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A rigorous mathematical analysis is presented for an irreversible electrode process in the cy-
clic reciprocal derivative chronopotentiometry. Influences of basic electrochemical parame-
ters, such as transfer coefficient a, rate constant kg, current density j, number of the
electrons involved in the electrode reaction n and reactant concentration ¢, on the proper-
ties of the dt/dE-E chronopotentiogram are described.
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Cyclic reciprocal derivative chronopotentiometry (CRDCP) is a novel elec-
trochemical method developed recently. It is derived from the cyclic deriva-
tive chronopotentiometry®. The first paper from this laboratory has dealt
with the general principle and treatment of reversible electrode process.
The chronopotentiogram of CRDCP has a shape similar to the classic cyclic
voltammetry (CV), possessing some unique electrochemical characteristics.
It may be considered as the CV under the galvanostatic conditions. In this
paper, we continued its theoretical study for an irreversible reaction.

THEORETICAL

Consider a reduction O + ne — R, involving only one rate-determining step
and neglecting the effect of the backward process. The cathodic process can
be written as (0 < t < 1) (refs3%);
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E-t curve:

E, = E°' RT F e |n(ﬁ—f) 1)

dt/dE-t curve:

dt _ 2anF
- mr Ji(Vi =) )

From Eqgs (1) and (2), the dt/dE-E curve can be obtained:

dt _ anF \/ 3)
dE RT ﬁf
in which
(E. —E°")anF
P=exp—&———"——. 4
p T (4)
Transition time obeys the equation
nF,/mD, C,
TR ®

Notations in the above equations are as follows: E is the electrode poten-
tial, E” standard formal electrode potential, t time from the start of the ex-
periment, a transfer coefficient, n number of electrons involved in the
over-all electrode reaction, k; heterogeneous rate constant, j density of the
current through the electrolytic cell, D5 and Dy diffusion coefficients of
substances O and R, respectively.

At t = 1/4, dt/dE-E the curve achieves its maximum value. The peak
height, y; ., is

anF

=-—T,; 6
Ype SRT (6)
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the peak potential:

£, = g0 RT VT )
' anF /ITD,
Combinig Egs (3), (4) and (6), the half-peak width can be obtained
1763RT
W, = . 8
P/2,c GnF ( )

At time T, the current through the cell is reversed and, consequently, sub-
stance R is reoxidized. Let a + 3 = 1; the anodic branch can be described as:
(T<t<7,t =t-1) (refs®®);

E-t curve:

E

—go- RT 2K —ln[(T+t)1/2 t'“z]; @)

: BnF  /mD,
dt/dE—t curve:

/2 11/2 11/2 172
o __poe (oo -2 ]far (o) B (10)

dE RT E {2 2(T+t )1/2 E

Equations (9) and (10) are very complicated and hence cannot be solved di-
rectly; we applied the numerical simulation method. The results indicate
that at t' = 2/717 = 2/211 (U = 1/3 as in the case of the reversible electrode
process, the transition time for the reoxidation process is one third of the
transition time for the preceding cathodic processes’-8), dt/dE-E achievs its
maximum value

BnF
=01554—— 11
Yo, A " (11)
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the peak potential is

0. RT In0.8586k5ﬁ

E.,=E _— (12)
P BnF /D,
the half-peak width can be expressed as:
1901RT
WP/Z,C = BniF . (13)

Similarly to cyclic voltammetry, we also emploied following parameters
to represent the properties of CRDCP:
the ratio of cathodic and anodic peak heights:

Yoo _ 32180

= ; (14)
yP,a B
the distance of cathodic and anodic peak potentials:
AE, =E, . -E, = -RT| 08586k, VT _RT | kT (15)

—In ;
BnF /TD, anF /D
the half-peak width for both cathodic and anodic branches (T = 298 K):

W,,, . =453/an (mV), (16)

W,,,, =488/Bn (mV). (17)
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RESULTS AND DISCUSSION

No attempt was made to verify the theoretical equations for the electro-
chemical reaction in the present case, because the accuracy of
oscillographic recordings in such a short time period under the irreversible
condition is not sufficient. A computer-aided numerical simulation method
was used to calculate theoretical E-t, dt/dE-t and dt/dE-E chronopotentio-
grams and investigate its electrochemical properties. A Pentium 586 com-
puter and Turbo C 2.0 language were used for the programming.

