantpointwhereiodineisoneof thesolid

phases,ascesiumiodideis insoluble.

l In table5,the necessarydata andthevaluesof the ratio aregivenat

25*C.andat 6°C.forboth thebenzeneand the toluenesolutions,sofar as
thedataarecomparable. Thedata forthe point in the benzenesystemin
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whichthe solidsconsistof Csk and the ternary compoundhave been
omitted,asthere isnocomparablepointfortoluene.

The différencesbetweencomparablevaluesof 7J-for the benzeneand
Le

toluenesystemsisof the sameorderas theerror iû determiningthecompo-

TABLE5
Value»oftheratioC/C.at25°C.andat6°C.v ww o) tne ratio u/vt at i»vC. and at 6°U.

WBIOHT PBK CENT OP UOIB PUB C8NT OF
C

BOLim PREBBXT IODIKB |H BOlOTtOH
1 KOLa"a

90LOTlON

1

Benzene. T = 25°C.

Ii and T. C. 13.96 4.75 (Co)
CsI4andCsIt 2.35 0.73 0.155
CsItandCal 0.047 0.014 0.0030

Toluene. T « 25°C.

IiandCsI, 15.42 6.20 (Co)
CsI«andCs!, 2.54 0.94 0.151
Csl, and Cal 0.054 0.020 0.0032

Benzene. T 6"C.

I.andT. C. 8.59 2.81 (Co)
CsUandCBl, 1.31 0.41 0.145
Csl, and Csl 0.023 0.0071 0.0025

Toluene. T = 6'C.

I»andCsI4 10.41 4.04 (C,)
CsI«andCsI, 1.53 0.56 0.139
Csl» and Csl 0.024 0.0087

`
0.0022

sition of the solutions. Assuming the vapor pressures of iodine at 6°C.

and 25°C.are 0.0546mm. and 0.313 mm. and the values of £ in table 5,

the dissociation pressures of Csl4 at 6°C.and 25°C. are respectively 0.00775
mm. and 0.0479 mm. For Cala, the values are 0.000131 and 0.000970
mm.

From these values, the heats of dissociation of Csl4and Csla, calculated

by van't Hoff',s equation, are found to be respectively -15,800 and

-17,500 calories. These values, as wellas those for the dissociation pres-
sures, are based on the solubility data. Since some of the solubilities are

1Byinterpolationfromthedata givenintheInternationalCriticalTables.
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very low,the relativeerror in them causesa considérableerror in these

calculations, Thiserrorappe&rsto be lessthan ±5 percent.

SUMMARY

The systemscesiumiodide-iodine-benzeneand césiumiodide-iodine-

toluenehave been investigatedat 6°C. and at 25°C. With toluene,no

ternary oompoundexists, and the two binary compoundsfound were

Cslj and Csli, confirmingthe résultaof Briggsand hiscoworkersat 25*C.

With benzene,in additionto the two binary compounds,there is alsoa

ternarycompound.
The resultsonthe dissociationpressuresof the binarycompoundsshow

oloseagreementwhencalculatedfrom the data onthe benzeneandon the

toluenesystems.
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It hasbeenshownbyAbeggandHamburger(1),byinvestigatingsystems
of thetype alkaliiodide-iodine-benzene,that anumberofsolidpolyiodides
exist,but thefactwasoverlookedthat someofthecompoundsformedwere
in reality ternary compoundscontainingbenzene.Such ternary com-
poundeformwithpotassiumiodide(2)and withcesiumiodide(seepreced-
ing article). Wegivebelowthe resultsobtainedwithammoniumiodide
and iodineat twotemperatures,using as solventebenzeneand toluene.
Unlikethe potassiumand cesiumcompounds,it has been found that
ammoniumformsonlythe binarytriiodide.

Themethodofinvestigationbasbeendesoribedpreviously(3). Quali-
tative tests on the solidresiduesshowedthe absenceof eitherbenzeneor
toluene. It was therefore possible,starting withweighedamounts of
eachcomponentandanalyzingthe solutions,to calculatethe composition
oftheresidueswithentirelysatisfactoryaccuraoy. Ammoniumiodideis

practicallyinsolublein both the tolueneand benzenesolutions,so that it
wasonlynecessaryto detennine iodine. The resultsobtainedare given
in tables1and 2.

Thedata in thèsetwo tables showthat ammoniumtriiodideis the only

TABLE1
Thesystembenzène-ammoniumiodide-iodineThe system benzene-ammoniumiodide-iudine

T^WC. T 6*C.

Iodinein Iodinoin Uiuolvated«oUd Iodinein Iodiooin Unjolvatodsolidreaiduo
«°lttti»n roiidui) residueoontaln» «olution rendue contains

vmtUftr vxiqhtpn weiçH vmtHper
«H* cent peramt «ni
0.77 10.00 NHJandNHJ. 0.39 10.49 NH«I and NHJ,
0.80 39.91 NHJandNHJ, 0.42 53.18 NHJ and NHJ,
0.79 69.35 NHJ and NH4I,

6.60 64.17 NHJ, 3.46 63.90 NHJ,
10.81 64.33 NHJ, 5.77 63.96 NHJ,

13.94 94.96 NHJ, and I, 8.52 70.13 NHJ, and I,

8.58 94.99 NHJ, and I,

ftft



30 H. W. FOOTE AND W. M. BHADLEY

polyiodidewhichforme,and that it is stableovera widerangeofiodine

concentrationa.

TABLE2

Theayslmtoluène-ammoniumiodide-iodinea ncai/aw'rnwoucaw-umnrvnsuns-auwuc-wuarw

t»wc. r = »"e.

lodinain lodinein Unaolvated«olid(«aida» Ioditwin lodinein Uneolvatedsolidresidue
olutioa laidue «mtain» solution rendu» containa

writMjwrper wrifht vtillU jwper
wn« «B« parant etnt

0.88 0.87 NH,I and NH4I, 0.40 12.3» NHJ ond NHJ,

0.88 47.45 NHJandNHJ. 0.47 69.08 NHJ and NHJ,

0.89 55.93 NHJ and NHJ,

6.84 63.85 NHJ, 2.82 63.88 NHJ,

10.85 63.93 NHJ» 5.36 63.85 NHJ,

15.76 68.14 NHJ, and I, 10.24 67.80 NHJ, and I.

15.75 86.09 NHJ, and Ii 10.19 64.65 NHJ, and I,

16.91 94.88 NHJt and I,

PB. ÇllII'1' MOUMCtJMt

OP 101111111 PBR 0l1li'1' or C

OOLVBttT IOUlI8'1IIIII8II'I' in 10DINB III
t0t.0tt0!t 8OLOTIOJf C°

T = 2b°C.

Henaene. Is and NU41% 13.94 4.75(Co)
Benzène. NH41aand NH4 0.79 0.24 (C) 0.0516
Toluene. It andNE41a 15.80 6. 37(Ce)
To)uene. NHÉI, and N«tI 0.88 0.32 (C) 0.0Ii04

r = 6'C.

Benzène. 12 andNH41s 8.66 2.80 (Co)
BeMene. NH41, and NHtl 0.41 0.13 (C) 0.0462
Toluene., Il end NH4I, 10.22 3.97 (Co)
Toluene. NRtla and NR41 0.47 0.17 (C) 0.0431

The average of the eight résulta on available iodine in the residues consisting of

the pure compound is 64.01percent. The calculated value for NHJt in63.85per cent
of available iodine.

TABLE 3

The averagepercentage by weightof iodine in solutionat eaehunivariant point, the car-

re$pondin0 moleeular percentagea of iodine, C and Co, and thtir ratio

1 BOBntl%M*%4Aff«WITT*& tt1

C
Taking the average values of -r- at eacb température, and the vapor pressureof

Co

iodine given in the preceding article, the calculated dissociation pressures of ammo-

nium triiodide at 26°C. and at 6°C. are 0.0160tm. and0.00241mm., respectively.
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~Lfm.L_ .v. vAspointedoutin the precedingarticleoncésiumpolyiodidcs,theaotivity
of the triiodidecomparedwithpure iodineisgivenratheraccuratelybythe
ratio of molarconcentrationsof iodineat the twounivariantpoints. In
table3,wegivetheaveragepercentagebyweightofiodinefoundinsolution
at the univariant points, the correspondingmolecularpercentagesof

iodine,andtheirratio. The differencesbetweenthe valuesof for the
Co

benzeneandtoluenesolutions,at each temperature,areof the sameorder
as the errorin determiningthe iodineconcentrations.

Asammoniumtriiodide oanbepreparedreadilyin verypure condition
and is the onlybinary poriodideof ammonium,it seemsworth whileto
pointout that it furnishesa veryconvenientwayofmaintaininga constant,
lowconcentrationof iodinevaporwhiohcanbevariedat willby variation
intemperature. Its behaviorin thiarespectissimilarto that ofa hydrated
salt in maintaininga constanthumidity.

8UMMARY

Solubilityresultson mixturesofammoniumiodideandiodinein benzene
andin tolueneshowthat the compoundNH«I»is theonlybinaryperiodide
whiohformaabove6°C. Nosolvatedcompoundwithbenzèneor toluene
existe. The behavior of ammoniumiodide is entirely unlike that of
potassiumiodide,whichformsnobinaryperiodidebut doesforma ternary

solvated compound.
The resultsonthe dissociationpressureof the triiodideat each tempera-

ture showcloseagreementwhencalculatedfromthe data on the benzene
andonthe toluenesystems.
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INTRODUCTION

In a previouspublication(1) a newmethodfor the determinationof

sorption isothermalsof vapore on charcoalwas described;the present
paper records a developmentof this methodwherebythe accuracy is

greatly increasedandthe techniqueBimplified.No experimentaldetails
are given,as theseweredescribedfullyin the previouspapers(1,2).

ThismethodconsiBtedin the conversionofthe approximateisothermals
obtained under the retentivity test conditionsinto true isothermals.

Briefly,tbis was achievedby carryingout a numberof determinations

employingoolumnsofcharcoalof differentlengthsand plotting the loga-
rithm of the weightofvapor retainedagainstthe logarithmof thevolume
of charcoalfor a constantvolumeofair passed,and thenextrapolatingthe
weightfigures to 1 00.to get rid of the "presaure-lengtheffect." The

tangents drawn to theretentivity curveobtainedfromtheseextrapolated
data gaverise to the trueisothermal.

At the time of publicationit wasrealizedthat this methodwouldnot

apply to an isothermalof thewatertypeonorabovethat portionwherethe

quantity of substancesorbed increasesrapidly for a amallincreaseof

pressure,and an attemptwasmadeto makeit holdgoodunderail condi-

tions. As this techniqueseemedto allowofanextremelydetailedexamina-

tion being made of the structure of the isothermal,an experimentwas

carriedout on a singlecolumnof charcoalofabout10ce.volume,charged
with water vapor,theflowof air beinginterruptedat veryfrequentinter-

vals. By this meanait washopedto anchortheretentivitycurveexactly
over its entire range,andthen by drawingan extremelylargenumberof

tangents, the detailedisothermalstructurewouldbe obtained.

Theresultof thisexperimentwascharacterizedbyoneverystrikingfact;
the retentivity curvewasfoundto consistofa seriesofstraightUnesinter-

sectingone anotherat definitepoints (e.g.,figure1,whichrepresentsthe

retentivitycurveofa waterisothermalonCharcoalK2at 15°C. Charcoal

K2 wasa peat charcoalaotivatedwith phosphoricacid; apparentdensity
– 0.312). The resultant isothermal(figure2, dotted lines) does not
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consistof a seriesof roundedloopsas had beenobtainedheretofore;the
breaksare aUsharplyreotangular. It wasfoundthat with isothermals.
onsilicagel,ashadbeenpreviouslydisooveredinthecaseofoharcoal,there
are no breaksbelow0.1mm.,the isothermaloonsistingofa smoothourve

(3). Thisreotaagularstructuremakesit possibleforan improvedmethod
for the determinationof adsorptionisothermalsto be put forwardwhioh
willholdgoodunderaUconditionsusingbut a singlecolumnof charcoal.

If onechargesthe eharcoalcolumnat a vaporpressurewhiohis inter-
mediatebetweentwohorizontalportionsof theisothermal,then ondesorp-
tion a linearsectionwillresulton the retentivitycurve,and at a definite

quantity valuethis linewillbe intersectedbyanother. Nowthestraight

libu

Unescorrespondto constantpressuresover thequantity rangesindicated

and willgiverise to twohorizontalsectionsonthe isothermal. Onlythe
secondof thesecorrespondsto a truestep, however,forthe firstis inherent

in the experimentalprocedure,sineeit is causedby the formationof the

gradientinsidethe column. Referenceto a previouspublication(1) wiH

showclearlyhowthisoccurs. Owingto thisgradientthe averagequantity
of vapor in the columnexpressedas milligramsper gram is smaller

than correspondsto the pressureover the endof the column. Theerror

which this gradientintroducesin the quantity valueateadilydiminishes
until at a verysmallquantityfigureit is zéro,the averagequantityin the

columnand the quantity correspondingto the pressureover the end of

the columnbeingidentical.
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The improvedtechniquelaessentiallyas follows:

(a) The pressureisoaleulatedfrom theslopeof the linearsectionsof the

retentivityourve,the différencein the quantity valuesgivingthe amount
of substancewhichbas beencarriedawayin a certainvolumeof air (the
différenceofthe correspondingvolumefigures).

(b) The quantityvaluesare oalculatedthus: The amountof substance
held at zeropressureis subtraotedfromthe quantity figuresforail reten.

tivity ourvebreaks. These are "correoted"quantityvalues. The ratio
of the correctedsaturationfigureto the oorrectedquantityfigureat the
first retentivitybreak is oalculated. The correotedquantityvalues for
eaoh breakare then multipliedby this ratio and the amountheldat zero
pressureadded, wherebythe true quantity for eachbreak is obtained,
resulting in a true isothennal.

TABLE1

0) (a; m («

642.8 610.2 – –

488.0 464.4 519.2 542.8
390.3 366.7 410.1 433.7
284.6 260.9 291.8 31S.4
188.1 162.6 181.7 205.3
80.4 68.8 63.5 87.1
35.7 12.1 13.6 37.1
20.0 5.4 6.0 20.6
26.3 2.7 3.0 26.6
23.6 0.0 0.0 23.6

A critioiammay be advancedin the casewherethe initialchargingpres-
sure ooincidedwith that at whicha step occurred,in whichcaseit would

appear that thelinearsectionontheretentivitycurvedueto the formation
of the gradientand that due to the first step wouldbe continuous,thus

preventinga calaulationof the true isothermal. It haabeenshown,how-

ever, by sorbingfrom an air atreamchargedto a definitepressurewith

vapor, that onemuât chargeat a distinotlyhigher pressurevalueto pass
along the horizontalportionof a step. Thisbeingsoit isperfectlyvalid
to use this newmethod,sincethe sorptionpoint willnotpassalongthe

horizontalstopbut willremainontheverticalportionjoiningthisstepwith
the onebelow.

In table1themethodofoperationisshownin full. Theverticalcolumna
have the followingsignificance:(1) quantity values at the retentivity
ourve breaks; (2) the correctedquantity figures; (3) the figuresin the

previousoolumnmultipliedby the ratioof the oorreotedsaturationfigure
to the correctedquantity figureat the first retentivitybreak;(4)the latter
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column+ theamountheldat zeropressure,aUfiguresbeingexpressedas
milligramapergram. Thequantityheldat zeropressureis 23.6mg,per
gram.

Theisothermalinfigure2basbeenoonvertedtoa trueisotbermal(con-
tinuousUnes)in tàtemanner,the individualpointsbeingomitted.The

U i –-––––––––––

"i`"'
Fio.2

TABLE 2

PRESSURE Or 8BBA» QUaKTITÏ BANOK OP DirFBBKNOB «OMBEB OP BXPBiU-

BrTBP UBHTAL F01Ht9

mm. my.lvram mn./«nun
11.63 – – 10
8.60 642.8-433.7 109.1 8
7.36 433.7-315.4 118.3 6
6.61 315.4-205.3 110.1 9
5.80 205.3-87.1 118.2 8
4.58 87.1-37.11 50.0 6

2.36 37.1-29.6 7.5 5

1.65 29.6-26.6 3.0 4

0.25 26.6-23.6 3.0 3

figuresfor thepressureandquantity rangeofeach step andthe numberof

experimentalpointsonthat step are givenin table2.

EXPERIMENTAL

Desorptionexpérimentain an air streamchargedwiikvaporat definite

pressures

To verifytherectangularstructure of adsorptionisothermalsand also

to justify this new procedure,desorptionexperimentswerecarriedout

usingan air streamchargedto definitepressureswith vapor,the points
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obtainedbeingoheokedagainstthe isotberraalsobtainedby the improved
retentivitymethod. Suchexperimentshavebeencarriedout withwater
andoarbontetraobjorideoncharcoaland onsilica.gel.

The crossesrepresentsuohdesorptionpointsand the circlesmark the
endsof the steps (theindividualpointsbeingomitted)in the isothermals
derivedby the modifiedretentivity technique. The results shownin
figure3, representingwater isothermalson coconutcharcoateat 15°C.

(FI, steamaotivated;apparentdensity0.534:Dl, steam activated (4))
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givedefmiteevidenceof this rectangularstructure whendealingwith the

desorptionpointsalone (crosses). In figure4 are ehownisothermalsof
carbontetraohlorideand wateronBilieagel. In everyaasethereis close'

agreementbetweenthedesorptionpointsandthe isothermalsderivedbythe

improvedtechnique.Figuresare quoted in table 3 whioh show the
variation in quantityvaluesobtainedby the two methods.

DIBCT788ION

It bas beenfound(1) that the agreementis goodbetweenisothermals
obtained by the static technique (air absent) and by the retentivity
method,the chiéfdifférencebeingthe speedof attainmentofequilibrium.
In the caseofdesorptionisothermals,usingthe statiotechnique,thevapor
bas to diffuseaway and this is hinderedmarkedlyby the presenceof

foreignmolécules(suchas carbondioxide)on the surface,whereas,in the

presenceofair,the vapormoleculesareremovedcontinuouslyby themov-

ing stream,togetherwithforeignmolécules,the latter method,therefore,
causinga quicker cleaning-upand thus a more rapid attainment of

equilibrium.
In the caseofwaterdesorptionisothermals,whendesorbingto constant

pressure,it is necessaryto lowerthe vaporpressurebelowthat at whicha
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step occursbeforethe watercomprisingthat step canbe romoved,hence
thepressureat whicha stepoooursislowerthan it wouldbeifaildisturbing
factorswereabsent. In the présenttechniquethis cannotoccur,as one
laactuallydealingwith the quantityadsorbedin an infinitelysmalllayer
at the end of the charcoalcolumn,and the pressureover this fallswith
auddenjumpsfrom one step to another,henoethere is no tendencyfor
falseequilibriato occur,the pressuredropbeingsufficientlylargeto allow
ail the watersorbedon that step to escape. This aspectwillbe treated
morefullyin a future publicationonwaterhystérésis.

The resultswhichhavebeenobtainedfully justifythis improvedtech-

niquewhiohis consideredto bedistinctlyin advanceof othermethodsin

accuracyandbasthe additionaladvantageof beingrapid,whilegivingthe
exact formofthe isothermaloveritswholerange.

8UMMA.RY

An improvedtechniquefor the determinationof isothermalshas been
described.

The derivedisothermalshavebeenfound to consistof a seriesof rec-

tangularsteps.

Comparisonbasbeenmadewithpointsobtainedbydesorbingtoconstant

pressure.

The authordesiresto thankProf.A.J. AUmandfor the interesthebas
taken in thiswork.
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INTRODUCTION

Inviewofthe discontinuousnatureofdesorptionisotbermals,it appeared
to be of interest to establishthe présenceof thèsedisoontinuitiesin the
sorptionprocess. Thenewtechniqueforthe determinationof isothermals
(seeprecedingpaper), ofwhiehbriefmentionbasalreadybeenmade(1),
bas shownthat whendisturbingfactorsare absentthèseisothermalscon-
sist ofa seriesof rectangularsteps. Thepresenceofdisturbirigetfeotsof
variouskindsail cause thèsesteps to becomecurved,in somecasesthe
actualnumberbeing inoreasedby the additionof smaUbreaks. Therea-
sonsfor this willnot be disoussedhere as this subjectis dealt with in a
furtherpaperincourseofpreparation.

EXPERIMENTAL

Aseriesofexperimentswascarriedout to determinewhetherthisstep.
likestructureor any indicationthereofcouldbe obtainedin the sorption
process,despite the probabilityof drift causingdisturbancesowingto
the oleaning-upeffect.

Sincein otherexpérimentait basbeenfoundthat thepresenceofcarbon
dioxideis a troublesomefactor,whichoften partiallyvitiates the results,
it wasdecidedto carryout three experiments,using(1)a charcoalwhich
hada highcapacityforcarbondioxide,(2)onewhichwasfair and (3)one
whichwaspoorin this respect,viz.

(1)CharcoalA(seereference2)
(2)CharcoalL 1 (Steamactivatedsoftwood.Apparentdensity0.446)
(3)CharcoalN1(Zinochlorideactivatedahnondshell. Apparentdensity0.416)

Tho procedureadopted wasthe reverseof the usualretentivityprocess
(3). A columnof dry charcoal60 mm.in lengthwasemployedand air
saturatedwith moistureat 11.5mm. pressurewaspassedat 400ce.per
minuteand15°C. Theair streamwasinterruptedat verysmallintervais
oftimeandthe adsorptioncurveconstructed,portionsofwhichare shown
infiguresla and lb.
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DISCUSSION

Figures la andlb showquiteconclusivelythat insptteofsmallfluctua-

ttona,the adsorption-timeourvesconsiatofa serieaofatraightHnes. Thèse

giveriseto sorptionisothennaleshowninfigure2.

The pressureia calculatedin thefollowingmanner:Fromthe dopesof

the linearportionsoftheretentivitycurve,theweightofvaporadaorbedin
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a givontimeis obtained. Knowingthe pressure,and thereforethe quan-
tity ofvaporin the chargingBtreamin the sameperiodof time,the differ-
oncebetween this and the amount adsorbedrepresen~ the weightof
vaporin the eNuentgaa,thia givingthé pressureofvaporoverthe end of
theoharooatcolumn.

Thesepressuresare correctbut the isothermaisare approximate,Binée
ineaohcasethe quantityis not a "true" valuebut an averageone,for it
representethe total waterin the columnexpresaedasmilligramspergram
of charcoaland not that amount correspondingto the last layer of the
charcoalcolumn. Thiainnowayvitiatestheresutts.astheobjectofthe
present investigationwas to demonstratethat sorption takes place m
rectaagutarsteps. Thisisahownbythé pressureremainingconstantover
agivenquantityrange,irrespectiveofwhetherthequantityconcemedis an
averageor true value. Figure2showsclearlythat thesorptionisothenna!

.<–

oocursin rectangu!arsteps,thé individualpointsbeingomittedexceptfor
thosemarkingthebeginningandendofthesesteps.

Insteadofignoringtheelightdeviationsfromthestraighttineam figures
la and lb, the averagerate of adsorptionbetweeneaohtwosuccessive
pointswascalculatedandassumedto holdat the middlepointofthe time
interval(Sgures3aand3b). If therewerenodisturbingfactorsthe rateof
adsorptionalonga step wouldbeconstant,the rate-timediagramsappear-
ing in rectangularsteps. Figures3a and 3b,whichgreatlymagnifythe
errom,showthat (1) is the teast rectangutar,(2) moreso,and (3) fairly
weUdenned. Thèserésultafat! in the inverseorderof theircapacityfor
carbondioxide,asonemighthaveexpected. The carbondioxideevolved
duringeachrun wasnotedqualitativelyby passingtheeffluentgas through
barytawaterand noticingthe changein depthof turbidity. In this con-
nectionit faof interest to note that the suddenincreasein the rate of
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adsorption(Sgure3b, point*) was deSaitetyassooiatodwith a gre&tty
increasedevotutionoîoarbondioxMe.

gré ')~t<ttM Metee

In figure2, the pressurefiguresfor the toweststep in eachcasecan be

neglected,asseveralsmaUersteps whosepressuresare closetogetherare
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representedhereand onecannotaccuratdydetorr4inethem. In genemtthere is a tendenoyfor the quantity perstep to besmallat lowpressuM,
larger at io~nnediate and smaUeragainat Mgherpressures,similarly
tothatfoundindMorptionisothenn&h.

TofadUt~ oompMTsonwith the pressoresat whiohtheatepsocourin
desorptionisotherme to be aubmittedin a laterpublicationthe pressuresat whMhthe stopsooourhave been tabulated.

C~/ i Charcoal2 Charcoal84.1 mm. 5.5mm.5.8mm.. 6.2mm. 6.7mm.
9.9 mm. ~= 7.8 mm.10.8mm. lUSmm. 8.2mm.

S:~=:
9.2 mm.
10.1mm..
11.ïmm.

BUMMABY

Sorptionisothermalshavebeenshownto consistofa seriesofrect~gubr
stepsBuaibrtodesorptioaisothermab.

Theeffeotof the carboncomplex(C.0y)on thérate of adsorptionbas
beennoted.

The presstMesat which steps have been foundto ocourhave been
tabulated for differentcharcoab.
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Astudyof the conditionofwaterin coalsofvariousrankswhichia now
in progressin this laboratoryrequiresa knowledgeof thesorptionofwater
vaporbythe g!asssystemusedin the investigation,overa rangeofpres-
suresfrom10to 1000ouoronaat températurevaryingfrom25°to 30°C.
The dataavailableover thisrangeare verymeagre. Frank (1)hasmade
a verypteciaemeasurementfrom1to 100micronsat 20"C.but the writers
knowofno publisheddata, other than Frank's,whichare rellablebelow
50 perpentrelativehumidity. Althoughthe data wererequiredsimply
to furnisha correctionfaotor,it seemedunwiseto extrapolateFrank's
isothermto 1000microns,not onlybecauseof the effectof varyingpre-
vioushistoriesof Frank's gtassand that of the authors,but alsobeoause
the watervapor-giassisothermmustshowa pointof inflectionsomewhere
betweena relativehumidityof 0.006,whichis the upperlimit of Frank's

isotherm,and a relativehumidityof0.5,whiohis the lowerlimitattained
by MoH&meand Lenher(2). Sucha pointof inflectionmust exist,since
Frank's isothermiscotMMoetowardthe pressureaxiswhilethat ofMcHaSie
and Lenheris convex. It was primarilyto reçoiveassurancethat this
pointof inflectiondidnot occurbelow3.6percent relativehumiditythat
the measurementshereindescribedweremade.

APPARATU8 AND PROCEDURE

The apparatusis shownin figure1. Si, S,, Sa,S<and 8. are mercury
seal stopcocks. T) containsthe coalandwasshut offat Saduringthese
measurements. T4is usedin thestudyofcoaland is ofno significaneein
thèsemeasurements.F isa 12-!iterPyrexnaskand M a mercurymanom-
eter. Thismanometerwasmade from17-mm.Pyrex tubing and, after
carefulcleaning,wassealedemptyto theapparatus. It wasthen "torched
out" underhighvacuumforhalfan hour,and after coolingmercurywas
distilledinto it through a sidearm (not shown). It was read with a
miorometermicroscopeand catibratedagainstthe McLeodgauge,using

Researchassistant.
Director,MineralIndustriesResearch.
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dry air as the oaltbratinggas. It was BcM~onsistentto one micronat
pressuresbelow100micronsand its abaoluteMCUtacywas about oneper
cent at the highestpressuremeasured(ça. 1700microns).

T~is a tube of distilledwaterkept at a constant temperature by the
thermoatatB. Thovolumebétween84and S;inctudmgTawasmeasured
beforesealing to the apparatus. By cbsiBgS<and openingSt, Ta was
saturated withwatervaporat a pressurecalculablefrom the temperature
of the thermostat. Then by olosmgS6and opening84a deSnitewe!ght
of water was introducedinto the system.

Sincethe thermostatwasoperatingonlyslighttybelowroomtempera-
ture, the relativehumidityin Tawasfairlyhigh,and it was neeessaryto

FM.1.ApMRATUaPoaSrtTOYÏMOAqtfBOCaTtiNSMttOPWATBBtttCM!.

add to the weightofwatervaporin its freespacethe weightsorbedonthe
wallsin order to o&lcutatethe weightof watervapor added to the system.
This correction,whichdid not exceed10per centof the total woightin-
troduced, wasobtainedfrom McHaSe and Lenher'a isothermfor high
relative humidities.

As it waanot convenientto thermostatthe entire apparatus, consistent
resultswerenot easyto obtain, but by exereisingsome care to keep the

laboratorytemperaturefairlyconstant, it waspossibleto test the rectilin-
ear characterof the relationshipbetweenthe logarithms of relative hu-

nudityand theweightsorbedperunit atea overthe range in question.
Before starting a measurement,the system was pumped to a high

vacuum (10~ mm. or botter) and pumpingwas continued for at least
twelvehours. Thé glasswastherefore"dry" in the ordinary sense,but it
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mustbe rememberedthat sevemidaysexposureto a vacuum of M'*mm.
are neeessaryto removethe last tracesof moistureat ordinary temper-
atures.

Btsuï/rs

Thedata obtainedaregivenin taNea1and 2 andare showngraphicaUy
in figure2. In the tablesW, V/, and W, are, reapectively,the weightof

TABLE1

fM<A<two<3<M''K.
.j..–––––.––––––,––––––

fM<Aenao<302'K.

f H~A R.H.

0.68 41 0.416 0.104 2.9 1.4
1.16 88 1.00 0.16 4.6 2.9
1.74 1:3 1.64 0.20 6.6 4.6
2.32 M 2.11 0.21 6.9 6.1
2.90 ?1 2.68 0.23 0.2 7.8
3.48 m 8.21 0.27 7.6 9.3
4.06 875 3.77 0.29 8.2 11.0
4.64 ?4 4.34 0.30 8.6 12.6
6.22 ?3 4.91 0.32 8.9 14.2
8.70 717 8.32 0.38 10.7 24.1

11.60 MO 11.16 0.45 12.7 32.3

· TABLE22
_J~<fMO(298.6"B:.

J* t~M K.N.

0.642 87 0.436 0.109 3.1 .1.5
!.(? ? 0.92 O.M 4.6 3.2
1.66 123 1.46 0.20 6.8 6.1
2.17 1M 1.94 O.e3. 6.S 6.8
2.71 Z07 2.44 0.27 7.6 8.6
3.26 2M 2.96 0.31 8.7 10.4

watervaporintroduced,the weightin the freespace(as calculatedfrom
theobservedpressure),and the weightsorbed,aUingrams X 10'.
istheweightsorbedperunit area. P is the pressureinmicronsandR. H.
ia the relativehumidityX 10'.

Figure2 isa logarithmicplot oftheresultsandclearlyshowsthe rectilin-
ear characterof the isothermover the range in question. In figure2

appearsa linelyingto theleft of theexperimentalcurveand witha slightiy
steeperalope. This ia Fra.ok'sisotherm,shownas a solid line over the

rangeof hisobservationsandextrapolatedasa brokenline to coverthe
rangeof the authors'measurements.
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FtQ.2. SOBMtON0~WATBBVMO&BYG~AM
Theto~tUtthmeoftherelativehumiditieeX M'areplottedMordinatesagainet

thetoganthBMofwetKhtsorbedinp-aatSXtO'peraq.oim.MabsciMae.Centersof
eirelesarepointsobtainedat302°K.Veittoeaoftrianglesarepointsobtainedat
ZM.B'K.

M8CI[88tON

The résultaobtainedare somewhathigher than Frank's. There are
three factomwhichmayaccountfor the difference. First, a differencein
the compositionand historyof the g!asa;second,a différencein the extent
of drying beforebeginninga measurement;third, an error in MeHafBe
andLenher'sreaultsusedtocorrectthecomputationof the weightofwater
introduced.

It Beemsunlikelythat the useof MeHafEeand Lenher'sdata couldin-
troduceseriouserror,throughbeingitselfat fault, not onlybecauseit was
used for makinga fairlysmallcorrection,but also becauseof the good
agreementbetweenthe twocorreetionamadefrom quite différentpoints
on their isotherm. At 288.5"K.the correctionis about 4 parts m ? and
at 302"K.it is about2 partsm 56, and yet the writers' measurementsat
these twotemperaturesas correotedby McHaffiieand Lenher'sdata are
in goodagreement.

It ia impossiMeto considerthe secondsource of discrepancy,because
Franksayssimplythat hisadsorptionchamberwas "driedundervacuum."
If Frank pumpedhis glassfor considerablyshorter periodsof time than
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wasusedin thèsemeasurements,hisresultswould,ofcourse,belowerthan
thoseobtainedin thislaboratory.

It seemsmostprobablethat theohiefsourceofdifférenceliesina différ-
ent treatmentof thég!ass. Frank aUowedhisglass to stand in contact
with chromicacid foroneweek,duringwhichtime the aoidwasboUed
severaltimes. Hethereaftercleanedtheglassbysoakingindistilledwater
and rinsingwithconduotivitywater. Thewriters'sorptionchamberwas
cleanedwithboilingsoapsolutionand rinsedwithhot distilledwater,and
was thensubjectedto steamat atmospheriopressurefor fourhours. It
was thereafterrinsedwithhot distilledwater severaltimesbeforebeing
attaohedto the system.

9CMMABY

A testof thereotitinearoharacterof the logarithmioformofthesorption
isothermfor the systemwatervapor-g!assbas been made overa range
of relativehumiditief)from10-8to 3 X 10-

The resultsagreecloselywith the veryprecisemeasurementsof Frank
and indioatethat hiaisothermmay be extrapolatedto includepressurea
of the nexthigherorderof magnitude.

The authorswishto expresstheir thanks to the NationalResearch
Councitfor a Grant-in-Aidwhichmade the study on the conditionof
water in coalpossible.
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RADIOCHEMICALCATALYST

CHARLESR08ENBLUM'
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Recetfe<tMp .?, MM

Theoatalytioeffeotofcarbondioxideonthe combinationofcarbonmon-
oxideand oxygenin the presenceof radonwas foundto beverysmall(1),
only 14.5per cent of the total ionisationfalling uponthe sensitizinggas
beingutilizedin promotingthe reaction. That this lowefficiencyof car-
bon dioxideia characteriBtioof the gas is seen alsofromits effecton the
radiochemicalacétylènepolymerization.

For the normal reaction in a sphereof 1.933 cm. diameter (2), the

M–*
ratio is 19.8,whereMctH,is the number of aoetylenemolecules

~'CtSt
disappearingfrom the gas phase, and ~c.B, is the numberof ion pairs

producedin the gas by the alpha-partiolesfrom radon in equilibrium
.throughRaC. ThesameMIN ratio wasfound for thegreaterpart of the
polymerizationwhensensitizedby inertgasessuoh ashéliumand neon(3),
after correctionwasmadefor the ionizationfallingon the catalystby as-
suming100percentemciencyof the inertgas. That thiaassumptionfails
for the influenceof earbondioxideon this reactionis shownby the abnor-
mallylowinitial MINvalueof 1M, whichsteadilydecreasesas thereac-
tionproceeds. Table1takenfromunpubliahedworkofLindandBardweU*
présentathesedata indétail.

Column1 showsthe decreasing MIN values caloulatedon the as-
sumptionof 100per cent transfer of ionizationon earbondioxideto the
reactingacetylenemolécules.~However,more than 14.6per cent of the
earbondioxideionizationis effectivein speedingup the reaction,as is
seen by inspeotingcolumnsIl and III. Calculationsin column II are
basedon the assumptionof a 14.5per cent catalytic emciency~as was
found in the carbon monoxideoxidation. Correctingfor a fractional
effioiencyof30percent,columnIII containsa satisfactoryconstantMIN

DuPontFellowinChemistryat theUniversityofMmnesota,M3&-1931.
ThesedataaMincludedwiththekindpenniseionofProfesser9.C.Lindofthe

UniversityofMinnesota.
FordetaiJsof thisoateatationseereference3.

<Fordotailsofthiecdcutationseereferencet.
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ratioaveraging22.2,whichis quitecomparablewith thevalueof20to be
expectedin a sphereof the size used. Thissmalldisorepanoyof 10per
centiBreadilyacoountedfor whenit lateo&Uedthat themeMKU'edreaction
velooity,and thereforethé Af/JVvalue,is approximate!y10per cent too
highbecauaeof the disappearanoeof a emaUquantity of carbondioxide
fromthe gas phaxe.

That thé eSciencyof carbon dioxidein this reactionis greaterthan in

TABLE1
The~M<ofcarbon<Ko~t<eMtthe<M~(~<etMpo!~M)-t'M<<on

x C,H,(8)+ CO,(B) (C,H,),+ C0,(g)
D = 1.930cm.;&=' 0.0141curieradon

About36mm.ofthetotalof63mm.ofcarbondioxidewaarecoveredbyheating
thesolidreactionproduct,indicatingthat thebasofcarbondioxideresultedfrom
mechanicaltrappingof thégaa.

the carbonmonoxideoxidationmay be due to the relativeionizationpo-
tentiaiBof 14.4(4) and 11.6v(5) for carbondioxideandacetylenerespeo-
tively,a conditionfavorableto a Bowof ionizationfromthe catalyst to
reactant (6). It appears that only a smallpart of the carbondioxide
ionizationis availableevenin this reactionwhereconditionsarefavorable
fora pronouncedcatalyticeffect.

Ofgreater interestis the behaviorofcarbondioxidein the présenceofa

hydrogen-oxygenmixture. This two componentSystemis similarto the
2CO:10; ayatem. Thestoicbiometricrestions are identicat,bothreaction

productsare radiochenucaUyinert (7),andthe relationbetweenionisation

potentialsof componentsi8the Bameforboth Systems. Aocordingly,the
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catalyticefficiencyof cMbondioxidein the water synthesisunder the
influenceof radonshouldbe verysmaBand approximatelythat foundin
the carbonmonoxideoxidation.

Apossibleobjectionto the exeoutionof thiaexperimentwasthe chance
for reductionof carbondioxideby hydrogen (8)whiohwouldmaskany
oatalyticeffect. However,oxidationwaa foundto be as exclusivehere
as it wasin otherreactions(2). Measurementsat liquidair temperatures

TABLE2
Thee~et<~carbon<Ko.n'<~Mtthe<M<6)-~t<A<Ka
2H,(g)+ t0,(g)+C0,(g)=2H.O(!)+C0,(t:)

D 2.006cm.;B, =O.ÏOScurieradon:Pco<=2M.&mm.

~n.+.o.) (~)' (~yJ'(9H~t 10.) .1!) (.J!)
_e ~mrr.

o«tt.Hg

1.0000 4M.7
0.9'tOO 3f6.9 30.5s 25.1t
0.9H9 347.6 29.7 239
O.M69 319.3 29.9 23.4
0.86U 2S6.1 29.3 224
0.8228 29t.& 80.3 ?6
0.8198 (29.8)*
0.7808 231.2 28.0 203
0.72M 196.11 30.9 21.S
0.6873 171.0 30.6 203
0.6847 (177.3)*
0.6473 149.7 31.7 20.1
0.6M9 126.2 32.6 19.4
046M 81.6 32.6 16.9
0.4009 M.6 32.7 14.33
0.3333 60.6 34.4 13.1
_0.2316 36.7 32.7 10.3

Pfesaures!nparentheseaweremeMumdat liquidair temperatutes.

showednoappreciablelossof carbondioxideuntilthe greaterpart of the
feactantahad been used up.

The réactionmixturewaspreparedby addingcarbondioxideto a 2:11
mixtureofhydrogenand oxygenobtainedby electrotysisof a 10percent
potassiumhydroxidesolution. This mixture was confinedin a smalt
ephericalvesselcontaininga knownquantity of radon,and the réaction
wasfollowedmanometricaUy.Table 2 shows the courseof the water

synthesisin the presenceof carbondioxide. Thecolumnheaded
(~) a

wascalculatedfrom the usualexpressionfor velocityconstantsin radio-
chemicalreactions(9),
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~"Y ~H.+.O.t

ignoringthe correctionforionizationon oarboadioxide. In this equation
e* is thé fractionof radon left after time<,Eois the initialquantity of

radon in curies, is the deosyconstant of radon and P~a,+t0t) is the

partial pressureof the stoiohiotnetricmixtureat time <. The colamn

headed
( – )

is the velocityconstantof the c&ta!yzedreaotioncorrect-
A/Mtt.

ingforthefractionalef5ciencyofcarbondioxideaccordingto theexpression,

2.303
rP(,n,+

+ –
Pco.1

~Y _L_a,+)0,) J

B.&<T~

whore? = 0.145,the speci&oionizationsico,and ~Hb+tOt)are 1.52and

0.53,and the initiât fco, '=' 215.9mm. The ionicequivalent of the

oarbondioxide

L-Js~pjL ~n,+w

is therefore90.3mm.
From the inversesquare !aw(9), we ahoaldexpect thé velocitycon-

stant to equal21.5in a aphereof2.006cm.diameter. Evidently
( )

iB

too high, indicating a dedded catalytic effect of thé carbon dioxide.

Assuming~e samee~ciencyof14.5per centas foundin thecarbonmon-

oxideoxidation,column
( )

is obtained. Thoughnot striotly con-
A/<iMT.

stant, asahownbythe decreasing
( – )

values,thiscorrectionis plainly
A/eort.

of the properorderof magnitude. The deoreasingvelocityoonstantaare

in accordwith the "depletioneSect" whiohis characteristicof radio-

chemicalreactions(3) senmtizedby inert gases. This effeotsets in when

morethan ha!fof the total iomzationfaHson the catalyst. In the reac-

tion consideredin table 2,considerablymorethan half of the total initial

ionisationis fallingon the carbondioxidebecauseof the gréât difference

in apecifieionization valuesof the reaction mixture and the oatalyst.
It is, therefore,not surprisingthat a decreasein the correotedvelooity
oonstantis obtainedas thereactionproeeeds.

Thisresultiscomparablewiththeeffectofargononthe watersynthesis.

Here,too, a pronounceddepletioneffectis reported(3).
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M8CM8ÏON

When Lind and BardweUfirst disooveredthe pronouncedcatalytic
effectof inert gasesonradiochemicalréactions,theyassumedthat theion-
izationfallingontheforeigngas wasoompletelyeffectiveinproduoingthe
réactioninvolved. Many of the casesstudiedjustifledthisassumption.
Thus,until thé depletioneffect sets in, heiium,krypton,neon,and nitro-
genare veryefficientradiochemicalcatatysts.

Applyingthis assumptionto catalysisby argon,xenonandcarbondiox-
ide,the eatculatedvaluesof velocityconstantsandMIN ratiosarebelow
those normallyfoundfor the reaotionBtudied. The effect of carbon
dioxideformedin thecarbonmonoxideoxidationwaeso smallas to neces-
sitatea study of itadirecteSeot by theadditionofa largeinitialquantity
of the dioxideto a atoichiometriocarbon monoxide-oxygenmixture.
Theresultsof this workshowedcarbondioxideto havea definiteeffecton
the reaction,but onewhich waa smallwhenoomparedwiththe escient
atmospheriogases mentioned. That this behaviorof thé dioxideis a
characteriBUcpropertycan readily be seen fromits effecton the water
synthesisand the acétylènepolymeriza.tion.Thus in all three réactions
wheretheeffectofcarbondioxidebasbeeninvestigated,it basbeenshown
to bea veryinefficientoatalyst.

Onemuâtthenattributeto everygaseoussensitizera characteristioabil-
ity to acceterateradiochemicalreactions,whetherthe effectresultsfrom
directclusteringaboutthe inert gas ionsor fromtransferof ionsto reac-
tants followedby clusteringabout reactants. Why certaingases,say
heliumandneon,shouldhave a greatercatalyticeffeotthanothers,suchas
carbondioxideandargon,is not immediatelyévident;but theempirically
determinedtact remainsthat thé efficiencyof thesegasesvaries.

Fromthe point ofviewof a clusteringmechanism,inefficiencyofoat-
a!ystsm thèsereactionsmay be interpretedasa tendencyforneutralinert
gasmoleoulesto clusterabout gaseousionswhichwouldotherwisefonn
clusteringcentersfor reacting moleoules. This crowdingout eSeothas
beensuggestedby Lindand RoseuMumto explainthe courseof thecar-
bonmonoxideoxidation.

It is, furthormore,reasonableto regardthe depletioneffectas resulting
froma diminishedefficiencyof the inert gas, as an increasinglygreater
portionof the total ionizationfatls uponit. A simultaneousdecreasein
the concentrationof reacting moléculescréâtesa situationfavorableto-
wardsa crowdingout of reactants fromcluatersby inert gas molécules,
accountingfor the diminishingcatalyticeffectofevenefficientinertgases
as reactionsapproaohcompletion.

SUMMABY

Carbondioxidewasshownto be an inemoientcatalystin radioohemioal
reactions. In the watersynthesis, its efficiencyis similarto that in the
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carbonmonoxideoxidation,namety14.5percent. Eventa the aoetylene
polymertzation,a case conduciveto a pronouneedcatalytioeBeot,only.
about 30percent of the carbondioxideionizationis utiMzed!a promoting
reaction.

It is suggestedthat the iaeSctemcyof a radiochemicalcatalyst ia gov-
emedbythe tendeocyof theinertgastoolusteraboutgaseousioneorowd-
ing out reaotant molécules,and that the greaterthia tendency,thé less
efficientthe oatalyst. Thédepletioneffectis oonsideredas resultingfrom
a loweredeSciency of thé oatalyet,as the quantityof reaotantdeoMaaea
and as a greaterportionof the total ionizationfallsuponthe oatalyst.
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THE CHEMISTRY0F BERYLLIUM.V

OBGANÏC COM?OUNM OF BEBYMJCM~

HAROLD8IMMON8BOOTHANDDOROTHYGORDONPIERCE

MorleyChemicat~<at<M'a<of~,WeaternNe~fwe<efM'< C<<!<<tM<<,Ohio
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INTRODUCTION

The organiocompoundsof berylliumhave been very !itt!e studied.
There have beenmany attempts to produceberylliumsalta of organic
ftcidB,suchasSMoemic,matonic,salicylio,and thefatty acide(1),but with
the exceptionof beryllium triobloroacetatethe products (2) have been
mixturesof bérylliumhydroxidewith the respectiveacids, owingto the
fact that they were preparedby neutraBzmgthe acid with beryllium
hydroxideor carbonate. Sincesolutionsof beryuiumsalta (3) dissotve

largeamountsofberyMiumhydroxidethe productswerecontaminatedby
this excess. Some(4) have triedto overcomethis difficultyby usingan
excesaof the organioacid,but it i8evidentthat this procéduremustyield
impureproductsexcept whenthe solubilitiesof the acid and salt differ

enoughto permit separation by recrystallisation. Even this is often

impossiblebecausemany berylliumsaltshydrolyzeas soonas the acidis
removed. Thetrichloroacetatefurnishesan exampleof this. This diffi-

cuttymightbeobviatedby crystaUizationfromorganicsolvents.
Thesemixtureswere long thoughtto be true compoundsbeeause:(1)

whenwashedwithalcoholthe productswerefinelygranularalthoughthey
showedno true crystals under the microscope;(2) thé detorminationof
theircompositionwas basedsolelyontheberylliumoxidecontentwhiehwe
nowknowvarieswith température,concentrationofacid,and amountof

berylliumhydroxideor carbonateused; (3) the methodsgeneraUyused
for determiningtheir molecularweightswereinaccurate,becausebéryl-
liumhydroxidedissolvesin solutionsof itsnormalsalts,causingthefreezing
pointsto beabnormal (6).

A simpleand satiafactorysolutionof the problemof their preparation
in a purestate, at teast in the caseof the stufonates,is describedin this

paperby a methodwhich doesnot seemto havebeenused before. The

berylliumsalts were preparedby doubtedecompositionof bariumsatts

Forformerarticlesonberyllium,BMThtBJournalM,2<6S,2492,3111(1931);
M.M4KM32).
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of the respectiveacidswithbérylliumsulfate. Thismethodisnot applica-
ble to the preparationof easilyhydrolyzedcompounds,but the faot that
the sulfonatesare gummywhenpreparedbyneutralisationwouldseemto
indicatethat previousfailuremightnot be due entirelyto hydrolysisbut

partly to the excessof hydroxidedissolvedby the bérylliumsalt solution.
The extremesolubilityof berylliumsulfonatesmadereorystaUizationfrom
water impraoticaMeand thereforemixturesof organicsolventswereused.

To estabnshthe deftmtechemicalnature of the compounde(1) they
were examinedwith the potarizingmicroscope;(2) the compoundswero
not analyzed in the usual way by ignition to oxide but after thorough
dryingwerecompletelydecomposedby fumingnitricacidin Cariustubes, li
and analyzednot onlyfor the berylliumcontent,determinedby the igni- ;)j
tion of the precipitatedhydroxide,but alsofor sulfate;(3) as a further t

proof a molecularweight determinationwas made by the boilingpoint
risemethodwithacetoneas solvent.

t

PREPARATION AND PURIFICATION OP MATEMAM

The ethyl acetoacetate,the ethyl benzoate, the bensene,cMoroform,
dichloromethane,oarbondisuMde,eutfonicacid,and carbontetraohloride
used were pure chemtcabas obtained. Aeetophenonewas redistiHed. <
The acetone was dried over anhydroussodiumsulfateand redistilled.. il:
Toluenewasstoodoverbariumoxidefor fivehours,thendistilled,and the E
fractionboilingat 108.5"C.wasused. g

Bariumt~droM~e

The crudebariumoxide*wasp!acedin a largeevaporatingdishanddis-
tilled waterwasaddedslowly,but rapidtyenoughto keepup a vigorous
evolutionof steam. Whenthe additionof water causedno further reac-

tion, the boilinghot mixturewaspouredquicklyintoanotherlargeevapo-
rating dishfullofdistilledwatertoyieldwhitecrystalsofbariumhydroxide
octahydrate. Thismixturewasbroughtto a boil,a fewgramaof barium

peroxidewereadded to oxidizeironcompounds,the mixturewas boiled
for 5 minutesandthen allowedto cool,yieldingcotorlesscrystalsofbarium

hydroxideoctahydrate,ironfree.

Berylliumsulfatetetrahydratewasmadeby evaporatingpurebéryllium
nitrate tetrahydrate crystals, made from purified berylliumhydroxide,
with concentratedsulfurioaciduntil no fumeswerenoticeable(6). The

productwas twicerecrystaUized.

Meltingpointsweredeterminedby the usualcapillarymethodusinga
360"thermometercaNb'atedat the highestpoint, at the transitionpoint “

KindlyfurBmhedby Mr.M.J. NentecMer,J. H. R. ProduetaCompMy,Wit-
loughby,Ohio.

]
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ofsodiumsulfatedeoahydrate,at thesteampoint,andat themeltingpoint
of pure tin. For the determinationof decompositionpoints thesamples
wereheated in capillarytubesin a fusedmixtureof sodiumandpotassium
nitrates. The moleoularweightsweredotenninedby the boilingpoint
method,using the electricaUyheatedBockmanapparatus.

ANAMrBES

AUthe compoundsexceptberylliumdibenzoylmethaneweredecomposed
by fumingnitric acidin Carius tubesand the berylliumwasdetermined
by preoipitationwithammoniumhydroxideas berylliumhydroxideand
ignitionto beryuiumoxide. In the case of the sulfonatesthe filtrates
fromthe bérylliumhydroxideprecipitatewereusedfor the determination
of the sulfatesby precipitationas bariumsulfate.

PABT1

8UMONATE8 OF BERYLLIUM

As stated before,the sulfonatesof berylliumcannot be madepure by
neutratizingsolutionsof the sulfonioacidewith berylliumhydroxideor
bérylliumcarbonate,becausesolutionsofberyuiumsaltsdissolveberyllium
hydroxide,the solutionsremainingacidto litmusalthoughtheycontaina
large excessof berylliumhydroxide. Crystalssometimesseparatefrom
thèsesolutionsafterseveralmonths,but theyaregummyand coatedwith
berylliumhydroxide. Too little attentionto this bas been the causeof
seriouserror in the past (7). Anexceptionto this is the recentworkof
Sidgwickand Lewis(4) who prepared beryHiumbenzenesulfonateand
berylliump-toluenesulfonateby evaporatinga mixture of the hydroxide
with a s!ight excessof the acid. The salt crystaUizedout on coolinga
coneentratedsolution. They stated that bothsulfonatesseparatedwith
four moleculesof water, but they did not obtain the anhydroussalts,
becausethey décomposeonheattng. Theybasedthe compositionsimply
on the weight of beryuiumoxideobtainedby ignition. They did not
makea detailedstudybecausethe saltswerenotsuitablefor theirpurpose.

If thesalts aremadebyneutralization,theymaybeseparatedfromcon-
centratedsolutionscontainingberyuiumhydroxideby precipitatingthe
hydroxidewith absolutealcohol,in whichthé bérylliumsalts aresoluble,
followedby nit~ring,and aUowingthe nitrate to evaporate. Eventhen,
the crystalsare gummy. If theseorystalsareallowedto standforseveral
months,the bérylliumhydroxidebecomesinactiveandfinallydehydrated,
and willno longerdissolvein absolutealcohol,so that if the mixtureis
nowdissolvedin alcoholand filtered,goodcrystalsmaybe obtainedfrom
the filtrate. Thismethodis too slowanduncertainto be practicable.

In this laboratorya quickand easywayto preparethe puresaltswas
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foundto be by doubledeoompositionof the bariumsalts with beryllium
sulfate. The acid wasneutralizedwith pure barittmhydroxide,filtered,
and evaporatedto iacipiontorystaMization.Mcst of thé barium aalts
are beautifullyorystallineandnot verysoluble. Theywerereorysta!!ized
fromwaterwhenneoessary. A sotutionof the puresalt was then mixed
with one of berylliumaulfate,until further additionof either causedno
preoipitation. This point waadeterminedby filteringa amallportionof
the mixturetill ctear,dividinginto twoportions,and testing one witha
fewdropsof the solutionofthebariumsait and théotherwith the solution
of beryuiumsulfate. The mixtureawereallowedto stand ten minutes.
Whenexactlythe right amountof berylliumsulfatehad beenadded, the
solutionwasdigeatedto enlargethe bariumsulfateparticles,filtered,and
evaporatednearly to dryness. If heated too strongly,or if evaporated
to dryness,someof the saltsbydrolyzeor char, so the evaporationwas
completedin a vaouumdesiccator. In some CMes,orystab containing
waterof crystaBizationformedafter the waterhadabnost entirelyevap-
orated. In other cases,onlya orystaUmemass remained..Theproduots
had to be driedin an overbeforethey couldbe cryatallizedfromorganic
solvents,beeausetoomuchwaterpreventsthe formationof goodcrystals,
and even if a precipitatedoesform, it partiallyredissolves. However,
somewaterwasevidentlyleftin the salts, becausethe solventsused were
free fromwater,and yet the productscontainedwaterof cryataUization*
The salt wasdissolvedin as smaUa quantity ofacetoneas possible,and
the toluene,carbontetrachloride,or chloroformwasadded until consider-
able preoipitatehad been formed. The mixtureswere then filteredas

quicklyas possible. Fine crystals separated at once. Thèse were re-
dissolvedby heating the mixture. It was thea aUowedto cool slowly.
Mixturesof toluene and acetone,carbon tetrachlorideand acetone, or
chloroformand acetonewerefoundto be the bestsolventsfromwhichto

recrystauizethem.
AUthèse salts show polarisationcolors when examined under the

microscopeby polarizedlight. In dry acetonesolution,the dried aalts
are notacidto litmus,but aftera fewmomentsexposureto theair, enough
moistureis condensedon the surfaceof the solutionto causehydrolysis,
and the litmustums pink. AUthe sulfonatesdissolveat once in liquid
ammonia,and berylliumhydroxideis precipitatedif the ammonia.is not

dry.
The analysesand the fact that the microscopeshowedonly one kind

ofcrystalin eachcase,indicatethat theproductsarepure. Themolecular

TheexactamountwasnotdeterminedinsilCMMbeeausewewereintereatedin
obtaininganhydroussatta,but thomeltingpointeshowedthat severalhydrata
existforeach6<ttt.
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weight déterminationshowsthat, whendry, they are not associatedor
combinedwith thé solvent.

Berylliump.<o!t<eK«M~<MK!<e

[C~t(CH,)SO,],Be

Berylliump-toiuenesuKotmtecrystaUizesfroma mixtureof acetoneand
chtoroformincotortem,monocMnicneedlescontainingwaterof crystaNiza-
tion. Thiamay be drivenoffby dryingin an oven,if thé temperatureis
raised stowtyenough. Afterbeingdriedseveralhoursat 190~0.,the salt
does not melt until it décomposesat 318.5"C.(cor.). The ana!ysi8also
showsthat allthe waterbasbeendrivenoff.

FtO. BBKYLHUM p-TOLUBNESULFONATE

Beryluump-toluenesutfonateis verysolublein water,absolutealcohol,
and acetone,and insolublein ether,benzene,and dMhioromotha.ne.It ia
insolublein coldglacialaceticacid,but very solublein hot. It may be
cryBtaluzedfromwater,but itsextremesolubilitymakesthisimpracticable.

When crystaUizedfroma mixtureofacétoneand cMorofonn,it meltsm
its water of crystaUizationat 133.8"C.(cor.),and againat 143.5-145.6"C.
(cor.). It appears to losewater from120°C.up, evenif the capillary
tubes are sealed. It decomposesat 318.5-319.5'~C.(cor.).

~Ko!ysM.(1) 0.2078gramsamplegave 0.0154gram BeOand 0.2760
gram Ba80<. Calculated:BeO,7.14;S, 18.25. Found:BeO, 7.41; S,
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18.24. (2) 0.1902gramsamptegave0.0142gram BeOand 0.2558gram
BaSO~. Ca!ouIated:BeO,7.14; 8,18.25. Foand:BeO,7.47; 8.18.47.

BeryKtMMtp-eMs«~<m<t<c

[(~R,(CH,)~0,],Be.BH~

Berylliump-xylenesulfonate,uaMtothe other sulfonutes,crystaUtzes
readilyfromwatersolution. It maybe boiledto drynesswithoutdecom-
position,althoughsolutionsareacidtoIitmus. Sineeit ianot hydroscopio,
!iketheothereuifoB&tes,the waterofcrystaHimtionwaseaaUydeterœiBed,
by dryingin an ovenat 140"C. It was foundto contain fivemolecules
of water of crystatlization.

Large,perfectcrystalsmay be readilyobtainedon slowlycoolinga hot
water solution,if the concentrationis correct. They are apparently

Fta. 2. BZRTt.MCM p.XYMNESCMOXATB

monoclinic,bavingan extinctionangleof 9"in oneposition,and showing
paraUelextinctionin the other two. When thin, the crystalsexhibit
brilliantpolarizationcolors.

Berylliump.xy!enesulfonateis verysolubleia water,abaolutealcohol,
hot glacialaceticacid,andacetone,and iMo!uMeinether,benzene,earbon
tetrachloride,toluene,cMorofonn,diohloromethane,and carbondisuMde.

WhenctyataHizedfrom water, it melts in its water of orystaBization
at 143.3-144.2'C.(cor.),solidifies,and meltsagain at 177.8-178.8"(cor.).
When driedat 190"C.,it doesnot melt, but décomposesat 326.9-~32.2"
(cor.).

~M~sM. 0.1428gram samplegave 0.0096gram BeO; 0.2474gram
samplegave0.3042gram BaSO~;0.2078gram sample toat 0.0400gram
water. Calcuiated:BeO,6.62; S, 16.90;H,0,19.20. Found: BeO,6.72;
S, 16.89;H~O,19.25.
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J'~NtMM.8'cA~~MeK~-SM~MM~~

tC.H,(CH,)(Ct)80,Be

Beryllium2-<!Morototuene-6-8u!fonateis the on!yoneof the sulfonates
whiohdoesnot melt,andyet a fewctystab wereonceobtainedwhichdid
melt in their water of ctystaUiz&tion.A detailedstudy was not made,
but it wouldappoarthat crystaUizationunderdMereotconditionsm!ght
producedifférenthydrates. Thecrystajsdonot meltevenif the melting
point tube issealedandsuddenlyimmersedin the su!furicacidbath every
tendegrees,andyet theyloseweightwhenheatedin anovenat 190-200"C.

FlQ. 3. BBBYLUCM Z-CHLOROTOUTBMB~-SOt.FONATE

Thesalt maybebdiledto drynesswithoutmuchhydrolysis. It crystal-
lizeafromamixtureofdryacetoneandcarbontetracMoridein long,color-
lessneedleswhichareapparentlymonoclinic,sincetheyhaveanextinction
angle of4° in oneposition,and showparallelextinctionin the other two.

Beryllium2-cMorotoIuene-S-suIfonateis verysolublein water,absolute
alcohol,hot glacialacetieacid,and acetone,and insolublein carbondisul-
Sde,ether, benzene,carbontetrachloride,toluene,chloroform,and dichlo-
romethane.

It decomposesat 384.7-399.7''C.(cor.).
~Ho~~sM.(1) 0.2964gram gave 0.0178gram BeO and 0.3378gram

BaSO<. Calcuiated:BeO,6.97;S, 15.26. Found: BeO,6.01;S, 16.65.
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(2)0.2514gramgave 0.0158gramBeOand 0.2814gramBaSOt. Cateu-
!ated:BeO, 6.&7;8, 16.26. Found:BeO, 6.2&;S, 1.6.37.Moleoular
weight:oaloulated,420.24;found 440.3,418.0.

BeryS~N)&etMMM8M~<MX!<e

(C.H,80,),Be

Thebariumsalt used in the preparationof berylliumbeMenesulfonate
wasnotmadefromthe aotdbecauseit wasnot available. Instead,a mix-
ture of benzeMBuifooMoridoand water was boited, bariumhydroxide
beingaddedslowly,until, after boilinga fewminutes, the aohtttonno
longerbecameacid. The solutionwasthen filteredby suction,the barium
beNzenesuKonateimtned1a.telycrystaMziogout in oolorlessplates,appar-
ently tncMmic,showingbriUiantpolarizationcoloreunderthe microscope.

Fia. 4. BEtHft,MUM BE~fZE~~ESU~MNATE

Berylliumbenzenesuifonatewasmadeby doubledécompositionin the
usualway. If the solution is evaporatedon a water-bath,a hard aoM
résulta,whichcontainswater ofcrystauization. This cannotbeentirely
removedbydryingin an ovenbecausethe salt décomposes.Afterdrying
at about120"C.,the salt wascooledina desiccator,pu!vo)tzed,andrecrys-
talluedfroma mixtureof acetoneand oMorofonn. The productgaveno
test forchlorides,even thoughtherewas a largeamountmixedwith the
crudesalt.

BerylliumbenzenesulfonatecryataNizesfromwater in monoclinicplates
havinganextinctionangleof6'*inonepositionandshowingparailetextinc-
tion in the other two. Thesecrystalsappear to containmorewater of
crystaNizationthan those recrystaHizedfrom a mixtureof aeetoneand
cMoroform.Thelatterseemtobedenquescent.

Berylliumbenzenesulfonateiaverysolublein water,glacialaceticacid,
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alcohol,and aoetone. It is insolublein carbondieulfide,ether, benzene,
carbontetracMoride,toluene,and dichloromethane.It seemsto be very
a!ight!ysolublein bot cMomform.

WhenctyataNizedfroma mixtureof acetoneand cMorofonn,the salt
meltsin its water of crystaHizatiooat 72.9-74.9"C.(cor.), and againat
9t.4"C.(cor.),but ifdrtedin theovenat 90-100"C.,it meltsontyat94.4"C.
If it iscarefullydriedin theovenin a capillarytube,the temperaturebeing
slowlyraised to 190"C.,it doesnot melt. It begins to décomposeat
358.7"C.(cor.).

Foranalyste,the sampleswerepiacedm smalltubes and carefuUydried
to constantweightat 120-HO°C.Somesampleaseemedto loseall their

FtO. 6. BNtYMJUM 2.NtTROTOM]t!<B-4-8PLFONATB

waterat this temperature,but othersdecomposed,or e!sestiUcontained
water.

~Ko~ysts.Caloutated:BeO,7.71. Found: BeO,7.76.

BeryNtWM~-K~M<o!tMtt~M<~MM<e

[CA(CH,)(NO,)SO,Be

The bariumsalt used in the preparationofberyllium2-nitroto!uene-4.
sulfonatewas alsomadebyhydrolysisof the aoIfocUonde,insteadof by
neutraMziagtho free acid. It ctyataUix~fromwater solution in large
yellowplates, whichseemto be tric!imcand showbrilliant polarization
colora.

Theberylliumsalt wasmadein the usual way,and recryata!]izedfrom
a mixtureofacetoneandtoluene. The sait ctystaUizesfromthissolution
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inmonocUaioneedleshavingan extinctionangleof 6"in onepositionand
showingparallelextinctionin the othor two. Theyexhibit polarisation
colors.

Beryllium2.nitroto!uene-2-8ulfonateis verysolublein water,absolute
alcohol,acétone and glacialacetieacid,and insolubtein oarbondiaulfide,
ether, beniMne,carbon tetrachloride,toluene,eMotofonn,and diohloro-
methane. It appears to be slightlyhygrosoopto.

WhencrystaUizedfrom a mixtureof acétoneand toluene,it melts
initswaterofcrystaIMzationat 140.6-t41.6"C.(cor.), thensoMËes,and
meltsagain at 181.3-182.3"C.(cor.). If oarefullydried in an oven at
160*0.,it doesnot melt,but decompositionianoticeableat 273.6"C.(cor.).

~TM~a. Calculated:BeO, S.69; 8, M.S3. Found: BeO, 6.05' S,
14.85.

FM. 6, BMTLUUM M-NtTBOBENZENBSCMONATB

Bery!JKMNtNMtt<o6etM!etMM<~<M!a<e

[CA(NO,)SO,hBe

BerylliumM~-nitrobenzenesu!fonatewas made in the usual way. The
watersolutioncannot beevaporatedto drynessovera flamewithoutde-
composition.Afterevaporationin a vacuumdesiccator,it waacarefuUy
driedin an oven and recrystallizedfroma mixtureofacetoneand carbon
totrachlodde. It iBhygroscopic.

The crystalsystemof the salt whenoryataUizedfroma mixtureof ace-
toneand carbontetrscMoridewasnotdetermined,but thecrystabforming
ona slideas the aolventevaporatedweremonoclinic,havinganextinction
angleof7"inonepositionandshowingparaUe!extinctionin theothertwo.

Berylliumw-nitrobenzeneaulfonateis very solublein water, absolute
alcohol,acetone,and hot glacialacetieacid. It is inBoluMein oarbon



CHBMMTRY Or BEBYM.tCM 69

disulfide,ether, benzene,carbon tetraoMoride,toluene,chloroform,and
dichloromethane.

WhencrystaUizedfroma mixtureofacetoneand carbontetrach!oride,it
meltein it9waterof oryst&tuzationat 1M.8°C.(cor). If driedat 180'C.,
it meltsat 203.7-M4.7"C.(cor.). It doesuot solidifyonfurtherheating,
but beginsto deoomposeat 231.8"C.(cor.).

~n<t!yaM~Caloulated:BeO,6.07. Found: BeO,6.&6.

PART II

CHELATE BEBYI.MUM COMPOUNDS

In stdkingeontrast to the berylliumsatta of organicacids,beryllitun
acetylacetonateiaa well-definedchenucalcompound(8). It i8theproduct
formedbyreplacingonehydrogenatomofeachof twomoleoulesofacetyl-
acetonoby oneatom ofberyllium,and is oneof a seriesof metaUiosalts
of tautomerioenol-ketocompounds,the so-calledchelatecompounds.
Thé replaceabbhydrogenatomsin the keto-form(9)are attached to a
carbonatomwhiohis betweentwocarbonylgroupa,

(~=C–CH,–C==o
) t

The enolfonn, whiehformssalts, i8

H–0–C==OH–C=0
) f

Or, as Sidgwiokstates, in berylliumacetylacetonatethere are "riags
withonedefinitecoordinatelink,mwhichthé metatuc(orhydrogen)atom
isjoinedto thé ringon one sideby a normal link,and on théotherbya
coordinatelink,

CH,–C–0 0–C–CH
Il Il~Cx,
CH Be CH
t t

CH,–C==0 0==C–CH,

Chelateringsof this type are very stable. Suchcompoundshavevery
différentpropertiesfromthe ordinarysalts of organicacids;forinstance,
they are solublein most organicsolventsand practicaHyinsolublem
water. The possibilityof their beingof use as solutesfor the electro-
depositionof berylliumand in otherwaysled to thé secondpart of this
work-the preparationof a fewberylliumsalts ofsuchcompounds.

The coppersaltsof thesecompoundshave been the most investigated.
They areuauaUymadeby ahakingan alooholiosolutionof theketoneor
ester or its sodiumsalt with copperacetate or sulfate, oftenwith the

THEJOOttXALOFHtIMtMt.CtEtnMKT.VOL.X![XVtt.ttOt
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additionof ammonia, If cMoridesare usedan additionproduot,constet-
tngof the copperaa!tand the metaUicchlorideor hydrogenchloride,iB
formed. The coppersalts, aswettas thoseof mostmeta!s,arecryetaUine
andinsolublein waterand ether, but are easilyMcryataMiisedfiromhot
alcohol,benzène,or eMoroform. Althoughit <spo~iMeto make the
befyUhunsaîts in this way, it is notdestrsMe,becausethe produet ia
generattyvery impute,owingto thé insolubilityof berylliumhydtoxideor
carbonatein the ketoneor ester used. Thereforea dineMntprocedure
waafollowedin eachcase,accordingto thesotubiiitiesof therawmateriab
and products.

Two ketones, benzoy!acetone,CtHtCOCH<COCHt,and dibenzoy!.
méthane, C<E~COCHtCOCJï,and OM ester, ethyl acetoacetate,
CHtCOCHtCOOC~S:,were chosenaa typicatenoï-ketocompoundsfrom
whichtomakeberylliumsaïts,in orderto nadoutwhethertheirpropertiea
resemMethose of berylliumacetyhtcetonate.Eachcontainsthegrouping

–COCHCO–

Be

–COCHCO–

Ber~HtM)M6etMoy!sce<<Mo<e

CH, CH,

C–o–Be–O–C
t! !t
C–H H–C

CJï. CM,

Enol{onn

We Srst tried to prepare beryUiumbenzoytacetonateby a method
similarto that usedby Combes(11). AnalcohoMcsolutionof benzoyt-
acetone*was added to moigt fresMyprecipitatedberyMiumhydroxide,
to whieha little abaolutealcoholhad beenadded. Sincethe benzoytaee-
toneis very insolublein water,it immediatelyprecipitates,alongwith the

berylliumbenzoybcetonate. Thélattermaybeseparatedfromthe excess
berylliumhydroxideby extractionwithcMoroform,but, sincethis alao
dissolvesthe beMoyJacetone,thé productis very impure. However,thé
twomay be separatedby alcoholin whichthe salt is not very soluble,
whereasthe ketoacisvery soluble. Theyieldis verypoor.

ThebeN:oy!(tcetonewaaBMdeMoonMDgtoVanino,Pr&pMftt~veChemie,Band
2,p.637.
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Wefoundthat the salt alsomay bemadeby allowingberylliumsulfate

to stand in an alcoholsolutionof beni!oy!acetone,but this too is a poor
method,yieldinga mixture.

The bestmethodwe foundwas to add a weighedamountofberyHium
nitrate dissolvedin as tittleabsolutealcoholas possible,dropby drop,to

an equivalentweightof benzoy1acetonealsodiBsolvedin as smalla quan-
tity of alooholas possible,becausethe salt iasolubleenoughnot to pre-
cipitate if the solutionsare too ditute." The crystalswerewashedwith

absolutealooholto removethe motherUquorand any excessbenzoyiace-
tone,whichiavery solubleinalcohol. Theywerethenstirredwithwater
to removeany berylliumnitrateor nitricacid,againwashedwithalcohol,
and then ether, and rectysta!!izedfrom pure tolueneor benzene. Large

FtO. 7. BEttYt-MUM BBNZOTLAOETOKATB

crystalsmaybe obtainedafter a little practtce. The temperaturemust

be aUowedto drop very slowlyoretsesmaUorystalsaeparateout evenat

70"C. Asmallbeakercontainingthe boilingtoluenesolutionwasplaced
in a boilingwater-bathand the temperatureof the latter wasallowedto

fait20" everythree houra. The solutionwasseededat 75"C. At 55°C.

the temperaturewaskeptconatantfor twohoursandthenallowedto drop

slowlyto roomtemperature. Eventhensmallorystalsseparatedon filter-

ing. The crystals were filteredimmediatelyand washedwith absolute

alcoholanddry, fat-freeether. Large,perfeotcrystalsmaybeobtainedby

allowinga benzenesolutionto evaporate,but onexposureto theair, thèse

apparentlylose benzene,becominga whitepowder. Thoseorystallized

tn thelattercase,ct-yetaiswiitaometimeeformonstanding,butusuallythesalt

deeomposM,yietdinga brownoil. ThecrystalaformedonBt(H)dinf!areyellow,but
if<mmedMte!yprecipitated,theproduotisnearlywhite. CoMideraMymoreofthé
salt mayberecoveredfromthe Strate byevaporationunderreducedpressure
at a~eo"c.
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from toluenedo not change. Theyhave the samemeltingpoint as the
white powderleft after the benzèneevaporatesfromthe other crystais.
Thiswouldseemto indicatethat theycontainnotoluene.

Theorystalsare highlyrefraotiveand showbrilliantpolarizationcotors.

They show neitherpleochroismnor absorption. They are monoclinic,
havingan extinctionangle of 18"in one positionand showingparallel
extinctionin theother two.

Berylliumbenzoylacetonateis insolublein water,almost insolublein
ether, fairlysolublein alcohol,benzène,carbontetraohloride,toluene,and
hot carbondisuKide,andverysolublein chloroform,acetone,anddichloro-
methane. It isinsolublein cold,butverysolubleinhotglacialacetieacid.
It is veryslightlysolublein liquidammonia. Ammoniumhydroxidewill
not precipitateberylliumhydroxide,becausethesalt is insolublein water,
evenifboiledsevenhours,but ifit is ûrst boiledwithnitrioacid,and then
madeslightlyalkalinewithammoniumhydroxide,a hoavygelatinouspre-
cipitaterésulta. It isverysolublein cold,coneentratedsulfuricand nitric

acids,and it dissotvesin cold,coneentratedhydrochloricacidon standing
twenty-fourhours. It is hydroiyzedby refluxingwithdilute (1:4)nitrio
acid inhalfan hour,anddissolvesindilutehydrocbloricand sulfurieacids
after boilingfourhours.

Thecrystalsmeltsbarplyat 210.3-211.2"C.(cor.),andbeginto decom-
pose noticeablyat 224.8°C.(cor.). They may be sublimedif heated

quickly,beforethey havetime tomelt.

Analysis. Catculated:BeO,7.68. Found:BeO,7.69,7.66. Molecu-
Iar weight:calculated,331.24;found,327.46,343.6.

BeryUium<~t~eHzoy!m~<tM€

CJï. Cjï,
1 1
C–0–Be–O–C
!t r !t
Il H–C

C==0-J –0=C
t
CJÏt CUï,

Dibenzoylmethanewasmadebycondensingethyl benzoatewithaoeto-

phenoneby meansof sodiumand extractingthe resultingsodiumsatt
with a mixtureof icecoldwaterandligroin. Thedibenzoylmethanewas

separatedbyaddingaceticacid to thesolutionofthe sodiumsalt,filtering,
and reerystauizingfrom methyl alcohol. This method is exceedingly
tedious,and giveaa very smaByield,becausethe sodiumsalt hydrolyzes
easily, producinga brownoil (probablyacetophenoneor a derivative),
whichologsthe filter paper and cannot be separatedfrom the produet
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evenby reorystauization.Wefoundthat a muohquicker,easierwayis
to allowthe ethyl benzoate,acetophenone,and sodiummixtureto'stand
fouror fivedaysforthereactionto becomeoomplete,becausea red-brown
substancecoats thesodium,makingthéreactionveryslow. The resulting
sodiumsalt wasthenwashedwithetheraloneuntilit beoamenearlywhite,
and driedin the air. The productwasdissolvedin water, and filtered

quicklybecauseit hydrolyzeseasily. For the samereasonit cannot be
heated to get it intosolution. The ketonewas precipitatedfrom this
solutionwithaeetioacid,at once. Theorystalswerecollectedon a filter,
washedwithwateruntila Hametest showedonlya traceof sodium,and
allowedto dry in theair. The yieldwas fairly good,and the product
almostwhite,althoughthe mettingpoint indicatedthat it was not pure.

The berylliumsalt' wasmade by mixingequivalentamountsof the
ketoneand berylliumnitratein absolutealcohol. Thesolutionsmust be
madewithas Uttiealcoholas possible,becauseotherwisethécrystaUizatioo
isveryslow,and thecrystalsimpure. Awarmsotutionofberylliumnitrate
wasadded drop by dropto a warmsolutionof dibenzoylmethane.Aa
soonasaUthe berylliumnitratewasadded,and not before,needlesof the

berylliumsalt beganto separate'until thé solutionbecamea!mostsolid.
Thecrystalswerefiltered,washedwithalcoholandetherandrecrystaUized
fromabsolutealcohol. Sincethe salt is not very soluble,this is a slow

process. It crystaUizesin long,paleyellowneedles,whichare pure. The

crystalsare Mghtandmateasily. Theydo not sticktogether,but adhere
'to everythinge!se,so that it is practicallyimpossibleto makepelletsof
themfora molecularweightdétermination. Theycannotbe introduced
into thé tube by a paperfunnelbecausethey stick to the paper. If the
salt is put into smallg!asstubesand then slid intoa largertube,it does
not dissolvecomp!ete)yout of the tubeseven if allowedto boilall day.
Thereforea molecularweightdeterminationwasnotmade.

Theneedlesshowbrilliantpolarizationcoloraand areapparentlymono-

clinic,havingan extinctionangleof6'*inonepositionandshowingparaUel
extinctionin the othertwo. Theendsare alwaysjagged,as no pinacoid
orprismfacesform. (Seefigure8, page78.)

Berylliumdibenzoylmethaneis insolublein water, s!ight!ysolublein

It cannotbemadebymixingtheketonewithberylliumhydroxidebecausethe
ketone,beinginsolubleinwater,precipitatesimmediately,alongwithwhatlittle
ofthésaltis formed.

If thematerialsarenotinequivalentamounts,or if thédibenzoylmethaneia
notalmostwhite,nocrystalsseparate.Ifitstandslongenough,orMdistilledunder
reducodpressure,a brownpasteresultswhichcannotbeeasilypurified.Avery
smallamountmayberecoveredbyleachingouttheimpuritywithalcohol,inwhich
beryHiutndibenzoylmethaneienotverysoluble.If thedibenzoylmethaneMpure,
agooddea!oftheproductmayberecoveredfromthéfiltratebyevaporationunder
reducedpressure.
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ether,fairlysolublein oarbontetracMoride,toluene,and hot aloohol,and

verysolublein benzene,chtoroform,acetone,carbondisutnde,and dichlo-.
romethane. It i8 insolublein coldglacialaoetioacid, but very soluble
whenhRated. It is insolublein liquidammonia.

BerylUumhydroxide ia not precipitatedon addition of ammonium

hydroxideto a mixtureof the salt and water,owingto the insolubilityof
the salt, but after it isboileda fewminuteswith nitrio acid, ammonia
causesa heavygelatinousprecipitate. It is neitherdissotvednor hydro-
lyzedby water,even aftersevenhoursboiling. It is verysoluble in co!d
concentratedsulfurioacidand nitrioaoid. It does not dissolvein cold,
concentratedhydrocb1oricacid,butdissolveswhenheated. It is insoluble
indiluteBuîfurioacidandhydroohloricacid,evenwhenboitedsevenhoum.
Aftertwohoursboiling,it dissolvesindilutenitricacid,withtheseparation
ofa white,powderypreoipitate.

The crystalsmelt sharplyat 214-216"C.(cor.),and do not decompose
easily. A notioeablechangein coiorooeurredat 262°(cor.). The com-

poundmay besublimedifheatedquickly,beforeit melts..

~tM~aM. Catcutated:BeO,5.51. Found:BeO,8.60.

Berylliumethylacetoacetate

CH, CH,
t

C–0–Be–O–C
i!
C–H Il

c==o–j –o~c
I

OCA OCtH.

Berylliumethylacetoacetatewaspreparedbystirringethylacetoacetate
intomoistberylliumhydroxideto whioha Jittteabsolutealcoholhad been
added. As soon as the acetatewas added,salmon-pink oil began to

separate. The reactionmustbewatched,becauseif allowedto stand too

long,the mixturebecomesa massof crystalswhichcannotbe separated
fromthe excessberylliumhydroxide. The reactionmay be complètein
one hour or may take severaldays. The berylliumethyl acetoacetate
cannotbe separatedby extractionwithether, becauaesomeethyt aceto-
acetate ia dissolvedalso, contaminatingthe product. Therefore small

portionsof the oil were removedby a pipet about every five minutes
anddroppedinto ice-colddistilledwater. Whena sampleformedcrystals
immediately,the oil wasquicklyseparatedfromthe beryuiumhydroxide

bya pipet. The oil wasseparatedbya suctionfilterfromany beryllium
oxidewhichmighthave beenincludedand pouredinto about twenty times
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its ownvolumeof ioe-oolddistiUedwater. The beakerwaspaokedin ice
and left until the oUhadentirelysolidified.If left in the watertoo long,
the eatt hydrotyzes. Sincethé cryetabare fight,they leavethe oil and
rise to thé surface. Assoon as thishappened,the masswas sepa~ted
fromthe liquidon a suctionfilter. Theofystabwereremovedfromthe
funnelandstirredwith400-600ce.ofdistilledwaterat roomtemperature,
and againfiltered. Thewashingwasrepeateduntil the productwaspure
white. It muet be donequicklyin orderto preventhydrolysis. Dried
in a vacuumdesiccator,the sait becomesa purewbite,fluffy,crystalline
produotwhichmelts sharplyat 60.6*0.,givinga ctearmelt. It is too
solublein mostorganicsolventsto beeasuyrocrystaMized.The product

FtG. 8. BBttYUJPM DtBBNXOVt.METttANB

maybe separatedfromany berylliumoxideby disso!vingin fat-freeether
and filtering. Sincecrystalsdo not formuntil the etherhasevaporated,
a photographof the separatecrystalsis diSoutt to obtain. As the ether
evaporates,crystalsbuildup on theedgesof thé filterpaper,and these
weresorapedoffand photographed.

Owingto the fact that the crystalscouldnot be separatedfrom the
mother liquor,it wasdifficultto determinethe crystal systemto which
they belong. Theyseemto be monoclinic,havingan extinotionangle of
70in onepositionandshowingparaM extinctionin the othertwo.

Berylliumethyl acetoacetateNinsolublein waterand very solublein
alcohol,ether,benzene,carbontetrachloride,dichloromethane,and glacial
aceticacid. It is onlysiighttysolublein liquidammoniacontainedin an
openbeaker. It beginsto décomposeinto berylliumhydroxideand ethyl
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acetoacetateif aUowedto atand ta watera few moments,and hydrolysis
is oompleteon boiling. It dissolvesinstantly in ooldconcentratedhydro-
chlorioacid,io nitricadd, and in diluteauMurtcacid. In the latter case,
an oil separates. Berylliumethyl aoetoaoetateis very soluble in oold,
concentratedsuiïurioacid,in dilutehydroohtorioaoid,and in dilutenitrio
acid.

It melts sharplyat M.6-6l.l"C. (cor.),givinga c!earmelt. If heated
slowly,it beginsto decomposeat 228.8°C.(cor.),turning yellow.

S!ncethe mostoarefuHymadesalt stiUcontainedabout 7 per cent of
beryUimaoxide,whichwaathe only impurity providedthe washingwas
thorough,this had to be removedbeforeanalysie. A pure produotwas
obtainedby dissoMogthe impuresalt in dry, fat-freeether, filtering,and

drivingoff the etheron a water-bath. The meltedsalt was then poured

FtO. 9. BBMLUCM ETHYL AcETOACETATE

into a weighedglasstube, auchas is used in Cariusanalyses,and cooled
in a desiccatorand analyzed.

~na~aM. Calculated:BeO,9.39. Found: BeO,9.52,9.46. Molecu-

lar weight calculated,267.24;found,266.8,261.2.
After this workwas finished,an article (13) appeareddesoribingthe

preparationofberylliumethyl aeetoacetateby a dightiydigèrentmethod
fromthat by whichit waspreparedin this laboratory. "Berylliumaoeto-
aceticester waspreparedaccordingto the methoddescribedby Konrad
(Ann. 188, 273) for the preparationof the aluminumcompound. A

berylatesolutionwaspreparedby addingstrongpotassiumhydroxideto
10.1gramsof berylliumsulfateuntil the alkaliwasslightlyin excess,and
then adding 17 gramaof freaMydistilledacetoMeticester. From the

originaUyclearsolution,theresoonseparatedcolortessleafletB,whichcould
be recrystallizedfrompetroleumether, and whichmeltedat 63"C. The

yield was3 grams,20 per cent of the theoretical. The crystalsmay be
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easilydistilledin a vacuumat 166"C.undera pressureof 13mm. They
arereaditysolubleinalcohol,benzene,etc."

SUMM~RY Or PART !I

Beryllium bonzoylacetonateand beryllium dibenzoylmethanewere
foundtô be very similarto berylliumacetylacetonate. They are both

erystaUine,well-definedcompounds,solubleinalcohol,aoetone,chtorofonn,
benzene,earbon tetrachloride,toluene, oarbondisulfide,and dichloro-
methane,and insohtMein water. Theymelt sharply,butat much higher
temperaturesthan the acetylaoetonate,210.2'C.and214"C.,respeotivety,
andthey do not sublimereadilyalthoughthey maybeBuMimedifheated

quickly,beforethey hâve timeto melt; berylliumacetylacetonatemelts
at 108"C.and boginsto sublimeevenbefore100"C. Theyare solublein
concentratedacids, but are not hydrolyzedby waterevenafter boiling
sevenhours.

Berylliumethylaeetoacetate,however,althoughit dissolvesin the same

solvents,is muchtoo solubleto be crystaUizedfromany of them. It is

very easily hydrolyzedto berylliumhydroxideand ethyl aeetoacetate,
evenin coldwater. Hydrolysisalso takes placewhentoluene, benzene,
orether solutionsare aUowedto evaporateslowlyand isprobablydue to
water absorbed by solvent. Berylliumethyl aeetoacetatemelts at a
muchlowertemperaturethan the other twocompounds,namely,60.6"C.
It may be sublimedif heatedquicklyunder reducedpressure,but under

atmosphericpressure it melts,and, if carefuUyheated,may be distilled
at about 150"C.,althoughsomedecompositionalwaystakesplace.

Acomparisonof thesolubilitiesof thesaltsinether isinteresting. Beryl-
liumethylacetoacetateis exceedinglysoluble;berylliumacetylacetonateis

soluble;berylliumdibenzoylmethaneis slightlysoluble;while beryllium
benzoyiacetonateis almostinsoluble.

8UMMABY

Thefollowingcompoundshavebeenmadeandanalyzed,and their prop-
ertiesstudied: bérylliump-toluenesulfonate,berylliump-xylenesulfonate,
beryllium2-chlorototuene-S-sutfonate,berylliumbenzenesulfonate,beryl-
lium 2-nitrotoluenesulfonate,berylliumm-nitrobenzenesulfonate,beryl-
liumbenzoylacetonate,berylliumdibenzoylmethane,and beryllium ethyl
acetoacetate.
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THE ELECTRICALCONDUCTIVITY0F MÏXED SALT
SOLUTIONS'

A.KAYSMITH'ANDR. A.GORTNER

DivisionofAgriculturalBtoc~MMt~,Universityof Minnesota,S<.Paul,Minnesota

BeceM~«~ M,M~

Anexaminationof the titeràtureshowsthat fewexperimentalstudies
have beenmadeon the e!eotnca!conductivityof systematicmixturesof
electrolytes. Two récent papers that do contribute directly to this

subjectare by Stem (1) and Rubyand Kawai(2). Stem examinedthe

equivalentconductivityof systematicmixturesof the sodiumand potas-
siumhalidesfrom0.1M to 4 Mat 25"C. Hecomparedhisexperimental
valueswith valuescalculatedonthe assumptionthat the conductivityof
the mixtureis additive. He didnot find this rule to hold true. Ruby
and Kawaistudiedthe variouscombinationsof sodiumchloride,potas-
siumchloride,and hydrooMoricacid for the purposeof "discoveringthe
natureof suchsolutionsand to test the valueof themethodsofca!cu!ating
the conduotancesof solutionsof such mixturesof electrolytes." They
'didnot findtheirexperimentalvaluesto fit intoany of the knownmethods
for calculatingsuchdata. In additionto thesetwo papers, H. C. Jones
and C. M. Stine(3)workedwitha variety ofsalt mixturesbut theircon-
centrations,with fewexceptions,did not gobelow0.5 N. Pascoe (4)
workedwithmixedsalt solutioninan attemptto correcte theconductivity
of plant sapaand of soilswith their ionicconcentrations. The present
investigationwasundertakenfor the purposeof extendingsuch conduc-

tivity data overa widerrangeofsattsand intohighervalencetypesin the

hopeofrevealingthefactoror factorsthat areresponsiblefor theirerratic
behavior.

MATERÏAM

The salts used in this investigation,namely,sodiumchloride,sodium

sulfate, magnesiumchloride,magnesiumsulfate, copper sulfate, zinc
sulfateand potassiumchloride,andthehydrochlorieaeid usedwereallofa
c.P. grade and no further purificationwasattempted except for the
magnesiumsulfate,whichwasrecrystallizedonce, and the hydrochloric

iPuMishedMpaperNo.U23,JournalSeries,MinnesotaAgneuttur~Experiment
Station.

OuestoftheUniversityofMinneaot~.
en
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acid,wbiohwasredistilled. The sodiumchloride,potassiumchloride,and
sodiumsulfatesolutionswerepreparedby direct weighingof the dried
sait; the hydrochlorioacid wasstandardizedaccordingto the methodof
Hulett andBonner(S);the othersolutionswerepreparedby precipitating
the sulfatesas bariumsulfate and the chloridesas ai!verchlorideand
weighingtherespectiveprécipitâtes. In générât, thedilutesolutionswero

preparedfrom the more concentratedones. Double-distilledwaterwas
usedin the preparationof the solutionstha.t had a speciScresistaneeof

approximately5 X 10'*mhosand the solutionswerepreservedin Pyrex
glass. Thé solutionswere volumenormal at 20"C.and burettes were
usedin proportioningthem in the combinationsdesired. The combina-
tionscoppersulfate-sodiumchloride,zincsuuate-sodiumohloride,sodium
sulfate-sodiumchloride, and magnesium sulfate-magnesiumchloride
werestudiedat 0.01N, 0.1N, 1 N, and 2 N concentrations;thé other
combinationsdid not coveras widea range of concentration.

APPAHATU8ANDHtOCBDUBE

Thé usual Wheatstonebridge set-up was used in making the con-

ductivitymeasurements,consistingof a Leeds and Northrup précision
bridgewith extensioncoit, a Leedsand Northrup precisionresistance

box,a typeE VreelandOsciuatorat1000cycles,a téléphonetunedto 1000

cycles,and threeconductivityceHsof the Washbum(6)type. The cell
constantswere2.544,17.11,and 115.0. Since most ofthe measurements
weremadeduringthe warm part of the summer,a highertemperature
than usualwasusedin thiswork,namely30.17"C.±0.02. The ratioof
the bridgearms wasdeterminedand auitable correctionsmade in the
calculations. The watercorrectionwasmade in the solutionsof 0.01N
concentration. AUg!asswarewas stand&rdizedand correctionswere

made,wherenecessary.

KE8CI.T8

Theresultsaregivenin table 1,whiehincludesthenamesof the combi-
nationsstudied,the proportionof each compoundin the mixture,the

experimentalvalues and AA, the différencebetweenthe expérimentât
valueand that calculatedon the assumptionthat theconductanceof the
mixture ia additive. AAis givena positive sign whenthe calculated
valueisgreaterthan the observedvalue,and anegativesignwhenlessthan
theobservedvalue.

DISCUSSION

The data preaentedhere do not showany decidedregularity in their
behavior. Such combinationsas copper sulfate--sodiumchloride,zinc
sulfate-sodiumcMonde,sodiumsulfate-sodiumchloride,and potassium
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TABLE 1

CoMdweK~ data <tM<<dA, the<MF<)'e<x:ebetweentheM~CM<<!<e<<and Mpe~Mea<<t{Mt!«M
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TABLE t–Cott~M~

r° 30.17'C.

COHCBMTMTMfCtMt.UT!OX

MgC! 0.0093~ 0.0927JV 09270~ 2.COOJV
N<t,SO< O.OCMW O.oesz~ 0.93Î6W 2.000~

Bss~r:A aA A "yr"J"T"~TRatioMeCla.Nat80~

100:0 127.4 HO.C 80.86 04.38
90:10 106.3 3.60 77.72 1.74
80:20 121.8 6.0 103.3 6.41 75.39 2.M 6&.78 2.2
70:30 120.1 6.4 101.1 6.61 71.94 4.73
60:40 119.1 7.1 98.09 8.42 69.80 6.48 66.78 3.8
60:60 118.4 7.5 96.37 9.04 67.97 6.92 64.07 4.8
40:60 118.1 7. a96.409.28 60.76 6.73 63.07 4.1
30:70 118.3 7.0 96.04 9.18 6H.63 4.47
20:80 120.4 4.8 96.67 S.66 66.00 3.71 62.02 2.7
10:90 98.16 2.87 66.43 1.88 62.19 1.44
0:100 124.4 99.93 66.921 62.36

T 30.17'C.

CONCNtTMTtOX Of Mt-OTtOX

MgC! 0.0100 N 0.0927W 0.9270W
MgSO< O.OtOO~V 0.0930 N O.M9<HV

VOt.OMBOPOO'.nTtOt) 4Att*tmMtCb:MeSO) & ~A A AA A &A

100:0 128.9 111.9 80.67
90:10 105.S l.M 76.96 0.34
80:20 121.1 1.7 71.M 0.43
70:30 96.70 1.97 M.99 0.68
60:<0 116.0 1.7 90.86 2.08 62.17 1.23
M:i!0 112.0 1.7 86.18 2.01 68.06 1.17
40:60 109.2 1.4 81.78 1.67 6!t.68 1.38
30:70 49.52 1.17
20:80 103.5 1.1 72.69 1.37 46.46 0.98
10:90 68.69 0.03 41.62 0.64
0:100 98.46 64.48 37.89
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TABLE!-C'cM<<Mt«~

y°30.i7°c.

COXCtttfTBATtONOfMt-CTtOM

MgC! 0.0927// 0.927JV

NaCI. O.tOaOAr 1.000 N

~'S'ï" Altatlo MgCb:NsCt A 41. A AA

100:0 109.8 80.46
80:M 81.89 -0.01
80:20 111.7 -0.1 83.66 -0.26

70:30 MM -0.18
60:40 114.1 -0.7 86.65 -0.41
M:60 114.9 -0.6 87.74 -0.17
40:60 116.0 -0.7 89.17 -0.28
20:80 117.8 -0.7 92.11 -0.27
10:90 93.67 -0.31
0:100 118.9 94.68

coMOMnaMtoNm eoumott

KCt. 0.0100 N 0.6000W

HC! 0.0100 N OMOOiV

RSS'~Sër""Ra6toKCl If<f"°lr A AA A AA

100:0 166.2 128.2

80:20 213.8 0.9 181.6 -0.2

60:40 272.1 1.0 234.6 0.0

60:60 301.S 0.9 261.6 -0.4

40:60 331.0 0.6 289.6 -18

20:80 390.0 0.0 341.7 -1.9

0:100 448.5 394.0

r°o"c.

CCXCeNTBtTtOMO~MHtMOtt

NaCl. 0.1000~
CuSOt. 0.1000W

yoMttttOtMUrnott
B«tieNeCt:C«SO<

100:0 68.28

80:20 63.66 -1.47

60:40 47.43 -1.63

60:60 44.6t -1.71

40:60 41.30 -1.60

20:80 34.20 -0.69

0:100 27.32
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TABLE t–CoHchK~MtjL~ot<~ t–~ottctttueo

_7*30.17'C.

C<n«!BNtBAT)Ott<M'MU)ttO)t

Cu80< 0.0100N
Za80< 0.0100N

VOMKBOrBOt.))ttOH
R<ttioC<tM).:ZaSO.

t00:0 CO.M

80:20 M.93 -O.M
60:40 92.62 -0.63
60:60 ?.? -1.09
40:SO 93.66 -0.9~
20:80

1
94.88 -0.94

0:100 M.t6

chloride-hydroohioricaoid show positive,negative,and zero values for
AA; other combinations,auch as magnesiumchloride-sodiumsulfate
andmagnesiumchloride-magnesiumsulfate,showonlypositivedeviations
for the concentrationsstudied. Theresults,as a whole,suggest,however,
that whena sanicientlywiderange ofconcentrationsbas beenstudiedfor
any combination,theywiUshowall threevariationsfromthe straightline
curve. Table2 is a tabulation of thesedeviationsexpressedqualitatively;
the table also includesdata taken from Stem (1) and fromRuby and
Kawai(2). Ourdata are not strictlycomparablewiththoseofStem and
of Ruby and Kawaisince they used weight-normalsotutionB,whereas
weusedvohune-nonna!;the générâttrend ofall threeresearches,however,
is the same.

No explaaationisofferedat the presenttimefor thé apparentlyerratic
behaviorof theseconductivitymeasurements. Stem usedthe theory of
complexion formationto explain hisdata; this requiresa positivevalue
for AAand that this value should inereasewith increasingconcentration.
Our measurementsdo not reasonablysubstantiate this theory,sinceall
the AAvalues found for the combinationmagnesiumchtoride-sodium
chloridearenegativeand likewiseforthe combinationpotassiumchloride-
hydrochloricacidat concentrationsabove0.5N. Eventhecombinations
magnesiumchloride-sodiumsulfate and magnesiumsulfate-magnesium
chloride,whichgavepositive valuesfor AAfor all valuesstudied,donot
support the complextheory since the valuesat 0.1A~concentrationare
larger than at eitherhigher or lowerconcentrations. If complexionsdo
occur in thesesolutionsand contribute to the erratic behaviorof their
eonduotivities,then it is evident that their effectis less than someother

superimposedphenomena.
))
0
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In conaideriagthe problemof oomplexionsit shouldbekeptinmindalso
that thestudiesof Maolnnes(7), Dewey(8)and othemon the transport
oambersof the sodiumandpotassium haMdeahavefailedto findcomplex
ionsin thesesolutions.

The inter-tonioattraction theory of Debye and Huckel (9) and its
modificationby Onsager(10)in itspresentstate cannotbeappliedto these
data sineeit bas beendevelopedfor systemecontainingonly twoionio
speoies. WhiîeBennewitz,Wagner, and KUcMer(11) have extended
Onsager'scaloulationsto ternary ion mixturesit is stiUinapplicable,since

TABLE2

~<WM)Ç<A<directionof<Ae<<et~<t«<woftheezpertmen<a</Mmthec<!<e«!eMvalues

Signis negativewhenobservedvalueis greaterthancalculated;positivethe
converse.

TakenfromRubyandKawai.
t TakenfromStem.

their methodrequiresthat one of the threeionicspeeiesshallbe Hmited
to a smallconcentrationincomparisonto theother twoions.

The effectof solvationbf the ions on their electricalconductivityis
without a doubt a factorof considerablemagnitude, but accurate in-
formationon solvationi8too limited to beof muchsatisfaction. Atten-
tion shouldbe cahed,however,to the similarityof our eurveswith those
obtainedby Jonesand collaborators(3)whereintheymeasuredthe con-

ductivityof salta in mixedsolvents. Theirdata, whichthey obtainedby
varyingthe ratioof thesolventcomponentsand keepingconstantthecon-
centrationof the salt, givecurves that have essentiaUythe same char-
acteristicsas tboseobtainedby us. Thispermitsthe conclusionthat the
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reaction between the solute and the solventis of major importance in the

interpretation of eleotr!oat conduotivity data.
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~<ee«'«<W<wem6e)-M,~M

In the publishedaccount of thoirwork,SmythandEngel(1)drawat-
tentionto theouriousresultsobtainedforcertainsystemeofwhich,perhaps,
ethylalcohot-M-heptaneis the mostimportant. Theyofferednoadequate
explanationfor their observationthat for certainsolutionsthe partial
pressuresof alcoholexceededthe vapor pressureof pure alcoholat the
sametemperature. Althoughthey searchedfor evidence, they found
noneto supportthesuggestionthat the Systemmightnot bea truebinary
systemof the componentsconsidered.

If this systemis a true binarysystemof alcoholand n-heptane the
results shouldagréewith the equationof Duhem-Marguleswithin the
timitsset by the deviationsfromthe lawsofperfectgaseoussolutionson
thé part of the vapor, and this agreementwouldbe independentof the
compîexityof the liquid phase. Whentheir resultsare tested by this
method,not onlydothe partialpressuresofbothcomponentsforsolutions
riohin alooholappearto be at variancewith thisequation,but thosefor
solutionsrich in heptanealsocannotbe reconciledwith it. A widerange
ofliquidcompositionsare involvedandit seemsunlikelythat the assump-
tionmade in seleotingthe componentscouldbe the primarycauseof the

discrepancy. On the other hand, one wouldhesitatebeforeattributing
it to experimentalerrorwereit not for the fact that sucherromhavenot
infrequentlyaffectedthe resultsofothercarefulworkersin this field. For
thèsereasonsweundertookthe studyof the systemby a methodin which
suoherrors as occurredwoulddifferfrom those likely to occur in the
Sameshima(2)methodusedby Smythand Engel.

MATEBtAM

Werequestedthe Ethyl GasolineCorporationto sendus a sampleof
n-heptaneidenticalin characterwith that used by Smyth and Enget.
Theheptaneobtainedfrom themwasre.distiUed.Ourcrudealcoholwas
anhydrousethyl alcohol (Squibbs). This was driedwith sodium,dis-
tilledin a carefullydriedapparatus,and prompt!ytransferredto dry glass
capsuleswhichweresealedoffandlaterinsertedintoourapparatusproper.
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MBTHOD AND BESCMS

Theapparatus wasidenticalwithand theproceduresimilarto that used
for the study of thé systemmethylalcohoi-n-hexane(3). Themeasure-
montsweremade at 30"C.,sincewefearedthat at hlgher tcmper&turea
and coMequentlyat higher pressuresthe vapor would be very ab-

TABLE1
The<!ppofeM</<M'm«<ow< ofa'~tatte

<~U'<Mt<~M<MOtT!0)t (MMCLttM
TttO~<tATeM WMOMfMcmtT ~cTAt.tM.MCRBK)Mn)t~W)o<mr

OtMttMtZ

(t) 34.C tOO ?.3 tOO.6
(2) 84.8 1M ?.6 100.9
(3) M.C KM 60.8 101.9
(4) 34.6 71.3 102.C 101.6

TABLEZa
Vapor preMwe <~<ennt<M<<MMat 30.0"C.

normal. We assumedthat the deviationof theapparent formula.weight
W~y\

t F' = fromnormal(100.13)wasproportionalto thepartial pres-

sureof the heptaneand that this was the onlycomplicationm whichthe

vapor wasinvolvedwhichmeritedeûBsideration.
Severalexpérimentawere carriedout in order to determinea suitable

valuefor the apparentformulaweightofn-heptanevaporat 58.4mm.and
35"C. The resultsof these are givenin table 1. It maybe noted tbat
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the highestvalue was obtainedin thé last exporirnent. This suggestsa
elight volume change on mixing the pure vapors and thia point will
be further investigatedby us. However,at those lowpressuresan exact
determinationcouldnot be madeand wechoseas a probablevalue101.0.

Althoughour previousinvestigationsindicatethe methodof study to
be an adequate one, this is no checkon thémanner in whichthe present
workwasperformed. To someextrnt, the vapor pressuremeasurements
givenin table 2 constitutesucha check.

TABLE3

Thecce~<~<phaaes,thetotalandpartialpfeMareaaf30.00±.01"C.

c*MOMTMtNBAM&OfONWZtOBT
fBtt czttT MWOM* Atto TMt< fOaMOLt

wmomM)tctMT WBtOttm«.<? Atto101.0
MBMO~A or jU~OBOt- TOTAL-––––––––––––––~–-–––––––––

'MBtt wmoHTOt––––––-––– peeMOM Motenercentof FttttMpMttMMtn-BBM'*MBLiquid Vftpor eboho) ––––––––––
n.

Hqttid Vaper AleoM Heptena

1 100.0 MO.O 78.3 100.0 100.0 78.3 0.0
2 100.3 92.7 67.2 M.3 96.5 81.8 77.1 17.2
3 100.6 82.0 48.9 110.0 90.8 67.7 74.6 35.6

4 100.9 67.7 40.5 119.4 82.2 59.9 71.5 47.9
6 100.8 47.2 37.7 122.0 66.3 57.1 69.6 52.4
6 100.9 19.4 36.0 122.0 34.6 95.2 67.4 54.6

7 101.0 13.5 36.1 120.6 25.6 54.2 66.3 65.3
8 101.0 5.7 31.8 118.2 11.7 50.2 57.8 57.4
9 101.0 6.1 32.3 117.1 10.5 61.2 69.9 57.2

10 101.0 2.2 28.9 109.0 4.7 47.2 51.4 57.6
11 101.0 0.6 22.9 95.0 1.4 39.6 37.5 57.5
12 101.0 16.7 83.6 30.6 26.5 58.1
13 101.0 0.0 0.0 58.4 0.0 0.0 0.0 58.4

Our results for the two componentsystemare givenin table 3. The
liquidcompositionfor No. 11is not given. It waa too closeto purehep-
tane for accurate determinationnor can it be better obtainedfromthe
total preasurecurve by interpolation. A probablevalueof 0.5moleper
centalcoholmight be tentativelyassigned. No.8wasourfirstexperiment
withsystemsof lowalcohoUccontentandis inour beliefa poordetermina-
tion. It is includedbecausewe do not wishto presentselectedrésulta.

The totaland partialpressures(No.8 omitted)are indicatedin figure1.
For comparison,the resultsof Smyth and Engel wererecalculatedto a
basisof 101.0for heptaneand are also included. This recalculationdid
not materiallyalter the nature of their résulta. Whenoneconsidersthe
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actual différencesbetweenthe twototal pressureourves,it woutdappear
that the ourvesare in fair agreementexceptat the heptaneend. Thus
their maximumpressureis 119.9mm.whereasours is 122mm. On the

0 M M M 40 60 NO W M 90 MM
n.Mt<T«<«e MetPMnent. ETMYt.~LMMM.

FM.1. PABTMtPMaePRZBANDVAPORPBBB80BB8

other hand, there are marked différencesbetweenour partial pressure
curves. Wefoundno evidenceof pointaof inflectionon thesecurvesat
their lowerendsnora maximumon the alcoholourve;in otherwords,no
evidenceof thosepeouliaritieswhichwereao markedjyat variancewith
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the equation of Duhem-Margulesand whioh6rst excitedour interest in
this systcm.

8UMMARY

1. The compositionsof the co-existentphaseshave beendeterminedat
30.00"C.for the systemethyl &tcoho!-M-heptane.

2. The total pressureshave been measuredand the partial pressures
calculated.

3. No evidencewasobtainedin supportof the curiouspartialpressure
curveswhiohhad previouslybeenreportedby others.

In conclusion,wewishto thank theEthyl GasolineCorporationfor the
sampleof n-heptanefumishedby them.
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THE SOLUBILÏTYOF METALLICLITHIUMIN LIQUID
AMMONIAAT LOWTEMPERATURES'
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Seely(1)wasthe firstto observethat liquidammoniadissolvesmetaUic
lithium. FoUowingthisobservationseveralinvestigations(2)have been
reportedrelativeto thephysicalpropertiesoflithiumsolutions.

Althoughmetalliclithiumbasbeenregardedas highlysolublein liquid
ammonia,Ruffand Geisel(2a)are the onlyworkersto carry out direct
quantitative solubilitymeasurementsat different temperatures. They
filteredtheBaturatedsolutionthroughcottonandthenanalyzedthenitrate
for lithiumandammonia. Meaaurementsat O", -28' -50"amd-80"C.
gave in eachcasea valueof 3.93gram-mo!ecu!esof ammoniaper gram-
atom of Hthiumfor thecompositionof the saturatedsolution. The solu-
bility of metalliosodiumin ammoniadecreaseswithincreasingtempera-
ture from -100" to 0"C.,whilethat of metallicpotassiumincreaseswith

increasingtemperatureover thesametempératurerange(3). Although
the changesinsolubilitywiththe temperaturearerelativelysmallin these
two cases,it ia dioicultto understandthe !ackof changein the caseof
lithium. It appearsthat the methodemployedby Ruffand Geisetis not

su8icienHyaccurateto detectsmallchangesin thesolubility.
KrausandJohnson(2f)havemeasuredthevaporpressureofsolutionsof

lithiumin liquidammoniaat -39.4"C.fromthe saturationpointto a con-
centration of 60 gram-moleoulesof ammoniaper gram-atomof lithium.
A value of3.61NH,/M was foundfor the compositionof the saturated
solution. The pressure-compositionourveoffersa convenientmeansfor
the determinationof the solubilityof an alkali metal in this medium.
Whenammoniais addedtothe metal,the resuttingsolutionshowsaconstant
vapor pressure,that of the saturatedsolution,as longas any undissolved
metal remains. The changein the vapor pressurein passingfrom the
saturated solution to those tessconcentratedin metal is very abrupt.
Whenthiscurveisextrapolatedto intersectthe horizontallinerepresenting
the vaporpressureofthesaturatedsolution,thereisobtaineda pointcorre-
spondingto thecompositionofthissolution.

1Fromatheaisaubm:ttedbyM.M.PiskurtotheFacultyoftheDivisionofthe
PhyaicatSciencesofthéUniversityofChicagoinpartialMaimentofthérequire-
menteforthedegreeofManterofScience.
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In the présentinvestigationthe vaporpressureof solutionsof lithiumin

liquidammoniaisdeterminedat O",-32.7", -33.2" and-63.6''C. inorder
to obtain the compositionof the saturatedsolutionas a funotionof the

temperature. The résulteolearlyshowthe solubilityof motattielithium
to increaseappreciablywithinoreasingtemperature.

AFFARATUS AND MATEBtAM

Themethodemployedfor the vaporpressuremeasurementswaseasen-

ti&Uythe sameas that previoustydesoribedfor Uthiumsolutions(2f).
Sineemostof the experimentswereconfinedto concentratedsolutionsof
themeta!,oniysmallamountsofhydrogenwerefoundto beliberateddue
to a reactionbetweenlithiumandammonia. The hydrogenwasremoved
fromtheapparatusduringthe courseofaserieaofmeasurementsinorderto
obtaintrue equilibriumpressures.

The measurementswerecarriedout at severaldifferenttetaperatures,
O",-32.7", -33.2~and -63.5"C. Tomaintainthe temperatureat 0"C.,
thevaporpressuretube wassurroundedbya PyrexDewarnaakoontaining
Snety-chippedice ln equilibriumwith water. A thermometercalibrated

bythe Bureauof Standardswasmsertedin the bath andthe temperature
wasnotedto remainat 0"C.d: 0.05"fora periodofseveralhours. Athin-
walledglasstube wasplacedaroundthe vaporpressuretube in orderto

keepthe lithiumseparatedfromthe ice-watermixturein caseofaccident.
It wasfoundmorediScutt to maintainconetanttemperaturein theneigh-
borhoodof thenormalboilingpointofUquidammonia. Theammoniain
theDewartubewasallowedto boilagainsta columnofmerouryofapproxi-
matdy 1 cm. whichwas exposedto the atmosphere. In addition,the

heightof the liquidammoniain the Dewartube waskept asconstantas

possibleby frequentadditions. However,owingto changesin the height
ofthiscolumnandchangesin theatmosphericpressure,thevariationofthe

temperatureduringthe courseof anexperimentwas±0.1". Atempéra-
tureof –63.5"C.wasobtainedwitha mixtureofliquidnitrogenandchloro-
form. No dimcultywas exporiencedin keepingthis temperaturecon-
stant to ±0.1*

Themetalliclithiumusedin theexperimentswasfoundto befreeofiron
andpotassiumandto containa smallamountofsodium. Liquidammonia
ofcommercewassiphonedintoama!!steettanks containinga fewgramsof
metaBicsodiumasa dehydratingagent. Theammoniawasdistilledintoa
secondstee!containerbeforebeingusedforthe experiments.

Main/rs

Thereaultsoftwoseriesofmeasurementsat 0"C.,oneseriesat-32.7"C.,
oneseriesat -33.2°C., and threeseriesat -63.5"C. are givenin table1.
Thevaluesobtainedat 0"C.areplottedinfigure1,whilethoseat the lower
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TABLE 1

~opor ~es<MM <~ Mf«(!MM f/' K<M«M K~tttd eMMomMa< df~re~ ctwe~roh'oM

OMd<e~p6fo<Mfe<

––t"–––––––*–––––––––~

_lr"

totf~~tox
1

mmoMm

1
coHM~AHOtt

1

POMCBB

Sedea 1. 0.2644t;MN of HtMam. T 0*0.

mm. MtM.

3623 34.1 1.323 938.0
3.847 34.9 4.360 870.0
3M7 ?.0 4.M8 1177.0
3.726 tM.6 6.MO 1S420
3.8M 362.0 6.690 1857.0
3.890 3M.(. 6.063 2288.0
3.990 609.0 7.M1 26600
4.111 660.0

Series 2. 0. U87gram of Hthium. T =' 0°C.

3.642 34.0 3.760 207.0
3B80 34.0 3.875 381.0
3MO 41.0 4.002 6420
3.039 67.0 4.467 1048.0
3.680 115.6

SerMBS. 0.1868grMnoft:thium. y=-32.7°C.

3.739 3.3 4.393 260.5
3.741 3.4 4.621 310.0
3.7M 8.0 4.715 360.8
3.802 26.0 4.938 409.6
3.868 66.0 6176 449.2
3.921 M.6 6.446 490.4
3.987 119.0 6.723 626.7
4.066 146.6 6.960 660.0
4.142 178.8 6.288 680.0
4.242 218.4 6.496 697.6

Senea 4. 0.1818gram of lithium. T = -33.2°C.

3.747 3.4 4.127 172.3
3760 3.4 4.233 213.0
3763 3.7 4.373 269.0
3.789 10.9 4.642 309.4
3.80S 22.3 4.712 362.0
3.868 61.6 6.002 412.0
3.930 87.2 6.M6 468.0
3.986 109.0 6.M3 601.0
4.046 130.6 6.S30 626.6
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TABLE!-<?<tM<M~

~"S~r"
1

~Y"
1

N /Li NH,/J.I

Series 6. 0.0762gram of lithiura. y -83.6°C.

'MM. Mtm.

4.039 2S.8 6.7M 94.0
4239 43.7 C.348 103.9
4602 62.8 7.279 108.6
6Mt 80.8

Series 6. 0.0922gram of lithium. ï* ==-63.6*0.

3824

1

1.8 4.034 21.9
38S4 4.0 4.Z88 42.6
3.898 8.7 1 1

Series 7. O.MtS gram of lithium. 7' =' -63.6*

3.811 1.2 3.980 18.3
3.8M 3.S 4.06! 36.0
3.852 6.6 4.174 36.9
3924 10.0 4.330 48.5

temperaturesareshownin figure2. Manyof the valuesarenot plotted,
especiallyin the concentratedrépons, owingto overlappingof points.
Themeasurementsat -32.7"C. and -33.2~0. areplottedtogether. Since
most of these valuesappear at high lithium concentrations,wherethe

changein the vaporpressurewith the temperatureis verysmall,the two
series of measurementsfa!l closelytogether. The concentrationsare

expressedin gram-moleculesaf ammoniapergram-atomoflithium,while
the pressuresaregivenin millimetersofmeroury.

The compositionof the saturatedsolutionwasdeterminedat eachtem-

perature by an extrapolationof the curvesshownin figures1 and 2.
Additionalexperimentswerecarriedout withan excessofmeta!Uclithium

presentinorderto establishthevaporpressureof thesaturatedsolutionat
thesetemperatures. Thedata are shownin table 2.

DISCUSSION OF RESULTS

Figures1 and2 showthe vaporpressureof lithiumsolutionsat different

temperaturesand over a relativelyemallrangeof concentration.Thèse
curvesareidenticalin formwiththat obtainedprevious!yforlithiumsolu-
tionsat -39.4"C. (2f). Thereis no indicationof a combinationbetween
lithiumand ammonia;nor is thereany évidencefor theexistenceof a two-

phaseliquidsystemat the lowesttemperaturestudied. Ruffand Zedner
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(2b) pointout the appearancoof a two-phaseliquidsystemfor lithium
solutionsbelow-36''C. Theaboveresults indicatethe non-existenceof
eueh systemwithin thé range of concentrationsemployed,namely,
between3.81 and 7.28gram-moleeuiesof ammoniaper gram-atomof

lithium,aincethe vapor pressurecurvesdo not showany irregularities.

t t ? 0 Y 0

ttBlMMH,/ttomU

FIO. 1. THE VAPOR PBE9BUBB OP LITHIUM SoLONONS AT O'C.

It is quiteprobablethat a newliquidphasedoesappearat lowerlithium
concentrationsasisthecasewithsodiumsolutions(4).

It isalsoevidentthat the solubilityofmetalliclithiuminliquidammonia
increasesappreciablywithincreasingtemperature. Thisincreaseamounts
to approximatoly6 percent from -63.5"C. to 0"C. Thevaporpressure
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i2 ? ? 5 < 7 a
Motet NM,/atm"t.t

FtQ. 2. Tt[B VAPORPMMCM OP LtTHtDMSoMTtOM AT -33°C. (ï), ANDAT

-63.5''C.(H)

TABLE 2

Vapor p)'MM<~eand composition of <<t<«raMM<ttM<Mt<vapor pMMM~e<tM<tcomposition <~Mt«raK«Mmtto<t<

TeM*Be*TCXB VAMHM)!M<mB tt<M.MNKt/Li OKAtmU fBKtM
att*mNH)

~m~

0° 34.0 3.60 11.3M

-32.7" 3.4 3.74 M.896

-33.20 3.4 3.76 M.8M

-63.50 1.1 3.81 M.6)a

of the saturated solutioninorcaseamarkedlythroughoutthis sametem-

perature range. The valueobtainedat O'C.,34mm.,agreeswellwiththat
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foundby Kraus(2c),namely33mm. Krausand Johnson(2f) foundthe
compositionof the saturatedsolutionat –39.4"C.to be3.61gram-mole-
cuJesofammoniapergram-atomof lithium;our valueat a slightlyhigher
temperatureis 3.74. Thisdifferenceof approximately3 per centmaybe
asoribedto the présenceof foreignelements,partioularlyiron,sodium,and
potassium,in thevarioussamplesofmetaHiclithiumuaodin the twoinves-
tigations. In the présentwork,samplesof lithiumweretaken fromthe
samesource;eachsampleMed to showtheprésenceof ironand potassium
butappreoiabtequantitiesofsodiumwerefound. However,themaximum
amountofsodiumthat couldbeprésentwiththe lithium,accordingto the
résultaof the anatyticatdeterminations,wouldnot seriouslychangethe
compositionof the saturatedsolutionsm our experiments,certainlynot
morethan 1 per cent. Experimentsare nowbeingundertakento make
direct solubilitymeasurementsof the atkati metab in liquid ammonia
whichpromiseto yield resultsofa higheracouracythan is allowedby the
indirectvaporpressuremethod.

BUMMABY

The vaporpressureof solutionsof lithiumin liquidammoniabasbeen
determinedat high lithiumconcentrationsand at severaltemperatures.
Anextrapolationmethodisusedto obtainthecompositionof thesaturated
solutionat eaohtemperature. The resultashowthesolubilityofmetaUic
lithiumtoincreaseappreciablyfrom–C3.5'*to0"C.
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INTRODUCTION

The total vaporpressuresofammonia-watersolutionsat temperatures
between0"C.and 120"C.and at pressuresup to 9 atmosphereshavebeen
measuredbyMollier(1)who,however,determinednovaporcompositions.
Smitsand Postma (2)examinedthe systemin the regionof the eutectic

points and three-phase lines. They determinedthe pressures,tem-

peratures,and compositionsof certainsolutions,includingthoseexisting
in equilibriumwith the varioussolidphases. Perman(3)basdetermined
both totalvaporpressuresand vaporcompositionsbetween0"C.and60~'C.
at pressuresbelowatmospheric.

Perman'smethodconsistsof passinga knownvolumeof air through
the ammoniasolution,and determiningthe weightsofammoniaandwater
the air takes up. The partial vapor pressuresof ammoniaand of water
can thenbecalculatedfromtheseweights,and the totalpressureoftheair-
ammonia-watervaporphase.

Theworknowreportedwascarriedout inordertoextendtheknowledge
of this systemup to 150'*C.and 20 atmospherespressure. A dynamic
method was used to déterminevapor compositionsbetween60*C.and
100"C.and for pressuresup to 1.5 atmospheres.The methodwas in-
convenientforhigherpressures.

The total vapor pressuresin the system up to 9 atmosphèreswere

alreadyknown(4).
For the higherrangeof temperaturesand pressuresit wasfoundneces-

sary to usea static method. Both totalvapor pressuresand vaporcom-

positionsweremeasured.

EXPERIMENTAL

1. FroMCO"C'.to~00°C.;pre~MfMup to <!<mosp~'ea

At temperaturesas highas 60"C.,Permanhad difficultyin gettingthe

air he passedthroughhis saturatorscontainingtheammoniasolutionsto

101
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takeup ita properamountofammoniaandwater. Assaturatorshe used

vesselsof thewash-bottÏetype,andhisdilficultiesweremostprobablydue

to theinefficiencyof thesewhencaHeduponto saturate airwiththe large

quantitiesofammoniaand waterprovidedby thé high partia!preseuMB

at 60"C.
A veryefficientsaturator designedby Biehowekyand Storch (6) bas

beenadaptedfor vaporpressureworkbyPiereeand Snow(6). Its design

MshowamSgureïa.
Thesolutionis held in the tube A. Air enteraat B and breaks into

bubblesat the jet C. These bubblestr&vetup the inetinedtube D,

becomingsaturated withvaporfromthe solution. At thesurfaceof the

solutiontheybreakandthe vaportravelsbackto theoutletat E. Behind

andbelowthe jet C, a vent F is Mownin the tube D. Heresolution is

drawnin and carriedup the tubeD betweenthe bubbles. This ensures

thoroughmixingof thesolution. TheneokG,providedforfillingpurposes,

Fta.ta

is closedby a rubberstopperwhichcan be wiredon. A sampleof the

soMon canbewithdrawnbywayof thecapillarytube H.

Fourvesaelaof this pattern, each 10in. x 1~in., madeof Pyrex stase,

werejoinedtogetherin.seriesin the wayshownin figureIb. It was not

considerednecessaryto providethe twoinnervessebwithsamplingtubes.

Theinletand outlet tubea A andB werevertical. The wholeapparatus

wasmountedin a framewhichcouldbe heldin a thermostatcapable of

régulationto :i=0.01"C.The water level in the thermostatwas main-

tainedwellabove the stopperC. To preventcondensationfrom the gas

onthe wallsof the tube B a heatingcoilD formedon a brasstube sur-

roundingB was used. The tubewasheatedto t2(t-140'C.

Theairsupplywaskept at a suitabiepressure,indicatedbythe manom-

eterE,byadjustingthe serewelip F ona tube openingto theatmosphere.

The clip G regulated the supply to the apparatus. Rubber pressure

tubingwasused,wiredon at allconnections.

Themethodofusingthe apparatusdependeduponwhetherthe solution
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in the saturatorshada total vaporpressurebelowor aboveapproximately
680mm.at the workingtempérature. Withthe formertype ofsolution
it is possibleto passthrougha auScientamountof air without takingthe

pressureaboveatmospheric;thismethodwillbedesoribedfirst.
The saturatorswere filledto the correctlevel(the top of the inolined

tubes) with an ammoniasolutionof knowncomposition. Afterwirmg
onthe stopperatheapparatuswasplacedin thethermostatand theheating
coilwaafittedoverthe outlet tube B. The pressuretubing fromthe air

supply ah~adydescribedwaswiredon to the tube A with the clip G
olosed. A lengthof about 6 inchesof Pyrex tubing (3-mm.bore) was
sealedto thetopof the tubeB,and bentoverat right angles,as shownat J
in figure2. The current to thé heating coi!and thermostat was then

FM.lb

switchedon,andthe latter wasbroughtto the workingtemperatureand

there regulated.
The absorptiontrain consistedof twoU-tubes,the firstcontainingglass

beadscoveredwith25 per cent sutturicacid,the second,glassbeadswith

concentratedsulfuricacid. Athird tubefilledwithglasswool-phosphorus

pentoxideabsorbentwas eventuallydiacarded,for its weight never

increasedbymorethan one-fifthof amilligramduringa run.

The absorptiontrain, after preparationandweighing,waafittedto the

tube J withpressuretubing.
The clipG wascarefullyadjustedto allowa slow,steady streatn of

bubblestofonhandto pass throughtheapparatusand absorptionsystem.

During the run the tube J wasgentlywarmedwith a Bunsenflameto

preventcondensationbeforethevaporreachedthe U-tubes. Aftera run,
the clip G wasclosedand the absorptiontrain was disconnectedand

weighed. Thecontentsof theU-tubeswerewashedout, and theammonia
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présent was determinedby distillation. The increasein weightof the

U-tubeswasnormallybetween0.6and 1.0gram.

Finallya sampleof the solutionin the saturatora was removedfor

analysis. A changein compositionof one part per hundred of the NH<

percentagewasaornetimesobservedin thé first saturator, wherethe air

was admitted;in the last Batumtorthe compositionof the solutionwas

always within 0.2 part por hundredof the original NHa percentage.

The compositionof the solutionin the last saturator was taken as that

of the solutionin equilibriumwiththe vapor cottected.

For solutionsof the secondtype, those with total pressuresbetween

650mm. and 1100mm.at the workingtempérature,it was necessaryto

devisesomewayof keepingthe pressurein the saturators and absorption

r

0

":nnr~

FM.22

train at least100mm.abovethe total vapor pressureof the solution,in

order to providesumcientair to take up the ammonia.and water. The

apparatusahownin figure2 waaused. The U-tubeA waa madeofPyrex

tubing (3.n)m.bore)wideningto 11-mm.bore tubingat the U. To the

baseof the U, a third tube,B, wassealedand bentupwards. This was

connectedto the 50-ce.pipettebulbC, fittedto pressuretubing provided

with the acrewclipD. The apparatuswas held inan oven,E, fittedwith

nMcawmdowN.The ovenwasheatedto keep the vapor passingthrough

the U aboveits-dewpoint. Theaideann F was connectedtb the absorp-

tion System,the far end of whichwas connectedto the tube H, dipping

into a cotumnof mercury,and to the tap K. The U-tube A wasfilled

withmercuryto the levelL.
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In preparationfora run,theapparatuswasassembledin the wayshown
in figure3. The taps of theabsorptiontubes and all rubberconnections
werewired on, and the wanningup of the oven E waabegun. The
saturators werepreparedas before,but when the température of the
thermostatbad rison to a point wherethe total vapor pressureof the
complexin the saturatorshadreachedapproximately650mm., the tubeJ
(fromthe saturators) wasconnectedto the limbG of the U-tube with
pressuretubingwhichwaawiredon. Subsequentty,as the temperature
of the thermostatrose towardsthe workingtemperature,the pressureof
air,ammoniavapor,andwatervaporin thesaturatorsrosesteadily. This

increaseof pressurewas ba!ancedby applyinga pressureof air through
thetap K at intervals,andwatchingthelevelofmercuryin the !imbsofA.
Afterthe thermostathadreachedtheworkingtemperatureand hadbeen

regulated,themercuryinAwasdrawnupintothebulbC,until therewasa
freepassagefor the vaporfromonelimbofA to the other,and the clipD
was olosed. Air was then admittedto the saturators and the run pro-
ceeded. The air BnaUyescapedthroughH, bubblingup the tube M.
Again,it wasnecessaryto keeptheuppertubesJ, G, andF gentlywarmed.
Therun wasbroughtto an endby shuttingoffthe air supplyto thesatu-
ratorsand releasingthe mercuryin the bulbC, whichclosedthe passage
betweenG and F. The lengthof thelimbF wasusuallysufficientto tako
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the columnofmercurywhiohrosé (owingto the pressuredifférence)when

the absorption train was disconnectedfor weighing. At the highest

pressuresit wasoooasionallynecessaryto allowthe thermostat to cool

for sometimebeforedetaohingthe absorptiontubes.

ResM!<a

The resultawhiehwereobtainedare givenin table 1. The total vapor

pressureswereobtainedby interpolationof the values givenin the Inter-

nationalCritioalTables,Vol.VIII, p. 362. The figuresfor the ammonia

contentof the vapors are probablyaccurateto 1.5 unita for vapors of

composition30-70 per cent of ammonia. Beyond these limita thèse

déterminationsare believedto be moreaccurate.

froNt~00"C.toMO"C'prMSMretup <o.80atmospheres

Theapparatuswhichwasusedhadbeendesignedfor the détermination

of the equilibriumrelationsofpressure,temperature,and. compositionsof

solutionsand vapors in uncondensedsystems,at temperatures above

100"C.and pressuresbelow20 atmospheres. A 4-liter bombis used to

hold the complex,the vaporvolumebeingabout two Mters. There are

arrangementsfor stirring, for measuringthe temperature andpressure,
and for withdrawingforanalysissamplesofsolutionand vapor.

The apparatusis showndiagrammaticanyin figure 3. The bomb A,
of stainlessiron,is ctosedby boltingdownthe cover, C, over a copper
washer. In the centreof thiscoveris a pressuregland throughwhiohthe

stirrerD passes. The glandis packedwith8. E. A. rings,andthe stirrer

rotatesat 60r.p.m.and baspaddlesin the liquorand vapor. Screwedon

to thecoverare twovalves,E and F. ValveE has attacheda tubewhich

dips into the bombto withinan inch and a half of the bottom. The

openingofF isflushwith thelowersideof thecover,and thisvalveconnects

the apparatusto the closedhydrogenmanometerG, whichis capableof

measuringpressuresup to20atmosphères.AconnectionfromthecoverofA

to the valveH leadsto a smallerbombJ (300ce.)which is heldon to the

coverby a bracket. This smatterbombis fittedwith two valvesK and

L, K for withdrawingthe vaporsampleto an adsorption train, and L for

the inletof dry air to the fartherendof J for sweepingout thecontents.

A copper-constantanthermocouplein a sheathis also fitted throughthe

coverofA,a lens-ringjointbeingused. Toavoidthe useofoompensating

leads,the thermocouplewiresrun directlyto a cold junotionand poten-
tiometer. The apparatus is held in positionby &xingthe bombA ina

tripodin thebaseof an oil thermostat,the oillevelbeingabovethe top of

the smallerbomb-J.

The thermocouplewascalibratedat 10'C.intervals up to 200"C.,and

can be readaccuratetyto within0.1"C. The olosedmanometeris filled

with pure dry hydrogen,and the columnof gas is water-jaoketed. The
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volumeof the capillaryhadbeendeterminedforeach2 cm. of its 70 cm.

length. In orderto calculatethepressureof thehydrogenfromtheheight

TABLEt

mtBMM AMtOM* tM UqCtC *MMOK!* tK V<f0n

T-eo.o'o.

««MMttJ~M )X)'«t)< pOTMHt
0.240 0.96 17.2

O.ZM 1.97 28.8

0.866 3.40 40.8~
39.tj

0.360 3.66 43.1
0.416 4.68 65.2~

66.3J
0.430 4.94 &5.6
0.487 6.04 60.2
0.684 7.90 69.6
0.630 8.66 72.3
0.842 n.M 79.3 =

792;
t.î04 16.38 84.2
t.461 18.91 00.0

y

0.646 0.96 14.3
0.634 1.97 28.2
0.761 3.40 38.1
0.786 3.66 41.1
1.030 6.04 53.1
1.224 7.90 63.1

1.706 11.9 73.6~

73.4f

r 90.0'C.

0.742 0.60 6.90

0.797 0.96 13.12

0.866 1.47 19.2

0.916 1.97 23.4

0.967 2.26 29.4

1.124 3.7 38.7

1.364 6.64 49.8

T'=100.0°C.

1.064 0.60 6.14

1.206 1.47 18.0
1.433 2.98 31.6

of meroury in the capiUary, it was necessary to know the quantity of

hydrogen endoaed in the c&piHsry. This was found by calibration
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againstan openmercurycolumnmanometerat 2 atmospherespressure.
In addition,the higherpressurereadingsof the manometer(6 to 20

atmospheres)were cheokedagainst a calibrated Bourdongauge. A

cathetometerwasusedto readthe positionof the merouryin thecapillary
andto measurethe differencein levelof the tnerouryin theoapillaryand
in the reservoir. Thepressuredue to thishead ofmerourymustbeadded
to the calculatedhydrogenpressureto give the pressureappliedto the
manometer.By closinga valvewhichliesbetweenthe reservoirand the

bodyof the raanometer,the gaaspaceabovethe mercuryin the reservoir
couldbeevaouàtedwithoutremovinghydrogenfromtheoapiUary.

To put a complexin the bomb the apparatua was evaouatedwhile

standingat roomtemperatureand the valve H closed. Two liters of

complexwas then drawninto the bombA through the Uquorsampling
tube, care being taken not to introduce air with the complex The
thermostatwasheatedto theworkingtempératureand regulated,andthe

contentsof the bombwerestirredat this steady temperatureovemight.
Thiawasfoundto bo a stuBcientlengthof time to establishequilibrium.
Themanometerandthermocouplereadingsweretaken. Afterevacuating
the vaporsamplingbombJ, the valveH waa quicklyopenedand dosed,
isolatingm J a sampleof thevapor. Thesamplewasdrawnout by way
of the valve K, through a eulfuricacid absorption train for analysis.
Whenthe pressurehad beenreducedto that of thé servicevaouum,air

drawn through concentratedsulfuric aoid was admitted through the
valveL, and wassweptthroughthe bomband train to removethe last
tracesofwaterandammoniafromJ. Samplesof solutionweretakenby
openingthevalveE and absorbinga fewgramsof the complexina known

weightofsulfuricacidin a systemof traps whichexoludedthe possibi!ity
ofanytossofsampleor acid.

Usuallya givencomplexwasexaminedat a wholesériesoftemperatures
between100"C.and 150"C. New complexeswere obtained either by

emptyingandre-fillingthebomb,orby boilingoffvaporfromthe previous

complex.Aftersomeof the resultahad beenobtained,it wasfoundthat

thetemperatureofthecomplexin thebombmeasuredbythethermocouple,
wasalways3°C.belowthat of the outside bath, owingto heat tosses

throughtheconnectionsfromthe bomb. This temperaturedifferencewas

confirmedby experimentaon the vapor pressureof watermeasuredat a

numberof temperaturesin thisapparatus. In order to makeuseofthese

first resultsthe work was continuedat 97°C., 107''C-,117"C.,127"C.,
137"C.and 1470C.

J!<MtM&t

The experimentalresultsare givenin table 2. The errorin the com-

positionsin mostof these,isabout onepart per hundredof the ammonia
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~0<<!f)Mof the <y<<M<,ammonia-water
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«WW~MM u~ tftc C~NtOHt, MM<7~W7Htt'~PWof

fXBfMM AMMOKt* !t< UQOM AMMOMA ttt YAH)R

T-M'C.

ill

«tmM))<«w )~M~ pJemt
0.899 0 o
2.4 9.3 63.3
3.8 16.0 78.3~

?6.0;
O.M SS.S6

?.70)8&.S8;
7.04 i!B.9 89.6

T =. wc.

1.277 o o
3M M.O

61.0~

60.0;6.U 16.0 763
8.6S 26.0o 86.4

y-117~.

1.780 0 o
3.36 6.6a –
4.86 9.6 61.6
6.8 14.7 73.Z
10.63 – (St

IIIIIIII"Z'ZZ~~
° ~C–––

2.436 0 o

4.37 6.43 46.3)
43.7;6.62 9.6 69.0

7.31 68.6
12.44 M~
13.6 26.0

82.6)82.8;

r=137''C.
3.274 o 0
6.7 6.6s 42.0
9.06 66.2)

14.90
66.9;

14.90 78.6
26.0 80.2

r=147''C.

4.332 o 0
7.3 0.6 40.2)

40.6;
CS 9.6fi 60.22

11.84 t3.6 62.4)

62.0;

_16.3
19.6 76.0
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percentage. ln somecases,particularlyat the highesttemperatures,the

error in the vaporcompositionsis two parts per hundred. Theerror io

the total vaporpressuredeterminationsis lessthan twoper cent.

m

MEMHTXHH,

FM.4

THE tSOTHEBMS AND Ï80BAB8 IN THE SYSTEM

The experimentalrésultaare ptoMedas isothermsin figure4. Data

from tables of total vapor pressuresgivenby Mollier(1) obtainedby
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WCMMT NH,
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TABLE3

TMtMMMM ~MMOM*tNUOUM AMtOM*MVAMR

Pressure = MatmosphetM

tfe~MtC. pf<m< tMfMX<
180.6 0 0

HO 34 ~B

160 6.6 M.3

160 M.t M.e

140 M.O M.8

MO M.O 742

120 2SO 81.1

MO 26.3 8?.0

100 80.8 M.7

M 36.8 M.l

M 406 97.4

70 46.0 ?.8

? 62.2
? 60.0

? 702

M 87.0

25.3 100 ÏOO

PteMure 8atmoBpherea

Ml 0 0

KO 0.3 2.3

160 3.t 20.7

160 6.4 ?0

140 10.2 66.6

130 14.1 ?.0

120 183 77.3

110 22.4 840

100 26.7 89.6

M 31.4 C33

M 36.4 M.2

M 4t.O 98.2

M 47.6
M 64.1

40 62.0

? 73.5

M M.6

18.5 100 100

PresauM= 6atmospheres

159.3 0 0

160 2.6 M.6

140 69 40.0

130 9.6 67.1

120 13.5 69.9
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TABLE 3–C'OM«<M«!<i

.o. ·
MMPBBATONB *ttM<H<!A Ht U<)t)M AXMOKt* tM VAKtB

PMMure = 6 attoosphMM–C<M<ihMM

'bfr«tC. txr«n< tXffmt
110 1?.C 78.4
100 22.0 84.8
00 26.9 90.0
M 81.4 64.2
M 39.6 97.0
60 41.9

M 47.6
? M.O
30 62.0
20 74.6
9.7 100 100

FMMUto 4 fttmmpheMs

144.1 0 0
140 1.0 9.8
130 4.2 83.0
120 7.7 62.2
110 11.6 66.3
100 ÏS.6 70.0
90 19.8 83.8
80 24.4 90.0
70 29.3 94.8
60 34.2 97.3
50 39.7
40 46.6
30 62.2
20 60.2
10 71.6

0 94.7
-1.6 100 t00

Pteseure =' 2 atmospheres

120.6 0 0

120 0.16 1.6
110 2.9 29.0
100 6.2 60.6
90 10.0 67.6
80 14.0 80.3
70 18.6 89.2

60 23.4 94.8

60 28.6 97.6
40 33.7 98.4
30 39.3
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TABLE 3-CoaKa~

TBMPBttAfCXB AMMON)* )« UOOtB ) AtfMOKM <)f VAPOR

Pressure = 2 atmoBphMe8–CM)e<«<<«<

<<~MMC. )Mfcm< p<rem<
20 45.6
tO 52.6

0 61.44
-M 76.0
-t8.6 100 100

Pressure1atmosphère

100 0 0
M 2.9 31.8
80 6.1 62.6
?0 10.0 70.0
60 14.4 82.6
60 19.0 90.2
40 24.0 94:6
30 29.1 97.0
20 34.6 98.6
10 40.6 99.2
0 47.3

-M 55.3

-20 66.4
-30 86.0

-33.2 100 100

Pressure '=0.6 atmosphère

81.7 0 0

80.0 0.3 4.6

60 6.2 63.6

40 15.0 87.6

20 26.0 97.6

0 37.2
-10 43.1
-20 61.2
-30 60.0

-40 76.3

-46.3 100 100

Presmre =0.2 atmosphere

60.4 0 0

60 2.7 38.0

40 6.6 666
30 10.0 80.0
20 16.0 90.6
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TABLE 3-CeHcMet!TABLE 3-Cet!c!t«M

MMt-BMtMZ AMMOMtAtMHQCtB AttttetttAMWAMe

_Pressure '=
0.2 ftttnof)phM9-'Cottch«M

~MC. tXB-tt)t< tertmt
10 20.0 96.6
0 25.3 98.0

-M 31.8 99.0
-M.O 100 tOO

Preseure = 0.02 atmosphère

17.7 0
M 1.7 –
0 6.0 –

-10 9.6g –

-M t6.0 –

-30 21.0 –

-40 27.6$ –

-M 34.3 –

-60 41.6G –

-70 M.o –

-79.8 62.8 –

-82.9 76.6 –

extrapolationof resultsdeterminedup to 120"C.and 9 atmospheres,are
abo plottedonthis graphand the agreementis good.

Pointsfromtheseisotherms,and fromthoseofPerman,togetherwith
total vapor pressurevalues given in InternationalCritieal Tables (4)
have beenusedto construet the iaobarsfrom0.02to 10atmospheresin
figure5.

The vapor branoh of the 0.02 atmosphèreisobar is unknown. A
projectionof the liquidand vapor and solidlines,determinedby Smits
andPostma,onthe t – baseisshownon thisfigureanddefinesthe lower
temperaturelimitsofexistenceofthe solutionphase.

Thecourseofthevaporbranchesofthe isobarsfrom2atmospheresto 10
atmospheresissomewhatuncertain in the temperaturerange70°to 90"C.,
whereno vaporcompositionshave beendeterminedand wherethere is a
rapid changeof curvature, but from analogywith the isobarsof lower
pressures,it isbelievedthat the curvesgivenin figure5 aresubstantially
accuratetowithin1percent ofthe ammoniaconcentration.Thereareno
pointsabove147°C.except thosefor purewater,but there is little doubt
ofthepositionsof the isobarssincethecurvatureissosmallin this region.

Tables3 and4 havebeenconstructedfromfigure5. Thevaluesabove
10atmospheresin table4 wereobtainedby interpolationof the straight



116 ï. L. CHMtMtDAN&B. HUNTBR

TABLE4A

AMMoxuta M<Mon MmeeM *m<o)n*lit wMt

y"60''C.

p<rem< etxMtp~Ot ptremt
0 0.197 0
& 0.439 66.4

M 0.717 ?.8
15 1.084 84.1
20 t.669 91.3

r~ao'c.

0 0.467 0
6 0.90 47.8
10 1.48 69.9
15 2.19 81.2
M 3.06 87.0
26 4.14 90.8
30 6.66 93.9

y-90'C.

0 0.692 0

6 1.30 48.6
M 2.00 ?.5b
M 2.91 77.1

M 4.12 84.6
M 6.66 89.1
30 7.12 92.4

r 100'C.

0 1 0
6 1.82 45.6

10 2.75 64.6
16 3.88 ?.3
20 6.31 82.8
M 7.18 87.9
30 9.48 91.3

y-110'C.

0 1.414 0
6 2.41 41.8

10 3.68 61.6
M 6.03 73.7

20 6.91 81.4
M 9.20 86.2

? 11.98 89.0
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TABLE4–CMtctx~f!

t«H<)UO!t
1

MMMMt
l AMXOMAtMVAMN

F =. 120*C.

t~ <t«!M*P<<fM tW~mt
0 1.96 o
S 3.22 39.3

M 4.70 eo.0
M a.Ni 727
M 8.83 792
? tl.72 83.2
? t6.48 –

r
=. tSO'C.

0 2.67 0
6 4.27 37.7

M e.ï6 68.2
M 8.42 69.6

ÏÏ.33 76.8
? 15.04 82.0
M t9.8

_T'-t40'C.

0 3.67 0
6 6.66 34.7

M 783 63.8
15 M.70 67.2
? 14.37 75.7
? 19.20 –
30 –

_T = 160°C.

0 4.70 0
6 7.14 31.3

M 10.02 31.5
M 13.68 66.4
M 18.6 76.6
26 –
30 – –

linesobtainedwhenlogP is plottedagainstthereciprocalof the absolute
temperature.

8UMMARY

1. The compositionsof the vaporsin equilibriumwithammonia-water
solutionsbavebeen determinedat 60"C.,80"C.,CO"C.,and 100''C.for
solutionswithtotal vapor pressuresup to 1.6atmosphetes.
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2. The total vaporpressuresand composmonsof vaporsin equilibrium
with ammonia-watersolutionshave been determinedwithin the limita
100-150"C.and 1 to 20atmosphères.

3. The isothermsta the systemhavebeenconstruotedfor temperature
httervaïsbetweea60<'C.and 150"C.

4. From the resultsof the workreportedand thoseof Perman,Mollier,
and Smits and Postma(3, 1, 2), the iaobarsfor 10, 8, 6, 4, 2, 1, 0.6,0.2
and0.02atmosphereshavebeenobtained.

The authors wishto expresstheir thanks to the Directorsof Imperial
ChemicalIndustriesLtd., for theirpermissionto publiahthiswork,whioh
wascarried out in theResearchLaboratoryof their subsidiaryeompanY,
I. C. ï. (Alkali)Ltd.
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THEORY

It bas long been knownthat the electricalrésistanceof a materialto
whiohthe term "dielectrie"is appliedis a functionof thé temperature,
deoreaaingas the temperatureincreases. Thus,in 1889Curie (1) found
that the speci6cvolumeresistanceofquartzin the directionofthe optioal
axisfe!lfrom 1.2X 10'*ohm-cm.at 20*C.to 5.6X 10~ohm-om.at 300"C.,
and Campbell(2) in 1913reportedthat thisquantitydecreasedfrommore
than 2 X 10'~ohm-cm.at 16"C.to.2 X t0~ohm-om.at 800"C.for the
aamesubstance after fusion.

In 1906,Koenigsbergerand Reichenheim(3), assumingthat the con-
duction through dlelectrics(oxides,sulfides,metals, and metalloids)is

largelyeiectronicin nature,developedanequationto expressthechangeof
résistancewith temperatureas follows:

?. Ho(1+ o<+ 6f)e' (t)

whereA<is the specifievolumerésistanceat temperature<(in degrees
Centigrade),Rois the specincvolumerésistanceat zéro degreesCenti-
grade,and q is a constantcharacteristicof the material. The quantities
a and b, also constants,usuallybecomenegligiblefor dietectrics,so that
the equation reduces to

~<r~+" 1)
(2)

This equation may aho be expressedin logarithmicform

!ot; ? + B/r (g)

whereR is the specifievolumerésistance,T is the absolutetemperature,
and Aand B are constants. This formof equation,whichmayalsobe

derived,as willbe shownlater, by assumingthat the conductionprocess
1ThisarticleisadaptedfromthetheNsofJ. D.Clark,submittedinpartialful-

fillmentofthereqairementBforthedegreeofMasterofScienceinChemistryat the
Universityof Wisconsin.
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taan ionieone,wastestedbyRasohandHinrichsen(4) in 1908,by Pirani
and Siemens(5) in 1909,by Dietrich (6) in 1910,and by Curtis (7) in
1914. In these investigationsthe behaviorofbothorystaUineandamor-
phousdieleotricswasstudied.

In 1926Saegusa(8)measuredthe résistanceofquartz, calotte, ambroid,
paper, and paramn at températuresrangingfrom10°C.to 360'C.,and
developedanother formulato expressbis résulta. Thé oonduotivitywas
assumedto beeloctronicin nature. Theelectronsarethermionioinorigin
accordingto this investigator. The formuladevelopedwas

i: = ~T. (1 BïV~' cr~~) (4)

where is the speeiËcvolumeconductivity,T isthe absolutetemperature,
k ia the Boltzmannconstant,q is theworkof libérationofoneélectron,and
A, B, and C are constantswhiohare madeup asfollows

A A~
4, B 90At 0 2pè

~-<s~ B-2~A',
C-Zp.

In thèseexpresaionais the meanfree path ofan electron,f is the mean
veloeityof an electron,pia theeffectiveradiusofan atomof the dieleotric,
eia theelectronicoharge,andA'isa constantspecifieforeachmaterial.

Jone (9) bas developedthefollowingequationto expressthe oonductiv-
ity ofa pure crystalasa funotionof the température:

tôt: a/y + 6 (6)

Here a and b areconstants, is the specifievolumeconductivity,and T is
the absolutetemperature. This equation, havingthe form of equation
3, wasdevelopedusingtheassumptionthat the conductivityis the resuit
of an ionicprocess. It willbe shownlater that an equationof the same
sort may be developedand appliedwithsomesuccesswhenthe dielectrio
is not a pure crystal.

APPA&AT08 AND PROCEB~RE

Theusualmethodofmeasuringveryhighrésistancesinvolvesthe useof
a baHistiogalvanometer. The useof this instrument4sdisadvantageous
frommore than onepointofview. The galvanometermust becalibrated
and mast be kept in catibr~tion. Aaught variationin the characteristics
ofanypart ofthe apparatus,ora stightvariationin the techniquepfopéra-
tion, servesto introduceerrorsinto any result. Thesedisadvantagesare
inhérentnot onlyin a baNisticgalvanometer,but alsoin a caiibratedelec-
trometer when11iasabstitutedfor the former,and in any typeof instru-
ment which dependsupon a sealereading for the results. Whenit is
possibleto useit a nullmethodismoredésirable.
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TheWheatstonebridgeia thecommonestofall zéroreadinginstruments

for this typeof work. It is not usuallyadapted to the meMurementsof

very high resistanceB,sincethe ratio of the two resiatanceanne of the

bridge becontosvery highnear the limitof the rangeof operation,witha

reeultant toMin accuraoy. However,it hasaomanyadvantagesin easeof

operation,inreliabilityandin stabititywithrespectto stightvariationsin

Flo. 1.DtAQBAMOfMEABOtUNGCtBCUfT

unknownïesietanee;B,standardreaistance;P, potentiometer;V,voltmeter;
E, electrometer;8, switch,G,ground.

the indioatinginstrumentthat it wasdecidedto modifyit to anextent that

wouldmakeit suitablefor the measurementof very highrésistances. In

this modificationa Comptonelectrometerwas substitutedfor the usual

galvanometerto mereaBethe sensitivityof the arrangement. But the

moat importantchangefromthe usualbridgewas the éliminationof two

variable résistanceswiththe insertionof voltagesin theirplaces. A dia-

gram of the apparatusas used is shownin figure1. Thusby inereasing
the voltageon what wouldnormallybe the high résistancemdonf the
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bridge,it waapossibleto avoidthe dimcattieawhieharisewhenthe résist-
anceratiohecomesvery high, sinoovoltmeterreadingsoanbe madeon
each sidewithapproximatelythe sameprécision. rrheir ratio, whether
largeor small,cannowbe obtainedto a considérabledegreeofaocuracy.
Sinceit wasnecessaryto vary the8epotentials,the voltageon the high
résistanceaideof the bridgewasarrangedso that it couldbe controUed
with a pointswitch. A potentiometerwhichmade possiblean aoourate
voltageadjustmentwas usedon the lowrésistancesideof the bridge.

