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Introductory. 

Wallace,1 using cooling-curve, dilatometric, and optical methods, 
observed t h a t ammonium chloride and ammonium bromide undergo 
enantiotropic transformation a t 159 ° and 109 °, respectively. T h e 
chloride has recently been more carefully studied by Scheffer.2 He finds 
from heating and cooling curves t h a t the transformation takes place 
between the limits 187° (heating) and 1740 (cooling). Determination 
of the solubility of ammonium chloride in water from 160° to 205 ° gave 
two curves intersecting a t 184.5°, the transition temperature. 

Before Scheffer's paper appeared, we had obtained similar results with 
the chloride from heating and cooling curves. The same method applied 
to the bromide had shown the transformation to take place a t 143-144° 
on heating, while for the cooling curves the temperature varied from 
119° down to about 107°. An experiment in which the thermometer 
and salt were sealed in a glass tube with a small amount of water (only 
the vapor phase, however, being in contact with the bromide) showed a 

1 Centralblatt Min. Geol. u. Palaontol., 1910, 33. 
2 Proc. Akad. Wetenschappen, 18, 446 (1915); C. A., 10, 411 (1916). 
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change on cooling at about 130°. The transition temperature for the 
bromide thus lay between the limits 1300 and 143 °. The low tempera­
tures reported by Wallace may be due either to an error in the calibra­
tion of his thermocouple, or more probably to supercooling, since the 
transformation in both cases is very sluggish. 

The more exact determination of these two transition temperatures 
was in progress when Scheffer's paper came to our notice. In as much 
as his work had fixed with sufficient accuracy the transition point of the 
chloride, we completed only the determination of the transition tempera­
ture of the bromide, by measuring the solubilities of the salt in water over 
a temperature range sufficient to include the transition point. 

In making the solubility determinations from 100 to 170°, it was ob­
served that our curve was not a continuation of the one given by the 
solubility tables, all of which take their data from an article by Eder.1 

Consequently the determinations were carried on down to o° in order to 
give a complete solubility curve for ammonium bromide. 

The Experimental Method. 
The sealed tube method, which has been widely used in the investiga­

tion of freezing point or solubility curves of 
various systems2 where one of the components 
has a high vapor pressure, was the only method 
practicable for the present investigation. 

A piece of soft glass tubing about 1 cm. in 
diameter was constricted and closed at one end 
(Fig. ia) forming a bulb of about 1 cc. capacity. 
The volume of the bulb, required in calculating 
the weight of water in the vapor phase, was de­
termined by weighing the tube empty and filled 
to the constriction with water. After the tube 
was carefully dried a small amount of ammo­
nium bromide, which has been recrystallized 
from distilled water, sublimed in vacuo and dried 
at 110°, was introduced into the bulb and the 
tube was again weighed. An approximate 

v^v=^^ / ^ ^ ^ ^ weight of distilled water was then added, the 
0, b. bulb sealed off at the constriction and finally the 

Fig. i.—(Linear dimensions two parts were weighed. A short length of glass 
= actual size.) r 0 ( j w a s f̂16n fused on to the bulb (Fig. ib) and 

served to support the bulb in the bath. 
1 Ber. K. Akad. Wiss., Wien, [2] 82, 1284 (1880). 
2 Cf. ^ ta rd , Ann. Mm. phys., [7] 2, 511 (1894); Kuriloff, Z. physik. Chem., 23, 

547 (1897); Hartley, / . Chem. Soc, 89, 1015 (1906); Tyer, T H I S JOURNAL, 97, 622 
(1910); Kendall, Ibid., 36, 1227 (1914); Smits and Bokhorst, Z. physik. Chem., 89, 
374 (1915)-
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"Crisco" cooking oil, well stirred in a large beaker, was employed as a 
bath. A Bunsen burner was regulated to maintain a temperature one 
or two degrees below that desired, and the final temperature was obtained 
from an elongated electric light bulb partially immersed in the bath. 
With a switch to operate this light, the temperature of the bath could 
easily be maintained constant, to within a few hundredths of a degree, 
at any desired point from that of the room to about 2000. The mercury 
thermometer used was a standard instrument, graduated to 1 /5 0 C, 
and calibrated by the Reichsanstalt. A correction was applied for the 
exposed stem. 

