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colored residue which gave on analysis 18.7 percent. nitrogen, 36.8 per
cent. zinc and 44.7 per cent. potassium. Anotlier specimen heated to
300° for a considerable time lost 11.6 per cent, ammonia and gave a resi-
due containing 18.8 per cent. nitrogen. The evolution of one and a half
nmiolecules of ammnnonia from Zn(NHK),. 2NH, would require a loss of
12.3 per cent. in weight, while a compound of the composition
Zn(NHK),. %4 NH,, would contain 19.2 per cent. nitrogen, 33.8 per cent.
zinc and 43.1 per cent., potassium. As the teniperature is raised am-
monia mixed with permanent gases is given off and at the same time
rings of metallic potassium and zinc are deposited iu the cooler end of
the tube. When a third specimen was heated to 325° for many hours it
lost 14.8 per cent. of its weight, apparently showing that even at this
temperature all the ammonia of crystallization .is not driven off. On
emptying the tubes after heating thess preparations to 250° and higher,
the glass walls of the tubes were found to be much attacked by the melted
salt, a fact which accounts for the divergent analytical results and at the
same time discouraged any further attempts to obtain a definite compound
by the elimination of ammonia from the compound, Zn(NHK), 2NH,.
In one experiment a tube lined with platinum was used in the hope that
definite results might thus be obtained, but it was found that the melted
salt also attacked this metal. It should be pointed out, however, that
the results obtained point to the probable existence of a compound of the
formula, Zn(NHK),. 4 NH,.
Summary.

Tt is shown by the work described above that a potassium ammono-
zincate, an ammonia analogtie of the hypothetical water salt, potassium
zincate, is obtained in the form of a defiuite, well crystallized compound
by the action of a liquid ammonia solution of potassium amide, first, on
metallic zine, second, on ziuc amide, and third, on zinc iodide, in accord-
ance with the following respective equations :

1. Zn + 2KNH, + Am. = Zn(NHK),.2NH, + H,,
2. Zn(NH,), + 2KNH, = Zn(NHK),.2NH,,
3. Znl,4NH, — 4KNH, = Zn(NHK),.2NH, + 2KI + Am.

STANFORD UNIVERSITY,
California, June, 1g07.
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A great deal of work has been done upon the interaction of hydro-
chloric acid and nianganese dioxide. Although the bulk of experimental
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evidence seents to point to the probable formation of the tricliloride and
tetrachloride of m:anganese, a final decision in this case lias not yet been
reached. None of the intermediate products of the reaction have ever
been isolated and the experimental work bearing upon this subject is of
an indirect nature. Two general methods of attacking this problem have
been in vogue ; the treatmient of manganese dioxide witlt an etlieral solu-
tion or witlt an aqueous solution of liydrogen chloride and the subsequent
analyses of the solutions thus obtained. The former method excludes
tlie presence of water, except such as is formed by the reaction itself,
while the latter metliod introduces it.

Manganese Dioxide 7reated with an FEthereal Solution of Hydrogen
Chloride. —Nicklés' treated manganese dioxide with an ethereal solution
of hydrogen chloride and obtained a dark green solution, the color of
which on further dilution with etlier, changed to a deep violet. On
saturating this solution witli hydrogen cliloride lie obtained a green oil
which he claimed contained manganese tetracliloride. Oue analysis gave
results for

MnCl,.12 (C,H,),0.2H,0.
Nickles’ results, however, are not couclusive.

Christiansen® suspended nianganese dioxide in ether, saturated the
ether with chlorine and obtained a violet solution. By decanting this
violet solution he obtained a black residue® which also partly dissolved in
ether and gave the same violet color to the solution. He then treated
manganese dioxide with ether which had been saturated with hiydrogen
chloride and obtained a green solution. He cousidered that the violet
solution and the green solution both contained the same dissolved sub-
stance, the difference in color being due to the presence of water in the
former case. For analysis a portion of the green solution was run into a
solution of potassium iodine and tlie liberated iodide titrated with a solu-
tionn of sodium thiosulphate. From these results tlie available chlorine'
was estimated. The total manganese in this solution was then deter-
mined. The average ratio of total manganese to available chlorine from
seven analyses was I : 1.06. He thus concluded that manganese trichlor-
ide was formed in both cases. By working at a temperature of about—10°
he obtained a higher ratio—approxiniately 1 : 1.5—and thought that the
tetrachloride might be formed at lower temperatures.

