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Pulse Current Efficiency in Coating Process of Gold Nanoparticles from Potassium
Dicyanoaurate Solution

P. Vahdatkhah S.K. Sadrnezhaad

Abstract

Comparison of the effects of two substrates and additives on pulse current electrodeposition of Au nanoparticles
showed that using indium-tin oxide instead of Cu and cysteine instead of potassium iodide can improve morphology,
current efficiency, photocatalytic effect and increase the number of nanocrystals. The examinations using the field-
emission scanning-electron-microscope (FE-SEM) showed that Au nanoclusters appear on the Cu surface when pulse
frequency increases from 50 to 142.8 Hz and potassium iodide additive is added, whereas both the coating thickness
and the current efficiency increased with the frequency of the pulse current. As current density decreased, the
deposition thickness and the cathodic current efficiency decreased from 10 to 2.5 mAlcm®.

Key Word Gold nanoparticles, Pulse electrodeposition, Cysteine, Potassium iodide, Cu, Indium-Tin oxide.

el iy 4 5 5 4 AT A s OF Ll e 5 AV/ETA )b s alie i s ™

s o820 olge ole g pwdige sdSE1s (i)l b8 (g 2miils (V)

“"'l)“"“ W aK.;J‘J c.)‘jﬁ V.LP B 45“’"\"6" oA ES]s bl ‘d)i....,a L;A.J.;M.l)} (Y)



e 22 gy Ao 0 el Ol 205t

LY

JL=l ¢l 55 9] (Nanospherical lithography)
3 g gn elil 2l = ) ST s, M S35
s 5 8 ploet s S s gy o 1
@ ol e 5 Vb ol GLIs (m e cosla
D3 HU e sl e ) Olpea (ol
[2,8,10] Cul o 48 S S,

AW Sl sl plardy S as pu Gl
Cyclic ) slat o (5 7als 5193 (ald = iyl 45|
Potential-) Jiley Jowile [2,8,11] (voltammetry
[7] (Potential-step) J— il 4_b 5 (sweeping
=3l O b (LSOl s ol sl oslinal
3 =0 Bl s s 0L 4 o
SRR (._S Laaslsy QUd 5y das e 4 g Soblo
LS (Sl Sl s Jlals LS
(e 3 Sl 0SS S S sl
Sl 5 SO e Sl 4 Canglie g
I 0l b ST s 1S 0L sl
oL > L SOl s [12)0F] ol sl sdaline
Ll ul 0L & i fole s (e
Syl Oleg Odd g, Olas ol o8
U i e e S 0l S 5 0
Y] Lz J 28

3Ll 45 ol 033 L A3 Sl il
Sl S 0T 6 5 sl )
o=k ck_“ JERES WP PRSP G X P e S
eSS o €S s 33380 31 oslil 3513
M 3 s st e W sla g b nShaS
ol [1A] s o sy e 5 sbay Gl el
Rl P el 0313 gy (A D3 SU Sl (S 5
el 5 Gl (o (mals Sld 5 b e
SLaosm b o8 e 2505 [15] s o Jol
s Sl oSG S (s ke 53
Gy Db D350 5 S 5 o3Il sade LG
Voo sl LL16] 55d e sladad op S Y 05

b S35 dd 5 5 B s SV o5 S

4ndde
Sl s ,ban e oy s Db ol )3 50
ERUSTIS - PR S|L WICIUNG gt VSN RCIIR T W
e sl (5,00 S i S S
Llas S 13 e a5 2550 (SOIL 5 Sl
Gl S e 3 M S35 s )8 5t [1-3]
ool 3550 Sl g Sl 5 La S 5 (S5 )
S oo s Sl AU Glapi s o
oolsm s e lilid (gl slse (g, Db I3 60
Sl g a5 5 GO 5 S
Gz ol e ¥ 5 G 5 s 35U
Sla S o ol 3 Wl 5 e 4S (g sba 50 e
S35 sl Sl 5 La 8 e o (S5,
3l iy s b e [1,4-8] X, 554
+S sl CAUNPS-ITO) 5 — 0t} dST 5 MU
deSh o (S Eolis 5 g8 clis e
b YLy i 6l b o s o5 =ty
5038 S8 080 (Kl Jlinl Sz 4 ol
s SoRUE s plendy SN slas 08
Lo IS 51 & ga di [1,2,5] ol 03,8 ol 1
o S g el 3 as e esle ol
o= bl (Sl dal Al Lad 5 S 50
il Wil ik LKl 5 e 2

