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The case of irreversible follow-up chemical reaction of the second order with adsorption of a sub
stance obeying a linear adsorption isotherm is solved for the galvanostatic method with current 
reversal. It is assumed that an adsorption equilibrium is established with an equilibrium constant B 
and that a chemical reaction proceeds in the solution and in the adsorbed layer with rate constants 
k and kad , respectively. For a sufficiently long time of the current reversal, 11, the transition time 
-r' after the current reversal is independent of 11, The results are presented graphically as the depen
dences of log -r' on logj for different u and A values, where j denotes the current before the reversal, 
u ratio of the currents after and before the reversal, and A = kadB/ k. The inequality fP log -r' / 
(0 logj 0 log u) > 0 is a suitable criterion for the realization of the case under study. 

In an earlier work1 we found a weak adsorption of the depolarization product 
in a follow-up irreversible reaction of the first order. A theoretical treatment of this 
case with a very rapid adsorption equilibrium characterized by a linear isotherm 
showed the possibility of the determination of the parameters of both the adsorption 
and the chemical reaction. The experimental results were in accord with the theory. 

For an irreversible follow-up second-order reaction in the galvanostatic method 
with current reversal, the following cases were treated theoretically: homogeneous 
reaction2 .3, reaction in the completely adsorbed state\ and reactions accelerated 
by the electrode surfaces. Similarly as with a first-order reaction 1 , it can be expected 
that the course of the dependence of the transition time after the current reversal, 
.. ', on experimental parameters will lie in the case of a weak adsorption with a very 
rapid adsorption equilibrium between the courses corresponding to the mentioned 
cases. It can be also assumed that it will be possible to identify weak adsorption 
and to determine the parameters of both the adsorption and the chemical reaction 
in the case of a linear isotherm. 

Part XXVII in the series Study of the Kinetics of Electrode Processes by Means of Electro
lysis with Constant Current; Part XXVI: This Journal 41, 2320 (1976). 
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THEORETICAL 

We assume that a depolarization product, P, undergoes a homogeneous irreversible 
second-order reaction with a rate constant k and is besides adsorbed on the electrode. 
In the adsorbed state it undergoes the same reaction as in the solution but with 
a heterogeneou rate constant k.d • Thus, we have the following reaction scheme: 

For the galvanostatic method with current reversal, the problem is described by the 
equations 

(1) 

t=o: C=O; x--+oo: C--+O, (2a) 

x = 0, 0< t < t1: (2b) 

x = 0, t> tl (2c) 

where the meaning of symbols (except for those defined above) is the same as in ref. I . 

Further we assume that the rate of adsorption and desorption is so large that an ad
sorption equilibrium is practically always established and that the adsorption obeys 
the linear isotherm 

r = BC(x = 0). (3) 

For a sufficiently long time of the current reversal, t l , so that 

kC(x = 0) tl > 6, (4) 

the solution ofEqs (1)-(2c) for t = t1 is with a sufficient accuracy given by2 

C = [x(kj6D)I/2 + N]-2, (5) 

where N is an integration constant. We introduce the dimensionless parameters 

p = jkB3 jnFD2 = wj; A = kadBjk; ~ = B .Jk/N.JD. (6), (7), (8) 
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From Eq. (2b) we then obtain 

(9) 

This is an implicit form of the dependence ~ = ~(fJ, 2), which is shown in Fig. 1 
in bilogarithmic coordinates. 

Further we introduce the dimensionless variables defined earlier2
•5 : 

(10) 

and we obtain for t > t 1 from the preceding relations the following formulation 
of our problem: 

(11) 

Z -+ 00: <p -+ 0; y = 0: <P = [1 + zj.J6]-2 (12a,b) 

1·0 

bgf 

FIG. 1 

Dependence of log .; on log p for Different 
Values of l from Eq. (9) 

Values of l from below: 0, 0'3, 1, 3, 10. 
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FIG. 2 

Dependence of log " on log j for Different 
Values of u at l = 0 

Values on the coordinate axes correspond 
to " and j expressed as dimensionless para
meters g,' and p. Values of u from above: 
l/to, 1/3, 1,3, 10. 
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It follows from Eqs (9), (11) and (12) that ({J = ({J(z, y, u, /3, A.), so that we obtain 
in the same way as in the preceding work2

,5 

" DjB2 = go' = Yt,je = feu, /3, A.), (13) 
where Y.' is defined by 

({J(Yt" U, /3, A.)z=o = o. (14) 

The system of equations (9), (11)-(14) was solved on a computer by the method 
described earlier3

• The quantity ({J for the electrode surface was calculated from the 
equations 

({J~A.~ + ({Jo(2jAz + 2~jAy) + u/3g3 - 2({Jt/Az - 2({Jo,p~jAy - (o({Jojoy)p ~ = 0, 
(15) 

o({Jojay = 2(({Jo - ({Jo,p)jAy - (o({Jojay)p, (16) 

which can be analogously as earlier5 derived from Eq. (12c) for the network used. 
The indexes 0 and 1 denote the values for the electrode surface and for the first 
knot on the z axis, the index p refers to the values for y - Ay. 