Franke® repeated Christiansen’s work and obtained the same ratio of
! Ann. Chem. (4), 5, 161.
2 J. pr. Chem,, 34, 41, and 35, 57.
# This residue is of interest, as it probubly contained somie mangauese tri-
chloride.
* The term, available chlorine, refers to the chlorine in excess of that required
for manganous chloride.
5J. pr. Chem., 36, 31 and 431.
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manganese to available chlorine, approximately 1 : 1, but interpreted the
results differently. He thought that hydrogen chloride, instead of water,
caused the difference between the blue and green solutions; that the
green solution with the excess of hydrogen chloride contained chloroman-
ganic acid, while the violet solution contained manganese tetrachloride.
Manganous chloride was always present as a decomposition product, and
united with the chloromaunganic acid forming manganous chloromanganate

MnO, - 6HC! w— H,MnCl, + 2H,0.
MnCl, - H,MnCJ, = MaoMnCl, + 2HCI.

The green solution on further dilution with ether separated into man-
ganous chloride and manganese tetrachloride, the violet color becoming
evident as the tetrachloride was extracted. ‘Theratio 1 : 1 wasthus inter-
preted. His analysis of the violet solution gave the ratio of total man-
ganese to available chlorine from 1 :1.68 to 1: 2.35. This ratio indi-
.cated the presence of the tetrachloride. The violet solution treated with
a little water gave a precipitate of hydrated manganese dioxide.

Manganese Dioxide Treated with an Agueous Solution of Hydrogen
Chloride.—Fisher' treated manganese dioxide with strong hydrochloric
acid in the proportion of one part of the dioxide to ten parts of the acid.
The resultant solution was filtered through spun glass and run into a
burette. A known volume was then delivered into a solution of potas-
-sium iodide and the iodine titrated in the usual way. An equal volumc
‘was then run into a solution of sodium acetate and the precipitated man-
ganese was separated, ignited and weighed as mangano manganic oxide.
The filtrate was then treated with potassium iodide and the free chlorine
-estimated. This, subtracted from the result in the first solution, gave
‘the available chlorine. The ratio of precipitated manganese to available
chlorine was approximately 1:2, and hence the conclusion that the
tetrachloride was formed. He assumed that the precipitated manganese
was entirely a hydrated dioxide and that the tetrachloride, in the pres-
-ence of hydrochloric acid, existed in a form analagous to chloroplatinic
acid.

Pickering’ repeated Fisher’s work and obtained different results. His
general method of procedure was the same, except that he used water
‘instead of a solution of sodium acetate, and analyzed his precipitated
manganese by a method whereby he could estimate not only the total
manganese, but also the amount of dioxide which it contained. His
results showed that the precipitated manganese was not entirely a diox-
ide but a mixture of different oxides; that the ratio of total manganese
ito available chlorine was nearly 1: 1.64, and that the ratio of manganese

1§, Chem. Soe., 33, 409.
27J. Chem. Soc., 35, 654.
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dioxide to available chlorine was 1:2. He concluded that the reactiom
took place as follows ;-
I. 2MnO, - 8 HCl = Mn,Cl, + Cl, + 4H,0,
II. Mn,(Cl, -+ 2H,0 »— Mn0O, + MnCl, + 4HCIL

because lie was never able to obtain more than hialf of tlie manganese as
a precipitate. If equation II was correct then thie amouunt of precipitated
mangatniese slhiould increase if the experiment was performed in the
preseuce of manganous chloride. wlereas the amount should reniain sta-
tionary if tlie tetrachloride was formed. The amount of precipitated
manganese did increase when manganous chiloride was added to the solu-
tion, which indicated the presemce of the trichloride. The effect of
temperature upon the aniount of manganese precipitated also indicated
the formation of the tricliloride. If thie substance was a tetrachloride, at
low temperatures, 100 per cent. should be precipitated, and in the case of
thie trichloride only so per cent. At 60° less than 1o per cent. was pre-
cipitated, and at low temperatures the auount approaclied 50 per cent.

Vernon' studied tlie action of hydrocliloric acid on manganese dioxide
by estimating, at various temperatures, tlie rate of evolution of chlorine.
If Pickering’s view is correct,

2MnO, + 8HCI »— Mn,Cl, + Cl, 4- 11,0,
then half of the available chlorine ought to be evolved very rapidly.
This was not found to be the case, especially at low temperatures. From
the result of his experimental work, Vernon concluded that manganese
tetrachloride is always tle first product formed when manganese dioxide
is dissolved in hiydrochloric acid.