The operationof the bridgemay be describedas foBows:A standard
resistance!sinsertedat R. Then, after the introductionof the unknown
resistanoe,p,thevoltagesarevarieduntUthereisnoswingontheelectrom-
eter whentheelectrometerswitoh8 is opened. The bridge is nowbal-
aneed,andtherésistancesstand asfoHows:

«/R = tW, or V,/R~

The voltages and V:are thosereadfromthe voltmeters,and? is the
standardknownrésistance. Goodreaultsmaybe obtainedwhentheratio
of the voltages,and thereforeof the résistances,beoomesas highas 1000
to 1. Atthisratio thereisstillsensitivityin the arrangementto permitof
an accuracywhichwillbe limitedonlyby the précisionwith whichthe
two voltagesmay be read. Calibrationof high résistancestandardsis
necessaryforthé workwith dielectricmateriats. A lowrésistancestand-
ard is iBsertedat R, with a higherrésistanceat Therésistanceof is
then determinedby bringingthe bridge to a balance, It may thenbe
used as the standardfor the next step. This may be continueduntila
standardis obtainedthat bas a highenoughrésistancefor the rangeof
measurementsthat are to be made.

The higheststandard used had a résistanceof 2440megohms,which
makespossiblethe measurementof a résistanceof approximately1.6X
10" ohms. It wouldbe possible,of course,to go to higherrésistances
witha higherstandard résistance,but at the higherrésistancesthe static
effectsbecomeappreciableand make measurementsmoredifficult. In
suchcasestheoperatorof the bridgemust remainquiet whilemakinga
reading;otherwisethe electrometermayswingbackandforth,makingan
accuratebalanceimpossible. The part of thé wiringin the neighborhood
of the pointsA,B, andC infigure1 isthat part whiohis themostsensitive
to capacityeffects. AUmetal parts wereconnectedto a spécialoutside
groundwheneverthis waspossible. It willaIsobe appreciatedthat the
operationofthe bridgebeoomesdifficultwhenthé humidityishigh.

The apeeincvolumeconduotivitiesof ten substances,mo!udingsixsyn-'
theticsandfourvarietiesof woodhave beendeterminedas a functionof

temperature. ThesyntheticsinoludetransparentBakelite,ordinaryblaok
panelBakelite,Du Pont PyralinNo.1735,Glyptalresin,and twosortsof
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the resinknownas "Beetleware"(No. 3 and No. 20), whilethe woods

ineludebirch,mahogany,red oak, and Sitka spruce. An attempt was

made to measurethe conductivityof hard rubber,but the conductivity
was too lowto bemeasuredwith thé présentapparatusat anytempera-
ture to whiohthe rubber could safety be heated. AUthe synthetics
werethe uau~tcommercialproducts,with the exceptionof the sampleof

Glyptal. The latter waspreparedby us fromglyceroland phthalicacid.
Afterthe cookingprocesshad beenoomp!etedthe resinwaaouredm an
ovenkeptat 120''C.forthreeday<!andat 150''C.forsevendays. Thecon-
ductivitiesof the woodswerethoseof the wcodBin the dry state, as well
aa it oouldbe attained. Beforebeingusedfortheconductivitymeasure-
tnentsthe woodsamples,cut as descnbedin the nextsection,werekept

FtG.2.CEH,TïFEA

Etectrodeaformedbyfillingt inehholes,drilledwithcenters0.5cm.apart,with
mercury.Attematepoohofmercuryconnectedtoformtwoelectrodes.

at 105°C.inadrykilnforseveralweeks,andduringthemeasurementsthere
wasalwaysa dishofanhydroussulfuricacidin the constanttemperature
ovenin whiehthe sampleswhoseconductivitieswerebeingmeasuredwere

placed. Thesynthetieswerekept in a sulfuricaciddesiccatoruntil they
weretaken out for measurement. The woodwasapparentlydry, since
whenthe temperatureofmeasurementwascarriedto UO"C.no breakin
the oonduotivitycurveappeared.

Twotypesofconductivitycellwereused. ThecellofTypeAis shown
in figure2. Thewoods,the panelBakelite,andtheGlyptalsampleswere
eut to the shapeofcellsof this form. The woodsamplesweresoeut that
the conductivitywasmeasuredin a tangentialdirectionrelative to the

directionof thé grain. It wouldbe very difficultto calculatethe ceU
constantforsucha cellwithany degreeof accuracy,so that it had to be
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obtainedexpenmentaUyusing a substance of known résistance. The
apparentrésistancewaadeterminedwith the apparatusand the ceUcon-
stant oaloulated. Asampleof BakeliteAM-250,havinga speciSovolume
tesistanceof8 X 10"ohmsat 20-21"C.,waathe substanceusedasstandard.
AUoollsofTypeAweremadeto haveexaotlythe samedimensions.The
eonductivityof an unknownsamploin this form was168timesthat ofa
centimetercube. Thisconstantprobablyshouldnot beexpressedtomore
than twosignifioantfigures,sincethé aocuracyof thé measurementsofthe
oonduotivityof the Bakelitestandardwasgivenas 1 per cent, andsince

1

'w~'n j

FtO. 3. CBM. TYPE B

UeesmerouryetectrodesMindicated

it is difficultto reproduceexacttythe dimensionsof the standardBttke-
lite <?!!in the other dielectrics.

ThetypeB cellisahowninfigure3. The cellconstantin thiacasewas
catculatedfromthe diameterof the holetumed in the sample,andfrom
the thioknessof the bottom,asmeasuredby a micrometercaliper. It was
necessaryto assumein this casethat the part of thecurrentwbiehdidnot
flowdirectlythroughthe bottomfrom the insidemerourypoolto the
outermerourywasnegligible. MeaauMmentaweremadeon the Pyralin,
tranaparentBakeMte,and Beet!ewaresamplesusingthia type of cell.

Anattemptwasmadein aBcasesto reducethé surfaceconductanceto
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a minimum. The cellswereso designedthat this conductancewouldbe
as low as convenientlypossible. It bas already beenmentionedthat a
dish of anhydroussulfuricaoid wasalwayspresentwhenmeasurements
werebeingmade. Sincethemeasurementsweretakenovera considérable

rangeof temperature,and since there wereno irregularitiesin thecurves
inpassingfrombelow100"C.to highertemperatures,it isbelievedthat the
data givenrelateessentiallyto volumeconductivity. In all casesthe po-
tential Vawaaappliedto thesampleforat least an hourbeforeanymeas-
urementsweretaken, in orderto reducedielectricabsorptioneffeotsto a
smallquantity.

Duringthecourseof the experimentalworkit wasnotedthat therésulta
couldnot bereproducedwith any considerabledegreeof precision.The
ourveswereonly partially reversible,since either the compositionor
structureofthe materiaiaappearedto changeirreversiblywithincreasing
temperature. Experimentswith differentsamplesof oneand the same
substancedidnotgiveabsolutelythesameconductivity,thoughthediffer-
enceswerenevergreat. 8amp!esout fromthe samesectionof a given
materialvariedonlyslightlyfMmoneanother,probablyowingtounavoid-
ableinaocuraciesin the reproduotion.ofthe dimensionsof thé testcells.

EXPERIMENTALttEBUM'S

As typicalof the experimentalrésulta,conductivitydata foronewood

(birch) and one synthetic (Black panelBakelite)are presented. The
columnsof thetables indicate,fromleftto right: theCentigradetempera-
ture, the absolutetemperature, values for the quantity Ft/RF:
(R is the resistanceof the standard usedto obtain the balance),the nu-
mericalvalueofthe conductivityrepresentedby thequantity thespecinc
volumeconduotivity,its logarithm,andthereciprocalofthe absolutetem-

perature. Thesedata are also presentedas graphs (figures4 and5), in
whichthe logarithmof the specifievolumeconductivityis plottedagainst
the reciprocalof the absolutetemperature. It is evident that the data
are well representedby straight lines. This was true in the caseof all
substancesinvestigated,with the possibleexceptionof the sampleof

Glyptalremn,in whichcasethe slo~eof the curvebecamesomewhatless

steepas the temperaturewasincreased.
Becauseof the interest in a comparisonof the relativeabilityof these

substancestoresistthe passageof theelectriccurrentat ordinarytempera-
tures, table3 bas been prepared. Thespeoifievolumeconductivitiesat
~"C. have beenobtained by extrapolationof experimentalcurves. In
the casesofthe Glyptalresinand of thewoodsthis extrapolationissome-
what long(overa temperatureintervalof50°C.),neverthelessthevalueas

givenis believedto representthe properorderofmagnitude. Therehave
alsobeeninoludedin this tablevaluesforE, a quantity whichweshallcal!
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TABLE 1

BtrcA woed. CMt<<t<e<tM<yttt ta~~ttot (<tfeeM<w

CeHType A. Cet! ooMtMt !?.

Standard resiatance B = 2440megohme.

t~<
y y S7, <t <* LOOn¡¡ t/r*K.

~~r
0 fMf)

68 341 6.69 X 10-" 3.9t X t0-" ~.69 O.OC293

74 M7 9.88 X M-" 5.86 X 10-" M.77 0.00288

80 3M 1.MX10-" 9.28XM-" ~.97 0.00283

84 367 2.47 XM-" t.4?XtO-" M.17 0.00280

87 360 3.39XtO-" Z.OtXtO-" M:30 0.0<N78

4.78 XtO-" 2.83 XtO-" M.46 0.00276

110 383 2.27 XM-" 1.36XM-" ~.13 0.00261

TABLE 2

Bt<M&potxt BaMtte

Cett Type A. CeUooMtMt ° t68.

Standard
resMiancea P = 6.66 megohms, <=43,300ohms.

T x
~t

r f S~ <. Mo,:w t/T'K.

262~
3.37X10- 1.41XM-" M.M 0.00340

262~
374X10- 2.22X10-" M.33 0.00336

32.S 306.&
–~

1.03X10-' 6.09X10-" M.79 0.00328

~09~
166X10-' 9.26X10-" M.C7 0.00326

38.6 311.S 3.08 X 10-' 1.83 X 10-" M.26 0.0032t

46.6 319.5 9.96X10-' 6.91 X 10-" ~.77 0.00313
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FM. 6. BMCK PANEL BAKELITE

the energyof libérationof the carrierof the current. Thesignificanceof
thiaquantityw!Nbeevidentfromthediacussionto follow.

0
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TABLE 3

Voh<~ o/ and ~E/w <Kai')-<M<mo<M')o~

MttBM-M. j:AtM°C. N

tNtont)

TMMparentBaketite. 5.6 XtO'" 37,600
PanetBakeHte. 8.6xt0'" 29,700
Beettewtn-eNo.3(Mue). 4.4XtO-~ 42.MO
BeettewMeNo. 20 (Mack). 6.0Xt<h" 27,400
Pyratio. 2.6XtO-" 29,300
Gtypt&L. c~I 1 X10-" a 68,000
Birch. t.ZXM-" 22.MO
Mahogany. 3.7XtO-" 30,600
Redoak. 3.2X10- 28,400
SitkttBpruce. 3.4X10r"' 32,000

N8CUSSÏON

It is believedthat these conductivitiesand their variationswith tem-

peraturecouldbe explainedas the resuitof an ionioprocesB. The ions
that carry the current appear to originatein the inévitableelectrolyte
impuritiesin themina, and in the ionicimpuritiesrepresentedby theash
contentof the wood. In the developmentofa ctathem&tMatj~latioBBhip
to expressthe conductivityas a functionof température,thë ionscanbe
assumedto be distributedbetweeatwo phases. Thore wulbe a certain
numberofionsadsorbedonthe surfaceof theunitsofstructureof thema-

teriab, and therewillbe anotherquantityin the freestate betweenthese
units ofstructure,whosemigrationunderthe inBuenceof the eleotriofield
causesa flowof current. This conductivitywillbe proportionalto the
numberof free ions in any givensubstance,whilethe numberof bound
ionsshouldnot affectthé simpleconductionprocess. There willbe an

equuibhumat anygiventemperaturebetweenthefreeandthe boundions,
thUB

k (ï)

In this equationt/ and ibare quantitieswhichmeasurethe concentrations
of freeand boundionsrespeotively,andk laa constant. Sincethebound
ions are in a phasedistinctfromtbat of the freeions,their concentration

maybe consideredconstant. Thuswemaywrite

t/ <='X, and K )i, (2)

whereK isanotherconstant,and j<is thespecificvolumeconductivity.
The generalequationfor the variationof an equiMbriumconstantwith

the temperatureis

<-
~/Br' ?dT
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wheredj? i9the heat ofan activation,R is the gasconstant,and T is the
absolutetemperature. AssumingAHto be constantoverthe temperature
rangeinvolved,this expressionmaybeintegrated,withthe result

ta -d~/NT + c (4)

wherecis a constantof Integration. Assumingequation2 to becorrectit
followsthat

tn “ = -B/Kr + C (6)

whereE !s the energyofUberationofa moleof ionsand Cis anothercon.
stant. If the logarithmof the specifievolumeconductivityis plotted
againstthe reciprocalof the absolutetemperatureand a straightline re-

sults,thé quantity E maybe assumedto be constant. WhenBriggsian
logarithmsare used Emay be caloulateddirectlyfrom the slopeof this
line,accordingto the equation

-.B alopeX 2.303R, or elopeX4.676 ?)

Whenthe logarithmsof the observedconductivitiesare plottedagainst
the reoiprooalsof the absolutetemperaturea straightlinewitha négative
stopereBuMs.Thiaistakentoindicatothat asthetempératureis inoreased
ionsareliberatedfromthesurfaceofthemioellsto thefreeconditionin an
endothermicprocess,causingtherebyaninereasein theconductivityas the
temperatureia inoreased.
At thiapoint it is of interestto recaubrieflythe explanationsgivenfor

theconductivityofa simplecrystalasa functionoftemperature. Smekat
(10)and bis followersbelievethat in the caseofcrystallinedietectricsin
whichthere are ionieconduotors,the mechanismis essentiaUyboundup
with the déviationof the actual crystalstructurefrom that of the ideat
lattice. The ions whichtake part in conductionare assumedto be con-
centratedin positionsin the crystalwherethèselattice imperfectionsare

presentandtomovein adsorbedandfreeconditionalongthepaths formed
by thèse crystaHinefissures. On the other hand Joffé (9),Phipps (11),
andothersbelievethat theconductioninsuchcasesisduetoavolumeproc-
essin whicheitheroneorboth of theionsis liberatedfromits normallat.
ticepositionby the absorptionof energyin the formof heat. They be-
Uevothe conductivityto be a propertyof the chemicalsubstancerather
than of the crystal and that it is independentof crystal imperfections.
Thus,forsodiumchloridePhipps,Lansing,andCookegivefor the quan.
tity correspondingto our Ethe value20,200calories. It isdefinedas the
heat of libérationof a gramion in the crystallattice, that is, the work

necessaryto producea moleof ions(inthis case,positive)in the interiorof
a crystal. As indicatedin the introduction,there are certain types of
crystal(sulfides,oxides)inwhichtheconductionprocessmaybeelectronic
innature.
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Similarposslbilitiesprésentthemselvesin the caseof the materialsin
questionandit wiUbe equallydimoultto décidebetweenthem. Amof-
phousdielectricswitheleotrotyteimpuritieamayshowinoreasingconduo-
tivity withtemperaturebeoauseionsare continuallyliberatedfrom salts
containedwithinthemor beoauseionsalreadypresentare removedfrom
thé innersurfacesto whichtheyareadsorbedto themoremobilecondition
that wehavedescribedasfree. It mayberemarkedthat the présenceof
moistureis not necessaryfor the existenceof an appreoiablenumber of
ionswithina dieleotrie,sincetheelectrotyteimpuritieepresentare already
in the ionicform. It is true that dieteotriosusuallycontainsomewater,
the last tracesofwhicharealmostimpossibleof removal,so that dissotved
saltswillbeionizedin solutionbut dissolvedionswilltend to ooncentrate
in the bulkofthe waterBohtionratherthanat the interfaces,becausesalts
as a ctassareoapillaryinactive. Wehavederivedthe mathematicalr~'
lationshipbetweenconductivityandtemperatureassuminganequuibrium
betweenthe freeand boundions. However,wemighta!sohavederived
an equationoftheaameformontheassumptionthat theamorphousdietec-
'ries aot,aafaras the processofeleotriealconductionis concemed,in thé
samemannerthat JoNeand Phippshaveexplainedthe conductivityof a
sodiumchlorideorystal. In this caseweshouldhave dealt with what
mightbe termeda "diiutecrystal,"sincerelativelylargevolumesof inert
materialswouldbe présentalongwith theelectrolytematerials. Anetec-
tronic proeessseemslessprobablein the caseof amorphousmaterials,
thoughit shouldnot beexcludedaaa possibiiitywithoutfurther informa-
tion.

In viewof the diffioultiesinvolvedin a differentiationbetweenthe
mechanims whichhave been proposedto accountfor the conduction

througha simpleorystal,it isevidentthat onecannothope to deoidebe-
tweenthe possibilitiesmentionedforthe amorphoussubstanceswith the

meagerdata nowavailable. Thisassignmentofa mechaniamMrendered
moredimcultbecausothe generalformof the mathematicalexpressionfor
the conductivityas a funotionof temperaturewillapparentlybe thesame
in the severalcases. Nevertheteasit is of interestthat the conductivities
of aUthe amorphousmatenab studied increasewith the temperature
accordingtoa well-knownphysico-chemicallaw. It ishopedthat further

experimentswith thesesubstancescontainingknownamountsof added

electrolytematerialwilladvanceourknowledgeof theconductionproeess
takingplacewithinthem.

a~MMABY

Therehavebeen determinedthe apeciSovolumeconductivitiesof ten

"amorphous"substancesasa functionoftemperature. They ineludesix

syntheticsand four varietiesof wood. The résistancesweredetermined
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by means of a modified Wheatstone bridge which bas several advantages
over the usual form of apparatus for this type of work. The spectSo
volume conductivity, j:, changes with absolute temperature, y, according
to the law,

a

<: =' Ae S?

where E is an energy of liberation of the carrier of the current in calories,
and &is a constant having the eame dimenstons as ;<. Possible mechsniems
of thé conduction process are briefly discussed.
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THE AUTOXIDATIONOF STANNOUSCHLORIDE.11

A SURVEYO?CERTAINFACTOB8AfFECTINQTHtSREACTtON*

ROBERTC.HABÏNGANDJAMESH. WALTON

Depa)'<nxM<<~CAMn'<<Universityo/H~McotMM,~e~xoM,~<c<M)m'M

N<'e<tfe<<September?, 198a

Theautoxidationofstannouschloridebasrecentlybeeninvestigatedby
Filsonand Walton(1),whostudiedthe effeotof hydrochloricacid on the
reacttoave!ocityandshoweda Unearrelationbetweenthe velocityand thé
hydrogen-lonconcentration. This paper is a continuationof the above
work and is a generalaurveyof certain factominnuencingthe rate of
reaction.

AFPABATC8 ANt) PROCEDURE

Twenty-fivece.ofan acidsolutionofstannouschloridewereplacedin &
160-cc.Pyrexnaskof thé typeusedbyFilsonandWalton. Theflaskwas
placedin a thermostatedshakingapparatusand connectedto a water-
jacketedburette containingoxygengasat the temperatureofthe thermo-
stat, 26"C. When the system had cometo constant temperature, the
shakingapparatuawasstartedand readingsweretaken on the volumeof
oxygenabaorbed. Theapeedof shakingwaaselectedas about 1000,since
Filsonand Waltonhad shownthat higherspeedshave no effecton the
reactionvelocity.

REAGENTB AND SOHJTION9

Severalbrandsof stannouscMorMewereusedand werefoundto give
varying résulta. Baker's "purified"salt gave results whichwere only
slightlychangedby three recrystatMzationsunder nitrogenfrom hydro-
chloricaoidsolution,oonsequentlythispreparationwasusedin the experi-
mental work. Solutionsmade fromstannous chloridewhichhad been
dehydratedby treatment with excessaceticanhydrideand washedwith
anhydrousether (2) gaveresultswhichagreedwith those obtainedfrom
the recrystaUizedhydratedsalt.

Thesolutions,made in 2-Iiterbatchesand stored under nitrogen,con-
tained approximately32 gramsof stannouschlorideper !iter,and were

'ThiaMMarchwaafinancedbya grantfromtheNesMrohCommitteeofthé Uni-
versityofWiMonain,DeanC.S.Slichter,Chairman.
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about 0.8 N m total hydroohioricacid (freeacidplus that obtainedby
complètehydrolyais).

Table1givesthedatafor thesolutionsusedinthis work.

ORDER OP THE BEACTtON

By neglectingthé Srat80 to 120minutesof the run, during whiohthe

absorptionwasnot alwaysreproducible,a valueofK (Jï' ==miUigramsof

oxygenabsorbedper minute)was obtainedwhichcorrespondsto a zéro
orderreaction,withinanexperimentalerrorof5 to 7 per cent in the course
ofa 4 to 5 hourrun. Thisneglectedperiodcorrespondsto abouta 10per
cent absorptionof the theoreticalamount of oxygenrequired to oxidize
the samplecomptetety. Duplicateruns for solutionNo. 6 aregtven in

TABLE1

CMHpMtMMtC~the<<omK<M<achlorideM!<t<tO~M

tOLOTtOK««MBtn eocftCBor BttCh BaCb HŒ(Tôt*!)

fam</Mo' ~«nna<«t
6 Baker's Purified 36.6b 0.783
6 Baker'ftPanSed 31.3 0.7S8
7 Baker's Purified 31.7 0.733

8 MaHtnckrodt'BC.P. 35.6b O.M4
9 Gênent ChemicatCo. C.P. (dehy. 32.6 0.782

drated by acetio anhydHde)
10 Msttinckrodt'a C.P. (dehydrated 32.7T 0.8U

by acetie anhydride)
11 Baker's Purified 33.68 0.840
12 Gênera ChemieatCo.C. P. (re- 33.11 0.815

crystaUiMd three times)

table 2, this sotutionhavingan averagevalueofK of 0.0572mg.per min-
ute. The 5 to 7 per cent dropin the valueof K can be attributed to a
decreasein the concentrationof the freehydroohtonoacid, siaeethis sub-
stance is usedup during the oxidationof the atannoua chloride. Some

hydrochloricacid will be available through hydrolysis of the stannic

chloride,but sincethe complexequilibriumbetweenSn~+, Sn~+++,HŒ,
and complexchloroactdsis not fullyknownit is imposaibleto definethe

systemdefinitely.

BFFECT OF TEMPERATURE

RuaaweremadeonsolutionNo. 12 at differenttemperatures. It was

impossibleto calculatevaluesof K for comparison,since the apparent
order of the reactionvariedwith the temperature. This changecan be
attributed to severatfactors. First, the solubilityof oxygenis higherat
the lowtemperatures,allowinga highersaturationconcentrationofoxygen,
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and thus increaaingthereactionrate. Then,too,the changeof tempera-
tufe affectsthe equilibriumbetweenSn++,SnCk and the ohloroacid

complexes. Thèsefactorsmask the truo temperaturecoefficientof the

reaction,sothat theresultsareofqualitativeimportanceonly. Theresults

TABLE2

DataforduplicatefMtMas26°C.
SolutionNo.0

StannouaoMoride,31.3gramspertiter:hydroohlorieacid(tût&t)0.768N

eotrtM RONtM
.j.;t)B –––––––––––––––––––––.–––––––––––––––––––

OtMmabtmrbed K Oty«n<tt)M)rbed K

t)<a<t<M mfM<fM<Mmt./m<«. «t<Mt<Mm*me./mtx.
10 0.00 0.0600 0.60 0.0600
20 1.17 0.0687 1.19 0.0593
30 1.77 0.0682 1.78 0.05M
40 2.36 0.0687 2.36 O.OS87
60 2.87 0.067& Z.es 0.0587
60 3.48 0.0681 3.65 0.0691
70 4.01 0.067? 4.07 0.0681
80 4.66 0.0670 4.67 0.0683
90 6.10 0.0667 6.20 0.0678
100 6.67 0.0667 6.77 0.0677
110 6.M 0.0682 6.27 0.0570
120 7.29 0.0666 7.42 0.0670
140 7.86 O.OS62 7.C7 0.0570
160 8.37 0.0689 8.61 0.0667
160 8.96 0.0660 9.10 0.0568
170 9.48 0.0558 9.63 0.0568
180 M.06 0.0660 10.21 0.0667
190 10.70 0.0562 10.80 0.0668
M 11.19 0.0669 11.37 0.0668
210 11.76 0.0669 11.93 0.0668
220 12.31 0.0669 12.48 0.0667
230 12.89 0.0661 13.07 0.0568
260 13.91 0.0666 14.11 0.0566
270 16.00 0.0665 16.23 0.0566

Av. 0.0508 Av.=0.0676

are expressedin termsof the tirnerequiredtooxidizeone-halfof the stam-

nouschloride,startingat the beginningof the run. From the ourvesm

figure1,thefollowing"half-times"wereinterpolated:

At 45*0. 144minutes
3&°C. 228minutes
25°C. 320minutes
16"C.384 minutes
0'C. 330minutes
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The sohtMtityof oxygenbetween18"and0"C. showsa markedinorease,
and thisisprobablythecauseof the deoreaeein the timeofhalfabsorption
for the lowertemperature.

BVÏ&NNCB FOR A CHAIN BEACTtON

A numberof tests weremade to determinewhetheror not there is any
évidencethat the reactionunderconsidérationbelocgsto the chaintypeof

o /eo ttef «e tw –––ge
T~e-yt?~.

FlO. 1. TaB EPPBCT Of TEMPERATURE Ot) THE RATE 0F OxYGEN COKSUMPTtON BY

8TANttOU8 CaMRtCB

reactionamiJar to the oxidationofsodiumsat&testudiedby Alyeaand

B&ckstrôm(3).
Thiareactionmeetsthe cnterionofbeingexothermic,as waashownby

Berthelot(4),whoseworkwaadoneatMO'C. A confirmatoryexperiment
in our laboratory,at roomtemperature,aleoindicatedthst the reaotionia

exothermic.
For the purposeofconfirmingthe chainmechanism,testaweremadeon:

(1)the influenceof light;(2)the existenceofan intermediateperoxide;(3)
the effectofaddedsubstances,especiallyinhibitors;(4)the couptedoxida-
tionofa secondmotecutarspeciesprésentin the system.
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1. EffedOflight

Visiblelighthadnoeffecton thereactionrates. Two flaskawerepainted

black,and the runsmade in thèseshowedno différencefromthose in

unpaintedflasks. In addition,someexperimentswere madein whioha

260-watttungstenlightwasplacedadjacenttothe réactionnask,andother

experimentsin whichthedirectbeamof thestronggreenandyellowlight
from a high intensityoapiUarymerouryvaporlamp waaused. In both
casesnoaccelerationof the reactionwasnoted. It wasdiscovered,how-

ever, that ultra-violetlight of wavelengthbelow3070Â.wasabsorbed

completelyby the solutionand that it speededup the reactionverycon-

siderably. Thedetailsof thesa experimentswillbe discussedin a subse-

quent paper.

Detectionof peroxide

A sampleof thepartiallyoxidizedstannouschloridewasfoundtogivea

peroxidetest with titanium sulfate. This test could not be obtained
after thesotutionhadbeensitowedto standfor2or 3 hours,showingthat
the peroxidehad beenusedup by reactionwithmore stannouschloride.

No attempts weremade to isolate the peroxide,becauseof the smaU
amountprésentanditsrelativeinstability.

S.Catalytic~ec<$ofcertainM<6s<aKCM

One of the most important of the criteriaof photochemicalchain

reactions,whichcanalsobeappliedto thermalchainreactions,is thegreat
effectofnégativecatalysts. Theréactionofstannouschloridewithmolec-

ular oxygenis verysensitiveto the actionof added substances,as shown
both by ourworkandby that ofYoung(5). In attempting to duplicate

Young'sworkon inhibitionby alkaloids,it wasfound that cocaine,mor-

phine,andbrucinehadlittleeffectin 0.001M solution. In 0.01M solu-
tiona reductiontoabout90percentofthenormalrate wasshown,andina
saturatedsolution,a réductionof55-65percentof the normalvalues.

Becauseof theeffectofthe alkaloidsit wasofinterest to investigatethe

actionofother nitrogeneompounds;accordinglya sériesof experiments
wasoarriedout in whichmany varietiesof these compoundswereused.

The resultsareshownin table3,inwhichthevalueof Kisgiven,together
with thepercentagevalueof Kin relationto the uncatalyzedvalueofK

for the stocksolutionused in eachexperiment. It wiUbe noticedthat

nitrogencompounds,in general,wereinhibitors,but that the inhibiting
powerisaffectedbythepositionofthenitrogenandthe natureof theother

atoms boundto it. Aminocompoundshad little effect, someof them

slightlyinhibitingthereactionand someacceleratingit slightly. Nitro

compoundswerethemosteffectiveof the inhibitorsstudied,andthe mole-
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TABLE 3

effect o/ c~<<HtttM<f<~ett<oMpowt)<<<

Normal 9 vatuett for the sotutMM): No. S, = 0.0626,No. 9, = 0.05?2;No. 7,
X 0.0683mg. per minute

BOM~-

CMOMf.

C~MMCMB

1

K PMCBMTW
TtON TBATÏOK MO~MA~

Atketoidf!

m«p/li/fr mp./mCn.
6 0.001 CocaioohydrocMoride 0.0620
6 0.001 Brueine 0.0674 01.77
& 0.1 Brueine 0.0345 M.l
5 0.01 Morphine hydrochloride 0.066S BO.S
6 0.1 Morphine hydrochloride 0.<M07 96.0
6 0.01 Nicotine 0.0622
6 0.01 Veronal 0.0662 96.6

Nitro oompounds

& 0.01 p-Nitrotoluene 0.0112 19.6
6 0.001 Nitron&phthatene 0.0147 25.7
7 0.01 Nitromethane 0.0114 M.6
S 0.001 o-Nitrophenot 0.0106 18.6
7 0.01 p-Nitrophenol 0.0166 20.8
6 0.01 m.NitroanUme 0.0012to 0.0043* About 5
6 0.001 p-NitrobenzoMaeid 0.0120 21.0
6 0.001 Nitrophenylbydrazine 0.0119 20.8
6 0.01 nt-DinitrobeoMBe 0.0029 6.1
6 0.001 o~tt-TnnitrobenMM 0.0081 14.2
6 0.01 Trinitrotoluene 0.0058 10.1
6 0.00001 Pierie acid 0.0330to 0.0444 About 60
6 0.0001 Picrie acid 0.0170 29.7
6 0.0006 Picncaeid 0.0154 26.9
6 0.001 Pierie acid 0.0122to 0.0179 About25
6 0.01 Pictie acid 0.0145 26.3

Amino and imino compounds

6 0.01 Glycine 0.0631
6 0.01 p-Toluidine bydrocbloride 0.0664 90.1
6 0.01 PbenythydrazinehydMeMoride 0.0382 61.0
6 0.01 Carbazote 0.0636 93.6
6 0.01 Hydt'oxyJaminehydrocMonde 0.0682
6 0.01 Ufea 0.0696
7 0.002 Thiourea 0.0666 112.6
7 0.0046 Thiourea 0.1120 192.0
7 0.01 Thiourea About 1.2 2060.0

*Th9twovatue8of~insomee<[pentneots denote a rise inthe vattteof~, due to the
destruction of the inhibitor.
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TABLE3–Co<tch«M

BOIrU· couves- 't
MHVOOND (( i'Nb CYNTorMM- COttCMt*
COMMCKO

1

Jf ~MCtiMtO~
TtON TMTfOM

I

COMKtCttC <t
KOSMM-

Amino and imino compounda–CM~

m~m/Kttf me./m<t).
7 O.Ot Ammonium thiocyanate 0.0465 79.8

7 O.Ot SutfanittcacM O.OS84

7 0.01 Acetanilide 0.0&7t
7 0.01 8emicarbazide hydrochloride 0.0501 85.9
7 0.01 p-Aminophenot 0.1028 t76.3

Other nitrogen compounds

6 0.001 Cellulosenitrate 0.0470
7 0.01 PotMMumnitrate O.OSM 96.7
7 0.01 Potassiumcyanide 0.0517 88.7
7 0.01 Buty!cyanide 0.0536 91.9
7 0.01 Acetoxime 0.0567 97.3
7 0.01 Azob~ene O.OSOSto0.0298 About 45
7 0.001 Aminoazobenzene 00587
7 O.Ot Aminoazobenzene 0.0642 110.0
7 0.01 Butytnitrite 0.0576
7 0.01 AzoxybeMene 0.0523

1

89.7
7 0.01 Guanidinenitrate 0.0421

J
72.2

eûteswith two or three nitro groupawere moreeffectivethan thosewith
one. In contrastwith this, organioand inorganionitrate salts showed
little or no effect. The azo and hydra-zinegroupswerefair inhibitors,
while the cyanide,oxime, azoxy,amino, and nitrite groupahad very
aHghtinhibitorypower,or noneat all.

In generalnoattempt wasmadeto discoverwhetheror not the catalyst,
eitherpositiveor negative, had beendestroyed during the courseof the
reaction. In the case of picricacid the strong yellowcolordisappears
duringthe courseof the oxidation,and at the sametime,a rise takesplace
in the rate ofoxidation. Both of thèse facts indicatethat the picricacid
isdestroyedduringthe reaction.

Thioureaisa markedexceptionto the other nitrogencompoundssince
it showeda strongaccélérationof the oxidation in concentrationsaa low
as 0.002M. Asthe concentrationwasincreasedthe amountof accelera-
tion of the reactionincreased,until at 0.01 M the initialrate was about
1750per centof the uncatalyzedvalue. However,at this concentration
therateofoxidationdropsoffrapidly,indicatingthat the thioureaisbeing
destroyed. Instudyingtheactionof thiourea,twospeeiatrunsweremade,
one using0.01M thiourea in 0.8N hydroch!oricaeid, and the second

sunHar,exceptfor the additionof a smaUamount of stannous chloride
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(0.007M). In the 6rst case, no absorptionwasnotioed,indioatingthat
under thèseconditionsthiourea atonedoes not absorboxygen. In the
secondrun oxygenwasabsorbeduntil the stannouschloridewasusedup,
whenthe absorptionstopped. The acceleratingaction of thiourea is
apparentlydue to the sulfur atom, since aminocompoundshave been
shownto have little effect,and yet thisaction iaveryspeoiBcsincesome
of theothersulfurcompoundsusedhadno effect(bonzylaut&de,aulfanitio
acid,ben~enesuIRnioacid, and powderedsulfur). Someaulfhydrylcom-
poundswereused, auohas cysteine,thiocresol,thiobarbiturioacid, and
thiosalicylicacid. Thèsewere all inhibitors,reducingthe rate to 40-45
percentofitsnormalvalue. Thiog!ycoUioaoidhoweverhadpraotioaUyno
effecton therate. Thisis in agreementwith Sohôberl'swork(6)in which
he founda négativeoata!ytioeffectwithoysteineandghtathione on the
autoxidationof leucomethyleneMue,but is oppositeto the acceterating
eneotofsulfhydrylcompoundsinbiologicalphenomena(7).

The oxygencompoundsused had little effect. The aliphatica!coho!s
increasedthe absorptionrate 5 to 10percentandphenolhadnoeffect,but
hydroquinone,pyrogallol,and mannitedecreasedthe valueofK to about
90 per cent, and quinhydroneto 67 per cent of ita uncatalyzedvalue.
Other oxygen compounds, of wide!y different types–aoids, ketones,
thymol,ethylether, benzoylperoxide,and paraformaidehyde–showedno
appreciableeffecton the rate ofabsorption.

TetraethyUeadgavea value for K of 455 per centof the unoatalyzed
value. Ammoniumthiocyanatewasa goodinhibitor;potassiumcyanide,
potassiumnitrate, benzene,and anthracenedecreasedthevalueofK, 5 to
15percent. Certain other compoundsbad no effect thisgroupincludes
arsanilicacid, magnésium chloride,magnesiumpyrophosphate,dibaaic
sodiumphosphate,sodium arsenate, sodiumpyrophosphate,and minéral
ou. Sincagel, groundto 180mesh,had no effecton the rate, showing
that the reactiondoesnot take placeon the surfaceof theftask,but ia a
truesolutionreaction.

Ca/o~M charcoal

Thecatalyticaccélérationofmany autoxidationsbycharcoalsuggested
its usain this study. Powderedwillowcharcoalacoeteràtedthe reaction
but not in proportionto the weightused. For example,0.12mg. perce.
increasedthe rate to 167 per cent of its normalvalue;0.6 mg. per ce.
increasedit to 228percent; and 1.2mg.perco.increasedit to 283percent.
Thisdiffersfromthe resultaofLambandElder (8)whofoundforautoxida-
tionof ferroussulfatethat the increasein oxidationrate wasproportional
to theamountofcharooalused.

Asin other autoxidationsin whichcharcoalhasbeenusedit wasfound
that the "active centers" on the charcoalcan be promotedor poisoned.
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Promotionwaa shownby copper salts. The initial absorptionrate for
charcoalalonewas1.72mg.per 10minutes,forcupriochloridealone,2.01

mg.per10minutes,whitecupricchlorideandcharcoaltogethergavea value
of 10.80mg. per 10 minutes. These valuesare givenin grams,sincea
valueofK couldnot becalculatedfor thepromotedcatalyst.

Thepoisoningeffectwasshown by piericacidand by sodiumarsenate.
The latter compoundhad no effecton the reactionrate whenusedalone;
charcoalaloneincreasedtherate to 228percentofnormal,but whenthe
twowereused togetherthe rate wasreducedto exactlythe uncatalyzed
value. Thisis similarto the results of LambandElder(8),in whichthey
foundthat phenylurea,amyl alcohol,and acetanilidewhenused alone
showedno effect on the autoxidation of ferroussulfate,but that they
destroyedthe acoeleratinginfluenceof charcoalon the réaction. Piorie
aoidehoweda strong inhibitionfor the stannouschloridereaction,and
whenit wasused in conjunotionwith charooal,absorptionrates wereob-
tainedwhiohlay betweenthevaluesforthe twosubstancessingly. Accord-

ingto theTaylor theory(9) theae compoundsare preferentiattyabsorbed
at themoatactivepointsand prevent the usualacceleratingactionof the
oharcoat.

Coupkdozidation

It waafoundthat whilean aqueoussotutiooofallylalcoholdoesnot ab-
sorboxygen,there iscoupledoxidationoftheallylalcoholinthépresenceof
stannouschloride. In orderto determinethe amountofexcessabsorption,
the apparatuawasarrangedso that solidstannouschloridecouldbeheld
abovethe solutionin a gtaascapsuleuntil the gas had cometo constant

temperature. The capsulewas droppedinto the acid solutionwith the
first shakeof the machine. In this way, it waspossibleto measurethe
total amountof oxygenabsorbedby the system. By usingpureoxygen
as theatmosphère,the experimentwascompletedin a short time. Table
4 givesthe resultsof thiswork,showingthe effectof varyingamountsof
stannousohloride,allylalcohol,and acid. The effectsoftemperatureand
of addedsubstancesare alsogiven. The per cent exoeasabsorptionin-
creasedwith increasingamounts of allylalcohol,and decreasedwith in-

creasingamounts of stannous chloride and hydrochloricacid. These
effectsmaybe explainedby the assumptionthat the allylalcoholis oxi-
dizedby the primary peroxide. With increaaedconcentrationof allyl
atcohotmoreof the ohainswill involve alcoholmolecules,and thus a

largeramountwillbe oxidized.

lncreasedamountsof stannous chlorideor hydrochlorieacid causean
increasein the rate of consumptionofoxygen,and at thesametimecause
a decreasein the amountof induced oxidation. lncreasedtemperature,
and homogeneouscatalystssuch as cupricchlorideandthiourea,alsohave
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TABLE4

/tt<<Me«to:M'da<tMto/ «K~alcohol

(a) Efrectof varyingamouataofetMno~ eMonde

C.8S4gramallyl~cohe! in 25ce.oî 0.440 HC!0.864 gram allyl atcohot in 25 ce. of 0.440N HCt

SnCb MCBMOtABMHBEB

~<tm< percent
0.127 46.t1
0.381 34.8

0.636 28.1

(b) Effeet of varying amounta of allyl alcohol

ft~Yt. AM~ttO).
1

Excme Ot *BM'KaEo

(1) 0.381gram SnCt, m 25 ce. of 0.440 NHCt

~<tm< pefeM<
o.m 19.44

0.854 34.8

1.708 36.2

(2) 0.635gram SoC!t in 25 ce. of 0.440N HCI

0.171 14.88

0.854 28.1

1.708
1

31.3

(c) Effect of temperature

0.381gram SnCt, in 25 ce. of 0.440 NHCt

B~czaB Ot Amo~eNo
Ai~.M< JUjCOaM~ ––––~–––––-–––––––––––––––––~––––––––––––––––––––––––––

_M*C.M'C.3fC.

~n)M< per«!x< jwet')< p~fmt
O.OM M.8

0.171 20.1 19.4 16.4

O.SM 37.2 34.8 27.6

1.708 40.1 36.2 36.3

(d) Effect of additionat substances with allyl alcohol

0.381gram SnCt, + 0. t7t gram allyl alcohol in 25 ce. 0.440 NHCt

AOMttacMTAttCB EXONM0, AMOBBttt

p<y~M<
None M.4

+0.tgr&tnthMurea 7.2

+0. t gr~mchareoat 23.7

+0.1gramCuC)9 8.7
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TABLE4-Concluded

(e) Effectof MM

0.854gram allyletcohût;0.381gramSnCt<.ovs ~awua pyv usa:vmvy v.wa Dauua nnv~T

Actn EXCMtOt
ABttOMBB

pt)'M<t<

None (25 cc.H,0). 28.1

Mcc.0.440.V+t5cc.H,0. 44.4

25ec.0.440~ 34.8

26cc.4.0~ 7.7

TABLES5

Induced o.):M<t<)<"tin tM)M-a~<«ot«t<o<fe!t<<

TOTAL OXAMBOf
O~TOBKUBB&

Mt.V<NT BPEEB OP Bt 0 3M OMM BXCtM
KEACTtO)! MAMMMM MITOBKtMEB

tH'AttMOOt
caLOXtM

)Xreet)<
Ethyttttcohot. Rapid About 50
ïsopropytatcohot. Rapid 0.04194 55.33
Amytatcohot. Rapid 0.04460 64.8
M-Hcptytatcoho). Rapid 0.04777 70.9
Cy<ohexaao! Rapid 0.04912 81.99
Benzytatcohot. Slow
Phenytethyt atcohot. Slow

Cteaot. Slow

Aceticftcid. Rapid 0.03585 32.3
PMpionMMM. Rapid 0.04088 51.4
Ethytacet&te. Rapid 0.03t68 17.4
Butyl butyrate. Rapid O.OMS4 28.0
Acetone. Rapid About 30
Aoetophenone. Slow
AnUine. Slow
Pyridine. Slow
Dibutytether. Slow
G!ycerine. Slow
Benzène. Very slow

_t_

the dual effectof speedingup therate of consumptionand of decreasing
the amountofinducedoxidation. Charcoal,on theotherhand,whileit is
also a positivecatalyst, increasedthe amount of inducedoxidation.
This maybe explainedby the higherconcentrationsof allylalcoholpro-
ducedat the surfaceof the charcoalby adsorption.

Severatothersubstanceswereusedin placeofallylalcoholin investigat-
ing thephenomenonof inducedoxidation. It wasfoundthat therewasno
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excessoxygenused whenacétone,phosphorusacid, ma!eicacid, or p-
aminophenolwereused,but that butyratdohydeused14.8percentexcess.

Coupledoxidationwasalsofoundwhenstannouschloridewasoxidized
innon-aqueoussolvents. ThesolventsusedareshownIntable5 together
with the total grams of oxygenusedand the per cent excessover thé
theoreticalamount necessaryfor oxidationof the stannous chloride.
Thereseemto be two c!assesor typesofsolventsamongthose tried,one
cbssin whichthe oxidationis fastand the secondin whichit is slow. In
the formergroup the oxidationof the samplewascompletein 3 to 10

minutes,in apite of the tact that noexcesshydrocMoricacidwaapre~nt
aa in thé caseof oxidationin aqueoussolution. In eachsolventof this

groupanexcessofoxygenwasused. In theMatofthesolventstheréaction
wascomparativetystow,sothat it wasnotfollowedto completion. There
is norelationbetweenthe phenomenonof molecularcompoundformation
and this divisioninto types,for substanceswhichformmolecularcom-

poundswithstannouschloridearefoundin bothclasses. Neitheris there
a relationbetweeneaseof oxidationand the separationinto types,since

compoundswhichareeasyto oxidizeandotherswhichare hard tooxidize
arefoundin botb etasses.

DISCUSSION

Theresultsof the foregoingexperimentsarebestexplainedbythe well-
knownperoxidetheoryofautoxidation,in whichit is heldthat oxidations
of this type are attendedby the intermediateformationof metastableor
dativeperoxideawhicharecharacterisedbyhighenergycontentandgréât
instability. Such peroxidesare veryactiveand accountfor manyof thé

phenomenaof autoxidation( 10). Mentionbasbeenmadeof thefact that
in the autoxidationof stannouschlorideenoughperoxideis formedto be
detectedqualitatively. Furtherevidenceof the existenceof a peroxideis
affordedby the inducedoxidationofmanycompounds,especiallyalcohols.

That this reactionisachainreactionissupportedby the great influence
ofaddedsubstances,particulnalyinhibitors,on thécourseoftheoxidation,
andalsoby the fact that thereactionisexothermie. Thereisalsofurther

supportfromphotochemiea!data.
In the autoxidationofatannouschloridethere is reasonto believethat a

complexchloroacid is thefonnin whichthe Sn++isoxidized. Prytz (11)
hasshownthat the complexionsSuCk"andSnC!<"existinaqueoussolu-
tionsofcomparativelylowhydrochlorieacidconcentration. Thisconclu-
sionissupportedby théfactthat anexcessofhydrocMoricacidbasa great
aceeteratingaction on theautoxidationof stannouschloride. Complexes
are atso known betweenstannouschlorideand potassiumcMorideor
sodiumchloride,and thesesubstancesact in a mannersimilarto that of

hydrochlorieacidinacceleratingtheautoxidationofstannouschloride,butto
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a lessdegreethan doeshydroohlorioacid. In anotherpaper furtherevi-

dencewiUbe given to showtbat in the photoohemicalautoxidationthe

substancewhiohactuauyabsorbsthe lightquantaand becomesactivated
isa complexionof this type.

8PMMARY

1. Inoreasedtemperature increasesthe rate ofautoxidationofstannous

ohloride,but the true temperatureooenicientis maskedby the changein
the solubilityofoxygenand changesin the complexequilibriaexistingin
the solution.

2. VisiblëUghtbas no effecton the reactionbut ultra-violetlightbelow
3070Â.isabsorbedand acceleratesthe reaction.

3. A peroxidewas detected in the fresh,partiallyoxidizedsampleof
stannousohloride. This peroxidedisappearsby reaction with further

stannouschloride.

4. Manyorganicsubstances,particularlynitro compounds,werefound
to be inhibitorsof the reaction. Picrioacidwas the strongest inhibitor

found,and this inhibitor wasshownto be destroyedduringthe oxidation.

5. Thioureawasfound to bea strongpositivecatalystfor the autoxida-
tion.

6. Poisoningand promoteractionwerefoundfor the catalysisof the

reactionbypowderedwillowcharcoat.
7. Couplcdoxidationofa secondmolecularspecieswasfoundin aqueous

solutionin the casesof aUylalcoholandbutyraldehyde,and in manynon-

aqueoussolventssuchas alcohols,acids,esters,andketones.
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NEW BOOKS

WwC<~<;ep<«MMtttB«K:A<mM()-ByN.R.DHAR. 23xt6cm.;pp.x+t68. Allah-
abad TheIndianDrugHouse.
!n the preface the author saye; "Since the days of Lavoisier, animal metabolism

bas been a taseinating subject of researeh for chemists and physiologists alike.

Despite the attempta of nmnerous distinguished workers, the enigma of animal
metftbotiam atMtremains unsotved. In this book an effort has been made to diseuse
the general physieo-ehemKat prineiptes undertyinganimal metabolism. The book
deats with the ehemioat aspects of Moohemistrywbich hâve any bearing on metab-
olism. It ie therefore in no way to be a book of reference. No attempt bas been
made to describe systematically aUdiseaMdconditionsoecurring in caseso{improper
metabolism. The dominant idea in the book h that several diseases are due to a

tack of a proper and balanced oxidation of the three otMMsof food materials, the

oerbohydratMt fats, and proteins."
The headinga of the chapters are: an introduction to viewson food principles and

cbemical aspects of metaboUsm; biological oxidations; carbohydrate metabotism;
metabolism of fats; oxidation of mixtures of carbohydrates, fats, and proteins;
actino-therapy; dencieney diseases, internal sécrétions, vitamine, and tight; normal

ossincatton, and the formation of crystalline deposits in diseases; gout, fever, and
uses of alkali, phosphates, and iron preparations; acclimatization and physical
interprotation of Rubner's lawofsurface-and the ageing of ee!)s,catatysts, and body
coUoids–the problem of old age and death; coagulation of blood, serum, and milk.

"Oxidation is the central life processsupporting the entire compHeated machinery
of the living being. The substances undergoing metabolism in thé animal body,
comprising proteins, carbohydrates, and fats, are entirely resistant to oxidation by
molecular oxygen under ordinary conditions. Yet in the animal body they are
oxidizedwith the greatest ease into their end-products," p. M.

"It is evident that acetone bodies are not produete of normal metabotiam, but

result from abnormal conditions. The author bas suggested that under normal con-

ditions, fats are mainly bumed in thé animal body directly to carbon dioxide and

water, without the formation of intermediate products. An objection may be

raised as to how a fatty acid containing 18carbon atoms can be directly oxidized to
carbon dioxide and water without thé formation of intermediate products. Many
physiotogiata are of the opinion that acetoacetie acid, with four carbon atoms in its

molecule, undergoes complete oxidation to carbon dioxide and water. If a molecule
with four carbon atoms can he directly oxidized, then the direct oxidation of more

complexacids is not impossible," p. 41.

"tn the absence of thyroid thero is little oxidation of fat. When fat is being
metaboliied in the body, the oxidation of carbohydrate is retarded. From this it
will be seen that in the cases of thyroid removal there will be rapid oxidation of

glucose; added to this is the acceterating eSect of insulin on glucose oxidation, if

imsutinis injected. Therefore, there wiHbea greater towering of Moodsugar in cases
of thyroid removal than in cases where the thyroid is functioning nomally. Hence
the greater violence of aymptoms followingan overdoseof insutin," p. 63.

"We have demonstrated that the oxidation of substances Mkasodium Bulphite,
ferrous hydroxide, etc., by air or oxygen isgreatly retarded by the presenceof sugars,

<~t
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sodiumarsonite, etc., which in their turn, are oxidiMdin presence of sodium eutphite,

ferrous hydroxide, etc. Similarly, we have proved that the oxidation of fats is re-

tarded by carbohydrates and vice vorsa," p. 57.

"tn the case of adrenal secretions, we assume that the oxidation of fat ia also

acceterated by thé promoter action of thé secretion, and oonsequentty in this case

also thé main store of energy comes from thé oxidation ot fat, and so the glucose ie

not oxidizod and glycosuria resulte.

"With pituitary thé case Mdifférent: for weassume that in presence of this secre.

tion it is mainly the oxidation ofprotein matter whioh!e tocreased; and consequently

the energy supply oomeafrom thia oxidation, leavin, glucose and fats unoxidtzed.

From this point of view it will be ctear that the function of the pancréas aecretton,

whichmainly aceelerates the oxidation of glucose, need not beconeidered antagonis-

tic to that of the thyroid, pituitary, or adrenals. Weassume that the matter meroly

rests on thé preferenttat oxidation of one varlety of food material due to the presence

of thé promoter. In hyper-funcHon!ng of the pancréas thé glucose will be readUy

oxidized, and will supply the energy. Hence, according to our point of view, the

pancréas need not inhibit the action of the thyroid, or thé adrenats; moreover, the

adrenal or thyroid need not inhibit the action of the pancréas. We are strongly of

tho opinion that in normal heatth pancreas, thyroid, adrenal, and pituitary perform

their proper function by promoting tbe oxidation of carbohydratés, fats, and pro-

teins in the proper proportions. Consequently a combination of thé respective

hormones, especially thyroid and pituitary, should yield better resntts in many

diseases than either singly," p. 68.

"Addison's disease is today regarded by most investigators as due to hypofunction

of the adrenal glands. It devetops graduatty with general asthenia, lack of interest,

and malaise; digestive disturbances are common, with vomiting or diarrhoea and

constipation, whioh may be alternating in chamcter. Addison's disease usually

resists att methods of treatment. Organotherapy with adrenat substance oners great

hope, and in the hands of numerous practitioners bas proved far more effective than

all other therapy," p. 86.

"Rahrig and Zuntz ehowed that a ourariMd warm-blooded animal at ordinary

roomtemperature lost the power of maintaining its body temperature and that the

intensity of metabolism decreased accordingly. Curare prevents the transmission

of motor impulses to voluntary muscles. Krogh states that the curve of oxygen

absorption as influenced by body temperature is the same in the anesthetiaed frog

and fish as in the curarized dog," p. 123.
The author is attempting to showthat many physiotogieat disturbances are due to

improper and unbalanced oxidation. The reviewer is attempting to showthat many

physiological disturbances are due to over-agglomeration or over-dispersion of

proteins. Some day some intelligent person will show that these are two parts of

the same point of view. Perhaps improper and unbalanced oxidation causes over-

agglomeration or over-dispersion of proteins.
WiLNiBD. BANCROFT.

P~Mcat Chemiatryfor &udett<eof Bto~y and Medicine. By DAVtOI. HrroHcoott.

23xtScm.;pp.xii+M2. Battimore: Charles C. Thomas, 1932. Price: $2.75.

!n the preface the author says: "The material presented in this book bas been

on'eredduring the past nve years to medical aBtdgraduate atudents in Yale Univer.

sity aa a part of the course in physiotogy."
The chapters are entitied: gasea; liquide and gMCS: solutions; solutions of

eteetrotytea–the law of masa action; hydrogen tons, indicators and buners, galvanic



NEWBOOKS 149

cells andeteotrometric pH determination; adsorption-the colloidal state; membrane
equilibrium; equiHbria in blood; reaction velocity and enzyme action; oxidation.
reduotion potentiels–phase boundary of potentia!s: electrokinetio phonomena;
transformation of energy.

The book is easentially orthodox. DietruMng tacts are ignored consotentiousiy
8ud effectMy. No reference iamade anywhere to the eneot of sotubitity on partial
pressures, m in thé case of ether and water and oonsequentty there is no reference to
the absence of any solubility terto in the so-eaHedRaoutt formula.

Att proteine combine stolohiometrically with hydrogen chloride and albumin
forme true eotutioM in water, p. 110.

WILDERD. BAMCBOtT.

GMxKM~ot)do«c~ der ettM'ea'KMA~C~onte. 8 Aunage. Herausgegeben von der
DeutMhen ChemMchea QeBethch&ft, Byetent Nummer 69. Eisen. Teil A.
Lieferung 4. 26 x 18 cm.; pp. 687-Ma. BerUa: Verlag Chemie, M32. Price 41
Marks (Subscription Price 36.60Marks).
This volume, written by Prof. Durrer of the Technische Heehsehule, Charlotten-

burg, ia a continuation of Lieferung A3, will be oompleted by Lieferung A4, and
deaia with the metaUurgy of iron. It eontainBaccounts of the pudd!ing proceaa,the
BeMemer, ThomM and other Open-Hearth processes, olectric fumaoe methods, and
several mino)'proeeMes. The références to the literature are very complete, inctud-
tng European and American publications, and there are numerous curvea and
ttluatratione of ptant. The actuat text ia relatively meap'e, most of the spaoe being
taken up by !iteratm'e références, and numerical data, so that the volume is essen-
tially intended for readera who have a good tibrary available. tt cannot replace the
uaua! worka on ferrouBmetallurgy, aince the descriptions are far too sketchy to be
of any particular value in themeetvea. It would aeem that by branching off into
chemical teohnology the editors of OnMUnhave tather departed from the intention
of the work, and if other parts of thé subject are to be treated on the applied aide in
the same wayas :n the present volume, the result will be MmewhatdMappointing.

J. R. PABUNOTOM.

Bisen- und 5<aAH<ctert<<tceMP<t(eM<<OM<~«ttc.~~McA Anhang zur ~e~«r~e des
BMetMtMC)tMK!)tH<m<t&tMAder o<xM'p<t<ttMAeMChmie. By A. GttUTMBB. 26 x
t8em.;pp.308. BerMn:VertagChemie,lM2. PriceMMarka.
This volume, which ie an appendix to the sections on iron and ateet in Gmetin's

Handbuch, conaiatBentirety of references to patents, with brief etatements of the
contenta, arranged in tabutar form according to the chemical composition of the
systems. The patente oover the period t880 to M32and variouscountries, and there
are 7000 references. There is no doubt that such a work will save an enormoua
amount of time and labour and the priée must be considered reasonable. It should
be in aU technioat libraries.

J. R. PABTnMTOM.

The Sorption <~C<MMand Vapo«M&tf&'M<b. By J. W. McBAM. 23 x 14 cm. pp.
xii + 677. London Geo. Routledge and Sons, 1932. Price26shillings net.
The group of rather heterogeneous phenomena known as the sorption of gasea and

vapours by soUdsh<tsbeen the Bublectof a gréât number of expérimentât and theo-
retical investigatioM, and bas aoquired an extensive and scattered literature. In
view of the gréât general interest of the subject, a book merely giving a ctassined
survey of the material and lit-erature références would in itaelf be of appreciable
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utitity, but whensueha comprehensivetreatmontMaocolnpanied,as !t la in the

presentvolume,bythe cntieatandsuggestiveviewsofanexpert,the booknaturally
becomesoneof considérableinterestand importance. în his book,MoBainhM

providednotonly workersin thisfieldbut alsochemisteandphyaioietain gênera!
withan accountof the partioutaraspectsofsorptionindicatedin the title whiehis

likelyto becomethe standardworkofréférence. The rangeof materialdeattwith
Msurpriainglylarge,and inbiscarefuletudyofthe literature,in thé greatmajority
ofcasesobvioustyinthé original,the authorbasnot onlymateriallycontributedto

the attMnmeotof a properperspectivebut basalsoperformedanettaotingtask for

whichhedeservesthethanksofMareadors. Theliteratureréférence):areveryfull,
ina fewcasesthe bibliographyhavingbeencontributedbyspecialista,andtheanthor
indexeontainstMOnames. Therela a short subject indexand an indexof eub-

stances,sothat the useof the bookfor purpoaesof referencela easy. Numerous
tablesandottrveearegivenin thétext. tn somecasesthé deeeriptioMontheourves
are inGerman,andM<nerathereompUoateddiagramsofapparatusarenotexptained
in the text.

TheemphMisin thetreatmentlaon the experitnentatside,atthoughthetheonea
are alsodMMMeedin a eritioatmanner. For the detaiiedmathematica)treatment
of the theoriesthé readeris referredto otherworks. The style iagenerallyterse,
sometimesevento thepointofbeinginplacesratherdiffieultto understaad,andthé

largeamountof informationgivensometimesleadsto a slight!ackot coherencein

the text,whichmakeathe readingrather tedious. ln compensationfor this, the

readerwittfindthat the bookcoversa reattyamazingamoantof groundandgivesa

wetieh<Mensélectionofnumerioaldata.

Amongthé contentaare descriptionsof thé experimentalmethoda;sorptionby

ehareoat,teoUtes,silica and other gels, glass,lmpermeablecrystals,metab; the

tMcknest)ofthe adsorbednhn;mobilityin sorbedntma:sorptionbyjeUiea;effectof

sorptiononthe solid;heat ofsorption;theoriesofsorption;contactcatatysiB;the

electrical interpretationofsorption.
Theauthor,aa a resultofhNcriticalsurvey,conctudeethat Langtnuir'atheoryof

adsorptionia the onewhichagréesbest withaUthe avaUaMefacts, althoughhe

admitsthat in somecaaeathé samedata hâvebeenusedto supporttwoconnieting
theories. Hectaims(p.4o9)that the condeMedfilmtheoryhMbeendisprovedby
someexperimentsbyhimselfand Britton, but omiteto mentionthat in the santé

issueof thé journal in whiohthesewerepubtishedanotherset of experimentsby
FooteandDixonwerereportedwhioh,althoughnotspecincattydesignedtotest that

theory,wereehownto be in agreementwithit. The remarkableexperimentsof

Hardyhauntthe expositionof themonomoiecuta)'Stmtheoryin severalplaces,and

it isregrettablethat theworkci Bastowand Bowdencametoolateforinclusion.

Thebookis onewhichehouldfinda weleomefrommanyclassesofreadersand

deservesthe highestcommendation.The great bulk of the literature mightweU

haveoverwhehneda tesaenthusiasticand energeticauthor, but MeBainbas not

onlymasteredit buthaabeenableto dealwithit in a criticalandsuggestivemanner

whiehdeservesgréât praiseandaddsmateriaUyto the valueofthe book.
J. R. PAHTtMQTOM.

~o)-<e)-&Mct<<e)-XoMotdcA<!Me.ByAi.nœoKuHtr. Mxt3cm.;pp.I79. Dresden:

TheodorSteinkoptf,tM2. PriceRM.8.
ThisbookMnot, aa ita title states, merelya dictiocaryof colloidalchemistry.

The treatmentliesbetweenthat adoptedin astandardEnglisbdictionaryand that

in an eneyciopedia,the moreimportanttopicsbeingtreated in greaterdetail; for
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example, tho phenomenonof sweiïing la given over four pages, adsorption and its
related phenomenain its general aspects, nine pages, while seventy-word paragraphe
suNce for such subjeets as the Hofmeister series, thé smeetio condition, and thixo.
tropy. The name of the author of thé tenn ie given wherever possible, and some-
times the full reference, and at the end ie a usefut !ist of the important books on
various aspects of eoHoidohemistry.

This book will satisfy a deanite need at this time. There is suoha vast output of
literature on the subject, and the terme used have multiplied at aucha rate, that it is
often diNeutt even for a worker in thia field to keep track of the many terme which
research workers so delight in introducing. If cottoid chemiets have this diaicutty,
what muet be the plight of those apec!a)i!!ingin other branches–physioists, biolo-
gista, and technieat Mientbt~–when they encounter such tenM as "eukolloid,"
"Pringheim'a rule," "poiyone" and "tyosorption?" A large number of these will,
it is hoped, fat! into disuse,and, indeed, one of the results of the publication of this
dictionary should bea gréât MtnpUBcationof colloid-chemical tenninotogy.

It te difRouItto findany aerioua omissions in this volume. It le inevitable th~t
one wishesin one placefor greater, and in another place for considerably less défait.
Dr. Kuhn ia to be congratutated sincerely on an achievement of very considerable
value to coUoidchemietry.

D. C.JONEB.

Die ~<<M<W~ NM<eM<o~«Mt~aweM«~. By DR. HEWMCHPtNCAaB.22 x ta
cm.: pp. 82. DreBden& Leipzig: Verlag von Theodor Steinkopff, ÏM3. Priée
RM. 6.50; bound RM.7.30.
The industrial preparation of cheap hydrogen ia one of the outstanding probleme

of the heavy ohemicat industry. As thé tightest gas ite cost per ton remains high,
although expressed per thousand oubio feet it appeara remarkably low. A new in-
dustry of coal and oMhydrogénation awaits the advent of low priced hydrogen. AI-
though there is an extensive literature on the subject, largoly scattered in technical
publications, there basbeenhitherto no book summarizing the present state ofaSairs.
The present work is commendably short: it is primarily written for the chemist.

The alternative processeediscussed are those starting from water gas, fromooke-
oven gas, from hydroearbons, the iron contact process, aundry chemical processes,
and the eieetrotytic, to which last the greatest space is allotted. A few pages are
devoted to atomio hydrogen and to a tist of patent numbers; at the end there is a
eriticat smnmary and the usual author and subjeet indices.

This is not the place to diseuss even the chief points of the various rival proeesses;
the author, t ikeother experte at thé présent time, teaves the reader to take bis choice
between water gas and coke-ovengas as the cheapest source of raw material accord.
ing to the engineering eonditiona. The adoption of the hydrocarbon or electrolytio
proeesses depends on the oost of thèse gases or of electrie energy under speciatty
favourable eircumstanees. Something below1 shilling per t.OOOcubic feet of hydro.
gen appears to be the lowest priée at which it can be produeed even on the largeet
scale. This is a remarkable achievement in relation to the cost of a town's gas at a
gas works.

E. F. AttMSTBOttO.
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BTUDIESIN COPRECIPITATION.~111

THB WATNt CONTENT OP CAMïUM OXALATE MoNOHYMATE

ERNEST B. 8ANDEM,' ANC I. M. KOLTHOFF

ScAoctt~Ctem«f<)-y,</w'fM'st'~o/MttM«)<9,MtKMopoM~,j(ft!tt)eM<<t

N<MtM<<JMM<C,1981

Calciumoxalateprecipitatedfromaqueoussolutionsusuallyconsistaof
the monohydrate.In additionto theonemoléculeofwaterofcrysta!!iza-
tion, the air-driedprecipitatecontainsan excessof water,wMchmaybe
present (a) in the form of a higherhydrate of calciumoxalate, (b) as
occludedwaterin the interiorof the crystal,(c) as adsorbedwaterat the
externatand internat surfaceof the monohydrate(hygroscopicwater).
In conneotionwitha study of the coprecipitationofvariousionswithcal-
eiumoxalate,it wasdesirableto havesomeinformationonthe conditions
of formationof the higherhydrates,and their stabiBty,if left in contact
with the supernatant liquid. Calciumoxalate monohydratebas been
recommendedasaweighingformforcalcium,the preeipitatebeingweighed
in the air-drystateor after heatingat 100°C.to 105"C. Fromthe analy-
tical pointofview,therefore,it is ofgreatimportanceto obtainsomede6-
nite informationonthe amountofwateroccludedby the precipitate,and
onitshygroscopiccharacter.

THE HtOHER HYDNATE8 OF CALCIUM OXALATE

Thestableformof calciumoxalateis the monohydtate;it fonnsmono-
etiniccrystalsofwidelyvaryingappearance. Accordingto G. Hammar-
sten (2) it is obtainedin pure formeitherby precipitationfromconcen-
trated aqueoussolutionsof calciumsaltaand oxalateor frommuchmore
dilutesolutions(0.001to 0.002M). Hammarstenstatesthat the mono-
hydrateisnothygroscopicin the realmeaningof the word,but easilycon-
tains nearly1percent of moisture,becauseofwhichit mustbe driedat
30-40°C. Thisstatementis not exact;the puremonohydrateisdefinitely
hygroscopic,as willbe shownlater in this paper. Byprecipitationfrom

Froma theassubmittedbyErnestB.SandeU(DuPontFeHowinChemistry)
to theGraduateSchoolof theUniversityofMmneMtain partidMSHmentofthe
requirementeforthedegteeofDoctorofPhitosophy(1932).1Lackofapacepreventsthedescriptionofprecipitationsmadeinacid,atcohoHc,
etc.solutions.Theconditionsaremerelyindicatedintable1. Forfulldetailssee
thetheamofE.B.SMdeH,UniversityofMmnesota,1932.
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approximately0.07to 0.02M aqueoussolutions,a precipitateconsistingof

a mixtureof the mono-anddi-hydrateis obtained. At &rstviewit may
seemstrangethat the monohydratealoneisprecipitatedfrommoredilute

solutions;this behavior,however,may be explainedby assumingthat at

extremedilutionsthe solutionsaresupersaturatedonlywithrespectto the

monohydrate. Accordingto Hammarstenit is hard to prepare the di-

hydrate,whichcry8ta!Mzesm the tetragonalsystem,in a pure form; it

is mucheasierto isolatethe trihydrate,whiehorystauizesin the rhombic

system. Both higherhydrateshavebeenpreparedby precipitationfrom

moreor lessdilute hydrocMonoacid solutions. The di-and tri-hydrate
are not stable when left in contact with the supematant liquidand are

transformedinto the stablemonohydrate. Excessof calciumionsinhibits

the transformation,whereasoxalateionsfavorit. Sincein fairlystrong
acidmediummost of the oxalateis presentin the fonn of bioxalateions

and undissociatedoxalioacid, it may be oxpectedthat freemineraiaoid

willfavorthe stabilityofthehigherhydrate.
In the followingexperiments,calciumoxalatewas precipitatedunder

conditionscomparablewiththoseobtainingin thestudyofcoprecipitation

phenomena. Précipitationsweremadeeitherby (1) theordinarymethod

or (2)the methodofHahn(3). In the formercase,ifcalciumwasto be in

excessduringthe precipitation,20 oc.of 0.25N ammoniumoxalatewere

addedfroma buret to 24ce.of 0.25N calciumchloride(i.e.,an excessof

20percent)mixedwithsufficientwater to givea finalvolumeof 100ce.;

and, conversely,if oxalatewas to be in excess,20 ce.of calciumsolution

wereaddedto 24ce. of oxalate. The timeofadditionofprecipitantwas

oneminute. In thé methodof Hahn, 0.26N calciumchlorideand am-

moniumoxalatesolutionswereaddedsimultaneouslyfromseparateburets

to 50ce.ofwaterat sucha rate that onesolutionwaskept1ce.in excessof

the other throughout the addition; the timoof addition was 15 to 20

minutes.'
The precipitateswerecollectedby filtrationin sinteredglass filtering

crucibles,washedwithalcohol,thenwithether,driedbysuctionin labora-

tory air and weighed;they were then heated to 100-110"C.to remove

water in excessover that of the monohydrate,cooledin a sutfuricacid

desiccator,and again weighed;finally the weightwas determinedafter

constancyhadbeenreachedat roomtemperatureandat thesamehumidity
asbeforetheheating. ThedifferencebetweentheSrstandthirdweighings

givesthe approximateamountof higherhydratepresentin the original

precipitate. Theamountofwaterpresentashigherhydratefoundin this

wayis onlyapproximatelycorrect,becauseit is assumedthat the hygro-

scopiccharacteroftheprecipitateisnot changedbyheatingto 100-110'*C.,
and that the occludedwaterisquantitativelytakenup againafter drying.
Thefigureson the lossofnon-hygroscopicwateron dryingat 100-110"C.,



BTUDÏBB tN COPREOtPtTAttOM Ï6S~v.,v.. a a w a avW F V U

TABLE 1

LcM<~ Mon-~tW~eoptcM<<<e)-of calciumo«t!a<ep!-MtjM<o<Mheated at IM~C.
.––––LL_U––––––––––––––––––––––––––––––––.

MECtn.t t~MfWWOM-
TATB ttAOMM Of ~BCtftT*Tt<Mf KTOKOtconc

~MM WAtM AT KO'C.

pefce~t

la Oxalate added to exoess calcium solution at room tem- 13.7

perature
lb Oxalate added to exeeM calcium solution at room tem- 3.7

perature
to Oxalate added to excem calcium solution at room tem- 11.4

perature
2a Precipitated M m la, but stood in solution 31 days 0.4
2b Precipitated as ln la, but stood in solution 12 days 0.1
2c Precipitated aa in la, but stood in solution 20 hours 0.15
3a Calcium added to exceM oxalate solution at room tem- 7.9

perature
Xb Calcium added to exoMBoxalate sotution at room tem- 7.8

perature
4 PteetpHatedaein3a,butetoodl3days 0.3
6a Oxalate added to oalcium in hot sotutbo 0.25
6b Oxalate added to calciumin hot solution 0.3
6a Caloium added to o~ate in hot solution 0.35
6b Calcium added to oxalate in hot solution 0.35
6e Asin6a,exoept!a<~erexoeMO!tatate 1.0
6d Preoipitated as in 6a, but stood 17 days 0.2
7 Neutralization of cold aoid solution containing exeea9 3.0

oaloium

88 Neutralization of cotd acid solution oontaining excess 0.1
oxalate

9 No. 7 repeated in hot solution 0.2

10 No. 8 repeated in hot eotution 0.1
11 FtBcipitatedindi!uteHCtaotut!onwithoutMutraUzatmn approx. tS 0

12a Method of Hahn, cold, calcium in excesa approx. 1
12b Method of Hahn, cotd, calcium in excess 1.2
12c Method of Hahn, cold, calcium in excess 0.5
12d As in 12a, but stood 1 month 0.3
Ma Method of Hahn, cold, oxalate in excets 0.6
13b Method of Hahn, ootd, oxalate in excesa 0.25
14 Method of Hahn, hot, calcium in exceM 0.05
16 Method of Hahn, hot, oxalate in exceas 0.1
16 Method of Hahn, cold aoid solution, oxalate in excess 0.25

17 No. 16 repeated in hot solution 0.15

18 Method of Hahn, acetic acid solution, room temperature approx. 6
19 Mothodof Hahn, ateohotMsolution, roomtemperature 2.0

as reportedintable 1,givetheamountofwaterpresentashigherhydrateof
c&Mumoxalateandpart of the occludedwater;if thesefiguresaresmaller
than 0.5percent it maybesafelyaasumedthat noappreciableamountof

higherhydrate waspresentin the originalprecipitates. It maybe men-
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tionedthat the experimentsdescribedhavenot beencarriedout withthé
intentionof findingthe properconditionsofproparingthe higherhydrates,
but withtheviewto obtainingthe approximatecompositionof theprecipi-

`

tates preparedunder variousconditions. Sincethe higherhydratesare
moreorlessrapidlytransformedintothemonohydratewhonleftincontact
with themotherliquor,it is difficulttogotexactlyreproduciblerésulte,as
the timeof nitrationand washingdiffersin the variouscases. EapeciaHy
thé precipitatesformedat roomtemperatureunder ordinary conditions
areveryËnetydividedand requireseveralhourstofilterand waah.

Transformationof the puredihydrateinto the monohydrateresultsin M
a toBSinweightof 10.98per cent;of thetrihydrateinto the monohydrate !r
ofa tossof19.78percent. x~

n
DISCUSSION OF BE6TM8

1. Calciumoxalate precipitatedat room temperature from approxi-
mately0.1 calciumsolutioncontainsmorewaterthan correspondsto the

dibydrate. Alowerwatercontentisfoundif theoxalateis inexcessduring
the precipitation;this may be explainedby the fact that excessoxalate

promotesthe transformationof the higherhydratesinto the monohydrate
morethan an exceesof calciumdoes. In any case the transformationto
the monohydrateis completeif the precipitateisallowedto stand incon- <]
tact withthemotheriiquorat roomtemperaturefora dayor longer. This r
transformationtakesplacemuchmorerapidlyat highertemperatures. 1

2. If the precipitationis made at room temperaturefrom extremely
dilutesolutions(Hahn'sprocedure(3))verylittlehigherhydrateisformed n

(experiments12and 13). Probablythe conditionsaresuchthat thesolu-
tion duringthe precipitationis supersaturatedonlywith respectto the

monohydrate. Additionof muchaceticacidor alcoholfavors thehigher
hydrateformationin Hahn's methodofprecipitation,forthèsesubstances

materiallydecreasethe solubilitiesof thevariousformsof calciumoxalate

(experiments18 and 19). Fairly slowprecipitationof calciumoxalate o
from acid solutionsat room temperaturefavors the separationof the 1

monohydrate(solubilityeffect,experiments7 and8).
3. Themonohydratealoneis formed'underall conditionsif the precipi- M

tationsarecarriedout in hot solutions, j]
4. The dry higherhydrates are quicklytransformedinto the mono- J

hydrateonheatingat temperaturesofl(M"C.andabove. If keptat room
temperaturein an atmosphereof relativehumiditybetween25 and 60

per cent, they slowlylosewater and finallyare completelytransformed
into themonohydrate.

WATEROB'HYaROSCOKCmrÏNCALCIUMOXALATEMONOHYDBATt!

Calciumoxalatewasprecipitatedundermostvariedconditions,eollected
(

by filtrationin a sinteredglasscrucible,washedfreeof electrolytes,and
a
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weighedafter dryingin the air or in a desiccatorof constanthumidityat
roomtemperature(weightI). The air-dryprécipitâteswerethen heated

at temperaturesof MO-105",110",115",120°,and 125"C.,respectivety,
untilconstantweightwasobtained,thencooledina sulfuricaciddesiccator

and weighedin a closedweighingbottleinorderto preventadsorptionof

waterat roomtemperature(weightII). This precautionwasnecessary
sincemost precipitateswereso hygroscopiethat they increasedin weight
on the balance,if weighedopento the air. The theoreticalweightof the

calciumoxalatemonohydratewasfoundbyoneof the followingmethods.

1. Exact!yknownamountsof calciumin the formof calciumchloride

solutionsor ofpurecalciumcarbonatewereweighedout,andfromthis the

weightof calciumoxalatewascalculated(precipitates2a,2b,8a, 8b,9, 10,

11,13,and 14only).
2. In mostcasesthecalciumcontentwasdeterminedin thé precipitates,

after they had beendriedto constantweight,by convertingthe oxalateto

calciumsulfate and weighingas such. Bythis procedureany coprecipi-
tated ammoniumoxaJateor bioxalatewasquantitativelyremoved,where-

as all calciumpresentin the precipitateas calciumhydroxideor chloride

wasweighedas sulfate. In manycasestheoxalatecontentof the dried

precipitateswas determinedby dissolvinga knownpart in wann dilute

suKurioacid and titratingwith permanganateaccordingto the standard

procedure,usingweightburets insteadofordinaryburets,and correcting
for the titration errorby determiningiodometricaHythe slightexcessof

permanganatewhichwas requiredfor thé colorchange. These oxalate

determinationswereaccurateto at least 0.1percent. As shownby the

resultsin table 2, the ratio of calciumto oxalateis as a rule not exactly

equalto 100:100. Sometimesthere is a slightexcessofoxalate,owingto

coprecipitationof ammoniumoxalateor bloxalateor oxalieacid; the pre-

cipitates obtained from neutral or ammoniacalsolutionsare usually
deficientin oxalatebecausoof coprecipitationof hydroxylionsin the form

of calcium hydroxide. These coprecipitationswiUbe discussedmore

extensivelyin followingpapers. From the aboveit is evident that the

différencebetweenthe"theoreticalweight"ofcalciumoxalateand weight
II doesnot givetheexactamountofoccludedwater,evenif the latter were

entirelyremovedbydryingat 100"C.to 110"C. Nevertheless,thesedevia-

tions are reported in table 2, since thèsedata are of greater analytical

significancethan thosereferringto theexactamountofocciudedwater.

The water of hygroscopicitywas foundby exposingthe précipitâtes
whiohhad beendriedto constantweightat 100-1100C.to air or to an

atmosphereof constanthumidity (the sameas beforethe heating)until

constant weight was obtained (weight III). The differencebetween

weight1 and weightII givesthe hygroscopicwater,whichshouldbe the

sameas that foundfromweights111and II, in case the adsorptionof

wateris reversibleandno higherhydrate isformed. It willbe seenthat
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withinreasonablelimitsthis waterofadsorptioncanbe reversiblyremoved
and taken up. The rehydrationtakes placefairlyrapidly; the weightof

the driedprécipitâteswaspracticatlyconstantafter twenty-fourhours in

most cases. By specialexperimentsit was shownthat the hygroscopio
characteris verystronglypronouncedat lowhumidities;the hygroscopio
watercontentdidnot materiallychangeat relativewater vapor tensions

between25and50percent.

EXPtANATMN OF TABLE 2

In the thirdcolumntheapproximateaveragecrystal sizeof thé precipi-
tate is given; in the fourth, the ratio calcium:oxalateas experimentaMy
determined. Thefifthcolumngivesthe dHterencein weightbetweenthe
air'dried precipitateand the theoreticalweightof calcium oxalatemono-

hydrate (the relativehumidity(= H.) of theair in aUthe experiments
waswithin25to 60percent and is indicatedin the table; R. H. = 29per
cent meansthat the dryingwasdoneoverdéliquescentcalciumchloride

crystals;R.H. 57per cent signifiesthat the dryingwas doneoverdeli-

quescentsodiumbromidedihydrateat 25°C.). The figuresoccurringin

parenthesisafterthe percentagedeviationsreferto the time of drying in

hours. The sixth,seventh,and eighth cotumnsgive the différencein

weight betweenthe dried precipitatesand the theoretical. The last

columnin the taMeheaded"Rehydrated" containathe deviationsfrom

thé theoreticalweightsas obtainedby exposingthe precipitates dried at

100-130"C.to air at relativehumiditiesof 25to 60per cent at roomtem-

peratureand weighingwhen equilibriumwasattained. Suchtreatment

restoresmost,ifnot aU,of the hygroscopicwaterlostby heating.
In table 3 thehygroscopic,or reversible,waterof the variouscalcium

oxalateprecipitatesbasbeengiven. The data presentedin this tablehâve

beendrawnfromtable 1as wellas fromtable 2as indicated by the nom-

beringof the precipitates. (I refers to table 1, II to table 2). The

hygroscopiowaterwasdeterminedbyobtainingthe weight of theprecipi-
tate beated to 105°C.,and then placingthe precipitateover a saturated

solutionof calciumchloridehexahydrateor in someother atmosphereof

humiditybetween25and50percent,and reweighingafter constantweight
had beenattained. The increasein weightis the amount of hygroscopic
waterin the precipitate.

In somecasesthe non-reversiblewater of the precipitate is also given.
Theamountofnon-reversiblewaterwasobtainedbyweighingthe precipi-
tate kept overcalciumchloridehexahydratebeforeand after dryingat

105"C.(weightI-weight III). Theweightof water not recoveredafter

heatingbas beencalledthe non-revetsiMewater.
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DISCUSSION OB' BK8UMT8

1. Calciumoxalatemonohydrate,no matter howprecipitated,always
containsexcesswater after dryingin the air (rotativehumidity25to 60
per cent)at roomtempérature. Onheating to 100"C.and above,part or
sometimesallof thisis lost,but nearlyall is regainedifthe driedprecipitate
is allowedto stand in the air. The water lost on heating, therefore,is
mostiyhygroscopiowater. Thiswater can be reversiblytaken up and
removed. This process,however,is not strictty reversibleon accountof
internaistructuralchangestakingplace in the crystallineprecipitateson
aging(videinfra);but over a shortperiodof timethe reversibilityof the
adsorptionofwaterseemsfairlyweUestablished.

2. The presenceof small amountsof impurities(coprecipitatedforeign
Ions)in thé calciumoxalatedoesnot seem to affectthe hygroscopicityof
the precipitate. Precipitatesformedfrom solutionsin whichoxalatebas
beenin excessduring the precipitationare usuallys!ight!ymorehygro-
scopiothan those formedin the presenceof excesscalciumions. This
alsoprovesthat thehygroscopicityofcalciumoxalateis not primarilydue
to coprecipitatedcalciumbydroxide.

3. The monohydratesometimesdécomposeson continueddrying at
115-12o"C.bylosingmonohydratewater. Thedecompositionis generally
slowand usuallydoesnot beginuntil the precipitatebas beenheatedfor
sometime. The !ossof monohydratewater seemsto be limitedto pre-
cipitatesformedinneutral or ammoniacalsolutions,especiauyat 100°C.,
i.e., to thoseprecipitateswhichhaveoccludedcalciumhydroxideor basic
oxalate.

4. Precipitatesformedfrom approximately0.1 solutionsare fairly
hygroscopioand containin the air-drystate 1 to 1.8per centofadsorbed
water. Thehygroscopicitydecreaseswith timeof standing(especiallyat
highertemperatures)beforefiltration,owingto recrystaUizationof smaU
partielesto largerones and partlyto internai perfectingof the crystals,
by whichprocessthe internai surfaceis decreased. The distinctdecrease
of hygroscopicityafter digestionin tbe mother liquor is clearlydemon-
stratedbythe resultsofexperiments112ba to II 33;the phenomenonisof
great analyticaI signiScance. Precipitates prepared under the worst
anaiyticalconditions,viz., at roomtempérature fromfairly concentrated
solutions,and whichretain about1.5 per centwater in the air-drystate
if mteredimmediatelyafter the precipitation,containonly 0.1to 0.3per
centof waterof hygroscopicityif digestedat 90-100"C.for a daybefore
filtration. Il the precipitationMmade a<room<entp6ra<Mrefrom about
O.M~<KM~~ <M!~(aceticacid, or acetate buffer,pH 4-6) and
theprecipitatethusobtainedMdig68tedtMthemotherliquorfor N<!e(M<.80
~OM-a<!<a temperatureof opproMma~ 90"C.,~es a productMobtained
whichin thea~ stateeoM<<ttNsOJ to O.Spercent<~adsorbedwaterandin
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wAïcAtheratioof cakiumIo<M'<«<eis <t!wtos<~Ma!tothetheoretical(100:100.1
to 100.2)(experiment11 32, 33). In a study of the copreeipitationof
foreignionswith calciumoxalate (to be desoribedin foHowingpapers),
it wasfoundthat the purest precipitateisobtainedunderexactlythe same
conditions. P~ec~p~oMo~of calciumOM~ from feM~y CM!ceM<ro<ed
so~Ms at room<eMpera~t-e/oH<w~~<-s<!OM,thereforeseemsto&ethe
bestprocedure~<MM analytical pMn< M'~oîKsp!<aof thefact that<~
pree:p:<a<eMofrelativelysmall sizeandasa rude<'swM<be~red asrapidly
as oneobtainedunderordinaryanalyticalCOK~t'~MM. ,j

5. A distinctdecreasem hygroscopicityis eveonoticedon the agingof x
air-drycrystals (expérimenta1 Ib; II 4,5; 16b, c, d; 110; II 13),enough t
water apparently beingpresent in the interior of the crystals to allow t
internaistructuralchangesto takeplaceandthus causea perfectionof the )i
crystallineprecipitate,by which the porosityof the crystalsappears to
decrease. From the various examplesgiven in the tables it is evident ï
that a greatdealof theadsorbedwateris presentat thewallsof the capil-
laries in the interiorof thé crystals. As long as thèsecanab remainin
opencommunicationwith the exterior,the processof adsorptionand de-
sorptionwillbe réversible. If duringtheprocessofinnerperfectionof the
crystalsthe capiilariesare aUS!!edby the constituentsof the precipitate s
itself,all thewater in thé intehor of the crystatswillbedrivenout. On
the otherhand,if damsor similarobstructionsare fonnedin the oapiUanes, s
the hygroscopiccharacterwilldecrease,but the waterinsidethé damswiU 11
no longerbe in communicationwith the exteriorof the crystal and will e
remainin the insideasoccludedwater;the latter willbedrivenout onlyat ·

high températures. From a preliminarystudy of the internatstructural
changestaking placein a fresh precipitate,to be describedlater, it was
inferredthat the processof "dam-formation"may bequitegeneral,thus
explainuigwhy occludedwater and coprecipitatedforeignionsadsorbed
duringthé growth of the crystals are onlypartly removedby digesting
fairlycoarsecrystalsafter precipitation. A more thoroughstudy of the
behaviorofoccludedwater undervariousconditionswillbe made in the
future; calciumoxalateis not a suitablesubstanceforsuchan investiga- j
tion, sinceit alreadycontainsonemoleculeofwaterofcrystaHizationand
undercertainconditionsforma higherhydrates. Thetremendouspurifica-
tion takingplace duringthe digestionof calciumoxalateformedat room
temperaturefromrelativelyconcentratedsolutionsmaybe a moreor lésa i
specificcase,sincea transformationof the higherhydratesand an entire n
recrystallizationtakesplace on digestion.

6. Calciumoxalate fonned at 100°C.more or less undet analytical
conditions,is stronglyhygroscopic (1 to 1.5per centwateradsorbed)if
coUectedsoonafter theprecipitation. Onagingincontactwiththémother
liquor,or in the dry state, its hygroscopicitydecreasesthreeto four times,
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but iahigherthan that obtainedby digestinga precipitateformedin the
cold. The phenomenondesoribedunderparagraph5 explainsthisdéfér-
ence. That the originalhygroscopicityismainlydueto thelargeinternat
surfaceis clearlydemonstratedby theresultsof experimentsin whichthe
precipitationwasmades!ow!yat 100"C.fromneutralor weakiyacidsolu-
tions. The air-dryprecipitate still containsabout 1 percentof waterof
hygroscopicity(17,8,9; II 16,17,18), althoughfairlycoarseparticlesof
calciumoxalateare formed. The sameholdsfor a precipitatepreparedat
roomtemperatureaccordingto Hahn's procedure(precipitationfromex-
tremelydilute solutions). In spite of the faot that the crystal sizeis of
the order of 1 to 4 ïNicronsthe air-drycrystala still contain1.5to 1.8
percentofwater;on agingat roomtemperature,evenin thedry state,the
hygroscopicwater content decreases three- to four-fold(experiments1
12d, 13a, 13b; II 20). Precipitates obtainedaocordingto Hahn'apro-
cedurein the presenceof30to 40 percentalcoholarestronglyhygroscopic
(I 19). On the other hand, if the precipitationis carriedout at 100"C.
aocordingto Hahn, the orystab are onlyslightlyhygroscopie(0.1to 0.4
percentof adsorbedwater; experiments114,15,16,17,19; II 22,23, 24,
25).

7. Fromthé figuresin table 2 underthe heading"Déviationin percent
fromcalculatedweightofcalciumoxalate"it is evidentthat calciumoxa-
late evenafter dryingat 110"C.is not an idealweighingformfor calcium.
Highresults (indicatedby +) must be attributed to occludedwaterand
coprecipitatedalkali oxalatesor bioxahttes,in caseswherethe ratio cal-
cium oxalate is smaller than 1.000. Lowresults may be obtainedif
there is a hydroxylcoprecipitation(catcium:oxatatelarger than 1.000),
althougha compensationoferrors takesplaceon accountofthe presenceof
occludedwater.

From the analytical point of viewit is gratifyingto find that almost
theoreticalresults (within0.1per cent) areobtainedif calciumoxalateia

precipitatedat roomtemperaturefromnot toodilute,weaklyacidsolutions
and digestedfor twenty hours beforefiltration. Sincesuch precipitates
arevirtuallyfreefromcoprecipitatedsubstancesandnotveryhygroscopic,
this procedureseemsto beby far the best for the précipitationofcalcium
oxalateunder analytical conditions. The analyticalpart of this study
wiUbedescribedelsewhere.

1. Calciumoxalate precipitated at room températurefrom approxi-
mately0.1~Vcalciumsolutionscontainstrihydrate. Oxalatepromotesthe
transformationof the higherhydrates into the monohydratemorethan
calciumdoes. In any case this transformationis completeif the pre-
cipitate is allowedto stand in contact with the motherliquor at room
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temperaturefor a day or longer,and takes placemuchmorempidlyat
highertempératures. The dryhigherhydratesareslowtytransformedinto
the monohydrateat room temperature,if kept at a relativehumidityof
25to 60per cent. At 100"C.the higherhydratesarequicklytransformed
into the monohydrate. The monohydratealone is formedif the pre-
cipitationsaremade in hot solutions.

2. Anextensivestudy bas been madeof the hygroscopiooharaoterof
calciumoxalateprepared under variousconditions. Calciumoxalate,no
matterhowprecipitated, alwayscontainsexcesswaterafter dryingin the
air. The processof adsorptionand desorptionof water is fairly,but not
6trict!y,reversibleon aecountof internai structuralchangestakingplace
in a freshprecipitateon standing.

3. Agreatdeal of the adsorbedwateris presentat the waUaof internai
capillariesin the crystals. On agingunder the mothorliquor, or more
sbwty in the air-dry state, a decreasein the amountofhygroscopicwater
is generallynoticed. This may be explainedby an internai perfection
of the crystalson aging, whichpartly S!!sup the canabwith constituents
of the precipitateitself, and mainly by bloddngup the cana!s. In the
latter casepart of the waterromainsin the occludedstate and is onlyre.
movedat hightemperatures.

4. Calciumoxalate monohydrate,evenafterdryingat UO"C.,isnotan
ideal weighingform for calcium. The purest, and only a!ightlyhygro-
ecopio,calciumoxalate ts obtainedif the precipitationia made in îeJa-
tivelyconcentratedsolutions,and themixtureis digestedforabout twenty
hoursat M°C.before filtration. During this processa completetrans-
formationof the higher hydrates and an entire recrystallisationof the
precipitatetakes place.

5. Calciumoxalate monohydratesometimesdecomposeson prolonged
dryingat n5-12Ô°C.with loseof waterof hydration. This tossofwater
of orystallisationseemsto be limitedto precipitatesformedinneutralor
ammoniacalsolutions,especiatlyat 100"C.,i.e.,to thoseprecipitateswhich
containoccludedcalciumhydroxideor basicoxalate.
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THE CHEMISTRY OF BERYLLIUM.VI

REACTIONS 0F SmUFOR DIOXIDE W!TH OBGANÏC BBRYt.UDM COMPOUNDB

HAROLD SIMMONS BOOTH AND VIRGIL D. 8MILEY

MorleyChemicalLo~M-ato-WesternRe<en'eC/mfer~,Cleveland,Ohio

~Metf~O.cioberS/, M3<

PURF08E8 0F THE INVESTIGATION

Duringstudiesofelectrolysisofberylliumsa!tsin non-aqueoussolvents,
Booth and Torrey (1) discoveredthat coMberylliumacetylacetonate
rapidlyabsorbedsuKurdioxidetoforma liquid. Thesu!furdioxidecould
beboUedoffbygentlewarmingandrecondensed,d!s8oMngtheberyllium
compoundas frequentlyas destredwithout any apparentchangein the
berylliumacetylacetonate. A sample of the auKurdioxide-beryllium
acetylacetonatesolutioncontainingsomecrystaiswassealedoffin a test
tubeand basremainedunchangedfor the lasteightyears.

The remarkableabsorbing powerof this berylliumcompoundimme-
diatelysuggestedto the discoverersthat, in theËrstplace,thestudyof this
reactionmightyield informationof interest, sinceit apparently repre-
sented a noveltype of reaction, possiblya generalone, with metaUic
compoundscontaininga C:0 grouping. The secondpoint is of course
thepossibleapplicationof this reactionto thé developmentofan absorp-
tion type refrigerator.

HISTORICAL M8CU88ÎON

If, as BoothandTorrey thought,the reactionofsulfurdioxideon beryl-
liumacetylacetonatewas completelyreversible,it wouldseemprobable
that the compoundformedwasof the so-calledmolecularcompoundtype
analogousto hydrates. In otherwords,the sulfurdioxidewasabsorbedas
sulfurdioxideof crystallization. The questionmay beraisedat once as
to whethertheabsorptionofsulfurdioxideisa functionofthe berylliumor
of the organicpart of the compound.

Asearchof theliterature revealsnostudy of theactionofsutfurdioxide
onberylliumcompounds,but certainréactionsofsulfurdioxideonorganie
compoundshavebeenstudied.

H. 0. Schulze(2) found that acetoneabsorbeda little lessthan two
molesof sulfurdioxideper moleofacetoneat 0°C. Boessneck(3)passed

!71
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sulfurdioxideinto acetoneandfoundthe gasto beabsorbedwith the
evolutionof considérableheat. Heproposedtheformula

forthis liquidcompound. Onheatingit hefoundthat it deoomposedinto
!ts constituents. Apparentlyno one has studied this systempreoisely.
BeMucciand Grasst (4) found that sulfurdioxideformatwo compounds
withcamphor(aketoneofhighermolecularweight),namely,(1)8(~0~,0,
m.p.-45"C., and (2)ZSC~C~MO,m.p.-24"C. VeryMttteebehaabeen
donewith the reactionaofautturdioxideand ketones.

It was thought that a study of thepressure-ooncentrationrelationsin
thissystem, at constant temperature,wouldbest estaNishthe nature of
thereaction. Thisstudywouldshowfirat,thesohbilityof thecompound
fonnedin liquid sulfur dioxide;second,thé number of molesof sulfur
dioxidereactingwithonemoleofthecompound;third,the vaporpressure
ofthe compoundformed;fourth,thevaporpressureof the mixedsaltand
compoundformed.

In order to detenninewhetherit wasa functionof the berylliumor of
othergroupain the compound,otherberylliumcompoundswereprepared
andteated–such as beryMiumbasicacetate,berylliumethylacetoacetate,
etc. Acetylacetoneexistsas anequilibriummixtureof the enolformand
ofthe ketoform, and the berylliumcompoundMprobably
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Thorearetwocarbonylgroupastillfreethroughwhichthe sulfurdioxide

mayreact, or the sulfurdioxidemaycombineowingto the doublebonds.
To seewhetherother similarenol-ketocompoundswerereactivewith

sulfurdioxide,beryUiumethylaoetoacetateand berylliumbenzoyjaceto-
oate weretried. To checkup on the importanceof carbonylgroupain
the reaction,suoha compoundas berylliumbasicacetate,whichcontains
bothberyUiumand carbonylgroupa,wasstudiedand alsocertainorganic

compoundssuchas benzophenone,urea, acetamide,etc., containingcar-

bonylgroupabut no beryllium.
Theeffectofreplacingberylliumbysodium,magnésium,and aluminum,

etc.,wasthentried,as weUasa numberofothersaltaoforganicacids.

PBEPARAT!ONOFCOMPOONB8

The berylliumacetylacetonate,berylliumethylacetoacetate,beryUium
basicacetate, beryUiumbenzoylacetonateand sodiumaoetylacetonate,
werepreparedin the courseofstudyof the organicsalts of beryllium?).

Compoundspreparedin a similarmannerweremagnésiumethyl aceto-

acetate, magnesiumacetylacetonate,and aluminumethyl acetoacetate.

OthercompoundswerefromchemicaUypurematerial.

APPABATUS

The apparatusconsistaof three essentialparts: the gas purification

system(6), theconstanttemperaturebath,andthebaro.buretformeasuring
gas'volumesandpressures(seefigure1). Theentireapparatuswascon-

structedofsoda-limegtassfusedtogetherat all connections.

The constant temperaturebath consistedof a galloncapacityDewar

flask,in whichwas mounteda thermostat(T), lampfor heating,stirrer

(8), thermometer,and reactiontube (V). The lampwas controlledby
meansofa mercury-xyleneexpansionthermostatthrougha suitablerelay
and maintaineda constant bath temperaturewithind=.001"C.

The baro-buretwas used becauseit measuresaccura.te!yand simut-

taneousiypressureand volumein oneinstrumentand thus cuts downthe

"deadspace"fromthe buret to the reactionbulb to a minimum(7).

EXPERIMENTALPROCEDURE

Preliminary<es<s

Beforea systemwas studieda preliminarytest wasmade in a sample
bulbadjacentto the gas supplytank. Here the samplewasplacedin a

suitablereactionbulb of about 5 cc.capacityand sulfurdioxidewascon-

densedon it to see if the samplewoulddissolve. 8light solubilitywas

checkedby evaporatingseparatelythe supernatantsulfurdioxide. The

preliminarytests showedthat at the boilingpoint of sulfur dioxide,the
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followingcompoundswereinsolublein sulfurdioxidoand cppar~~ did

not react with it: bariumacetate,oopperacetate, leadacétate, sodium

acetate, sodiumformate,ammoniumoxaJate,ammoniumtartrate, alutni-

FtO. 1. AfPABATOS FOR SrCDYtNQ ABSORPTION 0F Suï-FUB DIOXIDE BT OBOAtitC

BEMUTUM CoMPOinfOS

num ethyl acetoacetate,magnesiumethyl acetoacetate,sodium acetyl-
acetonate.

The followingsubstancesseemedto showslightsolubilityor slightréac-

tion with liquid sulfur dioxideat its boilingpoint: berylliumbenzoyl-
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acotonate, magnesiumacetylacetonate,benzophenone,urea. The urea
seemedto sweUin thé liquid sulfurdioxidethough it did not seemto
dissolve.

The foMowingwerequite solublein boitingliquidsulfurdioxide:beryl-
liumacetylacetonate,beryUiumbasicacetate,berylliumethylacetoacetate,
acetamide.

Courseofa dedermination

Sulfur dioxidewaspurifiedby fractionaldistillationa sufficientnumber
of times to eliminateall impurities,usuallyby from eight to twelvedis-

tiUations. The chief impuritiesweresulfur trioxide and air. Finally,
the remaininggaswassolidifiedwithliquidair and the systemwasevacu-
ated to inaure the removalof any residua!gas other than sulfurdioxide,
and the sulfurdioxidewas then boiledinto the storagereservoir.

The SMnpIeof thé compoundto be tested was then weighedinto the

réaction tube (V)(figure1), whiehwasthen sealedinto position.
The volume of the réactionbulb(V)connectedto the baro-buretwas

next determined. The systemwaswashedseveraltimes with dry, car-
bondioxide-freeair and the merouryréservoir(R) was lowered,bringing
into the buret a sampleof the dry carbondioxide-freeair. Thestopcock
(F) was then tumed 180"connectingthe baro-buretto the reactionbulb
and a number of readingsof volumeat differentpressuresweremade.

Fromthese readingsthe volumeof the reactiontube (V)wascalculated

by means of the followingformula:

Y
P,~ P.V.

Ps P,

The apparatus wasevacuatedandallbut the reactiontubewasflushed

outwith sulfurdioxideseveraltimes. Asampleof puresulfurdioxidewas
thendrawn into thé baro-buret(K)and its volumeand pressureobserved
and calculated to standard conditions. Connectionwas thenmadewith
the reaction bulb (V)by turningthe stopcock180",and thepressurewas

increasedby raisingthe mercuryreservoir(R), compellingabsorptionof

the sulfur dioxide. Thiswas continuedat increasingpressuresuntil the

compoundhad tumed to a liquidor until aUthe sulfur dioxidewasab-
sorbedthat wouldbe absorbedat thehighestpressureattainable.

If more than one buret full of gaswasrequired the stopcock(F) was

tumed 180°to draw in a fresh supplyof gas fromthé gasreservoir,the

volumeand pressurebeingobservedbeforeand after the additionof the

freshquantity. The bath wasmaintainedat 25°C.d: .OOrC.
When the reactionhad cometo equilibriumthe pressure,temperature,

andvolumewerereadand the totalamountof the sulfurdioxideabsorbed

by the samplewascalculated. The mercuryreservoirwasloweredsuffi-
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cientlyto dimiaishthepressurein the systemabout2 cm.;after standing
twenty-fourhours to attain equilibrium,the pressure,volume,and tem-

peratureswere againobserved.
The amount of gasBtiUcombinedwith the satnpiewasoa!ou!atedby

subtraotingthe total volumepassedfromthe buret from the volumeof
the gaspresentin theburet andreactionbulb. Thisgavethé amountof

TABLE1
The<t<<eMMt~MftKe~e-&e~MtMM<Me<~<(M!e<on<t<<.< M<tMMMMt~w tKe~tae-oe~KtMM<Me<~t(M!e<on<t<<

MzaeuBB MOMaof 60<MNnot~ of BBBYmcHAOtr~
ACBTOMATB

M3.80 ï ?00

S5.?5 t.3680

76.90 1.2090
69.36 L0990
59.36 0.8620
S3.76 0.86SO
67.M 0.9UO
07.70 O.MMcryBtaitized
70.40 0.1MO
72.25 0.3860
72.65 0.4660
72.85 0.5120
73.05 0.5680
73.40 0.6MO
73.95 0.7670
73.65 1.0270
74.40 1.1550
78.50 1.2490
56.40 0.9190
54.95 0.8940
63.B5 0.8773
51.20 0.8355
50.45 0.8265
73.70 0.6015crysta!tized
62.55 0.0980
53.40 0.0638

41.40 0.0568

16.30 [ 0.0438

7.40 0.0378

gas freedat each equilibrium,and from this the amountstill Md was

readilycalculated.
Thisprocedurewascontinueduntil the pressurereachedzero. fi the

volumeof the gas reachedthe capacityof the buret beforethe pressure
reachedzero,the stopcock(F) wastumed 180",exhaustingmostof the

gas in the buret, and then the observationswerecontinuedas before.
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REaUÏ/FS

Thedata obtainedare givenintables 1, 2,and3,andplottedmfigure2.
As the sutfur dioxidewas forcedinto the reactiontube, there wasa

wettingof the oompoundonits surface;this beoamemorepronouncedas
the preaaureincreased. FhtaBythe entire compoundassumedthe Uqoid
state, exceptin thé case of berylliumethyl acetoacetate,whichchanged
Srat to a gel. As the pressurewas reduced the compoundremainedin

liquid state until thé sohitionwas coosiderabtysupersaturatedwhen

auddenlythe liquidtumed almostexplosivelyto awhitesolid. This solid

TABLE2

Thes~<ewa«y<<<~eMd<<ryH<!<atethylaeettMMe<a<efîuRa ayaw~n auv~ur if. vwvgv uwswfRSUVo

f)UMtM)Ut MOt,BB 0~ 80t PUR MOt.E 0)' BBtn~tOM )fnm.

*CBK)*CBtATB

t82.t6 t.7820
99.80 1.8000
97.15 1.8300
94.40 1.8680
89.06 1.6670
83.00 1.7260
79.22 1.6020
70.80 1.6470
67.80 1.4290
84.83 1.4630
60.80 1.2990

59.00 0.6676

62.66 0.3590

44.90 0.3100

TABLE 3

The <t~<<M<M~/<tf<K<M!t<~e-p~e<tt~&eMeo<e

mmaCBB MOUM <? 80t MB MOt~ Or MEMTt. BBt<M*TB

112.86 0.0689
93.40 0.0397

wasthe molecularcompoundwithsulfurdioxide. The compoundscould

changeto liquidunder pressure,giveup sulfurdioxide,and changeto a

solidstateasmanytimesasdesired. In fact theyseemedto takeup sulfur

dioxidemorefreelyafter the firstpumping.

Berylliumacetylacetonatecombinedwith one moleof sulfur dioxide

a.ndthis compoundthen dissolvedin the sulfurdioxidegas forminga

liquid. The portionof the ourve(seefigure2) frompressuresof 75cm.to

104cm.is merelythe vaporpressurecurvefor increasingdilutionof this
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compounddissolvedm suifur dioxide. On cooling,aupersaturationis

ehownin the curve of beryUiumacetylacetonateas a,dotted line. The

berylliumacetylacetonatesolution couldbe supersaturatedto thé point
where approximatelyonlyone-half moleof sulfur dioxideper moleof

bérylliumacetytftcetotMttewas left in the eel!. The vaporpressureofthe

compoundBe~H~COCHCOCH~-SO,varies betwoen72 and 76 cm.

and averages73 cm. Oncarrying the pressureto zéro,all the sulfurdi-

oxidewasremovedand the beryUiumacetylacetonatewasfound to be

unchanged.

0 Jt < M Lt M t.6 !t

MtttSt~t~ttMt'.CoxMwa

FtG.2.ABSOttPTtOttOfSuTfFTrRDtOXtBEBYOttOANMBEBYt-HCMCOMPOUMC8

In the caseof berylliumethyl acetoacetatequite a différentcondition

wasfound. Insteadofcombiningandforminga true solution,apparently
a colloidalsolutionwasformed, sinceon pumpingoffthe sulfurdioxide

duringthe détermination,the liquidnïst becameviscousand then set to

a.gel. Thisgel remainedquite stableat pressuresfrom132cm.downto

60 cm. Finallyafter pumpingo&sulfurdioxideat a pressureof59cm.,

the gelsuddenlydecrepitatedleavinga fine powder. The gel formation

hinderedthe free Ibaaof au!fut dioxideand aogavea rather irregularset

of pointsonthe upperslopeof the curve;althoughthe pointsareuniforme

placedon the horizontalpart. The authors restudiedtMssystemthree
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timesover a periodof eightmonths,withoutbeingable to improvethe

Irregularityof these points. Thisis probablya hystérésisphenomenon

(8,9) due to variationof the oapuiarypore aizeas thé sulfurdioxideof

thegel leavesthe solidBe(CH!COCHCO.OC,Ht)z-80~structure. This

is alsosuggestedby the suddeneollapseof thegel on furtherremovalof

the sutfur dioxide. The phenomenonmay be further complicatedby

solubilityof the compoundin the sulfur dioxide. However,the curve

showsa generalshapesimilarto thé other and the gel reverted to the

so!idstate, showingan approximatecompositionof 1.0 mole of sulfur

dioxideper moleof compound.The vapor pressureof tbis compound,

Bo(CH,COCHCO.OC,Ht)!-SO;,averages80 cm.

The phenylbenzoateabsorbedso little sulfurdioxidethat the curve

showedplaintythat it wasmerelyan adsorptioncurve;sinceits further

studywouldcontributenothingit wasdiscontinued.

CONCLUSION

It bas beenestablishedthat sulfurdioxidefortnsadditioncompounds
with beryUiumacetylacetonateand beryUiumethyl acetoacetate. In

attemptingto explainthe additionof sulfurdioxideto thesecompounds
severalpossibilitiesmay be oonsidered.Anyrearrangementthat is in-

volvedmust be an easilyreversibleone; thisseemsto precludethe possi-

bitityof oxidationor reduction. Thesecompoundsare apparentlyofthe

so-catledmolecularcompoundtype analogousto the hydrates. Both

beryUiumacetylacetonateand ethyl acetoacetateformedadditivecom-

poundscontainingonemoleof sulfurdioxideto one of the compound.
That the additionofsulfurdioxideianot a functionof theberylliumalone

issuggestedbythefactthat bothBohulzeandBoessneck(2,3)showedthat

acetoneformedan additivecompoundwith sulfurdioxido. However,the

organiccompoundsformedin whichsodiumand aluminumreplace the

beryUiumapparentlydonot reactwithsutfurdioxide-at leastbelowtwo

atmospherespressure,thoughthemagnesiumacetylacetonateshowsdight

solubilityor reaction. These latter compoundsare probablymorepolar

than the correspondingberylliumcompounds,whilethe berylliumatom

doesnot changethe essentiallynon-polarcharacterof the originalorganic

compound.Thereactionmaybeanalogoustohydrationwhereoneofthe

bondsof the oxygenis opened,permittingtheadditionof (OH)and (H)
thus:

OH

Rn + HOH= R

0 OH
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whiohby analogyin the caseofsulfurdioxi<tewouldbe:

On thisbasis, however,onewonderswhyanotheraulfurdioxidemole-
culeis not takenup by the other==COgroup.

An arrangementsuohas the foUow!ogin whichboth ===COgroupsare
iBvo!vcdisunorthodox,sinceit pK)duee8a twelve-memberedringofwhich
otherexamplesare practicaUyUDknowa;furthermorethe sulfurdtoxide

compoundshouldbemorestableif thiawereits structure:

The fact that only bérylliumchelatecompounds,berylliumacetylace-
tonate, berylliumethyl acetoacetate,and berylliumbasicacétate react
withsulfurdioxidereaduywouldsuggestthat the reactiontookplacevia
the atom of berylliumwereit not for the fact that magnesiumacetyl-
acetonatea!soreacts to a certainextent,and that acetoneitsetf reacts

readi!y.
It willbe rememberedthat liquidsulfurdioxideis an exceUentsolvent

fornon-polareompoundsin general,particubdyestersandfats,in wbich
ofcoursethereisa ==COgroup. It maybethat thecharaoterofthebéryl-
liumin thèseche!atecompoundsisaumcienttynégativesothat theybehave
towardssulfurdioxideexacttyMkeauchnon-polarcompoundsas the fats,
whichcontaiBnometab. In a formerpaper(10)it wasreportedthat the

hydrolysisof beryHiumbasicacétate wasvery slowand dimcuit, in-

H

CH,C==C–C–CH,

A t

R 8=0
0

(

1
0

Be1
o 0–––8==0

0 t
0 H 0
) t )t

CH,–C=C–C–CH,

H

CH,–C==C–C–CH,
t
00 0
(
Be 8

00 0
t

CH,–C===C–C–CH,
1
H
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dicatingextremelyslightionizationto yieldBe+~ionsandthat the beryl-
liumwasactingina rôlenot unlikethat ofcarbonitse!f.

Thé evidenceseemsto point to the formationhereof molecularcom-

poundsas a functionof the carbonylgroupof compoundsin whichthe
metalpresentdoesnot diminishthénon-polarcharacteroftheorganiccom-

pound. It wouldbe interesting to test boronchelatecompoundswith
sulfurdioxideif they couldbe prepared. They shouldreaotin a simUar

fashion,thoughthiawouldbe complicatedby the knowncharacteristicof
boroncompoundsto fonn molecularcompounds.

8UMMARY

1. The systemssulfur dioxide-berylliumacetylaeetonateand sulfur

dioxide-berylliumethyl acetoacetatehave been studiedat 2500. It is
foundthat theseberyUiumcompoundscombinein the ratioof onemole
of compoundto onemoleof sulfurdioxide.

2. The vapor pressure of the compoundBe(CHtCOCHCOCH<)~-·

SOtaverages73cm.andthat of thecompoundBe(CH<COCHCO-OCtHt):!·

S0<averages60 cm.
3. The nature of these compoundsand their possiblestructureis dis-

cussed.
4. The baro-buretis found to bea valuabletool in studyinggas-solid

equilibria.
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80ME ERRORSINHERENT IN THE USUALDETERMINATION
OF THE BINARYFREEZÏNG POINT DIAGRAM

EVALDL.8KAU'AneBLAIR8AXTON

Dep<n-<M~~<~CA«)t<<<f~,YaleUniversity,We«'~ofen,Connecticut

RMe<M<<September19,MM

It baslongbeenknownthat therearemarkedabnormalitiesin the freez-

ingpointsofmanybinarymixturesneartheeutecticcomposition,but it has
neverbeenshowndefinitelywhetherthey are inherentin the system or
whethertheyare merelyapparentabnormalitiesdueto experimentalerror.

If,however,onewereto studyby the usualapproximatemethoda nearly
idéalsystemfor whichtheaceuratedata areavailaMe,a comparisonof the

correspondingfreezingpoint-compositiondiagramsshoulddisctosesome

interestingfacts, sinceaUthe dinerenceswouldbe due to experimental
error.

Most of the temperature-compositiondiagramsin the literature have
been constructedby the use of the Beckmannmethod,whichconsista

essentiaUyin coolingthe melt belowthe freezingpoint,inocutatingwith
the properkind of crystal,stirring,and notingthemaximumtemperature
to whieh the thermometerrises. The freezingpoints so obtained are

usuallylow,owingmainlyto twocauses: (1)thechangein thecomposition
of the liquiddue to the solidfrozenout, and (2) thé thermometerlag$
Theerrorsthus involvedincreaseas the eutecticis approached. In many
casesthe eutectio point itsetf is not experimentauydeterminedbut is
obtainedby extrapolationof the two branchesofthé eurve.

This investigationhad for its purposethe study of the natureand the

possiblemagnitudesof theeffectsdue to suchinaccuraciesonthe freezing
point-compositiondiagram,the calculatedheats of solution,and on the
conclusionsdrawnas to theidealityofthe system. Thesystem~-chtorocro-
tonicaoid-cMoroisocrotonicacid, forwhichthe accuratefreezingpoint

DuPontFeMowat YaleUniversity,1924-1925.PrésentaddressTrinityCottege,
Hartford,ConneetMUt.

Thiserrormayundoubtedlybequiteconsiderableandthefactthatinthesystem
herestudiedit waseliminated,partiallyeounterbalancesthefactthat ourother
errorwasdeliberatelyenhanced.AnothercauMoflowfreezingpointrésultais the
useoftoolittle undercooting.Sincetbisbasbeenrepeatedlydiscussed(see,for
example,Ostwald-Luther,Hand-undHiltsbuchzurAasfûhrangphysikochemiscber
Meseungen,Leipzig,1925)andhasbeeneliminatedinthiswork,it willnotbecon-
sideredhere.
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andheatcontentdata haverecentlybeenpublished(,t),affordsan excellent

opportunityfor a study of this kind. The resultsobtainedshowthat the

eutecticcompositionas wellas the eutectictemperatureis affectedby the
usual iaaecuraciesof the data. Othercausesof errer near the euteotio

pointarepointedout by meansofcooUngcurves.

EXPEBtMENTAL

Thefreezingpointmethodusedwasonewhichexaggeratedthéerror due
to theseparationof the solid,but whiohpracticatlyeliminatedtheerror due
to thé lag in the thermometerregistration.

Appar<!(~s

Théapparatusused was the innerpart of the coolingourveapparatus
previouslydescribed(1). It consistedeasentialtyof a amaUtMm-waUed

glasstube,6nuB.in diameter,containingthéf~mple(0.7to 1.0gram) into
whicha thermoelement,protectedby a thin-waed capiUaryglaseaheath,
wasinsertedthrougha stopper. Thisstopperwasprovidedwithanother
sma!!openingthrough whiehthe undercooledmelt couldbe inocutated

by introducingthe proper crystalson the end of a glass thread. The

thormoelementusedwas thesameas that usedin theaccurateconstruction
of thediagramforthis system.

PfoeedMfe

Thefreezingpointdeterminationsfor this systemweremadeas follows.
Aknownweightof the componentA wasplacedin the freezingpoint tube

and a amaUamount of componentB was then weighedin by différence
without removing the thermoelement. After the mixture was made

homogeneousby melting completelyand stirring,the freezingpoint was
foundbyaBowingthesystemto coolin the air (withoutanyshield),seeding
at thé proper time,stirring, and notingthe maximumto whichthe tem-

peraturerose. This was repeatedwith variousdegreesof undercooling
and thehighestmaximumobtain<:dwastakenas thefreezingpointfor that

composition.Alittlemoreof substanceB wasthenweighedinto the tube
and a newdéterminationmade. The error in compositionis thus cumu-

lativebut isestimatedto havebeenat aUtimeslessthan 0.3percent.

Ma<erM!!s

Thesynthesisand purificationof the two acidsbas beendescribed(1).

TheMpertme?!<a~resM~

Thedata obtainedby thé presentmethodaregivenin table1. N is the
molefractionin the liquidof the formcrystatMzingat the freezingpoint,
~C., y°K; is the true freezingpoint obtainedby interpolationof the
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experimentallycorrect*data for the system. Thesedata are plotted in
figures1and2.

The followingfaotsshouldbe noted:
From the temperature-compositiondiagram,figure1, it is obviousthat

thevaluesobtainedbytheroughmethodareaUlowerthan thoseaocurately
detennined. Further, it is apparentthat the deviationsbecomeinoreas-
inglygreateras the eutecticla approaohedand that the eutecticpoint is
shiftedby thèseinaccuraciesnot onlyalongthe temperatureaxis butatso

TABLE1

~p~<M<t<o<~-ee.M~pointdata/(M-<&<<~<<M~A!<M-ocro<<Mtcacid-
~-et<c)'e<«)o'e<Mt<eacidp-cMMH'(Maccr~KW)coct<ï

1000t+).t~t –-I <-I t
~-chtoroorotonic acid branch

1.000 1.0000 93.6 2.727 M.6 0.0
0.476 0.6767 65.6 3.043 69.1 3.6
0.434 0.6376 62.4 3.072 66.4 3.0
0.389 0.6900 47.0 3.124 60.9 3.9
0.360 0.6440 41.1 3.183 46.8 6.7

~-cMoroisocMtoaicacid branch

-t.0000 1.0000 60.6 2.998 60.S 0.0
0.9665 0.9802 67.8 3.022 ?.9 0.1
0.9271 0.9671 66.0 3.038 66.3 0.3
0.9077 0.9579 64.8 3.049 66.2 0.4
0.889 0.9489 63.9 3.068 64.2 0.3
0.840 0.9243 60.7 3.088 61.3 0.6
0.810 0.9086 ?.6 3.109 49.5 1.0
0.788 0.8866 46.9 3.126 48.1 1.2
0.760 0.8751 44.1 3.163 46.7 1.6
0.726 0.8603 42.3 3.171 44.1 1.8
0.706 0.8488 41.3 3.181 42.8 1.6

Eutecticpointbyextrapolation 38.9°C.

alongthe compositionaxis, the extrapo!atedtemperaturebeing about
38.9"C.insteadof 41.5"C.,and the percentof ~-chtorocrotonicacidbeing
about33.2insteadof 30.8.

From the plot of (1 + logN) against figure2, it is seen that a

straightUnemaybedrawnthroughthe inacouratedata in sucha waythat

Withamaximumerrorof0.26°C.neartheeutectiepoint.

THB JOCMtAt. 0~ tNTMCAt. CBtiMtMttT, VOL. XK~Mt. ttO. 2
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the gteateatdeviationcorrespondsto only about O.S"C.The heats of

Bolutioncalculatedfromtho slopesof theseUnesby meanaof the Ideal

freezingpoint-solubilityequationare4970and3940,asoomparedwith the
values6220and4120caloriesper molecatcu!atedfromthe accurato lines

for the ~-oMorocMtonicand tbe ~Moroimcrotomtcaoidrespeotively. It

Mois ~tttt*" C*<Mef*cr<te~< «tt

FtO.I. FBEBSNOPo!NT-CO)HPOSI'nOMDiAQBAM0~THESYMEM,~-CHMtROCNOTOttM
AOtD-CHLOBOISOCROTOMCACID

Doterepresentaccuratefree~mt;pointe;citc!eerepreMtttMughfreezingpointa

iBfurtherapparentthat thepointsnear theeutecticshowa tendencytofaU

off gKMhtaUy,especMy on the ~-ehioroctotoniosaid branch where the

eutecticcompositionia considerablyremovedfrom the pure substance.

If cmrvedMnesbe drawnthroughthe pointsand thé heats of solution

catcutatedfromtheir initialatopes.the errorwouldobviouelybe leasened.
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M8CU98ÏON

Thereare severalpossiblereasonsfor the increaseddeviationsnear the
euteotiopointwhichshouldbe pointedout since,to the bestofourknowl-
edge,thiasituationbas neverbeencarefuDyanalyzed.

(1) It can be shownthat for purelymathematicalreasonsthé error in

M <M M o~ M «
t-tt~H N

F!Q.2. LogAT- -PMW FORTHE8Y9TBM,~CttMBOCROTONMActn-

CKMHtOtMCttOTMMCActe
Doterepresentvaluescateutatedfromaceuratefreezingpointa;cïrctearepresent

valuescalculatedfromroughfreezingpoints.Uppereurvesarefor~-oMoro-
orotonicaoid;lowercurvesarefor~-chtoroMocrotonicacid.

the molefractioncausedby the freezingof a givenfractionof a com-
ponentofa binarysolutionincreaseswith themoleftaotionof the added
componentuntil the two mole ftactionsare about equal. Let ~Aand
Mabe the numberofmolesof A and B reapectivelyin a binarysolution
andlet a be the numberofmolesand = a/~< thefractionofAcrystal-
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uzedfromthissolutionina freezingpoint determination. Let NAandNB
bethe molefractionsofAandB,respeotively,in solutionbeforecrystaHiza-
tionand N'Aand ~V'abe the correspondingquantitiesafter a molesof A
havebeencrystal1ized.Then

eJV,, ~A~n
~A = NA ~A = ––r–– -<––-F° ~A~B ~)

"A "B ~AA

DUferenttating,weobtain

r&(- 4~4)1 -~A ~a ~1)

) )
-.fM – W ~2)

L & i (t ~A)'
(2)

From the approximatederivativethé change in compositionreachesa
maximumwhen~A ~B. Fromthe accurate derivativethe maximum

b reachedwhenNA= –~–– Thus whena: 0.01 the maximum

occursat iVa=0.4987.~

(2) The generalshapeof the freezingpoint-compositiondiagramadda
anothersourceof error. Supposetheerrormentionedin (1)bemadeuni-
formandsma!!by keepingAJVAconstantthroughoutthe rangeofconcen.

tration, that is,by deoteasingthevalueof as weapproachthe eutectieso
as to satisfyequation1. Theerrorwouldstillusuallyincreaseowingto the
faet that the changein freezingpoint for a givenchange in composition
also commonlyincreasesas thé eutectic point is approached. This is
obviousfromthe fact that the freezingpoint-compositiontinesare ordi-

narilycurveddownward. For the idealsolutionat constant pressurethis
fouowsfromthe well-knownequation,

_d~ RT By
(a>

"<~A~A~A"~A~A

where,at temperatureT, NAis the molefraction in solution,A~ is the
molalentropyof fusion,A~Athe molalheat of fusionof the component
ctystaHizing,and s is the slopeof the freezingpoint-solubilitycurve.

Differentiatingweobtain,

d< 1 r ~Cp.1 y F A~ BT'dCp.t– –-–
2B

d<S. ––– –-–
2R

–" ––––- t (4)
dT L j L r J

whereACp~is the molalincreasein heat capacityof pure A on fusion.

Hencewhenever2R< –– + s inereaseswith fati in tempera-
tMIA

It is thusobviduslytruethat fora certaindeMte<tMOM)t<of componentA
etystaHiNmgfromasolution,theerroriocompositionBocausedincreaaesaathéeutec-
tiopointiaapproached.
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turc. This is the usua!case. If A~'s independentof Tthen the slope
muetincreaseas T deoreaseswhenever"

~A
28 < e-À

T

It a!sofollowstbat thé slopechangeswith temperaturein the converse
mannerwhenever~A !esathan 2R, 3.97 caloriesor 16.63 joulesper
degreepermole,andwillremainconstantif A~ = 2~ entropy unitsper
mole. Thus the solubilityin an ideal binary systemmay start witha
positivevalue of s, pass throughan inflectionpoint and approach the
euteoticpointwitha negativevalueof s. This may evenhappen when
~A ls independentof T and~CpAis zéro,for although~A is then inde-
pendentof T aloneit isa functionof whichdecreaseswith temperature
andconsequently aotuaHyincreasesas y deoreases. This follows
fromthe relation,validat constantpressure,

APe
d&S –~ d?' M In

It alsofoUowsdirectlyfrom the definitionalrelationbetweenA~, ~A
andT. Valuesof the increasein s withfallingtemperaturecalculatedby
moansof equation4 agreesatisfactoritywith those detenninedby usfor
theSystemcomposedof the twoj!-ch!orocrotonicacids.

For mostof the substancesfor whichapparentlyreliabledirect calori-
metriedata are given,and especiallyfor organiccompounds,the molal
entropiesof fusionat the freezingpointsexceed2R. Thecomparatively
fewexceptionswhichwehavenoticedare hydrogenbromide(one crystal-
tineform), hydrogenchloride,hydrogeniodide,pyrosulfuricacid, nitric
acid, silver bromide,strontiumchtoride,sodiumhydroxide, potassium
hydroxide,rubidiumhydroxide,césiumhydroxide,carbon tetrachloride,
méthane,methanol,cyclohexane,cyctohexanol,and 1,4-dihydronaphtha-
lene. The elementscomprisethe largest list of exceptions. Indeed,a!I
the elementsfor whichwe have data have entropiesof fusion at their

meltingpointswhichare tessthan2Bper formulaweight,except chlorine,
bromine,bismuth,gallium,andantimony.

Therearea fewsubstantiaUyideat'binarySystemsinwhichonecompo-

ThiarelationforthéapeoMcasewhereA~AMconstantbasbeendevelopedina
Bomewttatdictent mannerby vanLaar(Proe.Acad.Sci.AmsterdamC,II, 424
(1903)).

The criterionofidealityusedisthat

AIIA -2.303
d logNp

–
whateANisthecalorimetricallymeasuredmolalheatoffusionofcomponentA,the
solvent.Strictly,thisheatoffusionahouMbetakenat temperatureT, butinmany
casesit oanonlybeevaluatedat themeltingpoint.
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nent isoneof thesubstanceslistedabove. ThèseSystemsbearout,at teast
quatitativeiy,the relationsdemandedby equation4. For example,from
the heatdata ofLatimer(2),theslopeofthe y–~V curveforoarbontetta-
chlorideshoulddecreasewithfattingtemperatureuntil the transitiontem-
peratureis reachedandthenincreaso. Judgingfromthe data ofBiltzand
Meinecke(3), this is exact!ywhat happenswhen chlorineia the solute.
Thosameconditionshouldexistforoyotohexaae(4) andiaactuauyMaUzed
in the binarysystemwithmethyicyclobexane(5).

Thecombinede&ectofthe abovetwosourcesof errorupontheobserved
freezingpointof an idealbinarysolutionoanbe calculatedfromequation
3 integratedassuming~A to be independentof T. Then, in general,

~A~A
y

In NA,
<t

~A-~A~~A
(5)

and

eT T _K~&N~ W~
(6)

'(~A-~A~~A)(~A-A)"

in whichTAis thefreezingpointofpure A; T is the true, f thé observed

freezingpointofthesolution; AT is the loweringof the freezingpointof
thesolutioncausedbythecrystauizationofsomeof componentA;theother
terms have the samesignificanceas before. Since NA wouldbe nearly
equalto NAin any properlyconductedexperiment,

~A ~A
tny'.p-t

~A ~A

hence,
Kr.&H.AA?*.= ––––––"––"–––– –––– M- W

(AH~ RTAln NA)'1 a: B

Thusforan idealsolutionof a givencompositionthe crror infreezingpoint
due to crystallizationis directlyproportionalto x providedthis is smatt

comparedto unity.

Upondifferentiatingequation7 weobtain,

r~t ~A A

r~
M ~1

L&~i (~-B~tn~).l-~LRT'A "A-!
(8)

Whetherthe errorin T increases,remainsconstant, or decreaseawithNn
is thendeterminedby whether

M -&~B–" la W. –"
s

~A NA
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Tbus the entropyoffusionat the freezingpoint andthe molefractionare

the determiningfactors. The entropy of fusionof many organiccom-

poundsis about13caloriesperdegreepermole(6). A substancewiththis

entropyoffusionwillshowanincreasein (- ~T) with NBuntil the latter
resches0.8; whileif its entropyof fusionis as lowas 2.6 it willshowan

increasein (- AT)up to NB= 0.5. Hence,if the eutectio composition
is not too near that ofeitherpurecomponent(B in this case)it is fairto

assumethat as componentB is continuouslyadded to a nxedamountof

Aandthe amountofAcrystaUizediskeptconstantthe error in thefreezing

pointwitiusuallycontinuouslyincreaseuntilthe eutecticis reached. This

woulda!sobe the casefor varyingamountsof A if the fractionremoved
eaohtimewerekeptconstant. For example,in thecaseof~-cMorocrotonic

acid, whoseentropyof fusionis 13.5caloriesper degree per moleat its

freezingpoint,if onepercentbeorystaHizedduringa freezingpointdeter-
minationthe error in T wouldbe 0.05"C.whenita mole fractionis 0.9.
This errorwouldincreasecontinuous!yand become0.27°C.whenits mole

fractionia0.308. Thisis the compositionof the eutectic with~-chtoroiso-
crotonicacid.

In order to maintaina constanterror in T alonga singlebranchofthe

curve, xshouldbedecreasedasNBincreasesin accordancewithequation
7. Againusing~-chlorocrotonicacid as an example,we find that fora

valueof (- AT)= 0.1°C.wemaycrystallize1.9percent of the acidwhen

2Vj}=0.1,but only0.37percentat the eutectiowith its isomerwhen~a
'=''0.692. Thus x must be deoreasedfivefold. Since the moM heat

capacitiesof thesetwo isomersin the liquid state are nearly equal (1),
it followsthat xis practicaUyproportiona!to théamount of undercooling;
hencethe lattershouldbe decreasedaboutfivefoldin goingfromJVs= 0.11

to theeutectic.

(3) A third error is introducedby the tact that a actuauy increasesas

the euteoticisapproached,owingto thé decreasein the rate oferystalliza-
tion with the decreasein temperatureand the attendant increasein

viscosity. That sÏd~crystaUizationin generalcauses a largeramount

of solidto separatebeforethe maximumis reachedcan perhapsbeshown

best by a oomparisonof eoolingcurves. In figure 3 the UneABC'D'

representsa typicaltime-temperaturecurvefor a slowcrystattizationand

the lineABCD,a curvefor a morerapidone. GH representsthe course

takenby the temperatureof theshieldor surroundings. The shadedarea
in each case,horizontaUyand diagonallyrespectively,is proportionalto

thé amountof solidseparatedat the maximumtemperature (7). It is

obviousthat the area A'BC'F'E' is greater than the area ABCFE. It

was actuauy foundon reëxaminingthe eoolingcurves obtained in the
earlierstudy of this system(1)that thosefor the nearly pure substances

wereof thé rapid type whereasthose for compositionsnear the eutectic
wereof the slowtype.
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AUofthe errorssofar consideredhavebeendue tofailureto correctfor
the changein compositionwhenthesolidseparatesandthey aie involved
in the caseof aUsolutions,beingusuallygreatest at the euteotioand de-

creasingas the pure substance is approached. Anothersourceof very
considérableerror,whichmayor maynot be quitegêneraito all systems,
is illustratedbya numberof coolingcurvesobtainedforcompositionsnear
the eutectie. In these ourvesthe firat maximumafter inoculatingwas

actuallybelowthe true eutectiotemperatureand after the usual fall in

Tltnt -

Fia. 3. Typical Coounq Cukvss pob Rapidmt AND Stowut Crystallizinq

BltfABT MlXTUEBS

temperaturetherefollowedanotherrise, this time to a higher maximum

correspondingto the euteetiotemperature. In onecaaethe primaryfreez-

ing point,after roughlycorrectingfor the amountofsolidseparated,was

0.5°C.belowthe eutectiotemperaturewhichin thiscaseis actuallyabout

0.5°C.low. Thiscurve,for the composition31.2percent 0-chlorocrotonic

acid,is reproducedscbematicattyinfigure4 and thecauseof the behavior

canbeexplainedby a considerationof figure5 inwhichtheeffectisshown
muchexaggerated.

Letusconsiderthat AEB(figure5)is the correctfreezingpoint-composi-
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tiondiagramfora systemas obtainedbyan accurate method. Owingto
the tendencyto undercool,a meltof thecompositionX failsto crystallize,
wheninoculatedwith both kinds of crystals, until the temperatureis
belowF. ThecomponentAthen«rystallizesgivingaprimaryfreezingpoint
correspondingto F (whencorreotedfor the pure A whichbas separated)
and after the maximumte reached,Acontinuesto separatechangingthe

compositionof the Iiquidas it cools,alongthe IrâeFG until B beginsto

erystallize.7Thecompositionand temperaturethen changeto theeuteetie

point.
8

-n«M

Fia. 4. Typical Coodino Cvbvb Showinq Pbimaby Fbbbzinq Point bblow thb

EcTECTICTBUPEBAT0RB

For the true eutectie composition the firat maximum should on this biais

fail below the eutectie fiât, but the freezing point obtained by the proper

correction for the solid separated ebould be the true eutectic temperature.

It will be noted that below the eutectie the increase in tbe degreeof undercooling
with respect to B is the resultant of two Buperiœposedeffeote (a) the lowering of the

temperature of the Uquid, and (b) the inorease of the true freezing point of the liquid
due to the continuai change toward a composition richer in B.

8The true eutectie temperature may never be roaohed, however, owing to a low

rate of crystalUzation of B, or owing to the fact that the amount of liquid left is so

small that ita heat of crystallization is insufficient to raise tbe temperature of tbe

whole sample through the required range. Thus, ae mentioned above, the second

maximumin figure4, though higher than the first, is etill about O.S°C.below the true

eutectic temperature.
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In faot,onewouldexpectthat compositionsevena littlericherin Awould

showthis samecbaracteristio. Coolingourvesof thia typewereaotually

reaUzed;forexample,the samplecontaining30.0per cent of0-chlorooro-
tonicaeiduponinoculationat 38.5°C.cameto a maximumof41.5°C,and

thendroppedto 39.9°C, and finaUyrose again to 41.5°C,the outeotio

température.*For compositionsricherthan the euteotioinoomponentB,
thedegreeofundercoolingnecessaryin orderto reaohourveAGincreases

Crnnpetltien

Fio. 5. Sohemàtio BINARY Fbbbzinq POINT Diaorah with one Bbahch

EXTENDED BELOW THE EoTECTIC

and eventually attains such a value that B is the first to crystallize upon

inoculation. The resulting effect on the temperature-compositiondiagram

»It is nonovelobservationthat a systemcanbe undercooledbelowits euteotio

point. Indeed,it is claimedthat this can usuallybedose intentionallywhenever

one,orboth,ofthe compooentsiacapable ofbeingundercooledwhenpure. To the

bestofourknowledge,however,nocoolingourvelikeourfigure4,withtwomaxima,
thesecondhigherthan the firat,bas beenreported. Suoha curveafords the first

experimentalproofof the validityof the explanationusuallygivenforthe causeof

suchabnormalfreezingpoints.
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wouldbe the extensionof the A branchbeyondthe true eutecticand the

distortionof the other branch to meet it.

It is probablethat in many systemsthe coolingof the liquid belowthe

euteotiotemperatureeanoccuronlyto a verylimitedextent. In suchcases

theeffeetonthediagramwouldbesuchas to indioatecompoundformation;

that is, a horizontalline wouldextend betweenthe two branchesof the

diagramat or just belowthe eutectictempérature. A caseof this kind

hasaotuallybeenpointedout byBelland McEwen(8), whouponrecon-

struetingthediagramfor the binarysystemof »»-nitrotoluenewithp-nitro-

toluenefoundit to bea systemof the simpleeutectictype insteadof one

ebowingcompoundformationashadbeen reportedpreviouslybyGibson,

Duckham,and Fairbaim (9).

CONCLUSIONS

Whenit isconsideredthat theusualmethod employedfor freezingpoint

déterminationsinvolvesmerelythedeterminationof the heightofthe first

maximumafter inoculationand that there is no correctionfor the solid

separated,it becomesobviousthat the constructionof the freesingpoint

diagramsofmanyof the binarySystemsin the literaturemay beconsider-

ablyin error. This is partioularlyin evidencenearthe eutecticpointand

maylowerthe apparent eutectietemperature; in fact, as shownby the

discussionof figure4, this dangerexistaeven if correctionis madefor the

separationof the solid. A shift in the euteoticcompositionis alsoto be

expeotedwherethe temperaturedeviationonthe twobranchesof thecurve

is not the sameat the true eutecticcomposition. It shouldbe noted,

however,that whereasail the errorsdiseussedin this paper conspireto

makethe apparenteutectic températuretoo low,they may conooivably

baveopposingeffectsonthe shiftofthe eutectiecomposition. Suchwould

havebeenthecase,forexample,if thebranch BEinsteadofAEinfigure5

werethe onethat couldbe extended. If tbe extensionofneitherof these

brancheswererealisable,the diagramobtained mightconceivablyleadone

to believethat there was compoundformation. Tbis is obviousfrom

inspectionof figure1.

Erroneousdata would,in general,be expectedtogivea logN – plot

witha curvaturewhichis too great,and the heat of solutioncalculated

fromits slopewouldbe too lowandwouldvary moreoverthe temperature

rangeinquestionthan the trueheatofsolution.

Littlecanbesaidina gêneraiwayin regard to thepossiblemagnitudeof

theerrorsina systemwhoseroughdiagramaloneiaknownexceptthat they

aredépendentuponthe degreeofundercoolingusedand upon the rateof

erystallizationof the particularsubstances(i.e., uponthe amountof solid

separatedout), upon the lag in the thermometerregistration,and upon

thepossibilityoffollowingeithercurvebelowthe trueeutectictemperature.
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SUMMARY

Thefreezingpoint-compositiondiagramfor thesystem(3-chloroorotonio
acid-p-chloroisoorotonieacid has been constructedby a roughmethodin
whichnocorrectionwasmadefor the amountofsolidcrystallizingand this

diagramas wellas the logN –• plot for thesedatahavebeen eompared

with thoseobtainedfrom the accuratedata. It basbeenshownthat the
errorsinvolvedcausea shift of the observedeutectionot only along the
temperatureaxis,but alsoalongthe compositionaxis. In somecasesfalse
indicationsofcompoundformationmaybe given.

Coolingcurveshavebeen describedwhichare a directproof that it is
possibleto followa branoh of the temperature-compositiondiagramto
températuresbelowthe eutectic.

Therelationbetweenthe entropyoffusionandtheshapeof a branchof
theT N diagramofan idealbinarysystemhasbeendiscussed.

Ananalysisof the causesof increasederrorsnear the euteetie point is
madeand it has beenpointed out that it is dangerousto draw definite
conclusionsfrom the abnormalitieaor distortionsin the freezingpoint
diagramsunlessthe raethod of obtainingthe data éliminâtesthe sources
of errormentioned.
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In a seriesof articlespublishedabout 1900(1) it waspointedout that

certaingeometrieisomersexhibit the phenomenonknownas "dynamic

isomerism",i.e., the cisand the tram modificationstendto transformone

into the other until an equilibriummixture is reaohed. In those in-

vestigationstbe binary freezingpoint diagramsfor a fewsuchSystems
werestudiedand the equilibriumcompositionswere thenestimatedby
freezingpointmeasurements. If thesecompositionscouldbedetermined

with a sufficientdegreeof accuraey,it shouldbe possibletocalculatethe

heat of transformationof the onemodificationto the other.

Thereare many difficultiesinvolvedin this method,however,for in

many cases the rate of transformationis rapid enoughat the melting

point so that the compositionof the mixturechangesveryappreciably

duringthe freezingpoint détermination.3

Inasmuchasailpreviousworkonsuchsystemswasdonebythe capillary

meltingpointmethodor at best by the Beckmannapparatus,it seemedof

interest to find out what controlledcoolingcurvesand heatingourves

wouldshowand to test out the applicabilityofan apparatuspreviously
described(2) to a systemof this type. Thesystem,ct«-0-chlorocrotonic

acid-frarw-0-chloroerotonicacid, whichwasreportedin thefirst (2)of this

seriesof papers,showedno signs of "dynamicisomerism"at moderate

temperatures. The supposed "unstable equilibrium"of the system,
crotonicacid-isocrotonicacid, on the otherhand, provedoninvestigation

1DuPontFellow,YaleUniversity,1924-1925.Partofthiapaperwaswritten

duringthe tenureof a GuggenheimFellowshipat the BayerischeAkademieder

WiBsenschaften,Munich,Germany.PresentaddressTrinityCollege,Hartford,
Connecticut.

In fact,in aomecasesthefreezingpointandthemeltingpointaredifferent.
Whentberateoftransformationiaextremelyrapid,thesolidobtaineduponfreezing
a liquidmixtureofanycompositionwillbeoneofthemodificationsin pureform.
ForadetaileddiscussionofthèseinterestingpossibilitiesseeRoozeboom:Dieheter-

ogenenGleichgewichte,II, Part3,Vieweg,Braunschweig(1018).
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to be a much more complicatedequilibriumphenomenon,probably
involvingpolymerization(3).

Carveth (4) studied the System,««-anisaldoxime-Jrans-anisaldoxime,
and finallycameto the conclusionthat it wasimpossibleto constructthe
temperature-compositiondiagram even roughly. He found that the
freezingpoints could not be determinedeither for the pure formeorfor
mixturesby meansof a Beokmannfreezingpointapparatus, owingto the
rapid transformation toward a definite equilibriumcomposition. The
freezingpoint obtainedby thia methodwasalwaysin the neighborhood
of 54.2°C, whichhe interpretedas the "natural freezingpoint" of the
system,i.e., the freezingpointof the equilibriummixture. He determined
the meltingpointsof the puresubstancesby the oapiUarytube methodas
62.8°C.and X32°C, respeotively,and showedthat the less stable,ct'a
form would liquefy if kept at 89.6°C.for twelvehours. He concluded
that the eutecticwas about0.2°belowthe "naturelfreezingpoint",since
that was the loweat temperaturehe was able to reach by changingthe
compositionand since ho was unable to deteota second break in the
rough coolingcurves wbichhe ran. He attempted to get the melting
temperaturesof variousmixturesof the twoformaby meansof the capil-
lary tube method,but failedto get even approximatelyreproduciblere-
sults. He stated, "It bas been found absolutelyimpossibleto obtain
withany accuracythe compositionofthe triplepoint."

The benzaldoxiraesystem,whichwas studiedby Cameron(5), seemed
to exhibitthesamephenomena,but in this caseit was found possibleto
construct a roughfreezingpoint-solubilitydiagram. Since the résultaof
Patterson and MacMillan (6) on the rates of transformationin'ethyl
tartrate solution show that cw-anisaldoximeand «8-benzaldojdmeare
equallystable' it seemedthat it shouldbe possibleto constructthediagram
for the anisaldoximesystem.

Wehave foundthat the coolingcurvemethodisnot entirelyapplicable
to the case, but we werefinallyable to constructthe binary freezing
point diagram,to followthe transformationinvolved,and to determine
the compositionat the t'natural freeaingpoint" with a fair degreeof
accuracyby meansof eontrolledheating curves.

SYNTHESI8 AND PDBIPICATION OF COMPOUNDS

The <ran«-anisaldoximewassyntheaizedby Schmidtand SôU'smethod
(7) from anisaldehyde and hydroxylaminehydrochloridein alcohol
solution containinga large excessof barium carbonate in suspension.

Brady andDunn(J.Chem.Soc. M,1783(1923))etatethatcû-anisaldoximeis
morestableatatmosphericconditionsthancts-benzatdoxime.
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Theyieldofcrudeoximewas96per cent. Thisproductwasrecrystallized
repeatedlyfrommethyl alcoholand carbontetraohloride.

The m-anisaldoximewas prepared from the tram modificationby
Dunstanand Thole's method (8) as modifiedby Bradyand Dunn (9).
Thèse authoremention the difficultyof drying the cis-oxime. la this
particularcasewe found that the drying of the solidcduldbe omitted
if the sample,after being suckeddry on the Buchnerfunnel,was ex-
tracted with boiling benzene,the water layer beingreëxtracted. The
purificationwaseffectedby repaatedrecrystallizationfrombenzene. The
finalproductmelted quite sharply in a oapiUarytube at about 127°C,
the temperaturebeing raised at the rate of about 2° perminute as the
meltingpointwasapproached.

The apparatus used for running coolingand heatingourveshas been
describedelsewbere(2).

EXPERIMENTAL RE3ULT8 AND DISCUSSION

Ldmitationsof cooling-curvemethod

It was found that, in accordancewith the conclusionsof Carveth,it
was impossibleto get the freezingpoint of eitherpure modificationby
meansofcoolingcurves, sincetherewasalwaysa partialtransformationto
theother formas soon as the meltingtookplace. However,wedidfindit
possibleto followthe transformationof the tram formto the equilibrium
mixturefor thesystem by meanBofa seriesofsuccessivecoolingcurveson
a sampleof trans-anisaldoxime. The first curvewas a very rapid one
carriedout by the method describedin anotherpaper (10),that is, by
coolingthe melt to a temperature just belowthe freezingpoint and then
inoculatingandstirring, the surroundingsbeingat the temperatureofthe
room. The othercurves wereobtainedby theusualmethod,exceptthat
the crystaUizationtook placeextremelyslowlyand the mixturehad to be
stirredvigorouslyto causethe risein temperatureto themaximum,whereas
ordinarilythe maximumis reachedwithoutany furtherstirringafter the
inoculatingorystals have oncebeen stirred into the melt.

The ûrst coolingcurve gave a maximumtemperatureof 60.7°G.(not
a "flat"), thesecondcurve,60.0°C. The samplewasthenheatedto92°C.
and allowedto coolin the courseof ten minutes,and the maximumcame
at 57.5°C. Thenext curvegave57.4°C.and the Iast57.4°C. A number
ofcoolingcurveswererun on thissampleandthearea-maximumplot.was
made, but the results were not self-consistent,many maximabeingde-
cidedlylow. Fromall these resultsit wasestimatedthat the true primary
freezingpointof the equilibriummixturewasabove57°C.

4Tocorrectforthe solidseparatedoutat themaxima,seeAndrews,Kohman,
andJohnston:J. Phyg.Chem.29,914(1926).
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Thefootingcurvemethod

Since it was foundimpossibleto obtain satisfactorycoolingcurves,
owingto the rapidrate of transformation,heatingourveswereusedand

theyprovedto bemuchbetter adapted.6
The same apparatus was usedas for coolingcurves,but the oopper

shieldwasheated at a constantmeasuredrate, theadjustmentbeingmade

by means of a variableresistanceshuntedaorossthe heatingcoll. This
servedas the onlysourceofheat forthe melt,whosetemperaturewasthen
îollowedin the usualway. Thebreakswerein mostcasesquitesharpand
the results in gêneraivery consistent. By meansof suchheatingourves

it wasfoundpossibletoobtain themeltingpointofthe pureuntransformed
iron^-anisaldoximeand to followthe transformationtoward an equilib-

TABLE1

Successivecvrvetonthesamesampte0/trans-anisaldozime

rium mixture whosefreezingpoint was determined. Sinceit was also

possibleto constructthe température-compositiondiagramof thebinary

systemusing thissamemethod,thecompositionof theequilibriummixture
wasdisclosedby ita freezingpoint.

FoUtwingthe transformationbyheatingcurves

A number of successiveheatingcurveswererun on thesamesampleof

pure Irans-anisaldoxime.On plottingthe data for the first and second

runs, two curvesofthe typesshownin figure1,A andBrespectively,were
obtained. The straightUnesshowthe changeof the temperatureof the
shieldwith time and the curvedUnesbelowshowthe correspondingtem-

Theheatingcurvemethodisnotsuggestedasa generalmethodfordetermining
accur&tefreezingpointsofbinarymixtures.It ismuchlesasatisfactorywhenthe
primaryfreezingpointis farremovedfromtheeutectictemperature.
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peraturesof the sample. The breaksin thesecurvesand in therestof the
ourves,all of whiohhad the samegeneralshapeas figure1,B, havebeen
tabulatedin table 1. In figure1,A,a "flat"wasobtained(constantwithin
onemicrovolt,0.02°)lastingfor eightminutesat the temperature62.6°C,
whiohis, therefore, the meltingpointof pure trans-anisaldoxime.The
secondcurve,of the typeshowninfigure1,B,isdecidedlydifferent. There
iaa partialflat, presumablyat the eutectictemperature(pointa), at the
endofwhiohthere isa sharpchangeindirection,andlaterthereisa second
break(pointb)after wbichthe temperaturerisesrapidlyto the temperature
of the shield. Point b correspondsto the temperaturewhere the last

Fia. 1. TVPICAL Soccbssivb Heatino Ccbveb oy A Samplb of Pube

(ratu-AmsALDOxiHS

crystaldisappearsor to the primaryfreezingpointof the mixture. These
pointsweredetermînedbyplottingthe time-deviationcurves,thedeviation
beingthe différencebetweenthe temperatureof the shieldandthat of the
meltat anygiven time. The breaksarethusmuchmoremarked. Point
c isthe highesttemperatureto whichthesamplewasraisedbeforecooling
andrunningthe next curve.

