— 28 —

REFERENCES

1. AJ. Fry and V.E. Britton in Laboratory Techniques in Electroanalytical
Chemistry ed. P.T. Kissinger and V.R. Heinemann, Dekker, NY, 1984,

2. J. Torrent, R. Gonzaléz, F. Sanz and M. Molero, J.Electroanal.Chem.,
1989,270,381 and references therein.

V.R. Fawcett, J.Phys.Chem., 1989,93,2675.
e.g. T. Nagaoka and S. Okazaki, J.Phys.Chem., 1985,89,2340.

5. C.M.A. Brett and AM.C.F. Oliveira Brett, J.Electroanal.Chem.,
1088,255,199.

6. K. Stulik, D. Brabcova and L. Kavan, J.Flectroanal.Chem., 1988,250,173.
C.M.A. Brett and AM.C.F. Oliveira Brett, Fort.Electrochim.Acta,
1989,7,25.

H.O. House, E. Feng and N.P. Peet, J.Org.Chem., 1971,36,2371.

9. RWV. Murray in Electroanalytical Chemistry ed. A.J. Bard, Dekker,
NY, 1980,13,191.

10. e.g. M. Poon, R.L. McCreery and R. Engstrom, Anal.Chem., 1988,60,1725.

11. G.V. Hance and T. Kuwana, 4nal.Chem., 1987,59,131.

12. T. Nagaocka and T. Yoshino, 4Anal.Chem., 1986,58,1037.

13. T. Nagaocka, T. Fukunaga, T. Yoshino, I. Vatanabe, T. Nakayama and
S. Okazaki, Anal.Chem., 1988,60,2766.

14. R. de Levie, Klectrochim.Acta, 1965,10,113.

15. R. de Levie, J.Flectroanal.Chem., 1989,261,1.

16. E.R. Nightingale, J.Am.Chem.Soc., 1959,63,1381.

17. Y. Marcus, J.Sol.Chem., 1986,15,201.

18. G. Brunton, Acta Cryst., 1968,B24,1703.

19. T. Radnai, S. Itoh and H. Ohtaki, Bull.Chem.Soc.Jpn., 1988,61,3845.
20. P. Pacak, J.Sol.Chem., 1987,16,71.

21. V. Gutmann and R. Schmid, Coord.Chem.Rev., 1974,12,263.

22. U. Mayer, V. Gutmann and V. Gerger, Nonatsh.Chem., 1975,106,1235.

23. K. Dimroth, C. Reichardt, T. Siepmann and F. Bohlmann, Justus
Liebig's Ann.Chem., 1963,661,1.

24, TM. Krygowski and V.R. Fawcett, J.Am.Chem.Soc., 1975,97,2143.

25. J. Piro, R. Bennes e E. Bou Karam, J.Electrcanal.Chem., 1974 ,57,399.

26. M. Hamdi, R. Bennes, D. Schuhmann and P. Vanel, J.Flectroanal.Chem.,
1980,108,255.

27. A. Jenard and H.D. Hurwitz, J.Electroanal.Chem., 1968,19,441.

(Received 22 March 1990)

CURRENT REVERSAL CHRONOPOTENTIOMETRY AT SPHERICAL ELECTRODES

XXXXXX*XXX*XXXXXXXXXXXXXXXXX*XXXXXXXXXXXXXXX*XXXX*XXXXX

ANGELA MOLINAx, CARMEN SERNA AND FRANCISCO MARTINEZ-ORTIZ

Laboratory of Physical Chemistry

University of Murcia.Espinardo. 30100 Murcia.

spain

ABSTRACT

A general study on current reversal chronopotentiometry at

spherical electrodes (as are the hanging mercury d;op electrode

or the static mercury drop electrode) is carried out. The

effects of amalgam formation, insolubility of reaction product

and electrode curvature on the potential time functions are

i L 1 ¢ i the
presented. The value of the ratio 1:/!:2 (where T is

i i 4 i revious
transition time in the reverse step and t2 is the p

electrolysis time) can be used as diagnostic criterion to detect

amalgamation or insoluble product formation. Methods to

determine Kkinetic parameters and the formal standard potential

of the electroactive couple in all the possible behaviours of

the reduced species are proposed.