The saturation temperature was taken as the mean of determinations 
made with rising and falling temperatures.1 For the former, the tem­
perature was first raised sufficiently to completely dissolve the ammonium 
bromide. By sudden cooling very small crystals were obtained which 
dissolved sharply when the bulb was placed in the bath and the tempera­
ture was gradually raised. The supporting handle of the bulb was con­
stantly tapped, giving the contents an irregular rotary motion, to assist 
in the rapid attainment of equilibrium. In order to make the disappear­
ance of the crystals, as well as their formation in the following determina­
tion, as distinct as possible, the bath was illuminated by a strong electric 
light placed directly behind it. The crystallization temperature was 
determined by allowing all but one or two small fragments of the crystals 
to dissolve. By then allowing the temperature of the bath to fall gradually, 
the point at which crystallization became noticeable was determined. 
The difference between the two temperatures determined in this way 
varied from 0.2 ° to 0.6°. Their mean, the accuracy of which was within 
±0.2°, was taken as the equilibrium temperature for saturation. 

Calculation of the Weight of Water in the Vapor Phase. 

At temperatures below. 60 °, where the volume of the gas space is of the 
order of 1 cc, as in the present case, no correction for the weight of water 
in the vapor phase was needed. Above 60 °, the correction becomes 
appreciable and at higher temperatures failure to take this factor into 
consideration may readily introduce an error of 1 % or more in the calcula­
tion of the composition of the liquid phase. 

The volume of each bulb being known, the fraction of the volume 
occupied by the liquid at the saturation temperature was "estimated" 
and from this estimated volume and the total weight of the solution, an 
approximation of its density was obtained. The density estimations at 
slightly different temperatures were averaged, as were also the tempera­
tures themselves, and the results plotted. In as much as these densities, 
along with the density of saturated ammonium bromide solution at 15 V 

1 Cf. Hartley, Loc. cit. 
2 Eder, Ibid. 
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fall on a fairly smooth curve, the approximation was considered sufficiently 
close for the purpose. The densities used were: 

* 15° H 3 ° 137° 158° 
d 1.29 1.66 i .71 1.76 

The density of the saturated solution read from this curve was then 
employed to calculate the volume of. the liquid phase in any given case 
and, by subtracting from the total volume of the bulb,1 the volume of the 
gas space was obtained. 

The vapor pressure of the solution was taken to be the same fraction 
of the vapor pressure of water, at a given temperature, as the molar 
fraction of water in the system. This again is only a rough approxima­
tion, but sufficiently accurate for the purpose. 
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Fig. 2.—The solubilities of ammonium bromide in water. 

150 175 

The weight of water vapor was calculated from its volume and partial 
pressure as thus obtained, and was subtracted from the total weight of 
water in the bulb before the composition of the liquid phase was calculated. 

1 The increase in volume of the bulb due to the expansion of the glass was estimated 
to be negligibly small. 
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The correction thus applied varied from zero at low temperatures to 
0.0019 g. at one of the higher temperatures, out of a total weight of o.i to 
0.2 g. of water. 

Experimental Results. 
The results of the determinations of the solubility of ammonium bromide 

in water are given in Table I. 
TABLE I.—SOLUBILITIES OF NH4Br IN H2O—OBSERVATIONS. 

Weight 
NHiBr. 

