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Electrocapillary Curves in Liquid Ammonia. II".

Inorganic electrolytes
By A. M. Murtazayev

Owing to the poor solubility of electrolytes in non-aqueous
solvents, it is difficult to make electrocapillary measurements in
such solutions. Consequently, the electrocapillary curves hitherto
measured for non-aqueous solvents are confined mostly to those
obtained by A. Frumkin?® for a few solvents.

In this respect, however, liquid ammonia as a solvent is an
exception, since many inorganic substances dissolve in it very well.
Furthermore, in spite of the fact that its dielectric constant is one-
fourth that of water, the electrical conductivity of solutions of salts in
liquid ammonia in a number of cases attains even higher values
than that oi the same salts in aqueous solutions. This is explained
by the greater mobility of the ions due to the very low viscosity
of liquid ammonia. This circumstance also markedly distinguishes
liquid ammonia from many other non-aqueous solvents, while, for
an investigation of the electrocapillary curves in the presence of
some organic substances, liquid ammonia even presents a certain
advantage over water as a solvent. It is known that certain substan-
ces, wiz., hydrocarbons, dissolve very well in liquid ammonia and
only slightly in water,

The f{irst problem with which we were faced was the develop-
ment of a satisfactory method for carrying out measurements in
liquid ammonia. Owing to the fact that the solubility of many organic
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and inorganic substances in liquid ammonia markedly decreases with
a decrease in temperature, we set ourselves the task of designing
an apparatus in which measurements might be made at temperatu-
res in the neighbourhood of room temperature,
For advice in designing and constructing the apparatus, we
turned to the Laboratory of Liqu~iied Gases of the Karpov Institute
of Physical Chemisiry, which had
' il had many years of experience in
' this field, We wish to express our
deep gratitudeto A.I. Schatten-
stein of this laboratory for sug-

Aty o

/ gesiing the design of the appara-
_}; : 5 : tus and actively assisting us in
i " a . .
[ ? its construction. ;
hi-f : ; ; i
! o Owing to the fact that liquid
g ammonia has a high vapor pres-
46 5 . sure at room temperature (6 — 7

1 hakal

ionq  atm), the apparatus in which the
measurements are made must be
absolutely hermetic. Furthermore,
during an experiment, pressure chan-
ges and evaporation of ammonia
in the vessel should not occur. Our
apparatus shown in Fig. 1 meets

Fig. 1. A — piston-rod, B — stuffing : e 1353
box, € — cylinder filled’ with mercary. all these requirements (modified

A R

D—cap, E—vacuum tubing, F—glass tube, .

£ anng.— copper c;lpilliary tubes, L— Lippmann electrometer).

trap, = vessel with liquid ammonia, : : .
K,—platinum contacts, - M- capillary. Vessel [, of Jena glass, is com-

posed of two tubes each of which
has a volume of 10—12 cm3, The tubes are connected with one
another by means of a U-shaped tube with a fine glass iilter in the
center. Threaded joints of chrome-nickel rustless steel (all metallic
parts of the apparatus were made of this steel) were fastened to both
tubes of vessel JI with the aid of Wood’s alloy so that metal caps
could be screwed on to huth tubes. The right-hand tube served as
a container for the solution under investigation, whilst the left-hand
one contained a non-polarizable electrode. Mercury in a 1 N solution
of NH,NO, in liquid ammonia served as the non-polarizable electrode
in all the experiments. The potential of such 2n electrode became
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sufficiently constant a few hours after condensation of ammonia into
the vessel.

Both tubes of vessel H were filled with solution in the follow-
ing manner. First a weighed amount of NH,NO,, which served as
the basic electrolyte in all the
experiments, was introduced into R R
both tubes of the vessel the left- ¢ TR |
hand tube of which contained in jﬁ'\ _xi- Ledlod
addition the necessary amount of e
mercury. Then ammonia, prelimina- &0 Y Ii

|

8

rily dried over metallic sodium, was i A
condensed into both tubes of ves-

sel IT up to a delinite mark. After

solution of the salt by stirring zgp
with an electromagnetic stirrer, the R
apparatus was left undisturbed for |
twenty-four hours in order that I
the potential of the non-polari-
zable mercury electrode could b '\"
attain a constant value. Then, while :
cooling tne vessel by immersing
it in a mixture of acetone and : \
carbon dioxide, the cap was un- TG L I g
screwed from the right-hand tube ok i \
and the upper part of the appa- frely i e 52

ratus was screwed down. Finally, oy 2aet M 2 B¢
after testing {for leﬁkage the ves- Fig. 2. Electrocapillary curves for mer-

; cury in liguid ammonia solutions: I—1N
sel H was immersed in ice and an NHNO, 2— 1N NHNO, 4+ 0.5 N

NaCl, 53— 7N NH,NO, + 0.5 N NaBr,
experiment began (all measure- 4—1 N NHNO; +1 N KJ.J &
ments were carried out at 0°C).

