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Abstract : Electrochemical characteristics and kinetic parameters of copper ion reduction were investigated with a platinum rotating
disk electrode (RDE) in a diffusion controlled region. Reduction of Cu(I) in sulfate solution had one-step two-Xelectron process, while
the reduction of Cu(II) in chloride solution was involved two one-electron processes. The transfer coefficient of Cu(Il) in sulfate
solution was lowest, and the transfer coefficient of Cu(I) in halide solutions had the value of nearly one. In chloride solutions,
electrodeposition rate of Cu(Il) was about one hundred times faster than Cu( D). Diffusion coefficient increased in the order of Cu(Il)
in chioride solution, Cu( 1) in the iodide, bromide, chloride solution, Cu(II) in sulfate solution. The calculated ionic radii and activation
energy for diffusion decreased in the same order as above. Morphological study on the copper electrodeposition indicated that the elec-
trode surface became rougher as both concentration and reduction potential increases, and the roughness of the surface was analyzed
with UV/VIS spectrophotometer.

1.4 2 A Ae ZxoleEol ool T FolLEF} AT
o 23ae Fuz EAs, oo datd FHAFE °&
423 g ARdA e vhgo] gE FRed 1L WS ? £E28 A7 Agleh AgCN £ Ageleel 24
o Aolatt o] el S e} B F BAATEY] e B{1, 8] A, FAA oAEAE WA Aucl 2 ERIME
olle 71z @t B3, Aol Jojur FHol2 AU g3 £223 a7k 2ag 8
Wgo] glojdE AL ¥PE SEEH AASA dste] A 28U Cudl ASelE ool goleol EAA FA4H
Ao Tz 1 BA SAS0] ARHY, AFHA F59 = Az gy 2 Fed AL vAe Fid IF 2
90 W8] F2 wed Fedol 14 AHARFHY X AAT P $AE T B AFE PAE Holrh Sl
W AT pEg A7 ddsel Hr1~Tl e A oleo] BAAFE AANFUES AR 0w, Wy HAS

645



EREREELR
$ol Qo4 B 3

3¢ 799 85 % 72 A9
: ohIZ geAZo|Ae

39
5¢ 248 4

1]
2o

oj29 ZAYHE FZT + At F2% AgE o4 £
ATH10]. Uceda 2 O'Keefe:=[11] F&l9] Azt glojx A

HEAo A Bt} fluosilicatedtoll A 2 Q W]-ra A, w
A FeAdEA 9§ & 58S 1R
HAZANAM T A 2744
o] glom FHHAAFE o] &q A I
A Fert dEHe dAHAGH
HHA#AE Jebdd12].

FEYZANA Feo]2E Cu(1)3 Cu()Y e o]

EAsi A% *°‘°lid+ AgAlel Z3ges o
Aoz 44 u13] £ dFdME A=
ZEAF Fo|2EA oM FHAsFE 3
TE T8 FEAYINY FHHHFE X
I, HAATAY F9 ARFyY 2 &5 v
22 AT 2gx dFE Fele nug 717‘37]—‘&
el o8 ZAbsld)

Mr ko v 2 8 1‘1&‘ l-ﬂl
L

5

o ZH& 7] AHoZ ﬁ“ﬁ’} 28 tnchloroethylene"ﬂ 242
AHAA A ¥, ZHFEZ Ay vl A=
W RDEY WAL 05crolny HOKUTO DENKOAK Y &) 9]
HR-103A electrode rotatore] @Al AEAI oz A} L3}
R, FAAFL e MaHe Aol A pyrexdol
ol olgetgt. NEAFLe TL2AAI(SCEIE luggin
capillaryel] AZ3}te] A}gat¢},

APAAE Fig. 13 2] pyrex jacket
magneticCHHZE LRI HE cell2
A ddd g9 258 dAA AU Cele 12M

celll A3t

dA&eix FFgoz

dor 2~33 MAste] EHd FAY Taoleg A
fou, 4P 3087 AE bubblingAlA §ENAE AA

3t A¥FANE Cu(1)o]&9 *7]3""*]*14 B4 A3ls
BA 75, AAd 95S Ak BYsE $A590 A
2 AFe A7t @ 2HL Potentiostat / Galvanostat(EG &
G Princeton Applied Research Model 273)2 GPIBZ o] &3}
o] IBM PCZ A&kl on LSV(linear sweep voltammetry)
R CVicyclic voltammetry)& o] 48t g2t gate =
Abeteiot

