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In a paper1 on the basic properties of oxygen one of us has given the 
results of the investigation of several two-component systems, consisting 
of organic oxygen compounds and the halogen or halogen hydrides. 
These systems are of interest not from the standpoint of phase rule studies 
at low temperatures, but from the fact that various compounds atre 
formed which may be ascribed to the oxygen assuming a higher valency 
than two. Indeed a number of complexes have been isolated, such as the 
combination of ethyl ether and dimethylpyrone2 with hydrobromic acid, 
in which the oxygen may conveniently be viewed as a hexad. We have, 
then, investigated selected types of these two-component systems in order 
to collect, if possible, data for a systematic examination of the constitu­
tion of these compounds, with the hope of throwing some new light on the 
higher valences of oxygen, and of ascertaining whether these compounds 
may fairly be viewed as distinct from salts separating with water, alcohol 
or ether of crystallization. 

In comparing the oxonium complexes with the so-called molecular com­
pounds several distinctions stand out clearly: 

(i) While salts with water or alcohol of crystallization3 may form 
many combinations containing a large number of oxygen atoms—ferric 
chloride, for example gives four complexes, one containing 12 molecules 
of water—the- oxonium compounds with hydrobromic or hydriodic acid 

1 T H I S J O U R N A L , 33, 71 (1911). 
i Ibid., 32, 542 (1910). 
8 Ibid., 30, H O I (1908). 
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previously described1 are remarkably simple. One molecule of the 
organic liquid unites with one, or at most, with two molecules of the acid; 
and even with the combinations containing the halogens2 only one, two, 
or in a single case three atoms unite with one molecule. 

(2) The melting points of the compounds are, in general, far above the 
melting points of the constituents. Thus hydrobromic acid (m. p. 
—86°) when mixed with methyl ether (m. p. —'1380) yields a compound 
melting at —13 °, while in the case of the molecular compounds with 
water, etc., the melting points are between or below the melting points 
of the components. 

(3) When a "molecular" compound such as the hydrated copper sulfate 
is dissolved in water, its electrolytic behavior shows that the ions Cu" and 
SO4" are present, i. e., the salt undergoes dissociation, and one part of the 
salt proper moves to the cathode, the other to the anode. Quite a different 
behavior is shown by solutions of oxonium salts in the halogen hydrides. 
There the oxonium salt is the electrolyte, the liquefied acid the so'vent. 
The ether or a'cohol suffers no disruption but moves to the cathode under 
the electric stress. We shall, in the course of this paper, point out other 
distinctions between the two classes of oxonium salts—those with the 
halogen hydrides and halogens-—and the molecular compounds. 

I t is well, however, to emphasize that the differences between the so-
called molecular compounds and the admittedly real salts are not 
clearly drawn in chemical literature and seem to depend more on the 
predilections of the authors than on determined physical or chemical 
properties—thus the Grignard reagent is viewed as a simple oxonium salt 
of ether, although few chemical or physical facts are given to support this 
hypothesis. 

Many accounts of investigations of the basic properties of oxygen 
have appeared. Friedel indicated the existence of a combination 
of methyl ether and hydrochloric acid as early as 1875; Collie and 
Tickle3 in their study of the salts of dimethylpyrone drew the at­
tention of chemists to this subject, while Baeyer and Villiger4 in a series 
of papers showed that many of the stronger complex acids form com­
binations with a'cohol, ether and acetone. 

But the oxonium compounds with the halogens and halogen acids are 
simpler than those produced by Baeyer and Villiger, which may be solid 
solutions or combinations5 quite analogous to salts with water of crystal-

1 Walker, Mcintosh and Archibald, Trans. Chem. Soc, (London) 85, 1098 (1904); 
Archibald and Mcintosh, Trans. Chem. Soc, 85, 919 (1904); T H I S JOURNAL, 27, 26, 
1013 (1905); 28, 588 (1906); 32, 542 (1910). 

2 Trans. Chem. Soc, (London) 87, 784 (1905). 
3 Ibid., 75, 710 (1899). 
4 Bet:, 34, 2679, 3612 (1901); 35, 1201 (1902). 
' Loc. cit. 
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lization. Recently Baume^ has investigated some two-component systems 
of the halogen acid and methyl ether, etc., and has confirmed Friedel's 
views on the tetravalency of oxygen. On the other side Gomberg and 
Cone2 conclude that in the salts of dimethylpyrone the acid is attached 
to the carbon atom and therefore infer that the compounds of the simple 
ketones with the halogen acids have the formula 

> C Z ° H 

Against this view may be marshaled the many compounds of alcohols 
and ethers with acids which are quite as stable as the ketone combina­
tions but can not be represented by any formula analogous to that given 
above. The hydrocarbons and saturated derivatives of the fatty series 
give, as far as we have studied this question, no compounds with acids. 
On the other hand toluene unites with both hydrobromic acid and chlorine 
and shows complexes in which the constituents are in simple molecular 
proportions. No appreciable amount of heat is evolved in these reactions, 
the compound is not ionized in acid solution, and the melting point is 
hardly above that of toluene itself. A distinction must be drawn between 
these combinations and the much more stable oxonium salts. 

