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The Kinetics of Deuterium Yons Discharge
and lonization of Adsorbed Deuterium Atoms
on a Pt-Electrode

By K. Rosenthal, P. Dolin and B. Ershier

The mechanism of separation of the hydrogen isotopes in elec-
trolysis is closely related to the mechanism of overvoltage, so that,
in general, a study of the former process can shed light on the latter.
This relation has been widely utilized and on the basis of the data
thus obtained most investigators =* are inclined to favour the mecha-
nism of slow recombination for a large number of metals, platinum
among others. However, the assumption of a recombination mecha-
nism is of necessity based on indirect considerations, inasmuch as
no experimental data are to be had on the rates of the individual
stages of the separation process. In this connection considerable
theoretical interest attaches to the derivation of such data for the
process of the electrolytic evolution of deuterium.

A straightforward method of determining the rate of discharge
of the hydrogen ion on a Pt-clectrode with formation of an adsorbed
atom® has recently been developed and applied. In the present paper
this method is applied to a comparative determination of the rates
of discharge of hydrogen and deuterium ions and their dependeme
on the composition of the solutmn. 2
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Method

The method used was based on a measurement of the complex
conductance per unit surface ° of a platinum electrode in a current
of variable frequency?, Toq etermine the rate of discharge of deuterium
the conductance Was measured first in heavy water and then for
comparison in ordinary water. In addition, polarization capacity
curyes (l-ha:‘ging curves) were obtained in heavy and in ordinary
water,

Fig. 1. Measuring cell.

The measuring cell (Fig. 1) consisted of three compartments
A, B, and C. Part A contained an auxiliary platinized Pt-electrode &
in the form of a cylinder, the measuring electrode « being mounted
along its axis (¢ was introduced after the cell was filled with solution).
Part B contained the reversible hydrogen electrode b; A and B were
separated by a capillary tube d. The volume of solution in the cell
was about 2 em®. The electrode under investigation was a platinum
wire 0.03mm in diameter, 12.5 mm long and of surface’area 0.0118 cm?.
The electrolyte was saturated with hydrogen in vessel C, the elec-
trodes ¢, & and b’ being saturated simultancously; the latter served

¢ Throughout this paper the conductance will refer to unit surface of the
f=]

electrode. 3
7 For a description of the method see footnote 5.
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as reference electrode when measuring the polarization capacity of
electrode & with direct current.

Preparation of solutions and experimental procedure

The measurements were made in the following solutions: 0.16 N
H,S0,+2 N Na,S0, in H,0; 0.14 N D,SO,+2 N Na,SO, in D 0O;
0.016 N NaOH 4-2 N Na,80, in H,0; 0.14 N NaOD +2 N Na,SO,
in D,0. In addition, measurements were carried out in the following
solutions in ordinary water: 1 N HC1+42 N NaCl; 0.1 N HC14+-2 ¥
NaCl; 0.01 HC1+42 NV NaCl. The D,SO, and NaOD solutions in D,0,
and H,S0, and NaOH in H,0 were obtained by electrolysis of a
2N Na,SO, solution (salt recrystallized and calcinated at 900°) in H,0
and D,0O respectively. The polarization was effected with large pla-
tinized Pt-electrodes saturated with hydrogen and deuterium, the
stop cock separating the anodic and cathodic spaces being closed.
The deuterium used to saturate the solutions in D,0 was obtained
by electrolysis of a concentrated solution of NaOD, which in turn
was obtained by the slow interaction between D,O vapour and metal-
lic soduim. .

All the solutions were prepared from ¢. p. reagents and purified
immediately before the experiment by adsorption of pessible ¢conta-
minations on afreshly platinized electrode in an atmosphere of krydro-
gen or deuterium respectively. It was necessary to verify that this
trecatment was sufficient for our purposes and that the data
obtained in the D,SO, and NaOD solutions could really be attributed
solely to the properties of heavy hydrogen and not to the influence
of chance impurities. The experiment was, therefore, carried out as
follows.We first obtained the capacity and ohmic conductance curves®
of the electrode under investigation (preliminarily treated in aqua
regia, washed and heated to red heat in air) in.a H,SO, or NaOH solu-
tion in H,0; the measurements were then carried out under exactly
the same conditions in a solution of D,SO, or, respectively NaOD;
the procedure was finallyrepeated (without pretreatment in aquaregia
or heating) in the original H,80, or NaOH solutions. Coincidence

® The curves representing the dependence of the components (capacitive
and ohmic) of the complex conductance of the electrode on the polarization at
4 given frequency are called here capacity and ohmic conductance curves

respectively.
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o.f the curves obtained in H,SO, or NaOH before and after the expe-
riment with heavy water sh owed that our eclectrode underwent no
changes in the D.O solutions.