[5] (ol LoDy 3035
Mo D380 a5 sy Gl stk slas s
(S HLSely dls s sy B — el ST g
sdas i g slad 5 S elul oy (g5 ges
b 5 coldea gy ol s Js <ol (Binder)
sl s slad S 3l Cow S5 56 6,5l
OS5 (JSie ol s 61 [8] LS e 13
Seed-mediated ) glals i, S, 3l =5 e
Gl ol ad S0 0 b 2y, ol 5l 5 i (growth
Sl 0l s sk s B sy ol Bl [5,8]
Radio-) s 51, ;LS 3 L ol sloa_ss,

Ss S5 B8 s 5 (1] (Sputtering frequency




AN

St o a5l 3 5 il e 35 531G eslina
L e 3 B 033 03k Yoo s (goslowr b e o
00 g oY haba L T j5 0 3 Sl eslin
S A3 G sl w4 Oy B ey S
b Yy Sl A3 0 Sl IS Al L O
Dyl 5 plade OI Ly el 3 5 i g pdde
o eyl eSS S pa
sl 5 ke OT O slo T Gladslowe 52 oS
b 85 e el S aids Ve Sllew
Al Sl 5 Jhel Ll 5 oY) Jsa s
Sl D3 5L Wy (S as s 03 0L
Sage3) Siasdy ol 3 sl Ll sl e o
G 3 sdaliemsey S Ll s bl 5 (S
Gl sla it o b 5 A sl [IY] LS
SISl (S s V) dsdr 2
A el il laaY 5 g5, b

el (S o 5o Jlesl Lyl 5 Y s
TooelS gat m ads) g5l JS 0l S 3 5L
('/O mM 25’\.10 clble (R E)

T S E N R L

e 27 (Hz) (mA/cm?) I
o s 0+ Ve \
o e Voo AN ¥
o O VEY/A Ve Y
o it 0 0 ¢
e JIoL- 2o 0 Y/0 0
o K1 0 \K a
ITO e o Ve v

S 31 s Ol o 2351 s )
LAV LS Y-S - GIVI - I SRS VI
Gadslae Slaslanul U oot 5 6555 slacwbes
{17] Lsd oo arnloes 55
wx10000

'T=T )

d ‘(f;) sl LSO (gosle 055w calasl RUBE

33 yegpla Yer L5 0 (go3ldlongdmme 53 ol Sa
Vo Golisl o3 sdme 55 5 (V1) 5 (Vo 0) slaamins
Slaiad 05 o5 ON) oo 5 paglibe b
[16] Llens L};S\WJ 3 i b g
el S| gl 5 b Gl s s
el Ll 5 oS e (P29l 5 93 5 e s S
23 S O a5 b (5558 5 -
Jdoen 510D 350 by (S S as e 5
= L alie 5o 5 A8 sba el DSl
Aile Ao sy sla gite LK e o
G388 eSS 0L S 5 L IS
= LSS 0L el 5 o e
o=l S L e gﬁ%ﬁzuﬁ)wuﬁ
B Pl s Sl O Al e e e
gl = b D3 S0 sy 5s L JEl 5 6o 5
3 A8 e 1 e 5 o — il ST s 5
las 518 gl sdsl cwsan Y s sliws
L sU slal Lob adg sleslinl Ly 0 S65S

Aas Al

oRlesl plosl i) 5 31se
Ot Jsdoms S5l eSOl Slkes plonil (5
9 )’\_19 cble s eslaul (\) J)J}- BEl ol e3ls

)y)_AL;L;J v/00 9 v/0 vﬁsjjm cdj.k}wjé LQJJJJ;B\

.)ﬁ
b si'f’g‘ B3y 93 Jglea Lyl 5) Jgue
Mo 350
pH - oS 5 el
(KOH L sddcuis) | (. e e
' T (A RS
AR KAu(CN),
V/or K4P:0;
=A/0
+/0n C4HeO,4
AR C,H,04

