INFLUENCE OF THE pH OF THE SOLUTION ON THE ADSORPTION
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A study of the dependence of the adsorption of hydrogen and oxygen on the pH of the solution permits conclu-
sions to be drawn on the state of adsorbed atoms on the electrode surface. As was first shown in [1], from acid to al-
kaline solutions the amount of hydrogen AH adsorbed on a Pt/Pt electrode increases at low and medium degrees of
coverage of the surface with Hyqs and decreases at high degrees of coverage. The observed dependence is explained
by the presence of two types of Pt—Hgaqs dipoles: at low degrees of coverage the dipoles are turned with the nega-
tive end toward the solution, while at high degrees of coverage they are turned with the positive end toward the solu-
tion. The amount of adsorbed oxygen A, according to the data of [1], increases with increasing pH at low degrees
of coverage. According to [2, 3], at all potentials on rhodium Ay increases with increasing pH, In [4] it was shown
on the basis of the dependence of Ay on the pH found in [2] that the dipole of hydrogen on rhodium is turned with
the negative end toward the solution, and its contribution to the potential drop is substantially greater than on plati-
num. These conclusions were confirmed in [5] by another method. However, it should be mentioned that the de-
pendence of the adsorption of hydrogen and oxygen on the pH on platinum was determined in [1] only in the transi-
tion from acid to alkaline solutions. The method of analyzing the data used in [2, 3] to determine the dependence
of Ay on the pH on rhodium is approximate. Therefore, a further study of the influence of the pH on the adsorption
of hydrogen and oxygen is advisable.

In this work we consider the influence of the pH on the adsorption of hydrogen and oxygen in the following
systems: Pt/Pt electrode in HySOy +1 N NapSO,4 (pH 1.60-3,74), HC1 +1 N KCI1 (pH 1,20-3.34), HBr + 1 N KBr
(pH 1.15-3.15) and rhodium— plated electrode in HpSO,; +1 N NapSO4 (pH 1.67-3.74). The preparation of the elec-
trodes and determination of their true surface were described in [6]. The potentials ¢ are related to the reversible
hydrogen electrode in the same solution, The experiments were conducted at 20 & Lz

The Ay versus ¢ curves were determined in the following way. The charging curves relating to other pH for
the systems studied were constructed from the equilibrium charging curves [7] in solutions of 0.01 N HpSO4 +1 N
NapS0y, 0,01 N HC1 +1 N KCI and 0,01 N HBr +1 N KBr, using the isoelectric shifts of the potential [6-8]. Thenac-
cording to the equation

Az =Ta*—@, &)

where Q is the total charge of the surface, while I'y+ is the free charge [9], we calculated the Ay versus ¢ curves,
The T+ versus ¢ curves at various pH, obtained earlier [6], were used for the calculation,

The construction of the Ay versus ¢, curves on a rhodium electrode and the Ap versus @, curves in the other
investigated systems are shown in Figs, 1 and 2, The dependences of(a.AH/ ﬁ,uH+)¢r on ¢, which are cited in
Fig. 3, were calculated according to the data of Figs. 1 and 2,

In acidified chloride and bromide solutions the Ay versus ¢ curves at anodic potenrials have a vertical por-
tion corresponding to Ay = 0 [7-9]. In sulfate solutions, as a result of overlapping of the regions of adsorption of hy-
drogen and oxygen, there is no such portion [10]. At ¢ ~ 0.12 and 0.4 V on Pt and 0.22 V on Rh, in these cases,
intersections of the Ay versus ¢ curves [( aAH/' apH+)q,r = 0], relating to different pH are observed. In order to
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Fig. 1. Charging curves (1-3), Aypg versus ¢p curves (4, 5), and
adsorption curves (6, 7) on a rhodium electrode in 0,01 N Hy,SO,
+1 N NapSOjy at various pH: 1, 4, 6) 1.67; 2) 2.3: 3) 5, 7) 3.74.

understand the factors leading to such phenomena, let us consider the question of the influence of pH on the adsorp-
tion of hydrogen and oxygen from the standpoint of thermodynamic theory,