The actual Ineasurements were carried out as follows. We measu-
red the capacitive and ohmic components of the conductance of the
electrode at a given frequency as a function of the anodic polariza-
tion in the interval 0.0-—1.0'V,'always starting from 0.0 V and gra-
dually increasing the Potential towards'anodic values—-the runs were
then repeated at different frequencies. The mesasurements were made
at room temperature 18—20°C. '

Experimental results

'l.Capaf_-..iLy and ohmic conductance curves

in 0.16 N H,SO,+2 v Na,SO, and 0.14 N D,SO,+2 N Na,SO,.

The measurements were made over a frequency range of 10 to
6000 cycles and a potential range of 0 to 1 V. The results are shown
in Figs.2and 3°, As appears from the figures 1°, the curves taken down
in both 0.16 H,SO, and 0.14 N D,SO, are similar to the ones pre-
viously obtained ® in solutions of H.50..

It should be observed that the absolute values of the capacitive
and ohmic components of the conductance in the polarization range
0—0.2 V and in the frequency range 200—6000 cycles are considerably
less in D,0 than in H,0. This is due to slower discharge of the
D-ion as compared with the H-ions. At the lower frequencies the

? It should be borne in mind that the impedance measured experimentally
consists of the impedance of the electrode under investigation (which is to be
determined) and the series connected resistances of the auxiliary electrode
the resistance of the intervening solution, and the resistances of all the connec-
ting wires, including the metallic electrodes themselves. In view of {he large
surface area of the auxiliary electrode its resistance can be neglected. The
remaining resistances are purely active and according to calculations comprise
0.082 for oursystemin H,O (the acid andalkaline solutions have practically
the same conductance inasmuch asthey contain both 2 v Na,S0,). The vector
difference was taken between the experimentally measured impedance and the
correction for this active resistance. Up to 3000 cycles the correction does
not exceed 209, of the measured magnitude. The data given in Figs. 2 and 3
have been corrected in this manner.

10 Oa these figures the positive direction of the axis of potentials has been
chosen from left to right for the solutions in D,0 and wviee versa for
those in H,O.
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capacitive components in D,0 and H,0 are practically equal and
correspond to the capacities found from the charging curves. Under
these¢ conditions the distribution of hydrogen and deuterium on
platinum- almost attains equilibrium, and the difference between
their rates of discharge cannot bhe manifested. At high frequencies
the capacitive components decrease in both solutions (curves 7 and
/', Fig. 2) and approach in magnitude the capacity of the double

LFiem?
Q74W DpS0,+2H Ny S0y,

QI5W HoS0, 24 ¥,S0,

i
1050

Hzﬂ DzD
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Vig g8 0§ 4% a4z 4 42 4% GF a5 iov
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Fig. 2. Capacily curves in acid solutions: 2 N Na,S0;10.16
N H,50, in Ha0 (left) and 2 N Na,50,;+0.14° N D50y
in D20 (right); a and «’—10 c¢.p.s., band ' —50 ¢. E. 5.,
¢ and ¢'—200 ec. p. s.3 d and d'—1000 c. p. 5., ¢ and
e’'—3000 e, p. s f and f—6000 ¢c. p. s.

layer, being less, however, in D,O than in H,O. This can be explained

by the slowness of the discharge process, as a result of which at these
frequencies the filling of the atomic layer remains practically unchan-
ged on passing of alternating current. The capacitive component of
the conductance is thus to be attributed in the main to the double
layer which is probably the same in both solutions. As for the ohmic
component, at low frequencies it is the same in H,0 and D,O (Fig. 3,
curves ¢ and a’, b and &', ¢ and ¢’, d and d’), but with increasing
frequency grows more rapidly in H,O than in D,0 and at 3000 cycles
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(curves e and e’, Fig. 3) is approximately 2.2—2.3 times as great in
H,O as in D,O. (Curves f and /” taken at 6000 c¢. p. s. are
unr‘eli.ahle, s. footnote* on p. 216). As has been shown elsewhere?, the
magn {tllde of the ohmic component found at high frequencies cha-
racterizes the rate of discharge. We thus see that under these
conditions the rate of discharge of H is 2.2—2.3 times as large as
that of D (in the ratio of the conductances at 3000 cycles).

