SIMULTANEOUS ADSORPTION OF SULFATE AND CHLORIDE IONS
ON PLATINIZED PLATINUM IN ACID SOLUTIONS
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Radioactive tracers were used to study the simultaneous adsorption of sulfate and chloride ion
on platinized platinum from a perchloric acid supporting electrolyte. Data obtained were inter-
preted quantitatively on the basis of an approach used earlier for mixtures of Na* and Cs*,

A study of the laws of simultaneous ion adsorption is of interest since electrochemical processes are
often conducted in mixed electrolytes. In addition, measurements in mixed electrolytes can detect fine dis-
tinctions of specific ion absorbabilities [1]. A large amount of data is found in the literature with regard to
simultaneous adsorption of ions of a mercury electrode. Quantitative data for simultaneous absorption on
platinum has been found only for Na* and Cs* in acid solutions [2, 3].

In this work, we studied the simultaneous adsorption of SO42' and C1™ from a perchloric acid electrolyte
onto a Pt/Pt electrode by a radiochemical method [4]. The perchloric acid served to maintain a constant pH
and ionic strength, Perchloric acid was used because ClO; is not reduced in the presence of S0,2” and CI1~
at room temperature [5].

The studies were conducted on Pt/Pt disks with an apparent surface area of 2.3 cm?, Preparation of the
electrodes was described earlier [6]. The true surface, determined from the hydrogen section of a charging
curve in 1 N H,S80,, was 0,15 to 0.25 m?, We used aged electrodes, the surfaces of which showed practically
no change with time, The solutions were prepared with double-distilled water and the perchloric was purified
by freezing. We used 3%50,2” and 3¥C1™ as tracers. The radiochemical measurements were calibrated from
values on adsorption of sulfate and chloride ions in 1072 H,S0; and 10~% HC1 [8]. Potentials (¢,) were referred
to a hydrogen electrode in the same solution. The experiments were conducted at 20+2°C,

Figure 1 shows the relation of SO42" adsorption to potential in the presence of various concentrations of
perchloric acid (curves 1-3). The physical meaning of Tso has been examined in detail in [9]. An increase
in the concentration of HCIO, increases adsorption of SO}, in agreement with the results of (10-12]}, This
effect probably has several explanations. 1) If HSO,~ is absorbed more readily than SO¢", the increased ad-
sorption may be due to a higher concentration of H,SO, in thepresence of HCIO,. Calculation shows that
addition of 0.1 N HCIO, to 1072 N H,SO, increases the concentration of HSO; by a factor of about 2. 2) Addi- -
tion of HCIO, increases the activity of sulfuric acid anions. 3) A pH decrease in the presence of HC1O, shifts
the free zero charge potential in the negative direction along the ¢, scale [13] and should increase anion ad-
sorption at a constant ¢p. 4) With a decrease in pH, oxygen adsorption diminishes at a constant ¢,. causing an
increase in adsorption of sulfuric acid anions, The relative contribution of the individual factors are difficult
to evaluate. It is clear, however, that the adsorbability of C10, is so muchlower than that of sulfuric acid
anions that it cannot compete even when the concentration of the latter is several orders of magnitude lower,
We subsequently chose 1071 N HCIO, as a supporting electrolyte.

The adsorption of sulfuric acid anions in 107 N H,50,+0,1 N HCIO, in the @, range of 0.4 to 0.6 V was
found to increase linearly with the logarithm of time, reaching a limit within 1.5 to 2 h.

Figure 1 also shows the relation between I'gp2~ and ¢, in the presence of C1™ at various concentrations
(curves 4-7). The presence of C1~ lowers the adsorption of sulfuric acid anions because of the high specific
adsorbability of C1~ compared with sulfate ions [14-16]. Displacement of adsorbed sulfate ions is relatively
slow, requiring 1.5-2 h in the presence of 107° N HCL.
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Fig. 1. Relation of adsorption of sulfuric
acid anions to the potential of a Pt/Pt elec-
trode in H,S0, with no additions (1) and in
the presence of 10~! N HC10, (2), 1 N HC1O,
(3), and 10~! N HCIO, +xHCl (4-7), where
x=10"% (4), 1073 (5), 1074 (6), and 3-107° N
.
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Fig. 2. Relation of sulfate [1-3] and
chloride [4-5] ion adsorptions to con-
centration with a 107! N HCIO, support-
ing electrolyte at ¢, =350 (1), 500 (2,
4), and 750 mV (3, 5).