Wacher’ dissolved manganese dioxide in concentrated hydrochleric
acid and obtained a brown solution which, on dilution with water, gave
a precipitate of hydrated mangauese dioxide. He then passed cllorine
into a solution of mangauous chloride i1t concentrated hydrochloric acid,
and obtained a similar brown solution. This solution also gave a pre-
cipitate of hydrated manganese dioxide when diluted with water. From
these results he concluded that the tetrachloride of mianganese was
formned, but gave no experimental evidence to show that the precipitate
was entirely hydrated manganese dioxide.

Double Salfs.——Numerous double chlorides containing nmianganese tri-
chloride and tetrachloride have been isolated. Rice’ and Newman' ob-
tained the double chlorides 2KCl.MnCl, and 2NH, MnCl,. Meyer and
Best® obtained similar double salts with quinoline and pyridine hydro-

1 Phil. Mag., 81, 469, and Cheni1. News, 61, 203.
2 Chem.-Ztg., 24, 283.
47, Cheni. Soc., 73, 258.

* Momnatsh., 15, 489.
* Z. anorg. Chem., 22, 16q.
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chloride MnCl,.2C;H,NHCl and MuCl,.2C;H . NHCI. They also obtained

the double chlorides, 2CsCl.MnCl;, MnCl,.2KCl and MnCl,.MnCl,.5KCl.

Reitzenstein' obtained a dipyridine manganese tetrachloride.
Experimental Part.

Previous failures to isolate the intermediate products of the interaction
of hydrochloric acid and manganese dioxide probably depend upon the
fact that such products are decomposed by water and heat. The reaction
itself liberates water, but it seemed possible by reducing the amount of
water to a minimum and at the sanie time keeping the temperature low,
to obtain some information concerning the nature of the products formed.
This proved to be the case.

The method of treating manganese dioxide with a solution of hydrogen
chloride in absolute ether was not found practical. While the ratio of
precipitated nmianganese to available chlorine could be determined from
such a solution, the total chlorine could not be estimated, as it was im-
possible to get rid of the excess of hydrogen chloride. Attempts to pre-
-cipitate the product soluble in the ethereal solution by adding a large
excess of carbon disulphide or toluene, proved unavailing. A green oily
liquid could be obtained, but it was impossible to do anything with it.
Some medium was thien sought for which would not dissolve any of the
compounds of manganese formed and at the same time would dissolve
hydrogen chioride aid not be affected by it, or by any of the decomposi-
tion products of the reaction. Carbon tetrachloride seemed to fulfill the
necessary conditions and was used throughout for the preparation of
material,

The following method of procedure was followed. Five gramsof pre-
cipitated manganese dioxide was mixed with 200 cc. of carbon tetra-
.chloride and pul in a long necked 500 cc. vacuum flask. This flask was
then inserted in a shaking machine. The shaking machine was made of
.a board 40 X 15 cm., with a hole in the middle for the insertion of the
neck of the flask and supported at each end by a 30 cm. upright, The
neck of the flask was held in place by a perforated rubber stopper. A
short shank extending from the side of the board was connected with an
eccentric on a wheel run by a small motor. ‘This gave a lateral motion
to the flask, which was inserted in a pneumatic trough filled with finely
.ground ice and water. The shaking served the double purpose of keep-
ing the flask and its contents cold and of agitating the mixture. Dry
hydrogen chloride was then bubbled through the carbon tetrachloride.
As water was formed during the reaction, no extreme precautions were
‘taken to dry the gas, although it was passed through several towers filled
‘with beads and sulphuric acid. Hydrogen chloride is not extreniely

.soluble in carbon tetrachloride, so the gas was allowed to bubble through
1 Z. anorg. Chem., 18, 2g0.
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for an lionr and a lialf.  Tle reaction was tlien practically complete and
the solid residue in the flask was separated by filtrationn.

The filtrate of carbon tetrachloride gave no test for manganese, but
was colored yellow from the dissolved chlorine. A large amount of
chlorine was always formed, aud could even be detected in the wash
bottle used to absorb the unused hydrogen chloride.