e
AT
BIWH,SOG 2N0,50, ) 0200D,50, 200,50,
7
0,0
Vio 78 g5 a4 a2z 477 47 27 iz a8 1oV
-4, LR

Fig. 3. Ohmic conductance eurves in acid solutions
(see legend under Fig. 2).
2. Solutions of 0.16 N NaOH+2 N Na,SO, in H,0 and 0.14 N
D,S0,+2 N Na,SO0, in D,0

The capacitive and ohmic conductance curves in these solutions
are plotted in Figs. 4 and 5. It will be seen that the curves obtained
in DO do not differ in form from those in H,0. A comparison of the
two f_amilies of curves leads to the same conclusions as in the case of
acid solutions. It should be observed that according to Fig. 5 (cur-
ves e and e”) theratio of discharge rates of H and D is equalto2.1—2.4

in alkaline solution.
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3.Influence of HCl concentrationon the ¢ a-
pacitive and oOhmic conductance compo-
nents of the electrode in HO.

It follows from the Volmer—Frumkin theory of slow discharge

that in acid solutions with an excess of neutral salt the rate of dis-

pltem?
A16W NaOH+2 Na,S0, [ 4744/ NaOD + 24/ Na,S0,
H,0 s )

Vi7 77 @ 47 4z U 47 0% @5 a7 14V
@-== ]

Fig. 4. Capacitive conductance curves jin alkaline soluticrs

2 N Nag$50,:-+40.76 NNaOHin HeO (Jeft) and 2 N NagS04-4-0. 14 IV

NaOD in Bs0 (right); a and @—10 e¢. p. s.; b and b—50

¢, p. 8.5 ¢ and ¢'—200 ¢, p. s.; d and d’—1000 c. p. s.: e and &—
3000 c. p. s. 3

2rm?

Q76N NaDH+2W NS0, | 274 NaOD 24 Na,S0,
44

4

._—/ﬁ ;
Vio 0 45 4V 4z 4. 02 OF 46 U8 14V
4 —
Fig. 5. Ohmic conductance curves in alkaljneselutions
(see legend under Fig. 4).

charge of hydrogen ions (at a constant potentialreferred to the rever-
sible hydrogen electrode in the same solution) should vary as the
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square root of the toncentration of H*; in alkaline solutions under the
same conditions the rate of discharge of the hydrogen ions should
vary as the square root of the concentration of }l)«'dro.\'yi ions 11.
With the aim of verifying these relationships we investigated the

’?/27/72
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NeCl+HCI

10} NayS0,+NaOR

&

LIS 6 7 /£ 8 g ar 4z  gzv
g S
Fjg. 6. Dependance of the ohmic com- Fig.7. Dependance of the ohmie
ponent of the conduetance on the fre- component of the conductance at
quency at 0.1 V in acid and alkali ne 6000 ¢, p.s. on the potential, 7.—
solutions.7—: NNa Cl+-1 N HEL z2— I N HCI+2 N NaCl; 2 —0.01
2 N NaCl-0.1 n HCI; d—2 N N NaCl+2 N NacCl; J—0.01

NaCl+0.01 N HCI;, 1—2 N N HCH-2 N Nacl

NapSOs+IN N OH; 22 N Nug§0 -
+0.1 N NaOH; 3-2 NNa,S0;+
40.01 N NaOH.

influence of the concentration of HCI and NaOH on the complex con-
ductance of a. Pt electrode in 2 N solutions of NaCl in H,0. The ca-
pacitive and ohmic components of the conductance were measured
in solutions of 1 N HC14-2¥ NaCl, 0.1 N HC142 N NaCl and
0.01 N HC1+4-2 N NaCl over a range of polarization from 0 to 1 V.

All the data are listed in Tables 1 and 2. The dependence of the
ohmic conductance on the frequency at a constant potential equal-
ling 0.1 V is depicted in Fig. 6, curves 7, 2, 3. With a tenfold change

11 These conclusions are valid provided the composition of the solution
does not affect the properties of the adsorbed hydrogen atoms. This condition
is probably satisfied only approximately for Pt.
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in the concentration of HC1 the limiting conductance changes by a
factor of 2—3 (Table 2). Hence, in this case our data are in approm—
mate agreement with the theory.

