DETERMINATION OF THE ADSORPTION OF IONS BY THE

METHOD OF ADSORPTION POTENTIALS
11. THE ADSORPTION OF Br~ ON RHODIUM AND IRIDIUM

O. A. Petrii, Nguyen van Tue, UDC 541.135.52.92-183.546.128
and Yu. G. Kotlov

It has been shown in [1] that it is possible to employ the method of adsorption potentials [2=5] for the quantita-
tive investigation of reversible specific adsorption of Br~ ions on platinum. In the present work the method of ad-

sorption potentials is extended to rhodium and iridium electrodes where the adsorption of Br~ ions is determined
from 0.01 N HBr + 1 N H;SOy4 solutions.

The potential dependence of Br~ ion adsorption (T'g;-) was found from the equation [1, 6]:

(OT2e~/0@r)u = —(0Q/09:)u  (9¢:/0pnr-) e, L

Br Br

where pip - is the chemical potential of Br~ ions in electrical units, Q is the total surface charge [6, 7], and @ is
the potential with respect to a reversible hydrogen electrode in the same solution.

The experimental technique has been described in detail in [1]. The preparation, preworking, and calculation

of the surface area of the rhodium and iridium electrodes were carried out as in [8, 9]. The eXperiments were run at
20 + 1°C.

The adsorption potential shifts were determined by substituting an 0.1 N HBr + 0.91 N H,SO, solution for a 0,001
N HBr + 1.009 N HySO, solution. The time required for establishing ¢; of the test electrode depended strongly on ¢y,
both in the initial and final solution. Thus at ¢ < 0.3 V, i.e., at % in the hydrogen region, the potentials at both
electrodes became stable on open circuit in the initial solution after 2-4 h of polarization of the electrode using a
potentiostat, just as noted previously for Pt [1]. When the solution was changed to one that was more concentrated
in Br~, %, was established within 5-15 min. At more anodic %, stabilization of the potential required no less than
7-15 h, while the time required for establishing ¥; in the final solution rose to 1 h and more. Even after such long
periods the potential always continued to drift slowly toward the cathodic side. The time required for stabilizing
the potential became longer the larger ¢;. These phenomena indicate that adsorption equilibrium on Rh and Ir is
established slowly in the presence of Br~ ions when ¢ is sufficiently anodic, and that the rate of equilibration de-
pends on ¢;. From our experiments we could not, however, establish any essential differences in the rates of at-
tainment of adsorption equilibrium on the various metals.

Figure 1 gives adsorption potential shifts on the electrodes studied. At small ¢ the shifts are similar for all
the metals and tend to zero as ¢; goes toward zero. At more anodic ¢y, the magnitudes of the shifts depend on the
metal. Thus, a Pt electrodeat ¢, ~ 0.5-0.7 Vbehaves approximately as a reversible bromide electrode, while on
Rh and Ir the smallest value of (afPr/f}uBr‘)Q is only —0.75 to -0.7, i.e., in this case the potential shift is even less
than would correspond to the absence of the Esin-Markov effect [10]. One can point to a few reasons for this phe-
nomenon. It is possible that this is due to lack of equilibrium for the ¢; regions considered in the present systems,
and it is shown below that this is indeed the case. On the other hand, the effect observed as well as the rise in
(GRS /apBr-JQ at more anodic ¢r, which on Ir begins earlier than on Rh, may be linked to earlier oxygen deposition
on these metals, because of which hydrogen and oxygen adsorption regions overlap.

In fact, Eq. (1) can be presented in the form [1]:

( 9, ) 40y (0T Br-/0Q;)up, 450 1 (2
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M. V. Lomonosov State University. Translated from ﬁlektmkhimiya, Vol. 5, No. 9, pp. 1108-1112,
September, 1969. Original article submitted February 28, 1969.
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Fig. 1. Dependence of the adsorption potential shift on potential for the Pt/Pt (1),
rhodium (2), and iridium (3) electrode in 0.01 N HBr + 1 N H,SO, solutions. 4) Time
dependence of the current, starting from the time when the 0.001 N HBr + 1.009 N
H,SO, solution was replaced by 0.1 N HBr + 0.91 N H,SO, under potentiostatic con-
ditions at ¢; = 110 mV.

Fig. 2. Potential dependence of Br~ ion adsorption on platinum (1), rhodium (2), and
iridium (3) in 0.01 N HBr + 1 N H,SO, solution. Solid curves are calculated, the points
are experimental.

where Ay is the amount of atomic hydrogen per cm? of surface area in electrical units, and & is the free surface
charge, because on platinum metals sufficiently far from the point of zero charge (9e/0T'g;-)ypg,- = 1.* Thus the
minimum value of [asﬂr/apBr-)Q, which is —1, is only reached in the case where (aAH/aPB;-)pBr- = 0 and particu-
larly when Ay = 0, When Ay # 0, then 0 > (8¢/3 upr=) > —1 so long as (0AH/0Tg-) ppr- < 0. The latter con-
dition is satisfied at (8Tg,-/89;) upr- > 0 because (9Ax/0T'g -)pup;- = (0Ay/09;) up,-/ (8 I'Br=/0%r) up, - and always
(A /0¢p) g~ < 0. In the region of oxygen adsorption (8T'g;- /09r)up;- < 0 and consequently (8A 1y /0T By-)yp, - be-
comes a positive quantity. At (GAH/arBr—}pBr- > 1, the adsorption shifts become positive, i.e., the potential shifts
to the positive side, rather than to the negative side, when the Br™ ion concentration increases. This is true for
iridium at ¢, 220.7 V.