Anumberof interestingfacts are broughtout by this seriesof ourves.
In thefiratplace,it showsthat theheatingcurvemethodisvastlysuperior
to the Beckmann freezingpoint method. This followsfrom Carveth's
statement(4) that after heating the purefrans-anisaldoxijneto 64°,100°,
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or 125°C.for thirty minutes,the primary freezingpoints couldnot be

distingiiishedfrom the "natural freezing point", namely, 54.2°C. In

spite of thefaot that in the courseof runa I, II, and III the temperature

waskept wellabove64°G.foraboutfiftyminutesineaohcase,the resulting

mixtureswereverydefinitelydistinguiahablefromtheequUibriummixture.

The faot that the eutectiotemporaturea, was a little lowerin the later

ourvesindicatesthat thisheatinghad causeda slightoxidationordecom-

positionofthe oxime.

A studyof the tablealsoshowsthat the naturalfreezingpoint is proba-

bly on that sideofthe euteoticnearer the pure tramform.

The rise in point b after ourveVI is perhapsalso worthy of notice.

Thisseenisto be explainedbestby assumingthat it wasdue to the slow

coolingofthemelt in curveVI; that is, that as thesolidtram formsepa-

tated at the "natural freezingpoint", and the liquidthus becamericher

TABLE2

FremngpointsforthebinarySystem,eJs-misaldmme-trans-anisalémmeFreezmgpoint» for tnemnary System, cvs-QmsaiaQxwus-iTana-ammtuwnm!

eu n n r» ts

jwconi imt-C. itentaC. *n«C. ityrtmC. .

0 62.6

4.23 60.8 60.8 66.4,56.6
7.62 59.5 683

10.61 68.6 88.5 66.6, fi6.6
14.79 67.8 56.8
19.48 56.7 56.6 66.8 56.7,56.2,66.4
22.76 (64) 66.6
33.63 (80) 66.6

100.00 127»
_t_)_

Meltingpointbycapillarytubemethod.

in the cisform,transformationtook place towardthe reestablishmentof

the equilibriumcompositionin the liquid,so that the resultingsolidified

melt containedlessof the cis form. This is verifiedby the fall in b for

the next twocurvesanda riseagain after anothercoolingcurve,X.

Constructionof thetempérature-compositiondiagram

Thevariouscompositionsweremadeby intimatelymixingthe pulverized

crystals of the two formsin the right proportionson a small piece of

plate glaasand then transferringto the freezingpointtube. The thermo-

elementwasthen insertedin the weû-packedsampleand the wholewas

put into thefreezingpointapparatus without firstmelting. The heating

ourveobtainedineachcasewasof the type shownby figure1,B.

In all casesthe meltwas immediatelychilledas soonas the pointb had

beenpassedand a secondheatingcurvewas runonthe solidifiedmaterial.
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Thus, the leastpossibletlmewasallowedfortransformationto take place,
and the secondcurveusuallycheckedthe firstone to within0.3°C.when

« JO « « BO too
H«U ptrcni elt form

Fia.2. FbbbzikqPowt-CoupositionDiacibamFORTHESYSTEM,cw-Anisaujoximb-
(rOnS-ANISAlBOXIMB

the températureofmeltingwasnotmuchabove60°C. Onthe cis-sideof
the curve, however,the transformationseemedto be much more rapid
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andthe freezingpointsfor thisbranohare,therefore,probablyas muchas

2°C.too low. The secondcurves in thesecases failedto cheokthe first

oses;forexample,theourvesforthe 22.76percentmixturegavethefreez-

ingpoints64°and58.9°C.,respeotively,andthe 33.63percentsamplegave
thefreezingpoints80°C.for the first and 68.3°C.for thesecondourve.

Thedata obtainedfromtheseeurvesaregivenin table2andare plotted
in figure2. The valuesobtainedfor point b in successiveourveson the

samesampleare designatedby Ti, T»,and T»,and the corresponding
valuesobtainedfortheeutectiotemperature,Ts, are givenin theirrespec-
tiveorder. It wasimpossibleto get themeltingpointof the puretia form

by anybut thecapillary-tubemethod(secbelow)and thuathisvaluemay
bein errorby3°or4°C.sincethe valueobtaineddependsto a considérable

extenton therateofheating. The euteotiotemperature,obtainedbyaver-

agingall the valuesfor TB,is 56.5°C. The eutectic composition,gotten

by extrapolationof the two arms of the binary freezingpointcurve, is

about19.5percentcis-and 80.5per centfraraj-anisaldoxime.

TheformationofanothercompoundaboveKKfC,

Thesuccessiveheatingcurvesobtainedfora sampleof thepurecisform

provethat the transformationis not so simpleas the one suggestedby

Carveth,that is, to an equilibriummixtureof the cisand traitsmodifica-

tions,but that someother substanceor substancesare formed. In the

firstcurve the shieldwasstarted at 121.6C.and raisedabout0.5°C.per
minute. The unmeltedsampleof cia-anisaldoxime,whichwas at room

temperaturewheninserted,roseveryrapidlyto 106.6°C,thendroppedto

ÎOO.I'C.(indicatinga considerableabsorptionof heat),andthenrosewith-

out any furtherbreaksto 132°C. The samplewas then chilledto room

temperatureanda secondcurverun onit. Thisshoweda eutecticflatat

39.5°C,about 17°C.belowthat foundfor the binaryeutecticabove,and

thena rise towardthe temperatureof the shield,the last orystalsdisap-

pearingat about49.5°C. In another casein whichthe firstheatingwas

carriedup to 140°C.,the secondand third heatingcurvesgaveeutectio

flatsat 39.2°C.and39.0°C.,respectively. In both of thèsecasesthefinal

samplewasdecidedlyyellowin color. Onthe otherhand,the mixtureof

anisaldoximescontaining33.63per centof the ciaform(seetable2)gave
the normaleutecticbreak,at 56.6°C,eventhoughit had beensubjected

duringa previouscurveto a temperatureof over 80°C. Thefacts seem

toindicatethat at about100°C.or over,anothercompoundisformed.

It was actuallyfound possibleto isolatethis compoundin crystalline
formfrommixturesobtainedbyheatingthe puretransformte correspond-

ingtempératures. (1) A smallamountof the pureIran»formwasheated

ina sealedevacuatedtubeat 125ÔC.It firstbecameyellow,thenred,and

whenfinallyremovedfromthe oven,after forty-eighthours,it wasdeep
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reddishbrownin colorand long needle-likeerystalsseparatedat a high
temperature. Theprimaryfreezingpointof themixturewasabout129qC.
It wasfoundthat a Blightlyyellowcrystallinecompoundcouldbepreeipi-
tated fromthealcoholsolutionof tbemixturebyaddingthe rightamount
of water. Withoutfurtherpurificationthis compoundmeltedin a capil-
lary tubeat 168-172*C.to a brownliquid. (2) AnotherBampleheatedat
110°C.for a numberofmonthsdidnot diecolortoas greatan extent. In
this case there weresomewellformedyellowcrystalsat the top of the

tube, evidentlydepositedby sublimation,whichgave a meltingpointof
160~166°C.without purification. The formationof the compoundis

accompaniedbytheévolutionof ammonia,6judgingfromthe development
of considérablepressurein the tubeand fromthe distinctiveodorandthe
actiononlitmuspaperof thegas evolved.' At highertempératuresthere
seemsto be a distinctodorof tertiary amines.

Thecompositionof equilibriummixturesat varionstempératures

Theformationofthecompoundin the neighborhoodofiOO°C.andabove
makesit impossibleto followtbe binaryequllibriummixtureabovethat
temperature. Unfortunatelythis narrowsthe possiblerangeof study of
the changeof equilibriumcompositionwith the temperatureto a30°range
betweenthe "naturalfreezingpoint" and about90°C.

Anumberofsamplesof«rans-anisaldoxuneandofmixtureswiththe m
modificationwereheatedat varioustemperaturesin sealedtubes. Their
freezingpointswerethendeterminedby meansofheatingcurvesandtheir

compositionsestimatedby comparisonwith the binary freezingpoint
diagram. The valuesobtainedare tabulated in table 3 and havebeen
includedin figure2.

Theresultsshowthat, owingto the short temperaturerangepermitted,
a moresensitivemethodthan the one at hand willhave to be used to
determinewith sufficientaccuracy the slope of the equilibriumcurve.

It wasnoticedthatwhenpureiranj-anisaldoximewasleft forsometimeina
desiccatoroversulfurieacid,theexposedsurfaceof thesamplebecamealightly
yellow.Asthiswasnotinvestigatedfurther,weareunabletosaywhetherit was
duetotheformationoftheyellowcompoundiaolated.

Theseobservationsarequitesimilarto thoseofWest(J. Am.Chem.Soc.47,
2780(1925))onthealdoximeof4,6-dicarbetboxyl-5-fonnyl-3-methyl-2-cyclohexe-
none. Hefoundthatwaterandammoniawereevolvedwhenthealdoximewas
heatedfortwentyto thirtyminutesat 100'C.undera pressureof20-30mm. He
alsoobservedthat"whendriedina vacuumdesiccatorforeighteenhoursoversulfuric
acidthecompoundlostweight(waterandammonia(?))andpassedintoa sub-
stancethatbegantotumbrownat 126°C.andmeltedat140°C.withdecomposition."

Hurd(ThePyrolysisofCarbonCompounds,p.660ff.,TheChemicatCatalogCo.,
NewYork(1929))citesseveralcasesin whichammoniais evolvedonheating
ketoximes.

7Thisreactionisnowbeingstudiedfurther.
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The valuesfor the individualsamplesshowvery goodagreementamong

themselvesand the freezingpointsof the equilibriummixturesobtained

by heatingthe pure tram formfall within0.16°C.of theirmeanvalue,

58.4*C. Forsomereason,however,themixturesobtainedby approachiog

equilibriumfromthe othersidedonotshowthesamegoodagreement.

It shouldbe noted that in approaohingthe equilibriumfromthe tram

sideofthediagramthefreezingpointdropsto thevaluefortheequilibrium

mixture,whereasin approaohingit from the cisside, the freezingpoint

drops to the eutectiopoint and then lises to its finalvalue. Thus in the

caseof the33.63percentci8mixtureat 80oC,wherethe durationofheating

wasonlyoneand one-halfhours,the final freezingpointwasIowand this

may hâvebeendue to the faot that the transformationwas incomplète.

It seemsprobable,however,that true equilibriumwasreachedin aUthe

TABLE3

Changeof"equilibrium"compositionwithtemperature

Probablynotyetatequilibrium.

other cases,for sufficienttimewasallowedand the resultsshowedgood

agreement,exceptthat the mixturesapproachedfromthe ci8side gave

valuesabout 0.5°C.higherthan expected-most likelyowingto the faot

that for someunknownreason the breaks in the heatingcurves were

actuallymuchlessdistinctand that thereforethe freezingpointcouldnot

be determinedwith the samedegreeof accuracy. It seemslogicalthere-

fore togivemoreweightto thevaluesfor the equilibriummixtureswhich

wereobtainedby heatingthe pure trans form.

On this basis,the data of table3 showthat the freezingpoint of mix-

tures whichhave been broughtto equilibriumat temperaturesbetween

65°C.and90°C.is 58.4°C.± 0.2°,correspondingto a compositionof 12.3

per centof the «« and 87.7percent of the tram form. Thisvalue is in

accordwith the data of table 1.
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BUMMAttY

The "dynamioisomerism"in the c^anisaldoxime-frana-anisaldoxime

system has been investigated. The binary freezingpoint-composition

diagramof this pair of géométrieisomerswas constructedand was then

used as a basisfor a methodof analysisof unknownmixtures.

Owingto the rapid rate of transformationin the liquidstate toward

the equilibriumcomposition,it wasfoundnecessaryto substitutea con-

troUedheatingourvemethodfor the usualcoolingourvemethod,although
it wasfoundpossibleto followthe transformationroughlybymeansofthe

latter.
Wheneitherformisheatedto about100°C.orabove,a reactiontakesplace

involvingthe formationof a compoundwhichhas beenisolated. The

study of the changeof the simplebinaryequilibriumwith temperatureis

thus limitedto a narrowrangebetweenabout60°C.and 0O°C.

The "naturalfreezingpoint" of the simplebinarysystemwasfoundto

be 58.4°C. ± 0.2°C, correspondingto a compositionof 12.3per centof

the cis form. This equilibriumcompositiondid not changeperceptibly
with the temperatureup to 90°C.
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STtJDIES IN AUTO-OXIDATION.III

The INITIAL ACT IN Auto-oxidatïon1

H. N.STEPHENS

Sehool0/Chmitlry,UniversityofMinnesota,Minneapolia,Minnetota

ReceiveiOctober1$,me

Althoughperoxideformationis quite generallyaoceptedas the initial

stopinauto-oxidation,muchdebatehascenteredaroundthequestionas to

whetherthe isolableperoxideis actuallythe primaryadditionproduotor
whetherthereis firstformeda moreactiveandunstablesubstance,which

rearrangesintothe isolablecompound.
ThisquestionwasfirstraisedbyEnglerandWeissberg(1),followingthe

observationthat benzaldehyde,dissolvedin benzenetogetherwithindigo,
andexposedto oxygen,deoolorizedthe indigomuchmorerapidlythan the
sameconcentrationofbenzoylhydroperoxide,in thesamesolvent,exposed
to anatmosphèreof oarbondioxide. Thisobservationseemedto indioate

that, duringthe processof auto-oxidation,therewasformeda moreactive
intormediatethan the isolable benzoylhydroperoxide.

Atthe timewhenthisobservationwasmade,it was,of^course,impossible
to drawthe necessarydistinotionexceptonthe basisof twodistinctcom-

pounds. In viewof our presentknowledgeof activatedmolecules,how-

ever",it seemsunnecessaryto assumeany différence,other than one of

energycontent, between the freshlyformedperoxideand the known

compound. At the momentofformationthe energy-richmoléculeswould

beexpeotedto bemuchmoreefficientin the destructionof the indigothan
wouldthe normalmoléculesof thesamesubstance.

Aconclusionsimilarto that ofEnglerand Weissbergwasreachedlater

byStaudingerin connectionwithhisworkontheketenesand,inparticular,
onthe basisofsomeworkof Erdman(2)uponwhichStaudinger(3)com-

mented. Accordingto the latter, the additionof oxygento the ethenoid

linkageyielde,asa primaryproduct,a highlyactive,unsymmetricalperox-
ide,or molozide(I), whichmaylater rearrangeintothe morestable,sym-
metrical compound(II).

B– CH=CH–R, -» R– CH– CH–R, -> R– CH–CH–R,

O
1II

0 O 0

1 II
1Présentée!at theMthannualCauadianChemicalConventionat Hamilton,On-

tario,June1to3,1932.
209
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In supportof thisviewpoint,it is pointedout that the productsobtained

by Erdmanfrom triebloroethylenecan be mostsimplyaooountedfor by

assumingthat the"moloxide"(la) is, in part, reduoedto the oxideand,in

part, isomerizesto thenormalperoxide(lia).

CCI, CCI.

1
0=0 -»

1
0 CHC1,COC1

CHC1 CHCI

I la
1

CCI, 0
| COCli-f HCOC1

CHCl–O

Ha

This argument, however,appean unconvincingto the present writer,

as theoxidewouldbea normalproduotof the interactionof peroxidewith

theoriginal substance(4).

Quiterecently,Jorissenand VanderBeek(6)haverevivedthe question

ofthe nature ofthe initialperoxideas aresultofanobservationonthe oxi-

dationof benzaldehydein the dark, presumablyat room temperature.

Undertheseconditionsa strongperoxidetest wasobtained, althoughit had

beenshown previously(6) that in direct sunlightno peroxidesurvived.

Theauthors state that their peroxidecouldnot havebeenbenzoylhydro-

peroxide,otherwiseit wouldhavereaotedwiththe benzaldehyde. FinaUy,

theconclusionisdrawnthat the substanceisprobablythe primaryaddition

produotof oxygenandthe aldehyde,whiohmaylaterrevert to the isolable

benzoylhydroperoxide.
Theinterprétationgivenbytheseauthorsto theirexpérimentalevidence

seemsto the presentwriterto be inconsistentwithoneof theirownobser-

vations,namely,that exposureto direct sunlightof a mixturepartially

oxidizedin the dark resultedin the destructionof the peroxidein a few

minutes. The fact that the peroxidesurvivedin the dark need onlybe

ascribedto the differencein its rate of réactionwithbenzaldehydein the

darkand in directsunlight,as Backstrôm(7)haaalreadyshownthat the

reactionbetweenbenzoylhydroperoxideand benzaldehydeis sensitive to

light in the near ultra-violet. There seemsevery indication,therefore,

that the peroxideobtainedby the dark reactionisbenzoylhydroperoxide.

Again,the assumptionthat the primaryproductis a substanceof weaker

oxidizingability (lowerenergycontent)than benzoylhydroperoxideis one

whichcan hardlybe justifiedthermodynamically,as the primaryproduct

shouldbericherinenergythan thesubstanceintowhichit rearranges.
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The mostrecentattemptto revivethe conceptionofa structuraldiffer-
encebetweenthe primaryperoxideand the isolableproduetisfoundin the
recentpapersof Milas (8),whosetheoryis basedonhis interprétationof
recentworkin bandspeotrosoopyby Mulliken(9),Birge(10),and others.
Thisevidenceindicatesolearlythat diatomiomoleoulesof the typeofCO,
CO+,BO,BeF, CN,etc.,possesselaotronsinexcessofeightwhiohbehave
essentiallyas thé valenceelectronsof atoms. Theexplanationadvanced
by Mullikenand by Birge(11)is that the twonuolei,togetherwith their
K electrons,are enclosedin a commonshellof eight,withthe remaining
eleotronsin an outershell. Suchouterelectronsmightproperlybe desig-
natedas "moleoularvalenceelectrons."

To outline brieflysomeof the main assumptionaunderlyingMilas'
theory,the followingmightbementioned:

(1) Auto-oxidationis assumedto be possible"onlywhenthe auto-oxi.
dantspossessunsharedor'exposed'electrons." Theseunsharedelectrons
are referredto as "molecularvalenceeleotrons,"the inferencebeingthat
theyare, inall cases,essentiallysimilarto thevalenceelectronsofdiatomic
moleculesof the typementionedabove(12).

(2) Theseunsharedelectronsare assumedto bavetheir spinsunpaired
and to be.more looselyboundto the moleoulethan sharedpaire(refer-
ence12,p. 299).

(3) The first changeassumedto take placein any auto-oxidationis a
changein energylevelofthese"molecularvalenceélectrons." That is,
electronicactivationis assumedto be a necessarypreliminaryto all auto-
oxidations(reference12,p.299).

(4) A pair of suchelectronsalreadyraisedto somehigherenergylevel
isthenassumedto bedonatedto theoxygenmolecule,withtheformationof
a "dative" peroxide.

(5) The "dative" peroxiderearrangesinto the morestableperoxideor
undergoesotherreactions.

For the sakeofbrevityandconveniencemayweexaminetheseassump-
tionsin order.

(1) The presentwriterknowsofno evidencefrombandspectroscopyor
from any other source that would indicate that all unsharedélectrons
maybe properlyregardedas "molecularvalenceélectrons." To take one
typicalexampleas an illustration,that of aldehydes,the carbonylgroup
mightbe consideredas apseudo-atom,havingits valenceélectronsshared
withhydrogenandorganicradical,respectively. However,thereseemsno
reasonfor aasuming,withMilas,that unsharedoxygenélectronsin such
moleculesare capableofbehavingas valenceelectrons.

(2) The assumptionthat the spinsof suchunsharedélectronsare not
pairedwouldseemto requiresomejustificationin orderto carryweight
againstthe current opinionthat they are paired. Likewise,there seems
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someneedof substantiationfor the assumptionthat thèse électronsare
morelooselyboundto themoleculethanothers.

(3) Most,if not all, auto-oxidationsare thermal reactions. It is true
that lightisapparentlyuniversallyeffectiveinacceleratingthesereactions,
but they are not exclusivelyphotochemical.It seemsentirely improb-
able, then, that electronicactivationis a necessarypreliminaryto auto-
oxidation,forelectronioexcitationlevelslyingbelowthe visiblepart of the
Bpectrumare very rare. In any event,excitationof oxygenelectronsin
ethereand aldehydes(reference12,pp.352-5)seemsquite impossiblein
viewof thefact that the lowestexcitationlevelofoxygenisof the orderof
8 volts.* la spite of this fact, however,Milasassumesan excitationof

oxygeneleotronsin the watermoleouleby supersoniovibrations(référence
12, p. 317). For the frequencyin question,750,000cycles,the oorre-

spondingenergyofactivationwouldbe3 X 10~9volts,or approximately
7 X 10~*caloriespermole1

(4) Thedonationofa pairof "molecularvalenceélectrons"to the oxy-
gen moleculeis representedthroughthe use of the followingelectronio
structureforoxygen

0:0:

Asoxygenis knownto havezéroelectricmoment(13), this cannot rep-
resent the normal oxygenmolecule.If it représentean eleotronically
activatedetate there seemsno possiblewayof aecountingfor the energy
of activationin thermal réactions. It shouldbe pointedout further in
this conneotion,that the electronicstructuresusedfor someof the donor
moleculesaresubjectto similaroritieisms.For example,the structure for

ethyleniccompounds

B:C:C:R,

cannotbe consideredas representingthe normalmolecules,as the eleotrio
momentofethyleneisknownto bezéro(14). If it représentaanelectronio-

allyactivatedstate thereseemsto beno placeforsucha structure in the

représentationofauto-oxidationswhichare thermalreactions.

(5) In theforegoingpagesit basbeenshownthat thereexistanoaccept-
ableevidencein favorof theexistenceof twostructurallydifferentformsof
theperoxide;thereforethe conceptionofthe "dativeperoxide,""moloxide,"
or anyotherhypotheticalintermediateseemsto serveno usefulpurpose.

This,I thiniquitejustifiably,leavesoutoftbequestiontbemetaatablelevelat
1.86volts,whichapparentlybasaverylowprobabilityofformationbydirectabsorp-
tionoflight.

t
J
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THE MODE OF ACTIVATION IN AUTO-OXIDATIONB

In viewof thefact, alreadymentioned,that auto-oxidationsin général
arethermal réactions,it seemsnecessarytoexcludeanysuchenergeticaeti-
vation as that postulatedby Milas. Vibrationalactivationappearsto be
quiteBUfficienttoaccountforexperimentalfacts. It cannotbe denied,of
course,that whenmtohréactionsarehastenedbyphotochemicalmeanselec-
tronicactivationmustoccur. However,as thereisnoévidenceindicating
that the useoflightchangesthe primaryBtepin the réaction,it seerassafe
to assumethat theacceleratingeffectoflightisdueto the increaseinvibra-
tional energyfollowingthe absorptionof a quantumof light. It will,
therefore,be assumedin this paper that all auto-oxidationsinvolvethe
primaryadditionof oxygento a linkagewhichhaabeen aotivatedby vi-
bration, whetherthe necessaryvibrationallevelbasbeenattainedpurely
by thermalmeansorbyabsorptionoflight.

Ethenoidcompounds

In the caseofcompoundscontainingtheethenoidlinkageit is quiteeasy
to understand,on the basis of conventionalstructures,the vibrational
weakeningofoneof the bondsbetweenthe twocarbonatomsand thepair-
ingof the twooddoxygenélectronsat thispoint. Thepreferredstructure
for the oxygenmoleculeis that of G.N. Lewis(15),sinceit is the onlyone
whiehis in agreementboth with the paramagnetismand the absenceof
electricmoment. Usingelectronicstructurestheadditionofoxygenwould
berepresentedin the followingmanner.

H H
R:C::C:R, H H

+ _^R:C:C:R,
:O:O:

'?.'•?.'•

Thé additionofoxygento the C=C bondmaybe consideredin a similar
manner.

Ethers
It iswellknownthat ethers,on pyrolysis,usuallyundergorupture adja-

cent to the etheroxygen. It is evidentthen,that the C-0 linkageiathe
weakpointinthemolécule. Additionofoxygento etherswould,therefore,
berepresentedasfollows.

R 6 R, -» R O 6 6 R,

+
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Inthiacasethe originallinkageconsistaofonlyoneélectronpair insteadof

two,as in the caseofethenoidcompounds. Hencetheadditionof oxygen
at thispointeffeotsa completeseparationof the atomssharingthat pair.

Aldehydes

In the caseof aldehydes,the faoilitywithwhiehdehydrogenationtakes

placejustifiesthe assumptionthat the weakestlinkagein simplealdéhyde
moleoulesmust be the C – Hbond. Therefore,the additionof oxygen
wouldbe expeotedto takeplaceat this point throughpairingof the odd

oxygenélectronswithcarbonandhydrogenrespeotively.

:0: :0:

B:C:H-»R:C:O:O:H

+

:Ô.Ô:

Saturatedhydrocarbow

Thefactthat saturatedhydrooarbonsareauto-oxidizedoffersan instance
ofthe completefailureofthe gêneraitheoryof Milas,as thèsecompounds

possessno "molecularvalenceeleotrons." In his mostrecent publication
Milasrecognizesthisfact andproposesa spécialmeohanismto fit this par-
ticularcase (reference12,page346). This mechanismis essentiallythe
onewhichfollowsfromtheviewpointdevelopedin thepresentpaper.

In thecaseof theparaffina,it isevidentfromthe workofPope, Dykstra,
andEdgar (16)that oxidationtendsto take placeontheterminal carbon

atomof the longestopenohain. Onthe other hand, theoxidationof the

alkylbenzèneshas beenshownby the writer to take placeat the carbon

atomalpha to thering(17). Theapparentdiscrepanoyin thèse results,is,
ofcourse,due to the well-knownfact that hydrogenattachedto the alpha
carbonatom in the alkylbenzènesis abnormallyreactive. In each of the

abovecases,as wellas in other recentinvestigations(18),the oxidations

havebeenthermalreactions,whichfactnecessarilyprecludeselectronioae-

tivation. Accordingto the theorydevelopedin this paper the oxygen
moléculewouldbeexpectedto attacbitselfat the bondmostsusceptibleto

vibrationalactivation. Atthetimeofwriting.theevidenceseemstoindicate
that the 0 – Cbondbasa lowerenergyofdissociationthanthe C – Hbond;

1

thereforetheformerwouldbeexpectedto bepreferentiallyattacked. How.

ever,recentwork(19)indicatesthat the différencein the above dissocia-

tionenergiesisverysmall;therefore,it seemsquitepossiblethat the weakest

C– Hbondina givenhydrocarbonmoleculemighthavea lowerenergyof
j

dissociationor activationthan theweakestC – Cbond. In any event,it
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tequiteobviousthat C– HbondsareusuallyattaokedinpréférencetoC – C

bonds. The initial aot in the auto-oxidationof saturatedhydrocarbons
wouldthenberepresentedbythe followingsoheme:

Ri R,

R:C:K,+ :6:6: ->R:C:R,

H :O:

:O:

H

whereRi andR«mightrepresenthydrogenand orhydrocarbonradical,

dependingon whetherthe hydrocarbonwas a paraffin (16), an alkyl
benzène(17),oran alkylcyclane(18b,18e).

Mwettanemtscompounds

Theforegoingillustrationsdealwithonlya limitedgroupofcompounds,
but it seemsto the writerunnecessaryto multiplyexamplesby discusstng
in detail other types. However,briefmentionmight be made of two
additionalexamples,whiohareofsomeinterest. Oneofthesecompounds,
thiobenzophenone,hasbeen the subjectof récent controversyas to the

point in themoleculeat whiohoxygenadds(20;and 10,p. 328).

Thiobensophenoneis an unstablesubstancewhichdécomposesat 160-

170°C.in thefollowingmanner:

2(CVH,),C=8 (Q,H,),C==C(C,H,),+ 28

The oxidationproductsobtainedby Staudingerand Freudenbergerwere

benzophenone,sulfurand smallamountaof sulfurdioxide;the fact that

the latter appearedonly in smallamountaled them to the belief that

the oxygenadded to the carbonatom. Milas,in dissentingfromthia

viewpoint,representedthe initialact as the additionofoxygento the sul-

furatom,implying,asin othercases,anelectronicactivation.
It seemsévident,fromtheeasewithwhichthiobenzophenoneisdecom-

posedthermally,that the assumptionof electronicactivationof this sub-

stanceisunnecessaryto accountforits auto-oxidation.Fromthepoint of

viewdevelopedin theprésentpaperthe oxygenwouldbeexpectedto add

at the linkageof least thermalstability, whichis obviouslythe C=S

!inkage,

(CH^,C==S+ O, (CH,),C–S
i
o– o

However,in this case,the completeruptureofthedoublebondin the C==S

group takesplace so easilythat it seemsprobablethat theoxygenmole-
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culeobtainsboth the necessaryeleotronsfromthecarbonatom,formingan
alkylideneperoxideandliberatingaulfur.

O

(CA),C=S+ O,->

(C,H»),C
+ S

O

Theappearanceofonlytracesofsulfurdioxidewouldindioatesucha small
amountofsidereactionthat weneednot concernourselveswithitanature.

Thesecondcompoundofinterestbelongstoa generalclassmentionedby
Milas (21) as typical examplesof compoundspossessing"moleoular
valence electrons." Triethylphosphinepossessesan unshared pair of

phosphoruselectronsand Milasassumes,with other previousworkers,
that the additionof oxygentakes placeat that point. However,the ex-

perimentalevidenceon the subject seemsentirelyat variancewith this

viewpoint(22). Leavingasidethe reactionsthat take place in the prés-
enceofwater,it bas beenfoundthat the mainisolableproduotof the oxi-
dationofthedrysubstanceisthe compound,

(cwbwjo.och,

Now,thesimplestexplanationofthe originofthiscompoundisonthe basis
ofinitialformationoftheperoxide

(CH.),P.0.O.CH»

whiohmightrearrangein a veryobviousmannerto give the abovediethyl
phosphinicester. Therefore,it seems reasonable to concludeagain
that the oxygenattachesitselfat a vibrationallyactivated bond,in this
casethe carbon-phosphorusbond.

Acomparisonof themechanismofauto-oxidationreactionssuggestedin
thepresentpaperwith thosepresentedby Milasreveals the faotthat the

initial stageof thepresentwritercorrespondswiththe secondstageofMilas
in all casesexceptthe last twomentioned. Theformationof theinterme-
diateperoxidein auto-oxidationsis thus consideredas a singleact rather
thau as consistingof twostages. As bas alreadybeen implied,this does
notmeanthat no distinctionis recognizedbetweenthe freshlyformedper-
oxidemoleculesand thenormalmoleculesof isolable product. A differ-
encein energycontentadmittedlydoesexist,but there appeareto be no
reasonforassociatingthiswitha structuraldifférencewhichcanberepre-
sentedbyanypresentSystemofnotation.
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Theauthorsare led by the recent paperof Hartman and Fleischer(1)
to makethe followingcomments.

The pH of a solutionis theoreticallyrather poorlydefined,since the
ideaof concentrationbas lost its early significance. The usualaocepted
methodsof determinationand comparisonare useful and satisfactoryin

manycases,but asiswell-knownthey aresubjectto influenceswhichmore
or lessinvalidatethe résultaobtained. Thus, the hydrogenélectrodeis

usuallyconsideredthe most fundamentallysound, with the colorimetrio
methodssubject to errors due to influencessuch as salt, alcohol,and

proteins. It is thereforesurprising to comeupon an articlewherethe
colorimetricmethodsaregivenpreferenceoverthe electrometricmethods.
In sucha casesubstantialproofwouldappearto be necessarybeforethe
conclusionscanbeaccepted.

HartmanandFleischerhavedeterminedthe pH of gelatinsolutionsby
severalmethods. Thèseincludedtheuseoftwosets ofcolorimetriebuffers

and indicatore,the useof the bydrogenand quinhydroneelectrodes,and
theuseoftheglassélectrode,althoughin this lattercasethe pHvalueswere
notdetermined,assufficientdata waslacking.

With the colorimetricmethods the valuesagreed,but withtheelectro-

metriemethods,especiallyin the caseof thehydrogenélectrode,variation
with time was enormous. With the quinhydroneelectrodethe values
obtainedat differenttimesagreedwell,but did not agree withthe values

obtainedcolorimetrically.The results obtainedwith the glassélectrode

variedwith time,but not to the same degreeas shownby the hydrogen
électrode.

Theauthorshavehadoccasionto determinethe pH of gelatinsolutions

overa rather widerangein connectionwitha study of the dieîectriccon-

stant anddispersionin gelatinsolutions. They have used theglasselec-

trodeas a meansofmaking these déterminationsand haveno reasonto

doubt the accuracyof the recordsobtained. A vacuum tube voltmeter

usingthe FP 54 tube and followingthe generallinoeof Hill'sapparatus

(2),wasconstructedthroughthe coopérationofProf. H. H. Willard. The

apparatuswasshleldedby meansof metalboxesand the gridcircuitwas
oin
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insulatedby meansof ambor. The electrodeswereconstructedafter the

apeoifioationeof Maclnnesand Dole, usingfor the membranesthe special

Corningglass .015manufactured for this purpose. Saturated oalomel

wasusedas a referenceelootrode. In aUcasestwo glasseleotrodeswere

usedandthe connectionto the grid was ohangedfrom oneto the otherby

meansof a longglass rod so as to avoid polarizationeffeotswhilethe

eleotrodeshieldingcagewasopen. The eleotrodeswerecatibratedagainst

standardbuffersand it wasfound that a linearrelationwasapproximated.
The readingson any solutioncould be changedto pH by meansof this

calibration. That no driftingoccursmaybe seenfromthedéterminations

(seetable1)madeof the pH of a solutionof Ëastman'sisoeleotriegelatin
and distilledwater at widelydifferent times. These valuesweretaken

onlywiththe ideain mindofgetting an accuracyofabout0.1pH. There-

forerecalibrationof the eleotrodeseaoh day wasnot madeas is essential

TABLE1

™ i

–

•"

JHTUM

0.6 4.70 4M

1.0 4.70 4.60

1.0 4.68 4.61

0.5 4.69 4.650.5

1

4.69
1

4.65

inveryaccuratework. However,if the glasseleotrodesvaryasstatedby
Hartman and Fleischer,it is hardly conceivablethat they will vary

together,thereforethe authors give the followingvalues,taken consecu-

tivelyand withoutthe added refinementsthat wouldgo withdetermina-

tionsofpH inotherconnections. Thèseare stated withoutregardfor the

contentofgelatinacidoralkali, the pH havingbeen changedbythe addi-

tionofhydrocbloricacidorsodiumhydroxide.

It wouldbepossibleto continue,aa the authorshave somehundredsuch

déterminations. In the list, there appearsto be onlyone casewherea

pHdisagreementofmorethan .1isfound,namely,with7.08and6.98.

I

ThepHofa solutionofiweleetricgelalinThe pH of a solution of iweleetric gelalw

pu AS OIVBW »Y KLECTBODB

2.72 2.71
5.67 6.75
4.67 4.70
5.86 5.88
8.20 7.29
4.10 4.20
3.68 3.64
3.96 3.91

,]
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It has beenfoundby Ferguson(4) and his studentsas wellasbyothers
that the pHvaluesdeterminedby the hydrogeneleotrodeare reproducible
andconstant.

The authorsare fullyawarethat moreagreementdoesnot constitutea
floundbasisestabliahingthefundamentalaccuracyofa method. Theydo
notat this timecontendthat the values obtainedin gelatinsolutionsgive
the propermeasureof the hydrogen-ionactivity. They do howevercon-

tend that, properlyused, the glasseleotrodewillgivedefiniteand repro-
duciblevaluesin gelatin solutionsand, as contrastedwith colorimetrio

déterminations,the presumptionof accuracy is in favor of the electro-

metricmethods.
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Ina previousissueofThisJournal (2)theauthordescribedaeylindrical

cataphoresis(electrophoresis)cell for the ultramicroscopicdetermination

of the speedofelectricalmigrationand ofthe isoelectriepointofcolloidal

materials. Aformulafor calculatingtheeleotrosmoticvelocitydistribu-

tionof theliquidin thecylindricaltubewasalsogiven.
Thiscellbasprovenveryusefulin a seriesof investigationsdealingwith

the isoelectricprecipitationof a numberof complexpreoipitatessuchas

silicates,phosphates,humates,and proteinatesofaluminumandiron (3);
alsoferrocyanides,sulfidesand hydroxides,anda numberofotherampho-
tericcolloids(5,3). In the courseof thisworkit wasfoundpossibleto

improvethecellin regardto one importantpoint. It is theobjectof this

paperto describethe presentconstructionof the cellandalso,in response
to severalinquiries,to presentthe derivationof theformulaexpressingthe

eleclrosmoticflowofthe liquid.
The newformof the cellis shownin figure1. Thecellrepresentsan

almoststraighttube, the slopeof the eleotrodecompartmentsbeingmerely
sufficientto causea freeoutflowof the liquidand to permitthe latter of

beingsuckedinto the cellwithout leavingany air bubblesbehind. The

great advantagein this formis that the cell can be effectivelycleaned,
whichis very important. This is doneby pullinga thread throughthe

cellby meansof a thin copperwirecoveredwith insulatingmaterialto

preventscratching. A littlecotton is ticdonto the thread,whiohis then

pulledbackandforth in thetube whichbasbeenfilledwitha soapsolution

orothercleaningliquid. Thiseffectuallyremovesanydepositontheglass.
To make this procedurepossiblethe electrodeshad to besoplacedas

to beout ofthe way. Thewriter isindebtedto theGlassBlowingDepart-
mentof Eimerand Amendfor findinga wayout of the diificulty. The

electrodes,whichmusthavea largesurfaceto preventtheformationof gas
bubblesupto ashigha concentrationaspossible,havebeenfusedonto the

walk of the conicaUyshapedelectrodecompartments.Thishas proven
to beverysatisfactory.

>PresentaddteeaBâatad,Sweden.
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Thediameterof the tube is thesameasthat oftheoldertypeandshould
be about 2.5mm. The distancebetweenthe électrodesshould be such
as to yielda potentialgradientof about 10voltsper centimeter. At this
potentialanda magnificationof from100to 150diameters,the migration
of the particlesbecomessuffioientlyrapidfor accuratemeasurements. A
higherpotentialgradient is avoidedbecausethis lowerathe upperlimitof
concentrationof the electrolyte. Withoutthe useof non-polarizableélec-
trodesweare,evenat thispotential,limitedto asaltconcentrationofabout
0.02normal. In the caseof strongacidsand basesthis upper limitlies
still lower.At higher concentrationsgasis evolvedat the electrodesand
causesdisplacementof the liquid.

This limitationof the ceUis howevercompensatedfor by its simplioity
andthe rapiditywith whichmeasurementscanbemade. Sincethe obarge
on colloidalparticles is very sensitiveto the influenceof ions, it seldom
happensthat higher concentrationsofeleotrolytesareemployed. Thisis

especiallytrueof the amphoterioSystemsstudiedbythewriter. Theseare
preoipitatedfromvery dilutesolutionsand,exceptin the very rare cases

Fig. 1. CYLINDRICAL Cataphobksis Cbll

wherethe systemis isoelectricat very lowor veryhighpH, no difficultés
fromthe evolutionof gasareencountered. Suchdifficultiescan, however,
withincertainlimitsbeovercomeby reducingthe potentialgradientto five
or less voltsper centimeter. The particlesthen movemore slowlyin

proportionandmake themeasurementlessaccurate.
TheceUis connecteddirectlyto the terminalsof a D.c. generator,to a

seriesofstoragecells,or to dry cells. It canbe orderedin any lengthac-

cordingto theavailablevoltage.
It is extremelyimportant that the stopcockat the lowerend of thecell

bekept wellgreasedsoas to completelyclosethe tube. Thepartiolesmust
shownomovementwhenthe circuitisopen.

The opticalcombinationconsistaof a Bauschand Lomb8 mm.(21X)
objectiveand a 5 or 7.5ocular. The workingdistanceof thisobjectiveis
1.6mm.,whichis sufficientfora focusat the properdepthof the cell(see
below). In measuringthe diameterof the tube in terms of microscope
scaledivisions,a 16mm.objectivehavinga workingdistanceof 7 mm.is

employedaspreviouslydescribed.
In placeof the morecomplicatedsystemof illuminationoriginallyem-

ployedby the writer, a simpleilluminationunit consistingof a 16mm.
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objective,a systemof condensinglenses,and a 6-voltMazda lamp,aU
mountedin a singletube and adjustableby rackandpinionin threedirec-

tions,hasbeenadapted by the ArthurH. ThomasCompany,Philadelphia,
Pa., and by Eimerand Amend,NewYorkCity, forusein connectionwith
the cellheredescribed.

In the precedingarticle on this subjectthe electrosmoticflowof the

liquidin a dosedcylindricaltube of the type heredescribedwasexplained
and illustrated. At the boundarybetweenthe glasswall and the liquid
there existaan electricaldoublelayer. If the glassis negativelycharged
(as it usuallyisexceptwhencoatedwithpositivecoUoids)then the liquid
ispositiveand isattracted alongthe boundaryto thenegativeélectrode.2

Sincenowthecelliselosedit isobviousthat asmuchliquidas flowsalong
the boundaryinone directionmust return throughthe centerof the tube
in the oppositedirection. In an annular layer somewherebetweenthe
walland the axisof the tube the liquidmustthereforebeat rest.

The followingexpressionfor the velocityVof the liquidin the different

parts ofthe tubewasgiven

'-•(-S)

wherer « the distancefrom the axisof the tube,
a = the radiusof the tube, and
c ==a constantdeterminedbythePDofthe doublelayer.

Fromthis expressionit followsthat V – 0where

r = a Vi « X0.707

Whenwemeasurethe cataphoreticmovementofthepartiolesin a elosed

oylindricaltube wemust thereforefocusthe microscopeat a depth of0.3

(0.293)ofthe radiusbelowthe innerwall(orroof)ofthe tube,foronlythen
willthe observedvelocityof the partiolesbe equal to their true velocity.
Owingto a steepvelocity gradient of the liquidand to the depth of the
focus,this conditionis only approximatelyfulfilled. Thus the different

particlesvisibleinthe fieldnevermovewithexactlythesamevelocity.
The derivationof the formulafor whichthe writeris indebted to Dr.

HildingFaxènofthe Universityof Upsalais as follows. The velocitydis-
tributionin a cylindricaltube obeysthe law

Vme (t* « (i)

In realitythelayerofliquidimmediatelynexttotheglassdoesnotmove,asthia
constitutestheinnerelectricallayerandremainsfixedto theglass. Thethickness
ofthisinnermostlayerisundoubtedlymuehlessthanamicron,probablyonlyafew
millimicrons.In a tubeof 2.5mm.diameterwecanthereforeignorethe thickness
ofthisfilm.
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wherer = the distancefromthe axisofthe tube,andcand Careconstants
(1,4).

Wherethe motiveforceacts as a différencein pressureat theendsof the
tube,as is ordinarilythecase,thenthemovementisallinonedirectionand
isgreatestalongthe axis,whereasat thewallofthe tubethe liquiddoesnot
moveat ail. In thiscaseC = a»,wherea = theradiusof the tube.

But ineleetrosmosethemotiveforceactsalongthesurfacelayer,causing
a flowof liquid next to the wallofthe tube. Sincethe tube iselosed,the
sameamount ofliquidmustreturn throughits center. This ismathemati-
callyexpressedbytheformula

t'o (2)

The formula assumesthis simpleform throughthe rotation symmetry.
With the valueof Vinsertedandintegrated

*(£-cf)-0
(8)

weget//t

At
Ca-

a*
By putting-^in placeof C in formula1 weget

s

Y°â)
(4)

whichis the expressionemployed.
For comparison the correspondingfour expressionsin the theory of

Smoluchowski(6), whichappliesto a elosedchamberbetweentwoplane
parallelplates (the kind of cellusedby all other investigators),will be
given.

Fora chamber the platesofwhichare thedistanced = 2aapart wehave

V cfe» O a»)

x » the distance fromthe middle

r+" V<h!= 0 (2a)
I Vàz

0 (2a)

d-a Ca~
0 (3&)
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c
33

2-
(4a)

Hence in this type of cell F «= 0 where

a a o o X 0.577.
Vi

These expressions take no account of the influence of the side walls of

the chamber on the electrosmotio flow of the liquid. They are therefore

only applicable when the sides of the chamber are very far apart in propor-
tion to the depth. The cylindrioal ceU employed by the writer allows

therefore a more exact mathematical expression of the velocity distribution.
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INTRODUCTION

In a previous articleofThis Journal, "The Liesegang PhenomenonApplied
to the Lake Superior Iron Formations" (1), a synthotiodemonstration of
the Lake Superior iron formation is presented. Silica gels wereprepared
by mixing ammoniumcarbonate and sodium silicate solutions. Over these
gels were placed solutionsofferrousammonium sulfate of variousstrengtbs.
There resulted in the gel bands of ferrous carbonate. In the text of this
article is cited the faet that the same banded structure might occur if a
silica gel prepared from carbon dioxide and sodium silicate solution were

employed. Also, it is proposed that with this gel ferrous sulfate might
yield bands as goodas those obtained with ferrous ammonium sulfate.

It is the purpose of this investigation to study further the periodic pre-
cipitation of ferrous carbonate in different gels, thus substantiating the

theory of formation of the Lake Superior iron formations proposed in the

previous article. The facts cited in this paper as wellas those of the former
article tend to support the geologie theories proposed by C. R. Van Hise
and C. K. Leith (2)concerningthe originof this formation.

EXPERIMENTAL

From approximately one hundred different experimental preparations,
the eighteen showing the most outstanding periodic precipitation are pie-
tured in figure 1. Each tube was filled about two-thirds full with the gel
and covered with about 7 ce.of iron salt solution.

The first horizontal row of test tubes (A) contains gels prepared from
4 per cent gelatin solution. The tubes, Al and A2, contain 4 per cent gela-
tin solution made 0.1N with respect to sodiumcarbonate; A3 andA4, 0.5N
with respect to ammonium carbonate; A5 and A6, 0.5 N ammonium car-
bonate and also containing5 per centglucoseby weight. ThetubesAland
A2 were covered with 0.8 Nand 0.4 N ferrous ammonium sulfate solution,
respeotively; A3 and A4also with 0.8 N and 0.4 N ferrous ammonium sul-
fate solution, respectively;A5 with0.4 Nferrous sulfate; and A6with 0.4 N
ferrous ammonium sulfate.

In the horizontal rows B and C the gels were prepared from sodium
silicate solution (sp. gr. 1.03) by bubbling carbon dioxide gas through the
silicate solution for varied lengths of time. This was accomplished by

229
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ptiKsingthegasthroughthesilicatesolutionscontainedin the test tubes(12
ce.) at the rate of 4.7litersperhour. The carbonatecontentof thegels
was governedby the lengthof time that the gaswasallowedto bubble.

~s~ .1!f asF "a~

Fia. ï

Theflowmeterusedto measurethe rate of flowof the carbondioxidegas
wassirnilarto that describedin a previousarticle(3). In standardizing
andusingtheflowmeter,however,kérosènewasusedin placeofwater.
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GelsBl, B2, andB3 werepreparedby passingoarbondioxidegasat the
rate of 4.7liters perhour throughsodiumsilicatesolution(sp.gr. 1.03)for

three, four, and fiveminutes,respeetively;gelsB4, B5,and B6werepre-
paredby bubblingthe carbondioxidegasforfourminutes. In all casesin
rowB the gelswerecoveredwithferrousammoniumsulfatesolution. In

BI, B2, andB3thesolutioncoveringthe gelwas0.3N whilethegelsinB4,
B5,and B6werecoveredwithN, 0.8N, and0.5 N solutions,respectively.

The gels in rowC werepreparedin a mannerexact!yanalogousto the

correspondinggelsinrowB. ThegelsinCl, C2,and C3wereeachcovered
with 0.8 Nferroussulfatesolution;C4, C5,and C6werecoveredwithN,
0.5N, and0.3Nferroussulfatesolutions,respectively.

AUthe ferroussalt solutionswerechangedeach dayforthreedays and
then every other day until three more displacementsbad been made.

Followingthis theywerepermittedtostandthreeweekswitha replacement
ofthe solutiononceeachweek. Thephotographwastakenat this time.

DISCUSSION

A comparisonof the bandsproducedin row A witheither rowB or C
shows that the gels made fromgelatinshownin rowA weredecidedly
inferiorfor the productionofbands. Thegelamadefromgelatin(rowA)
producelesswtU-definedbandsthan thosepioturedin towsBand C where
silicagelwas thediffusingmedium. This isprobablydueto the fact that

gelatinoffersadeoidedlydifferentdiffusingmediumthanthesilicagels. It

appears,therefore,that the distinctbandingof ferrouscarbonateis specifie
forsilicagels.

In comparingAI and A2in whichthe gelsweremade0.1N withrespect
tosodium carbonateand coveredwith 0.8N and0.4Nferrousammonium

sulfate, respeotively,it can be seenthat the strengthof the ferroussalt
solutioncoveringthe gelseemsto havenoeffecton theferrouscarbonate

banding. Thissameconclusionmaybe drawnin A3and A4,wherethe

gels weremade0.5 N withrespectto ammoniumcarbonateandeovered
with 0.8 N and 0.4 N ferronsammoniumsulfate solutions,respectively.

ComparingA3andA4withAlandA2it isseenthat ammoniumcarbonate

in placeof sodiumcarbonatein thegeltends to decreasethebandingeffect
obtainedin AlandA2andmoreevendiffusion(A3,A4)occurs. Theaddi-
tion of 5 per centglucoseto a gelmadefromgelatinwhiehis 0.5N with

respect to ammoniumcarbonateseemsto decreasetheformationof ferrous
carbonate bandsand to increasediffusion,as is evidentin the comparison
of tube A6withA4.

A5, whiehisidenticalwithA6exceptthat the geliscoveredwithferrous

sulfate in placeof ferrousammoniumsulfate,demonstratedthe samedif-

fusioneffectas isproducedinA6.

Of the firstthreetubesinrowB,theonecontainingthegel(B2)prepared
by bubblingoarbondioxidefor fourminutes throughthe sodiumsilicate
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solution(sp.gr. 1.03)showedthe deepestdiffusionand the mostdistinct

bandingof ferrouscarbonate. (BI, B2,and B3werecoveredwith0.3N

ferrousammoniumsulfate solution.) For this reasongels preparedby
bubblingcarbondioxidefor fourminuteswereplacedin tubesB4,B5,and
B6 and werecoveredwith N, 0.8N, and0.5N ferrousammoniumsulfate

solutions,respectively. Of these threegels(B4,B5, and B6)the gelcov-

eredwith normalferrousammoniumsulfatesolutiongavethebestbanding
offerrouscarbonate.

Acomparisonofthe tubesof rowC indicatesthat gelscoveredwith0.8N

ferroussulfate(Cl, C2,and C3)givemuchbetter bandingthan theother
tubesof that row. Theseexperimentashowconclusivelythat betterband-

ing is obtainedwhenthe carbon dioxide-sodiumsilicategelsarecovered
with solutionsof ferroussulfate (rowC)rather than ferrousammonium
sulfate(rowB).

Anumberofexpérimentawereconduotedusing2 percentagar-agargels
made0.5N withrespectto ammoniumcarbonateand sodiumcarbonate.

Someof thesegelsalso containedsucroseand glucose. Thesegelswere

coveredwithboth0.4N and 0.8N ferrousammoniumsulfatesolutions.
In all these expérimentalpreparationsverymarkedand rapid diffusion

resultedwithnobandingwhatsoever.
Carbondioxide-sodiumsilicategelswereabo preparedfromsodiumsili-

catesolutionsof spécifiegravity 1.06and 1.10and coveredwiththe iron

salt solutionsof various strengths. A very dense imperviou8layerof

ferrouscarbonatewasdepositedonthe surfaceof the gelaftera veryslight

diffusion,thus preventingany further diffusionor banding. The gels
madefromthesedensersodiumsilicatesolutionswerequiteopaque.

Gelspreparedfromsodiumsilicateofdensitieslessthan 1.03werenot

firmenoughfor any practical expérimenta.Likewiee,iron saltsof less

than 0.3N strengthdidnot causebandingto anyextent. Saturatedsolu-

tionsof thesesaltsalsoresultedinnomarkedbandingeffectin thegels.
TubeCl showsthe bestbandingof ferrouscarbonateofanyhereinpic-

tured. The gelemployedhere waspreparedby bubblingcarbondioxide

throughsodiumsilicatesolution. Ferroussulfatesolutioncoveredthegel.

This,then,showsconclusivelythat thepeculiarbandingof the ironforma-

tionscouldhavebeenbroughtaboutbytheslowdiffusionofferroussulfate

(or,perhapssomeother ferroussalt) aswellas ferrousammoniumsulfate

intoa gelformedbythe interactionof carbondioxide,as wellasbasicni-

trogenoussubstancesorcarbonates,withsodiumsilicatesolution.
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The customaryexaminationsof liquid mixtures(either isothermalor
isobaric)have beentime-consumingand tediousenough,almostto prevcnt
anexhaustivestudyofanyparticularmixture. Theoreticalchemistryand
the industriesdealingwithdistillationand solventshavealikerequiredan
extensionof the informationavailable at the present. The study of
zeotropieor azeotropicmixturesand their pressure-temperature-compo-
Bitionequilibria,requiresa far greater fund of data than the literature
affords. It wouldbedesirabletohaveat handnotonlya singleisothermal
investigationor two,buta "matte"of data fromwhiehwecouldconstruct
at will anydesiredisobarieor isothermaldiagram. Changesin thevapor
pressure-temperatureequilibriaat constant compositionin the liquid
phasecouldbe plottedfromsuchdata, and the heatsof vaporizationfor
any desiredcomposition,pressure,and temperaturecombinationcouldbe
calculated. Sucha matte wouldallowan examinationof thechangesin
the activitycoefficientswiththe severalvariablesof thesystem,andwould
permitpredictionsfor any desiredconditionsor point (P-T-N). Thèse
predictionsare oneof the primepurposesofanyinvestigation. It is the
purposeof this paperto presenta methodofsecuringsufficientquantities
foranysystembya moresimplifiedand directmeans.

APPABATO8

Figure1 illustrâtesthe apparatusused by theauthor. The distillation
flaskwasof somewhatnewdesign,permittinga rapid equilibriumto be
reachedbetweentheliquidand vaporphases. Theflask,whichcontained
the mainvolumeof the samplebeingstudied,wasmadefroma 500-cc.
round-bottomedPyrexflask. The condenserwas,as far as the author
was able to aseertain,of new design. It consistedof an innercooling
tube against whichthe vapors impinged. This was sealedwithinthe
outercondenserwallbutwasleftopenat the top topermitof a varietyof

coolingmethods. It wasstopperedand a continuaiflowof waterused,
or if necessary,it couldbe filledwith dry iceand ether. Variousother

refrigerantsmay alsobe used. This permitsdistillationsevenat fairly
lowtemperatures. Thecondensatefromthe vaporphasefiowedthrough
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a samplingtrap and back into the liquidphase. The samplingtube for
the liquidphase and the thermometerwere placedin the groundglass

stopper usedfor filling the flask. This stopper wasseourelyheld by a
rubber-coveredwire saddle. Whileno superheatingwasexperiencedin
the apparatus,it can bo preventedby etebing the insidebottomof the
flaskwithwaterglass (1). In orderto preventfractionationof thevapors
beforepassinginto the condenser,the upperhalfoftheflaskandthe throat
aboveit wereinsulatedwithasbestosropewrapping. Controlofthe pres-
sure waseffectedby a modifiedVictorMeyermerourycolumnregulator
whiohcouldbe rapidty changedin order to serveforcontrolofpressures
both aboveand belowatmospherio. The pressurewas adjustedto the

Fjo. 1.AppabatobUsbdin THEExaminationOPBINABYLiquidMixtobeb

1,trap;2,pressureregulator;3,dryingtowera;4,bufferbottles;5,manometer;
6,thennometer;7, distillationflaak.

desiredpoint by raising or loweringthe depth of the glasstubingin the

meroury. Two large bottlesof4-litercapacity wereincludedto increase
the effectivevolume, thus preventingany notioeablefluctuationin the

pressureduringoperation.

PROCEDURE

The system selected was toluene--ethylalcohol. This selectionwas
madepartlybecauseof previousworkuponit (2),andbecauseofthechar-
aoteriaticsexhibitedover the temperaturerangeused and the ease with
whichit permitted the useof the refractometerasa meansof analysisof

the samples. Elevensamples,exclusiveof the pureliquidaanddistributed
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over the rangeincomposition,weremadeup frompurifiedliquida. Each
samplecontainedabout 300ce. Thesamplewasplacedin the flaskand
the pressureadjustedto the lowestvalue,the solutionheatedto boiling
and givena halfhour to reach equilibrium. Ordinarily,however,equi-
librium wasreacbedin five to ten minutes. A constant thermometer
readingwastaken as the criterionof equilibrium. The distillationrate
wasregulatedandnotedby countingthe dropsfallingfromthe bottomof
the coolingtube in the condenser. The rate was regulateduntil the
condensatein the trap changedcompletelyin a minute'stime. Thepres-
sure and températurewere notedand the distillationstopped,and the
pressurein the apparatusallowedto cometo atmosphericlevelby use
of the pincheock. (Cautionmustbe used whenthe pressurewithinthe
apparatusisgreaterthan atmospheric. In this casethe solutionmuBtbe
given time to coolsufficientlyto prevent boilingwhen the pressureis
released.) Driedair wasforcedintotheapparatusto blowoutsamplesof
the condensedvaporphase and the liquid phase. Thesewereanalyzed
by meansof an Abbérefraotometerand the remainderof the samples
returned to the flask. The pressurewas then adjusted8 cm.higherand
the processrepeatedon the samesamplein the flask until the desired
pressurerangehadbeencovered.

No trouble wasexperiencedwith changingcompositionof the liquid
phase by removalof the samplesfor analysis. The relativeamounts
removedweretoosmallto be ofanyconsequence. The sameprocedure
wasfollowed,ofcourse,foreachsucceedingmixture. Thisproceduregave
the variationsin the pressureandthe temperatureand the changein the
compositionin the vaporphase inequilibriumwitha non-variantliquid
phase. Variationin the liquidphasewasaccomplishedonlybychanging
the sampleunderinvestigation.

TBEATMENT OF DATA

The changesin vaporpressurewith temperaturefor eachsamplewere
plottedasshownin figure2, the pressurein millimetersbeinggivenonthe
ordinateand the temperatureon the abscissa. It willbeseenthat this
curveissimilarto thevapor pressurecurvefor a pureliquid. Thedotted
line representsthe compositionof the vapor phasein equilibrium,at the
various temperatures,with a liquidphase of constant composition,the
mole fractionbeingplotted on the ordinate. In the systemof ethyl
alcohol-toluene,the change in thevapor compositionaboveany sample
wasslight,and linearin relationshipto the temperature. Bestlinevalues
werethenreadfromthegraphandusedto constructtables1and2.1

lWhilethedatagiveninthetablesaregivento the nearestmillimeter,a more
recontatudyof theaccuracyof theapparatusindicatesthat vaporpressuresare
correcttoone-tenthofamlllimeter.
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Fromsuohagraphas figure2, then,thevaporpressureand thecomposi-
tionof thevaporphaseinequilibriumwiththeliquidphasefor that sample
canbe determinedat anydesiredtemperature. Sincethiaplotglveaany

I40 |è» 122 ttï f£2 ES 132 1

Fia. 2. Changes m Vafos Pbebstob with Température

SampleNo.10;molefractionoftolueneinliquidphase»0.096

minutevariationin thepressureandthe temperature,a plotmichas figure
3 can be constructed. Figure 3 is a groupof isothermewhosevalues
wereread fromthe graphsof type figure2. The vaporphasecurvesin
figure3havebeenomittedinallcasesexceptingthatfor the 80°C.isotherm.
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TABLE 1

laolherma for Ihe System loluene-ethyl alcohol

noue FRACTIONTOMfKNE

1

TOTAL TOESaOBE FASTIALFREBSOSE

I.iquid | Vapor
t

75°C.

mm.
1.000 1.000 244

0.883 0.380 444 169
0.769 0.307 677 208
0.648 0.286 688 197
0.667 0.280 688 195
0.457 0.269 707 190
0.376 0.253 716 181
0.274 0.232 722 167
0.233 0.217 724 167
0.166 0.180 724 130
0.096 0.136 716 96.7
0.043 0.076 699 62.4
0.000 0.000 666.1 0

80"C.

1.000 1.000 289.7
0.893 0.379 637 204
0.769 0.301 818 246
0.648 0.271 832 226

0.567 0.270 844 228
0.467 0.262 856 224
0.376 0.246 864 212
0.274 0.223 874 196
0.233 0.209 877 183
0.165 0.176 880 164
0.098 0.130 868 113
0.043 0.074 848 62.8
0.000 0.000 812.6 0

1 WC.

1.000 1.000 397.0
0.893 0.379 642 243
0.769 0.294 990 291
0.648 0.266 1006 267
0.667 0.260 1016 264
0.467 0.267 1027 264
0.375 0.236 1037 246
0.274 0.216 1047 225
0.233 0.200 1052 211
0.155 0.169 1052 179
0.096 0.126 1047 132
0.043 0.073 1026 74.9
0.000 0.000 986.3 0
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TABLE2
7M<Ae)-M<for the spgtemtoaue»e-eNtgtalcoholj wtnerms jvr tna syttem wvmnv-vinyi OfcOflOt

MOI* ÏBACTIOK TOMJINB t'

– total PRiaaoBD

1

pajotai, wuubobb
Liquid I Vajx»

~Op,V. PREC8118R

I

PARiY4L PRBNCRB

60-C.

mm.
1.000 1.000 139.5
0.893 0.382 240 91.7
0.769 0.326 367 110
0.648 0.317 373 118
0.557 0.310 382 118
0.467 0.289 387 112
0.375 0.277 390 108
0.274 0.256 395 101
0233 0.242 387 96.0
0.165 0.198 397 78.6
0.096 0.147 388 57.1
0.043 0.078 S76 30.0
0.000 0.000 362.7 0

6^0.

1.000 1.000 166
0.893 0.381 301 116
0.769 0.319 456 145
0.648 0.307 466 143
0.657 0.300 472 141
0.457 0.282 477 139
0.375 0.269 481 129
0.274 0.248 486 120
0.233 0.234 487 114
0.155 0.192 488 93.8
0.096 0.143 480 68.7
0.043 0.077 466 35.9
0.000 0.000 436.9 0

70'C.

1.000 1.000 202.4
0.893 0.380 367 139
0.769 0.314 557 176
0.648 0.297 569 169
0.567 0.290 672 168
0.457 0.276 584 161
0.375 0.261 590 154
0.274 0.240 592 142
0.233 0.226 598 136
0.155 0.186 598 111
0.096 0.139 591 82.2
0.043 0.076 676 43.7
0.000 1 0.000 542.5 0
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Fia. 3. IsothbbmbfobTolubnr-Ethti.Alcohol

It wouldbe advantageousto givean exampleof the above use of the

graphs. If the ieothermat 80°C.is desired,weproceedas follows:

On figure2, representingsampleNo. 10,wesee that the composition
of the liquidphasein molefractionof tolueneis 0.096. At 80°C.,we

find on referringto the curve that the total pressureon the system is

TBBJODBNAJ.M PHV81CA1CBBJOOTBT,VOL.XXXVn,M0.22
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862.5mm. Thisweplotonfigure3 for the isothermaldiagramat 80°C,
plottingthe pressureagainstthemolefractionoftoluene. Thedotted line
onfigure2 indicatesthat at the temperatureof80°C, the compositionof
thevaporphasein equilibriumwiththeliquidphasefor sampleNo. 10 is
0.130. This,too,is thenplottedonfigure3. Wethen proceedin a similar
mannerwitheachof the remainingsamplesdistributedovertbe range of

mixture,and thus determinethe completeisothermaldiagram for the

systemat that particulartemperature.

DISCUSSION
If the logarithmof the vaporpressureis plotted against l/T for each

sampleas shownin figure4, the resuitisa straight liae similarto the plot
fora pure liquid. It willberecognizedimmediatelythat this is of great
value,sincethe datacanbeextendedbymeansof the straight line to any
desiredtemperatureor usedfor interpolationbetweenvalues. The loga-
rithmsofthe partialpressuresoftheconstituentswerethen plottedagainst
1/Tas in figure5,andthestraightlinewasagainobtained. This is to be

expected,for if the totalpressureplotgivesa straightUne,the two partial
plotsmustdolikewise.

Data fromSamesbima(3)andCunaeus(4)for thesystem,acetone-ethyl
ether,wereplottedina likemannerandsimilarstraight Uneswerefound.
Somedata given by Schmidt(5) werealso appliedto suchmethods of

plotting. In the systemof benzene-carbontetraohlorlde,the straight
linerelationshipsheldtrue. Thedata for the aystemof benzene-toluene

givenby Schmidtwerefoundto containerrorsin the determinationof the

vaporpressures. Thedata givenfor the vaporpressuresof pure toluene
wouldnotgivea straightUnewhenlogP wasplottedagainst1/T*. Errors
in the same directionwerefoundto exiatthroughout the system at the
sametemperature.

In the caseof toluene-ethylalcohol,the systemwas azeotropic, while
the system of acetone-ethylether and tbat for benzene-carbon tetra-
chloridewerezeotropic. Evidentlythe prinoipleholdsforeither type of

liquidmixture. It becomesevidentthen,that the investigationofa binary
liquidmixture requiresonly the determinationof two pressure-tempera-
ture-compositiondiagramsto completelyoutlinethe system. This could
bemost rapidlyaccomplishedbydeterminingtwoisobaricdiagrams.

Sincetheethylalcohol-toluenemixtureisazeotropic,havinga maximum
in vapor pressure,a plot as in figure4 givessomelineswhichare located

higher than the line for the pure alcohol. However,the lines are not

parallel,but vary betweenthe slopesof the linesfor the pure liquidaand

vary as the compositionofthe liquidphaseisvaried. Examinationshows
that the maximumoccursat a compositionwhichchangeswith the tem-

perature. If the straightlineswereextendedsufficiently,eventually all
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wouldlie within the lineafor the pure liquida. At the temperature at

whiehthisoccurs,thesystembeeomeszeotropio. In this particularcase,

)––––)––––!––––)––––!––––)––––)––––! 1

1 ) f ~T I xt1 1
Fia. 4. TOTAL P8E89UR13 180-COMPOSITION

the maximum,or azeotropicpoint,isshiftingsoslowlythat the tempera-
ture at whiohthis wouldhappenwouldbequitehigh. Predictionsmade

bytheextensionsof thestraightlinesobtainedareaccuratethroughoutthe
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range where the pure liquidegivea straight Moewhen log P Mplotted
against1/T.

1 r r 1 1 r 1

Fie. 5.PARTIALPSBSSmtBB

8ampleNo.5;molefractionof toluenec' 0.467

ABqaidmixture,whenout!m6das described,becomesa versatilesource
of data. Asidefromthe predietionofpressure,temperature,andcompo-
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sitionequilibria,grapheof the typeof figure4 havebeenused to calculate

thé heats of vaporizationat any desiredtemperatureand composition.'

Simi!ar!y,fromthe graphsofthetypeoffigure5 thé partialheatsof vapori-
zationat any partieuhr pointwerecalculated. Studieson activitiesand

activitycoefficientscanbemade,predictionof the shiftof the azeotropic

point,etc.

8UMMARY

(1) lo the study ofliquidmixtures,the desirabilityofdata in sufficient

quantitiesto givea mattewhenplottedispointedout.

(2) Anapparatus ladescribedand thé procedureoutlinedfor the deter-

minationofsuchdata.

(3) Avery completeexaminationof the system,toluene-ethylatcohot,
basbeenmadeoverapressurerangeof700mm.anditsattendant temper-
aturechanges.

(4) Asa conséquenceof the oharaoterof the data obtained,somegen-
eralizationsare madeon the tawsof liquidmixtures,permittingequilibria

prediotionsand calcu!ationssuchasthe heatofvaporizationor the partial
heatsofvaporizationat anypoint. Thegeneratizationsmadein the paper
havebeentested withdata fromthe literatureand further con6nnation

obtainedof theirvalue.
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TheM,togetherwithsomeothersimilarcatcut~tioM,maybediecuBsedina later

paper.
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Our principalstandardsof etectromotiveforceare: (1) the zinc(Clark)
ceU,ZnAm/ZnSO<-7EM),Hg:SO</Hg;(2) the cadmium(saturated)cell,
CdAm/CdSO<.8/3H,0,H&SO</Hg~and (3) the Weston (unsaturated)
oell,CdAm/CdSO<so!ution(saturated 4C.)/Hg~O</Hg. AUthèseoells
arebuilt aboutmercuroussulfateas depolarizerandit is the uniqueproper-
ties of thia substancethat havemade these voltaiccombiaatioMusefu!
standards(1). The mercuroussulfatebas a solubilityof about onegram
in a liter in the cathodesystetnsof thèsecells,whilethe amalgamaof the
anodesystemmaintaintheconcentrationofthe mercuryto somethinglike
10' gramperliterat theamalgamelectrodesurfaces(2). Thereforethese
eombinationsmaybelookedonasconcentrationceMs.

It is thefunctionofthemercuroussulfatetomaintaina definiteconcentra-
tion of mercuryat the merourycathodes,whilethe amalgams maintain
an equaUydefiniteconcentrationof mercuryat the amalgam anodes.
Thèseconcentrationsarewidelydifferentsothat theremust bea continuât
diffusionof mercuryionsfromcathodeto anode,and this diffusionis an
importantfactorin the slowchangesthat take placein the E.M.F.of the
cadmiumandWestoncells(3). It has beenshown(4) that neutralcad-
mium sulfatesolutionsslowlyhydrolyzemercuroussulfate but that the
insolubleproductsofhydrolysisinhibitthe reaction,and it isonlyas these
productsdiffuseawayto theanodethat the hydrolysisbecomeseffective,
so that it bas beeomeof interestto obtainmoredefinite informationon
diffusionin standardceNs.

ProperlyconstructedceHsshowtheir normalE.M.F.immediatelytbey
are filled,so that the mercuroussulfate promptlyestabli8hesits proper
concentrationat the mercuryelectrode. The amalgamor anodeelectro-
lytea!sopromptlycornestoequilibriumwitha definitemercuryionconcen-
trationat theanode. Theamalgamis ableto maintainthis concentration
evenwhenthemercuryionsarriveby diffusionfromthe cathode,otherwise
the arrivaiof the mercuryionsat the anodewouldbe accompaniedby a
changein the E.M.F.of the cell. The extendedobservationson zinccells
eomptetelynégativethisproposition. It seemedof interest to havemore
informationon the diffusionthat actuaUytakes ptace in standard cells.
Whena ceUis freshlySUedthe electrolyteexceptingthat in the "paste" is
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quite freeof mercuryions,but thecathode mercuryions boginatoneeto
diffusetowardthe anode. The potential of the electrolyteat any point
towarda mercuryelectrodedependson its mercuryion concentration,so
that ifwedeterminethis potentiatwehave a measureof thé mercuryion
concentrationat the particular point. Now,amalgamatedplatinumhas

exactlythesamepotentialasmercury,so wemayusea smaUamatgamated
platinumpoint to explorethe electrolyteof ce!!s. We may measureit

againstthé anodeor cathodeof the cell and sodéterminethe mercuryion
concentrationat any pointin thecelb,providedthat weknowthe relation
betweenmercuryionconcentrationsand potentialsin thesesolut-iona.

This informationwe have obtainedas follows. A saturated cadmium
sulfatesolutionwas rotated &t25.00"C.together with CdS0~8/3H$0,
mercury,and normalelectrolyticmercuroussulfate (5) until no further

changein concentrationtook ptace–two weeks. Two 100-cc.portions
of the perfectlyctear solutionwereremovedforanaiyaisand to eachwaa
addeda veryslightexcessof 0.2N HC1. UndertheseconditionsHg:C~
is oneofour mostinsolubleprecipitates. In the absenceof merouryor a

reducingagentthe removalof themercurousmercurydoesnot diaturbthe
mercuricmercuryprésent. Insteadof a tared niterpaper diskpreviousty
employed(6)we used a smatl~izedNeubauer cruciblewith a minimum
of spongeplatinumfilteringmedium.' The HgtCltcoagulâtes,filters,and
washesvery satisfactorily. The Hg)Ch is measurablyvolatileat 100"C.
but maybesatisfactorilydriedina vaouumdesiccatorat roomtemperature
andthe resultsare veryexact(6). The twodeterminationscheckedquite
ctosety,showing1.122gramsHgtClifrom a liter of the saturatedCdSO4
solution. This givesa calculated0.9535gram of mercurousmercuryin
oneliter,or a concentrationof0.00238molar.

Thenitratesand waahwatersweremade acidwithhydrochloricacidto

keepcadmiumsulfidein sotutionandthen themercuricsulfidewasprecipi-
tated,vacuumdesiccatedin the Neubauercrucible,andwasfoundto weigh

exactly4 mg.fromthe 200ce.of the saturated solutionor 0.00354gramof

mercuricmercuryfrom200ce. ofthe saturated solution. This is 0.01725

gramofmercuryin oneliter,or 0.00086molar. Thisindicateda ratioof

Hg(ouB) 0.963S
Hg(te) ° 0.01726°

Aportionoftheabovesolution(saturated withCdSO<-8/3H:0, HgtSO<,

Hg) was broughtonto a mercuryelectrode and joined to a cadmium

amalgam-cadmiumsulfate ha!f-eeU(7). The E.M.F,of this combination

at 25.00°C.was 1.019614volts, confirmingpreviousobservationson the

1Theweightofalargespongeofplatinumianotsoreproducibleonvacuumdosio-

cation,butwithoureraciblewefoandtheweightroliabletoabout0.01mg.



NFFUBtON IN BTANDABD CBLM 247

rotated cathodesystemof the cadmiumceU(8). Now this voltageof
1.019614correspondsto a concentrationof 0.9535gram of mercuricmer-

oury and 0.01725gmm of merouricmereuryin a liter of the satur~ted
cadmiumsulfatesolutionat the merouryelectrode. By dilutingthe orig-
inalsolutionwithknownvolumesof a saturatedCdSO~8/3 HtOsolution,
wehad solutionsof knownmercuryconcentrationand weobservedthe

potentialofeaehof theseona merouryelectrodecombinedwith the cad.

TABhEt

0*TOH*T!0)(M!M)T)0)) Ht),)')!OUTM H)!ZBUTBK E.M.r.O~Ct~t.AïM'C.

t~r cent tram< jtMMM
100 0.9536 0.01724 .019614
96 0.9067 0.01638 .019050
90 0.858! 0.01552 .018718
? 0.8104 0.01465 .018082
80 0.7627 0.01378 017693
75 0.7151 0.01293 .016828
70 0.6674 0.01207 1.018790
65 0.6197 0.01121 .018093
60 0.0721 0.01036 1.014288
M 0.6244 0.00948 .013208
50 0.4767 0.00862 1.01160
46 0.429 0.00779 .010548
40 0.3814 0.00689 .0090S8
M 0.3337 0.00008 .004686
30 0.2860 0.00617 1.002533
M 0.2384 0.00431 1.001643
20 0.1907 0.00343 0.995340
M 0.143 0.00269 0.993793
10 0.09635 0.00172 0.988610
6 0.0477 0.00086 0.993793
4 0.0381 0.00068 0.979933
2 0.0191 0.00034 0.971973
1 0.0096 0.00017 0.962901
0.8 0.0077 0.000186 0.963453
0.6 0.0067 0.000102 0.961043
0.4 0.0038 0.000068 0.955143
0.2 0.0019 0.000034 0.950343

miumamalgamhalf-cell. WethushadthecadmiumceUcombinationwith
knownconcentrationsofmercuryat thé cathodes. ObviouslyfromE.M.R
valuessuchatable(table1)givesthemercuryconcentrationat thecathode
of any cadmiumcellas accurateJyas wehâve knowledgeof the mercury
concentrationofouroriginalsolution.

Fromtable1it isof interestto notethat the cadmiumcellwithanE.M.F.
of 1.01808voltsat 25"C.basa solutionnextto the mercuryelectrodewhich
had 0.8104gramofmercurousmercuryand0.01465gramofmercuricmer-
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ouryto the liter. Thisisonly85percentof theconcentrationobtainedby

saturatinga saturatedsolutionofcadmiumsulfateat 25"C.withnormalmer-

ouroussulfatein the presenceof mercury. Hereis further évidencethat the

cathodesystemsofourcadmiumcellsarenot equilibriumsystema. Indeed

it is onlynecessaryto etir the paste of any seasonedcadmiumcell(9)
to observea markedinoreasein E.M.F.followedby a subsequentdecrease

with the E.M.F,droppingbelowthe normalvalue,whiehis quiteconclusive

proofof the instabilityof this cathodesystemand ConarmBthe conclusions

drawnfromthe rotationexperiments(7).
With the informationin table 1 wemay unsealany cadmiumcelland

explorethe merouryconcentrationat any point in the electrolyteor paste.

Amalgamatedplatinumhas the samepotentialas mercury. Weonlyneed

a minuteamalgamatedplatinum point. By placingsuchan electrodeat

the desiredpoint in the celland measuringits potential againatthe anode

fromthisB.M.F.the tablegives the exactconcentrationof merourousand
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merouriemerouryat thepointinquestion. It wasof interestnowto open
cettsofdifférentâgesand observehow diffusionhad progressed. For this

purposetwo cadmiumceMswithelectrolyticmercuroussulfateMdepolar-
izersmadeup accordingto speciacationBdevelopedin this taboratorywere

aetected(10). Onecell,A138,wasmade in 1914and the other,G3,was

TABLE2

Menaz.tj.t Ht;,jKMc'an'tfeaxAt,
CeUG3

Mt.pet«Mf

Cell itsett .Ot8t40 8t7 102
0 .01791 7M 98
1 .00812 m ?.7

2 .OMM' 3M 44.2a
3 .OOM9 3M 43.7
4 1.00691 346 42.1

Cathode

7 1.00437 328 40

8 1.00436 320 M.S

9 1.00431 320 39.6

10 1.00428 320 39.6

· CeUA138

CeHttsetf 1.01804 807 99.6

Cathode

0 1.01727 740 91.3

1 1.01737 746 92.1

2 1.01735 746 92

Anode

7 1.01738 747 93.16

8 1.01735 745 93
9 1.01736 746 93

10 1.01739 749 93.1

madeia 1928. Thesecellsmaintainedat 25.00"C.wereunsealedand the

amalgamatedpointwasplacedat positionsindicatedin figure1. Thefol-

lowingobservations(table2)anddéductionsweremade.

It appearsthat dMFuBiondoesnot attain a steadystatein fouryears
in the cadmiumcell,but doesinsideof eighteenyears. Thereisa distinct
concentrationgradientin the fouryear oldcellbut practicauynonein thé

eighteenyear oldcell. Aninterestingobservationin cellA138is that the
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concentrationof merourousmercuryin the pasteis lessthan that at the

surfaceof themercuryélectrode. Thismaywellbedueto the presenceof

much~6ne!ydividedmercury in the paste, a factorwewillconsiderin a

subséquentarticle.

Theaboveexperimentsdonotgivea verygoodideaof the rate ofdiffu-

sionin newlyconstructedceNswhenit Ma maximum. To get a ciearer

pictureofthisregionwe observeda cellconstructedasfollows.Theusual

TABLE3t~DHOOu

TtttB B.M.f. Ht, MB CZUT MOXMtt.

dit~t MO. )xr Mer

0 1.019610 963.46 n7.6

1 1.019053 905.72 111.7

2 t.Ot88M 896.0 109.00
6 1.0087t9 47.0

7 1.006744 38.4
11 1.00120 236 29.1
20 0.99934 222 27.3
36 0.9918S7 124 16.3
53 0.8M871 M <t.t5

61 0.964187 9.63 1.08

74 0.956626 7.16 0.88

100 0.946194 2.38 0.29

mercuryand 10per cent cadmiumamalgamelectrodeswereusedbut no

pasteormercuroussulfateor cadmiumsulfatewasintroducedinto the ceM.

Instead, a saturated solution of these salts only was employed. The

system(CdSO<-8/3HtO,~SO~, Hg,H,0) wasrotatedat 25"C.for four-

teendaysandtheclearsolutiontakento fillthecell. Theobservationsare

givenin table3. The ceï!had thehighE.M.F,observedin the rotationex-

perimenta. Evidently the cadmiumamalgampromptly reduced the

mercuryionsin itavicinityto theequilibriumconcentration. Diffusionto
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the anodebeganas soon as thé cellwasSUed,and insideof twenty-four
hours the diffusionbegan to affectthe cathodepotential,resulting in a
decreasedconcentrationat the merouryeleotrode. After six weeks the
rate of thisdropis pronouneed,andin somethreemonthsthere are exceed-

inglyfewmercuryions leftaboutthe cathode,so that this cathodepoten-
tial isapproachingthe equilibriumvalueofmercuryinsaturatedcadmium
sulfatesolution(11).

Further informationwas soughtby observationson somespécialcad-
miumceUswitha longconnectingtube betweenanodeandcathode,31cm.
longand 10mm.diameter (figure2). Thisconnectingtube carriedBmall
mercuryelectrodepoeketsspaced45 mm.apart so that it waspossiHeto
observethe merouryion concentrationsat thesevariousstations alongthe
crosBtube and sothe changeswithtime. Onecellwasmade up withthe
standardelectrolyticmerouroussulfateas depolarizerand the other with
our crystalline(12)merouroussulfateas depolarizer. The electrolytewas
saturatedat above35"C.,so that it depositedsomeCdS048/3H~Ocrystals
alongthe croeatubes. The tablegivenabovegivesthe relation between
E.M.F.andmerouryion concentrationat thé cathode. At25°C.a cadmium
cellwith an B.M.F.of 1.01808volts has a concentrationof 810.43mg.of
mercurousmercuryand 14.65mg.ofmercuricmercuryto a liter ofsolution
in contactwith the mercuryelectrode. Takingthese values as normal
webavetheobservationsgivenintable4.

It appearsfromthèse experimentsthat the diffusionof mercury ionsin
standardcellsisofconsidérablemagnitudeandappearsto be greaterwhen
the depolarizeris crystallinemercuroussulfatethan it is whenthe electro-

lytic,precipitate-likeproductisusedforthé paste. Evidentlythe crystal-
line productis able more rapidlyto replenishthe ionsthat diffuseaway.
Whenhydrolysisof the mercuroussulfateis possible(4),as in thé neutral
cadmiumor Weston (unsaturated)ce!Is,diffusionmay wellbe an impor-
tant factorinE.M.F,changes.
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80ME HEATCAPACITYDATAFOR DURENE,PENTAMETHYL-

BENZENE,STILBENE, AND DIBENZYL

JOHND. FERRYAxo8. BENSONTHOMAS

DepartmentofChemistry,StanfordUniversity,<?<0)t/of<<University,<M~M

Nee~fedDecember6,M3j!

A "radiation"calorimeterbas beendescribedin detailin a récentpaper
by Thomasand Parka(1). Whilethiscalorimeterwasdevelopedprimarily
for the measurementof the apeeiScheatsof borontrioxideglassat moder.

ately elevatedtemper&tures,it waslater usedverysucceBsfuUyin a study
(2) of the heat capacitiesof elevenorganiosubstancesbetweenroomtem-
perature and about 300"C. Continuingthis latter applicationof the
"radiation" calorimeter,we have nowobtainedspecincheat and fusion
data for the foUowingfour compounds:durene,pentamethylbenzene,stil-
bene,anddibenzyl.

MATENtAM

Dureneand peKtame~NMMeHe

Thesamplesofthesetwo hydrocarbonsweregeneroustypresentedto us

by ProfessorLeeIrvin Smith of the Universityof Minnesota. Details

concerningthemwillnot be givenhere,as theirpreparationandproperties
have been fully describedelsewhere(3). Thé sharpnessof their fusion
curveBindicatedverysatisfactorypurity.

Stilbeneanddibenzyl

Thesecompoundswere obtainedfromthe EastmanKodakCompany.
Twodifferentsamplesof eachcompoundweresubjectedto three or more
fractionalcrystaUizationsfromethyl alcohol. Themeltingpointsof the
bestproductswere:atilbene,124.4°C.;dibenzyl,S1.3"C.

EXPERIMENTAL BESULTS

Table1 presentsspecificheat data for the solidandliquidstates of the
fourhydrocarbonsinvestigated. In eachcasea largenumberofindividual
detenninations(forty to one hundred)of the speciacheats were made.
From a plot of these results a smoothcurve wasthen constructed,and
fromthis the valuesgiven in the table were taken. In no casewerethe
actual experimentalpoints more than two per cent offthis curve. The

253
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absoluteacouraoyofthe tabulatedmeanvaluesis beUevodtobewitMntwo

or threepercent.

TheliteratureapparentlycontainsnoapeoiËcheat valuesforanyofthese

substanceswithinthe temperaturerangeof this investigation. However,
ourdata fit fairlyweUwiththe resultsobtainedm this laboratoryat lower

temperaturesby use of the Nernstmethodwith an aneroidcalorimeter.

Thus,for example,Huffman,Parka,and Barmore(4) report a value of

TABLE1

-S~M~eheatdataforo~stabandliquid

TmmtMTOM} BOMXB tXNTjmBtBT~- en~BZttB BtNMtn-
BBXMM)!

(tt~MtC. te<M<<*)M-entmMfen~txrtntm faien«t)e<'<<omMtort«tX)'fmm
30 03M 0.431 0.337
40 0.395 0.443 0.317 0.351
60 0.410 M.p.S'C. 0.328 M.p.3''C.
M 0.421 0.457 0.338 0.417
70 0433 0.484 0.349 C.436
80 M.p.7M"C. 0.471 0.360
90 0.487 0.478 0.370

100 0.493 0.486 0.381

110 0.499 0.494 0.391

120 O.B06 O.NM m.p.4°C.
MO

1
0.466

TABLE 2

Fusion and <~a)Mt<!0~data

enmrAt'CB ttttOXBOf TBttFBBA<CB<mt*t BtMK!~
CaAttOB

<<<~ft«C. m<onM]w
pf0iri

Durene. Fuaion ?.9 ?.0
PentNnethytbenMne. Transition 23.2 2.9
PentamethytheMene. Fusion 54.3 19.9
StUbene. Fusion t24.< 36.9
Dibenayl. Fusion 61.2 29.6

0.383caloriepergramfordureneat 24.0°C.,whilethe curveforourpresent

data, if extended,wouldlieaboutonepercentbelowthis figure.
Thefour fusionvaluesfor thesecompounds,togetherwitha resultforthe

heatof transitionofthepentametbylbenzenein thé solidstate,are givenin

table2. For dureneourresultisingoodagreementwitha value(37.5cal-

oriesper gram) calculatedby Smithand MacDougall(3) frommeasure-

ments of the freezingpointsof solutionsof isodurenein dureneand a!so

withan experimentalvalue(37.98caloriespergram) recentlyobtainedby
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Zeumer'-iNProfessorRoth's laboratoryat Braunschweig.Likewise,our
heat of transition of pentamethylbenzenecomparesfavorablywith the
result (3.19calories per gram)obtained previoudyby Huffman,Parka,
and Barmore(4) with a Nernstcalorimeterwhichhad beendesignedt'or

low-temperaturework. However,ourfusionvalueforstUbeneis consider-

ably lowerthan the 40.0caloriespergramreportedby Padoa (5)andour
result for dibenzylis a!sosomewhatlowerthan the valuesof Padoa(5)
(31.0caloriesper gram) and ofBogojawlenskyand Winogradow(6) (30.4
caloriespergram).

Beforeconctuding,the authorswishto thank ProfessorGeorgeS.Parka

(underwhosedirectionthe investigationwascarriedout) and Dr. F. 0.

Koenigfortheir interestandadviceduringtheprogressof the work.

8UMMABY

Data for the BpeciScheats (in both the sotidand Iiquidstates) andthe

heataoffusionofdurene,pentamethylbenzene,stilbene,and dibenzylhave
beenobtainedwith a "radiation"calorimeter.

REFERENCES
(1)THOMASANDPABKaJ. Phya.Chem.86,2M1(1931).
(2) SPAGHT, THOMAS, AND PABM: J. Phys. Chem. Se, 882 (MS2).

(S)8MMHANDLux:J. Am.Chem.800.61,2994(M29).
SMtTH AND MAcDocoAH,: J. Am. Chem. Soe. 61, MOt (1929).

(4)HcfMMM,PAmta,ANDBABMONB:J.Am.Chem.Soc.M,3880(1931).
(6) .PADOA:AttiMead.LinceiM,239(1910).
(6) Boa<HAWt,BN8KY AND WtNOfttADOw: Z. physik. Chem. 84, 261 (1908).

PrivateoommunicationtoProfeesorParkafromDr.HMaZeumer.Thisresult
wasobtainedbytheuseofamethodofmixtures.
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COMMUNICATIONSTO THE EDITOR

X-RAYSTUDIESOF FATTYACIDSAND0F MIXTURESOFFATTY
ACIDS

In viewof the time-consumingnature of this worka preliminaryreport
iagiven at this time.

X-ray studieshavebeenmadeofsamplesof the saturatednormalfatty
acids with ten to eighteencarbonatoms, and the largecrystal spacings
have beenmeasuredwith great accuracy. (These samples,whiehrepre-
sent the purestacidsnow available,werepreparedby Dr. J. Ruhoffand
Dr. J. D. MeyerwithProfessorE. E. Reidin this taboratoryin thecourse
of an investigationwhichwillbe publishedshortty.) In comparisonwitb
sunUarstudies (Francis,F., Piper, S. H., and Malkin,T.: Proc. Roy.
Soc. A128,214 (1930))madewith the purestacids previoudyavauble,
we find definitedéviationswhichdo, however,not exceedone per cent.

Francis,Piper,and Ma!Idnhavemadea very interestingstudyofequi-
molarmixtttresoffatty acidscontainingn andn + 1carbonatoms. Their

résulta,expressedas simplyas possible,indicatethat a eharacteristiclong
apacingis obtainedfor such mixturesand that the spacingis the mean
value of the spacingsthe purecomponentswouldhaveif they crystaUized
in the samemodification(sametilt of thé fatty acidmolecules,whichare

parallelto theC-axesof thecrystab). Sincethe buildingelementsofsuch

crystals are doublemoleculesthey proposethe followingexplanation. In
the caseof the mixturesthe doublemoléculesare obtainedessentiallyby
oombinationof a long and a short singlemolecule. Thistheorydid not

appealto usforvariousreasons. Theexperimentaltestisgivenbya study
of mixtures in non-equimolarproportions. In the caseof the mixture
of Cteand Cn forinstance,wehave studiedthe wholerangein ten equal
steps. Wefindthe equimolarmixture to be the actualmeanof the Cie
and Cu spacings,but any of the other mixturesgivesa!sosingle,sharp
spacings, whlohfollowroughlya linear relation with the composition.
Thus, it is obviousthat the theory proposeddoes not hold,but that the

phenomenonis analogousto ordinarymixedcrystal behavior,the relation

beingapproximatelyexpressedby Vagard'sruie.
That ourpointof viewiscorrectis aIsoindicatedby thefact that pre-

vious workonvariousnon-equimolarmixturesof CtoandC~givesdefinite

spacingsvaryingaccordingto compositionbetweenthe valuesof the two

components. (Piper,S. H., Malkin, T., and Austin,H. E.: J. Chem.
Soc. 1926,2310.) In this andothercasesfor mixturesofn andn + 2 we
have foundsimilarresults.
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Formixturesof thénand n + 3 acidswofind,similarto Francis,Piper,
and Malkin, mixed-crystalspacings. Acoordingto thèse authors suoh
combinationdoesnot occurin mixturesof n and & + 4 aoHa. This is
contrary to our results;theequimolarmixtureof€,<and C~,forinstance,
givesthe spacingoftheCMacid.

For two-componentmixturesof acidsof stul largerdiSerencesin ohain
lengthwe havenot beenable as yet to obtain appreciablemixed-crystal
formation.

It seemedofinteresttostudymixturesofa largenumberofeomponenta,
for it wasantioipatedthat insuchcasesmixed-orystalformationwouldbe
pos~Meovera muchwiderrange. Aotuallyit wasfound that approxi-
mate!y equimolarmixturesof the acidewith n = 11, 13, 15, and 17,
n < 10,12,14,16, and18,and SnaUya mixtureofn = 10,11,12,13,14,
16,16, 17,and 18in eachcasegaverise only to one definitecombination
spacing, this value lyingbetweenthe two correspondingextremesand
closerto thehigherone.

It seemsthat theseexperimentsare importaot for the interprétation
of x-ray diagramsof bigblypotymerizedsubstaaeea. Such bodiesare in
many casesaesumednow to constatof chain-likemoleoulesof varying
lengths. Such~ystemawereup to now not expectedto yieldany x-ray
interférencesconnectedwith the chainlength. Our reaultsseemto indi-
cate that this pointofviewmuet be modified. In an earlierpaper (Ott,
Emil: Z. physik.Chem.B9, 378(1930))it waashownthat definitechain
lengthscouldbe asagnedto certainpolymerformaldehydes. Although
the authorwasat that timeinclinedto hiepresentoutlook,it seemedsafer
to conclude,inagreementwith the prevailingopinion,that theresult indi-
cated that suohpolymetswerebuiltup essentiaûyofmoteeaiesof a given
lengthonly. Atpresentit appearsquite reasonableto oonNderthe chain

length mentionedas correspondingto an "average" length. This is of
coursein betteragreementwith the chemicalexperience. It ia probably
for the latter reasonthat Sauter (Z. physik. Chem. B18,417 (1932))
attacks the viewof theauthor; hiaevidence,however,is essentiaUynéga-
tive. This pointshallbe testedfurther in due time. At presentit seems
to us mostessentialto increasethe knowledgeconcerningx-raydiffraction
ofsuchwell-definedsystems,whiehmayserveasa modelforhighpolymers.
The results thus far obtained in this directionseemto favorour point
of view.

These investigationsare being continuedand with other coworkers
extendedto othergroupaoflong-chaincompounds.

EMIL OTT.

F. B. St~GLE.

DepartmentofChemistry
JohnsHopkinsUniversity
Baltimore,Md.
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BINARYSYSTEMSOf M-NÏTROTOLUENEANDp-NITROTOLUENE
WITHNAPHTHALENE,p-TOLUIDINE,ANDa-NITROPHENOL

In a continuationof the studiesof the binarysystemsof the various

nitrotolueneswitha secondcomponentwhiehhâvebeencarriedonin the

DepartmentofChemistryoftheUniversityofNorthCarolinathefollowing

Systemshave been investigated:TK-nttrototuene-n~phth~eoe,m-nitro-

toluene-p-toluidine,m-nitrotoluene-o-nitrophenol,p-oitrotoluene-p-totui-

dine, and p-nitrotoluene-o-Ditrophenot.The temperature-composition

diagramsweredeterminedbythermalanalysis,usinga calibratedmercury

thermometeras the tentperature-recordmginstrument. No compounds

wereobtainedand the formationofsolidsolutionscouldnot be deteoted.

In plottingthe logarithmof themôlefractionofsolventagainsttherecip-

rooalof the absolute temperaturestraight lineswereobtained,showing

that the systemsare ideal in nature. The calculatedheats of fusion

(accurateto about2percent),theeutectietemperatures,and the eutectic

compositionin molepercentaregivenin thefoUowmgtable.

H. D. CBOCKFOBD.

N. L. SïMMONS,JB.

Department of Chemistry

University of North Carolina

Chapel HiU,N. C.

CORRECTIONS

The followingcorrections shouldbe made in thé article "Glass Electrode

Determination of Sodium," appearing in This Journal, 35, 3058 (1931):

Page 3061,Bratline. For "mols~OH" read "molsNaCI," and for"NaOH

found" read "NaCl found."

Page 3061, second line. For "4%" read "4.0%

Page 3061. For "Fig. 2" read "Fig. 3," and for "Fig. 3" read "Fig. 1."

Page 3062, eleventh Une from the bottom. For "unchanged," read

"uncharged."

Page 3063. For "Fig. 1" read "Fig. 2," and for "Fig. 2" read "Fig. I."

F. URBAN.

ÂLEXANDEBSTEINER.
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NEW BOOKS

D<MM!e c&amptw<aM-e. BYPA~)~CoucEM. Encyclopédie Gauthiers Villars, 1932.
Written 118a companion to thé author's Architecture<~t')7ntM)-<,thé present vol-

ume deala, M the title expresses, with the sotar system-a rather ungrateful, banal
subject, in thé author's opinion, when compared with the newer and wider vistas
opened in stettar astronomy. In order to préserve the sensé of unity with the previ-
ous volume, this one has been written with the guiding principle that the méthode
es well as the results of aatrophyaica should be acoorded thé prinoipal emphasis,
white furthermore the relationahip between the sun and ita planetary Bystemand the
atettar untverae at large should be clearly realized.

It la natural, therefore, to find that thé bookdiffersconsiderably frommost treatiBea
on the samesubject, and it !s emphatically not a textbook. Someof thesedéviations
render the book only more attractive--at teaat in the teviewet'a opinion, auchas thé
historical introduction, and the rather detaited exposition of the variouBtheories
for the origin of thé system. Some other features would seem to bave juat the op-
posite effect, aa, e.c., thé unduly emphaeiMd description of the earth and ite atmos-
phère, and the very brief, almost hasty, résume of the planets and thoif satellites
which are aceordedbarely as muoh space asthé subséquent description of the nearest
stars, the motion of the aun among and with these, and that of the structure and
motion of the gataxy as a whole-all of which would seem rather irrelevant in
connection with the ptanetary system. More than one-third of the bookis devoted
to.the aun, while cornets and meteors, tteated almost as an aftefthought, coming
afler the description of thé solar neighborhood, have no more than eleven pages
allotted to them.

Probably all this is due to the desire already referred to, to treat the subject matter
from the point of view of astrophysios, and always in tetation to the stellar universe.
With these limitations in view one must admit that the author bas succeededvery
weU, for the book is o!ear!y and interestingly written and attractively iHustrated.
1 believe, however, that it i8 a fair eriticism to say that it tacks unity; the various
cbapters are somewhat disjointed, and give the impression more of separate articles
written for diCerent purposes.

As to moreapecifiecriticiams: on page36one reada that it was Bowen,whocleared
up the mystery of the Aurora line, whUeon page 81 one obtains thé impressionthat,
among others, the Harvard and Victoria Observatories concem themselves"more or
less" with solar studies. The illustrations on the sun may well be ealled superb;
aeveral of those portraying lunar phenomena under high magnification,are, how-
ever, distinct!y médiocre.

W. J. LCYTtiN.

~<troeM ~MM. BT F. T. 8. BMn-oN. 22x 14cm.; pp. xvi + 589. London: Chap-
man and Hall, 1932. Priée 26 sMUings(not 52 shillings as erroneousty printed
in the number for October, 1932). For review see volume 36, page 2987.

Treatisc on S<A'm<M<o«OM.Second edition. By W~UAM H. TwENHOFEt,AND
COLMBOBATOM.pp. 960; 121 text figures: 8 chapters. BaMmore: Williams &

Wilkins, 1932. Priée: 98.00.
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The book ia a produet of thé work of the Committee on Sédimentation of the
Division of Geology and Geography of the National Researeh Counoil. The Hrst
edition was puMiehed in 1920. The plan of the secondédition foiiowaoloaelythat of
of thé Smt. Many speeiatists submitted manuscripts treating of thé phases of sédi-
ments and sedimentation most tamitiar to each of them. Those manuscripts were

organized and edited by Mr. Twenhofel and inoorporated into a singlevolume. The
resutt is a véritable mine of information on thé various phases of sédiments and

sedimntary roeks. The chiot advantage of this edition is that it gives a more com-

p!ete list of footnote refetencee, espeeiaHy to foMign literature. The book thua

provides in compact form, information that would otherwise require extended

bibliographie searoh. It becomesa logical etarting point for any investigation in.

volving Bedhnenta and their retatioMhip.

Many subjectB of interest to the student of physical chemietry are preeented.
These inciude such matten a< the etabUization of hydrosols of iron and manganese
by organio coiioids; colloidal calcium carbonate and ite influencein thé formation of

limestone; the amount and nature of colloidal sHica in ground water, streame, lakes
and seas, and the vadous modesof ita precipitation; the tranaportation of matter in
thé colloidal etate; the Hooeuiation of oolloids in brackiah water and marine
enviromaenta and the electrolytes instrumentât in producing the reaotion; thé
behavior of gels of eHieiouedioxide, hydratedatuminumoxide, hydrated fertio oxide
andhumie acidcompounds in clayey sediments and soits; the nature and causes of
stratification in oolloidal sediments; and the colloidal ground-masa of coal.

The reviewer conaidera this edition a more complete, botter organized, and more

authoritative contribution than the tiret édition. It contains few if any of the in-
feiicitiea of expression, miMpeMingaand typographical errore which marred the
eartier volume. It is a compilation that does much to advanee an underatanding
of the many intricate probtems confronted by all students of sedimenta.

Geo. A. TaIzL.

0~an«; CAe~ Bir PBjaMNANDKtpftMO. Fifth edition, Parts 1 and 11, com-

pletely revised and rewritten, by F. Stanley Kipping and F. Barry Kipping. pp.
N4 + xxix. PMtadetphia: J. B. Lippincott Company, 1932.
This work comprifa the first two of thethree parta of the latest odition of an old,

standard textbook on organic chemiatry. Inatyleand format, there is tittie change,
but the subject material hae been brought up to date and many of thé chapters have
been completely rewritten. There are useful summaries at the end ofeach chapter.

Parts 1 and II cover the important aliphatie and aromatic compounds and related

material, while in part 111it is planned to cover various special branches of organic

chemiatry such as terpenes, cyotopammns, and the like.

The book is intended for use both as a text and a laboratory manual, but the di-

rections for preparing substances in the laboratory are inserted in the text alongwith

the descriptive matter. On page 014 there is a special index to these laboratory

preparations, compriaing about eighty laboratory expérimenta.
The printing i8 well done, the paper is excellent, and the book is very readable.

The index is quite adequate.
LBEIBVIMSMtTH.

An jf)t<)'o<fMc<or~CMtfMtMPA!fmee<CAemt'~<ry.By WoRTHE. BoBBBWB. 22 x 14

cm.; pp. xiii + 421. NewYork: D. Van Noatrand Company,1932. Priée: $3.76.
"A generation agophysical ehemistry waa etudied onty by a fewstudents whowere

partieutarly interested in the subject and whopossessed someapecialaptitude for it.
From such a modest beginning, this branch of ehemiatry haa rapidly inereased in
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popularity. During the last decade more than a thousand students have studied
physioal chemietry at the University of ItUnois." Pagev.

"The material presented is about thé eame M will be found in the average course
in phyeioal ohemiatry, although the order is somewhatnovelin that chemieat equi-
librium Is taken up early in thé course. This ia a tremendoua advantage from the
point of view of togic and involves no dimcutty for the student since he bas beeome
familiar with reversiMe réaction) in hia inorganie chemtstry." Page vi.

The headings of the ohapters are: tho atom and the molocule; the kinetie theory
of matter~-gasee; the kinetie theory of matter-liquids; the crystalline state of
matter; tawaof ehemie&tequilibrium; equilibrium between dtffemnt phases of a pure
substance; solutions; surface ohemistry and solutions; equilibria invotving ions in
solution; oonduetivity; etectrode potentials; the coaeeptof entropy and thé third taw
of thermodynamioa; physical properties and molecular constitution; the rate and
mechaniamof chemical reaction; thé atom; the molecule; thé activation of atonMand
molecules.

The reviewer approves highly of treating equilibrium before réaction velocity.
It is the only rationat way to do thiags bocause there Morshould bea relation between
the etoicMometricat and mass lawequations, whereas the reaction velocity equations
do not neeesBatity t!e up with much of anything.

There are a number of other good thinga tn the book. "There are certain rules
goveming the formation of mixedcrystals. The substanoes muât be of similar etrue-
ture ehemioatty. TItey muât be isomorphous;that M,they muethave the same crystal
structure. The dimensions of the twolattices muât be nearly the same. Sodium
obloride and potassium obloride do not, to an appreoiable extent, form mixad
cryatata at M'C. because they do not satisfy thé last condition. For miscibility
in any proportion the dMerenee between the dimensions of the two lattices can
notexeeedafewporeent. The totoranceisgreaternear thé mettingpoint." Page?4.

"In this chapter we have teamed that ohemical reaotions do not take place between
etaNe molecules, but between exoited moleoules, between fugitive aggregates such
as hydroxyl, and often between atoma. For taok of a better term, we may oharac-
terize this branch of ohemistry as the ohemistry of the atom. tt is still a compara-
tively unknown subject. We do not know very much about the ohemicat properties
or reaotioM of the atome. For example, atomic hydrogen may aet as an oxidizing
agent and atomic oxygen may act as a reducing agent. It is evident that thé ohem-
istry of the future wili be very much the chemistry of the atom." Page 340.

"The metaHio lattice is of the atomie type. Carbon forme anatomie crysta! in
diamond but diamond is not metattic in charaoter. It Mevident that oneof the dia-
tinguishing oharacteriatiM of the metallie lattice M that it ia primarily not a valence
type of cryata!. In general thé atom in a metaMiolattice ia surrounded by too many
other atoms for valences to have muoh significance." Page 398.

"It is of course rather naïve to suppose that any compticated aet of phenomenain
nature can be described exactly by a simple mathematical formula. Sinee van der
Waals, literally hundreds of equations of state (any equation whichgives the relation
between pressure, volume, and temperature for any givenmam of a substance is called
an equation of state) have been proposed. Some of these are useful for epeeiSccases
but in general all are simply empirical fonnutaa whioh fit the better the more adjust-
able constants they contain." Page 26.

"The summation of the quotients obtained by dividing eaoh quantity of heat by
the absolute temperature at whiehit was absorbed depende only upon the Btatesof
the syatem before and after the change and is independent of the path by which the
change takes place. This is an expérimentâtgeneraii:ation that ia jast as important
as that underlying the firat law." Page 103.
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The authors are a bit pesaimistie over physieai chemiatry as ohemistry. "Ae a

matter of fact thé 'normal' type of liquid eonebta ehieny of the common organio

liquids with boiling pointa a little above room température, whieh are available in

large numbera for experiment. One suepeots that that is the reason thoy are oalled

normal liquide." Page 55.

"Everything said sa far bas referred to association in the vapor phase. We know

very tittte about association in the liquid pbaM, although some authors bave

attempted to explainatt déviations from ideat solutionby association. Solvents aaeh

as benzene are sometimes termed MsoctaM~ Mhw~ on the theory that solutes bave

a tendenoy to polymerize in thèse solvente, but there ia no evidence to support
this view. In fact as we have been at gréât paioa to point out, we hâve no meaM of

determining the state of polymerization of solute or solvent in solution." Page t61.

"It is a tradition in physical chemiatry textbooka that someepaee muet be devoted

to oemotic pressure, although oNnotic phonomena are of muoh greater interest to

the physiologist than to the ohemiet." Page 168.

"The typicai strong electrolytes bave certain charactenatic physical propertMa
euch as Mghmelting point and electrical conduetivity in the pure liquid state. Hy-

drogeneMorideiaagaeat2o"C. and when oondeMedto a liquid attow temperatures

it shows no conductivity; yet it ia a typical etrong electrolyte in solution. The ex-

planation for this Mthat an ionized sait H~O~Cl- anaiogous to NH~ CI- ia formed

in solution." Page 188.

"ïn order to simplify the notation and get around the diSeu!ty of the various

unknown faotoMwhiehare involved in dealing with equilibria involving ions, G. N.

Lewla invented the concept of activity. The activity of an ion is denoed as the total

molality of the ionmultiplied by an expen)nentaHydetennined correction factor, the

activity coefficient. By thé 'total motatity*of an ionwemean the molality calculated

on the assumption that aUeiectrolytes present in solution which contain the ion are

oomptetety diasoeiated. The activity of an ion,e.g., C! iarepresented by thesyna.

bol {Ct'] and the activity coefficientwill be represented by -y. The relation iB then:

!Ct-J -yct-Ct-

The aetivities are of course the effective concentrations which we shall use in thé

expression for the equilibrium constant of a revereiMereaction involving ions.

"The student may wonder what is to be gained by the use of empirical correction

factors to make a mathematical relation true. The justification is that of utility.

If we have values of conveniently tabulated wecan make accurate calculations of

the equilibria where ions are involved." Page 193.

"When the concept of activity coefficient was introduced at thé beginning of thia

chapter, it was expresaty etated that only the mean activity coefficient for a pair of

ions may be determined experimentally. This point needs to be recatted in connec-

tion with the foregoingdiscussionof hydrogen-ionactivity. Regardlessof the method

used for the determination of hydrogen-ion 'concentration* the only thing that can

be determined directly is the mean activity of the hydrogen-ion and assoeiated

anion. Any estimate of the individual activity of the hydrogen-ion involves as-

aumptions." Page 218.

"It bas been proposed to determine the true transferenee number by adding a

non-electrolytie substance as a reference solute. Thé referenee solute ia assumed to

remain stationary and from its concentration at the end of the run the différence in

the amount of water transferred by the two ionsmay beeatoutated. Thé assumption

that the teference solute remains stationary is very probaMynot justiSed. In dilute

solution thé transfer of water causes a negligible error in the transference number."

Page MO.
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"If &gradually inoreMiag:voltage is apptied to a pair of inert électrodes in sotu.

tion and the current plotted against voltage we obtain a ourve such as is shown in

figure 77. It bas often been supposed that if the straight part of the eurve wero

extrapolated baok to zéroourrent the corresponding voltage would be the 'décom-

position potential.' There seems to be no partiou!ar significanceto this voltage,
however." Page 273.

"A fast dye M a contradiction in terma." Page 289. "It has been known for a

long time that photographie plates could be sensitized to green and red light by
certain dyes. The eMet meohaaM<oof thie photosensitization is not known with

certainty. Since Nuoreaeentdyes donot showtMs effecteepeciaUy,it seemathat thé

toechamiamia not one m wMch radiation is re-emitted by the senaîtizing agent."
Page 339.

"As we have learned moreabout the behavior of the atom we have been forced to

the inevitable conctueionthat thé energy that is aMooiatedwith tighta existe m cor-

puscles that we ca!t photons. The number of photons in the beam is propor-
tional to thé intensity. If we know the original inteMity of the beam and thé ehar-

acteriatioe of the grating we can calculate by the wave theory the intenaity in thé

diCraeted beam} but all weaball ever observe in the diffraotedbeam Mthe number

of photons tranmutted persecond. Now if no mediumexistefor the transmission of

light waves and we never observe these waves directly, the question arises naturally
as to whether thèse waveereally eMat. This is a question, however, for the philos-

opher rather than the scientiat. So far as the scientist is concemed, the electro-

magnetio theory of light i9 a mathematical.theory which deMribes the behavior of

light if one assumes a simplerelation between the number of photons and the square
of the amplitudeof the wave;butthething really observedisthe numberof photons."
Page 335.

Thé reviewer doubta whether the student will grasp the fact that the 2 in the phase
rule equation refers to pressure and temperature, pageÏ26. The paragraph on Nota-

tion, page 186, is aurprMngty obscure. Onpage 249the authors prove that therc ia

no potential différence betweentwo metals. This is provingtoo muoh because there

would then be no thermopiies. Cannizzaro's name is spetted wrongly on page 4.

"Pure water will dissolve a considerable amount of ether. If sodium chtoride is

added to the solution the ether will separate out as a second layer. This 'satting
eut etfeet' is easily explained m terms of dielectrie constant. An electrical charge
attraots a medium of highdieteetric constant in the sameway that a magnat attraota

material of high permeabUity, e.g., iron. Since the dietectric constant of water is

so much greater than that of ether, the water is pulled into the fieldexisting between

thé ions and the ether is thrown out." Page 296.
This explanation doesnot seem to harmonise with the faet that if oneadded alcohol

to a saturated sodium ohloridesolution, someof thé sait is thrown out. The dielec-

tric constant cannot alwayabe on the job.
WILDERD. BANCRorr.

RecMttA<<Mtnce<in ~<om<tP~yMCt. By GàBrANOCASTEt.ntAttcm. Translated by

W.S.StiteeandJ.W.T.Watsh. Vois.IandIL 20xi3ctn.;pp.Vot.Ixii+372,
Vot. II xii + 4t2. Phitadeiphia: P. Btakiston's Son and Co., 1932. Priée: «.00

each volume.

This is a translation of the third Italian edition with omission of the chapters
on Brownian movement, relativity and mass, and astrophysics. In the Crat volume,
whieh deats with atoms, molecules, and eteetrons, the chapters are entitled: atoms

and moleculea in physicalchemiatry; light; thé Hnetio theory of gases; fluctuations;
eJectrons and positive rays; isotopes; x-rays and the atomic number; crystaJs;
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radioactivity; the atomic nucleus. la the second volume, whichdeals with quantum

theory, the headings are: thermal radiation and quantum theory; apcotrosoopy,
Bohr's theory and the energy ievetaof the atom; Stark and Zeeman eCects–mutttpiet
Hnes–thé spinning eteotron; speeiSc heate; thé photoeleotrio eCect–thé reverse

eBeet–photoetectric cells and their applioations; the Compton eSect–tight quanta;

magnetism and the quantum theory; wave méchantes and quantum méchantes–

applioations; the new statistios–appMoations.
"The spherioat eteetron, with the radius assmned above, is a pure supposition

based on the hypothesis originally made; at present, however, it seema tees neceBsary
to oonaiderthe spherical electron with a fixedradius, since modem tendenoiea seem to

lead to the eonchNion–aa we shall see in what foUowe–tbat the eteetromagnetio

theory ia no longer applicable to ayatema of atomio dimensions and therefore stitt

less to etectroM whioh are constituent parts of atoms; the structure of the eleotron

is eertainty one of the mystertea of oontemporary phyaios." Volume I, page 146.

From SommerMd'a theory one can deduoe that "the ratio of the thermal to the

eteetrtcat conduettvity of a metal ta independent of the nature of the metat and ie

proportional to the absolute température." Volume I, pag&178.

"Thua, after thé tapse of some years, the old hypotheete proposed by Prout at the

be~Mms of the nineteenth century, vis., that the different etementa are oomposed

of a single primordial material, haa been reBtoredonce more to a place of honour;

thuaacience, through a newdiscovery, and by a road quite diBerent froin that fol-

lowed for severat deoadee,bas found–and not for the first time–the confirmation

of an idea which wae originally put forward sotety as a reasonable hypotheaia."

Volume t, page 203.

"Let us take a milligram of radium and observe ite transformation. Why doea

one atom euddenty explode and die, why doeaanother atom live for a day, another

for a week, others for a month, a year, a eentury? If atoma are ail alike, how ia it

that they are 'heatthy' and 'unhealthy' onea? At the present time phyaies is unable

to provide an answer to thia question.

"However, since every fact ia connected with some other, from whieh it résulta,

by the ehain of cause and eBect, according to our rationat tine of thought (delermina-

lion) weare ted to think that, in reality, there muet be a complex univeree in every

atom, and, by reason of thé intervention of causes not known to us, the death of an

atom is oecaaioned from time to time. Exactty aimitarty, in considering the inci-

dence ofmortaUty in a oit y,weoannot knowwhiehindioiduala will die on the morrow,

but we can know &<Mpmaay, beeauae the mathematics of probability haa ehown ua

how wemay overcome our ignorance, our inability to take aecount of the extraordi-

nary complication of elementary causes. We are here confronted with a practical

problem which in MMotuHe,though perbapa not for ever." Volume I, page 302.

"Ptanck'a bold hypotheeia, deduced by an involved proceM of reasoning from

atatMties and tbermodynamics, received very careful conaideration at the hands of

the more enlightened physiciste, the more profound tbinkers of thé time; neverthe-

!eas in apite of the support of men like Einatein and Poincaré, it would probably

have been relegated to thé philosophy of physics and buried for all practicaï pur-

poses, if certain expérimentera had not been !ed to examine other phenomena, more

simple and less abstruse, which indicated the existence of a discontinuity in nature

which, ontit then, had been entirely unsuspected. While Planck in MOOhad simply

aaserted that the électrons emitted and absorbed energy in fixed finite quantities

and ehortly afterwards revised thia new conceptionby reetrictiag it to the procesa of

emission, Einstein, in t906, daringly proposed the theory that thèse fixedand Suite

quantities of radiant energy retained their separate identities throughout their

journey from the instant of emission to the instant of absorption. In obapter VI
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we shatt examinetbis reasontng, but for the présent we thait confine oursolves to

mentioning thé fact that the latest devetopments of physies have conHrmed the idea

that in ail <<<met)<<nt;phenomena, i.e., those whieh concem a single atom, a single

moiecute, or a single eleotron, thé diseontinuity postutated by Planok is found to

exist; in suchelementary phenomena Nature proceedsby jumps or degrees; inmacro-

soopic phenomena this diecontinuity is hidden and it remained unsuspected by

physieists forcenturies." Volume ïï, page 28.

"Niets Bohr,with whose work weshall, in the main, be concemed in thia chapter,
ia mot one ofthose speciatiets whomultiply expérimenta in a amati field without re-

gard to thé otone re!atioM between thé different branches of science. He poe-
Msees in highdegree the research spirit, coupled with a mental audacity whichbas

enabled him to throw off thé old méthode and worn-out conceptiona, to find new

approachesto a higherand more general viewofphenomena. Thé expérimenta! facts

themsetvea are of course indispensable to the progreMof Beience. They mayin faot
be regarded sa thé bony sketeton which resiata the test of time. But, in the faceof

the masBandvariety of observed phenomena, the intelligencewould be overwhelmed

and sciencewouldcrack undor the weight ofmaterial if it werenot for the appearance

from time to time, of a bold innovator with the theory whioh will hannoniM and re-

group thé facteof experiment and predict new phenomena." Volume II, page 32.

"When? a gae is irradiated with light of frequency greater than the reaonanee

frequenoy, the return of thé atom from the excited state to the normat may occur in

stagea. Thb ie the phenomenon of fluorescence." Volume II, page 99.

"At low températures the atomie heat of solid substance ia proportional to the

cube of the absolutetemperature, a result whiohSehredingerbas verified eonciusivety

for various substances in a temperature range extending from 20" to 60'' abaotute."

Volume II, page 163.

"Compton observed that, when a beam of X-rays fell on a body, the frequenoy

of the scattered radiation remained unaltered in the direction of the incident raya,

but became lower in other directions and depended on the angle of déviation."

Volume II, page 196.

"If thé lumlnous inteMity M very high, the etectromagnetic theory provides a

meana for M)eu!atingexactly both the luminouaintenaity at different pointe in epace,

and the variationsproduced by the superposition ofthe waves, variations whiohagree

with those calculateddirectly from Planck's formulawhich, in ita turn, is ba~edupon
and is in accordancewith experiment. In the case of very low intensifies, however,

the formula giving the variations indicates that radiation must be regarded as

composed ofa ooMeetiomof discrète partietee, but nevertheleas the electromagnetlc

theory-although ofa kind which seems quite alien to thé proNem–enabtee the dis-

tribution ofthe light quante to be determined whether they be numerous or few. If,

«MM,«? abandonany attempt <o<<e<erMtt)ethe ~Mtttof a single light quant between the

moment and the place of its émission, and thé moment and place at whieh it arrives

at the measuring apparatus (thé sensitive plate), thé etectromagnetic theory pro-

vides us with the means for determining the averagenumber <~ K~Mquanta which

reach agiven point of an optical Systemhowever eomp)ieated. Thé luminous inten-

sity, then, is simply the probable distribution of the photons." Volume II, page

222.

"It appeMsat 6rst sight, therefore, that thé observed magnetio moments ehould

bemultiples ofthe Bohr magneton. In reality they are muchmore complex, because

the atom, inaddition to the magnetio moment due to thé orbital motion of the elec-

trons, poMeseeaa!so another magnetio moment which is the reaultant of moments

associated with the eieotrom themsetves. We aball see, however, that the mag-

neton theory is in fact valid and the magneton is obtained experimentally with

thé value just cateutated." Volume 11, page 24S.



268 NEWBOOKS

"WhUstde Broglieand Sehtodingerhad tried to discoverthé taws of atomie
phenomenain thé lightof ctassiea!méthode,and to bridgethé gap aeparatingthe
quantummechanieeofatomefrometasetcatphystcs,Heisenberg–afewmonthabe.
forethé appearanceofSchrodinger'sSrst paper–etartedout fromthe oppositeidea.
Heconsideredthat onlya definiterenunciationof the deeply-rootedc!eaaieatrep-
Msentationcould loadta a properundeMtandingof the régimeobteiningin thé
atom. He WMconvincedthat, Mafundamentalprinciplein atotoio physios,any
attemptat ezp<o)M<tMwaapointlonandwithoutmeaning,and that all magnitudes
not susceptibleto direct observationshould be excluded fromatomie theory."
VolumeII, page314.

"0)Mof thé fundamentatcharacteriatiosof thé history of Sciencein reeentyears
haabeen,atrangelyenough,to ahowthat everyexplanationfoundedon thé otasaioat
meobanicalequite untenablethroughoutthe wholerangeof elootricity,magnetism
andoptiea,whichlatter hae beemprovedbyMaxwelland Hertzto be a branchof
etectromagnetism.

"The proeeMof unifioation,atthougheheckedby this diMovery,bas not been
entirelydestroyed,but it bas had to proceedin thé oppositedirection; relativity
showedthat itwaanottheetmpteatphenomenaofméchantes(thosethat wereatudied
andolassifiedSrat ofatl)whiehwerethé mostfundamentalinchMaoter;afterEia-
stem'ageniua hade~eidatedmatterathe opposite waa aeeoto be the caM;etec.
tneat and magnetiophenomenaare the eimploatand these lead to a meohatMca
whiohMmorepreciseandmoreeomp!etethan the old meohanio8.

"Anothernewandunexpecteddevelopmentof recent yeamMthe dtseovoryof
discontinuityin everybranohofatomicphysiee;it is the myeterioualawofquanta
whiohreignaaupreme,andthe ducoatinuityofatomicphenomenalies at the root of
optioa,electricity,magnetimnandheat; Planck's constant, appearing aBit doea
mthe mostdiversephettomena,ha<broughtout newconnectioMbetweendicerent
branchesofphyaics, ThroughHeisenberg'aprincipleit showawhat Mthe region
oferror,of inaccuraeyinevitableinhumanobservation,whenweare investigating
atomiophenomena." VolumeII, page393.

Wn.MB D. BANCttOtT.

NeureforM~t~ett ~M'dieop<MeA<~ltH<~M<chemischerAfo!ei<:<K<.By G. KoBT~M.
25cm. x 16cm.;pp.118. Stuttgart: FerdinandEnke, 1932. Price: R.M. ll.M.
Aftermorethan acenturyofeffort,the physioaltheoryofoptioalrotationis atHi

in the melting-pot. The fundamentalbasiafor th!a theory wasprovided in 1824,
whenFreanetshowedthat the opticalrotatory powerof mediaeuoh as quartz or
turpentineoouldbe explainedby poatutatingthat the velocityof transmissionof
circu!arty-po!anzedlightin the mediumwasnot thé sameforoireularpotarizationa
ofoppositesigns. TheuneqaatrefractMnofWcMand!e/<cireutarty-potanzedlight,
whiehresultsfromtheseunequalvetooities,waa deteotedby direct meaaurements
witha quartzpriamof wideangle,compenaatedby two ptismaof g!aM;and it is
nowa weil-eataMishedpractice that, in constructingoptioat apparatua, d and
t quartz priamsmuetbeusedinpairs, in orderto avoid the double imageswhioh
wouldbeproducedifthécirentardoubleréfractionwerenotcompenaatedinthisway.

The influenceon opticalrotatorypowerof variations in the wave-lengthof thé
lightwasinvestigatedintheearMestexpenmentBofBiot,whopropoundedan inverse
squarelaw,a < aslongagoas1818. A theoreticalfoundationfor theseobaor.
vationswas,however,notprovideduntil t898,whenDrudeinventeda modelinwhieh
the eleetronain an Mymmetriomediumwereassumedto vibratoimspiral insteadof
linearpaths. Onthiabasiahe deducedhiswell-knownequation,o = ~<~(X*),
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where X.is a wave-length eorrespondingto one ofthe natura! periods of thé vibrating

e!ectron, and A~Ma eonatant whiehexpresses the magnitude of the partial rotation

thereby produeed. This equation waa checked by a comparison with the data for

quartz: but the atudy o<rotatory dispersion had fa!!en so completely into abeyance
(se a sequel to the introduction of the sodium Same as an easy source of mono-
chromatic tfght) that no dataat ai!wereavaMaMewhereby the vatidity ofthe formula
ooaid bo tested in the CMOof anyof tho thouMnds of optioaiiy-active organic eotn-

pounds in whieh chemiobhad demoMtrated the existence of optical rotatory power.
It was this gap that the reviewer set out to fill by a series of etud!ea of rotatory dis-

perMon wMeh bave been in progress during the past twenty years. As a reault it
haa been proved that Dfude'a formula expresMS the rotatory d!spereion of a large
range of organic eompomds with perfect aoeuraoy over thé range of wave-tengths to
which they are transparent, and that anomalous rotatory dispersions can be repre-
sented with the same preaieionas normal rotatory dispersions, by making use of two

tenmofoppoMtesign.
ïn order to exprem the rotatory dispersion ofa medium in the regionof absorption,

Drude in t9M reintroduced a "damping faetor" whichhehad omitted in thé simplified
équation cited above. Hethua provideda theoteticat basiBfor the well-known Cotton

eNeot, which had been disoovered ia J8M, aamety an unequal absorption of d and

circutarty polarised light, whioh Cotton described as "oircutar dichroiam," and
a loop in thé tttrve of rotatory dispersion within the same range of wave.!engths.
More reeently, Dr. Wemer Kuhn, following up the work of Born and Oseen, bas
showa that a similar pair of equations can be deduced from a model in whioh optioal

rotatory power ia attributed to an unaymmetrical ooupling of eteetrona, auoh that
when one eleotron movm in a north-and-south direction the other moves eaat-and-

weet. TheM equations, however, do not represent the reat form of thé experimental

absorption ourves, nor ofthé eurves of circular dichroism and of rotatory dispersion
in the region of absorption. A "damping factor" that can be used to interpret the

eSeet of "forced vibrations" over a narrow range of frequenoies, could in fact scarcely
be expeeted to cover aa absorption extending over a range of perhaps 1000 À.

This difficulty waa surmounted in t9i6 by Bruhat, who obtained an approximation
to the rea! form of the absorption-curve for carbon disutSde by combining ~[Mcom-

ponents of thé "damped vibration" type, and waa thus able to deduce the form of
the eurve of refractive dispemion in the region eovered by the absorption band.

By a aimilar process, Kuhn bas deduced an equation for the rotatory dispersion pro-
dueed by an active absorption band of a formwhich corresponds with a probability-
distribution of frequeneies in the band. This equation bas been checked against
his own experimental data; but, since absorption bands wbich are eteeper on the

side of shorter wave-teogths are so unconunon that the reviewer cannot recall any
example of this type in a long expérience of the absorption spectra of organic com-

pounds, it is unlikely that an equation based on this type of absorption can rep-
resent the final goal in the investigations of rotatory dispersion.

The two modela cited abovelead to an identical numerical relationship between

oirouiar diohroism and rotatory dispersion in the region of absorption. Kuhn's

equations, however, make it possible atso to deduce numerical values for the dis-

tance between the coupled electrons, which are generally larger (and some times

grotesquely larger) than the extreme diameter of the optically-active molecule.
There can, indeed, be little doubt that both models are merely provisional, and are

likely to be superseded in the near future by a. wave-model which will provide a

more Katiatie basis for the aame equations. The present position, is, however,
so interesting that there is a widespread demand for an expression in clear and

simple terms of the fundamental princip!eainvolved in the theory of optical rotatory
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power. For thispurposethe monographnowunderreviewia altogotherexcellent,
Mncethé essentialpointe are luoidlydiseussed,without introducing unessentiai

equationa,wMohwouldmerelyrepelorconfusethé non'tnathematioatreader. The

monographisindeedan ahnoetidealexampleof the way in wMchphysicaltheory

shouldbe pKMntedto ohemicfttMadeM,andreoallethemasterly way!nwhichunder

similar conditionsthe greaterphysicista(it wouldbe iavidioas to mention their

names)Meableto loavetheir tootsinthe workshopanddisplay theirSniehedwork

in etear andvividoutlineto a layaudienoe,
In additionto the phyMeattheoryof optica! rotatory power; the monograph

givesan accouatof the wayin whiohthis propertyoanbe oorrelatedwith motecu-

lar struotureandwithother physicalpropertieaof the moleoule,auohes ita dipole

moment,itsmolecularrefraction,andthe dissociationconatantaof theacidsusedin

preparingdenvativeaofa parent-aubetance.Hereagain, it ie imposeiblato praise
too highlythethoroughneaawithwhichthe author hasMarohed theoriginallitera.

ture and reviewedimpartiallythé manyimportant contributions tbat hâve been

madeto thesubject,eepeeiattysinoethemodemperiodwasinitiated somethirty'aix

yearsago,by the pioneerworkof Drudeand of Cottonon the physioalside and of

Popeon theohemioalaide. Thebibliographyof284entries will in faotbe toousefut

to beoverlookedbyeubmquentwritersonthis subjeot,andévidenceofiteusefuinesN

as a guideto the literatureis providedby the fact tbat two miaptintedreferencea

froman earlierversionof the bibliographyhavealreadybeen oitedin a largerwork

on theeameeubjeet. Themonographmaythereforebecommendedwithoutreserve

as anauthoritativereviewof thepresentpositionof théfasoinating tapiewithwhieh

it desla.
T. M. LowBT.



THE ROLEOFFINELYDIVIDEDMERCURYIN THE DEPOLAR-
IZER OF THE STANDARDCELL

R. B. EUjIOTTAtmG.A. BULETT

FrickChmicali~ttereto)~,Princetont/Mfer~, PntMe<Mt,New~r<ep

R<cMfe<<~p<<m6M-~9,198B

THEORETÏCAL CON8!OEBATtON8

Let us considerindividuauythe ohemica!reactionscapableofoccurnng
at thecathodeofa standardce!I,inwhichboth themercurousandmercutic
ionsarepresent,andtheircorrespondingE.M.f.'s:

RT
(a)2Hf: = Hg~ + 2E;B.M.F.0.75

+ log(H~~); E. =. 0.7Svolt
p~n

(b)Hg Hg~++ 2E;B.M.?.=0.86+ log(Hg+~);E. 0.86volt

M* (He*
(e)Hgt~= 3Hg+~+ 3E;t.M.F.=O.M

+ )og – E. O.Mvo!tte) Hgt+ 2gg++ ~E,;II.M.J' 0.9l -I-2F log
$ga,+

Eo 0.91volt2p y 4-1

Thevalueof the B.M.F.in aUthèsecasesis ofnecessitythe samem the
cathodetimbof thecellbut it doesnot necessarUyfollowthat equiUbnam
prevaiiabetweenall the ion apecieaand the mercury. As we ordinarily
considerthestandardcellweassumethat the cathodepotentialis govemed
by a verydefiniteconcentrationofmerourousionsabovethe mercurysur-
face. Howeverit is far morecomptioatedthan this. We have seen (1)
tbat ifelectrolyticmerouroussulfateis broughtto equilibriumat 25"C.in a
saturatedcadmiumsulfatesolutionin whichmercuryis present in large
globules,theequitibriatedsolutioncontainsa definiteamountofmeMurous
and merouricionin theratio

~-55.8 3
H:(M)

Bamag supersaturationit wouldbe these concentrationsof H&++and
Hg++whichcausethestandardcellas weknowit to haveitegivenvoltage.

Letusdigressa momentontheinfluenceof thevariousmercuryioncon-
centrationsfoundexperimentally(1) on the cathodepotential. Normal

catholytecontains0.81043gramofmercufousionand0.01465gramofmer-
curieion perliter, the normalitiesbeingrespeetively2Va~ = 0.00404(as
H~ ~a~~ = 0.00202)andJV~ =. 0.00007303.The formervalue ia
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very accurate. If we substitute these values in the above equations we

obtain

(a) for the mercury-tnerourous potential:

E.M.i. = 0.7b 0.05915 log (U,Oü202)E.M.y.=. 0.76+
tog (0.00203)

0.76 + 0.08M (-2.6M66)
0.76 0.0766

0.720 volt

(b) for the meroury-mercuric potentiat:

~.at.s. 0.88 0.06916 log (U.0000TSO7)t!.M.p. 0.86 + (0.00007M7)

'= 0.80 + 0.0296(-4.M6M)

0.86 0.122
=. 0.74 volt

(c) for the mercurous-mercuric potential:'

EM~ ~oM+0.05916.
(0.000073W)'

E.M.y. 0.91 +
– '"<: (0.0~2)

0.91 + 0.02M ((-4. t3649) 2 2.6M6S)
0.91 +0.0296 (-S.S8233)

=. 0.91 0.16*0

0.745volt

For the present considerations let us consider that the normal électrode

potential in (a) is conect. Since we know the exact concentration of Hgt++

by exporiment the electrode potential 0.7205 volt must be correct, and for

equilibrium to prevail thé potential in (b) and (c) muet a!so be 0.7205 volt.

Consequently we can substitute tht8 valueback into equation b,

0.06915
B.M.)~. ~<)+

–~– tog
(~H<~)

and détermine the normality ~VH~-

0.7206'=' 0.86+ 0.0296loi (H~)

0.1N6'=' 0.0296log ATH~

log
(0.1396)

'?~6)

log ~a~ 4.73 5.27 M

jVg~ 1~62X 10-'

Therefore from thèse theoretical con~demtiona the ratio of Hg(ous):

Hg(ic) would bave to be, for equilibrium,

~-S~Na,~ 1.882X 10-s

The above normal electrode potentMs bave been taken front No. 8 of Der Ab-

handlung der deutschen BunsettgeMMachaft,calculated presumably from thermo-

chemicaland free energyrelations.
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If theEavaluesarecorrectinall the aboveequations,thesubstitutionof

the adducedratio in (c) aboveshould giveabo the value

0.7205volt.

O.M + ~MM? (1.862X M-.).tiJ.IU.
2 (2.02X M-')

0.91+ O.OZ96((-4.73002)Z 2.M466)
0.91+ 0.0296(9.460043.09408)

0.91 0.1995

-O.?t06vo!t
Thisvalueis inquitegoodagreementwiththat wMchweshouldexpect

fromthe aforededucedconcentrationofmercuricions. Thesecalculations
nicelycorroboratethe theoryofthediatomiomercurousion,Hg+–Hg+.

Nowthe cathodepotentialin the standardcellwill begovemedbythe
highestof the threeB.M.F,valuescalculatedin (a), (b), and(o)preeeding.To determinethe relativeimportanceof variations in concentrationof
mercurousand nM'rourioionsin the cathodelet us inspecteachequation
separately. If the mercurousion concentrationchanges tenfoldeither
way,i.e., from0.0040397 to 0.040397N or 0.00040397N, the corre-
sponding change in potential calculatedfrom equation a wouldbe

d~~M~2 ce

(~Ht*°' ~He,~)or=b0.0296(0.69897)=. 0.023volt

and itscorrespondingeffecton the E.M.F.of (c)wouldbe evenlésa. Any-
how,a tenfoldchangeinthemerourousionconcentrationisquiteimpossible
in viewof the Btightsolubilityof H&SO<.(A-maximumincreasein the
Hg(oue)concentrationto 117.6per centof its normal valuehas beenre-
corded(1). If,howeverthemerourieionconcentrationiachangedtenfold
eitherway,i.e.,from0.00007307N to 0.0007307N or 0.000007307N(this
is verypossiblein viewof théhighsolubilityof HgS04),thecorresponding
changeinpotential,calculatedfromequationb, wouldbe

0.0691, (t0)'
-g- ~g 0.0296(1X2) 0.069t6volt2

givingthiseffeotprépondéranceoverallothers. FurthermoM,anygainin
the concentrationof themereuricionwouldlikelybe at theexpenseofthe
concentrationof the merourousion and a tenfold increase-inthe former

(Hg++)!s 1{)2wouldhavean evengreatereffecton theratio than andthere-

foreonthéelectrodepotentialthan0.06915volt.
(Hgf~ 1
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EXPLOBATtON <? OLD CEMS BP!!<T UNOBR OXtDÏZtNG AND ANTI-OXIDIZINo

CONDITIONS
f

In 1928,cells wereoonstruotedbyDr. W.0. Gardiner(2),the contentsof
someof whiehweresaturated with hydrogenand others of whichwere
saturatedwithoxygen. Thépurposeof theeeUswasto déterminewhether
or not the atmosphereoxidizedthé meïcuroussulfate and changedthe
ceNvalues. Two représentativece!!s werecareMIy openedand the
E.M.F,wasexploredat variouspoints in the eleotrolyteby meansof an

amalgamatedelectrode(1). The cellsshowedonly the usualconcentm-

ton-gradientof mercurousion, the E.M.p.'sbeing practicallyidentical

through both solutions. If atmosphericoxidation were a factor the
the E.M.F.throughoutthe solutionsaturated withoxygenwouldcertaMy
bemuchgreaterthan that throughoutthesotuttonsaturatedwithhydrogen,
owingto thegreaterHg(ic):Hg(ouB)ratio in thénMtone.

BEHAVtOR~OF CELM Wrra tTtfBLY DtVIDED MERCURY PRESENT

yA«M'e<MO! C<MMM<N'a~MM

Thatmetalliomerouryreducesmercurtcmereurymoreor lesscomptete!y
to meMurousmerourycanbeprovedby theformationofa whiteppecipi-
tate ofmercurousohlorideonthesurfaceofc!eanmerourywhenthé latter
is introducedinto a solutionofmercuriochloride. In fact this is one of
thé laboratorymethodsofpreparingcalomel.

The ratioHg(ous) Hg(io)is oontroHedby the equilibriumof the reac-
tionHg+++ Hg =Hgt++. Mereury,beingpresent in largequantities,is
thestabihzingfactorin thisequilibriumbut it oan,by virtueofits globular
size,changethis ratio to an appreeiableextent. We havealreadycateu-
latedthemaximumratio ofHg(oua):Hg(ic)as216.7froma thermodynamic
standpointentirely. This ratio correspondsto that createdby a large
bodyof liquidmereuryaad wouldbe the samewhetherthe equilibrium
wasapproachedfroma solutionofpure merourousion ormercuricion.

LewisandRandall(3)havededucedanequation,

f Mf–F* –
f

showingthe reciprocalrelationshipbetweenthe inoreasein freeenergyof
a dropof liquidandits radius. In the equation is thémoMfreeenergy
ofthe drop,F"that of a largebodyof theliquid, is thesurfacetensionof
the largebodyof liquid, Vis thé moM volume,and r ia the radiusof the

drop.
QuaHtativety,thus, Hg wouldbecomeincreasinglymoreimportantin

the equationHg+++ Hg = Hg<++as itestate of subdivisioninoreased,
i.e.,asits radiusdecreased,andweshouldexpecta greaterratioofHg(ous)
Hg(ie)ora lowereleetrodepotentialasa resultofthis.
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BXfBBÏMENTAL

Bymechanioalagitationonecan obtain mercuryin a aumcienttysmaM
state ofsubdivisionto deteotthe changein E.M.F.resulting,but barelyso
Onebas to resort to chemicalmeansto obtainmercurygtobuiesofsmaU
enoughradiusto observean appreeiaMeeSèct.

To obtainmerouroussulfateabsolutelyfreefrommercuryis a dimcult
task. The electrolytieand chemicalprepatationsalmost invariablycon-
tain somefreemercury. Theeryatamneproductshouldeontainnonebut
it isdteiemtto prepareby the usual reorysta)lizationmethods. Asimple
method(4) has tecentïy beendevisedwherebygaseoussuifurdioxideis
allowedto diffuseslowlyinto a sulfuricadd solution(1:6 acid)whiohis
about 76 per cent saturated withrespect to mercuricsulfate (about350
gramsper liter). If the sulfur dioxidediffusionlaslow enoughthe Hg:SO<,
whichis formedby reductionand is comparativeiyinsolublein the acid,doesnotcotaeoutas a precipitatebut growsinto well-formedplates. This
materiatmustbewellwaahedwith1:6 H~ andtheelectrolyteto beused

CeHs,whethercadmiumor zinc,built with thismeroury-freecrystalline
mereuroussulfatehave highB.M.P.'s(taking the B.M.F,of meMury.Iaden
eieotrotytiomercuroussulfateas normal). Théreare two phenomenato
considerwith respect to the ctystaNineand electrolyticpreparations.
First, thereisthe effectof the partiolesizeonthesolubilitiesof two mate-
ria!a. Thectystattinematerialhas an average~e of 500microns,while
the e!eotM!yticmaterialhas a particle s~ of 1 micron. On the basisof
thiaweshouldexpectthe solubility(5) of theformerto be lessthan that
of the latter,and, in viewofequationa aboveweshouldexpectthe E.M.F.
of the formerto be amaUerthan that of the latter. However,just the
contraryistrueof the BjM.F.,amdaoit isnecessaryto explainthe difference
byvirtueofthe effectthe iaterspersedmerouryin thee!ec<m!yMcmaterial
bas on the Hg(oue):Hg(ic)ratio and the consequentchangein B.MF as
catculatedfromequationc. Thissecondphenomenonmasksthe firstone
quitecomptetely.

The behaviorof a typical saturated cadmiumand zinccell builtwith
moroury-freecrystaMinemereuroussulfate,foHows:

r<.t)«~«Mtt<h«!«~ a<X«M<e<«x!m(t.n«!tS ~tM«~~Mnt!
1day 1.018432volts 1.420234volts
6days 1.018327votte i .420MOvolts

25days 1.018289volts
46days 1.018266volts 1.420214volts
64days 1.018229volts

The cadmiumsaturated cell showsthe declinein E.M.t.cha~cteristicof
thosecellsmadewith largecrystallinemercuroussulfate(6).

Theabovedata canbe contrastcdwith the foUowmgdata for twoce!ts
builtwithe!ectro!yt!eHg~0<
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!'tm«</«f<w<<r'«h<m &!<Mm<e<M<fmnKtte<K <ifa<<tn)Mt<««t«

1 day 1.419980votta
7 days 1.018122volts 1.420000votta
14days 1 .018114volts 1.420004volts
21day8 1.018113volts 1.420031votte
? dayB 1.018114votts 1.4ZOOMvolts

During the courseof our explorationof the E.M.F.at variouspoints m
the electrolyteof oldcells, the E.M.F.in the HgeSO~pasteitselfwasexam-
inedandalmostinvariablyit waslowarthan théB.M.F,ofthe largemeroury
electrodebelow. The mercuroussuifate in thesecellswas electrolytic
product and containedmuchfreemercuryofsmaMglobulesize,but at the
ceU'smerourye!ectrodesurfaceonly averylargeareaofmercuryof a amau

degreeof ourvaturewas existent. ln the paste, therefore,we shouldex-

pect the mercunc ion to be more repressedthan at the surface of the

merouryelectrodeand the E.M.F,to be amallerin the firstcase,whichis
observed.

Z.M.t. e/Mtt B.M~.<t)!XM<<

Ce)!09 (4yeaKotd). 1.018280votte l.OlTMOvotto
CettG17(2yearsold). 1.018140volts 1.014790volts
CeUG3(4yearsold). 1.018120volte 1.0179Mvolts

The effectof veryfinely dividedmercuryon a ce!t'BE.M.?.wasempha-
sizedby preparinga very blackmercuroussulfateby a.prolongedpassage
of su!furdioxideinto an aoid solutionof mercuricsulfateand using this

productin cellswhichgave very lowE.M.f.'s.

!'tm«t/<<~e~M<t~e<tMt S''<ttr«<t<<f)!)<(m<<m)e<t< &t<umMtttt<!««

Iday 1.017366volts 1.418689votta
4 daya 1.018036volts

11days 1.018036volts
32days 1.018103volte
47daya 1.419734volts

AUof the cellsbuilt with this materialshowmarkedrecuperativepowors
towardthenormalE.M.B*.

Averylightcoatingof tinelydividedmercurywasdepositedon a sample
of c!earcrystatlinemerouroussulfateby runningtwo5-ce.portionsof 1:6

HîSO<,40 per cent saturated with sulfurdioxideat atmosphericpressura
and roomtemperature, through the samplewhileonthe filter. The crye-
ta!a turned gray on the surface. Acidsaturated ce!hworemade of this

material. The electrolytewasabout0.08molarinHjiSO~to preventeffects

due to hydrolysis. Thesecellslikewisehad loworiginalvalues.

!'(m«<rten<<rM<iMt B.M.t. B.tt~.tm'<eM<e''«'<m~M<u«<«t

Iday 1.016840volts 1.016972volts
3days 1.017182votts 1.017314volts
2days l .017924volts 1.018066volts
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The fact that ee!iabuilt with finelydividedmerourypresentin the de-
polarizertend to increasem B.M.?.is quite concordantwith theory. We
baveshownthat thefreeenergyof thespheroidsofmerouryand,therefore,
their vapor pressureincreasesas the radius decreases. In obedienceto
the universallaw that everythingtends toward a state in whichits free
energyis a minimum,the amaMerglobulesof mereuryare continuously
"distuMngover" to largerones of a smauerfreeenergy. Asthis process
continuesthe importanceof the merouryin the equationHg+++ Hg'='
Hg< becomesleas,and the B.M.F,rises to the normalvalue. Whenthé
eteetrolytiomethodof preparingmerouroussulfatewas developed(7), it
wasfoundthat muchnnety dividedmereurywas formedat the mercury
anodeandattacheditselfto the merouroussulfate,givingit a grayappear-
ance. At that timeit wasour practiceto stir the mercurouBautfatein the
acidelectrolytetogetherwith excessmercurywith the objectof eliminat-
ing any nneïydividedpartidea of sulfate that might givean abnormal
solubility. Nowit seemsthat this procedureaccotnpMshedanotherimpor-
tant end. The veryfinestmercurygtobulesa!sodisappeared,as indicated
above,andonlythoseofa certainsizeremained,but thesemerouryglobules
appearto establiehthe equilibriumHg+++ Hg =*Hg++morerapidlyand
certaimythan doesthe bulkmereuryof the electrode,andtbis equilibrium
déterminesthe reproducibilityof ce!!s. Evidently muchfinely divided
merouryshouldbe presentin the "paste," but it shouldbe equilibriated
by severalhours (overnight) stirringwithsulfuricacidandexcessmercury.
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ON THE FORMATION, 8ÏZE, AND STABILITY0F EMULSÏON
PARTICLES.1

In general,the formationofa dispersesystemmaybe aoMevedin two
distinctways: (a) by meohanioaldisintegrationof bulk materialinto the
finepartides fonningthe dispersephase,(b)bycondensationof molecules
of the dispersephase into largeraggregates,eitherpM~eastakingplaceim
the preaenceof the dispersionmedium. This fact is fully recognizedin

generalcolloidchemiatry,whereboth typesofmethodare in use,although
condensationmethodsare thereof chiefimportance. On the otherhand,
in the study ofemulsionsllttleattentionbas beenpaid to the p<)saibiBty
of utilizingcondensationmethodsof preparation,mechanicaldispersion
beingalmostinvati&Myemployed. WesbaHhereconsiderohieflyem~u-
aionscontainingan emuMfyingor stabiHzingagent;sincein suchSystems
theaddedsubstanceproducesan interfacialphasebetweenthe twoliquide,
theseemulsionswillbe desonbedas "three-phase"emulsions,in contrast
with"two-phase"syatemswhereonlythe pureliquidaare présent.

TwomodincKtionaof the dispersionmethodare possiblein emuMnca-
tion (a)the wholeof the twofiquideformingtheemnMonmay beagitated
togetherfora suitaMetime mthe présenceof anappropriateemuloifying
agent,eitherinone operationorwithgraduaiadditionof the liquidwhich
is toformthedisper~ phase;(b) the latterliquidmaybe injectedinto the
mediumcontaininga stabilMingagentasa streamof finedroplets. The
formermeansis almost invariablyused,althoughit is theoïeticaHyin-
eSoientandopento graveobjections;it basbeencriticizedby Clayton(1).

Theprocessestaking placeinthe agitationmethodhavebeenconsidered

by Stammand Kraemer (2). Theformationoftheemulsionisthenet re-
suitof twoopposingforces:theeffectofagitationin disruptingthe liquids,
and the tendencyto re-coalescencewith the formationof bulk phases.
Both liquidsare brokenup, and the degreeofsubdivisionof eachwillbe
conditionedbymechaniealfaotoraauehas the modeofagitation, the vol-
umeratio, densities,and viscositiesofthe liquids,andthe interfacialten-
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sion. Formationofanemuisiondependsonthe re-ooateseenceofonlyone

liquidto a continuousphase,thesecondliquidremainingsubdMdedafter

agitationceases. Thechieffunotionof the emuisifyingagentia to inhibit

coatescenceof the internaiphaseduringandafter emubincation,although
ta sofar as its présenceaffectathemeohanicatpropertiesof the liquida,it

willaffectthe dispersionprocess. In partioular, the reductionin inter-

facialtensionwhichisproducedby substancescapableof actingas emul-

sifyingagents wiltass!stdiaintegmtionof the phases. Eitheran oii-in-

wateror a water-uwMlemulsionmaybe obtainedas a stable syatem,by
suitablechoiceofthe emaMfyingagent.

