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Per cent. 

Weight. 

O.O 

2 1 . 3 8 
32 .02 

38.97 

TABUS IV.—TOLUENE-DIPHENYI , 
diphenyl in 

Volume. 

O.O 

1 8 . 6 

2 8 . 2 

34^8 

mixture. 

Molecular. 

0 . 0 

13.98 
21 .97 

27 .61 

1? (Expt) . 

0 . 0 0 5 5 2 0 

0 .007335 

O.008587 

O.009627 

AT 25° . 

12 

Mean, 

(Calculated). 

O.0275 

0 .0281 

0 , 0 2 8 9 

, 0 .0282 

Percentage 
deviation from 

mean value. 

— 2 . 5 

— 0 . 4 

+ 2 . 5 

The constancy of Tj2 is, in this case, not so good as in the previous sys
tems, but still not unsatisfactory until we compare the value with that 
obtained in Table II. Just as for naphthalene above, a decided difference 
is evident in the two "calculated" values. It is of interest to note that 
the ratio [172 on benzene basis]/[772 on toluene basis] is practically identical 
for the two solutes, namely 1.23 for naphthalene and 1.22 for diphenyl. 

The results of this paper also are consequently indecisive. All previous 
formulas are certainly useless. The cube-root equation gives good re
sults for any single system, but the values for different systems containing 
the same solute are conflicting. No explanation of the results obtained 
can be ventured here, since it is obvious that more systems must be in
vestigated before deductions of any value can be drawn. 
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Introduction. 
To the interesting investigations of Ernst Cohen1 and his pupils we are 

indebted for practically all of our knowledge of the phenomenon of allo-
tropy among the metals. By means of the pycnometer, the dilatometer 
and the potentiometer, he has shown that tin, bismuth, cadmium, copper, 
zinc, antimony, lead, sodium and potassium exist in different allotropic 
modifications, each of which possesses a more or less definite range of sta
bility. 

In studying the electromotive behavior of cadmium, Cohen2 made use 
of a cell set up according to the following scheme, the direction of the cur
rent outside of the cell being shown by the arrow: 

— •< — + 

Electrolytic Cd on P t — V 2 sat. sol. C d S O 4 — I 2 - 5 % Cd amalgam. 
Similar cells have also been investigated by Jaeger,3 Bijl,4 and Hulett.' 

1 Verslag Akad. Wetenschappen, 16, 485, 565, 628, 632, 807 (1913-14 ) ; 17, 54, 59, 

60, 122, 200 (1914) ; Z. phys. Cheni., 85 , 419 (1913); 87, 409, 419, 426, 431 (1914). 
2 Trans. Faraday Soc, 10, 216 (1915). 
3 Ann. Physik, [3] 6 5 , 106 (1898). 

•' Z. phys. Chem., 4 1 , 641 (1902). 
s Trans. Am. Electrochem. Soc, 7, 353 (1905). 
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All of these investigators found the e. m. f. of freshly prepared cells to be 
0.0505 volt at 25°, the order of reproducibility being about 0.5 milli
volt. Out of a large number of such cells, Cohen found that approxi
mately 30% were stable, while the e. m. f. of the remaining cells slowly 
decreased over a period of several weeks and finally became constant. 
The equilibrium value of the e. m. f. of some of these cells was found to 
be 0.047 volt at 25 °, while for others it was found to be 0.048 volt. Com
bining these facts together with the data obtained from his dilatometric 
studies on cadmium, Cohen concluded that the three different values of 
the e. m. f. of his cells might be ascribed to the presence on the negative 
electrode of three different modifications of cadmium, which he designated 
as Cdn, Cd3, and Cd7. The negative electrodes of cells, of which the 
e. m. f. was 0.050 volt at 25 °, were assumed to consist of Cd7, while the 
negative electrodes of cells giving 0.048 and 0.047 volt at 25° were as
sumed to consist of Cd3 and Cda, respectively. 

In his investigations on stannic salts, Cohen found, contrary to expec
tation, that when solutions of these salts were electrolyzed at tempera
tures below 18 ° (the temperature at which grey tin undergoes transforma
tion into white tin), there was deposited at the cathode not grey tin, but 
the modification which is metastable at those temperatures. By analogy 
he assumed that in all probability the cadmium which was deposited 
electrolytically on the negative electrodes of his cells was also metastable 
at room temperatures and consequently he ascribed the highest value of 
the e. m. f., viz., 0.050 volt, to the presence of Cd r . 