In Fig. 2, Tgp- — ¢ curves calculated from Eq. (1) are compared with experimental curves found as in [1].
Quantitative agreement between calculation and experiment is observed up to ¥y ~ 400 mV. The divergence at
more anodic ¢, which is particularly noticeable in the case of Ir, seems to indicate that at these ¢ equilibrium
is not completely established during Br~ adsorption.

It must be noted that while agreement between calculation and experiment can be concluded regardless of the
assumptions made in determining the true surface areas of the electrodes [8, 9], the relative position of the I'gr- — ¢
curves depends on correct surface area determination. However, at least for ¢; in the hydrogen region it can be con-
cluded that Br~ adsorption rises in the series Pt < Ir < Rh.

Figure 3 shows anodic equilibrium charging curves [10, 11] on the metals studied in 0.01 N HBr + 1 N H,SO,,
The increase in Br~ adsorption when going from Pt to Rh leads to a shrinking of the hydrogen portions on the curves
in the same direction. The reduced slope of the charging curve for the Ir electrode at ¢y > 0.45 V indicates oxygen
adsorption on the electrode. In all cases the equilibrium curves are somewhat longer than the usual curves in the
same solution, which is due to slow equilibration during Br~ adsorption,

Figure 4 gives curves for the equilibrium differential capaciry; C., caused by the contribution of Br~ ions to the
electric double layer. A characteristic feature of these curves is the presence of maxima (on Pt and Ir) or of a sharp
rise in capacity (on Rh) at ¢y in the hydrogen region. These phenomena are caused by expulsion of the Br~ ions by
H s [10]. The maximum on the curve for the Ir electrode in the oxygen region seems to be due to a similar pro-
cess of Br~ ion expulsion by adsorbed oxygen.

From the data obtained one can conclude that the method of adsorption potentials can be employed for the
quantative investigation of Br™ ion adsorption on Rh and Ir. Here,ason Pt,one must take into account that the re-
versible adsorption range is limited toward anodic potentials.

*If (d&/0Tnr-)u,, > 1, then in the double-layer region also (8¢ /oppr-)g >~ 1.

1049




200

1 L 1 Il

1 1
700 200 300 "
4, pC/em? 72 0% 26 @p,V

Fig. 3 Fig. 4

Vi 1 1 L i L

Fig. 3. Equilibrium charging curves for platinum (1), rhodium (2), and iridium (3) in
0.01 NHBr+1 N Hy SOy solution.

Fig. 4. Potential dependence of the equilibrium differential capacity caused by the

contribution of anions to the electric double layer, on platinum (1), rhodium (2), and
iridium (3). The points are results of determining the capacity by the potentiostatic
method. The solution is 0.01 N HBr + 1 N HyS0,,

The adsorption of Br~ ions can also be determined by the potentiostatic method. In fact, the appearance of an
anodic current I. under potentiostatic conditions must correspond to a shift of % in the negative direction when the
Br™ ion concentration is increased under isoelectric conditions. The current must drop to zero when adsorption
equilibrium is reached. By integrating the I-t curve observed under potentiostatic conditions one can find the charge,
AQ, which is necessary for maintaining a constant potential while changing the solution composition, and one can
obviously find the derivative (GQ/au_Br )Qr- It is shown below that the latter is the differential capacity caused by
the contribution of anions to the double layer. In fact, the Gibbs equation for this case is of the form [6]:

dU - —Qd(pr ) Fgr_dlll.Br_, (3}

where o is the surface tension. From (3) follows

(0Q / pnr) o, = (0Tse~ / 09p;) PR+ (4)

Measurements with the potentiostatic method were carried out on a Rh electrode in 0.01 N HBr+ 1 N H,SO,
solution. The potential was kept constant using a P-5611 potentiostat while replacing the 0.001 N HBr + 1,009 N

H,S04 solution by 0.1 N HBr + 0.9 N H,SO, The time dependence of the current was recorded with a BP-5684 re-
corder.

As an example the I-t curve obtained at #r = 110 mV is shown in Fig. 1 (curve 4). C_ values found with the
potentiostatic method are given as points in Fig. 4. The results of the potentiostatic measurements agree satisfac~-
torily with the results of measurements by the method of adsorption potentials. The I'gr- — ¢ curves calculated
from the C_ — ¥r curves, both as obtained by the potentiostatic method and by the method of adsorption potentials,
also practically coincide. Thus, the potentiostatic method described in the present work can be employed for the
quantitative study of ion adsorption on platinum metals,

We express our deep gratitude to Academician A. N. Frumkin for constant interest into the work and for parti-
cipating in the discussion of the experimental results.
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