For the descriptionand criticaldiscussionof the variousmethodsof

agitt.tionor stirringusedfor emubiBeation,referenceshouldbe made to

Ciayton'spublications(1). It maybementionedthat aceordingto recent

experiments(3,4), agitation by mechanicaïmeans may bereplacedby
irradiationby ultrasoniowa~vesoftheorder200to500Mocyc!esperseoond,

manydifferentemulsionshavingbeenpreparedin this way.
Since inthe naatemuMononlyoneliquidissubdivided,energyexpended

in breakingup the mediumisentirolywasted,and greateremcionoyis to

be obtained in emu!siNcationby injectionof thé internaiphase,already
brokenup into dropte<a,into thebulkof the mediumcontainingthe ata-

bHizingagent (3a). "Thewholeworkofdispersioncan thus be made on

the internat phaseandadsorptionat the dinericinterfaceoanbe reached

withoutthe interferingadsorptionat thegas-liquidboundarycommonto

theusualagitationorstoringméthode"(ClaytonIb). In thismethodthé

degreeof dispersityorpartidesizewillbefixedby the methodof breaking

.up the interna!phase,and the funetionof the stabiMzingagentwill lie

mainly in preservingthe inditiduaHtyof thé particlesintroducedinto the

medium.
Threo possiblemethodsmaybeconsideredfor the formationofemulsion

particlesby condensationfroma stato ofmoleoularsubdivision,according

as the motecutesarederivedfrom(1)a vaporphase, (2) true solution,(3)

ehemicaïaction. The two latter methods,when applicable,introduce

complications,owingtothe presenceofunwantedsolventsorreactionprod-
ucts. Lewis (4)obtaineda dilate emulsionof minéral oil in water by

pouringan atcohoMosolutionofthe oil into water. Nostabiiizingagent
wasused,the productbeinga two-phaseemulaionor oilhydrosol,but the

samemethodcouldbeemployedforobtaininga moreconeentratedthree-

phaseemulaion. Chemicalmethodsare of considérableimportance in

generalcolloidchemistry,beingoftenthe onlymeansof obtainingcertain

aols,butthiaisnotthecasewithemu!sions.Acasoofinterestisthe forma-

tionof an oleieacid-in-wateremulsionbythé additionof mineraiacidto a

solutionof sodiumoleate. If the acidis not in excess,the residuatsoap
actaas a ataMMngagent.
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Methodsinvolvingcondensationfroma vaporphasefaUinto twotypes,
aceordingas (a) the vaporsof bothdisperseand continuousphasesare
broughtinto admixtureand condensed,or (b) the vapor of the disperse
phaseis injectedbelowthesurfaceofthebulkof the medium. Thèsecor-

respondroughlywiththe twotypesofdispersionmethod. Bothhavebeen
appUedto the productionofsolsandtwo-phaseemulsions. Roginskyand
8ha!nikoK(5) obtainedsolsof the atkaiimetalsin organicliquidabycon-
densingthe vapors of liquidand metaton a surfacecooledwithUquidair,
subsequentlyaUowingUquefaotionto take place. Lewis (4) obtained
dilute two-phaseemulsions(oilhydrosola)byboilingoilandwatertogether
under a reflux condenser,and by steamdistiNioganuino. Aswith the
agitationmethod of emutsiËcation,formationof a. dispersesystemde-
pendson the coalescenceof onlyoneoomponentto a continuousphase.
Methodb bas beenemployedbyNordlund(6)for the productionofmer-
curyhydrosols,and by Gutbier (7)forsolsof sulfur,sélénium,and mer-
cury. The so-called"electricaldispersion"methodof preparingmetaHic
solsis essentiallysimilar,the productionof metaUiovaporby an e!ectric
arc belowthe surfaceof the mediumTepiaomginjectionfroman externat
source.

Hitherto,the preparationof three-phaseemulsionsby condensationof
vaporof thé internai phasein the présenceof a stabuizingagentbasnot
beeninvestigated. For thispurposemethodb is required,andin thenext
sectionthe study of sucha methodof emuitsineationwill bedesoribed.
Theresultsshowthat it ls ofconsidérabletheoreticalinterest,andwhereit
canbe applied,it is of practicatvaluein obtainingemulsionsofveryuni-
formgrain.

II. A VAfOR CONDENSATION METROD OF EMUMÏFtCATÏON

Emulsificationbeingthe préparationof a dispersesystem,the partiale
aizeordegreeof dispersityis thecriterionbywhichmustbe meaauredthe

efficiencyof the processandthe influenoeofvariousfactorsonit. In these

experimentsemulsificationwas eCectedby forcingoil vapor througha

singlecapillary jet dippingbelowthe surfaceof thé aqueousphasecon-
tainedin a beaker. Theemulsionsystemwasbenzenein water~the sta-

buizingagent beingsodiumoleate. The size distributionofparticlesin
oachemulsionwasdeterminedby animprovedsedimentationmethodbased
on thoseof Kraemerand Stamm(8)and ofLambertand Wightman(9),
a sedimentationtube beingusedin conjunctionwith an automaticphoto-
graphierecorder. The techniqueof this methodbas beenfullydescribed
in a separ&tepaper by the presentauthor (10).

The dispersity of an emulsionmadeby passinga streamof oil yapor
into an aqueouaUquidmay be inSuencedby factors of twokinds: (1),
the conditionsof injection,(2) thephysicp-chemicalpropertiesoftheemul-.
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sioncomponents. Factorsof the first kind inoludethe temperatureand

pressureof the vapor on entry, and the dimensionsof the orificethrough
whichit issues. The pressureof the vapor and thédimensionsof the jet
control thé velocityof the vapor,and in thia conneotiontwo quantities
must be considered,viz., the linear veÏocityimpsrtedto the moïeeates,
and the massor volumeof vaporpassingper second. The effectsof all
thesè conditionsbave beenstudied. In addition,the temperature and
volumeof the mediumand the ehapeof the containermay be relevant.
Factorsofthesecondkindinoludethéchemicalnatureandphyaicaiproper-
ties of the liquidaand stabilizingagent,the volumeratio of the liquidaIn
the final emulsion,the concentrationof BtabiMzingagent, etc. As indi-

cated,the expérimentacitedhavebeenconfinedto a singlesyetem,and of
the conditionsnamed, the concentrationof sodiumoleatebas received
chiefattention.

~pparo~Ms

Inorderto oontralthe conditionsofinjectionofthevapor,theapparatus
shownin figure1 bas beendeveloped. Benzèneisboiiedbymeaneof the

heatingcoilA in the vesselB, whichis providedwitha trap bulbC. The

vaporpassesthroughthedeuverytubeD, jacketingthe cyHndrioaïbulbE
whichia nMedwithnitrogen,to the bulbF. Forclearnessofdrawing,the

apparatusbas beendisaeotedin figure1; in actualfront viewD is imme-

diatelybehindF, the connectingtube (showndotted)beingabout 8 cm.

longso as to leavea ctearspacebelowthe jet. Thevapor finallyemerges
via the trap G throughthejet H. FromC nearlyto H, the tube is wound
withnichromewireon asbestospaper. AUpartsof the apparatuswhich
are subjectedto heat are laggedby windingwithasbestosstring. The

temperatureof thé vaporis readon the thermometerJ cementedinto the
bulbF, andthe pressureonthe manometerK, bothvaluesbeingmeasured
as near as possibleto the jet.

The bulbE formaa nitrogenthermoregulator,and operatesa mercury
contact L controUingthe relay M, which in tum controlsthe ourrent

through the superheatercoil. The temperatureat which the regulator
worhais determinedby adjustmentof thé nitrogenpressureby meansof
themercurycolumnN, thewholearrangementbeingessentiaUya constant
volumegas thermometer. Ih this way the temperatureof the issuing
vapor may be maintainedat any arbitrary constantvalue. Automatic

regulationof the pressureis providedby adjustingthe contactP of the
manometerto the desiredvalue. This controbthe ourrent throughthé

heatingcoiîAby meansoftherelayQ. Sincetherate of vaporformation

govemstherate ofeSiux,equilibriumbeingreachedat a pressuresuchthat
thesetworates areequal,maintenanceofa constantpressureis dependent
on a steadyrate of boiling,and thia la achievedby the arrangementde-
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soribed. Poweris takenfromthémains(200volts,B.c.),and a relaycir-
cuit alreadydescribedbytheauthor(11)is used;exceptthat whereasthe

relay Q brlngeextra re~ataceelnto thé heatingoircuitwhencontactP is

cïosed,as io the publishedarrangement,relayM doesso whencontactL
is opened.

Tapa are includedin the apparatusat suitablepoints,for nUingand

drainingthe boilingvessel,for settingup and aleofor iaotatingthe tWo
maaometrtosystème,and fordrainingdistiUedbenzenefrom the bulb8.
No tap iaexposedditecttyto vapor.

Aapeciatdeviceisusedforintroducingthe beakerofdispersionmedium

quioklyand acouratelybeneaththe eCiuxjet. This comprisesa stageT

FM.1.EMttMinCATÏOHApPABATUS

whichis movedverticaNyby meansof a raokand pinionU, and maybe
held m any desiredpositionby a quick-releasepawl(not shown). The
beakeris plaeedonthe stand,andthe latter is quicklyraiseduntil the jet
just dips into the liquid. Afterthe requiredamount of vapor has been

paesed,the pawlis released,the stand quicklylowered,and the beaker
withdrawn.

The procedurein an experimentwasas foUows.The emulsification

apparatus was etartedup and the oil vapor allowedto issue into pure
water until a steady etatewasreached,under the desiredconditionsof

temperatureand pressure. A knownvolumeof the dispersionmedium,
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at a knowntempérature,was then quicklysubstitutedfor thewater, and
vaporwasaltowedto passfor thé requiredtime. The temperatureof the
emulsionhavingbeennoted, the beakerwasthen transferredto a special
devicein a waterthermostatat 25"C.,wherethoemuleionwaskeptstirMd
withoutfreeaccessofair. Whentemperatureequiubriumwasreached,a
quantityofthe emulsionwaerapidlytransferredto the sedimentationtube,
previouatyset up in an air thermostat at 26"C. Anotherportionof the
freshemutsioawasutuizedfor a pycnometnodeterminationof ita deamty
(aisoat 25"C.),wheneeits compositionwascalculatedfrom the known
densitiesof oil and medium.

M<t<ena!s

The benzeneusedwas Kahlbaum's "crystaUizedthiophene-free"qual-
ity, withoutfurthertreatment. It wasrecoveredafter useby allowingthe
emulsionsto setHeout, shaking the separated"cream" with water and
benzenein bulk. Thewaterphasewasrunoffandreplacedby purewater
after eachseparation,and by repeating thetreatment the concentrationof
soapwasprogreasivetyreduceduntil the oreamwasentirelybroken. The
separated benzenewaBdried over sodiumsujfate and MdiatiUed,after
whiehit wasusedin further expérimente.

Sodiumoleate wasmade from Kahlbaum'soleioaoid,further purified
by formationofthe lead8a!tand extractionwithether,followedbyhydrol-
ysisand distillationof the add in eactM. The nrst sampleof the sodium
sait waapreparedbyneutra!iza.tionof thé aoidin atcoholiosolutionwitha

dight excessof solidanhydroussodiumcarbonate;thesoapwasextracted
byrepeatedhot filtration,erystaHization,andresolutionin absolutealcohol.

Superiorresults wereobtained by the method.of Harkinsand Beeman

(12); sodiumethylatemadeby dissolvingsodiumin alcobolwasaddedto
the acid (a!soin alcohol)until neutralityto phenolphthaleinwasreached.
The sait was reoryataBizedfrom alcoholandfinallydriedfor two daysat
2S"C. A 0.01molarsoïuMonwasmadeup in the coldand dilutedas re-

quired onlya smaBquantity (100-250ce.)waspreparedat a time,in order
to avoid waste due to détérioration on standing. Conductivitywater
wasused throughout.

CoM<!t<t<MMof~tuh~!ca<MK

The capillaryjet employedthroughouthad a diameterof 0.7 mm.,
givinga cross-sectionof 0.0038sq. cm.,and the lengthof the eylindncat
portion was about 9 mm. With these dimensions,the times required
undervariouspressuresfor the injectionof 15ce. of benzeneinto 135ce.
of solution,to form150ce. of a 10per centemuiaion,werefoundto beas
follows.

Pressure(mm.ofmercury). M 60 100 160
Time(minutée). 8~ 6 3 2~
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Thevelooitywasthus not a linearfunotionofthé pressure,and sinceany
substantial increasein velocitywould evidentlyrequirea considérable
increaseofpressure,expérimentawerelimitedto the rangegiven.

In one seriesofexperiments,the orificewasreducedin diameterby ee-

mentingoverthe endof thecapillarya diseof thin zincfoil,piercedwitha
finehole. Asolutionofcelluloïdin amylacetatewasusedforthispurpose,
80that the disewasreadilyremovable. Thediameterof the orificewas
then 0.48mm.,the cross-sectionbeing0.0018sq. cm. Thecorresponding
presaure-timerelationwasas foUows.

Pressure(mat.of mercury). 50 ÏOO
Time(minutes). 11 6i

For a givenpressure,the timeawith the twoorificeswereverynearlyin
theratio ofthe respectiveareas,so that the linearvelocityofthevaporwas

practicallyunalteredby reducingthe opening. This tact enabled the
effectsof orificediameterandlinearvelocityto be separated.

The temperatureof the vapor remainedconstant to withind:l.S"C.

during each experiment;in separate experimentsthe meantemperature
correspondingwitha givennitrogenpressurewas not exactlyreproduc-
ible,varyingovera rangeofabout5"C. ïn orderto controlthisasfar as

possible,the techniquewas standardized. First the superheaterwas
switchedon, and leftfor30minutesbeforeheatingof the benzenewasbe-

gun. A further 15minuteswasallowedforequilibriumto be reachedbe-
forethe vaporwasallowedto pass into the experimentalsolution.

Determinationofme <<M<rt&M<MM

The results of the sedimentationanalysiswere plotted with time as
absoissaand the readingof the indexas ordinate. The sizedistribution
wasderivedby drawingtangentsto the ourve,as describedin thepaper
oited(10). In mostof thefollowingdata, radiusintervaisof 1~havebeen

taken; the interceptseut offthe vertical axisby tangentsdrawnat the
caloulatedpointswerereadfrom the ourve,and the resultstabulatedas
the fractionsof the total massof dispersephaselyingbetweengivensize
limita. This fractionwasobtainedas the ratiobetweenthe interceptcor-

respondingwith the giveninterval,and the lengtheut offthe axisby the

limitingtangent,i.e., the tangentto the curvewherethe movementof the
indexbecamethesteadydriftdueto evaporation. (It hadbeenfoundthat
a linear relationheldbetweenthe movementof the indexand themassof

particlessedimented.) Anyerrorinvolvedinassumingthat sedimentation
wascompletewhenthe movementof the indexbecameuniformwouldbe

slight,sinceobservationof the sedimentedemulsionafter the experiment
showedthat the massofany6nepartieteanot includedin the creammust
be extremelyamall. Acertainnumberof failuresin sedimentationana!y.
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siswMeregietered,throughstoppageof the automaticmechanfsm,tem.

peraturein~dstttMs due to faultywofMngofthe thermostat,or bubMea
in the indextube.

jtMp!'MM<KM«~
The Stat experimentewerecardedout underthe followingconditions:

vaportemperature95-KWC.,pressmeSOmm.ofmemury,concentrationof
sodiumoleate0.0005M, volumeofsolution136ce., time of pftasageof

vapor 5 minutes. These constantsprovedto be convenientand were
ueedto test théreproducibNityoftheemulsions,andaboatvarioustimesas
a oheckon the experiments. In eonsequence,this groupof experiments
formsthe largestseriescottespondingwith one set of conditions. The
resultsare coUeetedin table 1.

TABLE1

Imtable 1 ASreprésentathe percentageof the total massof particles
correspondingwiththe radiusintervabshown. Considenngthenatureof

the processunder investigation,the concordanceof theseresultaia exeet-
lent. The distributionvariesalighily,but in all casesabout80per cent
of the mass of particlescorrespondswith the range4~tto 7~t(the limita

being75 to 83 per cent). For anemulsionthis iaan extremelyuniform

dispersion,but it willbe seenthatevengreaterhomogeneitybas beenob-
tainedby theuseofa highervaporvelooity.

f~Mence<~coftaMMKMf~tt~ec<MMt

(a) Vapor preasM'e.The results obtained under variouspressures,
using the same orifice,vapor temperature,solutionconcentration,and
oilconcentration(10per cent byvolume)Mbefore,areshownin tab!e2.

Table2 wouldappear to showa progressivedecreasein thé meanpar-
tioleradiuswithincreaseof pressure,but examinationshowsthat this is

dueto a elosingupofthe limitaofsize,radii!essthan4~in nocasepassing
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pyliP~JAJaVII, IOiD4` JlavV wanPSUfa~ vr sa.,aa.uvsv.. saz~aavaiws

the lowerUmit3.5~. Theeftectofan increaseof presoufewaethereforete

producea moreuniformdispersion. It is remarkabletbat withpressures

of 100mm.and over,about80per centof themassof partioleslaywithin

the range4~to 6tt; moreover,at 100mm.aubstaotiaUythe wholerange

TABLE2awaaam-r ~r

AS

n7cP8d1abMTPaElBDBH
<<)< <*tf Mx t-?f >7)t

mIII.
H 11 M 18 ?

M M 3 tO M 21 M

Mean H 10) M M; M)

Mean* ? 6 32 ? 16 M

6 100 16 M M 6
7 100 11 M M 8

Mean l~ M 29t 7

9 160 M 56 M

M 160 17 50 M

Mean M 62; Mi

From table 1.

TABLES3

&s
BX'FBmMBttTMteaBSB TEUMBA-––––~––––––––––––––.–––––––––––––––tOtZ <<« <-<« <M~e-î<t >~

mm. <(eefe«C.
M M 100 10 ? 36 M 16

16 ? 116' 10 83 M M 11

M M 1M 7 ? 27 19 &

M M 1M 8 22 M 27 9
Mean 9 M 32 18 11

Mean* 1M M 13; M 26) 7
? 1M 1M) 17 ? 33 S
M 1M 1M 14 ? 33 7
21 1M 1M 14 49 32 6

Mean 16 48 31 6
1 1 1

Fromtable2.

of sizeawasfrom3.5~to 6.8~(&pproximatety),and at 150mm.from3.5~

to6~.

(b)Vapor<empero<M'e.Experimentswerecarriedoutovertherangeof

température96'*C.to 166"C.(16°C.to 76°C.abovethe boilingpointof

benzene),usingsteps of from 15to 20degrees,for eachof the pressures

50mm.and100mm. Theresultsaregivenin table3.
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It is evidentfromthefiguresin table3 thatthetemperatureofthevapor
waswithouteffectonthe distributionofpartictesizes.

(c) Or~ce diameter. In these experimentsthe capillaryjet wasas be-

fore,exceptthat the orificewasreducedby cementingoverthe enda per-
forateddiseof zincM. The resultsare shownin table4.

By comparisonof table4 with table 2, it is seenthat the efnoienoyof
emulsifioationwith thehigherpressurewasnot consideraMya!teredby
a reduotionin the cross-sectionof thé orifice,thesizorangeof theparti*
des remainingabout the same. A somewhathigherpercentageof thé
totalmasscorrespondedwith the interva!4~to6~,but ofthis a largerpro-
portion lay in the interval5~ to 6/t, while therewasa decreasein the

fractionbetween3.B~tand4jM,and an increasein that between6~and 7~.
With the lowerpressure,there was a reductionin the fraction lying be-
tween 4~ and 7~, owingto an increasedproportionof large particles.

TABLE4TABLE4

M
MfMHMMn' FMaeom –––––––––––––––––––––––––––-–––––––

_<<«
1

<-<). Mx ))-?(. >7<.

23 tOO 7 ? ? 10

M 100 46 ? ï2

Mean 3; -Mt M 11

26 M 23 M M M

29 M 3 M M t6 M

Mean lt 25 29~ 16t 27t

The eBeotof orificediameter, therefore,becamelessnotioeableas the

pressurewas inereased.
Sinceit was foundthat the linearemuxvetocityof the vaporwasnot

t;reatlyaffectedby areductionin the sizeof theoriSce,it wouldappearthat

the linearvelocitywasofmoreimportancethan themassor volumeveloc-

ity. Thissuggeststhatthe uniformityofdispersionwaslargelydépendent
on an efficientdistributionof vapor throughoutthe condensationzone

rather than on the aetualamount injectedpersecond. With a viewto

obtauungsomeideaofthe conditionsofmixing,the linearand volumeve-

locitiesunder the expérimentalconditionshavebeencalculatedfromthe

observedmaasvelocityand orificediameter(seetable6). Sincethe gas
!aw8havebeenusedforthispurposein defaultofempiricalinformationas
to the specincvolumeof benzenevaporat varioustempératuresandpres-

sures, the figuresare necessarilyvery a-ppromnate,and usefuionly for

comparisonpurposes.
The figuresin table5 showclearlythe predominantimportanceof the

linearvelocity. Thusthe larger jet in conjunctionwitha pressureof 50

[
)
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mm.gaveroughlythe aamemomentumas the sma!!erjet and a pressureof

100mm.,whilethe aotual massof volumeof vaporemergingpersecond

wasgreaterin the formercase;notwitbstandingthis, the higherpressure

gavemoreefficientdispersion. The uniformityof the dispersionclearly
increasedas the linearvelooityof the vapor rose,but had noobviouscon-

nectionwithanyoftheotherfMtors.
(d) O~e?'ecaJ~MM. The volumeofsolutionand the shapeof the con-

tainer might be expectedto influencethe condensationprocessthrough
their effecton the conditionsof mixing,if condensationof the vaporoe-

curredthroughoutthe liquid. ActuaHy,it wasobservedthat condensation
occurredin the neighborhoodof the jet, the dropeformedthen distributing
themsetvesthroughoutthe wholevolumeof liquid. Thus as far as the
ootualcondensationwas concemed,thé liquid was effectivelywithout

limit,so that the actual boundarieswereunimportant.

TABLE6

Herew manofvaporpassingpersecond,ingrama(observed),V volumeof
vaporpersecond,incubioceatimetera(caleulated),« linearvelooityatorifice,in
ceatimetempersecond(calculated),MM MXK =momentumat orifice,ingram
oentimeterspersecond(calculated).

The influenceof the initialormeantemperatureof thesolutionbas not

beenatudiedexperimentatly,but may be inferred. The effectof raising
the tomperatammay be expectedto dependohieSyon the conBequentré-

ductionin viscosityand in interfaciattension. The formerwillfaeiUtate

the passageof vapor or ofdropsthroughthe Uquid,and so willhave the

eSeotof a higher linearvelocity,whilethe latter will probablyhave a

similareffectto that of an increasedconcentrationof soap. It may be

mentionedthat in the experimentsdescribed,the temperatureof the solu-

tion duringemuIsiSoationroseby about 10-12*'C.

f~Menceofsoapconcentration

(a)Initial <wneet!<ra<MMt.In theseexperimentsthe concentrationofsoap
m the solutionwas varied overthe range 0.0005M to 0.0025M. For

esah of the concentrations0.0010,0.0015,0.0020,0.0025M, twoexperi-



290 C. Q.BUMNBB

mentswereperformed;oneof the recordsfor 0.0015M showeda diaturb-
ancoof the sedimentation,but as it gavegoodqualitativeagreementwith
the satisfactory record, the expanmeotwas not repeated. The figures
for0.0005 are ftompreviouaexpérimenta.In allcasesthé unobstruotod
jet wasused,thé pressurebeing100mm.and the vapor temperatUM96-
100"C. As in previousexperimeatsthe concentrationof benzenein the
emulsionwasas nearlyas possible10percent. Theresultsare ahownin
table 6, a moredetailedanalysisof the sizedistributionbeinggivenin
order to bringout olearlythé effectof thé concentrationof solutionused
in the emuMScationprocess.

TABLE6

It is evidentfromtable 6 that withincreasingconcentrationtherewasa
continuousdownwardtrend of the mean particleradius. This effectis
quite distinctfrom that due to increasingptessate, for in this case the
range of aizeawas not reducedappreoiably,but was shiftedas a whole.
The phenomenonwasehownveryclearlyby evena qualitativeinspection
of the sedimentationrecords,sincethe time of sedimentationvariesin-

versetyas thesquareof the particleradius.
Over therangeofconcentrationinvestigated,the optimumintervalwas

reducedfrom4.5-5~to 3-3.5~. There ia no indicationin thèse results
as to the limiting sise obtainableby further increasein concentration;
extensionin this directionbecamedifficultowingto the greatly increased
time requiredfor sédimentation,in accordancewith the relation(Stokes'



FOBM~TÎOM, SIZE AND STABtMtt OP EMUt.SKW PARTICLEB 291

taw)mentionedabove. For 0.0005M solutions,a completesedimentation
recordcovereda periodof twenty to twenty-fourhours; for 0.0026M,
about Sfty hours. The tact that dispersionshavingdistinct size Mmits
withinsuoha smaUrange couldboreproducedat wiUis an indicationof
the accuratedefinitionof conditionswhichis possiblein this method of
emu!si6catioB.

(b) JE~ec<efa<M~M)a<<~sospafterectw~~M~M:.It wasnoticedthat
onstandingfora dayorBo,anemulsionformedasaboveshoweda coarsen-

ing of the dispersion.With 0.0006M soapsolution,the creamin the
sedimentationtube had almost lnvariablybrokento someextent by the
endof the experiment. Overthe sameperiodtheemulsionSUingthe pyo-
nometertubeshowednobreaking,butonredistributingthécreamthrough-
out the Uquid,the uniformemulsionwaa !essopaque than originally.
Similarcoameningwithoutbreakingwasfoundwhena stopperedcylinder
completely6Uedwiththe emuMonwasleft to stand,so that the behavior
in the sedimentationtube muâtbeascribedto the presenceofan air phase
abovethe liquid,otherconditionsbeingthe same. This ia in agreement
withthe factnotedbyClayton(Ib),that emulsionscanbebrokenbyshak-

ing if a gaseousphaseis présent.
In explanationof the observeddecreasein dispersity,it was supposed

that the amountof soap present,wMe able to promoteemuMncation,
must be insaScientto preventcoateseenceof the oildropletsovera pro-
longedperiod,espeoiatlywhenthe emulsionwaeaowed to creamaothat
the dropletscameinto closecontact. This suggestedthat enhancedsta-

bi!itymightbeachievedby furtheradditionofsoap,anda seriesofexperi-
mentswas carriedout, in whiehwaaexaminedthe effectof increasingthe

soapconcentrationc~er emuMScation.
A knownvolume,V, of 0.0005M sodiumoleatesolutionwasused to

preparean approximately20 percent emubion,undorfixedconditionsof

temperatureand pressure,and to this emulsionwasadded an equalvol-

ume, V, of z molarsodiumoleatesolution,x beingvariable. A 100-cc.

stopperedcylinderwascompletelynlledwiththé resultingemulsionof 10

percent benzenem (a:+ 0.0005) M solution,andleftto stand in a ther-
mostat at 25"C.for fromforty-fourto forty-eighthours. The emulsion
wasthen mixeduniformlyagainand a sedimentationanalysiscamed out.
For comparisonpurposesweretaken 10per cent emulsionsin 0.0005M

solution,madenot directlybut by dilutionofa 20 percentemulsionwith
thesamemédium. Onesuchemulsionwassedimentedimmediately,anda
similaroneaftertwodays. Thisgavedirectlythe effectof ageingon the

originalemulsion,whileadditionsof 0.0016,0.0026,0.0035,0.0075M
solutionshowedthe behavior in contactwith concentrationsof 0.0010,
0.0015,0.0020,and0.0040M, respectively.

The resultsmay bo shownbest, not by anatyaisof the sedimentation
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ourvesbut by plottingthesedirect!yon the samegraph, as in figure2.
Thisshowstimeas absoissa,and the pMcentageof the totalmass of par-
ttc!e8whichhaveMttte<ïout,a80td!aatc.ItwiHbeseenthat the original
emulsionshoweda gréât inoreasein the velooityof sedimentation(and
hemcein partiolesize)as the result of standing,but that with inoreasing
soapconcentrationthe sedimentationvelocityof an agedemuMon de-
oteasedand the ourveapproachedthat of a fresh emaMon. Over the

a i 7 4 · -&au~

ThnehtHexm

FM. 2. SBNMBNTATKM! CCBVBS <W EMUMMMB

A,freshemataion;B, C,D,E, F, agedemulsions

rangeexamined,however,thiscurvewasnot reproducedforan aged emul-
~on.

Conaïderationof the effectof soap concentrationon the stability of
emulsionparticlesis reeervedfor a later paper. For thé present purpose
it is suffioientto noticethat in this condensationmethodofemutsi&cation,
it ia ofprimeimportancewhetherthe finatsoapconcentrationis fixedbe-
fore or after the emulsionis made. The dieperaityof the emulsion is

govemedby the initial concentration. It is evidentthat the size and
numberof the particlesformedin the emaIeMcationbaveno direct re!a-
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tion withthe area of interfacewhichmaybe maintainedovera prolonged
periodof time,for on raisingthe initial soapconcentrationthé dispersity
(and hencethe interfaeiatarea) increases,in spiteof the faet that at the
lowerconcentrationthiaarea is too great for stability. Thus in passing
from0.0005M to 0.0025M solution,the interfacialarea wasaugmented
by about50 per cent; neverthelessa concentrationof 0.0040M was in-

sumoientto keepthe loweraresstablefortwodays. It mustbeconcluded
that the soapexercisestwodistinctfunctions:(1) in the formationof the

emulsion;(2) in the stabilisationof thé emulsion. The secondfunotion
doesnot dependonthé methodofpreparation,and willbethé sameforan
emuMonofgivenproperties(dispersity,volumeratio,soapconcentration),
howeverit ismade. Ontheotherhand,the firstfunotionis ohamoteristie
of the methodof emulsifieation.In the presentmethodthe soapconcen-

tration basa direct inSuenceon the dispenatyof theemuMon,anda phys-
cochemiea!equilibriumin the condensationprocessmust be postulated.
The questionthen arises:what is the funotionof the emubifyingagent in

other methodsof emulsincation?This funotion,and the influenceof the

emuMfyiagagentonemuMonstability,willbeconsideredin a Jaterpaper.

III. THEOBTOFTHECONDENSATIONPROCESS

Pc~MMemechcanisma

In an attempt to asoribea mechaniamto the formationofemulsionpar-
ticlesby this method,twopossibilitiesmust be examined:(1)bubblesof

vapormaybeproducedbythebreakingupofa cylinderofvaporformedby
the jet, thesebubbIesthencondensingto Hquiddroplets;(2)particlesmay
be producedby the growthof nuoleispontaneousiyformedin a super-
saturatedsystem of oil moleoutes.The latter casemay be further sub-

divided,accordingas condensationtakesplacein thevaporor inthe liquid
phase,i.e.,oilvapormaycondensewithinwatervapor, the dropletsbeing
then takenup by the medium,or oilmoleculesmay aggregateto particles
in directcontactwiththe aqueousliquid.

The observedresultsdonot supportthéfirsthypothesis. Thestability
of &cylinderof nuid wasinvestigatedby Plateau (13),whoshowedthat

when the length exceededthe circumference,instability set in, a long

cylinderbreakinginto drops, thé distancebetweenwhosecenterswas

equal to thé circumferenceof the cylinder. A smallglobulewasformed

betweeneachpairoflargedrops. Negleotingthevolumeofthesmalldrop,

the radiusof the largedropisseento bea
( ~r)\4, <tbeingtheradiusof the

cylinder. Thedrop radiusshouMbedirectiydependent,therefore,on the

jet radius,whichwasfoundnot to be thecase. Moreover,it maybe cal-

culatedthat of the orincesused,the largershouldgiveliquiddropletshav-

ing radiiof the order80~,and the smalleroneradiiof the order60~,both
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of which values are eonsiderablylarger than the observedBize. Still
more does this latter fact exoludethe alternative explanationthat thé

break-upof the cylindermightformprimaryparticleswhich wouldgrow
underconditionsdependentonthe propertiesof the medium,andweare
led to the conclusionthat themechanismisof thesecondtype.

TheobservedeSeotofsoapconcentrationon partio!oBizemay boreason-

ably assumedto be dueto the deoreasein interfacialenergyproducedby
the soap. If condensationto thefinaldropletsoccurredin the vaporphase,
however,the onlyinterfacecominginto accountwouldbe that between

liquidoiiand themixedvaporofoilandwater,whosesurfacetensionwould
be independentof the soapconcentration. Thoreremainsthe possibility
that primarypartieies mightbe formedin thé vapor phase and might.
be takenup bythesolution,theregrowingbycoalescencewith oneanother.
Thiswouldmeanthat nucteusformationwouldbeindependentof thesoap
concentrationbut growthwouldnot, sincethe easeofcoalescencewould

dependon the interfacialtenaion. The variation in dispersity (whieh
meansthe productionofvaryingnumbersof particlesfrom a givenmass
of oil)muât thendependonthedegreeofaggregationofprimaryparUo!es.

Onthe otherhand, thehypothesiathat the wholeprocessof condensa-
tion takes placein directcontactwith the aqueousphasepresentsmore

analogywith the proceasesknownto take placein other supersaturated
systems,sincethe meehanismwouldthen constatin the formationof pri-
mary partiolesor nuolei,whiehgrowby aeoretionof other oil molecules

independentlyof collisionbetweenthe particlesthemsolves. A variation
in dispersitymaythenbecausedby an altérationin theproceasofnucleus
formationor in the rate ofgrowth. Sincethe interfaceeoncemedia that
betweenoil and aqueoussolution,it is readilyunderstandablethat both
theformationandgrowthof nucleimaybeconditionedby the composition
of the solution. Thisvicwofthe processhas beenadoptedproviionally,
and willnowbeeonaideredinsomedetail.

Nucleusformation

TheexperimentsdescnbeddiSerfromthe ordinarycaseof condensation
or crystatlizationin a supersaturatedsystem,where thé processstarta
froma certaininitialsupersaturationandgoesto completionwithoutthe
introductionoffurthermaterial,for hèrethere is a continuousadditionof
moleculesto the system. It bas beenmentionedthat the actualcondensa-
tion takesplacein a limitedzonenear the jet, sothat thé particlesleaving
the zoneprobablytakenofurtherpart in the process. A steady statewill
thereforebesetup, in whiehas muchmaterialleavesthe zonein theform

ofparticlesasenterain thesametimein the fonn of individualmolecules.
This willcorrespondwitha certaindegreeof supersaturationin thé con-
densationzone. Consideringa singlepartide, the process may be re-
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gardedas comprisingtwostages,viz.,theappearanceofa nuoleus,and ita

growthas tt passesthroughthe zone. The averagesizewhicha partiole
attainswilldependon the velooityof growthand the time spent in the
zone.

Theformationofa nuoleusmeansthe collisionandunionofa number of
moléculesto an aggregatehavingthe propertiesof surface,and this in-
volvesthe geaerationof surfaceenergy,whichmuetbe providedby thé
energyof condensation.Two conditionsare thereforenecessary: (1) a
number,?, of motecuîesmust bemutuaHysosituatedthat they may con-
densetogether;(2) thé condensationof thèsemo!ecutesto a particte must
involvea net deoreaaein freeenergy. WewiUtake the latter condition
first. Theformationofnucleiin anysupersaturatedSystem(vapor, solu-
tion,undercooledmelt)willdependon eimUarfactors,but for purposesof
oaloulationthe caseof condensationin the vapor phaseis the simplest to

take,andwillnowbeconsidered.In whatfollowsthevaporis assumedto
behaveideally.

It is shownreadilythat there ia a minimumradius,which must be
reachedbeforea dropofliquidcangrowbycondensationofmoleculesupon
its surface. W. Thomson(14)showedthat the vaporpressure over a
curvedliquidsurfaceinoreaseswith thé ourvature,the relation between

p,, thepreasureovera sphencaldropofliquidof radiusx,andp~, the pres-
sureovera planesurfaceof the sameliquid,being

Bï.ln~~ (f)
P- <'

whereM is the molecularweight, thé surfacetension,and d the density
ofthe liquid. FoHowingGibbs,Volmerand Weber(15)pointout that in

conséquenceof this relation,in a vaporhavinga supersaturationpressure
p,,adrophavinga certainradiusrwilibe inequilibrium. Dropaof smaller
radiushavea highervaporpressureandare consequentlyunstable, while
forradii greaterthan r the vaporpressurewill be lessthan p, and con-
densationon the drop wd occur. A drop havingthe "characteristic
radius"r conespondingwiththesupersaturationpressurep, is deSnedby
Volmerand Weberas a "nucleus,"sinceunder the givenconditions it

représentathe lowerlimitofsiiiefora dropcapableofapontaneousgrowth.
Theworknecessaryto formsucha dropwithin thé vaporis shown to be

W (2)

or by substitutionfromequation1

~_j~

3R'ftn ~)P./
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This workis taken as &measureof the stability of the supersaturated
vapor.

Adoptingthis dennitionofa "nuoleus,"Farkas (16)bas catcutatedthe
numberof nucteiwhichoverstepthé characteristioradiusr persecondand
growto largersizes. In thé presentwriter'sview, the productionof drops
having the i'oharacteristioradius" is of secondaryitnportaacewhere the
condensateishighlydisperse,aincethe moleculesformingsuoha dropmust
have energyabovethe average. The formationof a largenumberof nu-
ctei~is onlypossiMeif moleculesof averageenergy cancondensetogether,
and this maybeachievedifgroupacontaininga suScientnumberof mole-
eûtesareavailable. The ideaof the "oharaotenaticradius"may,however,
be utiiizedin derivingthe conditionunderwhich condensationof "aver-
age" moleouleswillocour.

Considerfirst the condensationof vaporon a plane surfaceof its own

liquid,ofconstantarea;let the vaporprMsuireof the liquidbep~ and the
actualpressureof the vaporp,. Sinceno surface workis involvedin the
ohangeofstate, the increaseinfreeenergyper. moleculewillbe

t«. j&r]np (4)
< P~

wherekis Bo!tzmann'sconstant. Condensationwill ooeurif ?“ is néga-
tive, i.e.,if p, > p., whileevaporationwilloccur if p, < p~. The con-
dition?“ = 0 is realizedwhenp, = p., andcorrespondswithequilibrium.

Whenthe liquidsurfaceiscurved,surfaceworkis involvedin the change
of state, and this must be taken into account in the calculation. Con-
sidertheformationofa dropof liquidcontaining?moleculesand havinga
radiusx. The net increasein freeenergyisgiven by

+ 4)n<~

=. t~Ttn ~°+ 4~r~ ?)P'
Now

In 2<fM n 2~ < “nty In– ~-–.– – -~9 (M
p, d JV r 3

whereN is Avogadro'snumber,so that

w~~(i`2x\
(7)

_(~~)_
This termisusedtodenotea primaryparticleofanysize,andnotin theabove

limitedsense.
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This equationreduoeato equation2 whenx = r. W is negativewhen
x > r, and this is the conditionfor the formationof a nucleusby mole..
culesofaverageenergy.'

It is to benotedthat wheun is small, thé dropcannot beregardedas
spherical,and in orderto applythèseequationstheidea ofan "équivalent
radius"muetbe introduced,i.e.,x and r are then not actualdimensions
of the dropsbut théradMwhichthe respectivedropswouldhave if they
werespherical. Anuncertaintyremains,in that the valueof <rfor such
smalldropsis not necessarilythe sameas for largerdrops.

A similarcaloulationmay be appliedto the caseof a supersaturated
solution. It has beenfound (17)that the solubilityof smallerystalsis
greaterthan that oflargeones,inanalogywiththevaporptessureofUquid
drops,and an equationsimilarto equation1 maybe used,solubilityor
solutionpressurebeingsubstitutedfor vapor pressure. In fact, in any
changeof state wheresurfaceenergyis generated,there willbe a critical
radius belowwhichparticlescannotbe formedby moleculesof average
energy.

The probabitity,P~, that a groupof n moleculeswiUbeformed,at a
given temperature,is a functionof thé concentration(ofuncondensed
molecules)and of the numbern, such that (a) for a givenvalueof n,
P" willinoreasewiththeconcentration,(b)witha given concentration,P"
willdiminishasn isincreasod,bothratesofchangebeinggreaterthanpro-
portionality. To eaohconcentration,therefore,two numbersmay be
assigned,where(1)tu is the leastnumberof moleculesin an aggregate,
the probabilityforwhoseformationis less than a givenverysmallquan-
tity (andthereforerepresentingthe upper limit of size for a group),and
(2)K<is the numberofmoleculesin an aggregateforwhiehthenet change
in freeenergyin condensationis zero,for moléculesof averageenergy.
If ?, < M,,nucleiwillnot beformedwithsuehmolecules. At lowsuper-
saturationsm,willbesmalland large,but sinceP. inereaseswithrMng
concentration,ni willalso increaso,whereasit is evident fromequations
1and 7 that willdecrease. Withincreaseof supersaturation,n)and
willthereforeapproachoneanother,until the condition = n<is reaohed.
Beyondthis state K)win becomegreater than and nucleiformedby
moleculesof averageenergywillthen appear. The "nucleusfonnation

velocity" maybedefinedas the numberof nueleiformedper secondin

1 TheconditionW 0doesnotcorrespondhèrewitha trueequilibriumbetween
vaporandliquid. Oneeadropofradius r iBfonned,itwillgrowindefinitely,since
a decreaseinfreeenergyoooursinoondensationonasurfaceofradiusgreaterthan
r. Theconditioninvolvediedifférent,therefore,aecord.ingaatheformationor
KrowthofthedropiacoMidored.EquHibnumbetweenvaporandasMhMeactually
formedhotdswhena; f.
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unit volume;the part of correspondingwith the nucleiconsideredwill

dependon P. and on the fange to Mt. Smceall gmupsfor whiohK >
?: willcondecae,the relationmaybe expressed

@).Y~
(8)

av n~·a=

This numberincludesail nucleihaving from f~ to H)molécules,but not
nucleiofnumberlessthanK)(t.e.,havingradii betweenMand r),formed
by moleeutesof more than averageenergy. P. and M)rise and faHs

with iocteasuigconcentration,and
(–)

wiMincreaserapidiywiththe

supersaturationabove thé criticalvalue. The optimumsizeofa nucleus
willbethat aearestthe orMcal~ze,smceon kineticgroundsthé probability
offormationincreasesasthe sizeconsidereddimiaishea. The averagesize
of a nu<c<Mwill thereforediminishas the concentrationincreasee.

j!VMc!eM~~'<Mp<A

The growthof the nue!eusdependson the rate of dépositionof mote-
ouleson its surfaceand on the timespent in the condensation~ne. The

"speeiaovelooityofgrowtb"maybe deSnedas wheremis themasBof

materialdepositedper unit area of surface. Nowthé numberof mole-
culesdepositedpersecondon unitarea is the dinerencebetweenthénum-
ber impingingon thé surfaceandthe number leavingit duringthis time.

For a givensolutionpressureof the particle, therefore, willincrease

withthe concentrationofuncondensedmoléculesin the System. With a

givensupersaturation, willdependon the sizeof the partic!e,aincethe

solutionpressureincreasesas the radius diminishes.

îf
dt

ia themaasof materialentering thé condensationzonepersecond,

Vthe volumeof the zone,and the averagesizeofa particleleavingthe

zone,thenfor equilibrium,
1 d.
.dt"~d<

Let <<bethe averagemass of a nucleus, <. thé averagetime spentby a

particlein the zone, andotthé averagearea of the particleat anyinstant.
ThenweshaUbave

(~e dm
+

°*« d( (M)
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At the beginningof growth, willrelate to the surfaceof the nucleus;

since– and are fixedby the aupersaturation,the initial value of~

foran averagenuoleuswillbe nxedabo. The time <.isdeterminedbythe
relationofthepath throughthe zoneto thevelocityofthe partiole. Hence
as longas theconditionsof injectionare maintained,~j,willbe constant,
i.e.,successive"batches"of the dispersionwill besimilar.

7~«etM:eofpresaMrc

In the emulsincationmethod described,it is foundexperimentauythat
if the pressureof thé vapor is raisedand the cross-seetionof the jet is

diminishedinsuoha wayas to keep constant, isreduced,so that by

equation9, V is increased. This means that on raisingthe pressure

theremust bean inoreasein eitherthevolume of the zoneor thé equilib-
rium concentration,or (as probablyhappens) in both. An increasein
concentrationwillreduce the averagesize of a nucteusbut will increase
the total niassof the nuclei formedper second; the diminutionin ~p
thereforemeansa reduotionin the timespent by a particlein the zone,in
relationto thevelocityofgrowth,i.e.,an appropriateincreasein theveloe-
ity of theparticlerelativeto its path. Other thingsbeingequal,the veloc-

ity-ofthepartMeis determinedbytheenteringUnearvelocityof thevapor,

whiehis proportionaldireotlyto dividedby the densityof thevapor,

and inverselyto the cross-sectionof the jet. It may be concludedthat

for a constantvalue of ,=, with risingpressure the linearvelocityof the

vapor inoreasesin relation to the depthof the condensationzone. This
willmeana moreefficient"sweeping"of the zonebythe vapor,whilethe
timesspent in the zoneby individualparticles formedat differentpoints
wiUvary tees;both thesefactorswilltend towardsgreaterhomogeneityin
the partiolesizes, as actually observed. The zonewill probablyhâve

approximatelythe formof a conewiththe jet at the apex.
Toa firstapproximation,the zoneproducedby thecolumnof vaporen-

toring the liquidmay be regardedas the additive effectof a numberof
columnsof smallercross-section,i.e.,with a givenpressure the equilib-
riumwillbe practicaHylndependentof the cross-sectionof the jet. This
wasfoundto holdwhenthe pressurewasnot too low. Theaboveconclu-
sionsmaybeapplied,therefore,to the influenceof increasingpressurewith

a givenjet, insteadof witha fixedvalueof
<K
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f~M~KMof W«Pconcentration

Supposethat withfixedconditionsof injection,–~
is decreased. This

meanethat in passingthrough the zonea partielewillgrowlessthan before,

i.e., will be reduced. In order to maintain constant, muât be
da ut

increased,and conditionswiU thereforealter in such a way that tbis la
effected. A givenmass of the condensatewill then comprisea larger
numberof smallerparticles than before. Theeffectofan increasingcon-

centrationof sodiumoleate in thé aqueousphaseof the emulsionmaybe

ascribedto this phenomenon,since willbefedacedprogressiveiyby

additionof a surface-activecoHoid,throughformationofa filmroundthe

particlewhiohobstructsthe aeuessof furthermolécules.Nowif the soap

had no influenceon
–~

at &givensupersaturationof oil,the requisitein-

oreasein
T.

wouldneoessitatea riseinthe equilibriumsupersatùration. It

bas been shown,however,that nucleusformationis conditionedby the
interfacialtension,and since the latter is diminishedby additionofsoap,

the reductionof is accompaniedbya fallinthecritioalnumberofmole-

cules,n~. The range of group siiMSavailablefor nuoleuaformationby

moléculesof averageenergy is therebyextended,so that wiUriseinde-

pendentlyof an increasein supersaturation. It doesnot foUowthat the

latter willnot takeplace,but the risenecessarywillbe lessthan if were

independentofthesoapconcentration.

CONCLUSION

Noclaimismadefor the experimentsdescribed,that theyareexhaustive
evenover the limitedfield investigated,but the resultsobtainedwarrant
the conclusionthat an important newavenueofresearchbasbeenopened.
Thestudyof emuMËcationby thisnewmethodisofinterestin connection
both with emulsionsand with general condensationprocesses. An im-

portantfeatureoftheworkis quantitativespécificationoftheexperimental
conditionsand results.

8UMMARY

1. The possiblemeans of preparingemulsionsare diseussedbrieQyin
relationto the generalmethods of colloidchemistry,on the basisof the
divisioninto dispersionmethods and condensationmethods.
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2. An expérimentalcondensationmethodof preparingemulsionsby
injectionof oil vapor intoan aqueousliquidis desoribed,and resultsob-
tainedwith the systembenzène-sodiumoleatesolutionarecorrelatedon
the basisofthe partiolesizedistribution,asdeterminedbya sedimentation
method. It ia found that over the rangeof conditionsinvestigated,the
dispersionisindependentofthévapor temperature,andofthecfoss-seotion
of thé jet if the pressureis not too low,but is mademorehomogeneous
(withoutconsideraMealterationof the meansize)byincreasingthe pres-
sure. Inoreaseof the sodiumoleate concentrationeffectsa progressive
shiftin therangeofparticlesizesin a downwarddirection. Theemulsions
are reproducibleand very homogeneous,pmcticallytheentire disperse
phaselyingbetweenradiuslimitsof whichthé higheris abouttwicethe
lower. Emulsionssoformedareunstable if the initialsoapconcentration
is ïow,but may be mademorestable by the additionofmoresoapafter-
watds,andfromthe data it iseonotudedthat the functionexercisedby the

soapand emuMacationis independentof its stabilizingaction.
3. The mechanismof this processof emuMBcationis considered,and

the experimentalresultsare correlatedby postulatingthe formationand
growthof nucleiin the liquidphase.
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THE FUSIONCURVEBFOR THE SYSTEMSAMMONIA-PROPYL
ALCOHOLSAND AMMONIA-BUTYLALCOHOLS
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Department<~CAentM<fy,t~UMMt~o/Xo~fM,~ooreMM!,KotMM

~eeet'fe~~<f(f!M<MM

ÏNTRODUCTtON

Baumeand Perrot (1) used the phase lawmethodto inveatigatethe
Systemmethyl alcohol-ammonia. Broderson(2) uaedthe samemethod
with thé systemethyl alcohol-ammonia. Baumeand Perrot fouad that
the compoundCHtOH-NH. wasformedin the ammonia-methylaloohol
system. Brodersonfound the compoundsformedin the ammonia-ethyl
alcoholsystemto beC~HtOHNH, and2((~HtOH).NH,.

Theobjectpfthisworkwasto applythe phaselawmethodtosystemsof
ammoniaand someofthe otheralooholsof thisseries.

APPAKATU8

Themeltingpointswere determinedusinga nickel-ironthermocouple,
thepotentialdmerencesbeingmeasuredwithapotentiometer.

Thethermocouplewasconstructedbyjoiningthe junetionswith bronze'
solder. The copper-mckeland thé copper-ironjunetionswerekept sur-
roundedby ohippedicefrom whichthe waterdrainedaway. The nickel-
ironjunetionwasplacedin the meltingpointapparatus.

Calibration<~thethermocouple

Table1givesthedata used inplottinga curvefromwhichmeltingpoints
indegreescentigradewereread.

Me!<tK~pointtube

Themeltingpointtube usedisshownin figure1. Thesamplesofalcohol
aodammoniawereintroducedthroughA. 0 is a constrictionin the glass
tubing. The g!assrod D oarrieda short pieoeof rubbertubing,B, at the
lowerend. TherodD haa a oonstrictionundemeaththerubbertubingB,
so that the tubingis heM in placeby meansof a ptatinumwirewrapped
aroundthe tubingjust over theconstrictionintheglassrod.

Froma thesiaBubmittedby EthelAnnJonesto theFacultyof thé Graduate
SchooloftheUnivetaityofKaasasinpartialfutCttmentoftherequirementaforthe
(iMMeofDootorofPhilosophy.
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Therod D washeldin placeat the upperend at Eby a shortpieceof

rubbertubing. Whentherodwasraisedtherubbertubing&tB ctosedthe

meltingpoint tube &ttheconstriotionC.

F iaa g!&88tube, dosedat the lowerend,andse&tedinto thé largertube.

TheBmitUtube F waausedto carrythé thonnoeoupleto the lowerendofthe

meltingpoint tube. Gia a hoHowcylinderof ironwith coilsofsteel wire

attachedat H and H'.

Thèsesteel coilsservedtwopurposes:6t8t,to stir the ammoniaalcohol

system,and second,to break the rise and fa!l of thé iron cylinder,thus

proteotingthe glasstube.

Jtf~Mt<~~rrîM~thealcohol-ammonia~<em~

Themelting pointtube oarryingthe ironcylinderand coilswasslipped

througha coil madefroma largenumberof tums ofcopperwirecarrying

TABLE1

Ca(t&ro«MofttefMCMMpteCotwroMMof Me)'M<MMMp(e

cAUBKATtMOacBetAtfM MDnmOMBrER TBt<n!)t*ltcm!
MAMXBt

Mtf< <<<~t«C.
Ammonite. 0.001033 b.p.-33.4
Chtorobenzene. 0.001412 f.p.-46.2
CMorofonm. 0.0019N: f.p.-M.S
Amtnom& 0.002362 f.p.-78
CarbondM!<;de(so!id). O.OOM05 a.p.-78.92
CMbondMulSde. 0.003262 f.p.-Ul.O
Ethylether. 0.003662 f.p.-Ue.3

an intermittent c. c. carrentwhichaltemate!ymagnetizedand demagne-
tizedthe iron cylinder,causingit to moveupwardanddownward,resulting
in thecoi!H stirringthesystemin the lowerpart ofthe meltingpoint tube.

Theo. c. cunent wasmadeintermittentby a motor-drivenintermpter

makingcontacts at intervatsofaboutonepersecond. Contactwasabout

one-tenthof a secondinduration.
In figure2, J is a largetest tube. Lis a tube endingundermereuryat

Qwithwater abovethe mereury. The tube L takes care of any excess

pressuredevelopedin J. The tube K connectsJ with the meltingpoint

apparatuaM througha short rubberconneotionat X. 0 isa DewarBask

containingliquidair. The Dewarflaskwassupportedin a glasscylinder
withcottonplugsholding{tinplace.

MATEMALS

The liquid ammoniaused waadried by distiNingfrom contact with

sodium. The atcohohwereofEastmangradedriedwith metalliecalcium.
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METHOB

Thé point tubeM, agure 2,wascleanedby coonectiagasshown
in figure2 with thé valveat B pushoddown. The test tube J contained
Uquidammoniain contactwith sodium. The melting point tubeMwas
aboutonehalf immeMedin liquidair, resuItiBgin ammoniaeondenaiDgin
M. Whenabout 20ce.ofammoniahaddistilledinto the tube,theconnec-

~x .) L-
M M
Ftot1 Fta.22

FIa.1.MELTINOPOMTTUBE
FM. 2. ApPAttATM FOB MELTINO POINT DETERMINATIONS

tionat X wasbroken. Therubber tubingwasleft on the tube K and was
closedwitha screwclampS. Themeltingpointtube M wasthenremoved
fromthe liquidairandtheammoniaallowedtomelt. TheUquidammonia
passedrapidly out of the tube A on inversionof the meltingpoint tube.
The aboveprocedurewasrepeatedthree times. The meltingpoint tube
wasthen connectedat Ato the vacuumpump. After severalminutesthé
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tube wasolosedat A witha rubber tube and acrewclamp,disoonneoted

from tho vacuum pump,and weighed. AUweighingeweremade in a

silveredDewarnask. ThemeltingpointtubeM wasthenevacuatedagain
and connectedasshowninfigure2 toa oleantest tubeJ containingthesam-

pte ofalcoholto be introducedintoM. Onopeaingthe sorewoiamp8 the

alcoholftowedup throughK' and K into M. The tube K' wasusedonly
when alcoholwas betogttansferred from J to M. A rubber tube and
sorewclampwas then placedonAand the meltingpointtube M, contain-

ing the alcohol,wasweighed,and then conneotedagainto the test tube J

containing liquid ammoniain contact with sodium. After the desired

quantity of ammoniahaddistilledintoM, the valveB wasclosedand the

meltingpointtube M wasallowedtostand aboveasmallquantityofliquid
air in the Dewarfiask,8othat the ammoniameltedfromthéuppersurface

downwardand beforethéalcohol;thia was donein orderto prevent thé

melting of the alcoholSrstwith ite reauttingexpansioncausingbreaksin

thé meltingpoint tube st F and N. After the ammoniaand alcoholhad

melted, the melting pointtube was placed in the magnetizingcoi!,the

thermocouplewaaintrodueedinto the smalltubeat F, anda meltingpoint
determinationmade as follows.Thepotentiometerwasbalancedagainst
a standardcellso that a spotoflightreSeotingfroma gatvanometermirror

rested on zéroofa scale. Aswitchwasthonturnedbringingthe thermo-

couple into the potentiometercircuit. The motorfor breakingthe o. c.

ourrent waathen started,reaultingin the thoroughstirringof the solution

as it waacooïedwith liquidair. Assoonas thesolutionwaapartlysoMdi-

Ëed the naskof liquidairwasloweredand the temperatureof themixture

allowedto rise alowty. Whenonly a fewcrystalsremainedin tho thor-

ougMyatin~i solutionthepotentiometerwaaba!anced,read,andtheabove

procedumrepeated. Themeltingpointtube wasthenpreparedforweigh-

ing againsothat the weightofammoniain the systemcouldbeaalculated.

KESCLTa

Measuiementsofmolecularpercentagecompositionsandfreezingpoints
weremadewiththe résultegivenin tables2 to 7 (seengures3 to8).

Normalpropylalcoholdidnot crystaUizebut soMdiËedas a etearglass.
Mixturesof the alcoholandsmallquantitieaof ammoniaa!sogaveglasses.
At 21.74molepercentofammoniadistinctcrystallisationoccurred.

The fusionourvefor thesystemnormalpropylalcohol-ammoniaindi-

cates (1) There is formedonecompoundofammoniaand normalpropyl

atoohol,composedofonemoleof ammoniaandonemoleofalcohol. The

melting point is about -77.1°C. (2) The compoundformedis relatively

slightly dissociatedintoammoniaand the alcohol,sincethe change in

directionof the ourveat its maximumpoint is sharp. (3) Oneeuteotio

is distinctiyindicatedat about -90"C.,havinga compositionof 73.5mole
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TABLE2

Datafor <Ae/t«<<Mt<MMee/<MMt<Mt<a<tK<<normalp<'<~?!o!eeAo!

Mm f~tt c)Mt oy tnmnoo MMt MOM m~ cMT o~ MZMtxa POINT
*0)<M AMtOM*

AWMMC. <ttKMC.
00 -127.1 66.96 -M.2

(notdeflnite)
21.74 -99.0 68.78 -87.1
89.39 -9Î.O 70.79 -88.6

81.89 -88.8 72.43 -89.3
36.69 -83.7 76.66 -88.2

37.8 -82.8 77.29 -87.0

48.87 -79.a 78.3 -86.7
44.66 -70.0 79.32 -86.7

46.21 -78.2 83.18 -83.6
49.66 -77.1i 86.12 -82.6

60.78 -77.1 89.96 -81.1

61.66 -77.8 96.64 -79.1

68.68 -78.0 96.12 -78.9
66.12 -79.6 97.17 -78.1

66.16 -80.1 99.26 -77.6

60.89 -81.4 100.00 -77.4

68.3 -84.6

05.67 -86.1

TABLESa
Dota for <A</w<<<Mtcurveof owoMMtoand ~oprop~! alcohoi

MOMfBttcam or ttttMtNOHttttt MOtBMMCmtTor MM!tNtOMT
~mMOMA_ ~UtKOtm

~«tC. ~tfMMC.
0.0 -86.6 64.26 -74.0

0.31 -87.4 68.M -76.6

18.82 G!Me 72.19 -77.8

21.82 -88.1 73.67 -7Û.1
27.11 -86.0 76.97 -82.1

36.76 -81.1 80.66 -86.1
43.33 -76.3 82.0 -86.6

4a.7& -73.& 87.07 -86.2

48.66 -72.8 88.06 -84.8

49.98 -72.0 89.16 -83.6
60.98 -71.9 91.28 -83.0

64.28 -71.9 92.78 -82.0

66.60 -71.9 97.87 -79.7

69.16 -72.2 98.61 -78.8

60.62 -72.9 100.00 -77.4
61.84 -72.9

1
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<M<M)t)-tMM))M<tef KMHX

Fto. 4. AMMOtfM-ïsomopTt.AMonot.

per cent of ammonia. TheM ia probabty Miother one below -127"C.,

whMh could be d~Bnitety locaM if thé ~yatem could be made to ctyst~Hze

ta thiar~ion.

The fusion curve for thé System Mnmomia-iaopropyl alcohol indioates:
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(1) Thereia one compoundof ammoniaand isopropylalcoholformed,

composedofonemoleofammoniaandonemoleof thealcohol. Theme!t-

ing pointof thecompoundisabout -71.9~C. (2) Thecompoundis rela-

tively morediasociatedthan theone in the ammonia-normalpropylaloo-

hcl ayatem. Thisis indicatedbythe aattenedportionof thé ourveat its

maximum. (3) ThereMetwoeuteotiomixtures,onein the regionhaving
the compositionbetweenzetomoleper cent of ammoniato 21.82moleper
cent and be!ow–87~C. Owingto the formationof a glassthis euteotio

oou!dnotbedefinitelylocated. The other euteoticwas in the regionof

86 molepercentofammoniaandat about –86''C.

TABLE4

De<e/<M'(te/<M<Mtcurvefor<~<Mt<tt<M~e-!t<M'aM<6~t a!eoMayatem

nom nx can o~ MBunxo Mtttt tfOLB PNB CBttï OP mufnm POINT

AMMOttA AMMOMA

tttfWtC. <<W«'C.

O.W -90.4 67.31 -M.7

1.8 -91.9 C9.32 -67.7

18.96 -80.6 71.22 -68.4

16.66 -77.4 74.08 -68.9

17.69 -74.3 77.4 -71.8

22.70 -72.8 78.06 -71.6

29.66 -69.4 80.31 -72.7

32.63 -66.6 83.12 -72.9

39.38 -61.9 83.42 -72.6

39.98 -62.3 86.96 -76.2

43.77 -61.3 89.7 -76.6

47.62 -60.1 91.76 -77.1

60.44 -60.2 93.16 -77.3

6Z.24 -60.6 96.6 -77.6

66.43 -62.0 96.16 -78.2

67.63 -62.1 98.7 -78.3

69.69 -63.1 97.0 -78.4

62.61 -63.6 100.0 -77.4

The fusionourvefor the systemammonia-normalbutyl alcoholindi-

cates (1) Thereis onecompoundof ammoniaandnormalbutyl alcohol

formed. It iacomposedofonemoleof ammoniaandonemoleof normal

butyl alooholand meltsat about -60''C. (2) The compoundformedis

but relativelyslightlydissociated;this is indicatedby the fact that the

curve isrelativelysharpat themaximum. (3) Thereare twoeutecticmix-

tures indicated,onein the regionhavingthe compositionbetween1 mole

par centofammoniaand 13.95moleper cent and below-90.4"C. The

other oneis in the regionhavinga compositionofabout97moleper cent

of ammoniaanda températureof –78.4"C.
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The fueionourvefor the ayatomammon!a-JMbMtyiaïcoho!iadicates:
(1) Thereiaonecompoundofammoniaandisobutylatcohotformed.Itis

composedofonemo!eofanMnon!aaBdonemo!eofi8obutyIa!<!oho!,ttndmeÏt8
&t -S9.ï"C. (2) Theoompoundformedis but s!ight!ydiModated,stnce
the cutve i8relativelysharp at the maximum. (3) The pure isobuty!
sïeoho!aoMiBesforminga gbss so that the compositionand temperature
for theeuteotiomixtuMin the regionof 100molepercentalooholwasnot
determined. Onthe otherband, in theregionof 97moleper centof am-
moniaa eutecticmixtureformedat -78.S"C.

TABLE5

/)a<«/tH-MefusionCtO-M~Of<~<!MMOM«t-!M&H<~alcohol<~<<M

MOM) f<B CBttt oy M)iUHt((t KMtfT MOLD FB~ CBtfT OP MtMUM MO~
AUtton* *mt«~A

<f~MMC. ~M«C.
0.00 -108.0 M.8& -M.4

vatue given in ?.? -6?.0
critical tables 69.87 -98.4

12.62 -?.4 71.39 -68.9
t7J7 -78.1 71.42 -M.4

~.92 -71.3 79.63 -71.2
30.88 -?.1 70.6 -72.3
37.16 -65.0 78.61 -73.2
39.67 -?.6 80.4~ -74.6
43.26 -69.6 81.26 -74.9
43.63 -60.0 82.84 -76.0
46.07 -69.6 84.2 -76.0
48.16 -69.3 86.92 -77.6
60.tS -69.1 90.96 -77.3
61.12 -60.2 92.2 -77.9

61.89 -69.5 93.77 -78.6
64.91 -61.6 96.21 -78.2
66.06 -60.3 96.85 -78.1
67.44 -63.9 96.28 -'78.6
61.<B -64.3 97.29 -78.6

64.06 -66.4 100.00 -77.4

_)f_t

The fusionourve for the ayatemammonia-secMMhrpbutyl aloohol
indicates:(1) There ia one compoundof ammonia and eec<Mt<<ot~butyl
&lcohotformed,composedof one moleof ammoniaand onemoleof the
alcohol. Ita meltingpoint is 60'C. (2) The compoundformedis but

relativelysHghttydissoeiated,aineethe curve is relativelyahatpat its
maximum. (3) Thereare two eutectiomixturespossiblebut, sinoethe
alcoholsolidiftedto a g!assat -tl4.7°C. and did not give oryetalauntil
about 13molesper cent of aounoniawereadded, the exactcomposition
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of this euteotiowasnot determined. Theother eutectiois in the region
ofabout97molepercentofammoniaandabout–79"C.

Thefusionourveforthe systemMamonia-~MN'ybutylalcohollndioates:

(1) There is onecompoundofammoniaand<e!'<îorybutyl alcoholformed,

-ut' 1 -L -L 1 1 1 1 1
,tM~

)M«M]JMttM«tttt*<*MM*

FIG. a. AMMONIA-ÏSOBO'nrt. AMOHOt.

eomposedofonemoleof alooholand onemoleof ammonia,andmeltingat

-43.9"C. (2) Theoompoundformedi6relativelymoredissooiatedthan

the compoundformedbetweenammoniaand the other butyl alcohols.



!H2 H.P.CAOYANDETHBÏ.ANNJONEa
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TABLE6

Datafor the/MMWeurfefor theammonia-secondary&!<<~a<ce~o<system~mu ~w tftc ~MOtVtt <;Mrf<: yvr tftc t<~fM<t/7HU**ect;VftM«rp UHCyt «<CUnu< N~Nt~M

MOLB FM CBtn' 0F MM.TtN<! f0t«t MOt.)! fBR CtUff (? MEMtKO FOtKT
*MMO)ft* AMMONfAA"I(OHM

<<~rfMC.

A"NOHIA

Jc~tMC.

0.0 -U4.7 62.17 -63.3

13.0 -94.2 ?.86 -66.4

16.78 -90.4 71.83 -66.9

21.36 -799 76.63 -68.6

26.91 -78.4 77.86 -70.0

30.96 -69.4 80.93 -72.1

32.9 -66.6 84.91 -73.6
38.94 -62.8 86.63 -74.2

41.06 -61.7 88.23 -74.4

46.72 -60.5
1 90.61 -76.1

48.19 -60.2 91.87 -76.5

49.83 -60.1 93.69 -77.9

62.63 -60.7 94.73 -78.5

66.43 -62.0 98.67 -78.1

58.62 -61.9 100.00 -77.4

MOU! PEft CBtn' Cf MM-TtKO FOMT MOLE ffitt CEXT Of MM.TMO tOtNT
AMMOKt* *tfMOt«A

~tertMC. AtnMtC.
0.0 25.7

C.
63.22 -47.4

C.
0.0 25.7 63.22 -47.4
13 19.6 64.93 -47.3
3.33 18.8 68.45 -49.5
8.01 11.1 70.93 -53.0

11.63 6.9 72.39 -62.3

20.81 -6.7 74.86 -52.7

29.98 -20.1 77.88 -64.5

39.46 -37.6 78.S3 -65.9

40.19 -39.6 81.77 -66.6
41.31 -43.0 87.04 -61.7
43.98 -44.8 89.31 -63.7
44.4 -44.7 91.08 -66.7
44.99 -43.3 92.34 -?.5
48.45 -44.3 94.09 -69.9
61.47 -43.9 96.16 -71.8
66.93 -44.2 96.02 -73.6
66.13 -44.1 96.46 -76.0
67.37 -46.6 96.84 -77.1
69.3 -44.8 97.49 -77.5
60.92 -46.1 99.12 -77.1
62.04 -46.9 100.00 -77.4

TABLE 7

Data for the fusion cxfM for the aMtMOMXt~er~a)'~butyl alcohol<y<<<M
.1
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TABf,E8_TAUtJSMts

AM~OOM COMMCNM
_t!BTtcn<

o-.aval! AaD/OIfIA MBItIOg.MB.
CompoeittonM.M~ TypeofMOd CompositionM.Ma<Qmmtft.Mt< C.m)~ition)Mt.~point C.mpMit!.nM~~M

M,,KT peintCntiott pointtionotd)Moc)at)on pointeorx.r
Tabb*

–––~Mc.wr~ ~c. ~~c.
<~w

Jones -77.4Normalpropylalcohol-127.1-127G!Me(t)CH,.CH,.CH,OH.XH,-71.1RelativelyLeuthan21.74moleLesathan73.5moleper 90

CH,.CH,.CHtOH slight percentammonia–t27 centammonia

Jones -77.4JeopMpytatcoho)-SO.e-85.8CrystalsCH,
-71.&MorethaninLeasthanZt.SZmoteperBelow 86.0moleper-86

CHt\
CH)~ thepreced.centammonia -87 centammonia

CH~ ingMM

Jones -77.4 Normalbutylalcohol -90.4-89.8CrysMsCH,.CH,.CH,-CH,OH.NH,-60 ReMvetyLeasthmtS.Mmotepe)-Below 97molepercent-78.4

CH,.CH,.CH,.CH,0!Ï slight centammonis -90.4 ammonia

Jones -77.4 ïsobutyt~cohct -108-108 G)Ma(l)CH,
-59.1M&tivetyLeMthaol2.82motepe)-Below 97motepercent-78.5Ii

CH,
~~M-~i,UH:\i<, centammonia -108 ammonia

CH~

Jones -77.4aec<Mdo~Buty!atcohoI-114.7Not Gtasa CH,.CH,.CHOH.CH,.NH,-60 RelativelyLe8sthanl3n)o!eperBelow 97motepercent-79

CH,CH,CHOH.CH,given stight cent,ammonia -114.7 ammonia

Jones -77.4tertiaryButylalcohol 28.725.5CryatatsCH,\
-43.9Relatively42.5molepercent -43 97molepercent-77.5

CH,. CHr-COH.NH, high ammonia ammonia

CH,-COH CH,/

CH,/

Baumeand Metbylaleobol -97.8 CH,OH-NH, +55 Relatively

Perrot(2) CHOH slight

Broderson-76.5Ethylalcohol -112-117.3 C,HtOH.NH, -74.2Relatively

(3) C,H~OH (C,HtOH),NH, slight

Transitionpoint-89.S°C.

Brinerand Phenol 41 C.HtOH-NH, NearRe!at:vety36 moleper cent 0 65molepercent-20

Agathon C.HtOH 0 high ammonia ammonia

(4)

(1)GaM.chMn.itat.33,331-43(1903).

(2)BaumeandPerrot:Compt.rend.IN,528(1910).

(3)Broderaon:TheFusionCurveofAmmoniaandEthylAlcohol.MMter'stheMa,UniversityofKaosM,1911.

(4)BrinerandAgathon:Hetv.CMm.Acta~,909(1926).
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(3)Twoeutecticmixturesareindicated;onehavingacompositionofabout

42.5moleper centof ammoniaand meltingat about –43°C., the other

at about97motepercentofammoniaandmeltingat 77.5"C.

Thesedata aresummarizedin tables8and9.

N8CU8MON

Thereare twopossibilitiesto beconsideredin attemptingto explain the

mechanismof additionréactionsbetweenoxygencompoundsand nitrogen

compounds. In thesystemsofanhydrousammoniaandalcoholsdescribed

by the fusioncurvespreviouslygiven,the questionis whether the com-

TABLE8TABU! 9

ttmnce Mzmxa r(M uoM pE)t
WtMT Mtttt CBMT AMMOMA)- QCAt~TATtVB tNBMATtOM

AMOHOt- Cf OP !*(? MOM fM Of OMMCtATMtt OF

AMOBO. COU- ceKT AUMONt*) COMPOOND
MWMB

~Mr«< t~f~<
C. C.

f Propyl -127 -77.1 1.4 Rehttvetys~ht

Primary { Butyl -89.8 -60 1.3 Rolatively elight

ïsobutyt -108 -M.! 1.9 RetattvetyBtight

Isobutyt -85.8 -7t.9 0.1 Relatively more

than in pMeedinc

Second- case

afy Mcotxtar~Butyt –114 7 –60 0.8 Relatively more

than in preceding
case

Tertiary <er<t<tr~Butyt 25.5 –43.9 Lésa than 0.1 Retattvety high

pounds are formed by amtnoaia adding to thé oxygen of thé alcohol as rep-

resented by this générât reaction:

H

ROH + HNH~ R–O–H

NHt

or whether thé a!cohot adds to thé nitrogen of thé ammonia in this manner:

H H

1
H–N + ROH=. H–N–OR

1
H H H

It bas been thought by severat workers (3) m thé ne!d that compounds

are formed between a number of types of oxygen compounds such as a!co-



FU8MM CCRVEN FOR AMMONtA-AMOHOt* SYSTEMS 3t7

hôte,ethers, aMehydea,ketonea,and acidscombiningwith both organio
andinorgaBicacids.

The oxoniumtheory attempts to explainthe meehanismof compound
formationin thèsecasesby consideringthat combinationmaybedueto the

basioproperttesof oxygen. The ending"onium"indicatesbasicproper-
ties. Manyoxygenreactionscanbe explainedif the valenceof oxygenis

consideredgreater than two.
E!emeat8nearoxygenin thé periodiosystemshowbasicproperties,for

example,iodinein phenyï iodideis able to add another moleof pheny!
iodideformingdiphenyliodoniumiodide,whichonbeingtreatedwithsilver

hydroxidegivesdiphenyliodoniumhydroxide,a strongbase. Sulfurgives
a bMiosubstanceiDthe compound(CHa~OH. Thesefaetahelpsupport
the oxoniumtheoryby indicatingthat the elementsnear oxygenin the

periodiotableshowbaaicproperties.
In the systèmeatudied,consistingof at<!ohoband anhydrousammonia,

wehave in the aloohoboxygenwhichmayfunctionas oxoniumoxygen
andin the ammonianitrogenwhichmayreaotasammoniumnitrogen.

Ammonia(4) in someoaseabehavesas a saturatedsubstance,sinceit
doesnot combinewith morehydrogento formNH<or NH<. In somo
casesit showsunsaturated properttes,in that it combinesdireettywith
watertoformammoniumhydroxide.

Rupert (5)showsthat ammoniaformswithwatertwo compoundsboth

freezingat -79"C. Onecompoundis formedbythe additionof onemole

Qfammoniaandonemoleofwater. Thepropertiesof a solutionofam-
moniam waterindicate that thesepropertieswouldbe representedby a

substancehavingthe formulaNILOH. Thiscompoundcouldbe consid-
eredto beformedin this manner:

H H

NH,+H~+OH--(NHJH~+OH-=NH<OH NONNH.+B++OH- <NH.)H++OH-NH.OH NOR

/t
H H

Rupert'ssecondcompoundbas the composition,2NH;'HiO or (NH~O
and couldbecaUedammoniumoxide. Additionin this compoundcanbe

representedasfollows:

NH, +HOH+ NH,° NHtONHt

Ammonia(4)atsocombineswithhydrochlorioor otheracids to formsa!ts.

H H H
(

H–N+HŒ N–Ct

H H H
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In thistypeofreactionammoniaiaableto addonlypairsofunBkeatoms
orgroupawhiohshowa contrastto eachother. It isnot ableto add a pair
ofcMorinoatomeor a pairofhydrogenatome. Oneof the charaoteristica
of this type ofvalencechangeis that oneof the atomsor groupaaddedis
alwayscapableofsplittingoffasa negativeion,leavingthéother atom or
groupasa part of the positiveion. Anothercharacteriaticproperty ia the
faet that the additionréactioncanbeoasilyreversed. In the case ofam-
moniumhydroxidethe reversaito ammoniaand water takes place so
readilythat it is impossibleto isolate the ammoniumhydroxideabove
-79''C.

In thecaseofammoniumoMoridetheunionismuchmorestable anddie-
soeiationintoammoniaandhydrogenchlorldetakosplaceappreoiaMyonly
at highertemperatures.

Thistypeofvalencechangeshownbyaitrogenin ammoniacompounda
is not generallyshownby other elements,but is dennitety shown by
severalmembersofthe nitrogenfamuy,atsoby oxygen,sulfur,and iodine.

Waterformewithhydrogenohloridethree (6)unstablehydrates. The
monohydratemaybeindicatedas

H H
\)

0–Ct

H

Thisisanalogousto theformulaforammoniumchloride

H H

\t
N–Ct

/t
H H

The hydrate of hydrogenchlorideis much more easily decomposed
than is ammoniumchloride. It maybe that the onlydifferencebetween
theunsaturationshownbyammoniaandthe unsaturationshownby water
is in the degreeofstabilityof the products. That is, thesalte formedby
theactionofacidsandammoniaare stableand forman important ctasaof

compounds.But the productsformedby the additionof acids to water
and similaroxygencompoundsare so unstable that they have been ne-
glected.

CombinationsformedthenbyadditionstoammoniaarecaHedammonium

compounda;thé correspondingoxygencompoundswhiehare much lésa
stableare knownas oxoniumoompounds. Othersubstanceswhichshow
similarpropertiesare knownas phosphonium,arsonium,stibonium, sul-

fonium,and iodoniumcompounds.As a group they are referred to as
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"oxonium"compounds.AUhâve the generai characterMticsshown by
theammoniumcompoundsio that: (1)theyare formedby theaddition of
a positiveand a negativegroupto somecompound;(2) oneof the groups
addedbreaksoffas a negativeion; (3)thé additionproductsare unstable
andmaydissociateagainintotwodefinitecompounds.

In order to provethe type of additionof alcoholewith anhydrousam-
moniasomeof the propertiesof the compoundswouldhaveto be deter-
minedioorderto decidewhetherthecompoundsareofthe generaltype

H H H
t \t 1

R–O–H or N–OR
1 /i
NH, H H

or possibly,

R
1

H–N–OH
/t

H H

Theprimaryatcohobresembleeachotherin propertiesmorethan they
resembleeither thesecondaryor tertiaryalcohols,that is, eaohtnemberofa
c!assresemblesothermembersof thesamectass. Therefore,it is not sur-
prMngto find somedifferencesin the relativedissociationof the alcohol
ammoniacompoundsformedwiththe threeclassesofalcohols. As shown
in table 9, the relativedissociationof the compoundsformedbetween
anhydrousammoniaand the primary,secondary,and tertiary alcohols
usedin thèsestudiosis in thefollowirigorder: primaryaicohols-ammonia,
relativelyslight dissociation;secondaryatoohoia-ammonia,slightlymore
dissociated;tertiaryalaohola-ammonia,dissociationrelativelyhigh.

aCMMARy

1.The fusionourvesforsystemsof ammonia-propyla!coho!sand am-
monia-butylalcohob,togetherwith similarcurves previouslyobtained
for the Systemsammonia-methylalcoholand ammonia-phenol,indicate
verydefinitelythe formationofa compoundin eachcaseconsistingof one
moleof the alcoholandonemoleof ammonia,each compoundhaving a
congruentmeltingpoint.

2. Thecurvefortheammonia-ethylatooholsystemindicatesdefinitelya
oompoundC~tHtOH-NHtwith a congruentmeltingpoint and seems to
indicateanother(C~H,OH),.NH<(a),but tbiswasnot definitelydetermined.

3. Théfusionourvesforthe systemsammonia-tertiarybutylalcoholand
ammonia-phenolare notassmoothas the others. At someplacesit can-
notbedefinitelystatedwhetherothercompoundsareindicated.
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4. Thedissociationof theammonia-ataoholcompoundsformediNin thé
order: primary atcohol-ammonia,relatively andissooiated; seoondary
alcohol-ammonia,slightlymore diesoeiated;tertiary alcohol-ammonia,
relativelyhi~tlydissociated.

5. Avalueforthemeltingpointof sec<MM&t~butyl alcoholwaanot found
in the literature. The meltingpoint as determinedby the method used
iBthi8Worki8-114.7''C.

6. The ammonia-alcoholcompoundsmay be oxonium or ammonium

complexes.
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INTRODUCTION

The settingofa gelofhydratedsilica,or a eilicicacid gel as it is com-

monlyoalled,fsaSected,amongotherthinga,by the concentrationsof the

sohtttons,the type of siUcate,the temperature,the pH of the mixture,
and the présenceof additionalsolublemateriaïa. Several investigations
are being conductedin this laboratoryuponthe effeotsof aomeof these
factorsupon the time of set. In coaneotionwitha study of the effectof

the pH of the mixtme, the ideasuggesteditselfthat measurementsbe

madeuponthe pH of mixtMrescontainingcertainadditional sotuteasuch
as ammonia,théamines,pyridine,andcertainothers.

ïn thia paperare presentedsomeof our typioalresults. The effectof
the changein the pHof the mixtureand thé spéculeeSects ofcertainsub-

stancesare ehown. Anattemptbasbeenmadeto explaincertainof these

resulte.
The gel mixtureswerepreparedby mixingsolutionsof sodiumsilicate

withdilute aceticacid. Suoha processproduoesin the mixturesodium

acetate togetherwith excessacetioacid. A possible,though aot prac-

ticable,wayofavoidingthe présenceof thesesolublematerials basalready
beenpointedout by Hurd andLetteron(1),that is, to start witha pure

suspensionof oolloidalsilicicaoidin water. The results of Wemer (2)
and Kroger (3)showthat the removalof the last traces of electrolytesis

impossible, It is a!soobvioualyimpossibleto determine the time of set

correctly.
The resultsofvariousatudiesreportedin theliterature on the eSectsof

addedmateriatson the time ofsetof the gelaredifficultto interpret, be-

causein generalthe speoinceffectof the solutehaanot beendistinguished
fromthe indirecteffectduetoa changein the pHofthe mixture. Wemay
mentionhereonlyafewoftheresultsreported.

Theadditionof strongbasesbasbeenfoundto prevent the formationof

a gel,in faet, solutionsofsodiumhydroxidewillpeptizean alreadyfonaed

321



322 CHABM8 B. BPRO ANDBAN!B!<H. CARVER

silicioaoidgel. ThéeSeotof weakbasesis lésa pronounoedthan that of

strong bases. The effectof ammoniawas studied by Bhatnagar and
Mathur (4). Varionscompounds,includlngammonia and pyridine,were
studiedby PrasadandHattiangadi(5). The latter determinedthe pHof
theirmixtures. Thèsecompoundsworefound to aooeleratesetting.

Theeffectofexcessacidbasbeenconaideredby manyworkers. Wemay
mentionHohnes(6), Prasad and Hattiangadi (7), Masohke(8), and

Pappada (9). Excesaaoid bas beenfoundto inoreasethe time of set,
althoughHolmes,andlater Hurd andLetteron, have shownthat at high
aoidconcentrationsthe time of setdecreasesrapidly, until at veryhigh
acid ooncentrationssodiumsilicatesolutionscannot be mixed with the
acidtogivea olearsolution.

Theeffectofsaitsonthe timeofsetbasbeen consideredby a numberof

workem,inoludingPrasadandHattiangadi,Pappada, and Werner.
The enects of variousunionisedsolutes have been atudied,among

themthe aloohols,atudiedby Prasadand Hattiangadi, and certaingoms
andaugars,inveatigatedby WulfandPraetorius (10).

The generalimpressionreoeivedfroma.survey of the titeratta-eis that
the additionofbasesto an acid gelmixturehasteas the setting andthat
excesaacidsretard the setting. Theeffeotsof other solutes havenot in

generalbeendividedintotheir eifeotonthé pH of the mixturesandtheir

specinceffecte.

BXFEMMEtfTAI.

The déterminationofthe pH in colloidalsolutionsbas been thé subjeet
ofmuehstudyand ofvohMninousdiscussion. The systemunder investi-

gationhereinvolvesa colloidalmaterial,namely colloidalsilioioacid. In
simiiarsyatemaPrasadand Hattiangadi(7) have measured the pH by
meansof an indicatormethod. Theynote in their discussion,however,
that the turbidityof the gelmixturecauseddiSoulty in determiningthe
colorof the indicator,and a!so that the alcohoiic solutionaffectedthe

settingofthe gel.
A studyof thé variousmethodsbas led us to the beliefthat the quin-

hydronemethod wouldprove the most applicable, espeoiaBysinceno
alkalinegelswereto be studied A study of gels formed fromalkaline
mixturesbas led us to believethat suchgelsdinef considerablyfromthe
gels producedfrom acid mixtures. We have, accordingly,limitedour

studyto acidgels.
A seriesof determittationsof thepH of gel-formingmixturesfromthe

timeofmixinguntil afterthe timeofset, using the quinhydronemethod,'
bas shownthat onlya negligiblechange,if any, in the pH of typicalaeid

TheseexperimentawereperformedbyMr.D. P. Roehmat UnionCollegein
1931-1932.
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mixturesofvarioussodiumsilicatesolutionswithexcessaceticacidocours
fromthe timeofmixinguntilafter the gelbasset. As a furthercheokon
the quinhydronemethod,comparisonsweremadeof the pH valuesob-
tainedonportionsofthesamemixturebythequinhydronemethodandby
the use of a specialg!asseleotrode-vacuumtube potentiometercircuit,
using a Mcinnesaad Doleélectrode.~The agreementwaawithinthe
limiteof experimentalerror. No doubt there is a possibilitythat the
quinhydronemayhavea specmceffecton the time of set. The timeof
set and the pH wereacoordinglydeterminedon portionsof the same

mixture,noquinhydronehavingbeenaddedto the portionuponwhichthe
timeofset wu detennined.

The time of set wasdeterminedas foUows.The correctamountsof
solutionsweredrawnfrombottles whichhad been standingfor at least
severalhoursin a waterthermostat. Theyweremixedin a 100-cc.Pyrex
Grimnbeakerwhiohwasstandingin the thermostat. The time of set
wasdeterminedbythe tiltedrodmethoddesoribedby HurdandLetteron
(~). ThemethodeonBis<aof insertinga smallstirring rodintothé gelat
an angleofabout20' to theverticaluntilthégelisBtMFenoughto holdthe
rod in ite tUtedposition. The g!aasrod is about3 mm. in diameterand
about8cm.long,drawnoutto a stubbypointandSre-poUshed.

ThéeSectaofammoniumhydroxide,of methyl-,dimethyl-,andtrimethyl-
amines,ofpyridine,andofanilinewerestudied. The sodiumsilicatewas
"E" brand, PhiladelphiaQuartsCompanysilicate ït wasdilutedwith
distilledwater. Thé concentrationwas determinedby titration with
standardsulfuricacidusingmethylorange,givingthe sodiumhydroxide
equivalent. Fromthisand the soda-aijicaratio suppliedby themaker,
the concentrationin équivalentsof sodiumhydroxideandgrain-molesof
silioaperliter werecaleulated. The aceticaoidwas preparedfromJ. T.
Baker c.p. acetioaoidby dilutionwithdistilledwater. Its streng&was
determinedby titrationwith standard sodiumhydroxide,usingphenot-
phthaleinasan lndicator.

The ammoniumhydroxidewas preparedby dUutingGrasseBic.p.
ammoniumhydroxide(sp.gr. 90). The methylaminewaspreparedand
purinedin our laboratory. The other amineswere purchasedfromthe
EastmanKodakCompany,the dimethylaminein the formofthehydro-
ohloride. This aminewasset free by distillationfrom a solutionof the

hydrochloridewith excesssodium hydroxide. The strengthaof the

BythecourtesyofMr.B.W.NordlanderoftheResearchLaboratoryofthe
GeneralEteetiieCompany.Theapecialapparatuaemployedinthisdetermination
isdescribedinaninterna!reportofthéResearehLaboratory.

ThewriterewiehtothankthéPhiladelphiaQuartzCompanyfortheircourtesy
insupplyingnotonlytheeitie~teusedin thiareMarchbut aleoinformationcon-
ceminganalyais,compositionoftheeflicate,andothervaluabledata.
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dilutedammoniumhydroxtdeandthe aminesolutionsweredeterminedby
titrationwithstandardBuKuricaoid, uaingmethylorangeas an indioator.

The anilineand pyridinewerefresMyfedistiMedand madeup aecurateiy

by weight.

TABLE1

The~<e<ofweak6<MMo~theMmeo/ M<and<AepH<~M~<«fMe/«)<KwMtt'hca<eand
ece~cecffta<.?~'C.

Theresultsobtainedonthetime of set ofthe mixturesofsodiumsilicate

and acetioacid with varying amounts of ammoniumhydroxideor the

variousaminesaregivenin table1. Thévaluesforthe pHofthemixtures

asdeterminedbythequinhydronemethodarea!sotabulated.
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Therésultaaho~n in table 1 are plotted in figure1. The effectof the
sixweakbasesis ahowngraphioa!!y,the decreasein the timeofset being
gfaatestfor trimethy!amineand least for aniMce. Fromthe fourourves
for the trimethylamine,dimathylamine,methylamine, and ammonia,
togetherwiththe pH data, there is a smaU,thougheasilyevident,epecinc
eSeothere. Theeffectofthe trimethylamineisevidentlythegreatest.

We havenot found aqueoussolutionsof pyridineto showan effectas
noticeableas that reportedby Prasadand Hattiaagadi.~We wore unaMe

S~' t~MTMM~<"<~a<Ew ~eniM~HTM ~–––––––~

Fïa.1.E~ser or VAMOuaWBAKBABBsupoMTHBTant or St:

to makepHdeterminationsbymeansof the quinhydroneetectMdem the
CMeof the additionof anitine,becausethe anilineand the quinhydrone
appMent!yreMtchemica!Ïy.

Wehave abc attempted to analyzethe effectof a typicalester,ethyl
acetate,whidiwasfoundto retard the setting of a silicicacidgel. Four
seriesof déterminationsof the timeof set weremade,all at 22°C.,and all
<taingthe sameamountsofsodiumsilicateand aceticacid. Thefirstseries,
table2 (1),containedinereasingamountsof ethyl acetate;the secondcon-
tained extra amountsof acetio acid equivalent in concentrationto the
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cthylacetate of table 2 (1); the third seriescontainedamountsofatcohol
equivalentto the ethylaoetate of table2 (1); and the fourthoontained
amountsof aleoholand extra acetic acid each equivalentto the othyl
acetateof table2 (1),inother words,theproductsof the oompletehydro!-
sisofthe ethylacétateoftable 2(1).

Theresultsin table 2showthéeffeotofthe additionofethylaoetateand
the produotsof its hydrolysisMparatolyand together. Theeffectof thé

ethyl alcoholi9 obviousiypractieaUynegtigibieat thèse concentrations.

TABLEZ2
yAeeffectofethyl<Me<a<eandthep)'odt<e<<<~<&<~fe~tM <~<<Ay{eee<a<ealM"C.

ConcentrationsconstantthroughoutMeMMtowa:NaOH,0.396:StOt,O.aM;
CH.COOH,0.454.

Bothetbytalcoholandextraacetieacidareaddedandtheconcentrationofeaoh
isasgiveninthiacotumn.

Theextra aceticacidbas the eSfectofgreatlytaereasingthe timewhether
aloneor in the presenceof its equivalentof alcohol. Thé ethylacetate,
therefore,apparentiysupplies extra acid, beinghydrolyzedin the acid

environment,the extraacid mereasingthe timeofset.
We have an examplehere, therefore,of a type of compoundwhich

causesa changein the time ofset becauseit suppKeamoreacidto the gel
mixture. Whether the ethyl acetate as such giveaa apecinoeffeet ia

impossibletoaay.
In the next portionof the work, a atady wasmade of the effectof a
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seriesof typioal organiocompoundsuponthe time of set. An ahphatic
alcohol,an aldehyde,a ketone,a hydrooarbon,a augar,and gtyoerinewere
investigated. Thèse substances were added to thé acetto acid before
mixingwith the sodiumsilicate. Table 3 ahowsthe effectsof theaesub-
stances. It wii!be noted that the hydmoarbon,benzène,is present in
verysmallamount,becauseof its slight solubilityin water. It wiUa!so

TABLE3
~<!< f<0!« Of~WcCMtpCttMtaon the<tMM<~M<0)t<<onthePHae~"C.

CMMentrtttionaconstantthroughoutare as follows:NaOH,0.396;SiO,.OM4-
CH,COOH,0.4M.

be noted that the alooholconeentrationahereare muchhigherthan those
involvedinthe studyof the effectofethyl acetate.

Therésultaof thèse six setsof data in table 3 are showmKraphicaNyin
figure2.

An analysisof the effeotsofethyl atcohol,acetaMehyde,acétone,ben-
zene,canesugar, and glycerinemay be attempted as followa. The ben-



328 CKABt.BS&.HCRDANCDANÏBttH. CABVBB

zenemayoniybe added in suohminutequantitiestbat it is not aarpïMog
that webavefound no appMenteffeot. It may be conotuded,however,
that beMene,if it possessesany speoiaoeBectonthe timeofset, doesnot

possesaa large one. The caneMgtttshowsan eNeotwhiohia prfteticaUy

negligible. Gtyeerineshowsa slighteffect. It shoutdbe noted that the

maxuaumconcentrationof caneaug&tobtainedwas0.26molar,whilethe

glycérinereached3.04molar. The eSeoton the pH by thèse eompounds
wasa!soahownto beverya~ght. Théeneotsofethylaloohol,Metf~dehyde,

"0 <.0 M
Of SOLUTE

30 40
eoKCMr<MnoK of Mtfïc

Fm. 2.Emzoro? So~orneTjMttTBBTumoy Sm*

andacetoneupon the pHofthesesodiumsilicate-aceticacidmixtureswhen

addedup to concentrationsof 3 to 4 molarareseento be negligiblewhen

measuredby the quinhydronemethod. The eSectson the time of set,

however,are perfeettyevident. Eachonelengthensthe time ofset, and

the effectof the acétoneiagreater than the effecteof the other two. The

effectsof these compoundsare apparentlyspeci&c,sinceno changeof pH

couldbe detected.

It willperhapebo possiblein the futureto correiatethèse TesuKswith

the resultsofother investigatorsonotherpropertiesof these gelmixtures.
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SUMMABY

TheeSeetsofaddedsolutésonthe timeofsetofgelmixturesproducedby
mixingsolutionsof acetic aoid and sodiumsilicatehave been studied.
Anattempt hasbeenmade toseparatethe speoifieeffeetsof thocompounds
themselvesfromthé effeetswhichthey produceby changingthe pHof the
mixtures.

Ammoniumbydroxide,methyl-,dhnethyt-,and trimethyl-amines,pyri-
dine,and anilineupto 0.04 M decreasethe timeofset mainlybyincreasing
the pHofthe mixture. There is,however,aspeoiSceffectapparent,great-
est inthe caseoftrimethylamine.

Atypicalester,ethylacetate, apparentlyincreasesthetimeofsetchiefly
becauseofaceticacidset free duringacidhydrolysisoftheester.

Caneaugarandglycerinehavelittle effecteitheronthe timeof setoron
the pH. Benzeneshowsno eSeot,althoughits very lowso!ubi!ityprac-
ticaUypreotudesanysavea veryunusualeffeot.

Ethyl alcohol,acetatdehyde,and acétoneshowpraeticaUynoeffectupon
the pH, but showconsidérableiapecifioenectsin increasingthe timeofset.
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INTRODUCTION

In earlierpapers on the subjectof the eolubilityofgasesin metals,one
ofus (F.M.G.J.) (1), in oollaborationwithE. W.R. Steade, basdiscussed
the solubilityof oxygen andof hydrogenin silver. The présent paperia
concemedwith the solubilityof oxygenia goldand in certaingold-silver
alloys.

Little iaknown of the solubilityofoxygenin gold. The early workof
Graham(2)indicated an absorptionof0.006vohaneofoxygenpervolume
ofmetal. LaterwotkeM(3)obtainedcontradictoryresulte,whiohmaybe
partiy expMnaMeby surfaceenècts. Boneandhiacoworkers(4)obtained
someevidenceofthe ocdueionofoxygenbygoldwire,but the experimental
conditionsweresuoh that théconclusionthat appredaNeamountsofoxygen
are'absorbedappears somewhatdoubtful.

Thesolubility of oxygenin alloysof the noble metala bas reoeived
smaUattention. Someobservationsofa qualitativenatureare to befound
in theearlyliterature. SievertsandKrumbhaar(3)studiedquantitatively
the solubilityof oxygen in alloysof goldand silver,in the moltenstate,
at 1123"C. So far as is knownto us, no quantitative workon thesolu-
bilityof this gas in solidsilver-goldalloysbas beenpubtished.

APPABATT8

Theexperimentalmethodwasthé aamein prinoip1eae that desoribedin
detail in previouscommunications. Aknownvolumeof gas is introduced
into a calibratedailioabulbof about 10ce. capacity,whichcontainsthe
metal foilunderinvestigationandwhichisconneotedto a mereurymanom-
eter. Atany température thé pressureof the gasin the bulb canbecal-
oulatedbythe gas laws. Ifany absorptiontakesplace,the observedpres-
sure willbe less than the caloulatedvalueand thé differencebetweenthe
two pressureswill be a measureof the amountofgaswhiehbas beendis-
aotvedby the metal.

At thé conclusionof an experimentalrun, the gas is pumpedoutof the
bulbandmeasured. Thisprocédureaffordsa cheokon the apparatusand
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eliminateserrorsdue to incomplèteevaouationof the metal. Allexperi-
ments in whiehthe volumeof recoveredgasdifferedfromthat originally
admitted to the bulb werediscarded.

Temperaturesweremeasuredby a constant-volumenitrogenthermom-
eter consistingof a silicabulb of approximatelythé same size as that
containingthe metal underobservation. The two bulbswereplacedaide
by side in the fumace, any temperature variations in differentrégions
being thus automaticallycompensated.

When a freshsampleof métal waaplacedin the bulb the temperature
wasraised to 850-900'C.and kept there for sixhourswhilethe bulbwas
evacuatedby meansofa condensationpumpbackedbya Toeplerpump.
Thereafter during the succeedingexperiments,extendingin most cases
over montas, thé températurevaried betweentbat of the roomand 850-
MO"C. Anycrystalstraincausedby the oold-rollingof themetalintofoil
must have beendestroyedby this treatment.

With the exceptionof someminor changesthe apparatuswasidentical
with that alreadydescribed(la).

MATEMAM

CommerciaUypure goldwas further purifiedby the methodof KrUss
(5). The metal was then fusedunder boraxin a silicatube, cteanedby
scrubbing withsand, and rolledinto sheetsabout 0.15mm. thiok. Two
samples of gold were employed,having volumesof 1.32and 2.89 cm.*
respectively.

The silverusedfor thépreparationoftheaUoyswaspurifiedbyamethod
due to Stas (6)and preparedinthe sameformas the gold.

The alloyswerepreparedby weighingout the calculatedquantitiesof
purified goldand silver and fusing the mixture in a silica tube. When
fused,the metalwas thoroughlystirred witha silicarod,allowedto soltdify,
cooled, cleanedwith sand,and rolled intosheets. Alloysof 5, 10and 20
per cent ofgoldwereemployed,the volumeof metalbeing2.66,2.76,and
3.60 cm.' respectively. Onesampleof each alloy wasinvestigated.

Nitrogenand oxygen,obtainedfrom cylindersof the compressedgas,
were purifiedby the usualmethodsand storedoverphosphoruspentoxide.

EXPERIMENTALRE8UI.TS

At the conclusionofthe experimentsthe variousmetalashowed,onex-
amination, little evidenceof change. No surfacechangescouldbo ob-
served in the yoM(secondsample), although it had lost 0.03gram in
weight. The edgesof the foilhad sintered togetherand thé probability
ia that the small loss in weight is due to evaporation. The silver-gold
alloys had developeda crystallinesurfaceand the evaporatedeilverfrom
the aUoycontaining5percentofgoldhadimparteda slightbrowniahtinge
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to thesttica. A small!oB8in weightoccurred,with partialsintenagof the

edgesof the foil.

~So!MMMyofnitrogen

No measuraMeabsorptionof nitrogeneither by goldor by the three

alloysof gold and silver,over thé temperature range 200-900"C.,was

found.

<S'oh<M~of 0~6'eM

A. fm gold. Pre!immaryexperimentsusing a Pyrex bulb indicateda

smaUsolubility,oftheorderof0.01volumeat MO''C.andundera pressure

TABLE1

SolubilitUofo~M~in6'oM(«tMp!eB)in a st<<'coeppefahMoommmy <~fic~ert !T<~OK*~tt~pte tH a etttco «pperama

TZWBBATOM!fBtMexE AMOmïtOtt TtittFBNATOBBMBmpaE AtMXMtf'HOtf

<<er«*C. cm.Bt m<«et«por ~<trtMC. cm.Hg tofxmMper
Totam~ Mtww

COO 14.0 0.002 760 ?.9 0.007

M.4 0.000 68.4 0.005
30.7 0.006 700 28.1 0.006

850 13.9 0.002 33.3 0.010
30.1 0.006 68.6 0.003
M.7 0.010 61.2 0.007

800 29.6 0.006 600 66.3 0.002

36.1 0.010 67.9 0.008

61.0 0.006 63.2 0.007

64.8 0.004 560 11.9 0.009

65.3 0.008 26.9 0.014
70.0 0.003 600 61.0 0.003

760 18.2 0.002 66.4 0.007
28.8 0.006 400 27.7 0.011
34.2 0.002 60.6 0.002
89.6 0.006 320 46.2 0.001

of60cm.ofmeroury.Thesolubilitydecreasedwithdeoreasingtemperature
and pressure, but the magnitudeof the absorptionwas too closeto the

expérimentâterrorofthe apparatusto atlowof satisfactorymeasurement.

It appeared possiblethat at highertemperaturesand pressuresthe effect

mightbecomemeasuraMe,and aecordinglyfurther experimentswerecar-
riedout, usinga silicabulb. In this secondseriesof twelveexperiments,
thepressurevariedfrom10to 70cm.ofmercuryandthe temperaturefrom

300"C.to MO"C. Thesolubilityas measuredby thèse experimentswas

amalt,in nocaseexceeding0.014volume,but varied irregutarlywithtem-

peratureand presMMe,owing,m part, to the highpercentageerrorof the

apparatus. The resultsare givenin table 1.
Thesefiguresindicatethat oxygenisabsorbedby goldto a sma!Iextent,
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TABLE9
Vo!«Mofo( ~er~ Valuesof P aw<Q

AMoyNo. 3: 20per cent gold,80per cent sHver
_TempetataMMO''C.loga 1.136

f 0 t
(CAtecMMB)

M7 0.043 0.486
M~ 0.060 0.486
MS 0.063 0.478
M.3 0.090 0.473
?.2 0.099 0478
93.6 0.117 0.474

TABLE S

SetNMKty(M!woM<per fo:«me e/ <ne«)<)of M~~ in ~Mf-~eM ot~

_AUoy
No. 1; 6 per cent ~o!~ M pet cent silver

SS ~J~J~J"L-J~L~"L.J~

_i~~J~_±~J~o~o.M'e~o~'
em. "–––'–––

10 0.039 0.<MO 0.<M8 O.M3 0.<M8 0.049 0.<M30.047 0 (?0 0 ?6
20 O.OM O.OM O.OM O.OS3 0.061 O.OM 0.06Z 0.072 0.088 0110
30 O.OM 0.066 0.063 0.060 0.070 0.076 O.OM 0.089 0.109 0 !?
40 0.0610.0600.0660.096O.M80.086O.OM0.10601M0100
60 0.0960.0640.0690.0710.0830.0930.1020.1190.1440180
60 0.0690.0670.0610.0740.0880.1000.1130.1320.1600 !?
70 0.073 0.0700.0630.0780.0980.1070.1230.14401720316
80 0.0760.0730.0960.0810.0960.1120.13ZO.t640.1860.236

TABLE 4

~MtfMMy(volumeper cotwtM<~M«<t!)<~M~M' in s~fe~-coM aM<~<

_Attoy
No. 2:10 per cent. gctd, 90 per cent eilver

~-M MO «N MO M MO
JWJM~

M W'C.IIIIIIII

_°~L-°~-J~°~°~
em. ––––'

5 0.044 0.043 0.039 0.033 0.0!!9 0.022 0.0180.0220.0290039
10 0.0460.0430.0400.0370.0360.0310.0270.0330.0420066
M 0.0460.0440.0420.0420.0430.0430.0400.0490.0610083
? 0.0460.0440.0420.0460.0480.0630.0600.06200760103
40 0.0470.0460.0440.0470.0620.0690.0690.07200880120
? 0.0480.0460.0450.0490.0660.0660.0680.0820.1000136
60 0.0490.0460.0460.0600.0680.0710.0760.09101100160
M 0.0490.0460.0470.0620.0610.0770.0820.10001190164
M 0.0490.0460.0470.0630.0630.0820.0890.1070.1280176
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whiohprobablydoesnotexceedone-hundredthof a volumeat 900"C.and
under atmospheriopressure,and is consequentlynot much!&Fgertbaa the

experimentalerrorofthémethod(0.002volume). Theresultsobtainedare
not whollyconsistentwitheaohother, andalthough manyexperimentewere
made in an endeavorto obtaingreater preeMon,it wasfoundimpossible
to reproduoeresultsat a giventemperaturewithinthe knownexperimental
error. The dimoultyoannotbe whouyaacribed to thé large percentage
error of thé meaaurementa;there appearstobesomeotherfactorentering
into thesolubilityrelatiouahip.Whether, however,this isa surfacephe..
nomenon,or hystérésisdueto the thermalhistoryof the metal or to some
other obscurecause,cannotboeluoidatedwithout further investigation.

TABLE6

<?o<«MK<p(volumepervolume<~<)«<«<)<'fMMe" <«<wf-ooMaMo~e

At!oyNo.3:20percentgold,80percentsilver

m 4- 1 au 1 1_

At!oyNo. 3: 20per cent goM, 80 per eent eilver

Ku*- f-MO !M «M M ace 6M MO TM <M MO M(~CMNB ––––––– –––– –––– –––– ––––– –––– –––– –––– ––––– –––– ––––
t-o.Mt o.tM e.Mt e.tM o.)M e.ae e.4)< o.sM e.<M e <?< e «o

em.
M 0.063 0.049O.O~O.OM0.0470.04t0.0280.0260.026O.OM0.041
20 0.068 0.083O.ON0.0630.0620.0470.0370.0330.0370.047O.OST
30 0.061 0.069O.OM0.0660.0660.0630.0440.0390.0460.0670.070
40 0.063 0.0680.0660.066O.OS80.0670.0600.0430.0510.0660.080
60 0.066 O.OM0.0670.0670.0610.0600.0660.0470.0670.0720.088
60- 0.066 0.06!0.0680.0680.0620.0630.0600.0610.0620.0790.097
70 0.061 0.0620.0690.0680.0640.0660.0630.0640.0870.0860.106
80 0.069 0.0640.0600.0690.0660.0670.067O.OB70.0710.0900.113

Theresultsshow,however,that there is a smallabsorptionofoxygenby
gold,althoughnothingcanbededucedas to the variationof the solubility
with temperatureandpressure. The comparativeinsotubilityof oxygen
m goldestablishedbytheeemeasurementsisin agreementwith the results
of Sievertsand Krumbhaar(3).

B. Zft<t&oH aBoys. The eolubilityof oxygenin silverhas been
ahownto be proportional,at any 6xedtemperature,to the square rootof
the pressure,and this relationshipcan be representedby the equation

0 = <~

whereQis thé solubility,expressedas volumesofgaspervolumeof metal,
P is the pressure,and thecoemoienta dépendson the temperature.

Thé solubilityofoxygenineilver-goldalloyshasbeenfoundto conform
to thia equationonlyat highertemperatures,but the expression



336 f. J. TOOLiS AND F. M. 0. JOHN80Nwv a, v..v~au~. A" r. ua. v. Vvssi·IiVi7

Q=«p*

adequatelyexpressesthe resultsoverthé wholetemporaturerangeinvesti- ·

gated. In thisequation,the exponentk iaequalto at aUtemperatures
abovea certain"critical"température(700-750"C.),whichappearsto be

independentof thé compositionof the aMoy. Belowthis température,&
deoreaseswith deereasingtemperature. The expérimentalresultswere
obtainedby fixdngthe temperatureat thé desiredpointandmeasuringthe

solubiNtyunderpressuresofoxygenvaryingfrom8 to 80cm.ofmercury.
If the logarithmof the aoïubuityis then plottedagamst the logarithmof
the pressure,the 8lopeof the resultantatraight line givesthé valueofk
for that temperature,whilethé intercepton the y-Mdsta a measureof

loga. By insertiDgthesevaluesin the equation,the soluMutyat pres-
suresof5, 10,20, etc., cm.can beoa!eu!ated.

Tables3, 4,and 5givethevaluesofthe solubilityofoxygenin the three

alloysinvestigated. To UhtBtratethe constancyof&,table 2,in whichP
is thé aotuat pressureof the gas and Q thé correspondingsolubility,ia
inserted.

D!BCMMO~ OF BESUMP8

SolubilityofM~M M~ey-~oMaKoys

Thevariationof the solubilitywiththe pressureofoxygeniBillustrated
infigures1and2,takenfromthe resultsobtainedwithan alloycontaining
10percentofgold. At températuresabove700"C.,thé solubilityisap-
proximatelyproportionalto the square root of the pressure (t =' ~),
whilebelowthis températurethe exponentkdecreases,althoughtheourve
remainsa straightline. Thisstatementappliesto ail threealloysinvesti-

gated,withthéreservationthat mthe caseof the alloyrichestin gold(20
percent) the "critiea!"temperatureis higher,viz., at 780"C.

The variationof solubilitywith temperature is shownin figures3, 4,
and 5. In figure3 is inoluded,forpurposesof comparison,the curveof

sohtbuityofoxygenin puresilverunder a pressureof 80cm.ofmercury.
It willbe seenthat thé so!ubilitycurvesof oxygenin this alloyshowa

generalresemblanceto thoseof thesystemoxygen-silver,but onlyat the

higherpressuresandfor temperaturesabove400"C. Belowthis tempéra-
ture the sotubilitydoeanot increaseso markedlyas in the latter syatem.
Inspectionof the curvesforthe pressures40,30, 20,and10cm.reveabthe

graduaiappearanceofa minimumat 700°C.in the solubilityourve,which
at 40cm.Isa mereiMiectioninthecurve,but at 10cm.isstronglymarked.
It willabo be notieedthat the minimumfound to exist in the solubility
of oxygenin silver ie indicated,in the caseof this alloy,at the higher
pressures,but disappearsas the pressureof the gasdimmishes.

The curvesof solubilityversustemperature for the secondalloy(90
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~C' /?/KMM*

Fia. 2. VABIATMM Of SOLUBILITY WITII PRESSURE AT TEMPERATURES BELOW 7M°C.

Silver 00 per cent; gold 10 per cent
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percent Ag, 10percentAu; figure4)exhibita minimumat 700*'C.in a

morestronglymarkedfonn, and bereit doeanot disappearat the higher

~OC J<Bf ~'Of J«' et~ <t~ <

TSayMmii~w

FM. 3. VARiATION 0)~ 8ot.UB!HTT WtTH TBMPEBATUM

Silver 05 per cent; gold 6 per cent

TABLE 6TABLE 6

AmnrttOMBBa coMKMtnoo A MBMtxopMW

A~MC. <<<wreMC.
1 MpercentaMver: 5 per cent gold 1<MO 970

2 90 per cent silver: M per cent gold 980 980

3 80 per cent silver: 20 per cent gold 1026 1010

pressures. The-dmwimg-togetherof the curvesat low temperaturesis

a!somorepronouncedthan in the alloyricherms!lver,and thereiano indi-

cationof the minimumat 400"C.,evenat a pressureof80cm. With the



SOLUBtU'fY 0F OXYGNN tN GOLD 3~

FtQ. S. VAtMA-nott Of So~UmUTY WtTH TEMfEttATUttN

Silver 80 per cent; gold 20 per cent
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third alloy(80percent Ag,20percentAu;figure5),the 400'C. minimum

is aiso completelyabsent. The inflectionin thecurvesat the highertem-

perature,however,bas developedstillmorestrongly. The ourvesbelow

500'C.arehererepresentedaaparalleltothetemperatureaxis,whichmeans

that for the temperatures600-200"C.the solubilityresults foreach pres-
sureare thé sameforall thèsetemperatureswithintheexperimentalerror.

As mentionedbefore,the difficultiesofestablishingthe logabsorption

versuslog pressurecurvefor temperaturesbelow400"C.have made thèse

resultslessreliablethan thoseat highertemperatures;for this reasononly
the extremepressurevaluesare drawnin theourvesrepresentingthe varia-

tion of solubilitywith temperature,the othervaluealying within these

limits. At thesetemperatures,thémostthat canbesaid is that withthé

two alloysrioberin gold (alloyNo. 2,alloyNo.3),the solubilityappears
to approacha value of about 0.05volume,whichis the same for both

aUoya. Withthe alloyrichestin silverthere is someindicationthat for

higher pressuresof oxygenan inoreasein the solubilityvalue takos place
from 4(!0''C.to 200"C.,a behaviorwhichis similarto that of.pure silver

(figure3). Theeffect,however,is verymuchless,evenin this case, than

waafoundwithsilver.

The relationshipbetweensolubilityandtemperaturefor the three aUoys
ofsilverandgoldexaminedis thusa complicatedone. Abovethe tempera-
ture at whiehtheminimumoccurs,theourvesforallpressures,in therange

investigated,are parallelforeachalloy. Belowthis temperaturecompli-
cationsareadded,and it isheneenot possibletoexpressthe results for all

temperaturesbya conciseequation. Fortempératuresabovethé "critical"

temperature,the equation

M <)

has beenfoundto hold. Here, Q is the solubility,t the températurem

degreesCentigrade, a coefficientspecincfor each pressureand each

alloy, and Avaries between980"C.and 1040°C.as shown in table 6.

The valueof Athus approximatesto themeltingpointof the alloy. This

is in agreementwith resultsfor the systemoxygen--silver(1).
Thevariationofsolubilitywithconcentrationofgoldin thealloyisshown

for the temperature800''C.in figure6, in whichthe valuesfor the solu-

bilityofoxygenin puresilverare takenfromSteacieand Johnson'sresults.

The changeof solubilitywith concentrationfor the eight pressures10

to 80 cm.formsa familyof smoothcurveswhich,for this temperature,
can be expressedby the equation

--=.J<f,(C+6.7)
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whereC is the concentration(per cent)of gold, and thé coeBicient
varieswith the pressure.

Simuarcurvesforothertempératuresandpressuresaregivenin figure7.

GENERAt.DISCUSSION

Solubilityof oxygenin M~oM aN<~<

Theexperimentalrésultahavebeensummaritiedin theforegoingsection,
and the effectof variousfactors on the solubilitybas been discussed.
Abovea certain "eritical" temperature, wbichapparentlyvaries with
the concentrationof gold,the factorsaffectingthe solubilityof oxygen
in the three aUoysexaminedappear to be the Bameas those prevlously
foundto conditionthe solubilityof the gasin pure silver,i.e., the solu-

bilityis proportionalto the squarerootof the pressure. Asthe tempera-
ture is reducedbelowthe criticaltemperature,however,this relationship
nolongerhotds;the exponentk in the equation

Q= «P*

becomeslésa than and decreaseswithdecreasingtemperatureto an ex-

tent varyingwith the compositionof the aUoy.
The behaviorof the solubility-pressurerelationshipis reSected in the

soiubiiity-temporaturecurves,and is partly responsiblefor the innection
inthe ourvesat theso-catledcriticaltemperature. Thisdipismostmarked
at lowpresaureaand becomesmorestronglydefinedwithincreasingcon-
centrationof gold. The ourvesrepresentingthe solubility-temperature

relationshipfor the solubilityof oxygenin silver exhibita minimumat

400°C.;belowthis temperatureand aboveit, the solubilityincreases,but

remainsfor a!l temperaturesrelated to the pressureby the expressionQ
= aP*; no trace of any variation in theexponentof P with temperature
wasfound. It appear8to be established,therefore,that the form of the

curvesconnectingsolubilityand temperaturefor thesethreea!!oysis due
to the presenceof gold.

The measurementsof the solubilityofoxygenin puregoldshow that a

smaUabsorptionof the gasoccurs,whichappearsto decreasewith decreas-

ing temperatureand pressure. Anyadmixtureof this practically inert

metalwithsilverwouldthereforebeexpeotedto diminishthe solubilityof

oxygenaccordingto somesimplefunctionof the concentrationof gold.
That it actuallydoesso at high.températuresis shownby the equation

1 x, tc+ ~x~K,(C+6.7)

whichapplies only at temperaturesabove those at wbichirregularity
appears in the solubility-temperaturecurvesfor the différentalloys.
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It has beensuggestedthat the minimumin thésolubility-temperature
curvesforoxygenandsilvormightperhapsbedueto the changefromone

allotropiefonn of silverto another,or to a changein the mannerof com-
binationwithoxygen. In a similarway,it couldbe arguedthat the form
of the solubility-temperaturecurvesforoxygenin thesealloysisoausedby
the formationofsomecompoundofgoldandsilverwhiehisstableonlyat
temperaturesbelow750°C. To thissuggestion,however,therois the ob-
jectionthat ail the measuredpropertiesofgold-silveralloysshowagraduai
changeas the concentrationchanges,and giveno indicationof any in-
terruption in the curve, suchas wouldbe causedby the existenceof a

compound. Thus Holgersson(7) in an x-raystudy of gold-silveraUoys
by the Debye-Scherrermethod,foundthat the length of sideof the unit
cubeMverynearlya linearfunotionof theatomiccomposition. Measure-
ments of the physicalpropertiesof the aUoys,suchas specifieheat, etec-
trical conduotivity,eto., all support the conclusionfrom freezingpoint
data that these twometals formno compound.

Theviewthat the existenceofthis"oriticat"temperatureisduetochange
in the crystatstateofthe metalisnotaocepted. Anystrainsin thecrystal
lattice causedby cold-workingof the metal wouldbe eliminatedby the
heat treatment incidentalto the expérimenta;and the completelyrepro-
ducibleresultsbelowthiscriticaltemperatureshowthat graduâtrecrystalli-
zationcanhave littleeffeetonthe solubilityofoxygenin thesealloys.

Theeffectof sM~oce

It is possiblethat the irregularitiesin the solubility-temperaturecurves
are due to surfaceeffects.

If it beassumedthat the truesolubilityfausoffuniformlywiththe tem-

perature,in the mannerindicatedbythe solubilityof oxygeninsilver,that
is, with a minimumat 400°C.,belowwhichthe solubility increases,and
if it be furtherassumedthat, as the temperatureis decreasedbelow750-

700"C.,surfaceeffectsbeginto appear,rapidlyincreasingbelow700"C.
untit 600"C.orsois reaehed,thenan apparentsolubilitycurveof the form

aotually obtained would result. This is shown diagrammaticallyin

figure8.
Lackoftimehaapreventedthe investigationofmorethan onesampleof

each alloy. Certain déductionscan, however,be made fromthe results
obtained. The metalwasusedin the formoffoil,rolledto a thicknessof
0.1mm. Thesurfacecan thereforebe calculatedfromthe massofmetal,
its density,and the thicknessof the foil,but manyfactorsaffectthe cal-
culation. (1) The thicknessof the foil variesin differentplaces. (2)
The foil, after beingused for a time, developsa crystallineappearance,
whichindieatesa largelyincreasedsurface. (3) Distillationofthe metal
takes placeto someextent to the wallsof the silicabulb.
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The surfaceof the metalas cahauatedfromthevolumeand the thiok-
nessisaffectedbytheseuncertaintieeto anextentwhichisquite unknown,
and whichmighteasilyvitiateanyattemptedcontrolof the surfacearea.

If, however,thèseuncertainfactorsarenegteoted,a numenca!ca!ou!ation
willshowthat the surfaceofthemetalmayacoountfora considerableap-
parentsolubilityof oxygenin thé aMoy. In the expérimentaonaUoyNo.

3, the volumeofmetalwaa3.60cm. its thiokaess0.01cm. henceitecal-

culatedsurfacewaa720cm.~ The volumeof the bulb and dead space
was approximately10 cm.' K we adopt Langmutr'stheory of a uni-

JFtU.C0

molecularlayeras the maximumamountofgaswhichthemetal canadsorb

on its surfaceand assumethat at the lowertempératuresthe surfaceie

saturated, thonthe numberofmoleculesadsorbedoa the surfacecanbe

catculated.
The radiusof the oxygenmoleculeia 1.5 X 10'~cm.;hence its (pro-

jected)area ia7 X 10'" cm.' Thenumberof oxygenmoleculesadsorbed

ona surfaceof720cm.'ima unimolecularlayeris, therefore,10". Bythé
gaslawa,thisnumberofmoleculea,in a spaceof10cm.~in volume,would

exert,at 0°C.a pressureof0.28cm. At highertemperaturesthe pressure
wouldvaryaccordingto thelawofCharles,andat200"C.wouldbeapproxi-

mately0.5 cm. Hence,at 200"C.the gas tao!ecutesadsorbed in a eom-
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pieteunimoleoularlayeronthe surfaceofthe metalwouldcausea pressure

dropof 0.5 cm. This corresponds,usingthe constantsof the apparatus
!nthecaseof thisparticularalloy,to anapparentsotubilityof0.01volume
ofgaspervolumeofmetal. Theapparentsolubilityasmeasuredisabout
0.05volume,whieh,taMnginto accountthe very approximatenature of

the calculatedvalueand the fact that part of this apparentsolubility is

undoubtedlydue to true solution,is of the same order of magnitude.

Furthermore,the crystallizationof the metal surface,and the distillation
of the metal to the wallsof the bulb, wouldhave the ecectof largely in.

oreasingthe surfaceareaof the metal,andhencethe pressuredrop due to
theadsorbedmolecules.

Theformof the truesolubilitycurvebelow400"C.wouldaffect the ob-

servedcurveto an increasingextentas the pressureis increased,whilethe
effeotof adsorptionwouldremainconstantfor thé rangeof temperature
wherethesurfaceiscompletelycoveredwitha layerofmoleculesof oxygen.
In themost favorablecase,the inoreasedsolubilitydueto increasingpres-
suremight oventually,at higher temperatures,mask the surface effect

altogether. This is apparentlyso in thé caseof aUoyNo. 1, where the

minimumat 700°C.disappearsat higherpressures;whilethat at 400"C.,
on the other hand,developsas the pressureis inoreased.

It may perhapsbementionedthat the assumptionofthe persistenceof

surfaceeffectsup to the comparativelyhigh temperatureof 7SO"C.is not

withoutcorroboration. Langmuir(8) foundthat tungstenwire adsorbs

appréciableamountsof oxygenup to a temperatureof 3000"C.,whileat

1200°C.the surfaceof the metal is saturated.

8UMMABY

Thesolubilityofoxygenin goldbasbeenmeasuredovera wide range
of temperatureat variouspressures,andbasbeenfoundto beof the order

of0.010volumepervolumeof metalat the highest temperature(900°C.)
andpressure(70cm.of mercury)employed.

The solubilityof oxygenin three silver-goldalloyscontaining5, 10,
and20percentofgoldbasbeenmeasuredat temperaturesbetween860'~C.

and200"C.,andunderpressuresof from5to80cm. Abovea certain tem-

peraturethesolubilityisproportionaltothe squarerootofthepressureand

is relatedto the temperatureby the equation1/Q = Xt(~i – t), whereQ
isthesolubility,t thetemperatureindegreesCentigrade,and Athe melting

pointof the alloy;the solubilityis a functionof the concentrationwhich,
foreachtemperature,can beexpressedby the equation1/Q = (C +

5.7),whereCis the percentageconcentrationofgoldin thealloy. Below

this"oritioal"temperaturetheapparentsolubilityisrelatedto the pressure

bytheequationQ = oP*,in whiohk diminisheswithdecreasingtempera-

ture the relationbetweensolubility andtemperature,and that between
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solubilityand concentrationof gold, are complicatedby the appearance
of minimain the ourves.

Anexplanationof the solubilityphenomenaat temperaturesbelowthe
so-called"critical"temperaturehas beenadvanced whichdependsonthe

assumptionofsurfaceeffects. Thiseffectofsurfacearst becomesapparent,
as the temperatureis decreased,at the "critical" temperature.

Nitrogenis insolublein goldand in silver-goldalloysofthe composition
investigated.
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KeeetMdSeptmberC,MM

INTRODUCTION

In an earlierpaper(1)évidencebasbeenpresentedfor thé existenceof
threesolidsolvatedpolyiodidesof potassium:KI~'HzO,KI~'H~),and a
compoundcontainingbenzène. Eaohofthesecompoundscontainssolvent
ïnoJeouleawhiehareapparentlypart ofthéconstitutionof thesepolyiodides,
for on the removalof combinedsolventthe polyiodidesdecompose,e.g.,
thedehydrattonof the triiodideby PtO~(2).

KI,.H~)–––~ KJ[+1, + H~

Thia,and otherexperiments,besideindioatiagthat the combinedsolvent
is part of the constitutionof these polyiodides,showthat solidunsolvated
polyiodidesof potassiumare unstsHe, sad do not exist at 25"C.and 1
atmosphèrepressure.

Whilethe earUerpaperwas m the press,BancMft,Schererand Gould
(3),froma aurveyof the literatureand additionalexpérimenta,ooncluded
that potassiumpolyiodidesdennite~ do not exiatat 28°C. They failed,
however,to considerthe possibilityof solvation,which is apparentlythe
key to the problem,and their resultswheninterpreted in this light are
actuallylargelyin agreementwith theexistenceof<o~<t<ed'polyiodidesand
in completeagreementwith ours as to the non-existenceof unsolvated
polyiodidesof potassium.

Someof their mostcriticalexperimentsmay be reinterpreted. That
(4)in whichpotassiumtriiodide,preparedby Johnson'smethod,Is shown
to exist in equilibriumwith an aqueoussolution of potassiumiodide
containing65.19percentiodine,is in excellentagreementwithour results
(6), whichshowKI~-HtOto exist in equilibriumwith aqueouspotassium
iodidesolutionswhoseiodinecontentmaybevariedbetween62and66per
cent. Thisexperimentindicatesthat KIt-H~Ois a. stable phasein this
systemunderthèseconditions.

Theexperimentalpartofthiapaperwaacaniedoataspart ofthérequirements
forthedegreeofDoctorofPhUosophyat theRoyalCottegeof Science,Umverettyof
London,andoompletedinJuly,193!.

t CommonwealthFeHow.
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Bancroftand his associâtes(6) quote someanalyseson three différent

preparationsof potassiumtriiodide,from whichmother liquorhad been
removedby dryingbetweenfilterpapersand whiohgavea potassiumiodide
to polyiodideiodineratio of 1.002and totaNed(KI + I,) 94.78per cent
(whichisveryctoseto KI~'HtO). Afterobtainingthèseresultswhichindi-
cateKl) EM),they quotetwoanatysesonwotsoUdwhichhadnotbeendried
betweeaS!terpapersand whichgavea différentpotassiumiodideto iodine
ratio than the above. ït is then suggested that drying betweenfilter

papersisresponsibleforthiadifferenceand that a largeerroris introduced

by foUowingsucha procedurefor the preparationof samplesforanalysis
and that this error acects au previoueanalyseswMchhad indicatedthe
existenceof so!idpotassiumtriiodide. However,their analysesof the
undriedwet solidonly total (KI +1:) 79.3 and 76.2per cent, or over20

percentofwater(bydifférence). Ourresults (1)showthat K~-H&0does
notexistinequilibriumwithmorethan8 per centofwaterat 25"C.,sothat
it appearsveryprobablethat the abovewet solidwasonlypotassiumiodide
wetwithsolution. This indieatesthat the différencein potassiumiodide
to iodineratios,for the driedand undriedsamples,didnot liein the differ-
encein treatment,but that in the nrst case Kjb'HtO wasthe soM phase
whileimthe other the solidwas onlypotassiumiodide,so that Johnson's
methodofanalysislanot discredited.

Thefailureof theirx-raymeasurements(7)to showany linesother than
thosedueto potassiumiodideisdiSicultto underatandandtheexpérimenta
shouldberepeatedemployinganatysedsamplesunderveryoarefullycon-
troUedconditions,for, as bas beenshownearlier,the triiodidedécomposes
at a low temperature,and potassiumiodide is the aoliddécomposition
product.

OTHEB SO~VATBO TOLYÏODÏDE8

Othersolidsolvatedpolyiodidesof the alkalimetab are known:ElBr~'

HtO, NaICU2H<0, LiIC!<'4H:,0,and HIC!<-4H:0 (a hydrogenpoly-
halide)havebeenreportedby WeHsand Weeter(8),Cagliotti(9),Cremer
andDunoan(10),and others. Thenml twoofthe abovepo!yha!ideshave
beenshownto exist in both the hydrated and anhydrousstates, while
the hydrogen eompoundand the polyiodides of potassium appear to
existonly in the solvatedstate (i.e,,the combinedsolventappeaisto be
essentialfor theexistenceof thesecompoundsin the solidstate). In view
of thesesolvatedpoÏyhaUdesit seemedof interest to investigatefurther
the alkalipolyiodideswhichhave been reportedin the literature,paying
particularattentionto the possiMityof solvationand the conditionswhich

favortheformationof suchsolvatedcompounds.
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THREB80MDPOLYÎODtDESOFOBSnOt

Twosolidpolyiodidesofcesiumhavebeen preparedfromwatersolution
andtheircompositionstudiedby Wellsand his associâtes(11)and others.
OrnecompoundwasdeSnitetyshowntobe the triiodide,whiletheotherwas
Cratbelievedtobe a pentaiodide. Briggs,GreenawaM,andLeonard(12a),
andBriggs(12b)fromstudiesof the ternarysystemiodine-eesiumiodide-
water, and of the binary system iodine-cesiumiodidehave shownthe
higherpo!yiodideto be a tetraiodide(Csl<)and not a pentaiodide.

Rae(13)froma studyofthe rate oftossof lodinefroma fusedmixtureof
iodineand cesiumiodide,oversodiumhydrojdde, Sadaa abarpchangem
thetossourvewhenthe compositionofthe8oM correspondswithCal<.

Abeggand Hamburger(14)studiedthe ternary systemiodine-cesium
iodine-benzeneat 26''C.,employingmethodssimilar to thoseadoptedwith
potassiumiodide. Tbree ternary invariant solutionswere found which
werecomideredto beinequilibriumwith(1)(M and Csl,, (2)Csl<andCsit
(orCsit) (3)Csl. (or Cslj) and Csl.. These results,whileagreeingwith
thoseofotherworkersfor the triiodide,f~M~feeregarding&ecompe~'oKof
thepolyiodideintermediatein iodinec<m~n<,and an ~aeaMKMeMreported,
wAteAhasft<~Èee~found other~c~a~ef~.

The expérimenta!data from whichAbeggand Hamburgerdeducethe
compositionof the intermediatepolyiodideare io rea!ityin favorof thia

compoundbeinga tetraiodide rather than a penta-or hepta-iodide. In
theirtable 12(15)the mostconcentratedtemary invariant(0.563N) was
shownto exist in equilibriumwith so!idswhose compositionmight be
variedbetweenCsl,.e and Csl9. Whenthe soud phasehad reachedthe

compositionof the enneaiodideno furtherohahge in its compositionwas
notedwhilethe solutionwasraised to 1.04N (saturationwithrespectto
iodinebeing1.09N). This indicatescesium enneaiodideas the highest
polyiodidepresentat the invariant 0.663~. This invariantwas,however,
obtainedwhenthe solidphase had a compositionCaï~, whichindicates
that the intermediatepolyiodidecontainslésa iodine than a pentaiodide
(sincenomixtureofCsieand Csit couldproducea compositionûf Cslt.e).
Theirtables13and 14 (reference14,pages423 and 424)are similar,and
showthat at the next lowerinvariant (0.170N) the twosoMspresentare
Csitand a compoundricherin iodinethan the triiodide. Theseexperi-
mentsthereforeindicate that the intermediatepolyiodidecontainsmore
iodinethan a triiodideand less than a pentaiodide-i.e., is a tetraiodide,
whichagréeswiththe conclusionsofBriggsand his associates.

AbeggandHamburgerappearto havebeen inBuenccdin the interpréta-
tion of their own results regardingthe compositionof this polyiodide,
partly by the workof Wellsand hiscoworkem(8), whohad reporteda

pentaiodide,and alsoby the analogywithrubidium and potassium(since
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they had obtained heptaiodidesof these two motats). They therefore
assumedthat the césiumcompound must be either a penta- or hepta-
iodide,without consideringthe possibility of a tetraiodide. Indeed a
tetrahalidedoeenot seemprobable, for in the analogouscompoundsthe
total numberof hatogenatomsis odd--e.g., Csia,CsB)~,CsIBr,,Csld~,
CsICL,etc.; this tetraiodide!9the 6rst compoundwhichapparentlycon-
tainsan evennumber. AlthoughBae (16)bas reportedevidenceindicat-

ing the existenceof cesiumtetrabromide, Cretnerand Dumoan(17) in

experimentsshNitarto thoseof Rae foundno evidencefor a polybromide8
morecomplexthan CsB~. Considering the apparenttmiquoneœof the
tetraiodideit seemeddésirableto study it further andin particularto de-
terminewhetheri<:containedcombinedsolvent(as thiaseemeda possible
explanationof its unusualcomposition),andat the sametimeto checkthe
tri-andonnea-iodides.

PBBPABATMM OF CE8ÎOM MNDB

Cestumchloridewaspreparedfrom nnetygroundpoHucite,foUowingthe

prMeduredescribedby Hamedand Schupp(18). Thechloridewascon-

vertedto the acidsulfateby beating stronglywith sulfuricaoidma plati-
numdish. The sulfatewas removed by the addition of thé calculated

quantity of fresMy reorystaUizedZHaI~'ISH~O.Evaporation ofthe
Sitratoyieldedcesiumiodide,whichwaafurtherpurifiedby onerecrystàm-
zationfrom water. This produot was dried,at firstgentlyand then at

200*C.,and groundto a powder. Dupficateanalyses(as silver iodide)

gavean iodinecontentcorrespondingto 99.81and99.87por cent of that
ofpurecesiumiodide.

CEStUM TBI- AND TEntA-JONNS

Samplesof cesium tri- and tetra-iodides were preparedfrom water

solutionby the methodsoutlined by Briggs,Greenawald,and Leonard

(12a). Samplesof each,plusa minimum quantityofmotherliquor,were

placedm weighingbottlesand tosa of moistureover phoaphoricoxide
dotennined. In eachcasea steady loss (about0.1gramperday)wasmain-

tainedas longas motherliquor was presentand then the tossdropped
suddentyto practicallynothing(0.0002gramper day)at whiohpointspeci-
menswereanalyzedfor moisture by the completemethoddescribedear-

tier(1). The resultsinneithercase showedmorethan0.10per cent moia-
ture to be présent, whichindicates that these two polyiodidesexist un-
solvatedand that they do not fonn stablehydrates. The meanof two

analysesfor the higherpolyiodidegave Csl, 40.68percent;polyiodideI:,

Sincethis workwaacompletedHMTM(J. Chem.Soc.M92,1CM)hasdemon-
atrtttedtheexistenceoftheinterestingcompound2KBrt-3H)0,whiehcontainsan
evennomberofhalogentttonM.
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59.24percent (0.08percent H:0); and a CsI to 1.ratio of 1:1.49,which
is in goodagreementwlth Csf 1.51~.

THE SYSTEM MDME-CB8!CM ÏODtOB-BENZBNE AT 25"C.

Experimentswerecarriedoutina mannersimilarto thosewithpotassium
iodide(reference1,page605),withtheexceptionthat the containingbottles
werenot rotated,butmerelyimmersedup to the neekina thermostat:thë
lack of stirring,causedby the absence of rotation, did not appear to
materiaHyaffecttherateofattainmentof equilibrium,siacerateofreaction
at the solid liquid interphaseseemsto be thé governingfaetor in thé

respect. The state ofsubdivisionof the solidphasewasfoundto be the

TABLE1
Theformation< MK<<peiyttxh'dMo/cesium!'ythereMOf«<ff MtHe/roMt&6Mctte

solution

"MB ttOtUMUTiT B*M NCMAUTÏ

E~MthMBt No. t Beafteae, M co. ExMritnont No. 2 BetMete, !<? ec.
Cil. a.MOMM h. 7.06 gram CM, 2.01 KtanN h, tM7 gr<nm

0.2 0.960 7 0.936

U 0.475 M 0.872

18 0.435 19 O.M2

M 0.416 26 0.782

36 0.400 40 0.740

M 0.399* 55 0.710

–j–––––––––––––––––– 70 0.705*

EtMtfmentNo.! 3 Btntene.Moe.
CH.Mt~n.

8

h. M~gMtBt

12 0.770

22 0.747

33 0.743'

Equitibrhmtvalue.

cbieffactorinfluencingthe rate of reaction. The alkaliiodidewaathere-
foregroundto a veryfinepowderbeforethe expérimentawerecommenced.

Theinvariantsolutionsia equilibriumwith the solidphaftM(1)Col,Csl~
and (2)Csla,Csitwereredeterminedand valuesof0.00338N and0.170N,
respectivety,obtamedat 25"C. These values are almost identicalwith
thoseobtainedby Abeggand Hamburger. (~V/lOOthiosulfatewas em-

ployedin determiningthe lowervalue).
Table1(seealsofigure1)contamathe data concerningthe preparationof

thecesiumpolyiodides.Inexperiment1whenequilibriumwasestablished
thesolidphasehada compositionCsï 1.5 Is (by synthesis),whileinexperi-
ments2 and3the sofidphasepresentat equilibriumhadaniodideto iodinc
ratio very closeto 1:4.0. Samplesof each of thé polyiodidesprepared
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in this manner wereptaced m isoteniscopes(describedearlier) and the
benzenepressuresmaintainedat 25"C.determined. Neither the tri- nor
the totra-iodidemaintaineda constant benzènepressure,while analyses
ofthe samplesshowednocombinedbenzèneto beprésent. Thetotraiodide

gaveCal40.32percent andpolyiodideiodine69.62porcent,orCsï 1.611~
which conSnas the composition of the unsolvatedtotraiodide. The

enneaiodide,on theotherhand, maintaineda constantbenzenepressureof
32 mm., ehowingthé presenceof oombinedbenzene. This pressure was
maintaineduntilnearlyaU the benzenehad beenremoved,for as soonas
the pressurefeU appKoiaMyanalysisshowedthe sampleto contain 99.8

percent iodineplusiodide.

To determinethe number of mo!ec<desof combinedbenzène,samples
ofthéenneaiodidewereplaced in isoteniacopeaandbenzenestowtyremoved

until the constantpressureof 32 mm.waaSfat reached,and then the iso-

teniscopeswereopenedand the samplesrapidlytïansfen'edfor analyaia.
Five tmatyseaonthe two preparationsof the enneaiodide(experimenta2

and3, table 1)gaveconcordantresults,indicatingthiacompoundto hâve
the compositionCaIt-l.SCfHe~Le., 2CMt-3CMBt.Two typioat analy-
ses,bythe uauatmethod,gavefor thepercentofCal,18.61and 18.68,mean

18.63;polyiodideiodine73.58 and 73.26,mean 73.42and (by difference)
7.95per centbenzène;this correspondswith C8l:4.03Iit:1.42C<H<.

These results support the existenceof two unsolvatedpolyiodidesof

cesium,Ca~ and C~, and the enneaiodidesolvatedwith benzene. The
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equiubrhtmconditionsat 2S"C.of these three compoundsin the temary
Systemin whichbenzeneis the solventare indicatedin figure1.

80!,H) POLYtOCÏCBS O? RUBIDIUM

WellsandWheeter(8)preparedrubidiumtriiodidefromaqueouesolution,
whileFooteandChalker(19),froma atudyof the ternarysystemiodine-
rubidiumiodide-waterat 25"C. found only the tniodide. Abeggand
Hamburger (14) Btudiedthe temary system iodine-rubidiumiodide-
benzeneat 25*0.andfoundthree invariantsolutionswhtohtheyconsidered
to be in equilibriumwith(1) RM and Rblo,(2) Rbl, and Bbï,, and (3)
RH<andRMerespootively.From analogywith theresultsobtainedwith
eeaiumand potassiumit seemedmostprobablethat the rubidiumhepta-
and ennea-iodides,whichhad not been reported in the aqueoussystem,

TABLE2

Thepreparationcjfpo!~o<KdMofrubidiumatM°C.

_B~T* JMBttMtTT CtTtB «OttttAMtT

EttBerhn~He.t1 B«)MM,Mc<t. ExpethoetttNo.:3 BmMMe.H~KM.e.Mgmm !t~emmt) t~t gt<MM t.. M~gMmtI, a.soa~n le.s.sa#Mau lUJt t.ao srama It. 12ji
crama

10 0.400 11 1.070

20 0.400* 18 1.050
–––––––––––––––––– M 1.030

E~~M~M~
Il

&MiM.y.M<M. M 1.02S
RN.UN~ t.t.M~m..

50

8 0.900

M 0.804
17 0.774
M 0.768
40 0.767'

EquUibdomvalue.

wouldbe foundto containcombinedbenzène,and that they owedtheir
existenceto thia fact.

RuMdiumiodideof reagent quatity was obtamed fromHopkinsand
Williamsand an attemptwas made to prepare the three polyiodidesre-
portedby AbeggandHamburger,employinga methodsimilarto that used
in thé caseof 2 Cal, 3C.H,(de<BUsin table2). la experimentNo. 1at

equilibriumthe solidphasecoMistedofRbI and !t in theratio1:1.00,i.e.,
Rbl:. Someof thiamaterialin an isoteniscopemaintainedno constant
benzenevapor pressure,while analysis showedno combinedbenzene.
(ByanatyeiathissoUdhadthe compositionRM 0.991;.)

Experimenta2 and3 (table2) are in agreementwiththeresultsofAbegg
and Hamburgerand indicaterubidiumhepta- and ennea-iodides,respec-
tively,as theaolidphasespresentat equilibrium. Measurementaat 25"C.
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showedthese two compoundsto havevery nearlythe eamebenzenedis-

sociation pressures, being 61.5 and 60.0 mm., re9pective!y;however,
measurementsover a temperaturerange indioatedthat thèse two oom-

poundshad independentdissociationpressureourves. From the equilib-
riumdiagram,figure2, it is seen that the heptaiodide,on the ïomovalof

benzene,breakadowninto tritodideplusenneaiodide,whichaceountsfor

the heptaiodidehavingthe higherbenzenedissociationpressureat 25"C.,

althoughat this temperatureit basthe loweriodinedissociationpressure.
Combinedbenzenewasdeterminedby différencebythe usuatmethod.

For the heptaiodidewerefound RM, 18.52and 18.67,mean 18.69;li,
68.40and 68.71,mean68.65;total 87.14;benzene,12.86per cent; this

r~ u

correspondswith Rbl:3.081<:1.88(~Ht,or RMr2C.Ht. The enneaiodtde

gave on analysisRbI, 16.53and 15.31,mean 15.42;It, 73.12and 73.68,
mean73.40;benzene,11.18per cent; thia correspondswith RH:3.98It:
1.97G& or RM,.2CA.

The invariant sotutioaawhen(1) RM, and RMr2C.Ht and (2) RMr·

2C<HtandRHe 2CtB~werethe solidphasœ,wereredeterminedandmean

valuesof0.680and 0.782tespective!yobtained,whichdonot agréetoo well

with0.690and 0.790N ofAbeggand Hamburger. Wemay tahoa mean

of the twodifferentsetsofobservationsas thebéatvalueswhichwouldgive
0.685and 0.786N.

Theseresults indicatethree solid polyiodidesof rubidium,oneunsol-

vated, Rbl!,and twosolvatedwith benzene,RM~CtHt and RM,-2C.H<.
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The equilibriumconditions of thèse oompoundsat 26~'C.are shownin
figure2.

The resuits obtained indieate the existenceof <M~~threeMKSo!K!<e~
polyiodidesof thealkali metats,the triiodidesofrubidiumand cesiumand
a tetraiodideof the latter. Thisshowsthe tetraiodideto be the highest
unsolvatedpotyiodideformedbythe alkalimetab at 25"C.

POTASSIUMENNBAIODIDE

TheresultsobtainedwithrubidiumandcésiumeonnrmAbeggandHam-
burgerthat enneaiodidesof thèsetwometabexistat 25"C.(bothcompounds
containing combined benzene). Abegg and Hamburger consider the
heptaiodideto be the highestpolyiodideof potassiumstableat 25"C.and
indeedgivesomeevidencethat ao enneaiodidedoesnot exist;however,a
closeexaminationof their workshowsthat their experimentswerenot
sumcientlycriticalto justify a definiteconclusionon this point.

The existenceof enneaiodidesof cesiumandrubidiumsuggestedthat a
similar compoundof potassiummight be formed. In one experiment
containing1.66gramsof potassiumiodide,16.16gramsof iodine,and50ce.
of benzene,the aormaiity of the solution (afterapproaohingequilibrium
for twomontas)was 1.03,so that the solidpresenthadan iodideto iodine
ratio of 1 to 3.9,while the samematerialgaveon anatysia(meanof three)
Kl, 11.53,1., 72.56, and benzene(by difference)15.90per cent, which

correspondswith KI:4.HI::2.94C.Ht or KI.-3C.Ht. This material at
25~0.hada benzenedissociationpressureof52mm.

The compositionof this polyiodideagréeswith that obtainedby Foote
and Bradbury(20). Foote and Bradburyfoundonly one solid temary
compoundKIt'SCeHein the systemiodine-potassiumiodide-benzeneat
25"C.and6"C.;however,theauthorbasobtainedsomeevidenceindicating
two temary compounds. Thestrongestevidencein favorof two ternary
compoundscomes from dissociationpressuremeasurementBwheretwo
differentconstantbenzenepressureswereobservedonremovalof benzene
(oneat 52mm.and the otherat 50mm.at 25°C.). Furtherworkisneces-

saryonthis point.
It should be mentioned that the experimentalmethodemployedby

Footeand Bradbury,wheretheyusedglassbeadsorporcelainchipswhich
in a shakergreatlyhastened attainmentofequilibrium,isprobablysuperior
to the methodof the author, forthey foundequilibriumattained in three

days (or less)whereasin the workdescribedhèreoftena matterofa month
or morewasnecessa.ryand eventhen onecouldnot bequitesure that true

equilibriumwasactually reached,the dimcuttybemggreatest in dealing
with the equilibriumconditionsof the mostcomplexpolyiodides.
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POLYIODIDES OP BODÏtJM AND ïtïTaiCM

The workof Abeggand Hamburger(14),inwhichneither solidsodium
nor lithium{odideremoveiodinefroma nearlysaturatedsolutionof iodiae
imbenzeneat 25"C.,indicatesthat nosoMpolyiodidesof thesetwometa!a,
either unsolvatedor solvatedwith benzene,exist at thh temperature.
From the generaltrend of the polyiodidesof the metab of higheratomio

weight it isnotsurprisingto findnounsolvatedpolyiodidesofeithersodium
or lithium (sincethereappeartobenoneofpotassium,oneof rubidium,and
two of césium). However,potassiumenneaiodidesolvatedwith benzene
is just a Btttemorestable than that of rubidium,so that it wouldappear
signiScantthat this stabilityis not continuedwithsodiumor lithium.

In dilutesolutionthe presenceof sodiumtriiodidehasbeen dedueedby
J. S. Carter (21) at 25"C.,whilein moreooncentratedsolutionshigher

polyiodidesare consideredalso to be present. In our study an aqueous
solution, saturated with both sodiumiodideand iodine at 28"C.,was

TABLE3

~<M<p<MofM<<t«M(ft~<xK<~

BOUBn.M AOBXMttNMMBtMU~OOB X'HBMUQOOB
'MMmaA'tDBBOf–––––––––––––––––––––––––––––––––––––––––––'––––––––––

MMfAttAttox Nal h BtO Nt! h H<0

<<<tMttC.
10.6 M.40 63.80 16.79 80.16 B3.46 M.81
M.e 30.32 63.81 1B.SO 30.10 68.4t M.61
11.6 31.02 63.47 16.63 30.42 63.72 16.89
11.6 31.12 63.40 16.63 30.42 63.72 16.89

Theory for 31.61 63.36 16.13
NaI,.4H~

evaporated s!ow!y. Twodistincttypes of crystalseparated;the one less
dense than the solutionwaashownto beNaï-2H<0,whilethe otherwhich
was more dense waa iodinealone. Simuar resultswere obtained with
lithium iodide. Theseexperimentsindicatethat anypolyiodidespresent
in solution at 25"C.am not stablein the soiidphase. Possiblyonemight
express thisanotherwayby sayingthat at 26*'C.thestableformof sodium
and lithiumhydrated polyiodidesmay benotsolid butliquid. This view-

point is supportedby thefact that KI~'H~Obeginsto meit at about31"C.;
so that above31"C.and atmosphetiepressuresolidpotassiumtriiodide
would not be found. Consequently,experimentswithsodiumiodidewere
tried at lowertempératureswhereit was thoughtthat a hydrated polyio-
dide mightbe stable in the solidphase.

An aqueoussolutionsaturatedwith both sodiumiodideand iodinewas

graduaHycooledfromroomtemperature,Iittle changewas apparent tiHa

temperatureof 11.8"C.wasreached,whenthe solutionbecamenlledwith
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fineMue-Maokneed!es,wMe the temperatureremained nearlyconstant.

By nrst coolingthe solutiondownto 12"C.and removingany iodineor
sodiumfodidewhiohseparated,it was foundpossibleto preparea fairly
homogeneouseampleof theneedies. Afterbeingfreedas mucbas possible
frommotherUquor(thecompleteremovalofmotherliquorbemgimpossi-
bledue to ita viscosityand the veryfinenatureof the crystals)the needies
meltedahnoatcompletelyat 11.8''C. Theanalyses(bycompletemethod)
forsomepreparationsare givenin table3.

Theseresultsshowthat at 11.6"C.motherliquorand the soMseparating
havevery nearly thesamecomposition;howeverthe soM isdighttyricher
in sodiumiodideandpoorerin watercontent. The mean compositionof
the solid separathtgat H.6'C. con-espondedto NaI:1.02l!:4.18H!0,
whiohis quite oloseto Naï<'4HiO.

Defmite proof of the existence(and composition)of 6otidhydrated
sodiumpolyiodideswassoughtin a phaserulestudy at 0"C. This study
wasattempted withoutusinga mechanicalshakerbecauseofthedimoutties
invoivedat that temperatureandsincetheequilibriumsolutionswerevery
muchlésaconcentratedthan in the case of potassiumpolyiodidesit was

hopedthat ahakingwoutdbe uoneceasary;however,equitibriumin the
solutionsriohestin iodinewaaapproachedtoostowlyto permitan aocurate

atudy in the time available. The results obtained are therefore not

quantitative, but ina qualitativemannersupportthe existenceof at least
onesolidpolyiodideofsodiumat 0"C.,thecompositionofwhichispossibly
Naï, 4H<0.

Simuarevenmorepreliminaryexperimentswithlithiumiodideindioated
the existenceof at least one solidhydratedpolyiodideof lithiumwhich
meltsabout 10°C. Theresultswithsodiumandlithium, whilenot being
sunîe!ent!ydefinitetostandalone,areof interestsince they fitin wellwith
the trend shownby the polyiodidesof the alkalimeta!s of higheratomic

weight, for potassiumforms low-meltinghydrated polyiodides,while
rubidiumand cesiumform no suchhydratedcompounds. In this con-
nectionone might be permittedto speculateregarding the existenceof

polyiodideaof hydriodioacid. Thoir existencein solution bas been
demonstratedby manyworkers. In the solidstate, however,none have
beenisolated. Consideringthe generalbehariorof the polyiodidesof the
atkaHmetab one might prediot that at a very low temperaturesolid

hydratedpolyiodidesofhydrogenmaybeisolated.