xTo whom correspondence should be addressed

Portugaliae Electrochimica Acta, 8 (1990) 29-51



—_—

— 30 ==

1. INTRODUCTION

The theory for a charge transfer reaction in current
reversal chronopotentiometry (CRC) at spherical electrodes has
been developed only for the transition times ([1-3] and with the
following additional restrictions 1) both species (the
oxidized and the reduced one) are soluble in the electrolyte
solution, 2) the product of the electrode reaction is not
present at the beginning of the experiment and 3) equal forward
and reverse currents.

In this paper, we have carried out the general study of the
potential time response related to a slow charge transfer
reaction with CRC at the above mentioned electrode. Besides, we
have taken into account the three possible situations for the
behaviour of the product of the electrode reaction (a) soluble
in the electrolyte solution, (b) soluble in the electrode
(amalgam formation) and (c) insoluble. The different behaviour
of the potential time functions obtained in each case, has
allowed us to develop a simple and easy method to discriminate
between the ‘above situations. This .method is based 1in the
measurement of the transition time corresponding to the reverse
step, T', in relation to the previous electrolysis time, t2, and
we have applied it to three experimental systems which include
the three possibilities: Fe(C204)g_/Fe(C204)g-, Tl+/Tl(Hg) and
I_/ngIz(sol).

On the other hand, the sphericity and electrolysis time
reverse response have been

effects on the forward and

considered. Finally, for an irreversible process, by extension
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of the method proposed in reference 4, it 1is possible to

determine the Kkinetic parameters and the formal standard

potential of the electroactive couple in all cases.

2. BASIC CONSIDERATIONS
a) Both species, the oxidized, A, and the reduced one, B,

are soluble in the electrolyte solution.

For a slow charge transfer reaction, when a constant
current is applied to the stationary spherical electrode, the
surface concentrations of the oxidized species (A) and the
reduced one (B) can be deduced by making w=0 in equations (27)-

(28) of reference 5. So, we obtain

CA(rO,t) 2
- = 1 - Net E(EA) (1)
A
CB(rO,t) -
- = wo+ Nyt CE(Ey) (2)
CA
2v Dit
Ei = ——;g——— (3)

u = % (1)
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210
N I (5)
e 1/2..%
nFADA CA
¥ = DA/DB (6)

The E-function is defined in the following general form

E(z) = - — 2z + z° - 2™ & s g . (7)

and the transition time, t©

1/2 3/2
1 172 DA 21)A DA
_ _ 3/2 : 2
= T+ — - 3 U+
N, vn 2r 3/nro ar
4DA2
* —— e (8)
15/Fr0

If the current is reversed at time t2 (tzst), the boundary

value problem is given by

= B =
t* =0 rzrg CA = CA(SA,EA) r Cg = 0 (27)
{ r — o CA(r,t') = CA(SA'EA) (28)
€Y » 0
r — -® CB(r,t ) = CB(sB,EB) (29)
£ >0 r = ro dCA dCB i
sl = mf—] - (30
A ar r=rg B or r=r, nFA

where CA(SA,EA) and CB(sB,EB) are given by egns. (24) and (54)
in reference 5 (making w=0).

The procedure of derivation followed, using these new
conditions, differs slightly from that adopted in the preceding
section, and all expresions obtained here are identical to the

preceding ones if we replace EB by —EB and Eé by —Eé.

c¢) The product B is insoluble.