O.1774 
O.1570 
0 . 1 9 7 8 

0 . 1 7 1 4 
0 . 1 9 8 7 
0 . 2 3 2 7 
0 . 2 5 2 9 
0 . 1 7 8 8 
0 .3162 
0 . 2 4 2 3 
0 .3162 
0 .2991 
0 . 3 0 3 6 
0 . 2 6 2 9 
0 .2072 
0 . 2 2 9 3 
0 . 3 9 6 7 
0 . 2 3 2 2 
0 . 2 0 6 6 

0 . 3 1 9 7 
0 . 3 6 6 6 * 
0 . 3 6 6 6 
0 . 3 6 2 4 
0 .2971 
0 . 2 7 1 8 

0-3657 
0 . 3 5 1 2 

0 . 3 7 1 6 
0 .3111 
0 . 2 9 1 3 
0 . 3 9 6 0 
0 .4221 

* Same tube 

Weight 
HjO. 

O.2750 
O.2188 
O.2549 
0 .2062 
0 . 2 2 4 7 
0 . 2 3 6 1 
0 . 2 2 6 8 

0 . 1 4 3 7 
0 . 2 2 8 6 

0 . 1 5 9 1 
0 . 1 9 9 3 
0 . 1 7 9 1 
0 . 1 7 6 2 

0 .1445 
0 . 1 1 3 7 
0 . 1 2 3 4 
0 . 2 1 0 5 
0 .1235 
0 . 1 0 9 2 
0 .1685 
0 . 1 9 2 1 
0 . i 9 2 i 
0 . 1 8 8 9 
0 . 1 5 4 1 

0 . 1 3 9 4 
0 .1852 
0 .1742 

0 .1835 

0 .1495 
0 .1835 
0 . 1 8 3 9 
0 . 1 9 2 6 

Vol. of 
bulb, Ce. 

O.80 
I .12 
I . IO 

1-39 
2 .12 
1 .14 
1 .0 
O.72 

0 . 8 1 
0 . 8 4 
0 . 8 7 

0 . 7 7 
0 . 7 9 
o.93 
0 . 9 0 
0 . 9 0 
1.02 
0 . 8 5 
0 . 9 2 
I . IO 
0 . 9 4 

0 . 9 3 
1 .0 

I -13 
i . 0 

o.95 

Weight 
HjO vapor 

(calc), 
gram. 

0 . 0 0 0 1 
0 . 0 0 0 2 
0 . 0 0 0 3 
0 . 0 0 0 7 
0 .0012 
0 . 0 0 0 7 

0 . 0 0 0 7 
0 .0005 
0 .0007 
0 . 0 0 0 8 
0 .0007 
0 . 0 0 0 7 
0 . 0 0 0 8 
0 . 0 0 0 9 
0 . 0 0 0 8 
0 . 0 0 0 8 
0 . 0 0 1 0 
0 . 0 0 0 9 
0 . 0 0 1 0 
0 . 0 0 1 3 
0 .0012 
O.OOII 
0 .0015 
0 . 0 0 1 9 
0 . 0 0 1 6 
0 . 0 0 1 6 

Ratio, 
weight 
NHiBr 

HjO (liquid)' 
O.6452 
O.7174 
O.7762 
O.8312 
O.8845 
O.9856 

I . H S 
1.247 
1 .386 

I - 5 3 0 
1 .596 
1.677 

1-730 
1 .826 

1-833 
1 .870 
1.891 
1.891 
i .906 
1.907 
1 .916 
i .916 
1 .929 

1-939 
1 .963 
1.988 
2 . 0 3 0 
2 .037 
2 .102 

2-155 
2 . 1 7 2 
2 . 210 

as one below. Point on metastable portiot 

Molar 
fraction, 
NHjBr. 

O.I061 
0 . 1 1 6 6 
0 . 1 2 5 0 
O.1326 

0 . 1 3 9 9 
O.I535 
0 .1702 
0 . 1 8 6 5 
0 . 2 0 3 1 
0 . 2 1 9 5 
0 . 2 2 7 0 
0 . 2 3 5 5 
0 . 2 4 1 4 
0 . 2 5 1 4 
0 .2522 
0 . 2 5 6 0 
0 . 2 5 8 0 
0 . 2 5 8 0 
0 .2595 
0 .2597 
0 . 2 6 0 6 
0 . 2 6 0 6 
0 . 2 6 1 9 
0 . 2 6 2 9 
0 .2655 
0 .2677 
0 . 2 7 1 8 
0 . 2 7 2 6 
0 . 2 7 8 8 
0 . 2 8 3 8 
0 . 2 8 5 4 
0 . 2 8 9 0 

1 of curve. 

