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The Density of Solutions of Alkali Metal Halides in Liquid Ammonia 
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Investigations of liquid ammonia solutions are 
often hampered by the lack of sufficient physical 
data. The density of solutions of the more com
mon salts represents one type of measurement 
which has received little attention. Although 
the density of solutions of some of the alkali met
als and saturated solutions of salts has been de
termined in a few instances, no systematic study 
of salt solutions has been made, with the excep
tion of the work reported by Fitzgerald.1 His 
measurements include salts which exhibit a high 
solubility in ammonia: ammonium bromide, 
cupric nitrate, silver iodide, silver nitrate, sodium 
nitrate and potassium iodide. They extend over 
a fairly long range of concentration but at a single 
temperature, —33.5°, the normal boiling point 
of the solvent. 

In the present investigation the density of solu
tions of the chlorides, bromides and iodides of 
lithium, sodium and potassium in liquid ammonia 
is determined at temperatures ranging from —32 
to — 60° and over as wide a range of concentration 
as the solubility permits. 

Apparatus and Procedure 

Materials.—The ammonia used in the determinations 
was twice distilled from metallic sodium. The salts were 
of the best grade obtainable and were further purified by 
crystallization from distilled water solution. Before use, 
potassium iodide, potassium bromide and sodium chloride 
were fused, while all the other salts were heated above 100° 
in a high vacuum for several hours. To substantiate the 
purity, the halide content of each salt was determined 
gravimetrically, and found to deviate from the theoretical 
value by not more than 0 . 1 % with the exception of lithium 
iodide. The latter salt was found to be 0.4% low in iodine 
content, probably due to hydrolysis during the removal of 
the last traces of water. 

The Density Tube.—-The essential portion of the 
apparatus employed in the density measurements is shown 
in Fig. 1. I t consists of a small ammonia tank W con
nected to the density tube A which in turn is sealed through 
the top part of the glass ground joint K. The latter con
nects with a large Dewar tube, the internal dimensions of 
which are 40 X 4.5 cm. The density tube A, as far as 
the point P , has a volume of about 9 cc. The capillary 
stem extending for about 15 cm. above the bulb at the 
bottom has an inside diameter of 1.8 mm. and is graduated 
at regular intervals slightly greater than 1 mm. apart. 
The volume of this tube and stem was calibrated at several 

points on the stem with mercury and also with liquid am
monia. A small glass tube H is sealed through the top part 
of the glass ground joint R with Picein cement. Through 
this tube there is sealed at U with Picein cement a Chromel 
wire heating coil which extends nearly to the bottom of 
the Dewar tube. This serves to keep the liquid ammonia 
in the Dewar tube boiling constantly. Copper-constantan 
thermocouple wires are sealed into tube F at Q and 
likewise extend to the bottom of the Dewar tube. This 
thermocouple was cali
brated by observing the 
e. m. f. at the freezing point 
of chloroform and of mer
cury ; a check determination 
was obtained by following 
the vapor pressure of pure 
ammonia from —30 to 
- 60 °. At - 30 ° the change 
in the vapor pressure of am
monia per degree centigrade 
is almost 4 cm. The values 
so obtained, together with 
the ice point a t 0°, were 
plotted and compared with 
the standard couple. M 
leads to a manometer, S to 
the vacuum pumps, and L 
to a thermostat regulator. 
The latter was designed to 
maintain a constant pres
sure of ammonia vapor 
above the liquid in the 
Dewar tube. Its operation 
was based on the method 
previously described by Smith.2 No difficulty was exper
ienced in controlling the temperature in the Dewar tube, 
surrounding the density tube, to 0.1°, over a period of 
twelve to fifteen hours. 

