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Abstract : In this study, the effect of zwitterionic surfactant on Cu electrodeposition was inves-
tigated through cyclic voltammetry. With the addition of (dodecyldimethylammonio)propanesul-
fonate (DDAPS) as a representative zwitterionic surfactant in the electrolyte for Cu
electrodeposition, the electrochemical Cu?* reduction was inhibited on Cu and glassy carbon
electrodes. Its inhibition effect was similar to that of cationic surfactant rather than anionic sur-
factant. Moreover, DDAPS interacted with chloride ion and exhibited the mass transfer-depen-
dent inhibition behavior, which indicates that its inhibition function is associated with the
formation of its surface aggregates on anion-covered Cu surface. In addition, adsorbed DDAPS
slightly reduced the surface roughness of Cu electrodeposits. These characteristics were similar
to those of cationic surfactant, but less obvious. It means the effect of DDAPS on Cu elec-
trodeposition originates from the cationic head group which is shield by anionic head group.
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Fig. 1. The molecular structures of various ionic
surfactants used in this study
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Fig. 2. CVs (scan rate: S0 mV/s) for the electrochemical
reduction of Cu®>* on a Cu disk electrode in an electrolyte
containing various amounts of DDAPS and (a) 0.25 M
Cu?* and 1.0 M H,S0,, and (b) 2.0 mM Cu** and 0.1 M
H,SO,.
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Fig. 3. CVs (scan rate: 50 mV/s) for the electrochemical
reduction of Cu®>* on a GC disk electrode in an electrolyte
containing various amounts of DDAPS and (a) 0.25 M
Cu?* and 1.0 M H,SO,, and (b) 2.0 mM Cu?* and 0.1 M
H,SO,.
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Fig. 4. CVs (scan rate: S0 mV/s) on (a) Cu and (b) GC
disk electrodes in an electrolyte containing 20 mM of SDS,
or DTABS, or DDAPS.
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Fig. 5. CVs (scan rate: 50 mV/s) for the electrochemical
reduction of Cu®* on a Cu disk electrode in electrolytes
containing 2 mM of DDAPS with various amounts of
NaCl (0 ~2 mM).

CIZFe] oA 2H8-2] AUA] Eah= JEEA] ke
), CI E=7F 1 mM o] 45, 23] oA =
7} <¥3lEith. o] DDAPSe CI7re] A3 zbe
DTABSS} fARIY, 2 H=7) wjokghe: ofn|gic}.,
T Apgo] o] Hold, & Fx71A <
I S-S 2T u), DDAPS?| 344
she 2Xlske, e 28-S osird &
DTABS®] o] o] o3k S22
Adgo] F7Hgel wet Aslew, o]= RDE H=
o]&3t B8 B3 I nl Utk B Ao,
DTABS?] &3} B2 Ade] 93 =% RDE #
4 CV B4L 53 18 BoITHFig. 6). RDE 4
ERAE] steady-state S 2l Feldsi=F vt
9 cve S¥ 34 el E Jepdch. DDAPS 7t
2 23 e A/ st flod, e et W
2(<-0.7 V vs Hg/Hg,SO, MM = AF7} Zojue o
Agat HE=JAckFig. 6a, 500 rpm 73-5-). DDAPS|
o5k wre gt HMeleMe] AR T SoldS
7R Ytk AHAZ, RDES] 3 ALE% (o)} S7}
Sl mel AF7E 68 FAshe Zlolth(Fig. 6a
inse). ] RDE A77} o2l Bl@lshs Lukzel E4
I} TR Je2, CV 2} EZE Koutechky-Levich
plotdel verd 79 v EHazIth 22 st
W09V vs Hg/HzSO M= A7 o7} %4
o] AFAAE Yeplin}, w2 A W (0.6 B
-0.5 Vvs Hy/Hg,SO )M &= w2 #AZ WHstd
(Fig. 6b). ©]= DDAPS?| oA &7} o Z7}9} &
Al solv= A& onshH, DDAPSS] &3 2 oA
2-go] EEAG oEFS Loty FHAE, RDE

(a) 04 - - additive-free (500 rpm)
20 mM DDAPS
—— 300 rpm
—— 500 rpm
L [ 700 rpm
—— 900 rpm
g
~
124
-14

(b) o

vs Hg/Hg,SO,

m 05V @ -06V
A 09V Vv -11V
704 . ® 13V

-1404

i’/ AT

-8000+

0.03 0.04 0.05 0.06
w-0.5 I rpm-0.5

Fig. 6. (a) CVs (scan rate: 50 mV/s) for the electrochemical
reduction of Cu** on a Cu rotating disk electrode in
electrolytes containing 20 mM of DDAPS at the various
rotation rates, and (b) the corresponding Koutecky—
Levich plots
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Fig. 7. (a) CVs (scan rate: 50 mV/s) for the electrochemical
reduction of Cu®* on a Cu disk electrode in an electrolyte
containing 0.25 M Cu**, 1.0 M H,SO,, and various
amounts of DPAPS, and (b) plots of the peak potential of
CVs against the concentration of DDAPS and DPAPS,
respectively.
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Fig. 8. FESEM and AFM surface images of Cu films
electrodeposited (at -0.55 V vs Hg/Hg,SO,, for 300 s)
without and with DDAPS (200 mM), respectively.
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