POTENTIAL DE PENDENCE OF THE ADSORPTION
OF SODIUM CATIONS ON PLATINUM AND RHODIUM
ELECTRODES IN ACIDIC SOLUTIONS
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The potential dependence of the adsorption of alkali metal cations on platimim and rhodium in acidic
solutions was studied in [1~5]. A radioactlve-tracer method showed that the adsorption of these cations on
positively charged platinum is slight and essentially independent of the electrode potential [1, 2]; an analo-
gous situation is found on rhodium [3]. However, the tracer measurements were carried out in dilute solu-
tions with approximately equal acid and salt concentrations, so hydrogen ions may have participated in the
formation of the double layer. It was shown in [5] that in more concentrated solutions containing more Li*,
K*, and Cs* ions than hydrogen ions the adsorption of cations on positively charged surfaces is much more
extensive than in the earlier experiments.

For this reason, and because of the availability of the more refined radiochemical method [6], we
again turned to a study of the potential dependence of Na* adsorption in the presence of various anions. It
was taken into account here that a reliable determination of the adsorption depended on minimizing the ratio
of the hydrogen ion and Na* concentrations in the solutions [7].

The measurements were carried out with Na?%, 8%, C1%, and Br® isotopes. The apparent surfacearea
of the electrodes was 2 cm?, while the actual surface area was 0.2-0,15 m?, The electrodes were made and
prepared for the experiments, and their actual surface area evaluated, as in [8, 8].

The experiments were carried out in the following manner. The electrode was held in the test solu-
tion at the given potential by means of a P-5827 potentiostat for 15 min; then it was lowered to the bottom of
the cell and the radioactivity measured, Then the potential was abruptly changed by 50 mV, etc. The aver-
age rate at which the potential was imposed was thus 0.2 V/h. In iodide solutions the potential was also
imposed at a rate of 0.1 V/h, but here no noticeable changes in the extent of Nat+ adsorption were observed,
The radioactive background of the solution must be deducted in order to determine the adsorption on the
electrode on the basis of the measured radioactivity., This background was found in the following manner,
Concentrated sulfuric acid or a saturated solution of stable sodium sulfate was added to the solution in a
quantity such that the solution volume did not change significantly but such that the concentration of H* or
Na+ catlons exceeded the initial concentration by a factor of 50-100, Under these conditions essentially all
the adsorbed Na* fons were replaced by H* ions or stable Na* ions [7, 8]. In this case the radioactivity
measured as the electrode was lowered to the bottom of the cell was equal to the solution background.

The experiments were carried out at 20+1°C, Here gy refers to the potential with respect to the
reversible hydrogen electrode in the same solution.

Measurements were carried out on the platinum electrode in solutions having the following composi-
tions: 10”3 N H,S0,+3+107% N Ha,SO, 107> N HC1+3~ 10~% N NaCl, 107 N HBr+3+1073 NNaBr, and 107° N
H,SO,+3+107% N NaI; the results are shown in Fig, 1. At ¢r = 0 the Na* adsorption i3 the same in the sul-
fate, chloride, and bromide solutions, since there is essentially no adsorption of 3.)‘3", Cl™-, and Br~ lons &t
this potential (Fig. 2). In the presence of Nal,the Na* adsorption is slightly lower than in solutions of other
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Fig. 1. Potential dependence of the adsorption of sodium cations on a plati-
nized platinum electrode in the following solutions: 1) 107° N H,S0,+3-10"?
N Na,SOy; 2) 107! N HC1+3-107° N NaCl; 3) 10~ N HBr+3.10™ N NaBr; 4)
10-% N H,50,+3+10~% N Nal,

Fig. 2. Potential dependence of the adsorption of SO,f‘ {1, 4}, CI™ {2) and Br~
{3) anlons on a platinized platinum electrode in the following solutions: 1) 1073
N H,S0,+3-10" N N2,804; 2) 10 N HC1+3-10" N NaCl; 3) 10~3 N HBr +
3-107 N NaBr; 4) 10”2 N H,S0,. a) Tracer-atom measurements; b) adsorp-

tion-curve measurements [10}; solid curve) calculated from isoelectrical po-
tential shifts and charging curves [10].

salts, probably because of I- adsorption at ¢p = 0 [Lb]. Whena
platinum electrode is held in contact with a Nal solution for 15 b,

the increase in the I- adsorption is accompanied by a decrease in
Nat adsorption [1b].
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Fig. 1 shows that the nature of the I'Na+s @r, curves depends
on the nature of the anion in the salt. For positive surface charges

5 ag P V with gy < 0.65 V, the ecation adsorption increases in the order
Na;80, < Nal < NaCl < NaBr for solutions of a given concentration.

