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6 HCl, 2 Bi2O3, 11 WO3. This is questionable and purely speculative. 
A new study of the compound is now in progress. 
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As early as 1859, Blomstrand1 reported a series of compounds of molyb
denum derived from the dihalides MoCl2 and MoBr2. These dihalides 
had been obtained by repeated volatilization of the trihalides in a current 
of carbon idoxide. The nonvolatile product was soluble in alkalies and 
from this solution hydrates of the type Mo3Cl4(OH)2 were precipitated 
by weak acids. All of these derivatives were yellow in color. They could 
be dissolved in strong acids, the nitric acid solutions showing no ionized 
halogen. The hydrochloric acid solution of the chloromolybdenum hy
droxide gave on crystallization, Mo3Cl6^H2O, and on dilution a pale 
yellow insoluble compound, Mo3Cl6^H2O. Mixed halogen derivatives, 
such as Mo3Cl4Br2.6H2O and Mo3Br4Cl2.6H20 were also obtained. The 
chemistry and constitution of these compounds was further developed 
by Atterberg,2 Liechti and Kempe,3 Muthmann and Nagel,4 Rosenheim 
and Kohn,5 and Koppel.6 Muthmann and Nagel determined the molecular 
weight of molybdenum dichloride dissolved in ethyl alcohol, and found 
it to correspond to the triple formula Mo3Cl6. Rosenheim and Kohn 
prepared a compound, Mo3Cl6-HCL1^H2O, by dissolving Mo3Cl6 in strong 
hydrochloric acid, evaporating on a water bath and allowing the solution 
to crystallize. The compound consisted of glistening yellow needles, 
soluble in hydrochloric acid but was hydrolyzed by pure water. Only 
three-sevenths of the chlorine in the compound were ionized. 

In 1909, Chapin7 described halide bases of tantalum. He prepared 
these compounds by a method previously used by Chabrie8 for obtaining 
what he called the dichloride of tantalum. It consisted in heating the 
pentachloride with 3 % sodium amalgam in a hard glass tube sealed at 
one end and evacuated by means of a suction pump. Chapin used the 
pentabromide of tantalum. The reaction mass, taken up with water and 

1 / . prakt. Chem., 77, 88 (1859). 
2 Jahresb., 1872, 260. 
3 Ann., 169, 354 (1873). 
4 Ber., 3 1 , 2009 (1898). 
5 Z. anorg. Chem., 66 , 1 (1910). 
6 Ibid., 77, 289 (1912). 
7 T H I S J O U R N A L , 32 , 323 (1910)-
8 Compl. rend., 144, 804 (1907). 
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hydrobromic acid and evaporated, furnished a crystalline body, Ta6Br14.-
7H2O, dissolving in water to a dark emerald green solution. Chapin 
further showed that only one-seventh of the bromine in this compound 
was ionized, indicating the formula (Ta6Br12)Br2^H2O. As additional 
evidence of the correctness of this formula he prepared a number of de
rivatives of the radical Ta6Br12, e. g., (Ta6Br12)Cl2^H2O, Ta6Br12(OH)2.-
10H2O and others. He determined the molecular weight of the parent 
bromide in propyl alcohol and found it to correspond to the formula given. 

In 1913, Harned1 reported a similar series of compounds of columbium 
obtained from the pentachloride by the Chabrie method. He obtained 
a crystalline body, (Cb6CIi2)Cl2^H2O, soluble in water to an olive green 
solution, a crystalline hydroxide, Cb8Cl12(OH)2-SH2O, and others. Both 
the columbium and tantalum compounds were characterized by their re
markable tinctorial power, a milligram being sufficient to color 100 cc. 
of water an intense green. 

Harned also obtained a brown compound, insoluble in water, the analysis 
of which corresponded to the formula Cb6Cl14-QH2O. This was prepared 
by the addition of concentrated hydrochloric acid to the alkaline solution 
of the green compound (Cb6Cl]2)Cl2^H2O. The brown derivative, on 
boiling with water, slowly reverted to the original green. His experiments 
led him to the conclusion that there was a constitutional difference between 
the two. 