Procedure.—The density tube A, removed from the 
apparatus at P, is thoroughly cleaned and dried. A 
weighed amount of the salt is transferred quantitatively 
to the tube which is then sealed to the system at P and 
evacuated. With stopcock S closed, ammonia is con
densed on the salt in A from tank W at a temperature of 
—80°. The valve to the ammonia tank is closed when a 
sufficient amount of the gas has condensed, so that upon 
warming the tube and its contents to the temperature of the 
measurements the level of the liquid will be in the capillary 
tube. When the pressure of the ammonia gas within the 
system has dropped to a constant value, the capillary tube 
is closed at P with a small flame. With the volume of all 
parts of the system known, the amount of ammonia left 
in the vapor phase in the connecting tubes is readily deter
mined. The small ammonia tank may be weighed on a 
1-kg. balance with an accuracy of 1 mg., thereby rendering 

(1) Fitzgerald, J. Pkys. Chem., 16, 621 (1912^. (.2) Smith, In4. Eng. Chem., 16, 22 (1924;. 
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an accurate determfnation of the amount of ammonia con
densed in A. 

The density tube is then: shaken t cr dissolve all of the salt. 
Finally it is placed in the Dewar tube through the joint K 
as shown in Fig. 1 and allowed to come to temperature 

equilibrium with the ammonia bath. Not more than 
half an hour is required for the temperature of the bath 
and the height of the liquid m tbe capillary stem to assume 
constant values. After readings are taken, the system is 
allowed to come to equifi'brium at a lower temperature. 
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Mole fraction 
salt 

0.00111 
.00108 
.00244 
.00381 
.00458 
.00540 
.00704 
.00026 
.00043 
.00246 
.00381 
.00128 
.00334 
.01392 
.02220 
.01151 
.02702 
.04057 
.05299 
.00334 
.00441 
.00865 
.01372 
.01863 
.03151 
.03976 
.04205 
.00696 
.01888 
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.04274 
.05716 
.06320 
.07387 
.00174 
.00463 
.01007 
.01608 
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.02811 
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.04137 
.05386 
.06044 
.07138 
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.1146 
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.1513 
.1585 

TABLE I 

EQUATIONS FOR DENSITY DATA 

Equation 
4X10« 
- 1 . 2 3 7 
- 1 . 2 0 3 
- 1 . 2 1 0 
- 1 . 1 6 4 
- 1 . 2 4 0 
- 1 . 2 1 6 
- 1 . 1 4 8 
- 1 . 2 8 5 
- 1 . 2 3 1 
- 1 . 2 5 7 
- 1 . 1 6 5 
- 1 . 2 0 6 
- 1 . 2 6 2 
- 1 . 2 0 5 
- 1 . 2 2 5 
- 1 . 1 6 4 
- 1 . 1 8 6 
- 1 . 2 8 0 
- 1 . 1 8 8 
- 1 . 2 1 4 
- 1 . 2 0 0 
- 1 . 2 3 8 
- 1 . 1 9 0 
- 1 . 2 1 2 
- 1 . 1 8 5 
- 1 . 1 5 8 
- 1 . 1 6 3 
- 1 . 1 8 3 
- 1 . 1 6 4 
- 1 . 2 1 7 
- 1 . 2 5 5 
- 1 . 1 6 7 
- 1 . 1 9 6 
- 1 . 1 7 5 
- 1 . 2 3 5 
- 1 . 2 9 4 
- 1 . 2 4 5 
- 1 . 2 3 5 
- 1 . 2 7 2 
- 1 . 2 7 2 
- 1 . 2 8 0 
- 1 . 1 9 7 
- 1 . 2 2 8 
- 1 . 2 7 3 
- 1 . 2 6 4 
- 1 . 2 9 4 
- 1 . 2 8 6 
- 1 . 2 7 0 
- 1 . 3 0 0 
- 1 . 2 7 4 
- 1 . 2 7 3 
- 1 . 3 4 5 
- 1 . 3 2 5 