Materials.—The methyl and ethyl alcohol were dehydrated by lime 
and copper sulfate, the ethyl ether and toluene by sodium. The methyl 
ether was prepared from methyl alcohol and dried by means of phos­
phorus pentoxide. The ethyl acetate8 was washed with water and dried 
with copper sulfate. The acetone was treated with calcium chloride and 
fractionally distilled. The halogen acids were prepared in the usual 
ways and when necessary were redistilled. The chlorine was made from 
hydrochloric acid and permanganate; the bromine was dried with calcium 
bromide and fractionated. 

Apparatus.—A Beckmann apparatus with a glass stirrer was used in 
the freezing point determination. For temperatures above —78 ° carbon 
dioxide and ether served as the freezing mixture; and this refrigerant 
boiling under reduced pressure was used between —78 ° and —107 °. 
For lower temperatures recourse was had to liquid air. Great care was 
taken to prevent the entrance of moisture into the apparatus. When a 
small amount of solid had separated the Beckmann apparatus was 
placed inside an unsilvered Dewar vessel, the liquid was vigorously stirred, 
and the temperature at which the last crystals melted was noted. 

1 / . chim. phys., 9, 245 (1911). 
2 Ann., 376, 183 (1910). 
3 Small amounts of water may be detected in ethyl acetate or ether by freezing the 

liquid and allowing it to melt. Less than 0.03% can be detected as ice crystals in the 
former liquid, and a smaller amount in ether if alcohol be absent. In fact, cooling an 
organic liquid is often an excellent test for impurities. Propyl bromide prepared most 
carefully and thought to be exceedingly pure showed the presence of water by this test. 
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Four thermometers were employed in this work. (1) A mercury 
thermometer graduated in 0.2 ° to —35 °. (2) A thermometer containing 
an 8.5% thallium amalgam1 (f. p. —62°) graduated in 0.5°. (3) A 
thermometer filled with pentane graduated in degrees to •—1300. (4) A 
platinum resistance thermometer, the platinum wire being wound on a 
glass spiral. Its resistance was determined from time to time at the 
following points: The freezing and boiling temperatures of water, the 
boiling point of carbon dioxide (—78.2 °) and of liquid air of known 
composition. The platinum thermometer could be read to o.i°. 

All these thermometers were calibrated by means of a constant volume 
hydrogen thermometer, and showed no change sufficient to affect the 
results during the course of the work. The platinum thermometer was 
used exclusively in the our systems, methyl ether-halogen hydrides and 
chlorine-hydrochloric acid. The freezing points of the other systems 
were determined by means of the direct reading thermometers, a num­
ber of points being confirmed with the platinum thermometer. 

The various mixtures were in general made up by weight, so that the 
concentration of each component was known. However, on the addition 
of the organic liquid to the cooled hydride a large amount of heat is 
evolved, and this may vaporize the hydride and so change the concentra­
tion. In systems containing hydrobromic or hydriodic acid, it was found 
convenient to freeze the acid. Then the latent heat of fusion and the 
slowness of a reaction where a solid is involved were sufficient to prevent 
a too rapid rise in temperature. The actual weighing of the acid had, 
of course, to be performed quickly; but with a little practice this can be 
done to 0.25%. The organic substances, except methyl ether which 
boils at — 2 30 , could be weighed to any desired degree of accuracy. 

As a control on this method of determining concentrations analyses 
were made at different points in each system in the following manner: 
The material was allowed to stand at a temperature a few degrees above 
the melting point until a homogeneous solution was formed. A portion 
of this was placed in a tube previously weighed under identical con­
ditions, surrounded by liquid air or carbon dioxide. I t was stoppered, 
reweighed, the acid absorbed by water and finally analyzed by standard 
barium hydroxide. 

I t has previously been pointed out that ethyl ether probably unites 
with hydrobromic acid in two proportions yielding the compounds 
C4H10CHBr and C4H10O^HBr. As hydrobromic acid itself is unasso-
ciated at low temperatures,2 the second compound points to the existence 
of hexavalent oxygen. To study the question in detail and to analyze 

1 McFntosh and Johnson, T H I S JOURNAL, 34, 910 (1912). 
2 Steele, Mcintosh and Archibald, Z. physik. Client., 55, 129 1.190b). 
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the compounds accurately we 
have used the apparatus shown 
in Fig. i. 

A is a filtering tube with a 
perforated plate and packed as­
bestos surrounded by the cooling 
bath B. Conduction of heat is 
prevented by C which is tightly 
packed with natural wool. The 
compound, crystallized .from 
either an • excess of acid or of 
ether, was placed in A and 
pressed down from time to time 
while dry air, at a temperature 
of —70 °, was drawn through at 
a constant rate by a suction 
pump. By means of a cooled 
spoon portions of the solid were 
removed from time to time, 
weighed, and analyzed. Fig. 2 Fig. i . 

shows the results; the individual experiments are given in Table I. 
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TABLE I. 

Time. 

0 

5 
IO 

15 

25 

45 

n o 

Excess et 

Per 

aer. 

cent ac 

4 0 . 0 

47.O 

4 8 . 8 

4 9 - 4 

5 i - 3 
5 0 . 8 

50 -3 

id. Time. 

0 

4 
11 

26 

95 

304 

Excess acid. 