In view of the existence of these compounds of molybdenum, tantalum 
and columbium, it would seem reasonable to expect that the closely re
lated element, tungsten, would form similar derivatives. Roscoe2 re
ported the dichloride, dibromide and diiodide, but a more thorough in
vestigation of them has never been carried out. The present work was 
undertaken to prepare, if possible, bodies of tungsten similar to those of 
molybdenum, tantalum and columbium. 

To get pure tungsten trioxide from wolframite, the method of purifica
tion was that employed by Smith and Exner.8 The reduction of the pure 
oxide of tungsten by hydrogen was carried out in a quartz tube, heated to 
a little over iooo0 in a gas-heated furnace constructed of asbestos. The 
resulting metal with a pale gray color was changed to hexachloride by the 
process of Smith and Exner and need not be mentioned here. I t was found, 
however, that, while commercial tungsten could be converted to hexa
chloride at the rate of about 20 g. in two hours, the pure material as 
obtained above, was only very slowly attacked, seven hours being required 
to effect the chlorination of 10 g. of metal. Since there was only a trace 
of oxychlorides formed in the reaction, it was thought that possibly their 

1 T H I S JOURNAL, 35, 1078 (1913). 
1 Ann., 162, 360 (1872). 
8 Chem. News, 90, 37 (1904). 
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presence might exert a catalytic action on the chlorination. In an at
tempt to catalyze the reaction .in another way, 0.1 g. of precipitated plat
inum was sprinkled on the tungsten in the boat. On passing chlorine 
over the gently heated boat no difference in the speed of the reaction was 
at first noticed. After a few minutes a glow appeared to run through the 
mass and, from this point on, the reaction took place as fast as the chlorine 
could be passed in, the chlorine uniting with the metal with incandes
cence. By this means 20 g. of tungsten were converted to hexachloride 
in i V2 to i 3/4 hours. After the tungsten had been swept out, the platinum 
remained on the bottom of the boat as a brown powder. This was used 
in the chlorination of the next batch of tungsten and so on repeatedly. 
Three hundred grams of pure tungsten hexachloride were so obtained. 

To reduce the hexachloride in the method outlined by Chabrie and by 
Chapin, it was mixed in a mortar with a little less than the amount of 
powdered 3 % sodium amalgam calculated to reduce it to the state of di-
chloride. The mixture was quickly transferred to a Jena tube sealed at 
one end. The tube, after connecting with a suction pump and evacuating, 
was gently heated until the reaction had taken place and then heated 
strongly for about ten minutes. It was allowed to cool in the vacuum, 
and the contents extracted with hydrochloric acid. On filtering there was 
obtained a deep reddish brown filtrate and a gray precipitate. Attempts 
to crystallize the highly colored compound from this solution failed. Its 
solution was very stable in the air and could be evaporated to dryness 
with only a trace of decomposition. 

Before preparing any quantity of the brown solution the conditions of 
the reaction were investigated, varying the proportions of the reacting 
substances and the temperature and duration of heating. As a result 
the following details were adopted: 15 g. of tungsten hexachloride were 
ground in a mortar and mixed carefully and quickly with 105 g. of sodium 
amalgam. The reaction between the two substances is rather vigorous 
and, unless precautions are taken to prevent it, is liable to take place in 
the mortar. In view of this, the mortar, as well as both of the reacting 
substances, were cooled in ice previous to the mixing. In addition to this, 
not more than ten seconds were allowed to elapse between the time when 
the amalgam was brought in contact with the hexachloride and the time 
when the mixture was in the Jena tube with the vacuum on. In spite of 
these precautions the reaction frequently took place during mixing. When 
the mixing and transfer to the tube had been successfully accomplished, 
the reaction was allowed to take place, and the tube then heated just to 
dull redness and allowed to cool immediately. The contents were ex
tracted with hydrochloric acid (sp. gr. 1.08), and the solution filtered. 
The brown color so obtained was intense. 

