(]

O. A. Esin, A. L. Sotnikov, and Yu. P. Nikitin, Dokl. Akad. Nauk SSSR, 158, 1149 (1964).

R. A. Alekseeva, N. G. Bukun, V. A. Kuznetsov, and E. A, Ukshe, Elektrokhimiya, 7,1357 (1971).

5. A. I Sotnikov, A. A. Plyshevskii, O. A. Esin, and L. N, Barmin, in: Physical Chemistry of Surface

Phenomena in Melts [in Russian], Naukova Dumka, Kiev (1971), p. 272.
6. G. A. Toporishchev and V. K. Novikov, in: Physicochemical Investigations of Metallurgical Processes,
No. 1 [in Russian], Urals Polytechnic Institute, Sverdlovsk (1973), p. 47.

7. V. K. Novikov, G. A. Toporishchev, O. A. Esin, and S. A. Grebnev, in: Physicochemical Investigations

of Metallurg;eal Processes, No. 2 [in f{ussianl, Urals Polytechnic Institute, Sverdlovsk (1974), p. 124.

Yu. K. Delimarskii and V. S. Kikhno, Elektrokhimiya, 5, 145 (1969).

9. N. G. Bukun, N. S. Tkacheva, and E. A. Ukshe, Elektrokhimiya, 6, 1215 (1970).

10. N. G. Bukun and N. 8. Tkacheva, Elektrokhimiya, 5, 596 (1969).

11. E.A. Ukshe, N. G. Bukun, and N. S. Tkacheva, Elektrokhimiya, 5, 1421 (1969).

12. Yu. K. Delimarskii and V. S. Kikhno, Ukr. Khim. Zh., 35, 468 (1969).

13. R. A. Alekseeva and V. A. Kuznetsov, Elektrokhimiya, 4, 1351 (1968).

14. N. G. Bukun and E. A. Ukshe, Zh. Prikl. Khim., 36, 1965 (1963).

15. Yu. K. Delimarskii, in: Ionic Melts, No. 2 [in Russian], Naukova Dumka, Kiev (1974), p. 3.

16. V. S. Fomenko, Emission Properties of Materials. Handbook [in Russian], Naukova Dumka, Kiev (1970).

17. V. M. Novakovskii, E. A. Ukshe, and A. I. Levin, Zh. Fiz. Khim,, 29, 1847 (1955).

18. Ya. I Frenkel', Introduction to the Theory of Metals [in Russian], Gosteoretizdat, Moscow and Leningrad
(1950).

19. B. B. Damaskin and O. A. Petrii, Introduction to Electrochemical Kinetics [in Russian], Vysshaya Shkola,
Moscow (1975).

20. E. A. Ukshe and N. G. Bukun, in: Results [Itogi] of Science, Solutions, Melts, Vol. 2 [in Russian], VINITI,
Moscow (1975), p. 140.

21. L. I. Antropov, Theoretical Electrochemistry [in Russian], Vysshaya Shkola, Moscow (1969) [English

translation: Mir Publishers, Moscow (1972)}.

-

e}

JOINT ADSORPTION OF CADMIUM AND SULFATE IONS
AT PLATINIZED PLATINUM

S. Ya. Vasina, V. E. Kazarinov, UDC 541.135.52.92-183
and O. A. Petrii

The joint adsorption of cadmium and sulfate ions has been studied in {1-4]. According to [1, 2}, cd*t
adsorption leads to a significant decrease in sulfate ion adsorption. Horanyi and coworkers [3, 4], to the con-
trary, found an increase in the adsorption of SO~ ions in the presence of cadmium jons over the potential
range from the reversible hydrogen potential to 0.4 V. At more positive potentials, the adsorption of sulfate
ions decreased with increasing Cd®" concentration in the solution. The existence of two forms of sulfate ion
in the solution, free and bound to cd*" ions, has been suggested in order to explain this effect. The first form
is adsorbed at higher potentials, the gsecond form at low potentials. -

The joint adsorption of cadmium and sulfate ions at the platinized platinum electrode has been studied in
the present work by the radiotracer technique using isotopes 115Cd and 35S with the procedure of [5]. The
labeled solutions were prepared and purified gimilarly to [6]. The platinized electrodes were prepared and
their true surface areas estimated as in [7). Electrodes with an apparent surface area of about 2 cm? and true
surface areas of 0.3 to 0.4 m? were used. The experiments were performed at 22 + 2°C.