Per cent acid 

74-3 
71.0 

70.9 

6 9 . 2 

69-3 

67.3 

In the first experiment (Curve 2) the acid content of the compound 
rose to 50% in 20 minutes and remained practically constant. A similar 
experiment in which the material was crystallized from 78% acid by 
reducing the temperature showed that the acid had fallen to a value 
corresponding to the compound C4H100.2HB in about 20 minutes, and 
this value remained constant during 304 minutes. 

These experiments show conclusively that two compounds of ether and 
hydrobromic acid exist—combinations quite ana ogous to phosphorus 
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Fig. 3-

or iron with chlorine. An excess of ether promotes the formation of the 
monohydrobromide; an excess of acid the dihydrobromide. In the latter 
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, / 
H 

compound the oxygen probably functions as a hexad, and C4H10O^-Br. 

Br 

may be given as the most probable formula. 
Methyl ether and hydrobromic acid yield but one compound above 

—70 °. This can be seen by reference to Fig. 3 and Table II. Analogous 
experiments to those described, in which the compound was crystallized 
from a large excess of acid or ether, showed but one compound, C2H6CHBr. 
Curve i (Fig. 6) indicates that more than one compound is unlikely. 

TABLE II. 
Excess 

Time. 

O 

2 - 5 

7 

13 

19 
29 

44 
74 

5 
5 
5 
5 
5 
5 

104 

124 

methyl ether. 

Per cent acid. 

47.8 
5 0 . 1 

57-5 
5 9 - 0 
6 2 . 4 

63-4 
63-4 
6 4 . 2 

6 4 . 1 

63.8 

Time. 

O 

2-5 

7-5 
12 .5 

27 -5 

57.5 
103 

Excess acid. 

Per cent acid 

78.O 

74.6 
7 0 . 8 

69-5 
6 7 . 2 

6 5 . 2 

6 4 . 1 

For a comparison with the oxonium compounds we have examined the 
system chloroform-hydrobro- y Chlorotortn-rtydrobromu. 
mic acid. The results are M (tilorine-ttijcLrochloru. 
given in Table III and in 
Fig. 4. As anticipated no 
compounds were formed. The 
freezing point of each com­
ponent is gradually' lowered ^" 
by the addition of the other-mo 
until the eutectic is reached. 
A glance at any of the suc­
ceeding plates shows the 
difference in systems where „ . . „ , . 
oxonium compounds are pro- X HBr *« HCl * a 

duced. Fig- A-
TABLE III .—CHLOROFORM-HYDROBROMIC ACID. 

. ' 
-T(J 

•80 

•qd 

no 

IZO 

s/ 

L l 

V V. 

V 

/ 

- W 

•70 

-V) 

•10' 

W 

Per cent acid. 

IOO.O 

9 4 . I 

8 9 . 1 

8 2 . 8 

6 1 . 4 

5 8 . 7 

5 4 ° 

Freezing temp 

— 8 6 . 0 

9 5 - 0 

1 0 1 . 0 

1 0 6 . 0 

1 0 5 . 0 

101 .5 

97-5 

cent acid. 

4 6 . 3 

3 8 - 9 
2 6 . 6 

1 6 . 3 

1 5 . 0 

8 .6 

0 . 0 

Freezing temp 

9 2 . 0 

87 .O 

78.O 

7 1 . 0 

6 9 . 5 
67.O 

6 2 . 5 
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While the question of combination between the halogens and halogen 
hydrides is hardly within the scope of our present work, we have made a 
few determinations of the freezing points of these systems but find no 
indications of compounds. Bromine and iodine are extremely insoluble 
in the corresponding halogen acids at their freezing temperatures; but 
chlorine and hydrochloric acid are soluble in one another in all proportions. 
The freezing point curve is given in Fig. 4 (Curve 2) and the individual 
measurements in Table IV. The solution of chlorine in hydrochloric 
acid takes place without any marked temperature change. 

TABLE IV.—CHLORINE-HYDROCHLORIC ACID. 

ire. Per cent acid. Freezing temperature. 

3 2 - 4 

Per cent acid. 

IOO. O 

79-5 
72.4 

59-4 

55 -5 

Freezing temp 

— 112 .0 

124.6 

126.6 

122 . I 

120.5 

19.9 

13.0 
0.0 

112.4 
107.9 
103.6 
101.5 

Toluene Systems. 
The systems toluene-hydrobromic acid and toluene-chlorine gave the 

results shown in Fig. 5. The systems show the formation of com-

Tbltt&ize. 
80 

itf 

V N 
\^ 

/ 

1 

X 

\ , 

a 

\ 
^) 

< 

•80 

•<x>" 

•/00' 

-IHf 

HO 

-130 

XHBt- a 
Rg- 5-

pounds1 C7H8-HBr and C7H8-Cl2, with melting points a few degrees 
above that of toluene itself. Toluene then exhibits basic properties 
and it seems probable that carbonium compounds are formed, but 
they are very unstable compared with the oxonium complexes. I t 
is interesting in this connection to note that substances such as benzo-
phenone2 containing but one oxygen atom add on more acid than can be 
explained on the assumption that oxygen is tetra- or hexavalent. Possi­
bly here part of the acid is added to the benzene ring by means of the 
carbon valences. 