A portion of the brown solution was evaporated to dryness and the dry 
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residue extracted with alcohol. A dark reddish brown solution resulted 
from which nothing could be crystallized. . An extraction with ether gave 
a yellow solution which on evaporation left a pale yellow amorphous 
body. This, taken up with a drop of dilute hydrochloric acid and allowed 
to evaporate, showed under the microscope shining, yellow needles. A 
somewhat larger portion of the dry residue, treated in a similar way, gave 
needles as much as a centimeter in length. Experiments with the original 
brown solution of the reduced mass led to the following method of isola
tion of the yellow needles: The brown solution was boiled down until 
considerable sodium chloride had separated out, when it was filtered hot 
and allowed to cool. There then separated a mixture of sodium chloride 
and the yellow needles. This was filtered off and washed with concen
trated hydrochloric acid until the liquid came through almost colorless. 
The mixture was spread out on a watch glass and allowed to dry in the air. 
I t was next extracted for about ten minutes under a reflux condenser with 
ether containing about 5% of ethyl alcohol. The insoluble sodium chlo
ride was filtered out and the ether distilled off from the filtrate, leaving a 
yellow amorphous mass. This was taken up with fairly strong hydro
chloric acid, and boiled when everything dissolved. The clear yellow-
colored solution was evaporated to small bulk and allowed to cool, when 
an abundance of yellow needles separated. These were filtered off, washed 
with concentrated hydrochloric acid and dried in the air. From 150 g. 
of tungsten hexachloride, 12 g. of the yellow compound were obtained. 

I t proved to be readily soluble in alcohol, acetone, glacial acetic acid 
and in ether containing alcohol, but was almost insoluble in pure anhydrous 
ether. I t was insoluble in benzene, carbon bisulfide, carbon tetrachloride 
and chloroform. It dissolved in water, but the aqueous solution on stand
ing hydrolyzed, precipitating out first a yellow and than a black com
pound. The crystals on long exposure to air, or in a desiccator over sul
furic acid, disintegrated, giving a lemon yellow amorphous compound, 
insoluble in water. The same compound was produced on allowing the 
solution in dilute hydrochloric acid to stand or on diluting it with water. 
The resemblance of these two compounds to Rosenheim and Kohn's 
MosCle.HCl.4H2O and Blomstrand's Mo3Cl6^H2O will be at once 
noticed. 

Warm nitric acid effected a complete decomposition of the solution of 
the yellow needles, a hydrated tungsten trioxide being precipitated in 
granular form. Potassium hydroxide added to an aqueous solution of the 
compound gave a clear yellow-colored solution which darkened imme
diately to a deep brown. From this solution weak acids threw down a 
black gelatinous precipitate. The same compound was obtained by treat
ing the aqueous solution of the yellow needles with sodium carbonate. 
The brown alkaline solution on exposure to the air slowly faded in color 

MosCle.HCl.4H2O
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to a deep yellow, which with weak acids yielded a yellow gelatinous pre
cipitate. 

The determination of tungsten in the yellow needles was obtained by 
a very simple and direct method. The compound was weighed out in a 
porcelain crucible, covered with concentrated nitric acid and digested for 
several hours on a water bath. I t was then evaporated to dryness, ignited 
and weighed as WO3. Results 1 and 2 were obtained by this method; 
the analyses were made with different preparations of the compound, 
the results giving evidence both of the accuracy of the method of analysis 
and of the homogeneity of the product. The third determination was 
obtained by an altogether different procedure. The aqueous solution of 
the compound was treated with potassium hydroxide and the deep brown 
solution acidulated with acetic acid. The black precipitate was filtered 
off and ignited to trioxide. 

No. Wt. sample. WOi found. % Vf. 