The trend of the ohmic conductance measured at hlcrh frequencies
as 2 function of the potential of the electrode in the chloride solu-
tions displays several peculiarities. As may be seen from Fig. 7,
the limiting conductance increases at all concentrations when the
potential is shifted in anodic direction, passes through a rather sharp
maximum, and then falls off. It is interesting that with growing
dilution of the solution this maximum becomes slightly displaced
towards more positive potentials. These phenomena are much less
marked in the sulphate solutions.

. Influence of NaOH concentration on the
capacitive and ohmic components of the
conductance of a Pt-electrode in H,0.

The capacitive and ohmic components of the conductance were
measured in 1 NV NaOH +2 N Na,S0,, 0.4 N NaOH-+2 N Na,SO,
and 0.00 N NaOH-+2 N Na,SO, solutions in-the frequency range
10—6000 cycles and in the same range of potentials as for the acid
solutions. The dependance of the ohmic component on the frequency
of 0.1 V is represented in Fig. 6 (curves 1, 2’, and 3’). All the data
are summarized in Tables 3 and 4. It is evidentfrom the tables and
the figure that the capacity and the ohmic conductance depend but
slightly on the concentration of the alkali, as it was also observed
byDolin and Ershler?.

5.Direct current charging curves in 016N
H,80, +2N Na,SO, and 0.14 N D,SO,+2N Na,8O, solutions

Fig. 8, 1/ depicts the curves (dotted lines—in H,0, full lines—
in D,0) obtained on charging a platinized Pt~ ele(,trode of 3 em?
apparent surface area with a current of density 0.313 X 107* A/em?.
The electrie charge in conlombs per apparent unit area is plotted
as abscissae against the potential of the electrode referred to the
reversible hydrogen electrode in the same solution as ordinate. It
may be seen from the figure that heavy hydrogen 1is bound more
firmly to the Pt-electrode than light hydrogen, since the potential of
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complete removal of the former is more anodic by 15 mV than that
of the latter. The similarity of the charging curves in H,0 and D,0
testifies to the similarity in the properties of the atomic layers of

¥
a&

a5

a4
27
a2

ar

1 L

J 005 07 0%

cmé

Fig. 8. Charging curves in alkaline and acid
solutions, I—2 N Na,S044-0.16 N NaOH in
H,0 (dotted line) and 2 N NasS0;+0.14
N NaOD in D,O (full line); JI—2 N
NasS04+0.16 N HSO; (dotted line) and 2

N NayS03+0.14 N D S04 (full jine). -

H and D. It should be observed that the curves we obtained in D,0

correspond to somewhat less stable conditions than in H,0 as judged
by the loop between the direct and inverse runs.

6. Direct current eharging curves in 046 N
NaOH 2N Na,S0O, and 0.14N NaOD +2 N Na,SO, solutions

The charging curves were obtained under the same ¢onditions;
the current density was equalto 0.32 X 10*A/cm?®. In alkaline as in
acid solutions heavy hydrogen is more firmly bound to the Pt-
electrode than light hydrogen (Fig. 8, 7). These curves correspond
to even less stable conditions.
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Discussion of the results

Let us first consider the results relating to the character of the
inhomogeneity of the platinum electrode surface and to the discharge
process of the hydrogen ion. According to the theory of slow dis-
charge, the rate of the discharge process should depend on the poten-
tial. Previous measurements ® have shown, however, that the rate
of discharge is independent of the potential over a considerable
range. A similar independence was observed in the present investi-
gation; the curves of Fig. 3 show that the resistance c-ofnponent at
3000 cycles practically does not depend on the potential throughout
the range 0—0.15 V (curves ¢ and £y

According to a theory developed by Temkin " 12, this should
be so for a surface with a certain type of inhomogeneity for which
the heat of adsorption is a linear function of the extent of surface
covered 12,

M. Temkin and V. P Yzho v, Acta Phys. Chim., 12, 327 {194 0);
J. Phys. Chem. (Russ.), 18, 851 (1939). &

'3 Buch surfaces are sometimes called surfaces with a logarithmic adsorp_
tion isotherm.