B 

0.6423 
.6448 
.6474 
.0521 
.6518 
.6535 
.6596 
.6388 
.6422 
.6479 
.6566 
.6465 
.6525 
.6948 
.7245 
.6935 
.7546 
.8056 
.8579 
.6581 
.6644 
.6830 
.7095 
.7319 
.7953 
.8354 
.8452 
.6800 
.7432 
.8133 
.8627 
.9382 
.9669 

1.0191 
0.6509 

.6655 

.6979 

.7324 

.7700 

.7958 

.8232 

.8720 

.9346 

.9662 
1.0216 
1.1127 
1.1476 
1.1826 
1.2239 
1.2871 
1.3551 
1.3750 
1.4028 

Temp, range, 

- 3 2 . 4 to 
- 3 2 . 2 to 
- 4 1 . 1 to 
- 4 0 . 8 to 
- 3 3 . 2 to 
- 3 5 . 2 to 
- 3 2 . 1 to 
- 3 6 . 4 to 
- 3 2 . 2 to 
- 3 2 . 5 to 
- 3 2 . 3 to 
- 4 7 . 8 to 
- 3 3 . 8 to 
- 4 0 . 2 to 
- 3 3 . 3 to 
- 4 2 . 9 to 
- 3 2 . 3 to 

- 4 6 . 8 
- 3 4 . 8 
- 5 7 . 9 
- 5 1 . 5 
- 5 0 . 5 
- 4 9 . 6 
- 3 9 . 7 
- 4 7 . 0 
- 4 6 . 5 
- 4 9 . 5 
- 4 5 . 0 
- 5 8 . 6 
- 5 2 . 2 
- 5 7 . 0 
- 4 5 . 6 
- 6 1 . 5 
- 4 0 . 7 

- 3 4 . 9 to - 4 9 . 9 
- 3 2 . 3 to 
- 3 2 . 1 to 
- 3 2 . 2 to 
- 3 2 . 2 to 
- 3 2 . 2 to 
- 3 2 . 2 to 
- 3 2 . 1 to 
- 3 2 . 2 to 
- 3 2 . 4 to 
- 3 2 . 3 to 
- 3 3 . 6 to 
- 3 3 . 5 to 
- 3 2 . 4 to 
- 3 3 . 3 to 
- 3 2 . 3 to 
- 3 2 . 1 to 
- 3 2 . 4 to 
- 3 2 , 5 to 
- 3 5 . 4 to 
- 3 2 . 3 to 
- 3 2 . 4 to 
- 3 2 . 2 to 
- 3 2 . 4 to 
- 3 2 . 2 to 
- 3 2 . 1 to 
- 3 2 . 3 to 
- 3 2 . 5 to 
- 3 2 . 4 to 
- 3 2 . 2 to 
- 3 2 . 3 to 
- 3 2 . 2 to 
- 3 2 . 3 to 
- 3 2 . 2 to 
- 3 2 . 3 to 
- 3 2 . 1 to 

- 4 7 . 1 
- 4 2 . 4 
- 4 0 . 2 
- 5 2 . 0 
- 4 7 . 4 
- 4 8 . 0 
- 4 5 . 6 
- 4 2 . 5 
- 4 4 . 1 
- 4 0 . 8 
- 4 7 . 5 
- 3 6 . 3 
- 5 8 . 0 
- 4 2 . 6 
- 4 7 . 4 
- 3 6 . 1 
- 4 4 . 7 
- 4 1 . 8 
- 5 2 . 3 
- 4 5 . 5 
- 5 0 . 5 
- 4 9 . 4 
- 4 5 . 9 
- 4 0 . 9 
- 4 2 . 8 
- 4 8 . 3 
- 5 2 . 0 
- 5 2 . 7 
- 5 4 . 3 
- 4 9 . 3 
- 5 8 . 1 
- 5 1 . 9 
- 4 8 . 5 
- 5 4 . 6 
- 5 8 . 0 

Max. % 
der. 