B — sl ST las s S 51 (Gt ) o
S Sl 5l b SO s Sl e s




2 Ay elE 0 el O 05

23

dosn Yoo 5l e B8 0L a5l b e
Sy lan, p WS g e 033l
ol ealy olis (V) Ji.: 05 edd a3l gy (O

]

4 S Lan g oS OL 2 23l J2al8l As s ¥ J g

Jsl sai 50
a1 0 3 A Y & god
(CE, — CE))
Voo | YT | VWY | VYW [ Ve | T
X 100

03 Qb assL CEy rt—n Goged 5 0L as3L CE,

J}‘ L;A;}a.r

e JeeS sy S Ry Son sl g ) S
(u) O (J‘ wgﬁjéwdj))\LQbéfb })J;:g\‘)l

b o bad ot 5 e i 5 a VEVA(O) 5 ) 0e
Lleds osls OLES g.i.'r) 3558 L}'{‘:"‘ L;LA;)K:::

ol 30> ) 605\43 el sT J <CJ‘ J:"“L;"Lﬂ>

s o3l (5055 035 03,51 Cmsn Sl e
L17] 3 55 g0 eslanal (Y) (gadasly 51 ol osls

__ Iyxtxatomic weight )
" 96500xvalency

Ol ) (ol Ol o Ty oY) sl 3
(o J8) (8l Olst 5 (U8 e XS
SIS osle 5 035 ol 436 e
035 sl 0351 cmmsan by 3 555 (55800
b Gillae Ll o sy ST 3l dny 5 3 55 531
e 235 b i L a3l i
S a5 U ond ol 3 2305 it s
AP pled 53 Gsloe OB ot 2 5 (A3
53 (6o 55) e bl 0313 sy (AL D350 O35
Ao on Slr 3 e 3 pl el ol
b 35l 055 s s 2SI SIS 0L a3l
5 mlie ;80K L (o2 0l o3ls e
Sl sl bl 3 Ol ) goplad 55,5l
A a5 K s ek el salis

S sl Jsloee 53 Db Jldds (s 6l
i Jbe (AAS) ol o S ol
Uizl 5528 oL (GBC Avanta PM) ¢l il i
S sy S lass S35 5 et o n Sl s
JeeS s S s S Sl ek sl
(Hitachi S4160) §1\+ _ul =L Jie Sl
o sl el 5 iS el
AN B S a0 43S (Sl
(Clemex) Sl l5le 5 5l Slde JeS s
A eslaa

<oy @L‘b
SSPEA 5 B Oba 25k p S S
235b il Aoy o(F) Jsdr s g S e
Jol g g0s a0 Cand Lany S s S oL
J}Jq- BE W™ o3ls GLL: L: J.:Ua.a RGP aJ)jT

el 5o VEYA Ve 5l LS By oY)




e

Mg o 55, le (sligs 4l

5 il a8 g5l &S il ¢ gal e (5558
Il 53 L ol s s sy 0oy JS 50 A3,
GokeS pnd B 55k 93l e B, Ll @5)
52 s e gl 5 w5 (B (YK ol
Lo oialer o5 4 az 5 b [15] Al e el sl
e b s Lpdie o DL (3
Sls IS 525,80 s by paie Sles
g A 3l Ol I S e s S oy
O3 o3l il 5 (S e an oyl iy
5= AUNPs-Cu slas; Sl s s sl o= salin
Ol L g A 5l ol IS i s
(O JK) cl asly il ld g3l (S 3

35U S slac Sl 5oLy sl
25 SWl psba & mhau g5 el 1SS (b
it s e sdaliine (£ =) S5 55 il
So s e Jeate Glad iS50 b a5l (glas sazes
2l S S g0 b sl bl S5 s
30l Jodi Laacd o (ST e ol
(o5 ¢ oS3 S ol s Al AS (63 5d e
3 e 1191 40,15 losms 60 5 erblitn
L s e sl (S 58 slaad s daddl o sl
Sl 6o gl dlaa b ol ud
L slassh ol a4 e a5 Aol s g ya Al 5 e
Sl esliad U el nly s e oslize sla K3
Lol bl jolg st o oas (godallin dadd o=
Leaslyr S5l osline (gL glaslerla ¢8|
IS sbls slaa i g 51 2 [20] el fe
Ll o3l 0L (2 =) U2 s OIS, L caainta
o310l (led i la - Ol e bad = O
s S Sl LG 4 il