1.- Reduction process

t =0 r zr, } %
c, =C c, =0 (31)
t >0 r =4 @ A A B
t >0 r=r, acA IO
DA[ ) = (32)
or r=r0 nFA

CB(r=r0) =1 (33)
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we obtain the following expressions for the surface

concentrations of A and B

CA(ro,t')
« 1 = N {(c e Y2p(8,) - (1+Q)(t')1/2E(E')} (16)
* e 2 A A
c
A
C., (Ts ")
2B 1/2 1/2
S S 1Ne (t2+t') E(EB) - (1+Q) (t") E(Eé) (17)
Ca
o
Q= —— (18)
o
from egn. (17) we deduce for the transition time the following
expression

. in 102 ,
u 1Ne(t2+t ) E(EB,t )

(z") = (19)
1Ne(1+Q)E(EB,r )

where EB,r' and EB,t' are the values of the variables &B and Eé
for t = t2+r' and t' = t', respectively.
If the species B 1is not present at the beginning of
the electrolysis, eqgn. (19) becomes
W1/2 '
(t2+t ) E(EB,r )

(x)1/2 _ (20)
(1+Q)E(Eg, T")

This equation is equivalent, in the particular case Q = 1 to
that obtained by Murray and Reilley [1]. Therefore, egns. (19)-
(20) are transformed into the corresponding to a stationary

plane electrode if we make r,—~ «® [1,6,7].

0
On the other hand, eqn. (19) may be rewritten in
: ; . 2.~1 *
polarographic units (t' and tz s, DB cm®s 7, r, cm, CA mM, I0
pA) at as
2 x
606327unr. v D, C
1 0 A TA
o172
(r') = +
(1+Q)E(EB,r ) 110
& w172 E
(t2+r ) E(EB,t )} (21)

Potential time functions
The potential time functions of the forward process
(reduction of A) are described by egns. (41)-(50) in reference

4. For the reoxidation process, these functions may be obtained

by inserting eqns. (16) and (17) in egn. (13), so we deduce

~L/2 an(t') _ n(t") . W1/2
90 QNelo = 10 {u + 7&9[(t2+t ) E(EB)
o LB s B _ W 1/2 B
(1+Q) (t*) E(EB)]} {1 Ne[(t2+t ) E(EA)

(1+Q)(t')1/2E(EA)]} (22)
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HEWLETT-PACKARD-AMEL 862/D recorder . The transition time,t', was
assumed to be that at which a sudden jump in the reverse curve
was observed . In all cases the transition times measured in
several experiments under the same conditions were reproducible
to better than 0.01 s. In order to avoid distortion in the
curves by non-faradaic processes, relatively concentrated

3 M) were used [10].

solutions (>10°

A Hanging Mercury Drop electrode (METRHOM EA 290) was used
as working electrode. We used a 5x10_2M stock solution of
Fe(NO3)3, TlNO3 or KI, to which K,C50, (pH = 4.5) or KNO, were
added. The electrode reference was SCE and the measurements were
performed at 25°C. The description of the rest of the
experimental procedures used in this work can be found in

reference 9.

4. RESULTS AND DISCUSSION

Figure 1 shows the dependence of the ratio r'/t2 on t2 for
a stationary spherical electrode (as are the hanging mercury
drop electrode, HMDE, or the static mercury drop electrode,
SMDE) when 4 = 0 (egqn. (20)) for three values of the ratio
between the reverse and direct current, Q. We have represented
in this graph the situation in which both species are soluble in
the electrolyte solution (a) as well as that in which the
product 1is amalgamated into the electrode (b). As «can be
observed, in the former case, it is fulfilled the inequality

(eqn. 20)