As an example, variations of three curves E-t, dt/dE-t and dt/dE-E with
parameters a and k, are shown in Figs 1 and 2. This diagram was constructed
using the following data: j =2 - 104 Acm?,n=2,¢, =1 - 107 mol cm™=3, Dg =
Dg=1-10°cm?stand T = 298 K.

Influences of important electrochemical parameters (a, kg, j, n and c,) on
the properties of CRDCP were also investigated theoretically. The values of
Yp.o/Yp.ar BEp, Wp, . @and Wy, » were computed and are tabulated in Table |
along with other pertinent information. Inspection of the information in
Table | also reveals several important points:

1. yp /Yp 4 is related explicitly to a and independent of k, j, n and Co-

T
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2. AE; is a function of a, kg, j and c,. With increasing n, a, k; and ¢, , AE,
decreases (opposite trend for increasing j).

3. Wp, . and Wp,, , only depend on transfer coefficient a and n, and are
not related with k, j and c;.

CONCLUSIONS

It is possible to develop a rigorous mathematical analysis of CRDCP for the
irreversible process discussed in the present paper. The characteristics of the
dt/dE-E curve appears to be particularly useful in evaluating thermody-
namic and kinetic quantities for both reduction and oxidation. In such
studies, the method is more advantageous than classic chronopotentio-
metry. For example, the transfer coefficent a is estimated from the slope
and E intercept of a plot of E vs log (I - (t/1)¥?) in chronopotentiometry.
Determination of accurate transition time is difficult because 1 is obscured
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TABLE |

Influences of parameters a, K, ¢,» j and n on the properties of dt/dE-E chronopotentiogram
(except specified, the parameters are: j =2 - 10 Acm2, n=2,¢, =1 107" molcm™, T =

298 K, Dg =Dg=1-10° cm? s

,a=05andk,=3-107° cm s

:’;rame— Properties Results Conclusion

K ks, cm st 3107 310°% 310° 310 310 Kk, affects
AEp oIV 0.5761 0.4579  0.3396  0.2214  0.1030 AE,, only
Ye.c/Ypa 3.218
Wop,, J/mV 45.3
Wp)p /mV 48.8

a a 0.1 0.3 0.5 0.7 a affects
AEp IV 0.9347 0.4025 0.3396  0.4062 DEp oo Yo o/Ypa
Yp.o/Yp a 0.3576 1.379 3.218 7.509 Wp,, . and
Wp, /mV 2265 755 45.3 32.4 Wps o
WP/Z,a/mV 27.1 34.9 48.8 81.3

j i, Acm™ 1104 2110%  410%  810% 12.10* | affects
AE, IV 0.3040 0.3396 0.3752 0.4108  0.4316 AE,, only
Yp.o/Yp.a 3.218
W, J/mV 45.3
Wi/ o/ MV 48.8

c ¢, molem™ 1107 2107 4107 6107 8107 c, affects
AE, IV 0.3396 0.3040 0.2684 0.2476  0.2329 AE,, only
Yp.o/Ypa 3.218
Wop)p /MV 45.3
Wi/ o/ MV 48.8

n n 1 2 3 n affects
AEp . /V 0.7504 0.3396  0.2125 AEp
Yp.o/Yp a 3.218 Wp,, . and
Wpp /mV 906 453 30.2 Wos
Wpp/mV 976 488 32.5
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due to the effects of capacitance of the double layer®1°. However, o can be
readily obtained by measuring both cathodic and anodic peak heights in
CRDCP using Eqg. (14). The proposed approach provides a very simple ex-
perimental method for the determination of transfer coefficient; it should
be credited with reviving interest in related chronopotentiometric tech-
niques.
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