1 See VorlSnder, Ann., 341, 1 (1905). 
2 T H I S JOURNAL, 33, 70 (1911). 
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TABLE V.—TOLUENE-HYDROBROMIC ACID. 

Per cent acid. 
IOO. O 
96.7 

93 5 
90.6 
87.6 
84.7 
80.9 

79-3 
74-6 
7 2 . 2 
64.7 
63.0 
59-8 
56.7 

Freezing temperature. 
—86.O 

96.O 

IOI.5 

I07.5 
1 1 6 . 0 
122 .O 
128 
I30 
128 
124 

" 5 
112.5 

107.5 
103.5 

Per cent. acid. 

51-I 
47-3 
44-9 
40.9 
3 6 9 
34.1 
29.8 
26.5 
22.6 
19.0 
16.3 
11 .2 

4-9 
0 . 0 

Freezing temperature. 
98.O 
94.O 

92.O 
95.5 
88.5 
87.O 
87.O 
88.5 
89-5 
94.O 

95 0 
IOO.O 
98.0 

94.0 

TABLE VI.—TOLUENE-CHLORINE. 

Per cent chlorine. 
IOO.O 

95-3 
91.0 

85.3 
82.1 
77.1 

7 3 - 1 

67.2 

59-7 
55-7 
50.8 

Freezing temperature. 
—IOI.5 

IC5-5 
107.0 
•110.5 
1 1 2 . 0 
108.0 
106.0 
1 0 2 . 0 
1 0 1 . s 
102.5 
99-5 

Per cent chlorine. 
46.9 
42.1 

35-9 
27-3 
22.5 
19,7 
15-8 
12.6 

9^3 
4 . 0 
0 . 0 

Freezing temperature. 
98.O 

98.5 
IOO.O 
I06.O 
109.0 
112 .O 
112.5 
114.0 

I03-5 
IOO.O 
94.0 

Methyl Ether Systems. 
The experiments with methyl ether are of peculiar interest since it is 

the substance from which Friedel attempted to prepare a compound with 
a tetravalent oxygen atom. He obtained a liquid with hydrochloric acid 
boiling at —2 °, in which the ether and acid were in approximately molec­
ular proportions. But a liquid boiling at a constant temperature is no 
proof of the formation of a compound, so that Friedel's experiment leaves 
the existence of tetravalent oxygen in doubt. A few years ago Archi­
bald1 and one of us predicted the existence of a compound, C2H6CsHCl, 
from the heat evolved on mixing ether and acid, but were unable 
to isolate it. Recently Baum62 has examined the system methyl 
ether-hydrochloric acid completely and concludes that two compounds, 
C2H6CHCl and C2H60.4HCI, are formed. The elaborate precautions 

1 hoc. cit. 
2 hoc. cit. We are unable to procure Baume's paper and so have depended on the 

abstract in the Zentralblatt and the abbreviated account, Compt. rend., 148, 1322 
(1909). 
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Nethxji ftke and large amount of materials 
employed make Baume's re­
sults probably more accurate 
than the ones given here. 

The results of our experi­
ments are given in Tables VII, 
VIII and IX, and shown 
graphically in Fig. 6. Curve 
i is for the system methyl 
ether and hydrogen bromide. 
The acid freezes at —86.0. 
Addition of methyl ether 
lowers the freezing tempera­
ture to the eutectic point at 
—100 ° where ether, hydro­
bromic acid, compound and 
vapor are in equilibrium. 
Further additions of ether 
raise the melting point until 
finally a maximum of —13 ° 
is reached. Here the mixture 
consists of 64% acid, which 
corresponds exactly to the 
compound C2H8CHBr. 

TABLE VII.—METHYL ETHER- HYDROBROMIC ACID. 

Per cent acid. Freezing point. Per cent acid. Freezing point. 

97 
93 
86 

84 

77 
76 

73 
73 
72 

70 

68 
65 
64 
62 

60 

57 

—86.0 

86.8 

88.0 

90. 2 

93-3 
95-2 

74-3 
64.7 
42 .0 

3°-4 
26.3 
21. I 

18.0 

14.4 

12.3 

13.0 

13-5 

14.3 

56.3 
52.8 

5°-4 
49.4 
48.4 

25 4 
23.1 

21.4 

19.0 

17 .2 

1.3-5 

12.7 

8.0 

6.9 
5-7 
5-O 

3-o 

0.0 

-14 
16 

18 

18 

19 
26 

32 

33 
35 
37 
46 
48 
61 

66 

75 
77 
99 
138 

9 
6 

4 
7 
7 
3 
5 
8 
5 
2 

3 
2 

0 

2 

0 

3 
8 

O 

As we have said before tliere is but one compound of methyl ether and 
hydrobromic acid, C2H6CHBr. Its formation is accompanied by a heat 
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evolution as large, probably, as when ethyl ether is employed (90 X io10 

ergs per gram molecule formed).1 

Analogous results were obtained with hydriodic acid (Curve 2, Table 
VII). The eutectic point is about —780, and the mixture contains 12% 
of ether. The melting point of the compound is —22 ° C. and its formula is 

CH3/ M 

TABLE VIII.—METHYL ETHER-HYDRIODIC ACID. 