- B8 =
<SCA = GCB =0 (9)
) 3 a2 2 2
s = - D.[ + ] (10)
at '’ & 6r2 r ar
t' =0 r e Ty
c, =C,(s,, , C. =C ,
EF 5 B w s } A alsa:8y) B B’ s (11)
t' > 0 = '
r ry 6CA 8CB T
oy (— ) - og(—] - - 2)
A
or r=rg B or r=r0 nFA
I0
2 K ColF. .t') — K C (D, ") (13)
nFA b”“B "0 f°A°0
where t = t2+t' and CA(sA,ﬁa) and CB(sB,EB) are given by
equations (24)-(25) in reference 5.
The equations (9) can be solved by wusing of the
dimensionless variables
r-ry,
si ) e (14)
2y Dit'
2y Dit‘
Ei =——r— (15)
0

and adopting similar procedures to those in references 4 and 5,
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T

s QB =

2.- Reoxidation process

t' =0 r 2r
0 = = 34
} Cy = CA(SA'EA) . Cp 0 (34)
t' > 0 r — ©
t' >0 r=r, aC, I
n(—) - - (29)
& ar r=rq nFA
(36)

CB(r=ro) =1

Under these conditions, the egn. (8), corresponding to the

transition time of the reduction of species
while the transition time for the reoxid

fulfills, obviously

b |
Q
This last relation 1is valid, evidently,
electrode, stationary or not.
The potential time functions adopt the

form

1.- Reduction process

A remains valid,

ation of B, t',

(37)

for any type of

following general

nit) Ja=1/2, *,,(a-1)n(t) _ ot o g2
10 {eo N,C,10 + 1} = C, {1 Nt~ “E(Ey) (38)

nF 0
n(ig) = —mmm [E(t) - E ]
RT1ln 10

(39)
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2.- Reoxidation process

nit*) 172 x  (a-1)n(t') | _
10 {1 90 QNeCAIO } =

* . 172 . ¥ -
ey {1 Ny (ty+t )T “E(E,) + N_(1+Q) (t") E(EA)} (40)

where n(t') is given by eqn. (24).

For a reversible process egn. (40) is simplified to

RT
/

Yy o= * - 1/2
E(t') = E° + In C, {1 No (to+t") "7 7E(E,) +

nF

' W1/2¢ ¢
+ N (1+Q) (") E(EA)} (41)

and for an irreversible one, eqn. (40) becomes

RT T2
0 0
E=E + 1n (42)
(1-a)nF nFAks
3. EXPERIMENTAL
E=t curves were obtained with an AMEL 553

potentiostat-galvanostat (modulated by an AMEL 565 square wave
generator) and a NICOLET Explorer III digital oscilloscope. Hard

copies of the E-t curves were obtained with a
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where
= 4k2 (23)
60 = 4ks/DA
nF 0
n(t') = [E(t') - E ] (24)
RT1n 10
For a reversible process (ks—» ®), eqgn. (22) is transformed to

1172 ~ W1/2 ; ]
1 - Ne[(t2+t )T CE(E,) (1+Q) (t") E(E})

n(t') = log L - (25)
u o+ 1Ne[(t2+t') E(EB) - (1+Q) (t") E(EB)
and for an irreversible one (ks((l)
-1/2
1 60 RNe
n(t') = —log oy L (26)
l1-« u o+ 1Ne[(t2+t’) E(EB)-(1+Q)(t') E(Eé)

(22), (25) and (26) are equivalent to that

If r, — ®, eqgn.
[6] and Macero and Anderson

0
obtained by Delahay and Berzins

[7.8] for a stationary plane electrode.

b) Amalgamation of product B

In this case, we must rewrite the boundary conditions for

the reoxidation processes as follows,

— 45 —

We have obtained in all <cases a great number of

chronopotentiograms (an example is shown in fig. 3) by using

different values of IO' Ié, t2 and C;. As can be observed, a

very good agreement between experimental results and theoretical

predictions is observed.

28
—
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Figure 3.- Comparison between experimental potential-time curves

obtained with and without amalgam formation. Tl* 3 mM in 0.2 M
1 (----). HMDE,

o 3-
l\.\lC’3 ( ) and Fe(CZO‘)3 3 mM in 0.2 M K2C20
Ty = 0.042 cm. Io = I(') = 3 pyA. The values of tz (s) are: A) 3;

B) S: ¢€) 7; D) 9. EO(TI’/‘H(HgH = - 0.458 V and

0 3- PR
E°(FelC,0,)3 /Fe(c,0)37) = -0.248 V.