Using a supporting electrolyte of 10~! N HC10,, we studied the relation of SO42- adsorption to its con-
centration at ¢, =350, 500, and 750 mV, Data in Fig. 2 show that adsorption of sulfate ions follows the Temkin
logarithmic isotherm at all the potentials studied.* Figure 2 also shows the relation of C1™ adsorption to
concentration. Its adosrption does not depend on the presence of perchloric acid, confirming earlier results
[17}. The dependence of C1~ adsorption to concentration also obeys the Temkin isotherm. Because of the low
specific activity of the solution, reliable data on the C1™ adsorption isotherm could be obtained only by rinsing
the electrode and cell free of the solution, after the adsorption equilibrium was reached, We rinsed with 0.1
N HC1O, under potentiostatic conditions, It was found that four to five short rinses did not remove adsorbed

Cl”. Lack of rinsing is indicated by the ion-exchange mechanism on platinum metals presented in [18] rather
than an irreversible adsorption.

After we obtained individual adsorption iostherms for SO42' and C17, we studied the simultaneous adsorp-
tion of these ions using a supporting electrolyte of 107t N HC1O, at =350, 500, and 750 mV, The experi-
mental procedure included flooding the cell sequentially with a solution containing H,SO, and HCI in a fixed
ratio, as previously described in [19]. The solutions were tagged with radioactive sulfur. The electrode was
held in a solution of given composition for 1.5-2 h, sufficient to reach adsorption equilibrium, Experiments
with a constant total H,SO, +HCI concentration showed marked reductions of Tso,2~ at a Cl™ content of 1%.

Figure 3 shows the relation of SO42_ adsorption to the logarithm of its concentration at constant C1~ con-
centrations of 10™% and 3+107¢ N and ¢, values of 350, 500, and 750 mV, The curves are linear and are also
almost parallel when [C17] is raised. We studied the relation of sulfate ion adsorption to C1~ concentration at
a constant H,SO, concentration of 1072 N and ¢y =350, 500, and 750 mV (Fig. 4). Sulfate ion adsorption drops
linearly with an increase of [C17] using the coordinates of T'so & and log [CI7],

Attempts were made to analyze the data obtained quantitatively on the basis of an approach used earlier
in a study of Cs* and Na* adsorption on platinized platinum [2, 3], According to the relations shown in [2],
individual ion adsorption isotherms can be written in the form

2.3 1g Bici=2BuT, ' (1)
2.3 lg BzCz"‘_‘szze, (2)

where Byy and By, are virial coefficients, 81 and B, are equilibrium adsorption constants, I'y and T'; are the
number of adsorbed particles corresponding to 1 and 2, and ¢y and c, are their concentrations (in N). Sub-
script 1 refers to SO42- and subscript 2 to C1”. Values for Byy and By, were determined from slopes of the
individual isotherms in coordinates of I' and log c; values for By and 8, were found by extrapolating the linear
sections of the isotherms to the abscissa. For the relation Ty to log ¢ at ¢, =const, we have [2]

231gp e, = 2B T, ®)
where
1g 8 =1g B — (Bur/Bsx) Ig (Bacs), (@)
l{’)= Bn - Bu’/Bzz.

(5)

Bg) is the virial coefficieht and [31(2) is the equilibrium adsorption constant in the presence of substance 2.
It is evident from Fig. 3 that Eq, (3) is actually the case for adsorption gf 80,*" in the presence of a constant
Cl~. According to Eq. (4), upon increasing the concentration c;, log Bi(z varies according to

B
Alg ﬂ'(z) —_u, Ig ca. (6)
By,

By this equation, By, can be determined from Alog 8 1(2). It is clear from (3) and (4) that straight lines with
coordinates of I'y, andlogc; should be parallel to one another at various values of c,. This conclusion also
agrees with experimental data (Fig. 3). Dependence of T’y on log ¢y at ¢y =const can be shown by the equation

2.31g Bo'ca=—2B"T, (n

* Data on the 8042— adsorption isotherm given in [10] were obtaix;ed for a concentration of=<10~* M, precluding
any comparison with our results.
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Fig. 3. Relation of TSOZ to sulfate ion concentrations at cl”
concentrations to 104 N (1-3) and 3-10* N (1'-3") at ¢y =350

1, 11, 500 (2, 2'), and 750 mV (3, 3").