Per cent acid. 
IOO.O 

98 

96 

88 

84 

79 

78 

8 

0 

3 
i 

8 

i 

Freezing temperature. 

—50.9 
53 
64 

77 

47 
40 

35 

4 
i 

0 

5 

7 

7 

Per cent acid. 
76.4 
76.2 
70. I 
51-8 
2 8 . 2 

25-5 
15-3 

Freezing temperature 
30.8 
26.3 
22.O 

2 5 . 0 

35-o 
28.5 
56.0 

Methyl ether and hydrochloric acid (Curve 3, Table IX) show two maxi­
mums at about —96 ° and —102 °, where the composition of the solution in­
dicates that the compounds C2H6CHCl andC2H90.3HCI or 4HCI are formed. 
Baume^ finds the more complex compound to consist of 4 molecules of 
acid but as the l.quid is viscous in the neighborhood of this point accurate 
determinations are difficult to make. The constitution of the first com-

CHjv y 
pound is probably >0< , the oxygen acting as a tetrad. Since hy-

C H / XC1 
drochloric acid is largely associated at low temperatures,2 we believe it un­
necessary to assume a higher valency than four for oxygen to explain the 
formation of the second salt. The combination may well take place by 
means of trivalent chlorine atoms. 

TABLE IX.—METHYL ETHER-HYDROCHLORIC ACID. 

Per cent acid. 
IOO.O 

94-5 
9 2 . 0 

89.6 
84.1 
78.2 
76.5 
75-3 
72. i 
69.6 
69. i 
65-5 

Freezing temperature. 
— 1 1 2 . O 

122 . 7 

1 2 6 . 0 

128.7 
1 2 0 . 6 

115 .8 
116 .8 
11 ' . 2 

IOI .2 

I°5-7 
106. I 

1 1 2 . 4 

Per cent. acid. 
61.3 
60.7 
54-6 
5 2 . 2 

4 7 . 2 

37-2 
3 1 - 2 
24.4 
18.6 

9 . 8 

0 . 0 

Freezing temperature 
121 .2 

1 1 7 . 0 

1 0 3 . 0 

1 0 0 . 4 

96.8 
1 0 0 . 4 
1 0 6 . 0 
1 1 6 . 0 

1 2 3 . 0 

I 3 2 . 4 
1 3 8 0 

1 / . Physic. Chem., 12, 167 (1908). 
s hoc, cit, 
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Methyl Alcohol Systems. 
Two systems on'y were examined, i. e., those with hydrobromic acid 

and bromine. The first (Fig. 7, Curve 1, and Table X) shows only one 

compound, CH H 0 \ , melting at —120, while alcohol and acid melt at 
x B r 

•—950 and •—86°, respectively. Large amounts of heat are given out on 
the formation of this compound, about 57 J being liberated for each gram 
molecule formed. 

TABLE X.—METHYL ALCOHOL-HYDROBROMIC ACID. 
Per cent acid. 

IOO. O 

98 
95 
94 
89 
87 
86 

4 
3 
3 
2 

9 
0 

Freezing temperature. 

— 8 6 - O 

87-5 
9 4 . 0 

9 7 . 0 

8 5 . 0 

7 2 . 4 

5 8 . 0 

Per cent acid. 

75 'O 

7i-3 
65.0 

63 -5 
5 7 ^ 
54-5 

Freezing temperature 

13-5 
1 2 . 8 

33'9 
44.4 
54-5 
64:0 

All compounds obtained with the halogen hydrides dissolved in excess 
of either constituent—preferably the acid—conduct the electric current 
and are consequently dissociated. On the other hand the halogens unite 

with the organic liquids with 
Methyl Jlccficl 

Fig. 7. 

only a trifling heat evolution, 
giving compounds which do 
not conduct the current when 
dissolved in either constituent, 
and which are therefore undis-
sociated. Ether, alcohol, etc., 
when dissolved in bromine are 
to some extent acted on with 
the formation of hydrobromic 
acid even when the greatest 
care is taken, so the part of 
the curves containing an ex­
cess of bromine, i. e., from 
100% to the eutectic is a little 
lower than its true value. The 
remainder of the curve can be 
realized without substitution 
taking place and is therefore 

more nearly correct. Curve 2 points to the existence of a compound, 
CH3HO.Br, melting at —66°. This substance1 was iso'ated and examined 
a number of years ago, 

1 Loc. cit. 
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Per cent bromine. 

IOO.O 

9 8 - 5 

95^9 
9 4 . 2 

9 2 - 3 
8 8 . 6 

8 2 . 4 

7 9 - 3 

75-2 
7 1 . 9 

6 7 . 9 

6 5 - 3 
6 1 . 9 

TABLE X L -M E T H Y L A L C O H O L - B R O M I N E . 

Freezing temperature. 

— 7 - 3 

9 -7 
1 2 . 0 

1 4 . 8 

1 6 . 5 
2 3 . 0 

3 6 . 0 

4 5 ' 5 
5 5 - 0 
6 4 . 0 

6 5 . 0 

6 6 . 0 

6 7 - 5 

Per cent bromine. 

5 7 - 7 
5 4 - 6 

5 1 - 6 
4 9 . 1 

4 4 - 7 
4 0 . 9 

3 7 - 7 
3 5 - 0 

2 1 . 3 

17-7 

5-9 
0 . 0 

Freezing temperature. 