In figs. 4 and 5 we have plotted AE (=E(t)—EO) vs t with

g = 0 and tz = t© for reversible (fig. 4), quasireversible and

irreversible (fig. 5) processes. From these curves, wWe may

deduce that the amalgamation effect (which originates the

shifting of both, the forward and reverse, curves to more
negative potentials) influences more strongly the reverse

response than the forward one. Moreover, in the forward curve,

this influence decreases when ks diminishes, while the reverse

response is practically independent on ks. This behaviour is due
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Finally, if species B is insoluble, independently of the

type of electrode selected, it is fulfilled (eqgn.(37))

~
=

(c) — =

Q

This different behaviour of the ratio t'/t2 can be used as

diagnostic criterion in order to distinguish between the above

possibilities. From the experimental point of view, the use of

the HMDE has came upon the problem of the scarce reproducibility

of 1its radius. Tipically, an uncertainty to 2-3% in the

which leads to an uncertainty of 15%

electrode radius is found,
(8)).

or larger in the transition time of the forward step (eqgn.

However (see figure 2), if the current is reversed at time

t.< T, the same uncertainty in the electrode radius drives to

2

deviations lower than 0.3% in t'. This makes to reversal current

chronopotentiometry with the HMDE largely applicable

experimentally.

From figures 1 and 2 we may also deduce that, for the (a)

and (b) situations, a decrease of Iy and/or Q, and an increase

of t2 have the effect to emphasize the spherical nature of
diffusion. Therefore, only when the span of time of the

experiment is sufficiently short, we can approximate the ratio
r'/t2 to that obtained in a 1linear diffusion problem [6,7].
Moreover, the relative error commited by wusing of this

simplification diminishes slowly when Q increases. ©So, for

if Q@ 2 1/3 and ry = 0.05 cm, the relative error

if tz < 0.4 s.

example,

commited is lower than 6% in all cases,

= A8 =

In tables I-III the practical application of eqns. (37),
(43) and (44) 1is shown. In these tables we compare the
::Tjr;mjzfj;e:ji:u:j?ents ?f r'/t2 carried-?ut for the systems
2043 294’3+ T1 /T1(Hg) and I /H92I2(sol)' which
fulfill, respectively, the (a), (b) and (c) conditions. The
values of the diffusion coefficients have been taken from

literature [11-13].

Table I

Comparison between th
e values of the ratio t /tz computed

from eqn. (20) (see also
o eqn. (43)), (¢ /tz)cal' with those
ained from experimental E-t curves fr'/e.) f
system Fe(C,0,)37/F i- ' A
: 2 4‘3 e(CZO“)3 in 0.2 M K2C204 (pH = 4.5), HMDE,
ro= 0.042 cm. C,
0 Fe(c,0,)3” = 2 mM, $-=0.0
293 Fe(c,0,) " PFetc00 3" -

6.2:10_6cn23'1[11] .

IO' " IO‘ HA t2, s (1."/t2)Cal (t'/tz)exp
6.0 2.0 1.00 1.18 1.18
6.0 2.0 1.50 1.16 1.16
6.0 2.0 2.00 1.14 1.13
6.0 2.0 2.50 1.12 1.12
5.0 2.5 1.00 0.74 0.73
5.0 2.5 2.00 0.71 0.71
5.0 2.5 3.00 0.70 0.70
5.0 2.5 4.00 0.68 0.68
5.0 5.0 1.00 0.31 0.31
5.0 5.0 2.00 0.30 0.30
5.0 5.0 3.00 0.29 0.29
5.0 5.0 4.00 0.28 0.28
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and for the reverse one, in the a) and b) situations

