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Fig. 1 Cyclic voltammograms of Ag deposition on GCE with
different scan rates. The scan rates varied along the ar-
row direction were 30, 50, 70, 100 and 110 mV -s™.
The inset shows the relation between the current den-

sity of cathodic peaks and square root of scan rate.

1) BRI U PR YL 5, 55 4 A SRR P O R R LM G R
HE AN TR 451 91 3 5T 1 B R 30 D 06 v 5 60 0 i
TR AR AT MRS . R 1 A R TR
LMW GG 3 — FAM LRI R 0.995 HFEA
23t IR B, U Ag 7 3 Bk HL A 3R 1T AY TR
J& T4 R AN AT 3 A o AR

2.2 EBALRBRSLIE

TE I B WL A b it in RS [/ L AL (<750 mV,-765
mV,-780 mV,-795 mV,-810 mV,-825 mV), 5%l
THBF LG R AN R] 2 T it A S E B e
(] PA 7 A2 AR R I /N B L, I PR RO 2
FEHL R 2 R R T B A O i PR 3 T 3 K
IR B AR, VAR HL U 3R 78 R Ly (L P, YL X8 7 () I
[0 RIRA 1 IS BN S, 38 B i IR TT 85 T BT
TRE. WAL R L, A e, WAAHATE], ELRE
i Y BR HLASE ) B RS 1, ORISR R OK | 3X
LW Ag TF B fe v Al e T Y A% AR K AT B TR
il =2 R AR A B R,

TEY RS H i S A KALEE T, A BRI A
% B2 W% P A 22 B 1Y) 2 A% AR KALEE. AR 4 SH B
WAL A% AR K 2 T U R R B T HK
i il B b 3R P BURT A% 1 RN A v L
DL K i A% T H B 3 T B 5 R B A I R] ¢ f eR
Bt 0 LS W A% R i 8 A T e A% 2R
K7 X2 Py 7 AH R B 3 i 2 o H A 3R T XL H,



.346 - w,

4
Z

-750 mV

mo a0 o

J/(mA-cm™)

/s
2 B e HEL AR L AN TR] B R RRL A 1% B E O 2k

Fig. 2 Chronoamperometric curves at different stepped po-
tentials on GCE
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Fig. 3 Comparisons between experimental curves and theo-

retical curves at different potentials
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Tab. 1 The electrocrystallization parameters of Ag deposition on GCE under different stepped potentials

E/mV(vs. SCE)  10°I/(A-cm?) bl 10°,2t,/(A%s-cm™)  10°D/(cm?-s™) 10°Ny/(cm™)
=750 -20.9 0.790 344 7.27 3.26
=765 -28.9 0.412 344 7.28 6.25
-780 -30.7 0.375 354 7.48 6.68
=795 -34.4 0.310 366 7.74 7.80
-810 -38.4 0.250 340 7.61 9.85
-825 -40.5 0.230 376 7.95 10.20
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Fig. 4 Surface morphologies of initial silver deposition under -750 mV for different time: A. 0.5s; B. 0.8 s; C. 1.2's
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Fig. 5 Chronoamperometric curves at different temperatures
on GCE
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Tab. 2 The electrocrystallization parameteters of Ag deposition on GCE under different temperatures

T/°C 10°L/(A-cm?) La/S 1072,/ (A% s-cm™) 10°D/(cm?-s™) 10°Ny/(cm?)
25 -7.47 242 143 3.02 2.56
30 -10.3 1.74 184 3.90 2.77
40 -16.0 1.10 280 5.92 291
50 -20.9 0.790 344 7.27 3.26
60 -28.1 0.499 394 8.33 4.52
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Complex Coordination Silver Electrocrystallization Mechanism on
Glassy Carbon Electrode Surface

HUANG Shuai-shuai, LIU Cheng, JIN Lei, YANG Fang-zu’,
TIAN Zhong-qun, ZHOU Shao-min
(State Key Laboratory of Physical Chemisiry of Solid Surfaces, College of Chemisiry and
Chemical Engineering, Xiamen University, Xiamen 361005, Fujian, China)

Abstract: Cyclic voltammetry and potential step methods were successfully used to study the electrochemical crystallization
mechanism of silver deposition on glassy carbon electrode (GCE) in the practical cyanide-free silver plating electrolyte containing
composite complexing agents. Scharifker-Hill (SH) theory was used to fitting the experimental data. The results showed that the
electrodeposition of silver is a diffusion controlled irreversible electrode process according to three-dimensional instantaneous
nucleation mechanism. When the step potential shifted from -750 mV to -825 mV, the peak deposition current Im was increased,
while the induced nucleation time tm shortened. The calculated kinetic parameters showed that the diffusion coefficient (D) was
basically constant, ranged (7.31 £ 0.34) x 10° cm?-s”, and the active nucleation sites density (/V,) increased from 3.26 x 10° cm™ to
10.2x10° cm™ The morphologies for the initial deposition of Ag verified the three-dimensional instantaneous nucleation mechanism.
Increasing the temperature could significantly improve the diffusion ability of the active silver coordination ions in the electrolyte,

which shortened the nucleation time and enhanced the active nucleation sites density V.

Key words: silver; complex coordination; cyanide-free system; nucleation mechanism; cyclic voltammetry; chronoamperometric

curves
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