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During the past fifteen years since Nicholson !
presented his calculations on the peak potential
separations during cyclic voltammetry of quasi-
reversible one electrode processes, eqn. (1) and
the theoretical data have been applied in deter-
mining the heterogeneous charge transfer rate
constants of numerous redox systems.?”® In the
expression, y=(D,/D,)} where D, and D, are the
diffusion coefficients of the oxidized and reduced
species, a is the transfer coefficient, v is the voltage
sweep rate and the other symbols have their usual
significance. The manner in which the theoretical

¥ = 7" k/(nD,Fv/RT)* 1)

data are normally used is to construct a working
curve where ¥ is plotted as a function of the peak
separation (AEP) and experimental values of AEP
can then be used to determine y and hence, k,.

Such an analysis procedure is not directly ap-
plicable to systems for which { is greater than 7
since this is the limit stated by Nicholson! where
the response becomes identical to that for a
Nernstian process. Great improvements in instru-
ment design and capability have been made since
1965 and thus this limitation no longer holds. We
have recently reported cyclic voltammetric peak
potential data with a precision of the order of 0.2
mV’ and thus a wide unexplored potential region,
AEP between 63 and 59 mV, exists where measure-
ments could provide rate constants for very rapid
heterogeneous charge transfer. Another problem
is the precision in the theoretical data which was
only reported to 1 mV, presumably because this
was higher than the experimental precision at that
time.! For this reason, we have reexamined the
relationship between ¥ and AEP in order to extend
the use of eqn. (1) to higher values of .

We have found that eqn. (2) precisely gives the
values of AEP from the values of Y previously
reported.! The comparison of AEP values calculated
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Table 1. Comparison of peak potential separations
calculated by numerical methods and by series
expansion.

AEP/mV
¥
Series® Series® Nicholson®
20 60.30(0.70)¢  61.01(0.01)¢ 61
7 62.53(0.47) 63.27(0.27) 63
6 63.10(0.90) 63.85(0.15) 64
5 63.90(1.10) 64.66(0.34) 65
4 65.10(0.90) 65.87(0.13) 66
3 67.10090)  67.90(0.10) 68
2 71.10(0.90) 71.95(0.05) 72
1 83.10(0.90) 84.09(0.09) 84
0.75 91.11(0.89) 92.19(0.19) 92

* AEP,, equal to 59.2 mV. ®59.8 mV substituted for
AEP... From Ref. 1. Values in parentheses are the
differences between the values calculated and those
given in Ref. 1.

Table 2. Comparison of peak potential separations
calculated by digital simulation and by series
expansion.

AAEP
U2
Series ¢ Simulation
1556 0.02 (0.02)° 0
1000 0.02 (0.02) 0
100 0.24 (0.04) 0.2
50 0.47 (0.07) 0.4
20 1.18 (0.18) 1.0
7 3.38 (0.22) 3.6
6 3.94 (0.46) 4.4
5 4.73 (0.27) 5.0
4 591 (0.29) 6.2

“From eqn. (2). ® Values in parentheses are the dif-
ferences in the values calculated by the two methods.

AAEP = AEP— AEP,, =
(In 10)RT/FQ ' =273 4+2 5)y~! @

using (2) with the theoretical values is shown in
Table 1. The correct value of AE?,, (59.2 mV), that
for a Nernstian charge transfer under the conditions
of the calculations,* led to AEP values which were
consistently about 0.8 mV less than those reported
by Nicholson. The best agreement was found when

* AEP is dependent upon the switching potential and

corresponds to 59.2 mV for AE?,, under the conditions
of the calculations.
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AE?,, was replaced by 59.8 mV, in which case the
average deviation was a mere 0.15 mV. It should
be pointed out that the agreement deteriorates for
Y values lower than 0.75.

In order to be sure that ¥ is a continuous function
up to values corresponding to the diffusion con-
trolled limit, AEP values for large k, were obtained
by digital simulation.® The data from the simula-
tions as well as that calculated using eqn. (2) are
summarized in Table 2. The simulation assumed «
equal to 0.5 and the frequency of the time steps
was such that the potentials are accurate to +0.2
mV. Once again, the data obtained by simulation
and by the series expansion (2) were identical within
the limits of the error of the simulation. The average
deviation was equal to 0.13 mV.

From the comparisons shown in Tables 1 and 2,
we conclude that eqn. (2) gives as precise values of
AEP from a given ¥ value as either the numerical
method of Nicholson! or digital simulation. Since
the equations describing the kinetic-diffusion prob-
lem cannot be solved analytically,' we see no way
at this time of relating eqn. (2) to an analytical
solution.

From a practical point of view, this work has
opened up the AEP region from 63 to 59 mV for
heterogeneous charge transfer rate studies. With a
precision of about 0.2 mV, it should be possible to
estimate Y values up to about 100. At 1 kV s7!
sweep rate, this corresponds to a heterogeneous
rate constant of about 110 cm s~ ! assuming a D
value of 107 ° cm? s~ . We are actively investigating
the kinetics of rapid charge transfer by this
method.
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