Lecture #7
Potentiostatic current transients of a new-phase formation

Potentiostatic current transients are the measure of current over time during an
electrochemical process where the potential is held constant. When a new phase forms
on an electrode, the transient current-time plot typically shows an initial rise, reaching a
maximum, and then falling off as diffusion becomes the rate-limiting factor. This shape is
used to analyze the nucleation and growth mechanisms of the new phase, which can be
instantaneous or progressive, and to determine parameters like nucleation rate and ion
diffusivity.

To determine the kinetic parameters of electrocrystallization and the mechanism
of a new phase formation (nucleation), potentiostatic current transients -
chronoamperograms for the electrodeposition of indium on GC electrode in 0.05M InCl3
containing solutions were obtained and given in Figure 1. It can be seen from the
chronoamperograms that, at a potential of -0.65V, indium electrodeposition is not
observed (Figure 1 A, B). At a potential of —=0.70 V, electroreduction of In®* ions occurs
and the current maxima are observed (jmax=—6.3 MA cm™?; tna=10.61s), which is
associated with the overlapping of the diffusion zones of individual crystallites and
hemispherical mass-transfer gives way to linear mass-transfer to a effectively planar
surface. The further course of the current transients is explained by the diffusion limitation.
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Figure 1. Potentiostatic transients for the deposition of indium on GC electrode. At
35°C temperature from a blank electrolyte (A); from a blank electrolyte +10™4 M TBACh
solution (B) for different applied potentials [1].

Additions of tetrabutylammonium to deposition electrolyte significantly shift the
chronoamperogram maxima to the region of small times (tmax=0.93s; jmax=—23.3 mA
cm™2). The shape of the experimental potentiostatic transients in the nondimensional
coordinates ((j/jmax)*—t/tmax) depends on the nature of the rate-determining stage and the
type of nucleation. In the case of diffusion-controlled processes, the approach to
analyzing the above transients has been developed by B.R. Scharifker and G.J. Hills [2].
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Experimental transients are compared in Figure 2A, B to transients calculated
according to the Scharifker-Hills (SH) model for instantaneous and progressive three-
dimensional nucleation according to following equations [3]:
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The experimental curves obtained without tetrabutylammonium chloride are in
good agreement with a 3D progressive nucleation (Figure 2A). Same type of nucleation
has been pointed out with TBACh additives. The stationary nucleation rate — AN. and
saturation nucleus density — Nsat for 3D progressive nucleation with diffusion control are
calculated from the current maxima of the potentiostatic transients [2].
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Figure 2. Dimensionless curves, (j/jmax)? Vs t/tmax €xperimental (the symbols) and

theoretical (the solid lines) for instantaneous and progressive for the indium nucleation at

35°C on GC electrode in a blank electrolyte (A) and a blank electrolyte +10™* M TBACh
solution (B).

In the SH model, the estimation of the nucleation parameters is based only on one
point (tmax and jmax). FOor a more accurate assessment of the kinetic parameters of indium
crystallization on glassy carbon, more appropriate models have been used, such as the.
Scharifker-Mostany (SM)model and the Mirkin-Nilov-Heerman-Tarallo (MNHT) model.
According to the literature, the accuracy of the SM model depends on the time interval,
and this model well describes theoretical dependence of j vs. t just in the limit. Of a longer
time. The MNHT model includes a correction to the SM model for short periods of time.
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The values of the stationary nucleation rate, obtained by fitting the theoretically
calculated j—t curve using the SM and MNHT models are presented in Table 1.

Table 1. Calculated values of the stationary nucleation rate, AN. for the 3D
progressive nucleation according to SH model, SM and MNHT models, respectively.

EWV) AN. (10°cm~2s7%)

n (mV)
SH model SM model MNHT model SH model SM model MNHT model
60 -0.70 0.013 0.009 0.007 0.881 0.653 0.490
110 —-0.75 0.087 0.064 0.049 2.834 2.068 1.550
160 —0.80 0.713 0.578 0.436 14.139 10.112 7.580
210 —0.85 2.153 2.362 1.780 19.806 21.837 16.378
260 —0.90 9.188 8.920 6.690 48.086 46.685 35.014
310 —-0.95 27.618 27.248 20.436 105.149 100.142 75.107
Solution: BE ME
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