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Qf' the heat effect of this reaction is not known with any cer
tainty, due primari ly to the dissociation of the iodine mole
cule into atoms at even moderate temperatures. ' Since the 
heat of reaction at all events is small, in order to calculate K' with 
some degree of accuracy, it would probably be necessary here to take into 
account higher terms than T 2 in the original deduction. It can, however, 
be seen qualitatively in the equation by using a small value for the 
heat of reaction, that there is marked dissociation at comparatively low 
temperatures, but its change with increasing temperature cannot be fol
lowed. 
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T h e fullest determinations of the densities of bromine at various tem
peratures appear to be those of Thorpe 3 and of Pierre*. T h e former de
termined the density at o° to be 3.187, while Pierre found at the same 
temperature 3.188. At 35 0 Thorpe found 3.10104 and Pierre 3.10472.5 

We shall bring forward evidence in the present paper going to show tha t 
the results of Thorpe are too low by an amount which can be accounted 
for on the assumption that his bromine contained about 0.039 per cent, of 
chlorine. The density of liquid chlorine at 25 0 , as calculated from the 
formula of Knietsch0 , is 1.39778. The existence of a monochloride of 
hromine is generally assumed, on the basis of the investigations of Borne-
mann7 . There seems to be but little evidence to support this assump
tion, except the existence at low temperatures of hydrates , said8 to have 
the formulas, BrCl.5H2O and BrCl. 10H2O. Obviously the existence of 
such hydrates, even if fully demonstrated, would constitute no sufficient 
proof of the existence of the compound BrCl in the absence of water. 
Proof or disproof of the existence of compounds of chlorine and of bro
mine with one another must be sought for in the physical properties and 
behavior of mixtures of these elements at ordinary or at low temper-

1 See the discussion by Haber, ]. c. page 100. 
2 Read at the New York Meeting of the American Chemical Society. 
BJ. Chem. S o c , 37, 172 (1880). 
1 Moissan, Traite. de chimie minerale, Tome 1, 133 ; Ann. chim. phys., (3) 20, 

45 (1847). 
•' Interpolated. 
6 A n n . , 259, 100 (1890). 
' Ann., i89, 206 (1877). 
•- Loewig, Das Brom, Heidelberg (1829) 64. 
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atures. Among the properties to be taken into consideration in this 
connection is that of density. If it should appear that these elements 
mix without contraction of volume, that fact alone would be strong pre
sumptive evidence against the existence of a compound. The chief ob
ject with -which the authors undertook an investigation of the density 
curve of chlorine-bromine mixtures was a purely practical one. A 
simple preliminary calculation showed that, unless a very considerable 
contraction occurs on mixing chlorine with bromine, small percentages 
of chlorine must so greatly reduce the density of bromine as to make it 
possible to base on the density alone a determination of the chlorine with 
the prospect of very satisfactory results. This anticipation was fully 
realized. 

In the density determinations three pycnometers were used by the 
authors, of which two were of the well-known Squibb type, with narrow 
divided stem, ground into the body, of 50 and 25 cc. respectively. 

The values of the stem divisions were found by calibration with mer
cury, the capacity of the bulbs by weighing with water. The third in
strument, made by Koehler, of 35 cc. capacity (nominal), is a constant 
volume instrument with the thermometer fused in the bulb. The read
ings of this, as of all other thermometers used, were carefully controlled. 

