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Effects of organic agents on electrodeposition of
bismuth in alkalinity solutions
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(Southwest University of Science and Technology, State Key Laboratory Cultivation Base for

Nonmetal Composites and Functional Materials, Mianyang 621010, China)

Abstract: The electrodeposition of bismuth was studied by electrochemical techniques with the presence of the organic
agents. The results show that, in the test for cyclic voltammetry, the electrodeposition of bismuth is a diffusion-
irreversible-controlled process associated with a typical nucleation process. With simultaneously addition of amino
tris(methylene phosphonic acid) organic agents in alkalinity solution, the redox potential of bismuth is shifted to more
negative potentials. In this case, the current transients reveal an progressive nucleation with a typical three-dimensional
(3D) growth mechanism. The diffusion coefficients are obtained, respectively, approximately 1.17X 10* and 1.55X 10°°
cm?/s from the cyclic voltammetry and the chronoamperometry. Under the experimental conditions of this work, both of
the patterns can be used for describing the electrodeposition of bismuth with the presence of organic agents in alkalinity
solutions. In addition, the addition of amino tris(methylene phosphonic acid) refines grains in coating and the surface of
coating becomes more even and compact.
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Fig. 1 Cyclic voltammograms for bismuth electrodeposition on

glassy carbon electrode: (a) v=100 mV/s; (b) Bismuth

electrodeposition with organic agent at various scan rates
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Fig. 3 Current transients for bismuth electrodeposition on

glassy carbon electrode stepped from 0 mV to different potentials:

(a) =500 mV; (b) —600 mV; (c) =700 mV; (d) —800 mV

3.1 32 33 34 35 36 37
F12/g712

4 Cottrell J5FEAIX R j— 2 R K

Fig. 4 Relationship between j and ¢ ** from Cottrell equation

HH %5 0(9)1 Cottrell J5 72, AT LAKRAFAE-600 ~ —800 mV
M3 18R B0 5ok 1.46X107° . 1.52X107° A
1.67X107° em®/s. MFTFF4EHKE, ANF LAY HT
REIREWER AN, AR FAT B R T
1.55X107° em’/s. X5 H A G)RAMH1.17X107
em?/s) LT . Rk, (IR eV AT I F VA AR
e AL IR TR 3 ) 2

MEIRAR 2 i ] LA TF s e e H AU 4
3, M Scharifker-Hill(SH)A /R AT L & P2 Hr 5256
RS AL T B S R A T IR, 5k
R 2 00 3ol AR B S 1) — 4 3% 432 BA% R I i
o B 5(a)FT7n A E-800 mV i HL N A HLAS i
B . I S(@) T LA, AR &S
TEA NN, B0 TR ML AT = A 5 A%
MUEE . S5 S RI R AT K0, AT LS g e T4k
MR, A ORI . B S(b)Frm A TE
AR A AR R SE R . I S(b)rTLAE HE, B
HHAM TG, BRI ST = eI S
¥, FIReEREAE B R A B3SO, HAR R I TR
DURRIT P2 A2 K T P s o XM R T J 1 it %
oA AR TR, b, KL S(b)iErTLUE H,
Mt/ /NT 1.2 I, SEBG Mk 5 = S E SR T
Pty MBI, sCEG ph 2R TR gk, W]
BEE 1A R A S A M.

4 IR EEE R SR B S0

Kl 6 BT A I N LS N 751 B i 6 PR Bk
BEJZ ) SEM 15 . il 6(a)fias, BEWP i ANA HLS N



23 B 1 WRHFIE, 55 ATHLAS ARG B 2 £ T PR 1A 5 151

1.0 (a) =— Without agent

’ *— Amino tris (methylene

A phosphonic acid)
0.8 H
= 0.6 ;
0.4r
ool ..............
A L LLL|
0 *Iﬁ
05 05 15 25 35 45
tt,
1.0 )
=—-600mV
0.8F *—-=700 mV
+—-800mV
LB 0.6
3 _10um |
0.4r
Bl 6 G SEM &

0.2 Fig. 6 SEM images of Bi films: (a) Without organic agent; (b)

ok With amino tris(methylene phosphonic acid)

i,
BS AU R I IR ot/ 1R

Fig. 5 Non-dimensional jz/jzm—t/tm curves of data for

bismuth electrodeposition on glassy carbon electrode: (a) With
potential of =800mV (vs SCE); (b) Potential range from —600
mV to —800 mV (vs SCE). (Theoretical transients for
instantaneous (solid line) and progressive (dotted line)
nucleation were calculated according to Scharifker—Hills

model.)