- 0 . 0 5 
- .01 
- .01 
- .05 
- .03 
- .01 
- .02 
- .05 
- .01 
- .03 
- .02 
- .01 
- .02 
- .01 
- .01 
- .02 
- .01 
- .02 
- .02 
- .02 
- .02 
- .01 
- .01 
- .02 
- .02 
- .01 
- .03 
- .01 
- .04 
- .01 
- .03 
- .02 
- .02 
- .01 
- .02 
- .02 
- .03 
- .02 
- .01 
- .03 
- .03 
- .02 
- .01 
- .03 
- .01 
- .02 
- .02 
- .01 
- .01 
- .01 
- .01 
- .01 
- .02 
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Thus, it is readily possible to obtain a series of readings for 
a given salt at a single concentration over a considerable 
range of temperature. 

Results 

The results of the density measurements are 
recorded in the preceding table. Since the den
sity was found to be a linear function of the tem
perature in each case, the data are represented by 
the equation 

d\ = At + B 
where dt is the density, relative to water at 4°, t 
the temperature on the centigrade scale, and A 
and B are constants. The last column of the 
table gives the maximum percentage deviation of 
any point from the linear expression. 

1.48 

1.28 

I 1 ' 0 8 

0.68 
J^*/* B-

j£sf 

Ma"t7 

jf n 

Fig. 2, 

0.06 0.12 
Mole fraction of salt. 

-Densities of salt solutions at • -34° 

In Fig. 2 the density of the solutions is plotted 
as a function of the concentration at —34°. The 
values were obtained from the density-tempera
ture plots represented by the equations of Table 
I. Lithium bromide and the chlorides of lithium, 
sodium and potassium are not shown in this figure 
due to their extremely low solubilities. The den
sity of pure ammonia, shown in the figure at zero 
concentration of solute, was taken as 0.6826 from 
the tables of Cragoe and Harper.3 

It will be observed from these curves that those 
for the iodides have a greater slope than those of 
the bromides; and in turn the curves for the bro
mides are steeper than those for the chlorides 
(chlorides not shown in this figure). In addition, 
within each of these groups the curve for the po
tassium salt shows the greatest slope and that for 
the lithium salt the least slope. It appears that 
at the lower concentrations the density is a linear 
function of the mole fraction of dissolved salt. In 
the case of some of the slightly soluble salts men-

(3) Cragoe and Harper, Bur. Standards, Sc]. Papers, 420, 313 
(1931). 

tioned above measurements were made at only 
two concentrations; nevertheless a linear extrapo
lation to zero concentration on an enlarged plot 
similar to that of Fig. 2 was found to intersect the 
axis at a point corresponding to the density of 
pure ammonia. 

The results of Fitzgerald's determinations of 
the density of potassium iodide at —33.5° are in 
excellent agreement with the present data. He 
carried out six determinations in the more dilute 
solutions, and in no case does a point calculated 
from his data show a departure greater than 0.1% 
from the curve through points representing the 
present determinations at the same temperature. 

A consideration of all of the possible errors in
volved in the procedure outlined above allows for 
an estimation of a net error not to exceed 0.1%. 
It is very probable that most of the values are 
well within this estimate. 

It has been discovered by Masson4 as an em
pirical rule that for a great many water solutions 
a linear relationship exists, even in very concen
trated solutions, between the apparent molal 
volume of the solute and the square root of the 
concentration expressed in moles per liter of solu
tion. In order to find if this relationship could be 
extended to liquid ammonia solutions, such a plot 
was made for the potassium iodide solutions at 
- 34° (Fig. 3). It will be observed that the values 
agree fairly well with this linear relationship. 
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Apparent molal volume. 
Fig. 3.—The apparent molal volume of 

ammonia solutions. 

Summary 
The density of solutions of the chlorides, brom 

(4) Masson, Phil. Mag., 8, 218 (1929), 
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ides and iodides of lithium, sodium and potassium 
has been determined over a range of concentration 
and of temperature. 