The adsbrption of cadmium ions (I'c d2+) is presented as a function of ¢, in Fig. 1 (¢ is the potential
referred to the reversible hydrogen electrode in the same solution). The procedure used to measure the I vs
¢, curves was similar to [8]. The electrode was brought in contact with the golution at ¢,=0.8 V. Then the
electrode potential was shifted in the cathodic direction; at any given ¢ the electrode was held for a time

M. V. Lomonosov State University, Moscow. Institute of Electrochemistry, Academy of Sciences of the
USSR, Moscow. Translated from Elektrokhimiya, Vol. 14, No. 1, pp. 79-81, January, 1978. Original article
submitted October 18, 1976.
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Fig. 1. Adsorption of cadmium ions as a function of potential at the
Pt/Pt electrode in 5°107° N Cd(ClO4)2 solutions in 1 N HC10, (1) and 1
N H,S0; (2). .

Fig. 2. The adsorption of sulfate ions as a function of potential on the
Pt/Pt electrode in 51073 N H,50,+1 N HCI1O, solution without cadmium
(1) and with Cd(C10,), in concentrations of 10~% (2), 1072 (3), and 10~}

N (4).
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Fig. 3. The adsorption of sulfateions (1, 2) and of cadmium ions (3, 4) as func-
tions of potential on the Pt/Pt electrode in different solutions: 1) 5:10™° N
H,y80,+1 N HCIO; 2) and 4) same as in 1), with 10'2 N Cd(ClO4)2, 3) 10'2 N
Cd(C10Oy),+1 N HC10,. . )

Fig. 4. Potentiodynamic curves of the Pt/Pt electrode in the following solutions:
1) 1 N HCIO;; 2) 1 N HC1Q,+0. 1 N Cd(ClO‘)z, 3) 1N H0104+0 1N sto4, and 4)
1 N HC10,+0.1 N Cdso;. -

sufficient for a practically time-invariant T value to be established. After reaching ¢pr==0 v the electrode

potential was changed in the anodic direction. Practically complete coincidence of the anodic and cathodic T vs
curves was observed. The I'cy?* values obtained in sulfuric acid solution are close to those reported in

[85 One can see by comparing curves 1 and 2 of Fig 1 that there is a considerable increase in the adsorption

of cadmium jons when the perchlorate ions in the solution are replaced by sulfate 1ons this effect increases

as the potential is made more cathodic.* ‘ :

*Reduction of C10,~ [9] appears not to have an important effect on the results obtained, since it practically
ceases in the presence of SO4 ions, while the C1~ ions produced do not pass into the solution at ¢ >0 V.
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The adsorption of sulfate ions (FSOAZ_) is reported in Fig. 2 as function of ¢ in solutions containing
different concentrations of cadmium ions. An increase in T'sp,2~ with increasing cadmium perchlorate con-
centration in the solution is found, in harmony with the data ofdﬂoranyi [3, 4], over the potential range from 0.0
to 0.6 V. At more anodic potentials, the I'so,?" values are close to those found in a solution not containing
cadmium ions; we did not observe any decrease in TI'gp,2~ with increasing Cd(C10,), concentration in this poten-
tial range, in contrast to (3, 4]. This discrepancy appears to be due to the fact that in our experiments, solu-
tions with higher H,SO, concentrations than in [3, 4] have been used. Thus, one can conclude from the data of
Figs. 1 and 2 that the adsorbabilities of SO,*~ and Cd** are mutually enhanced when these ions are jointly
present in the solution.

The dependences of I'cp2t and I'so, 2= on @ in solutions of different compositions are compared in Fig.
3. One can see that the increase in SO~ adsorptxon which occurs in the presence of Cd?" ions practically
coincides with the increase in cat adsorption observed in the presence of S0,%” ions. The results obtained

concerning the joint adsorption of Ca*t and SO,*~ point to superequivalent Cd*" ion adsorption on the Pt/Pt
electrode surface.

Charging curves and potentiodynamic curves in 1 N HCIO, solutions containing Cd(C10Oy); and CdsO, were
measured in order to examine the influence of Cd?*! ions on hydrogen adsorption. In contrast to the data
obtained in [3, 4], we could observe an effect of cadmium ions on the charging curves, both in the presence of
CdSO4 and in the presence of Cd(ClO),, but in the first case the effects were more pronounced. The influence
of Cd** on hydrogen adsorption can be seen more clearly from the potentiodynamic curves (Fig. 4). The effects
observed can be explained in a manner similar to [8].
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