7 0 . 0 

72.O 

74 -5 

77-5 

83 -5 
8 8 . 0 

9 0 . 0 

9 5 - 5 
1 0 3 . 5 

1 0 2 . 0 

9 9 . 0 

9 7 . 0 

•it 

•50 

•to" 

Ethyl Alcohol Systems. 

The results are given in Tables XII and XIII and shown in Fig. 8. 

Curve i is the freezing tem- /TMy/ dlcotiot 
perature of mixtures of alco- -' 
hoi and hydrobromic acid. 
The eutectic point is at—104 °, 
and there the mixture contains 
9 1 % acid. The maximum 
temperature of —12 ° was ob­
served, and the composition 
at this point corresponds al­
most exactly to the com-
p o u n d C3H6CHBr. T h e 
formula of this substance . is 
probably 

C2H„0< 
NBr 

The parts of the curves 
where an excess of the alcohol 
was present could not be ob­
tained in the hydrobromic 
acid system. The very viscous liquid prevented the compounds from 
crystallizing. 

With mixtures of alcohol and bromine the highest freezing tempera­
ture is —560 and the curve shows that a complex, C2H6CBr, exists. To 
explain its constitution the fonnula must be doubled and the compound 
written C2H3O = Br — Br = OC2H6. 

The eutectic points are at —106 and —64 ° and the solid phases contain 
28% and 72% of bromine, respectively. 
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bi 

-m 

•80 

-90' 

-105 

a 9 

' 

0 

/ 

10 i 

~\ 

0 

J 

6 ' 4 

i^ 

f* 

0 1 

V-

0 S 

/ 
/ 

- / -
/ 

1 

1 / 

0 4 

^ 
/ 

• 
/ 

0 ' 

- 10 
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Fig. 8. 
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Per cent acid. 

IOO.O 

9 7 - 9 

9 5 - 4 

93 • 3 

9 2 - 3 
7 8 . 9 
7 7 . 8 

7 6 . 8 

7 5 - 4 
7 4 . 1 

7 2 . 4 

7 0 . 4 

6 8 . 8 

T A B L E X I I . — E T H Y L A L C O H O L - H Y D R O B R O M I C 

Freezing temperature. 

— 8 6 . 0 

8 8 . 0 

9 ' - 5 

95 • 5 

9 7 - o 

8.3-5 
6 2 . 5 

Sf'-S 
5 0 . 1 

45-2 

40-5 
3 4 - 8 

3 3 - 3 

T A B L E X I I L -

Per cent acid. 

6 7 . 6 

6 6 . 2 

6 4 . 6 

6 4 . 0 

6 2 . 3 

60 . 2 

6 0 . 0 

5 5 - 3 
5 5 - o 

53 -S 

5 i - 3 
4 9 . 2 

4 8 . 9 

— E T H Y L A L C O H O L - B R O M I N E 

er cent bromine. Freezing temperature. 

IOO.O 

98 

94 

9 1 

87 
84 
81 

/ 8 

75 

7 

9 

5 
6 

5 

7 

7 
8 

— 7 . 3 
7 . 8 

1 2 . 0 

17-5 

34 -5 
4 0 . 0 

4 6 . 5 

5 3 - o 
6 4 . 0 

Acetone 

Per cent bromine. 

7 1 . 6 

6 7 . 6 

6 4 . I 

5 9 - 9 

5 4 ' 7 
4 8 . 8 

4 4 . 6 

3 9 - 4 

34-2 

Systems. 

A C I D . 

Freezing temperature 

3 1 - 4 

3 0 . 3 
2 9 . 6 

2 8 . 5 

29-5 
31 .0 

3 0 . 0 

37-5 
4 0 . 0 

45 0 
5 4 - o 
6 8 . 1 

73-4 

Freezing temperature. 

7 ? - 5 
6 9 . 0 

67 -5 
7 0 . 0 

73-5 

77-5 
8 2 . 0 

8 7 . 0 

9 1 . 0 

Aae~bone The results obtained in a 
study of the systems acetone-
hydrobromic acid, acetone-
bromine and acetone-chlorine 
are given in Tables XIV, XV 
and XVI and the curves in 
Fig. 9. With hydrobromic acid 
one compound, C3H6O.HBr, 
melting at — 40 , is formed. 
Bromine or chlorine yields one 
compound containing two 
atoms of the halogens to one 
of acetone. The constitution 
may be r e p r e s e n t e d by 

/ x 

C3H8O/ or 
X X 

3Ha0 = X - X = X - X = O C 3 H 6 . 
We believe the second for­
mula to be the correct one, 
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TABLE XIV.—ACETONE-HYDROBROMIC ACID. 

Per cent acid. 
IOO.O 

98.7 
95 0 

9 ^ 3 
7 3 ° 
7 1 . 8 
7 0 . 0 
66.8 
64.6 
60.4 

56-3 
47 i 

Freezing temperature. 

— 8 6 . O 
86.8 

9 ° 5 
94.0 
30.6 

19-3 
1 1 . 7 

6 . 0 

.3-2 
3-o 

4 - i 

5-8 

Per cent acid. 