S Lno i Sk s iy Culs g L
il il el e e 0 L (1) s s
J=B s Gble 00 Al s il
0L a3l SRl L s o)l salie
Sl G (1) 3 3 el oals 5518

(g =1 5 (=) Lol =) by
Sedlata Lo ¥ 5 ¥ ) ladiped 4 b o 5 S
SLISL Gt a0 b sl 584 )
O ) gy Joebss o bl 5 e 535 Db
(Floel Jemily a gy o (585 a3 s
Y5 ilweslel 5 dhoms oS 5 (a3 gy 0L
Lot cble b S [18] 5ls Saw
B oo SO0 5 358 a3 3z se (3l
S8 Y base pold Olas SRl lS
g Ll ol e b 8 RIS ol
Sosls ()55 Calbis 5 055 (V) 5 (V) Gladkal, &
S i S5 Ll sl s edd 80
et 3L e asil 5 g s Calis 5 055
SISl gosls 225 035 S i b s oS
OF s 4 S o it 033l 5 (25 Sl o
Lol 358 g o g5 slaoy chls Ll
G VEY/A 4500 5 ol T s b LSS 5 il il
Yool U s eddiosls g S350 o 20 055
il SRl Al

L s, e oLl S3al ()55 4 ax s L
Sl 3 Iy S B
Ly s 12]0T Cnay 5250 S gy 3500 5
JSd 03 edd o3ls QL sl (5585 e
5 I b Rl IS5 R0
(V) IS 55 b e IS (S g s 4
L oS Ll a8 008 Sy 5 lyd (Sowpmeas
b sl oyt Kledd asie OIS,

M oS sy SN Ky Son iyl ¥ IS

JJ‘JA\iY//\ &SP)JAJJA;}LAWLSJJ%Q‘):)}JU Jj):g]

s e Sldalie s (B35 5 Jds




e 22 gy Ao 0 el Ol 205t

A

wils S Ol 5 A VEVA G Vo 5 s o
IS Olen o 558 VEVA L3S 5 5 3l 53 o
Cols 5 b oyl 4l JEalS ol
GedlasolLis ‘C)_.py Qﬁl Llel _<_>.j5 LMJJD-
PO T R I AT YL b ciiS
sl
5 5 2L (Rameass (385 GRIBIL
SIS 8GRI ) das e 55 3 b L
S s alS i Ve S 0
Laejim Comboe 5 o3l ul53l 5 oo (slao i
Voo 1ol Il LGl s ss e (V) IS Gillas
:lﬁjdkgexi@jol)igliacjﬁ\iY//\lS
Slas i | S cxbue alS 1 058l &S ol
b e 2alS 5 Lol goslul 5 colas (ol
o0 S8 5 aS s e Ol e Oldalia

S b D380 as s Gl p amle O 3

E 10
3 8
4 6
LA“ 4
= 2
NX
5 0
0 50 100 150
(Hz) 38
600
L
400
3 -
J
*'t 5200
3 0
0 50 100 150
(Hz) s 3

shaw) o J&s
(sz)s anja;-
wW
]

O 3 okl WS 56 e Sl ol
e o3 skl Slalie Ll osls iy
5ol S s sl 3h sl sl [3]
Mo 356 55 S gl pedane lae i ol
Sra o Sl 5 5 esleal L e (S35
u,j(vwg_;,;yu@ujmw;ws*s
RGSW P W
oo iz IS 5 cle o (gali
L aS das o OLES Y 5 Y ) lad yad 53 59 50
Lao i Sl 5,8 V00 550 U LG8 50 2158
3 i S (VK)o SRS g seres o
Ver o a8 5 5l e i comlus 5 b . Sl
LS 55 A VEYA B Vo Sl 5 SRl 35
Dl L s e e i S