=]

gl Io
= _ﬂ'_;__

2.2. 3|HHF A2 TEjo|Re| MArsE)

3 A A o] 1*194 Telo] &) A& FH= 5N 25 mEA
7245 WE RDEY] YEAE, teflon holder2 1.4 3]
ASVHL 058 frAste] AU A2 Axz= 10
g A gae & %%#i 0481 il HH’EM A=

HI
1z

01)1

TE ﬂﬂaitﬂ Ai]x* i HhZ o

°|F

Electrometer Potentio/Galvanostat

Reference

[ electrode

Counter
2 electrode

|

Working
electrode

Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Linear sweep voltammograms recorded with a Pt RDE
in 0.01 M CuCl/1M HCI solution at 25C[scan rate -
20 mV/s).
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Fig. 3. The plots of limiting current versus w'? for cathodic
reduction of Cu(II) on the Pt RDE [0.01 M CuCl/ 1M
HCI.
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Fig. 4. Linear sweep voltammograms recorded with a Pt RDE

in 0.01 M CuSO4/1M HoSO; solution at 25C[scan rate

: 20mV/secl.

Fig. 5. Cyclic voltammograms recorded with a Pt RDE in 0.01M

CuCl/1M HCl solution at different temperatures

[scan rate : 20 mV/sec).

Table 1. Kinetic Parameters of the Reduction of Copper Ions in Different Solutions on the RDE

in chloride ( CI" )

Reaction
Parameter

c® +e > Cd

Cu' +e --->Cu

transfer coefficient (a)

exchange current density(Jy) [mA/cm?]
forward reaction rate constant (k) [cm/s]

standard rate constant () [cm/s]

046 * 0.02
(171 £ 023) x 10°

(188 £ 022) x 107
[008 V vs. SCE]

48 + 024) x 10°

2

065 * 003
(101 + 0.15) x 107

(124 £ 022) x 10
[-027 V vs. SCE]

(923 + 022) x 107

in sulfate ( SOs2)

Reaction
Parameter

Cu¥ + 2% --—> Cu

transfer coefficient (a)

exchange current densitv(lo) [mA/cm’]

040 + 0.02
(88 + 033) x 107

. 28 + 022 x 10" [-038 V vs. SCE]
forward reaction rate constant (k) [crmy/s] (334 * 024) X 100 [-040 V vs. SCE]
standard rate constant (k%) [cm/s] (469 £ 025) x 10"
Reaction ) Cu' +e > Cu
Anion - - -
Parameter a Br I
transfer coefficient () 09 = 004 098 = 0.02 094 = 002

exchange current density(lp) [mA/cm?
forward reaction rate constant (k) [cm/s]

standard rate constant () [cm/s)

627 £ 05) x 10°

(383 £ 024) x 10!
[-0.27 V vs. SCE]

(1135 + 032) x 10°®

(516 £ 032) x 10°

(249 £ 0.18) x 107
[-0.34 V vs. SCE]

(152 £ 034) x 10°®

(2419 £ 043) x 10™

(732 £ 021) x 107
[-059 V vs. SCE]

(250 + 033) x 10°®

T, A 8 A A 4 7, 1997
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Table 2. Diffusion Coefficients of Copper Ions as a Function of Temperature and Concentration

71

A28y 7 248

Temperature (C)
15 % kS %5 5%
0.0IM CuCly/IM HCI 0.43 065 077 112 132
0.0iM CuCVIM HCI 0.88 102 128 147 1%
0.0IM CuBr/IM HBr 084 0% 122 145 174
- B 0.0IM Cul/2M KI 068 1.06 112 141 159
Diffusion coefficient 0.0IM CuSOyIM HySO: 09 118 133 147 167
Dx10° Concentration (M) 25T
(cm’/s) 0.01 0.02 0.035 0.05 007 01 02
CuCl/IM HCI 102 098 101 0% 088
CuBr/IM HBr 0.9 092 089 085 082
Cul/2M KI 106 102 098 091 0.8
CuSO/IM H:SO; 118 071 0.49 043 0.27
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Fig. 9. Chronoamperometry recorded with a Pt RDE in 0.05M
CuCl/1M HCI at 25T. Rotating speed was 2000 rpm.
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