Cohen tested the validity of his conclusions as to the existence of Cdn, 
Cd3, and Cd r , by measuring the e. m. f. of cells assumed to contain these 
different modifications at several different temperatures. The resulting 
change in e. m. f. was such as apparently to confirm his hypothesis. 

Object of Investigation.—In the course of some experimental work 
on the temperature coefficient of cells similar to those studied by Cohen, 
the author was surprised to find that this coefficient undergoes a reversal 
of sign in the vicinity of 40 °. The possible bearing of this phenomenon 
on the allotropy of cadmium made it seem worth while to undertake a 
systematic investigation of these cells at a series of temperatures both above 
and below 40°. The present paper contains a brief summary of the re
sults obtained. 

Materials and Apparatus. 
All of the materials used in preparing the cells were purified with ex

treme care. Two different samples of cadmium were used in the prepara
tion of the amalgams. While these samples were guaranteed to contain only 
traces of impurities, each was subjected to vacuum distillation before use. 
The mercury employed was redistilled by the familiar method of Hulett.1 

1 Phys. Rev., 32, 257 (1911). 
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Several different samples of high grade cadmium sulfate were obtained 
and recrystallized in vacuo, care being taken to so regulate the tempera
ture as to secure crystals of the hydrate represented by the formula 
CdSO4.8/3H2O. Both solutions and amalgams were prepared by direct 
weighing. 

All measurements of e. m. f. were made by means of a potentiometer, 
accurate to within 0.02 millivolt, and a sensitive galvanometer. A 
Weston cell, recently certified by the Bureau of Standards to give 1.01851 
volts at 23.8 °, was used as a standard of comparison. 

Two different electrically heated thermostats were employed. One 
thermostat was constantly maintained at 20° ± 0.01°, while the tempera
ture of the other was varied from 10 ° to 80 ° with an accuracy of control 
not exceeding 0.1 °. The lowest temperatures recorded were obtained 
by the use of finely crushed ice. All of the thermometers used were com
pared with a standard thermometer which had been calibrated at the 
Physikalische Reichsanstalt. 

Preparation of the Cells.—It has been shown by Bijl1 that all amalgams 
containing between 5 and 14% of cadmium have the same e. m. f. when 
measured against any constant electrode at room temperature. An 8% 
amalgam was selected for the positive electrode in preference to the 12.5% 
amalgam used by Cohen in his experiments at 25 °, because at o0, as Bijl has 
shown, the 12.5% amalgam forms a monophase system and such a system 
must not be used for the positive electrode of a cell. The 8% amalgam, 
prepared by direct weighing, was introduced into one arm of an H-shaped 
cell until a layer about 1 cm. in depth was formed. Electrical connec
tion with the amalgam was established in the usual manner by means 
of a platinum wire sealed into a glass tube containing mercury. 

The H-shaped vessel was then filled slightly above the horizontal portion 
with a solution of cadmium sulfate containing 21.68 g. of CdSO/t.8/3H20 
per 100 g. of solution at 20 °, this concentration corresponding to half-
saturation. It is not essential that, the concentration be adjusted with 
great precision, because it has been shown by Hulett2 and others that the 
e. m. f. of this cell is independent of the concentration of the electrolyte 
and also of the presence of solid salt. 

The negative electrode consisted of a flattened platinum spiral sealed 
into a glass tube and covered with an electrolytic deposit of cadmium. 
The deposition of cadmium was effected in a small cell containing a half-
saturated solution of cadmium sulfate to which a few drops of concen
trated sulfuric acid had been added. A 1% cadmium amalgam served 
as the anode. On passing a current of 1 milliampere through this cell 

1 hoc. cit. 
2 Trans. Am. Eleclrochem. Soc, 7, 353 (1905). 
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for several hours a closely adherent deposit of cadmium was secured on 
the platinum spiral. A current of i milliampere will deposit approxi
mately 2 mg. of cadmium per hour. When a sufficient deposit of cadmium 
was obtained, the spiral was removed and inserted as the negative elec
trode in the experimental cell. A large number of these cells were pre
pared which were identical in all respects except that the mass of cadmium 
deposited on the platinum spirals was intentionally varied. The thick
ness of the deposit of cadmium on the platinum spirals was sufficient to 
insure each electrode functioning as a cadmium electrode. A surprisingly 
thin layer of metal is required to achieve this result, it having been shown 
by Oberbeck1 that a layer of not more than 2 X i o - 6 mm. is sufficient to 
impart to a platinum surface the potential of the deposited metal. 