wils g Saia Sl goates Bov 5l S5 5

0 50 100 150
Ha) .35 3

500

S
o
o

200
100

50 00 150
Hz) 80

e G Mo 3 56 3 S e slve jim S 5 ol b IS5 il sl v IS




LV

Spe s s iglle kg 4

L ameS opl il o Rl Joedss Ole b Olejon
0352 OLSs 2,3 Lol Gilsst e (V) (alal
S RalS el esls it slas s S e
dls Sy Ol 2l s Logdiies O350 5 O
osle 55 oSz Ol SRl L aalaly l Gk 58
03 3Ol S Pl b Sl s s S g
Sl dal ks sl 0L 2 el s
oS B 03l 358 s Culs
sk Sl ol 53 ol b e 58 0L J&
oxb Sl B S el ealie
Y N P S IO W [ IS i L P A I
J56 gdsles L (M) Lol W5 5 () oL S
b osaall, ol 5 ((F) gadaly) ssi o Ol
=38 dse pled (Saly il e BU slacls
Gl ks e Sidler GOl b (gsledle 65
[4]
n=a+bxlogi )
il slailSe 0L s 1als L
QI L Olasen J5 ol o 2818 Mo S350 (sl
(1) JSis slas sl dial g il L3 A,
Iy 55,3l cb_w aSLles, S U s, gl Sa oyl
lods pmbans ols EalS Eel 5 Lol

SIS 5 s Ol 25y Fos ) F
s e (o =0) 5 (Wl -0) IS Ly S baw
G ogaised 53 ke N5 ) bl 4 by e
Ll G853 5 S e ($35 58
dalie (0) JS2 53 ol sdd sl ol
g G5 5 sy e 03331 L o 3550
a3 bt 5651 gl SAG 5 el 03 S
—0) Ko s baad gt ol 5l S leas (2
Gl @l 4 g L bledd janis O L (o

D 53 5 B 0L aal (1) dsdr s edd

s S S il p Sb JS
e O S R ey e S ]
e el edalie LB thg 5584 R Ol
4 e (7 —8) 5 (0 -8) G SS 5o ax s LG
S Al L e Jlss als (L -8)

el Sl e Y LSS 5 0L

Sler oS s 55 SN s Son (sla g £ IS
A () 0Ly S s s 5, Db 1350 55 51 )

Y/6 mA/cm® (C) 50 ()

l_3 cb}_j‘y sdalin (Y') (J_}J.?;Jb ASM;QLQ.A
U a3l 5 culbi s 0L > LS ials




2 Ay elE 0 el O 05

LA

o el placds SIS (A 584
o a5kl SRS e Calbis S Sl
&S bl 51 [22] &S e Wl aed nl 53 on sl
Sz e base el s 68 Cebks
O sl Sl s S YL Rl 0 geoled
SSFBA 0 Yl e Sa /0 L Ll

5)"@“‘@&#@‘)°wbb)fﬁﬁ

S LS sy S5 Sy S g VS0

Ao s Ll 5l ey AUNPS-ITO 35 Sl a5 by 5

jj_br.h\j.:‘._: VVALﬁf.‘J‘.’U""‘L5°}J oo glio
Sokaasylis slasl O.:\ el & S sl r.aa\ \o
)'hw_m_ggm._mjc_u—r_lxi\w\s.uzﬁawl
[23,24] 5,15 Y S5 o3Il LY 5
ja_,sz aMTMJ@ﬂMJDJJ#OM
330 51 s JomS sy S S (K S
sdalie <=0 oS 55,50 G,y Db ly3 6L
4SS gl b (g K 5 e 5K E
.J._':ﬂfu_ﬁdg,ficd}‘jb)JoJ;MJéLA)}l{éj)
—V.i.a\_..ﬂ J:MS\ 6})%&‘))}[4 6o)‘JJ| f‘JfM
w‘@&jb@‘o@](\)p‘)écﬁ

r""‘l"‘ Ll Gl paam 3 e Cubks
Ll Gl plply el S e S S
FSis Mo el b B e 5 S el
il o (il s s 5 das e oSS
gl » et U S RS alS s

b}.&& J}fg\

IS e S35 a3 er S5, Wb D356 55 SIS

() ol 08 5 (D)