ÏMNBAIODÏDES THE HtGttEaT POLYIODIDES

Enneaiodidesof potassium,rubidium,and cesium have been kept m
contactwith iodinesolutionsin bemne whiehare nearly saturated (!.(?
N) withoutanyindicationofa polyiodidehighertban an enneaiodidebeing
formed. However,in the nearlysaturatedsolutionsit wouldbe dimcult
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to deteota slowchange. Theevidenoeis thereforenot quite conclusive,
but indicatesatronglythat the enneaiodidesare the most oomplexsolid

polyiodidesof thesethreemetalsunderthe aboveconditions.

The workofStrômholm(22),Geuther(23),ChattawayandHoyte(24),
and others,seemsto showthat enneaiodidesare the highest solidpotyio-
dides of the quatemaryammoniumsalts suchcompoundsas N(CH;)<L,
N(C:H)(CH~It andN(CtHt)<Iïbeingreported. Thesecompoundsare

alsoofinterestinthattheyareapparentlyunsolvated(althoughnocomplete

analysesare given),whilethehigherpolyiodidesof thealkalimetatsdonot

exist untess they containcombinedsolventmolecules.This difference

betweenpolyiodidesof the alkali metals and those of the quatemary
j

ammoniumsaltsmaybe explainedon the ~po<AeMscf relativeMntcS!zc.
)

Thishypothesis(discuœedindetailin a laterpublication)suggeetathat in

ioniccrystals (bothions monovalent)one of the factorsinSuenoingsta-

bility is relative iomosMe–greateratabilityoccurringwhen anionand <

cationare nearlyequalin radiusratherthan whenthey are veryunequal.
In the substitutedammoniumpolyiodidesthere is a large cation (e.g.,

N(CHi)<+)and aboa largeanion It", whereasin unsolvatedpolyiodides
of the alkalimetabtherewouldbe a verygreatdifferencebetweena smalI

metal ion (K+)andthe verylarge1.' ion. ThisdiSerencein aizemight
be moreor tessmadeup bythe packingof benzenemoleculesaroundthe

cation. Thisbypothesisissupportedby Csitcontainingoneandone-ha!f,

RM. two, and Kl. three moleculesof benzene,so that the amaHerthe

cation the greaterthé numberof benzenemolecules.However,sodium

andlithium(whichionsusuallymostreadilyformsolvatedoompounds)do

not formstablepolyiodideasolvatedwithbenzene. This failureofsodium

and lithiumwouldindicatethat the formationofpolyiodidessolvatedwith

benzeneby the otheralkalimetab didnot ocourthroughthe formationof

covalent links betweenalkali ion and benzenemolecules,but that the

benzenemoleculesareonlynecessaryto 611in thespacelattice. Energies
of formationof these compoundshave beenmeasuredby dissociation

pressuremethodsand found to be very nearlyzero, which is further

evidencethat thebenzenepresentis merelyfillingin the spacelattice,i.e.,
that thèsesolidpolyiodides(solvatedwith benzène)are ~[«Mecompounds.

Thisstudyshowsthat potassium(as is usual)ocoupiesa positioninter-

mediatebetweenrubidiumand césiumon the onehand and sodiumand

lithiumon the other. For potassiumformasolid polyiodidessolvated

witheitherwaterorbenzene(noneunsolvated),rubidiumand cesiumform

polyiodidesbothunsolvatedand solvatedwithbenzene(nonewithwater),
whilesodiumandlithiumprobablyform (at temperaturesbelow12"C.)
solidpolyiodidessolvatedwithwater (noneunsolvatedor solvatedwith

benzeneat 25"C.). In the interprétationof these dinerencesthereare

twodistinct factorsto be considered(a) the sizeormassof the alkaliion,
e
1

[
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(b) the nature of the Boivent.It is not inoonceivablethat some such
method as this may be of use in studying the propertiesof different
sotvents. Anx-rayatudyof thosepolyiodidesoontainingbenzenewould
be useful andmightleadto iaterestiogrésulta.

a~JMMABY

1. At 26'*C.and1atmosphèrethere areonly three true binary polyio-
didesof the alkalimetab,Rbï},Csla,and Cs~; the tetraiodideof césium
fathe mostcomplexbinarycompound.

2. The othersolidpolyiodidesof the alkalimetab reportedhave been

ehownto containcombinedBoiventand thepresenceofsolventisessential
for thé existenceofthesepolyiodidesin thesolidstate.

3. Ternarycompoundsinthesystemsiodine-a1ka.liiodide-benzenehave

beenahownto be: 2CsI.-3C.Ht,RMt.2C~a.,RblT.2C<Htandthat of the

highestpolyiodideof potassiumKIt-SCtHh. The mostcomplexternary

compoundsappearto beenneaiodides.

4. Neither sodiumnor lithiumform soMdpolyiodides,unsolvatedor

solvatedwithwaterorbenzeneat 26*C.,whileevidenceis presentedthat

at températureslowerthan 25°C.thèse two metab probablyform aolid

polyiodidessolvatedwithwater.
5. At 25"C.potassiumformaaolidpolyiodidessolvatedwitheitherwater

or benzene(noneunsolvated),rubidiumandcésiumformpolyiodidesboth

unsolvatedandsolvatedwithbenzene(nonewithwater),whilesodiumand

lithium probablyformsolidpolyiodidessolvatedwithwater(at tempera-
tures below12*C.)andnoneunsolvatedorsotvatedwithbenzene.

6. It is auggestedthat these différencesmay be correlatedwith (a)
relative ionicsizeand (b)thenatureofthe solvent(thirdcomponent).

The author wishesto expresshis sincèregratitudeto ProfessorH. B.

Baker, C.B.E.,D.8c.,F.R.S.,for hiekindlyinterestduringthe workand

to Mr. G. H. Cheeseman,B.Sc.,for valuablesuggestions.Gratefulac-

knowledgmentis madeof a Beit ScientificResearchFellowahip,during
the tenureofwhichtheexpérimentâtpart of this paperwascarriedout.
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A NEWMKTHODFOROBTAININGDATAFOR THE SORPTION
OF VAPORSBY SOUDS

J.L.PORTER

Depm-<<ttea<<~CAem~<)-<S'<<<))~)f~t/M'fef~, Stanjord!/mM)-<!<y,Cah~K'a

Nec~f~J?M<!M&er??

Atechniquefor obtainingsorptiondata moresimplyand rapidlythan
thoseordioaruyusedbasbeendevelopedforthesorptionofvaporabysotids.
It aroBebyfollowingupan ideasuggestedbytwosentencesfoundinpapers
by Cudeand Hulott (1) and by Tryhom and Wyatt (2), reapeotively.
Cudeand Hutett filledcharcoalwith waterto get the pore apace,not the
sorption. Tryhom and Wyatt noticed that the weight of benzenein
charcoatwhenthe visibleliquidsurfacehadjust disappearedby evapora-
tionwasthe sameas that obtainedby exposureto fullysaturatedvapor.
However,the aignincanceof their results is !eftuncertam,sincem both
casescapiHaîyliquidmightequabywellhavebeenprésent. Theonlytest
wouldbe to comparethevaluesobtainedbywettingandsuperficialdrying
of eomicroporouBa bodyas charcoalwithvaluesobtainedfor thesorption
isothermfor dhtmet!y unsaturated vapor. The same commentapplies
to anypowder.

EXPERÏMENTAL METaOD

Thesolidwas placedin a commercialmicrofiltertube*witha sintered
g!aœfilterfromwhiehthe excessliquidcouldberemovedby suctionorby
centrifuging. Aathe liquidmuetbe introducedon to the evacuatedsolid,
the filter,Ain figureI, waaplacedin a bulbB witha groundg)asajointC
to the stopeockD throughwhich the liquidcouldbe introduced. The
bulband tube withstopcockwas joinedto the vacuumlineby a ground
g!assjoint E.

Abouta gramof the material to be usedwasplacedin thefilterandin
certain caseswashedwith water, whiehwas removedby suctionand

centrifuging. Weighingsweretakenofthebulb,tube,and filterseparately
and of the filterand the solid material The solidwas evacuatedwith

heatingby an eteotricfurnacearoundthe lowerpart of the bulb. The
tubeand bulbweredetachedat E and weighed,givingthe weightof the
evacuatedsolid. Theliquidto beintroducedwasp1acedin theupperpart

JenaGetSteglasa,MeM,poroaity4, Ï contimeterinsidediameter,Ksh~chur-
manCorporation,NewYorkCity.

ne.
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ofthe tubeandstowtyadmittedthroughtheatopcook. Inorderto prevent
theliquidfromwashinganystopcockgreasedownonto theso!td,thé lower
bulbwascooledandthe uppertube warmedso that thé liquidvaporized
into the bulb and condensedon the solid in the lowerpart of the bulb.

Whenthe solidwascoveredwithliquid,thebulbwasopenedat C,the6!ter

removed,and the excesaliquidcentrifugedoff. In certaincasessuction

wasappliedfor a few secondsto removeliquidfromthe sinteredglass.
Thefilterwith the solidand thesorbedUquidwasweighedin a weighing
bottleand from thesevaluesthe amountsorbedat saturationwasca!cu-

lated. An isothermwasdetenninedby evacuatingto a definitepressure
and reweighing.The solid could be reëvaouatedand the experiment

repeatedwith the sameor otherliquide.

TABLE1

MfM~MWXamounto/ f<Mt<MMliquidaretainedal .M'C.by<~Atf<t)'o<«<chabasitein the
centrifugaimethodcMtr~MemtM<<A<M<

cosmcom-
aoBftfAttco */<* MenmtMm MeHEeoMt

OMM WMn<X

Water. 0.323 0.8M 18
FormatnHe. 0.088* 33
Formioaaid. 0.473t 0.380 37
Methylalcohol. 0.268t 0.339 40
Ethyteneoxide. O.OM 49
Methytoyanide. 0.(M8 61
..v.·I

Meaaof0.078,0.099,andC.OS7.
t Meanof0.486and0.461.
t Meanof0.268,0.272,0.270,and0.263.

BXPBNMBNTB WITH CHABA8!TE*

It wasmoet intereatingto beginwith a crystallinesoMdcontainingno

poresin the ordinary aenseof the word. The zeolites(3) are hydrated
calciumatuminainsilicateswhiehcan giveup theirwaterofhydrationon

evacuationor heating withoutdestroyingthe crystalformof structure.

The stmeesteft by the watermay be filledindifferentlyby any molecule

srnaBenoughto enter. Theythen form,as McBain(4)pointedout and

as isnowgenerallyaccepted,ahnostperfectmolecularsievesorsemiperme-
ablemembranesof gréât tegùtarity. Evans (5)quotesTaylor (6) to the

eSectthat the watermoleculesinchabasitelieonnon-intemectingtriagonal
axesof the cubiospacegroup. No otheratomslie ontheseaxes,ao there

are longohannelepassingthroughthe structurewideenoughto accommo-

datefairlylargemoleculesandemptyofeverythingbut watermolecules.

'CaAb8i<Ou'6HtOsubjectto sHghtvariationdueto baseexchange.Theory
gives21.3percentofwater,butG.Friedel(Bull.soc.fran~.minéral.N, 5 (1889))
found22.28percent.
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The chabasitecrystats werewashedwith water beforeweighing,as in
theroutinedescribed. It wasfoundthat evacuationfortwenty-fourhours
at 350°C.broughtthe chabasiteto constantweightat 10-"cm.ofmercury.
Theaverageofninevaluesgave24.4percentofwaterlostby theohabasite.
Expressedas ratio of weightof waterto weightof dehydratedchabasite,
a:/M==0.323. The resultswith liquidaare summarizedin table1.

As is seenfromtable 1, the twosubstanceswith the largeatmolecular
volumeare takenup only to a amst!fractionof theextentofwater,methyl
alcohol,andformicaoid. The Maa!lamountof formamideindicatesthat
tneremolecularvolumeianot the m!edeterminingfactor. Theshapeand
compositionof the moleculemuâtalsobe of importance.

Formieaoidhasa amanmotecuhrvolume,but it abo attackstheohaba-
site and a depositis observedonthe filter. A sampleof chabasite,used
first with formieacid, wasusedagainwith water,whiohit tookup to the
extentof 28.6per cent as comparedwith the original24.4percent. This
enlargementof the sorption spaceis fully adequate to accountfor the
highervalueofformieacidsorbed.

The heatof sorptionofmethylalcoholby chabasiteisconsiderable,the
filterand glassbulb being observedto heat up to above60"C.,a much
greater effectthan was observedwith charcoaiand far too great to be
explainedasheat of compression.

Rapid sorptionof methyl alcoholvapor by chabasitedisintegratesthe
crystatsto a powder,owingto theauddenunequalheatingandexpansion.'
The heat on rapid sorption may décomposethe aleoholand changethe
colorlesscrystalsto yeUowish-btack.It was found impossibleto desorb
a!t the alcohol,and if the temperaturewere raisedabove400''C.during
evacuation,the crystalsbecameyellowor blaok.

EXPBBÏMENTS WÏTH CBARCOAI.

The oharooalwasMgblyactive(82 per cent)aair and steamactivated
charcoalmadefromespeciaUypuresugar. It wascoveredwithtwothick-
nessesof silverfoil piercedwithfineholesand was evacuatedforseveral
days at 500"C.and 10-' cm. of meroury. The volumesof liquidsorbed
at 28°C.at saturationpressureorjust belowwere0.59ce.ofbenzene,0.6
ce.of water,and0.61ce.of aceticaoidpergramofcharcoal.

ÏSOTHERM8

It is possibleto obtain isothermsby this method,especiallyon desorp-
tion,as a manometerin thé vacuumsystemgivesthe pressureafterpartial

CompMethe obaervatMnofM.G.Evans(Proc.Roy.Soc.LondonAM4,97
(1931»onthedisintegrattonbyammoniavapor.

Onegramof200meshcharooalMfbsin threeminutesfromSOce.ofa 0.2N
aqueousso!utMnofiodinein0.27Npotassiumiodide,82percent;methodofN.K.
Chaney,A.B. Ray,andA.St.John(hd.Eng.Chem.M, 13M(1923)).
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evacuation,and at any stagethe atopcockin the tubemaybe olosedand
the bulb,tube, and filterremovedand weigbedwithoutexposingthe solid
to the atmosphere.

Theresultsareshowninfigure8. Inspectionof theisothermeformethyl
alcoholandthe cryetalUnechabasiterevealsthe ideatformofisothormsfor
uniform"surfaces. It ia even more reotangutarthan those obtained
withMghlyevaouated,activeoharcoal(7). Here,therefore,iamostdefi-
nite proofof persorptionandnot condensationof capiNaryliquid. The
isothermefor acetieacidandbenzeneoncharcoallikewiseshowthat sorp-
tion ia far advancedat infinitesimalpressures.

The isothermsfor the sorptionof water by charcoalare of a wholly
duferenttype, owingto formationofa two~imensionatMquidpermeating
the charcoal,thewatermoleculesbeingheldas muchby mutualpotariza-
tionas by attachmentto thechareoat(8). Comparisonof thèseisotherms
withthosefor organicvaporson the sameeharoca!showsthemto be due
to sorption,or ratherpersorption,in bothcasesandthat the isothermBwith
wateroannotbointerpretedas measuringthe volumeand distributionof
the assumedporesof the charcoal. Inspectionof the extremerighthand
of eachdiagramin figure2 showsthe sman additionalamountof liquid
heldby capiUarycondensationin eaohcase, an amountwhichis onlya
minutefractionof the total sorption.

STJMMARY

Asimplemethodfor therapidand moderatelyaocuratestudyof sorption
of liquidaand vaporsby solldsis described. Sorptionisothermsobtained
witha molecularsieve,dehydratedchabasite,arenearlyreotangular,even
moresothan thosefororganicvaporswithhigMyactivatedchareoalwhere
the sorptiongoes largelyto completionKt innnitesima!pressures. The
sorptionof water, althoughof a differenttype, is Hkewiseinterpïetedas
persorptionand definitelynotas oaputarycondensation.

In conoiuaionmy thanksare due to ProfesserJ. W. McBainat whose
suggestionthis workwasundortaken.
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THE INTERACTION0F ETHYL ALCOHOLAND OXYGEN
PHOTOSENSITIZEDBY HYDROGENPEROXIDE

A CONTBïBCTKMfTOTHEBLuHSR-WlM~TXTTKBMECHANtSMOPENZYME
REACTtONN

HUGH8.TAYLORANDAU8TINJ. GOULD

fWe~Chemical2~e<'<M'<t<«'~of Prirecetont/~<'«'M<PnM<<eK,JVewJersey

Receivedfeh'Mor~C,??

For the enzymoticoxidationofethylalcohol,Haberand WiBstâtter(1)
postulatethe followingmechMiam:

CH~HtOH+ Enzyme CH,CH(OH)+ Monodesoxy-enzyme+ H' (a)

CH,CH(OH)+ CH.CHtOH+ 0, 2CH~!HO+ OH+ H,0 (b)

OH+ CH~HtOH CHaCH(OH)+ HtO (c)

Some!ightmay bethrownuponthe possibilityofsucha mechanismby a

studyof the effectofthe introductionofOHradicatsintoan aqueousatco-
hol solutionin the presenceof oxygen. If the postulatedmechanismis
thecorrectone, thechainwouldthenbestartedat step(c)andthereaction
continueas a chainreaction. 8inceHaber and Willstâtteralso give a
similarmechanismfor the oxidationof acetaldehydein whiohthe OH
radicalis again theactivelink in thechain,

CH~CHO+ Enzyme CHtCO+ Monodesoxy-eMyme+ H (a')

CHtCO+ CH~CHO+ H,0+ 0, =2CH,COOH+ OH (b')

OH+ CH,CHO CH.CO+ H~) (e')

it is to be expectedthat the oxidationof the acetaldehydeformedin the
alcoholoxidationwilloccuras a secondaryprocesa.

One convenientmethodfor introducingOH radicalsis to decompose
photochemicallyhydrogenperoxidewhichhas beenaddedto the alcohol
solution. The questionas to whether the first step in the hydrogen

367
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peroxidedecompositionis theformationofOH or of H0<Mnot pertinent
in thisconnection(2). In eithercaseOHisultimatelyoneofthe products
of the decomposition.If HO~is formedin the Brststep, OHis formedin
the next atep.

HO,+ H,0, =HiO+ OH+ 0,

The ovidencewilltend to favorthe mechanismof Haber and Willst&tter
if the oxidationprooessunder theseconditionsis found to be a chain
réaction.

BXPEBJMEttTAÏ.

The apparatususedhaebeendescribedeisewhere(3). It conaistedof
a quartz MMtionvesselmountedon a horizontalahaher ronningat 266
oscillationsper minute,immersedina waterthermostat. Withthe excep-
tionof thosefor the déterminationof the temperaturecoefficient,atl runs
weremade at 25 f 0.06"C. The reactionvesseiwas connectedby a
shortpieceof suctiontubingto a Hutett gaaburette (4) filledwith water.
Thesourceof illuminationwasa horizontal,air~cooled,!aboratorymodel,
Hanoviamerouryarc operatingat 60 ± 1 votts and 4 =<:0.05amperes
mountedoutaidethe thermostatdirectlyinfrontofa quartzwindowin the
sideof the thermostat.

The generalprocedurewasto SUthe apparatuswith oxygen,add 25 to
30 ce. of the liquidsampleto the shaker,shakea fewminutesuntil tem-
perature equilibriumwas attamed, and then to atart the reaction by
removingthe ahutter frominfrontof the quartz window. Tank oxygen
wasused. The hydrogenperoxidewasobtainedby diluting"Superoxol"
withwater. Sincecheckrunsusing95percentalcoholobtainedby dilut-
ing abBoluteethyl alcoholwithwatergave the samerates of reactionas
those made with commercial95 per cent ethyl alcohol,the commercial
alcoholwasused in the expérimentawithoutfurther purification. Unless
otherwisespecified,aUdata referto 95percent ethylalcohol.

Whenthe reactionproductswereto bedetermined,the liquid product
wasremovedfromthe shaker,dilutedto 250ce.withwater,and analyses
madeon aliquotportions. Theamountofacidwas determinedby titra-
tionwith0.05N NaOH,peroxidebytitrationwith0.1 Nthiosulfateof the
iodine liberated from acid potassiumiodide solution,and aldehyde by
the Rippermethod(5)afterthesolutionfromthedeterminationofperoxide
bad been made neutral with sodiumhydroxidesolution. Appropriate
blankanalysesweremadeineverycase.

RESUMA

PAo<oc~eMtco!<KKda<MK<~<t!c~Ao!
It wasfiretneceasaryto determineif alcoholitself wasoxidizedphoto-

chemicallyin the presenceofoxygen. Reportsin the literatureby various
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wofkeradiBeron this point. Severatworkers(6)havefoundthat alcohol
and oxygendo motreMt whenilluminated,while Dhar and Sanyal (7)

report thatasmaUamountofacetaldehydewasformedwhenmoista!cohot
and oxygenwereexposedto sunlightfor an hour. In somepidiminary
experimentsmadewith an aged,water-cooledKromayermercuryarc, it
wasfoundthat noappréciableamountofoxygenwastakenuponmuminat-

ing alcoholwithoxygenover a periodof ten hours. Whenthe Hanovia

V VV W W !4V nVV nw

7'<m<~n/wM)<

FM. t. RATB OF OXMAMOtf oy ETBTÏ. ALCOHOL

A.Z&ee.atcoho!.
B. 36ce.alcoholand0.81millimolehydrogenperoxide.
C. B A.
D. 25ce.alcoholandt.68millimolesMetaMehyde.
E. 26ce.tttcohotand0.48millimolehydrogenperoxide.
F. 26ce.atcohotand4.76millimoleshydrogenperoxide.
G.26ce.alcohol,4.76millimoleshydrogenperoxide,and0.074millimoleethyl-

amine
H. 26oc.aloohol,4.76miUimoteahydrogenperoxide,and0.74millimoleethyl-

amine.
J. 26co.Mpefcentateohotand4.76millimoleahydrogenperoxide.
K. 26co.alooholMtd0.74mlllimoleethylamine.

lamp wasusedas a .sourceof illumination,however,the absorptionof

oxygenwasmarked,aashownby curveAoffigure1. The analysisof the

productlegivenin table 1. Theproduotgavea bluecolorwith chromic
acidandether. SinceCloverand Richmond(8)baveshownthat neither

peraceticacidnororganicperoxidesgivethis test, hydrogenperoxidemust
have beenformedin the oxidation. AUattempts to find peraceticacid

accordingto the methodofD'Ansand Frey (9)and to that describedby
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B&ckstrom(10) gavenegative results. As may be seen fromthe rate

curve,the rate wasautocatatyticinnature. Todetermine if thiBincreas-

ing rate weredue either to tha accumulationof acetaldohydeorof acetic

aeid,ruos weremadewithalcoholto whichhad beenadded acetaldehyde
and aceticacidseparatelyin quantitieacomparableto those formedin thé
oxidationwithalcoholalone. The rate withaddedacetic acid waspracti-
caUythe sameas withalcoholalone,while,as may be seenfromcurveD,
figure1, the rate withaddedacetaldebydeis somewhatfaster, but is also

increasingwith time. Aabefore,hydrogenperoxidewas identlfiedin the

product. The autocatatyticrate, therefore,tsprobablydue to the forma- j
tionandaccumulationofhydrogenperoxide.

0~do~<Mtof ulcoholpho<oeettst<Medhydrogenperoztde

In order to be sure that the photochemicaloxidation of alcoholwith
addedhydrogenperoxidewasa true photoseasitizedprocess andnot one

TABLE1

~tM~M<~p)-<~w<<(M«K)no<et)

TvJtH 26~.<M

_––––– S~

Actd. 0.39 2.10 0.58
Atdehydo. 0.00 2.01 2.07
PeroxMe. 0.14 0.60 0.25
Oxy~nabMfbed. 0.70 2.95 0.92

ofdirectoxidationofthe alcoholby the peroxide,it was necessaryto show
that hydrogenperoxide,aloohol,and oxygendo not react uniessillumi-
nated. AlthoughRenard (11)had shownthat suoha reactiondoes not

occur,the reactionwastriedusing0.81millimoleof hydrogenperoxideand
25 cc. of alcoholwithout illumination. No appreciable absorptionof

oxygenwasnotedovera periodofeighthours.
Whenalcohol-hydrogenperoxidesolutionswereilluminated,the rate of

oxygenabsorptionwasrapid (curvesB, E, and Foffigure1) amddecreased
withtime. AsshowmincolurnnB oftable 1,theamount ofperoxidefound
in the productwaslesstban that initiallyadded.

With 4.75millimolesof added hydrogenperoxide,the rate of oxygen
absorptionwasnot sofast with50par cent alcoholsolution as it waawith
95percent alcoholsolution(comparecurvesF and J of figure1).

Thedeterminationof the rates of reactionwith4.75millimolesofadded

peroxideat O",25",and 35"C.gavetemperaturecoefficientsforthis réac-
tion of 1.06and 1.13per 10°rise.



tNTEBACTMN 0F ETHYL AMOHOL AND OXYGEN 371

J~ec<<~f~!M<ors on</<eo!eoMoxidation

Chain teMtionsare characterizedby the marked decreasein rate pro-
ducedby the additionof sm&Uquantitiesof inhibitors. For this reason,
the effectof iahibitorson thé reactionwasstudied. Theaddition of 0.74
millimoleofethylamine.decreasedthe rate of the photochemicaloxidation
of alcoholin theabsenceofperoxidetoaboutone-fourth(curveK, figure1)
and2.2n)Htimo!esofbenzenereducedit to aboutone-half.

e a /o s /4 ?M20
7*w!M (minutes)

Fta. 2. RATE OF OXtCATtOM OF AottEOCS AcETAt.nt!HYDB SOLUTIONS

A. 26 ce. 10 per cent acetaldehyde.

B.26ce.1 percentacetaldehyde.
C. 36ce.1percentaeetaldehydeand0.9millimolehydrogenperoxide.
D. 26ce.10percentacetaldehydeand1ce.95percentalcohol.
E. 26ce.10percentacetaldehydeand6ce.98percentalcohol.
F. 25ce. MpercentacetaldehydeandO.W4millimoleethylamine.
G.26ce.10percentacetaldehydeand0.74millimoleethytamine.

AscurvesF, G, andH of figure1show,the additionof0.07millimoleof

ethylamineto 25ce.ofalcoholsolutioncontaining4.75millimolesofhydro-
genperoxidereducedtherate to aboutone-half,wMethe addition of 0.74
millimoleofethylaminereducedtherate to about one-fourthof its original
value.

Using0.96millimoleofhydrogenperoxidein25 ce.ofalcohol,the addi-
tion of 0.1 millimoleof benzylaminereducedthe rate to about one-fifth
and 0.5millimoleof benzylaminereducedthé rate to about one-tenth of
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itsoriginalvalue. Likequantitiesofhydroquinone,ethylamine,diphenyl-
amine,and benzenewerefoundto exhibit similarinhibitoryeSocta.

Whentheoxidationwith0.96millimoleofhydrogenperoxidewasatlowed
to procoedforaboutan hourbeforethe inhibitor wasadded,the rate was

markediyretardedas before,but in this case the rate alowlyinereased
until it had praoticallyreachedits originalvalue at the end of another
hour.

OtMMtCKofa~tMO<taacetaldehydeMÏM<MMM

The photoohemicaloxidationof aqueous acetaldehydesolutionswaa
studiedin orderto determinewhateffectthe acetaldehydeformedmight [
haveon the alcoholoxidation. With25ce. of a 10per cent (byvolume)
solution,thé rateofoxidationwasveryrapid (figure2). The additionof ,i
0.9miUimoIeof hydrogenperoxidedid not increasethe rate. Witha 1

percent solutionofacetaldehyde,the rate was muchstower. In thiscase
theadditionof 0.9millimoleofhydrogenperoxidedid inoreaaethe rate.

Ethy!amineandethylalcoholinhibitedthe oxidation,the alcoholbeing
muchlessefficientasan inhibitorthan the amine (Sgure2).

Dïscuamotf

Sinceno photochemicaloxidationof alcohol wasnoted whentheKro- i

mayerlamp wasused, but a marked reaction found with the Hanovia

lamp,the variationin the results reportedby differentworkerson the

photochemicaloxidationof ethyl alooholmay probablybe ascrihedto
différencesin the intensitiesof théUghtsourcesused.

CurveC offigure1wasobtainedby subtracting curveAfromcurveB
and represents,therefore,the amountof oxygen absorptiondue to the
added0.81millimoleof hydrogenperoxide. This ourvemaybe seento
be approachingan asymptoticvalue of some 40 ce. of oxygen,whiohis

equivalentto about 1.8millimoles. Since the ratio of molesof oxygen
absorbedtomolesofhydrogenperoxideused is greaterthan two,thisresult
indicatesa minimumchainlengthgreaterthan one,assumingthat twoOH
radicalsare obtainedfromeachhydrogenperoxidemoléculedecomposed
andthat everyOHinitiatesa chain. These assumptionsobviouslymay
be incorrect,but aucha calculationdoes give a minimumvaluefor the
chainlength. If the arst step in the hydrogen peroxidedecompositionia

HOt,the minimumchainlengthis then increasedby a factorof four. At
the timewhenthe slopesofourveaAand B becomeequal,the concentra-
tion of hydrogenperoxidewill havereached a steady date at whiohits
rateofformationisequalto its rateof décomposition.

SinceethylamineabsorbaUghtonlyvery weaklyand that in a region
between2190and2480À. (12),the possibilitythat the inhibitoryaction
of this substancemight be due to a light soreeningeffect is excluded.
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Furthormore,thé effectcannotbe due to a destructionof the hydrogen
peroxidebythe aminebeoauseofthe largeratioof the amountof peroxide
presentto that of the amine(4.75to 0.074). Such markeddecreasein
rate of reactioncanonlybedueto the existenceofa ehainreaction. The
amountofinhibitionisnotgreatenough,however,to indioatea longohain.
This conclusionis concordantwith the pteviouscalculationof minimum
chainlength. The observationthat no rotardationoccurswhenan other-
wiseefficientinhibitorisaddedto the systemafter reactionbasproceeded
for sometimeia notnew(13). Sueh behavioris usuaUyasoribedto the
formationduringthé oxidationof peroxideswhichdestroy thé inhibitor.

Thefact that théadditionof0.9millimoleofhydrogenperoxideto a 10

per centsolutionofacetaldehydedidnot increasethe rate ofoxidationis as
one wouldexpect. Sinceacetaldehydebas a high absorptioncoefficient
overa widerange(14),onewouldexpectthe hydrogenperoxideto bewell
screenedin sucha concentratedsotutionofaeetaldehyde. That the rate
ofoxidationofthe 1percentsolutionis increasedby the additionofperox-
ideindicatesthat, at thisconcentration,someofthe light isbeingabsorbed

by the hydrogenperoxidemoleculeswhichdecomposeand enter into the
oxidation. As shownbycurvesF and G of figure2, the eSectofethyl-
amineasan inhibitoris great. CurvesDandEoffigure2showthat ethyl
alcoholis an inhibitorof the aldehydeoxidation,but not a very good
inhibitor. Thisfactexplainswhyit is thattheacetaldehydeformedin the
alcoholoxidationisnot immediatelyoxidized,but rather accumulâtesand

may beidentifiedin theproduct.
Bowenand Tietz (16)concludedthat an organic peroxide,probably

diacetytperoxide,is formedwhongaseous,liquid,or dissolvedacetalde-

hyde is exposedin presenceof oxygento ultra-violet light, but that in

aqueoussolutionsthe peroxidewillhavereaotedand disappearedat the
end oftwentyseconds. Theyalsoshowedthat the oxidationof acetalde-

hydewasa chainreactionandfoundthat alcoholactedas an inhibitorwhen
addedto hexanesolutionsofacetaldehyde. Fromtheir resultsonewould

expectthat,evenifaperoxidewerenrstformedin the oxidationofacetalde-

hyde ina 95per centaqueousalcoholsolution,the peroxidewouldimme-

diatelyreaot to formaceticacidwhichwouldbe the oxidationproduct
found.

AUofthe experimentalevidenceindicatesthat the oxidationofalcohol

photosenaitizedby hydrogenperoxideis a chain reaction, but that the
chainsareshortones. It is ofinterestto notethat AlyeaandBSckstrom

(16)intheirworkontheinhibitoryactionofatcoholson thesodiumsulfite
oxidationfoundthat theirdata couldbestbeexplainedby assumingthat

if the oxidationofalcoholwerea ehainreaction,the chainswereshortones.
Undertheirexperimentalconditionsthe chainlength of the alcoholoxida-
tionwouldbeevenshorterthanin thepresentcase.

TBE momt*L OP fnwtMt. catmenn', vot.. xxxvn, Ko. 3
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It is c!earthat thèseconsiderationsdo not provethat the Haber-WiU-
stâtter mechanismis correct. They do show,however,that the concept
ofa chainmechanianfor theoxidationof ethylalooholisa justifiableone.
Moreover,ail of the experimentalrésulta reportedin this papermay be
satiafactorilyinterpretedbytMsmechaciant.

8CMMARY

1. With an intensesourceof light, and in contactwith oxygen,ethyl
alcoholis oxidizedphotoohemically,the processbeing auto-accelerating
in nature.

2. TheoxidationofalcoholbyoxygenmaybephotosensitiMdby hydro-
genperoxide.

3. Suchan oxidationisa chainreaetionwithshortchainlength. v,
4. The photo-oxidationof aqueousacetaldehydesolutionsia a chain

dreactionwithlongerchainlength.
5. A chainmeohanismaachaathat of Haberand WiUst&tterinvotving

hydroxylradicalsas intennediatesin the ohainle compatiblewith the
experimentalrésulta.
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THE AUTOXIDATIONOFSTANNOUSCHLORIDE.III

THNPBOTOCHEMtCAItREACTtOU~

ROBERTC. HARINGANDJAMESH. WALTON

DepoWm~ofCAtMMtfy,t7<ttf<M<yof H~te<WMtN,ModMOK,t~MceMtH

RecetfeJJ<M<«M'~MM

In the precedingpaper (1) the thermal reaction of stannous chloride
withatmospbericoxygenwasdiscussed,and evidencegivento showthat
it is probablya thermalchainreactionsimilarto theautoxidationofsodium
sulfiteand ofbenzaldehyde,inveatigatedby Backstrôm(2)andAlyeaand
Backstrôm(3). In orderto securefurther proofofthe ohainmechanism
of the autoxidationof stannouschloride,the effectof visibleand ultra
violetradiationon the reactionwasinvestigated.

APPARATU8

Theapparatususedwassimitarto that usedin thestudiesofthe thermal
reaction. A reactionBaskwasmadefrom a quartz tube of 1~inchesin-
sidediameter,and 7 incheslong. Indentations weremadein thebottom,
as was donewith the glassnasks,to insure a better agitation. It was
foundimpracticableto useaflaskexactiylike thoseofglass(1)witha bulb
in the lowerpart. Thequartz6askdid not givea highenoughareaofgas-
liquidinterfaceto keepthe solutionsaturated withoxygenandthus give
the sameïeactionvelocityas determinedin the glassSasks,but it gave
reproducibleresults,and thus aUowsa comparisonof thé resultswithposi-
tivecatalystsandinhibitors.

The light sourceusedwasa capillarymercuryvaporlamp of the type
describedby Danielsand Heidt (4). This lampgivesa high intensityin
the ultra-violetregion,andatlowsmore accuratemeasurementsthan a low

intensitylamp.
Someabsorptionmeasurementsweremadeonthequartzmonocbromator

desoribedby Heidt and Daniols(5). Spectrographwork was doneby
meansofa Krussquartz spectrographequippedwitha single60"prism.

ABSOBPTtONSPECTROMOP 8TANNOUSCHLOBtDE

Preliminaryexpérimentahavingshown that ultra-violetradiationwas
effectiveinspeedingupthe autoxidationofstannouschloride,itwasneces-

ThMremarchwaaCnMtcedbyagrantfromtheResearchCommitteeof theUni-
veMttyofWiscomin,DeanC.S.Slichter,Chainnan.
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sary to determinewhat wave tengthswereactive in causingthis result.
The absorptionspectrumfor the stocksolutionsof stannouschloride(32
gramsper liter ofSnC}:;0.8N inHCi)waadetenninedonthe speotrogtaph,
and it waa found that the regionof completeabsorptionextendsup to
3000A. Deoreasingthe concentrationof etannoueoblorideshifts the
limitof completeabsorptiontowardthe lowerwavelengths.

CORRECTION FACTOR FOR POLYCHROMATIC LIGIIT

The monochromatorwasnot suitablefor the fuUset ofexperimentson
quantumyield,usinga shakeneeH,and no filtercouldbearrangedwhioh
wouldgivea hightransmissionof themercurylineat 3020À.andBtiUshut
out aUlines at 3130À. and higher,so that it wasnecessaryto use poly-
chMmaticlight in theseexperiments. The lightintensityin thé quantum
yield experimentswas determinedby the use of the uranyl oxalateac-

TABLE1

_B~ectoflight<M<MM«won~«<t<thtMyield*~< n~M tftK~xHt~ utt tf<t«TtHtm t~em

<f<mtUot)tr m))ttt<e

7.7(10)" 33.

62 2$.

32 14.

SO 12.

tinometer describedby Leightonand Forbes (6). A weightedaverage
quantumyieldof0.553wascalcuiatedfor the rangeof wavelengtbs used,
fromthe data givenin their articleon quantumyieldsformonochromatic
light. In the determination,the umnyloxalateactinometerwasshakenat
the samespeedin thesameHaskaswasusedforstanmouschloridein order
to givecomparableresults. Sincethe rangeof absorptionof uranyl oxa-
late and stannouschlorideis differentit wasnecessaryto determinea cor-
rectionfactor to be appliedto the numberofquanta obtainedby the ac-
tinometer. This factorwasobtainedby the useoftwosimilarquartzcells
in séries. The actinometersolutionwas placedin the secondcell. The
Sratcellwas ËUedsuccessiveiywithdistiHedwaterand stannouachloride
stocksolution,andthe decompositionof theactinometersolutionmeasured
in eachcase. Theratio ofthe numberofquantaabsorbedby~thestannous
eMorideto the numberabsorbedby uranyloxalatewasfoundto be 0.62
±0.01. This factorwasappliedtoaBthe runswithdifferentlampe,since
Danielsand Heidt haveshown(4) tbat the distributionof energyin the
ultra-violet regionvaries only aUghttywith the voltageat a constant
wattage.
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VARIATION0FQPANTCMYIELDWÏTHTHEMSHTINTENBITY

It ia knownthat formany photochemieatréactionsthe quantum yield
varieswith the lntensity of the light. The variationm intensity was

producedby differentlampa and by varying the wattageof the tamps.
Table1showsthe effeotonthe quantumyieldofthe photochemicalautoxi-
dationofstannousohloride.

Theseintensitiesaregiven as the aotualinteasitiescausingreaction in
the stannouschloride,that is, they are the actinometerintensitiesmulti-
pUedby the correctionfactor. The quantumyieldsare not acourate in
the!aatfigure,but twofigureaaregivenforcomparisonpurposes.

ThefoUowingsampleof the calculationsisgivenfor référence.

?«? No.817

"Light"réaction=. Totftt "dMk"reaction

'=7.86 0.86

'° 7.00ce.of0, usedin22minutes

7.00 7t6 273 2(6.06)(M)"
1.,18(10)u1 1 ofstannous224007M 396 ––N–– ~Meutes o{stannouscMondereacttngi6O ii8 22

perminute

Theactinometersolutiondecreased2.80ec.of0.0328N potaMtumpermanganatein titer,afteronehourexpoaureto the light.

(2.80)(0.0328)(6.06)(M)"(0.62)
quanta perminute(1000)(60)(2) ––0~53–––

(1.48) (M)" moleculesr uanta°
(5 M)(M)"'° motecutesperquanta

EFPECT OF CATAM8T8 ON QUANTUM YIELD

If the thermal and photoehemicatreactionsare compietetyanalogous,
acceleratorsand inhibitors should have the sameeffecton the photo-
chemicatreactionas on the thermal reaction. This is true for the cata-
lysts used in the experiments. A fewof the substancesfound to have
pronouncedeffectson tbe thermal reactionwereused,and gave the ex-
pectedresultsas shownin table 2. It is to be noticedthat picricacid, a
stronginhibitorfor the thermal reaction,reducesthe quantum yield to
ahnostexactly1. Theacceleratorsforthe thermalreactionalsoaccoter-
ate the photochemicalreaction asshownby theresults. The last column
of table2 showsthe relativeeffectof the catalyataused. In deterrnining
thesevalues,the valuesfor the quantumyieldofthe uncata!yzedréaction
wcreinterpolatedfromthe results of table t, expressedas a straight line
proportionalitybetween and Jfe.
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TABLE2
~y~ct< coto! Mt~tMKtwmtneM

MOMWUZ MBcaNT
CATjmM

t, MAcnxo MMt ou mtOAT-
_MttfOTB At.MB«t®

Minute
O.OOOfajMKcHencM. 7.2(10)" 6.2(10)" 1. 3.

OlMAmytatcohot. 6.& 262. 39. 120.

O.l~Attytatcohot. 6.1 ZM. 44. 150.
0.1 M Propionicacid. 4.1 t87. 46. 230.
0.0(BMTMo)tte& 3.3 83. 26. 160.
0.065M Hydroquinone 3.2 116. 36. 220.
0.066MC&techot. 3.2 86. 37. 170.
O.OMMRMorcinot. 3.2 125. 39. 240.

1.76 MIsopropyl aleohol. 3.2 140. 46. 280.

0.1M<erK<t)~Buty)ateohf)t. 2.0 42. 21. 210.

TABLE 3

Test <~B~e~atc/M-«aa)«KMcMor!deM!M<«)tM

cottcftmufnoM «f cotfCBKTMttott w nm CM)- ucat
tOLOttON m-ANMom t~mtOtaMMc TBtNxmrOB «

CBMmM) AttB

~«m<t«T<«<r ~<tXM))«'««)'
a 3.0 6.0 ?.6 6.5
b 8.0 16.0 66.7 7.4
o 13.0 26.0 ?.9 10.9
d 21.0 42.0 8.4 17.2
e 31.0 62.0 1.0 21.8

BBER'8 LAW 8TOBB68 FOR STANNOUS CHMNDB

In general, light-absorbingmediafollowBeer's law, which gives the
variationm absorptionofa givenwavelengthwithvarylng concentration
andthicknessof the absorbinglayer.

.–

Where7 = the intensityof the transmittedlight,
Io = the intenaityof the incidentlight,
a = the molecularabsorptioncoeSeient,
c = the concentration(inmolesperliter), and
d' = the thicknessof the layer.
(d = 1.3cm.for the cellused).

Table3 showsthe~reauttaof theseexperimentsonstannous chloridesolu-
tions. Hydrochloricacid was used to keep the stannous chloridefrom

hydroly~ng,a constant ratio of hydrochloricacid to stannouscMoride
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beingusedin aUsolutions. Thewavelengthusedwasthe 3130À. line,
isolatedbythe useof the quartzmonochromator.It canbeseenthat the

valueof achangesabout threefoldfor a tenfoldchangein concentration

ofstannouschloride,showtngthat Beer'alawdoeanot hold. It was thue

assumedthat stannous chlorideis not thé absorbingmedium. To test

this hypothesisfurther, runs weremadeuainga conetantamountof stan-

nouscMotidewithvarying amounteofhydroehioricadd. Theresultsare

shownintable4. !n this casethevalueofa changestwelvefoldfora thirty-
sixtold change in the hydroehlorioadd concentration. Hydroohlorie
acidaloneshowsno appréciableabsorptionat thiswavelength,so that the

TABLE4

~~e<<!ffo~ttc «m<Mtt~oftydroc<t<<~c<tet~MttheBeer'<aN'<MMM<aM<

eotfcBNtttATtox <? cofcBXTaATtOf or ma mxr nom'

MLonot) erANtto~B BTBMCNMXttc TBAttmmTBo a

CBM'!HOB AOB

entm*perM<«- ~nmttp<f<t<<r

g 18.0 4.4 99.7 4.1

c 13.0 29.0 37.9 10.9

f 13.0 166.0 1.1 50.3

TABLE 6

Mo~etttof a6«M~«ettc<~eteo<

Solution No. 10;32.7grame of etannous chloride per liter; 0.811N hydrocNono acid

wt~BMtKHH M<ta!))rLtomrTXAMmarnm <*

28BOÂ. 0.0

MM 4.9 13.4

3130 28.4 6.6

3340 W.9 0.095

3660 100.0 0.0

great changein a muet be dueto the influenceofthehydrochloricacidon

the stannouscMonde. Thus the mediumwhichabsorbathe light quan-
tum and becomesactivated is not atannouaohloride,nor the Sn~ ion,
but muâtbe somesubstance whoseconcentrationîncreosMwith addition

ofhydrocMoricaoid to the system. Theabsorbingmediumis thus either

the complexchloroacid HSnCt)or HtSnCL,or theionsSnC~and SnC!<"
of thoseacids. That these complexionsare presentin an acid solution

wasshownby Prytz (7).

MOMSCULAR ABSORPTION COEFFICIENT

The molecularabsorption coeffioientwas determinedfor a stannous

chloridesolutioncontaining32.7gramsofstannouscblorideper liter and
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0.8U N in hydrochlorioaoid,byuseofthemonoohromator.Table6 gives
the résulta. Thesevaluesofa arenot applicableto otheroonceatr&tionB,
becauseof the non-validityof Beer'alaw,but are lneludedto showthe
rangeof partial andcompleteabsorption.

SUMMABTf

1. The autoxidationofstannouschlorideiashownto bea photoohemioal
chain réactionbythe quantumyieldsof morethan unity.

2. The photochomicatand thermal reactionsare affeotedsimilarlyby
acceleratorsand inhibitors;thus the hypothesisof a ohainmechanismis
supportedfor the thermalreaction.

3. Stannous chlorideshowscompleteabsorptionbelowa certainlimit;
the limit ia about30COÀ.forthestocksolutionsusedin the research,con-
taining about 32gramsof stannouschlorideperliter and being0.8N in

hydroehloricacid,andis lowerfor moredilutesolutions.
4. Stannouschloridewasshownnot to obeyBeer'slaw. Thiswasex-

plainedby the assumptionthat the complexesHSnC!tand H<SnCt4are
the active agentsin absorbingthe light,sincethe concentrationsof thèse
substancesare increasedby additionofhydrochloricacidto the system.

5. The moleoularabsorptioncoefficientsforonestocksolutionaregiven,
showingcompleteabsorptionofUghtat 2850À.andbelow,partialabsorp-
tionfrom3020À.to3340Â.,andcompbtetransmissionat 36501.andabove.
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MEA8UREMENTOF THE RATE OF ADSORPTIONAT
CONSTANTPRESSURE

PAULV.McKINNEY s

DepoWm~o/ CAewt<<<NM<c<fe~x~y, NewBfmM«~c&,NewJ~erM~

~<~M<!Oete6«-MM

In the simplifiedfonnula.for the processof adsorptionas suggestedby
Langmuir,the rate of the processis dépendentupon the pressureof the

gasbeingadsorbed. For the simplecaseof a singlegas the rate of con-
densationmay be givenby (1)

dt+~=ht)(l-.)at

and the rate or evaporationby

dz

'd("~dg
°

Becauseof the importanceof the measurementof the rate ofadsorptionin
thé determinationoftheactivationenergy(2)of the adsorptionprocess,it
wasof interest to détermineactuallythe significanceof this pressurefac-
tor in the measurement. Mostrecentworkersbave usedapparatusaimi-
lar to that describedbyPease(3). Aquantityof gas isadmittedand the

velocityof adsorptionis determinedby the rate of pressurechange. In
one case reported the pressureactttaNydecreasedfrom 624mm.to 235
mm. in 71 minutes. In the measurementof adsorptionisothermsfor
whiohthe processwasdevised,thischangeinpressureisofnoconséquence,
sincethe prooesscontinuesto equilibrium.

APPARATUS

The apparatus wasconstructedofPyrexglassthroughoutandis illus-
trated in figure 1. Tube A containingthe adsorbent was connected

througha special stopcockwith thegasburetteE and manometerG. The

traps B were cooledwithsolid carbondioxideand ether. Capillarytub-

ingwasused except in the pumpsystem. The manometerwasarranged
to act as a constant volumeinstrumentand tungsten wirecontactswere
oonnectedwith a sma!lelectriolightto serveas the indicator. Thelevel-

ingbulbfor the burette wassupportedby a wireovera pulleytoa set of

reduoinggears. Thus the levelof the mercuryin the burettecouldbe



382 PAUL V. McKMNET

changedrapidlyandwithprecision. In order to measurethe rate of ad-

sorptionat constantpressurethe manometerwasadjuatedto the reading
for the pressuredesiredand the gasburette openedto the oa.talyBt.The

FtO. Ï. AppABATCSMB THBMBASCBBMBNT<WTHERATEOFADaOBPTtON

A, Adsorbent tube with boUer; B, ttapa oooled with carbon dioxide and ether;

C, MoLeodgage; D, mercury-vapor, Sprengle and oil pumps; E, gas burette; F, RM
reaervoirs and putiScation; 0, constant volume manometer with etecMc contact;

H, tevding butbs.

volume change of the process, at constant pressure, could be read directty

from the burette each minute. By otosiog the burette after admission

of the gas to be adsorbed this apparatus waa also used to détermine the

adsorption at constant volume.



RATE Or ADSOBMtON AT CONBTANT PRESSURE 383

VABtATMN 0F BATE WtTH PBE8BUBB

A mixed oxide oatatyst, MnO-Crt0t, was selected to illustrate thé effect E

of pressure on thé rate of adsorption. For companson thé n)&ten&t was

TABLE 1

~oor~t'en o/ A~feceM tw a Mt~<t cM'<<6ea(<t~<t<

M R)-M)Mof MnO-Ct~O, ~t M3°C.24 KfMMof MnO-Ct~O, ~t 132°C.

AtmottMtOX MO. ï AMOM~tOt) AMOMtMM N0. t
VOt.UMBCOttttAtn' NO. PBM- VQH)tft)MK<H'AMT

t'MB tCHB<MMU. TtMB

Preeaure Volume Volume Pttmm) Volume
Mbwbed

adaorbed adMrbe4 `

MM. CC. ce. mm. ce.
2 480 6.6 6.6 480 6.4
3 4M 7.2 7.9 460 7.7
4 451 8.1 8.6 447.6 8.5
6 439 8.8 9.2 436 9.1
6 430 9.3 9.8 425 9.7
7 420 9.9 10.4 416 10.2
8 413 10.25 10.9 408 10.6
9 406 M.7 11.4 402 10.9

10 400 11.0 11.8 395 11.3
11 394 11.36 12.2 389 11.7
12 388 11.7 12.6 384 12.0
13 383 12.0 12.8 378.6 12.3
14 379 12.2 13.2 373 12.7

16 374 12.6 13.6 369 12.9
17 366 12.9 14.0 361 13.3
20 366.6 13.8 14.8 360 13.9
26 339.6 14.4 16.9 334 14.8
30 326 16.2 16.9 321 16.5
40 305 16.4 18.6 299.5 16.8
60 287.6 17.4 19.9 282 17.8
60 273 18.2 21.0 267.5 18.6
76 266 19.4 22.6 260.6 19.5
90 240 20.05 23.4 76 480 20.2

105 227.6 20.89 24.6 77 20.35
120 216.6 21.4 26.6 78 20.5

79 20.7

80 20.9

82 21.1
86 21.5
90 22.0

95 22.5

100 23.0
110 23.8
120 24.6

preparedas describedby TaylorandWilliam80n(4). The datapresented
in table1 andfigure2wasobtainedon 24gramsofthe mixedoxides. Be-
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fore the measurementof adsorptionthésamplewasreducedat 350-370"C.
forthreedaysandevacuatedtwenty-fourbouteat 450-470"C.bymeansof

mercury-vaporand oHpumps. Afterthe determinationofthe inertspace
of the system with purifiednitrogen,the matera was againevaouated

twenty-ïottrhoursat 450-470"C. A aunUarevaouationof twentyhours
foUowedeachadsorptionmeasurement.

AdsorptionNo.3 wascaïyiedout at constantvolumeby the methodpre-
viouslydescribedto obtain the rate ofadsorption. With aUothercon-
ditions identioalexceptthat the pressurewasmaintainedconstant,ourve
4 wasobtained. It is quite evident that as the formula predicts,the ad-

c

Himeht~hMtt**

E'M.3. RATEOPABaOBPTMtt
Curve3at constantvolume;curve4at constantpressure

sorptionat constantpressurecontinuesat a higherrate than in thosecases
in whichthe pressuredectea~s. At the end of two hoursin thiscasethe

differeneeis an inereasedadsorptionof4.2 ce. by the methodadvocated,
amounting to 19 per cent of the total amount adsorbedby the former
methodm this lengthof time. Afifthadsorptionwas madeih whichthe

processwas at constantvolumeduring the 6tst 75 minutesafterwhich
the pressurewasinereasedimmediatelyto 480 mm. and the adsorption
measurementsoontinuedat that pressure. In this absorption,curve5,
it,was surprisingto findthehigh rateat whichafter 76minutestheadsorp-
tion inereasedtowardthe valuepreviouslyobtained. Aftertwoadditional

adsorptionsweremadeonthe sampleat 132''C.at constantpressure,whioh
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in themseïvesagreedwithnumber4, similarresults wereobtainedin ad-
sorptionsat 100''C.bythe twomethods.

8TAB!HTY 0F THE ADSORBENT SURFACE

Adsorbentsurfacesare known to be highlycomplex. Howeverthe
author bas contendedthat by rigorous!yfollowinga definitemethodof
preparationand cleaningof the surface,reproduoibleresults ia a given
sample should be obtainable. Two possibleméthode of determining
whethera surfacebasbeencompletelydegassedare the useof the MoLeod
gageor the repetitionof the evacuationand adsorption. The complete
cleansingmayof courseresultnot in a surfaceof maximumaotivitybut
merelyin oneofconstantactîvity: TheMcLeodgagewasusedpreviously

TABLE2
.–

anoa.ri A

AMoapTtox t jmeotM-noM S

<M(ttt'«< <~tM: nn<tmf<<n <-«Mc cmhtMXn

2 3.e s.C

30 11.9 14.5
60 14.6 18.3

120 17.8 22.6

TABLE 3

~meunt of adsorption

BAMPUt TATMe *))B tM ACMBPMOtt 9RB tMOtPnON 6Ta ABSOKFTtOK
WILUAMBON

t)mt«<t< te. ptr ~<mm ce. per enttt) ce. par e~ M: !)? t~m

10 0.39 0.34 0.46 0.<7
30 0.46 0.60 0.63 0.65
60 0.53 0.61 0.76 0.77

(5)in the study ofpalladiumto oheckthe completenessof the degasaing
process. In the presentstudy the amountofhydrogenadsorbedwasless
in the nrst twotrials,table 2, than in the subséquentexperiments. The
methodand timeof each step of the processwas identical throughout.
Amongthe possiMefactorsare the following. Theextraevacuationafter
cachadsorptionmayhavefinallyremoveda!!interferingmaterials,or the
addedperiodofheatingduringevacuationmayhaveproducedactivating
changesin the surface. The hydrogenadsorbedmay have an aotivating
cffectuponthe surface,cteansingit of othergases,or actuallycompleting
the reductionof theoxide. Burrage(6)basrecentlydiscussedthe neces-

sityof flushingthesurface. Whatevertheprocesa,it isevidentthat in the
present case the surfacereachesa maximumactivity and remainsquite
constant. Thisfinalsurfacebasa largercapacitythan that ofTaylorand
WilHameon(seetable3), althoughthe samplesagreewitheachothermore
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ctoselythan the firetand last adsorptionon the prosentsample. It ia

perhapssupernuousto remarkthat thia incraaeedadsorptioniaproduced

by the samemethodas is usedin producingthe mostactivecattdytiosur-

face,i.e.,by repeatedreduction.

ACTIVATION ENERGY

Althoughthe purposeof this déterminationdidnot involvethe oatcu!a-

tionofactivationénergies,theymaybeobtainedfromthe dataat thetwo

temperatures. Sincethe rates at eaoh temperatureare différentdepend-

inguponthe methodused,it isnotsurprisingto findsomevariationin the

valueofE resulting. Thisactivationenergyofadsorptionvarieswiththe

fractionof the surfacecovered,theSrstgasadsorbedrequMnglessactiva-

tion than the finalamount. Thedata as presentedin table4 havebeen

catoulatedso that they may be comparedwith the data of Taylorand

Williamson. The present sampleweighed0.51 aa muchas that of the

TABLE4

AcMfaMottMMfc~a<~<M~p<tOtt

HydrogenonMnO-Cr<0,at 10~-132"C.ttydrogenonMau-.urtusMiw-iitz'u.

CntMtommMB«otB*MOMeo
90¡.VUIIADSOaBIII>

Pfateate Volume
–––.–––––––––––~ ––––––––~–––––– –'––––––––

ce.
7.8~10.3 4,6SO 10,300
M.3-12.9 6,700 M.OOO
M.C-16.6 9,800 18,400
IS.S-tS.l 12,600

formerauthorsand thereforethe volumeinterval15-20ce. corresponds

to that between7.8-10.3ce. foran equal fractionof the surfacecovered

in the presentsample,etc.

CONCLUSION

TheLangmuirtheoryoftheadsorptionprocessrequirestbat thevelocity
of condensationbe dependentupon the pressure. Thisbasbeenproven
to be experimentallytrue in thecaseofhydrogenadsorbeduponthe mixed

oxidesofmanganeseandchromium. Asa result,in the determinationof

the activationenergyof the adsorptionprocessfromrate measurements

it is necessarythat the methodusedshallconsiderthe eSeotof pressure.
A methodia hère suggestedfor this measurementat constantpressure,

previousworkhavingbeendoneat constantvolume. Repeatedadsorp-
tionsuponthe samesurfacewerofoundto increaseinrates toa maximum

on the third adsorption. Afterthis amountof use the surfaceremained

constantduringfiveadditionaladsorptions. The conclusionis that the
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surfaceshould&-8tbe ahownto be stablebeforeit maybe usedto obtain
data at varioustemperaturesfor ca!cu!&tionand comparison.This ap-
paratusandmethodiaa!soideattysuitedforthedirectdeterminationofthe
adsorptionisobar.
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BEATS0F WETTINQOFCELLULOSEACETATEBYALIPHATIC
ALCOHOL8ANDAROMATICHYDROCARBON8*

S. E. SHEPPARDANDP. T. NEWSOME

~MeofcALaboratoryof<A<BM<ttMttKodakCompany,ReeAe~r,NewYork

Necett~t!~fttHMtf~?, MS9

This paperi8a furthercontributionto the studyofthe finestructureof
celluloseester plasticsfromthe pointof viewofsorption(1). The ener-
geticaof sorptionconsistprinoipallyof heats of adsorption,wetting and
swelling. In viewof the polydisperaecharacterof mostof the cellulose
colloide(2)it iaquite possiblethat a swellingina givenliquidmaycoDsiat
of twoacte,?. aotualso~Mt ofa moredisperseor lowermolecularfrac-
tion,andwettingofa lessdisperse,highermolecularportion,whichretaina
the gel structure. But at presentwe may regardheats of wettingand
swellingas synonymous,with thé provisothat later investigationsmay
makenecessaryfurtherdiSerentiation.

Measurementshave beenmadeof the heat of wettingof an acétone.
solublecelluloseacetate (40percent acetyl)in variousnon-solventliquida
at'26"C. Theheat of wettingis definedas the caloriesofheatevolvedper
gramof dry acétate whenthe acetate is immersedin aumcientliquid to
insurecompletewetting.

Knoevenagel(3) measuredthe heat of swelling(wetting)ofa cellulose
acetateof 36.9per centacetylin differentmixturesofethylalcohol,ben-
zene,and nitrobenzene. Theheat of swellingin ethylalcoholwasabout
650caloriespermoleofcelluloseacetate;in benzène,1100caloriespermole;
andin nitrobenzene,1300caloriespermole.

Theheatsof wettingofvariousformsof cellulose(cotton,paper,wood)
have beenmeasuredby Masson(4), Katz (6), Rosenbohm(6), Dunlap
(7),andBarratt andLewis(8).

BXMBRÏMENTAL

Theheatofwettingwasmeasuredinacalorimeterconsistingofa 1000-cc.
Dewarnask fitted with a Beckmannthermometer,a stirrer,a heating
coil,and a devicefor admittingthe dry acetatesimilarto that used by
Hedges(9)formeasuringthé heatof wettingof wooland silk. The calo-

CommunicationNo.614tromtheKodakResearchLaboratoriee.Pteaentedat
theRegionalMeetingof theAmericanChemicalSocietyheldat Rochester,New
York,February6, 1932.
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rimeterwaspaokedincottonina cardboardboxand the latter enolosedin

an air thermostatat 25=b0.03"C. Fivehundredce. of liquidwereused

in each experimentand about 15 gramsof dry celluloseacetate. The

celluloseaoetatewasdried by heatingtwenty-fourhoursat 106"C. The

acetate and liquid werekept in the thermostatfor Stteen hoursbefore

mixingto insureequalityof temperatures. In most casesthe maximum

temperaturewaa attained within ten minutes. The eoolingcurve waa

foliowedforabout twentyminutes. Theheatcapacityof the calorimeter

wasdeterminedafter eachexperimentby passingenoughourrentthrough
the calibratedheating coil to give about thé same temperaturerise as

wasobservedin the wettingexperiment. Therequiredtemperaturecor

rectionsweremade. The temperaturerisevariedfrom0.15"C.to 1.00"C.

The maximumdeviationin checkdeterminationswas5per cent.

BE8UM8

The resultsare shownin table 1. The firetcolumngives the wetting

liquids,the secondcolumnthe molecularweightof the wetting liquid,
and the third columnthe heatsof wettingin caloriespergramofdry acé-

tate. The heat of wettingdecreaseswithincreasein molecularweightin
a givenhomologousseries. The timerequiredfor the maximumtempera-
ture rise (fourthcolumn)maybetakenasa measureoftherate ofpenetra"
tion of the liquid into the celluloseacetate. As wouldbe expected,this

timeincreaseswith increasein molecularweightin a givenseries.

TABLE 1

~feot f~ tfe«t~ o/ c<Mt<<<KWacetotc

ACMatTtOtt AMOBPnOM BT

Tn<B BifMBB~ nxBMntOM

macntBO ~aott uQOto tuTCBAtzo

ttOt~c.“ MB *TM'C. v*ma*T26*C

HOCtO CLAB
wmr<Mo

'MX'ttCt) –––––––––– ––––––––––
WBtOHT

f*'tm"' TBxnMt-
MOt!

moles molesBIS. pot wcfee per par

<Scent gram tt~m

po'pram minutsr

Water. M 6.01 3 13.7 7.6 14.3 7.M
Methylalcohol. 32 7.62 3 51.5 1&.1
Ethyl alcohol 46 6.66 3 21.4 4.6 34.8 7.66
tt-Pt'opylatcohot. 60 4.94 6 21.2 3.5 26.6 4.27
n-Butyl alcohol. 74 4.26 13 16.8 2.3 28.0 3.78

Benzene. 78 7.67 8 22.1 2.8 39.1 5.01
Toluene. 92 6.78 15 16.9 1.8 23.0 2.SO
m-Xylene. 106 3.68 30 6.0 0.6 !7.1 1.61

CydohexMe. 84 1.40 10 1.6 0.18 12.6 1.60
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Our value for the heat of wettingof theacetateinethylalcoholis 6.66
caloriesper gramofacetateor 1609oatorie8permote,assum!ngamolecular

weightof 267. This is muohhigherthan Knoevenagel'svalueof 600to
700 caloriesper mole. Likewise,ourvalueof 7.57caloriesper gramor
2021caloriesper molefor the heat of wettingin benzeneis higherthan

Knoevenagel'svalueof 1100. Thedifférencein theacetylcontentsof the
celluloseacétatesisnot sufficientto accountforthediscrepaacy.

The heat ofwettingof the precipitatedcelluloseacetateby water is6.0
caloriesper gram. The heat of wettingof a similarcelluloseacetate m
the form of a sheotia approximately7 caloriesper gramas obtainedby
extrapolationfromthé intégralheatofadsorptioncurvo.

Knoevenagel(3) regardedhis resultsas supportinga conceptionof
definite (stoichiometrio)solvateformationfor the sorptionof liquidsby
celluloseesters. Thus,in a previouscommunication(10)he claimedthat

"regu!aritiesof a molarcharaoterwerefoundfor the liquidataken up in

swetlingequilibriumwith celluloseacétate." Thusmthe swollencellulose
acetate obtainedwith varyingmixturesof nitrobenzene-alcohol,acetic

aoid-benzene,or aceticaoid-water,a constantvaluewasobtainedfor thé

quotients:

Molesadsorbedalcohol(benzène,water)
MoleseetMoMMetate

He now ooncludeathat "to these molar relations"an unexpected,far-

reaohingadditionfor nitrobenzeneis made,The amount of heat de-

velopedper moleorweightunitof celluloseacetatedividedby the sumof
the sorbed molesof liquid is constant." The constant in question is,
surprislngly,the samefor experimentswithnitrobenzene--alcohol,alcohol-

benzene,andbenzene-nitrobenzene.Theaotualvaluesaregivenin table2.

TABLE2

Valuesof H/A

MATOf
wm-nHoABMmprtoK

tto<,Ko-(tWBmxo)ttfMOtJM
U<)0t« CMtt tK)t)MK)t«M-PEBMOLEoy N/~t

WiNOBTCAtOMEeomt.Ot.MB
MaM<M.BOf ACMATB
CtSH-OMMtB
ACKTATS

A. <.

;) ;)

~} ~)
N't be 123

l.3} Il.S}
0.11\1ro DZeDe.

1.3 12.33j 0.ioj
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The "constanoy"of the quotientH/A is goodfor thesefewsubstances.

Ourownvaluesof heatsofwettingdo notbearout Knoevenagel'sconten-
tion (see table 3).

TABLE3
Valuesof HandA asfoundbytheaulkora

I.JQl1l1> RBATOP AC80RP?IOfPMAtA
WWlTfRU

rntoriespcr m~t~te~Mper
ontm proal

Water, 6.01 7.9 0.76
MethyttttcohoL. 7.5 16.1 0.47
Ethyl alcoho1. 5.65 7.66 0.76
M-PropytaJeohoL. 4.94 4.27 1.16
n-Butyl alcohol. 4.25 3.78 1.12
Benitene. 7.57 5.01 1.51
Toluene. 6.78 2.60 2.31 r

m-Xylene. 3.69 1.61 2.29
_––––––––––––––––––––––––––––––––––––– 1t– ~– – – – – j

Not only is the ratio of H/A quite inconstant,but our figuresfor the
i

sorption,whetherfromliquidor saturatedvapor,areof quite a different

order from Knoevenagel's.This différenceappearsto be due chieflyto

his experimentalmethod,whiohinvolvedmeasurementof liquid retained

by precipitatedcelluloseacetateafter centrifuging. Thisproceduredoes EE
not appear to us likelyto givecorrectvalues. In the caseof complète }
solventsfor celluloseesters,the existenceof molecularcompoundsin cer- j
tain cases (11) appem very probable,but in the caseof sorption there

doesnot appearto beanysystematicevidenceof stoichiometricalrelations.

It wasdesiredto obtaina relationbetweenthe heatof wetting and the

correspondingamount of adsorption. It is not feasibleto measure the

adsorptionby the precipitatedmaterialfromthe pureliquid but we can

convertthe precipitatedacetateto a sheet,immerseit in the liquid, and

weighthe amount sorbedafter removingthe exeessfrom the surface.

Thissorptionfromthe pureliquidby a sheet0.005inchthick is shownin

columnsfiveandsixof table1. The sorptionofmethylalcoholcouldnot

be accuratelymeasuredin this waybecauseof the evaporationduring the

handlingof the sheet.
The sorptionby the sheet,however,is probablylessin most cases than

that by the fibersunderthesameconditions,becauseofthesmallerexternal

surfaceof the sheet (12). Theoretically,the sorptionby the fibers from

the pureliquidshouldbethesameas that by the fibersfromthe saturated

vapor. Data for the latter obtained with a silicaspringbalance was

shownincolumnssevenandeightof table1. It willbeseenthat, withthe

exceptionof water, the sorptionby the fibersfromthesaturated vapor is i(
considerablyhigherthan the sorptionby the sheet fromthe pure liquid. (

e
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The sorptionfrom the saturated vaporis composedpartlyof true surface

adsorptionand partly of capillarycondensationbut only theformercon-
tributes to the heat of wetting. It is, therefore,necessaryto knowhow
much of the sorption is surfaceadsorptionand howmuchcapillarycon-
densation.

THE PORE VOIAJME OF PBECIPITATED CEMiOTiOBE ACETATE

Figure1showsthe graphof the heatofwettingagainstthe correspond-
ing total sorption-assumed to be the sameas that fromthe saturated

vapor at the same temperature. In a previouscommunication(12) it
was shownthat the adsorptionof the alcoholsdeereasedwithincreasein r
molecularweightand appearedto becomeapproximatelyconstantat n-

butyl alcohol. It wasassumedthat beyondthis point there was no fur-
ther capillarycondensation. The ourvesof figure1 indicatethat capil-
lary condensationin the alooholseriescessesat n^propylinsteadof n-butyl,

'

and in the aromatiehydrocarbonseriesat toluene. The prolongationsof
the linesthroughthe originenableus to determinethe surfaceadsorption
whichis necessaryto accountfor the heatsof wettingof benzèneand of

methyl and ethyl alcohole. The excesssorption is due to oapiUarycon-
densationand givesa measureof the pore volumefilledby the liquid.
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Table 4 shows thé surface adsorption and capillary condensation for the

différent liquida, together with the caloulated pore volumes.

TABLE 4

1 OAPILCABYDDN9ITt P081
MOOtC AMOKt. CO)<B)!t<- AïM'0. tOM)MLtQUID

18uapACD

CONDSN- I)IIII811'T V04UHH
nOIl 6An<M'

m<K<me<MMtW<ttt«<<t M. Pr
v~gtYIm n~1"0111 grom

Methyl alcohol. 6.62 &.68 0.7866 0.389

Ethyl alcohol. 4.87 2.69 0.7861 0.168

n-Propyl alcohol 4.27 0.0 0.0

BeMene. 3.28 1.73 0.8734 0.155

Toluene 2.60 0.0 0.0

–––––––––––––––––––––––––––––––––––––––––– ]

Methylalcoholgivesthelargest amountofoapillarycondensation. The <
porevolumethus ocoupiedis0.389ce.per gramofdryacetate.

The straightlinesthroughtheoriginin figure1correspondto a constant (;
net heat ofadsorptionof2.30caloriesper millimoleofadsorbedliquidfor (

the benzeneseries,and 1.15caloriesforthe alcoholséries.

BPECIFIC SURFACE AKEA
r

Bartell and Fu (13)havedescribeda methodfor the determinationof
the specifiearea of adsorbentsbasedon theheat of wettingand adhésion

tension. Theyhavederivedthe equation

'X! 1dî1

wherea is the specifiearea, -Qis the heatof wetting,A is the adhésion

tension,S is the surfacetensionof the liquid,T is the absolute tempera-

ture, and K
=

= cos<pwhere<pis the contactanglebetweensolidand

liquid. Thecontactanglebetewencelluloseacetatesheet andwaterwas

foundby Nietz(14)tobe25°. <S= 71.97dynesper centimeterand
-v=j

=

0.1474.

Substitutingin the aboveequation,a = 2.4X 10*sq. cm. Wehavepre-

viouslyobtainedthe value5.9X 10*sq. cm.frqmalcoholvaporadsorption
data (12). This figurewasobtainedfromthe total molaradsorptionat
the saturationpressureandispossiblytoo highbecauseof somecapillary
condensationof the higheralcohols. i(

)
1

r
i
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BUMMARY

1. The heat of wetting of an acetone-soluble cellulose acetate by various

non-solvent liquida bas been measured at 2S°C.

2. The respective amounts of surface adsorption and capillary con-

densation bave been deduced from a comparison of the heats of wetting

with adsorption data.

3. Calculations of pore volume and apecifie surface have been made. ï
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COMMUNICATIONSTO THE EDITOR

ANATTEMPTTOSEPARATEISOTOPESBYREVERSIBLEFRACTIONAL
DISTILLATION-

Thispapershowsexperimentallythat the boilingpoints of the isotopic
modificationsofmethylenechloride(CH»C1»)differ by 0.005*C.or less.
S.A.PeoplesandL. Newsome(seeEvans,Cornish,Lepkovsky,Arohibald
and Feskov:Ind.Eng.Chem.,Anal.Ed., 2,342 (1930» foundnosépara-
tionoftheisotopesofohlorinebyreversiblef raotionaldistillationofchloro-
benzene,but their techniquewasimprovedfor the présent attempt, for
whiohtheir6.09metercolumnwasavailable.

Twentylitersofméthylènechloride (Rœsslerand HasslacherCo.)were
carefullypurifiedin the 6.09metercolumn. Eighteen litersboiledwithin
0.1'C. or lesa,and tbis was returned to the cleaned still. The column
was thenoperatedat total reflux,and aUtracesof water very carefully
removedfromthe condenser(in whiohany water colleets). A calcium
chloridetube wasplacedon the condenservent. Water is euffioiently
solubleinmethylenechlorideto reduceappreoiablythe specifiegravity.
Thirty oc.sampleswerenow withdrawnat intervais for specifiegravity
tests,usinga 25ce.LeroyWeldtype pycnometer(Central ScientificCo.),
whichmadeit possibleto checkindividualweightsof samplesto lessthan

0.5mg. Theresults,eachbeingthe meanof twodeterminationsofd?5?0,
are 1.32043after 22hours,1.32039after 64hours, and 1.32046after 117
hours (allat total reflux). The entire chargewas then distilledoff (ail

boilingwithin0.1°C.or less),mixed,and foundto have d?M!?1.32040.
25.10

Valuesarenot correctedforbuoyancyofair.

AssumingRaoult'slaw,we write for the finallimiting steady state at
total reflux(Fenske:Ind.Eng. Chem.24, 483(1932)):

~A/~B°"

whereXTJXm is the ratio of the molefractionsof componentsA and B
intheproduct,XJX$,isthesameratioin kettle, ais ratio ofvaporpressure

1AidedbygrantafromtheCommitteeforResearchin ProblemsofSexof the
NationalResearchCouneil,and fromthe RockefellerFoundation.Thesefunds
havebeengeneroualyaugmentedbytheBoardofResearchandtheCollegeofAgri-
cultureoftheUniversityofCatifornia.
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ofpureAto that ofpureB,and nis the numberof theoretioalplates. The

6.09meter columnused, paokedwith 4 mm. X 4 mm. cylindrioalglass

beads,shouldgivea separationequal to that of at least forty theoretical

plates,so that n = 40. (Evans, Cornish,Lepkovsky,Archibald,and

Feskov: Ind. Eng. Chem.,Anal.Ed. 2, 342(1930)and Pétera: Ind. Eng.
Chem.14, 476 (1922).) For methylene ohlorideat 39.7°C.,its boiling

point (Carlisleand Levine: Ind. Eng. Chem.24, 146 (1932)),dP/dT is

0.035atmosphèresper degree. (Morrison and Duus: Chem. & Met.

Eng.39, 230 (1932).) If both pair of successiveisotopioformaof méth-

ylène chloride boil y9 apart; « = 1 + 0.035yfor either pair. The

compositionofohlorine,CÎ»,is67.6per centCla*-», 36.6per cent Cl»8»-»
and 6.8per cent Cl»*7" (Giauqueand Overstreet:J. Am. Chem. Soc.

54, 1737(1932).) Assumingthe same ratiosfor the three isotopicforma

of methylenechloride,and assuming their molal volumesin the liquid
Btateto be identical, one calculâtes 1.32040-0.016j/for Umitingspecifie

gravity of distillate. Comparing this with expérimentalvaluesabove

given,it is seenthat ymustbe 0.005°C.or less. This resu1tisapparently
at variancewith the olaim(Keesomand vanDijk: Proc. Acad. Sci.Am-

sterdam34, 42(1031))of a recognizableséparationof the isotopesofneon

ina reversibledistillingcolumnof nineteenaotualplates.
The 6.09meter columnwillseparate in better than 95per cent purity

(witha singledistillation),liquidaboilingaslittle as5°C.apart. Thetime

formaximumenriohmentat total refluxis then about twenty-fourhours

(oneday). Henceevenwitha différenceof0.005°C.(themaximumpos-
siblefor methylenechlorideisotopes),to get about 95 per cent purity of

isotopes,such a columnmustbe 6 X 1000or 6000metershigh,and the

timefor maximumenrichmentwould be increasedto 1000*or 10*days.

However,the right set of conditionsfor such a fractionationmay have

occurredin someplacesduringthe formationof the earth.

8TJMMAHY

The boilingpoints of successiveisotopicformsof methylenechloride

(due to the chlorine35 and 37) are shownexperimentallyto differby
0.005°C.or less. Hencein a liquid-vaporequilibriumtype of fractionat-

ing column,the necessaryheight and particularlythe necessarytime of

distillation,eliminatethis method of separation. Howeverthis kind of

fractionationmayhaveoccurrednaturally insuitablegeologicalformations.

H. J. Henbiques.
R. E. Cobnish.

TheInstitute of ExperimentalBiology
TheUniversityof California

Berkeley,California
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CORRECTIONS ?

The followingcorrectionsshouldbe made in the article "Applicationof
the DoubleLayerTheoryof Otto Stem. I. appearingin This Journal =

36,3157(1932):

In equations6 and7, read a + signinstead of the sign. î
In equation8, read"g = 4 X 1.67X 10-*
In equation9, read"296"in the exponentof e, insteadof "2.95." s

In equation15,the exponentof e shouldread

9.65X 10*X3 X 10»X 0.124

3 X10»X2 X1.99 X4.183XWX296

In equation17,read"2.27 X 10-»»,"instead of "2.27X ÎO"'7."

Frank Ubban..
H. L. White.
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Our MiwttACivilitatim. By Thomas T. Head. Century of ProgreBBSories,

6x 7 in.; 166pp. Baltimore:The Williams& WilkinsCo., 1933.Price:$1.00.
Theauthorisawell-knownwriterin the fieldofminingengineering.Thetreatise

onthis subjeoti8exceptionallywellwritten andehouldbeespeolallyinterestingto
peoplewhobavenot beentrainedas scientists andengineera.

Thedevelopmentandusesof the commercialminerais,importantchemicalele-
ments,metals,andtbeiralloysasapplied bymankindis presentedby theauthor in
an interegting,olear,accurate,and concisemanner. Thereare statisties,but not
enoughto borethé reader,and the gêneraiphilosophy,economy,and comparisons
remindone,to someextent,of the book CreativeChemistryby thelate Dr. E. E.
SlouBtm.

R. L. Dowdbu..

Sâure-Basm-Indieatwen.I&r«Anwndung beidercotorimetrisehenBestimmungder
WasientosSlmenkimgtnlratim.Von I. M. Kolthoïc unter Mitwirkungvon
Habbt Fibchoold. 18.5x 20.6cm.; xi + 416pp.; 26 figures. Berlin: Julius
8pringer,1932.Priée:10.8RM (geb.).
Thisvolume,issuedundera different title, il a muchexpandedfourthéditionof

DerGebrauchvonFarbindicatoren.The workis dividedintothreeparts. The firat
twosections,i.e., "The dissociationof strong and weakelectrolytes"and "The

propertiesofaoid-baseindicatore"contain anexcellentdiscussionofthe theoryand
modemviewpointof thesesubjects. The third sectiondealingwith "The colori-
metrioestimationof hydrogenion concentration"containathe applicationsof the
theorieswhichhavebeendevelopedto problemsofpracticalapplication.

Probablynoonete betterqualifiedto write a bandbookauchas this than is Dr.
Kolthoff,forit représentaa fieldto whiohhehasgivenmajorattentionfora number
ofyeare,bothasa researehworkerand as a teacher. Thetheoreticaldiscussionsgo
beyondmostbookswhicharedesignedto coverthisfieldandincludeluciddiscussions
of the recenttrendsin the "aotivity" concept,ineludinga thoroughdiscussionof
Brdnsted'sideaeonacid-basefunetion. Bronstedhas rightlypointedout that the
hydrogen-ion,beinga nakedproton and accordinglyan« partiole,cannotexist as
auchexceptfor an infinitesimallysmall lengthof time, that it willpénétrât*into
theeloctronshellofthe firstmoleculeit cornesin contactwithand,thus associating
iteelfwitha neutralmolecule,will form a moleculepomeminga positivecharge.
Thusinsteadofapeakingof "hydrogen-ions"weshouldmoreproperlyspeakof the
"hydroniumionconcentration,"(H,O+),whichreprésentathe concentrationof the
solvatedprotons. TheBrdnsteddefinition of acidsandbasesdifféraconsiderably
fromthe olderconceptions,but appeara to possessreal merit. Thus"an acid is a
substancewhiehis ableto aplitoffa proton, simultaneouslyforminga base, and a
baseis a substancecapableofuniting with a proton,thusformingan acid." Thus
thedissociationofanacidinwatermay bewritten

A + HiO ç± B- + H^O*

acid base base acid
401
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This conceptlays primary emphasisonthe signandmagnitudeof the chargeof the
centralatomof a molecularconfigurationas determiningacidioor basicproperties
rather than the criterion of "sait formation"whichis regardedas an inoidentsl

phenomenon.
Thepresentvolume is especiallyvaluablerinceit discussesacid-basedissociation

in suchBolventsas ethyl alcohol. On the basisofBrdnsted'sdefinitionbothethyl
alcoholandwater are bases,but wateris fourhundredtimesas stronga baseas is

ethyl alcohol;this acoountsforthe dlfferenceinbehaviorbetweenaqueousandaloo-
holieSystems.Thits sectionof the bookespeoiallyappoaledto the reviewer.

In the sectiondevoted to thepropertiesofindieatorswefindanexcellenttheoreti-
cal discussion,followed by a descriptionof the variousindicators,inc1udingfor-

mulas,meltingpoint, and otherphysicalproperties,methodsofpurification,solubil-

ity andpH raige and their suitability for use undervariousconditionsand with
varioussolvents. A new definitionofan indicatoris proposed,i.e. "Indicatorsare

(apparently)weofcacids or bases,whoseinogeneor aci- (or baso-)formpossessss
a differentoolorand structure than the pseudoor normalform."

Thethirdsection of the book,dealingwiththe colorimetrioestimationofhydro-
gen-ionconcentrations,dealswiththe preparationandpropertiesofbuffersolutions,
the tecbnicof the colorimetriodeterminationof hydrogen-ionconcentration,the
sourcesoferror in the colorimetricmethode,includinganextendeddiscussionof the
effeetofsalts,proteins, andother colloids,temperature,etc., withthe last ohapter
devotedtoindicator papers. Thebookcloseswithanappendixofsixtablesshowing
the ionproductof water at varioustempératures,the ionactivityproductofwater,
the activitycoefficientfor variousconcentrationsofelectrolytesolutions,anexten-
sivetableof the dissociationconstantsofapproximatelyone hundred and twenty
acideandbases, including suohoompoundsaa the alkaloids, phenols,etc. (The
reviewerwonderswhy the aminoacidewereomittedfromsuohan impoeinglist, for

theycertainiyare more commonlyworkedwiththan are manyoompoundeincluded
°

in the table),and an interpolationtable for convertingfractionsof pH into CH
valuss. Excellentauthor andsubjectindicesclosethe volume.

It is abookfilled with valuablediscussionandtabulardata. The fact that other
volumeson the determinationof hydrogen-ionconcentrationarc availableshould
not deteronefrompurchasingthis book,forit containsmuchmaterialnototherwise

readityaccessible. It shouldbein everychemicallibraryand in thehandsofevery-
oneinterestedin the contraiandmeasurementofhydrogen-ionconcentration.

Ross Ajken Gobtneb.

Die Slruklur der Atomkerne. By Db. Sibgmund Stbansky. 22 x 15 cm.; 60 pp.

Leipzig u. Wien: F. Deuticke, 1932. Price, 4s. 9d.

Dr.Stransky'smonographon the structureof the nucleuais entirelyoriginaland

entirelyspéculative. There is evidencein favorof the conclusionshe drawsbut it
is of a numericalkind, in whichthe numbersare confinedrigorouslyto integers.
He doesnot consider other théoriesof the subjecthe is writingabout, and it is at
oncepatentto a reader that little reconciliationis possiblebetweenDr. Stransky's
viewsandthe main corpusof knowledgethat bas beengroundout of the rese»rch
of the past twenty years. They lie, indeed,so far outsideof the mainstream of

theoryandexperimentthat 1fearatomicphysicistsmayfail togivethemthepatient
considerationthe author wouldlike themto get.

Dr.Stranskyia a modemProut, a Prout,moreover,whobas had in histime the

discouragementof a Newlands. He tellsus that forforty-fiveyearshebasoccupied
himeelfat invervals in arrangingunits ofmass(protons,they wouldnowbecalled)
in suebpattems that tbe mostlikelyof themsumto the massesof the commonele-

menta,andthat he has not alwaysbeenableto get bisworkpub1ished. LikeProut
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hebasstartedfromtheaseumptionthatprotonsarethéstufffromwbichailmatter is
built. Thenewpointsarethat the protonsare probablyarrangodin thenuoleusin

hexagonsor fusedhexagonelike the CHgroupsin benzène,naphthalone,phenanth-
rene,andaoforth,andsecondlythat themassesof theatomeofthe elementsof one

particulargrouparebasedonone another. (FortbispurposetbesubdivisionsAand
B of the groupaof thePeriodicClassificationare ignored.) Theatomicweightsof

copperandsUver,forexample,are basedonthoseof lithiumand the alkalimetals.
Juet as naphthalonemaybe regardedas twobenseneslessfourcarbonatoms,and

piceneasfivebenzenealesseight carbonatome,soarebeavyélémentsofa groupso

manytimesthe massesofsimpleelementeofthegrouplesssomanyhydrogène. Thus

Na, 23,la4Li –5,theatomicweightof lithiumbeingtakenexactlyas7,andCb,133,in
6Na – 6; the reasonforsubtrsoting 5 inthesecasesis that whenfour orsix "ben-

ssene-rings"of protonsarejoined togethermostcompactlythereare fivepointsheld
in common,and consequentlyno protonsthere. Occasionallysomelatitude is al-
lowedindecidingwhatarrangementsaremostcompact,and thevariousalternative
massesarrivedat serveas the variousisotopesof the elementunderconsidération.
Thus nine"bricks"of twenty-three protonscan be simplyarrangedsoas to bave
eithereightor tonpointsofcontact withthepossibilitythat theelementso builtup
canhavetwoalternativemassesdifferingbytwounits. Muchofthebookis occupied
withdiagramsshowingthe patterns in whiohthe nucleiof the atomsof thedifferent
elementsarearrangedbyDr. Stransky. Theslmpleroneslooklikethe diagramsof

carbocyoliocbemistry;the more complexresemblesnoworystatsviewedthrough a

mioroscope.
Dr. Stransky'sgeneraltheory may bave been plausiblein days whenatomie

weightswerethoughttobewholenumbers,orevenintheearlydaysofnueleartheory
whenthenucleuswasregardedas builtupofhydrogenprotons,but theexperimental
workofF.W.AstoncompletelydisposesofProut's hypothesisinanyform. It is the
héliumnucleuswhichis the chiefeat brickin the nuoleus,withthe protonand pos-
sibly'tbeneutronandthe "demi-helion"assubsidiaries. Noneof theseis any sort
of arrangementsuohas Dr. Stranskypostulâtes. Thegreat importanceof these
ultimateunits andthenueleiwhioharebuilt fromthemat the presenttime is not
that theirmassesare4,1,2, 133,etc., butthat theirmassesareinexcessordefectof

integersto an amountwhich is a funotionof their closenessofarrangementin thé
nucleus. Further,Astonbas shownthat there is little évidenceof whatmight be
calleda periodioarrangementof the nucleusakinto that of the planetaryélectrons
in an atom;if therewere,one mightdeducefromthe massesof the isotopesof tin
thoseof theisotopesofleadby addinga constantamount,suohas88,to the masses
of tin. Tosomedegreethis works,but it is not so universallyapplicableas to be

regardedas an arrangement.
IffurtherconsidérationswereneededtobequotedagainstDr. Strsnsky'stheory,

the experimentalworkon the discriptionof the nucleuswhiehbas beengoingon at

Cambridgesince1919wouldsuffiee. Whatis knownof the nucleusfromthèse ex-

periments(and it is almosteverythingthat is known)bas no resemblanceto Dr.

Stransky'sspeoulations.
NevertbelessDr.Stranskyhas showngreatingenuityin biswork. It is quitethe

bestexpositionof 'Proutism'that basappeared,andif it encouragesothersto begin
a atudyofhowthenucleusis built up fromthe real ultimateunits,hislaborwill not
havebeenaltogetherinvain.

A. S. Russbll.

ChemisetteTechnologieder Neuztil. By O. Dammbb. Secondand larger edition,
6th volume. 10.6x27.6cm.; xvi+ 876pp. Stuttgart: FerdinandEnke, 1932.

Price,boundRM.79,unbound RM.5.
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This workdoalswithmotaleandalloye,and is oneof thogetypioalmonumentsof
German industryandscholarsbipwhiohnot onlydemandbut compeladmiration.
It begins witha goodaccountofthetechniealmethodsof the preparationofalloys,
anda comprehensiveacoountofa formalphaserule treatment.

The bookis full ofexcellentphotographe;thé ooloredonesare espeoiallynote-

worthy.
From thé point ot viewof thepraotioalman the bookis of the greatestinterest.

Thereare excellentphotographe,for example,in thesectiononbrass,of the serious
teohnioaldefectswhicharisethroughtheuseof wrongtempératures. Theréférences
to the literature are numerous,and the reviewer,whobas cbeekedabout twenty,
bas found themall correct.

It i8 diffioulttoseehowanybodyinterestedin non-ferrouealloysoanaffordto be
without this book.

F. A. Fbbeth.

Verôffenllkhimgenans demKaiserWilhelm-lmtitutfar Silikalforschunoin Berlin-
Dahlem. Edited by WilhelmEitel. 29 x 21 cm.; 212pp. Brunswick:Friedr.

ViewegundSobn,1932. PriceRM.28.
The proceedingeof this activeInstituteagaincovera widerange. Workingas it

doeain closecoopérationwiththésilicateindustries,it basbeenfoundnecessaryto
widonthe soopetoineludethestudyof the heat balancein technicalprocesses,such
as the manufactureofPortlandcement. In thisconnectionadescriptionlegivenof
the new 'Lepol'kiln,whichalthoughof Germandesignbasaofar beenereotedonly
inSpain andinLuxembourg.Bytheuseofa preliminaryroastingohamberutilialng
the waste heat,the actualkilnisgreatlyshortened,anda veryoonsiderableeconomy
offuel is effeoted.Otherworkoncementincludesa study ofthesettingtimeofmix-
tures of Portlandandaluminouscoment,fromwhichit appearethat the properties
of the mixtures arenot additive.

Glass problem fil the greaterpart of the volume. Withthe helpof the German

glasamanufacturera,a set of tablesof the propertiesof glana,takinginto account
some2500publications,is in courseof preparation. These tableswillincludethe
chemicalas wellasthe physicalproperties. Severalcommunicationsdealwiththe
removalof colorfromglass,especiallybymeansof cerium. Ceriumdioxideis su-

perior for this proposeto manganèsedioxide,but it will causedarkeningbyultra-
violet light if arsenicor bismuthbepresent. Thiseffectis correctedby theaddition
ofsmall quantitiesofsodiumsulfate,and the mutual influenceof these additionsis
workedout. In opalglasa,thecrystalsproduoingturbidity areidentifiedascriato-

balite, whateverthe compositionof theglass, althoughin fluorideglasseathe pres-
enceof minutecrystalsofsodiumftuoridebas alsobeenproved. Thehydrotbennal
synthesisofcalciumsilicatesandtheactionofoarbonioacidunderhighpressureon
thesilicatesbavebeenstudied,oneresultbeingthepreparationofdefinitecarbonate-
silicateglasses,containingasmuchas20per centofsodiumcarbonate. This memoir
includesan interestingsériesofquantitativeexperimentsontheequilibriumbetween
carbondioxideandglasses. Theflowofmoltenglassin the Owensmachineis con-
sidered theoretically,this paperto be followedby one in whichthe theoretioalde-
ductionsareto betestedbyanexaminationof theflowlinesasshownby Schlieren.

As in previousyeare,there areseveraldescriptionsof improvedapparatusand

experimentalmethods,anda fewcommunicationshavingonlyan indirectbearingon
the silicate industriesare ineluded,such as a study of vanadiumoxidesols and
another in whichthe dehydrationandrehydrationofbrucite la examined,it being
shownthat a newphaseis formed,andnot simplya pseudo-structure.Theeditoris
to be congratulatedon the qualityof theworkdoneunderhisdirection,andon the
excellentprésentationof it in thishandsomevolume.

C. H. Dbbch.

1



THE SOLUBILITYOF SILVERIN MERCURY.II

ROBERTE. DsRIGHT

ChemicalLaboralory,TheUniversilyofRachester,Rocheater,NewYork

ReceivedOctober80,<1088

Déterminationsof the solubilityofsilverin mercuryat variousisolated

températureshave beenreportedbyseveralinvestigators(5, 8, 17,14,12,
15, 24),but Joyner (9) wasthe firetto study the problemsystematically.
Severalyearsago SunierandHess(22)publishedsomepreoiseworkonthe

solubilityof silver in mercuryover the range80*C.to 200°C. Theirre-
sulta agreedremarkablywellwith thoseobtainedby Joyner,whouseda
rather crudemethod. Sincethat timeMurphy(13)baspublisheda com- ·

plote phasediagram for the Systemsilver-meroury. He was interested,
however,in the compositionof the solidphaseandoitesthe dataofSunier
and Hess(22) for his liquidusourveat lowtemperatures.

SinceJoyner (9)is the onlypersonofferingsystematicdata below80°C.,
(fourdeterminations)andhisdata in thisrangeof temperaturepointedto
a markedflatteningout ofthe solubilityourvebelow50°C, it wasthought
ad'visableto extend the preoiseworkof Sunierand Hess(22)below80°C.

MATERIALS

The mercury used wasfirstpurifiedby droppingit througha five-foot

Meyercolumncontaining6 N nitric acidand was then washedwithdis-

tilled water. The dried mercurywasdistilledin an all glsss apparatus
accordingto the method of Hulett and Minchin (7). Samplesof this

mercuryyielded no weighableresiduewhenevaporatedaccordingto the

methodofanalysisof the amalgamain a streamofhydrogen.
The silverused was"1000fine"foil,kindlysuppliedby the Philadelphia

Mint. Thisfoil wasusedas the solidphaseeitherdirectlyorafter treat-

ment by methodsdescribedlater in this paper

APPARATUS

The solubility tube used,a modificationof the oneusedby Sunierand

Hess (22)and similar to the tube usedby Sunierand Gramkee(21),was

made of Pyrex glass. It differedin sizefromthat of the latter, as the
smallersolubilitynecessitatedtheemploymentoflargervolumesofmercury.

Theshakingmechanismdifferslittlefromthat usedbySunierandWhite

(23) with the exceptionthat in onerun a set of sixteenrather than eight
405
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tubes wererun at the sametime. Theapparatusbroughtabout complète

transfer of the contentaofthe tube fromoneendto tbe other by rotating

it throughan angleofsixtydegrees.
The tubes wereimmersedina heavilylaggedthermostat similarto the

one desoribedby BunierandWhite(23). The bath was heatedbyeleo-

trioity and steam, and wasprovidedwith a coppercoolingeoil. In the

early runs, manual controlof the temperaturewas resorted to, but in

later runs a merourythermoregulatorof the typedesoribedby Clark (1)

was used. When manualcontrolwas used the constancyapproached

±0.02°C, while with the thermoregulatorthe temperature was held

within the range of ±0.01*0.

Temperatures were read frommercury thermometersof the double

diamond label manufacture*!by HiergesellBrothers,and graduated in

tenths ofa degree. Thesethermometerswerecomparedwith thermome-

ters standardizedbythe Bureauof Standards. Theicepointsweretaken

frequentlybut showednochange. Temperaturescouldbe read to 0.02°C.

with ease. Changesof temperatureduring the run were noted from a

Beckmannthermometerinsertedin the bath.

The weightsusedwerecalibratedaccordingto the methodof Richards

as desoribedby Falea(4)andcomparedwith a weightcheckedby the Bu-

reau of Standards.

BXPBBIMENTAli PROCEBtTBB

After the solubilitytubehadbeenwashedwith6 N nitricaoidand dis-

tilled water,it waadriedinanovenat 160°C.overnightor flamedwitha

Bunsenbumer in a streamofair. The tube wasthen chargedwith 135

to 155g. of merouryin the manner describedby Sunier and Gramkee

(2) and two to threehundredper centexcessofthe silverrequiredat that

temperature,usingJoyner's(9)data as a guide. The tubes wereHamed

and evaouatedwitha CencoHyvacpumpto a pressureof 0.01to 0.1mm.

of merouryread ona MaoLeodgauge.
To determinethe solubilityat a certain temperaturea total of eight

tubes was made up (16tubes in Run N). The run was made in the

mannerdescribedby Sunierand White (23),four tubes beingrotated at

5°C. above the solubilitytemperaturepreliminaryto the insertionof the

remainingtubes.

Later in the researchit becameevident that equilibriumhad not been

attained in the timeallowed,so that all of the tubeswereinsertedat the

same temperatureand rotatedfor periodsof fromeight to two hundred

and fif ty-sixhours.

Samplingwascarriedout in the mannerdescribedby Sunierand White

(23).
The method of analysiswasthat used by Sunierand Gramkee(21)in

the analysisof goldamalgams. A large Pyrextube with a groundglass
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stopper, as shownin figure1, was supported in an electricfurnace. A

mercurytrap wasprovidedto catch thecondensedmerourysweptthrough

by the gas admitted at the oppositeend. The capsulesweresupported
onSilliraaniteslabs,hencethere wasnopossiblecontaminationof evapo-
rated mercury.

In order to test the applicabilityof this procedureto silveramalgama,
various experimentswerecarriedout. It was foundthat the mercury
used left no weighableresidue when evaporated by this procedure.

Weighedpiecesof silver foil lost no weightwhen heatedfor periodsof

twenty hoursat 550°C.in a streamof hydrogen. Merourywasplacedon

this foil and thendrivenoffby heatingat 270°C.to 300°C;the residues

were then heated to 550°C.for severalhours. Whenair was used the

residueswereconsistentlyseveraltenths ofa milligramheavierthan their

originalweight. Thiscouldnotbedue tosilveroxideformed,for it would

-Émoo; -.0

be unstable at the temperaturesemployed,accordingto the free energy

relationships cited by Lewisand Randall (11). Owingto the finely
divided conditionof the crystallizedsilver,occlusionsuggestsitselfas a

possibility. Steachie(20)refersto the occlusionofgaseson finelydivided

metallic surfaces. Whenhydrogen,purifiedby bubblingthrough satu-

rated solutionsof potassium permanganate,sodiumhydroxide,and 95

per cent sulfuricacid wasusedthe residuescame downto their original

weight.
To test the entire expérimentalprocedure,eight tubes containing

weighedquantitiesofsilverandmercuryweremadeupandcarriedthrough
the entire procedure. The results of this experimentare tabulated in

table 1. It is to be noted that the solubilityof silveris much less than

that of gold,so that, of necessity,muchsmallerresiduesmust be weighed,
and the amountsof mercuryused must be much larger. Despite these
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disadvantages,fromthe compositionfound,theaveragedeviationwasless

tbao onepart perthousand.

TABLE1ADJ"D 1

HERCORt ATOMJCPER ATOWC FER

TVB8 BttVBB TASEN T4XBM CENT TASEH «SUT FO0MD DEVIATION

pmma 0~mf ~~g

1 0.0912 143.028 0.1177 0.1182 4.2

2 00986 147.909 0.1238 0.1228 8.1
3 0.0877 146.417 0.1120 0.1124 3.6
4 0.0859 143.349 0.1118 0.1122 8.1
5 0.0949 144.816 0.1217 0.1218 0.8
6 0.0899 145.311 0.1148 0.1142 5.3
7 0.0940 187.088 0.1273 0.1267 3.9
8 0.0930 145.897 0.1184 0.1179 4.2

Average = 0.1184 0.1183 4.8

Déviation of average composition 0.86 per 1000

TABLE 2

Run A

Time of run 6 houre(low side-4 hours); temperature40.11°C.(high Bide-46.3*C);
silver-foil (mint); mercury–triple distilled.

ÀTomcnm
T0BE BUTER AT WBIOBf OP WBTOBT OP WSBCBKt OP DEVIATION BKUAMS

mWBEB WAKT AUA1.OA11 B1I.VEB BILVEB TOOM MBAB

gram Q~Omi p.p.'

A-l 0.5 142.991 0.0880 0.1144 5

A-2 0.5 144.533 00886 0.1139 0

A-3 0.5 143.692 0.0872 0.1128 11
A-4 0.5 142.416 0.0932 0.1216 x Exclude
A-5' 0.5 146.070 0.0896 0.1140 1
A-C* 0.5 142.993 0.0880 0.1160 11
A-7* 0.5 143.285 0.0879 0.1140 1
A-8» 0.6 142.772 0.0867 0.1129 10

Average
Low side, O.11S7

(3) 5 per 1000
-«£&£

(3)°1139 ^Tim
Bigh aide, 0.1140

Numberofdeternainations,7.

Highaide.
EXPEBIMENTALBESTJLTS

In table2willbefounda sampletableofdataforonerun.

In table 3 will befoundthe tableof data for Run N in whichsixteen

tubes wereusedand thé solid phase variedas describedlater in this

article.



TABLE 3

RunN

Time of run 258 bouts; temperature 25.28'C; silvet as noted; meroiwy–triple
dtrtffled.*

ATOUJC

T08K 90UD WEIOBT WBIOUT WS1QBT PEB CENT DCVUTJOH

NPMBBB PIM8S OP «OU» OF OF or FBOH ME4N BEMAHK8

FBASB AMAUIAU HIVER. SO.VBB

srrami train» grain* p.p.t.
A-l Reed 1.7 144.951 0.0606 0.0777 il
A-2 Reed 1.6 148.8110.06200.0801 36
A-3 Reed 1.6 146.676 0..0685 0.0868 102 Exclude

Ex. Foil 1.0 165.377 0.4891 0.6841 x No glaeswool
E.1 Ag.Hg« 2.0 140.474 0.0631 0.0836 69 Exclude
E-4 Ag 1.0 .138.439 0.3189 0.4276 x Filtered througb

chamois
E-2 AgiHgt 2.0 141.603 0.0670 0.0748 18 Exclude

E-3 Ag 1.0 134.842 0.0678 0.0928 162 Exclude
C-1 Ag,Hg« 2.0 143.694 0.0695 0.0899 133

C.2 Ag.Hg4 2.0 141.649 0.0570 0.0749 17
{ J£j£ZÎPoor vacuum

C-3 AgHgt 2.0 86.436 0.0346 0.0748 18

C-4 Ag,Hg, 2.0 148.444 0.0602 0.0764 13

H-l Ag 1.0 143.853 0.0703 0.0908 142 Exclude
H-2 Ag 1.0 143.467 0.0617 0.0799 33
H-3 Ag 1.0 144.120 0.0693 0.0766 1

H-4 Ag 1.0 144.399 0.0588 0.0767 9

Average» 0.0766 21.1per
1000

Number of déterminations, 9.

With the exception of the tube marked Ex., column 1.

TABLE 4

HUN TBHPUBATtmB SOLDBIUtT DEVIATION MDHBEBm TIUE

TUBM

dcçrea C.
parti per

ia«r«

thoiuand

A 40.11 0.1139 5 7 6

B 50.02 0.1460 4 6 7
C 60.26 0.1901 27 8 7
D 70.54 0.2404 32 8 7
E 30.15 0.0966 91 8 fi Definite trend

F 80.94 0.2892 4 6 7

H 19.01* 0.0636 6 8 8
1 29.98» 0.0881 18 6 9
J 8.92* 0.0641 64 6 9
K 25.60* 0.0792 14 6 78
L 18.17* 0.0643 10 6 75
N 26.28* 0.0766 21 9 266

Ail tubes approached saturation from the same Bide.

409
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In table4willbefoundthesummaryofall rune.

Figure2 isa plotof the logofthe solubilityversusthe reciprocalof the
absolutetempérature. The slopeof the linewasdeterminedfroma large
scaleplotandthe linecorrespondsto theequation

log JV=^i|^8 + 0.6894

Ofa totalofonehundredandtwenty-eightdeterminationsmade,thirty-
eight have beenrejected. Of this apparently largenumberof rejeoted

ac.~ n.y Ûea.CeMr «.y m.r

Fia.2. THESoldbilitttor Silvbbin Mebcdby

OJoyner;e SunierandHess;o DeRigbt.

tubes,sixteenare accountedforbyRunsGand M, whereequilibriumwas
not attained. Of the remainingtwenty-twoexcluded,four tubes were

broken,three amalgamabumpedduringevaporation,and difficultywas

experiencedin the filtrattonof four tubes. Thereforeonlyeleventubes
wereexcluded,merelybecausetheirdeviationwasgreaterthan fourtimes
theaveragedeviation.
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DISCUSSION OP RE8BLTS

It wasrealizedat the inceptionof this investigationthat, owingto the

slightsolubilityofsilver,it wouldbe necessaryto employlargetubesand
to weightheresiduesextremelyaccurately. Afterthe completionof the
blankrunand the aatisfactoryresultsobtained,it wasfelt that littlefur-
ther difficultywouldbe experienced.

The solubilitiesat temperaturesabove 40°C.were first determined.

Althoughin somecases rather largeaveragedeviationswerefound,the
determinationsseemedto be in fairagreement,and whenplottedfellon a

straight line. The slope of this curvewassomewhatlessthan that de.
terminedby Sunierand Hess(22). Thischangein slopeis not unusual
at lowertemperatures. The determinationat 80°C.,whiohwasthe low-
est temperatureat whiohSunierand Hess(22)mademeasurements,was
in goodagreementwith their result. Furthermore,in the rangeof tem-

peratureabove40°C, the data wasinagreementwiththat ofJoyner(9).
A hint of the difficultypresent in the behaviorof amalgamsbelow

40"C.wasgivenbyJoyner'sdata. Therewasa markedbreakin theslope
of his eurveat 40°C. The slopeof the ourveat the lowertemperatures
approachedzero.

In Run E at 30.12°C.there wasa markeddisorepancybetweenthefour
tubes of the highaide and those of the lowside. This seemedto be a
criterion that equilibriumhad not beenattained. A very markeddis-

crepancyexistedbetweenthe two sidesin Run G at 19.85°C. Thisdis-

agreementwas somarked that this run wasomittedfromtable4.
It wasdecidedto makea secondrun near the temperatureof RunG,

rotatingaileight tubes, fromthe lowside,for eighthours (RunH) at a

temperatureof 19.01"C. This run yieldedvery satisfactoryresults,since
all eighttubesgavean averagedeviationofonly6 p.p.t., a verylowfigure
forsuoha smallsolubility. Furthermorethe point,whenplotted,showed
no deviationfromthe straight linedrawnin figure2.

Run E wasrepeatedin the samemannerin Run I. Unfortunately,two
of the tubeswerebrokenand a third excluded. The remainingfivewere
in goodagreement.

Run J yieldeda curiousresuit. It wascarriedout in thesamemanner
as Runs H and I. Althoughthe six determinationsretainedwerenot in

goodagreement,theiraveragedeviationof64perthousandpointedtosome

regularity. The apparent solubilitywas greater than that obtainedat
20°C.andshowedsomeagreementwithJoyner'sresults.

The impressiongainedfroma first readingof Joyner'spaperwasthat
he had rotatedhis tubes in a constanttemperaturebath for periodsof a

fortnight. Uponoloserinspectionof hispaper it wasfoundthat he had
rotatedhisamalgamecontainingbothsilverandtin forthe timeindicated,
but he madeno specifiestatement of the time of rotationin the silver-
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merourysystem. Furthermore,he claintsthe solubilityhe obtainedwas
theequilibriumof AgjHg«in contactwithmeroury,rather than of silver
in contactwith meroury. Murphy (13)states that silveramalgameat-
tain equilibriumseveraltimes fasterat 100°C.thanat roomtemperature.
Data isalsoavailableas to the rate ofpénétrationofmereuryinto a silver
surfaceat differenttemperatures(8). Thereforeit seemedadvisableto
continuethe runsat lowertempératuresfor longerperiodsof time.

RunK was to continuefor seventy-fivehoursto noteany differenoein
the solubilityobtainedat 25°C. Likewisenewmerourywasused in two
tubesto seeifanyerrorcouldoreepin,owingto theuseof mercuryevapo-
ratedfrompreviousruns. The resultsof this run werein fair agreement
amongthemselveaandthe meanresuit fellvery doseto the straight line
obtainedat highertemperatures.

RunL was a determinationof thesatnetype,at 18°C. Unfortunately,
the contentsof onecapsulebumped,silverbeingtransferredto two other

capsules,so that it was necessaryto excludethreevalues. The mean

solubilityobtainedin this run wasnot in disagreementwithpreviousruns,
andfellon the straightUne. Thisprovedthat therunsat 20°C.and 30°C.
fora shorterperiodof timehad praoticallyreachedequilibrium.

Run M was to continuefor oneweekin the hopethat equilibriumat
10°C.might be attained. This temperaturewasmadepossiblethrough
the use of a thermoregulator,coolingbeingbroughtabout by pumping
water froman auxiliarythermostat containingice,through the copper
coolingcoil. In fourof the tubesthe solidphaseconsistedofsilverwhich
hadbeencompletelydissolvedin merouryat a hightemperatureand then
allowedto cool. Therésulteof this run wereverydisappointing. There
wastoo little agreementamongthe tubes to accordany credenceto this
determination. The four tubes, containingthe solidphase mentioned

above,filteredwithgreat difficulty,the solidcakingat the mouthof the

capillary. Furthermore,the resultsshoweda highersolubilitythan the
other four,supportingthe convictionthat solidpassedthroughwith the

liquidphase. Owingto the disagreementamongthe tubes this run was
omittedfromtable4.

At this point in the researcha critical surveywasmadeof the fourteen

previousruns, witha viewtowarddetectingany errorsin procedureand

introducingany helpfulinnovation. The followingchangesin procédure
suggestedthemselves:(1) variation of the formof the solidphase, (2)
variationof the liquidphase, (3)designof the tubes,i.e., the method of

filtering,(4) the timeofshaking,(5) the numberoftubes.

Murphy(13),inbispaper,states that equilibriumis muohmorereadily
reachedwhenfinelydividedsilveris used. Furthermore,it is to be noted
that in the runsofSunierand Hess(22)inwhichtheyobtainedtheir small-
estaveragedeviation,silverfilingsrather thanfoilwasused. Joynerclaims
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bis data to be that of Ag»Hg«in equilibriumwithmeroury,and Murphy
postulâtes the formation of this compoundfrom the liquidphase at a
highertemperature. It wasdecidedto make use of this solidphase to
explainthe behaviorof the amalgama.

The designof the tube wouldbe rather dependenton the type of solid
phaseused. The use of glaeswoolabovethe capillaryfilter,or filtration
throughsinteredglass,suggestedthemselves. A methodofdoublefiltra-
tionor décantationwasconsidered,but did not appearto beapplicableas
finelydividedsilver, when wet with mereury, seemedto be dispersed
quite uniformlythroughout the liquid phase. The use of glass wool
abovea veryfinecapillarywasdeemedthe most logicalprocedure.

Anidenticaltube support was madesothat sixteentubesmightbe run
at the sametime.

The supplementaryRun N was then made. A temperatureof 25°C
was chosenbecauseit couldbe eauUyattained and wouldestabliahthe
validityof the data to 20°C. The tubes used wereidenticalwith those
previouslyused,with the additionof glasswoolabovethecapillary. AI-
thoughnoobjectionto the useof the evaporatedmereurycouldbe found,it wasdecidedto use newmeroury. Thetime of shakingwasincreasedto
twohundredand fiftyhoursandsixteentubes wereused. Threedistinct
solidphaseswereused.

(1) Mr.G.H. Beed,1workingin this laboratoryseveralycarsagoon the
solubilityof silver in merouryat higher temperatures,madeup several
tubes containingsilverand meroury. Oneof thesetubeshadbeencare-
fullypreserved,but for somereasonhad not beenanalyzed. The silver
had beenin contactwith the merouryfor severalyearsat roomtempera-
ture. Whenopened,the solidphasewasgranularandbrittleandretained
none of the characteristicsof the original foil. WhenaIlof the excess
mercurywassqueezedfromthe solid through a chamois,and a portion
analyzed,it wasfoundto hâvea compositionapproximatingAg,Hg4.

(2) SinceMurphyciteBthe formationof AggHg*,it wasdecidedto at-
tempt to prepare this compound. Weighedamountsof silverand mer-
cury in the proportionof Ag^g4 were sealed in a tube and evacuated;the tubewassoconstructedthat,by inversion,the contentscouldbetrans-
ferred fromone end to the other through a capillary. Thisacted as a
criterionwhenthe contentswereentirely liquid. This tubewasheated
at 260°C.for forty hours, thenraised to 500°C.andthe contentsfiltered
three times at intervals of onehour, thus insuringhomogeneityof the
contents. The tube was thencooledto 300"C.andheld fortwenty-four
hours,cooledto 250°C.and heldfor fifty hours, and kept in an ovenat
100C. until introduced into the tubes. The contentsof the tube were
entirelysolid,andhad a brightcrystallineappearance.

1Beefootnote(a),SunierandHess(22).
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(3) Finelydividedsilverwaspreparedîn a mannersimilarto that de-
scribedbyTartar andTurinsky(25),whorefertoLewis(10). Somemodi-
ficationsweremade. The silveremployedwasthe "1000fine"foil, and
c. p. chemisaiswereused. The silvercarbonatewas heated in a stream
of hydrogenat 250°C.to 300QC.for sixhours,and then raisedto 500°C.
until therewasno further losain weight.

The températurethroughouttherunwu veryconstant, the thermoregu-
lator beingused. Two tubes werebrokenat the inceptionof the run.
The contentsof one was transferredto a tube with no glasswool,but

yieldeda very highresult. Thecontentsof onetube refusedto filter,so

they wereremovedand quicklysqueezedthrougha chamoisskin. The

very highsilvercontentobtainedin thiacaseisofsignificance.
The averagesolubilityobtainedfromthis run agreedverywellwith the

straight lineplot, henceestablishingthe straight Unefunctionto 26"C.
or lower. Furthermore,the différentvariablesused seemedto clear up
any questionof variablephasesemployed.

A considérationof availabledata leadsoneto someinterestingspécula-
tions. FirstofaU,theterm"solubility"mustbe defined. Bicbardson(18)
states, "a solutionis a bodyofhomogeneouscharaoter,the compositionof j
which may be varied continuouslywithin certain limita." Lewis and
Randall (lla) givea morefundamentaldefinition. Definitionsmay vary (
but the idea of homogeneityis alwaysretained. Next the criterionof

homogeneitymust be defined. In ordinaryaqueousor organiosystems, (
this ideaisoverlooked,for theappearanceof the solutionisan immediate

criterion. A cloudyor translucentappearancepostulatesa colloidsol, •
whilea clearappearanceisevidenceofa realsolution. The effectof light, |
then, is themeansofclassificationin thesesystems. In the merourysys-
tem, the opacity prevents determinationof the clearness,so that the i

amount ofmaterial that passesthroughthe filterin the liquidphasehas
been a criterionof solubility. Too little attentionbas beenpaid to the
sizeof thefilteror conditionsoffiltration,i.e.,pressure.

It is thisfact that may accountfor the manydiscrepanciesin data re-

ported. Russell(19),workingon amalgamsother than silverand gold,
reports someinterestingfindings. His methodof analysis relieson the

preferentialoxidationof metab lessnoblethan mercury, byshakingthe

amalgamwith a solutionofpotassiumpermanganate. In onestudy he !»

filteredidenticalamalgamsthrougha Jenaglasssinteredfilterandthrough i;
chamoisskin. He foundthe useof the chamoisskin very unreliable,the

apparentsolubilityinconstantandseveraltimeslarger than whenfiltered °

throughthesinteredglassfilter. Thisis in agreementwith theresult ob-
tained whena chamoisakinwasusedin RunN. Alarge majorityof the
excludeddeterminationsin thispaperhavebeen"high." B

Until there issomemethodofdetermininga homogeneousphase,other [,

ti

u
n
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than filtration,the term "solubility"in a metallicSystemhas a limited

meaning,for partiolesmay vary in sizefromatomicproportionsto large
aggregates. If this is true, and there is not a sharpgradation,solubility
willbedependentontheconditionsoffiltration. Apparently,inthesilver-

merourysystem,thereisa distinctdifférenceinsizeofsilverparticlesabove

40°C.#whilebelowthattemperaturethereseemsto beagraduaigradation.
It seems,therefore,that the greatestcredenceshouldbeaccordedto the
loweatrésulte,providedthat enoughtimehas elapsedfor equilibriumto
be reached.

Thereisa possibilitythat a measurementof the light reflectedfroman

amalgam,or someotheropticalmeansmaybeusedbywhichhomogeneity
may be determined.

BUMMARY

1. Amalgamsas diluteas 0.06atomicpercenthavebeenprepared,and

analyzedwitha preoisionapproachingonepart per thousand.
2. Onehundred and twenty-eightdeteminationsof the solubilityof

silverinmercuryin therange20°C.to 80°C.havebeenmade.
3. Severalformsofsilverandintermetalliecompoundshavebeenused

as the solidphase.
4. In therangeof temperaturefrom20°C.to80°C.thesolubilitychanges

accordingto the equation

logffo y8 40,68941~'

5. Therelationof the term "solubility"to particlesizehasbeenbriefly
discussed.

In conclusionthe writer wishesto expresshis sincereappreciationto
ProfessorArthurA.Sunierwhohasso inspiringlyandunselfishlydireoted
thisresearch.
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The isoeleotriopoint may be calculatedas outlinedby Kuhn(1) and

Simms(2) from the basicand acidicionizationconstantsof the oxide.

Theseconstantsare oftenunreliable. Thiselectrometricmethodis sug-

gestedasa meansofmeasuringthe isoelectricpointofanamphotericoxide.

MATERIALSANDAPPABATU8

A. Merouriooxide. Oneof the bestgradesof commercialoxides,red

variety,wasused. Half-cellscontainingthiscommercialformofmercuric

oxidegavepotentialswhichagreedto within0.0001volt withhalf-cells

containingred merouriooxidepreparedbydecomposingpurifiedmercuric

nitrate.
B. Lead oxide,red variety, was preoipitatedfrom a hot 12 normal

solutionof potassiumhydroxide,as describedby Smithand Woods (3)

byaddingpowderedleadacetateto thehotalkali. The oxidewaswashed

by decantationwith hot 10 normalpotassiumhydroxide,then washed

thoroughlyandrepeatedlywithhotdistilledwater,anddriedoversulfuric

acid in a vaouumdesiccator. Analysisfor lead,accordingto the gravi-
metriemethodof Brown,Moss,and Williams(4)gave 99.7per cent of

PbO. Asmallamountof waterwasevolvedwhenthe oxidewasheated

Btrongly.
C. Leadoxide,hydrated, wasprecipitatedfroma dilute leadacétate

solutionbytheadditionofa dilutesolutionofpotassiumhydroxideat room

temperature. The precipitatewas washedby decantationwith warm

distilledwateranddriedoversulfuricacidina vacuumdesiccator. Analy-
sisgavetheratioofhydroxylto leadasbeingverycloseto 2:1,showingthe

absenceofa basicsalt. Thepercentof leadwas89.77,whichagreeswell

withMueller(5)whofound89.75percentandrepresentedthecomposition
of the oxideby the formula(PbO)«H»O,whichrequires90.40per cent of

lead.

D. Potassiumhydroxidesolutionwaspreparedas describedby Ming
Chow(6). A 50per centsolutionofoneof the bestgradesof potassium

hydroxidewaselectrolyzedin a tall formbeaker,usinga largesheet of

platinumfoil (8 X 10cm.) for the anodeand about 2 kilogramsof re-

417
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distilled mercuryfor the cathode. The beaker was coveredand the

mercurywasstirredduringeloetrolysis. A current of 10to 15amperes
waspassedthroughuntil theamalgamhad becomeso crystallineit could
no longerbe stirred. It waswashedseveraltimes with distilledwater,
then transferredto a 3-literflask,and washeda few more times in the
absenceof carbondioxide. The flaskwasthen filledwithdistilledwater
and connectedwitha filteringtube and another flask. After about two
weeksthe amalgamhaddecomposedandthe solutionwasfilteredthrough
an asbestosfilter. Thefilteringtube wasremovedand a carbondioxide

trap, whiohpermittedfillingofa weightburet,wasattached. Thesolution
at no timegave a test forcarbonate. The molalityof the solutionwas
determinedby titrating with hydrochloricacid, standardized against
sodiumcarbonate,and alsoby titrating against benzoioacid. Weight
burets wereused in these titrations. Solutionscontaining0.1 moleof

potassiumhydroxideper thousandgramsof water,weremade up gravi-
metricallyandthemoredilutesolutionsmadeby dilutingthese,usingcati-
brated pipetsandvolumetrieflasks.

E. Doubly distilledwater, distilled in an all Pyrex still, first from
alkalinepermanganateandthen redistilledfromthe cleanatill, wasused.
It waskept in 5-gallonbottlesand wasprotectedfromthe carbondioxide
ofthe air.

Saturatedsolutionsof theoxidesweremadein 200-ml.roundbottomed,
longneckedflasks,fitted withgroundglassstopperaand providedwith
rubbercapsto preventcarbondioxidefromworkingpast the groundglass
stoppers. Theseflaskswerealmostfilledwith solvent,an excessof the
solidoxideadded,and thenshakenin a constant temperatureair bath at
25.0± 0.2°C.

Electrodevesselswerekeptina thermostatbathat 25.00rfc0.05°C.
Eachhalf-cellconsistedofa Pyrextest tube witha sidearm, anda tube

sealed.onat the bottomandbent upward,carryinga smallertube witha

platinumwiresealedin at the lowerend. It wasstopperedwitha rubber

stoppercoatedwithstopeockgreasein order to prevent carbondioxide
fromentering.

The sidearmaof the cellsweredippedin a beakercontainingthe same
solutionthat wasin thecells,andcoveredwitha layerofparaffintoprevent
evaporation.

The only electrodevesselwhichpresentsenough novelty to warrant

showingin a diagram,is the vesselshownin figure1. This cell makes

possiblethe measurementofpotentialsin very dilute solutions,evenless
than 0.0001molal. Therate of diffusionin this vesselwastested with a
dilute potassiumpermanganatesolution. A number of days werere-

quiredfor the permanganateto diffusefromthe right halfinto the lefthalf
of thecell.
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Allpotentialsweremeasuredwitha Leedsand Northrup type K poten-
tiometer. The standard cellwascheckedfrequentlyagainst a new cell,
checkedby the BureauofStandards.

EXPERIMENTAL PART

Therate ofsolubilityandnatureofa solutionof leadoxide,as given in
the literature, is souncertainthat a fewinvestigationswerecarried outin
connectionwiththisproblem.

Randalland Spencer(7)determinedthe solubilityof three leadoxides
in alkaline solutions,rangingin concentrationfrom about 0.05 to 0.3
molal. They claimedthat in orderto obtain saturated solutionsof lead

TABLE1
Rateofeolubililyof (PbO),H,Oin Mater

1
Tin» or Btummo mole» op Pb in 1000 obamb or eouvnon

6 minutes 6.S0 X 1O~«

16minutes 5.75X 1O~«
60 minutes 6.78 X IO~4

4 hours 5.76 X U)-«

24 hours 5.72 X IÙ~*

TABLE 2

Rate of solubility of PbO (red) in opproximakly 0.1 molal KOH solution

TIME OP StlSBIHO HOU> OP Pb IN 1000 QRAMB OP «O1.OT10H

20 minutes 3.K7 X ÎO~*

3 hou» 4.193 X 10"»

7 hours 4.366 X 1O~»

2fihours 4.417 X 10-*

48 hours 4.429 X IO~*

122hours 4.425 X 10"'

oxide,redvariety,it wasnecessaryto shakemixturescontainingan excess
of solidoxidefor fromtwentyto fifty days. They shook the hydrated
oxide,(PbO)aHjO,forfromfiveto thirty days.

Wedeterminedthe rate of solubilityof hydrated oxidein pure water,
and therate ofsolubilityofredoxideinapproximately0.11molalpotassium

hydroxidesolution,by addingabout3 g. of the solid oxide to about 2

litersofthe solventcontainedin a3-literconicalflask,fitted with a stirrer

equippedwitha vaselinesealto excludecarbondioxide,a filter tube con-

tainingan asbestosfilter,whichpermittedwithdrawalofsampleswhilethe

solutionwas beingstirred,and an inlet tube connectedwith a sourceof

carbondioxide-freeair. Stirringwas just vigorousenough to keep the
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major portionof the solidoxidesuspendedin the solvent. Sampleswere

withdrawnthroughthe asbestosfilterat various intervalsfrom the time

stirringwasstartedand wereanalyzedfor lead. The resultsof the meas-

urementsare givenin tables 1 and 2.
Fromthe abovemeasurementsit wouldappear tbat saturatedsolutions

of the hydratedoxidecanbe obtainedin a few hours, andsaturated solu-

tionsof the redoxidein a fewdays. The hydrated oxidewasshakenfor

at leasttwelvehoursand theredoxideforfrom sevento ten days.

Fia.1

In orderto determinethe basiccharacteristicsof leadoxideand perhaps

givea better ideaof the nature of the solution, concentrationcellsof the

type

Hg HgO{.) KOHIlH,0 PbO(., HgOw Hg

wereset upandmeasuredinelectrodevesselsof the typeshownin figure1.

The electrolytein the right half-cellconsistedof a saturated solutionof

leadoxideinwater,whilethe eleotrolytein the left half-cellconsistedof

potassiumhydroxidesolution.

Thereactionin sucha cell,whenan électron current flowsthroughthe

cell fromright to left is

Hg+ 20H--»Hg0+ Hrf)
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in the lefthalf-celland

HgO+ 2H,O-»Hg+2OH~

in the right half-cell. The total change is the formation of OH- in the

right half-celland consumptionof OH- in the left half-cell. The E of
this cellmuatthendependuponthe activityofthe hydroxideioninthe two
half-cells. Themolalityof the potassiumhydroxidewasvaried andthe
E of the cellmeasured. WhenE is zéro,theaotivityof the hydroxideion
in the twohalf-cellsmust beequal. Thismustbe almost the sameas the

molalityof thepotassiumhydroxidewhenthemeasuredE is zero. Under
theseconditionsthe liquidjunctionpotentialwillbevery small.

TABLE3

BM.P.ofceU*Hg HgOw KOH|| Ufi PbO(t> HgO(t) HgB.M.F,ofcelleHg H90t.) KOHj)H~- PbO¡.) HgO(.) Hg

UOLAUTTOF
POTMtttOH HTDROXIPB B, Ei AVEHAOB B Or CEU

0.0010 O.M50 0.0436 0.0443

0.0004 0.0260 0.0255 0.0257

0.0002 0.0003 0.0004 0.0004

0.0001 -0.0135 -0.0165 -0.0150

TABLE4

E.M.F. ofceUsHg HgO(., KOH || H,0 (PbQ),H,O(.> HgO, Hg

uouutt or
POTAsaivu snwoxiDJS Ba Eb avebaoe £ or CELL

0.0010 0.0280 0.0190 0.0235

0.0004 O.0088 0.0090 0.0089
0.0003 0.0007 0.0009 0.0008
0.0002 -0.0068 -0.0075 -0.0072

That mercuricoxide is sucha weak baseas to hâve no effecton the

alkalinitywaademonstratedby measuringthe Eof the cell.

Hg Hg0(o KOH(0.001M)IlH«O HgO(.> Hg

This cellgavea valueof about0.24volt, whiohproves that themercuric

oxidein the righthalf-cellwasnot basicenoughto interfere withthe basic

propertiesof leadoxide. Byplotting the measuredE of the cellagainst
the logarithmof the molalityof potassiumhydroxide,a straigbt line is

obtainedwhichcuts the zeroUnewhentheactivity of OH- is the same

throughoutthe cell.
In all measurements,a cellwillbe calledpositivewhen thereisa tend-

encyforanelectroncurrent to flowthroughthe cellfrom right to left.
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Thedata for thisseriesofcellsaregiven in table 3. ByinterpolationE

is zerowhen logof molalityof potassium hydroxideis -3.735. This

givesthemolalityofpotassiumhydroxideas 1.84X 10~<andthereforethe

aotivityof thehydroxideionin the leadoxideis 1.84X 10~4.

Asimilarseriesof measurements,table 4, wasmadewiththehydrated

oxide,(PbO),H»O.
By interpolationthe aotivityof the hydroxide ion in the hydratedlead

oxidesolutionis2.82X 10~ If this comesfromtheprimarybasicioniza-

tionofthe oxide,it ispossibleto combinethis data withthesolubilitydata

intable1andcalculatethe primarybasic ionizationconstantofleadoxide.

Theactivityof the lead ionin sucha solution canbe estimatedfromthe

value -0.122voltfor the Pb– Pb++(a •» 1)electrodeasgiveninQerke's

(8)compilationofelectrodepotentials,and the value -0.508 voltfor the

Pb– PbO(.) OH- (o =>1)electrodeas measuredby Smithand Woods

(3). Bysubstitutingthèsevaluesin the equation

“ 0.0692, «Pb**»
+ -j- «<*"p

weget

log*Pb'+
-2

(O.M 0.122)
log aPb**= p.~ (O.ô8o 0.1227

«Pb++= 3.2 X 10-"

whenaOH- is unity, and the solution is saturated with leadmonoxide

(red). The solubilityof the hydrated oxide is of the sameorderas the

solubilityof thered oxide,andwecan assumethat the produotaPb++X

aOH- in a (Pb0)»H»Osolutionis a number of the orderof 3.2X 10~M.

WhenaOH- is 2.82X 10~*as givenabove, aPb++must beabout 10-
whichis so small that the secondary ionizationof the oxideneed not

be considered. The ionizationconstant for the primary ionization

PbO x x H,0*±PbOH++ OH-is

«PbOH*X«OH-
8

aPbO-zH.O

aPbOH*« oOH- 2.82X 10"*

«PbO• HiO»5.75X 10"* 2.82X 10"*« 2.93X 10"*

2.MX1<X~, 2110'
2.93X 10'·

X 1"

Theabovemeasurementsand calculations indicatethat a solutionof

leadoxideis a true solution,havingan ionizationconstantcharacteristic

ofa moderatelyweakbase.
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In order to investigatethe amphotericpropertiesof leadoxideand to
determineits effectuponthereferenceelectrode,a numberofcellsof the
type

Hg HgO(>, KOHIlKOH PbO(,, HgO(1)Hg

weremeasured. Themolalityof thepotassiumhydroxidowasthesamein
eaohhalf-cell. Thèseare concentrationcellssimilar to the cellsin the

TABLE5
E.M.F.ofcelhHg HgO,.) KOH|| KOH PbO, HgOw HgE.M.F.ofcellaHg HgO,.) KOH|| KOH PbO,,) HgO, Hg

MOLAUTTOP
POI'AUll1l1 ¡¡TI/RoXIOf: & G'g AVSDAUBB 08 CbLL

0.0200 0.0035 0.0036 0.0036

0.0100 0.0017 0.0018 0.0018
0.0075 0.0016 0.0016 0.0016
0.0060 0.0014 0.0015 0.0015
0.0055 -0.0008 -0.0005 -0.0006
0.0060 -0.0027 -0.0021 -0.0024
0.0010 -0.0070 -0.0066 -0.0068

previousseriesandthe Eof thecellswillbezero wheneverthe leadoxide
acts equallyasan acidicandbasicoxide. The data aregivenin table5
and the graphin figure2.

Thedata in table5 provethat in thls rangeofalkalinity,theadditionof
red lead oxidedoesnot destroythe reproducibilityof theelectrode. At
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concentrationsof potassiumhydroxidegreater than 0.02molal, the po-
tentiateshoweda greatervariation. Themolalityofpotassiumhydroxide•

at whiohtheE curveouts the zero line,readfromfigure2 as 5.6 X 10"*
iacalledthe isoeleotricpointof the oxide.

8DMMARY

The rate ofsolubilityandthe amphotericpropertiesof lead oxidehave
beenstudied,and a generalmethod for measuringthe isoelectricpoint of
an amphoteriooxidebasbeensuggested.
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Divinyletherhas recently(1)been proposedasananesthetic. Aknowl.

edgeofsomeofits physicalproperties,andespeciallyof its vaporpressures,
wasobviouslydesirable,and a study of certainof thèse propertiesis here

recorded.

THE MATERIAL UBED

Amethodofpreparationofthis substancebasrecentlybeenworkedout

by Ruighand Major (2) in the Laboratory for Pure Researchof Merck

and Company,Inc. They suggested the presentwork,and weare in-

debtedto themfor a sampleof their purest product,it beingthemiddle

fraction,boilingovera rangeof0.02°C, ofa freshlypreparedandpurified
bateh ofovera liter. Thèseinvestigators show(2) that the productob-

tainedby earlierworkersbas beenof lowerpurity.

VAPOR PRE88UHE MEABUBEMBNT

This wascarriedout by the static isoteniscope(3) methodof Smith

and Menzies. The pressuregaugeconsistedofa U-formPyrexglasstube

of 13-mm.bore, containingtriple-distilledmeroury,one limb of which

wasevacuatedto a pressureofless than 0.01mm.ofmercuryasmeasured

by a McLeodgauge. The mercurylevelswerereadoffagainsta vertical

mirrorbymeansof a truly horizontalhair lineruledon a glassmicroscope

slidefixedin a carrierwbichcouldslide the wholelengthof a graduated
verticalsteelbar 2 meterslong. The graduationof this baris nowherein

errorby over0.01mm. Thereduction of the pressurereadingsto milli-

metersof mercuryat 0°C.and g = 980.66wascarriedout as described

elsewhere(3). At Princeton,g 980.18.

Temperaturemeasurementabove OC. wasmadeby a mercurialther-

mometergraduatedin tenthsof a degree andcertificatedat the Reichsan-

stalt to the nearest ±0.02*0. at each 10°C.interval. The ice-pointof

this thermometerwas of courseredetermined. Below0°C.anotherther-

mometergraduated to tenthswas used, and its readingswerecorrected,

throughthe courtesyof a colleague,by comparisonwith a platinumre-

sistancethermometerwhosereadingsare believedgoodto hundredthsof

a degree.
425
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The températurebath wasa 4-literbeaker,containingeither wateror
elsecarbontetrachloride, adequatelystirredby a rotatingverticalehaft

carrying three propellor-likeagitators. By addingsolid carbon dioxide
the temperaturecouldreadilybeloweredto -20°C.

In preparingthe isoteniscope,we took due precautionto remove,by
heatingand exhausting,the moisturefilmfromthesurfaceof the glass.

TABLE1

Vaporpressure»ofdivinyletherdeterminederperimentallyVapor pressures of divinyt ether determinederperimentally-– –––––– ––––– – – – – – ji
OB8KRVATIOH T PREMtTOS T Tôt». Tmki.HPMBi» (obnervod) (obnrved) (caloulated) Tow. l'obi.

ttgreetC. mm.
1 -19.70 86.7 -19.673 -.027 (
2 -19.69 86.0 -19.610 -.080

“
3 -16.65 101.6 -16.596 .045
4 -16.19 103.6 -16.235 .045
5 -10.02 143.7 -9.986 -.034 l
6 -9.18 1S0.O -9.142 -.038
7 -0.39 230.0 -0.373 -.017
8 -0.04 283.4 -0.080 .020
9 4.06 282.4 4.089 -.029

10 13.58 426.6 13.608 -.028
11 14.01 433.9 14.017 -.007
12 14.39 440.5 14.382 .008
13 20.22 667.2 20.205 .015
14 20.22 657.5 20.218 .002
15 20.66 564.0 20.513 .047
16 20.66 566.7 20.635 .016
17 21.46 684.7 21.434 .016
18 21.79 692.8 21.787 .003
19 21.88 595.8 21.917 -.037
20 22.25 602.9 22.223 .027
21 23.66 636.5r> 23.636 .024

22 28.35 759.2 28.322 .028
23 28.64 767.0 28.600 .040
24 36.31 971.1 36.183 .127

25 35.64 986.2 36.697 .043 t

26 43.74 1294.2 43.693 .047
27 43.77 1296.2 43.741 .029
28 43.91 1311.6 44.101 -.191

]

29 49.33 1651.0 49.361 -.031

30 49.56 1666.7 49.664 -.104 t

EXPERIMENTALRESULTBOFVAPORFRESSUREMEASURBMENT

Thèseare tabulated in table 1,in whichthe firstthreecolumnsareself'

explanatory.
In order to obtain a smoothcurvethroughour experimentalpoints,we

i

b
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chose atbree-eonstant equation of the Rankine-Kirchoff-Dupré-Hertz

type, andevaluatedthe constants as follows:

logwjw=21.78692*%– 4.81630log»T.i». (M)loglop. 21.7M2
'ttM.

4.81MlogoT,,bs. (M)

The fourth columnin table 1 showsthe temperaturescalculatedfor the

observedpressuresby means of this equation. The fifth columnserves

to show(1) the closenessof fit, sincethe algebraicsumof thé différences

betweencalculatedand observed températuresis 0.042°C,and (2) the

degreeofconsistent»of the observations,for thé sumofallthe différences,

eachtaken as positive,divided by thénumberofobservationsis0.040°C.,

whichmaybeconsideredas the avérageerrorofa singleobservation.

TABLE2

Vaporpressureof divinylethrcalculoledfrméquationM

0 3 « «

^» .48.8?
-20 8i.tf 76.f 67.09 «9.«< 68.8*
-10 143.6 129.5 116.6 104.8 94.0'
-0 234.1 213.0 I«8.6 177.5 158.9

0 284.1 266.8 281.3 307.6 325.9

10 366.3 398.8 433.6 470.8 £1>5

20 552.7 597.7 645.4 696.4 760.2

30 807.3 867.8 931.6 999.1 1070.

40 1145. 1224. 1307. 1395. 1486.
60 JS8S. 1088. 1788. 1898. 0)14-
60 SIS*. 1

Extrapolatedvaluesarein italics.

Table2showsthevaporpressuresofdivinyletheras calculatedby equa-

tion M for eaoh2"C.interval from -30°C. to +60°C. Wehâveextra-

polatedvaluesfor 10°C.beyond eachend ofour experimentalrange,and

showthèseextrapolatedvalues in italies. Wepublishthesepressurevalues

for auchsmallstepsof temperature so that interpolation,usingp and t as

variables,canbe madedirectly withoutexceedingthe experimentalerror

of the observations.
The normalboilingpoint of divinylether, aocordingto equation M, is

28.35°C.±0.04°. This is in concordancewith the normalboilingpoint,

28.3°C.±0.2*, reportedby Ruighand Major.

DtHRING'S, AND RAJU8AV AND YO0NO'S BCMS WITH ETHYL ETHER AB

COMPARI80N SUBSTANCE

Before the present measurements were made, Ruigh had obtained

approximatevaluesforthe vaporpressuresofdivinyletherby comparison
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with diethyl ether. For very oloselyanalogoussubstances,the ratio
Tv/Te of the absolutetempératuresat whiohtwo substances,V and E,
have the same vapor pressure shouldremain approximatelyconstant.
Atthe normal boilingpoint,this ratioforvinylandethylethersis 301.45/
307.54or 0.9802. If this ratio is used, employingthe valuesfor ethyl
etherfound in InternationalCritiealTables,the temperaturedisorepancy
fromour values for divinylether for the pressure112.3mm. is -0.50°C.
andfor the pressure1277mm. is +0.12°C. Therefore,not the Dûhring
but rather the Bamsayand Youngequation

TA T'A
,C (T'n Ts)

~~+.(!TB)TB T's

isto be preferred, wherec =*0.00003.

DEN8ITY AND 8PECIFIC VOLUME

It iswell-knownthat forrangesoftemperaturesufficientlyremovedfrom
the critical temperature, the changeof spécifievolumeof a liquidwith

temperaturemay be representedsatisfactorilyby a quadraticequationin

t,measuredfrom a convenientpoint. Forethylether, suohanequationis
saidin I. C. T. to representthe factsin the range0°C.to 70°C.to one part
inton thousand. Forourpurposes,therefore,it wassufficientto measure
thedensity of divinylether at threeknowntemperaturesnear0°, +13°,
and +25°C. This wedid by meansof a dilatometer. From the values
80obtained,wedeterminedthe threeconstantsin the followingequation:

d, =[d.+ 10"»«•(I t.)+ lOr*-0-(t /,)»]± l0-«-A (D)

inwhicht. « 0°C.

d. 0.79601
« = -1.14682

fi -2.5706
A = 2.

LATENT BEAT OF VAPORIZATION

True values for this can be obtainedfromthe Clapeyronequation,pro-
videddp/dt and the specificvolumesof both vaporand liquidare known.

Althoughequation M aboveisanempiricalequation,it neverthelessrepre-
sentaaccurately the experimentalfacts,andwecan,therefore,obtaintrue
valuesof dp/dt by its use. We had alreadymeasuredthe densitiesof
the liquid. It was, therefore,necessaryto measureexperimentallyonly
thespecifievolumeof the vapor. It is frequentlyforgotten that values
obtainedupon the assumptionthat a saturatedvapor followsthe simple
gas lawsmay be in errorby severalper cent. Becausethe instabilityof
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divinylether makes it a difficultsubjeotfor precisevapor densitywork,
wehavecontentedourselveswithreportingits orthobariodensityonlyat
onetemperature,the normalboilingpoint. Themeasurementsweremade
in a 100-cc,bulb sealed to a graduatedcapillaryin whiohthe condensed

liquidportioncouldbe measuredwithan aoouraoyof±0.03 percent. The

total content of divinyl ether in the apparatuswasobtained by direct

weighing. The orthobaric densityof the vaporthus foundwasO.OO2994
±0.5 per cent, a mean of two observations. This valueis5.; per cent

higherthan the value computedby the simplegaslaws.

Substitutingin the rigid Clapeyronequationthe experimentalvalues

thus found,weobtain 6260and89.4caloriesas thelatent heatofvaporiza-
tion ofdivinylether at 28.35<>C.,permoleandper gramrespectively,with

an accuracyof ±0.5 per cent.

tbouton'b CONSTANT

The valuejust reported yields20.8for this constant,as comparedwith

20.8 for diethyl ether using Mathews' (4)valuefor the latent heat of

vaporization.

hildebrand's CONSTANT

It willbe recalled that Hildcbrand(5) foundsteadierconstants than

those givenby Trouton's rulewhenhe consideredentropiesof vaporiza-
tion forseriesof liquidaat temperatureachosento yieldvaporsof the same

concentrationrather than the same vaporpressure. Using the concen-

tration wherelogT – logp = 0.5,as in anexamplestudiedbyHildebrand,
wefindthat, fordivinyl ether,theappropriatetemperatureisnear – 21°C.

and the constantis 14.2insteadofHildebrand'sstandardoraveragevalue

13.7. UsingTaylor and Smith's(6)valuesfor the vapor pressureof di-

ethyl ether, wefind a value of14.0for Hildebrand'sconstant,calculated
likewisefor the above concentration,whichis reachednear – 17°C.

BUMMARY

The vaporpressures of divinylether are reportedin the range– 30°C.
to 60°C.

Anequationis given relatingexperimentalvaluesof the densityof the

liquidto temperature.
The latentheat of vaporizationat the normalboilingpointisevaluated

fromthevaporpressure curvewiththe helpofan experimentaldetermina-

tion of theorthobarie volumeof the vapor.
Theconstantsof TroutonandHildebrandareevaluatedunderstandard

conditions.
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A récent issueofThisJournal (1)containsan article by Paranypeand

Joshiwhichpresentsargumentspurportingto showthat sodiumamalgams
are colloidalin natureand that as such their propertiesdependon the
methodof préparationand treatmentas wellas onthe concentration. If

theconclusionsofthèseauthorsarecorrect,mostofthe experimentaldata
onsodiumamalgams,and byimplicationthedata onallofthealkalimetal

amalgama,becomeofdoubtfulvaluesinceinmostcasesthephyaicalmethod

ofhandlingtheamalgamsbasnotbeenconsidereda significantfactor. It

wouldseem, therefore,worth whileto analyzecarefullythe argumentsof

Paranypeand Joshiand to presentfurther évidenceas to thenature of

thèsesolutions.
Twoquestionshavebeenraisedby ParanypeandJoshi. First,doesthe

methodof preparingan amalgamaffect the physicalpropertiesor is it

sufficientto knowthe concentration,temperature,andpressure? Second,
aresodiumamalgamscolloidalsolutions? Theanswerto thefirstquestion
doesnotneceesarilyanswerthe second,sinceit is possiblethata reversible

colloidmight exist. The data and argumentspresentedby Paranype
and Joshi will firstbediscussedand finallyadditionaldata whichpermit
ratherdefiniteconclusionswillbepresented.

THE BEPRODUCIBILITY OF AMAL0AM8

Paranype and Joshienumeratefivedifférenttypesofexperimentaldata
in whichthe resultsdonot seemto be reproducible. Theyconcludethat

the différentmethodsused in preparingthe amalgamsreaultedindifférent

colloidalsolutionsandaccountin thiswayfor the experimentaldata. Let

us consider thesecasesin détail. The data on the conductivityofamal-

gamsobtained byHine(2), Vanstone(3),Bohariwalla(4),andDaviesand

Evans (5) are describedas follows:"Hinefindsthat the conductanceof

sodiumamalgam passesthrougha minimum;Vanstonestates that the

conductivityconcentrationcurveexhibitsa maximumcorrespondingwith

NaHgaJBohariwallaand othersobtain two discontinuities,oneat 0.079

431
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per centNa andoneat 0.272per centNa; whileDaviesand Evansreport
onlyoneat 0.272per cent Na." This treatmentdoesnot seemto give
a correctpictureofthefacts. Asa matteroff aotthefirst,third,andfourth
of thesepapersagreewithin the limitaofexperimentalerror. The agree-
mentis far fromperfeot,but seemedto the originalinvestigatorssatisfac-
tory. Thus, to quote Davies and Evans, "It is difficultto decidewith
certaintywhetherthosediscontinuitiesin the ourvesare real,owingto the

experimentaldiffieulties;"and again, referringto their workand tbat of

Hine,"It is seenthat onthe wholethe resultaareinfairlygoodagreement."
Bohariwallastates,"Thesebreaksin the conduotivityconcentrationcurves
in the caseofsodiumand potassiumamalgameoccurat thesamecomposi-
tionasbavebeenfoundby Hine." Thesedata referto amalgamsoffrom
0 to 5 atom percent sodium. Vanstone,on the otherhand,wasworking
withamalgamecontainingfrom50-100atomper cent sodium,and there-
forehispaperis quiteirrelevantto the pointinquestion.

The secondinstanceof markedvariationin propertiesbas to do with
the reactivityofamalgamspreparedby Willstatter,Seitz,andBumm(6)
in iron, porcelain,or hessiancrucibles. SinceWillstattercoasideredthe

impuritiespresentsuffîcientto accountfor the differencein the behavior
of theseamalgams,this doesnot seemto beevidencethat pureamalgame
bavepropertieswhiohdependon the methodofpreparation.

The next data to be disoussedare thoseobtainedby Vanstonefor the

phasediagramofsodiumamalgams. Paranypeand Joshistate, "At all
concentrationsheobservedpersistentsuperfusionand supercooling,which
indicatesthat the freezingpoint of an amalgamis not definitebut extends
overa smallrangeof .temperature." Thisconclusionseemsto bebasedon
the rather unusualuseof the word, "superfusion." Thefollowingquota-
tion from Vanstoneindicates that the phenomenonobservedis nothing
morethan ordinarysupercooling. To quote Vanstone,"The alloywas

heateduntil entirelyliquid, then allowedto coolslowly,meanwhilebeing
vigorouslystirred. The temperaturewasreadeveryminuteorhalfminute.
In nearlyall casessuperfusionwasobservedandthe pointsdeterminedare
the maximumtemperature reachedafter overeooling."Nothingis said

byVanstoneaboutheatingcurves,andwemustthereforeconcludethat he 1

isusingthe term"superfusion"as synonymouswithsupercooling.Super-
J

coolingis socommonlyfoundfor true solutionsand purecompoundsthat c

it can not be taken to mean that there is any uncertaintyregardingthe

meltingpoint ortransitiontemperature. J

Thefourthargumentbas to do with the uncertaintyin the composition
of the solid phasededucedfrom the phase diagram. This uneertainty
aliseschieflyfromthefact that the ourveisverysteepincertainpartsand

there are many breaks in the curve. For example,in dilute solution
Kurnakowstates that it is uncertainwhetherthe compoundis NaHgsor

3
I

c
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NaHgn,whileSchtillerand Vanstonestate that the compoundis probably
NaHg<. It mustbeempbasized,however,that thedisagreementis in the

interprétationof the dataandnot in the data itself. Thèseauthorsfound
the break in the temperatureconcentrationcurveat 17.95,18.1,and 17.9

per cent sodiumwhiohisquitegoodagreement. Thefaotthat the experi-
mental data isofsucha natureas to make thé authorsof thesepapersun-
certain as to the compositionof the solidphasedoesnot indicatethat the
solidphaseisofunoertaincomposition.

The last argumenthas to do with the changeof viscosityof sodium

amalgamswiththe time. Theexperimentalworkwascarriedout in the

laboratoryofParanypeand Joahiin 1928but basneverbeen published.
In the absenceofinformationregardingthe methodeofobtainingthedata
it is difficultto drawconclusionsas to its significance. Apossibleexpla-
nation wouldbe that the concentrationof the amalgamwas changing,
owingeitherto surfaceoxidationor perhapsto incompletesolutionofthe
solid amalgam,whichmeltsat nearly360°C. SinceParanypeand Joshi
state in anotherconnectionthat their amalgameexhibit a soumon the
surfacewhenleft in contactwith their purest nitrogenperhapsthe firstof
these explanationsis themoreprobable. At anyrate ParanypeandJoshi
cometo theconclusion,in discussingother propertiesof amalgama,that

they are lyophiliocolloids. That the viscosityshould increasewith

shaking is certainly not characteristicof lyophiliecolloidsand would
indioate againthat someother explanationmust be sought for the vis-

cosiiy data.
The abovediscussionleadsto the conclusionthat expérimentacitedby

Paranype and Joshido not indicate that the methodof preparingpure
sodiumamalgamsis ofsignificance.

colloïdal SOLUTION

Thesecondpropositionto bediscussedis thequestionwhetheramalgams
are colloidalor true solutions. Even though the method of preparing
amalgamsis ofnosignificance,these solutionsmightbe colloidalorpartly
colloidal. If sucha solutionwerein mobileequilibriumit mightbecolloi-
dal and stillgivepropertiesdeterminedby only the concentrationtem-

peratureandpressure. Thisquestioncannotbeansweredwithcertainty,
but one canscrutinizethe argumentsfor and againstthe colloidalnature
of the solution.