The result of the solution is the dependence of log (g,') on log /3 for different values 
of A. . and u (Figs 2 - 6). The error of the calculation was controlled by the method 
described earlier3 so that it was uder the limit of accuracy of the graphical repre
sentation. A network with nz = 40 was sufficient in most cases; only for A. = 0, large 
/3 and small u values it was necessary to choose nz = 54 -120. 

-1 

-2 

FIG. 3 FIG. 4 

Same as Fig. 2 but for A. = 0·3 Same as Fig. 2 but for A. = 1 
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DISCUSSION 

Similarly as with other irreversible follow-up reactions 1 - S, also in the case under 
study the transition time'L' after the current reversal is for a sufficiently long time t 1 

of the current reversal independent of t1. The condition of large tl follows from the 
relations (4), (10) and (13) and can be expressed as t d'L' > 6/ e(p, A) I( u, p, A). 
This can be verified with the aid of the dependences in Figs 1-6 and experimental 
results. 

The dimensionless product g'L' is a function of three dimensionless parameters: 
u, p, and A. The first two can be changed experimentally; u is the ratio of the cur
rent intensities after and before the reversal, p involves the current, j, before the 
reversal. The parameter A expresses the ratio of the reaction rate in the adsorbed 
state to that in the solution. 

It follows from Eqs (3), (5) and (8) that 

(17) 

hence the parameter ~ is proportional to the ratio of the quantity of the substance P 
in the adsorbed state to that in the solution in the instant of the current reversaL 
It is seen from Fig. 1 that the relative amount of the adsorbed substance increases 
with increasing current and diminishes with increasing reaction rate in the adsorbed 
state. Hence, the influence of adsorption becomes more pronounced with increasing 
current. 

2 

1 
.8'1 

-2 -2 

~3~---~2--~--~~--L---~2-1~--p~3 -=3!-----!:-2------!--1------;~--!----~2-IO-9 -8-;3 

FIG. 5 FIa.6 

Same as Fig. 2 but for). = 3 Same as Fig. 2 but for). = 10 
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The case under study can be reduced to the cases treated earlier and mentioned 
in the introduction. By comparing the basic equations and variables we obtain 
easily 

lim (g.' p2/3) = f2(u) ; lim (g.' J(p).,)) = f2(U) (18), (19) 
B-+O B-+O 

lim (g.,/).,2) = h.' , lim ({3).,3) = b, (20) 
8-+O J kad B2 -+ m 8-+0 ,kadB2 -+m 

where f2(u) and f2(U) are dimensionless functions of the parameter u for a homo
geneous chemical reaction2

,3 and a chemical reaction in the completely adsorbed 
state4

, h, m, and b are parameters defined for a reaction accelerated by the electrode 
surface5

. 

It follows further from Eqs (18) and (19) that 

lim (a log .'/a log j)u = -2/3, (21) 
13,),-+0 

lim (a log .'/a log j)u = -1/2. (22) 
13,).-+ 00 

From this it can be deduced that at least in a certain range of p and )., values the 
following inequality could apply: 

a2 log .'/(a log jY > 0. (23) 

It follows from Figs 2 - 6 that this is indeed the case in the range of u, {3, and )., 
values under study, so that the dependences of log.' on logj are concave. 

In all other solved cases2
-

7 there was a2 log r'/(a logj)2 ~ 0, hence the inequality 
(23) could principally serve as a criterion for the case corresponding to the reaction 
scheme (A). However, it is seen from 'Figs 2-6 that the curvature of the dependence 
of log.' on logj is so small that (in view of the experimentally limited range of j 
values) the proof of the validity of the relation (23) would be in most cases very 
difficult. At the same time it is apparent from Figs 2 - 6 that in the range of small p 
values the slope of the dependence of log .' on log.i increases with decreasing value 
of u in accord with the inequality 

a2 log .'/a logj a log u > o. (24) 

A comparison with other cases2
-

7 leads to the conclusion that the mentioned de
pendence is also typical for the case under study. In the range of small p values, 
this dependence can be easily determined even with a limited range of j values. 
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Figs 2 - 6 can serve as nomographs for the determination of the values of k, kad' 

and B. By comparing the experimental dependences of log.' on log j at various 
values of u with the curves in the diagrams, it is possible to determine the coefficients 
A, w, and g, from which the values of k, kad' and B can be calculated if the diffusion 
coefficient D is known. In practice, however, in view of experimental errors and the 
similarity of the mentioned dependences it can be expected that (similarly as in the 
case of a reaction of the first order1) only some of these quantities will be determined 
with a sufficient accuracy. 
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