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Abstract Electrodeposition and electrocrystallization of copper on glass carbon electrode from both CuCl,
silica sols and aqueous solutions were investigated by utilizing cyclic voltammetry and chronoamperometry,
respectively. The experiment results indicated that copper electrodeposition involved the two-step reaction in
both electrolytes, and the deposition rate determining step (Cu>" reduced to Cu”) in silica sol was easier
than that in aqueous solution. An adsorption-nucleation model was proposed to analyze quantitatively the
current-time transients (CTTs), which could separate the ipp and #,ycleation petfectly. By the proposed model,
copper electrocrystallization mechanism was characterized as progressive nucleation with 3D growth (3DP)
under diffusion control. The diffusion coefficient of copper ions in silica sol was smaller than that in aque-
ous solution. However, the saturated nuclear number density in sol was larger than that in the aqueous solu-
tion at the same potential.
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Table 1 The composition of electrolytes

AR 22 P “/mL TEOS/mL = ¥ /K/mL CuCly/(mmoleL ")

soll 16 4 5
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Figure 1 Cycle voltammograms for the electrodeposition of
copper on a glass carbon electrode in 5 (a) and 10 (b) mmol/L
CuCl, silica sol and aqueous solutions, respectively (scan rate
was 10 mVes ™)
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Table 2 Potentials of reduction peak in cycle voltammograms
of 5, 10 mmol/L CuCl,silica sol and aqueous solutions
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Figure 2 Families of CTTs for copper electrodeposition on a glass carbon electrode from 5 mmol/L CuCl,silica sol (a) and aqueous

solutions (b), 10 mmol/L CuCl, silica sol (¢) and aqueous solutions (d)
(1) —0.50 V, (2) —0.45V, (3) —0.40V, (4) —0.35V, (5) —0.30 V
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Figure 3 Comparison of the experimental current transient
curve of copper electrodeposition onto GCE recorded at —0.30
V from 10 mmol/L CuCl, silica sol with the corresponding simu-
lated curve
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Table 3 The parameters related to double-layer charging and nucleation for copper electrocrystallizations in 5 mmol/L CuCl, silica sol

Double-layer charging

3DP nucleation

E/V (vs. SCE)

ki/(1072 Ascm ?) /1075 04/(107* Cocm ) AN,/(10" s Tecm ?) Ny/10® ecm ™2
—0.35 2.01 1.97 1.02 1.73 232
—0.40 2.48 2.59 0.96 3.44 3.28
—0.45 3.22 3.26 0.99 5.83 427
—0.50 3.60 3.59 1.00 6.29 4.43

%4 5 mmol/L CuCl, /K%

YT XU S22 78RR L B AR R 24

Table 4 The parameters related to double-layer charging and nucleation for copper electrocrystallizations in 5 mmol/L CuCl, aqueous

solution

Double-layer chargin,
E/N (vs. SCE) yer charging

3DP nucleation

ki/(1072 Ascm ?) k/10%s™h 0,4/(10* Cocm ?) AN,/(10" s 'ecm ?) Ny/10% cm 2
—0.35 2.85 2.44 1.17 3.02 2.17
—0.40 423 3.51 121 4.65 2.70
—0.45 4.68 4.50 1.04 7.64 3.46
—0.50 5.64 4.67 121 8.61 3.67

&5 10 mmol/L CuCl, FEHF I U HL 2 78 HUMTEL 45 i IR AH G 2 8L

Table 5 The parameters related to double-layer charging and nucleation for copper electrocrystallizations in 10 mmol/L CuCl, silica sol

Double-layer charging

3DP nucleation

EIV (vs. SCE) ki/(107% Ascm ?) k/107 s Ouis/(107% Cocm™?) AN/(10" s Tecm™2) Ng/10% ¢cm ™2
—0.30 1.75 0.67 2.62 0.19 0.66
—0.35 2.29 1.05 2.18 0.67 1.24
—0.40 2.45 1.18 2.08 1.15 1.61
—0.45 3.02 1.53 1.97 1.62 1.92
—0.50 3.65 1.95 1.87 2.62 2.44
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10 mmol/L CuCl, 7K ¥ X L2 78 LRI L 45 R I AR DG S 4

Table 6 The parameters related to double-layer charging and nucleation for copper electrocrystallizations in 10 mmol/L CuCl, aqueous

solution

Double-layer charging

3DP nucleation

E/V (vs. SCE)

/(1072 Asem ™) kp/10%s™! 0,4/(1074 Cocm™?) AN,/(10" s Tecm ™2 NJ/10® em™
—0.30 3.73 1.04 3.59 0.15 0.44
—0.35 4.88 1.69 2.89 0.42 0.73
—0.40 5.61 2.24 2.50 1.07 1.16
—0.45 6.85 2.96 231 1.99 1.58
—0.50 7.04 3.07 2.29 2.76 1.86
Q)uF I e B S 45 R, AR CuCly IR 65, 881.)
14 Gu, M.; Li, Q.; Fu, B.-H.; Xian, X.-H. Trans. Inst. Met.
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15
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