Fig. 3. Potential dependence of The Na+ adsorption in the bromide solution, which decreases as
the adsorptionof sodium cations Ixg+ shifts in the anodic direction, becomes nearly equal {0 ¢ ~0.7V,
on a rhodium electrode in the
following solutions: 1) 10~% N We also measured the potential dependences of SO~ adsorp-
H,50,+3.107% N Na,50,; 2) 1073 tion in 1072 N H,S0,, We compared this dependence with that foundby
NHC1+3.107% N Nac1; 3 1077 the methods of isoelectrical potential ghifts and adsorption curves
N HBr+3-10~% N NaBr, [10]. As Fig, 2 shows, there is a quantitive agreement in the mag-

nitude of the 30 - adso ti t thods,
This is both additional support for the validity of the tl':er rption found by the three independent me

modynami and
evidence that onp experimental data ap reliable. » ynamic theory of the platinum electrode

From the data in Figs, 1 and 2 we can easil

{the potentials at which the anion and cation adsory;;ttntemim
0.14 V in 107 N H,50,+3.10-3 Na, SO, ’
10 N HBr+3.10~3 N NaBr .
3 shows the

the zero-free-charge potentials on platinum
expressed in electrical units, {s the same) (14]:
0.4 Vin 10 NHCL+3-1073 § NaCl, and —0.03 V (nh.e.) in

Its are in satisfactory agreement with those in {1, 2, 5, 15]. Figure
Na* adsorption decreases in the order
the same order, according to [16].

rder of NaCl s NaGr » Na 50,. The Na* adsorp-
anfonic direction, - e

*The equilfbrium Tso2+,
in (13], apparently beca
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The adsorption of Na* on positively charged surfaces presumably results from superequivaient ad-
sorption of solution anions, In this case it follows from these results that superequivalent adsorption of
anions on platinum increases in the order S0~ < I < Cl~ < Br~, while that on rhodium Increases in the
order SO.,Z' < Br~ ¢ Cl-; the adsorptivity of the anions on platimum-group metals increases in the order
804~ < ClI” « Br™ <I" [1, 2, 10, 16]. A qualitative explanation can be found for the discrepancy between the
adsorptivity and superequivalent-adsorption orders by assuming that the state of the adsorbed anions be-
comes more nearly atomic as the adsorptivity increases or, in the terminology of Lorenz [17], that there is
an increase in the transfer of anionic charge to the surface. The superequivalent adsorption of the anions
should increase as the adsorptivity increases, while, as a result of charge transfer, the effective charge of
the superequivalently adsorbed ions and thus the number of cations attracted by them should decrease. The
approximate constancy or the decrease in Na* adsorption with increasing ¢p is probably due to an increase
in the degree of anlonic charge transfer as the potential shifts in the anodic direction. A comparison of the
platinum and rhodium data shows that transfer of anionic charge to the metal surface is greater for rho-
dium, This has been atfributed to the more negative zero-charge potential of rhodium (3, 9].

A comparison of these results with those in the literature for a mercury electrode [1L8] shows a sig-
nificant difference in the behavior of adsorbed anions on mercury and on platimum-group metals, although

the magnitudes of the superequivalent adsorption of anions on platinum in several cases is even slightly
greater than on mercury.

According to the thermodymamic theory [19, 20], the Esin-Markov coefficient {8 governed by the
magnitude and sign of the derivative (8'c+/8T'A~]x cat:
14 (OFce/ola), o
i— {al‘cda[‘,\—)pa‘_

(AGING L) = —

where T's- and T'c+ are the anionic and cationic adsorption, pCa+ is the average chemical potential of the
salt ions, ¢ is the double-layer charge, and {s the potential with respect to a constant reference electrode
(T"and 4 are expressed in electrical units), ¥ follows from these results that we have {alct/oTA-pCc=<0
at potentials in the double-layer region. We thus have {8¢/ 34 cpde >—1) on platinum and rhodium, as has
actually been found to be the case in direct determinations of the Esin-Markov coefficient [10, 16, 21].

The authors thank Academician A. N, Frumkin for valuable comments offered in discussion of these
results,
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