I O.2223 0 .1752 6 2 . 5 0 

2 O.2271 O.1787 6 2 . 4 2 

3 O.2009 O.1586 6 2 . 6 2 
Average, 6 2 . 5 1 % 

The determination of chlorine offered much greater difficulty. It would 
be fruitless to enumerate the methods attempted. Most of them were 
valueless for the reason that the silver chloride was contaminated with 
tungsten. It might be mentioned here that the presence of as little as 
V2% of tungsten in this precipitate completely alters its character, the 
silver chloride separating in a granular form rather than curdy. Of the 
methods attempted the following appeared to be the most satisfactory: 

Method i.—The compound was dissolved in water, treated with ammonia and the 
solution oxidized with ammonium persulfate. The excess ammonia was boiled off, 
the tungsten precipitated out as cadmium tungstate and the chlorine determined in 
the nitrate as silver chloride. Determination 1 was obtained by this method. 

Method 2.—The solution of the compound was treated with sodium carbonate 
and boiled. The black precipitate was filtered out and the silver chloride precipitated 
in the filtrate. The precipitate showed considerable contamination with tungsten and 
was dissolved in ammonia and reprecipitated. Determinations 2 and 3 were obtained 
in this way. 

Method 3.—The compound was dissolved in nitric acid (sp. gr. 1.1) and warmed 
for about two hours when the tungsten completely separated as the hydrated trioxide. 
This was filtered off and the chlorine determined as silver chloride in the filtrate. The 
precipitate showed no contamination with tungsten. The results are determinations 
4 and 5. 

No. Wt. sample. AgCl found. % Cl. 

I 0 . 2 0 3 9 O.2351 2 8 . 5 3 
2 O.1999 0 . 2 2 9 8 2 8 . 4 3 

3 O.2014 O.2329 2 8 . 6 2 
4 0 .2022 0 . 2 2 8 5 2 7 . 9 7 

5 0 . 2 0 1 5 0 . 2 2 6 9 2 7 . 8 5 

Average, 28 .28% 
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The water was estimated by the method used by Chapin. The material 
was mixed with dry lead oxide and heated in a boat in a current of pure 
dry air to about 3000 for two hours. The water was collected in a weighed 
calcium chloride tube. The details of manipulation are those outlined 
by Chapin. 

No. Wt. sample. HsO found. % HsO. 

I O.2007 O.0203 10 .11 

2 O.2008 0 . 0 2 0 6 IO.26 

M e a n , 1 0 . 1 8 % 

It should be noted that the hydrogen of any hydrochloric acid in the 
molecule of the compound would appear here as water along with the 
true water of the compound. The theoretical compositions calculated 
below are figured on this basis and will, therefore, add up to more than 
1 0 0 % . 

It was expected that the composition of the compound would correspond 
to the formula W3CIa-HCl.4H2O, analogous to Rosenheim and Kohn's 
M03Cle.HCl.4H2O. It will be seen on reference to the figures that the 
observed values do not agree with those calculated for this substance. 
They agree much better with the calculated percentages for a compound 
containing another half molecule of water, the doubled formula of which 
would be W6CIi2.2HCl.9H2O. The calculated compositions follow: 

Calculated for Calculated for 
Per cent. WsCIsHCl.4HsO. WjChs.2HCl.9Hs0. Observed. 

W 6 3 . 2 0 6 2 . 5 5 6 2 , 5 1 

Cl 28.46 28.16 28.28 
H20 9.27 I0.20 I0.I8 

The doubled formula finds support in its analogy with the tantalum and 
columbium compounds. I t finds a complete analogy in the columbium 
compound prepared by Harned and formulated by him, Cb6CIu^H2O. 