Physically the fact that the rate of discharge is independent of the
potential is due to the variation of the potential entailing a variation not only
of the electric field govering the discharge but also of the extent of surface
covered by hydrogen (which is determined by the equilibrium conditions). The
latter affects the rate of discharge inasmuch as the discharge occurs only on
the part of the surface which is free of adsorbed hydrogen. With a change
of potential both these factors exert opposing influences. Thus, e. g. if the
potential increases in the positive direction, the electric field varies in such a
manner that the discharge is retarded, whereas the free surface increases and
hence the discharge is accelerated. The rate of discharge can be independent
of the potential when these two factors cancel one another. As shown by
Temkin, this, can be the case for a surface with a logarithmic adsorption
iSotherm. Tt follows from these considerations that such an independence can
be observed only when a considerable extent of surface is covered, i. e. when
the change in the Iree surface with the potential can still be sufficiently great,
For a small extent of surface covered the free surface can evidently increase
but slightly with a positive shift of the potential, and: under these conditions
the influence of the potential on the discharge may become apparent. These
considerations are confirmed by the curves of Fig. 3, according to which at
high frequencies the ohmic conductance isindependent of the potential only in
the range 0—0.15 V and falls off by a factor of 20 as the potential shifts to 0.3V,
Hence in this range the influence of the electric field on the discharge rate of the
H-ion postulated by the theory of slow discharge can be detected by experiment.

g%
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It should be observed that according to the theory, the opposing
influence of the field and the adsorption should neutralize one ano-
ther for asurface with a logarithmic adsorption isotherm in the region
where the charging curve has a linear form. This theory predicts that
the influence of the potential on the discharge should become evident
as the steep rise of the charging curye is approached. However, in
f'.onsidering Fig. 8, 11, we see that in the solution in which curves e, e
of Fig. 3 were obtained, the steep rise of the ch arging curve only
starts at 0.3 V. Hence the mutual neutralization of the field and
the surface covering disappears considerably earlier than the theory
demands. This result shows that the inhomogeneity of the surface
1s of amore complicated character than assumed by the above theory *.

The influence of the hydrogen ions concentration on the discharge
in acid solutions observed in these measurements is in approximate
agreement with the Volmer-Frumkin theory, inasmuch as the rate
increases roughly as the square root of the concentration. (It may be
seen from Table 2 that the conductance at 4000 cycles and
0.010 V increases approximately as the square root of the concentra-
tion). In alkaline solutions the rate of discharge is independent of
the concentration; this conforms with earlier measurements ® and
is apparently to be explained by the peculiarities in the behaviour
of the hydride film on platinum in alkaline solutions as already stated
before °.

In the present experiments we were interested primarily in com-
paring the results of measurements in H,0 and D,0. Attention should
be drawn here, first of all, to the element of ambiguity connected
with our choice of the conditions for such a comparison. The method
used actually allows of comparing the rates of discharge in H,0 and
D,0 measured at equal potentials referred to the corresponding

14 Tt was pointed out earlier * by one of us (Ershler) that the dependence of
the capacity and the conductance on the frequency found inDolin and Ershler’s
paper leads us to assume the presence of different fypes of areas on Pt, between
which the surface diffusion of adsorbed hydrogen occurs with difficulfy.A simi-
lar analysis of the results of the present paper(which will be more fully discus-
sed elsewhere) also showed in conformance with the conclusions of the text,
that these areas do not fit into the scheme of a surface with logarithmic adsorp-
tionisotherm (for more detailsee K. Ro s e nthal, «The Kinetics of Ioniza-
tion and Discharge of Heavy Hydrogen on Pts; Thesis, Karpov Institute of
Physical Chemistry, Moscow, 194%). - EC il {
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reversible gas electrodes (hydrogen electrode in H,0 and deuterium
electrode in D,0), or, in other words, at equal overvoltages. However,
the conditions on the surface of the Pt-electrode in H,0 and D,0Q
may differ widely. Here appears the fundamental difference hetlween
these experiments and the experiments on separation of the isotopes,
where the two isotopes react under strictly identical conditions and
where it may be assumed, for example, that the difference in the
discharge rates of H and D is due (besides the difference in the con-
centrations) only to the difference in the activation energies of
discharge of the two ions. Under the conditions of comparison chosen
in the present experiment, however, the observed difference in the
discharge rates may be due, besides, to unequal adsorption of hydro-
gen and deuterium; to the difference in the potentials of Pt in H,O
and D,0, (inasmuch as the potentials are «equaly only by convention,
since we compare potentials referred to the corresponding reversible
gas electrodes); and [inally, to the different heats of wetting of Pt by
water and deuterium oxide 1°,