The argumentof Paranypeand Joshi in so far as it is based on the

irreproducibilityof the propertiesof amalgamshas beendiscussedin the
firstpart ofthispaper. Theyalsogiveasevidencethe factthat the trans-
ferofsodiumwiththeelectriccurrentis towardthecathodeinconcentrated

amalgamsand towardthe anodein dilute solutions,thus resemblingthe
behaviorofcertaincolloidalsolutions. If the colloidexplanationwerethe
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only one possiblethis wouldhave to be consideredan argument. As
stated by Paranypeand Joshi,however,there are severalotherpossible

•

explanations,sothat onecannotconsiderthis by itselfas proof.
Severalexporimentalfactsare cited (the effectof ultra-violetlight on

amalgama,the viscosityand surface tension) to prove that the solution
cannotbe a lyophobiccolloid. Theseare of courseof interestafter one
has ooncludedthat the solutionsare colloidal,but do not eitherprove or

disprovethis point.

ParanypeanJ Joshialsosay that they wouldexpeotthe solidphase to
be orystalline,the heat ofsolutionto be very large,and thevaporpressure
of mercuryto be less than wouldbe calculatedfor true solution. These
are certainlynot attributes of ordinary lyophiliocolloidsand to eay tbe
leastdonot auggestthe colloidalstate.

Thefaetthat directandaltenating currentmeasurementsgivethe same
valuefor the conductivityseemsto be of no significance,inasmuchas

practicallyallofthe conductivityiselectronie. Thusit haebeenshown(7)
that the transferencenumberof sodiumin thèse amalgamsis less than
10~ Conductancedata wouldhave to be preciseto onepart in one
hundredthousand in order to give muoh informationregardingthe be-
haviorofsodium. Thedata at handdonot beginto approachthis degree
of precision. If for no other reasonthan this, the conductancedata are
not significantin this connection.

In commentingonthe workof Richardsand Conant (8),Paranypeand
Joshistate that the deviationsfromthe lawsof ideal solutionare to be
attributed to either colloidalsolutionor expérimentalerror. Were this

true, practicallyaUsolutionswouldhave to be consideredcolloidal,par-
ticularly aqueous solutionsof strong electrolytes. The object of the

expérimentaof Richardsand Conant was to study a solutionwhichgave
largedeviationsfromthe lawsof idealsolution,but theycertainlyhad not
the slightest thought that these deviationswere due to "experimental
error,"or that they weredueto the colloidalnatureof theamalgama.

Finallythe suggestionthat the formationof scumon thesurfaceof an

amalgamisnot alwaysdueto theformationofoxidebutmaybe due to the

dispersephaseseparatingout onthesurface,seemsto beanargumentbased
on faulty experimentaldata. Amalgamahave frequentlybeen kept for

yearsby the writerin flaskswhichhavebeenhighlyevacuatedand baked
to removeadsorbedwaterand duringsuchintervalaof timeshowednot
the slightesttract ofscum.

Wemayconclude,therefore,tbat no evidencehas beenpresentedwhich
wouldjustifyone in conoludingthat theseamalgamaare colloidal. This,
however,doesnot provethat amalgamaare true solutions. There issome

evidence,however,pointing toward true solutions. Ferhaps the most

convincingis to be foundin vapor pressuredata. It hasbeenshown(9)
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that the vaporpressurecurve in dilutesolutionsis that caloulatedfrom
Raoult's law, thus indioatingthat we are dealingwith singleatoms of
sodiumas the solute. Theseatomsof coursemay be solvated,but this
wouldnot constitutea colloidalsolutionas suggestedby Paranypeand
Joshi. To quotethem, Lewis,Adams,and Lanmanformulated
a theory andexplainedthe initial decreasein conductivity as due
to large aggregatesof merouryatomsgatheringarounda sodiumatom

ThiBconceptionofLewisandcoworkersappearsto beverysimilar
to the formationof a solutoidalcolloid." One might infer from this
statementthat thehydrationof ionsinwatersolutionisproofthat aqueous
solutionsofstrongelectrolytesare colloidal.

The freezingpointloweringin diluteamalgamsis that calculatedfrom
Raoult's law. The calculatedvalueis 1.9°C.per atom per centand the
experimentalvalueis 1.9 (3), inereasingin more concentratedsolutions.
A colloidalsolutionwouldgivea smallerdépressionof the freezingpoint.

The excellentmicrophotographsofVanstone,whiehshowseveraltypes
of orystalscorrespondingto the compoundsindicatedbythephasediagram,
indicatethat thesolidphaseis not colloidal.

The largeheat of solutionindicatesthat we cannot be dealingwith a
lyophobiccolloidin whiehthe dispersephase is sodium. Sucha colloid
wouldhavea greateramount of energyin the formof surfaceenergyin-
stead ofmuchlessenergythan the originalcomponents.

This leavesthe posslbilityof a lyophilicreversiblecolloidin rather
concentratedliquidamalgams. Thisis only a possibility,however,and
until there is positiveevidence one is bound to considerit as only a
possibility.

8T7UHARY

1. Contraryto the conclusionofParanypeand Joshi,thereis no proof
that the propertiesof pure sodiumamalgamaare determinedby the
methodofpreparation.

2. Thehypothesisthat sodiumamalgamsare colloidalrestsuponcertain
propertieswhichare commonto the amalgameand to certaincolloidal
solutions. Sincethese propertiescan be accountedfor in other ways,
there is noproofat presentthat sodiumamalgamsare colloidal.

3. Thefollowingfacts either proveor constitute strong evidencethat
sodiumamalgamsare true solutions.

(a) The freezingpoint dépressionof mercury in dilute amalgamsis
that calculatedforan idealsolution.

(b) The vaporpressureloweringis that calculatedforan idealsolution.
In moreconoentratedamalgamsthe loweringis greater than is calculated
for an idealsolution. Acolloidalsolutionshouldshowa smallerlowering
of thevaporpressure.
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(c) Themicrophotographsof Vanstoneof thesolidphasesindicatedby
the phasediagramshowdéfinit©erystallinestruoture.

(d) The largeamountofheat liberatedduringtheformationofan amal-
gam provesthat it oannotbe &lyophobicoolloidin whichthe disperse
phaseis sodium.
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It has beensuggestedby someauthors (1) that the primarysalt effecte
inreactionsbetweenanionandanunchargedmoleculearegovernedsolely
by the changesin the activity coefficientof the catalyzedmoleculepro-
duced by salt addition. However,as already pointedout by Harned
andAkerlôf(2),experimentallydeterminedvaluesof fB,the activityco-
efficientofthe neutralsubstrate,acoountforneithertheordernorthemag-
nitudeof the velocityconstantvariationsin sait solutions. In this brief
communicationa newmethodofapproachwillbe discussed.

Hamed (3), in calculatingthe activitycoefficientsof bydroobloricacid
in HC1-MC1solutions,has employedthe equation

IOgf 'iÔ~ 1%2G'~+2Ba· co-i"2B'·c~
c. ~1)

og -1+Ay'2GT +2 G,cG+2'C,
1

B' is an empiricalconstantcharacteristicof thesalt. Butler(4),by con-
sideringthe mutual salting-outof ionsobtainedan expressionwhichmay
beused in the interprétationof the B constants. Carryingthis ideafur-
ther wemaylookuponthe B' constantas determiningthe displacement,
orsalting-out,of the acidby the salt-inasmuch as in an HC1-MC1solu-
tionwe have the displacementof hydrochlorieacid not onlyby its own
ionsbut alsoby the ionsof the addedsalt-and use the Debyeand Mac-
Aulay(5) expressionto represent this part of the activitycoefficient.
Acomparisonof the proposedexpressionsforB and B' leadsimmediately
to the relation

B'-B.^
(2)

a.1\

a, the meanionic radius,is definedby

a 1 CYi~tf T V-$..i'
(3)a = Zv&i'la¥ + a. J
{3)

Asthe valuesofB' havebeencomputedby Harnedfromthermodynamic
measurementsby meansof equation1, it is possibleto test equation2;
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the agreementis quite satisfaotory. Althoughit ia doubtfulwhetherB
and B' as determinedempiricallyfrom equation 1, are independently
correct,andwhetherthe Butler,and the Debyeand MacAulayequations
separatelyexpresscompletelytheseconstants,equation2 may betaken
to be valid,as any other faotorsthat mayenter willbe oommonto both
B and B'; the recentlypublishedthermodynamiedata of Hawkins(6)
also support this equation,in spiteof the faot that the B and B' values
given differsomewhatfrom thoseof Harned. It is also interestingto
note that B', beinga partial, muetbe relatedto the B constantsofboth
the sait and the acid; this relationforHC1-MC1solutions,usingthe data
of Hamed (7),is foundempiricallyto bea verysimpleone.

y “*» + *•
2

Theintroductionof the B' constants,as calculatedfromequations2and
3-the ionioradii valuesare thosecalculatedfromorystallographicdata
(8)-in the interprétationof primarysalt effects,for the type of reaction
considered,has led to interestingresults,it beingpossibleto accountfor
the sait effectsin ail but one of the reactionsexamined. Beoauseof the
complexityof the problem,no strict theoreticaljustificationoanbegiven
for this Hnking. We may, perhaps,regardthe salting-outof a strong,
highlysolubleelectrolyteas its displacementfromthe neighborhoodofthe
ions of the addedsait and thereforeas its increasedabilityto collidewith
the substratemoleculesto formthe complexcapableof decomposition.
Further, it canbe shown,fromthe empiricalrelationfora uni-univalent
eleotrolyte

g,mgs"Î"a
Bs

togetherwiththeexpressionsforB andB', that the displacementcoefficient
may be alsoregardedas the changein the dielectrieconstant,provided
that the meanof the l'a (s i8themolalloweringin the dielectrieconstant)
as wellas ofthe a's (definedbyequation3) forthe catalystand thesalt is
employed;this explanationwouldbe in accordwith the suggestionof
Harned andSamaras(9).

It is knownfromexperimentaldata that for reaotionsbetweenan ion
and an unchargedmoleculethe interionic-forceterm of the Debyeand
HUckelexpressiondoes not appear,the logarithmof the rate constant

varying linearlywith the sait concentration(the concentrationof the

catalyst beingfixed)upto veryhighconcentrations(6or IN) if,ofcourse,
both the ionsof the catalystexerta catalyticeffect,this term doesenter.
The resultsof the present investigationare summarizedin table 1.

That the characteristicfactorsby whichthe displacementcoefficients
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TABLE 1

Expressions for the primary salt effeclsexpressionsjor me pnmarysauegecus

REACTION ÇAT4LT9T a»Vt E7FEOT :|

Canesugar hydrolysis(i) H+ logk SB'n, + R
Acetylchloroaminobensenetransfor*

mation(ii) H+ andCl" logk (interionic-force
effect)+ 3B'-n. + «'

Cyanamidehydrolysis(Hi) H+
logk = 2B'-n«+ B"

Hydrogen peroxidedecomposition
(iv) I- logk « 2B,«, + Bm «

4B'». + Bm
Diacetone alcohol deoomposition

(v). OH~;oation logk = (interionio-force
also? effeot) 2B'n, + Rn

Ethyl acétate hydrolysis(vi) H+ logft èlog/, + B*

R is a constant independent of thé salt but ebaracteristic of the reaction. The

term involving B' is in each case the displacement coefficientof the catalyst. The

salt concentrations are from about O.iN to the highest concentration for whioh data r

are available. The salt effeots are represented very satisfaotorlly by the expres-
sions given.

(i) The salt data for tbia reaction are those of Kautz and Robinson (10), and for

the medium effect in pure hydroebloric acid (i.e., for the slope of the log – vs. naa
«Ha

Une) thoseof Worley (11).
(ii) The empirioal equation used by Âkerlôf (12)bas been simply rewritten.

k =

(iii) The values of the slopea of the log- va. «nu lines as given by Grube and
Ko

Sobmid (13) bave been used. As neither the B constant for nitric acid nor the ionie

radius of the nitrate ion ia known, equation 2 oannot be employed, and the assump- l

tion bas been made that the displacement coefficientsof nitric acid in HNpr-MNO,

solutions are the same as those for hydrochlorie acid in HC1-MC1solutions, which la

perhaps justifiable as in the hydrolysis of aucrose it ie found from the data of Worley
that the medium effeot for nitric acid is exactly the eame as that for hydroohlorie
acid.

(iv) Harned and Samaras (9) have ehown that for the hydrogen peroxide décom-

position the salt effeota oan be interpreted by the B constante of the added salts;

although Bm is not known, by using the empirical relation B' =
z'f'

–

together with equation 2, ita value may be calculated to be nearly zero (which seeme

to be borne out also by activity coefficient curves), so that the partial B', which

inoludeeboth the B for the catalyzing eleotrolyte and the B for the sait, will in this

case involve B, alone.

(v) The B"b employed are those of Harned and Âkerlôf (7a), as the calculation

fromequation 2 cannot beoarried out, since the radii of the hydroxides are not known.

The catalytic data are those of Âkerlef (14)and the agreement obtained by using the

equation given in the above table is remarkably good up to 6N sait concentrations.

(vi) Robinson (16)ahowed that the square root of the activity coefficient of the

ethyl acetate accounted for the salt effeots; it is possible, although highly doubtful

as the order for the various salts ia différent, that log/, is related to the B' constant.

As this is the only one of the reactions examined for which the salt effects are given

by /j, we must regard it for the present as complicated by an unknown factor or

factors.
ma
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are raultipliedappear to bewholeintegers,as seenfromtable1,must not
beregardedassignificant,inviewof the uncertaintyofthevaluesof many
ofthe fundamentalquantitiesinvolved;all that maybeclaimedis that the
B' constantsaccountquitewellfor the greatestpart of the salt effeot. If
weagréewithBrônsted(16)andBjerrum(17)that somekindofa complex
isformed,weshouldexpeotto dealwitha ratio of twodisplacementcoeffi-

oients,so that for a reactionbetweenan ion and an unchargedmolecule
and foruni-univalentsaltaweshallhave,

log£-=>2[B('-B.'J.«, (4)

It maybeshownthat if thesusceptibility,a, ofthe complexisgreater than
that ofwater,thentheslopeofequation4is positiveandgreaterthan 25/;¡
similarly,the négativeaignin the diacetonealooholreaotionmay be ac-
countedfor on the assumptionthat «i<aoH<«By>*This sohemeia by
nomeansnew,as the Brônsted(16)expression,assumingthat A in equa-
tion 1,whichinvolvestheso-calledmeandistanceof approachof the ions,
isthe samefor the catalystas for the complex,wouldlead to

log^lA-fi.
+ ffehn. (5)

Equation5 différafroméquation4in that it involvesthe activity coeffi-
cientof the unchargedmolécule;it shouldbe pointedout, however,that
the valuesof0B,as determinedfromsolubilitymeasurements,are not of
thesameorderas the B' constants,and it consequentlyappearsthat the
kineticfactorF, givenby tbe well-knownexpression,

tfmft-CtCB-F

doesnot involvethe activitycoefficientof the neutral substrate.
A comprehensiveand detailedexaminationof this fieldleadsone to the

realizationthat an exact theoreticaltreatment is impossibleat present,
not onlybecauseof the inherentcomplexityandobsourityof the problems
ofchemicalreaotivityandhighlyconcentratedsolutions,butalsoowingto
the paucity,ifnot completeabsence,of reliabledata on suchfundamental

quantitiesas the dielectrieconstantsofsalt solutions. Nevertheless,it is

hopedthat theviewpointpresentedhere,supportedas it isbyexperimental
data, maybe ofsomevaluein the finalanalysisof the problem.

The writer is indebtedto ProfessorH. S. Harned for valuable assist-
anceand information.
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STUDIESIN COPRECIPITATION.IV

THE COPRECIPITATION OP ÂLKALt IONS WtTH CALCIUM OXALATE AND

T'HE AOSOBBBNT PROPBRT!B8 0F THB LATTER'

I. M.KOLTHOFFANCE. B. SANDELL

Netcote~C&tMM~,Ptt<Mf<t<p<<MMM<<t,Af<fM<opeKx,M~~eao~

J~e~M~Jwt<ee,MM

In a previousgeneraldiscussion(1)of the phenomenaofeoprecipitation,
the presenceof foreignionsin thé interiorof a precipitatewas quite gen-
erally aecribedto an adsorptionof thèse ions duringthe growth of the
crystallineprecipitate. Thereforoit may be expectedthat the orderof
the amountofcoprecipitationina seriesofcationsoranions,respectively,
wiHbe the sameas the orderofadsorptionat the externalsurface of the

precipitateafter it bas beenformed. In order to provethis conclusion,
the adsorptionof variouselectrolytesby aged calciumoxalate crystals
bas been determined. This study is preliminaryin character. Many
diScutties,especiaHyofanalyticalnature, have beenencountered,which
have not yet been completelyovercome;thereforea moreextensive in-

vestigationof the adsorbentpropertiesof calciumoxalateis reserved for
the future. The resultsobtainedin the presentstudyare conclusiveinso-
far as the relation betweenadsorbabilityand coprecipitationof ions is
concerned.

Accordingto the Paneth-Fajansadsorptionrule, the adsorbabiUtyof
a sait havingan ionin commonwith the crystallineadsorbent shouldin-
crease with decreasingsolubilityof the salt. J. S. Beekleyand H. S.

Taylor (2) in a study of the adsorptionof silversattsby silver iodideob-
tained results in fair harmonywith this rule; the agreementwould have
been still better if they had consideredthe deformationof the adsorbed
anions. It followsfromthe Paneth-Fajansrule that the adsorbabilityof

anyindividualionwillbelargerthe smaMerthe solubilityof the compound
that it canform with the ion ofoppositechargein the adsorbinglattice.
This conclusion,however,is not confirmedby the workof SvenOdén(3)
and Mlle.L. deBrouokère(4);a moreexhaustivediscussionmust be post-
poneduntil moreexperimentaldata are available.

ThematerialcoveredinthisandfollowingpapershMbeentakenfroma thesis
submittedbyE. B.Sandell(DuPontFeMowinChemistryat theUniversityofMin-
nesota,1931-t932)to theGraduateSchootoftheUnivereityofMinnesotainpartial
futSMmentofthetequirementsforthedegreeofDootorofPhilosophy.
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"'1'I1'IO.'r1I.YvWlIP_
ADSORPTION OP EHiCTROMfTBS BY CALCIUM OXALATE

P~~o~MK ofagedcakium<?<!&!?~MpeMMM~

Pr~aro~Mtf. 0.515moleof calciumchloride hexahydratedissolved
in 1 liter ofhot water wasaddedslowlyover a periodof twentyminutes
to 0.50moleofammoniumoxalatodissolvedin 3litersofsolutionat 90"C.
Thé preoipitatewaswashedby deoantatioauntil washingswereentirely
ohloride-free.Theprecipitatecontainedtraces of chloridethat couldnot
bewashedout;theamountdidnotexceed0.01per cent. Thepreparation
wasallowedto stand underwaterfor a week beforeusein the adsorption
experiments. The averageorystaldiameter was estimatedto be 0.5mi-
cronor lésa.

PreparationIl. Precipitationwasmade in the samewayas described
under PreparationI, with the soledifferencethat at theend of the pre-
cipitationammoniumoxa!atowasa fewper cent in excess. Theprepara-
tion waswashedby decantationthirteen times and keptunderwaterfor
two weeksbeforebeing used. The average crystal diameterwasesti-
matedto bo0.5micronorstighttymore.

Prepora~MMIII. 1.00moleofcalciumchloride in 1 literof hot water
wasaddedina slowstreamto 1.02molesof ammoniumoxalatein3 liters
ofboilingwatercontaining2 ce.ofhydrocMoricacid. Thetimeof addi-
tion was fifteenminutes. The precipitate was washedby decantation
twelvetimes. It waskeptunderwaterfor twomonthsbeforeusing. Thé
crystal sizewasslightlylargerthan in the precedingpreparations.

Procedure

Thé carefullywashedprecipitatewasmixed withwaterto givea sus-
pension containingapproximately3 g. of calciumoxalate in 50 ce.
Fromthis suspension,weUshaken,50 ce. were removcdwitha pipetand
transferredto a dry ghss-stopperedbottle. Then 50ce.of the solution
containingthesubstanceto beadsorbedwere mixedwiththe suspension,
andthe wholewasagitated in a mechanicalshaker. Thetimeofshaking
is recordedin table 1. The adsorptiontook placeat roomtempérature.
25db2''C. Becauseof the uncertaintyinvolved in determiningthe small
amountof substanceadsorbed,the use of a thermostatwas considered
super&Mus.After shaking, the mixture was nitered through paper,
and 50ce.of the nitrate wasremovedwith a pipet andtitrated withthe
suitablestandardsolution. In the caseof the oxalates,0.02N potassium
permanganatewasused. Theend-pointcorrectionwasobtainedby add-
ingpotassiumiodideto the coldtitrated solutionandtitratingthe liberated
iodinewith0.005N sodiumthiosulfatein the usualmanner. Theoriginal
solutioncontainingthe substance to be adsorbed wasstandardizedin
exactlythe sameway by taidng25 ce. In the caseof the adsorptionof
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iodates,0.02or 0.002N sodiumthiosulfateservedfor titrating thé iodine
liberatedby addingiodideto the acidiBedsolution,st&rehbeingused as
indioator. Bromatewastitrated in the santéway. For the titration of
bydrooMorioacidand oxalioacid,dilutecarbonate-freesodiumhydroxide
wasused. All satts usedin the adsorptiondeterminations wereof the
highestpurity. The oxalatesolutionswerepreparedimmediatelybefore
use to precludethe formationof carbonateby photochemicaldécompo-
sition. Theresultsof theseexperimentswillbe found in table 1.

TABLE1

~Mf)t<Mtt&~eaM~nto«t<<t<emonohydrateA<M<M'p<Mttby M<C<<t'M0«!<<t<eOMHoh~fote

MME ttQCtUB- MMMttOt.M AOtOMED MB <MMM«~ tMMtOM
OP MCM OXAM~E MOKOBTCB~tK

tOK)ttOK AOtTA- CONOiM- ––––––––––––––––––––––––––––––––
moH TtAMOMPfepanttfettî Fteptttatiomn Preparatloam

<<«)'<me&tW<tt
Ammonium(HMtate. 1 0.0100 6.6 3.7 1.3 (3 hours)
Potassium oxalate 1 O.OMQ 4.8 2.7 (3 houm)
Sodiumoxalate. 1 0.0100 9.3 7.5 3.9
Sodiumoxalate. 3 0.0100 9.8 7.2 3.9
Lithium cxatate. 1 0.0100 3.6
Magnesiumoxalate. 1 0.0014 6.5
Oxa!icMid. 1 0.0100 6.0(0x-) 7.9 (Ox -)
Oxaticaeid. 3 0.0100 6.2 (Ox-) 8.0 (H+) 36(0x'-)
Ammoniumiodate. 1 0.00100 0.73

Potaaaimniodate. 1 0.00100 0.68 0.96

Potassiumiodate. 1 0.0100 6.2 4.3
Sodiumiodate. 1 0.00100 0.86
Lithium iodate. 1 0.0100 4.6
Calciumiodate 1 0.001001.7 1.7
Caloiumiodate. 3 0.00100 1.7
lodioaaid. 1 0.00100 1.32(10?)
lodieacid. 2 0.00100 1.67(10~)
lodioacid. 2 0.00082 18.0 (H+)
Potassiumbromate. 1 0.0100 2.0
Sodium oxalate + sodium

iodate. 1 0.00100 0.14(10?)
0.00100

The nuIBmotes of substance adsorbed per gram of calcium oxalate mono-

hydrate equds

A~r~ (~.+60.00)1
W L –6MO–J

where JV = thé tmalytioat mormality of the solution used for titration,
F =' conversion factor (~VF = mobrity of solution of adsorbed ion),

V: = ce. of standard solution required to titrate 50.00 ce. of solution

containing substance to be adsorbed,
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ft s=ce.ofstandard solutionrequired to titrate 50.00oc.of filtrate
after equilibrium,

*=ce. of water in 50.00oc.of calciumoxalatesuspension(deter-
mined by weighing50.00 ce. of suspensionand deducting
fromthis valuethe weight ofcalciumoxalatemonohydrate
obtained by evaporating the suspensionto drynessand
heatingthe residueat i05"C.),and

W = grama of calciumoxalate monohydratein 50.00ce. of sus-

pension.

M8CU88MN Of RB8CM8

The adsorptionof alkalioxalatesby aged calciumoxalateiaverysmall
in amount. Even with the 6neprécipitâtes usedin thesedeterminations
it isnot easyto obtain reproducibleresults. Themoststronglyadsorbing
preparationofcalciumoxalateinequilibriumwith0.02N sodiumoxalate,
the alkalioxalatemoststronglyadsorbed, containeless than 0.1percent
of its weightof the foreignoxalateon the surface. It is evidentthat trom
the analyticalpoint of viewexternal adsorptionoannotplayany impor-
tant rôle in the contaminationof calcium oxalate,especiatlywhenit is
rememberedthat eventhis smallamount of adsorbedsubstanceis partly

L

removedon washing the preoipitate. In analytioalprécipitationsthe
crystalsare much largerthan those used in thèseexperiments,so that in
consideringthe causesof contamination,it ispossibleto leaveout ofsight
entirelythat due to extemalsurfaceadsorption.

The order of adsorptionof the oxatates at room temperatureat the
sameequilibriumconcentrationappears to be as foUows:lithium< am-
monium< potassium< oxalicacid, sodium< magnesium. Evidently
the solubilityof the oxalatesdoesnot alone determinethe adsorbability,
for then the order would be:potassium < oxalieacid < lithium< am-
monium< sodium < magnésium. (Solubilitiesof oxalates:potassium
1.65,lithium0.61,ammonium0.39, sodium 0.28,magnesium0.0020,ox-
aUcacid0.81molesper thousandgrams of waterat 25"C.) Ammonium
oxatateespeciallyseemsto beout of place. In agreementwiththe order
of adsorbability,the amount of coprecipitation increasesin the order
ammonium< potassium< sodium< magnesium,as willbeshownlater.
The mechaniamof the adsorptionof oxalicacid probablyis somewhat .)
differentfromthat of the satts,since there isa possibilitythat somcof it i
may beheldat the surfacein the form of bioxalateions. In addition,
it shouldbementionedthat the amount of iodicacid adsorbed,as found
fromthe acidimetriedetermination,is muchlarger than that foundfrom
the iodateanalysis. The explanationia that the preparationof calcium ):
oxalateusedcontainedcoprecipitatedcalciumhydroxide,whichwasneu-
traiizedby the hydrogenions. It was experimentaUyprovedthat in the .z
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,t,t~,a.. o.a e.,a .,e :a:a _1_ _1_caseofhydroohloricacidand ofiodicacid,more calciumthanoxalatewent
into solutionwhencalciumoxalatewasshaken with the acids,thus indi-
catingthat calciumhydroxideexistedonthe surfaceoftheprecipitateand
that this reactedwiththe hydrogenions. Therefore,the resultsofacidi-
metricanalysiscannot be used herefor obtaining the amountof acid
adsorbed. It is possiblethat the inequaMtyin the adsorptionof the two
ionsis partly to be attributed to an exchangeadsorptionbetweenhydro-
genand calciumions.

Calciumiodate is morestronglyadsorbed than the alkali iodates,as
wouldbe expectedfromthe precipitationrule. From0.001molarsolu-
tionstheadsorptionof the alkaliiodatesisof the sameorderofmagnitude;
moreworkshouldbedoneovera widerrange ofconcentrationsin orderto
learnwhethersodiumiodate is morestrongly adsorbedthan potassium
iodate,and the latter morestronglythan ammoniumiodate. Fromthe
figuresin table 1,it willbe seen that the adsorption ofthe alkaliiodates
increasesvery stronglywith the concentrationup to an equilibriumcon-
centrationofat least0.01molar. Sincecalciumiodateismuchlesssoluble
thancalciumbromate(0.0078and3molesper thousandgramsrespectively
at 25"C.)a strongeradsorptionof the former ion wasanticipated. tn
agreementherewitha muchstrongeradsorptionof potassiumiodatethan
of bromatewaafound(PreparationII). Again, it wasfoundin the study
of the coprecipitationof anions that iodate is carrieddownto a much
greaterextentthanbromate,if the precipitationsare madeunderidentical
conditions.

Veryinterestingis the resultof theexperimentin whichcalciumoxalate
wasshakenwitha mixtureof sodiumoxalate and sodiumiodatecontain-

ing0.001molesofeachperliter. Althoughthe amountof iodateadsorbed
is sixtimeslessthanmthe absenceofoxalate,it isevidentthat the latteris
notabletoreplaceall adsorbediodateat the surfaceofthecalciumoxalate.
Thereiscompetitionbetweenthe oxalateand iodate ionsandsincecalcium
oxalateis lesssolublethan calciumiodate, the formerion willbe more

stronglyadsorbedthan the latter, althoughoxahte isnotable to prevent
entirelythe adsorptionof the anionwhiehis foreignto the lattice. The

adsorbabilityis not determinedby thefact whetherthe ion is identical
with,or of the samesizeas, that of the same sign in the lattice. The
resultfoundexplainswhya coprecipitationof iodateorsomeotheranion
is foundif,duringthe precipitationofcalciumoxalate,anexcessofoxalate
ionsispresentin the solution,and whycations canbeeoprecipitatedeven
if there is an excessof calciumpresentduring the precipitation. TTm

presenceof the lattice ion does not entirely prevent the adsorptionof

foreignionsof thesamesign.
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COPKECÏHTATtON0F THEALKAUESWÏTHCALCIUMOXALATE

Thecontaminationof calciumoxalateby the aUcaueswasstudiedunder
the foUowingheads:

1. Coprecipitationof alkali--sodium, potassiumor ammonium-when
the correspondingoxalate was used as a preoipitantfor calcium
chloride. Theresults are givenin table 3.

2. Specialinvestigationof sodiumcoprecipitation. Sodiumwaa pres-
ent here as the chloride, not the oxalate,and ammoniumoxalate
wasusedas the preoipitant for calcium. The resultsare given in
table 4.

3. Investigationof alkali coprecipitationunder analyticalconditions.
Ammoniumoxalate was used as precipitant; the alkalies were
presentas ehlorides. The resultsare givenin table5.

Afe<Ao~sof determiningthe N?0~~ in <~ calciumnalate precipitate

Sodium. This cationwas determinedby thé simplemethodof Barber
and Kolthon(5). Thepresence of calciumas chloridedoesnot interfère
in the proceduregivenby thèse authors,so that theirdirectionshave been
followedwith minorchanges to better accommodatethe methodto the
presentproblemof determiningsodiumin calciumoxalate. The calcium
oxalateprecipitatewasfirst driedandthen ignitedat incipientred heat to
convertit to calciumcarbonate. The latter wasdissolvedin dilute acetic
acid;the excesaacidwasremoved byheatingat 100"C.until soMcalcium
acétate remained. To the residuewas added 10ce. of zincuranyl acé-
tate reagentpreparedaccordingto the directionsof Barberand Kolthoff.
The resultingmixturewaa shaken until all the calciumacétatehad been
dissolvedand wasthenallowedto standovemightto insure the complete
aeparationof the smallamounts of sodiumpresent. Theprecipitatewas
collectedin a sinteredgtass filteringcrucibleand washedsuccesaivelywith
the reagentand a saturated alcohoUcsolutionof sodiumzincuranyl ace-
tate after washingseveral times with ether, it wss dried by passinga
stream of air throughthe cruciblefor five minutesand then weighed.
Biankswithcalciumoxalateto whichhadbeenaddedknownmail amounts
of sodiumgave satisfactory results. Onlyone mall sourceof dimculty
wasencountered;sometimesafter the ignitionof the calciumoxalate,the
-residuecontainedsmaU amounts of carbon. However,this substance
could be removedby repeatedly evaporating the residue with small
amountsof concentratednitric acid.

JPo&MSMMt.It isnot easy to determinethe potassiumcontentof con-
taminatedcalciumoxalate precipitates. Sodiumcobaltinitrite,the most
sensitiveprecipitantfor potassium,waschosenas the reagentmost likely
to giveresults satisfactoryfor the present purpose. The method finally
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adoptedoonsistedin weighingthe air-driedprecipitateof sodiumpotas- ?
siumcobaltinitriteformedm atcohotiosolution. The determinationwas
madein thé followingmanner.

The washedand driedcalciumoxalate precipitatewas ignitedat dull
rednessto convertit entirelyto the carbonate. Theresiduewasdiœotved
in aaUghtexcessofhydrooMorioacid and theresultingsolutionwasevapo-
rated to dryness. The calciumchloride residuecontainingthe traces of

potassiumsoughtwasdissolvedin 5 ce. of95percentalcoholat roomtem-
perature. When completesolution had beenetfected,2 ce. of sodium
cobaltinitritepreparedaccordingto the directionsof deKoninck(6)was
added. In orderto insurecompleteprecipitationthe mixturewasallowed
to stand ovemight. The precipitate of sodiumpotassiumcobaltinitrite
wasooUeotedina gtassfilteringcrucibleandwashedsuccessivetywithsmaH

portionsof70 per centalcohol,95 per cent alcohotand ether,and finally r
driedat roomtemperatureby drawing air throughthe cruciblefora short
time. Inorderto test thereliabUityofthe methodas wellas to determine

TABLE2*JM~ a

fOMMtMOMMTO ~.S? MoroB MT~M!)M0]Mt~)t) MMXmNt KttoUt MMC
Wt.efppt. (RtototMO)

mjt.
0.20 0.18 0~ +0.02
O.<0 O.tS 0.44 +0.04
0.70 O.M 0.68 -0.12
1.2 0.23 1.04 -0.18
2.0 0.20 1.98 -0.02

_t_t_t &

theamountofpotassiuminthe precipitate, blankscontainingsmallknown
amountsofpotassiumin thepresence of thé sameamountsofpurepotas-
sium-and ammonium-freecalciumchlorideas were presentm theactual
determinationwere run in the way just described. The resultswillbe
foundin table2. It is to benoted that potassiumin the blankswasprés-
ent astheohloride. In the table,however,theamountofpotassiumadded,
andfound,isexpressedin termsof the oxalate,the forminwhichpotassium
occursin the contaminatedcalcium oxalate. The secondcolumnof the
tablegivesthe value of the experimentallydeterminedfaotor:

K,C,0<
Weightof precipitate

The valuesobtainedare not constant, whichis to be attributed in part,
at least, to the experimentalerrors necessarilyassociatedwiththe hand-

lingandweighingof suchsmaUquantities ofprecipitateasare beingdealt
withhere. The value of the factor adopted for use in the calculations
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is 0.20. The third columnof table 2 givesthe amount of potassium
oxa!atofoundusing the factor 0.20;the agreementbetweenthe amount
taken andthat found is quitesatisfactoryfor our purpose.

Ammonium.The ammoniumcontentof calciumoxalate was deter-
minedcolorimetriaallywithNesater'sreagent.' The washedprecipitate
of calciumoxalate was dissolvedby warmingwith2 ce. of concentrated
hydrochloricacid diluted with a smallvolumeof water. When all the
calciumoxalatehad dissolved,the liquidwas cooledand diluted with
approximately75 ce. of water. To this solutionwasadded 5 ce.of 6N
sodiumcarbonate in sma!!portionswithagitation. Finally, thé volume
wasmadeup to exactly 100ce. and aftermixing,the Uquidwasfiltered
througha glasscrucible. Ten ce.of thé filtratewaa taken and treated
in a smaUvial of 20 ce.capacitywith0.5ce.of sodiumtartrate (60grams
in 100ce.ofwater) and 0.5ce.ofNesster'sreagent. The colorcomparison
wasmadewith a series ofstandardsin identicalvialsmadeup freshand
treated withsodium carbonateandNess1er'sreagentsimultaneouslywith
the unknown. The standards usuallydiCeredby 0.002mg.of ammonia.
The colorcomparisonwas madea fewminutesaftermixingwithNessler'8
reagent. On standing, the unknownsolutionslowlybecameturbid, but
the colorcomparisoncould be madequiteleisurelywithout interférence
fromthiscause. The presenceof tartrateis indispensable;in itsabsence
theunknownbecomesturbidsorapidlythat thecolorimetriedetermination
is renderedimpossible. Blanksrun withammonium-freecalciumoxajate
in the mannerdescribedgavesatisfactoryresults,e.g.,0.06,0.10and 0.16
mg. of ammonium, respectively,weretaken, and 0.06-0.07,0.10-0.11,
and 0.16mg. were found.

Ba!p&tMa<t<wof table8S, andJ: eopn'ctpt~MK<~oM~tes

Thesolutionsof calciumchlorideandalkalioxalateusedin thèseprecipi.
tationswereaU0.25N. In theordinaryprecipitations,the salt in excess
wascontainedin the precipitatingvesselandtheothersolutionwas added
to it withhandshaking untilthe excessofthefirstsolutionwas20percent.
Thevolumeofwater originallyaddedwassuchthat after the precipitation
had beenmade the total volumeamountedto 100co.in each case. FH-
tration waamade immediatelyafterprecipitation;in thosecasesin which
the precipitatewas formedin the cold,thefiltrationand washingrequired
severalhourson account of the veryfinelydividedconditionof the pre-
cipitate. Precipitates obtainedin the coldwerewashedten timeswith
smallportionsofcoldwater,andthoseformedinhotsolutiona likenumber
oftimeswithhot water. Precipitationaccordingto Hahnbasaireadybeen
described(7). For the crystalsizeof thevariousprécipitâtesseetable2

NeMter'areagent:3.S~~MnaofmeMudoiodide,26gram ofpotassiumiodide,and16gramsofpotaMimohydroxidein100ce.ofsolution.
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of a previouspaper (7). The amount of alkalioxalatecoprecipitatedis

expressedin twowaysin table 3: (1) as milligramsof anhydrousalkali

oxalatepergramofcaloiumoxalatemonohydrate,and (2)as millimolesof

alkalioxalateper gram of calciumoxalatemonohydrate. The atkahes

are aotuaUycoprecipitatedas the oxalates,aa is provedby the faot that

calciumoxalateprecipitated m the presenceof muehalkalichloridecon-

tains merest traces of chloride. In table 4 the resultsof a systematic

study of the ooprecipitationof sodiumpresent in the solutionas sodium

TABLE3

Ceprectpt'<oM<Mtofa~f~tOM<<t<Mt<~<AeaM«M<M<'o<e

eXCZM AMootn- Of AUttU OXAMM COKUMtHTATM

MMtP- Mtt PBB OMM 0~ OAMtCM OXALATE

tT~tB BOBtMO MOMOttTMttB

)n<M. MtfOntOKB <? MMtMTATtOM MMi- –––-–––––––-–––-––––––-––––.–––
em

C05iDITtONB Or PllIIeIP1T4'nON
ctH- 8<xtttua Potattium Ammonium

TATtOH MttBte Otthtte MM*M

m~ maf~ ~mtff~ m~. ma<('mg.
OM<«

m°~
m<<«

~°~
'Mt«

1 200xtoMCa',65H,0;R.T.; Ca 24 0.18 19 0.116 5.6 0.044

1 minute

2 20C<tto240]t,MH,0;R.T.; Ox 18 0.136 14 0.085 8.0 0.064

1 minute

3 As in 1, but &t 100'C. Ca 5.0 0.037 0.8 0.0051 0.8 O.OOM

4 As in 2, but at 100°C. Ox 8.5 0.094 1.20.00721.050.0083

5 H&ha's procedure. 21 Ca Ca 5.5 0.041 1.0 0.006 0.55 0.0(M4

and 20 Ox; R.T.; 10 min-

utes
6 Hahn'sprocedure. 20Caand Ox 9.5 0.071 1.4 0.0085 1.15 0.0091

21Ox; R.T. Mminutes

7 As in 6, butât 100'C. Ca 5.0 0.037 0.50.00300.1 0.0008

8 As in 6, but at 100*0. Ox 7.5 0.056 0.550.00330.1 0.0008

C As in 2, but digested at M- Ox See table 4 0.4 0.0024 0.2 0 00t6

100*C.for 18 houra

10 Asin 4, but in the presence Ox 0.450.0027

of 1 g. of NaCt
1

20Ox 20ce.of0.26Nalkalioxalate;20Ça=' 20ce.of0.26/Vcalciumohloride;
R.T. roomtemperature.

chloride,usingammoniumoxalateas precipitatingreagent,are reported.

In table5 somereauttson the coprecipitationofalkaliesunderconditions

simUarto thoseof the ordinary analyticalpracticeare given.

M8CU88MN OF RESULT8

1. Thecoprecipitationof sodiumiamuchgreaterthan that ofpotassium

and ammoniumno matter what the conditionsofprecipitationare; the

differenceis mostmarked in hot solution,especiallyif the precipitationis

madeaccordingto Hahn. The coprecipitationof sodiumis then still
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TABLE 4

_Ce)M'e~pt<e<tO!tof sodium prMett<<Mc~<oW<<<
la 1 1 1S f g

vvwnn

Ag

uoc«aV~i~iO

~–

1

e
g

~~â

i
Il

aruaasa

di

x
M. m. ee. tMtM~MtC. m~

1 20 M Ca M 0.05 R.T. 31.4
2 M 20 Ox M 0.06 R.T. 84.0
3 20 M Ca 55 0.10 100 12.7
4 20 M Ca ? 0.08 100 9.9
5 M Ca 65 0.01 100 6.9
9 M 20 Ox M 0.10 100 19.7
7 M 20 Ox ? 0.01 100 9.7
8 As 7: stood live daye before filtration 8.2
9 M) 1 M ( Ox )1 M J0.01 100 8.8

10 As 6, but in ammoniacal medium (3 oo.of oonod. NH,) 6.6
11 As 7, but in ammoniaeat medium (2 ce. of coned. NBt) 9.96
12 20 M Ca M 0.01 B.T. Aoid* 8.1
M M 20 Ox 56 0.01 B.T. Aoid* 9.6
14 20 M Ca ? 0.01 100 Aoid* 6.6
16 M 20 Ox M 0.01 100 Acid* 6.6
M 20 21 Ca M 0.01 R.T. Hahc'aproMdnM 11.6
M 21 M Ox M 0.01 R.T. Hahn 18.0
18 20 21 Ca 55 0.01 100 Hahn 9.0
19 21 20 Ox M 0.01 M Hahn 9.2
20 As 6, but in presence of 6 ce. of glacial acetie aoid 4.46
21 As 7, but in presence of 6 ce. of glacial acetio aoid 11.6G
22 As 21; digested at MO'C. for 18 hours 8.7
? 24

1
M j Ox j

1

50 0.01 R.T. 6co.of glacial 18.2

[ acetie acid
24 As 23; digested at lOO'C.for 18 houra 4.75
M 20 M Ca ? 0.01 R.T. Digesied I8 hours 0.7

at MO°C.
? 20 M Ca M 0.01 100 Digested 18 hours 1.1

at 100"C.
27 As in 26 1.6
28 M 20 Ox 55 0.01 R.T. DigeatedIShoura 0.77

at 100"C.
? As in 28 0.82
? M 20 Ox 55 0.01 100 Digested 18 hours 4.a

at 100°C.
31 50 20 Ox ? 0.01 100 DigMtedMhours 0.9

at 100°C.
32 M 24 Ca M 0.01 00 AcMf 3.0
33 M 20 Ox 60 0.01 90 Aeidf 3.71 1

2 ce. of concentrated HCt waa added to volume of 100ce., neutralized at R.T.
with dilute ammonia (2 minutes).

t 5 cc. of concentrated HC1waa added to volume of 100ce., heated with 9 to 4

grama of urea at BO°C.for 20 hours.
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TABLES6

Coprecipitation<~««MthMunder<M<t~<M<)<MttdtttOtM

20 ce. of0.26N catcMmohlorideusedin allexperimente

HtMm-fj
Na~Ot

<<
'ë~S~~ttBMtZH

/111
t~~Ut ttt~

A. Sodium

m~.

1 30 oo. of 1 molar eodium chloride present. Precipitation M.O

mado at 100°C. by adding 1 g. of ammonium oxalate

in 50 oo. of water to 260 ce. of solution containing 6 cc. of

concentrated hydrochlorio acid; then neutralized with

4 N ammonia added dropwise.

2 80ce. of 1molar sodium chloride present. Onegram of am- 8.2

monium oxalate in 60 ec. of water added to Z60ce. of cal-

cium solution at MO"C., containing 1.0 ec. of concen-

trated ammonium hydroxide. Time, Ï minute.

SOcc.ofImotafMdiumeMoridepMMnt. OneRramofam- 2.0

monium oxalate in 26 ce. of cold water added all at once

to oatcium solution having total volume of 260ce. Pré'

cipitation made at room temperature. Then digested at

100''C. for two dayo.

B. Potassium

4 0.020 mole of potassium eMoride present. Precipitation 1.44

made at ÏOO'C. by adding 1 g. of ammonium oxalate

to 200 ce. of solution containing 2 oc. of concentrated hy-

drochloric acid and neutratizing with dilute ammonia

added dropwiM.

0.020 mole of potassium chloride present. Precipitation 0.3

made at MO"C.by adding rapidly dropwise 1 g. of am-

monium oxalate in 60 ce. of hot water to ZOOcc.of solution

containing 1 ce. of concentrated ammonia.

C. Ammonium

6 One gram of ammonium oxalate in 50ce. of water added to

1

2.4

boiling calcium solution having a volume of 200co. Two I

ce. ofconcentrated hydroohloric acid present. Then neu-

tralized with dilute (2 N) ammonia added dropwise.

7 Precipitation made by adding 1 g. of ammonium oxalate 2.4

in 50 ce. of water to 200 ce. of hot calcium solution con-

taining 1 ce. of concentrated ammonium hydroxide.

8 Exactly as in 1 except that 1.0 g. of ammonium chloride 3.5

was présent.



4S4 ï. M.KOMfHO~ANCB. B. BANMM.

strong (0.5-1per cent),whilethat of the othera!ka!ieshas deoroasedto
lessthan0.1per centandsometimesto only0.01per cent.

At roomtemperature-ordinaryprecipitation-morepotassiumi8copre-
cipitated than ammonium,but at 100°C.the respectiveamountsare
nearly the same, with an apparent tendencyfor potassiumto exoeed
ammonium. Precipitatesobtainedaccordingto the methodofF.L.Hahn
are contaminatedequaUyif theybave beenformedin coldsolution,but in
hot solutionmore potassiumis coprecipitated. In general,potassium
tends to becoprecipitatedto a greaterextent thanammonium. The<M~r
<~ccprec<pt<a<tOM<~o<&a!~is <Aer~<M'etheorderofadsM'6oM~.

2. It is interestingto note that calciumoxalateformedaccordingto
Hahn's procedurein hot solutionin the presenceof sodiumoontainsas
muchof this elementas whenthe precipitationis madein the ordinary
wayin hot solution,so that this specialmethodof precipitationpossesses
no advantages. Hahn'smethodgivesbetter resultswithpotassium,and
especiaUywith ammonium,but since those elementscontaminatethe
oxalateprecipitateformedin the coldonly to the extentof 0.05-0.1per
cent of the weightof the preoipitate,its applicationisunnecesaary.

3. Theorderand amountofcoprecipitationofsodiumaddedaschloride
under varionsconditions(table4) correspondin generalto the résulta
obtainedby precipitatingsodiumoxalate with calcium(table 3). The
highsodiumcoprecipitationobtainedherein Hahn'smethodis dueto the
spécialwayin whichthis procedurebas beencarriedout, i.e.,calciumand
oxalatewereaddedsimultaneouslyto a solutionofsodiumchloride. The
ratio ofsodiumto calciumoroxalatepresentat any momentwasthereforo
largeandthe amountofsodiumcoprecipitatedwasconsequentlylargeas
expected.

Whethercalciumoxalateis precipitatedin neutralor ammoniacalsolu-
tion makesno differencein theamountof sodiumcarrieddown. Neutral-
ization of a hydrochloricacid solution of calciumoxalatewith dilute
ammoniaat roomtemperatureor at 100"C.givesa precipitatewhichstill
containsas muchsodiumas that obtained bydirect precipitationin neu-
tral or ammoniacalmédium. The ion in excess-calciumor oxalate-
makeshardiy anydinerenceifa stronglyacidsolutionisslowlyneutralized.

Crystatsofcalciumoxalatethat are very largecanbeobtainedbyadding
urea to a stronglyacidsolutionof calciumand alkali oxalate and then
digestingthemixture(procedureofH. H. Wiuard) thé slowneutralization
of the acidgivesa slowprécipitationof the oxalatewith the conséquent
formationof large crystals. Thèse, however,still contain fairly large
amounts–ana!ytica!!yspeaking–ofsodium,although!essthan whenthe

precipitationis madein the standard way.
Onlyonemethodundermostconditionswillgivecalciumoxalatesuffi-

cientlyfreefromsodiumto allowits use for preciseana!ysis,and that is
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the method ofrecrystallizationof a finelydividedprecipitateformedat

room temperature. By precipitatingcalciumoxalate in a volumeof

50 to 75 ce. at room temperatureand digesting,the fine crystals first

preoipitated undergoan entire structuralchangedue to transformation

of the higherhydrates,and growat the expenseof the finest,withthe ro-

sult that at theendofa dayorso thecrystalsarea fewmicronsindiameter

and thoncontainmuohlesssodiumthan originally. It i8true that sucha

precipitate filtersconsiderablymoreslowlythan oneobtainedunder the

usual conditionsof analyticalprecipitation. However,by thé useof glass

filtering cruclblessuch a precipitatecan be filteredand washedin ap-

proximatelyhalfan hour. It seemsto us that this methodof procedure
is far superiorto that of doubleprécipitationof calciumoxalate,which

would otherwisebe nocessaryif any considerableamountof sodiumis

présent. The applicationof the résultato analyticalwork will be dis-

cussed in a forthcomingpaper.
4. Whencalciumoxalateisprecipitatedwithexcessammoniumoxalate

(table 4), no other atk&Uion beingprésent,under analyticalconditions

either by neutraUzinga hot acidsolutionwithdiluteammoniaor by add-

ing ammoniumoxalatedirectlyto a faintlyammoniacalsolution,thenthe

amount ofammoniumoxalatecoprecipitatedisof theorderofa fewtenths

of a per cent. In the presenceof muchammoniumchloridethis value

becomes larger. Thus, precipitationfrom acid solutionby neutralizing

with ammoniain the presenceofonegramof ammoniumchloridegavea

contaminationof0.35percent. Thisamountwillnot be seriousin ordi-

nary analyticalwork,espeoiauysincethis errorwillbecompensatedby a

slight solubilityloss in washingwithwater if the determinationis to be

made volumetricallywith permanganate. If the determinationis made

accordingto thegravimetrieprocedure,a coprecipitationof ammoniumis,
of course,immaterial.

5. In the precipitationofcalciumoxalatefromcoldsolutions,a larger

coprecipitationof aïkaliesis foundin the presenceofan excessofcalcium

than ofoxalate(table3,experiments1and 2),a resultinoppositionto the

rules of coprecipitation. The explanationof this moreor lessabnormal

behavior is relativelysimple. In a atudyof the formationof higherhy-

drates of calciumoxalate(previouspaper (7» it bas beenshownthat at

room temperaturefairlylargeamountsof the higherhydratesare formed.

The latter arenot stablewhenleft in contactwith the motherliquorand

are transformedinto themonohydrate,thisprocessbeingcompletedwithin

twenty-four hours. The higherhydratesare stabilizedby an excessof

calcium, whereasoxalateionspromotethe transformation. This trans-

formation isaccompaniedbyan internalstructuralchangeanda recrystal-

lization resultingina puriScationof the primaryprecipitate;this purifica-
tion takes placemuchmorequicklyin a presenceof an excessof oxalate
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(experiment2,table3) thanofcalcium(experiment1). Thefiltrationand

washingof the précipites obtainedat room temperatureia slow,more
than two hours being required. The amount of copreoipitatedalkali
foundis, therefore,moreor leu aooidental(see,for example,experiments
1 and 2, table 4,wheremoresodiumwascopreoipitatedif oxalatewas in

excess);it may be expeotedthat the primary preoipitateformedin the

presenceof anexeesaofoxalatewillcontainmoresodiumthanthat sepa-
rated from a solutioncontainingan excessof calcium. Thatthe above

interpretationiscorrectwillbeshownin a discussionof thecoprecipitation
of iodatewithcalciumoxalate(nextpaper);and further,ina paperdealing
with the internaistructuralchangeson the agingof fresUypreparedcal-
oiumoxalate,it willbe demonstratedthat the freshpreoipitateformedin
the coldis porousand pennitsfairlyrapid effusionof foreignoonstituents

from, or diffusioninto, its interior. If no higher hydratesare formed

(precipitationaccordingto Hahn;expérimenta5 and6, table3; 16and 17,
taMe4), the coprecipitationofthé a!kaueais inhannonywiththe general

rules,i.e.,morealkali in the preoipitateif the oxalateis ittexoess.
6. In the precipitationofcalciumoxalateat highertempératuresinvari-

ablymorealkaliiscarrieddowninthepresenceofan excessofoxalatethan
of calcium,a result in harmonywith the rules of coprecipitation.The

coprecipitationofsodiumincreaseswithinot'eaaingexcessofoxalatein the
medium. Sincenohigherhydratesofcatoiumoxalateare formodat higher

temperature,thisnormalbehaviorwasanticipated.
7. Theamountofcoprecipitationofalkaliesat 100"C.is muchlessthan

at roomtemperature. At thé presenttime it is impossibleto makeany

predictionsregardingthe influenceof the temperatureuponthe amount

of coprecipitation,sinee the conditionsof crystal growth,the apeedof

adsorption,andthe adsorbabilityof thé ionsat the two temperaturesare

quite different,and no quantitativeinformationis availablefora system-
atio analysisofthesefactorsat differenttempératures. It is interesting
to notethat incontrastto the alkalies,thé coprecipitationof theanionsis

invariably higherat 100*0.than at room temperature (comparewith

next paper).
8. Coprecipitationofonealkaliiondoesnot preventthecarryingdown

ofanotheralkaliin the sameprecipitate. Thus it is shownby experiment
10(table3) that sodiumand potassiumare simultaneouslycoprecipitated,
whereascomparisonof resultsof experimentsin tables 3 and 5 indicates

that ammoniumand potassiumarecarrieddownat the sametime. This

resultis not surprising,becauseduringthe growthof the precipitatecom-

petitionbetweenthé variousforeignions to be adsorbedat the surfaceof

the growingparticlestakes placeand the coprecipitationof the ionwith

the higheatadsorptionpotentialwillpredominate. A coprecipitationof

only one type of ion if other kindsof the same sign are present,as D.
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Balarew(8)ctaimato be the case,is contraryto whatwemayexpectfrom
ourknowledgeof adsorptionand coprecipitationphenomenaand to ex-
perimentalevidence.

9. The coprecipitationofsodiumwith calciumoxalatedoesnot increase
Uneartywith the concentrationof the alkaliionin the solution,but seems
to boan exponentialfunotionof the latter (compareexperiments3, 4, and
5, table4). Thus with 0.01moleof sodiumohloridein the solution6.9
mg.ofsodiumoxalatewerecoprecipitated;with1.0molein the samevol-
ume,12.7mg. of sodiumoxalatewere coprecipitated. Suohan exponen-
tialrelationmay be expectedfromour knowledgeof the relationbetween
amountadsorbedand equilibriumconcentrationin the solution. There-
fore,a relativelylargecopreoipitationofan ionwhichisstronglyadsorbed
maybeexpectedevenif it is presentin fairlysmallconcentratiooa.

10.Digestionofa freshlyformedprecipitateresultsin a purificationof
theorystals. Themosteffectivemethodofobtainingpurecalciumoxalate
isbyprecipitationfromaweaklyaoidsolution(pH4to 6;comparepaperV
ofthisseries) at roomtemperatureand digestionforeighteenhoursorso
thereafter.

11.The reproducibilityoftheooprecipitationexperimentsis fairlygood,
if theprecipitationsare repeatedunder identicalconditions.

8CMMABY

The order of the adsorptionof alkali ions by, and coprecipitation
with,calciumoxalateis the same, sodiumbeingmorestronglyadsorbed
and coprecipitatedthan potassiumand the latter more strongly than
ammonium.

2. Ammoniumoxalateis lessadsorbedand coprecipitatedthan the po-
tassiumsait, a resuitcontraryto the adsorptionruleof Paneth-Pajans. “

3. The présenceof an excessof the lattice ion in the soïu'tKnTecreases,
but does not necessariiyprevent,the adsorptionand coprecipitationof
ionsof the samesign,foreignto the lattice.

4. The coprecipitationof alkali ions with calciumoxalate is largerif
thereis an excessof oxalateinsteadof calciumin the solutionduringthe
precipitation. Anapparentexceptionto the coprecipitationruleis found
ifprecipitationtakesplacefromrelativelyconcentratedsolutionsat room
température. This abnormalbehavior is explainedby thé fairly rapid
t!'msformationof the higherhydratesaccompaniedby radicalstructural
changesand recrystallizationafter the precipitation.

5. A study has been madeof the coprecipitationof alkali ionsunder
analyticalconditions. Sodium,especiaUy,canseriousiycontaminatethe
précipitâtes.

6. By far the purest calciumoxalate ie obtainedif the precipitationis
madeat roomtemperature from relativelyconcentratedsolutionsat a
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pH of 4 to 6 and the mixtureis digeatedfor about twentyhoumon the
steamb&th.

7. The coprecipitationof the alkaliesat 100"C.is muohsmaUerthan at
roomtemperature.

8. Copreoipitationofonea!ka!iiondoesnot preventthe oarryingdown
ofanotheralkaliin thé samepreoipitate.

9. The amountofsodiumand other alkaliescoprecipitatedis anexpo-
nential funetionof the alkali concentrationimthe solution. Retativeîy
speaking,there iBalreadya markedcopreoipitationin dilutesolutions.
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STUDIESIN COPRECIPITATION.V

THBCoPMeOtMTATMNO?AïttONBWITHCAMïOMOXA~ATE

I. M.KOLTHOFFAneE. B.SANDELL'

BetoetofChemiatry,Utnwf~ <~M<MMM<<t,Minneapolis,MtWMOto

R«:MM~fehne~ S,??

In this papetthe resultsof an extensivestudy of the coprecipitationof
the iodateion wiUbe described,and somedata willbe reportedon the

carryingdownof bromate,chromate,sulfate,and the halidesby calcium
oxalate. în additiona study bas beenmadeof the ratio of calciumto
oxalatein precipitatesobtainedundervariousconditions. This ratio is
foundtobeamallerthan the theoreticaloneif the calciumoxalatecontains
ocoludedoxalate,whereasit is largerthanunity if a coprecipitationofcal-
ciumsaltaprédominâmes.This investigationof the caIchMa-oxatateratio
wasmadeprimarilyfor thèsetwopurposes:(a) forstudyingthecopreoipi-
tation of hydroxylions (as calciumhydroxide)with calciumoxalate;(b)
for findingconditionsunder which the ratio approachesthe theoreticat
value. The practicalsignmcancewillbe discussedwithother data in a

forthcominganalyticalpaper.

ï. COPBECïrn'ATtON OF IODATB

Calciumiodateis a sparinglysolublesalt and for this reasonit maybe

expectedthat calciumoxalateprecipitatedfromsolutionscontainingiodate
willbecontaminatedby it appreciably. This is actuallyfoundto be the
case. The amountof iodate coprecipitatedis usuallyneververy large,
but sinceevensmallamountscanbedeterminedverysimplyandaccuratety,
the coprecipitationof this ionwith calciumoxalatebas beenstudiedin a

systematicway.
Theiodatein the precipitatewasdeterminedby transferringthewashed

calciumoxalateto a Baakeontaining50to 100ce.ofwater. Purepotas-
siumiodidecontainingno iodatewasthenadded,andËnattyhydrochtoric
acid to dissolvethe precipitateand to liberate iodineby reactionof the
iodatewith the iodide. Hydrochloricacidmust not beaddedbeforethe

iodide,forthen someof the iodatewiUreact with the oxalateand an in-
sufficientamountof iodinewillbe liberateduponthe subsequentaddition
of iodide. The liberatediodinewastitrated with dilutesodiumthiosul-

Du PontFellowinChemistryat theUniversityofMinnesota,?31-1932.
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fate, usually0.01N, withstarch us indicator. Blankswith pure calcium
oxalateand knownamountsof iodategavesatisfactoryrésulta.

The results of a ftystematioseriesof coprecipitationexperimentsare
givenin table 1.

EXH~ANATtON OF TABÏ,E8 1 AND 2

Part A. Thecalciumchloridesolutionusedwas0.25N, the ammonium
oxalatesolutionO.SO Ten ce. ofpotassiumiodatesolutionoontaining
0.200g. of the anhydroussalt weremixedwith 24 ce. of calciumchlo-
ride solutionand55-6Sce.of water (thisparticularvolumeof water was

TABLEt

Ccp)'ec<p<'<a<«wof iodate
A.Ammoniumox~!ateaddedtoexcesscalciumchloride

1
M.o~O.OtM~
TBXMCM~TE

nmop–––––––––––
KO. TBMP~R* PBK!M* Coc- ttt!MAMK$

ATOMt Muott 0 Ot 0.05 N eea-
HO) act trated

_BC(_
<tj)rœtC. m)o««<

1 25 1 2.8&t 12 ce. of ammonium oxalate used in.
2 36 1 2.85J stead of 10 co.
3 26 1 1.80 Heatedto boiling before filtration
4 25 1 4.3 10 ce. of ammonium oxalate
S M 1 1.00 – 3.8
6 25 20 0.20 3.8
7 25 1 1.46 6.6 50cc.ofoa!cMmcMoride
8 25 1 0.66 3.16 MeohMÎeattyoiirred
9 25 16 0.46 2.3 Mechanically stirred

10 100 1 9.6
11 100 1 0.36 9.9
12 100 1 0.6 9.1 Stoodl8houmbefoM6Itmtion
13 100 1 0.5610.2
14 25 1 1.06 18.2 26cc.ofa)cohotpreeent
16 26 1 0.46 4.80 Preoipttated in presenceof 26 ce. of

alcohol; then boiled30 minutes be-
fore filtration

M 26 1 4.6 O.IgtamofagarpteBent
Ï7 25 1 0.76 7.0 10co.of6JVaceticacidpreMnt
18 26 1 0.3 17.2 60ce.of6~acetioMidpreseNt
19 100 1 1.1 13.1 26co. of alcoholpresent
20 100 1 11.0 0.1 gramof agar
21 100 1 12.7 10 oc.of 6 N Metic acid present
22 26 1 0.3 4.4 0.40 gram of potassium iodate
23 25 1 0.48 3.1 0.10gra!nofpotMsimniod&te
24 26 1 O.M 1.8 0.02 gramof potassium iodate
25 100 1 0.3 7.6 O.lOgt'tuacfpotMaMmMdttte
26 100 1 0.16 3.4 0.02 gramof potassium iodate
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TABLEt-CMKwM<<
B. CalciumeM~ridoaddedto exceMftmmooiuntoxalate

1
ce.o~O.MMW
TNMMM'jtTJt

TtXBOf––––––––––
N0. Texftia- MBftM. Cen- MMAttttaj~ttU) ttttOtt OMW MB.

"eMAWM

Ha tmted

_HCt
<t~<w<C.m<KM<M "–––

1 M 1 2.4
2 36 1 0.7 3.0 MeohanieaUyeMtMd
S 26 10 2.6 MechaoioaUyetirred
4 26 10 0.2 0.8 Mechanically sttrred; ZOce, of ammonium

oxalate
1 2.9 Hand-ebahen; boiled 6 minutes after pM-

otptta.Mon
0 26 1 O.M 1.10 StoodMhouMbafotoaitration
? 26 1 0.16 1.6 Stoodl3<~ysbeîore6ttMtion
8 MM 1 6.1
9 100 1 0.4 6.2 StMdMhouMbefoMNtMtioa

10 100 1 0.6 6.66 MeehMtieaMyathwd
11 26 1 0.46 3.9 Moo.ofatooholpKMnt
12 100 1 0.66 7.3 26co.ofa!ooho!ptMent

5 0.46 2.96 Calotutn eprayed into solutionwith atomiser
/) 0. b 1.6

CatcmmapmyedintoaoMonwithatomizer;
20 oo. of oxalate

M 100 6 0.4 6.46 CtJeiumspMyedintooototion

C. Preoipitation aoeordint! to F. L. Hahn

ce.oso otmW
~.0, T~~f.
nus 0'

m. TZMfBa. tMCtn- MttM Con. matAM*~nm! TA-nox mtezm O.OtWO.Ot~ <tn-
'M.MMUM

HCI HCt tmt6d
_Ha

<t!~<MtC. t)ttt)tt<W
'––––––––––'

1 M ? Ca 0.4 M.9

2 10 Ca 1.7 26.6 Meehanica!!y~rfed
S M M Ca O.M 16.6 Io<htewMdisso!vedinom.

late, not inwater in beaker
4 26 10 Ca 2.1 19.7 Only 0.10 gramof potassium

iodate ptesent; etirted me-

6 26 20 Ox 04 13.6
ohmiMdty

6 26 10 Ca 3.9 49.3 60cc.of6WaeetMaoidpKa-

ent; mechanMattystirred
10 Ca 1.9 16.9 ZOcc.ofateohot

8 M 10 Ca 1.7 14.0 20co.ofaeetone
9 10 Ca 2.8 ?.3 VotomeMOoc.;0.6gramof

10 100 20 Ca 0.16 12.90
potassium iodate present

11 100 M Ox 0.10 3.70
12 100 10 Ça 1.7 34.8 60ec.ot6iVaceMcM:d:

1 atirred meobanicatty
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chosenin order that the total volumeof the solutionafter precipitation
wouldbe practicatly100ce.). To the resultingsolution,10oc.ofammo-
niumoxalatesolutionwereaddedoverthe periodof timeindicatedin the
table,usuallyoneminute. Themixturewu shakenby handexceptwhere
noted. Deviationafromthis procedurewillbe foundnoted in thé table
under the heading"Remarks." Filtrationwasbegunimmediatelyafter
precipitation;the preoipitatewaswashedwithamaUportionsofhotwater,
usuaUyfiveto sixinnumber. It shouldbementionedthat niter paperwas
used in this series of experimentsfor collectingthé precipitate. After
washing,the preoipitatetogetherwiththé filterpaperwastransferredto a
nask, coveredwith a little watercontainingpotassiumiodideand then
enoughdilute hydrochloricacid added to make the aoid concentration
approximately0.01~V. Thistreatmentresultedin the liberationofa little
iodinefromthe iodatepresentat thesurfaceofthe precipitate,whichwas
then titrated with sodiumthiosulfate(0.01N). The greater amount of
the precipitate stiN remainedundiœolved. ConcentratedhydrooMorio
acidwasnextaddedto dissolveaHthepreoipitate,and the iodineliberated
againtitrated. The volumeof thiosulfaterecordedunder "concentrated
HC1"in the table is the sumof all thiosulfaterequiredin the titration.
The objectof this particularmodeofprocedurewasto provethat most of
the iodateexistedin the interiorof the crystaland that it waa.notmainly
adsorbedonthe extemalsurface. Thepreliminaryshakingof the precipi-
tate with 0.01N hydrochloiieacid and iodideremoveswhateveriodate
maybe adsorbedanda!sodissolvesthe outerportionsof the crystal,thus
releasingsomeofthé truly coprecipitatediodate,but thebulkof thecrystal
remainsintact. Thé lengthof timethat the precipltatewas allowedto
remainm contactwiththe diluteacidwasusuallyoneor twominutes. In
somecases0.06N hydrochlorioacidwasusedinsteadof0.01N.

Part B. The samesolutionswereusedas in Part A and the precipita-
tionsmadeas beforeexceptthat hère the additionof reagentswasmade
in the reverseway,i.e., calciumchloridewasaddedto excessammonium
oxalate containing0.200g. of potassiumiodate. The final excess of
ammoniumoxalatewas20percent exceptwhereotherwisenoted.

Part C(Precipitationfromextremelydilutesolutions–F.L. Hahn'spro-
cedure). The solutionsof calciumchlorideand ammoniumoxalateused
were both 0.25 N. These wereadded simultaneouslyfrom respective
burets to 60 ce. of water in whichwas dissolved0.200g. of potassium
iodate. Either thecalciumortheoxalatesolutionwaskept approximately
1ce.in excessduringthe entireaddition. At theend of the precipitation
20ce.ofonesolution,and 21ce.of theotherhadbeenadded. The liquid
wasstirredby handunleasotherwisestated. In onecase (experiment3)
the iodatewasdissolvedin theammoniumoxalatesolutionand not in the
water to whichcalciumandoxalatewereadded.
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In the experimentsreportedin table2 the precipitationsweremadein
the various waysalready described,but after precipitationthé calcium

TABLE2

BFec<<~<h'{fM<tOttuponomo<ta<o/eop)'«!tpt<o<ediodate
l'

BF<'c<o/ ~'{fM~tOttupon amount o/ eop)'«!tpt<o<ediodate

<X!.0)fMmWTtfO-
eoM*TB

~HP1TIOM90p
CB\'WI'4L

~»MO. MMBmONOtMMtMtATtOK "'S~S~ M?~B 3)~)8

MOMttOf B g i*

H

.2-

tn<o*ctt<

1 R. T.; calcium and oxalate in S~hoursatOS'C. oa.22 2.2

equivalent amounts

2 R. T. 4 ce. of 0.26 N calcium 18 hours at 86°C. ca. 2 L6
in exoeM

3 StumeM.S2 40ho<iM&t86°C. 2 l.M
4 Calcium solution evaporated 68howra&t90°C. 0.6-2 0.000.100.70

to dryneas and tbe« precip.
itated with oxalate con-
taining iodate; catcium in
excess

6 Caloium solution evaporated DUatedtolOOec. 0.05 1.45

to drynesa; treated with 10 and digeated 18

ce. of oxalate containing houra at 85°C.

iodate

6 6ee.otlMc(deiumcMoride Total volume of 1-2 1.4

precipitated with M co. of mixture lOOec.;
0.60 ? oxalate at 100"C. digested H

hours at SS'C.

7 MO°C.;cateimnmexcem(4 18hours&t85°C. 1-2 3.0

ce. of 0.26 N)
8 R. T.; 4 ce. of 0.25 N oxalate 66 bours at 90°C. 2 0.2

in excess
9 8amea88 8 68houMat90°C. 2 0.15

10 8 repeated at 100''C. 66 hours at 90°C. 2 0 90
11 2.6 ce. ofl M calcium precip- DitutedtolOOcc. Vaned 0.0 0.10

itated at R. T. with 12ce. after precipita- from

of 0.26N oxalate tion; 120hours 0.6 to
at 90'C. 6

12 According to Hahn; oxalate 44 houMat 90'C. 0.00 0.90 6.60

in exceaB;R. T.

13 Ordinary precipitation oold 18 hours at 90°C. 1-2 0.00 0.30

in presence of 26 ce. of alco-

hol; excem calcium

<~ T =t T~n<\m ~wtM&~<~t.HVcR. T. Room tempetatute.

oxatate was digested at 90'*C. in contact with thé solution from which it

had been predpitated.
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Theamountofcontaminationrecordedin the tablesis théamount found
in the weightof preoipitateactuallyworkedwith, namely,0.365 g. of
calciumoxalatemonohydrate.

Table3 givesina conciseformtheamountof iodatecoprecipitatedunder
variouaconditions.

K. COPRECIPITATION 0~ BBOMATE, CHROMATE, AND SmFATB

The results recordedin table 4 wereobtainedby precipitatingunder
conditionsthesameasdescribedunderiodate. In thécaseofbromateand
obromate0.0025moleof the potassiumsalt waepresentin the solution
fromwhichprecipitationtookplace. Thebromatecontentof the calcium
oxalatewasdeterminediodometncaMy(potassiumiodideaddedfirst, then

TABLE3

Coprecipitationo/<<K<o<e
TABLE 3

Copre<!<pt<a<tMto/ <<K<o<e

Mtt.MtMHMO)'
tOCATB eomztttt-

«. MAm.M~mMMT*T!OM
~S~"

OXAMTt)
MOt)«t[Y<'K*t))

1 Oxalate added to oxceMcateiam; room temperature 0.017
2 Calcium added to exeess oxat~te; room temperature O.OU
3 Oxalate added te excem ctJctum; 1CO''C. 0.044
4 Calcium added to exceaBoxatate; MO°C. 0.028
5 OrdinMy Hahn method; calcium in exces8;room température 0 076
6 ModiBedHahn method; caMum in exoesa;room température 0.09
7 ModiSed Hahn method; oxatate m exceM, room temperature 0.06
8 Modi6ed Hahn method; cateium in exoees; hot sotutton 0.06
9 Modi6ed Hahn method; oxatate in exceas; hot solution 0.017

10 No. 1 digested 0.012
11 No. 2 digeated 0.001
12 No. 4 digested 0.004
M No. 7 digested 0.03

hydrocMoncacid). Only a fewexperimentswith chromatewere made.
Chromatein the washedprecipitatewasdeterminediodometricaUy.

The precipitationsin thé presenceof sulfate weremade in the same
manneras previouslydescribedfor the other anions. When it was in-
tendedto havecalciuminexcessduringthe precipitation,20ce. of 0.25N
ammoniumoxalatewereadded to 24 ce. of0.25N calciumchloride in a
volumeof 80 cc. in the presenceof 0.00100moleof ammoniumsulfate.
The volumeof the Uquidafter precipitationwas thus 100 ce. When
ammoniumoxalatewas to be in excess,20 ce. of calciumsolution were
addedto 24ce. ofdilutedammoniumoxalate. Theparticularvolume24
ce.waschosenin orderto givean excessof20 per cent. ]

The contaminatedcalciumoxalate,after washing,was dissolved in

<
r
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TABLE4

Cepr<e!pt<o<t<Mtofbromate,chromate,and<t<y<!<eCoprecipitation o/ ofomofe,cAromaK,<t<M«w/ote

)cOKtB- COtTtZ'fcOMtB-
tMtTATBO CtnfATBC CtPtMtBO
BXOttATB CBttOMATE BOLPATB

N0. CONDfTtONOFPttBaMTATtOtf
Ce. ot Ce. ot r'.oT!M.,

,,tNO. COADJTI07tOP P8E(.IP1TATION'
ce. 01 Co. 01

CaSo pue.euM~ e.NM~ ~S~S~
thtMat. ~tceut- <R"g~f~

t

lllo
la Ox&ta.te&ddedtoexoeMC&teHMN.R.T. 0.40 0.80 6.1

Ib As la, ln preeenee of 2 grams of ammonium at<t- 0.2

fate

2a OMtatetoexeMeea!cium;100°C. 1.4S* 2.0 13.0

2b As 2a, in ptesence of 2 grame of iumnonhmoMt. 0.66

f~te
8 ABl,inptesenceo(25oc.ofa!cohot 1.2 6.7

4 Aa3,repeatedatlOO"C. 2.0

6 (Mchanaddedtoexoemoxttt&te.R.T. 0.26 2.7

6 Aa 5, in presence of 26 ce. of alcohol 0.46

7 AB6,but~tlOO°C. 5.3

8 Aa2&,BtoodlweekatR.T.before6Itmtion
– 6.6

9 As7, etood 1 week at R. T. before filtration 1.6

10 Habn's procedure; calcium in excess; R. T. 2.7 1.5 8.8

11 ABlO.but&tNO'C. 1.8 10.0

12 AeM,om)ateinexcees 1.55 2.9

13 As 11,oxalate in exeeaa 1.9

14 Htthn'e method; calcium in exceM; 60 ce. of J N 6.9

acetie acid; R. T.; 10minutes

15 As 14,etood 18 houra at R. T. before filtration 4.9 – –

16 Calcium in exeeBB;aeid Boiution neutralised at – 4.2

R. T. with dilute ammonia

17 AsK.butoxatateinexcem
– – 1.9

As 2a, but with 0.006mole of KBrOt; coprecipitated 2.7(ce.of 0.01N tbioau)fate).

TABLE 6

Copreetp~te<tMtof MtdM

MO.OFHAMOBPK)t

HO. COt<OMNXO<')~U!CtPtT*TtOH tAM~~]S'LAtBuLana oSCAwrE
MOHOMYCBAtB

1 OxaiateaddedtoexcesscatcimncMorideatlOO~C.inpresence O.tZ-0.18

of 6 grama of sodimn chloride

2 Same as 1, except 6 grams of poteaaium bromidepresent 0.2

3 Same aa 1, except 6 grams of potassium iodide present 0.3

4 Hahc'e method; calcium chloride in excess; room tempera- 0.02

ture

5 4 repeated at 100''C. 0.02

6 Oxalate added to exoeaa calcium ohloride at room tempera- 0 06

ture in presence of 35 ce. of alcohol

7 Oxalate added to exceea calcium chloride at 100''C. 0.1t
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dilutehydrochlorioacid,dilutedto 50ce.,heatedto boiling,and reprecipi-
tated by neutraUzingtheaoidsolutionwith diluteammonia. Thefiltrate
fromthis precipitate,togetherwiththewashings,wasacidifiedwithhydro-
chlorioacidand one dropof the concentratedaoidwas added in excess.
This solution,containingall the sulfateoriginallyin the calciumoxalate,
was treatedwith 1 ce.of 0.5 Nbariumchlorideat 100"C. The barium
sulfatewasfilteredoff into a gtassfilteringcrucibleafter standingover-

night. The precipitatewasdriedat 128"C.and then weighed. Blanks
run accordingto this proceduregavesatisfactoryresutts:–ca!oiumsulfate

taken, 2.1and4.3mg.;found,2.1and4.6mg.teapeotiveiy.
It willbeseenthat the coprecipitationofcalciumsulfate is quitelarge,

espeoiallyin hot solution. If calciumis determinedgravimetnc&Uyby
weighingascarbonate,or oxalate(afterdigestion),the error producedby
the presenceofsulfatewillbe smallenoughto neglect,if the precipitation
has beenmadein the usualmannerby neutranzingan aoid solutionwith

ammonia;ofcourse,if calciumisweighedassulfatethere willbenoerror.

III. COPRECIPlTATIONOFCHLORIDE,BROMtOE,ANDIODIDE

The coprecipitationof these ions is so s!ightthat no effort bas been
madeto determinetheexactamount. Theresultsin table 5wereobtained

by dissolvingthe washedpreoipitatein nitricadd, adding silvernitrate,
and comparingthe turbidity obtainedwith that produced with known
amountsofhalldesin presenceofa likeamountofoxalate, nitricacid,and
silvernitrate. The chloridecontentof calciumoxalate is thereforeaeton-

ishingtysmall. Evenin the presenceof targeamountsof sodiumchloride
it doesnotexceed0.1percent. Bromideandiodideare likewisenotcarried
downin appreciableamounts.

DISCUSSION OF REMT/M

1. Antheanionsherestudiedaremorestronglycoprecipitatedunderall
conditionsin the presenceofanexcessof calciumthan of oxalate,a result
in agreementwith the coprecipitationrule. Theeffect of the lattice ion
in exoessis especiallystrikingin the casein which the precipitationis
carriedoutat roomtemperaturein a mediumcontainingabout 30per cent
alcohol. In presenceofan excessofcalciumtheamount of iodatecopre-
cipitatedcorrespondsto 18.2ce. of0.01N thiosulfate;in presenceof an
excessofoxalate,the amountcorrespondsto 3.9. Other anionsshowan

analogousbehavior.

Changingthe mediumby the additionof alcoholor much aceticacid
increasesthe amountof coprecipitationmuchmoreat roomtemperature
thanatlOO"C.

2. Experimentallyit bas beenprovedthat the coprecipitatedions are
in the interiorof the crystalsand that onlysmall fraction is externally
adsorbed.
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3. The amount of coprecipitatediodate inoreaseswith the exoessof

calciumin the solutionduringprécipitationand deoreaseswith the excess

ofoxatate,a resalt in agteementwith thé rulesof coprecipitation. A re-

versebehaviorwaeanticipatedandfoundin the coprecipitationof sodium

(precedingpaper).
4. The amount of coprecipitatediodate seemato be an exponential

funetionof the iodatecontentof the solution. With 0.2g. of potassium
iodatein the solution,an amountcortespondingto 1.8ce.of0.01 Nthio-

sulfateis foundin the precipitate;with twentytimesmoreiodate in the

solution,the ooprecipitatedquantityincreasesonly2.5times(precipitation
at roomtemperature). Asimilarrelationis foundif the precipitationia

carriedout at 100°C.;althoughthe iodatecontentof thé solutionwaBin-

creasedfivetimea,the coprecipitatedamountincreasedlessthan twofold

(experiments25and 26,table 1,A).
8. Thé speedof additionof reagentseemsto hâve littleifany influence

uponthe amountof copreoipitatediodate. In experiment15(table 1,B)
thecalciumsolutionwassprayedinto the boilingoxalate-iodatemixture

with an atomizer,the solutionbeingmechanioaUystirred. When the

calciumsolutionwasaddedfroma buret,otherconditionsbeingthe same,
and the reaotingmixturejust shakenby hand, approximatelythe same

amountof iodate was foundin the precipitate. If the precipitationiB

carriedout m the ordinarywayat roomtemperature,the amount of co-

precipitatediodateseemsto decreaseelightlywith increasingtime of pré-

cipitation. Here, however,wemust rememberthat the primary precipi-
tate consistsofhigherhydrates,whichare transformedwithtime into the

monohydrate,resultingprobablyin a releaseof the coprecipitatediodate.

But even at roomtemperatureit was immaterialwhetherthe calcium

solutionwasadded in a finesprayfroman atomiseror froman ordinary
buret (experiments2,3, and13,table 1,B).

6. The maximumamountofanioncoprecipitationisfoundby precipita-
tionat roomtemperaturefromextremelydilutesolutions(modificationof

F.L. Hahn's procedure). In spiteofsmallercrystamzationvelocity,and

consequentlythe separationofmuchlargercrystalsthan in the ordinary

method,the greatestanioncoprecipitationiaobtainedhere. The amount

ofcontaminationisparticularlylargeifapproximately25-30percent acetic

acidis present duringthe precipitation(experiment6, table1, C). In a

generaldiscussionofthephenomenaofcoprecipitation(1)it waspredicted
that the amountof coprecipitationwiUincreaseto a maximumwith in-

creasingcrystal size, this maximumbeingreachedat a relatively small

orystallizationvelocity. Furtherdecreaseof thé latter will leadto dimin-

ishingcoprocipitation. This maximumwillnot be reachedat the same

crystallizationvelocityforvariousions,for the speedsofadsorption,ad-

sorbability,and replacementby lattice ionsare differentfor the various

ions. From the resuit of experiment9 (table 1, C) it is seen that the
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amountof coprecipitatediodate inoreasesto a maximumwitb inoreasing
crystaliizationvelocity. If the latter isetill further deoreasedby working
at 100"C.,accordingto Hahn'sprocédure,the iodatecoprecipitationdimin-
ishes,althoughthe adsorbabilityof the iodate iononcalciumoxalateseems
to be ofthe sameorderat lOO~C.as it isat roomtemperature.

7. In agreementwiththe resultsobtainedin the atudyof the alkalico-
precipitation,it is foundthat digestionof the precipitatein the mother
liquorbeforefiltrationrésultain a purificationof the crystab (seetable2).
If the primaryprecipitateconsistsof relativelylargecrystals(2micronsor
more),partofthecoprecipitatedionsarelost by effusionthroughthécapil-
lariesof the crystallineparticles. However,no adsorptionequilibriumis
reached,sincemostof the contaminantin the interiorianolongerin open
communicationwiththe outsideofthe crystala. Again,themosteffective
methodofobtainingpure crystalsis precipitationfromrelativelyconcen-
trated weaklyacidsolutions(pH 4 to 6) at room temperaturefoUowed

by digestionovernight. The pufi6cationiBextremelypronouncedwhen
about25percentalcoholis presentduringthe précipitation..It wasfound
that a precipitatethus formed at room temperature containediodate

correspondingto 18.2ce.of0.01JVthiosutfate,andafter digestion(experi-
ment 13,table 2) only0.3oc.

If theprécipitâtesareallowedto standin contactwiththemotherliquor
at roomtemperaturebeforefiltration,a distinct purificationis noticedif
they havebeenformedat this lowtemperature fromrelativelyconeen.
trated solutions. This purificationprocessis to be attributed to trans-
formationof the higherhydrates into the monohydrateaccompaniedby
an entirestructural rearrangement(compareexperiments1 and 7, table
1, B). Précipitâtesformedat MO'*C.andaged at roomtemperatureunder-
go little change,theseconditionsnot being favorablefor a recrystalliza-
tion therefore,nodistinctdeoreasein the amount of iodatecoprecipitated
isnoticedwith the timeof standing(experiment12,table1,A).

8. Thecoprecipitationofanionsdecreasesin the order: iodate > chrom-

ate, suifate> bromate> chloride,bromide,and iodide. The coprecipita-
tionofthehalidesisnegligiblysmallunderaUconditions,but that ofsulfate
may be of practicalsignificance.

9. Thécoprecipitationofbromateisdecreasedbythepresenceofsulfate
(table4, experimentsIb and 2b), showingagain that a coprecipitationof
two ionsof the sameeleetricatsign may take placesimultaneously.A
similarresultwasfoundin the studyofcoprecipitationofcations.

10. Allthe anionshère studied showthe samebehaviorof beingmore

stronglycoprecipitatedfrom hot solutionsthan fromcold. Exact!ythe
oppositeresultwasobtainedin a studyof the coprecipitationofalkaliions
withcalciumoxalate.

11. It is of interestto comparethe results of the studieson the copre-
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cipitationof cationsand anionswith calciumoxalate with the postulates

of the coprecipitationrulesderivcdtheoretically(1).

(a) In agreementwith the rules it is foundthat a greater amountof a

foreigncation is carrieddownby the precipitate if an excessof lattiee

anionis presentduring the precipitation,the amount of coprecipitation

inoreasingwiththe concentrationof latticeanionin the solutionand di-

minishingwithdecreasingconcentrationof the latter. In thé coprecipita-

tionofanionsjust the reversebehavioris found,entirely in harmonywith

therule.

(b) The occlusionof foreignionsis to be attributed to an adsorption

duringthe growthofthe orystats;the orderofadsorptionand copreoipita-

tion is identical.

(o)The amountof foreignmaterialin a precipitatedecreaseswith the

timeof digestionbeforeËltration. If the primaryprecipitate consisteof

veryfinelydividedparticlesa alowrecrystallizationtakes place,during

whichadsorptionequilibriumis established. In the caseof calciumoxa-

late,the purificationis favoredby the transformationof higherhydrates

into the monohydrate,at least if the primaryprecipitate wasformedat

roomtempératurefromrelativelyconcentratedsolutions. If the original

precipitateisofsuchaisethat its solubilityapproachesthat ofthe macro-

crystals,an effusionof part of the impuritiesthrough capiUariesin the

crystalstakes placeduringdigestion.

(d) The maximumamountof coprecipitatedions is found at a certain

crystallizationvelocity. Nogêneraistatementscan be madewithregard

to thelocationofthismaximum,as it maybedifferentforeachion. Since

thereis no adsorptionequilibriumduring the growth of the crystals,the

crystallizationvelocityalone,other factorsbeingthe same,willnot deter-

minethe amountof coprecipitation,as thé speedof adsorptionand de-

sorption,the influenceof thetemperatureonthese,the adsorbabilityof the

ions,and the competitionbetweenthe lattice ionsand foreignionsof the

samesignto be adsorbedat the surfaceof thegrowingparticlesmay be

differentforeachcase.

Thereforenogeneralprédictionscanbe madeat the presenttimeregard-

ingthe influenceof temperatureuponthe coprecipitation. It is striking

that au cationsstudiedare less, and the anions more, stronglycopre-

cipitatedat highertemperaturesthan at roomtemperature.

(e) It shouldfinallybe mentionedthat the interpretation of the phe-

nomenaof coprecipitationwith calciumoxalate,if the latter is formedat

roomtemperaturefromrelativelyconcentratedsolutions, is compiicated

bythefact that higherhydratesare formed,whichare moreorlessreadily

transformedinto the monohydrate. It appearsthat calciumoxalate is

notthe mostfavorableprecipitatefora systematicstudy of coprecipitation

phenomena;the investigationswillbe continuedwith other substances.

TBBwootfAt.<)<'mm<e*LcttZMtmut.VOL.xxitvn.t(o.<
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TABLE 6

_O.M<<t~contento/ caMumoxalateprecipitate

OX*LATBCMfMMtT
XO. MBtBOCO)'pn<t<tnTATtO)) wX~SSS~T~H"1?RRK6PaCt?Q

CAMtBM

p«' «ft<

1 40cc.ofamtooniHmoxatateaddedto48cc.ofonMumeMonde 10076
in a total volume of 160 ce.: room temperature; filtration
and washing required several hours

2 40cc.ofcatciumaddedto48cc.ofoxaiateicatotatvotumeof 100.66
160 ce. ;R.T.

3 1 repeated at 100"C. 99.60
4 2 repeated at 100°C. 99.90
6 50 ce. of 0.26N caloium added rapidly dropwise to 360 ce. of 100.0

solution at 100'C. containing SOce. of 0.60 N oxalate
6 PrectpitatMnaceordingtoHahn;60cB.ofcato)umand49oc. S9.60

of oxalate added simultaneously to 200ec. of water at R. T.;
calcium solution kept 1 ce. in excess; time of precipitation,
20 minutes

7 ABin6,exceptthatoxatatewa8ittexce8s,i.e.,50ee.ofoxa)ato 99.96
and 49 ce. of calcium ueed

8 Precipitation according to Hahn in hot aotution (tOO°C.at be. 99.30

ginning); calcium solution kept about 2 ce. in exeeM; total
of 61 ce. of calcium and 49 ce. of oxalate oeed; time, 16to 20
minutes

9 8 repeated with oxalate in excess; other conditions precieety 99.62
the same

10 Precipitation according to Hahn in acid solution; 49 ce. of cal- 99.94

cium and 61 cc. of oxatate added simultaneously to 200ce. of
water at R. T., containing 2.0 ce. of concentrated hydro-
chloric acid; oxalate was kept 2 ce. in excess;no precipitate

appeared until more than 10oc. of oxalate had been added;
time of precipitation, nearly t6 minutes

Ha Frecipitated as in 1, then digested at lOO'C.for 24 hours 99.86
llb Same as lla 99.71

12 Preoipitated as in 8, then digested at 100'C. for 24 hours
99.73J

M Precipitated as in 3 and then digested at 100"C.for 24 hours 99.58
14 Precipitated as in 4 and then digeated at 100"C.for 24 hours 99.73
16 Precipitated as in 1; 20 ce. of 0.10 N hydroohloric acid then 100.06

added and the mixture digested at 100°C.for 24 houra
M Precipitated as in 2; 20ce. of 0.10 N hydrochlorie aoid tben 100.31

added and the mixture digested at 100'C. for 24 hours

17 Precipitation made as in 1; precipitate WMthen allowed to 99.66
stand in sotution from which precipitated for 9 weeks

18 40ec.ofoxatateaddedto48cc.ofcatciuminl60ae.ofso!ution 100.20

containing 1ce. of 4A~acetic acid, at R. T., then digested at
MO"C.for 18 hours
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THEOXALATECONTENTOf CALCÏOMOXALATEPRECIPITATES

Thé results of the investigationof the oxalatecontent of thé calcium

oxalateprecipitatein whiehtheeffeotof such factorsas temperature,order

of precipitation(calciumor oxalatein excess),speedof precipitation,and

the likewereconsideredin a systematicway, aregivenhereunder.

The calciumchlorideand ammoniumoxalatesolutionsusedwereboth

0.25N; they werepreparedfromthe best reagentsobtainable. Precipita-

tionsweremade,in general,eitherby the ordinarymethodor by that of

F. L. Hahn. In the ordinaryprecipitations,the saitin excesswasalways

containedin the precipitatingvesseland the othersolutionwaaaddedto

it dropwisefroma buret withefficientband agitation. The excessof cal-

ciumoroxalate,as the oaserequired,present finaUywas20percent. The

volumeofwateroriginallypresentwassuch as to makethe finalvolume20

ce. By the methodof Hahnismeant that modeofprecipitationin whieh

calciumand oxalatesolutionsareslow!yaddedsimultaneouslyfromrespec-

tiveburets to water(orsomeothersolution)at sucha rate that oneof the

precipitantsis kept about 1 ce.in excessof the other duringthe whole

precipitation. Glaseor porcelainfilteringcrucibleswere usedexclusively

for collectingthe precipitate. The precipitate was washedwith cold

waterif the précipitationhadbeenmade in the cold,and withhot water

if the precipitatehad beenformedat higher temperatures. Eaohprecipi-

tate wasusuallywashedwithten portions ofwaterof a fewcubiccenti-

meteraeach. The precipitatewasdivided into twoparts afterdrying: in

one,oxalatewasdeterminedbytitration with tenth-normalpotassiumper-

manganate and in the other,the actual amountof calciumpresent was

foundby convertingthe oxalateto sulfate. Furtherparticularsregarding

the precipitationswiUbe foundin table 6 whichsummarizesthe results

of the systematicstudy.

DÏ8CC88ÏON

Theinterprétationofthe precedingresults doesnotpresentany particu-

lar difficulties. Calciumoxalateformedin neutralsolutionisalwayscon-

taminatedwith calciumhydroxide. The oxalatecontentof a precipitate

formedin the coldis largerthan100per cent, but this is accountedforby

thestrongcoprecipitationofammoniumoxalateat this temperature,which

is sufficientin amountto overbalancethe deficiencycausedby the simul-

taneous coprecipitationof calciumhydroxide. Such a precipitateon

digestioneasilylosesthe occ!udedammoniumoxalate(seepreviouspaper

oncoprecipitationofalkalies)butnot the calciumhydroxide,whichappears

to be tenaciousiyheldby calciumoxalate, and thereforethe oxalatecon-

tent of the precipitatefaits belowthe theoretical. A precipitateformed

in hot solutionshowsa deficiencyin oxalate before digestionbecause
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ammoniumoxalateis not carrieddownto anyextentat this temperature;
thé oxalatecontentafter digestionis sensiMythe sameas before. The

précipitâtesformedslowlyaccordingto theprocedureofHahnatsocontain

hydroxide,but to quite differentextentsdependinguponthe mannerof

precipitation. The contamination is greatest at 100"C.in presenceof
excesscalciumandslightly lesswithexeessoxalate. At roomtemperature
a largecoprecipitationoccursin presenceof exoeascalcium,but the com-

positionof the precipitate is nearly the theoreticalwhenoxalateprepon-
derates, just as wouldbe expeoted. Hahn's precipitateformedin dilute
acidsolutionis foundto hâve thé theoreticaloxalatecontentwithinthe
limitsof experimentalerror. If a precipitatethrowndownat roomtem-

peratureisdigestedin the presenceof diluteacid,it îosesall the hydroxide
and givesorystabcontaining a slight excessof oxalate,probablyin thé
fonn of oxalicacid. Finally, a precipitateformedat roomtemperature
andallowedto stand in the solutionfrom whichpreoipitatedlosesammo-
niumoxalateandshowsthe samedeficiencyinoxalateas the digestedpre-
cipitate(transformationof higherhydrateintomonohydrate).

It wasfoundthat calciumoxalatetends to becontaminatedmuchmore

stronglyby hydroxide,or basio oxalate,than by acidoxalatesor oxalie
acid (to be describedin an analytical paper). This behavioris readily
underatandablewhenit is recollectedthat calciumhydroxideis sparingty
soluble. Hydroxideis so stronglyadsorbedby calciumoxalatethat re-

erystaUizationis not of much avail in producinga pure crystal. The

decreasingsolubilityof calciumhydroxidewithrise in temperaturemay
contributeto the failure of the recrystallizationmethod. Digestionin

presenceofdiluteacid, however,removesthe hydroxide.

SPMMABY

1. The coprecipitationof anionswith calciumoxalatedecreasesin the
order: iodate> chromate, sulfate > bromate> chloride,bromide,iodide.
The coprecipitationof the halidesunderaUconditionsis negligiblyamaU;
that ofsulfatemay be of practicalimportanceanatyticaHy.

2. Allanionsstudied are more stronglycoprecipitatedin the presence
ofan excessof calciumthan of oxalate,the amountsincreasingwith the
excessofcalciumand decreasingwith excessofoxalatein the solution.

3. All the anionsare more strongly coprecipitatedfromhot solutions
thanfromcold,a behaviorjust the reverseof that shownbythe cations.

4. It has been shown that a coprecipitationof twoanionsmay take

placesimultaneously.
5. Theamountofcoprecipitatediodateis anexponentialfunetionofthé

concentrationin the solutionduring the precipitation.
6. Themaximumamount ofcoprecipitationof iodatebas beenfoundat

a relativelyamallcrystaUizationvelocity.
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7. The speedof additionof reagent seemsto beoflittle influenceupon
the amountof coprecipitatediodate.

8. Hydroxylions are strongly adsorbedby, and coprecipitatedwith,
calciumoxalate. Even on mixing neutralsolutionsof calciumchloride
andalkalioxalatea coprecipitationofcalciumhydroxide,to be attributed

to a hydrolytioadsorptionof hydroxyl ionsduringthe precipitation,is
found. The amount of coprecipitatedhydroxylionsincreaseswith in-

creasingalkalinityof thesolutionand mustbe consideredin the volumetrie

determinationof calciumas oxalate.
9. Coprecipitatedhydroxylions are notentirelyremovedby recrystal-

lization,thus showingtheir strong adsorbability. Byprecipitationor re-

crystaHizationfromweaklyacid mediuma!!calciumhydroxideis removed.
10.Againit wasshownthat the purestcalciumoxalateis obtainedif

precipitationis madeat roomtemperaturefromrelativelyconcentrated,

weaklyacid (pH4to 6)solutionsand digestedfor twentyhoursthereafter.
The calcium-oxalateratio in such précipitâtesapproacheswithinthe ex-

perimentalerror the theoretical 100.0:MO.O.
11. In a discussionof the résulta of the coprecipitationof cationsand

anionswithcalciumoxalate,it has beenshownthat goodagreementexists
betweentheoryand experiment.
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MAGNETICSUSCEPTIBILITIES OF HYDROCHLORICACID
AND LITHIUM CHLORIDESOLUTIONS
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The presentpaper is a report on some measurementsof thé magnetic
susceptiMUtiesofsolutionsof hydrochlorioacidandlithiumchlorideover
a wideconcentrationrange. It maybe statedin advancethat in the case
of the hydrochlohcacid solutionsour measurementsdo not showthe
maximaand minimain the susceptibility-concentrationplotfoundrecently
by Farquharson(1). However,with the lithiumchloridecolutionathere

appear to be two definitediscontinuitiesin the variationof the suscepti-
bilitywith concentration.

METBOC AND APPARATUS

Themethodempioyedin determiningthe susceptibilityof the solutions
wasthe so-called"cylinder" methodof Gouy(2). In this methoda mall
gtasstube, halffilledwith the solution,is suspendedverticallyfromthe arm
ofananalytioalbalancesothat the loweredgeofthemeniscusis locatedin
the middieofthe pole gap ofan e!ectromagnet. Whenthemagneticfield
is excitedthereis a changein weightof the tubeand its contents, which

dependson thedifférencebetweenthe susceptibilityof the air in theupper
portion of the tube and the susceptibitityof the solution. In order to
eliminatetheaction of the magneticfield on the uniformg!asstube, thé
latter wasofsucha length that bothextremitieswerein a fieldofnegligible
intensity.

Theessentialdétails ofthe apparatususedin thepresentmeasurements

maybe sunMnarizedbriefly. The magnetwasonegivinga fieldofabout
5000gausswitha current of 6 amperespassingthroughthe coils. The

polepieceswereconicallytaperedandhad faces2.5cm.indiameter. The

polegap waskept constant at 1.1cm. The cylinderwhichheldthe solu-
tion wasa softg!as8tube, sea!edat one end, 14cm. longand 7.9mm.in
internat diameter. The balancewas an asaaybalancesensitiveto lésa
than 0.02mg. It was mountedona platformabovethe magnetand was
unaCectedby the field. To the left pan of the balancewas attacheda
silk thread which,passing throughan openingin the noorof the balance

case,servedas a suspensionfor the cylinder. At the lowerend of the

47S
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thread wasattacheda smallglassplugprovidedwitha thin rubbercollar,
over whichthe cylindercouldbeslippedandheldfirmly.

The routine of the experimentalproceduremay be describedat this

point. To the cleanand dry cylindera measuredsampleof the solution
was transferred by meanBof a calibratedpipette whiehdelivered3.428
ce. of water. Afterthe cylinderwasattachedto the suspension,its posi-
tion was adjustedsothat the lowerpart of the meoiscuawasat the center
of the pologap. The weightof the cylinderand thé solutionwas then
found with no currentpassingthroughthe coits. FoUowingthis weighing
the current wasswitchedonand broughtup alowlyto 6 ampères. After
an interval of oneminute,whiohwasallowedfor the currentand fieldto
become constant, the weight of the cylinderand contentswas again
determined. Whenthe gain in weightof the tube had beenfound,thé
current waseut offand thé entireprocedure,out!ioedabove,wasrepeated
without changingthe contentsof tbe tube. In practicallyevery casea

duplicate set ofmeasurementswasmadewith a secondfillingof the tube,
thus yieldingaltogetherfourdeterminationsof thechangein weightpro-
duced by the magneticfield. Both as a checkon the apparatusandfor
use in calculatingthe susceptibiMtiesof the solutions,the gain in weight
of pure water under the conditionsjust describedwas determinedat

frequent intervabduringthe courseof theexperiment.
The specificsusceptibiMtiesof the solutionswerecatcutatedby meansof

the formula:

<e,1~=,–.–
«~ d

The constant <is thé volumesusceptibilityof the referencesubstance,
water; and w<arethe gainsinweightofsolutionandwater,respectively;
and d is the densityof the solution. Thé standard of reference(3) for
measurementsof this type is the masssusceptibilityof waterat 20*0.,
-0.720 X 10' Therefore,sinceall of the presentexperimentswere

carried out at a temperaturewithinone-halfdegreeof28°C.,the constant
«haa the value -0.717 X 10-

The density d waa detenninedin two ways. With the hydrochloric
acid solutions the weightof the "cylinder"was foundbeforeas wellas

after the transferof theknownvolumefromthe carefullycalibratedpipette.
The densities ealculstedfrom these data were found to be sumdently
accurate. The densitiesof the lithiumchloridesolutionscould not be

measuredby theforegoingprocedurebecauseof the failureoftheserather

viscoussolutionsto drain completely. Accordinglytheyweredetermined

separately in a 10-cc.pyenometerbottle.
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PREPARATION OF SOLUTIONS

Three different series (I, II, III) of hydrocMoricacid solutionswere

measured. The solutionsof series1werepreparedfroma stock solution

whichwasthe middiethird portionof the distillateobtainedfromapproxi-

mateiy6 M acid. ThestocksolutionII wasthe last quarterfractionofa

similardistillation. Thedistillationapparatusm both casesconsistedofa

Pyrex,g!as8-stoppereddistillingBaskoverthesidearmofwhichwasslipped
a quartz condenser. The distillatewasconectedin a Pyrexbottle, and

thereforecame in contact onty with Pyrexor quartz. Duplicategravi-
métrieanalysesof eaohof thesestocksolutionscheckedto witbinat least
onepart in fivethousandand showedthemtobevery closeto the constant

boilingacid in strength. Thevariousdilutesolutionspreparedfromthese

two stock solutionsweremade by addingto a weighedquantity of the

latter best thrice-distitledwater. The weightof the resultingsolution

was then found and fromthese data the percentagecompositionof the

diluted solution was calculated. The more concentratedhydrochloric
acid solutions (III) were prepared by slowlypassing dried hydrogen
chloridegas from an all Pyrex generatordirectly into a weighingaask

containinga weighedamount of water. The nask and contentswere

cooledwith ice water during the absorption. The amount of hydrogen
chloridegas absorbedwasfoundfromthe gainin weight.

Twodifferentseriesof lithiumchloridesolutionsweremeasured. The

lithiumchlorideusedin preparingstocksolution1waapuriBedasfollows:

c. P.lithiumchloridewasdissolvedin bestwater,filtered,andprecipitated
withammoniumcarbonate. The resultinglithiumcarbonatewaswashed

by decantation ten timeswith distilledwater and eight times with hot

distilledwater to removeammoniaionandcontaminatingalkalinecarbon-

ates. After drying,this purifiedcarbonatewas almost completelydis-

solved in best distilledhydrocMoncacid. The resulting chloridewas

filteredto removethe residualcarbonateand then evaporatedin a quartz
dish until crystals of lithiumchlorideappeared. The minimumamount

ofwaterrequired to dissolvethe crystabwasaddedand the resultingsolu-

tion stored in glass-stopperedPyrex bottles. Analysisof this stockso!u-

tionshowedit to be praeticallysaturated. The varioussolutionsofseries

II wereprepared by Mr. R. W. Wilsonforanotherexperimentand were

generouslyplacedat ourdisposât. Thepurificationof the lithiumchloride

in this case differedfromthat describedabovein only oneessential.Tho

chlorideobtained by conversionof the carbonatewas carefullycrystal-
lized. The crystalswerewashedand separatedfromthe motherliquorby
an efficientcentrifugalprocess.

BESUI'Ta

In table 1 are tabulated the experimentaldata bearingon the hydro-
chloricacid solutions. Thenumberin the firstcolumnindicatesthestock
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TABLE 1

5pMJ~cMMe<p<tMH<p<~hpdroeMonc aetd sotxKMMt~e~M. 0'M~e~wn~y t~ ftyt<rMpfKUT<0MptUNMMHMM

MMrn<Mt mxtta KTCBOottLONe Mtc x X M*

p« gag

II 6.64 0.712

II 9.M 0.710

1 t6.00 0704
1 1S.48 0.702
I 16.96 0.702
1 16.48 0.700
1 Ï6.S3 0.700
1 H.86 0.701
1 17.81 O.OM
1 18.20 0698

II 18.53 0.700
1 18.es O.OM
1 19.28 O.M8
1 19.81 O.OM

II 90.M 0696
ni 26.4S 0.688
ni 27.27 0.688

TABLE 2

Spee~e MMeepMMK<y<~ H<&tt<~<!Mer<<<<solutions

Mt.OTtOttBOMM UfmOMCBtOBmE XX t)i'

p~eoX
II 4.12 0.716
II 9.66 0.712
I 11.02 0.710
1 13.88 0.708

II 16.28 0.707
1 17.08 0.706
1 17.97 0.705
1 18.74 0.704

II 18.97 0.705
1 19.75 0.703
1 20.85 0.699
1 22.69 0.696

II 26.02 0.689
1 32.80 0.679

II 34.90 0.678
II 42.08 0.669
1 44.49 0.665

fromwhich eachsolutionwas prepared. Thesecondand third cohunns

give respectivelythe percentageconcentrationof the solutionsand the
caloulated apeciBcsusceptibility. Table 2 contains the conesponding
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da.ta for lithium chloride. It may be noted that these tables ioo!ude
results forallthé solutionswhichwereprepared.

In practieauyeverycasethe figuregivenfor the specificBusceptiMityis
the meanresultof at leastfourmeasurementsof the gainin weightof the

oylinderand solution,two eachbeingmade withsep&ratejSUingsof thé

cylinder. The average déviation of the individual remeasurements
amounts to lessthan 0.5per cent. The latter figureiastighttylésathan
the estimatedprecisionof the leastprecisemeasurement,whichwas the
determinationofthe changeinweight. Sincethesensitivityofthebalance
was 0.02mg.andsincethegaininweightwasabout4mg.,the precisionof
this meaaurementwouldbeapproximately0.6percent.

m
~~3&~–––S'––S=–~–––––' 1

FïO. t. TBB SuaCEM'JBtMTT-CONCWNTBATtON PtOM MK HTMMCBMHMC ACID AND

LITHIUM CHLORIDE Soi.TTtON8

D!BCC89MN

The variationof théobservedspedScsuseeptibilitiesof thehydrochloric
acid solutionswithpercentageconcentration(figure1)is linearwithinthé
limits of the experimentalerror,thus indicatingthat the susceptibiuties
of the soluteand solventare additive throughoutthe given range of
concentration. If the drawntineis takento representthe variationof the

susceptibilitywith concentration,the specincand molarsusceptibHities
of hydrochlorieacidare calculatedto be -0.602 X 10-6and -22.0 X
10" respectively. Thesefiguresare identicalwith those obtainedby
Hocart (4)who,usingthe "ascension"method,ctaimeda precisionof 0.1

per cent.
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The presentresultsare not in agreementwiththe recentmeasurements
ofFarquhatson(1)by a différentmethod. Thesusceptibility-concentra-
tion curveobtainedbythis investigatorexhibitswell-definedmaximaand
minimawhiohoccur in most cases at concentrationscorrespondingto
stoichiometricalhydrates. A majorityof the solutionsmeasuredin the
present experimentfall within the concentrationrange(HC1+ 8HtOto
HCt+ IZHjO)whereFarquharsonfoundthegreatestvariationbut, ascan
beseenin figure1,there i8nosignificantindicationof the fluctuationsto
be expeeted. No explanationof the divergentresultsoanbe offeredat
this time.

Thé susceptibility-concentrationdata of tho lithiumoMoridesolutions
(table2)arealsoshowngraphicallyin figure1. It isat onceevidentthat
the variationof the susceptibilitywithconcentrationis not uniformover
the entireconcentrationrange. Beforeconsideringthe possiblesignin-
canceof this irregularityit shouldbe notedthat Ikenmeyer(5),theonly
otherinvestigatorto havemeasureda seriesof lithiumchloridesolutions,
foundthe variationto be quite normal. Sincethe two setsof measure-
mentsdeviate'serioustyonly in the moreconcentratedsolutions,it is of
interest to observethat a recent singlemeasurementby Kido (6) is in
betteragreementwithpresentvaluestbanwith thoseof Ikenmeyer.

A closerinspectionof figure1 showsthat the variationof thesuscepti-
bilitiesof lithiumchloridesolutionswithconcentrationis linearovertwo
limitedconcentrationranges:0 per cent to 19 percentand from28per
cent to the saturated state, 44. per cent. Whilethe susceptibilitiesof
the salt and watermaythereforebe treatedas additivewithinthe given
Hmits,the susceptibilityof the lithiumohlorideis clearlydifferentin the
twocases. Ils twovalues,computedonthe basisof the drawnlines,are:

0<eMtXfem< M~~pa-omt
t«M<tm<-M<wt<f< <«M..meiMofMt

x -0.637X 10-' -0.698X10-'
x- ° -27.0 -25.4

If thisanalysisofthedata iscorrect,thenon-linearvariationofsuscepti-
bilitywithconcentrationin the intermediateconcentrationsrange,19per
cent to 28percent, muâtbeattributed to the inconstanoyof the suscepti-
bilityof thesait solute.

A due to the causeof the assumedchangein the susceptibilityof the
dissolvedlithiumchlorideis to be foundin the fact that the 19per cent

solution,whichmarksthe upper concentrationlimitof onesusceptibility
value,bas thecompositionLiŒ+ lOHtO. Theconcentrationlimitofthe

InviewofthisdMftgKementit maybementionedthatReicheneder(Ann.Phy-
si!t.[618,68(tMO)),whoaubseqaenttyemployedïkenmeyer'amethodtomeasurethe
eMceptIMtttiesofsolutionsofhalogenacids,otcHMedthemethodandcondnded
thatit wasdefinitelyUMuitedforprecisionmeasurements.
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othersusceptibilityvalueis not so sharplydennedbut, fromthe variation
of the susceptibilityof thé solute with the numberof molesof water,it
seemsto be the solution(28.2per cent) with the compositionLiCI+
6HtO. This connectionbetweenthe changesin the susceptibilityof the
solute and the stoiohiometricalcompositionof the solutionssuggests
immediatelythat the changesresult froman alteration in the degreeof

hydrationof oneofthe ionsin solution. Althoughhydrationis doubtless
a faotor, it is probablynot the only one. For, accordingto theoretical
considérationsofWeiss(7),the lossof waterofhydrationshouldresultin
an increaserather than the observeddecreasein the apparentmagnetism
of the solute. However,if asa conséquenceof thelossof waterofhydra-
tion the non-hydratedionsbecomeassociatedto formion-pairsor dusters

(8),the argumentofWeisswouldrequirea diminutionof the diamagnetio
susceptibintyof the chlorideion. Sincethis last factor iBconceivably
greater than the hydrationfactor in its effecton the suscaptibility,the
observedalterationin thediamagnetiosusceptibilityofthe lithiumchloride

may be the net resultof two differentchangesoccurringin the solution
state.

Whateverthefactorsarethat causethesusceptibiUtyof lithiumchloride
to undergoa changewithconcentration,theymayreasonablybeexpected
to affect other physicalpropertiesof thesesolutions. Despitethefact
that the evidencebearingon this conclusionts very fragmentaryand in

part conBicting,it doesshowthat thé concentratedsolutionsof lithium
chiorideare to beregardedasabnormal. Afewcasesofparticularinterest

maybeconsidered. Hüttigand Keller (9)measuredthe densities,refrac-
tiveindices,and theabsorptionof solutionsof the lithiumhalidesat 20'C.
The curves obtainedby plotting the first two of these propertiesand
coenidentofextinctionagainstthe number(n)ofmolesofwaterper mole
ofsatt showeddiscontinuitieswhenm==C,near30,and 75. Subséquent
measurements(10)of therefraotiveindicesoflithiumchloridesolutionsat
a numberof differenttemperaturesdo not indicate,apparently,thé dis-
continuitiesfoundby Huttig and Keller. Further, from the variation
withconcentrationof the apparent molalvolumeof lithiumchloridein
solution(11)it is clearthat the variationof the densityof thèsesolutions
withconcentrationundergoesan abrupt changeat the sameconcentration
observedin thé susceptibilitymeasurements,namely,n = 10. Moreover,
sincethe densitiesof themoreconcentratedsolutionsare largerthan those
whichwouldfollowfromthevariation oftbis propertyin dilutesolutions,
it maybesupposedthat thechangein thesolutionstate abovethe critical
concentrationis not simply the breakdownof a "chemical"hydrate.
Whetherthere is anotherdiscontinuityat n = 6 cannotbe ascertained
fromthe avallabledata. Whilethe apparentmolalvolumemethodgives
a resultdifferentfromthat obtainedby the lesssensitivemethodofHüttig
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and Keller,it doesconfirmtheirconclusionin the caseoflithiumbmmide
and possiblylithiumiodidesolutionsthat the density-concentrationvaria-
tion basa disoontinuityat the concentration 6. FinaIIy,in support
of the suppositionthat in the concentratedsolutionsof lithiumchloride
the ionsare in partial contactas ion-paiman experimentby Blairand
Scho&eid(12)m&ybe mentioned. Acoordingto thèse investigatomthé
now-presMreeurve of an almostsaturated solutionof lithiumchloride
isdeoidediya.Bomalous.Theirresultsthey interpretto meanthat "small
strainsare not dissipatedimmediatelyduringthé flow,whiehmaywellbe
due to the persistent tendencyof the ions to maintaina non-random
distribution."

In conclusionthe writerswishto acknowledgethe generousadviceand
assistancewhiohthey havereceivedfromProfessorClaudeW.Heaps.
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THE OXIDESAND HYDRATESOF ALUMINUM

JUNIUSD.EDWARD8ANDMARTINT08TERUD

AluminumReaeofcA~&oro<ortM,New~<!Mt'tte<<Mt,Pe~tM~fetue

RMetwdfet~xa)-~<7,MM

The oxidesand hydrates of aluminumhave been the subjectof many
investigationsbecause of their commercialimportanceand scientinc
interest. The apparent muMp!icityof formain whichthey occur,how-
ever, has led to much confusionin their identification. A récent
contributionfromWeiserand Milligan(1) ia indicativeof thissituation.
After reviewingpart of the literatureand describingtheir experimental
work,they reach the conclusionthat there is onlyonecrystallinemono-
hydrate of aluminum,namely,diaspore. The fonn whicha numberof
otherworkershavecharacterizedasmonohydrateandanisomerofdiaspore,
they decideiseithera newformofalumina,whichtheyoalldelta-alumina,
or perhapsa hemihydrate. Thisconclusionseemslikelyto beuntenable,
onceall the factsare considered.

ProbablyWeiserand Milliganwereunawareof the contributionon this
subjeetpublishedin "The AluminumIndustry–Ahuninumandits Pro-
dùction"(2). Thevarioustormsofoxidesandhydratesaretheredescribed
with informationregardingthe monohydratesand methodsof producing
oneof them. A briefreviewof theseformswillbe givenbeforepresenting
additionalevidencefor thé existenceof the twofonnsof monohydrate.

ALUMINA

Corundumis thé naturallyoccurringformofalumina,–AItOj,or alpha-
alumina, as it is commonlydesignated. Alpha-aluminais formedby
heatinganyofthe hydratesof aluminumto a sufficientlyhightemperature
and ia alsothefonn commonlytakenby fusedaluminauponsolidification.

Aluminamay be producedin anotherform knownas beta-ahmuna,by
fusingaluminawith smaUamountsofmagnesiaor sodiumcarbonate.

A third crystallineform of alumina,whiohis of considerableinterest,
is designatedgamma-alumina. Whenaluminummonohydrateor trihy-
drate is dehydratedby heating,the productfirst formedis amorphous.
With continuedheating at highertemperaturesof about 500"C.,a new
crystallinephasebeginsto appear,whichbas beenidentifiedby its x-ray
pattern and namedgamma-a!umina.Continuedheatingat highertem-
pératures–above about 1200*0.–resuitsin its conversioninto alpha-
alumina.
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A fourthcrystallineformof aluminabasbeen reportedby Barlett and
designatedas zeta~-atumina,(3).

ALUMINUM HYOMATE8

There are two well-recognizedand identifiablehydratesof aluminum,
namely,the trihydrateand the monohydrate,and two crystal formaof
each.

Aluminumtrihydratooccursin nature as the minemigibbsite,whichis
found atso in many types of bauxites. This hydrate,designatedalpha-

FtO. 1. X-BAÏ DtFMAOTM!f PAtTKBNS OP OXIDES AND HYDRATES OP ALUMINUM

1,<t-AtA;2,At,0,; 3,-y.At,0,;4,«-At,0,.H,0;6,A!,0, H~);6,cf.At,0,.3H,0;
7,~At,0,.3H,0.

trihydmte (a(-AttO,-3H:0),is the productproducedby auto-precipitation
fromsodiumaluminatesotuttons,as iQtheBayerprocess.

Another crystallinetrihydrate, designatedas beta-trihydrate,cao be
producedby saturating sodiumaluminatesolutionswith carbondioxide
under certain conditions,and by other precipitationméthode. Beta-
trihydrate showsa differentx-raypattern than the alpha-trihydrateand
differsalso from it in solubility. It appearsto be a metaatabtephase,
and goeaover to the alphaformon continuedshakingor longstandingin
contactwith alkali.
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1
Aluminummonohydrate,in the formknownas atpha-monohydrate,is

foundinmanybauxites,ofwhiehthe Frenchbauxitesare typical. Alpha-
monobydratecan be producedby heatingatpha-trihydratewithalkalior
waterunderpressure.

Anotherorystallinefom of monohydrateis the minéraldiaspore,and
this form-carrying out thenomenclaturepreviouslyemployed-hasbeen
tenaed "beta-monohydrate." Beta-monohydratebasnot yet beenmade
syntheticatty,and wehavenot investigatedit other than to makeanx-ray
patternof a typical sample.

The x-ray patterns, acoordingto the powdermethod,given by the
variousformaofaluminaandthe hydrates,are shownin figure1.

THEMONOHYDBATEB

Weiserand Milligan'sconclusionthat there is no monohydmteother
thandiaspore,iseontrovertedbythe factthat millionsoftons ofthealpha-
monohydrate,describedabove,are foundin nature (4), and by its syn-
theticproductionon a largesoale. Its orystalpattem, aswillbeMonfrom
the figure, correspondsto the so-caileddelta-aluminaof Weiserand
Milligan.

Whenthe trihydrate ia heated in water containingama!!amountsof
sodiumhydroxide,it is rapidlyconvertedinto alpha-monohydrate(5).
Forexample,alpha-trihydrate,whenheatedfor abouttwentyhours,more
or teas,ina solutionofsodiumhydroxideat a températureofabout170"C.,
is convertedsubstantiallyto monohydrate. The product,after washing
anddryingat 106"C.,basa watercontentofabout 16percent (AttOt-HtO

16percentH)0). In thismethodthewatercontentisreducedfromthe
34.6percentof the trihydrateto 16per centby heatingin water. Appar-
ently the product containsa émail amount of adsorbedwater. The
monohydratea!so may be approaohedfrom the other direction. The
trihydratewasheated in airat 600*0.foronehourandthe water content
wasreducedto 1.6 per cent; on x-rayexaminationthis productshowed
the presenceof somegamma-ahmiinabut no other x-my pattem. This
dehydratedproduet was then digestedin water plussodiumhydroxide
at 150"C.for about fifteenhours, washedand dried at 105°C. This
producthad a water contentof about 16 per centand showedonlythe
x-ray pattern we attribute to alpha-monohydrate.These experiments
offerdefiniteevidenceof theexistenceof thealpha-monohydrate.

Ifa smallamountof trihydrateisheatedinair, mostofit decomposesto
an amorphousform, but if it is heated in sufficientbulk so that enough
watervaporatays in contactwith the material,somerecrystallizationto
alpha-monohydmtemay occur,but usuallyonly a smallpercentageis so
converted. Thewatercontentofthe mixturecanbereducedto 15percent
or to 10per cent, or to othervaluesby changingthe timeand conditions
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of heating. Sincean amorphousphasedoesnot producea diffraction

pattern,the patternofsucha mixtureis that of themonohydratephase.
Verylongagingin watorat 100°C.,as shownin Weiserand MiMigan's

experimentofagingfor 1009hours,willproducesomealpha-monohydrate
fromamorphousalumina(their table7 andfigure7). Weiserand MiUi-

gan's product,treated in this mannerafter dryingat 50"C.,hada water
contentof 19.35per cent,andafterheatingforthreehoursin airat 160"C.,
it had a watercontent of 10.38per cent. This productthey considered
to beeithera newformofaluminawithadsorbedwater,orperhapsa hémi-

hydrate. Amixtureofabout 70percentatpha-monohydratewith30per
cent ofamorphousaluminawouldhâvea watercontentof 19.50percent
if the amorphousphasecarriedabout30percentadsorbedwater. Upon
dryingsuch a mixtureat 160~0.,the adsorbedwaterwouldprobablybe

substantiallyaUremovedwithoutaffectingthe combinedwaterofthévery
stablemonohydrate,and the mixturewouldapparentlyhâve a combined
water contentof about 10.5per cent. Hereagain,the amorphousphase
doesnot producea dinractionpattern,and the pattem of sucha mixture
is that of the monohydratephase. WeiserandMilligan'sconclusionthat
their "delta-alumina"is not a monohydrateseemsto havecomefromthe
assumptionthat they hadonlyonephasein theirmixturedriedat 160''C.

(watercontent10.38percent),sincetheygotonlyonecrystalpattemfrom
suchamixture.

ConBnaatoryevidencefor the existenceof the alpha-monohydrate,as
madeby Tosterud'smethod,is presentedby the thermalarrestsobserved
on heating. If about 100g. of the compoundare placed in a crucible
and heated in an eleotricfurnace,an interestingseriesof observationsis
obtainedfroma sensitivethermocoupleinsertedin the mass. The time-

temperature curve is smooth (see "C," figure2) until a temperature
of about 450"C.ia reached,whenan arrest showingheat absorptionis
recorded. Thisis the pointwhererapiddecompositionofthemonohydrate,
occurs. If trihydrateisheated,a simitardecompositionpoint isobserved
at about 300"C. The decompositionpointof the monohydrateis just as
characteristicandreproducibleas that forthe trihydrate. Ofcourse,the

trihydrate andmonohydratewiNtosesomewateron heatingat tempera-
turesbelowthesepoints,but the decompositionbecomesquite rapidat the
temperature range in question. The monohydrateis more stable at
elevated temperaturesthan the trihydrate. The évidencefor the exist-
enceof the alpha-monohydrateis just as complete,and parattebthat for
the atpha-trihydrate. Similar thermal arrests have been recordedby
othersin experimentsof this charaeter.

In figure2 area!sogivenheatingourvesforbauxitesoftwotypes. One,
a trihydrate bauxite, givesa thermal arrest at about 2SO"C.,and the
other, a monohydratebauxite, gives an arrest at about 425°C. The
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arrests observedwith bauxitesare usuallysomewhatlower than those
observedwith the pure hydrates. OtherbauxitesareknownwMchcon-
tain both monobydrateand trihydrate,and the heatingcurvesshowboth
arrests. Furthermore,a heatiogcurvemade with trihydrate,if carried
high enough and under proper conditions,sometimesshows a slight
arrest at about 450"C.,indicatingthe formationof somemonohydrate
from the trihydrate during the heating, but a ourvemade with pure
monohydratenevershowsthe lowerarrest.

The samplespreparedby Weiserand Milliganaccordingto Huttig's
procedure(Kt', K/ K,, Ks, K4and L,, figure6) havean x-raypattern
whichcorrespondsvery oloselyto that of beta-trihydrategivenin our

7&77ea<w7~ ––~

FtG.2.HBATMOCoBYM

A,aluminumtrihydrate;B, Arkansasbauxite;C, atuminummonchyd~te;D,
Frenchbauxite.

figure1. Additionaldiscussionof beta-trihydrateis givenin the article
(2)previouslyreferredto.

Whilewehavemadenoinvestigationofotherformaofhydratereported
in the literatureand reviewedby WeiserandMilligan,it seemsquitelikely,
as they have concluded,that they are mixturesof otherknownhydrates,
or incomp!ete!ycrystallizedproducts. Crystattizationorrecrystallization
froma sotidphaseis attended with moredifficultiesthan crystallization
froma solution. In the conversionofprecipitatedamorphousaluminato
a crystallinehydrate,theremaybe linesappearingin thex-raydiffraction
pattern, or differencesin the intensityof !ines,whicharecausedby some
incomp!ete!ycrystallizedproduct,and whichcanhardlybe saidto repre-
senta newhydrate.
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The x-ray data contributed in this paper ate the workof W. L. Fink and

K. R. Van Horn.

6PMMABY

There is a monohydrate of aluminum, AJ;Ot'H<0, other than diaspore,
and it is found widespread in nature and is being made coauneMiaIty.
Its existence oan be demonstrated by chemical anatysia, x-ray diffraction

patterns, and thermal analysis.
Other forma of alumina and ita hydrates are brieSy reviewed.
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THE STANDARDBATTERY

R. B. ELMOTT~n G. A.HULETT
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A steadyourrent is quite essentialfor precisepotentiometriomeasure-
ments(1). Weobservedthat storagebatteriesgavea fairlyconstantour.
rent for certain portions of the dischargebut were quite sensitive to
temperaturevariations. Thissuggestedthe ideaofusingthe combination
due to E. Weston(U. S. patent294824),Cd Am Cd80<(saturatedat
4°C.) HgtSO~ Hg, whiehbas praoticaUyno temperaturecoeSicientof
E.M.F.forordinary temperatureranges. Wemadetwo of these batteries
withcathodeareasof100cm. whichwhenclosedin sériesovera potenti-
ometercurrent of 20,000ohmsgave us a currentwhichwasexceedingly
constantfor hours at a time,requiringno adjustmentof the regulating
résistance,and permittedmeaaurementaof E.M.F.to microvolts.

Aftera fewmonthsuse theabovebatteriesshoweda markedlydecreas-
ingB.M.F.,but on addingsomesuifuricacidto the neutralelectrolytethe
RM.F.soonretumed to normaland remainedquite constant, indicating
that anacidelectrolyteisessentialto preventthe hydrolysisof the mercu-
roussulfateand resultingdisturbances.

At that time we gavemost attention to the area of the cathodesand
concludedthat 100cm.~cathodeareawoulddeliversatisfactorityone-tenth
of a.milliampere. Nowwe hâveobtainedmoreexpérienceand informa-
tionaboutthesebatteriesandfindthatattentionshouMa1sobegivento the
polarizationat the anodesofthesebatteries. Indeed the anodepolariza-
tion appearsto be the greaterand wehavesoughtfor the mostsuitable
ratioofanodeand cathodeareasfora desiredcurrent.

To thisendwemadestandardbatteriesas follows. A30-cm.(diameter)
cryataBizingdish was used and enoughmercuryadded to cover the
bottomofthe dish. For the anodeweuseda 19-em."petri" dishthat has
a depth of only about 15 mm. and waspartly filledwith a 10percent
cadmiumamalgam. This anode was supported above the mercury
cathodeon a tripod made fromglass rods. To further increase the
anodeareawestaokedup severalof thesedishes,separatingthemby glass
trianglesmadefrom 4-nun.glassrods. Thisbattery was aiso provided
with an independentsmall referenceanode1.5cm. in diameter,so as to
measurethe polarisationof anodeor cathode independentlywhenthe
batterywasdeliveringa current.
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Any currentfrom thesebatteries willcausesome polarizationso that
there isa dropin the E.M.F.if oneismeasuringto microvolta,but the drop
occursin lessthan one-halfa minuteandthen the B.M.P.and ourrent re-
main quiteconstantand satisfactory. Whenthé ourrentia interrupted
thesebatteriessoonregaintheir originalE.M.F.,even thoughtheyhavebeen
short-circuitedand havedeKvereds muchgreater ourrentthan they were

designedto give. Indeed,thesebatteriesmayserve asa quitesatisfactory
laboratorystandardofE.M.F.whichis indopendentofordinarytemperature
changes,but they mustbe oaUbratedif one is concernedwiththé fourth
decimalplacein voltage.

To test the possibuitiesof thèsebatterieswe constructedtwo units as
describedbelowwithcathodeareaof666cm.' On a lowglasstripodwas

placeda petridishhalf-filledwith 10percent cadmiumaraalgamwithan
anode area of 40.8 cm.9 A pilot anode served to determineseparate

TABLE1

THtB VOMAOE PC ~*A

ttMttftt tttfM.

0,0t8,100 0 00 1,0i8,100 0 U

t 1,017,M -4 -160

2.0 ,M7,951 -7 -142

3.0 ,017,982 -7 -MI

6.0 1,017,945 -7 -148
10 1,017,960 -6 -144

15 1,017,945 -& -146

20 1,017,946 -7 -147
26 1,017,946 -8 -146

30 1,017,945 -8 -147

polarizations. Thisbatteryshoweda voltageof 1,018,100microvoltsand
whenclosedover20,000ohms,promptlyfe!l to 1,017,960mmv. and was
observedfor30minuteswith the résultashownin table 1. All resultsare

expressedin nucrovoltsor 10-6internationalvolts.
Table1 givessomeinterestingand unexpectedresults. The polariza-

tion at the40.8cm.anodeareawassome147mmv. fora currentof0.0001

amp., whileat the 666cm.~cathode the polarizationwasonly 7 mmv.
We had expectedquite différentresults,so we replacedthe 40.8 cm.'
anodepetri dish withone with an area of 293 cm. butthe anodestill
showedmarkedlygreaterpolarizationthanthe cathode. Sowe proceeded
to staekupfourof theanodedishes,giving&total anodearea of 1300cm.'t

to 666cm.' cathodearea. Theanodeswereconnected togetherandacted
asa unit,whilethe 1.5cm.' pilotanodeservedto measurethe polarization
of both anode and cathode. Thé results are given in table 2. The

polarizationof the anodewith about twicethe area of thecathodeis etill
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somewhatgreaterthan the cathode,but this battery with an anodearea
sometwiceas gréâtas the cathodearea seemsto be a satisfactoryone.
We proceededto get moredetailed informationon it. Measurements
such as those in tables1and 2 weremadewhenthe above battery was
olosedovervariousresiatancesand the resultsare Bummarizedimtable3.

TABLE2
Cathodearea966om.' Anodeare&1300om.' 5000S. 0.0002Ampere(a~amoaeMettOMtom.' AnodeMeMSOOcm.' 5000 S. 0.0002 Ampère [a

~A ~ç ~.H <.t.t:M.

MM. ntOtt. mM.0 0 0 o ,017,687
1 -109 -81 -M ,017,498
3 -110 -M -192 ,017,495
6 -t08 -M -NO .Ot7,4C7

M -t08 -M -1M ,0t7,488
M -M4 -? -199 ,0t7,<88
? -MM -M -197 ,017,4W
M -t07 -M 201 ,017,486

-Ml-101 M~

¡

,017,485

-MM -92 j 1,017,489~3 3

TABLES 3

~B~tteryNo.2. Anode 1300cm.' Cathode 666cm.'

YAmttmtt o?
tm~tt. t) M. n~ tVEBME t.M. )!.M~. tX MttV.
onn~. B.M~. BtMBTtXca cnMtSttT ma BAi~-aouH oMR o)n) BAt~-

aocB

mmn. <~m< ouMmtnperM mmt.mm,
,017,687 SOOO 0.2 1,017,490 ±38
,017.M8 3000 0.33 1,017,371 ±3.1
,017,681 1000 l.o 1,016,806 ±7.0
,017,688 600 2.0 1,016.000 ±60
,017,667 2M 4.0 1,014,371 ±3.2
,017,711 1SO 6.67 1,012,302 ±1.5
1,017,6~ 100 M.O 1,009,786 ±30
1,017,718 60 20.0 1.002,463

1
±10.0

The aboveresultsshowa quitesatisfactoryperformance. The polariza-
tionofcourseincreaseswiththecurrentdrawn,but variationof thecurrent,
for the first half hour,decreaseswith increasingcurrent; above 10mil-
liamporesit beginsagainto increase. With 160ohmsin circuit, ora our-
rent of 6.67milliamperes,the variationof the currentwas only 1.5parts
in a million. This is a currentof 1 milliamperefor 100cm.2of cathode
area and200cm.' anodearea,andrepresentsthebestperformance. Even
with a dischargeof 20 milliampereswe had a constancyof one part in
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100,000,a constanoythat is quiteunapproaobablewithany otherbattery
or sourceofourrent.

Ourexperiencoand observationssuggest the followingspecificationsfor
these standardbatteries. Owingto the size and structure of standard
batteriesthey are not readilymovableand so are best set upwhenthey
are to be usedunlessit is feasibleto "wire" themto the pointof use.

Asatisfaotoryunit maybemadein a 30-em.diameterorystallizingdish,
some16cm. deep,and witha flat bottom so that a minimumofmeroury
wiUcontinuouslycoverthe bottom. Some 5 kilogramsof merourywiU
be satisfaotory. The best gradeobtained fromaupplyhouseswillsuNce.
The electrolyteshouldbe acidby some 0.08molarsulfurioacidandaatu-
rated with cadmiumsulfateat approximately4"C. Add400oo. of 1.84

densitysuKuricacid to 4000ce.of water and in this dissolve5kilograms
of a goodgradeof CdSO<-8/3H<0. The rate of solutionof cadmium
sulfate is remarkablyslow,but overnight agitationwith a motor-driven
stirreriseffective. Thisgivessome5.4 liters of theelectrolyteandcovers
themerouryin the 30-<!m.dishto a depth of some8cm. Fromglassrods
onemayreadilyconstructa lowfonn of tripod that willsupporta 19-cm.

petridisha coupleofcentimetersabove the merourysurface. The19-cm.

petridishesare filledwithenough10per centcadmiumamalgamto cover
1

the bottom (sometwo kilogramsof 10 per cent amalgamfor19-om.petri 1
dish). FoursuchdishesareBtackedon the tripod,separatedby triangle~
madefrom5-mm.glassrodeor tubes.

The amalgamaare all conneotedto one bindingpost, whilea wirepro-
tectedbya glasstubeconnectathe mercurycathodeto thepositivebinding
post. This mercurycathodeis to be coveredat all pointswith a thin

layer of mercuroussulfate. The depolarizer requirementsare not as

exactingaa for standard cells. The crystallineproduct (2) givessome-
what thebestresults,but the electrolyticproduct(3)is good,as isalsothe

chemicallyprepared. Oneneedssome 40 g. of mercuroussulfatefor 100
cm.'cathodearea,soourunitin a 30-cm.dishrequiressome300g.of mer-
curiesulfate.

This maybe madeelectrolytically(3), or satisfactorilyas follows. To
a liter of waterin a suitableErlenmeyerSaskadd 100ce.of sulfuricacid

(density1.84),and in this dissolve360 g. of mercuricsulfate (HgSO<). !)

Froma tankofthe liquid,bubblesulfurdioxideintothis solution,reducing
themercuricsulfate,whichat oncebegins to preoipitateas a whiteproduot.
Whenthemercuricsulfateisallreduced the sulfurdioxidebeginsto reduce
mercurousmercuryin fineglobules. This Bnelydividedmercurybecomes

entangledin the precipitateand gives it a graycolor. Whenthe product
is a goodslategray the nowof sulfur dioxideis stopped,and the Cask

placedon a water bath with a motor driven stirrer. AboutSOce. of
r

mercurywasadded to the system,whieh may be stirred at water bath j
<
t<
v
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temperatureovemight. This permits the very fineglobulesofmercury,
whichhave a greater solution tensionthan meroury (owingto surface
tension)to go into solutionand separateout on largerglobules. A!so
there is a considerablerecrystallizationof the merouroussulfate,owing
to surfacetensioneffects.(4). Thisgivessome 300g. of mercuroussut-
fate, whichis broughton to a Buchnerfiltering funnel,and the acidre-
movedfromit bysuction. The cakeof mercuroussulfateis justeovered
witha minimumof the electrolytein which it is to beused,andthis is
drawnthroughwith goodsuction, repeating two or three times. The
cakeis readilyremoved,freedfromthe 6!ter paper andbroughtintothe
battery,whereit disintegratesand tendsto sprcad on themercurycathode
so that a satisfactorylayerof the depolarizeris readilyattained. When
theanodesare put in placethe battery is ready for use. The30-cm.dish
shouldhavea goodrhnsothat it maybetightly coveredwitha glassplate
to preventevaporationfrom the electrolyte. The eleotrolyteis nearly
saturatedwithcadmiumsulfateanda littleevaporationwouldsooncause
the oryataUizationof Cd804-8/3 H<0,while the favorabletemperature
coemoieotdependson the deSniteconcentrationof theCdSO<-8/3HeO.
Witha littlevaselineonemaymakesurethat there wiUbenoevaporation.
Ona highrésistancecircuit,i.e., over20,000ohms, twoof thesebatteries
havegivenexcellentservicefor years. Somemercuroussulfatebasbeen
usedupandtheelectrolytebas becomes!ight!ymoreconcentrated.If one
keepsa roughaocountof the currentdrawn, one mayat any timeby a
simplecalculationarriveat the amountof mercuroussulfateto addand
the amountof waterneededto dilute the electrolyte soas to restorethe
originalcondition. The E.M.F,of oneof thèse batterieson opencircuit,
afterit bas restedfor severalhours,iaa good criterionof the stateof the
eleotrolyte.
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A SIMPLE METHOD FORACCURATE DETERMINATIONSOF
VAPORPRESSURESOF SOLUTIONS

D. A.SINCLAIR

PM~M'~<!<CeH~e,Auckland,NewZealand

R<Mtw<<JanuaryM,~MS

ÏNTBODVC'nON

The importanceofvaporpressurein the studyof solutionswarrantsa
far moreextensiveexploitationof this propertythan basyet beenmade.
Manyattemptshavebeenmadeto evolve practicaland accuratemeansof
determination,but the amountof reliable data sofar accumulatedisvery
acantyindeed. Hithertofaouityand acouracyappeartohavebeenincom-
patible.

Undoubtedlythe mostaccuratedeterminationsofvaporpressurelower-
ing, to date, are those of Lovelace,Fraser and coworkers(1), who by
rigorouscare in the removalofair and usinga reliablesensitivemanom-
eter seemto haveattainedan&ceuracyto theorderof Jessthan0.001mm.
The methodi8 too elaboratefor general application,but for standard
déterminationsit hm,asyet,noequal.

Reviewsof the oldermethodsare avaiiaMe in the literature. Récent
determinationsmaybe mentionedbriefly.

Bousfieldand Bousfield(2)usedan apparatus whiohwu veryneatand
compact,but theseauthoraappearnot to haveappreciatedfullytheerrors
ariaingfromresidualair, anderrorsto the extentofnearly10percentof
the loweringare evidentin the regionof lowerconcentration. Thepres-
sureofresidualair maybemuchgreater than that indicatedbythevolume
of the bubbleof air remainingwhenthe solutionshave beenbroughtto
atmosphericpressure.

The most advanoeddevelopmentof the dynamicalmothodbas been
madeby Pearceand Snow(3). The a.ccuracyattainableisof theorderof
0.01mm., but by taking a meanof severalobservations,valuesreliable
to withina fewthoasandthaofa millimetermaybeobtained.

Thé dew-pointmethodusedrecentlyby Hepburn(4)seemsto be capa-
ble of usefulapplication. Anaccuracy of 0.03mm. is estimated. A
methoddescribedby Hul (5),dependingon the principleof the wetand
drybulb thermometer,mayproveuseful forsomepurposes. Withmoder-
atelyconcentratedsolutionstheestimatedaccuracyis2percent.

The limitedaccuracyof the various methodsmay be gaugedfromthe
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faet that at 25"C.the molecularloweringfor solutionsof such saltsas
potassiumcMorideis onlyabout0.75mm.

BOUSHEU~S mOMESTtC METHOD

In the paperreferred to above,Bousfieldmakesmentionof a method
for comparingthe vapor pressuresof solutions,oalledthe "isopiestic"
method and described in earlierpapers. This methodis apparentlyso
simplethat theabsenceof furthermentionofits applicationwouldappear
to indicate that it did not fulfilexpectations. Accordingto Bousfield,
four opencylindricalglassvessebcontainingdifferentsolutionsareplaced
in a desiccatorvessel, whichisevaouatedand placedin a thermostatfor
two or threedays. By this timethe solutionswi!thâvecorneintoequiMb.
rium by distiHationof water,sothat eaohwilthavethe samevaporprès.
sure. The concentrationsaredeterminedbyweightand hence,ifacourate
data are availablefor onesolution,equallyaccuratevaluesmaybeassigned
to the othere. Results, apparentlyconfirmatory,arequoted.

In order to test Bous&eM'smethod,the authorplacedtwocrystaUizing
dishes containingrespeotivelyapproximately1 M potassiumchloride
solutionandwaterin a vesselwhichwasevacuatedto 15mm.and leftfor
severaldays. The amount ofdistillationoccurringwasbareiynoticeaMe
evenwhenthedisheswerefloatedonmeroury,to aidtemperatureequaliza-
tion. PresumaMy,the rate ofdistillationbetweentwo solutionsdiSering
in concentrationbyonly 1percentwouldbe100timesas slowf

Aspointedout by Bousfield,the attainmentofequilibriumledépendent
on the equaHzationof temperatures. Whenthe air is removedthe vapor
pressuresofall surfaces in thevesselmustbe the aame,but the tempera-
tures are different. However,the order of the magnitudesinvolvedwas
apparentlynot realized. Fromdata in the InternationalCriticalTables
the followingcalculationsweremade.

At 25°C..? forwater is 1.4mm.perdegree. Hencea pressuredifference

of0.001mm.at the same temperaturecorrespondsto a temperaturediner-
enceof0.0007''C.at the samepressure.

The latentheatof vaporizationofwaterat 25"C.is 2436jou!espergram.
Therefore,if we have two surfacesdifferingin temperatureby0.0007°C.
and separatedby a mediumof thermalconductanceequivalentto one
centimetercubeof the undermentionedmaterials,the timesrequiredfor1
gramofwaterto distil, or 2436joules to flow,fromone to the othermay
be calculatedfromthe thermalconductivities(withoutconvection)to be
for (a) gtass–10 years, (b) water–17 years, (c) gases–500 years, (d)
mercury–16months, (e)copper–10days.

Considelingthese astonisbingfigures,it is surpriaingtbat the results
quoted by Bousfieldare as goodas they are. Earlierpapersshow,how-
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over,that these figureswere taken fromseriesof experimentsextending
overseveralmonths,in which solutionswerebuiltup by distillationof
waterfromthe troughof the desiccator,weighingsbeingmadeevery two
or three days. Apparently,no experimentwasmadeto seeif two solu-
tionsof the samesalt cameto the sameconcentrationafter twoor three

daysand assumptionsweremade whiehwerenot sustainedbylater trials.

APPLICATIONOFTHEtSOPtESTMMETHOD

From the above considerationsit wouldappear that the method as
desoribedby Bousfieldis too slowto besuitableforpracticalapplication.
However,by incorporatingthe followingprinciplesin the designofappa-
ratus,it seemedprobablethat the methodcouldberenderedpracticable.

By providinggood metaltic conductionbetweenthe solutions,the
retardationdue to thermal resistancebetweenthemmay'be reducedto
quitea smallvalue. Thefactors limitingtherate ofattainmentof equi-
libriumwouldthen be diffusionof soluteand conductionofheat through
the solutions. Thesecouldbe acce!eratedby stirringandby makingthe
solutionsshallow. Tooviolent agitationis to beavoided,however,since
minute heating effectswould cause appreciableerrors. Quantitiesof
solutions'assmaUas compatiblewithacouracyin weighingarealsodesira-

ble,to minimizethe amountswhichhâveto distil.

THE METHOD ADOPTEn BY THE APTaOB

PreK~na~ e.pentMM<s

Solutionsof potassiumohloride plaoedin silver-platedcopperdishes

fittingneatly togetherand mounted ona copperbasewerefoundto ap-
proachidentity of concentrationat quitea feaaiNerate, whenrockedin
an evacuated desiccatorvessel in a thermostat. It wasdiseoveredthat
the rate was greatly increasedby placingsomesolutionin the crevices
between the dishes. Evidently the temperaturegradientherewas re-
ducedappreciablyby the substitution of solutionfor vaporin the gaps.
Usingabout 2-cc.quantitiesof approximately1 M potassiumchloride,it
wasfoundthat a 25 percent différencecouldbe reducedto 1 per cent in

twenty-fourhours. Duringa seriesof experimentsin whichpotassium
chlorideand canesugarsolutionswerecomparedthe followingprocedure
wasevolved.

~ppO!'<!<MS

The disheswere1) inchessquare by inchdeep,a set of four being
placedin square formationon a silver-platedblock1inchthick. The
blockaotedas a steadyingheat reservoiras wellasa conductingmedium.
The thermostatwasbelievedto keepconstantto about0.01"C.at 25"C.
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Thevariations neednot necessarilybe reducedto a very smallamount,as
the temperature wavesare dampeddownoonsiderablyby the thick walls
of the desiccator, and the massiveoopperblockensures that any small
disturbance is equitablydistributed. The heating lamp wasblackened
sincethe radiation, whichhad an appréciableeneoton the regulator,would
alsobe liable to aSectthe dishesand possiblymaintaina permanenttem-
peraturegradient therein. The periodandangleof oscillationwereabout
1secondand 20"respeotively.

Procedure

The solutions wereweighedinto the dishesby pipetting in 2 oc. and
weighingquickly to the nearest mitligram. In the case ofconcentrated
solutionsthe amountofaotidin2 ce.wassufficientto be weighedindirectly
withaceuraoy; In all determinationsmade,potassiumohloridesolutions
wereused as standard. Duplioatesof eachsolutionwere inserted,being
placedin diagonatoppositionin the set, soas not to be in directcontact,
and therefore to providea morereliablemean.

Caustic soda ofaboutthe sameconcentrationas the potassiumchloride
in the dishes wasusedas intermediateconductingsolution,beingpreferred
sinceit apread moreeasilyovergreasysurfaces.

The evacuation waaeffectedby meansof a water pump,the pressures
beingreduced to 15-20mm. Completeremovalof air is not required-
merelysufficientto removethe diffusionretardation.

The dishes, on beingremovedfrom the desiccator,werekept oovered
whilethey werecooledrapidlyin a streamofcoidwater and driedon the
outsideswith Citerpaper. Anapproximateweightwas estimated,while
stiHcovered,and finalweighingcomptetedin a fewsecondsafter removing
the cover. En-orsdue to evaporationmayamountto severalmuligrams
and this is the largesterror with the moreconcentratedsolutions. A
better plan wouldbe to providethe disheswithpermanentlids,but this
refinementwas notintroducedat this stage

The same set of solutionsmay be usedto tnakeas manyas Sve or six
determinationsovera range of concentrationsvarying by about 40 per
cent. The most convenientmethod of varyingthe concentrations,and
that which gave the best results, was by distillationof water from the
bottom of the desiccator. This distillationis chiefly indirect. The
thermal conductionbetweenthe blockand the wallsof the vesselbeing
poor,the block is heatedfromroomtemperatureto 2o"C.by distillation
ofwateronto the block,fromthe waterinthe bottomwhichisheatedmore
quickly. Thiswaterthendistilsinto thedishes. Finally theblockattains
a stightiy highertemperaturethan the thermostatand furtherdistillation
takesplace into thesolutions,at a rate dependingon the flowofheat from
the block to the thermostat. This isnegtigiMyslowwith dilutesolutions,
but is appreciablewithconcentratedsolutions.
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The removalof water by pumpingoffwasdimcultto accompMshsatis-

faotorily. Thebest methodwasfoundto beto usehighconcentrationsof
intermediatesolution.

The timesrequiredfor the solutionsto cornesumcientlyclosetoequilib-
rium vary aocordingto viscosities,but other thingsbeingequal,ratesof
distillationshouldbe proportionalto the temperaturedifférence. For tbe
same percentagedifférence in concentrationthis M proportionalto the
concentration. For any one concentrationthe différenceshouldbe re-
duced equal fractions in equal times. With 0.5 M potassiumoMoride
solutionstherate ta greater than one-tenthin oneday andso, if the solu-
tionsdo notdifferoriginallyby morethan 2or3 percent,onedayshould
be sufnoientfor an acouracyof 0.3per cent. In générât,oneday was
allowedfor all solutions above0.5 M and belowthis the timeswerein-

creased,untilat 0.1 Af threedayswereallowed. Thistimegaveuniform
results.

Co!cMh~MKof yeaMMs

The actuatcalcuïationsaresimple,the molalitybeinginverselypropor-
tionalto theweightof waterinthe dish.

Potassiumohloridewas alwaystaken as standard,the valuesobtained

by Lovelace,Fraser and Bease(6) being takenas correctand assuming
that the relativelowering is the sameat 25°C.as at 20"C. TheInter-
national CriticalTables state that the variationwith temperaturela

inappréciablefor this salt. The vapor pressureof water at 20"C.was
takenas 17.536mm.