Experimental Data.-—The cells were placed in the thermostat imme
diately after preparation and maintained at 20 ° for at least half an hour 
before any measurements were undertaken. Only a small proportion of all 
of the cells investigated were found to maintain their high initial e. m. f., 
in fact only 10% of the cells were found to give the constant voltage 
attributed by Cohen to Cd7. While all of the cells gave approximately 
the same initial e. m. f., this was found to decrease slowly for 90% of the 
cells. Of this number, 20% finally became constant at an e. m. f. corre
sponding to Cohen's a-cells and 70% at an e. m. f. corresponding to his 
(3-cells. 

The average values of the e. m. f. of these three different types of cells at 
temperatures ranging from 0° to 40° are given in the following tables. 
The corrected temperatures are given in the first column of the tables, 
while in the second column are given the values of the e. m. f. calculated 
by means of interpolation formulas derived by the method of least squares 
from the experimental data for six typical cells. The interpolation 
formula used in calculating the values of the e. m. f. of the 7-cells was 
derived by Cohen.2 The third column of the tables gives the average 
observed values of the e. m. f. while the last column gives the differences 
between the observed and calculated values of the e. m. f. 

TABLE I. 

Average Data for Y-CeIIs. 

Interpolation Formula: E = 0.05047 — 0.0002437 (t — 25). 
Temp. 

2 . 0 ° 

1 9 . 7 ° 

2 5 . o 0 

3 0 . o 0 

35. o° 
4 0 . 0 ° 

E (calc). 

O.O5608 

O.O5176 

O.O5047 

O.O4925 

O.04803 

0 . 0 4 6 8 i 

E (obs.). 

O.O5535 

0 . 0 5 1 5 6 

0 . 0 5 0 6 3 

O.04950 

O.04804 

O.04735 

A'. 

— 0 . 0 0 0 7 3 

— 0 . 0 0 0 2 0 

+O.OOOI6 

+ 0 . 0 0 0 2 5 

+O.OOOOI 

+O.OOO54 

1 Ann. Pkys., [3] 31, 337 (1881). 
2 Trans. Faraday Soc, io, 216 (1915). 
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TABLE II . 

Average Data for (3-Cells. 
Interpolation Formula: E = 0.04862 — 0.000201 {t — 25). 

Temp. 

0 . 4 0 

11.36° 
19.700 

25-57° 
30.51° 
35 60° 

E (calc). 
O.05356 
O.05136 
O.04973 
0.0485i 
0.04751 
0.04649 

E (obs.). 

0 -05349 
O.05138 

0 .04967 

0 . 0 4 8 5 4 

0-04753 
O.04657 

TABLE III. 

Average Data for a-Cells. 
Interpolation Formula: 

Temp. 

I .0° 
10.o 0 

15.o° 

19.7° 
30.0° 
40. o" 

E (calc). 

0.05222 

0.05042 
0.04942 
0.04868 
0.04642 
0,04442 

E = = 0.04742 — 0.000200 

E (obs.). 

0 .05225 

0 .05042 

0 .04948 

0 .04828 

0 . 0 4 6 1 4 

0 . 0 4 4 1 0 

Ai. 

— 0 . 0 0 0 0 7 

+ 0 . 0 0 0 0 2 

—0.OOOO6 

+ 0 . 0 0 0 0 3 

+ 0 . 0 0 0 0 2 

+O.OOO08 

(t ~ 25) . 

A'. 

+O.OOOO3 

O.OOOOO 

+O.OOO06 

— 0 . 0 0 0 4 0 

—O.OOO28 

— 0 . 0 0 0 3 2 

It will be observed that the agreement between the observed and cal
culated values of the e. m. f. is, in nearly every case, well within the limit 
of reproducibility of the cells. These results justify the conclusion 
that the e. m. f. of cells of this type is a linear function of the tempera
ture. 

On raising the temperature of the cells above 40 °, the temperature 
coefficients were found to undergo a reversal of sign. The values of 
the e. m. f. given by the different cells when maintained for a short time 
at a temperature above 40 ° were found to be quite divergent. On pro
longed standing at this temperature, however, the divergence in e. m. f. 
was found to disappear and final equilibrium values agreeing within the 
limits of experimental error were obtained. 