It was not found possible by re-grinding the joints of the Squibb pyc
nometers to absolutely prevent evaporation of bromine. The loss was, 
however, small and was checked by weighing both before snd after ac
quiring the temperature at which the scale reading was taken. It was 
observed that in two of these instruments the weight of the bromine 
caused the bottom of the bulb to bulge a little, increasing the volume 
above what it was when calibrated with water. The amount of this 
error was determined by immersing the pycnometer, filled with bromine, 
in a liquid of about the same density (acetylene tetrabromide) and com
paring the reading with that obtained when the instrument was immersed 
in water, both liquids being in the same thermostat at identical temper
atures. The maximum error due to this cause amounted to about five 
units in the fifth decimal place. No attempt was made to correct for it. 
If greater accuracy should be aimed at in future work, only pycnometers 
of spherical form, made rather thick in the wall and not flattened at the 
bottom should be used. Very accurate thermometer readings would 
then become necessary. Some of the determinations referred to below 
were made at various temperatures between 250 and 320. Those which 
were relied on for determinations of the constants of the formula were 
made in a thermostat within a few tenths of a degree of 250, so that the 
correction for reduction to this temperature was small. 

The weights used were corrected by comparison with a set of which a 
table of'corrections had recently been furnished by the Bureau of Stand-
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ards. Two thermometers were used. Their readings were reduced to 
the international hydrogen standard, on the basis of comparison with an 
instrument standardized by the Reichsanstalt and further controlled by 
observations at the zero point and at the transition point of sodium sul
phate (after Richards). Both harmonized well. They were divided into 
1/5° but were read with a glass to 1/50, with a probable error of about 
this amount. In consequence of the high coefficient of expansion of 
bromine, uncertainties in the temperature determinations become the chief 
source of error and practically set the limit to the accuracy of the results 
obtained. 

The apparent coefficient of expansion of bromine in glass over the 
range 250 to 300 was found .by us to be 0.00110, in excellent agreement 
with the results of Thorpe.1 This factor was used in reducing 
observations made at other temperatures to the 250 standard and we have 
assumed it to be valid for the impure as well as for the pure bromine. 
That this assumption is not too far from the truth within the limits of 
concentration to which it was applied is confirmed by a single determi
nation of the coefficient for a bromine containing about five per cent, of 
chlorine, which gave the value, 0.001128. 

The density of pure bromine was determined 011 four preparations, 
made from material derived from different sources and purified by dif
ferent methods. The results are : series A, 3.1022 —3.1019 — 3.1022 — 
3.1019; series B, 3.10143—; series C, 3.10218—3.10230; series D, 
3.1025 — 3.1027 — 3.1025. Preparation B was partially frozen (melting 
point — 7°-0i the liquid portion poured off and the crystals used for the 
determination. An accident prevented its further examination, but al
though the density found is certainly too low, the figures are given, since 
the cause of the error is unknown. Series D is regarded as the most 
reliable, because the temperature determinations are more precise, the 
temperature corrections much smaller, and, further, because the material 
was shaken with calcium carbonate to remove possible traces of hyd.ro-
bromic acid. In series A the bromine was dried with sulphuric acid, in 
the other series with phosphoric anhydride. Preparations A and D were 
known to be chlorine-free. They were tested by the method recently 
given by one of us.2 Equal confidence is felt that preparations A and B 
were also free from chlorine because of the guarantee afforded in the light 
of our experience with the method of preparation employed. The melt
ing point of preparations A. C and D was 7°.o and the boiling point 
58°.7 at 763 mm. 

Probably the most persistent contamination of bromine is hydrobromic 
acid. We have not been able to devise any method for its removal which 

1 loc. cit. 

- This Journal 29, 275. 

hyd.ro-
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is not open to criticism. It should be said that preparation D, after 
drying etc., was redistilled in two large fractions and a third, smaller, 
one. The first two had identical densities, the third a slightly lower one. 
Perhaps it is permissible to assume that all or a great part of the hydro-
bromic acid originally present was concentrated in the last fraction. 