The influence of heat treatment on certain prop
erties of ferric oxide sols has been studied previ
ously by the author, with special attention to 
particle size,1 stability2 and viscosity.3 "In the 
study of ferric oxide sols, several samples of the 
colloid were prepared by hydrolysis of ferric 
chloride, at temperatures above the boiling point 
of water, in an autoclave. Although these sols 
showed a decrease in viscosity and in rlocculation 
value with increasing temperature of hydrolysis, 
more pronounced effects were observed on sols 
prepared by hydrolysis of ferric chloride in boiling 
water, dialyzed free from chloride, and then 
heated to higher temperatures in the autoclave. 
The purpose of the present investigation is to 
apply similar methods to chromic oxide sols. 
However, this study is limited to sols prepared by 
the use of chromic chloride and ammonium 
hydroxide, purified by hot dialysis, and then heat 
treated. 

Experimental Methods and Results 

Preparation of Sols.—Sols were prepared by 
the method of Neidle and Barab.4 The chromic 
chloride used was a Baker and Adamson product 
marked "Chromium Chloride, Reagent, Green 
Crystals, CrCl3-6H2O." This sample analyzed 
for approximately 30% chromium, whereas the 
theoretical percentage in the hexahydrate is 19.5. 

Purification.—The sols were purified by dialy
sis through parchment, using essentially the 
method described by Neidle,6 except that dialysis 
was carried out at a temperature of approximately 
90°, and continued until a small amount of the 
colloid began to gel in the dialyzer; this required 
usually from one hundred and ten to one hundred 
and sixty hours. The hot sol was filtered through 
cotton and stored in Pyrex bottles until used for 

U) Ayres and Sorum, J. Phys. Chem., 34, 875 U930). 
(2) Ayres and Sorum, ibid., 31, 2629 (1930). 
(3) Ayres and Sorum, ibid., 31, 2826 (1930). 
(4) Neidle and Barab, T H I S JOURNAL, 39, 71 (1917). 
(5) Neidle, ibid., 38, 1270 (1916). 

A method for carrying out these measurements 
is described. 
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the heat treatment described later. At the end 
of the dialysis period the dialysate gave negative 
tests for chromic-ion and chloride-ion; however, 
the colloid always contained considerable chloride. 
This system is considered by some to be chromic 
oxychloride hydrosol,6 but as the present investi
gation is not concerned primarily with the chemi
cal composition of the dispersed phase, the colloid 
will be referred to as "hydrous chromic oxide sol," 

Attempts to dialyze the mixture by the use of 
collodion bags—a procedure which is entirely 
satisfactory for ferric oxide sols—resulted in pass
age of most of the chromium compounds through 
the membrane. Neidle and Barab observed a 
similar effect, using parchment and intermittent 
dialysis7 and using parchment of different 
weights.4 

During dialysis, the viscosity of the system in
creased considerably; in fact, continuing the 
dialysis sufficiently long resulted in gelation of the 
sample. Similar results were obtained by Chak-
ravarti and Dhar8 for oxide sols of vanadium, 
cerium and chromium, and by Mittra and Dhar9 

for concentrated sols of iron, aluminum and 
chromium hydroxides. Figure 1 shows a typical 
curve of viscosity plotted against time of dialysis. 
Table I shows that within the first ten hours of 

TABLE I 

SOL N O . B-5 
Hours 

dialysis 

0 
10 
26 
36 
48 
58 
72 
84 
96 

Relative 
viscosity 

1.07 
1.06 
1.12 
1.19 
1.36 
1.43 
1.60 
2.05 
4.13 

Cr, g. per 
liter 

10.81 
6.81 
6.42 
6.95 

6.13 
6.15 
6.36 
6.20 

(6) Thomas and von Wicklen, ibid., 86, 794 (19310. 
(7) Neidle and Barab, ibid., 38, 1961 (1916). 
(8) Chakravarti and Dhar, / . Phys. Chem., SO, 1646 (1926). 
(9) Mittra and Phar, J. Indian Chem. Soc, 9, 315 (1932). 
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