£550ka = 35 i (aw S5 854 2 4 n5
Sl sedi bosd oo sdalin (V) K2 53 S
S L Shols slaysh (b -l ST 4 e
St S o Ly Sl C2I8 L g e gLl
TS Y O P U U S S S VY] pos
b lg Wos oS 5 4 (Sa S S s
S3PBA 5 Npd ol b e ke
Oy b &Sl [21] 5l 56 g,

2 kel Ble s S b S )




£q

e 5 i plle plige 4

Sl ol 35 035381 5 W8 SRl LY
5l G158 s 0L assl g iy
L sdalie e d“” S M slaas g U
Al s Cals Ol S sl LT
35 My s (S sl
ol m il St s 5l A Y 5 e Lt
ol b s ol DL s s w5585
S 5 o3l el g5 5 (Sl S
S 35 ol yen Oloj CBIS L o3 S A sla sk
Sl Sl Ll S35t A5 4 e

S, Jro4
sy LT geu 3l o LSKen Sl aks ol
bl sl (Vi3 o e 5 5 5e 5l
o ol s Oslas Sules 5 Rash

Dad e Slyd8

S35 o3l :SKle 5 winty @ieS cpl S stames
sl o g VO s Yo (Yo L5 S
S35 sk 5 Gl mhaw (1) I3 s
ol adn Ll L as 5 e sdalin Db
pmolo Cjk.w ol Ly Lo sl C £S5 8
T S Laal oS gakeasar podl bide
S Gat S e fmd (Bl 02 5,8 e s
Sedy ol ad ) b say ool sl
L (j0g) Saw sl Jolis oS (o508 sladmin
Al e i 3yt e B
Ly 53,0 oYU sl (Accommodation factor)
2 Laast S 5L g b s plndl Slalay OF
Lol pl oS > oy cpl 55 55 5o sla S sl
[25] 55 o A0l 55k e (55,5

& S 4o
S alS oA VYA L L 5 il b -
oslizal 5w n e le el e /0 B 0L
3l als Rl el L (S35

e

Ballarin, B., Cassani, M. C., Maccato, C. and Gasparotto, A., "RF-sputtering preparation of gold-
nanoparticle-modified ITO electrodes for electrocatalytic applications,”" Nanotechnology, Vol. 22, p.
275711, (2011).

Dai, X. and Compton, R. G., "Direct electrodeposition of gold nanoparticles onto indium tin oxide
film coated glass: Application to the detection of arsenic(IIl)," Analytical sciences : the international
Jjournal of the Japan Society for Analytical Chemistry, Vol. 22, pp. 567-70, (2006).

Sarvestani, R. K. and Williams, J. D., "Frequency-Dependent Control of Grain Size in Electroplating
Gold for Nanoscale Applications," Electrochemical and Solid-State Letters, Vol. 13, pp. D37-D39,
(2010).

Olson, T. S., Atanassov, P. and Brevnov, D. A., "Electrodeposition of Gold Particles on Aluminum
Substrates Containing Copper," The Journal of Physical Chemistry B, Vol. 109, pp. 1243-1250,
(2004).

Oyama, M., "Wet Chemical Preparations and Electrochemical Applications of Metal Nanoparticle-




e D gy A5 4 Il 0L a3l 0+

10.

11.

12.

14.

15.

16.

17.

Attached Indium Tin Oxide Electrodes," Review of Polarography, Vol. 53, pp. 3-18, (2007).

Mei Gao, D., Sun, Y. Y., Zhao, Q., Bo Hu, J. and Long Li, Q., "Determination of hemoglobin at a
novel NH2/ITO ion implantation modified electrode," MicrochimicaActa, Vol. 160, pp. 241-246,
(2008).

Tang, Y.-Y. and Chen, P.-Y., "Gold Nanoparticle-electrodeposited Electrodes Used for p-
NitrophenolDetection in Acidic Media: Effect of Electrodeposition Parameters on Particle Density,
Size Distribution, and Electrode Performance," Journal of the Chinese Chemical Society, Vol. 58, pp.
723-731, (2011).

Wang, L., Mao, W., Ni, D., Di, J., Wu, Y. and Tu, Y., "Direct electrodeposition of gold nanoparticles
onto indium/tin oxide film coated glass and its application for electrochemical biosensor,"
Electrochemistry Communications, Vol. 10, pp. 673-676, (2008).