RT IO RT

E(t') = E° + 1n = -
(l1-«)nF nFACAKs (1-a)nF

1n gé(t',Eé) (47)

where, if both species are soluble in the electrolyte solution,

2I0
GLIER BBl = B B ———5 {(t2+t')1/2E(EB) .
€ nFAY D,C
ATA
(1+Q)(t')1/2E(Eé)} (48)

and, if amalgamation takes place,

210

v fogen DY wl/2- B
ge(t .EB,EB) =y + {(t2+t ) E( EB)

nFAyY DACA

(1+Q)(t')1/2E(—Eé)} (19)

From the slopes and intercepts of the plots of E(t) vs
1n ge(t,EB) and E(t') vs 1n gé(t‘,EB,E B) we can deduce the

above mentioned parameters, obtaining

- — (50)

or

— 41 —
T’ 1
(a) < (43)
tz Q(Q+2)
In the particular case Q = 1, this result agrees with that

obtained from eqn. (44) 1in reference 1 and has been
experimentally proved by Murray and Gross [2].
When B is amalgamated into the electrode, from egn. (20)

(by changing &, and &' by -£&, and -£') we obtain (see figure 1)
B B B B

(b) > ' (44)
t2 Q(Q+2)

+ / 4 Q= 3s
)

101 /.’// " 2228
I o . @ |
\

~ -
= O
= ¥ o2
P o »
i3sls
e
1
08 16 264 32 40 48 004 Qo5 008
tals fo/cm
Figure 1.- Dependence of lr'/t2 on tz (egqn. (20)).
& - 1075 cn24-1 i
u '0. Dg= 10 ~ cm®s °, ry = 0.05 cm: (a) species Figure 2.- Dependence of ' on ry leqn. (20)). @ =
B is soluble in the electrolyte solution, (b) 1. The values of t. (s) are shown th .
amalgam formation. The values of Q are (1) 1; (2) 2 on © curves.
. Other conditions as in Figure 1.
1/2; (3) 1/3. The dashed 1lines are the

corresponding to an stationary plane electrode.
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to the fact that the effect of the amalgam formation on the
reoxidation process is maximum in t' = t', and, therefore, is

not substantially affected by the kinetics of the process.

160, b
/'
> 7
€
~
o 9
<Q
0 2 4 6 0 2 4 6
tis tis
Figure S.- Potential time curves for a
SAOuES §.> Boteatisi-time durvus fof @ F9varaibls quasirreversible process (eqns. {22) and (26)),
RS Y 10 N 2 L il ¥ B L T k = 5-10" ca 0'1(- - =), and for an irreversible
t. No= 1 8712 e values of g are (1) 1: (2) N x, = 5107 ca o i—1 w1 M2 g s

Other conditions as im Figure 1. 1/3. Other conditions as in Figure 3.

On the other hand, the effect of kinetic parameters « and ks
on these curves is qualitatively similar to that described in
references 4 and 8. In the case of insoluble product formation,
(see figure 6) the charge transfer reaction behaves reversibly

for values of ks up to 10_3cm.s_1, while behaves as totally

-6 =1 :
irreversible for values of ks lower than 10 “cm.s ~. In this
last case, according to egn.(42), the reverse curve is time

independent.

— 47 —

AE/mV

0 0 16 24 a2
ts

Figure 6.- Potential time curves in the case of
insoluble product formation (eqns. (38) and (40)).
The values of k, (cm s7Y) are () 10% () 1074

€ 107% (p) 1077, Ng= 1.5 87172, g = 1. other
conditions as in Figure 3.

Finally, for an irreversible process, it is possible to

obtain accurate values of a, ks and EO in all the possible
behaviours of the reduction product (in an extension of the
method proposed in reference 4 for both species soluble in the

electrolyte solution). So, for the forward process, we may write

RT NnFAC.k RT
0 A's
E(t) = E~ + 1n + 1n ge(t,E\) (45)
anF I anF :
0
where
1/2
ZIot E(EA)
ge(t,EA) =1 - (46)

x

nFAy D,C




— 44 —

Table II

Comparison between the values of the ratio t'/t2 computed

from eqn. (20) modified to amalgam formation

(see also eqn.