FIZH, Pl e BBHER R M AT, BORRS,
FER/ANZI0 10 pm, - S IL5EAR, SoRIEAT EARZ) 5 pm
JEATIRIE,  TRIIN AT LA HE DL SetRdio e Tt A AR
SN GRL I, TSR R G E S AL LB,
FERB I LR R s 2 B AN BT ) R B
LSRR 0, RSB R RS, = 4Ey B e
it (107 PR R AT A VL 10 B A AT P 37 5 AR AR Jso 1)
AiA% AR TR M AN . i 6(b) B, BTN
AP IGZ )5, 1 FAT LA AT R A ost
AL, T AR AR IRE S G, AER
ST, ATREAS t R IR BRI B A
HY, BRI T Hh A w7, e T
B RIE R, A2 kL, $ v T 92K

TSCHERDEHE . BRI AR RAEIOR 5000 54
PEN CEAF AL AR AT AN A I
XA AR R TE S % |0 3

5 %ig

1) PERZAENERL ], BYTRUE FE EZE 2y
S P Al P R R S . MRS AS Rl % T LA
RKAF B HIPHUR SN 1.17 X107 em?/s.

2) HLPTRRBIIAT R o AR B, Bk L& A 1
PR =4k Scharifker-Hill ¥E4E/NAZRRY, BT
AR, BUZTEYE RG2S, TRt T4 I ) 4 R
MR TRRE , EIEY R HUAY K F-600 mV I, Bi'
FIEI B R B 0 1.55X 107 em?/s, SRR 2292
DS RS, BOHX R ke H T AL
IS IR BB I3 ) 240 5

3) I TR i, MR LA I oA
18— & —Ji DU SRR R AR R P R AT A B 2 - SEM W
GRG0 I BRAIS T B 1
SR B TR, AR RUTRR A — & MR EH,
FEGUR ARG N,  MTTAnAL T 8% )2 ok, (P 2R
SN, 8.



152 oh A R A R 2013 451 J]
[13] HUTTON E A, OGOREVC B, HOCEVAR S B, WELDON F,
REFERENCES SMYTH M R, WANG J. An introduction to bismuth electrode

(1]

[11]

[12]

JIANG Shan, HUANG Yun-hui, LUO Feng, DU Nan, YAN
Chun-hua. Synthesis of bismuth with various morphologies by
electrodeposition[J].
2003, 6(6): 781-785.
CHO S, KIM Y, OLAFSENC L J, VURGAFTMANC I,
FREEMAN A J, WONG GK L, MEYER JR, HOFFMAN C A,

Inorganic Chemistry Communications,

KETTERSON J B. Large magnetoresistance in post-annealed
polycrystalline and epitaxial Bi thin films[J]. Journal of
Magnetism and Magnetic Materials, 2002, 239(1/3): 201-203.
ZIEGLER J P. Status of reversible electrodeposition
electrochromic devices[J]. Solar Energy Materials & Solar Cells,
1999, 56(3/4): 477-493.

CORDOBA DE TORRESI S I, CARLOS I A. Optical
characterization of bismuth reversible electrodeposition[J].
Journal of Electroanalytical Chemistry, 1996, 414(1): 11-16.
RICHOUX V, DILIBERTO S, BOULANGER C, LECUIRE J M.
Pulsed electrodeposition of bismuth telluride films: Influence of
pulse over nucleation
Electrochimica Acta, 2007, 52(9): 3053-3060.

LI Liang, ZHANG Yong, LI Guang-hai, ZHANG Li-de. A route

parameters and morphology[J].

to fabricate single crystalline bismuth nanowire arrays with
different diameters[J]. Chemical Physics Letters, 2003, 378(3/4):
244-249.
LI Liang, YANG You-wen, FANG Xiao-sheng, KONG
Ming-guang, LI Guang-hai, ZHANG Li-de. Diameter-dependent
electrical transport properties of bismuth nanowire arrays[J].
Solid State Communications, 2007, 141(9): 492-496.

GOLIA S, ARORA M, SHARMA R K, RASTOGI A C.
Electrochemically deposited bismuth telluride thin films[J].
Current Applied Physics, 2003, 3(2/3): 195-197.

XIAO Feng, HANGGARTERA C, YOOB B, RHEEMA Y,

LEECK K-H, MYUNG N V. Recent progress in

electrodeposition  of  thermoelectric ~ thin  films and
nanostructures[J].  Electrochimica  Acta, 2008, 53(28):
8103-8117.

SANDNES E, WILLIAMS M E, BERTOCCI U, VANUDIN M
D, STAFFORD G R. Electrodeposition of bismuth from nitric
acid electrolyte[J]. Electrochimica Acta, 2007, 52 (21): 6221—
6228.

ARDUINI F, CALYO J Q, AMINE A, PALLESCHI G,
MOSCONE D. Bismuth-modified lead
Trends in Analytical Chemistry, 2010, 29(11):

electrodes  for
detection[J].
1259-1304.

REHACEK V, HOTOVY I, VOJS M. Bismuth-coated

diamond-like carbon microelectrodes for heavy metals

determination[J]. Sensors and Actuators B, 2007, 127(1):

193-197.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[22]

(23]

[24]

[25]

for use in cathodic electrochemical detection[J]. Electrochimistry
Communication, 2001, 3 (12): 707-711.