I t was found that stabilization between 40 ° and 80° could be brought 
about more quickly by maintaining the cells at a temperature of 95 ° 
for several days. From the data obtained with five cells which had 
been stabilized in this manner an interpolation formula was derived by 
the method of least squares. On applying this formula to the data ob
tained with other cells, satisfactory agreement between the observed 
and calculated values of e. m. f. was secured. 

The stabilization of a cell above 40 ° together with its previous and sub
sequent behavior, may be illustrated by giving the complete experimental 
data for a single typical cell. The following table gives the complete data 
for cell F-8 from May 5, 1917, the date of its preparation, to June 12, 1917, 
when measurements were discontinued: 
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TABUS IV. 

Cell F-8; Mass of Cd Deposited on Negative Electrode, 8.4 Mg. 
Temp. 

1 9 . 7 ° 
1 9 . 7 ° 

0 - 4 ° 
1 1 . 3 6 ° 
1 9 . 7 0 ° 

2 5 . 1 3 ° 

3 0 . 5 1 ° 
35.6o° 
4 0 . 2 4 ° 

4 4 - 9 7 ° 
5 0 . 5 1 ° 

5 5 . 5 1 ° 
6 0 . 7 4 ° 

6 5 . 5 2 ° 
7 1 . 1 1 0 

6 9 . 8 7 ° 

6 5 . 2 5 ° 
6 0 . 6 6 ° 

54-39° 
5 0 . 0 9 ° 

3 5 - 7 1 ° 
3 1 - 0 8 ° 

2 1 . 0 0 ° 

E (calc). 

O.O51761 

O.O49733 

O.05356 3 

O.05136 3 

0 . 0 4 9 7 3 s 

0 . 0 4 8 5 9 s 

O.O47513 

0 . 0 4 6 4 9 3 

OO4539 6 

O.046195 

O.047146 

0.04799* 

0 . 0 4 8 8 8 6 

0 . 0 4 9 6 9 5 

0 .05064 6 

0 . 0 5 0 4 1 6 

0 .04964 5 

0 . 0 4 8 8 6 s 

0 . 0 4 7 7 9 5 

0 .04707 6 

0 . 0 4 5 2 8 7 

0 . 0 4 6 2 0 7 

0 . 0 4 8 2 2 7 

E (obs.). 

0 . 0 5 0 6 3 2 

0 . 0 4 9 7 1 4 

0 . 0 5 3 5 8 
0 . 0 5 1 2 9 

0 . 0 4 9 6 6 

0 . 0 4 8 6 6 

0 . 0 4 7 3 0 

0 . 0 4 6 5 3 

0 . 0 4 6 6 6 
0 .04741 

0 .04827 

0 . 0 4 8 8 4 

0 .04972 

0 . 0 5 0 5 4 
0 .05147 

0 . 0 5 0 5 3 8 

0 . 0 4 9 6 1 8 

O.04895 8 

0 .04769 8 

0 . 0 4 6 8 5 8 

0 . 0 4 4 8 I 8 

0 . 0 4 5 7 5 8 

0 .04764 8 

A. 

— 0 . 0 0 1 1 3 
— 0 . 0 0 0 0 2 
+ 0 . 0 0 0 0 2 
— 0 . 0 0 0 0 7 
— 0 . 0 0 0 0 7 