Therefore, the ratio of the discharge rates of H and D observed
here cannot be considered directly in the usual process of electrolytic
separation, in which all these frl(,tors are undoubted]y identical for
both isotopes. il

Despite all these difficulties, a comparison of the data for H ,0 and
D,O permits us to ascertain the following important circumstance.
In acid solutions at potentials corresponding to the reversible gas
electrodes the ratio of the discharge rates of H in H,0 and D in
D,0 is 2.3 (Fig. 9, curve ). A close value is observed for this ratio
at the same potentials in alkaline solutions (Fig. 9, curve 2).

In the light of these data the important argument against the
possibility of a discharge mechanism of separation adv anced by
Halpern and Gross ! is invalidated; this argument was based on the
experimentally established fact that the separation factor is inde-
pendent of the reaction of the solution. In accepting the mechanism
of slow discharge for separation we are forced to explain the absence
of a dependence of the separation factor on the reaction of the solu-

> The last factor should play a part since the adsorption of an atom
in solution is probably accompanied by the displacement of an adsorbed
solvent molecule from the corresponding surface area. This circumstance was
pointed out to us by M. Temkin. :
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tion by assuming that the ratio of the discharge rates of hydrogen
and deuterium ions (in acid solutions) equals the same ratio for the
H,0 and D,0 molecules (in alkaline solutions). Such an assumption,
necessitated by the discharge mechanism appears extremely forced;

N N
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Fig. 9. Dependence of the ratjo of discharge ra-

tes of hydrogen and deuterjum VH/vD in acid

(curve 1) and alkaline (curve 2) solutjons on
the potentjal.

in the recombination mechanism, on the other hand, the separation
factor is naturally independent of the nature of the discharging
particles. It was for this reason that we found the recombination
mechanism preferable. Our measurements have directly established
that for Pt the substitution of alkaline solutions for acid solutions
does not cause, all other conditions remaining the same, any great
change in the ratio of the discharge rates of H and D. Hence, one
of the most substantial arguments against the mechanism of slow
discharge loses its force for platinum.

The following results are also worthy of attention. It may be seen
from Fig. 9 that for acid solutions the ratio of the discharge rates of
H and D remains close to 2.5 throughout the range of potentials
0—0.2 V. At higher anodic potentials it approaches unity.Thesame
relation, though less sharply expressed, is also observed in alkaline
solutions. It can be explained qualitatively if we assume that the
difference in the measured rates of discharge on H and D is due in
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part to a greater extent of surface covered by deuterium as compared
to hydrogen. In this case, on going over to a lesser surface covering
(i. e. to more positive potentials) we should expect the ratio of
the discharge rates to decrease. Such an assumption is also supported
by the results of direct measurements of the extent of surface covered.
Thus, a comparison of the charging curves of Pt in H,0 and D,0 im-
mediately reveals a greater extent of surface covered by deuterium.
If on the basis of these curves we plot the characteristic curves (de-
pendence of the number of adsorbed H atoms on the potential,
Fig. 10) by the method used in the paper of Frumkin and
S1 ygin' we see that at equal potentials deuterium is adsorbed
to a greater extent than hydrogen 7.
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Fig. 10. Dependence of the amount of adsorbed H and I atcms on the
potential.

¥ A Frumkin and A. §1y gin, Acta Phys. Chim., 5, 819 (1936)-

17 In order to plot the curves of Fig. 10, itis necessary to have a charging
curve, obtained under conditions sufficiently close to equilibrium. This
condition is approximately satisfied in acid solutions in H,O (the
dotted curves I'T in Fig.8, corresponding to anodic and at cathodic polarization,
almost coincide) whereas in acid solutions in D,0 (Fig. 8, full curves IT) the
anodic and cathodic polarization curves form a loop. The equilibrium charging
curve was plotted in this case by drawing a number of vertical straight lines
and connecting the midpoints of the segments intercepted on these linesby the
anodic and cathodic curves.
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It should be observed that the characteristic curves allow of
computing the difference between the binding energies of deuterium
and hydrogen with platinum. Without giving the details of the com-
putation we can point out that this difference is equal to 1.7 kg.-cal.
per mole. 22