The solid residue consisted of a greenish black substance, which on
standing slowly deconiposed with the evolution of chlorine and hydrogen
chloride. When it was dried in a dessicator with potassium liydroxide
and sulphuric acid, decomposition set in and a substance of a reddish
brown color remained ; but when dried quickly by means of filter paper
and warmed, it gave off chlorine and hiydrogen chloride. A little put in
a large amount of water gave an imntediate precipitate, probably hy-
drated manganesec dioxide. Treated with absolute ether, it gave a solu-
tion of an inteuse violet color. On standing, this solution gradually lost
its violet color and manganous cliloride separated out; but if kept cold
the solution retained its color from twelve to forty-eight hours. If hiy-
drogen chloride was passed into this violet solution, it turned green.
On continued washing of tlie original residue with etlier the compound
which imiparted the violet color was entirely dissolved out aud a reddish
brown residue remained. This substance which dissolved in ether with
the formation of a violet solution proved to be manganese trichloride.

The reddish brown residue was miuch more stable than the original
residue. It could be kept in a dessicator for a long time without under-
going any appreciable decomposition, but decomposed immediately on
exposure to moist air. When warmed it gave off chlorine and lefta
residue of manganous chloride. It dissolved in absolute alcohol forming
a solution of a deep wine color wlich slowly decolorized on standing.
This substance proved to be manganese tetrachloride. About one-half
of the original residue was manganese trichloride, the remainder being a
mixture of manganous chloride and manganese tetrachloride.

Manganese Trickloride.—The analysis of this substance offered niany
difficulties. The solid could not be prepared in a condition pure enough
for analysis. Attempts to obtain the trichloride from tlie ethereal solu-
tion by evaporating the ether by ineans of a current of dry cold air
proved unavailing, as decomposition always set in. The analysis of the
ethereal solution was then attempted. In preparing this solution for
analysis the utmost care was necessary. It was very difficult to remove
the last traces of hydrogen chloride, and all reagents used had to be
anhydrous and kept at a low temperature. The work had to be per-
formed as expeditiously as possible, and a dilute solution used in order
to prevent decomposition.

The residue of mixed chlorides from the flask was first washed with
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a large amount of carbon tetrachloride. This removed part of the hy-
drogen chloride. It was next washed with carbon disulphide to remove
the carbon tetrachloride, and then transferred to a flask containing carbon
disulphide, to which a little ether had been added, and shaken. This
treatment seemed to be the most effective method of removing the last
traces of the hydrogen chloride, and was repeated a second time. The
residue was then transferred to a funnel and washed with ether, which
had been cooled with solid carbon dioxide, until about two-thirds of the
trichloride had been removed. The filter paper and residue were then
put in a special funnel connected with a liter filtering flask. The funnel
was surrounded with a jacket so that it could be kept cold by means of
ether and solid carbon dioxide. The flask held 250 cc. of ether and was
placed in a mixture of ice and salt. The residue was then washed with
about 100 cc. of the cold ether, and this solution, diluted with the ether
in the flask, was used for analysis.

Inthe analysis, three quantities were estimated; the available chlor-
ine, the total clilorine, and the total manganese. In certain cases the
precipitated manganese was also obtained. A 50 cc. pipette, protected
by a drying tube, was used to run off equal portions of the solution into
six receptacles. The first four consisted of liter filtering flasks fitted
with rubber stoppers and carrying glass tubes large enough for the in-
sertion of the pipette. One and two each contained about 300 cc. of a
dilute solution of potassium iodide, and were used to estimate the avail-
able chlorine. Three and four each contained about 300 cc. of a dilute
solution of silver nitrate to which a little nitric acid had been added, and
were used to estimiate the total chlorine. The arms cf the flasks were
connected with U tubes containing the same solutious, and these in turn
were connected with an aspirator. Air was aspirated through each flask
during the filling. The contents of the tubes were afterwards added to
the flasks. Five and six were beakers each containing about 200 cc. of
water, and were used to determine the total manganese.

The iodine was titrated with a 1/10 normal solutiou of sodium thio-
sulphate, and from the results obtained the available chlorine was esti-
mated. The silver chloride was deterinined by the regular crucible
method and the total chlorine estimated. Only a part of the manganese
was precipitated, so ammonium hydroxide and bromine water were
added to the solution to precipitate all the manganese. The precipitate
was then filtered, washed, ignited in a Rose crucible and weighed as
mangano-manganic oxide. It was theu converted into manganous sul-
phide and weighed again. When the quantity of manganese was very
small, the oxide and sulphide methods gave identical results, but with
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larger amounis there was a slight variation.  The sulphide resnlts were
used througliout as being the inore reliable.