+ 0 . 0 0 0 0 7 

— 0 . 0 0 0 2 1 

+ 0 . 0 0 0 0 4 

+ 0 . 0 0 1 2 7 

+ 0 . 0 0 1 2 2 

+ 0 . 0 0 1 1 3 

+ 0 . 0 0 0 8 5 

+ 0 . 0 0 0 8 4 

+ 0 . 0 0 0 8 5 
+ 0 . 0 0 0 8 3 

+ 0 . 0 0 0 1 2 

— 0 . 0 0 0 0 3 
+ 0 . 0 0 0 0 9 

— 0 . 0 0 0 1 0 

— 0 . 0 0 0 2 2 

— 0 . 0 0 0 4 7 

— 0 . 0 0 0 4 5 

— 0 . 0 0 0 5 8 

I t will be observed that the initial e. in. f. of the freshly prepared cell 
was slightly less than that calculated for a 7-cell and slightly greater 
than that corresponding to a j3-cell. After standing at 19.70 for three 
days, the cell apparently had become stabilized as a /3-cell. The agree
ment between the observed and calculated values up to 40 ° is all that 
could be desired. When the cell was heated above 40 °, the observed values 
of the e. m. f. were greater than those calculated by means of the inter
polation formula. I t is interesting to note that while the observed values 
of the e. m. f. for temperatures between 400 and 700 were all greater 
than the calculated values, yet the differences between these values dimin
ished as the temperature was raised. After heating the cell for two days 
and then allowing to cool, the agreement between the observed and cal
culated values of the e. m. f. was entirely satisfactory. When the cell 
was cooled below 40 ° it was found that it no longer functioned as a )3-cell, 

1 Calculated for 7-cell. 
2 E. m. f. of freshly prepared cell. 
8 Calculated for /S-cell. 
4 E. m. f. after standing 3 days at 19.7°. 
5 Calculated by formula, E = 0.04280 + 0.000170 (t — 25). 
8 After heating for 48 hours at 95 °. 
7 Calculated for a-cell. 
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but that it had undergone transformation into an a-cell. The behavior 
of each of the other cells was found to be similar to that of cell F-8. 

Discussion of Results. 
The discontinuity in the curves expressing the e. m. f. of these cells as a 

function of temperature must be caused by the occurrence of an abrupt 
physical change in the electrolyte, in the amalgam, or in the cadmium de
posit. The fact that the electrolytic solution is only half saturated pre
cludes the possibility of the discontinuity being due to changes in the de
gree of hydration of the electrolyte. Should the degree of hydration 
change in the solution it would exert no influence on the e. m. f. of the cell 
since the investigations of Hulett and others have shown that the e. m. f. 
of cells of this type is independent of the concentration of the electrolyte. 
Furthermore, a saturated solution of CdS04-8/3H20 has been shown by 
Mylius and Funk,1 and also by Kohnstamm and Cohen,2 to be stable 
between —18° and 74.50 . That the discontinuity cannot be ascribed 
to any change in the amalgam has been proven by the investigations of 
Bijl,3 in which the e. m. f. of a cell formed by connecting an 8% cadmium 
amalgam with a standard electrode was found to decrease regularly as 
the temperature was raised from 25 ° to 75 °. Consequently we are forced 
to attribute the discontinuity to the occurrence of some abrupt change 
in the cadmium deposit constituting the negative electrode of the cell. 
The simplest and perhaps the most rational explanation is, that the cad
mium which forms the negative electrode of the cell undergoes a change 
from one allotropic modification to another at a temperature in the neigh
borhood of 40°. The precise value of this transition temperature may 
be easily calculated by equating the interpolation formula for cells in which 
Cd„ forms the negative electrode to the corresponding formula for cells 
stabilized above the transition temperature, and solving the resulting 
equation for i. Thus: 

0.04742 — o.ooo20o(Y — 25) = 0.04280 + 0.000170 (t — 25), 
from which we find that t = 37.490. 

This value of the transition temperature does not agree with that found 
by Cohen with the dilatometer. In his dilatometric experiments, he 
found that the transition temperature of cadmium varied from 61.3 ° 
to 69.3 °, and that at one and the same temperature both expansion and 
contraction occurred. 

From these facts Cohen assumed the simultaneous existence of more 
than two allotropic modifications of cadmium. 

Recognizing the difficulty, if not the impossibility, of determining the 
true transition points of the pure modifications of cadmium by using 

1 Ber., 30,824 (1897). 
-Ann. Phys., [3] 65, 344 (1898). 
1 Loc. cii, 
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samples of the metal containing more than a single allotrope, he prepared 
170 g. of electrolytic cadmium which his previous investigations had led 
him to believe to be physically and chemically homogeneous. When 
this material was studied in the dilatometer no change was found to 
occur at 500, 8o°, or ioo0. On removing the electrolytic cadmium from 
the dilatometer and freeing it from adhering paraffin oil it was subjected 
to treatment with a solution of cadmium sulfate for 12 hours at ioo0 

and then for 48 hours at 50 °. After this treatment it was replaced in the 
dilatometer and a change in the direction of motion of the oil meniscus 
was observed at a constant temperature of 70.5 °. These experiments, 
Cohen thinks, establish beyond doubt the simultaneous existence of 
more than too modifications of cadmium. 

