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Electrocrystallization of Pd-Ni Alloys on Glassy Carbon Electrode

YUE Jun-Pei YANG Fang-Zu TIAN Zhong-Qun ZHOU Shao-Min

(State Key Laboratory of Physical Chemistry of Solid Surfaces, College of Chemistry and Chemical Engineering,
Xiamen University, Xiamen 361005, Fujian Province, P. R. China)

Abstract: Using the Scharifker and Hills model and Heerman and Tarallo model, cyclic voltammetry and
chronoamperometry were used to study the nucleation mechanism upon the electrodeposition of a Pd-Ni
alloy from an electrolyte. The results show that the electrodeposition of the Pd-Ni alloy onto glassy carbon
electrode consisted of nucleation and growth, and the nucleation process according to the Scharifker and
Hills model follows three dimension-progressive nucleation, which is controlled by the diffusion of the
electroactive species. By applying the Heerman and Tarallo model, the kinetic parameters associated with
the crystal nucleation and growth processes were obtained. The nucleation rate constant and the density of
active nucleation sites increased from 0.83 to 7.71 s™* and from 2.77x10* to 7.09x10*cm™, respectively, as
the step potential was changed from —0.85 to —0.92 V (vs SCE).
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Fig.1 Cyclic voltammograms of glassy carbon electrode
(GCE) in the electrolyte of Pd-Ni alloy
curves 1, 2, 3 for the low terminal potentials of —0.80, —1.00, =1.20 V,
respectively, curve 4 for the second scanning circle of curve 3;

scan rate: 50 mV -s
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Fig.2 Cyclic voltammograms of glassy carbon electrode
(GCE) in the Pd-Ni electrolyte between 50 and 500 mV-s™'
scan rates
'he scan rates following the arrow are 50, 100, 200, 300, 400, and

500 mV-s"' in order.
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Fig.3 Variations in current density of cathodic (a) and
anodic (b) peaks with square root of scan rate
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Fig.4 Potentiostatic current transients for the nucleation
of Pd-Ni on GCE at different step potentials
curves |, 2, 3,4, and 5 for step potentials of —-0.85, —0.87,

—0.88, —=0.90, =0.92 V, respectively
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Fig.5 Comparison of theoretical non-dimensional plots
instantaneous nucleation curve | and progressive nucleation
curve 2, to the experimental current transient curves 3, 4, 5, 6,
and 7 with the step potentials of —0.85, —0.87, —0.88, —0.90,

and -0.92 V, respectively
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Table 1 Kinetic parameters extracted from the current

BRI SE

transients according to HT model
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Step potential/’V- 10°D/(cm’+s™) 107N,/ cm™ Als™!
-0.85 4.03 2.77 0.83
-0.87 4.02 291 0.92
-0.88 4.01 493 1.03
-0.90 4.00 5.47 2.99
-0.92 4.00 7.09 7.71

D: diffusion coefficient; N,: density of active nucleation sites;
A: nucleation rate constant
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Fig.6 Comparison between the experimental
current transient (solid line) and the corresponding
theoretical current transients (dot line) generated by

non-linear fitting of HT
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