The experiment was carried out as {ollows: The piston-rod A is
connected with a piston which moves in the cylinder C. The latter,
as well as the tube F, is {illed with distilied mercury. Thus, by
turning the rod A one could change the level of the mercury in the .
tube F. The copper capillaty tubes g, and g, served to equalize the
pressure throughout the system. The trap L was included in the system
to condense any of the ammonia solution contaminated with copper
from the upper part of the capillary g,.
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Elecirocapillary Curves were obtained for the following solu-
tions: 1N NHNOg 1N NHNO;+0.5N NaCl; 1N NHNO,+
+ 0.5V - NaBr; and 1N NH,NO;+-1N KJ. The curves are shown
in Fig. 2, where ¢ is the surface tension in dynesfcm. and o is
the cathodic polarization in volts
against a mercury electrode in
a normal solution of NH,NO, in
liquid ammonia.

Owing to the sticking of mer-
| [ cury to the capillary wall, we did
T TN T not succeed in making measure-
B S E R ments at more cathodic polarizations
i i than 1.6 V. Apparently, this pheno-
TF7] o S R _.. menon is explained by the discharge

407

e -2 T T~ of the NH}-ion on the cathode
at these polarizaticns and by the
formation of an ammonium amal-
gam. We also did not succeed in
making measurements at more ano-
Fig. 3. Electrocapillary curves for mer. dic potentials than—+ 0.2V, which,

cu In aqueous solutions. 71— 1 : 5 ai j=
1?1\103, e N NHNO, 0.8 NNacl, evidently, is explained by the oxi

=N N;{?H‘fmbf.;_oir’ ﬁ r;'(aJBr 1N dation of mercury at these polariza-

tions. All other values were obtai-
ned quite easily and gave results of sufficiently satisfactory repro-
“ducibility,

For comparison, we also obtained the eIedrocapzll.xrv curves
for aqueous solutions of the same substances at the same concentra-
tions and temperature, The curves obtained are given in Fig. 3.

On the basis of the values of ¢ obtained for a 1 N NH,NO,
solution, the capacity of the electric double layer in liquid ammonia
was calculated by the method of least squares making use of the
following equation:

= B4 Ty OE R zlﬁga

c=—A 4 B?—%Ccp":,

where C is the capacity of the electric double layer. In the calcula-
tion of C, the value of ¢ corresponding to the value g=—0.1V
was taken as the beginning of the descending branch of the curve.
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The capacity of the electric double layer on mercury in a 1 N NH,NQ,
solution in liquid ammonia, calculated in such a manner, was found
to be equal to 11 wF[em? This value diifers from the capacity of
mercury in an aqueous solution (17—18 p.Ffem.?)—a fact which
is undoubtedly connected with the smaller dielectric constant of
ammonia in comparison with that of water?d.

Since we do not know the exact position of the maximum im
a 1N solution of NH,NO,; in ammonia, we cannot accurately deter-
mine the shift in the maximum Ap* and the decrease in surface
tension Ag® caused by the capillary-active anions which we investi-
gated. Nevertheless, it is of interest to make at least an approximate
comparison with the corresponding vaiues for aqueous solutions,
assuming that the maximum in an ammoniacal solution lies at + 0.2V
for NH,NO,.

Sutstance Concentration A5NH; ApH,0 daNH; 3aH,0
NaCl ‘ 0.5 N 0.15 0.02 4.14 0.29
NaBr 05N 0.20 0.11 8.38 4.56
Kl ! 1N 0.43 0.30 15.60 24.13

From an examination of the accompanying table it is evident
that the shift in the maximum and the decrease in the surface ten-
sion for all the substances studied (with the exception of Ac for KJ)
is considerably greater for an ammoniacal solution thar it is for an
aqueous solution, This is, apparently, explained by the fact that the
anion is less highly solvated in ammonia than it is in water,

A similar effect of a larger shift in the maximum was found by
Frumkin® for solutions in acetone and pyridine.

3 A.Frumkin, 1. c., p. 187. : 3
4 The difference beiween the positions of the maximum for a NHNQ;

solution and the given solution. ;
5 The difference between the value of o, for a NH{NO; solution and

¢ for the given solution.
¢ A, Frumkin, L ¢, p. 182
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Summary

1. A method for measuring electrocapillary curves in liquid
ammonia at ordinary temperatures has been elaborated.

2. The electrocapillary curve obtained for mercury in liquid
ammonia in a normal solution of NH,NO, was used to calculate
the capacity of the electric double layer on mercury which proved
equal to 11 p.Flem=,

3. It is shown that Cl-, Br- and J-ions, which are adsorbed at
the mercury/solution irterface and cause a shiit of the maximum
of the electrocapillary curve in aqueous solutions, exhibit a similar
behaviour in liquid ammonia.
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