WANG Joseph, LU Jian-min. Bismuth film electrodes for
stripping nickel [J].
Electrochimistry Communication, 2000, 2 (6): 390—-393.
KROLICKA A, R. PAULIUKAITE, SVANCANCARAC I,
METELKA R, BOBROWSKI A, NORKUS E, KALCHER K,
VYTRAS K. Bismuth-film-plated carbon paste electrodes[J].
Electrochimistry Communication, 2002, 4(2): 193—-196.
HUTTON E A, HOCEVAR S B, OGOREVC B, SMYTH M R.

adsorptive voltammetry of trace

Bismuth film electrode for simultaneous adsorptive stripping
analysis of trace cobalt and nickel using constant current
chronopotentiometric and voltammetric protocol[J].
Electrochimistry Communication, 2003, 5(9): 765—-769.
KEFALA G, ECONOMOU A, VOULGAROPOULOS A,
SOFONIOU M. A study of bismuth-film electrodes for the
detection of trace metals by anodic stripping voltammetry and
their application to the determination of Pb and Zn in tapwater
and human hair[J]. Talanta, 2003, 61(4): 603—-610.

KRROLICKA A, BOBROWSKI A. Bismuth film electrode for

adsorptive  stripping  voltammetry—electrochemical ~ and
microscopic study[J]. Electrochimistry Communication, 2004,
6(2): 99-104.

HUTTON E A, VAN ELTEREN J T, OGOREV B, SMYTH M R.
Validation of bismuth film electrode for determination of cobalt
and cadmium in soil extracts using ICP-MS[J]. Talanta, 2004,
63(4): 849-855.

BUREK M J, JIN S, LEUNG M C, JAHED Z, WU J,
BUDIMAN A S, TAMURA N, KUNZ M, TSUI T Y. Grain
boundary effects on the mechanical properties of bismuth
nanostructures[J]. Acta Materialia, 2011, 59(11): 4709—4718.
YANG Min-li, HU Zhong-bo. Electrodeposition of bismuth onto
glassy carbon electrodes from nitrate solutions[J]. Journal of
Electroanalytical Chemistry, 2005, 583(1): 46—55.

OSIOVICH N P, STRELTSOY E A, SUSHA A S. Bismuth
underpotential Electrochimistry
Communication, 2000, 2: 822—826.

JEFFREY C A, HARRINGTON D A, MORIN S. In situ

deposition on tellurium[J].

scanning tunneling microscopy of bismuth electrodeposition on
Au(111) 2002, 512(1/2):
L367-L372.

SADALE S B, PATIL P S. Nucleation and growth of bismuth

surfaces[J]. Surface Science,

thin films onto fluorine-doped tin oxide-coated conducting glass
substrates from nitrate solutions[J]. Solid State Ionics, 2004, 167
(3/4): 273-283.

SCHARIFKER B R, HILLS G. Theoretical and experimental
studied of multiple fucleation[J]. Electrochimica Acta, 1983, 28
(7): 879—889.



F23 1

WRTFHE, 55 A HLAS D BRE A AF R FUBERR ) 52 153

[26]

[27]

[29]

[30]

SOTO A B, ARCE E M, PALOMAR-PARDAVE M,
GONZALEZ 1. Electrochemical nucleation of cobalt onto glassy
carbon electrode[J]. Electrochimica 1996, 41(16):
2647-2655.

DOLATI A, AFSHAR A, GHASEMI H. A kinetic study on the

Acta,

electrodeposition of cadmium with the presence of organic
agents in sulfate solutions[J]. Materials Chemistry and Physics,
2005, 94(1): 23-28.

CHEN Zeng, ZHANG Mi-lin, HAN Wei, HOU Zhi-yao, YAN
Yong-de. Electrodeposition of Li and electrochemical formation
of Mg-Li alloys from the eutectic LiCl-KCI[J]. Journal of Alloys
and Compounds, 2008, 464(1/2): 174-178

EMERY S B, HUBBLEY J L, ROY D. Voltammetric and
amperometric  analyses of electrochemical nucleation:
electrodeposition of copper on nickel and tantalum [J]. Journal of
Electroanalytical Chemistry, 2004, 568: 121—133.

B, R, BRSCHL, )] 5, X, OB THE. Ni-SiC
KAL) A AT B 01 S BT D). P A R A AR,

[32]

2008, 18(5): 823—828.

ZHAO Xu-shan, TAN Cheng-yu, CHEN Wen-jing, LIU Yu, LI
Jin-feng, ZHENG Zi-qiao. Nucleation kinetics analysis of
Ni-SiC composite film during early electrocrystallization
processes[J]. The Chinese Journal of Nonferrous Metals, 2008,
18(5): 823-828.

B, S, B B BT Sn-Cu AN HTTRT A
S A N A B 0], A (G s A Al 2010, 20(5):
1006—1011.
HU Wei, TAN Cheng-yu, CUI Hang, ZHENG Zi-qiao,
Electrodeposition behavior of Sn-Cu alloy and effect of additives
on deposition process[J]. The Chinese Journal of Nonferrous
Metals, 2010, 20(5): 1006—1011.

GRUBAC Z, METILOS-HUKOVIC M. Electrodeposition of
thin sulfide films: nucleation and growth observed for Bi,S;[J].
Thin Solid Films, 2002, 413(1/2): 248-256.

(mig  fIF458)