Resultsare expressed in terms of motecularrelativelowering,in con-

formitywiththepractice mthe tables. Theclearestmethodofexhibiting
the results is by means of a graph, plottingmolecularrelativelowering
against molality. Tables of values taken fromthe author's curvesare

providedtoenable the curvesto be reconstructed.

BESUMS

Canesugarso!t<(MKs

The choiceof cane sugaras a solutefor preliminaryexperimentswas

perhapsnot the best, on aceountof the highviscosityof the solutions.

NevertheleBs,the results obtainedweregratifyinglygood.
The materialsused were A.R. potassiumchlorideand a specimenof

sugarpreparedsonieyearsagofor researchworkin thisCollege.
Determinationswere madeovera rangeofconcentrationfrom0.2M to

1.6M, correspondingto 0.1to 0.9M potassiumchloride. The ïesuttsare

shownin Sgure1 aod table 1. A better uniformityis désirablein thé

higher concentrationregion,but below0.8M the deviationsfromthe



500 D.A.MNC~AÏBM* A. otn~j~Mtt

smooth ourvearelessthan 0.3percent, or lessthan0.0007mm. expressed
as pressure. With threeobviousexceptionsthe deviationsin the higher
region are of the orderof 0.2 per cent., whiehat 1.4M correspondsto
about 0.0014mm. Errorsof0.2 percentarequitepossiblyintroducedby
lossesby evaporationbeforeweighing,and a betteruniformitywasnot to
be expected.

TABLE 1

Vo!«Mc/ R
~–~

/w a«<!f<MeM<««MM,o<M'C.values of it
Mpo

P

for-8ucrose

solutiom, ai 06*C.
mpo

M
(nto)MpefttX)OttMMof*tter) BXKf

0.2 1796
04 1821
0.6 M4S
08 M81
0.9 leoe
10 1936
11 MS1
1.2 1959
L3 1997
1.4 1985

_)_

The curveobtainedfromthefewpointsgivenin the InternationalCriti-
cal Tables isalsoshownin figure1. The originalpaperwasnot available
to the author,but the determinationswereprobablymadewith the Love-
lace and Fraserapparatus. Thedifferenceis notgreatand,exceptforthe
elevation between0.8and 1.3M, is lésathan 0.002mm. Althoughthe
différencein the molalloweringbecomesgreaterin the dilute region,the
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aetualdifférencein pressurebecomessmaUerand at 0.2M is only about
0.001mm.

Theelevationbetween0.8Mand 1.3M correspondsto the elevationin
the standard curve for potassiumoMoride(see figure3). It may be
eliminatedby allowingdeviationsof 0.002mm. in the measurementsof

Lovelace,Fraser and Sease,but this wouldbe altogethertoo revoltingto
thèseauthors. The realexistenceof this irregularityiasupportedby the

independentmeasurementson lithiumchloridesolutionsmade by Love-

!aee,BaNkeand Fraser(1),whichshowa similarirregularity. It basalso
beenobservedrecentlyby Burrage(7) that there is &paraUeMsmin the
curvefor the solubilityof leadchloridein potassiumchloridesolutions.

Thesignificanceis uncertain,but it wouldappearthat the irregularityis
dueto a property ofwaterin this activityrangewhichis independentof
the type of solute. Further directmeasurementin this regionis highly
desirable.

SodtMMchlorideachetons

Afewdeterminationsonsodiumchloridesolutionsservetoshowthat the

irregularityappearsa!sointhe curveforthissalt. Theauthor'sdetermina-
tionstend to confirmthevaluesgivenin the InternationalCriticalTables

(originalpaper unavailable). Bousfieldand Bousfieldobtained values
about8 to 9 per centhigher.

Theauthor'a resultsareinsertedasdotsinfigure3.
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PotassHtw<o!tfef!e-p-$My<Mt<!<esolutions

Anextensiveseriesofdeterminationswasexecutedwithsolutionsof this
saltovera rangeofconcentrationfrom0.1Mto saturation. Thespecimen
usedwas someof a preparationused in previousresearohwork lu thia

College,and wastakenasBU~cienttypurewithoutfurther test, other than
that for watercontent. Thesalt cryataUizeswithone moleouloofwater

of oryatallization.This is, however,easilydriven off. A sampleof a
batohdried at 130''C.in an air-ovenfor two hours did not toseweight
furtheron beingsubjeotedto twohours' treatmentwith a streamof air

under20 mm.pressureat 130''C.,driedoverphospboruapentoxide.
Theresultsareexhibitedin figure2 and table 2. Satiafaotorygeneral

uniformitywasobtained. The distributionof points in the regionof the

irregularityuafortunatetydoesnotaUowtheexactshapeofthe ourveto be
detenninedhere. Thesmauirregularity,althoughquiteevident,seemsto

TABLE8
VohtMe/ ?lor})o<<MM<tOth)<«eMetuy<Mt«<eMh~MM,atM''C.V<M«M0/ N/OTJMMMttMtM«eMeM(/<Mt«<eMtMttOM,<KK~C.

M BXWloi _Af_ NXtO*ICI

0.1 3274 1.0 2820

0.2 3192 1.2 2727

03 3128 1.4 2641

0.4 3072 1.6 2572

0.5 3040 1.8 2608

0.6 3005 2.0 2460

0.7 2960 2.6 2316

0.8 2907 3.0 2210

0.9 2864 3.5 2118

be masked by a longer irregularity extending to 1.3 M, which may or may

notbeduetoexperimentalerror,sincethenvepointsfrom0.79M to 1.3M

wereall obtainedfromoneset oniy. Circum8t&nce8didnot allowconnr-
mationto be made.

The sotuMIityof the salt does not appear to have been determined

previously. From the vapor pressureof the saturated solution it was
eatimatedbythe author,bya shortextrapolation,that themoiautyof the

saturated solutionwas about 3.87.

<
COMfABISOtf OF MOt.ECUI.AB Ï.OWEBING CUBVE8

Figure3 giveaa comparisonofthe curvesfor fivesalts. The valuesfor

potassiumnitrateand sodiumchlorideweretaken fromthe International

CriticalTables,whilethosefor potassiumand lithiumchloridesare from

theoriginalpapersprevioustyreferredto. t

d
)
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Tho comparisonshowswhat widevariationsexistamongthesesimple
salta with commonanionsand cations. A closepamMetiembetween

potassium nitrate and potassiumtoluenesulfonateis évident. Whether
thin is fortuitousor duedirectlyto commonpropertiesof the sulfonicand
nitrate ionsmustbedecidedby furtherinvestigations.

m–~
FtO.33

CONCÏ.P8ÏON

The methoddescribedfor determiningvapor pressuresof solutions

appears to be capableof y!e!dingrésulta of a highdegreeof accuracy.
The senaitivityMdemonstratedby the cleardiscernmentof irregularities,
whioharedetectedon!yby the mostaccuratedirectmeasurementswhich

have beenmade and are very closeto the experimentalerror thereof.

With greaterre8nementand care,even moreaccuratereauitsshouldbe

obtatnabte,but for the presentsuHicientJygoodresuttsare obtMBaMeby
the simpleprocéduredescnbedabovc.

The methodshouMptoveveryusefulin extendingvaporpressuredata,
whtch are MghiydesiraMeand will becomemoreand more important
as the theoryofsolutionsprogressesinto the moreconcentratedrégions.

8CMMABY

Solutionsmay be brought rapidly into equilibriumas regards vapor

pressure,andby takingone as a standard, valuesfor thé vaporpressure

THEmCB'<At-OffMtotCAt.CHHtMTRY.VOt..XitXYtt,Kn.<
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lowering may t~e obtained with an acountcy of 0.3 per cent or less for
solutions of concentration abuve 0.1 M. Determinations have been made
on solutions ofsuerose, sodium cMoride.and potassium toluenc-p-sulfonate,
using potassium chloride as standard.

The author destres to thank Professor F. P. Worley, under whose super.
vision this work was carried out, for his sustaincd interest, and for his

assistance in preparing the paper for publication.
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THE INFLUENCE0F COMBINEDOXYGENON THE ABSORP-
TIONOF VAPORSBY POROU880LID8. 1

L.J.BURRAGE
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ï. tNTMDUCTtON

Asa resultof thedevelopmentofthe improvedretentivitytechniquefor
thedeterminationofisothermals(t), it basbeenfoundthat theisothermals
derivedby thismethodconsistof a seriesof sharplydefinedsteps. The
presentinvestigationwasundertakento déterminewhetherthesereotangu-
tar steps couldbeobtainedby the static technique. It bas been stated
previously(2) that carbondioxideon the surfaceof the charcoalexerts
a verydisturbinginnuenceon the breaks,and it seemedprobablethat the
tact that thestatioisothermalshoretoforehad beenfoundto consistofa
seriesofcurvesmightbedue to thiscause.

Thedifficultyofsecuringan oxygen-freesurfacebasalreadybeenempha-
sizedby theauthor(3),and in thepresentinvestigationthemostelaborate
carebas beentaken to obtain a charcoalsurfaceas free fromoxygenas
possible. It bas beenfound (4) that it is most difficultto removethe
C,0y from an underactivatedcharcoal,and it was thereforedecidedto
carryout thepresentinvestigationwitha charcoalofthis type,as,provided
that the oxygencouldbe removedin this case !eavinga charcoalyielding
anisothermalofrectangularstops,thenthe sameresultmightbeexpected
with other charcoats. CharcoalDl (5) was thereforechosen,since it
fuMHedthe necessaryconditions.

EXPERIMENTAL

Sincetheexperimentwouldprobablyinvolvethedetectionandmeasure-
mentof smallquantitiesofcarbondioxide,it wasdecidedto eftectthisby
meansof thePiranigaugetechnique. It was,therefore,necessarynrst of
all to obtain the coefficientfor carbondioxideso that the /(f) readings
mightbe convertedto pressures. In the casesof carbontetrachloride
(seeChaplin (6» and carbondisulfide(determinedby the author) the
valueof « bas beenfoundto be constant up to 0.2 mm. The Pirani
measurementswerecamed out in the mannerdescribedby Chaplin(6)
andthe carbondioxidepressuresreadoffon a McLeodgaugeofthe type

o"r
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describedbythe sameauthor (7). The resultsaregivenin table 1and it
isseenthat the coeBieientfor carbondioxideis constantup to a pressure
of0.06mm.,but at higherpressuresthe valuesteadilyinemases.

The experimentaltrain employed in the main investigationwas as
foUows:

A.Hyvacoitpump.
B. Leybotddiffusionpump.
C. McLeodgauge.

_Two-way tap

D.MoLeodgauge. K. Freezingtube.
l

E. Purifying.charcoalandmanom- L. Piranigauge.
etertube. M.Measuringapparatusin ther-

F. Carbon tetraeMoridesuppty moBt&tat2<:°0.
bulb.

G. Freezingtube.
H.Piranigauge.
I. Containerinoven.

TABLE1

_M_
mm.

V

9.70 0"m 0.039
6.218 0.218 o.OM
4.707 0160 0.034
3.061 O.OM 0.03t
2309 0.065 0.028
t.427 0.038 0.027
0.724 0.021 0.028
0.705 0.019 0.021
0.357 0.0092 0.026
0.181 0.0048 0.027
0065 00018 OOZ7

The techniqueemployedin the nHingand weighingof the charcoa!
containeris the sameas in the previousexperiment(2). A to 1comprise
thecomplèteapparatususedin removingoxygenand chargingwithcarbon
tetrachloride. The general technique employedwaa as foUows. The
charcoalwas evacuatedat roomtemperatureto zeropressureand then
foreightyhoursat SOO'C.,till a pressureof 10-~mm.waaattained. Carbon
tetrachloridewasthenliberatedfromthe aupp!ybulb F, whiehcontained
charcoalsaturatedwithcarbontetrachlorideandclosedby a tap fromthe
mainapparatus. Thisvaporwasseparatedfromcarbondioxidebyfreez-
ing out the carbontetrachloridewith meltingmethylcyclohexaneat G.
Thiscarbondioxidewasadsorbedby the purifyingcharcoalE in the m~n-
ner describedby Chaplin(6). The evacuatedcharcoalwas charged to
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saturationat 50mm. pressureandthé temperatureof theovenraisedto
50"C.,the containertap beingshut.

After standing at this temperaturefor somehours,the containertap
wasopenedwith liquidair on thefreezerG. WhenequiUbriumhad been
establishodthe containertap wasshut and the oarbonmonoxidepressure
read. Thiswaspumpedawayandthe liquidaironthe freezerreplaeedby
meltingmethyleyclohexane.The pressureof the carbondioxide was
thusobtainod. CO 4.5mm.,andCOz= 0.06mm.

The carbondioxidewas removedand the carbontetrachlorideallowed
to streambackon the charcoalat roomtemperature. Thecontainertap
wasagainshut andthe températureraisedtoIOO''C.andkeptat thisfigure
for fivehours. The tap was then openedand the carbonmonoxideand
carbondioxidemeasuredasbefore. CO = 5.0mm.,CO;= 3.5mm. These
gaseswerepumpedaway and the carbontetrachlorideallowedto stream
backonto thecooledcharcoal. Thisprocesgwasrepeatedandtheanalysis
gave 1 mm. COand 0.03mm. CO,. This waspumpedawayas before,
and the proceasagain repeated,the analysisbeingCO== 5 X 10-' mm.
and CO~= 1 X 10-' mm. Sincethis is the total removed,the actual
pressureover thé charcoalmuâtbe negligible. In orderto seeif all the
oxygenhadbeenremovedfromthe charcoal,the containerwasheatedfor
ninehoursat 140"C.,1 mm. of CO and 2 mm. of CO}beingobtained.
Obviouslyafter all tbis drastictreatment thecharcoalis not oxygen-free.
The isothermalshould,however,be practicauyunaffectedbythe amount
ofoxygenwhichremains. Thequantity ofcarbontetrachlorideadsorbed
was266.9mg.pergram.

It bas been pointed out beforethat carbondioxideexertsa poisoning
effectandthereforeall charcoalisothermalswhichhavebeenobtainedhere-
toforeare affectedto a greateror lesserextent,the quantityfiguresbeing
toosmallin all cases. The aboveresultsareat variancewiththe ctaims
of previousworkers that an oxygen-baresurface can be obtainedby
evacuationat 900°C.for twenty-fourhours,sincein thepresentinstance,
byBushingout withvapor,a totalpressureof 14mm.ofcombinedoxygen
has beengeneratedafter a pretiminaryevacuationof 800"C.for eighty
hours.

The other arm of the two-waytap connectswith a freezerK, a Pirani
gaugeL and an apparatus M, simila.rto that describedin a previous
publication(figure1 in reference2) fromAto G, with theexceptionof the
freezerC. A distinct improvementbas beenmade in the apparatus,in
that the wholeis immersedin a gtasa-sidedthermostatat 25"C. The
calibrationof thevolumewascarriedout at this temperatureandasa wide
manometerwas employed,a volume correctionwas appliedfor each
reading. The volumeof the bulbN was53.3ce. and the volumeof the
mainapparatus66.5ce. at :?? pressure. Thequantitieswerecalculated
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by the pressurechangemothod(2), and the pressuresarc considoredto
bo correct to 0.01mm. It bas been foundthat over certain rangesof

sorptionvaluesthedeadspacevolumecanbe inereasedduringdesorption,
ordiminishodduringresorption,withoutalterationof pressure.

Thecompletereauitscomprisea desorptioncurve,followedby résorption
andfurtherdesorption,theresultantisothermalbeingshowninfigure1.

The tiguresobtainedat the higherprosauresare givenin table 2 in the
order in whichthey wereobtainedand showthe degreeof reversibility
whiohbas beenattained.

TABLE2a raamru

_p_c_p_a

mm. m~.ptffmM mm. ttte.tMfemm
6.24 266.98 3.01 258.19
6.23 266.72 3.03 258.38
&z4 zes.s? s.se ?8.74
5.23 Mt.M 3.69 269.tS
4.70 3M.Ï7 3.54 260.67
4.7! 2M.OO 4.00 261.78
4.70 293.79 4.70 263.83

4.70 263.58 5.22 266.30

4.70 293.16 5.22 285.48
4.70 262.73 4.7! 264.67
4.12 262.01 4.7! 263.86

4.12 2H.30 4.71 26305

-4.t2 ZM.ao 4.18 262.33
3.56 269.99 4.12 261.62

357 26982 4.12 260.91

3.58 269.55 3.56 260.29
3.58 259.28 3.58 26967
3.57 258.96 3.56 269.06

3.38 258.59 3.56 258.63

3.02 258.59 3.07 267.90.t.m! zes.aM

Il
.t.ttf

I

X67.SU

At the closeof theexperimenta checkweighingwascarriedout and a

comparisonmadewith the quantity ca!cuhtcdby the pressurechange
method.

MC. f~ craMt

Bywcitjht.238.5

Bypressurechange.238.28
tn viewofall thestagesinvolvedthis isgoodagreement.

mscuastON

Aswillbcseenfromfiguret, a mostimportantfactbasresultedfromthis

experiment,in that isothermalson charcoalobtainedby the atatic tech-

niqueconsistofa seriesof rcctangutarsteps. It bas alreadybeenshown
that this type of isothermalis obtainedby the improvedretentivity
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technique,instcadof a seriesof ourvosas had beenprevious!yobtainod
by bothstaticand retentivitytechniques.

It iacleal,therefore,that this trucstructure of the oharooa!isothermat
onlyresultswhenthe surfaceis freeor almost freefromforeignadsorbed
matter. Duringthe wholeof the courseof this experimentno trace of
carbondioxidewasdetectcdwhentheosrbontetracMondehad been frozen
out. Anotherveryinterestingpointwasthe rate ofattainmontnf equilib-
rium,whiehwas instantaneousduringboth sorption anddesorption,no

changebeingdetected after standingfor seventy-twohours. The iso-
thermalwasfound to be absolutelyreversible,whichis againof intorest,
sincepreviously(8)markeddrift had been foundwithcarbon tetraoMo-
rideisothermalson thischarcoal.

A discussionof the pressureintervab of the breaksand the quantity
valuesof thestepswiHbedeferreduntil a !ater publication. For obvious
reasonsit is extremelydiNcuttto get two pointson the vertical section,
but this hasbeenachievedat a Q = 258.59mg. pergram,thus justifying
the drawingof verticalportionsin other instances. Jn each case, how-

ever,theexactvalueliesbetweentwoadjacent points,thequantity taken

beingarbitrarilychosen.

It basbeenmentionedin a previouspublication(5) that the reasonwhy
breakshadnot beenfoundby otherworkerswasdueto inaunicientpoints
beingdeterminedon the isothermal. The author improvedon this by
taking350points in a rangeof 81mm. (2), and in thé present paper 100

pointshavebeen obtainedin a pressurerange of approximately4 mm.
This fact, togetherwith the reversibilitywhichbas beenobtained, leave
nodoubtas to the truestructureof the isothermalon charcoal.

8UMMARY

1.Thecoefficientforcarbondioxidehas beendcterminedby the Pirani

gaugetechnique.
2. Thecharcoalwasvery thoroughtyevacuatedand freedfron) oxy~en

as completelyas possibleby flushingwithvapor.
3. A carbontetrachlorideisothermalwas obtainedby the static tech-

niqueat 25*'C.,comprisingrectangularsteps.
4. Reasonshave beenadvaneedforpreviousixothennatshcinKfoundfo

consistofa:spnesofcurves.
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THE TRANSITIONPOINTSOF SALTHYDRATESIN VARIOUS

NON-AQUEOUSSOLVENTS
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Many methodshave beenused to determinethe transition pointsof

polymorphoussolidsandofsalthydrates. Forbothtypesofsystemscon-

duotancemethodshave beenused in variousforma,taking advantage,
particularly,of the differencein conductancedue to the differentsolubili-

tiea of the twoforma. Inanearlierpaper(1)it basbeenshownthat with

a constantamountof solventandsolutea breakoccursin the resistance-

temperaturecurve at the transitionpoint whenthe solutionof a salt

hydrate in a non-aqueoussolventis heated over a short range of tem-

peraturein this region. Thebreakin the curveis presumablydue to the

changeboth in the salt at thispointandthe aimuttaneouBchangein the

solventmedium. The earUerstudy was limitedto solutionsof various

concentrationsin ethyl alcoholand alcoholcontainingamal!amountsof

water. In the presentpaperare givenresultsobtainedwith a numberof

additionalsalts in methyl,ethyl,propyl,and isoamylalcohols,pyridine,

acetone,and ethyleneglycol.

APPABATU8, MATERtAM, AND METBODB

The ceUusedwasin theformofa U-tubewith the electrodessealedin

onearmandthe thermometerplacedin the other. The designpermitted
thesolutiontobe transferredfromonearmtotheother to insureuniformity
and obviatedany changein the ceUconstantdue to stightdifférencesin

proximityof the thermometerto the electrodes. The similarplacement
of the bulbofthe thermometerand theelectrodes,togetherwith the very
slowrate at whichthe temperatureof the bath was increased,made it

possibleto assumethat the temperaturein both parts of the cellwasthe

same. Thethermometerwasgraduatedin tenthsofa degreeand hadbeen

oheckedagain~ta standardthermometer. Connectionwasmade through
theatopperbeanngthe thermometerwitha mercurytrap whiehprevented

any lossof the vaporizedsolventfromthe systemand minimizedcon-

centrationchangesdueto thehighvaporpressureofthe solvents.
Theethylalcoholwaspreparedbyallowingordinarycommercialalcohol

BU

Tae moatttt. or nnatCAi.c)n!t<nrBf."t~- xxxvtt. No.4



512 WALTER W. LUCA88E AND HAROLD J. ABBABfAMS-– .– ~.M~totj~ <tHf M~mu~-M <. AttMAa~mo

to standoverfresMybrokenMmeforseveraldays,afterwhichit WMdiatilled
overs stowwaterbath,onlythe middleportionbeingretained. Théace-
tonewaspurifiedwith sodiumbiBu!6teand dehydratedin the usualmanner.
Theothersolventsandthe saltausedwereallhighgrade productsandno
attempt wasmadeto purifythemfurther.

In mostofthe determinationssaturatedsolutionswere used. A quan-
tity ofthe solventwasshakenfor sometimein a dried, air-tight container
withan exoessofsoluteand after beingallowedto settle the olearsuper-
natant liquidwas transferredto the cell. In some determinationsthe
saturatedsolutionwasdilutedwith pure solventbefore beingintroduced
intothecell,andinotherslesssolutethan that requiredto makea saturated

TABLE1
MNO,-3H,0=. LiNO,?,0 + 2tH~)in pyridine(aeWes~), in acetone(<ene<~),

in OM~alcohol(to~ea?)

_CaC).-6H,0CaCt,.4H~ + 2H~) prop~<tteoAo<(<eWes4)~t~o on,u 'r <jautt Mi<up-t-XNfUw prop~t <MeoAo<(tenes ~)

_SBBtMt_ezBtte! 1 ezMEB!3 MBtMt4

Tempent- RodatBneeTempeta- Rmbtaneo Temeeta- RettttftMe Tempera- RMh<jm<;e*<M _tme tMte ture

22 !!? 24 46.)? 24.2 N?.0M3~.5
M 1181 M ~.77 2S.3 492.9 26 314.3
M tl69 26 46.21 M 486.9 27 309.9
M tM? 27 4~.84 27 47S.4 ? 3M5
30 n46 M 46.47 ? 463.9 29 301.8
32 1137 M 46.11 M 454.7 80.1 286.9
34 H26 30 44.? 30 448.4 81.1 203.4
36 HM 31 44.67 31 438.6 32.1 288.7
38 1107 32 44.21 32 428.2 83.0 286.2
40 1099 33.2 43.68 ? 419.7 34 281.8

34 43.61 34 411.4 35 277.8
35 43.16 M 403.2

1 ) I

solutionwasused. Ineaohcasethebath wasbroughtup to a temperature
a fewdegreesbelowthe transitionpointof the salt before introducingthe.
cell,afterwhichthetemperatureofthe bath wasraisedat the rateofabout
eightdegreesanhour. Frequentreadingsoftheresistancewerethentaken

simultaneouslywiththoseof the temperaturewithinthe ce!l.

BEBUMB

Intable1aregiventhe resultsobtainedwithlithiumnitrate mpyridine,
acetone,andamylalcohol. In the Stst columnofeach seriesaregiventhe
températuresandin thesecondthe correspondingrésistances. Plotswere
madeof the variousdéterminations,usingboth the resistancesand the
logarithmof the résistancesas ordinates against the temperaturesas
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abscissao. In both plotsourveswereobtainedwhiohapproaohedstraight
linesin the neighborhoodof the transitionpoints. Withthe logarithmio
plot the curvesseemedto remainstraightover a longertemperaturerange
and soin the finalplots and in the calculationsthe relationshipbetween
the temperatureand the logarithmof the resistance was used. Sucha

plot of the datagiven in table 1appearsas figure 1,wherethe ordinates
of the individualcurveswereadjustedinorder to showseveralourvesona

singleplot. In each casesmoothcurvesare drawn throughtheexperi-
mentalpointsand the ourveobtainedbelowthe transitionpoint extended

beyondthistemperatureasa brokenlineforemphasis. Thevaluefor the
transitiontemperaturecalculatedfromthedata obtainedfromsolutionsof

TABLE2

CdBfi-4HtO° C<!B)-<-H,0+ 3H~<mme<A~a<coA<~(seMM/), ~~tf<<oM (Mn'Mj?)
Zn(NO,).-6H~)Zm(NO,)t-3H,0+ 8H,0 MM<<!<coAo<(MftMt),

tMethyl«<<!a&e!(MftM4)aw vwgv vwvnw \aca vu

MBtNtt1 SBBtEB!S tHtNtBa!S «MtMt·

Tempera. RMttteece Tempêta- NetMaoM Tttnpettt- ReaittMee TtatpeMt- NMhtame
ture ture tan) tNM

M 62.81 ? 660.2 ? 1M.2 ? N9.5
28 81.61 S0.6 64C.2 30 112.3 30 192.6
30 60.M 82 638.6 32.2 111.4 82 188.8
32 59.41 34 630.0 34.2 1M.6 34 !8S.6
34 68.22 36 522.6 M 110.1 36 182.1
36 67.29* 38 616.3 38 109.2 ?.2 179.3
38 59.M 40 608.1 40 108.3 40 177.1
40 56.03* 42 601.1 42 107.6 42 174.7
42 64.16 44 496.1 44 172.2
44 63.M
46 52.24

lithiumnitrate in pyridineagreeswellwith that foundby Donnanand
Butt (2)fromsolubility measurementa,i.e.,29.6"C.

The methodof calculationas shownbelow dependsupon the abrupt
changein the stopeof the resistance-temperatureourveat the transition

point,andthe identityof the resistanceat thia température. Thecurves

forlithiumnitrate in acetoneand inamylalcohol (CurvesII and III) are

ofinteresteventhoughthey donotpermitof the calculationof the transi-

tion pointby the methodhere used. In both casesthere is an abrupt

changein the ourvebetween29"C.and 30*'C.,indicatingthe transition

pointbetweenthesetempératures,butthesolvent mediumandthénumber
andnatureoftheconductingpartiels changein suchawayas tomakethe

temperaturecoefficientabove and below the transition point almost

identical. Thusm thesetwosolventsparatle!lines wereobtainedineach
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caseinplaceof intersectingourves,makingcatou!ationof theexact tranai-
tionpointimpossible. The last sériesin table 1and Curve IV are based
on the dataobtainedfor sotutiooaof calciumohloridein ptopytalcohol.
Thevalueoatcu!atedfor the transitionpointin this solventMin fairagree-
mentwiththat previouatyfoundforthe aattin ethyl alcoholand with the

TABLE3

ZaBr,.2H,0= ZoB)-,+ 2H,0inpyridine(aerm~)
CoCt,.OH~)° CoC!HtO+ 6H,Ot<t~co!(Mnesa),inp~tttMe(M)~MS),inmethyl

a!ccAe!a<gèrent oe!t«!t<<'«<<MM(series4,6, and0)_on

_«atZtï_ _ezMBtt! BBXtee3

TempttattMRethtMceTemperatureRmMtmceTemperatureBmittenee

M 8982 26.1 788.2 20 22670
27.5 8766 M 762.6 22 22240
29 8660 M 738.1 M 21880
M 8487 28 714.4 M 21630
? 8334 M 691.6 M 21040
? 8184 30 666.8 30.6 20470
37.6 8021 31.1 648.3 32.6 20010
39 MM ?.1 627.7 34 19700
41 7768 33 610.8 36 19170
43 7676 34.1 691.1 38 18710
46 7553 35 674.7 40 18190
46 7493 42 17680

ttmtBX4 BMteet6 o)Mnm66
Teopemttm RmMance TempemtUM Rmbomee TempemtumRMhtante

M 336.3 M 78.M M 32.64
M 334.3 ? 77.54 M 32.22
26 330.9 26.1 77.06 26 31.96
M 329.6 27.1 76.68 27 31.70
? 327.6 ? 76.96 M 31.61
M 326.6 M 76.48 M 31.32
30 323.6 30.1 74.86 30 31.07
M 321.7 31.1 74.40 31 30.82
32 319.1 ?.1 74.10 32 30.68
33 317.8 33 73.79 33 30.44
34 316.9 34 73.49 34 30.27
M 314.0 35 30.08

36 29.86

valuegivenby Bancroft(3)fortheequilibriumtemperaturefor the hexa-

hydmteandthe ~-tetrahydmte.
In table2aregiventhe resultsobtainedwithcadmiumbromideandwith

zincnitrate, eaeh in methyland in ethyl alcohol. Solubilityor other
determinationsleadingto valuesof the transition point of an accuracy
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comparableto thoseused in theearlier paper for theseand the remaining
saltsconsideredhere do not eeemto be available. In the proviouswork
theaveragedeviationfromtheestablishedvalueofthe transitionfoundby
thismethodusingthe abovecenwasabout two-tenthBofa degree. The

emphasisin the present study, however, was placeduponextendingthe
methodto a largernumberofsolvents rather than estabMshingtheexact
values. Thetransitionpointof cadmiumbromideaccordingto Mellor(4)
fromconsidérationoftheavailabledata is 36"C. Thevalueforzincnitrate
isgivenas about35°C. Waauie~(5)ot~imsto havemadea tetrahydrated
salt and that it formaaneutecticwiththe hexahydrateat 35.4"C. Calcu-
lationofthedata forthiasaltinethylalcoholgave36.4"C.as the transition

point;in methylatcohoia ourvewaaobtained similarto thosefor lithium
nitrateinacetoneand amylalcohol.

In table3aregiventhe data obtained fromsolutionsofzincbromidein

pyridineandofcobaltchlorideinethyleneglyool,in pyhdine,andinmethyl
alcoholofvariousconcentrations. The transitionpointofzincbromideis

givenby Mellor(6)fromconsidérationof solubilitydataas 35"C. Accord-

ing to a plotof the data compiledin Seidell (7),the transitionpoint of
cobalt cMoridebetweenthe hexahydrate and monohydrate!s at about
31"C. Landoltand Bôrnstein(8),on the other hand,indicatethe transi-
tion point of the hexahydrateand dihydrate at about SO"C.and the

poasibllityofa polymorphoustransition of the hexahydratebetween30"C.
and35*'C. Compilationsofthe aotubititydata forcobaltcMorideinwater
showacurvewhichrisesgraduaUyasan almoststraight!inetoabout30"C.,
at whiehpointthere isan abruptourvature to about50"C.,wherethe line
is eut by an almost straight linegiving the solubilityat highertempéra-
tures. Correspondingwiththesepoints, the colorof the solutionchanges
from rose to violet and 6na!Iyto blue. Numeroustheorieshave been
advancedtoexplainthe changesmcolor and sotubi!ity,includingequilibria
of varioussalt hydrates, doublesalts, complexions, and hydratedions.
Theseveralviewpointsare summarizedby Friend(9),whoalsomentions
the changeincolorin aqueoussalt solutions andin non-aqueoussolvents.

In table 3 wehave indicatedthe transformationas beingthat between
the hexahydrateand the monohydrate,and calculationled to a transition

temperatureat about 31*0. The reaÏ changetakingplaceat this tem-

peraturemaybe of quitea differentnature and muchmorecomplicated.
Whateverthe cause, however,wefound quite pronouncedbreaksin the

résistance-températurecurvesin aU cases. The differentsolventsand

concentrationsgavedifferentcoloredsolutions,but in eachcasethebreak
in the ourveseemedto corneat about the samepoint. The singleex-

ceptionwasforthe solutioninglycol,wherethe calculatedpointwasfound
to be 1.6"C.belowthat of the average in the four other solutions-in

pyridineandinmethylalcohol. The deviationbeingsomuchgreaterthan
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the averagedeviationwouldindicateaninfluenceof thesolventrather
thanexperimentalerror.

A singledeterminationwasmadewiththis salt in thevicinityof50"C.,
usingethyleneglycolas solvent. Apronouncedbreakwasfoundin the
curveat about47°C.whiehagain,owingto the solvent,maybe lowerthan
the true transitionpoint for the changetaking placeat this highertem-

perature. In viewof the findingegivenhere it wouldappearthat there is
someabruptchangewhiehtakesplaceat about 31*'C.,anda furthertrans-
formationat the highertemperaturewherethe sharpchangein the solu-

bilitycurveis found.

TABÏ.E4
C<t)'C«!<ttMH0/<t'0!H<MoMp0tt)<<

MM BOMMn- a t0% a' t0%* < <*

Lithium nitrate Pyridine 3.MM-2.3203.U46-t.847 29.6 29.6

Acetone 29-30 29.6&

Amyt alcohol 29-30 29.6

Calciumchloride Propytatcoho! 2.M87-6.1902.66M-5.M2 28.7 29.2

Cadmiumbromide Methytatoohotl.e054-4.120t.8989-3.937 36.2 c&.36

Ethyl alcohol 2.8<tS-3.4332.8248-2.9M 35.7 ça. 36

Zinc nitrate Methyl alcohol 34.2-36 ca. 35

Ëthytatcohot 2.4108-4.200Z.3692-3.026 35.4 ça. 35

Zinc bromide Pyridine 4.0542 -4.038 4.0346 -3.483 35.3 35.0

CobattcMoride Glycol 3.2632-14.623.2162-13.04 29.7 ca. 31

Pyridine 4.4394-4.1624.4873-5.690 31.3 ca. 31

Methytatcohot2.5916-2.721Z.5849-2.5M 31.8 ca.31

Methytatcohotl.9M6-3.0631.9295-1.860 308 ca. 31

Methytatcoho! 1.5896-3.2S21.5712-2.663 31.2 ça. 31

CALCULATION OF THE TRANSITION POINT

As indicatedabove, the curvesgivingthe relationshipbetweenthe

temperatureandtheresistanceofsolutionsof salt hydratesinnon-aqueous
solventsapproachstraightunesat thetransitionpointswhichinmostcases
intersectat this temperature. Equationsgiving the resistaneeas a func-
tionofthe temperaturemaybedeveloped,and aincetheresistancebecomes
identicalat thispoint,the temperaturemay be calculated. In the present
studyit wasfoundmoreadvantageousto use the logarithmof the resist-

ance,and equationsfor the two partsof the curveoverthe rangewhere

they appearedto be straightlineswerecalculated bythe methodofleast

squaresin the form

tog ? ° a + 6<
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The reeuttsof suchcatcutationsare givenin table4. In the nrst and
secondcolumnsaregiventhe varioussaltsandsolvents. Theconstants<t
andb, givenin the thirdand fourth columns,referto theequation below
thetransitionpointandthe valueso' andb',inthe fifthandsixthcolumns,
are for the correspondingcurve above the transitionpoint. Solutionof
the equationsfor t yietdsthe values of the transitionpointsgivenin the
nextto the last column. In the finalcolumn,undert', appearsuch com-
parativedata as canbefound in the Uterature. In the tablesabove,aU
pointsobtainedin the temperature intervalaregiven. In the détermina~
tionof the equationsofthe curves by thismethod,however,a fewpoints
maylegitimatelybe omitted if from the plot they seemto be in error.
Thisshouldbedoncparticularly whensucha pointliesat or near the end
ofthe curveand wouldthus, owingto thesmallnumberof points,bavea
considerableeffectupon the s!opeof the ourveand wipeout the self-

consistencyof the earlierpoints. Thiswasfoundnecesaaryin the present
studyonlyin the caseofcadmium bromide,andthepointsomittedin the
oaloulationsare indicatedin the tablebyasterisks;theremainingpointsin
thisourveand all ofthepoints in the othercurvesweregivenequalweight.
If fromthegrapha pointappeared to beat the intersectionofthe linesit
was includedin the calculation of bothcurves. Obviouslyin order to
aohievea high degreeof accuracy with this methodof determiningthe
ttansitionpoint, a targernumber of pointsshouldbe obtainedfor each
branch of the curveso as to make the methodof least squares truly
significant.

8UMMABY

In the abovestudythe transition pointsof a numberofsalt hydrates
havebeendeterminedby observing the abrupt changeof the resistance-
temperaturecurvesofsolutionsof thesesubstancesinseveralnon-aqueous
solvents. In most casesthe numérisâtvalueof the pointcan be calcu-
lated,sincemerelya change in sIopeoccursat the point. Examplesare
alsogiven,however,where the sloperemainsnearlyconstant, but the
magnitudeof the resistance changesabruptly. In aUcasesexcept for
solutionsof cobalt ohloride in ethyleneglycolthe transitionpoint was
foundto be independentof the solventand, withinthe accuracyof the

experiment,comparablewith that foundbyothormethods.
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THE CHANGEIN THE TRANSFORMATIONTEMPERATUREOF
COPPERSULFATEAT 66"C.WITHTHE SOLVENTMEDIUM

HAROLDJ. ABRAHAMSANBWALTERW.LUCAS8E

The~etM~o<r<<MtMwotofy ofCAemM~,TheUMt<M'~c/P~M~MMO,
Pt~Me~M,Pa.

~c«M<!~«cu<t<M,1981

Studiesof the resistance of saturated solutionsof coppersulfate in
waterhaveshowna break in the curveat about56*0.(1). Electromotive
forceand solubilitymeasurementshave likewiseindicateda change at
aboutthispoint. In summarizinghiBdata, Etard (2)givestwoequations,
onefor the solubilityat temperaturesbelow65"C.and anotherfor that at
highertempératures. The changetaking placeat this températurebas
beenvarioualyinterpretedasa transition(3)froman a to a pentahydrate
andas the pointofformationof3CuS04'4CuO-12HiO.

In the precedingpaper, determinationsof the transitionpointsof salt
hydrateshave beengiven from a study of the résistanceof solutionsof
constant concentrationin severalnon-aqueoussoivents. In aU cases,
exceptfor solutionsof cobalt chloridein ethyleneglycol,the transition

temperaturewasfound to be the samewithin the experimentalerror as
that givenby othermethods. In thissystemit wasfoundthat the break
in the curvewasabout 1.6"C.belowthe transitionpoint as indicatedby
othermethods,or about four timesthe averagedeviationfromthe mean
valuefoundforthis salt in other solvents. Thetransitiontemperaturein

generalis loweredby the presenceof foreignsubstancesand different
methodsdonotalwaysyield the samevalue,but it wassuggestedthat the
effectin this casemayhave beendueto the solvent. In the presentpaper
are given results for the transformationof coppersulfatein glycerol-
alcoholmixtureswherethe temperatureis loweredseveraldegrees.

The apparatusand method wasentirely the sameas in the previous
paper. The resultsare given in table 1 wherethe resistancesat various

temperaturesaregiven for solutionsof coppersulfateinglycerol-alcohol
mixturesof diBerentproportions. The ethyl alcoholwas purifiedand

dehydrated as before. The coppersulfate and glycerolwere of high
quality and werenot further purified. The solventwas made up by
volume,sevenparts of alcoholand three of glycerol,for example,being
usedforthe 70percent alcoholsolution. Thesolutionswerepreparedby
shakingan excessof the pentahydratewith a quantityofthemixedsolvent
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in an air-tight container. After settling,a portionof the supernatant
liquidwastransferredto the ceU.

TABLE1
There<t«<Mcec~eop)W)'M<</o<ein ~eeM<-o!<!t)to{mixtures

In all cases, plots of the data obtainedahowedbreaksin the curvesat

tempemtureabelow66"C. Constantsfortheequation

tog B e + &<

for the portion belowand abovethe breakwerecalcutatedand the values
of the transformationtemperaturecalculatedas in the previouspaper. In
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table2 the results are listedaocordingto the inoreasingatcohoUccontent
of the solvent. The seriesnumbergivenin the firatcolumnrefersto the
data in table 1and givestheorderinwhichthe determinationsweremade.

TABLE2
The tratM/enn«(«Wtemperatureo/ coppef))«</<t<<The tratM/enn«(«Wtemperature o/ coppef <t«</<t<<

amtm t'zttcEXT o te% )~' <
AMOttOt-

7 20 6.0386 -2.002 4.9587 -1.841 48.6
2 M 4.7283 -2.004 4.6172 -1.676 49.3
6 M 4.3700 -1.C98 4.2248 -1.406 49.6
6 60 3.9930 -1.4C3 3.9094 -1.292 49.2
1 70 4.1621 -1.276 4.1066 -1.164 49.6
3 80 3.9!t81 -1.106 3.9087 -1.048 50.7
4 80 3.7880 -1.094 3.7342 -0.9M9 61.3
8 90 4.3649 -0.9636 4.2866 -0.8140 63.1

Com~oe~toi~ ef
pt~ee'-et-atcehet i~~tu.~

Fta.1i

The third and fourth columnsgive the valuesof the constantsfor the
équation belowthe transformationtemperatureand the nexttwocolumns
thecorrespondingvaluesforthecurveabovethispoint. In the lastcolumn
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are listedthe calculatedtransformationtemperaturesof the salt in the
solventofcompositiongivenin the secondcohimn.

Aplotofthesetemperaturesasa functionof thea!coho!iccontentofthe
solvent isgivenin figure1,wherethe abscissaeshowthe solventcomposi-
tion andthe ordinatesthe correspondingtempératures. Measurementsin
solutionsof loweralcohotiocontent were difficultbecauseof the high
viseoaityof theglycerol,andat higherconcentrationsbecauseof thestight
solubilityofcoppersulfatein alcohol. Thesmoothourvepassingthrough
the experimentalpointsbas beenextendedas a broken!inein eachdirec-
tion to thepureoomponontsofthé solvent.

Thepreviousstudieshaveshownthat the transitionpointsofthevarious
salts usedhave beenthe samein solutionsof ethylalcoholas the values
determinedby othermethodsthan the oneusedhere,and the formofthe
curve withincreasingalcoholiecontent makesit logicalto extrapotateto
56°C.as the temperatureat whichthe transformationwouldtake placein
this solvent,couldsuSicientamountbe dissolvedto determinethe point.
It is possiblethat at concentrationsof glycerolgreaterthan 80 percent
the curveagainrisesrapidlyto S6"C. Shouldthecurvebe of that form,
it wouldshowthe mutualloweringof the transitionpoint by the added

componentof the Boiventin eachcase. In the rangemeasured,however,
the curveshowsnotendencytorisein the regionofhigherglycerolcontent.
In viewofthe workwithothersolventsandwithalcohol-watermixtures,it
seemsunlikely,a!so,that tracesofwaterorother impuritiesin the glycerol
would lead to a constantdepressionin the materialused. Nor doesit
seemHke!ythat the fonn of the curve shownin the figureis due to any
reactionor dehydratingeffectof the glycerol. The measurementsfor
series1,3, 5,and7werecarriedout assoonas thesolutionsweremadeup;
thosefor2, 6, and 8 aboutfivehoursafter makingthe solutions;andfor
series4aboutforty-eighthoursafter.

It appearsfromthis study,therefore,that coppersulfateundergoesa

definitetransformationat about56"C.and that this temperaturemaybe

loweredby the solventmedium(4). Asin all ofthe casesstudied,since
the solutionsweresaturatedonlyat roomtempératures,the breakin the

curveisdue'to a changein the systemas a wholeandnot to the different

temperature-solubilityrelationshipsof the two forms. Conolusionsas to
whetherthischangeis betweentwoformsof thepentahydrateor ofa more

complicatednaturecannotbedrawn,althoughit wouldseemthat thefor-

mationof the compoundindicatedabovewouldcausea more pronounced
break inthe temperature-resistanceourve.
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THE PRESENCE 0F FOBMAÏ.DEHYDE ÏN RA!N WATER

N. R. DHARANDATMARAM
Chemical~6M-o<cnM,t/t~ef~ of~HoAa~ad,~MoAa6o<<,~adto

Becewed&p<eM6e<-MM

Since 1864,whenBaeyergaveout his fonnatdehydehypothesis,numer-
ousattempts havebeenmadeto obtain formaldehydetKvitrofromcarbon
dioxide and water on exposureto light. Usherand Priestley(1), Baly,
HeUbron,and Barker (2), Dhar and coworkers(3),MezzadroUand col-
labomtors (4) and others obtainedevidenceof formaldehydeformation
from oarbonicacidor bicarbonatesin presenceor absenceof oatalysts,
whenexposedtought. Onthe otherhand,Spoehr(S),BaurandRebtnaa
(6), Porter and Ramapetger(7),BeU(8), Emerson(9), Zschiele(10)and
Mackinney (11) obtainednegative résulta, althoughthe latter worker
made the followingatatement:–"The statua of this problemis extra-
ordinarlly involved,thoughit oanhardly be doubtedthat someworkers
have succeededin obtainingformaldehydein Mtro." Recently,Balyand
coworkers(12)seemto contradicttheirearlierresults.

It appears not only that the formationof formaldehydeis favoredby
radiations of short wavelengths,but also that a high light intensity is
absotutely essentiat;someworkerain this fieldcouldnotobtainformalde-
hyde becauseofthe lowHghtintensityused.

In a recentcommunication,Dharand AtmaRam(13)havebeenable to
obtain larger yieidsof formaldehydeby the photoreductionof carbonie
acidand bicarbonatesby metaIs!ikemagnésium,ceriumetc.

It is wellknownthat carbonicacidand watervaporexistin the atmos-
phere; under the influenceof ultra-violetlight fromthe sun,they should
combineand formformaldehydeand oxygen. Hence,it seemsprobable
that fonnaldehydeshouldbepresentin theatmosphere.

If appreciableamountsofformaldehydewerepresentinthe atmosphere,
formaldehydeshouldbe partiallywasheddownwith rainwater. In the
lastfew months,inordertotest whetherformaldehydeoccursinrain water,
wehave analyzednumeroussamplesoffreshlycollectedrainwaterobtained
at Allahabad, Barlowganj(Mussoorie),altitude 5500ft., andat a village
420 miles from Attahabad. In all cases we have got immediateand
definite evidenceof the existenceof formaldehydein bothdistittedand
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TABLE 1

xpMMBor

MCM MTBB AttOOttT Ot PORU-

MtB WtftM THB *H)BMM MN BBMABtN
thU~H WAt HtSR Ot !t*tH
ANAmZD WATER

fHtmt

July 15, 1932 12 0.00076 After bright sunshine.

Ju!y 20, 1932 7 0.00082 After bright suMMae for 5

days.

July 21,1932 4 0.0005 After a eloudyday.
Ju!y26,1932 Immediately 0.001 AfteredttyeofMghtmmMne

and olear aky.

July 26,1933 12 0.0004 ït had alreadyrained3 houM
before.

Ju!y 27, 19~ Immediately (1) 0.00082 Atter a bright day. Three

(2) 0.0006 diBetent samplea were col-

(3) 0.00(MS lected one after the other.

July 28, 1932 Immediately O.OC046 It had rained the previous
eveniag.

Ju!y29, 1932 9 0.00062 AfterChoureofctearsunshtne.

July 30, 19~ Immediately (1) 0.00(M6 After a etoudy day. Three

(2) 0 0004 BNBptetwere collected oM

(3) 0.0003 ttfter the other.

Jtt!y31,1932 5 0.0003 It had rained in the night.

Jo!y 31, 1932 Immediately 0.0003 Very slow minfaM.

July 31,1932 8 0.00016 After a otoudy day. RainM!
tbroughoutthe wholenight.

Auguat 1, 1932 Immediately (1) 0.00016 Heavy rainfall for 3 houm.

(2) Extremely
amalt

August 2, 1932 4 0 00016 OccaNoaataanshme for 1hour

on the ptevtOtMday.

August 3,1932 Immediately 0.0002S After 4 houm of smMMneon

the previous day.

Augut 3,1932 Immediately 0.00026 Cloudy dey. Heavy rainfall.

August 3,1932 Immediatoly 0.00016 It bed rained 3 hours before.

August 4,1932 6 0.00016 Rained in the night.

August 4,1932 Immediately 0.00022 Rained after attoehine for 2

hours.

August 5,1932 Immediately 0.00022 Rained the previous evening.

Immediately 0.0005 Bright BUMhiae throughout

the day and mined m the

evening.

Immediately O.OOM5

7 0.0003

Auguet 6, 1932 Immediately 0.0003 Rainfall in the night.

Aaguat 7, 1932 6 Absent Heavyrainfall throughout the

day and night.

August 7,1932 Immediately Absent Heavyrainfalt throughout the

day and night.

Auguat 7,1932 Immediately Absent Heavy rainfa)! throughout the

day and night.
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TABLEt–CMc!«<M

undjstilledrain water,Mtestedby Schiff'sreagentandSchryver'sreagent,
and by thereductionofammoniacalsilvernitrate.

In a recentnoteto Nature,it hasbeenreportedbyus that formaldehyde
occùrs in fresMycolleotedrain water. Wehave nowestimated quanti-
tatively the amountsofformaldehydein rainwater,and wehaveobserved
that the amount of formaldehydein rain waterincreaseaif the showeris

precededby Bunshine. Whenthere is noaunahinebetween two showers
the amount of formaldehydeis BmaU,as wiUbe clear from the results
recordedbelow. Moreover,when rain water is analyzed immediately
after the shower,the amountof formaldehydeis greater than whenthe
rainwateris analyzedaftersometime, becausea part of the formaldehyde
is lost by vaporisationand another part undergoespolymerization(cf.
Norrish and Kirkbride (14)).

Thefollowingexperimentalprocedurewaaadopted The rain waterwas
collectedin large porce!aindishes,placedon a tat! stoolin a clear space.
DefinitevolumesofrainwaterweredisttM andthedistillatewaaanalyzed
for formaldehyde. An excessof standard N/10 solution of iodinewas
added to the distillateand 10per cent sodiumhydroxidesolutiontill a

permanent yeUowcolorwas developed. The reaction was allowedto

proceedforabout fifteenminutes,and then themixturewasacidifiedwith
strong hydrochloricacid to liberate the excessof iodine,and the iodine
liberatedwas titrated againstj~/lOOsodiumthiosulfatesolution. 1ce.of

JV/10iodine'= 0.0015gramof formaldehyde. The experimentalresults
are givenin table 1.
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DISCUSSION

It is wellknownthat hardly anyradiationfromthesunshorterthan

2900À.isavailableon the earth'ssurface. It is generallybelievedthat a

verythin layerofozone(3mm.whenreducedto 760mm.pressure)formed

intheatmosphèreat higheraltitudesiscapableofabsorbingsolarradiation

shorterthan 2900À. Thisozoneissupposedto beformedby theabsorp-
tion ofahorterradiationsbythe oxygenof the atmosphere. In a recent

communication,R. Meeke(15)basassumedthat thephotodecomposition

ofozoneby ultra-violetlightwith wavelengthaahorterthan 2655À. is a

primaryreaction,whilst the formationof ozonerequiresexcitedoxygen
moteculesandthe efficienoyofthe photo-ozonizationpfoeesscanberaised

byresonanceeffects. Thus,accordingto Mecke,the twoprimaryphoto-

chemicalreactionsteadingto an equilibriumare~–

0, + hv(X< 26S5À.) 0, + 0' (1)
0, + Ot(\ < 2026À.) =0, + 0' (2)

In each of thèse reactioMexoitedoxygenatomsare supposedto be

formed. Meckebas asaumedthe existenceofseveralsecondaryreactions

andbasshownthat at lowpressureandsmallozoneconcentrations,which

areundoubtedlymet with at highaltitudesof the atmosphere,the lawof

equilibriumconcentrationis obeyed:–

30, !=i20,

t0,t'/[0t!' ° K(eonatant)

From absorptionmeasurementaby various physiclsts,it is concluded

that the meanaltitude of the ozonelayer in the atmosphereis about 50

kilometersand at this height the atmospheriopresaureis about 10-3

atmosphere. Accordingto Fabry and Buisson(16),the total thickness

of the ozone layer when reducedto normal pressureis 3 mm., i.e., 0.4

10- takingthe height of the homogeneousatmosphereas a unit (7.99

kilometers).
Fromour experimentalresults,it is quite clear that formaldehydealso

existsin the upperlayeraoftheatmosphere,formedbythecombinationof

carbondioxideand water vaporin presenceof the ultra-violetlightof the

sun. It is wellknownthat thereaction

CO,+ H,0+ 112Ça!. HCHO+ 0,

requireaultra-violetlightofwavelengthapproximately2550À.

In recentyears,HenriandSebou(17)andHerzberg(18)havemeasured

theabsorptionspectrumofformaldehyde. Theyhaveobservedthat the

absorptionspectrumextendsfrom3700À. to 2SOOÀ. Theapectumshowa

rotationalfinestructure downto 2750À., but between2760À.and 3670
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À.predissociationbeginswhiehcontinuesupto2500À. The predissocia-
tion limit is shiftedby 70À. towardsthe visibleregionwhenthe tem-

peratureiselevatedto 220"C. Thereare about35 to 40bandabetween
3700À.and2500À.in the formaldehydeabsorptionspeetrum. Thémaxi-
mumiBat 2935À.,characteristicofaldehydes. It isapparent,therefore,
that not onlydoesozoneabsorbthe shortwavelengthsfromthesun,but
theformaldehydepresentin the atmospherealsoabsorbathe shortrayaof
the solarradiations. Hencethe absorptionof thesolarradiationsshorter
than 2900À., whichbas beenattributedso far to the presenceofozone,
may be partiallydue to the presenceof formaldehyde. The maximum

absorptionoffomaldehydeis at 2935À.,but themaximumabsorptionof
ozoneappearsto beat 2655À. Héneeit seemsthat the ultra-violetrays
filteredthroughtheozonelayermaybeabsorbedbyformaldehydepresent
in theatmosphere.

Watervaporispresentinanappreciableamountin theatmosphèreeven
at a heightof 100kilometers,but the amountofcarbondioxidepresentat
the heightof 40kilometersis exceedinglyamall,less than 0.01percent.
It appearsthereforethat formaldehydein very smallquantitiesmaybe
formednearlyat thesameheightwhereozoneiaphotochemicallygenerated
in theatmosphere.

Thedissociationenergyof wateris 110Cal.,whustthat of theoxygen
moleculeis 118Cal. Henceit appearsthat the wavelengthof theultra-
violetlightcapableof breakingup the0–H linkmaybes!ight!ygreater
thah that requiredto break the 0==0 link. When the 0–H link is
brokenup,the carbondioxidepresentin theatmospheremaybereducedto

formaldehydebythe hydrogenatomsformedby the dissociationofwater
molécules. It seemsthat the atmosphericheightat whichformaldehyde
is formedmaybetessthan that whereozoneis formed.

Just Hkeozone,formaldehydeis also photochemicallydecomposed.
Accordingto the recentexperimentsofNorrishand Kirkbride,the main

productsofthephotodecompositionofformaldehydeare carbonmonoxide
andhydrogen. It isevidenttherefore,that thefollowingequilibriummay

HCHO CO+ H,

existin the atmosphere. It is weUknownthat the upperatmosphereis
richinhydrogen. Consequently,owingto the presenceofhydrogeninthe

upperatmosphere,the photodecompositionofformaldehydewiUbemark-

edlyhindered,and appreciableamountsof formaldehydeoanexistat an
altitudeof 40 to 50 kilometersor at loweraltitudes. As watervapor
existsinsmallquantitiesevenata heightof100kilometers,theatmospheric
formaldehydemaybe washeddownby the rain water. That iswhyall

samplesofrainwatercontainmoreor lessfomaldehyde. Attheendofa

veryheavyshower,the amountofformaldehydein the rainwaterbecomes
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exceedinglysma! At Barlowganj(U.P., India)whichis situated at the

heightof5500ft. abovethe sea level,8 inchesofminfellin five hourson

the 12thofJuty, 1932,and at the endoftheshower,somerain water was

collected;the amountof formaldehydein the freshlycollectedrain water

wasexceedinglysmaUas tested by Schryver'sreagentor by the reduction

ofammoniacalsilvernitrate solution.

In orderthat an appreciableamountof formaldehydemay be detected

inrainwater,the rainshouldbecollectedaftersomesunnydaysandshould

beanalyzedasquicklyas possibleafterthecollection.

That the formaldehydein the atmosphèreis not generatedfrom the

decompositionofsubstancesofvegetableoriginonexposureto light isdear

fromthe fact that hardlyanyformaldehydeis detectedin the air near the

landwherethereisplontyofvegetablematter. WepasaedseveralUtersof

air fromanopenspacethrough50ce.ofwaterplacedina stopperedflask

for sixhours, and on distillingthe waterno traceof formaldehydewas

deteoted. It rainedthe sameevening, whentheabovementionedexperi-
mentwasperformedandthe rain watercoilectedcontainedan-appreolable
amountof formaldehyde.

It wiUbeinterestingto note that in a recentcommunication(19),it bas

beenshownthat thereis evidencethat the formaldehydeband is present
in the solar atmosphere. It appears fromapeotfoscopioevidence that

formaldehyde,!ikecyanogengas,maybepresentin the absorbingatmos-

phèreofthesun.

Formaldebydepresentin the atmosphereandrainwater,even in small

quantities,servesasa readymadefoodforplants. Accordingto SirJ. C.

Bose(20),in smalldoses,it servesas stimulantto the growthof plants.
It canactas an antiseptic,can purifythe air,andcanact asa disinfeotant

to thesoit.
8UMMABY

1. It basbeenobservedthat freshlycollectedrainwatercentaineformal-

dehydeto the extentof0.001to 0.00015g. perliter.

2. The amount of formaldehydein rain waterinoreasesif the rain is

precededby brightsunnydays. Whenthedaysare ctoudyand there are

frequent showers,the amount of formaldehydedecreasesand may be

altogetherabsent immediatelyafter a veryheavyshower.

3. The rain water should be immediatelyanalyzedwhen collected,

becausea part of theformaldehydeis lost by vaporizationand another

part by polymerization.
4. It is believedthat the formatdehydein rainwater is formedby the

combinationof carbondioxideand watervaporpresentin the atmosphere

by the absorptionofultra-violetlight fromthesun.

5. Formaldehydeinrainwatercannotbedueto thephotodecomposition
ofsubstancesofvegetableorigin.
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6. Formaldehyde vapor shows light absorption between 3700 and 2500

À., the maximum absorption being at 2935 À., characteristic of aldehydes.
It appears that not only does ozone absorb radiations of short wavelengths
from the sun, but also the formaldehyde present in the atmosphere absorbs

solar ultra-violet radiations.

7. It appears that the water molecules are decomposed by absorption
of short wave radiations and the hydrogen atoms set free reduce carbon

dioxide to formaldehyde, which may be formed in the atmosphere at heights

tess thao those where ozone is generated.
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COMMUNICATIONSTO THE EDITOR

THEDECOMPOSITIONOFOZONEBYALPHAPARTICLESANDBY
THERMALMEAN8'

1 shouldlike to report the resultsof experimentscarriedout oneand a
balfyearsagowithW.Feitknechtinthis taboratoryonthe décomposition
of pure ozoneby alphaparticlesfromradonat roomtempératures. The

MIN ratio, the numberofmoleculesdecomposedper ion pair, wasfound
to be high,varyingfromabout4,600at 50mm.ozoneto about 15,000at
300mm. ozone. The rate ofdecompositionfoUowedthe equation

d ta,i ap e K(O,)ft
-T-

wherefora seriesof runs ?wasfoundto be1.5. Verygoodconstantswere
obtainedthroughouta givenrun andthe constantwasthe samefor differ-
ent presaurea. The ratewasindependentofthepresenceofoxygen. The

MIN ratio wasfoundto be proportionalto [0~ Sinceionizationby
alpha particlesis practicaMyproportionalto the pressurein the range
investigated,thismakesthe rate ofdecompositionproportionalto [0;]'
in sùbstantialagreementwiththe rate found. It is thus seenthat rather

long chains are possiblein ozonedecomposingat room temperatures.
Thesefacts provideevidencein favorof the viewpointof Riesenfeldand
Wassmuth(Z.physik.Chem.8B, 314(1930)),but notthatofSchumacher
and Sprenger(Z.physik.Chem.6B, 446(1930)). Theseexperimentsare
to be extendedandwillbereportedonlater.

Morerecently,duringa study of the kineticsof the explosionof ozone
induced by hydrogen,a rather completeseriesof experimentson the
thermaldecompositionof pure ozonewasmadeat 85"C.between initial
ozonepressuresof40to 200mm.andin differentglassand quartz vessels.
Therate ofdecompositionis representedby theequation

-T'-S-~M"dt il

K remainsconstantdownto 80 per cent décomposition,whiehis as far
as the reactionwas carriedusually. Kseemsto dependon the initial

concentration,for it increasessomewhatas the latter is raised. In a

~Pubtiahedbypermissionofthe Director,U.8.BureauofMines.(Notsubject
to copyright.)

cnn
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givenrun the rate is independentof the oxygenconcentration,but Kis

higher for an initial mixturecontainingozoneplus oxygenthan for a
similaramountofozonealone.

On investigatingthe publishedresults on this subjectof Schmnacher
and Sprenger(!oc.oit.),whoemployeda 5-titereytindricatvessel,Riesen-
feldandWassmuth(Z.physik.Chem.143,408(1929)),andRiesenfeldand
Bonhoitzer (Z. physik. Chem.130,255 (M27)),it is found that their

experimentsalso are representedvery well by the same relationship.
Whencorrectionsare madeforthetemperature,usingtheknowntempera-
ture coefficient,and whenallowanceis madefor the initialpressure, the

rate constants of their experimentsderivedfrom the aboverelationship
agreequite wellwith the presentones. Theseauthorshaveexplainedtheir

rates by supposingthat a monomolecularand bimolecularreaction are

occumng simultaneouslydespitethe fact that their corrected "true"

monomolecularand bimolecularconstants change with initial pressure

(particularlythe monomolecularconstants,seeZ. Physik.Chem. 143, 408

(1929)).
All the experimentsare nowin agreementand may be assumcd to be

correct. The interprétationyet remains. It seemsmorenatural for the

reaction to be representedby a simpleformula rather than to introduce

unneoessarycomplicationsofsimultaneouslyoccurringmonomolecularand

bimolecularreactions. The 1.5powerindicatestbat the reaction is to be

explainedby a chain mechanism,just as in the alpharay experiments.
Whatthis mechanismiswillbeleftfora futurepublication.

BERNARDLEWIS.

U. S.Bureauof Mines

PittsburghExperimentStation,

Pittsburgh,Pa.

THEADSORPTIONOFRADONBYSILICAGEL

In viewof the workof Francis(Kolloid-Z.69,292(1932»onthe adsorp-
tion of radon by silica gel, certainmeasurementsof ours,made under

widetydéfèrentconditions,shouldbe ofinterest. Ourmeasurementswere

made by a static method,usingcomparativelylargeamounts of radon;
the pressureof the other gasespresentwasvery low,not morethan fouror

fivetimesthat of the radonitsetf. The silicagelusedin theseexperiments
wasa clearglassygelwhichhadbeenpurifiedby treatmentwith concen-

trated nitric acid. It was thendriedin a streamof air at about 300°C.,
and finallyelectrodialyzedfora long periodof time. Beforeuse it was

driedoncemoreat 300"C. Thegelcontainedabout 5 per cent of water.

In oneexperiment,34mUlicunesofradonwereleftin a glasstube, whieh

contained 1 g. of silica gel,for twenty-fourhours. The portion of the

tube containingthe silicagelwasthen sealedoff fromthe rest, and the



radoncontentsof both tubesweredeterminedby meanaof a gammaray
eleotrosoope.Allowingfor thefreespacein the tube whichcontainedthe

gel, the distributioncoefficient(radon per gram of gel dividedby the
radonper oubiccentimeteroffreespace)wasfoundto be 144. This lies
betweenthe highestvalue(44)observedby Francisfor an agedget, and
the highestvalue(335)for a freshlypreparedgel. în his experimentsa
flowsystemwasusedand equiiibnuntwasreachedbetweenthe geland a

verysmallamountof radonntixedwithairat atmosphericpressure.
ïn a secondexporimentabout100nuUicuriesof radonwasallowedto

distributeitse!fbetween1 g. of siUcagel at room temperatureand a
tube (of about 6 ce. capacity)which was inumersedin liquidair. At

equMibdum43per centof theradon wasfoundto beadsorbedon the gel.
Thisindicatesa surprieinglylargedifférencein the adsorptivecapacity of
silicageland (Pyrex)gtassforan inertgas.

ROBERT LlYtNGSTON.

L. H. REYBR80N.

Sohootof Chemistry,

UniversityofMinnesota,

MinmeapoUs,Minnesota
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Report on B<Mt<<-)Spee<M<~~o<<M!tteMoteeutes. By W. jEvons, D.Sc. 26 x 18 cm.;
viii + 308 pp. London: The Physicai Society, 1932. Priée: (paper covers) t7a.

6d.net:(inctoth)20B.9d.
It is diilioult to rate this book too highly. The author bas devoted some three

years to ita preparation, and remarkable etarity of exposition and care for detail are

maintained throughout, betraying no eigos of any desire to hasten a coneiuBion.

This ts praiseworthy in view of the rapid developmentof the meohanicai aignincanee
of band-spectra, and it ia indioative that sueh a lengthy report eao be written from

the "observational, rather than the pmety theorettcat, aspect of the aubject." We

may take thie as 6tgntfyint!that the tundamental principles are ao Srmty estabMshed

that the "theoretical results necessary for the interpretation ofthe analyses of bands

and band-system" may be "brieCy stated, with no indication of the quantum-
meohanicai methods used in their dérivation." This is now possible, whUat only aa

few years ago textbooks on apectroacopy eMentiaUy dismissed the whole of band-

epeotra with a easuai reforenceto their probable aMociation with molecules.

The report, in the ~orda of the author, is "ntainiy addressed to the physioist who

haa not Mtherto taken up band-epeatra aea subjeot for special teading or laboratory

work;" in the opinion of the reviewer the author àhoutd bave made wider eiainM,
aince the larger proportion of ohemistsare tmfanuiiarwith the modem interpretations
of the fundamental principles of their scienceby mathematical physiciste. Hère is

an opportunity for the ohemiat to see how the spatial and thennal properties of

moleoitles are rigoroualy defined by Bpeetroacopy,how conceptions of valency are

being altered and extended, and how the excitation of individual molecules as a

necessary preliminary to chemioal resotion is bound up with atteratiotM in their

detaiied etectronio structure, the conditions and coneequenees of auch alteratioM

bein~ well on the way to spectroscopie determlnation. ïn short, wemay be nearing
the time predioted by Mulliken when the adVanceof mathematioal technique iBauch

that it may be eMier to calculate the properties of potyatomio motecules than to

détermine them experimentatiy.
It ie to be emphaaized that however clear, logioal, and fluent the presentation of

the résulta and conclusions in speotroscopicwork may be–and the present report ie

a model in that respect-no benefit is likelyto bederived from casual reading. This

is due partly to the oomplexity and all-embracingnature of the subject, aad partly
to the extensive notation required, and the author does well to inaiet upon frequent
reference to the valuable gtoMary oCered in Appendix I. Muiiiken's notation as

uaed, although it bas produced order out of chaos, bas rendered more cotnpiicated

some of the simpler expressions familiar to apectroscopiats, and may need further

revision when our knowledgeof the band-spectraof polyatamio moleoules approaches

a aimilar ~.naiity.
Certain matter, generaMyof a descriptive nature, bas been relegated to Mnaii

type, with thé suggestion that it might beomitted by the "more caauat reader," but

if thia process is applied to Chapter V, dealing in a most able and concise way with

line-spectra and the electronio states of atoms, this reader will find the remaining

hait of the book largely unintelligible. Nothing but praise is to be found for the
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typography of the Cambridge Press, and for the tMty-four diagrams, aU of wMeh
seemto havebeen speoiaMyprepared by the author for the report.

It is hardly possibleto select any portion of the book for individual praise, but the

chapter onthé isotopeeHectMwettdonc, and représenta the Srst reasonaMy complète
account of the phenomenon. As an indication of how far the references are un-to-
date, one maycite the identification of H* (page211),and the isotopes of germanium

(page22?). The mostvaluable foature fromthe point of viewof those aiready work-

ing in the fieldof band-apectra lies in the table of constants for eteotronic states and

band-systems given in Appendix II. The foreword to the Appendix should be con-
sulted for an appréciation of the possibilities oNered by the data provided, and

although any approaehto completenesa is diMiauned, it le diScait to see what pur-
pose would be servedby any further searoh ofthe llterature by those interosted.

The time ie Beareetyripe for a eimUar report deaUng with the theoretical signiS-
cance of the observedresults, and the author bas probably donc wisely in attempting
no discussion of auchprobiema as valency. The stress on the observationat aspect
ieads to the diamiMaiof the phenomenon of predissociation in two pages, and one

can but wait with gréât interest for the eventuai appearance of a oompanionvolume.

The work as it stands is a magnificent achievement, and the highest praise is due to

the sMcceMtfu!collaboration of the author, printers, and puMishers.
C. B*tH!T.

The Methodof Dt~MttHM. By FBOF.A. W. PoRTËtt, F.R.S. 17x 11 cm.; v + 80

pp. London: Methuen and Company, 1933. Price: 2/6.
In this volume, oneof the recent additions to Methuen'a séries of short mono.

graphs on physical eubjeots, Professor Porter bas collected together important

applications of the method of dimensiona. The more fundamental and atHi contro-

verBiatsubject of units hae up to the present time had the greater attention, and the

author bas done wellto bring to our notice the existence of a very useful taol. It is

important however that the atudent should realize the limitations of the method;
it should be used ontywhen other methods of approach have failed to give an under-

standing of the phyaiesof the problem. A little greater emphasis on tbis aspect of

the subject, together with a rather more extended introduetory treatment of units,
would perhaps have inereased the value of the book, particularly for the physical
chemist. Ahistorical introduction atreasing the fundamental workof Newton, and,

later, of Fourier, ieadsthe way to discussion ofsuch probtema as the time of swingof

a simple pendulum, the flow of fluids, surface tension, and heat effects. A final

section dea)s with electromagoetic and electrostatie units. Many références to

original papers and summary articles are given and one or two blank pages at the
end are available fornotes. The present writer had hoped to aee,from the point of

view of historical interest, some référence to EitMtein's early application of the

method ofdimensionsto the determination of the frequency of vibration of atoms in

a solid body. This is not, however, to detract from the large amount of useful in-

formation which Professor Porter haa set before ua, and the book will be of consid-

erable value to allstudents of physiM and physical chemistry.
J. T. RANBAH*.

<?M<K<MH<!aJ&wetder ot«M'~amMeteMCAent~e.8 AMnage. Herausgegeben von der

DeutsohenChemisehenGeseHsehaft. 8y9tem-Nummer30:Barium. MxMom.;
xviii + xvi + 890pp. BerUn: Vedag Chemie G. m. b. H., 1932. Priée: M M.

(subscription priceM M.).
This volume giveaa very complete account of the chemistry of barium and ite

compounds and is comptete in itsetf. There are thirty-one figuresin thé text. The
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literature référence))are thoroughly covered and no doubt praeMeaHy att have been
seen in thé original,Min previous votumea of the work. Tho mineralogy andgoology
of barium and the physical properties of the element and ita compounds are futty
dealt with and the literature inctudcBthe year 1932. The book ia indispeMabte both
to ohemiats andphytteieta and maintaina the high standard of previoua volumes.

J. R. PARTmOTOtt.

Structure 'St~'6o<<</ Of~eMMComp<M<H<h.By Itfoo W. D. HAOxa. viii + 189 pp.
Philadelphia, P. BtaMaton'aSon aad Co. Priée: ?.60.
The author haa devised an ingenious set of ahorthand symbols for organic oom.

pounds, which he advocates as a aubetitute for-or rather, improvement on–thé
ordinary atraeturat or graphie formulas using the chemical symbols of the elements
and the usuat conneetingbonda.

As a teMMngdevioe,the reviewer doubte very mueh if thèse aymbola wouldhave
the value olaimed for them, namely, that they make it possible to inctude a larger
amount of orlanie obemistryin the usuat coursea; and it would appear that the new

symbota might have the definite disadvantage of getting the student even further

away from reality than the usual atrueturat formulaa do, etooe in the newsymbols
no symbols forcarbon, hydrogen, nitrogen, or oxygen appear.

But as a tool for advanced students and research workers, these new aymbols
appear highly advantageous, for they amount to a ehorthand way of representing the
structural formutaeandcan be written in mueh less time than even the moat abbre-
viatod structural formulas. This, it seems to the reviewer, is the Setd in which
these symbole have their greateat advantage, and this advantage is a oousiderable
one.

The flrat thirty-nve pages of the book are given over to a discussion of the formu-

las, and then followtwenty-nine plates ahowing the formulas for about a thousand

typieat organic eompounds. There is an index.

LEE ÎNV1NSMITH.

BtO~tïAnm~M die yMtpAo<e~op&M.PAo<<~t-<tptM<~eG~MtMHoceader Ltc)M<<Mt-

<tt~eteAM<(c. ByJ. EooBBTANBR. ScHMtM*.33 x t6.6 em. vi + 137pp. Le;p.
zig: 8. Hinol, 1932. Priée RM. 7. Card covem.
The ear is far teMtoterant in judging the reproduction of sound than the eye in

judging the soale of inteneitiea in a monochrome photograph. The difficulties en-
countered in reproducingsound free from distortion are therefore very considerable,
and it ia partly for thie reason that aomuch experimental work haa been carried out to

inveatigate the photographie technique of sound reoording. Few people could be
found whoare in better position to write an explanatory book on this difficult subject
than Profeasor Eggert and Dr. Schmidt. They have been working in this field for
some years and have nowproduced an excellent little bookwhich should be welcomed

by all intereated in thegeneral problems of photographie aensitometry as well as by
those engaged more narrowlyin the actual problems ofsound-recording. The book
is weil printed on good paper; there are one handred and twenty-two very good il-

lustratione, together withliterature and general indexes.

S. 0. RAWLMG.

Handbuch der &p<'e<fMeopte.Band VIII, Lieferung 1. By H. KAYSNtand H.
KoNBM. 26 x 18 cm.; iv + 6M pp. Leipzig: S. Hirzet, 1932. Price RM.67.60.
It ia now thirty-two yeara ainee the first volume of Kayaer'a Handbueh was pub-

liahed, and it is interesting to read today imthe preface to that volume the acheme
Professor Kayaer had in mind for the complete work. The fourth volume was to
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contain the compter account of the emission spectra of each element, with a supple-

mentary volume on experimental methods. He boped to add a Sfth volume to in-

eludeastrophysical spectroscopy. Wesigna! today thé publication ot thé Brst part

of an eighth volume, which is to be devoted entirely to the emission spectra of the

elements. The phénoménal advance in knowledge of emission spectra, whioh bas

given rise to the oontinued expansion of this great treatise, occasions a reNective

mood. Whilst one may legitimately wonder what may possibly be thé state of

knowledgeof the apectra of the elements desoribed in the final section of this volume,

comparedwith that of those now dealt with, one cannot but hotd up to admiration the

devoted labors of Professor Kaysef and Professor Konen and of their six collabora-

toK, which have given to the BeientMcworld s book so urgently needed.

The present volume deale with the apectra of the etements from silver to copper,

arranged as previously in the atphabettcat order of their symbols. ïn general, the

series terme and individual lines hâve been expressed in thé modem notation, but this

bas ln some cases been impossible. DiCReutUea aroM hom the want of agreement

amongstauthora in the use of the modem system, and aho from the want of comMt-

eney in ita use by individual authors. A conversion to the modem notation was at

times found to be impossible without a ré-investigation of the wholespeetrum, which

wouldhave involved mueh time and indeed doea not lie within the purview of a book

whiehaima at a faithful présentation of pubtiahed work. In these cases the original

notation uxedby the author bas been given.

It must be remembered that the present volume iepart of a auppiementary vol-

urne to those already published. Thu~ in the tables of wave-lengtbe only those

moasurementsare inoluded which hâve been published eineeVolumeVII waawritten.

Furthermore, the literature references for each etement are numbered comeeutiveiy

to those given for that element in Volume VII. In générât, therefore Volume VIII

shouldbe used in conjunction with Volumes V to VH.

Under each etement the line and band apeotra are dealt with, the latter atso as

measured in the absorption speotra of auch compounds as have beenexamined. The

emiMionspectra are extended into the very short wave-length region of the x-rays.

The meaauremente of the Zeeman and Stark eneote are inotuded of att lines whioh

hâve beenexamined, and thé Raman effeet is also added. As may be readily appre-

ciated, the latter measuremente are given ont whore they stand in immédiate rela-

tion to the simpler apectra, the broader application to organic oompounds being

omitted. Laatiy there are ta be found the measurements of fluorescenceand reason-

ance spectra so far aa these hâve been studied.

In assessing the value of this new volume, an excerpt from the authom*preface

may be quoted as a text. If, they say, there be found some want of uniformity as

the result of the collaboration, we believe that this will be far outweighedby the ad-

vantage gained both from the more rapid continuation of the work and from the fact

that the collaborators are experts in different sections, whilst in thèse days a single

individual can soareely gain an equal xnastery of the whole. As specialization in

spectroscopy becomes more narrow, so ia one the more pleased to have at hand a well

coSrdinated and admirably compiled account of the whole field of émissionspectra.

The literature of the subjeot is much enriched by its publication.
C. C. C. BALY.

Doe ~A«ttxct. By Dtt. W. ScKBOTEtt,with an introduction by Dr. W. Noddack.

26.$cm.xl6.6cm.;pp.6e. Stuttgart: Ferdinand Enke, 1932. Price: RM. 5.60.

Though wewelcome this account of the earlier chemistry of rhénium it is, wefeel,

published at an unlucky moment. Since rhénium became available eommereiatty

a number of workers bave so extended our knowledge of the element that some parts
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of the book, and those not unimportant, are aiready out of date and mislesding.
Whilemuch of the book is very useful and itimninating, the reader, unfortunateiy,
cannot be quite sure, espeeiatty about the simple chemistry of rhenium, without
cheekingit by théoriginal publications of the last two years or so or by the exeeUent
account given in the recently published volume of "Mellor."

Tho extraction of rhenium from various minerais, particularly molybdenite, and
ita subséquent purification are fully described, but the brief account of its technieai
production eareM!y refrains from any indication of the actuat source of the element.

Much interesting information le given about tnetaHio rhenium but the description
of its compoundsneeds correction, even in a review. There is no sure évidence of
hexavalent rhénium or of the rhenates indicated on pages 12and 39. The existence
of RetOt,described at length on pages 32 and 33 haa been dieproved. No mention
is made of the very oharaoterietie and interesting pentoxide, RetOf. Rhénium hepa.
taohloride andhexaobloride, wbich are described (page 39), do not exist; while the
very charMteriBth)volatile, blaok, crystalline tetrachloride, the main product of the
action of oMortneon the metal, Mnot even mentioned (pages 40 to 42). Another
serious omimionis that of the equally characterietic and interesting volatile, stable

oxycMoridee,RaOCt, and ReO,Cl.
The book conetudes with a section on the occurrence of rhenium and tables whioh

ehowvery olearlyhow insignificant that occurrence is except in certain varietics of
molybdenite fromNorway and Japan. Abibliography of the literature of rhénium
ie given from ita discovery in 192Sto MM,but this, as hae been indicated, omits
recent work including some papers puMiahed in 1931.

~IppUedX~-o~. By Q. L. Ct,ABK. Second edition (firet edition, 1927). pp. 470.
New York: MeGraw-HUtBook Co., 1932. Prioe: ?.00.
The growth of the application of x-ray science to a study of material structures

is remarkaMy demonstrated by a oomparison of tbe two editions. The new volume
is about 200pageslonger than the nrst. Thé &rst part of the tater edition deats with
the fundamental physics of x-rays, use of x-ray apectra in chemical analysis, and de-

scription of modem equipment. Chapter 3,dealing with x-ray tubes, is an excédent
feature ofthe book. A variety of high grade tubes for the various uses, radiography,
deep therapy, cryatai analyses, and chemical anatysis, iBnowavailable and these are
olearly described. Anyone planning to select equipment will find this ohapter very
useful. The followingohapter on high tension equipment also containe much useful
information.

The second ha)fof the book describea the standard methods of x-ray analysis of

crystals, but dom not list the iine-extinctions corresponding to the different space
groupa. For tbispurpose, recourse must bemade to tables by WyckoBor other work-
ers. Then Mtows anexcellent summary ofthe resulta oforyatal analyses ofinofganic
compounds, and of alloys, giving due attention to the excellent contributions to
crystal chemistty by Gotdschmidt and Westgrea. One chapter is devoted to carbon

compoundswith descriptions of the work in laboratories ot Sir William Bragg and of
Trillat. Agooddealof attention is given to the study of the condition of solids as

regards grain-size, orientation, internai strain and mechanical déformation. This
branch of x-ray science will undoubtedly be extended more and more in the near
future. The effectsofdrawingwire and roUingsheet métal oncrystal orientation and
on physical properties are already a subject of much interest.

The last chapter is devoted to high polymers, such as rayon, cotton, rubber, and
human muscle. Many studiea of stretohing fibers are reported and illustrated
with excellent photographs. The new high-intensity x-ray tubes permitting very
short exposures will prove useful in this field.
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Thebookformapart of the iMwMthmatSeneeia PhyeiM,editedbyF. K. ïMoht*
myer. It shouldprovea useful part of the workingMbfMyof ail investigatorsin
x-rayscience.

N. W. TATMB.



INTERNATIONAL TABLE OF THERMOCHEMICAL DATA

Authora who have published papers on thennochenMtry within the !aet Bve

yeats are fequeated to send two copiea of thoir papers to Dr. L. J. P. KeBef,
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PRESSUREOFDiSPLACEMENTMETHOD
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Freliminarypapersdescribinga pressureof displacementmethodfor
the measurementofadhesion tensionwereSrstpublishedfmmthis labora-
tory in 1927(1). At that time themethodusedwaanew it wastime-con-
surningand requiredmuch patienceand exactnessof technique. Calcula-
tionaweredependentupon the useof contactanglevalues,whichvalues
wereofnecesaityobtained in the courseof theinvestigationandbyindirect
methods. Certainfundamental asaumptionBwete madewhich, though
apparently justified,had not beenaubjeeted to rigorousexperimental
tests. Althoughthere was no reasonto beMevethat the resultsweresen-
ouslyin error,publicationof the major part of them waswithhelduntil
portionsof theworkhad beenrecheckedandtheaoundnessofeachindivid*
ual step of the method more definitelyestablished.

ABone step in the determinationof contactangles,the pore radii of
compressedpowdermetnbranes weredeterminedby the pressureof dis-
placementmethod. Comparisonofresultsobtainedwiththis methodand
with a methodbased upon applicationof Poiseuille'staw showedclose
agreement(2). This fact tendedto justify the useof the pressureof dis-
placementmethodfor the measurementofporeradii.

The angleofcontact formed betweencertainliquidaand a solidin the
presenceof air, and of certain liquid-liquidsystemsin contactwithsolid,
weredeterminedby different methods. Valuesobtainedfor liquidays.
tems inT-ransparentsingle eapillarytubes (3)inwhichmeasurementswere
made directlyby a photomicrographicmethod,were in goodagreement
with thoseobtainedby the pressureof displacementmethod.

Adhesiontension,AM,has beendefinedas the différencebetweenthe
surfacetensionofsolid, <Sft,and the interfacialtensionof this solid,SH,in
contactwith a given liquid, i.e.,

S, .Su

Therebas beensomequestion as to whetherthe indirectpressureof dis-
placementmethodwillactually givea true measureof the valueS,
In thismethodasdevelopedit wasnecessarytomeasureinterfacialcontact

S43
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angles, oforganicliquidandwater in contact withoaohother against
a solid. In someof the systemsstudiedby us theremusthave beenan

appreciablemutualsolubilityof the organioliquidandwater. It wasnot
known to what extent this mutual solubilitywouldinvalidatethe final
results. The freesurfaceenergyvaluesof the interfacialsystems(solid-
air and solid-liquid)ahouldbenumericallyequal to theinterfacialtension
values of thesesystemsandthe symbole,<Stand <SM,havebeenusedalao
in referring to freesurfaceenergyvalues. Whenusedto representfree
surface energyvalues,theexpression<St – sbouldrepresentthe energy
of immersion,i.e.,ahouldrepresentthe free surfaceenergychangewhieh
occurs whenthesolidsubstanceis immersedwithinthe liquid.

To teat this pointan investigationwasundertakenin whiohthe energy
of immersionof a solid (sitioa)was determinedfor a seriesof organic
liquida (4). It wasfoundthat energiesof immersionthus obtainedshow

goodagreementwith thosecalculatedfromdata obtainedwiththe pressure
of displacementmethod. It thusappearsthat the adhesiontensionvalue
ofa givensolid-liquidsystem(i.e.,for the systemsstudied)as detemined

by the pressureof disp!aeementmethodis numericallyequal (orat least

very nearlyequal)to thefreesurfaceenergychangewhichoccurswhenthe
solid is immersedin the liquid.

Every step ofthe pressureofdisplacementmethodhasbeencheckedby
at least onedifferentandindependentmethodand ineverycasethe results
obtained havebeenfoundto be inagreement. It appears,therefore,that
a!I assumptionswhichweremadein connectionwiththe pressureof dis-

placement methodwerejustified. Accordingtywefeel that we cannow
release data whichhavebeenaccumulatedovera periodofyears. In the

present paperwillbe presentedthe data obtainedin the preliminarywork

(i.e., prior to 1927),and in laterpaperswillbe givendata obtainedinmore
recent researches. Muchof the latter workbas beendonewithmateriata
ofa high degreeofpurity andwithsuchimprovementsin methodas have

developedas the workhasprogressed.

PBEHMÏNARY BXPERtMEtfTS

Some of ournrst experimentson relative wettingof sotidsby liquids
were made bymeansof the methodof Reinders (5)and of Hofman(6).
Soïids used were carbon black, ultramarine blue, and Prussian blue.

Liquids usedwerewateranddifferentorganicliquida. Aboutequalquan-
titiea of waterandof organicliquidwereput into a test tube witha smaU
amount of thefinelydividedsoM and shaken. It wasnotedthat carbon
went exclusivelyto the organicliquidphase and ultramarineblue to the
water phase,whilePrussianbluefailedto showa decidedselectivewetting
tendency. If the Prussianblue powderwere 6rst wetted by water it
tended to remainin the waterphase; if nrst wettedby organicliquidit
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was thennot readijywettedby water,but in eithercasea faMylargepro.
portionof it tended toremainfinallyat thewater-organicliquidinterface.
Thia methodwas usefuiin obtainingqualitativeévidenceonrelativede-
greenof wetting of differentsolid-liquidsyetemB,but no quantitative
relationshipscouldbeobtainedwith it.

EMPLACEMENTOFONELIQUIDBYANOTHERPNOMA 80MO

It occurred to us that insteadof observingto wbichMquidphasethe
solidparticleswouldgo,it mightbeto advantageto reversetheprocedure
and byworkingwitha comparativelylargeamountof solid,asa compact
membrane,to determinein whiohdirectionthe liquidewouldmove. It
was believedthat data obtainedshouldgive informationconcernlngthe
interfaoialtension relationsbipsofthesystem,and henceinformationcon-
cerningrelative degrecsof wetting.

If a diaphragm be preparedby nrm!ypackinga finelypowderedsolid,
it formsa membranecontaininga largenumberof finecapillarypores;

FM. 1. AfPAttATCfi FOR LtQMO DtSH.ACEMENT

membranesof this typehave previouslybeenemployedfor the measure-
ment of osmotic pressures(7, 8).

Fromthe theory ofcapillaryactionit may be concludedthat a liquid
willnotpaas throughsuchfinecapillaryporesunlessit Srstwetsthe pore
walts,but that, if the liquiddoeswettheporewaUs,it willtravelthrough
the poresand so-calledcapillaryactionwilloccur. In casetwo liquid
columnsare in contactwithinsuchpores,other factorsbeingequal,that

liquidgiving the higherinterfacialtensionagainst the soUdwillbe dis-

placedby the other liquid.
The &tBtapparatususedby usforliquiddisplacementis representedin

figure1.

It oonsistedofa glasstube3 sq.cm.incross-sectionand20cm.in length
providedwith three-waystopcocks,withoutlet tubes, a anda', and glass
reservoirs,b and& mountedneartheends. Pigmentwettedbyoneofthe

liquidawas packedintothe tube to thehalf-waymark,andpigmentwetted
with the other liquidwas packedagainstthis until the tube was filled,
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after wbichstopperawereinsertodin the ends of the tube. In this way
two thick membraneswereobtained, eaoh wetted by a liquid, the two

liquidabeing immisoibleand in contact. In caseof liquid displacement
the directionand the amount of displacementcouldbe determinedby
notingthe changein lengthof the liquidcolumnsin theoutlet tubes. Any
!o88ofHquidbyleakageorby evaporationcouldbedeteotedbycomparing
themovementinonecapillarytube withthat in the other.

The initial îesultsobtainedaie ahownin table 1. Fair!y goodchecka
wereobtainedin aseriesofexpérimentawitheachofthesesystems. When
Prussianbluewasusedas solidthere waspraoticaUyno movementofthe

liquidcolumnin eitherdirection. The resultswereaUin goodagreement
withthoseobtainedin the test tube experimentsmentionedabove. The

apparatuscanbeeaailycoBstraotedandissuitableforqualitativemeasure-
mente.

Variouatypes of apparatuswerenext tried, but for lack of spacewill
not be described.

TABLE1lABLttS t

tto. eoupMMB u<)otB c!<mcM uocte a tt) t Borna

t Powdered gtaaa Water Benzène 100cm.
2 Powdered gtMe Water Turpentine 8 cm.

3 ÇMbonMaok Bensene Water 60cm.

4 Carbon black Turpentine Water 46 em.

S NtKMNM-iMNue Water Turpentine 30 em.

6 Ultramarine blue Water Benzene 70 cm.
7 Ultramarine blue Water Kerosene 36cm.

BEVEMPMENT 0F METBOD AND APPARATC8 FOR DETERMINATION OP

DÏBM~CEMBNT PRB88UBB6

The displacementcellused in the main investigationhereindescribed
is shownin figure2.

Thecellconsiatedofacylindricaltube ofbrass,intowhichthepowdered
Bo!idcouldbe firmlycompressed. This was accomplishedby meansof

tightly fitting perforatedplungers.1 A nne-meshcloth dise waaplaced
overthe powderto preventescapethroughthe perforations. Aftercom-

pressionof powderthe plungerswerefirmlysecuredin placeby meanaof
steelyokes,bolts,and nuts. The apparatuswasmadeleak-proofby em-
ployingrubber,leather,or lead gaskets,whichwereheld tightly in place
byacrewingdowna threadednut and gaaket. Glaascapillarytubeswere
fastenedsecure!yinto the outer endsof the plungers. Oneof thèsetubes

InpractieeapecialpacHagptungersare<taed.Inconstructiontheyareeimilsr
to thephtBgeNhereindescribed.
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wasfastenedby meansofa groundg!a8Bjointto a pressuregaugeor ma-
nometer. Theothertubeservedasa displacementindicator. Movement
of liquidwithinthe cellwasdetectedby movementof the nteniscusofthe
liquid in thia (capillary)tube.

The soM to be studiedwas reducedto a finepowder. Best results
wereobtained by gradingthis powderto a uoiformparticte size (200
meshto 300meshis higUysatisfactory). Thispowder,dryorthoroughly
wetted by liquid as the case mightdemand,waa packedin about t-g.
inorementain the manometerendof the cet!bymeansofa laboratoryhy-
drauHopress. A paokingpressureof approximately150atmosphèreswas
used. Afterthe cellwasaboutthree-fourthsfun,thesolidmaterialwetted
by the dtBpîaeiagliquidwaathenaddedandcompressed. WhUethe cell
wasstillin thepressandunderprésure,the plungersweresecuredin place
by the steelyokesandbolta. Theapparatus,whenassembled,waafound

r'Il 1 r..0.

BeC

FtO.2.DtSPMCBMENTGBH.
A,ceUCMing;B,plungers;C,packinggland;D,packingring;EandE',steelyoke;

F, steelbotta;G,outlettube;H, cap;l, paokingmaterial;J, perforatedplate;K,
gtaaacapittary;L, powderedsolid.

to withstand internal pressuresas high as 100atmosphereswithoutex-
hibiting leaks.

METHOD OP OBTAÏNtNa DtSFLACEMNNT PRESSURES

Afterthe ceUhadbeenproperlyfilledwithwettedpowderitwasquickly
attachedto the indicatortubeandmanometer. Airpressureswereset up
ofsuchmagnitudeas to preventan appreciablemovementofliquidwithin
the cell. As the liquidtended to move, the opposingpressurewas in-
creased. In this waythe pressurewas built up to the maximumvalue
necessaryto preventany advanceof liquid. This operationusuallyre-
quired a number of hours. Sometimestwenty-fourto thirty-sixhours
etapsedbeforeit couldbeconcludedthat maximumorequilibriumpressure
had beenreached. Eachof the pressurevaluesrecordedisanaverageof
a numberof independentruns. It often requireda numberof days to
obtain one p)operlycheckedpressureof displacementvalue. Pressure
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valuesobtainedbya sériesof runsforany givensystemusuallyoheckedto
withintessthan 1per cent.'q

MATBMAL U8ED

Thecarbonusedwasa Germantownlampblack. It waa treatedwith
etherto removegreasymateriel, then driedand heatedfor a shorttime
toapproximately1200"C. It wasfinallyevacuatedat lessthan M'~mm.

pressurefor sixty to seventyhoursand wettedwith the requiredliquid
whilestillundervacuum. The siMeawas techoical"Tripoli"whiehwas
treatedwithhydrocbloricacid,thotoughiywashedwithwater,driedand
heatedina muiBefurnaceto approximately12<)0"C.Aoatyaisgave99.16

percent silica. It shouldbe pointedout that all resultsrecordedfor a

giveneoMwereobtainedfroma singlebatchofsoM materia! The liq-
uidBwereof averagec. p. grade and were not highly purified. It was

thoughtthat in this initialworkanattempttousehighlypurifiedmateriab
waanot justified.

RE8M.T8

The resultsobtainedwith silicaand with oarbonblack are givenin
table2.

Theeffectiveporeradius,r, waaca!cu!atedfromdiaplacementpressures
of benzène-airand wasfoundto be 2.1 X 10~cm.for 8i!h:aand9.3X
M'* cm.for carbon.

The adhesiontension of a-bromonaphtbaleneagainst silica,ÂM,was
foundto be41.92,and of wateragainstsilica,~H, 81.5dynesperconti-
meter. Theadhesiontensionofwateragainstcarbon,A,3,wasfoundtobe
S4.74dynespercentimeter. Withtheseadhesiontensionvaluesforwater

againstthe two solide,the adhesiontensionvaluesof the other liquids
couldbedetermined(providedthevaluesof the interfacialcontactangles
~awereknown)sincethe valuesoftheir interfacialtension,.SfM,couldbe
obtainedfromthe literature. Thefollowingequationis applicable:

~M ~n + St)cos (forMtic&)

In theirworkon liquidabsorption,BarteUand Hershberger(9)made
the observationthat "the orderof decreasein the freesurfaceenergies
whichoccurwhena polarsoMiswettedbyeachofa seriesofzerocontact

angleliquidsis the sameas the orderof decreasein freesurfaceénergies

Inarecentarticle(DavisandCurtia:Ind.Eng.Chem.94,U37(1M2))deacnb-
ingtheuseofthismethodin anotherlaboratory,it waspointedout that"results
havebeencheckedwiththeeMnebriquetteswithinabout5percentandwithdiffer-
entbriquetteswithinabout8percentmaximumvariationforagivenMquid."Thèse
reaultscanmeanonlythat themethodMusedinthat tahoratorywaanotunder
propercontrolforaecuratework.
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whiehocourwhenwateris Broughtinto contactwith this samesériesof
liquida."

In viewof thia generalizationthe KquMsgivenin tabte2 areplacedin
the orderofprogressivedecreaseinfreesurfaceenergyexhibitedwhenthey
are broughtinto contactwithwater. Thisorder ia likewisethe orderof
deoreasinginterfacialtensionvalues(cotumn3) of the orgacicliquid-water
systems. It is interestingto note that this order is, with fewexceptions,

TABLE2
Adhesion&!HaMMdata

OtW'cliquidaoeotMtcarbonandagainstMKc<t

C*MOK NMM
r-MXM~cm. r-UxtO~
~n (fm~r) = ~)t(forwater) 81.5

M.74 ~o(for<t-bt(m<M)tH)h-
“ “ thabnei-OM.Sn –––––––––––-–––––––––––

~M ?,
Cat-bondieutade. 31.3 48.1 41°36' M.7? 37'M' 43.2
Carbontetraohloride. 26.1 44.6 44°46' M.3~ t9*00' 39~6
ot-BM)fnon&phthakne. 44.0 41.6 36°03' 88.81 13*30' 41.1
Toluene. 28.1 36.1 40°40' 82.10 38*60' 63*4
BeMene. 28.3 34.6 40°30' 81.03 28*40' 61~2
Chtoroform. 26.6 31.6 37°25' 79.83 43''40' 587
"DecaMn" 31.0 26.7 35''46' 76.38'
N'itMbeMene. 43.3 26.3 H°00' 79.68 37°30' 61.4
"Tetratin" 32.8 22.4 U°3S' 76.70
Butyl acetate. 24.1 13.2 33°00' 65.78 44°40' 72.1
EthytcMbon&te. 26.8 12.4 29°25' 66.65
Amylacétate. 24.4 10.6 34°40' 63.68 44°46' 73.7
Ether. 16.6 10.7 61'30' 59.85
Propyl Mettte. 23.8 9.6 29''16' 63.09 42"65' 744
EthytMetate. 23.4 6.8 50'TM' 59.07 37°M' 76.1
Aniline. 42.6 6.7 16°45' 60.22 82°06' 73.8
Amyt~eohot. 23.7 6.0 36*26' 68.77 37°46' 77.5
BeMytaleoho! 39.4 4.8 32°60' 68.73
Ï8obuty!a!coho! 22.4 1.8 O'OO' 56.60 6*46' 80.7

the orderfoundfor increasingadhesiontensionvalues, foraiUca(col-
umn7).

It isalsoto benotedthat theorderofa seriesof liquidsshowingincreas-
ing adhesiontensionvaluesagainst silicais just the reverseof the order
showingincreasingadhesionvaluesagainst carbon. Liquidegivingthe
highest adhesiontensionvaluesagatast silicagive the towestadhesion
tensionvaluesagainstcarbonand vice versa.

It is further to be noted that for each one of this seriesof liquidsthe
sum of the adhesiontensionvaluesof Hquidagainstcarbonand against
silicais practicallya constant. This is a strikingfact, and willprobably
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lead to an important generaUzation.It ia felt, however,that further
informationshouldbeobtainedbeforeanexplanationisattempted. Data
withothersolid-liquidsystemsare nowbeingobtainedin the hopethat
an obviousand validgoneratizationmaybe deduced.

WOBK OF ADHEBtON

Whenthe liquidsarearrangedin groupsrepresentingahai!archemical

coastitution,considerationof the differentworkofadhesionvaluesbrings

TABLE8

Work0/0<M~O!t0/a MUM0/K9M~<<<<!C<KtM<carbon,«KMandwater

out interestingrelationahipswhenthe differentworkof adhesionvalues
areconsidered(table3). The workof adhesionvalues,expreasedby the

equation,

)~ ~t + & ~M,or tt~, ~t, +N,

ate,forthe différentmembersof a givengroup(liquidaofaimilarconstitu-

tion), of very nearly the samemagnitudewhenconsideredfor a given
system,i.e., for eithercarbon,silica,or water.
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Theworkof adhesionvaluesof benzeneandof tolueneagainstcarbon
arepracticallythe same. The valuesfor thèsetwoliquideagainstsilica,
aresimi!ar,and the valuesagainstwaterare likewiseverynearlythesame.
Theotheraromatiocompoundsgivehighworkofadhesionvaluesagainst
carbon. Anilineandnitrobenzenegiverelativelyhighvalues,bothagainst
silicaandagainst water. Thisis probablydueto the effectof the polar
group. Chloroform,carbontetrachloride,andcarbondisulfidegivehigh
valuesagainstcarbon,but conaiderabtylowervaluesagainstboth sUica.
and water. The atcohobgiveslightlyhighervaluesagainst silica.than
dothe acétates. Whentheworkof adhesionvaluesare consideredfrom
the standpointof molecularorientationthe resultsare in approximately
the orderone wouldexpect.

It hasbeenpointedout earlierin thepaperthatnohighdegreeofpurity
is claimedfor the liquidausedand that the chatacteristicsof the souds
cannotbeaccuratelydeacribed. In later investigationsit hasbeenfound
that the adhestonalpropertiesof carbonoanbe altered,and that these
pmpertiesare dependentuponthe precisetreatmentto whichthe carbon
basbeensubjected (10). But little was knownof the structure of the
suicausedin this investigationsinceit was"puriSed"technical"Tripoli."
In subséquentinvestigationscarriedout in ourlaboratoriesfusedquartz,
analyzedwhite sand, and other fonnsof comparativelypure silicahave
beenused. With thèselattermaterialsthe adhésiontensionvalueshave
beensomewhatlower (inaomecases6 dyneslower)than thoseobtained
withthe "TripoU." The adhesiontensionvaluesfor wateragainstthese
puresilioaswerefound to rangefrom76 to 79.5,as comparedwith the
value81.6foundin thia investigation. Inasmuchas atl the othervalues
determinedare dependentuponthe water-suioavalue,the valuesfor the
otherliquidsarecorrespondinglylowerin the laterwork. At the timethe
workhereinreportedwascarriedout, only oneliquidforminga contact
angle against silica was used, namely, «-bromonaphthalene.In later
worka numberof other liquidahave beenusedand havebeenfoundto
givevalueswhichare in agreement. Recentworkwith«-bromonaphtha-
lenehas shownthat contactanglevaluesobtainedwith it are dependent
largelyuponthe precisenatureandmanneroftreatmentof the silicasur-
face(11). The data hereinpresentedare reasonablyaccuratefor thesur-
facesused,however,andsincetheymayproveto beof considérablepracti-
calvalue,shouldbe madeavailable. Muchtimemust elapsebeforethe
exactdegreeof accuracyofthe values canbe dennitelydetermined,but
whenusedin the lightof relativevaluesthey arecertainlysignificant.

SUMMARY

1.An accountis givenofthe preliminaryworkcarriedout in the devel-
opmentofmethodsfor the determinationofadhesiontensiondata.
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2. The pressure of déplacement method for the measurement of ad-

hesion tension is described in consideraNe détail.

3. Adhésion tension values and work of adhesion values obtained with

a series of liquids againat ailica and against carbon are given.
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MIGRATIONSTUDIE8 WITHCOLLOIDS.1

THE EFPECT OF ELECTROLYTES AND OP COLLOIDS 0F OPPOSITE SION ON
THE STABILITY OF COLLOIDAL SYSTEMS

FREDHAZELANDDAVIDM.McQUEEN
Departmmt<~C~<Mt< t/MMftt~ ~MeetMtn,Madison,~«cottMM

RMeM~«~jM,MM

A. THE E~BCT OF ELECTBOïiYTEB ON THE STAB!MTY OF

COLLOIDAL SYSTEMS

INTRODUCTION

It iswellknownthat additionofelectrolytesto lyophobiccolloids,whose
primefactorofstabilityisan electncpotentialoriginatingin theHelmholtz
doublelayer,resultsina decreaseinthe staMUtyof thedispersedparticles.
Whensufficientelectrolyteis addedthe decreasein stabilityis manifested
by coagulationof the sol. Schuize(1)longagofoundthat e!ectrotytes
withpolyvalentionswerethe better coagulators.This generalizationis
modified(2),however,by the adaorbabihtiesof the ions.

Hardy (3), whilestudyingthe cataphoresisof denaturedeggalbumen,
concludedthat coagulationresultedonlywhentherewasno migrationof
the particlesin an electrtcfield. Powia(4),however,bas shownin the
caseofhydrophobiecolloidsthat it is notnecessaryto reducethe particles
to an isoelectricconditioninorderto producecoagulation.

Sincethere thusappearsto bea denniterelationshipbetweenthe rate of
cataphoresisand colloidalstability, migrationdata may be used as a
measureof the stabilityof sols,assumingthat these measurementsare
proportionalto the stabilizingpotential. It is to be empbasizedthat
velocitydeterminationsoffera meansoffollowingchangesin the stabilityof auspensoidsbefore coagulation takes place. An ultramieroscopic
techniquewasemployedin the presentinvestigation.Thismethodabords
a highdegreeofaccuracyin measuringcataphoresiaandin additionpré-
sentsthe uniqueopportunityofobtainingreliablevelocity measurements
aftercoagulationhas taken place.

The datasubmittedin Part Aareon agroupofsolswhichwereusedin
themutualcoagulationstudy reportedinthefollowingpaper.
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PREPARATION Or 80t.8

The followingsols wereused: positivearsenic trisulflde,iron oxide,
aluminumoxide,chromiumoxide,and negativeiron oxide,stannicoxide,
manganesedioxide,arsenictrisulfide.

Attemptsweremadeto prepare the positivearsenic trisuMdesol by
recharginga negativesolwith thoriumnitrate solution. However,these
effortswere unsatisfactoryin that considerableprecipitationof arsenic
trisulfidealways resultedregsrdiessof the method ofmixing. Subse-

quentlyit wasfoundthat if a solutionofarseniousoxidewasadded to a

dilutesolutionof thoriumnitrate and hydrogensulfidepaasedinto thie

mixture,a stable positivesolwasformed. The solwasthenwashedwith

hydrogen.
Thepositiveironoxidesolwaspreparedbyhydrolysisofferdcchloridein

boilingwater and then purifiedby dialysisfor a weekat 70-WC. The

negativeiron oxidesolwasobtainedby addingan equalvolumeofa dilute

potassiumferrocyanidesolutionto a portionof the positivesol. It re-

quiredonly0.028millimolof the electrotyteper Uter to producea stable

negativecolloid.
The other colloidsweremade by standard metbods. The sols were

dialyzedin collodionaacksto reduce the presenceof electrolytesto a
minimum.

EXPERIMENTAL

The cataphoresisdeterminationswere carriedout by a method pre-
viouslydescribed(5).

Samplesofsol forobservationwith the ultramieroscopewereprepared
by diluting the originalstock colloids. The amount of dilution was
determinedby the "visibility"of the partioles. It wasdesiredto employ
themaximumconcentrationof coUoidthat wouldpermit the observation
ofasingleparticlewiththemeansat hand. In thismannerit waspossible
to obtain reliablecoagulationdata alongwiththe velocitymeasuremente.
The systemson whichdata are given weremade by mixing25 ce. of

electrolytesolutionwith an equal volumsof sol. Thesampleswere run

approximatelyone-halfhour after mixing. The time necessary for a

particleto traverse200~t was recorded. Ten readingswere taken in
alternate directionsusing a potential of 91.5 volts betweenelectrodes
11.5cm.apart. Thémeanwasselectedforcalculationofthe velocity.

Afterthe velocitydeterminationshad beenmade the sampleswere set
aside for twenty-fourhours. Observationsfor coagulationwere then
made.1

1In theinteteatsofepMeeconomy,migrationandcoagulationdataarenot pre-
sentedK tabularfonn. Migrationdataarerepreaentedgraphically.Coagulation
datamayalsobeinterpolatedfromthegraphasince,withincloselimita,the sols
ooag~t!atedwhenthevetoeityofthepartialeshadbeenreducedto~2.0 por second
pervoltpercentimeter.
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The orderofanionsinreducingthemigrationvelocityof the aluminum
oxide sol is Fe(CN). > P0< > Cr04> SO~> CL The same order is
maintainedwith positiveiron oxide. Figures1 and 2 showgraphicaUy
the behaviorof the twosolswitheiectrolytes. Thédata with cbromium
oxideareplottedin figure3. Adifférentorderoftheanionsisencountered
with this sol, i.e., Ct0<> S0<> P0<> Cl. The positionof theferro-
cyanideionin the lyotropicserieswasnotdetermined. For concentrations
up to 0.016millimolper liter the tetravalent ion had no moreeffectin
dischargingthe chromiumoxideparticlesthan the phosphateion. In-
creasingthe concentrationof potassiumferrocyanidepast 0.016millimol

per liter ledto the formationofa gelatinousprecipitatewhiohcloggedthe
cataphoresiscelland madeworkingconditionsimpossible.

Figure4bringsout thefollowingorderof anionswithpositivearsenious
sulfide:Fe(CN)a> 804> P0< > Cr0<> CL The positionof the sul-
fate ionis questionable,sinceat lowconcentrationsit is not aseffectiveas
phosphate. The stnMngthing aboutfigure4 is the potassiumchromate
curve. It doesnot seemprobablethat the potassiumion wouldcharge
the miceUeinthe présenceof thebivalentchromateion. A faintgreenish
opalescencehad beennotedin thesamplescontainingpotassiumchromate.
This suggesteda reductionto chromioionby the hydrogensulfide incom-
pletely removedwhenthe aol waswashedwith hydrogen. To test this
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pointpotassiumchromatewasadded to a negativearsenictrisulfide sol
untilthe mixturecontained0.1millimolof the electrolyteper liter. The

migrationvelocityof the negativesolwasreducedfrom –3.4 to -1.0 ,u

persecondpervoltpercentimeterandthe solcoagu!ated. Thisindicates

stronglythat the anomalousbehaviorof chromatewithpositive arsenic

trisulfidecanbeexplainedby the reductionof the bivalentnegativeion to

chromicion. The resultswith the negative arsenic trisulfidesol and

potassiumchromatewereprobablydue to failure to removeaU of the

unadsorbedhydrogensulfideduringthe processof washingwithhydrogen.
If it be assumedthat adsorbedhydrogensulfideis not free to act as a

.025 .03 .07.S
/MW<fnobelectrolyte per liter

FM.44

reducingagent,thenthebehaviorofan arsenictriaulfidesolwithchromate

ionahouldgivean indicationof its purity. One !s in a quandary when

removingthe hydrogensulfidefroman arsenictrisulfidesol, because if

the washingiscarriedout too far the arsenictrisulfidehydrolyzes.
Thedata withnegativesolsandelectrolytesare plottedin figures5 to 8.

FromfigureSthe orderofcationswitharsenioussulfideisTh > Cr > AI

> Fe > Ba.> K at lowconcentrations,withaluminumandironexchang-

ingplacesat higherconcentrations.The stannicoxidecurvesin figure6

giveTh > Al> Cr > Fe > Ba > K for the order of ionsat the lower

concentrations,with theorderchangedto Al,Th > Ba > Cr > Fe > K

at the highestconcentrationstudied.. Thé order of cationswith man-
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/M~no/s ~<p~ per liter

Fio.6s

.<?
~<7/<~s ~c~ per liter

Fto.66
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ganese dioxideis Th > Al > Cr, Fe > Ba > K but this is alteredto
Th > Cr, Fe > Al > Ba > K when0.2mitUmoIper liter of the.electro-

!ytes is present. Figure8 with negativeiron oxideindicates that Th >
Cr > Al > Fe > Ba > K is the order of effectivenessof cationsin de-

croasingthe mobilityofthe partides.

0 .?! .?
Millimols<?~ per liter

Fto.77

If we are to assumethat there is a relationshipbetween migration

velocityand stability,the aboveordersof ionsmight serveaa lyotropi..
series.

Someof the salts usedwereconsiderablyhydrotyzed,as evidencedby
the followingpH valuesdetenainedwitha glassélectrode.~ Thedataare

for M/MOOsolutions.

ThepHdatawereMndtyBappMedbyMr.HerbertEllison.



?0 FRED HAZEL ANC DAVID M. McQPEEN

N«<(<
Ato, ~a
CfCt, as
feCt. gg
Th(NO,)<2;7

It ts évident that the amount of free acid varies with thé etectrotytea.
Therefore it was thought of interest to investigate the effect of the hydrogen

.M .?
Millimois~<?~'o~~ per liter

Fia. 8

ion on the migra.tiouvelocityof the sols. Figure9 showsthe behavior
of negativesols with hydrochloricacid. HydrocMoncacid exhibitsa
atroog,antagonistic,chargingactionwith thearsenictrisulfidesol. Atlow
concentrationsthe acid is quite inactive in dischsrgingthe tin oxide
particles,but it iaveryeffectiveat higher concentrations.
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/.5

MillimoisHCI per liter

Fto.99

DISCDSStON

At this point it is necessaryto distinguish between lyotropicseries
assooiatedwiththe coagulationof solsand the lyotropicseriespresented
here. The formerare obtainedby determiningcoagulationvalues,i.e.,
by noting the minimumconcentrationof electrolyte which produces
completeprecipitationin a givenlengthof time. WhendMferentionsare
used it is found that differentconeeatrstions are required to produce
coagulation. The ionwhichcoagulâtesthe sol in the loweatconcentration
isgivenfimtplacein the lyotropicséries. As a rule thehigherthe valence
of the coagulatingion the more prominentis its positionin the series.
It has beenshownby Powia(4) that coagulationoccurswhen thestabiliz-
ing potentialis reducedto 30 millivolts. A criticalpotential with the
abovevaluecorrespondsto a migrationvelocity of about 2 persecond
pervoltpercentimeterin ourexperiments. Thus wecanforman opinion
concerningthe attributesofan ionas a coagulatorfromthe concentration
neededto reducethe mobilityof the colloidparticles to the criticalvalue.

In the presentstudy the data necessaryfor deducinglyotropicseries
wereobtainedby adding the same concentration of different ionsand
noting the decreasein mobilityof the solparticles. The ion whiehpro-
duced the greatestdecreasein velocitywas given the leadingpositionin
the series,the otherionsbeingplacedaccordingly.
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Theelectrolytecurvesin figures1 to 4 forpositivesolsareweUdefined
at velocitieagreater than 2 f. This fact makesit possibleto deduee
lyotropicserieswhiehwould be identicalwithlyotropicseriesdetermined
fromflocculationvaluesfor the samesols.

Figure7, formanganesedioxide,showsthat thereis nodifferenceinthe
concentrationof trivalent ions requiredto reducethe velocityof the
particlesto the criticalvalue, i.e., to producecoagulation.On entering
the unstablezonethecurvesspreadout. Thismaybeinterpretedto mean
that thereis a differencein the degreeto whiohferrieions,aluminumions,
and chromicionsenterthe doublelayerin the unstablezone. The same
phenomenonisshownwithnegativeironoxideinfigure8. Thus,although
flocculationdata sometimesfail to indicatetheexistenceoflyotropiceffecta,
theymaybepresentandweUdefined.

Aninspectionofthe curves in figures6 to 8 fornegativesolsshowstbat
thé orderof coagulatingions can be deduceddearty onlyin the caseof
arsenictrisulfide. Thelyotropicseriesis Th> Cr > A! > Fe > Ba > K.
In figure6 the ferriechlorideand aluminumoUoridecurvescross. At a
concentrationof about 0.15 millimotper liter the two electrolytesare
equaKyeffectivein decreasingthe velocityof the colloidparticles. The
migrationvelocityat tbis concentrationisabout0.9 persecondpervolt
per centimeter. The lowvelocity indicatesthe presenceof an excessof
electrolyteover that needed for coagulation. At higherconcentrations
ferriechloridebecomesmoreeffectivethanaluminumchlorideindecreasing
thevelocity. Thehydrochlohcaciddatathrownolightonthisunexpected
behavior. Thesedata do show, however,that the lyotropywith ferrie
chloride,aluminumchloride, and chromiumcMorideis not determined
by the degreeof hydrolysisof the salts. Thefact that thecurvescrossin
anunstableregion(between–2.0 persecondpervoltpercentimeterand
the isoelectricpoint) wherethe probabilityofadhesionishighisofdoubtful
significance.Figure7 shows that the samephenomenonis encountered
in a stable regionwith recharged manganesedioxide. The electrolyte
curveswithatannicoxide,plotted in figure6, areirregularbeforethe nrst
coagulationzoneis reached.

Somewhatsimilarresults to thesehavebeenobtainedbyP. Tuorila,(6)
while investigatingthe migration velocityof clay suspensionson the
additionof electrolytes. For example,at concentrationsbelow7 milli-
molaperliter silverionwas foundto bemoreeSectivethan potassiumion
in reducingthe mobility,whereas,at concentrationsover7 millimolsper
literpotassiumionwaamore eSectivethan silverionin this respect. The
relationofconcentrationto the lyotropicserieswasevenmorepronouneed
in the caseofsodiumpermutite suspensions.Atconcentrationsofabout
0.0025 the seriesfound by Tuorilais Ba > 8r > Ça > Mg; at about
0.006 the seriesia Ça > Sr > Ba > Mg; whileat 0.018N the séries
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become8Mg>Ca>Sr>Ba. The same inveatigatoralso observed
ditferenttyotropicseriesfordifferent sois,e.g.,fora paraffinsoi the order
ofcationsis Li > Na > K > Cs > Ag > H, whilefor a olaysuspension
theseriesisLi>Na>Ag,K>Cs> H.

The pure positivesoisof this study had markedlydifferentmobilities,
e.g.,the particlesof the ehromicoxidesolmigratedwitha veloeityof4.8 p
persecondpervoltper centimeterwhennoaddedelectrolytewaa présent.
Theferrieoxideparticleshad a velocityof 2.7 per secondper volt per
centimeterunderthe sameconditions. A surveyof figures1 to 4 shows
that the sulfateionreducesthe velocityofchromicoxideparticlesto the
greatestextent; then followarsenic trisulfide,iron oxide,and aluminum
oxide. Phosphateion reducesthe mobilityof the sois in the following
order:Fe,0t > AI,0, > Cr~Ot> As~ H morewereknownabout the
electricalconditionsat the interface and if the adsorbabilitiesof the
neutralmaterialsfor theseionswereknown,anexplanationfor the inver-
sionsinorderof thesolsmightbeobtained.

B. EN-ECTOFCOMOÏMOf OpPOSÏMStGNONTHBSTABn.tTYOF
COLLOÏDAL8T8TEMB

Thesolsusedin the mutualcoagulationstudy, aswellasthe methodof
measuringmigrationvelocities,were the sameas in the sol-electrolyte
investigation. In preparingthe samplesfor observationthesamemethod
of mixingwasfollowedin each case. That is, the sol whichwas to be
presentin the smaUeramountwas diluted to 50ce. withaiatilledwater
andaddedto 50ce.of thepure opposite!y-chatgedsot. Themixturewas
shakenby hand duringthe addition and then set asidefor one-halfhour
beforemakingany observations.

Theresultsareshowninfigures10 to 17. In aUcasesthemixtureshad
theappearanceofhomogeneouscolloide,i.e., theparticlesa!Itravel in the
samedirectionwithuniformvelocity.

DISCUSSION

Froman electrokineticstandpoint the behaviorofcoUoidswith colloids
ofoppositesignisstrikingtysimilarto the behaviorofcoUoidswithelectro-
lytes that containa highlyadsorbableion of oppositesign. Thus when
either of these substancesis added in smaUamount to a sol, the latter
expériencesa decreasein mobilityand a diminutionin stability. When
theaddedsubstanceis a colloidofoppositesignprecipitationoccursupon
reaohingthe critical velocity.*When an excessof oppositety-charged
colloidismixedwitha solthe latter ia recharged. In aUoftheseinstances
thebehaviorisweU-knownfromelectrolyteaddition.

Thecriticalvelocity,2 persecondpervoltpercentimeter,observedin theee
experimentscorrespondstoacriticalpotentialof30millivolts(calculatedfromthe
Hetmhottz-Perrinformulacontainingthefaetor4).
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l~rfo nn innrwniinta ni la- 1(t 4- l'y 1~ 1n n..nn e.1~Fromm inspectionof figures10to 17,it is at onceapparentthat effects

analogousto the lyotropyof eleotrolytesexist. In reporting this lyotropy,
however,there is somequestionas to the methodof comparison. Either
of two methodsmaybe employeddireotlywith plots betweenmigration
vetocityand concentrationof addedsubstance. That is, any ordinate
(concentration= constant)oranyab9eissa(vebcity= constant)mightbe
drawnand the orderof the curvescuttingthèse lineswouldserveas a

"!yotropic"series. If noceuiationmethodsare used to study mutual

coagulationa third way appearsplausible,i.e., assutningthe midpoint
oftheconcentrationrangein theflocculationzonerepresentsthe optimum
of precipitationandobservingthe valuesof thèse points for the different

systems. This methodwasused by Weiserand Chapman(7). Asthey
observed,the zoneof nocculationmaybe either narrowor broad. The
fact that a widezoneexistsshowsat oncethat the dischargecurvebas
flattenedout, but the positionof the curve(fromflocoulationdata) must

onlybe a matter ofspeculation. Thusthe systemironoxide-manganese
dioxide(ngure15)wouldgivean optimum,by this method,whiehreally
representsa mixturepossessingan appreciablenegativemobility. Simi-'
larly, the syatemschromiumoxide-arsenictrisulfide,aluminumoxide-
arsenictrisulfide(figure17)giveapparentoptimawhiehrepresentmixtures

possessingappreciablepositivemobuities. Where the coagulationzone
is narrow,however,sothat the dischargecurvespass throughas approxi-
mately straight fines,then the apparentoptimumcorrespondswith the
isoelectricpoint.

The lyotropyobservedin this studymay be presentedin the foUowing
manner.

Ve!oc<<~ c<MM<att<– 0

PtMUttfeeet Of<~e/<t<~o<<MM~

Aa~S. SmOt> Mn0<> Fe~O,> Aa,S,
Fe<0i 8n0,,AaA> MnOs> Fe,0t
AttO, 8n0.> MnO,> Fe,O,> Aa,8,
CrsO, 8n0,> Fe,0,> MnO,> AaA

~Vej)e<t«<soi Or~M' <~positive «h

As& Cr,0,> At~),> As~, > Fe~),
Fe,O, AlaOa> Cr,0,> Aa~,> Fe,0t
MnO, Cr,0,> At~ > A9,St> FesO,
8n0, At,0,> Aa~,> Cr,0, > Fe~), )

C<Mtcen<ro<t<Mt– co<M<<M)<– 60percent E

Positivesol ~<<efo/tt~<~<aeMb
As& 8n0,> MnO,> Fe,0t> Aa~<
Fe,0, 8n0,> Ae~,> MnO,> FesO,
AI~), SnO,> FeA, As,8,> MnO, '=

Cr,0, 8n0,> Fe,0,> Aa,8,> MnO, t
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NegatiueM< Ordeie/pca~<tMMb

Ae~S, AatSt> Cr~),> At,0,> Fe~),
Fe~). AstSt> Cr~),> At,0.> Fe,0.
MnO, CrtO.> At,0,> As~,> Fe~,
8n0, AtiO,> AN~,> Cr,0, > Fe~),

Since the percentageconcentrationcalculatedin aUdata is a volume

percentageand doesnot referto the numberof partioles,the signiScaoce
of the lyotropyat 50percentiadoubtful. The pointofinterest,however,
is the fact that it is differentfromthe lyotropyat the isoelectricpoint.

It willbeobservedthat the lyotropiceffectsapparentin figures10to 13,
at low concentrationof addedsol, arequite differentfrom the lyotropy
manifested in the presenceof high concentrationof added sol. This is

analogousto thechangeinlyotropywithconcentrationofaddedelectrolyte.

8PMMABY

1. An ultramicroscopiomethodbas beenused to followthe changesin

stability ofsol-electrolytemixturesandoftnixturesofoppositely-charged

colloidswithchangesin concentration.

2. Lyotropicseriesfor the coagulatingions weredeterminedfor each

colloidalsystem.
3. In somecasesfora givensol thepositionofionsin thelyotropicséries

was alteredwhengoingfroma lowconcentrationto a higherone. Thus

the seriesare,at lowandhighconcentrations,respectivety,

FornegativearaenictnMtSde:Th> Cr > AI> Fe> B&> K
Th> Cr > Fe > At > Ba> K

Forstannicoxide: Th> Al > Cr > Fe> B&> K

At, Th> B&> Cr > Fe > K

Formanganèsedioxide: Th> Al> Cr,Fe> Ba > K
Th> Cr, Fe> Al> Ba > K

4. It basbeendemonstratedthat lyotropiceffects,whichmay beobscure

from flocculationdata, areshownclearlybycataphoreticmeasurements.

6. The mobilitiesof mixturesof opppaitely-chargedcolloidsare some-

where betweenthe mobilitiesof the purecolloidscomprisingthemixture.

6. The mixturescoagulatewhen the mobility is loweredto a critical

value.

7. Lyotropicseries,indioatingthe relativeeffectivenessof a numberof

oppositely-chargedsotsupona givensol,have beengiven.
8. Evidencehasbeencitedto showthat the iyotropyencounteredvaries

with the givensolsas weltaawith the concentrationofthe addedcolloid.
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MIGRATION8TUDIE8WITH COLLOIDS.II

THE MECHANMM 0F THE MUTUAL COAGULATION PBOCE88

FRED HAZEL AND DAVID M. McQUEEN

Depa~me<t<ofC~m~ !7Mft)'a<<yoft~Me<MM<tt,Wo<M<Mt,t~MeonMtt

KtcetfedJ«~ M,M9<

INTRODUCTION

The phenomenonto whiehthe term "mutuat coagulation"has been

appliedmaybe definedas the precipitationoccurringwhentwocolloidal

systemsare mixed. Althoughnoted by Graham(1) in 1862,the Brst

surveyof mutualcoagulationwasmade by Linderand Piéton (2),who

observedthat the mutuallyprecipitatingsob wereof oppositecharge.

Further,they citedthe fact that in mixturesof Btrongly-negativeand

weaMy-positivesoiethe résultantmigrationinane!eothcfieldwastoward

the anodeuniessa largeexcessof the positivesol were used. That is,
mixturesofoppositdy-ehargedsolsare unatableonlywithincertain limits

of concentration.Thesegénéralresultswereconfirmedby a numberof

investigators(3)but madeespeciallyctearby Bittz(4).
In 1910,Lottermoser(6),studyingthe behaviorofmixturesof positive

andnegativesilveriodidesols,attemptedto explainthéattendant coagula-
tion as a conséquenceof a réactionbetweenthestabiMng eleotroiytes–
silvernitrateandpotassiumiodide. Makinguseof this ideaandthewell-

knownfact that certaincombinationsofnegativesols,in whichréactions

betweenthe peptizingionsmightbe assumed,are unstable (6), Thomas

and Johnston(7) havededuceda generalmechanism. Their viewthat

the coagulationin the systemferrieoxide-auicioacid is a result of the

reactionH++ OH' = H,0 and,assuch,shouldhavean optimumwhere

the concentrationsofsodiumhydroxideand hydrochtorioacidareequiva-
lentwasupheldovera limitedrange.

OntheotherhandWintgenand Lowenthat(8)wereled to conclusions

diametrioallyopposedtoa chemicalmechanism. In a studyof the system
chromiumoxide-stannicoxidetheyfoundthat the maximumprecipitation

correspondsto that calculatedfromthechargeoftheparticles(determined
fromtransferenceexperimenta(9». The résultaof Biltz (4)have also

beenusedto showthat theelectricchargeis the dominantfactorinmutual

coagulation.Fromhisdataexcerptshave beenmadeto provethe asser-

tionthat theorderofeffectivenessofaseriesofpositivesolsdoesnot change
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if différentnegativesotsare used (10). This pmcticebas not been in

voguesinceBanoroft(11)pointedout that the importancein Biltz'résulta
layinthedeviationsfromtheorderinsuchséries.

Woiserand Chapman(12),consideringthe widthaof the nocoutation
zonesin termeof the concentrationsof the mutually precipitatingsols,
cameto theconclusionthat the mutualcoagulationprocessmaybedeter-
minedby a numberof factors,namely,electricalnoutmlization,mutual
adsorptionof the partictes,interactionbetweenstabilizingions,and the
presenceofexcesselectrolytein thesols. Theyagainobservedinversions
in the precipitatingpowersof a sériesof negativesots witha numberof

positivesols.
It hasbeendemonstratedthat the uttt'MaicMscopiotechniqueusedwith

sol-electrolytesystemscan be satisfactorOyemployedin studying the
velocitiesof mixturesof oppositety-chargedcolloids(13). Sinco auch
mixturesappearto behaveas homogeneouscolloidalsystemsin the im-
portant respectthat the particlesunder the influenceofan eteotricfield
aitmigrateinthesamedirectionandwiththe samevelocity,it wasbelieved
that someinformationas to the naturecf the unitsof thesystemsmightbe
affordedby aninvestigationoftheirbehaviorwithelectrolytes.

EXPERIMENTAL

In gêneraithe systemsusedin this study werepreparedby mixingtwo
of the oppositety-ohargedcolloidausedin the previousstudies. However,
solittleofthe aluminumoxideandmanganèsedioxidestocksolsremained
that theseweredilutedwithan equalvolumeofwaterbeforemixing. Two
stockmixturesweremadefromeachpair of oppositety'chargedsots–one

havinganetpositiveandtheothera net negativecharge.
Themethodofaddingtheelectrolytesolutionsand observingthemigra-

tion velocitieswas the same as that reported for unmixedcolloidal
systemsin the nrst paperof thiaseries(13),withthe exceptionthat the
total volumeofeacheamplewas50ce.rather than 100ce.

BE8ULT8

Thedataformixturesbearinga net positivechargeareplottedin figures
1 to 3. Similardata for mixedsolsbearinga net négativechargeare

plottedinfigures4 to8.
In a!Icasesit is apparentthat the additionofan ioncarryinga double

chargeor greater increasesthe stability of a mixturepossessinga net

chargeof the samesign. It willalsobe observedthat the phenomenon
seemsto be differentfromthe usualtype of chargingof a col1oidby a

highlyadsorbedion of like charge. Table 1 and the plot of the data
therein(figure9) makethis differencemoreobvious.
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.w' r_
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25ce. Fe,0,; 10ce.AetS,;16ec.H,0
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TABLE1

MMMMB~h_MMZMMCMM_Y.MOTTt.v.tt.
MamBa AM)< MhtMM' -At<0, MhtuM'

0 6.7 10.0 +3.6 +S!'6
0.2 8.6 7.9 +8.9 +3.1
ÏO 7.2 6.8 +3.5 +3.7..v

t

1

r<o t t-a.v

Themixtureia theBMneas tbat referredto m figure1,i.e.,26ce.At~),, Mce.
MnO.,16ce. H,0.

DÎ8CT8NON

In approachingthe subjectof mutual coagulationwith thepurposeof

fonnulatingageneraltheory forits mechaniam,weare facedwiththefact
that m at leasttwo waysa mixtureofoppositely-chargedcolloidebehaves
likeà simplesystemand in at teaatonewayit isdifferent. Thenocou!a-
tionof a mixedsystemoccursin the samemannerand apparentlyforthé
samereasonsas that ofa."pure"sol. A!ao,theparticleaina mixedaystem
under the influenceofan eiectricfieldmigratein the samedirectionand
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with the samevo!ocity.' The deviationfrom the behaviorof a simple,
unmixedsystemis apparentfroma considérationof table1and figure9.
That is,the ohargingeffectobservedwhenthe addedionisofhigh adsorb-
abilityandthesamesigndoesnotfalloffat moderatelyhighconcentrations.

Whentwooppositety-ohargedsolsare mixedthe stabilityof the system
as a wholeis lessenedin somemannerand an agglomerationof partictes
mayor may not takeplace. Leavingasidefor a momentthe manner in
whiohthe stability is lowered,let us considerthe probaMenature of the
particlesin the mixture. If an aggregationdoesnot take place and there
arepresentonlysingleparticlesof twodifferentchemicalsubstances,one
wouldexpeottonndtwodiBerentsetsofvelocityvaluesinanygivensystem,
for the simplereasonthat in a competitionfor the excessions whichgive
themixturea net positiveor negativecharge,the adsorbingpowersof the
substancesare not the same.

The environmentin whichmutualcoagulationtakes place has been
foundto be weltadaptedto a mutualadsorptionof the twocoUoids(14).
Ifadsorptionoftheoppositety-chargedparticlesdoestakeplace,then some
ctueto the arrangementof the chargesaroundthe aggregatesmight be
affordedby the behaviorof the mixedsystemtowardelectrolytes. An
aggregationto compoundpartioleswiththe excesschargesremainingafter
neutralizationdistributeduniformlyaroundthe aggregateswould account
forthefact that theparticlesina mixedsystemmigrateassingleparticks,
i.e.,in the samedirectionwithuniformvelocity. Moreover,the effectof
etectrolyteson the mobilityof particlesin a mixedsystemresemblesthe
behaviorof systemscontainingsingleparticlesunderthesameconditions,
i.e.,the mobilityofparticlesin mixedsystemsis deoreasedby additionof
ionsofoppositesignto themixtureandenhancedbyadditionof ionsofthe
samesign. However,a simpleaggregationwith uniformdistribution of
chargeswouldnot accountfor the fact tbat the chargingeffect doesnot
fa offwhenthe antagoBisticionispresentinhigherconcentrations.

Fromtheshapeofthecurvesinfigures1to 8 itappearsasif the increased
stabUitiesof the mixtureswereduetoa dischargeofthe colloidof opposite
signpresent in the system. Thismaybe a consequenceof an unequal
distributionof chargeson the aggregateso that, forexample,the arsenic
trisulfideparticlesina positivealuminumoxide-arsenictrisulfidemixture
arestill ableto adsorbsironglya givencation. Thephenomenonappears
anaJogousto the ionicantagonismobservedby severalinvestigators (15),
but a simpleantagonisticeSèctpresumablydue to a regularpreferential
adsorptionof an ionby the wholeparticlewouldnotaccountfor thecon-
tinued increasein stabilityat highereleetrolyteconcentrations. If the

AlthoughthisstatementistrueforattofthemMeedsystemsreportedande!aoM
ancverwhehniognumberof otherCMea,the authorahaveencounteredsystems
poMeeNOgtwodifferentmeanvelooityvalues.
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adsorptionis unequalfor the twoparts of the doubleparticle,then one
wouldexpectthe mixturescontaininga smaUamountofonesottoshowthe
chargingeffectonlytoa limiteddegree. That this isborneoutisapparent
fromfigures3 to 6. Theconceptofan unequalchargedistributionmaking
the doublepartio!e,in someinstances,effectivelya distorteddipolewith
possiMya strong e!ectrostatioattraction holdingthe componentparts
togetherseemsto affordthe bestexplanationofthe data presentedin this
paper. Anexperimentalverificationor disproofmightbefurnishedby a
measurementof the dipolemomentof a partide of this type. Under a
veryhigh potentialgradientit mightalso be possible,in somecases, to
Bpjitapart thedoubleparticles.

Themannerin whichthe stabilityof the systemas a wholeis lowered
willnowbe considered. Thomas(16)considérathat mutualcoagulation
is a resultof chemicalinteractionbetweenthe ionsstabilizingthe oppo-
sitely-chargedsots. Asthe amountofaddedsolis increasedthestabilizing
ionof the addedcolloidpreaumablyreacts withan équivalentamount of
the ion stabilizingthe oppositely.chargedsol, fonninga definiteamount
of a slightly-ionizedcompound. Presumablyalso, there then occurs a
redistributionof the excesschargesso that the stabuityofthesystem is
lowereduniformly. At the isoelectricpointthe twostabilizingionsare in
exact chemicalequivalenceand there are no excesscharges. Thus it
followsthat if one adda the stabilizingion of a givenpositivecolloid
throughthe mediumofan electrolyte,heshouldreachthe isoe!ectricpoint
of'a givennegativecolloidat the sameionicconcentrationas in mutual
coagulation. The abovedeductionassumesthat aUthe addedions are
effectivein causingcoagulation. If this is not true, thenthe ion con-
centrationshouMbegreaterin the latter casethan in the mutualcoagula.
tionprocess. Thispremisebasbeenexperimentallytestedin mixturesof
positiveand negativeferrieoxidesojs.

Fromthe migrationvelocitiesof positiveiron oxide-potassiumferro-
cyanidemixtures(17)the amountofelectrolytepresentat the isoelectric
pointofa givenpositivesolmaybe calculated. Then,ifa negativeferrie
oxidesolcontaininga knownamountofpotassiumferrocyanideperliter is
addedto the same positivesol,the electrolyteconcentrationin the iso-
etectricmixture may again be determined. A comparisonof the two
amounts,accordingto Thomas'theory,shouldrevealthe formerto be at
leastas largeas the latter.

Theresultsof the aboveprocedurearegivenin table2forthreedifferent
positivesols. In this casea mechanismsolelydependenton a chemical
réactionbetweenthepeptizingionsseemsimprobable. Abo,inaccounting
for the variationsin stabilityofcertainmixtures,e.g.,arsenictrisulfide-
antimonytrisulfide(18)and arsenictrisulfide-gamboge(19)on the baais
of chemicalreactionsbetweenthe stabilizingions,one is led to rather
imptausiMespeculations.
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Variousinvestigators(20)havedemonstratedthe fact tbat thereoxist
inversionsin ordersof effectivenessfor a givengroup of solswithseveral
oppositely-chargedsols. On the face of it one would be tempted to
concludethat auchbeingthecasea uniqueexplanationofmutualcoagula-
tionon the basisofelectricalneutralisationis Impossible. Thatthisdoes
not necessarityfollowevenin the improbaMecasewherenoaggregationof

partiolestsassumed,maybereadilyMonfromthefollowingconsideratione.
If a positivesolcomposedof ni particles,each oarryinga chargeof q,

units,bemixedwitha negativesol composedof partic!eseaehcarryinga
chargeof units,themixedsystemwillcontainnaparticleseachbearinga

chargeof$tunitsandthesignofthemixedcolloidwillbedeterminedbythe
relationnaqa= n.~ + ?~3(assuminga meteionioneutralization). In the

simplestcaseK: ni + n:. Sincethe produot,~9~9,isnot measuredbut
isonlysomefunctionofthe charge, it is necessaryto dividethroughby
Kt+ M,. Thisfact,of ttsotf,mayproduceinversionsina seriesforsuitable

TABLE2

Com]Mrt<Mto/!)o<o<ttunt/en-c<~o~t<ecMM'ett<<-aKo)M<t<~eMM<ec<rfcpMtt<Com]Mrt<Mto/!)o<o<ttunt/en-c<~o~t<ecMM'ett<<-aKo)M<t<t6e iaoetecEricpoint

tau~MOKK<Fe<CH)<MXurett
MMttyB <0[. ––––––––––––––––––––––––––––––––––––––––––-

_EteetMtyte_ NoftMttetO)

1 0.0008 0.0026
3 0.0022 0.0076
3 0.0033 0.0048v v. wwu V .!N'~

valuesof Ki~and M~t. Whenadsorptionof the colloidparticlestakes

place,Kt + Htandthe inversionswillbefurthercomplicated.
The variationsin orderofeffectivenessofpositivesolsin decreasingthe

stabilityofnegativesolsobservedin the firstpaperof thiaseriesshouldbe
scrutinizedrigidlywitha viewofascertainingwhether theyarethe same
as the variationsin effectivenessof the stabilizingions. Thestabilizing
ions of thé positivesols,iron oxide,aluminumoxide, chromiumoxide,
arsenictrisulfide,maybe consideredto be H+ in eachcase,togetherwith

Fe~++,A1+++,andCr+++for the respectivehydrousoxides,andTh++++
forarsenictrisulfide. Theordersof the abovepositivesolswithnegative
stannicoxide,manganesedioxide,arsenictrisulfide,and ironoxidehave
beenfound(13)tobe:

Negativesol Ordero/positivesols

SnO, At,0,> AsA > Cr,0, > Fe,0,
MnO, CftO,> At~O,> Aa~, > Fe,0,
A< Aa~,> Cr~),> AttOt> Fe~),
Fe)0, A~tS, > Cr~), > At~Ot > Fe.O,
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whereasthe orderof the stabilizingions with the negative sok hasbeen
foundto be:

We~w <o< 0)-<<ef<~<<aMMe<~~MM
SnO, At,Th>Cr>Fe
MnO, Th>Cr,Fe>At
A~S, Th>Cr>Fe>AtFe~), Th > Cr> Fe> Fe
PeSO4 Th > Cr> Ai> Fe

Froma comparisonof thèselyotropiceffectsit willbeseen that thereisno
dtMctparaUe!betweenthe relativeeffectivenessofthe variouspositivesots
and that of their stabilizingionswith the negativesols. Thus a simple
preferentialadsorptionof the stabilizingions doeanot appear to be the
effectiventechsaismin thesystemsreportedin thisstudy

Boutarieand Perreau(21)in the system positiveiron oxide-negative
iron oxidehaveobtainedresultssupportinga simpleselectiveadsorptionof the phosphateionwhichwasstabilizingthe negativesol. Theyfound
that the amountofphosphateionper muligramofiron oxideneccssarytoflocculatethepositivesolwasthe samewhetherthe ion wasfumishedbyan etectroiyteor by the negativesol,whenthe dilutionof the systemwas
taken into account. It was believedof inte~st to perfo~ma similar
expedmentkeepingthe amountof ferrieoxidethesame ineachmixtureof
positiveand negativesoland usingthe ferrocyanideion (to whiehiron
oxideis moresensitivethan to the phosphateion)as the stabilizingionof
the negativesol. Whenthiswas doneit wasfoundthat the positivesol
wasisoelectricat a concentrationof0.0022millimolper literof potassium
ferrocyanide. Whenthe ionwasfumishedby the negative ferrieoxide
sol the sameamountof ferrieoxidewas isoelectricat a concentrationof
0 0040miUimotperliter. Asimpleselectiveadsorptiondoesnot explaintheseresults.

The casewhena stabilizingion is in excessneednot be cousideredhere
sincethe solswererelativelypure. However,the presenceof freeelectro-
lyte wouldobvious!yrendera solmoreeffectiveas a precipitatingagentandfurthercomplicatethemeehanismofadsorption.

8UMMABY

1. Data havebeenpresentedto showthe influenceof etectroiytesuponthe migrationvelocitiesofmixturesofpositiveandnegativecoltoids.
2. The mechanismof the mutualcoagulationprocesshas beendeduced

to be a loweringin stabilityof the systemcausedby mutual adsorptionof the two colloidswitha conséquentunequalredistributionof the total
chargesaroundthe aggregate.

3. A mechanismsolelydependentuponchemicalreactionsbetweenthe
atabiii~ngionsora simplepreferentialadsorptionofone of theseionshas
beenshownto he improbablein the gênera!case.
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REFRACTÏVITÏESOF LIQUID COMPOUND8OF PHOSPHORU8

WILLIAMJ. JONES,WALTERCULEDAVIES,ANDW.J. CECILDYKE

TatemLaboratorise,Cttttw~~College,Co<t«~?<!<-&.Cardiff,Gre<!<Britain

B<ce!'M(<SeptemberM,~M

The numberof compoundsof phosphorushitherto examinedrefracto-
metricallyis small,the onlyinvestigatorof an homologousseriesofsuch
substancesbeingKowalewski(1). Thepresentworkhasbeenundertaken
witha viewto extensionofour knowledgein this field,particularlywith
respectto typesof compoundsand theirnumber.

Thefirstto determinetheatomicrefractivityof phosphoruswasHaagen
(2), whofrommeasurementson phosphorustrichloridewith C light, de-
ducedthe value14.93,in termsof the Gladstone-Date(3) formula. For
theFraunhoferUnesAandH, Gladstone(4)gavethe values18.3and21.3,
respectively,forthe atomicrefractivityoffusedphosphorus. Zeechini(5)
calculatedthe atomiorefractivityofphosphorusin termsboth of theGlad-
stone-Daleand of the Lorenz-Lorentz(6)formulasin eight of its liquid
compounds. He foundthat the valueof the Lorenz-Lorentzatomicre-
fraetivity of phosphorusfor D lightwas4.17 in triethylphosphateand
4.97in phosphorusoxychloride,whilstfor trivalent phosphorusthe value
variedfrom9.47for triethylphosphineto 9.72for phosphorustribromide,
ineludingthe value8.10forethoxydicMorophosphine.Zecchini'sresults
withsolutionsofphosphoruscompoundsarehere leftoutof considération,
andsoalsohis data for triethyl phosphite,on whichdoubtbas beencast
by ArbusowandIvanow(7). Kowalewski,fromhismeasurementsonthe
alkoxydichlorophosphineséries,obtainedvaluesvaryingfrom7.60to8.22.
The valuesderivedfromthe measurementsof Arbusowand Ivanowand
ofArbusowandArbusow(8)on theestersof the oxy-acidsof phosphorus
aregivenanddiscussedin the sequel. Johnson(9) hasrecentlymeaaured
the refractiveindicesof threederivativesof methylphenylphosphinieacid
forD light; inhis paper,withoutacknowledgment,heusesresultsexperi-
mentallyobtainedand refractivitiescalculatedby workersin tbis field,
ineludingthosedueto Kowalewski,Emmettand Jones(10),Gruttnerand
Wiernik(11),Grüttnerand Krause(12),and Jackson,Davies,and Jones
(13).

In the presentworkthe refractiveindicesweremeasuredwith Pulfrich
refractometersmadeby Wolzof Bonnand by ZeissofJena,with an Abbé
refractometerbyHilgerofLondonanda hotlow-prismrefractometer(14)



684

E-<

Çà.

ÇI.

1

2-

J

a
g, s~ S~S~S

$S~sr.
ooeiddO~o'Qo

sS~augde'~ood~cig~eiQeioOOodo

oons~a'<~N'dt-.)~b.)~

o~as .s s a s s~'ssg~gKss

~°'S!as's''s's!ësseess~s

R
t,ssas s~sssse~sss~ss'

E 'S'SSa'8SSSS;!SS!SS:e38S!S

&
ai38SSSF=S,9SS,g seg~SSSSSS

S
°'~S88SSS'SSS'!3'~gS3RS3B6S~

R sss sas
ss ,S sass&sss~s

NSS'~??' 9~' 'S
'SSjS~gg~~S

§
R'?? ,SSS8,SSS89s5s39SSSS

s g ''S~9~99'SS3e8S~S~§~~

&
gS9S8SS!5, SSë

S ~sSSsss~Ss

~F 33S9a:!i!9SS'e'SN§S§~~g

a s c.i « -< -< -< w w w ~i -< ri

§BS~ )~S,,Ssa§,b &~§§ë§~3S~8§S
!S3t t3~9:StSSS~§9~SS!3SS§S

a
I

i

g
« ~) w w « ~< ~t ~t M M .-< M w <-< w W ~< M

g
'<< -<~<w~-< Me~

c~«ooo<~oe)e)e)ci<~o

&~5 M~* w <-< <p t0

sa~ ~s~ssssus~s~sss~asssssaa~

ëë

s se

g ëg

MS=S~

&< t~& EL, S&< SK~C~E~p~p~o~~

a !<Neo~<ot*.oo~c*<e<M'<)<ot~aoo)0'-<Nm<fu)
z ~'w~<~<www.<C;M!Hg!p!g!

.99M~ta!jQ
~t~t~f~



686

s~êê~ss~

ê~

dQQddeieieideiciQeiddQdeicidS~~ ddd

dQdddeiQeiddeidddeietQeiodM~~ggQQdScsS

'<}'-t'e'-<t'9'-e'<i'*9'-t'tOOOM69)-t'-9'-<MMMM

SSSeSSSSSS~SSSSS~.SS,
.8SSSS3 R

§S8KSëSSeSSRSRSSP!'8S'
'SSS!' 'S'

SSË!~S~S~SS$SRSS9gB5SëSS!SSSS{2888M

SS88SSSS!SSSC88~c3S§SS8~$SSSS8!3S

S S 8 S {3 S 8Ss!3S9~§SS3SSS S!3S

§ag8S88$S~8SS!2SSe!3S§' 'ëëS'

isg~s~ssssxssssss.~s
ssssë,,8,

S8~8§~§§§~S~SSSS '88SSS' 's;'

8aSsSRSsSSt:~Ssë@SSSSSSSSS8S8S8S

g§§8S§S~SS5S3§SSSSSËS§s8sss3:!§3Ss

S?:S8~88ë:S893SëSSa8~S, SSS

~a~s~8§s§g§~§~§~

U
'§§&'

iiiiiiiiiiiiiiiii¡iiil~ii~ii55ir

~M~

!ij~¡lft~¡ 1 Il 1 1 Il 1

W t~f W W W W W W W W W W W W ml v.1 ~I ni W W W W rl

eecieo<se!e'<=.<Bcibeioo<&-<<'<'<s~'wwww~<

II) N GO

II)

sssssssssssasss~ssasasa~~ss~ssss

M

~SM~ss~

ü

Ms.t:q~ 14 <III "Ci' tJ1 ..tlc

~tt:ttqQQ ooooÕoÕ
"q~

~o333S3SS~xx3B399<?9~~ g~?.?-

v~ÿldYVV~71 t~ C~ p ~~WW a'p (~VWwc~~yy/Ts
p~~t~<l<(lt&)pt<(~pLt(!L)Ë.S.Ei~5~AëëSo AS.Aou e

S!!Sa8SS8SSS&S89~99~S!SSSSS!SS!s

~~0

ëSëUUU

~g
s'-s~

''66Mt~<'MM~? M'

~3~SSa.
j!



586

Ïw

E-i

1

~eSeieSctooessëSd e 000~0~~

5<<;e)M~e)ciO'-<-<~<3g'Oe)eiO~

M«!-<-ai~<«~)-<<i<<!t~t.<<M~t-t~~H~

'"§ S RS88Ï:S ,&
K 68SSS89

& S ?9 ~8S$ !S! '9SS8SS3

.a aSSS3KaSS!SSSSSS!SS88S5SS$S8S'

~SSSS999S~9888S~9~SS@S{!