It must be borne in mind, however, that in each of these dilatometric 
measurements never less than 300 g. of cadmium were used, and it is a 
well-established fact that when so large a mass of metal undergoes molec
ular transformation the true transition temperature may be far removed 
from that at which the transformation actually takes place. On the other 
hand, the method which we have used to determine the transition tem
perature is not open to this objection. Only a very small mass of cad
mium is involved and consequently only a short interval of time is re
quired for complete transformation of one allotrope into the other when 
once the transition temperature has been passed. The influence of mass 
on the velocity of allotropic transformation has been observed repeatedly 
during the present investigation. The time required for stabilization of 
the different cells was found to be roughly proportional to the mass of 
the cadmium deposits. 

The data of Table IV, as well as the data of other similar tables not 
included in this paper, seems to justify the conclusion that the form 
of cadmium which is stable below 37.5° is that which results from pro
longed immersion of the electrolytically deposited metal in a solution 
of cadmium sulfate at room temperature, and corresponds to that modi
fication of the metal designated by Cohen as Cda. 

On the other hand, the form of cadmium which is stable above 37.5 0 

(within the range of temperature covered by these experiments) is that 
which results from prolonged heating of the electrolytically deposited 
metal in a solution of cadmium sulfate in the neighborhood of 90 °. This 
modification of cadmium we shall designate as Cd^. It is important to 
observe that the modification here designated as Cd^ is not identical 
with the Cdp of Cohen. 

As has been mentioned, Cohen assumed the presence of Cd^ in all of 
his cells which gave a constant e. m. f. of 0.048 volt at 25°. In order to 
confirm the existence of a definite transition temperature in the vicinity 
of 60°, as his dilatometric experiments had indicated, Cohen carried out 
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several experiments with cells containing Cdn and Cd3 above and below 
this temperature. 

At temperatures above 60°, the e. m. f. of cells containing Cd0. should 
be higher than that of cells containing Cd3, while at temperatures below 
60 °, the reverse should occur. He selected two cells, one of which (No. 
7) gave an e. m. f. of 0.047 vo^- a t 25°> a n ( i t n e other (No. 22) which gave 
an e. m. f. of 0.048 volt at 25°. These two cells were connected by a 
siphon containing a solution of cadmium sulfate of the same concentra
tion as that present in the cells. The e. m. f. of the electrolytically de
posited cadmium in the cells was measured successively against one of 
the two amalgam electrodes, a common electrode being chosen in order 
to eliminate possible errors due to slight differences in composition of the 
two amalgams. The results obtained are given in Table V, together with 
the results of two other experiments, one by Cohen with cells Nos. 8 and 4 
and the other by the author with cells B-i and A-i. 

TABLE V. 

25°. 

O.04741 

O.04815 

O.04757 

O.04839 

O.04729 

O.04823 

Temp. 

64.5°. 

O.04029 

O.03979 

O.04737 

0.04633 

O.04734 

O.04652 

25°. 

O.O474I 

0.04806 

O.04776 

O.04789 

O.O4772 

O.04822 

I t will be observed that at 64.5°, the e. m. f. of cells 7, 8 and B-i was 
greater than that of cells 22, 4 and A-i, whereas at 25°, the e. m. f. of the 
latter group of cells was greater than that of the former. From this in
version of poles Cohen concluded that an actual transformation of Cd01 

into Cd3 occurs in the neighborhood of 60 °. 

The author's data for cells A-i and B-i appears to confirm this conclu
sion, but when the e. m. f. of these cells was determined at close intervals 
of temperature from o° to 70° no evidence of a transition temperature in 
the vicinity of 60 ° was obtained. On the other hand, distinct discontinui
ties in the e. m. f.-temperature curves were obtained at 39° with A-i, 
and at 36.8° with B-i. Since the agreement between Cohen's cells and 
the author's at 25° and 64.5° is satisfactory, it is highly probable that 
equally close agreement would have been obtained at other temperatures 
and that had Cohen measured his cells over a wider range of temperature 
and plotted the values of e. m. f. against the temperatures he would 
have obtained no evidence of a transition point at 60°. 