From Eqgs. (10) and (10a) of [1], it is easy to obtain the function

caAH/auH+)¢r:—m (aAH/aq):r‘) By (2}

where py+is the chemical potential of hydrogen ions; X is the contribution of the atom and Y the contribution of
the ion to the potential drop [1, 5]. Similar functions were considered earlier in [2, 3]. Since dep =— (1/2)d log PH,»
where PH, is the partial pressure of hydrogen in the system, the dependence of the adsorption of hydrogen on the pH
at py, = const is determined by the shape of the isotherm of the adsorption of hydrogen and the ratio of the contribu-
tions of the atom and ion to the potential drop. The derivative (GAH/agar)pH.,. < 0,Y>0,and Y > X[1, 5]. Con-
sequently, the sign of (GAH/OJUHH(& is determined by the sign of X. The amount of adsorbed hydrogen at constant
¢, increases with increasing pH, i.e., (3Ayg /B;JH+)%_ < 0,if X > 0, The condition X > 0 means that the Pr—H
dipole is turned with the negative end toward the solution,
end toward the solution, X < 0, while (dAy /dp
ing pH at ¢ = const,

ads
In the case of orientation of the dipole with the positive

1‘1"')‘!’,; > 0, i.e., the amount of adsorbed hydrogen drops with increas-

According to Eq, (2), the amount of adsorbed hydrogen does not depend on the pH in those cases when X = 0 or

(8A /3¢)pH* =0, The latter can be observed only when complete coverage of the surface with Hpgg is reached
and in the absence of adsorbed hydrogen on the electrode.

Thus, evidently the points of intersection of the Ay versus ¢, curves of platinum and rhodium in sulfate solu-
tions correspond to the potentials at which X = 0, At ¢ = 0,12 V on platinum, X becomes zero as a result of com-
pensation for the charges at the potential drop, due to the dipoles of hydrogen of different orientation [1-5], At 8
= 0.4 V on platinum and 0,22 V on rhodium, X and, consequently (dAp; /dup+ @y become zero as a result of the
appearance of adsorbed oxygen. Since AAp == AAg [1, 5], then (3Ay /dpg+ or =~ (3Aq /ap g+ ¢ Thus, the
indicated potentials correspond to a state of the surface in which the summary contributions of hydrogen and oxygen
atoms are the same in sign and absolute magnitude. Since in general the contribution of the atom H,4s and the con-

tribution of the atom O,gs differ in magnitude, obviously the amounts of the adsorbed hydrogen and oxygen atoms
may be different at these potentials,

The negative value of (aAQ/apm)%, found experimentally, means that the dipole of the adsorbed oxygen
is turned with the negative end toward the solution. This agrees with the data on the influence of the adsorption of
anions on the adsorption of oxygen on platinum and rhodium [11] and with the result of the calculation in [5].

As follows from Fig, 3, the influence of pH on the adsorption of hydrogen depends on ¢, the nature of the me-
tal, and the composition of the solution. The greatest influence of the pH is observed on a rhodium electrode,
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Fig, 2 Fig. 3
Fig. 2. Ap versus ¢, curves of a platinized platinum electrode in acidified sulfate (1, 2), chlo-
ride (3, 4), and bromide (5, 6) solutions at pH: 1) 1,6; 2) 3.74, 3) 1.2, 4) 3.34, 5) 1.15, 6)
3.15.

Fig. 3. Influence of the pH of the solution on the adsorption of hydrogen on platinum (1-3) and
rhodium (4) in acidified sulfate (1, 4), chloride (2), and bromide (3) solutions.

Evidently the difference in the behavior of Pt and Rh is associated with the presence of two types of adsorbed dipoles
of hydrogen on Pt, the influence of the pH on the adsorption of which is opposite in sign, On platinum the depend-
ence of Ay on the pH increases along the series SOF < CI” < Br.

The dependence of Ay upon the pH that we found on rhodium differs from the data of [2, 3], according to
which (3Ay/ 3l H) g = const at medium degrees of coverage of the surface with adsorbed hydrogen. Evidently, the
cause should be sought in the different methods of weating the experimental data,

The dependence of (dAy /'pr+) @, on @, can be obtained not only from an analysis of the Ay versus @,
curves, It can be calculated according to Eq, (2) from the values of X and Y found earlier [8] and the derivatives,
(3Ay /3¢ )+, calculated according to the slope of the Apy versus ¢, curves, The results of such a calculation are
shown by points in Fig, 3, The coincidence of the calculated and experimental (0Ay/ dpp+) ¢, versus @ . curves is
a natural consequence of the applicability of Gibbs thermodynamics to the systems under consideration, which was
demonstrated earlier [7, 9].

Actually, if we express the ratio X /X +Y with the aid of Egs, (1) and (2) of [5], then function (2) of this article
can be rewritten in the form

(0 A/ Opn+)e, _  (OTm+/Opm+)e, — (OTH+/00,)ppy o
(3 AJI/a':Pr)P-H-r (6 Q/a[pr)FH+ = (GFH-}/a(Pr)l-LIﬁ :
Using Eq, (1) and performing simple transformations, function (3) is reduced to the equation
(a Q/ 6HH+)’P;- e (aFH"'/a(Pr)rpH_;.: (4)

which follows directly from the Gibbs adsorption equation [1, 4, 9].

Let us express our deep gratitude to Academician A, N, Frumkin for his valuable suggestions in the discussion
of this work.
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