(41)). (t'/tz)cal, with those obtained from experimental E-t

curves, (r'/ty) . .. for the system TI'/T1(Hg) in 0.2 M KNO,.

HMDE, ry= 0.042 cm. Cpy+ = 2mM, Cpy(uoy = 00 Dy (ygy= 0.95x107°

em?s71(12,13].

Tor mA 16’ A t,r 8 “'/tz)cal “'/t2)e.\:p
9.0 3.0 0.50 1.39 1.40
9.0 3.0 1.00 1.44 1.44
9.0 3.0 2.00 1.52 1.52
9.0 3.0 4.00 1.64 1.65
10.0 5.0 0.75 0.88 0.88
10.0 5.0 1.50 0.91 0.91
10.0 5.0 2.50 0.95 0.95
10.0 5.0 3.25 0.98 0.98
6.0 6.0 1.00 0.37 0.37
6.0 6.0 2.00 0.39 0.39
6.0 6.0 3.00 0.40 0.40
6.0 6.0 5.00 0.42 0.41

Table III

Comparison between the values of the ratio r'/t2 computed
from eqn. (37), ‘ (t'/tz)cal, with those obtained from
experimental E-t curves, (t'/tz)exp, for the system I-/ngI2 in

0.2 M KNOj. HMDE, rg= 0.042 cm. Ci- = 2 mM.

Ip. 1A Iy wa tye s (r./tz)cal (r'/tz)exp
5.0 5.0 1.00 1.00 1.00
5.0 5.0 2.00 1.00 0.98
5.0 5.0 3.00 1.00 0.98
5.0 1.0 2.00 5.00 5.05
5.0 2.0 2.00 2.50 2.48
5.0 7.5 2.00 0.67 0.65
3.0 f.O 2.00 0.75 0.74

30.0 4.0 0.30 7.50 7.50

= 49 =

RT
1l ~a@==—— (:51)
nFPB
and
RT oB = OA Io
1ln ks = ( + 1n Q) + ln —— (52)
nFPA PB nFAC
" PBOA - PAOB - PAPB In R
E™ = (53)
Pg = Pa

where Oi and Pi are the intercepts and slopes for the cathodic
(i = A) and anodic (i = B) processes, respectively.

In the situation c¢), we may calculate o« and ks from the
intercept and slope of the plot of E(t) vs 1n ge(t,§A) in the
eqns. (45), (46)), while E° must be

forward curve (see

calculated from egn. (42).

5. CONCLUSIONS

We have developed the theory concerning a slow charge

transfer process in current reversal chronopotentiometry with a

stationary spherical electrode . We have <considered three

different situations for the reaction product. The effects of
amalgamation (which cannot be taken 1into account in plane
electrodes) and of the formation of an insoluble product on the
potential-time curves are discussed. A procedure is given to

discriminate between these different situations from

measurements of the ratio t'/tz, which depends only on Ty DB




= B0 ==

and Q. The different behavior of r'/t2 in each case is more
remarkable for increasing values of t2, whereas it is slightly
affected by ry- All these features allow us to carry out the
discrimination-with a minimal error, since t, can be modified in
a long range. Finally, we have proposed methods to determine
kinetic and thermodynamic parameters 1in the three above

mentioned situations.

NOMENCLATURE

Iy radius of spherical electrode

A area of spherical electrode

IO' I6 forward and reverse constant currents,
respectively

t2 time elapsed between the beginning of
electrolysis and current reversal application.

&’ time elapsed between current-reversal
application and measurement of the ﬁotential.

Ty T transition times of reduction and reoxidation
processes, respectively

kf, kb heterogeneous rate constants of the forward
and reverse charge transfer reactions

ks apparent heterogeneous rate constant of charge

transfer at E0
Other definitions are conventional.
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