The molecular rearrangement which takes place at a transition point 
must cause a marked diminution in the internal frictional resistance 
of the substance undergoing change. In describing his dilatometric 
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experiments, Cohen frequently refers to the fact that cadmium can be 
"brought into motion" most quickly by heating it for several hours in 
a solution of cadmium sulfate in the neighborhood of 40 °. The cause 
of this phenomenon is probably to be found in the greater molecular 
freedom which occurs at 37.5 °, the temperature at which reversible 
transformation between Cd0 and Cd13 has been shown to take place. 

As has been mentioned, Cohen attributed the high initial e. m. f. of 
his cells to the presence of a third modification of cadmium which he 
designated as Cd7. On the assumption that the negative electrodes 
of all of his freshly prepared cells consisted of Cd7 and that this modi
fication undergoes a gradual transformation into Cda when immersed 
in a solution of cadmium sulfate, Cohen computed the temperature at 
which one form changes into the other. By equating the interpolation 
formulas for his so-called a- and -y-cells, as follows: 

0.05047 — 0.0002437 (t — 25) — 0.04742 — 0.000200(2 — 25), 

he found that t = 94.8°. 
The results of the present investigation, however, seem to render the 

existence of more than two allotropic modifications of cadmium between 
0° and ioo° extremely doubtful. 

Summary. 
(1) The e. m. f. of cells prepared according to the scheme 

- -< + 
Cd — Va sat. sol. CdSO4 — 8% Cd amalgam, 

has been measured at intervals of io0 , or less, from o0 to 700. The initial 
value of the.e. m. f. at 20° was found to diminish with time and finally 
to become constant. 

(2) On heating a cell thus stabilized the e. m. f. was found to be a 
decreasing linear function of the temperature for all temperatures below 
40°. 

(3) On maintaining a cell at a temperature in the neighborhood of 900 

for several days, complete stabilization was secured. The e. m. f. of 
cells stabilized in this manner was found to be an increasing linear func
tion of the temperature for all temperatures above 40 °. The rate of in
crease of e. m. f. above 40 ° was found to be slightly less than the rate 
of decrease of e. m. f. below 40 °. 

(4) By means of interpolation formulas derived from the experimental 
data, the value of the temperature at which the e. m. f. reaches its min
imum value has been calculated and found to be 37.5 °. 

(5) This temperature may be regarded as a close approximation to the 
transition point in the system, Cd„ "7"*" Cd^, where Cd„ and Cd-9 denote 
the modifications of cadmium which are stable below and above 37.50 , 
respectively. 
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(6) No experimental evidence has been obtained which would warrant 
the conclusion that more than two allotropes of cadmium exist between 
the freezing and boiling temperatures of water. 
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The work recorded below was incidental to another research, for which 
it was desired to obtain eutectic mixtures of alkali chlorides. Since, 
however, the main research may not be soon completed, it is perhaps 
worth while to record the following incidental and incomplete results— 
especially since they confirm the recently published results of Korreng 
in points where his work differs from that of earlier investigators.1 The 
determinations recounted below were made during the winter of 1913-
1914, before Korreng's work appeared. 

Preparation of Materials. 
Lithium Chloride.—For preliminary experiments a commercial sample, 

supposed to contain less than 0 .1% of potassium and sodium, was em
ployed ; but it gave a melting point 12 ° lower than the much purer speci
men used in the final determinations. This latter substance was prepared 
from exceedingly pure lithium nitrate (remaining from the Harvard work 
on the atomic weight of lithium)2 by evaporating repeatedly with excess 
of hydrochloric acid in a quartz dish on an electric stove, finally fusing 
the salt in quartz in an atmosphere of hydrochloric acid gas. 

Sodium Chloride.—A saturated solution of very pure sodium bicar
bonate was neutralized with chemically pure hydrochloric acid. The 
solution was further saturated with hydrochloric acid and the salt pre
cipitated. It was purified by reprecipitation. 

Potassium Chloride.—"Chemically pure" potassium chloride from a 
competent firm was purified in a similar way by three precipitations with 
hydrochloric acid. Spectroscopic examination showed it to be free from 
sodium and other metals of the alkali group. 

Rubidium Chloride.—Kahlbaum's salt, though free from other alkali 
metals, was found to contain rubidium nitrate in considerable quantity. 

1 Korreng, Z. anorg. Chem., 91, 194 (1915); Chem. Abstracts, 9, 3040 (1915). 
2 Richards and Willard, T H I S JOURNAL, 32, 4 (1910). 