Sun, F., Cai, W, Li, Y., Duan, G., Nichols, W., Liang, C., Koshizaki, N., Fang, Q. and Boyd, I.,
"Laser morphological manipulation of gold nanoparticles periodically arranged on solid supports,"
Applied Physics B, Vol. 81, pp. 765-768, (2005).

Ustarroz, J., Gupta, U., Hubin, A., Bals, S. and Terryn, H., "Electrodeposition of Ag nanoparticles
onto carbon coated TEM grids: A direct approach to study early stages of nucleation,”
Electrochemistry Communications, Vol. 12, pp. 1706-1709, (2010).

Choi, Y.-B., Kim, H., Han, G., Kim, H.-H. and Kim, S., "Voltammetric detection of trimethylamine
using immobilized trimethylamine dehydrogenase on an electrodeposited goldnanoparticle
electrode," Biotechnology and Bioprocess Engineering, Vol. 16, pp. 631-637, (2011).

QI-XIA, Y., "The effects of duty cycle and frequency on the crystal size of pulse-plated gold,"
Plating and surface finishing, Vol. 76, pp. 52-53, (1989).

OYAQ) iy b s oKl ()l i, I8 aslbObL M 3WT 5 Ll (ol b IS ) 3 pe Jaslow Y
Dolati, A., Imanieh, I., Salehi, F. and Farahani, M., "The effect of cysteine on electrodeposition of
gold nanoparticle," Materials Science and Engineering: B, Vol. 176, pp. 1307-1312, (2011).

Sakai, N., Fujiwara, Y., Arai, M., Yu, K., and Tatsuma, T., "Electrodeposition of gold nanoparticles
on ITO: Control of morphology and plasmon resonance-based absorption and scattering," Journal of
Electroanalytical Chemistry,Vol. 628, pp. 7-15, (2009).

El-Deab, M. S., Sotomura, T. and Ohsaka, T., "Oxygen reduction at electrochemically deposited
crystallographically  oriented Au  (100)-like  gold nanoparticles,”  Electrochemistry
Communications,Vol. 7, pp. 29-34, (2005).

Shanthi, C., Barathan, S., Jaiswal, R. and Arunachalam, R. "Study of surface morphology in DC and
pulse plating of silver alloy," Indian Journal of Engineering and Materials Sciences, Vol. 16, p. 128,

(2009).




0)

e 5 i plle plige 4

18.

19.

20.

21.

22.

23.

24.

25.

Li, Y. and Lasia, A., "Study of gold deposition on copper by electrochemical and microscopic
techniques," Journal of applied electrochemistry, Vol. 27, pp. 643-650, (1997).

Kashtanov, P., Hippler, R., Smirnov, B. and Bhattacharyya, S., "Thermal fragmentation of nano-size
clusters on surfaces," EPL (Europhysics Letters),Vol. 90, p. 16001, (2010).

Binns, C., "Materials produced by assembling gas-phase nanoclusters," Current Opinion in Solid
State and Materials Science, Vol. 8, pp. 203-209, (2004).

Li, Y., Chrzanowski, W. and Lasia, A., "Nucleation and crystal growth in gold electrodeposition
from acid solution Part I: Soft gold," Journal of applied electrochemistry, Vol. 26, pp. 843-852,
(1996).

Paunovic, M., Schlesinger, M. and Snyder, D. D., "Fundamental Considerations," in Modern
Electroplating, ed: John Wiley & Sons, Inc., pp. 1-32, (2010).

Bu, L., Wang, W. and Wang, H., "Effect of the substrate on the electrodeposition of Bi,Te; ,Se, thin
films," Materials Research Bulletin, Vol. 43, pp. 1808-1813, (2008).

Bouraiou, A., Aida, M., Tomasella, E. and Attaf, N., "ITO substrate resistivity effect on the
properties of CulnSe, deposited using two-electrode system," Journal of materials science, Vol. 44,
pp. 1241-1244, (2009).

Abbaschian, R. and Reed-Hill, R. E., “Physical Metallurgy Principles”, 34 ed., pp. 441, Tehran:
Nopardazan Publisher, (2002).