43-6 

40.3 
38-2 
35- i 
33.1 
3 i -3 
29.6 
2 8 . 0 

2 5 - i 
2 2 . 8 
2 1 . 4 

Freezing temperature. 
1 4 . 0 
1 4 . 0 
1 6 . 0 
2 4 . 2 
26.6 

31-4 
36. 
4 1 . 2 

50.5 
57-0 
6 1 . 0 

TABLE XV.—ACETONE-BROMINE. 

Per cent bromine. 
1 0 0 . 0 

93-2 
89.0 

83-7 
8 0 . 5 

73-8 
67.4 

64-3 

Freezing temperature. 

—7-3 
2 2 . 0 
2 9 . 0 
2 8 . 0 
1 9 . 0 

7-5 
8 . 0 

9-5 

Per cent bromine. 

60.3 

52.7 
47-8 

43-8 
36.4 
26.5 
11 .7 

Freezing temperature. 
1 2 . 0 

17-5 
2 2 . 0 
2 6 . 0 
34-0 
48.0 
79 0 

TABLE XVI.—ACETONE-CHLORINE. 

Per cent chlorine. 
1 0 0 . 0 

99. I 
97.6 
95-8 

93-1 
9 0 . 1 

87-3 
79-3 
74-7 
71.6 
68.0 
65.0 

Freezing temperature. 
—-101.5 

101 .5 
1 0 2 . 5 
1 0 3 . 0 

i°3-5 
1 0 2 . 5 

98.5 
76.0 
66.0 
6 2 . 0 

59.5 
57-o 

Per cent chlorine. 

59-4 
52.9 
49.2 

45-2 
42.3 
37-1 
33'2 
2 8 . 1 

25.3 
2 2 . 0 
19.0 

Freezing temperature. 
56.O 

54-5 
55-5 
55-5 
58.5 
60.3 

64-5 
7 0 . 0 
7 1 . 0 
7S-o 

79 0 

Ethyl acetate unites with hydrobromic acid, bromine and chlorine 
(Fig. 9, Tables XVII, XVIII and XIX). The compounds are more com­
plex than those previously described and in the case of the halogens 
contain 3 atoms to a molecule of the acetate. This is not unexpected, 
since one hydroxyl oxygen atom is balanced by one halogen atom and a 
carbonyl oxygen atom by two. These compounds when dissolved in 
excess of the acetate or halogen do not conduct the electric current and so 
a constitution essentially different from combinations with the halogen 
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hydrides must be ascribed to them. The simplest way of expressing these 
complexes we believe to be 

CH, .CO= X - X = X - X = O C C H , 

C9H5O= -X - - X = O C 2 H 5 

The 

com-
HBr1 

a n d 

system ethyl acetate -hydrobromic acid shows three maxima: 
(i) 48% acid, m. p — 360 

(2) 70% acid, m. p —52 ° 
(3) 78% acid, m. p —6o° 

p . , , j, . _ corresponding to the 
myUcetate . p o u J C H ^ 0 0 C 2 H 5 . 

(CH3COOC2H5) 2(HBr)5 

CH3COOC2H5(HBr)4 w h i c h 
contain 48, 70 and 78.5% acid. 
Since the quantivalence of 
oxygen increases with decreas­
ing temperature, we may ac­
count for the first by assum­
ing that at —36 ° only one, 
probably the carbonyl oxygen 
atom, functions as a tetrad. 
The constitution of the last 
compound may be explained 
by assuming both oxygen 
atoms to be hexavalent. But 
the compound containing two 
molecules of ester to five of 
acid is so unexpected that any 
speculation about its formula 
would be worthless. 

TABLE X V I I . — E T H Y L ACETATE-HYDROBROMIC ACID. 

Per cent acid. Freezing temperature. Per cent acid. Freezing temperature. 
00 

96 

94 
9i 
83 
82 
82 
81 
80 

79 
79 
78 

77 
77 

0 

0 

0 

8 

7 
5 
4 
4 
8 
8 
i 

8 
8 
2 

—-86,0 

89.0 

92.0 

97.0 

85.2 

7i-3 
69.2 

69.2 

67. i 

63.0 

61.0 

59-3 

56.5 
56,0 

—77-o 

75-9 

75-7 

74-3 

74-1 
72.7 

72.4 

71.2 

69.6 

68.3 

68.2 

66.0 

65-3 
64.0 

68.1 

63.0 

64.0 

59,o 

58.3 

54-O 

54-O 

52-5 
52.0 

52.0 

5i-5 

53-o 

57° 
•;9 0 
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Per cent acid. 

63-
6 0 . 

5 8 . 

56 . 

5 5 . 

5 3 ' 

5 i . 
48-, 

4 5 . 

4 3 . 

0 

7 

7 
2 

2 

,0 

. i 

•7 

9 

•3 

Per cent bromine. 

1 0 0 . 0 

9 9 . 6 

9 5 - 8 
9 3 - 6 

8 9 . 2 

8 5 . 2 

8 3 . 0 

8 0 . 1 

7 7 - 4 

75-5 
7 1 . 7 

6 9 . 4 

6 4 - 3 
6 3 . 6 

6 1 . i 

Per cent, chlorine. 