If double weight is assigned to series D and the one doubtful observa
tion of series B is not omitted from consideration, we obtain as the most 
probable value of the density of pure dry bromine from our observations 

JD*/ =3.10227. 
With the aid of this constant for bromine and of the corresponding figure 
for chlorine of Knietsch previously referred to, the theoretical relation of 
chlorine percentage (p), in a mixture of the two elements, to the density 
at 250J. (a?) of the mixture is given by the formula : 

/3.10227 N 

on the assumption that no contraction occurs. We find that an expres
sion of the same form, with a change in the coefficient of the second term 
reproduces the observation values very well ; to wit : 

/3.10227 \ 274.840 
/ = 8 8 . 5 9 3 ( ^ - r f - 7 - i ) = - Z V - - 8 8 ' 5 9 3 

When the mixture is saturated with water, the formula becomes : 

/ = 8 8 . 5 9 ( - ^ P - - x ) = ^ 5 _ 88.59 3 

The last expression (3) must be regarded as merely approximate in 
character since, as is well known, bromine and water react, producing 
hydrobromic acid and hypobromous acid. Hence, with the duration of 
contact the apparent solubility of water in the bromine steadily increases. 
When the relative amount of water is small the phenomenon is most 
marked and the density of the bromine continues to decrease for a long 
time as it takes up hydrobromic acid and water. Equation (3) is ap
proximately correct for bromine which has been quickly saturated at 250 

with water by violent shaking. 
The degree of precision of equation (2) when applied to mixtures of 

pure bromine with pure chlorine is shown by the following comparison of 
the chlorine percentages of such mixtures as deduced by analysis1 and as 
calculated by the formulas from the observed densities. 

Per cei t. Density 
y analysis dry 
4.388] 
4.461 

4442 > 2 ' 9 5 5 3 

4.407 
4.401 j 

VlV7] »-»533 
7.198 

This Jc jurnal, 29, 275 

Per cent 
by Eq. 2 

4.406 

7-73° 

Density Per cent, 
wet by Eq. 3 

2.9535 4-4°6 

2.8512 7.743 
2.8661 7.242 
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The organic and other impurities, aside from chlorine, which are 
usually present in crude bromine, do not very seriously influence the re
sults of the density determinations, as may be seen from the following 
analyses of material of this sort. 

1 2 3 4 5 6 
Per cent, of Cl by density 4.137 0.070 5.485 o.ooo 4.294 6.06 

Per cent, of Cl by analysis 4.165 «.051 5.5S0 0.012 4.400 6.22 

It is possible, therefore, to determine from the density of a sample of 
bromine the amount of chlorine it contains with sufficient accuracy for 
almost any purpose and in much less time than by any chemical method. 

The contraction that occurs on mixing (liquid) chlorine with bromine 
can be readily calculated from Eq. (2). The validity of this formula has 
only been tested to 11 per cent, of chlorine, but if we extrapolate to 30 
percent, (corresponding in composition approximately to BrCl) it gives 
for the corresponding density 2.4175, whereas, if no contraction occurred 
the density would be 2.2713. The contraction amounts, accordingly, to 
about two per cent, of the total volume, a result that appreciably increases 
the probability that actual chemical combination does take place between 
these elements to a limited extent. 

In conclusion, we present the following comparison of the densities of 
bromine at several temperatures as found by Thorpe and by Pierre with 
our own results. 

Temp. C Pierre Thorpe A. and C. 
(1S47) (1880) (4906) 

O0 3.18S 3.1S7 

20° 3.121(45) 3.118(43) 3 . I I932 

25° 3 .104(72) 3.101(04) 3.IO227 

30° 3-08479 
St. Louis, Dec. 24, 1906. 
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Since the pioneer work of Marignac, Gibbs and others on the complex 
inorganic acids and their derivatives, a large number of these compounds 
have been prepared and studied. By far the greater number are salts 
whose acid portion is composed of molybdic or tungstic trioxide in com
bination with acid oxides of the type R2O5 or RO2 and with a base of the 
type RO or R2O. The tendency of molybdic and tungstic oxides to form 
salts of poly acids is strong, we have for example the salts Na2O4MoO.,, 
3K20.7MoO1,, 5Xa20.12WO., Na20.4WO..,, etc., which contain a com
bination of several molecules of the molybdic or tungstic oxides as the 
acid. If. in these salts, part of the RO2, oxide is replaced by an oxide of 