Analysis 7.—This analysis was o preliminary oute performed to get
some idea of tlte ratio between thie available chlorine and the total clilor-
ine. It gave results as follows :—

Available chlerine Total ehtlorine,
0.0198 g. 0.0613 ¢,
o.01g8 o
Ratio of available clilo:ine to total chlorine, 1: 3.12

Analysis 77.—This analysis was performed lefore it was realized that
the manganese tricliloride retained some hyvdrogen chiloride. The results
are inserted, liowever, asthey give an indication of tlie amouit of hydrogen
cliloride retained. The residue was only washed witli enough carbon
disnlpliide to insure thie complete removal of tie carbon tetrachloride
and the etliereal solutionn was tlhen prepared. This washing removed
somte of the liydrogen citloride, but enough remained to give an indica-
tion of tlie probable amount retainied. Two additional portions of the
etliereal solution were run into two beakers, each containing 3oo cc. of
water, sud the filtrates were exaniined as foliows : tlie first was tested
for free chilorinte with a negative resuit, nud the second for manganese
wliicit l1zd 1ot been precipitated.

Avadiable ehilorine. Total eblovite, Total Maugancese  AManganese in {ltrate.
(0212 4, 0.0738 w, ©.03.16 U
00212 ¢, 0.0757 . 0.0343 &. 0.0168 g.

00344 ¢. of mangainese requires 0.0665 g. chlorine for the trichloride.
Fixceess of clilorine 0.0093 g., equivalent to ¢ oogh g. HCL o.1009 g.
Mul, reguives ¢.0228 g. HCl{or tlie double eliloride MuCLHCL  The
above results suggest the double chiloride 2MuCl, HCI, but are indica-
tive only and need further confirmation. The ratin of available clilorine
to thie caculated total clilorine is 10312,

Analvsis 7/7.-—The solution for this analysis was made with all possi-
ble precantions, but was a little too concentrated and o slight decomposi-
tion was observed. Two additional portions of the ethereal solution
were nsed to determine the ratio between the precipitated manganese
nad tite manganese in the filtrate. These porticns were each run into
500 cc. of water and immediately filtered.

Available Total Total Precipitated Manganese
chilurine, chlorine. uIganese, nnngalese. in filtrate.
0.0209 @. 0 0681 4. 0.0348 &. 0.0167 g. 0.0183 4.
0.0209 . 0.0684 g. a.c346 g. 0.0167 g. 0179 g.
. . Mn
Theoretical ratio, " = o0.517. Found o.507.
Cl, °

0.0347 ¢. of mianganese sliould require 0.067: g. of chlorine for the
trichitoride.

Ratio of available clhiloritte to total chilorine, 1: 3.27.

Ratio of precipitated mangaiese to manganese in the filtrate 1: 1.08.
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Analysts 7V.—This analysis was made to determine the ratio between
the total manganese and the total chlorine. Precautions were taken to
wash tlie residue very carefully, and use a very dilute solution to insure
a minimum of decomposition.

Total chiloriue. Total manganese.
0.0319 g. 0.0164 g.
0.0320 g. 0.0165 g.

Theoretical ratio, l\gl = o0.517. Found o.313.
ki

Properties of the Trichloride:—Manganese trichloride is a solid, almost
black in color, with a slight greenish tinge. Heat breaks it up with the
evolution of clilorine, and it is immediately decomiposed by water.
Absolute ether is the best solvent yet found for the trichloride. When
allowed to stand in a desiccator it decomposes into mangauous chloride
and manganese tetrachloride. All samples thus treated gave the reddish
brown substance characteristic of thie tetrachloride. The tricliloride dis-
solves in absolute alcohol, giving a wine colored solution which answered
all tests for the tetrachloride. A small amount of this wine colorei! solu-
tion treated with a large amount of absolute ether and kept cold soon
assumed the violet color characteristic of thie tricliloride. It is tlius pos-
sible to pass from one chloride to the other and back again. This, to-
gether with the fact that only half of the manganese is precipitated when
the ethereal solution is run into water indicates that the breaking down
of the trichloride takes place in two stages as Pickering' observed.

I. Mn,Cl, = MnCl, + MnCl,
II. MnCi, + 2H,0 »— MnO, 4 4HCL

The composition of tlie precipitate has not yet been determined. This
will be done, however, when thie quantitative study of this reaction is
taken up.