1 0 0 . 0 

9 9 . 0 

9 7 - 3 
9 2 . 8 

8 9 . 4 

8 6 . 3 

8 2 . 5 
7 8 . 4 

7 6 . 0 

7 2 . 2 

6 6 . 8 

T A B L E X V I I {continued). 
Freezing temperature. 

56 , 

5 I 1 

4 5 . 

4 i • 

39> 

37> 
36 , 

36 . 

36 , 

37 

T A B L E X V I I I . 

.O 

O 

.0 

.0 

0 

,0 

, I 

,0 

•3 
.0 

Per cent acid. Freezing temperature. 

4 ° - 3 

3 5 - 9 

3 ° - 4 
2 8 . 1 

2 5 . 2 

2 0 . 7 

15-6 
11. i 

5-4 
0 . 0 

— E T H Y L A C E T A T E - B R O M I N E . 

Freezing temperature. 

— 7 - 3 
8 . 0 

12-5 
1 5 0 

2 3 . 0 

2 7 . 0 

3 3 - 0 
3 6 . 0 

36 -5 
3 6 . 0 

3 5 - o 

3 4 - 5 

3 6 . 5 

3 6 . 5 
3 7 - o 

T A B L E X I X . -

Per cent bromine. 

5 7 - 2 

5 2 - 3 
4 6 . 8 

4 3 - 7 
4 1 . 1 

3 6 . 7 

3 3 - i 
2 1 . 6 

2 0 . 6 

15-9 
10 .9 

6 . 6 

3-° 
2 . 0 

0 . 0 

- E T H Y L A C E T A T E - C H L O R I N E . 

Freezing temperature. 

— I O I . 5 

I O I . 5 
102 .5 

1 0 4 . 0 

9 5 - 0 

8 8 . 5 

8 2 . 3 

78.O 

76.O 

7 2 . 0 
7 0 . 0 

Per cent chlorine. 

6 0 . 9 

4 9 . 2 

4 1 . 4 

3 6 . 2 

3 0 . 7 
2 6 . 4 

2 2 . 8 

17 -3 
12 .7 

9 . 2 
0 . 0 

3 8 . 

4 i -

4 4 . 
4 6 . 

49-

S i . 

5 4 . 
5 8 . 
69 . 

8 3 . 

O 

O 

O 

O 

O 

O 

5 
0 

. i 

.0 

Freezing temperature. 

39 -5 

4 2 . 5 

4 7 . 5 
5 0 . 0 

5 2 . 0 

5 6 . 5 
6 0 . 0 

6 4 - 5 
6 8 . 5 

7 2 . 0 

7 7 . 0 

8 4 . 0 

8 4 . 5 
8 4 . 0 

8 3 - 0 

Freezing temperature. 

6 8 . 2 

7 0 . 0 

7 3 - 0 

7 4 - 3 
7 8 . 0 

8 1 . 0 

84 -5 

89 -5 
8 9 . 0 

8 6 . 0 
8 3 . 0 

Summary. 
In this article we have given the results of the freezing points of certain 

two-component systems consisting of organic substances containing 
oxygen with the halogens or halogen hydrides. As several of these com­
pounds have not been isolated before, and as their melting points were 
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determined with a fair degree of accuracy we have collected the results in 
Table XX. 

TABLE XX. 

Compound. M. P. 

(CH 3 )AHBr — 130 

( C H 3 ) A H I — 220 

(CH 3 )AHCl — 960 

(CH3)A(HCl),,? -—1020 

CH 3 HCHBr — 120 

CH 3 HCBr — 66° 
C 2H 5HCHBr — 300. 
C2H5HO-Br — 580 

C 3 H A H B r — 4 0 

C3H8O-Br2 — 8° 
C 3HACl 2 — 54° 
CH3COOC2H5-HBr — 360 

(CH3COOC2Hj)2(HBr)5 — 520 

(CH3COOC2H5)(HBr)4 - 57° 
CH3COOC2H5-Br3 — 35 0 

CH3COOC2H8-Cl3 — 68° 

In these compounds we believe that the union is brought about by the 
increase in valency of the oxygen at the low temperatures employed. 
The halogen hydride complexes, it will be noticed, melt far above the 
melting points of either constituent. The combinations are formed with 
the evolution of an amount of heat equal to or greater than that given 
out when a halogen acid is neutralized by potassium hydroxide. These 
compounds whether molten or in a solution of either constituent conduct 
the electric current readily. 

The chlorine and bromine compounds evolve only a small amount of 
heat on their formation, and are non-conductors when free from the 
corresponding halogen acids. Their constitutional formulas are doubtful, 
but they must differ radically from the compounds ionized in solution. 
We are now attempting to solve the question of their structure and that 
of other oxonium and carbonium complexes by means of molecular weight 
determinations at low temperature. 

MCGILL UNIVERSITY, July, 1912. 

A METHOD FOR DETERMINING THE MOLECULAR WEIGHTS OF 
VOLATIL LIQUIDS. 

BY C. W. PORTER. 
Received July 20, 1912. 

All vapor density methods for determining molecular weights are based 
upon the gas law as expressed in the equation PV = RT. The numerical 
value of the constant (R) is usually calculated by allowing P to represent 
atmospheric pressure at sea level, T, o° C. (2730 Abs.) and V the volume 
occupied by a gram molecule of a gas under the above conditions of temper-