Temp. 
of satn. 

5 - 3 

15-2 
2 2 . 7 
2 9 . 8 

3 6 . 7 
4 8 . 9 
6 4 . 4 
7 8 . 6 

9 3 - 0 
1 0 7 . 0 

113-0 
1 1 9 . 9 
124 .1 
132 -0 

132 .3 
135-0 
136 .7 
1 3 6 . 9 
1 3 7 . 6 

137-9 
138-2 
139.1 
1 4 0 . 4 

I 4 I - 5 
143 -7 
146 .2 

1 5 0 4 
1 5 1 1 
I 5 7 - 0 
1 6 1 . 9 

163-4 
1 6 6 . 6 

See below 

The points obtained lie on two smooth curves which intersect at 
!37-3 ° =•= °-3° (Fig- 2)- F ° r convenience of reference the solubilities 
of ammonium bromide at rounded temperatures" up to ioo°, as read 
from the carefully smoothed curve plotted on a large scale, are listed in 
Table II. 
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TABLE II.—SOLUBILITIES OP NH4Br IN H2O TO IOO° AT ROUNDED TEMPERATURES. 

Temp. 
0 C. 

O 

5 

IO 

15 

2 0 

2 5 

3O 

35 

G. NH1Br 
per 100 g. 

HsO. 

6 o . 6 

6 4 - 3 
6 8 . o 

71-7 
75.5 
79-3 
8 3 . 2 

8 7 . 1 

Molar 
fraction. 
NH1Br. 

0 . 1 0 0 4 
O.1058 
O . I I I 2 
0 . i 1 6 5 
0 . 1 2 2 0 
0 . 1 2 7 4 
0 . 1 3 2 8 
0 . 1 3 8 3 

Temp. 
0 C. 

4 0 

45 
5 0 

6 0 

7 0 

8 0 

9 0 

1 0 0 

G. NH1Br 
per 100 g. 

HsO. 

9 1 . 1 
9.5.2 
9 9 . 2 

107 .8 
116 .8 
1 2 6 . 0 

135-6 
145-6 

Molar 
fraction. 
NHiBr. 

O.I437 
O.1491 
0 . 1 5 4 6 
0 . 1 6 5 6 
0 . 1 7 6 8 
0 .1881 
0 . 1 9 9 6 
0 . 2 I I I 

In one instance (Experiment marked * Table I) a point on the meta-
stable portion of the lower solubility curve was obtained. This was 
accomplished by placing the cold tube in the bath maintained at the 
temperature predicted by prolongation of the lower curve and the known 
composition of the contents of the bulb. In this manner it was possible 
to completely dissolve the crystals at a temperature nearly 1 ° below that 
at which the same sample, when in the form stable at that temperature, 
was found to dissolve. In order to determine the saturation temperature 
for the stable form, the temperature of the bath was raised a degree or 
so above the transition point and the solid was allowed to stand several 
minutes in contact with the solution (without shaking). On lowering 
the temperature slightly and determining the saturation temperature 
in the usual manner the point on the equilibrium curve was obtained. 

The solubilities from 0 to ioo0 do not agree with those given by Eder. 
To show the amount of the discrepancy, his values are plotted with our 
own results in Fig. 2. He gives no description of his method of de­
termining the solubility. 

Summary. 
Heating and cooling curves showed the transition point of ammonium 

bromide to lie between 1300 and 143°. The solubilities in water from 
0 to 1700 were determined by the closed tube method. A well defined 
break in the solubility curve occurs at 137.3°, the transition temperature. 
The solubility measurements from 0 to ioo0 do not agree with the only 
ones heretofore available in the literature. 
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The advantages of multiple thermoelements for use in calorimetry, 
and the design and installation of suitable potentiometers for these and 