Manganese Tetrachloride.—Tlhe tetrachloride was prepared by treating
manganese dioxide, suspended in carbon tetracliloride, with hydrogen
chloride. The sante metliod of procedure as was used in preparing the
trichloride was followed, and the same precautions observed. The res-
idue was washed with absolute ether to remove the tricliloride. Persist-
ent washing with ether failed to reniove tlie last traces of the trichloride.
so the residue was dried by means of filter paper and pnt in a desiccator
to allow the remaining trichloride to decompose. This failure to remove
the last traces of the trichloride was probably due to tlie sliglit decompo-
sition of the tetrachloride when some halogen absorbent was present.
Samples of the tetrachloride when first suspended in ether gave no color-
ation, but the ether soon assumed tlie violet color of the tricliloride.
Attempts to prepare pure manganese tetrachloride by the above methed

1 J. Chem. Soc., 35, 634.
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proved unavailing. as manganous chloride was always formed. Absolute
alcohol was the only solvent found in which the tetrachloride was solu-
ble, and such a solution was analyzed. Manganese chloride is soluble in
absolute alcoliol, so the amount present liad also to be determined.

The solution for analysis was prepared in the following way: The
residue after standing in the desiccator was transferred to the funnel of
the special filtering flask previously described. The funnel was kept
cold by nieans of ether and solid carbon dioxide. The flask held 250 cc.
of absolute alcohol, and was surrounded with a mixture of ice and salt.
About 100 cc. of absolute alcohol, which had been cooled with solid
carbon dioxide, was then filtered through this funnel. Four portions of
the resultant solution were then pipetted off, and run into the same flasks
as were used with the trichloride for thie estimation of available and total
chlorine. Two additional portions were run into two beakers, eacl hold-
ing 500 cc. of water and the precipitated manganese tlien determined.
This result gave thie amount of manganese contained in the tetrachloride.
Tle filtrate containned manganous chloride and this manganese was then
precipitated and estimated. Tle sum of the two gave the total mangan-
ese. In the analysis one precaution had to be observed. The precipi-
tated manganese dioxide aud alcohol interact unless the precipitation is
made in a large volume of water aund tlie filtration performed immedi-
ately.

Analysis 7.—In this analysis tlie manganese was precipitated in
300 cc. of water, and the filtration was delayed for a short time. Tle
results counsequently are a little irregular.

Fouud. Calculated.
Available clilorine..........oooiiy 00192 g, ceeens
0.01g2 g, eeeans
Total chilorille. e vene v iniii e iunn 0.0872 g. 0.0874 g.
0.0874 g. 0.0850 g.
Chlorine in MuCl+ v vvvuvnnn cien ine 0.0428 ¢.
...... 0.03%9 g.
Chlorine in MoClye e vvievi i cunnn, 0.0446 g.
...... 0.0461 g
Precipitated manganese.............. 0.0164 g ...
00151 g, .e...
Manganese in MuCly. ..o oo ooviaiont 00346 g eeeens
0.0358g. ...,
Total manganese......coov.vvenu.. 0.0510 g, e
0.0509&.  see-en

Available chlorine  o.0192 0,470
Total chlorine To0.0408 47

Precipitated manganese o0.0157 . -
Chlorine in MnCl, “0.0408 <0:385- Theory, 0.387.

Analysis 7/, —In this analysis the manganese was precipitated in
500 cc. of water and the filtration performed immediately.
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Found. Calculated,
Available chlorine.evs vv v vennns 0.0059 &.  ceeees
0.0060 g,  ceeees
Total chlorine «+vvvvvvivieevvierennn 0.0442 g. 0.0440 €.
0.0442 g. 0.0443 &-
Chlorine in MnClcve-vrmvimvrniien vueen. 0.0140 g.
...... 0.0140 g.
Chlorine in MnClye.eeeveevinniiinns ovnes 0.0300 g.
...... 0.0303 g.
Precipitated manganese..... ...t 0.0034 8. reeeee
0.0054 8. reeeee
Manganese in MnClyevvvvevviennnens 0.0233 . eeens
0.0235 . ceeees
Total manganese «.oovveeviinener 00287 g ceeees
0.0289 g,  ceeees