Fig. 4. Relation of I'so, 2= to Cl concentration at [H,SO,]=
10-% N in background of 10-i N HCIO, at ¢y =350 (1), 500 (2),

and 750 mV (3).

TABLE 1, Parameters Characterizing the Adsorption of Sulfate

and Chloride Iong on Pt

)
ig Bl(z) ig 51(2 By by Eq.
o, MV | Bion | a%on | w8 | %P B | (exptty  |(calc) by i)
: fn 107N [EQ- (4)
s : HC1

350 770 - 4,7 - 870 3.3 - -
500 360 410 48 9.0 350 3.4 34 :’ig
750 210 410 48 10.8 250 3.5 30

where
sz"’BuBzz/Bu—Bm )
Ig Ba'=lg B— (B:/By2) 1g( Bicy).

(®
(9)

Analysis of the data showed that the most reliable method for verifying th? usefulness of these relations is to
' 2)

calculate By, by Eq. (8) and then to use this value for calculation of log 8

by Eq. (4). Adsorption parameters

caclulated according to equations derived from Figs. 2-4 are presented in Table 1.

Thus, not only is a qualitative correspondence observed between the data obtained and the relations given
~in [2], but satisfactory quantitative agreement is also found between the calculated and experimental values of

log g @

It must be stated in conclusion that the results obtained in [2] and in the present work also verify the
usefulness of Gibbs thermodynamics for describing ionic adsorption on platinum. Indeed, the conclusions in
{2] were based on the assumption that By, =B,y which is easily shown to result from equality of full differential
crossed derivatives of the reversible surface work o, Thus, the Gibbs adsorption equation for the system we

studied, which contained excess Cl10,~ and H*, can be written as
d0’=—'rso‘l~dp,so‘=»—I‘m-d},l.cx-,
if the Gibbs water adsorption is I‘H20=0. Itthen follows from [20] that

'1 = (ar'so‘: /ap,m-) rCI.m (al‘c,-/a PBOJ') rso‘._ ==

RTB,,
that is, 312 =B21,

(10)

L (11)
RTB;: !

The authors are grateful to Academician A, N. Frumkin and B, B, Damaskin for reviewing the paper and
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CHARGING OF RUTHENIUM OXIDE - TITANIUM OXIDE
ELECTRODES AND THEIR TRUE SURFACE AREA

D. V. Kokoulina, T. V. Ivanova, UDC 541.138.9: 546
Yu. I. Krasovitskaya, Z. I, Kudryavtseva,
and L. I. Krishtalik

The true surface area of mixed ruthenium oxide—titanium (ROTO) films was measured by the
BET method as a function of the heat-treatment temperature of the electrodes (370~ -700°C) and
the ratio of the oxides RuO, and TiO,. The obtained data were compared with the amounts of
electricity Q (determined from potentiodynamic curves and charging curves) required for elec-
trochemical charging of the films in 1 N sulfuric acid. The true surface of the mixed coatings
amounts to several tens of square meters per gram and varies with the heat treatment tem-
perature and the composition of the coating. From the values of the roughness factor and @
the amounts of electricity required for electrochemical charging of unittrue surface area were
determined, and the degree of surface coverage with oxygen with variation in the composition
of the film was estimated,

The purpose of the present work was to study the surface conditions of ruthenium oxide—titanium oxide

(ROTO) anodes [1-3].

The electrodes were prepared by thermal decomposition of a mixture of aqueous solutions of ruthenium

and titanium chlorides deposited on titanium [1 -3]. The electrodes were usually prepared by successive depoz-
sition of five layers followed by heating of each layer for 20 min and of the finished electrode (5.5-6.5 g Ru/m*)
for 1 h,
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