Since the compounds of molybdenum, tantalum and columbium ionize 
only part of their chlorine in aqueous solution, it seemed reasonable to 
expect that the yellow tungsten compound would behave similarly. Ac
cordingly an attempt was made to determine the amount of chlorine ion
ized. In view of the fact that the compound is hydrolyzed in pure water 
or in dilute acids other than hydrochloric, the problem presented consider
able difficulty. The first attempt was to dissolve it in potassium hydroxide 
solution and to add to the deep brown solution acetic acid, throwing out 
the black gelatinous precipitate. This was filtered off and the chlorine 
determined in the nitrate. The operation was conducted entirely in the 
cold. A similar treatment of the molybdenum compound precipitated 
a hydrated Mo3Cl4(OH)2 leaving the ionized chlorine in the filtrate. The 
same behavior was expected here. The following result was obtained: 

Wt- scruple == 0.2009 I AgCl found = 0.2291 | % Cl = 28.21 

M03Cle.HCl.4H2O
WjChs.2HCl.9Hs0
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This corresponds to the total chlorine in the compound, indicating that 
a complete decomposition had taken place and that the black precipitate 
contained no chlorine. 

A second attempt was based on the fact, previously mentioned, that 
the brown alkaline solution on standing fades to a brownish yellow, and 
that from this solution acetic acid precipitates a yellow-colored substance. 
A sample of the yellow needles was dissolved in alkali and so treated, the 
chlorine being determined in the filtrate. 

Wt. sample = 0.1017 | AgCl found = 0.1182 | % Cl = 28.76. 

The result again indicated a complete decomposition of the needles. It 
would seem probable that if derivatives in which only a part of the chlorine 
is split off, are formed at all, they are extremely unstable. 

In order to provide further evidence in favor of the formula assigned to 
the yellow compound, a determination of the molecular weight was sought. 
An attempt was first made to arrive at this by the lowering of the freezing 
point of glacial acetic acid. I t was discovered, however, that the water 
of crystallization of the compound interfered to such an extent that no 
result could be obtained by this method. The rise of the boiling point 
of ethyl alcohol was next attempted. Here the hydrochloric acid in the 
molecule appeared to interfere, the boiling point falling on solution of the 
compound rather than rising. A further investigation along these lines 
was prevented by lack of material. 

Other Related Compounds. 
The lemon-yellow-colored amorphous compound has been described. 

About a gram of this material was prepared from the yellow needles. I t was 
soluble in boiling hydrochloric acid, reverting to the original yellow de
rivative. I t dissolved in alkalies to give the deep brown solution. Anal
ysis gave the following results: 

Wt. sample = 0.2003 WO3 found = 0.1716 % W = 67.95 
f 0.2074 ( 0.2325 f 27.73 

Wt. sample = \ 0.2007 AgCl found = j 0.2236 % Cl = < 27.57 
[0 .1063 (0 .1169 [27 .20 

Wt. sample = 0.2001 H2O found = 0.0107 % H2O = 5.35 

These values do not correspond to any reasonable formula and it is probable 
that the compound prepared was impure. 

An investigation of the mother liquors from the crystallization of the 
yellow needles led to the isolation of another compound crystallizing in 
dark brown shining needles. This was prepared by slowly saturating the 
mother liquor with hydrochloric acid gas and letting it stand for several 
days. The sodium chloride thrown out contained, besides yellow needles, 
a small quantity of the brown compound in crystals about 2 mm. long. 
The mixture was dried and the brown needles picked out. Only a few 
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milligrams were obtained. They dissolved in water to a clear yellow-
colored solution, not decomposed by boiling nitric acid nor by potassium 
hydroxide. Sodium carbonate threw out a yellow granular precipitate. 
The tinctorial power of the compound was remarkable, one of the small 
crystals giving a decided color to ioo cc. of water. This fact makes it 
probable that the substance is related to the tantalum and columbium com
pounds. No analysis was obtained owing to the small amount of substance 
at hand. 