Available chlorine  0.0060
Total clilorine “o.0140

= 0.429

Precipitated manganese  0.0054
Chlorine in MnCl, "7 0.0140
Properties of the Tetrachloride.~—This chloride is a solid of reddish
brown color, stable at ordinary temperature, if kept dry, but it quickly
decomposes on exposure to moist air. Samples have been kept for sev-
eral weeks in a desiccator without undergoing appreciable decomposition.
But in a large amount of water the tetrachloride gives an immediate pre-
cipitate, probably hydrated manganese dioxide. Heated to 100° it gives
off chlorine, and a residue of manganous cliloride remains. When the
tetrachloride is suspended in ether and kept cold it slowly decomposes
into the trichloride, imparting the characteristic violet color to the solu-
tion. If an excess of alcohol is added to this solution, some tetrachloride
is again formed. Suspended in ether with mercurous chloride it decom-
poses more rapidly, but all the ordinary reducing agents such as can be
used in a solution nearly anhydrous cause immediate decontposition with-
out the intermediate stage. Absolute alcohol seems to be the only sol-
vent which will dissolve the tetrachloride without rapid decomposition.
If tlie alcohol contains a little water the solution is decolorized more
quickly.

= 0.386. Theory, 0.387.

Summary.

I. When manganese dioxide, suspended in carbon tetrachloride, is
acted upon by hydrogen chloride, manganese trichloride and manganese
tetrachloride are formed.

2. Manganese trichloride has been isolated and its properties de-
scribed.

3. When an ethereal solution of manganese trichloride is miixed with
a large volume of water only half of the manganese is precipitated.

4. Manganese tetrachloride has been isolated and its properties de-
scribed.
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5. When an alcoholic solution of manganese tetrachloride is diluted
with a large volume of water, all tlie manganese is precipitated.

6. Manganese tetracliloride is probably the first product formed when
manganese dioxide and hiydrocliloric acid interact.

[CONTRIBUTIONS FROM THE CHEMICAL LABORATORY OF THI UNIVERSITY OF
CixciNxaTi, No. 71.]
ON THE NON-EXISTENCE OF 3-CADMIUM IODIDE.
Ly J. 1. S~NELL.
. Received Tuly 10, 1607,

Among the specific gravitics determined by Bodeker and published in
his monograph, ' Die Beziehungen zwischen Dichte und Zusammenset-
zungen bei festen und liquiden Stoffen” ( Leipzig, 18607, that of cadmium
iodide was given as 4.576. Fullerton lLiaving obtained a much higher
result in this laboratory, . W. Clirke and E. A. Keb'er'in 1883 (also in
tiis luboratory) determined thie deusities of specintens of the salt pre-
par:d by a number of different methods. Portions prepared {a) by
wiion of tle elements in preseuce of water (b) by action of potassium
iodide on cadutiwn sulphate with recrystallization from alcohol and (c)
by action of hydriodic acid on cadmium carbouate (without removal of
the free iodine present intlie acid) gave results varving between 5.61 and
5.73 at temperatures of 10.5° to 18.2°; a slightly impure speciimen pre-
pared by licating equivalent quantities of thie elentents in an evacuated
sealed tube gave 3.354 at 20°, a practically identical result. But portious
prepared by the action of hydriodic acid e wetallic cadmium aud by the
actienof iydriodic acid on cadmium carbonate witl the addition of metali'c
cadmium to remove tlie coloration due to free iodine hud specific gravities
of anly 14.60 to 4.69 at 14.0° to 19.0°%-—resnlts almost as low as Bodeker's.
From these resuits Clorke and Kebler inferred the existenceof two fors
of cadmium iodide, the comuton or a-form and thie forns of low specific
eravity, whichh they desigrated f£-cadimimm iodide. Tley pointed out
that an extraordinary expansionis represented in the formation of cadnium
todide of sp. gr. 4.63 (mean of all measurenienuts), eithier from the a-sait
or from the elements, tlie respective miolecular volumes being: fI-solt
=9.2, a-salt 64.8, mean of elentents 64.3.

The present investigation was undertaken witl the object of determin-
ing uore precisely the couditions of formation of 8-cadmium iodide and of
studying the relation of this substance ta the a-salt.  The latter question
presented somte interest, since tliere was, on tlie one hand, the possibility
af adimorphism, similar to thiat of mercuric iodide aud, on the otler
hand, a possibility of tlie one salt’s being a polymer of the other, Hittorf's
classical work on miigration ratios having afforded evideuce of the polyui-
erization of cadmium iodide i agueous and alcohotic solutions.  The

PAm. Ch. T.,05, 233 115530