A 8~S38E;8 a S S ? 8 S S

I

j
''S'~9'9RS~a''9'988SS''

R
SS!8SSS=! ,K,Sas3!SSSS

''S'8ë'8S§e'S'8SS3§SE;

.Ë 3S~88SgSS59S9SSSSSS & S S S S 8 S S

8SS88ep:?:&gëg§§§i3S38SS8SS§SS

,8,98a9S8'S, .~S~~Së,

~III~I~~I~IIII~II~I~ilg ''S'S!a3§S'g'SSSS§''

Il

1 1 1 1
Q

g
~-< t-t

y~jf-t *-< t-t <~t *<~~t w-i t-i~ f~

1 i
LO

1
¡ ij ¡ ij ij ij ln ij~ ¡ ij ij ij ij

'"s s s 3 s a 5 a s

L
H5):S9t~~9)i!!8!i5!99§~Hn.1 M w~1 v.1 w.l M M ~1 M M ~I N w~1 ~I

¡fi':of. 1 i 1 N C~i
< «<-<<–t-<oocicio~<<Mt-<<~<~<ww< *-< 0 o <B -<

as~saasaasssaass~R~~sss~aSs

ë

b ô o

o & o H
N ~u¿6

00"0

Bës ~Ë?2 ~~ë~0. t~ » I1;2~O~006 ti~ i~. ~Po1~Po1
p

S~ 3 §?~ 00~~

§?5 M S~oooo~o MMS~82

3~S ë
MQ~M~~M~

?C?M9eS

_ë
2- a~ëëSë~Sg .àiS~s

~)sSSS3SS3SSë888p:seSSSt:S88SSS~



BËFHACMVt'MEBOf MQUtOCOMPOCNOS0F PH08PHORC8 S87

by Bellinghamand Stanley of Londoh. The last namedinstrumentwas

usedforacidhalides. These refractometerswerefrequentlystandardized

bythe useofwaterandof benzene. Whererefractiveindicesweremeas-

uredat temperaturesother than the standard temperatureof the instru-

ment, the necessarycorrections wereapplied. To ensure constancyof

temperaturea streamofwater, electricaUywarmedby meansofa Bowden

(15)pre-heater,waspassedthrough thePulfrichandAbbérefractometers

duringthe measurements.
Thecompoundsofphosphorususedin this investigationwereprepared

bymethods(16)alreadydescribedandwereredistilledunder lowpressure
immediatetybeforethe measurementsof densityand of refractiveindex

weremade. In every case the constant-boiling,middte fraction was

ohosen. Temperatureswere correctedfor thermometricerrorsand densi-

ties forair-buoyanoy. In viewof the easeof oxidationof many of these

compounds,due precautionswere observedto preventprotractedcontact

withair.
In table1are givendensities,d; refractiveindices,n, for the F, D, andC

unes;molecularrefractivities,{jBo),catoulatedbymeansof the Gladstone-

Daleexpression,(M-l)~/d; molecularrefractivities,f~L calculatedwith

the Lorenz-Lorentzformula, (~'–l)Af/(M' + 2)d; and références. The

molecularweights,M,havebeencalculatedonthebasisof theinternational

atomicweights(17)for 1932. Fromthis table areexcludeda!!refraotive

indicesfor the G' hydrogenline,for thegreenlithiumline,and for the red

cadmiumUne,the refractiveindexofphosphinedeterminedby Bleekrode

(18),whichbas beencriticizedby BrQM(19),that oftriethylphosphiteby
Zecchini(5), whosepreparation had sufferedoxidation,and that of iso-

amyloxydichlorophosphinemeasuredby Kowalewski(1).
Table2 containsthevaluesof the atomicrefractivityofphosphorusand

of the group refractivitiesof certain of its radicab in terms of both the

Gladstone-Daleand the Lorenz-Lorentzexpressions.
Therefractivitiesgivenin table 2 havebeenfoundby deductingEisen-

Iohr'9(24)valuesof the refractivitiesof carbon,hydrogen,ether oxygen,

chlorine,and brominefrom the Lorenz-Lorentzmolecularrefractivities

givenin table 1. That for ether oxygenhas beenusedonlywhenoxygen
!s presentin the group~C–0–C~. The Gladstone-Datevaluesem-

ployedare given in table 3.

Analysisof tables1and 2 revealsthefollowingtacts.

(a) In the case of the trialkylphosphines,deductionof Eisenlohr's

refractivitiesof carbonand hydrogenfor D light fromthe molecularre-

fractivitiesleavesa constant remainderof meanvalue,9.14; this would

seemto indicate that Eisenlohr'svaluesfor carbonand hydrogenhold in

thé caseof these phosphines,and that in them the atomicrefractivityof

phosphorusfor D light is 9.14. The correspondingGladstone-Dalecon-

stant is 14.23.
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(b) It will alsobeseen that the formervaluealsoholdsgoodforliquid
phosphorusitself. The discrepancybetweenthe Gladstone-Dalevalues
isto beattributed to the exceptionallyhighrefractiveindexoffusedphos-
phorus.

(c) The atomic refractivjtyof phosphorusin phosphorustrichloride1s

distinotlydifférent from that in phosphorustribromideor fromthat in

trialkylphosphines. This showsthat whenthe linkageof phosphorusto
carbonis taken asstandard,the linkagesofphosphorustohalogenspossess
specifieeffects. Alternatively,it mightbeconsideredthat whenlinkedto

phosphorus,chloiineand brominedo not possessthe sameatomiere-
fractivitiesas whenthey are linkedto carbon,and, consequently,that
Eisenlohr'svalues for the halogensare inapplicablehere.

(d) The attachment of an arylgroupto a phosphorusatom isa cause
ofopticalexaltation,an indicationof thepresenceof looselyheldelectrons

TABLE3
Gladstone-Daleatomicandbondrefraelimliesatomic ana omtare/rocttftKM

RRYRAt'ftYCfT
ATO" OR BOMO ––––––––––––––––––––––––––––––––

D C

Carbon. 4.145 4.111 4.102
Hydrogen. 1.8M 1.870 1.857
Etheroxycen. 2.856 2.845 2.839
oblorine 10.43 10.30 10.24
Bromiae. 16.24 16.00 15.89
Ethyleue bond. 3.126 2.970 2.889

of lowfrequency ofoscillation,and, conscquently,of the appearanceof

absorptionbanda at abnormallylongwave-lengths.The similarexalta-
tiveeffectof aromaticgroupaattachedto nitrogenhasbeenattributed to
the establishmentof a virtual conjugationinvolvingthe nitrogenatom
andtheendocyclicdoublebonds(28).

(e) The interpositionof anoxygenatombetweenan atomofcarbonand
oneofphosphorusraisesthemolecularrefractivitybyanamountdifferent
fromthat due to etheroxygen. ln fact, theatomierefractivityofoxygen
in theEEC– O – P= groupmaybeevaluatedin the followingways:

(1) Subtraction of the molecularrefractivityof

O<- P(C,H»)(OCH,),(No.68,table1)

fromthat of

0 <-P(OCJIS),(No.74)

whichgives1.10forD light.



592 W. J. JONES, W. C. DAVIE8 AND W. J. C. DYKE

(f) Thevalueofthe atomicrefractivityofoxygenlinkedbya semipolar
bondtophosphorus,=P~»O, maybe obtainedby thefollowingconsidéra-
tions;

Themeanof (1)and (2)gives -1.15as theatomicrefractivityofoxygen
in the =P-*O group for D light. The correspondingGladstone-Dale

refractivityis -2.13.

(2) Subtractionof the molecularrefraotivityof

(3) Subtractionof theatomicrefractivityofphosphorus,9.14,from
themeanvalueofthe grouprefractivityfor PO,in thetrialkyl
phosphites(Nos.63,64,65,66,67, table 2), 12.02,anddivi-
sionof the remainderby 3, gives0.96for sodiumlight. The
mean value of the atomic refractivityof oxygenin the

r=C– O– P=group isgivenin table4, viz.,0.98forD light
on the Lorenz-Lorentznotation,and 1.38for thàt of Glad-
stone-Dalc.

(1) Subtractionof the molecularrefractivityof phosphorustri-
chloride(No. 7, table 1) fromthat of phosphorylchloride

(No.10)gives -1.13 for D light.
(2) Subtractionof the meangrouprefractivityfor PO»in trialkyl

phosphites(Nos.63,64,65,66,67,table2) fromthat forPO,
in trialkylphosphates(Nos.73,74,75,76, 77,78, 79,80, 81,
82)gives -1.15.

(3) Subtractionof the molecularrefractivityof

fromthat of

whichgives1.07.

fromthat of

gives-0.38, not ingoodagreementwith the valuesobtained
above.

(C»H»O),P–O–P(C,H»)(OC,H*)(No.72)

0 0

(CH*O),P–O–P(OCH.)»(No.70)
4,
O 0

(CH»0),P–O–P(OCH»),(No.69,table1)
¡

(cya,o),p– o– pwcjH,),(No.70)
I 1
0 0
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(g) The valueof the atomicrefractivityof the covalentoxygenin the

group =P– O – P= maybe obtainedin the followingmanner:

0 O

(h) Theopticaleffectofsulfurjoinedby a coôrdinatelink to phosphorus

may be calculatedas follows:

The meanvalue of the Lorenz-Lorentzatomicrefractivityof sulfurin

the^P-»S groupforD lightis 6.23;the Gladstone-Dale,11.43.

(1) Subtraetionof the incrémentsdue to carbon,hydrogon,phos-

phore [ (a)and theoxygon[ (e)and(f)] fromthe molecular

refractivityof

whichgivesthe value1.04for sodiumlight.

(2) Similarconsidérationof the compound

gives 0.95.

(1) Déductionof the molecularrefractivityof

from that of

leavesthe value6.69for D light.

(2) Thevalueobtainedbysubtractingthe meanvalueof thegroup

refractivityfor PO,fromthat for POjS(No.83, table 2) is

6.03.

(3) SubtractionofEisenlohr'Bvaluesfor earbonandhydrogen,that

for phosphorusgivenin (a), and that foroxygenin (e),in (f)

and in (g),fromthe molecularrefractivityof

leaves the value5.96.

(CHtO),P–O–P(OC»Ht),(No.70,table1)

O 0

(CH,0),P–O–P(C,H,)(OC,H,)(No.72)

0 0

«W)),P– O~P(OCH,),(No.69,table1)

0

(CH,0),P–O–PCOC^H,),(No.71)
4 i
o S

(CH,0),P–O–P(OCtHi),(No.71)
1 i
O 8
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(j) DeductionofEisenlohr'svaluesforcarbonandhydrogen,thepresent
values forphosphorusgiven in (a), and for oxygongivenin (e)and (f),
from the molecularrefraotivityof

(CH,S>(CH,0),1?-+0(No.84,table1)

gives7.49as the valueof the atomierefractivityof covalentsulfur In
the groupSC–S– Ps= j that fortheGladstone-Daleformulationis 14.22,
for sodiumlight.

TABLE4
Meanvaluesofatomicrefractivitiesinphosphorucompwnd»ontheassumptionthatthe i

(Uomierefraclitrilyofphotphormn constantatome tejracixtnly of pho*phoruais constant

erou oaACSSOrta·oA4a toast~a.wana~rc t
ATOU

F OUP8T0HE-1HU.ED C F LOBEHZ-LOBBHTED Ô^

l

F D C D 0

P 14.66 14.23 13.78 ÔTiâ 9.14 9.00
0in=C-O-P= 1.24 1.38 1.37 O.«6 0.98 0 97
OiuSP-K) -2.26 -2.13 -1.92 -1.26 -1.16 -1.05
Oin=P-O– P= 3.31 1.00

4-
O O

Sin=P->8 – U.43 11.81 6.23 6.01
8in=C-S-P= 14.22 14.32 7.49 7.46
C1 10.21 10.13 6.71 5.69

TABLE 6

Mean values of the atomie refratUvily of pho8phoru in variowtctosse»of compounda

ai*DïrONE-DAI.E LOBEMZ-tOaBtm

F D C F D C

Trialkylphosphines 14.65 14.23 13.75 9.33 9.14 9.00
PhenyldialkylphosphineB 18.42 17.32 16.75 10.23 9.81 9!ô6
P-Tolyldialkylpbospbines 19.21 17.93 17.45 10.65 10.20 10.03
p-Ethylphenyldialkylphosphiaes 19.90 18.68 18.06 10.89 10.40 10.23
p-Xylyldialkylphosphmes 19.28 18.01 17.63 10.39 9.93 9^77
p..Methoxyphenyldialkylph08phines.20.11 18.64 18.08 10.93 10.39 10.19
p..Phenoxyphenyldialkylphosphines..22.46 20.61 19.75 10.47 9.83 9.58
Trialkyl orthophosphitea 9.91 9.72 9.35 7.25 7.09 7.00
Trialkyl orthophosphates 4.96 4.85 4.72 4.36 4,39 4.32

(k) Addingto the molecularrefractivityof phosphorustrichloride(No.
7, table1) the Eiaenlohrvaluesforalkylgroupaandthat foroxygenin the
group =C – O – P=, and subtractingfrom the aumthe molecularre-
fractivityof the correspondingalkoxydichlorophosphine(Nos.55,56,57,
58, table 1), we obtain valuesfor the atomic refraetivityof chlorineat-
tached to phosphorus;excludingthe result for the methylmember(No.
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64),the meanvalueis 5.71for D light. For chlorineattached tocarbon

Eisenlohrgives5.967. The mean Gladstone-Dalevaluesare givenin

table4.
Meanvaluesaregivenin table 4, in thederlvationof whichtheatomic

refraetivitiesof carbonand hydrogengivenby Eisenlohrand thosein

table3 have beenemployed,and, wherenecessary,suitableweightingbas

beenappliedforthe sakeof probablegreateraccuracy.

Upto this stageit bas beenassumedin thisdiscussionthat phosphorus

possesses,independentlyof its state of combination,a constantatomic

refraetivity. Thealternativeview,however,mustalsobe borneinmind,

viz.,that the atomicrefractivitymay havevariousvalues,dependenton

themanneroftheattachmentof phosphorusto the otherelementsandon

their character. For instance,assumingEisenlohr'svaluesfor carbon,

hydrogen,andetheroxygen,and that oxygeninphosphitesandphosphates

possessesthe etheroxygenvalue,we oandrawupa table (table5)giving
the variousatomiorefraotivitiesof phosphorus.

Theconsidérationof molecularrefractivityas an additivepropertyof

bondsand of octets,rather than of atoms,bas beenbroughtforwardby
vonSteiger,Fajansand Knorr, and Smyth(26). From this standpoint
thevaluehereobtainedforthe Lorenz-Lorentzatomierefractivityofphos-

phorusin tertiary phosphines,p, enablesus to calculatethe refractivity,

[Rol,of the octet

C:P:C

C

Thusfor D light,

[fl,]D=îo-fp=10.964

whereincdenotestheatomicrefractivityofcarbon,givenbyEisenlohr.

Fromwhat hasbeenherestated it willbe gatheredthat the refractive

constantsgivenin tables4and 5 and in the precedingparagraphmustbe

lookedupon not so muchas possessingintrinsictheoreticalsignificance,
but as beingof the nature of empiricalconstantswherebythe molecular

refractivity,and,therefore,alsotherefractiveindex,ofa phosphoruscom-

poundmay bedeterminedwhenonceits constitutionalformulabasbeen

established. Theconverseuse of theserefractiveconstantsto detect,for

example,the presenceof semipolaror of covalentbondsfromrefracto-

metricmeasurementsis obvious.

In conclusionit mustbestated that, evenin itsmodemform,thetheory
ofthe Mosotti-Clausius(27)equation,fromwhichthat of Lorenz-Lorentz

and its limitingcase,that of Gladstone-Dale,are theoreticallyderived,
makescertainpostulâtesregardingthemobilityofthepositiveandnegative
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charges in the moleoule, and regarding the value of the constant of the
inner field in the case of liquida (29), which are not sttiotly fulfilled. More-

over, the Maxwellian relation between dielectrio constant and refractive

index, assumed in the derivation of the Lorenz-Lorenta equation, holds

only for electromagnetic oscillations of low frequency, that is, in régions
far removed from absorption bands.
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In the earlystagesof the developmentof the flotationprocessfor con-
centratingores,the bellefarosethat at lasta processofore concentration
was availablefor the suceessfultreatment of the finest particles (1),
whichin water suspensionare collectivelyknownas "slime." It was
thoughtthat all mineraiparticlesthat are too fine to be recoveredby
gravityconcentrationandyet compriseawiderangeofBizesfloatequally
well. And,indeed,it i8 true that flotationis applicableto a widersize
rangethan anyof the threeprincipalmethodsofgravityconcentration-
jigging,tabling,and vanning. Neverthelessthe introductionof ball-mill
grindingmade it increasinglyobviousthat particlesof ail sizesdo not
floatequallywellor rapidly. The presenceof an uppersizelimit beyond
whichflotationis impossiblewas recognizedevenbeforethe advent of
selectiveflotation(as contrastedwith collectiveflotation). The existence
ofa lôwersizelimit beyondwhichflotationis difficultwassuspected,but
the limitationsof laboratorysizingtechniquemade it difficultto more
than surmlsethat particlesof colloidalsize are refractory to modem
selectiveflotationoperation(2).

DeSnitereductionin floatabilitywithreductioninparticlesizebeyonda
criticalsizeofmaximumfloatabilitywasrecentlydemonstrated(3). The
sizelimitswithinwhichrecoveryby flotationis goodwerefoundto be
moreor lesspeculiarto eachmineral. In general,however,theoptimum
sizeof mineralparticlesforconcentrationby flotationis between50and
10microns,and the recoveryis markedlylowerforparticlesfinerthan 5
microns.

Thisdependenceof flotationuponthesiseofparticleswasfoundto hoM
true in practicalmill operationsas wellas in the flotationof synthetic
mineralmixtures. About10per cent by weightof the ore treated in a
modemmillis groundtoo fine to be recoveredefficientlyby flotation.
Theéconomielossthus involvedisappreciable.

It is thereforeof considerableéconomieimportanceas wellas of scien-
tificinterestto lookinto thepossiblecausesforthis behaviorof finepar-
ticlesandto devise,if possible,a moreeffectivemeansof recoveringthem
by flotation.

art
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Thispaperdealswith the studyof the flotationbehaviorofexceedingly
fineparticles-thosewhichinmodernpracticecanbe recoveredonlywith
difficulty.

Thesizerangeof theseparticlesembracesthoentirescalefrom5microns
to the truly eolloidalparticleswhiehhaveas their limitingsizethe unit
crystalof themineral(4).

In the sizerangeconsideredthe particlesofnear-colloidalstae(5 to 0.5
microns)obeyinkind,ifnot indegree,thesamegenerallawsofflocculation
and dispersion(5) as the truly colloidalpartieles. Thus it is properto
examineand interpretthe behaviorof thèsefineparticlesin the light of
colloidchemistry.

CAUSES FOR NON-FLOTATION OF COLLOIDAL PARTICLE8

In the studyof the effectofparticlesizeonflotationa numberofhypoth-
eseswere considered(3) to account for the non-flotationof particlesof
colloidalsize. Of these hypothesesthe most likely is that very fine
particlesdo not float becauseit is difficultfor them to comein contact
withgas bubbles.

In recentyearsthe emphasislaiduponthe physicochemicalproperties
of the mineralsurfacesas determinantsof flotationbehaviorhave sub-
ordinatedtheequallyimportantmechanicalproblemof bringinggasand
solidtogether. The importanceof gas-solidattachment is self-evident
froma carefuldéfinitionof flotation.1

Attachmentofmineraiparticlesto bubblesusuallyresultsfromcontact
becomingestablishedby direct encounterof particleswith bubbles. It
can be shown(6) that the probabilityof encounterbetweena mineral
particleand a bubblevariesdirectlyas the sizeof the particle,provided
the partieleiasmallcomparedto the bubble. In other words,the finer
the particlethe poorerita chanceof beingrecovered. Also,it appears
likelythat mineralrecoverycanbeenhancedby flocculatingtheminerai.*

Afurther consideration,moredirectlyderivingfromcustomarycolloid
phenomena,also points to the desirabilityof flocculatingthe minéral
whichis to befloated. It isknownthat finemineraiparticles suspended
inan electrolyteareelectricallycharged(7);it is logicallycertain,further-
more,that thechargeon particlesof the samekind is of the samesign.

1Flotationiea proeessofseparationofmixeddissimilarsolidparticles,applied
totheconcentrationoffinelygroundoresinaqueouspulp. Theséparationiscaused
bytheselectiveadhesionofsomespeciesofsolidsto gasbubblesandthesimul-
taneousadhésionofotherspeciesofsolidsto theaqueoussolution;ségrégationof
theresultingfrothfromtheremainingpulpyieldsthedeairedseparation.»In thisarticlethe term"floccule"isusedtodescribean aggregationofsolid
particlesauspendedina liquidintheabsenceofgasbubbles.InRotationliterature
theterm"flocculation"hasbeenusedbysometoreferto theformationofbighly
mineralizedgas-solidaggregates.Thisconfusingterminologyis regrettable.
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Accordingly,if it is proposedto causé eleotrioallycharged(dispersed)
partielesto adhereto a somewhatmineralizedgas bubble,it shouldbe
expeetedthat thé mineralparticlesalreadyattached to the bubblewill
prevent the adherenceofmoreparticles(8)and, hence,willprevent the
formationofhighlymineralizedbubbles. Sinceflocculationinconducting
media usually involvesneutra.lizationor great réductionof the charges
responsiblefor dispersion,flocculationof the mineralmay helpflotation
byeliminatingordecreasingthe electricchargeat the surfaceof the par-
ticles.

Fromtheseconsiderationsof the méchantesofgas-solidattachment,it
seemslikely that if fineparticlescan bemadeto losetheiridentityas such
by coalescinginto floccules,they may be expectedto behaveas coarse,
unchargedparticles,that is, to bemorereadilyrecoveredbyflotation.

MINERALFLOCCULATION

The obviousmeansof flocculatinga dispersedsolidsuspendedin an
electrolyteis to addto theelectrolytesuitablesolublesaltscapableof dis-
chargingthe dispersedphase.

Another meansof flocculatingthe minerai is to form an insoluble
heteropolarcoatingon the surfaceof the minerai,orientedin sucha way
as to make the transitionfromonephaseto anotherabrupt (9). This is
suggestedby the followingconsiderations.Dispersioncan result either
if the two phasesare of like polarityor if there is establishedbetween
them an intermediatezoneor atmosphèreof moleculesor ions whichis
ofa polarityintermediatebetweenthat ofthetwophases,sothat agraduai
transitionis set up. Conversely,if the phasesare verydissimilar,or ifa
filmcan be causedto developon the solid,of a vastlydifferentpolarity
than the liquid,the transitionbetweenthefilm-coatedsolidand the liquid
willbe abrupt and :flocculationwill tend to occur. Someof the experi-
mentalvindicationfor thisargumentisasfollows:

H. E. Kamprath(10)studiedthe behaviorof polarandnon-polarmin-
eraisin polarandnon-polarliquids. Hefound,forexample,that silicate
minerais,whichare polar,flocculatein a non-polarliquid,but that in a
heteropolar,nonconductingliquid they remain dispersed. One of the
heteropolarliquideusedwasbutylalcohol,in whichdispersioncanhardly
beattributed to electrlccharges. It wouldappearas thoughbutylalcohol
moléculesadhere to the solid in definiteorientationso as to causethe
surfaceof the coatedsilicateparticlesto have the samepolarityas the

liquid. That dispersioncanbe obtainedundercertainconditionswithout
the presenceofsubstantialelectricchargeswasrecentlyconfirmedby Basil
C. Soyenkoff(11),whoconcludedthat the majorityof colloiddis-
persionsin hydrocarbonseitherare unchargedor carryonlya smallfrac-
tion (lessthan ÎO"4)of the chargepossessedbythe particlesin water."
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Kamprathalsofoundthat graphite,whiohisnon-polar,flocculatesinpolar
liquids,but remainsdispersedin non-polarliquida. Thesame behavior
was noticedin the caseof galena,providedit is kept from oxidising.
Thus,whengalenaisgroundin waterin a nitrogenatmosphere,it floocu-
latesinvariably,whiohmaybe consideredto derivefromits low polarity
as comparedwith water.

EFFECT OF F1OCCUI/ATION BV USE OF EliECTROLYTES ON FLOTATION

OF OALENA U

In orderto ascertaintheeffectofflocculationby eleotrolyteson flotation
it was thought wiseto study extensivelya simplesystemwhosenormal
behavioris otherwisewellknown. Accordingly,mixturesof pure galena

lk

with granité (Butte quartz monzonite)weregroundwet, long enough
8

(twenty-fourhours)to reduceailparticlesto 5micronsandfiner. Varions

electrolyteswereaddedto the pulp,aftergrinding,in thehopeof improving
flotationunderstandardconditions(12) (2.0lb. of potassiumamyl xan- lI

thate and 0.16lb. of terpineolperton). Noneof thesubstancesinvesti-

gated (lime, sodium hydroxide,aluminumsulfate, sodiumcarbonate)
improved the recovery,although flocculationwas obtained in many
instances.

To study the problemfurther,galenaand granitewereground sepa-

ratelyfor the time requiredto insutesuffioientreductionin size, floeculat- <

ing agentswere added,the pulpewere mixed,and flotationoperations
were conducted. Potassiumn-amylxanthate (2 to 4 lb. per ton) was P
usedas collector,and terpineol(0.04to0.16lb. per ton)as frother. The

experimentsshowedthat suitableflocculationof the mineral actually

permitsflotationofèxtremelyfinemineraiparticles. Thus,if finegalena
be firat completelyflocculatedand then mixedwith gangueminerais,an
effectiveseparationbyflotationmaybe obtained. Onthecontrary, ifthe

mineraibefirstcompletelydispersedand thenmixedwithgangue,recovery
of themineraiis decidedlypoor.

Theseexperiments,however,do not simulatepractice,as the sulfide

and gangue mineraiswere groundseparately,and flocculated(or dis-
E

persed)separately,so that the mineralsexercisedminimuminfluenceon
i

eachother's behaviorand that the systemperhapshadnot time to come

to equilibrium. However,theexperimentsyieldthevaluableinformation
that finemineraiparticlesare capableof readyattachmentto bubblesif

flocculated.
To apply thia importantexperimentalresult to practice,care would

have to be exercisedto flocculateseleetivelythe mineralto be floated,or

elsecompoundflocculesof mineraiand ganguewouldresult. Suchcom-

poundflocculeswouldof coursebe a hindranceratherthan a help to the

separationof the mineraisfromeach other. Thus, of the four possible
1
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states of aggregationof the minerals,that of flocoulationof the mineral,
togetherwithdispersionof the gangue,is the mostdesirable. Theother
three,ofcourse,are dispersionofmineralwithdispersionof gangue,disper-sion of mineralwith flocculationof gangue,and floceulationof mineral
withflocculationof gangue.

However,if the mineralandthegangueare groundtogetherit isdifficult
to obtain simultaneouslysatisfactoryflocculationof tbe sulfideanddis-
persionof the gangue. Dissimilarmineralparticlestend to precipitate
on the surfaceof one another (13),posslblybecauseof the occurrenceof
unlike chargesat their surfaces. Thus,somefinegalena adheresto the
surface of relativelycoarsequartz, and, conversely,quartz adheresto
galena. Thisphenomenonappearsto take placein the grindingmillas
soonas particlesare formedfineenoughto be affectedby the chargesthat

TABLE1
Compariaonbelweenamylxanthateandamyldixanlhogentu collector»for

eolioidalgaltnacolloidat palenao

–“––– XANTKATEOtXAKTaOOEK

Timeof grind (houM). 24 30
Place of addition of reagent. Flotation Pebble

machine mill
Quantity of reagent (pound8 per ton). 4.0 3.0

Timerequhedfor tougher flot4tion (minutea). 60 5
Rougheroonoeritrate (lead, percent). 43.1 39.3
TaHinK(!M<pereMt). 4.4 0.30
Lead recovery (percent). 80.5 98.7y
Rougher selectivity index* Lead: Granite 4.0 les
Cleaner concentrate (lead, per cent). 69.4
Cteane<-taiHnt;(tMd,pe)-cent). 1.10

.'&A..I.I_e_i><1_t_ –

_t_)
• FormethodofealculationseeA.M.Gaudin:Plotation,p.626(seeréférence6).

obtain at theirsurface. Hence,in orderto preventthis action,it appears
necessaryto havepresentat the timewhenthe fineparticlesare produced
the agencythat willcause the desiredselectiveflocculation;that is, the
selectivelyflocculatingagentshouldbepresentin the grindingmillduring
the grinding.

The searohfora meanstocausesimultaneouslythe selectiveflocculation
of the sulfidemineraiand the dispersionof the gangueby the useofelec-
trolyteswasabandonedaftermuchexperimentationbecausethe actionof
electrolytesdid not appear to beselectiveenough.

FLOCCUI-VTION AND FLOTATION OF COLLOIDAL SCLFIDE MINERALS,
VSING CERTAIN BXJIrFTOî-BBABINOHETEROPOLAR COMPOUNDS

Remarkablysuccessfulnotationof colloidalsulfidemineraismay be
obtained by the use of certainheteropolarorganiccompounds. These
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compoundshavea structuresuch as to makepossiblethe formationof

orientedcoatingeof moleculardimensionson the sulfideminerais,and

thereby producesélectiveflocculationof the sulfide minerais. This is

true providedthe flocculating-floatingcompoundsare addedto the minerai

mixturebeforegrinding.
In this connectionit shouldbe stated that in the experimentsdiseussed

in the precedingsectiona sulfur-bearingheteropolarcompoundwas used
in each test as a flotationcollector. The reagent usedwaapotassiumn-

amyl xanthate, a reagent known to be exceptionallyeffectivein the

Cotationof coarsesulfideminerais. Nevertheless,under normalcondi-

tions this compoundisnot capableoffloatingslimedgalena. Onthe con-

trary, n-amyldixanthogen,a non-ionizedoxidation produotof n-amyl

xanthate, under certain conditionsis capable of recoveringcolloidal

galena. Thisdiscoveryledto a broadeningofthe investigationto inelude

non-ionizedas wellas ionizedorganic compoundscontainingsingle-or

double-bondedsulfuratoms and an amyl, a phenyl, or a cresylhydro-
carbongroup.

Someof thereagentsinvestigatedand their formulasare as follows:

o
II

Potassiumn-amyltbiocarbonate KSCOCjHu

S

II
Potassiumn-amylditbiocarbonate(xanthate) KSCOCjHh

S

II
Potassiumisoamyltritbiocarbonate KSCSCjH,,

0 O
II II

n-Amyl formate disulfide C»HhOCSSCOC»Hu

S S
Il Il

n-Amyltbioformatedisulfide(dixanthogen) &HaOC8SCOC»H,i

S S
il Il

Isoamyldithioformatedisulfide CHu8C8SCSC,Hu
Isoamyldisulfide OHuSSCiHuIl
Isoamyl sulfide CHnSCHu
Isoamylmereaptan CiHuSH
p-Thiowesol HSC.H4CH»

8H
Il I

Phenyl thiourethane C,H,OCNC«H»
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S

Thioearbanilide CH.NCNCJI»
I
H H

Tri-o-cregylthiophosphate. (C,H«CH,O),Pg

Of the above,the first six belongto a groupof whiehxanthate and
dixanthogenare représentative. Thecompoundsin thisgroupother than
the xanthateand dixanthogenwereespeciaUypreparedin order to clarify
the mechanismofattachmentof the compoundto the minerai. For this
reasonthe double-bonded,or thione,sulfuratomsin xanthatesand dixan-
thogen,whichare commonlyregardedby flotationengtoeereas beingat
least partly responsiblefor the attachmentof mineraisto bubbles,were
replacedby oxygpnatomsto form formatedisulfideandpotassiumthio-
carbonate also,the oxygenatomswereentirelyeliminatedby replacing
themwithsulfuratomsin thecaseofdithioformatedisulfideand potassium
trithiocarbonate.

With the exceptionof the potassiumsalts, the compoundsenumerated
arebut sparinglysolubleinwater,but sincethe organiosolventsnecessary
to dissolvethe agentsmay interfere in an undeterminedmanner with
flotation,the undilutedagentswereadded direetly to the grindingmill
so as to be in intimatecontactwith the mineralthroughoutthe grinding
operation.

Flôtationwas conductedin a 500-g.Fahrenwald flotation machine.
The productswereanalyzedfor the valuablemetal content. A flotation
operationwasarbitrarilytermedsuccessfulwhenthe tailingassayedless
than 0.5per cent (invaluablemetal),and if the recoveryexceeded96per
cent. (Ordinarily,flotationunderstandardconditions,with the reagents
addedafter grinding,yieldsa tai1inghavinga metal contentexceeding3
per cent). It wasfoundunnecessaryto use any frotherin most of the
flotationoperations.

The mineralmixtureswere groundin porcelainjars ("assay" pebble
mills)longenoughto be reducedto the near-colloidalsize. Investigation
wasconfinedto fiveofthe commonestmineraisulfides(galena,chalcocite,
chalcopyrite,pyrite,andspbalerite)and to the ganguemineralsoccurring
in quartz monzonite(quartz, andesine,magnetite, biotite, hornblende).
The grindingwasconductedin contactwith air in the case of everyre-
agent and of everymineraimixture. Identicaltests,exceptfor grinding
in contact with nitrogen,werealso conducted. The tests in whichthe
minerais were ground in nitrogen were ùndertaken to supply some
informationconcerningthe very peculiar behaviorof some mineral-
reagentcombinations.It i8wellknownthat sulfidemineraisare readily
oxidized. It bas beencurrently assumed(14)that surfaceoxidationof
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sulfidemineraisis prerequisitofor modernflotation. Obviously,evenin
thecaseofparticlesgroundinthe presenceofa restriotedamountofoxygen
-as in the tests under consideration-much oxidationmay takeplace
duringa periodof grindingof manyhours. Also,changein the reagent
may take placewhenthe reagentisadded so as to be in contactwitha
mineraland air for many hours during grinding. Clearly, whenthe
mineralis groundin the presenceofnitrogen, suchreactionsare largely
inhibitedandthereagentthenactsonrelativelyunohangedsulfidesurfaces.

Table2 summarizesthe floatabilityof the differentmineraiswithsome
of themoreeffectiveagents.

Flotationof colloidalsphaleritecan be accomplishedby noneof the

reagentslisted,unless,ofcourse,themineralis first activated.'a
Ofthe compoundawhiohare similarin structure to amyl xanthateand

dixanthogen(thioformatedisulfide),namely, the thiocarbonate,trithio-

carbonate,formate disulfide,and dithioformatediaulfide,none showed

TABLE2
Flotationofslimedsulfideminerai*groundin contactwithairurhenusirigsomeheiero-

polaraulfur-bearingcompoundipolar sus~ur-oear:ngcomgouaaa

OAGWNA cHMntO~ cajueo- PTptt·S
cita PYRITE

Potugium amyl xanthate. Fair Good Good Good

Amyl dixanthogen. Good Good Good Good

Isoamyl disulfide None Good Fair None

Isoamyl sulfide None None Good None

Isoamyl mercaptan None Good Good
Thiocreaol. None Good –

Thiocre80~ Good None
1

any great promiseto collect colloidalgalena. The formate diaulfide
showedsometendencyto collectgalena,but it was too weakto becon-
sideredsatisfactory. The action of thèse substanceson other minerais
wasnot investigated.

Isoamyldisulfidewaseffectiveforchalcooiteonly.
Isoamylsulfidepromotedthe flotationof chalcociteand pyriteonly

whenthesemineralsweregroundinnitrogen. Its effectwasnilwhenthe
mineraisweregroundin air. It waseffectivefor flotationofchalcopyrite
irrespectiveofthe atmospherein whichthe raineraiwasground.

Isoamylmercaptanwaseffectiveonly for chalcociteand chalcopyrite.
Its actiononthe flotationofgalenaandsphalerite wasnil. Its actionon

pyritewasnot investigated.

Byactivationis raeanttheformationonthe surfaceofthemineralofa layer
whichwillreactwiththecollectertowinchtheunaetivatedmineraisurfacefailsto
respond.
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Thiocresolexhibitedgoodcollectingpropertiesin the caseofchalcoeite,
but noneat ail in the caseofgalenaand sphalerite. Its actionon other

mineralswasnot studied.

The experimentalresults relatedabovegivelittle grounds fromwhieh

sweepinggénéralisationscan be drawn for predictingthe actionof the

same compoundon differentminerais,or fordesignatinga definitecom-

poundas onelikelyto beeffectivein promotingselectiveslimeflocculation

and the collectionof flocculesin flotation. In the présent state of our

knowledge,all that can be said is that the actionof a given compound

seems, to a largeextent, to be specifieto each mineral, It is hoped,

however,that significantbroadconclusionswillbe possiblefollowingthe

experimentationnowin course.

DRYVKR8UBWETFROTHS

Duringtheinvestigationwiththe organiccompoundsas selectivefloccu-

lators a curiousphenomenonwasobserved:in the case of someof the

reagents a peculiar"dry" froth was obtainedin the flotation operation.
Thisunusual typeoffroth occurredif an amountofagent greaterthan a

certain criticalamountwasused;whenthe amountof the agentusedwas

lessthan tbis criticalamount,the froth hadthe normal or "wet" appear-
ance. The "dry" froth containsvery little interbubble water and is in

the formofa thick,dry masswhichis madeup ofextremely finebubbles,

difficultlydistinguishableby eye. Whenevera dry froth wasobtained,
mostof the mineraifloatedin the dry massinoneminute, whereasflota-

tion of colloidalmaterialwith theusualwetfrothrequirestwentyminutes

or longer. Whatmineraldid not float in the dry froth cameup in the

formof a dulldryfilm,whiohformedpersistentlyat the surfaceofthe pulp
for some time and whichhad to be rakedoff painstakingly. This re-

maindercouldnot beinducedto floatin theformofa froth evenwiththe

addition of largeamountsof frother. By theuse of reagents givingthe

usual type of froth,a goodrecoveryof colloidalmineral in the cleaning

operation is alwaysdifficult,but whenevera dry froth is obtainedthe

cleaner tailingis but slightlyhigher in metalcontent than the rougher

tailing. Moreover,owingto the dry characterof the dry froth, the con-

centrate obtainedis very clean,devoid of the usual adulteratinginter-

bubble ganguesuspension. Most of the frothremained indefinitelyin

the dry condition,resemblingstiff whippedcream in plasticity. The

smallpart that did disintegratesettled to the bottom of the waterlayer
in very largefloccules. Insteadof cleaningthe rougher concentrateby

flotation,therefore,simplydrainingor filteringoffthe water (containing

dispersedganguesuspension)couldbe usedasa substitute.

Wet frothsobtainedby the useof heteropolar.reagentsweroexamined

to determinewhetherthe mineralfloatsin theformof flocculesor whether
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it floatsasdispersedmineraipartiolesattachedtogasbubbles. Samplesof
frothweredried,thenpieceswerebrokenoflandthethioknesuofthebubble
wallwasmeasured. Thisthioknesswasfoundtovary between4and 7 mi-
orons. Thedriedbubblewaathen brokenup,andthe individualpartioles
in it werelikewisemeasuredafterdispersioninpureterpineol. Mostofthe
particles.weresmallerthan half a micron. Froma microscopeexamina-
tionofslidesof the pulp,the diameterof theaverageflocoularunit of the
mineraiwasdeterminedto be in the neighborhoodof 4 to 7 microns.
Hence,it appearsthat the bubbles in thefrothare madeup of the same
flocculesthat occurin thepulp. Similardéterminationscouldnot be ob-
tainedwith dry frothsbeoauseof the minutenessof thebubbles. From
the partial disintegrationof dry froths to formverycoarsefloccules,and
from their dull luster it appears likely that they consistof floccules
evenlargerthan thoseoccurringin wet froths.

It wasobservedthat coarseflocculesfloat beforefiner flecules,a sé-
quenceanalogousto thatobservedfortheflotationofdispereedparticles(3).

BtJMMARY

1. Hypotheseswere consideredto account for the non-flotationof
colloïdalparticles. It is believed that non-flotationof colloidalsulfide
mineralparticlesis dueto theirbeing unableto cornein contactwith gas
bubblesbeeauseof finesizeand state ofdispersion.

2. Selectiveflocculationof colloidalmineralmakesite flotationmore
completeandeasier.

3. Owingto the possibilityof mutual flocculationof finegangueand
Bulfidemineraisin a flotationpulp, it appearsnecessary,in orderto effect
selectiveflocculation,to act on the mineralparticlesat the timethey are
producedin thegrindingoperation.

4. Flotationof colloidalsulfide mineralparticlesmay be successfully
accomplishedby using as reagents certain heteropolarsulfur-bearing
organicsubstances. Theseagentseffectselectiveflocculationofthe sulfide
mineralparticles.
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In thecourseof anotherinvestigationrequiringa carefulthermocouple
calibrationat low temperatures,acourate freezingpointdéterminations

weremadeon a numberof samplesof organiccompoundssupplied"for

thermometercalibration" by the Bureau International des Étalons

Physico-Chimiques,Universityof Brussels,inorderto addto thecertainty
ofourtemperaturescaleandalso to provethatour methodofdetermining

freezingpoints by meansof heating curvesis satisfactoryand has ad-

vantagesover the usualmethods. Thefreesingpoint valuesattributed to

thèsesampleswerebaseduponmeasurementsmadeby ProfeasorTimmer-

mansagainstthe hellumthermometerof theLaboratoireCryogéniquede

l'Universitéde Leidenin 1922(1) and repeatedin 1928(2),whenslightly

differentvalues were assignedto chlorobenzene,carbondisulfide,and

methyloyolohexane.
Our freezingpoint measurementsweremadeby meansof a method

particularlyadapted to the accurate déterminationof this physicalcon-

stant at lowtemperatures. We believe,therefore,that the resultsmay

helpto establishdefinitelythe true freezingpointsof thesesamples. The

"acceptedvalues" of Timmermansare identicalwith ours within the

claimedlimitaofaccuracyexceptin twocaseB,andin bothofthesecaseswe

havebeenableto showthat his values publishedin 1922aremorenearly

»ContributionNo.258fromthe HesearchLaboratoryofPhysicalChemistry,
MassachusettsInatituteofTeohnology,Cambridge,Massachusetts.Apartofthe

experimentalworkfor this paperwas completedat TrinityCollege,Hartford,
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ArtaandSciencesandto CurtisH. VeederofHartford,forgrantsto defraythe

expenses,andalsoto theYaleUniversityPhyaicsDepartmentforsupplyingthe

necessaryliquidairat cost.
«NationalResearchFellow,l926r-28,at the MassachusettsInstituteofTech-

nology;GuggenheimFellow,1930-31,at theUniwrsitiesofMunich,Frankfurta.

Main,andBrusels.
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correctthanthosehe assignedto themon thebasisof his 1628deter-
minations.3

METHOD

The observationshere reportedweremadeby meansof a cooling-curve
and heating-curveapparatuswhichis beingdesoribedin détail ebewhere
(3). Thisapparatus involvesa cryostatwhosetemperature oanbe very
earefullyregulatedandin whicha0.5–1.0 g, sample is suspendedin an
hermetioallysealed"freezingpointtube." Thelatter ismadeofextremely
thin-walled6-xnm.glasstubing (about 0.08-mm.wall thiokness)inorder
that its heatcapaoitymay be negligiblysmallwithrespectto that of the

(

sample,and is so constructedthat the temperatureof the samplemay be
followedbymeansofa single-junctionthermocouple,oneelementofwhich
fits enuglyinto a thin-walledcapillarytube extendingdown throughthe

B

centerof thetube to within5mm.of thebottom. Thecoldjunotioniskept
at 0°C. The readingsare made to the nearestmicrovoltby meansof a ?
LeedsandNorthrupTypeK potentiometer.

The freezingpointisdeterminedby runningheatingcurvesand cooling
curvesonthe sample,alwayscontrolUngthe temperatureof the surround-
ings to riseor fall,as the casemay be, at a definiterecordedrate. The

reproduoibilityof the ourvesso Qbtained,their interpretation, and the t

advantagesof heatingourvesovercoolingcurveafor the determinationof 3

freezingpoint and alsoas a criterionof purity havealreadybeenpointed
out (3). t

Sincethe thermocouplecalibrationwas only to the nearest microvolt h
(=fcO.O2°C.,at 0°C, to ±0.05°C.at liquidair temperature),andsinceour

freezingpointvaluesarealsoreadonlyto the nearestmicrovolt,our freez-

ing pointscannot be said to have an accuracygreater than ±0.04°C.at

0°C.,to ±0.1O°C.at -183°C.

THEKMOCOUPLB CALIBRATION

Five differentthermocouples,madeof No. 30 constantan and No. 36

copperwire,wereused. Two of thesewerecalibratedsimultaneouslyat

In orderto elearupa misunderatandingin regardto the «amplespreparedby
R. S.Taylor,andstudiedbyKeyes,Townehend,andYoung(J.Math.Phys.Mass.
Inst.Tech.1,302(1922)),whichhavebeencriticiaedbyTimmermans,it shouldbe
pointedoutthat thesoleclaimmadebythèseauthorswasasfollows:"Thefreezing
pointfoundforanorganicliquiddependesomewhatuponthemethodemployedand
thetboroughneasofthepurification.Theresultsheregivenwillbefoundreproduc- c
ibleprovidedthegeneralmethodofprocedureisfollowed.11Ina lettertotheauthor
ProfeaaorKeyesstates:"Thousetowhiehtheeesampleswereputwasinconnection
withtheproductionofheliuminTexas. Whethertheaampleswereofthehighest
purityornotmadelittledifferencein thisconnection,sincetheyservedtotransfer
temperatureindicationsobtainedfrommyhydrogenthermometerandplatinum
résistancethermometerstotheoperatorsat theTexashéliumplant."
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the ice point, at the freezing point of mercury(-38.87°O.) (4), at the
sublimationpointof carbon dioxide(–78.51*0.) (4),and at the 'boiling
pointof oxygen(-183.00°C.) (4). The last two pointswereefitabliabed

by measuringthe vapor pressureof the carefullypurifiedsubstancesin a

constanttempératurecryostat inwhichthethermocouplewasimmersed(5).
In eachcasethepurity of the samplewas testedby evaporatingto one-half

volumeandthenredeterminingthevapor pressure. Thecalibrationat the

mercurypointwascarried eut inthe sameapparatusas thefreezingpoints
andunderidenticalconditions.

The other threethermocoupleswere calibratedagainstthese two,ail

beinginsertedslmultaneouslyina constant temperaturebath of pentane,
the cryostat describedby Taylorand Smith (6),and aUfivebeingread
severaltimes inrotation whilethe temperatureof the cryostat waskept
constantat varioustempératuresat intervabofabouttendegreesalongthe

scale,until at leastthree consécutiveseriesofreadingsat eachtempérature
gaveidentioalvalues.

MATERIALS

Samplesof the following compoundswere obtained from Professor

Timmermans,Direotorof the BureauInternationaldes Etalons Physico-

Chimiquescarbontetrachloride,chlorobenzene,chlorofom,ethyl acétate,
carbondisulfide,ethylether, and methyloyclobexane,eachina tube sealed
invacuo. Eachsample was introducedwithoutfurthertreatment intoa

freezingpointtubewith the minimumpossibleexposureto the atmosphère
and wassealedoffby the usualprocedurewithoutevacuating. Though
the samplesmaynot have been identicalwith those usedby him in his

freezingpoint determinations,they were similarlypurified,and had the
samedensitieswithin± .0001inallcases (7).

RE8ULT8

A numberofheating and coolingcurveswererun oneachsubstanceat

variousintervaisin the courseof eighteenmonths,employingmoretban
one thermocouplefor each sample. The sampleswerealwayskept in a

darkcupboardbetweenmeasurements.
With the exceptionof ethyl acetate and methylcyclohexane,the values

acceptedfor the freezing points are basedon both heatingand cooling
curves. In all thesecases all exceptthe highest,coolingcurvevalueswere

rejected,sinceobviouslythe effectof an unsatisfactorydegreeof super-

cooling,or of a failure to reach true equilibriumbetweenthe solidand

liquidphases,is to give a freezingpoint whichis too low. This wasan

importantfactoronly in the caseof the ethyl ether sample,where the

bighestcoolingcurvevalues agreedsatisfactorilywith the heatingcurve
values,but wheremany coolingcurvesgavevaluesfromtwoto fourmiero-
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volts lower. It wasnotfoundpossibleto measurethefreeaingpointsofthe
ethyl acétate and methylcyolohexaneby our ooolingourvemethod;ail
the values soobtainedwerenotonly lowbut inconsistent. This waepar-
ticularly true for the methyleyclohexane.Thebestvalueobtainedforthe
ethyl acétate, for example,was -83,84°C. Thus, the advantageof the
heating curvemethodwasparticularlyevidentin thèsecases.

The stable form of ethyl ether was the one most oftenobtainedby
coolingourves,thougha preliminaryhait offiveto twentysecondsat the
freezingpoint of the unstableformwasusuallynoted. It seemspossible

TABLE1

Freezingpoint»ofTimmermam'thermometer«towtorrf»

TlUllCBUAMB'YM.PE» Dimit-
a!fCIIroBWAiicB on

cm» ,,“», *«<>?»* ––» ™ôsraoei U¥2S) (N8) valu» ronre accepted
dW») (CTAP) VM.HB

ittmtC. tttrtfC. itçrmC. icgrcC. item» G. imttaC,
Carbon tetracMoride* -22.9 -52.894 -22.82 -22.85 -22.8' +0.01

Chlorobenzene
-«.2| 2%™%

-«•« -«-86 -45.2' -0.13

Chlorofonn -63.8 -63.495 – -63.6 -63 4» -0 09
Ethyl acétate -83.6 -83.6 -83.6 -83.6» +003
Carbon disulfide -111.6 -111.613 -111.84 -1118 -111.8» +0.08

`
(0.04)

Ethyl ether (stable) -116.3
-U6.322|g^

(-116.3)t -116.2» -0.01

Ethyl ether (unstable). -123.3 -123.301
(l^ -123.3

-123.2' -0.06

Methyleyclohexane .-126.3-126.36 -128.85 -12686 -126.3* -0.61

• The transition point of carbon tetrachloride was also determined on this same
sample. Transition point -47.65 ±0.12'C; see 8kau and Meier: J. Am. Chem.
Soc. 61, 3617 (1929).

t Private communication.

that crystab of the unstable form always appear first in accordance with
Ostwald's step-by-step theory (8). It should also be mentioned that our

experiments showed definitely that transition from the unstable to the
stable form of ether can take place completely in the solid phase. This
was proved by the fact that heating curves for the stable form were ob-
tained on samples wbich had solidified completely as the unstable form as
shown by the complete cooling curves.4

« The behavior of ether here described bas a bearing on a statement made bySmits
(Z. phyaik, Chem. 183A,287 (1931)): "Der Umwandlungspunkt der flOssigenPhase
Hegt bei -105.4° und weiterhin kennt man zwei Bobmelzpunkte bei -116' und bei

123.4". Die Modifikation mit dem niedrlgsten Schmelzpunkt, die am leichtesten
erhâltlich ist, hat man bisher ais die metastabile Modifikation betrachtet. Da man
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In no case was there found to be an appreciable change in freezing point

with time, though the déterminations were carried out over fcbe course of

about eighteen months using the original samples throughout. This

brings out anotber advantage of our freezing point method for, as has been

pointed out by Timmermans (9), pure chlorofonn, for example, is very

sensitive on exposure to the air.5

The results have been summarized in table 1. Column 2 shows the

freezing point values given on the labels of the sample tubes as received;

columns 3 and 4 give Timmermans' Leiden values of 1922 and 1928 respec-

tively column 7 shows the différences between our values, column 6, and

the final accepted values of Timmermans, column 5.

Since the accuracy claimed by Timmermans for his freezing points ls

only 0.1°C, all of our values can be said to check his final "accepted

values," with the exception of that for methyloyolohexane and probably

that for ohlorobenzene. In both of these cases, however, our values agree

very closely with those determined by faim»in 1922. On the other hand,

our value for carbon disulfide agrees with his more récent value, which was

0.23°C. lower than the value be reported in 1922.

It is suggested that the following be accepted as the freezing points of

these substances7 on the basis of the data now available:

Carbon tetracbloride -22.8'°C.

Cblorobenzene –45.2"

Chloroform. -63.4»a

Ëthyl acétate -83.6»0

aber nunmehr weiss, dass die Flttssigkeit allotrop ist, kann auob die Modifika-

tion mit dem hôberên Schmelzpunkt die metastabile Modifikation sein. Wir sind

damit bescbâftigt dièse Frage experimentell zu klSren". Our results show that for

ether the form with the lower roeltiog point is the unstable form,which is, in fact, in

agreement with more recent experiments by Smits (private communication).

Professor Keyes suggests the deairability of designing a freezing point tube

similar in construction to the one hère described but with a larger capacity so that it

could be uaed with a platinum résistance thermometer with a correspondingly modi-

fied technique. This could probably be used solely for the cooling-curve method,

but would be decidedly advantageous in that (1) it would make available for tem-

perature oomparison a number ofsubstances whieh erystallize wellbut which become

impure on exposure to air, and (2) it would obviate the necessity of handling the

eample before freezing point determinations, with the resulting possibility of the

introduction of impuritieg.
aThe reason auggested by Professor Timmermans for the lownesaof his value for

the freezing point of metbylcyclohexane in 1928is that considérable air may have

dissolved in the sample, for by his method the sample is stirred vigorously without

excluding air (private communication).
» Profeasor Timraermana bas expressed his willingness to endorse this revision of

his "accepted values" in the light of the evidence now at hand (private communi-

cation).
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Carbondwulfide m,^0,
Ethylether(stable). -110.3»
Ethylether(unstable) 1238«
Methyloyclohexane -120.3»

Thevalues for tolueneand isopentane,whiohalso belongto thia series
but which,unfortunately,werenot inoludedhere,will be determinedat
theearliestopportunity.

Thisinvestigationbearsout the fact that accuratefreezingpointscanbe
measuredby heatingcurves. It shouldbepointedout that our method
has the deoidedadvantageofbeingapplicableto all substanceswhiohean
becausedto crystallizewithinthe temperaturerangefrom260"C.downto
verylowtempératures,irrespeetiveof theirviscositiesor otherproperties,
suchas a slowrate oferystaI1ization,whichinterfèrewithobtaininggood
valuesby theusualcooling-curveorBeckmannmethod(3). Itrequiresonly
a smallsample,an importantfactorwhereraresubstancesarebeingdealt
with,and anynumberofdéterminationscanbemadeonthe sainesample.
MostImportant, thesamplecan beintroducedinto the freezingpointtube
andsealedoffentirelyout ofcontactwithair,andthe déterminationmade
in vacuo. This isparticularlyimportantnotonlyin the caseofcompounds
whiohare hygroscopie(likeethylalcohol),orwhiohabsorbcarbondioxide
in contact with air (likepolyphenols),but alsoln the caseof any liquid
freezingbelow0°C, forat lowtempératuresthe condensationof moisture
andofcarbondioxide,aswellas the dieaolvingofthe otherconstituentof
theatmosphère,area verygravesourceofcontamination.
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INTRODUCTION

The study of the catalyticoxidationof carbonmonoxidewasbegunin
1917 as a resultof the war gas investigations. At first, in view of the

practical natureof the problem,attentionwasfocuseduponthe prepara-
tion ofsomecheapand durablecatalyst,efficientat temperaturesas low
as OC. As a result of these studies there were preparedcommercial

catalysts consistingof mixturesof oxides. The preparationof a single
pure oxidein sufficientlyactivestate to be 100percent efficientat low
temperatureswasfirst aocomplishedin the caseofmanganesedioxide(1).
Later an equallyactive cobalt sesquioxide(2) wasprepared. In 1930,
Bennett andFrazer (3)madea thoroughstudyofseventeenpuremetallio
oxides,of whichoxideselevenwerepartiallyefficientbelow200°C.and
three.were 100per cent efficientat freezingtempératures. These three
active catalystswere tbe oxidesof manganese,cobalt,and nickel.

A surveyofthe aboveworkemphases severalrequisitesforan efficient
catalyst: (1) It must befinelydivided. Anyheat treatmentreducesthe
active surfaceby sinteringand is thus detrlmentalto the efficiencyof the

catalyst. Thiswas recognizedat the beginningofthe investigation,and
précipitationmethodshave beenused throughout. (2) An oxideof a
singlemetal,in order to be an efficientcatalyst, muetbe extremelypure.
Tracesof impuritiesmayinhibitorevenentirelydestroytheactivityofthe
oxide. Thesuccessof Bennett'soxidecatalystswaslargelydependenton
his methodof purificationof the hydroxidesby electrolyticfiltration. In
previousexperiments,the finelydividedstate of theoxidehasbeeninvari.

ably securedbyprécipitationmethods,andpurityoftheoxideby washing.
Précipitationdidsecurea finelydividedoxide,but it invariablyresultedin
contaminationofthe catalystby theprecipitant,usuallysodiumhydroxide.
Lengthyandtediouswashingwasdependedupontoremovethe impurity.

The lowtemperatureoxidationof pyrophoricmetalsprovidesa means

>FromthedissertationsubmittedbyC.M.Loaneto theFacultyofPhilosophy,
TheJohnsHopkinsUniversity,inpartialf ulfilmentoftherequirementsforthede-
greeofDoctorofPhilosophy.
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for the preparationofoxidecatalystswherebynoimpurityiaintroducedin

large concentrationand what foreignmatter is presentis easilyremoved.
It is the purposeof this paper to developin detail this newmethodfor

obtainingthe oxidesof nickel,cobalt,iron,manganese,and copper..
Twoprocedureswereused forthepreparationof thefinelydivided,pyro-

phoricmetals: (1) Preparationof the metallioamalgamaandsubséquent
removalof the mercuryby distillation(4); (2) Reductionof the metallic
salt by sodiuminammoniasolution(5).

PREPARATION OF OXIDEB OS1METAL8 FROM AMALQAMS

The metallioamalgamswerepreparedby electrolysisof a slightlyacid
solutionof the sulfatesover a merourycathode. The amalgamwere
vacuum distilledand the metal obtained in a pyrophoriocondition.
Afteroxygenhad graduallycomein contactwith the metal so that at no

time wasa largeramountof heatgenerated,theproductwastestedfor its

catalyticefficiency.
Sincethe oxidespreparedby theabovemethodwerenot washedbefore

testing,carewastaken to purifythe merouryand the sulfatesusedin the

electrolysis.
The merourywaspassedthrougha 6-footnitricacidcolumnfourtimes

and distilledthree times.

Chemicallypuresulfatesweretwicereorystallized.Theelectrolysiswu
carriedout ina 400-cc.beaker. Theconcentrationofthe saltwasohosen
so that, by completeeleotrolymBof300ce of solution,an approximately
2 per centamalgamwouldbeobtained. Afewdropsofsulfuricacidwere
added to the solutionso prepared. Thirty cubiccentimetersofmercury
formedthe cathodein the bottomof the beaker. Theanodewasofplati-
numgauze,exceptin the caseofthemanganeseandironsalts. Acurrent

of approximatelyoneamperewasused,so that the electrolysiswasgen-

erally completedin twenty-fourhours. Excesselectrolytewasremoved

by washingtheamalgamwith distilledwater.
In the caseof the electrolyticpreparationof the ironamalgam,an iron

wireanodewasusedinstead of theplatinumgauze.
If the usualplatinumanodewasusedwhenpreparingthe manganese

amalgam,the amalgamwas contaminatedby scalesofmanganesedioxide

formingat the anodeand fallingdownon the amalgam. This difficulty
was overcomebyenclosingthe anodein a glasstube, the bottomofwhich
was formedby a porousclay dise. The insideof the tube wasfilledwith

concentratedammoniumnitrate solution. With these precautionsob-

served,the electrolysi8proceededsmoothly,withoutthe formationofany
dioxide. However,owingto the porousdisebetweenthe electrodes,only
a amallcurrentcouldpass, and a weekwasnecessarybeforea sufficiently
concentratedamalgamwasobtained.
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In table1arelistedthe resultsofthé aboveprocedures.
Anothermethodof obtainingthe oxidecatalystswasalsoused. The

eoncentratedamalgamwas exposed to the air until suffioientmetal
had separatedas the oxide,and the powderwasmechanicallyseparated,
Oxidesofcobaltandofironwerereadilyobtainedin thisway. Nickeland
manganese.oxideswereobtained in sufficientquantity onlyafter several
months. Copperamalgamwas stable, no apparent oxidationtaking
place.

TABLE1
Metallicoxidespreparedfrm amalgamo,.~y.°

M8TULA-
MBTAI, HATOBBOP ÏIOH NATDBE OF COHDITIONBOP NATURE OP

4MHU1JM TOUTOU- METAL OXUMTO» OX1BB
ATUSE

degnaC.

Nickel. Thick, 190 Dull grey, Oistream Grey
smooth fluffymsBg 2 hours at

200«C.

Cobalt. Lumpy 250 Hard, grey, O»Btream Grey, me-

metallie 3 bourg at taille

lump 200'C.

Iron Thick, 260 Hard, black 240°O. Dark red

lumpy lump 3 hours

Manganèse Bmooth, 200 Grey, porous 20O°C. Dark brown
dilute lump 18hours

Copper. Thiok, lus- 200 Red.spongy 200»C. Surface-
trous 10hours dark blue

PREPARATION OP OXIDES OP METALS OBTAINED BY REDUCTION IN

AMMONIA

Selectedanhydroussalts of the metalsweredissolvedin ammoniaand
sodium added. The metals precipitatedby the sodiumwerefiltered,
washedbyammonia,and allowedto oxidizeslowly.

Anhydrousnitrateswereusedwhereverpossible. Thenitratescannot
be dehydratedby heat treatment alone,for they décomposeat a lower
temperaturethan is necessaryto driveoffthe water. Aspécialmethod
was necessary. That of Guntz and Martin (6) for the preparationof
anhydrouscobaltand nickelnitrates seemedthe most convenient.The
nitrate wasdissolvedin its ownwaterof crystallizationat as lowa tern-
peratureaspossibleandthe solutionpouredinto a largeexcessof fuming
nitric acid. In severalminutes the anhydroussalt precipitated.The
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excessnitricacid wasdecanted,andthe precipitatowashedseveraltimes
with fumingnitrio acid. Most of the acid was decantedand the rest
removedbyvacuumdistillationoverquioklimeand phosphoruspentoxide.
This procedurewassuccessfullyappliedto the nitrates of nickel,cobalt,
and copper.

Ferrienitrate (nonahydrate)waspartiallydehydratedbya modifieation
of the abovemethodandwasusedin this imperfeotstate ofdebydration.

Guntz also preparedanhydrousmanganousnitrate by treating the

hydrate with nitrio anhydride. As this methodis too involvedto be

practical,it was decidedto préparethe iodide,even thoughthe halides
are generallyundesirablein that theyare poisonsfor the carbonmonoxide
oxidation. Manganousiodide,MnIa-4H»0,was preparedby bubbling
hydrogeniodide througha mixtureof manganouscarbonateand water.
Aconcentratedsolutionofmanganousiodidewasthuspreparedand,whon
dried in vacuum,it readilyyieldedthe anhydrousiodide(7) aa a pale
brownish-pinksolid.

TABLE2
Ondespreparedbyslowoxidalion0/ <M<ohoblainedbyreductioninammonia

11I11'A!. IrATVllIl or pasupt- TIb4 OUbli Mtttt PBODOcT
'l'A'I'8 IN AMOMA WAS WAMOB

Mur.
Nickel Brownish-black 24 Black
Cobalt. Veryfine black 48 Black
Iron. Black 48 Red-brown
M&neftMse. Grey-brown 60 Grey-brown
Copper. Bronze 60 Brownieh-blsek

An unsiivered300-ec.Dewarflaskwas usedas the réactionchamber.
The useofsucha vesselpreventedthe ammoniafromevaporatingrapidly
and allowedthe outersurfaceof the vesselto remainunfrostedso that
the reactioncouldbeobserved.

l'he usual procedurefor the reductionwasas follows:the anhydrous
salt wasdissolvedin ammonia,and sodium,freshlyeut underpetroleum
ether,wasaddedpieceby pieceas longas anyreactiontookplace. This
methodwassatisfactoryfornickel,cobalt,manganese,andcopper.

If the above routinewasfollowed,the reductionof the incompletely
dehydratedferrienitratewas complicatedby the formationofa complex
and by the tendencyof the addedsodiumto explode. ln viewof thèse

difficultés,the roughlycalculatedamountof sodiumwasaddedfirst and
the ferrienitrate later. Theréductionthenproceededsmoothly.

The precipitatedmetalswerein all casesseparatedfromthe ammonia

by suctionfiltering. Thesuetionflaskhad tobeimmersedinanether-dry
icemushto preventthe ammoniafromboilingduringthe filtration. The
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precipitatewas-washedon the filter by approximatelyone half liter of

liquidammonia. At no time was the precipitatesuckeddry from am-

monia;and, whiletbe metalwasstill moist,it wasremovedfromthe filter
and plaoedin a vesselsuchas an Erlenmeyerftask,into whiehair could
enteronly by diffusion. Althoughthe metalsaIl becamehot enoughto

glowwhenthe ammoniawasremovedrapidly (as wasthe casewhenthe

suctionfilteringwascontinuedtoo long),the methodof graduallyadmit-

tingair as the ammoniaslowlyevaporatedservedasan efficientmeansof
slowoxidation. Severalhoursusuallysufficefortheoxidation.

Manganèsewasso active that it becamewarmin the Erlenmeyerwhile

stillmoistwithammonia. Acorkplacedlooselyin themouthof the flask
eutdownthesupplyofair sufficientlysothat rapidoxidationceased.

The metaloxides,along withsodiumoxide,hydroxide,and amide as

impurities,werethen placedon the suctionfilterandwashedwithwater.

The purificationwascontinueduntil the water in thesuctionflaskfailed

Fia. 1. Carbon MONOXIDS Oxidation TRAIN

to giveanytest for sodium. Theoxides(seetable2)werethendriedand

testedfor catalytieeffect.
Theresultsofthe aboveprocéduresaregivenin table2.

METHOD OF TE8TING CATALYTIC EFFICIENCIES

The apparatus for testing the efficiencyof the catalyst ia shown in

figure1. Twoflowmeters,A and A', controlledthe rate of the flowof

carbonmonoxideand oxygen. The valvesof the carbonmonoxideand

oxygenstoragetanks wereadjustedto givea 1percentmixtureof carbon

monoxidein oxygenat a rate of 100ce. per minute. The gasespassed

througha soda-limetower, B, and a phosphoruspentoxidetower, C.

Thegaseousmixturethen passedthroughthe U-tube,D, whichcontained

a 1sq.cm.x 10cm.bedof thecatalyst. Thecarbondioxide,formedduring
thepassageoverthe catalyst,wasabsorbedinasolutionofbariumhydrox-
ide containedin G. The residualgaseswere then swept through the

soda-limetower,H, and the phosphoruspentoxidetower, I. The dry
mixturethen passed through the U-tube, J, containinghopcalitemain-
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tained at 150°C. Any carbonmonoxidewhiobremainedin the gaswas

complotelyoxidizedby the hopoaliteand wasabsorbedby the barium

hydroxidein K. The remaininggas passedout throughthe soda-lime

tower,L.

StopcocksE and F wereconvenientfor sweepingout the Systemand

forregulatingpressurewhenintroduoingbariumhydroxideinto the bubble

tubes.
The catalysts obtained as hard lumps were brokenup into smaller

granulesandsealedinto the U-tube. Othersof the oxides,in the formof

TABLE3

Bffieiende»ofthecaUAystaecepressedin pereenlJB~!et~MtMoj the cotalysta ezpreesedin per <i6M<

:ea~·agnroaas ~98°C. -40°C.
I o°C. I 80°C.L 1oo°C.I 160°C.

Oxides prepared by ôietiliation of mercury and activation in oxygen

8er cmu )W<!<!t<)MfM<t<)XrMX<tO'«''<)Wtm<

Nicke1. 6 49 90
Cobatt. 80 100
bon. 7 50 100

Mangauese' Õ 38 62

Copper.2 2 24

Oxidesof metatspreparedby reduction in ammoula

Nickel 24 72 100

Cot3aitt. 100
tron. 40 100

Maaganeee. 0 100
Copper. 52 100 100

Manganèseandcobaltoxidee,preparedbydirectoxidationof the amalgam,
wereevenmoreactive,the latterbeing100percenteffioientat -78°C.

t Theoobaltoxidewasaleotestedbeforewuhing,whenit containedat least

10percentimpurity.Evenwiththislargeamountof sodiumpresent,theoxide

was100percentefficientat 0"C.AHtbecarbondioxideformedbytheoxidation

wastakenupbythesodiumoxide,nooarbondioxideshowingupineitherbubble

tube.

finepowder,werepackedin the tube with piècesof brokenglasssoas to

decreasethe résistance to the gas atream. The tube containingthe

catalystwasplacedin the trainand heatedto 150-200'C.whilea current

of oxygenpassed through the syatem. This treatment, continuedfor

severalhours,servedat onceto dry the catalyst, to further the oxidation

of any of the metal that hadnotbeenoxidizedat roomtemperatures,and

to removeany carbondioxidefromthe train. Fifty cubiccentimetersof

a standardsolutionof bariumhydroxidewasintroducedintoeachbubble

tube, andthe flowof the gasesthroughthe systemstarted. Afterrunning
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the test for the desiredlengthof tlme, usuallytwentyminutes,the effi-

olencyof the catalyst(sectable3) couldbe obtainedby a determination

oftheamountsofbariumhydroxideusedup inthetwobubbletubes. The

percentageefficienoyistheamountofbariumhydroxideusedupinthe first

bubbletubedividedbytheamountusedin bothbubbletubes. This waa

determinedby titrattog the unchaagedbariumhydroxidewithstandard

aoid.

COMPOSITION OP THE CATALYBTB

The catalysts fromthe amalgamawereexaminedfor mercuryby pre-
oipitatingwithhydrogensulfide. Thecobaltandnickelcatalystsshowed

the presenceof a traceofmeroury,but in the caseof the othermetalsno

merourywasfound. It isunlikelythat the smallamountofmercurypres-
entwouldhaveanyefiectonthe reaction.

In tbecaseof the oatalyatspreparedbyoxidationofmetalsprecipitated
inammonia,sodiummuethavebeenpresentinsmaUamounts. However,

TABLE4

Comporisonofaclivitiesofoxides

OXlI>£8 OP

l'1IIICIPlTA'I'BDOXJDII8 OXJD£8 FUOI4 11ft AL8PROU

idrrau (aumvn) ..1I.u.<JAMa AIIJIOIliA

At 3O'C. At At At At At
1(»IC.M'C. 100*C.3000. ICOIC.
per pef pef
tmt un' Mat Mot ri

100 100 6 49 24 72
Cobalt. 100 100 100 100 100 100
Iron 0 1 7 50 40
ManganeM. 100 100 6 38 100 100
Copper. Reduction 100 2 24 52 100

alkalieshâve beenshownto be poisonsfor this reaction(8) andcouldcer-

tainlyhaveexertednopromoteraction.

The amountof oxygenin the catalysthad nomeaning. Forexample,

analysisof one of the cobaltcatalystsabowedslightlylessoxygenthan

correspondedto 2 oxygen:3cobalt. In ail casesthe amountof oxygen
variedaccordingto theconditionsofactivation.

Asis evident,it wasnotattemptedto obtaina catalystof definitecom-

position,but it vxushownhere that the activemetalliesurfacemay be

changedinto an activeoxidesurfaceby a processof lowtemperature
oxidation.

RELATIVE EFFICIENCES OF OXIDIZED METALS AS CATALYSTS

Someidea of the aotivitiesof theseoxidesrelativeto thoseof precipi-
tated oxidesmaybeobtainedfromtable4.
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As is evident from table 4, the method developedin thia paper
doesnot giveoxidesanymoreactivethan thoseprecipitatedandcarefully
purified. It does, however,offeranother generalmethod of preparing
oxideswhoseactivity is certatnlycomparableto that of those prepared

byprécipitation.
Thepercentageefficienciesgivenfor the oxidizedmetalsmay be made

to parallelthosefor the precipitatedoxidesevenmorecloselyif the follow-

ingf aotsare taken intoaccount.
Thelowresultsfornickeland manganeseoxidesfromthe amalgamaare

dueto the insufficientoxidationof the metal. The oxidescan be made
moreefficientby longerheatingin oxygen.

Higherefficienciesmaybeexpectedin the caseofnickelandmanganese
oxides(preparedby reductionin ammonia)if the washingis continued

longer. Theresultsgivenin table4 are for the oxidewashedforonly one
or twodays. Longerpurificationslowlyincreasedthe efficiency.

Theefficienciesof oxidizedironand copperare listedhigherthan those

ofthe precipitatedoxidea. The résultagiven in this work,however,are
fora twentyminute run. At leastpart of the carbonmonoxidèoxidation

below100°C.involveschemicalreductionof the oxides,for subséquent
ruasshowdecreasingefficiencyofthe catalyst.

Theresultsobtainedinthis presentworkbringout an interestingpoint.
It is the generalbeliefthat manganesedioxideis moreactivecatalytically
thanthe other oxidesand that ita presenceas the essentialoxidein com-

mercialcatalystsisuniquelyresponsibleforthe efficiencyofthosecatalysts.
Thedata presentedhereseemedto showthat the oxideof cobalt is more

active,or, at least, that it is lesssensitivetoimpuritiesandgenerallyeasier
to preparein an active form.

SUMMARY

1. Methodsbave beendevelopedfor the lowtemperatureoxidationof

pyrophoricmetals.

2. The oxidizedmetalshave been tested as catalysts for the carbon

monoxideoxidation. Theyhavebeenfoundto be comparablein activity
to themostcarefullypurifiedprecipitatedoxides.
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INTRODUCTION

Adhésion between a bubble of air and a solid surface is the basis of the

flotation process. In order that a smaïï particle of mineral may become

incorporated in the froth at the top of the machine, it is necessary first
for it to become attached to (i.e., to adhere to) an air bubble of sufficient

buoyancy to carry it upwards. It is the purpose of this communication
to investigate some of the physical and chemical principles underlying the

adhésion between a bubble of air and a single solid particle and to draw
attention to some of the problème awaiting solution before an explanation
of the physical nature and behavior of froth systems can be obtained. The

froth differs from the simple case in which a single particle is considered,
in that each bubble is coated by numerous small particles of mineral instead
of merely being attached to one particle. Nevertheless a discussion of the

principles involved for a single particle may be of some value in considering
the general case.

It has been ehown (1) in the course of an investigation being carried out
in the University of Melbourne for and at the expense of a group of mining

R9',l
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companieslthat an air bubblein waterwinnot adhereto a oleansurface
of any of the commonsulfideor ganguemineraisor to metals. When,
however,a unimolecularfilmof a xanthateis adsorbedby the minerai,
the air of the bubblespreadsto a limitedextent overthe mineralsurface,

partly replaoingtheaqueousphaseinsodoing. Spreadingcontinuesuntil
a definiteanglebetweenthe air-water interface and the water-mineral

interface,9, is attainedwhichladeterminedby the well-knownrelation-

ehip:-
COS
B

r..
C08 8 “

–

whereTu, T. andTmare thesurfacetensionsat the air-solid, solid-water,1
and water-air interfaces,respectively. Differentconditionsof the min-
eral surfaceand differentreagentslead to variationsin the contactangle.
Oneof the majorobjectsof this paperis to investigatethe Bignificanceof

changingcontactangleonthe tenacityof contact betweenair andminerai

and, throughit, on floatability. Incideotally,it shouldbe noted that the

molecularmechanismthroughwhichadhesionis achievedis unimportant
in thermodynamicalandmechanicaldiscussions.

o

I. EQUATIONTOTHESURFACEOFA BTATIONARYBUBBLEOF AIR IN WÀTEB

AUtheories of capillarity are in agreement concerning the différence in

pressure on the two sidesof a curved interface between two fluids, namely,

that this pressure différenceat any point is equal to

T.,
1 + 1'-(i+h)

1BrokenHill SouthLtd., North BrokenHill Ltd., ZincCorporationLtd., Elec-

trolytie ZincCo. of A/asia Ltd., Mt. LyellMiningand RailwayCo., BurmaCor-

porationLtd.
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where7.. is the surfacetensionand Rand R' are the twoprincipalradii

of ourvature at that point. Assumingthis differencein pressure, Bash-

forthandAdams(2)showhowtheequationto the surfacemaybe derived.

Sincethis workis not generallyavailable,a modifieddevelopmentis pre-
sentedhere. Let Po andPo'be the pressuresonthe innerandouter sides,

respeetively,of the surfaceat 0 andPAand PA'bethe correspondingpres.
suresat any pointA. Let 0be the anglewhiehthe normalto the surface

at Amakeswith the axisof revolution,and let 0be its supplement. The

two principalradii of ourvatureareequalat 0; let eachbedenotedby b.

Oneof the two principalradiiof curvatureat Ais z/sin 0; let the other

be denoted by p. It is obviousthat

and

wherev, and11.are the densitiesofair andwaterrespeetively. Then

Po pô T·. 2/b (3)

Whence,subtractingequations3 and 4 andsubstitutingfromequations 1

and2,

or

In the caseofa bubbleofair in a Uquid,111 opis negative.

FollowingBashforthandAdamslet

Equation6 then becomes

in which is negative.
If pand~pareexpressed.in termsofx anda it becomesapparentthat the

differentialequationcannotbe exactlysolved. Usingequation6, Bash-

forthand Adamshaveconstructedtables by whichcarresponding'vatues

Expressionofpand intermsofxandz:

PA Po n.m9z (1)

PÂ Pp' a "dl' (2)

pAw~A, 2,~ Cain + 1\
(4)A A ;1: lP

/ain

1

2\f~ (~t a:) ° T ·· 1\\ x +P r b//1bl
?)

2 (~ sin~. 1

b i- T,ro x -h p
(6)

A6s
(ot

oa)
a 13

1+~~+g ~t (7)
p b b bt

1 d~ f /d~

1 d.. { (dz)'}3Jt

8in
d< f /tb\

dz { (dz)'}I/2
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of x, 4>,and s may be approximatelyobtainedfor any givenvaluesofb

andfi. fideterminestheformof thebubbleand bits magnitude,butsinoe

fi dependspartlyon b, the magnitudeof the bubble partly determinesits

form. Thesetablesare extensiveenoughforthe caloulationof theshape
of the interfacebetweentwofluidsforwhich<r»> »,, i.e.,wherefiisposi-
tive. Wberefi isnegative,however,theyarenot nearlyascomprehensive,
and for bubblesofair in water it is onlyovera limitedrangethat thecal-

culationsare possible.
It willbe apparent that the nature of any solid surfaceto whiehthe

bubble of air may be attached has no influence on the shape of the

bubble,for the natureof the solidcannotaffectany of the pressureterms

used in derivingthe equationto the surface. The bubblefits on to the

surfaceoftbesolidwitha definiteangleofcontact, and abovetheplaneof

contactthe shapeis the sameas that ofa bubbleofgreaterdepth. Fortu-

natelyBashforthandAdamstabulatethe angle$, whichis hesupplement
of tbe angleofcontact,9,measuredacrossthe water, at the lineoftriple
contact. Thisanglewasdirectlymeasuredin the paperalreadyoited(1).

Fio. 2. 8HAPBB AND Sisus or STATMNANT AiR BUBBLES lN WATBBt(ttt CM.)

II. ARITHMETICATi SOLUTION OF THE EQUATION FOR BTBBI.E6 0F

DUTMEW BIZES

Since

R m Bt~a~'b~
g T. blTw

and, fromKayeand Laby's Physicaland ChemicalCOnstant8,g = 980

cm.per sec.' forMelbourne,(o~ o$)= 0.997at 20°C.,allowingforthe
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saturationof theair bywatervapor,and ï\™ = 72.8dynes percentimeter

(Bohr'svalue),the valueoffi reducesto – 13.43bg.

Figure2 showsnotonlythe shapesbut the actualsizesin centimetersof

a seriesof bubblesof air in watercorrespondingto différentvaluesof fi.
These have been calculatedfrom Bashforthand Adams' valuesofxlb
and ejb, and the valueof b correspondingto each value of fi. Thereis

goodagreementbetweenthe shapesofcalculatedcurvesand photographs
of actualbubbles.

Worthington(3)statesthat pendantdropsof liquidsare unstablewith

regard to surfaceoscillationsat points wherethey are reëntrant. The

writerbasnotbeenabletoobtainanyreasonablystablereëntrant surfaces,

thoughif the buoyancyof the bubbleis balancedby an upper supporting

tube, reëntrant surfacemay persistfor sometime in the absenceof vi-

brations.

ni. EQUATION CONNECTING VOMJME OF BUBBLE, ANGLE OF CONTACT, AND

AREA OF AIR-SOLID CONTACT

BashforthandAdam developbytwomethodsa formulafor thevolume

oontainedbya bubbleaboveanygivenplanein tbe bubble. Thefollow-

ing analyslsis basedupontheir secondderivation. Assumethat a noass

ofwaterofthesamesizeandshapeas that portionof the bubblebeingcon-

sideredreplacesit in thewater. Theverticalforcesacting on thismassof

water,whiohobviouslyis in equilibrium,are:

(1) Its weightV-ovacting downwards.

(2)The forcedueto the hydrostatiepressurePAat the baseof the

volume,P'a'«•• upwards.

(3) Theresultant,F, (actingdownwards)of the hydrostatic pressure
overthe ourvedpart of the surface.

Whence

F + Vvtg **PA' (8)

For the bubbleofair, the verticalforcesactingon the portion undercon-

sidérationare:

(1) Thesameforce,F, actingdownwards.

(2) Its weightV<nffactingdownwards.

(3) The surfacetensionforce,2mrrw»-sin*,acting downwards.

(4) The pressureof the air lying under the plane considered,ira;2

PA. (If thebubbleis eut off, not by an imaginaryplanebut

by a solidsurface,this pressureterm is placed by an equal
reactionactingupwards.)

Whence

F + V<ng+ ttxTn ein 0 k^PaJI. (9)
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Equations8, 9, and 4 reduceto the equation ofBashforthandAdams,
vis.,

v m «*T" (l *JBJ\ (ms
g\<t\ <rt) \p » )

(10)
~)-w \p

or, introducing0,

y a (i gtxi
(11)

fJ p x

where,as before,0is negative. BineeV is alwayspositive,ein<t>/xmuet

alwaysbe greater than 1/p. Bashforth and Adams hâve eonstructed

numericaltables fordifferentvaluesof 0 and b whichenablea numerical
solutionforV–correct, if necessary,to 1 part in 100,000–to bemadeover
a limitedrange.

It wouldbepossibleto constructa tbree-dlmensionalmodeltoshowcor-

respondingvaluesof the threevariables,V, 0, and x forany two fluide,
assuming2'w»,<rt <rt>and 0 to be known, i.e.,&0 to be fixed. It is,
however,easierin the first placeto construct sectionaldiagramswhich

representthe relationshipbetweenanytwo of the three variableswhenthe
third isconstant. Thesesectionaldiagramsare nowconsidered.

IV. AHITHMETICAliSOLUTIONOFTHEEQUATIONOFlu

(a) 0constant. Figure3 showsthe relationshipbetweenV and x fora
seriesofdifferent(constant)valuesof9. The irregularchoiceofanglesin

constructingthis figurewasnecessitatedby the incompletenessof the

tablesuponwhichthe caleulationswerebased.
Themeaningof thegraphlabestillustrated byconsideringforoneofthe

curves(forexamplethat for90°)tbe shapes of the bubblescorresponding
to a numberofpointsonthe curve. The numbers3, 4,etc., correspondto

thoseportionsof the bubblesof figure2 above$ « 90°for valuesoffi of

0.3,0.4etc., respectively.The points marked4a and 4b correspond
to bubbles,one of which (4b)is merely a continuationof the othertoa

positionwhere,for the secondtime, an angleof 90° develops. Asex-

plainedabove,this involvesa reëntrant surfaceand thusfor flotationthe

portionof the curvebeyond6aisprobablyunimportant.
Twoimportantcurvesfollowfromfigure3. Theseshowrespectively(1)

maximumvolumeofbubblefora givenvalueof0(figure4) and(2)maxi-
mumvalueofx forgivenvaluesof9 (figure5).

The figuresof figure5 are immediatelyapplicablein flotation,but the

maximumvalues of V givenin figure4 ail correspondto bubbleswith

reëntrantsurfaces. The maximumvalues for non-reëntrantbubblesare

also plottedin the dotted curve;these wouldbe of more interestwith

regardto flotation.
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x

FIa.3.RelationshipBetweenVolombOFBubblb ANDRADIusor Cibolbof
ContactfobVarioosAnolesof Contact

Experimentalverification. Figure6 bas been verifiedexpérimental^,
the pointsmarkedby a circlebeingexperimentalvalues. Thisverification
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Fio. 5. Maximum Values oï Radius or Cibcub or Coktaox ïob Givbn CONTACT

AN0LE8

0 Expérimentalpointe
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is tedious,a largenumberof bubbles whichwilljust hangto the surface

beingmeasuredfor a seriesof different xanthates, whiohgive charac-

teristiocontactangles. Theexperimentalpointsweredeterminedby Mr.

A. B. Coxwithoutpreknowledgeof the positionof the theoreticalcurve.

e

Fia, 6. Relationbhip BetwbbnVolume or Bubblb ANDAkqibof CONTACTfob
VabiousVaittebof Eaditjs OFCiecle os Contact

(6) x constant. Figure 6 shows the relationship between V and 0for a

series of different (constant) values of x. The meaning of the curves is
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againbestunderstoodby tracing, foronèof the curves–e.g., that for x =
0.125ont. – tbeshapesof the bubblescorrespondingto variouspoints on
the curve. Alongthe portionOAtheangleof contactis steadilydecreas-
ing to the minimumvalue, but along4B it inereasesagainas reëntrant
surfacesappear. From B to C, thoughthe angleis still increasing,the
volumeis diminishing,owingto increasingflatnessof the bubble.

Twoimportantcurvesfollowimmediatelyfromfigure6. Theseshow,
respectively,(1) the minimumvalueof 9 for givenvaluesof x, and (2)
the maximumvalueof V for givenvaluesof x (figure7). It is obvious
that the curveshowingthe minimumvaluesof 0plottedagainstxis iden-
ticalwith that of figure5, whichshowsthe maximumvalueof xplotted
against8.

(c) Y constant. Figure8 showsthe relationshipbetween6 and x for a
seriesof different(constant) valuesof V. It willbeseenthat botb arma
ofany of thesecurvesapproaohthe x-axisasymptotically. The pointson
the lowerarm allrepresent bubbleswith reëntrant surfaces;at A, how-
ever,reëntrantsurfacesdisappearandfromAbackto thex-axisthebubbles
hâve the simplestform.

V. REPLACEMENT OF SOIiID-WATER CONTACT BY SOLID-AIR CONTACT

Tenacity of adhésion

The conditionswhiehdeterminewhetherair willdisplacewater at the
surfaceof a solidfollowimmediatelyfrom thermodynamics.This has
beenrealizedbyseveralwriters, but othershâvegivenincorrectanalyses.
Restatementmaybe belpful. For any rearrangementof the surfacesto
occurwhenan airbubble is broughtinto contactwitha submergedmin-
erai surface, it is necessarythat the potential energyshoulddecrease.
Since,under the conditionsof ftotationpractice,the air-mineraiinterface
cannotbe createdwithout the simultaneousdestructionof mineral-water
and water-airinterfaces,the conditionfor replacementofwaterby air is

evidently*

Tu < Tn + T..

and

W Tn + T.» Ta (12)

is the measureinergsof the workdoneper unit areaby thesystemduring
this rearrangement.

Nosatisfactorymethodis availablefor the determinationof the surface
tensionsat the solid-liquidand solid-air interfaces,but the value of !Twa

3It isehownintextbooksof physicathatfreesurfaceenergyinergsperunitarea
andsurfacetensionindyneaperunitlengtharenumerientlyequal. Surfacetensions
maythereforebeusedinplaceofsurfaceenergiesin theseequations.
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may be measuredby a varietyof methods. Both Tu and Tn may bo
eliminated,however,by introductionof the contactangle.

Whenequilibriumis reaohed,

coB 9 -?"~ T~
T".

and substituting for Tn T,, in equation12

W T.. (1 oo8$) (ia)

whichis the workdoneperunit area in formingthe contact betweenair
andsolid (freeenergyof formation)at the expenseofthe solid-waterand
water-air contacts,or alternative^is the work*whichmuetbe expendedin destroyingthe air-solidcontact. It may thusbe regardedas a meas-
ure of the tenacity of adhesion. When0 = 0, the expressionreducesto
aeroand there is notendencyforsticking;when0 180°,the expression
reachesa maximumof 22*».. Theadhesivetendencymay conceivablybe
greater than correspondeto complotewettingby air, if !TM. Tn >
Tm(4), but nosuch casesareknown.

VI. TBtTB AND APPARENT AREA OF CONTACT

When a submergedbubbleof air is pressedagainst a solid surfaceit
sometimesfails to spreaduniformly. Portionsof the surfaceare in true
contactwith the air, but othersmaybefouledorforsomeother reasontbe
air makes no true contactwith them. The areaof true contactwillnot
then be identicalwith the apparentareaof contact,and in estimatingthe
tenacity of contact fromthe equation,W m Tm(1 cos9)ergsper unit
area, the true rather than the apparentareaofcontactmust be employed.It is important that the relationshipbetweenthese two areas should
be known. Someexpérimentaat a cerussitesurfaceusing a bubbleof
carbontetrachloridethrowlightonthisquestion. If thesurfacebefreshly
prepared in the manner desoribedin the third paper of this series,the
carbontetrachloridedoesnot spreadimmediatelyoverthe wholesurface.
Contact first oceursat a seriesofsmallisolatedareas whoseextent grad-
uaHyincreases. The water is graduallyforcedout betweenthem and
ultimately, save for a fewirregularpatches,there is a completediseof
contactbetweenthe carbontetrachlorideandtheminerai. A fewpatchesofthe surface remainwettedbythin layersofwater. Thèseobservations,

Sine©the surfaceof thebubbleiaourvedat thepointofcontact,andaince,
fmther,there isa rearrangementoftheair-waterinterfaceafterdisruption,smaU
correctionsarenecessary.Theourvatureintroduceaa "pressure"correction;thatit isneligibleforfairlylargebubbleslaprovedbytheabsenceofvariationincontact
anglewithaiseofairbubble,andalsofollowefromLyona'workonfloatingtenues
(J.Chem.Soc.1980,623).
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whichextendoveronly a fractionof a minute,arepossiblebecauseofthe
bighrefractiveindexofthecarbontetrachloride. Thelineofvisionshould
be at rightanglesto an illuminatingbeamof lightand inclinedat 20°to
tbe horizontal.

If, however,the surfaceof the mineralisoiled,or is coatedby whatis
called in dotation an organiocollectingagent,the carbontetraehloride
spreadsoutwardsvery quickly, andno surfaceinclusionsof the aqueous
phase remain. It may be concludedthat wherethe surfaceis in a re-
ceptiveconditionfor air-contact,the true and apparentareasof contact
are identical. This conolusionis supportedby the uniformmannerin
whiehabubbleofair leavesthesurfaceifit ispulledaway.

Ostwald(5)has formulatedan ingenioustheoryin whichhe claimsthat
only a unimolecularring of the organiccollectingagent is necessaryto
ensureattachmentof the bubbleto the particle. His mainévidencein
favorofthistheory te the verydoubtfulstatementthat sufïoientcollector
is not presentto form a unhnolecularfilmover the wholesurface. The
aboveexpressionfor the tenacityofatickingproves,however,that sucha
ring contactwould be so unstableas to collapsewith the slightestdis-
placementunlesathe movingair-water-mlneralboundarycarriedwithit
the ringofcollector,Le,,that the attractionbetweenmineraland collector
wassosmallasto permitfreemovementofcollectormoleculesoverthesur-
face. Thisit isnot, forifa mineraiwhichhashadcontactwitha xanthate
solutionfora minute beremovedandwashedin severalchangesofwater,
it still retainsover its wholesurfacethe powerof attachmentto an air
bubble. Recentmeasurementsof surfacetension(6) indicatemoreover
that thereis littleadsorptionofxanthatein the air-waterinterface.

A cqntaminatedpatoh in thecenteroftheair-mineralcontactwillnot,
of course,influencethe stability of the contactfor smalldisplacements,
but it willcausea rapid unopposedcontractionof the areaof contactthe
momentthe displacementof the bubblewallreachesit.

In the experimentsdescribedin the paperof Warkand Cox(1)andin
those of the followingpapers,there bas beenlittle or no foulingof the
surface. Whenone isapproaohinga régionofnon-sticking,however,asfor

examplewhenalkali isaddedtoa xanthatesolutionin contactwithgalena,
the surfacedoeschange in such a way that the true area of contactis

apparently greatly diminished. Even on a partly fouled surface,at
points wheresticking is possible,the fullangleof contact may be de-
veloped.

Vn. DIFFICUI/TIES IN THE EXPERIMENTAL DETERMINATION OF ANGLE OF

CONTACT– HYSTERESIS

Suhman(7),Ablett (8),andLangmuir(9)haveshownthat the angleof
contactvariesaccordingto whetherthe lineofcontactbetweenair, water,
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and solidis advancingor receding. The angle9* m greater whenthe
water-solidcontact is beingreplacedby an air-solid contact than the

angle# whenthereverseis occurring.Thedifférence9" – &is termedthe

"hystérésis."
,)

Sulmanhas shownthat the variation lieswithin certain well-defined

limite,whieh he claimedwere dependenton the minerai. Ablett also
showedthat the limitswereclearlydefinedon a paraffinsurfaceand,
furthermore,that themeanof0*and Wwasverycloseto the equilibrium
value,9;also that the différencebetween9' and 6' was a funetionof the
rateofmotion,andwasconstantovera rangefrom0.4to 4mm.persecond.

The angleof contactof a bubblein equilibriumon a solidsurfaceis |
(subjectto certainminorcorrections)givenby the expression i

cosTa-Tn
Tw

co8 e =

–
I

Edser (10)concludesthat if, owingto hystérésis,9 alters, TMmuethave
altered. (It isnotstatedwhy TMand notTn hasbeen assumedtoalter.)
Thiswouldbe true if the bubblewerestill inequilibrium,but undersuch
conditionsit is not. If the vesselin whichthe minerai rests is shaken

lightly,e.g., by tappingthe tableuponwhichit stands,the angleof con-
tact revertsto theequilibriumvalue9. Hundredsof tests havesupported
this contention. Apart from any experimentalverification,however,it

U

is obviousthat thestressappliedat a pointofthe bubblecanhavenoef-
1

fectonthesurfaceenergiesofthedistantinterfacesmineral-waterandmin-
eral-air.

f

Somesecondaryforcemustassistinthe maintenanceofapparentequilib-
rium,if variationsin Tm T,w,etc., are inadmissable.A frictionalforce
alone could be responsible. To make the argumentspecifie,let it be

assumedthat the stressat the base bas beencausedby an upwardex-
tensionof the bubblewhichhas the effectofnarrowingit alongits length.

Whenthe top of the bubble is raised,an attempt is made to increase
the volumeof the bubble. This reducesthe pressureof the bubble,and

therebyoreatesanexcessexternalpressurewhichtendsto pushin thebub-
ble wall. Yet someforce,resultingin the hystérésis,prevents the base
of the bubble from contraoting,though in equalizingthe pressurethe
bubblewallaltersin shapeand a newangleofcontactdevelops. Onlya

horizontalopposingforcecouldbeeffectiveinpreventingmotionalongthe
mineralsurfaceunderthe stressof this pressure. This horizontalforce
is thus responsiblefor the new value of the angle. Furthermorethis

1
forcemustdisappearwhentrue equilibriumisreëstablished,fortheoriginal
angleisagainobtained. Sucha force,whichactsparallelto the direction
of possiblemotionand disappearswhenstableequilibriumis reached,ia
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custoroarilyetyleda frietionalforce. Hystérésisof contactangleis tbus

a manifestationof friction.6

Adam and Jessop(11)havealreadysuggestedthat hystérésisis dueto

friction, buttheir paperhas not receivedthe attention it deserves. This

is perhaps due to the fact that, beyondthe statement tbat the degreeof

hystérésisis lessat smooththan at roughsurfaces,they givenoreasonfor

this interpretation.
Our expérienceconfiraisthisstatement. It isby nomeanscertainthat

the laws of frictionat solidsurfacesmay be appliedwhenconsidering
solid-fluid contacts, but, assumingthat they may, it followsthat the

frictional forceopposingmotionof the bubbleover the surfaceis propor-
tional to our L of equation16.

Assumingthat hystérésisisdue to friction,Adamsand Jessopdevelop
a formula for 0, namely,

cos$ 1/2(cos«"+ cosif) (14)

In deriving this expressionthe authors equate terms of unequaldimen-

sions, but their finalexpressionis correct. If H dynesper centimeterof

air-water-roineralboundarybe the frictionalforceit may be shownthat

H 1/2Tn (cos«' cos9") (15)

Since$" 01maybeas highas60°,the frictionalforcemaybeof anorder

ofmagnitudeashighasone-quarterthat ofthe surfacetension.

Ablett's resultsfor paraffinwaxare accurateenoughfortestingequation
14. He foundthat

e" H3°9'

and

e' =. wiff

Whence

V

°l1 G17C8

1/2(cos9*+ cos9') 0.2517

and

0«i«. 104°35'

Ablett's 0,as measured,was104°34'. Ablettwronglyexpected1/2 (6"+

6') to equal 0. The meanvalueis 104°44'which differsfromthe deter-

6 Thedifferencebetweeninterfacialenergy(ortension)andfrictionisasfollows:
Interfacialenergychangesbeoomemanifestwithdestructionandcreationofinter-

facesthefrictionalforceandenergyconsumedtherebyareaasoeiatedwithdisplace-
mentsofsurfaces,notprimarilywithchangesintheirextent.
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minedvalueof 9 by more than the expérimentalerror. A better oheck
of the theorycouldbe obtainedwhenusingsmallervaluesof$, for which
thedifférencebetweenmeanandoosinemeanis greater.

Vin. THESTABOITYOFATB-MINEIRAl,ATTACHMBNTS

There bas been somemiaconoeptionwith regard to the influenceof
hystérésison the stabilityof air-mineralaggregates. Thoughthere may
be somejustificationfor Sulman'sclaimthat hystérésisimpartsa greater
rangeofatabilityto a floatedparticle,there canbe noneforEdser'Bstate-
ment that, "No particlecouldfloatstablybut for the possibilityofvaria-
tion of the contact angle,for if thiswere constant,a slight tilt would °

inevitablycausethe particleto sink." Sulmanlater (b) states, "But for i

hystérésisa mineralisedbubblecouldonlyhavea briefexistence." Were l

thèsestatementscorrectthemeasurementofcontactanglewouldlosesome 1
of thesignificancewhichwe havegivento it. It wouldneed to be sup-
portedby an estimationof the hystérésis. It devolvesuponus, there-
fore, to explainwhyit is consideredthat thesestatementsare incorrect. [

It basbeenprovedabovethat whenthe air-mineraicontact is formed
thereis a decreaseinfreeenergyofthesystemamountingto T (1 cos6)
ergsper cm.' of contact. Since(î –cos0)isalwayspositive,there is in-
variablya decreaseof freeenergyon the stickingof the bubble. This [
amountstosayingthat theprocessoccursspontaneously.ToUberatethe
air bubblefrom the surfacewouldrequirethe expenditureof an equal î
amountofwork. This impliesthat the equilibriumis a stableonewith J
regardto attemptsat disruption. ]

Whilecontactbetweenmineraiandairis beingestablished,and theair is
spreadingover the surfaceof the mineralfroma smallnuolearpoint of

attachment,frictionalforceswouldtend to retard the spreading. There
wouldthusbea tendencyto preventthe true equilibriumangleandareaof
contactbeingreached,so that the maximumtenacityof stickingbetween
air and mineralwoulddeveloprather slowly. Nevertheless,becauseof
the violentagitationin the flotationboxes,it is probablethat the true
contactanglewoulddevelopwithina reasonabletime. The initial effect
ofhystérésisjs thereforetopreventmaximumattachmentbetweenair and

minerai,whichlathe primarystepinflotation.
The effectsof hystérésison the stabilityof an attachmentalreadyes- 5

tablishedmustalsobeconsidered.It isobviousthat, as the contactangle
canbe raisedslightlyby hystérésis,the stabilityofcontactundera tran- ï
aientstressoanbe increased– momentarilyat least. Sulman'sclaimthat

hystérésisimpartsa greaterrangeofstabilityis thusjustifiedin this case.
Ananalysisof the effectsof aUpossibletypesof stresswhichmay be

appliedto a bubblein contactwitha mineralsurfaceleavesone in doubt
whetherhystérésiseverimpartsmuchgreaterstabilityto theattachment.
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Thebubbleandmineralmustpart companybyrelativemotionin a direc-

tion at right anglesto the surfaceand the forceof friction,beingparallel
to tbe surface,cannot be effectivein preventingsuch motion. On the

otherhand,frictiondoesopposeeasy motionof a bubbleover the surface

ofa solidor ofa solidoverthe surfaceofa bubble,but tbis is probably
disadvantageous.

Some experimentswith diphenyl ether C«H«OC«H»confirm these

views. The densityof this substanceis 1.07and it melts at 28°C. If

the melt be allowedto coolon a glassplate,very large smoothcryatals
form. On the smoothsurfacethere is praoticallynohystérésiseffect,yet

notbingknownto us floatsso readily. It is true that the floatabilityof

largeplatesofthe eompoundby verysmallbubblesis dueto the veryemail

differencebetweenits density and that of water, but the abllity of the

aggregateto withstandlargestresses is,wesuspect,due to the absenceof

hystérésisand the conséquentflexibilitywhiehenablesadjustmentof the

partnersof the aggregateto meet any externalstress.

Extensionto movingSystems

Even whenair-mineralattachment is possible,there are certainother

conditionsto bef ulfilledinorder that &particlemayfloat.

Tbecapillaryforceofattractionbetweenairand mineraimustobviously
begreaterthan theit tendencyto part. Thecapillaryforceofattraction,

L, correctedfor the bydrostaticpressuredifférencehas beenshownto be

givenby the expression,

L =.2~r~ sin a M~T~{~ +
(ain

à>

l\
L ca2xzT, sin 8

or,since$is thesupplementof<t>,

L = vxTm(nia9

The tendoncyto part may be evaluated fromconsiderationsof the dy-
namics of the motion of the air-mineral aggregate. Let the tension

betweenmineraland air be E. Let <rt,<h,and<nbe the densitiesofair,
flotationliquor,and solidrespeotively,and let Vi and Vt be the volumes

of air and mineralin the small aggregateunderconsidération. Let the

accélérationof the systembef upwards.
Consideringthemotionsof the bubbleandparticleseparately;

vigiot– «i) – S – »!»!/

and

E – v$(ot – at) •»
Wtf
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Whence

L' 9a:vwt
"1)

(t?)B

\W| + Vt<r,J//a

(17)

and

f ma(("' +v*>«* (wi +wi)l
111"1+"10'. j'

If <rjmaybe negleoted,E = »#*»,whichis equalto the upward thrust
dueto the buoyancyof theair.

Three casesarise:

(1) Thebubbleand mineralboth sink if isnegative,that is, if

vx<r,+#»»«>(»i+ »t)<r.and L > S

(2) Thebubbleandmineralbothrise if lapositive,Le.,if

v%vi+ vttt< (•>!+ »j)«»and L > E

(3) Thebubbleandmineralpart companyif

L<E

Yet another contingencymay arise. It is possiblethat dieruptionof
the bubbleiteelfmayoccurin preferenceto separationof the air-mineral
contact. Let S bethe areaof thiscontact. If Sibe the areaofthe bubble
at the levelwheredisruptionoccurs,the workdoneagainst the cohesive
forcesw28iTn. If

5SS,r«< 8 T.(l cos$)

the bubble will thereforebreak in preferenceto separationof air and
mineral. Practioally,thismeansthat the bubbleshouldhavea reëntrant
surfaceand in generalis obtainedonlywith bubbleswhosecontactangle
exceeda90°. This explainswhy only bubbleswhosecontact angle is
is above90°leavea residualsmaUbubbleif they are foreedby increasing
sizeto leavethe surface.

IX.FBOTHSANDAIR-MINERAIiAOOREGATE8

Regardingthe dze of the air bubble as infinite,the principlesof the

precedingsectionsare directlyapplicableto filmflotation,but filmflota-
tion is unimportantnowadays. A frothingagent is invariablyadded to

promote the formationof a relativelystable frotb. A largesurfacefor

collectingthe mineraisis therebyprovided.
The physicalprinciplesunderlyingthe formationof a froth have been

clearlydefinedby Edeer(10), but there is muchconfusionin the subae-
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quentliteratureof flotation. TheywtUbe aummarisedherein sofar as
this ia necessaryfor the developmeutof certain deductions. For froth
formationit isneeessarythat the solublefrothershouldbeusedin sucha
concentrationthat there is a finite(positiveornegative)rate ofchangeof
surfacetensionwithrespectto concentration. Onlywhenthis condition
is satisfiedis thereadsorptionof the frother in the air-Uquidinterface,

ti7*
but the amountof adsorptionia dépendenton -C––? whereC is the

concentration,andfw. is the statiesurfacetension. Thedynamicsurface
tensiondifferalessfromthat of purewater tban doesthe static. Edser
demonstratesthat any suddenstrainappliedto the surfacewill displace
the adsorptionequiUbriumin sucha manner that the surfacetensionis
raised;inextremecasesthe dynamicvaluemaybe reachedt.Thevalueof
the restorativeforceis thereforedependentuponthe differencebetween
thestatieanddynamiovaluesof thesurfacetension.

Certainobservationswhichdonotseemto havebeenrecordedeisewhere,
though.theymuetsureiybe familiarto the operatorsof flotationplants,
maybeexplainedalongsimilarUnes. There isa correlationbetweenthe
sizeof bubblein and stabuityof thefroth and the concentrationof the
frother. Startingwith very dilute solutionsthe atablest bubblesare
large;as theconcentrationof the frothermincreased,the averagesizeof
the relativelystablebubbtesbecomessmaUer,until ultimately(12),no
stablefrothen be obtainedwhenthe solutionbecomessaturated. In
the-mostdilutesolutionsthere is probablyinsuSdent adsorptionof the
frotherat the surfaceto prevent coalescencebetweenthe bubblesor to
exertmuchstabuizinginfluenceon those that are formed;the bubbles
arelargeandephemeral. Withmoreof the frotherpresentcoatescenceis

inhibited,forwitheachcoa!escencethereis a decreasein total areaof film
surfaceand a conséquentadditionalincreasein the concentrationof the
frotherin thenewbubble. Relativelystable bubblesformand the size
of thèse doesnot vary over very wide limita. Some coalescenceatill

occurs,resultingin largerbubbleswbichcollapseon risingto thesurface.
ThereasonfortheempiricalruieofGaudin,Haynes,andHaasianotclear,
but it mustbeconnectedwith the appearanceofa filmof oilasa discrete
phase.

./iM'-mMMro!a~re~M

Bartsch(13)hasinvestigatedthe influenceof insolubleoils,ofcolloidal

partieks,ofgangueand sulfidemineraband ofsolublesalts on the soh-

bilityof the frothproducedby a solublefrother. This paperis of out-

standingimportancewithrespecttoatabilityoffrothsystems. It isof an

empMcalnature,however,andsomeconsidérationofthe theoreticalbasis
isdesirable.
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Someof the conolusionaof the preeedingsectionsmaybeappliedin the
study of air-minéralaggregates. It follows,forinstance,fromthe funda~
mentalequationforcontactangle,that the contactanglesat eachofthe
minéralpartielesarmoringa bubbleare uninfluencedby the présenceof
the other particles.- The shapeof the bubble,however,wouldbe deter-
minedby the particles.

ThepartielescoNeetedby a bubbleonitawayte the surfaceatidedown-
w&rdsuntil they receivelateral supportfrom themoreor lesscontinuous
filmofparticlesat the bottom. Asthebubblebecomesmineralized,eaoh

particlebecomesmoreand morenearlysurroundedby others, but each
partiolemakescontactwithbothair andwater. Whenthebubblereaches
the froth proper,it meetsa showerof partiolesfrom collapsedbubbles

sadingdownwardsbetweenthe bubbles,and manyof theseare captured.
Thosebubbleswbichbecomemostcompletelycoveredare themoststable.
If they are not coNectedwhenthey reachthe surface,they, too, coBapse.
The rate ofcollapsemay, however,beexceedinglyslow. Theslowrateof

d
collapseis probablydue to preventionof rapid drainingby the solidpar-
tieles. AtthetopofthefMth.muchofthemineraHiberatedasthebubMes
coHapseis supportedby thosepartioleswMchare still seeurelyboundto
the froth. Lowerdown, the bubblesare separatedby columnsof liquid,
someofwhicharethin,and it isat the surfacesbetweenthewatercohanns
and the air bubblesthat the partielesride. Somepartiolesmay effect
contact with two neighboringbubblesof air, but whetherthis wouldin-
creaeeor deoreaesthe atabilityof the mineralizedfroth systems,it is c

dimouttto décide. <

X.MA30MDM8MEOPPARTICLEWHICBWM.FMAT

Edser (10)showsthat a very largeparticlecan be floatedby "skin
flotation"at an air-waterinterface. A diseof largeradiusis supported
almost entirely by the hydrostaticpressureof the water, "thé surface
tensionservingmerelyto preventthe liquidfromflowingoverthe dise."
Sucha disemustbethin, however,andEdsershowshowits thickness may
be calcutated.

Gaudin, Groh, and Henderson(14)have attempted to catculatethe `

maximumsizeofa galenaparticlefloatableby skinflotation. Theyhave,
however, neglectedthe term due to hydrostaticpressure différences. b

Theyshowthat thesurfacetensionforcesare largeenoughto floatacube
of galenawithan edgelengthof2 mm.,but theydonot demonstratethat
sufficientwater is displacedto providesufficientbuoyancy,whichis of
coursean essentialfor flotation. Figure9 of Edser'spapersuggeststhat
the buoyancywouldbe insumcient.

!fwaterdrainswaythepartialemayultimatelybeeupportedbyotherparticles
andnotbycapillaryforces;therewouldbenoangleofcontactinsucha cme.
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If appliedto flotationby a singlebubble,theirmethodis thereforeequi-
valentto usingthe expression

~(<ft <~)e° 2~.):?'~sine

in placeofour equation10.'

Whenf = 0,

~(~ «.) ° F, ~J

andfromtheseéquationsVscan beca!cu!ated. However,using theprin-
oiplesof the precedingsections,allowancecanbe madefor the diSerenees
in hydrostatiopressure,and thus a doser approximationto maximum
floatableaizeof particleby a submergedbubble may be obtained. It
shouldbe remembered,however,that the calculationis vaUdonlyfor a
particlepossessinga largeflatsurface. Thissurfacemust beof suScient
extentfor the bubbleofmaximumvolumefora givencontactangleto fit
on the surfacewithouttouchingthe edgesof the particte. The maximum
volumeofair for a givencontactanglemaythenbedeterminedfromfigure
3, andalso the correspondingarea of contact. Thevaluesapplystrictiy
onlyforstationarysysteme,but theywouldalsobeapplicableto the limit-
ingcaseofa partiolejustsobigthat the bubblecouldcarryit to thesurface
withan inamtesimallysmallaccélération. Then if <rtmay be neglected
it follows,since = 0, that

V. V, ~,) (M)

Totake a specifiecase,let us catculatethe sise of the largestparticleof
galenawhichcouldbefloatedfor an angleof contactof90". Fromfigure
3 the maximumvalueofx is 0.25cm., i.e., the diameterof the eircteof
contactwith the bubblemust be 0.5cm.and its volume,read fromfigure
3,is0.06cm.' (Thebiggervolumesoffigure3 correspondto bubbleswith
reëntrantsurfaces,whiohareofno interestin flotation.) Abubbleofthis
sizecould,by equation19,floata partMeofgalena(density7.5)ofvolume
0.06/(7.5 1) cm.*i.e., 0.0092cm.' Thethicknessofthisparticlewould
benot greaterthan 0.005cm.

For anangleofcontactof IZS",the maximumvalueofx is 0.46andthe
correspondingvolumeof air is 0.15cm.' This wouldfloata partioleof
galena0.023cm.' If, however,sti!lkeepingat 125~weagainmakej: =-
0.25,Vbecomes0.015cm.~andthe biggestparticlewhichcan be floatedis
butone-quarterthe thicknessthat canbe floatedforthe smaUerangleof
90°. This is becausethe bubble correspondingto the higher angleis
the flatter. It is apparent,therefore,in thespécialcaseofthé flotationof

ThisapproximationNsimilarto thatformerlyin usefortheestttMti<mofsurface
tensionbythedropweightmethod,butnowrenderedunneceasMybytheuseof
certaintablesbasedupontheequationofBashforthandAdams.
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a singlepartioleby a singlebubblethat the higherof twopossiblecontact
anglesmaynot leadto thebest flotation. It mightbe wonderedwhether
the observedlowcollectingpowerof the higherxanthates may be due,
in part, to the highanglesof contactprodueedby them, but it muât be
borneinmindthat amylxanthate,whichis a good collector,leads to an
angleofcontactnot far shortofthe maximumvaluefor xanthates.

In praeticaïflotationthereareseveralotherfactorswhichinfluencethe
maximumfloatablesizeof partiole. Firstly,the air-water interfacemay
touoh the edges of the partiole. The contactangle might then differ
slightlyfromthat at a planesurfaceand in any case it no longerdeter.
minestheabpe oftheair-waterinterfacewiththevertical. Largerbubbles
maythereforebeattachedfora givencontactangle,andverysmaUcubes
of galenamay be floatedbecauseofthis faotoralone. Secondly,contact
with morethan onefaceof the partiolemaybe possible. Thirdly, when
the bubbleis armoredby a largenumberofsmaMparticles,it may, fora
givenbaseof contactand a givencontactanglewith onepartiole,hâve a
mnohlargervolumethan is possibleif that partiolealonewereattached to
it. It !s impossibleto evaluatemathematicaUythe signiScanoeof these
faetorsandthereforethe maximumfloatablesizeof partiolein a flotation
machinecannot be exactlyevaluated. Gaudin,Groh, and Henderson
state that the coamestgalenaparticleson whiohreliablenotationwaeob-
tained in machinesis about0.4 mm.diameter.

Thewriterwishesto expresshisthanksto Mr.A. B. CoxandProfesser
T. M.Cherryfor theirhelpin thepreparationofthis paper.
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THE APPLICATIONOF THE LAW OF MATHEMATICAL
PROBABIMTYTO THE BEHAVIOROF GA8E8IN THËIR

PRESSURE-VOLUME-TEMPERATURERELATIONS'

GEORGEA.LINHART

Depat-<Men(o/Afo<~em<tKM,RiveraideJuniorCoMece,RtM)-<«to,Co~M-ma

Ree~M<<Oe<o&H'M,MM

Theequation,

y f.d + ~)

bas been shownto holdfor the courseof a largevarietyofnatural pK)c-
esses (1), and it ia of inteï~t to Bndthat it a!~ app!iosto the behavior
of a gas in ita pressure-volume-temperaturerelations. In the présent
casethe equationassumesthe form,

Wf tP~/d + M~)V., (t)

whereVpdenotesthe volumeat any pressure)P; f~, the uttimate molal
volumeof the gas; and k and K are constants,chataoteriaticof the gas
considered.

V is expressedin standard units, i.e., the volumeof a moleof gas at
standard conditionsle taken as unity. P is expressedin atmospheres.
Equation 1 maya!sobe written in the form,

~/(~. ~.) kP" ?)

and, at 1 atmosphèrepressuremaybewritten,

~.A~' ~J k ?

Dividingequation2by equation3,weobttun,

(f. ~)/(~ V~)= P~ (4)

In testingthe constancyof K in equation4, it was aasumedfor con-
venienceof cslcu!ationthat at 1 atmospherepressureCharles' Lawis
obeyed,i.e., = V.y/y., whereF. 1andT. = 273"A. V. is given
by the pointof innectionon the carveobtainedby plottingon a rather

Readbeforethe MathematicalAaMeiationofAmerica,SctAhernCalifornia
Section,SMDiegoTeaohersCollage,March,1932.
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TABLE 1

N~ro~" gas

1

_r-O'C.
(C

ï'~tM'ç.

X

r-M9*C.

K

r =Me.9'C.

't"' j/y x

a<tt<.
1 1 0.9463 0.7334 0.6708

100 93.6 0.999 ?.6 0.998 1016 0.998 81.2 0.999
180 136.0 0.999 129.0 0.998 132.2 0.997 106.2 0998
200 176.7 0.999 169.9 0.998 161.3 0.997 130.2 0.998
250 213.2 0.999 202.4 0.997 1892 0.997 163.4 0.998
MM 248.1 0.998 236.6 0.997 216.7 0.997 175.6 0.997
350 280.9 0998 268.2 0.997 241.1 0.997 197.0 0.997
400 311.8 0.997 298.3 0.997 266.56 0.997 217.8 0.997
4SO 340.9 0.997 3266 0.996 288.8 0.996 237.6 0.997
500 368.6 0.996 3S3.4 0.996 311.1 0.996 2570 0.996
MO 394.8 0.996 378.8 0.996 332.7 0.996 276.7 0.996
600 318.9 0.996 402.9 0996 353.2 0.996 293.9 0.996
660 4427 0.996 426.1 0994 373.1 0996 311.4 0.996
700 496.1 0.994 447.9 0.994 392.0 0.995 328.4 0.996
760 487.1 O.M4 469.3 O.OM 410.6 0.994 344.8 0.996
800 607.66 0.994 489.0 0.993 428.1 0.994 300.8 0.996
860 632.2 0.995 609.2 0.993 446.6 0.994 376.4 0.995
900 644.9 0.992 627.5 0.993 460.0 0.993 ––
950 5638 0.993 646.8 0.993 477.8 0.993

1000 679.7 0.992 562.8 0.993 ––
1100 610.9 0.991 693.5 0.992
1200 642.0 0.991 623.4 0.991
1300 670.7 0.99f) 662.3 0.991
1400 698.3 0990 6793 0.991
1600 724.6 0.991 706.2 0.991
1600 749.3 0.991 729.9 0.991
1700 772.6 0.991 764.1 0.992
1800 794.9 0.992 776.4 0.992
1900 8163 0.992 797.1 0.993
2000 837.2 0.993 818.0 0.993
2100 867.3 0.993 837.6 0.994
2200 876.4 0.996 866.8 0.994
2300 894.5 0.995 873.7 0.994
2400 911.1 0.996 887.4 0.994
2MO 927.6 0.996 908.3 0.996
2600 948.2 0.998 923.7 0.997
2700 959.7 0.998 940.7 0.998
2800 976.8 0.999 966.9 1.000
2900 –– 972.8 1.001
3000 987.6 1.002

Av." Av. Av." Av.–
1600.00.9941600.0 0.996 1500.0 0.996 1600.0 0.997
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TABLEZ2

Oi~e~M

P .T-e'c. jr-M.t'c. r-Mt'c. r.tM.t'c.

< v K IIV x '~t/y"" K"

atm.
1 1 0.9469 0.7329 0.6778

!00 107.91.043 99.6 .036 72.7 1.016 83.3 1011
tSO 164.21.058 161.2 1.049 108.6 1.022 110.0 1.016
MO 218.8.(?8 201.1 .088 142.9 1.027 M6.1 1.017
MO 268.4.076 246.7 .064 176.6 1.031 t69.Z 1.019
300 3U7 1.079 287.9 .M 206.6 1.033 182.1 t.OM
360 348.6.080 324.0 .?0 234.9 1.036 204.0 LMt
400 380.41.080 366.6 .07t 261.1 1.036 Z246 1.022
460 408.2.080 383.0 .?1 286.6 1.037 243.9 1.022
500 432.6.079 407.6 1.070 308.3 1.038 262.6 Ï.023
MO 463.71.077 429.2 .069 329.6 1.038 280.1 .023
600 472.6.076 448.8 1.068 34S.8 1.038 896.6 .(?3
Ma 489.71.073 466.4 .066 366.7 1.038 312.3 .?4
700 S06.81.072 481.9 .066 383.1 1.038 337.2 .OM
760 619.6.070 497.3 .064 398.7 1.037 341.4 OM
MM 632.2.068 610.6 .062 413.7 1.037 366.6 .OM
860 643.2.066 623.3 -Ml 427.7 1.037 367.9 1.0M
900 666.61.066 634.6 .060 440.9 1.037 380.4 1.0M
MO M6.3 064 646.1 .069 463.3 1.036 ––
1000 676.4.062 666.6 .067 464.9 1.036
1100 694.61.060 574.7 .066 –– ––
t200 611.6.069 692.1 1.063
1800 627.41.068 607.99 .062
1400 642.3.068 623.0 .062
1600 666.3.067 636.6 .061
1600 667.8.067 649.4 1.061
1700 679.31.067 660.7 .061
1800 690.3.067 671.8 .061
1900 700.8.068 682.6 1.061
2000 710.2 .068 692.6 1.061
2100 719.4 .069 702.2 1.062
2200 728.0.MO 711.2 1.063

w

2300 736.4.Ml 719.4 1.064
2400 744.3.062 727.8 1.066
2600 762.2.064 736.3 1.056
2600 769.6066 742.9 1.067
2700 766.9 .068 760.8 1.069
2800 774.0 .?0 767.9 1.061
2900 791.3 1.073 766.1 1.063
3000 –– 771.6 1.066

Av.- Av.- Av.° Av."

920.0
1.066 920.0 1.0S8 920.0 1.034 920.0 1.021
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TABLE 8

Wt<)'<~tt gaa

P
f- o'c.

y-Mo'c. r-mt'o. r tMt'c.

< x
atm.

1 1 0.9446 0.7329 0.5780

100 100.9 1.031 94.2 1.026 103.6 1.016 80.6 .006
150 t48.6 1.040 138.7 t.03S 134.3 1.018 104.9 1.008
200 192.6 1.044 179.6 1.038 162.6 1.016 127.6 1.009
260 280.9 1<M7 216.0 1041 188.0 1.020 148.9 1.009
300 264.1 1.048 247.8 041 212.6 1.021 168.9 MO
360 292.9 1.047 276.2 Ml 234.6 1.020 187.6 1.010
400 318.3 1.046 801.0 041 264.9 1.020 205.1 1.009
460 340.1 1.046 322.8 039 273.6 1.020 221.6 1.009
600 369.7 1.048 342.7 038 291.0 1.020 237.1 1.009
660 377.1 1.041 360.4 037 306.9 1.019 261.7 1.009
600 393.2 1.039 376.4 .036 321.7 1.019 266.5 .009
660 407.8 1.038 391.2 1.034 338.6 1.01S 278.6 .008
700 421.2 1.036 404.9 1.032 348.3 1.01? 291.1 1.008
760 433.6 1.036 417.2 1.031 360.4 1.017 303.0 1.008
MO 446.0 1.034 428.8 1.030 37Ï.8 1.016 314.1 1.007
8W 465.6 1.032 439.8 .029 382.8 1.01S 324.8 1.007
g00 486.8 1.031 449.6 1.028 392.9 1.014 334.88 1.007
960 474.6 1.030 469.1 1.027 –– ––

1000 483.3 1.029 498.2 .026
1100 499.1 1.027 486.0 1.024
1200 613.9 1.026 600.0 .023
1300 627.3 1.024 614.1 .022
1400 689.7 1.023 627.1 .021
1600 661.4 1.023 639.4 .021

1600 662.3 1.023 660.11 1.021

1700 673.1 1.023 M0.6 .021
1800 683.3 1.024 670.8 1.021
1900 692.3 1.024 679.9 1.021
2000 601.1 1.026 688.6 1.022
2100 609.4 1.026 697.0 1.022
2200 617.3 1.027 606.0 1.023

2300 624.6 1.028 612.7 1.024

2400 631.5 1.029 619.8 1.026

2600 637.7 1.029 626.6 1.026

2600 643.9 1.030 633.3 1.027

2700 649.8 1.031 639.4 1.028

2800 666.7 1.033 646.4 1.029

2900 666.8 1.039 661.0 1.030
3000 667.1 1.036 666.8 1.03Z

Av.'=- Av.'=' Av.- Av."

800.0 1.032 800.0 1.029 800.0 1.018 800.0 1007
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TABLE4

Air

T–e'c.
?'t.)}rc. ï'-M<*c. r-MO.4'0.

_t/y K '–L~L-Z'~
atm.

1 1 0.9468 0.7829 0.6766

Ma 102.8 .035 M.6 1.029 7t.9 .014 81.4 1.009
160 162.4 1.044 141.8 1.038 104.8 .018 109.0 1.010
MO 198.0 .OM 1848 .048 136.3 020 129.3 t.Oll
260 238.3 1.063 222.0 .046 166.6 .023 161.0 1.012
300 273.4 .064 266.6 1.047 192.6 1.023 17!.6 1.012
?0 303.3 .064 285.7 1.048 219.6 .024 190.8 1.012
4M' 329.4 .MN 311.6 .047 340.6 .(?6 209.0 .013
460 362.6 1.062 334.3 .046 261.6 .026 226.1 1.012
600 373.1 .060 364.4 1.044 280.7 1.024 242.3 .013
MO 391.7 .1.049 373.1 .043 298.2 1.023 267.6 1.012
600 408.2 1.047 300.2 1.042 314.8 .023 272.0 1.012
660 4232 .046 4068 .041 830.6 .023 286.5 .012
700 437.1 .044 420.0 1.040 344.8 1.022 298:4 1.012
760 449.4 1.042 482.6 .098 368.4 .?2 810.7 1.012
800 461.3 1.041 444.5 1.037 371.2 1.021 322.4 1.012
860 472.6 1.040 455.8 .036 383.3 1.021 333.3 .011
900 482.9 1.039 466.4 1.036 394.2 1.020 344.6 1.011
960 492.6 .?8 476.0 1.033 404.4 1.020 363.6 1.010

1000 602.0 1.037 485.4 .093 414.2 .019 ––
1100 616.7 1.033 602.0 1.031 ––
1200 631.1 .?1 617.3 1.029
1300 646.3 031 631.9 .028
1400668.2.030 646.3 .028
1600670.1.029 667.6 .028
1600681.2.028 669.2 1.027
1700691.61.029 679.7 1.027
1800 601.7 1.029 690.0 1.027
1900 610.9 1.030 699.5 1.028
2000 620.0 1.030 608.6 1.028
2100 628.7 .031 613.9 OM
2200 636.9 1.033 626.8 OM
2300 646.0 .?4 633.7 1.031
2400 652.1 .036 641.22 032
2MO 659.4 037 648.5 OM
2600 666.7039 656.7 OM
2700 673.6041 662.3 OM
2800 680.6043 668.9 OM
2900 687.33 046 676.4 1.040
3000 694.0049 682.1 1.043

Av." Av." Av. Av. a
< 822.0 1.040 822.0 1.036 822.0 1.022 822.0 1.012
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largeBoa!e1/~p againatlogP, forat this point,&P~'= 1. Thismay be

verifiedbytakingthe seconddertvativeof 1/V with respectto logP, and

~.t«A–

pbcing the resulting expression equal to zero. Hence, by equation 1,

1/2V. = 1/V at inSeotion, whioh can be ettsity located from the perfect
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symmetryof the curve. Only ono ourvefor eaehgaalagiven,atnoethey
are aUof the samegeneraltrend and ofnearlyequalMoar&oy.V. may
atso be obtainedapproximatelyfrom densitymeasurementaof the given
substancein its solid state near the absoluteMroof temperature,since

V. is practieaUyiadependentof temperatureand ptessum. However,
the inflectionpoint methodis preferable,for denaitymeasurementaat

extremelylowtempératuresare not Iike!yto be generaMyreliable.
The gases chosenfor thia study are hydrogen,oxygen,nitrogenand

air. Asthe moatcomp!eteP-V-T data (2)availablearethoseofAmagat,
rangiagfrom 0"C. to 200"C.and from 1 atmospberepressureto 3000

atmospherespressure,thesedata wereusedin the calculationofK.

Btiam/raOB'cAMUî~'noNS

The data for hydrogengas are thoseof tables 4 aad 8 of the original
articlecitedabove; foroxygengas, of tables4 and 7; fornitrogengaa,of

tables5and 9; andforair,of tables 5 and10.

TABLE6
V<tWoK<Mtc/ Kwiththeo6ao<M<e(MtpefotMfe.'a ««MBM)~r ur~uwvre v~ m wssri arso uvawuso wmporusuro. u awnsnsm y

r BTMOMW OXYOftt t<tTMMB)t *M

Z73 0.9M 1.066 1.082 1.00)
290 0.996 1.068 1.029 1.036
373 0.996 1.034 1.0M 1.022
473 0.997 1.021 1.007 1.012
<o 1.000 1.000 1.000 1.000

i 1 1

DISCUSSIONOFTHECONSTANTS

The concordanceof theconstants in eachof the sixteensetsof resuttais

quite remarkableand justifiesthe assumptionthat at 1atmosphèrepres-
sureCharles'Lawiavalid. It is aisoofconsidérableinterestto note that

withrisein temperatureofthe gas the constant,K, ineverycaseapproaohes

unity (aee figure5). This phenomenonis in accordwith the kinetic

theoryof gases,leadingto the simpleexpression,PV = a constant. The

conditionspostulatedby the kinetic theorycan be fulfilledontyat high

tempemtureand at moderatelylow pressure,in whichcaseequation4,

(V. V.)/(Vp ~~) P~

reducesto PV== a constant, since at high temperaturesand low pres-
sures Kapproaches,inaUcases, unity,and V. becomesnegligiblyamati

as comparedwitheitherYIor Vp.
It may be noted that K for hydrogenapproachesunity from below,

wMe in the other casesK approachesunity fromabove. This phenom-
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enonis ehownon figureS, whereK is p!otted to four signiaoantagures
agaiaatthe absolutetemperature.

In ooao!u8{oa,it may be pointed out that equation4 la an empirical
one, in that y of the generalequation is reptacedby 1/F withoutany
theoreticalreason for doing M). The générâtequation,however,doe8
possessa theoreticalfoundation,since, as willbe shownin a subsequent
paper,it iBbased upon the !awof mathematicaiprobabuity. Further-
more,equation4 is not intendedeither forextrapolationor interpolation

purposea, for, sa stated in the first paragraph of this article, the writer is

merely endeavoring to show that the equation,

&(t + ~)

describesthe general trend ofa vast variety of natural processesin the fields
of chemistry, physics, botany, biology, bacteriology and sociology, and
even in practicat engineering; for example, the depreciation and the life

expeotancyof physical property.

REFERENCES

(!) LINHART:J. Phya.Chem.M, 1008(1932).
(2) AMAQAT:Ann.ohim.phye.?, ? (Î893). Extensiveworkin this fieldis con-

templatedbyMttcheMs:Proc. Roy.Soc.I<ondoaAM30,127-258.
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THEINITIALACTIN AUTO.OXIDATMN

In a recentpaper in This Journal (J. Phys.Chem.37, 209 (1933)),;t
mightbavebeenpointedout that theviewpointofStaudingerand Lauten-
seUager(Ann.488,1 (1931))isnot regardedaaconflictingwiththe general
theory advancedby the writer. Whenoxygenadds to a C===Cbond
throughpairingof the odd électronsof theoxygenmoteouiewithtwoofthe
electronsfromthe doublebond,it seemsreasonableto supposethat, at the
instant of formation,the excessenergyof the peroxidemoleculewould
réside in thèse newly establishedélectronpaim. The above authors
attempt to representthis energy-richmoleculeby an ordinarystructural
formula,ahawingoneof the bondsaotuallyopen.

>C-C<

0

-o

In the opinionof the writer,aucha structureshouldberegardedmerely
as an attempt to express in termsof time-honoredartifices,a fact which
doesnot lenditaelfto accurate d~criptionin thesetenna. If, forsome
purposes,however,a conventionalstructuremust be assigned,probably
the one of Staudingerand LautenscMageris moresatiafactorythan any
other.

H.N.STBPHEN8.
SchoolofChemistry
UniversityofMinnesota

Minneapolis,Minnesota

INDUCEDREACTIONSANDTHEHIGHEROXIDESOFIRON
REMARM UfON A PAPEB Bt D. R. H~E

Hale (J. Phys.Chem. 3S, 1633(1929))pubtishedin 1929a studyunder
the abovetitlewhichcontainsa oarefu!andobjectiveanalysisofnumerous
worksin this field. AmongtheseHalebasoccupiedhimselfwithmywork
in this fieldandhas found himselfinagreementwithmyexperimentswith
regard to theautoxidationof ferrousiron (Manchot:Z. anorg.Chem.27,
420 (1901);Ber.M, 98 (1832)). On the otherhand,he is of a different
opinionwithregardto the oxidationof ferrousironbymeansofhydrogen
peroxidein presenceof potassiumiodideas acceptor,in so far as hefinds

6M
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that hère not twobut threeequivalentsof free iodineocourper atom of
iron.

In his discussionofthis differenceweBndon p. 1651the followingsen-
tence "Unfortunately,he (Manchot)omittedto state howmuchferrous
iron,or whatproportionof ferrousirontoacceptor,wasused."

This temark is the resultof a nuBUNderstandingwhiohwasdiscoveted
in the courseofa pemonatconver~tioawithMr. Hale,whowaasogood
as to visit me in Munichin the aummerof 1930on the occasionof an
Eutopean joumeymadeby him. The workin question(Manchotand
Lehmann: Ann.M, 179 (1M8))containsa deBnitestatementwithregard
to the quantity ofironemployed,but onlyin a veryshortform,owingto
the limitedBpaeeat mydisposaiin the journal,as it waamerelya question
of conBrmingand repeatingformer results. 1 wroteon p. 185:"Gef.
a.B.2,4 bezw.4,6 corn,ber.2,4 bezw.4,4 1/10Jod," where,aaisobvious
fromthe context,"ber.2,4 bozw.4,4 com.1/10Jod" isthequantitywhioh
equals 2équivalentsof iodineto 1 ofFe,so that the quantityof ironused
inthe Stst experimentwas1.2ce.,andin the second2.2ce.of1/10ferrous
sulfate.

Whilein thiscasetherewasonlyquestionofa misunderstanding,1must
neverthelessstate emphaticaUythat 1 am not in agreementwith BMe'a
results. In thisconnectiona fullaccountof detailedexpérimentâtinvesti-
gatiooBwill appear in the Zeitschriftfür anorganischeund allgemeine
Chemie.

WtMEMtMANCHOT.
AnorganischesLaboratoriun!
TechnischeHochschule
Munchen
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Po~ytM O~doMoa OfCtM'cC'oM~otmdain the Vapor Phase. By L. F. M*MK AND

DoMTHTA. HAHN. Amerioan ChemioaiSociety Monograph Séries, No.OL 428

pp NewYork: The Chemical Catalog Co., lac., MS2. Priee, <9.00.
The appearance of thia volume eeemsespeoially timety in view of the increaaing

application of catalysis to the probtems of organie obemistry. The broad scope of
the workla indicated by the chapter headings: Introduction; cataiysis; eatatytic

deeompoattionof atechots; oxidation of atcohob to aldéhydes and acida; reactions
involved in the ayntheah of hydrocathona and atcohob from water gas; oxidation of

methanol to formatdehydej oxidation of gMeoua paraBn hydroetH'bona;oxidation

and hydration of ote&M acd acety!ene; oxidation of petroloum oUa; production of

hydrogenfrom méthane; surface combustion; the cause and suppression of knocking
in internat eombuBtion engines; oxidation ot benzène and ita derivatives; oxidation

of naphthslene; oxidation ofanthracene and mieoeUaneouBpotynuoiear compounds;

apparatus. !n the préface the authomatate thatthey betieve it béat "toconsider the

lacte regarding both the developed and undeveloped processes and to review thèse

critieaMyinao faraspOMiNe. ThesubjectooutdhavebeenapproMhedfromaeverat

angles, but it wae believed that a Mmideration of the feacMoMinvolved and prod.
acte formed conatituted the most aatisfactory method of treatment for the present

purpose." The reviewer beUeveethat the authors have admirably fuMed their

purpose and that thh volume will be an important addition to the library of those

iatereated in oatalytio oxidation.

In the introductory chapter on catatyaiBa fairly complète picture is given of the

ourrant ideas and théories on the subject; however, a more oomplete discussion of

the rote that oatalysts play in initiating and breaking chain réactions would have

strengthened thia discussion. The authors have wisely dMCMBMdauch reaetions as

oatelytic decomposition, whichare Mintimately related to the problem ofoxidation.

The chapter devoted to the cause andsuppression ofknocking in internat combustion

engines is one of the best reviewa to be found on this Important and eontroversia!

sublect. Very complète referenceaare given to the literature as footnoteB,including
numerous référencée to patenta. The ueeMnem of the book might be improved by
the addition of an author index. The section on apparatus will be found very usefu!

to those entering this important fieldof industry.. It ia the opinion of the reviewer

that this volume la an Important and valuable addition ta the Monograph Series of

the Ameriean Chemical Society.

L. H. REYBRSON.

Introduction to Or~otte CteMM(r~. By RooEtt J. WïM.tAMa. Second edition.
NewYork: D. Van Nostrand Co., M31.
The revision of this text aince the nrat edition (1927)includes more teeent infor-

mation on commercial processes and on certain rapidiy developing fields such as

carbohydrate chemistry. The author is suocemM in introducing many modern

concepts at.the earliest possible moment, building up a viewpoint whieh will not

need to be greatly modified after advanced study. The détail ia weHchosen, the

preeentation direot, and the soheme atways apparent. Aithough popular as a pre-
medicat text, the book Mnot limited in usefuiness to short or special courses.

P. D. BARTLETT.
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K'rt't<()«eteoKeder ottM~OMscAeHVerbindungen. (Sammlung chemisoher und

ehemiMh-teehnMoherVortrSfce, Hett M). By M. C. NeuevttOBR. 28.6 x M.6

cm.; tt6 pp. Stuttgart: Ferdinand Bette, 1933. Priée, RM. 9.70.

Fromthe very large amount of information wh!ohbas been made available by the

méthodeofx-ray erystat anatysia, it bas been found possible in reeent yeare to deduee

a number of tawo governing the crystalline structure of inorganic oompounda.

Chienyowing to the workof V. M.Gotdschmidt and L. Pauling, thèse ru!ee are suffi-

ciently weMestabiiahed to enable the cryetaHtM etructUMand phyateat properties of

a not too complex substanoe to be predieted with aomedegree of cortainty; thore ia at

least onecase on record where the experimental verification of suoh a prodiction bas

given remUtBof coMideraMe teohnicat importance.

Muohof Prof. GotdBehnddt'e work bas not been eaaily MeessiMe, and Dr. Neu-

burger'a book should commend itsetî both to the speoialist as a tNeM aummaty of

the présent state ofthe subjeot, and to the more générât reader ae a very tucid intro-

duction. Crystal chemietry ie defined as that branch o( chemistry deating with

those mutuat interaotiona of atoms and molecules which lead to the formation of

numericaUyunlimited ordered aggregates ita aimeare taken to be the prodiction of

the types ofcryatata whichcan be formed from givenelementa, and the détermination

of the relations between the properties of a crystal and the properties of ita oonatit-

uent atoma.

The problem of atomic and ionic radii ia first eoMidered; to a firat apptoxitnation
the atom and ions can be regarded as figid apheres, so that the structure types cac

be etaMinedaccording to the ratios of the radii of the ions involvëd. In the ancceed-

ingchaptera tt Mshownhow thia simple consideration iamodined by the innuence of

the charges carried by the ions, by their polarisation propertiea, and other factors.

ïsomorphiBm,polymorphiam, and morpbotropism are then diactMsed;these terms

have beenendued with a new precision ainee the advent of crystal chemiatry as an

exact Mience. The followingsection on chemioal binding in cryatata will perhapa be

diMppointinKto the chemiat who is aocuatomed to diNerentiate fairty aharpty be-

tweenetectrova.ïenciee,covatenciea, and coSrdinateiinka; itia apparent throughout
the bock, however, that va!ency ia a aubordinate factor in the construction of crys-

tala, and it is very difficult to distinguish between the various linkages merely by

measurements of mteratomie distances. It Mbore that varioM phyaical properties
can very usefuMybe employed, and in particular the relation between hardneM and

the strength of interatontic bonda is discOMed

Aathe book ia intended aa an introduction, many faecinating topics, suoh aa the

configuration of complex ions and the structure of the silicates, are not considered

in any detail, but witMn the limita which the author bas eet himBeifthe subject is

treated in a very ciear and logioal manner. It should be aaid that aetuat atruotures

are not deseribed; theae are adequately deait with in such publications ae the "Struk-

turberieht" and Wyckon's "Structure of Cryatata." The book is praotically free

from misprinte; an index would be a useful addition. Dr. Neuburger ia to be con-

gratulated on an attractive présentation of this important Mbject.
E. G. Cox.

Die Vo~enzder Jtfe<<tM< Co, Ni, Cu und ihre Verbindungen mit DtOMM<K.(The

Vateneyof the Metals Fe, Co, Ni, Cu and their compounds with Dioximea.) By
EMca Tmno. 26.6x M.6 cm. 71 pp. Stuttgart: Ferdinand Enke, 19M- Priée,
M.6.4.

Thia monograph, aa ita title implies, deals with the metaiUe complexesof oximea,

mainiy dimethyldioxime (DB,), with Mme four metale of the nrat transition series.
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The MtthornratdiacuosMthevalenoyofthé metateiron, cobalt,nickel,copper,and
then, wing thé Born~Haberoyole(KKieprozeaa),obtainsvatueoforthe heat offor-
mationforunivalent,divalont,andtervatenthaMdesof theforegoingmetah.

After this discussionthe dioximecompoundsare conaideredMparate!y.
~)'<m.DimethytgtyoximeandferrousaaMagive tFe2DH)wMohcombineswith

ammoniaor pyridinegiving{Pe2DH,SNHt!and [Pe2DH,Zpy)respectivety. A
deBaitecompoundwithfeKipironbasnot yet beenobtained.

Cobalt. (a) Indry acetonecobaltousoblorideand the glyoximegivea blueMtu-
tion fromwMchred {CoZDHtCt,]is obtainedand thiapaMeaintoamorestablegreen
isomeride. Thered andgreenderivativeaare said to berelatedaact'a-and trans-
formaand evidenceis adducedin supportof this conclusion.ThegreencMoride
hydrotyMsto [Co2DH~!tOH),whitethe bromide [CeZDH.Br.!withethytenedia-
minegives

tH~)2DH,Coen Co2DH,H~))~

and with ammonia

1002DH,HO NH#Br
fCo2DH,H~)NH,~

C'oto!<.(b) ThreetypesofoobaMesalts are recognized:(1) Cobaltinthe cation
tCo 2DH2A!X, whereA NH,,py, ien, and X=- Ct,OH,N0,, ~S0<,etc. (2)
tCo 2DH AX]whereA=. NH,,py, acridine,and X =. CI,Br, Ï, N,, N0,, SON,
OCN. (3) [Co2DH2X)Awithcobaltin the anion,whereA = H, Na,K, andX
CI, Ï, NOt,andSCN. Thesecompoundsare obtainedby replacementofNH, in a
suitable cobattammine,e.f; [Co2Da NH,C!j from {Co6NH,Ci)Ctt.

~<M. In additionto the weH-Imown{Ni2DH), nicketformathe compound
tNi 2DHt!Cttwhiehhaabeenpreparedin twowaya. A numberofaattaofthe type
tNi 2DHt}X<whereX Ma univalentradicalare described. Theforegoingcbloride
eaaity formea greenhydrate(NiDH,H<0}Chwhiehcanbedehydrated;moreover,
this hydratedécomposéewithacetieaoid,water, and alooholin theaeMe2{DH.Ni
H,0]C!t {Ni2DHt+ NiCt,+ 2HCI+ 2HiO. The author then paMeeto a con-
siderationof the structureof [Ni2DH]and variouapoMibititieaarediMussed. !n
the courseof thisworkthenickelcompoundof the oxime

HON===C-C==NCH,
1 I

H.C CH,
waa made.

Copper. Apartfromthe brown(Cu2DH},coppercMoridefurniahesthe bluish
green [CuDH,Ch). Thesulfate[DBhCuS0<}and phosphate{ÇaDH, (HtPO<),}
tH~) werea!aoprepared. Watercauseshydrolysisof theaccoppercompounda.

2 [DH<OuX,),=:fCu2DH)+ CuXi + 2HX

Somemetalliecompoundsofeubatituteddioxunesare discussed,

HON==C-C=NOH

R R'

whereR andR' maybe OH,C,H,, H, CH,C.H<,C.HtCO,CI. Thereplacementof
the hydrogenatomsin theoximegroupwaaataoconsidered. ThéeonelHdingchap-
ter deatawithphysioaldataeuehas heatofformationof the metaHiobalides,coordi-
nationeapacity,heatofdissociation,heatofsublimation,etc.
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The author bas compited an interesting little book ta a rather thoited field. It

should, however, appeal to those interested in the eo&rdination theory.
Q. T. M. ANDF. H. B.

yA<MN<mMVac<M<My~M.ByE.V.AppbBTON. 113pp. NewYork:E.P.Duttoa

andCo.,Inc.,M33. Price, $t.26.

This Httie book, whioh may be read with pteasure in an evoning, might well have

been called "The Physies of Vaouum Tubes." !ta nine ehapters are divided about

equaMy between tM(enM!action of tubes and <t~t<:a«(KM;but the applications are

examples of fundamental principe rather than popular use, and ioelude many non-

radio applications. The book ia attiotty Mientinc and yot very readable, with only
a moderate use of mathematice and fewwasted worde.

A. W. Hou.

~es Problèmes de la Biochimie Afod'erM. Par G. FMMttCB, Professor à la Faculté

de Médecinede t'Université de Lyon,et J. EMMLMB,Chief des TravauxdeChimie

à la Faculté de Médecine de Lyon. 16 x 24.6 cm.; 812 pp., 8 fig. Paris: G. Doin

and Co., ?32. Priée, 45 fr.

The title of this book is somewhat of a misnomer. In place of calling attention to

itomeof the major "proMems" or "Betdaof aotivity" of modem bioohemiatry, the

reviewer feeh that the authors have tnstead presented a rather disjointed coUeetion

of more or less isolated and too brief ehaptera.
The book is divided into three major eeotions which are eaUed"Statio Bioohemia-

try–The Bioohemical Molecules," "Kinetio Bioehemiatry–The Agenta of Chemicat

Activity," and "Physiologieal Chemistry." Statio MoehentMtry ineludes chapters
on the atom, colloide, surface tension, absorption apectrum in the ultra-violet, the

amino acide, peptides, the constitution of the protéine, the modem viewof the prob-

lem of the constitution of the hexoses, the disaeeharides, the potyMcoharides, the

Bteroift,and the nucteic aoids.

The section on kinetic biochemistry inctudea chapters on homogeneousreactions,

heterogeneous reaotiona, pH, the membrane aa a ehemieat agent, glutathione, consti-

tution and modeof action of enzyme8, reversability of enzyme action, the ohiorophyU
molecule in synthèses.

The third section on physiological chemiatry inctudes chapters on fermentation,

musole utilization of carbohydrates, the origin of the Mie salts and aoids, problems

of immunity, and a concluding philosophical chapter on the place of bioohemistry

as a spécial science. Two appendices follow: one having to do with bioehemical

nomenclature, following the reoommendatiooa of G. Bertrand as presented by him

to various meetings of the "Conférence Internationale de la Chimie" and the other

a condensed (10pages) statement of the three laws of thermodynamies. Author and

subject indices close the volume.

The authoN rightly point out that modem biochemistry requires a knowledge of

organio chemistry, of physioal ohemistry, of physica, and of mathematies. Never-

thetess, the reviewer does not feel that the brief, sketchy treatment whichis accorded

m<!stof the topics discuseed in these chapters is ofmuch value either to the beginner

or to the expert in bioohemistry. The literature ia not up to date. Only one référ-

ence to the literature of 1930 (none later) was found in the entire volume. Loebs

views of the colloidal behavior of proteimsare aecepted in their enttrety, as ia evi-

denced by the statement (p. 38): "The same laws whieh regulate the combinationa

of orystaMoidaatso direct both qualitatively and' quantitatively the ehomieai reac-

tions of the proteins;" and later, in discassing colloide imgeneral (p. 41), "It seems
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as thoughthe specMecolloidalproporty résides,for bothhydrophobieandhydro-
phiiicoolloida,in theDonnâtequiiibrimn." (Thérevieweronlywishesthat coUoid
ehemistrywereMsimpleMthat 1)

Thechapters onabsorptionspeotra,the aminoacide,protpins,andoarbohydrates
présentfairly goodstatementsofcertainphasesofthe knowiedgeinthèse6e!dsup
to 19Z7or 1928. Thesterolsare attowedsix pagesof text. The last citationis to
Ï929Mterature. ThétMtcitationto workbyWindaufMto apaperwhichappeared
in 19131No mentionh madeof ergosterolandvitaminD whichh formedfrom

ergosterolby ultra-violetradiation) 1Buttheexperimenteofd'Hugo~tnenq,whereby
ateroh,foUowingexposureto the air andMghtor toultra-violetradiation,aoquired
the propertyof aCeotingthe photographieptate, are given at length in apiteof
the tact that the weightof later evidencesoematobe againatBuchacquiredphoto-
aotivity.

Qiut&tMoneMgivenanentirechapter. ThelastreferenceMto Uteratureof1627.
It ladiscussedas a dipeptide,aithoughit wasehownto bea tripeptidein 1929. (A
footnoteonp. M9atates, "Therecentnotestendtoshowthat it laa tripeptide.")

Thebilepigmentsandheminagainoccupya separatechapter. Theiast référence
is to 1628titeratura. Onlya singtepaperbyWindaus(M19)is referredto andonly
onebyHaMFischer(19t4t),inspiteofthe tact that Nobelprlzeawereawardedboth
Fischerand Windausforworkinthisandrelatedfields.

în the ohapterontn<<sctebioohemistrythé giuoose!=tiactioaeidtheoryofmuscle

energyjbetaboratedupon. Theiast référenceisto 1928Uterature. Sincethattime
thiBtheoryhaabeenoompieteiyoverthrownandrepiacedbythophosphagenconcept,
regardingwhichnomentionis madein the présentvolume. Ratherinterettingty,
A.V.Hiit is not evenmentionedin connectionwithmusclebiochemistry!Ofwhat
ttvaUis a Nobelprbe?

Theauthors state that problemsof immunityinvolve<Mt<~prc<e<Min somepar-
ticularcolloidalstate. Theystate that mineraleoitoids,fata, or carbohydrateado
not totni preeipitinsor giverise to specimcantibodies;nevertheiessit wasdemon-
atratedas early as 19Mthat certainpolysaccharidesof bacterialoriginare immuno-

logicallyspecificandthat thespecificityisofhighorder.
Theauthors donotappearto beweUacquaintedwithEngiishorAmerioanlitera-

ture. The namesofEngiishandAmerioanscientistsarefrequentiymisspeUed,e.g.,
Dunesfor Demis, Ciarckfor Clark, ChieckforChick,MendeUfor Mendet,etc.
Nomentionis madeofvitamine,hormones,uronicaeids,andmanyothergroupsof

oompoundawhichinvolveproblemsof modembiochemistry. Thereseemsto be
little justifioationforthepublicationinlate 1932ofmaterialobviouslycoUeetedat a

consideraMyearlierdate (presumaMyusedas abasiefor acourseoflecturesin1929-
30)andcoveringa fieldwhiehis changingas rapidiyas is modembioohemistry.
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