This value can be used to compute the difference between the ac-
tivation energies of discharge of H and D under the conditions of
comparison 18, Tt is sufficient for this purpose to know the difference
between the initial and final binding energies of the discharge pro-
cess. The latter, as we already know, is 1.7kg.-cal. For the former we
shall consider as a first approximation the bonds of D jn D—O and
Hin H—O. According to the calculations of E y r i n g the difference
between the energies of these bonds is also 1.7 kg.-cal. on subtrac-
ting, we obtain zerofor the difference between the activation energies.
This is a very rough computation; nevertheless, as has already been
pointed out, the fact that the activation energies of discharge of H
and D are equal under the chosen conditions of comparison also
follows from the data of the present paper. This shows that the ob-
served difference in the discharge rates m ay be due to a difference
in the extent of surface covered in H,0 and D,0 at «equal» poten-
tials, and to a difference in' the potentials of platinum in both liquids
at equal overvoltages. -

It should also be observed that at potentials corresponding to
the double layer range there is a noticeable dispersion of capacity
with the frequency, the ohmic component of the conductance also
becoming rather large (Figs. 3 and 5). The existence of ohmic conduc-
tance indicates that comparatively slow processes occur at these
potentials, viz.: 1) the formation of double layer; 2) deposition and
removal of particularly firmly bound hydrogen atoms (a certain
amount of which may remain on the surface even at such potentials);
3) deposition and removal of oxygen atoms. It is so far difficult to
choose between these assumptions. '

18 This computation is based upon the application of Brinsted s relation
to the transition from hydrogen to deuterium when the reaction is analogous
for both. According to this relation, the change in the activation energy upon
this transition should equal a fraction of the result obtained by subtracting
from the difference of theinitial bond energies the difference of the final bond
energies of both particlesin the givenreaction (for details see Rosenthall?, . ¢, )
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We wish to express our gratitude to Prof. A. Frumkin for sug-
gesting this investigation and for his constant interest and partici-
pation in the discussion of its results. '

Summary

1. The complex conductance of a platinum electrode -was mea-
sured in acid and alkaline solutions of 2 ¥ Na,80, in H,0 and in
D,0 as a function of the potential and currentfrequency.Charging
curves of platinum were obtained in the same solutions.

2. The complex conductance of a platinum electrode asa func-
tion of the potential and current frequency was measured in aqueous
2 N NaCl in the presence of 1 N, 0.1 N and 0.00 N HCl, and in 2 NV
NaSO, in the presence of 1 N, 0.1 N and 0.01 N NaOH.

3. The results of the measurements reveal the influence of an
electric field on the discharge rate of the ions and indicate that
the surface of platinum is of a more complex inhomogeneity than
was inferred on the basis of the charging curves alone.

4. At potentials close to the potentials of the corresponding gas
electrodes (hydrogen in H,0 and deuterium in D,0) the ratio of the
discharge rates of H in H,0 and D in D,0O (H/D) is equal to 2.2—2.4 in
acid solutions, this value remaining unchanged up to a potential
of 0.2 V; with a further displacement of the potential towards anodic
values this ratio approaches unity. In alkaline solutions the ratio
H/D for the corresponding reversible potentials is equal to 2.1—2.5
and also decreases slightly with a shift of the potential in anodic
direction.

5. The close values of H/D for the alkaline and acid solutions
al potentials approaching the reversible ones discards the most
substantial argument against the mechanism of slow discharg for the
process of the separation of isotopes on platinum.

6. The difference between - the binding energies of H and D
with platinum was computed from the charging curves and found
equal to 1.7 kg.-cal. This, as well as other considerations, allows
us to assume that the difference between the activation enegies of the
discharge of H and D under the conditions of comparison chosen in
the present investigalion is not great.

7. It is pointed out that the difference in the discharge rates of
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H and D here observed may be due to an unequal extent of surface
covered by adsorbed atoms in the two cases, as well as to different po-
tentials of platinum in H,0 and D,0 at equal overy oltages.

8. It is concluded that slow processes proceed during the char-
ging of the electrode at potentials corresponding to the double layer
range and the nature of these processes is suggested.

Karpov Institute of Physical Chemistry, Received
Moscow. July 15, 1945.