Investigation of the Alkaline Solution of the Yellow Needles. 
It has been mentioned that the addition of alkali to an aqueous solution 

of the yellow needles produced three distinct solutions: first, a yellow-
colored solution which changed immediately to a deep brown, which in 
turn changed slowly on exposure to the air to a less highly colored brownish 
yellow solution. It was undertaken here to determine the state of oxida
tion of the tungsten in these three solutions. The deep brown solution 
was first investigated. To this end a sample of the yellow compound was 
dissolved in water and treated with a solution of potassium hydroxide. 
The solution was let stand for about thirty seconds when it had assumed 
the dark color. An excess of standard iodine was then added, the color 
fading to a pale yellow. After standing thirty minutes, the solution was 
made acid with acetic acid and the excess iodine titrated with thiosulfate. 
The result is No. i in the table. I t shows that the tungsten is almost 
completely in the trivalent condition. The determination was repeated, 
allowing the alkaline solution to stand ten minutes before the addition of 
the iodine. The result (2 in the table) shows that the tungsten has been 
completely oxidized to the trivalent state. Since, from the deep brown 
solution, weak acids threw out the black gelatinous precipitate which re-
disssolved in alkali to give the original solution, the above results would 
indicate this black compound to be a hydrated W2O3 possibly W(OH)3. 

The same method was applied to the brownish yellow solution obtained 
by letting the alkaline solution stand exposed to the air for twenty-four 
hours. The result (3 in the table) shows that the solution contains quad
rivalent tungsten and that the yellow hydrate obtained from it by the ac
tion of weak acids must be a hydrated WO2. 

The first yellow alkaline solution contains tungsten of undoubtedly the 
same state of oxidation as the yellow needles. The rapidity with which 
it oxidizes made it rather more difficult to investigate than the other two. 
To avoid this difficulty the iodine solution was added to the potassium 
hydroxide and the mixture then added to the water solution of the yellow 
compound. I t was let stand thirty minutes, made acid, and titrated as 
before. The result is No. 4. I t indicates bivalent tungsten, which was. 
of course, to be expected. 
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No. Wt. sample. I absorbed. CaIc. for W". CaIc. for W"'. CaIc. for W"". 

1 0.1007 O.138 0.174 0.131 

2 0.1008 0.131 0.174 0.131 

3 0.1016 0.089 0.132 0.088 

4 0.1009 0.167 0-174 0.131 

Summary. 
i. The action of chlorine on tungsten metal to form hexachloride is 

catalyzed to a remarkable degree by the presence of a small amount of 
platinum black. 

2. Tungsten forms the compound WsCIi2.2HCI.9H2O, resembling the 
molybdenum derivative Mo3Cl6-HCl.4H2O, prepared by Rosenheim and 
Kohn. 

3. The alkaline solution of the preceding compound oxidizes readily 
and from the solution stable hydrates of trivalent and quadrivalent tung
sten were obtained. 
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In the previous work by the authors,1 by Desha,2 Myers,3 and by Clarke,4 

it was shown how to make hydrogen and calomel electrodes which can be 
read to a few millionths of a volt. It was further found that by using 
a large number of hydrogen and calomel electrodes in batteries to reduce 
errors, by thoroughly saturating the acid solutions and electrodes with 
hydrogen before connecting the systems, by using a saturated (4.12 JV) 
solution of potassium chloride to annul the contact potential as completely 
as possible, and by using wide connecting tubes and large fresh contact 
surfaces, and keeping the barometric pressure constant, it is possible to 
reproduce readings in a given series to close to 0.00001 volt. Recent in
vestigations of our own and by others6 have shown that these methods 
must be adhered to closely for work of the highest precision and accuracy. 

The two greatest sources of uncertainty in this work are contact po
tential and the potential of the hydrogen electrode when incompletely 
saturated, and, because of these, high reproducibility of readings does not 
mean corresponding high accuracy. We, therefore, devised,6 in 1910-11, 

1 Am. Chem. J., 46, 585, 621 (1911); Loomis, J. Phys. Chem., 19, 660 (1915). 
2 Am. Chem. J., 46, 638, 641, 643, 647 (1911). 
3 Ibid., 30, 396 (1913). 
4 / . Phys. Chem., 20, 243 (1916). 
5 Clarke and Lubs, J. Biol. Chem., 25, 479; Ellis, T H I S JOURNAL, 38, 737 (1916). 
6 Am. Chem. J., 46, 585, especially Dissertation, J. H. TJ., p. 29, 609, footnote. 


