Journal of the Korean Electrochemical Society
Vol. 16, No. 4, 2013, 217-224
http://dx.doi.org/10.5229/JKES.2013.16.4.217

2P Y v Al J1gk =3E9Ee] 546

(2013 79 22 H4=: 20133 1€ 30 A=)

Characteristic Analysis of Cyclic Voltammetry on a Self-Assembled
Mono-layer Electrode

Hana Cho and Do-Young Yoon*
Department of Chemical Engineering, Kwangwoon University, Seoul 139-701

(Received July 22, 2013 : Accepted November 30, 2013)
(=) Ok
S =

F gz AFE D390 3-MPAR MEE AtEY oF AT o3A
ARSI R A FHelM ARkl o] 29] olgd S A ssint. kgt
giste], off thsto] A At AAxAS FEsin At
A5l e cdey el FAE Fob7] sk, Foa AL 485k
MATLAB 22738 28t sl 7asioirh. A7txdos /N 59 tat 2 CV &
ZRIYL 3-MPACE JEE & =iz SAM d=e] ey Aidse 4 disia
Dee AAL F Ak

f Je Ao rfx
> of
1 1o
1
A
e
2L o rfr

ol
2

Abstract : In this paper, we have investigated the characteristics of cyclic voltammetry of a
self-assembled mono-layer(SAM) electrode which was modified by 3-Mercaptopropionic acid
(3-MPA) on gold nanoparticle(AuNP)-deposited electrode. Also, the transport phenomena of
electrons and ions around the electrode have been analyzed. The governing equation and its
boundary conditions by adopting the semi-infinite diffusion model were formulated for the
mass-transfer dominant system. In order to obtain the numerical solutions of cyclic voltamme-
try(CV) on SAM electrodes, MATLAB program was implemented by applying the explicit
finite difference method. Resulting CV program for the SAM-modified electrode was verified
in good agreements with the experimental CV results for the 3-MPA on AuNP electrode.
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Fig. 1. Schematic diagram of experimental setup.

(')Xsm D — OXbulk

Red

Products

Red,, Red,,

]

Dittusion Chemical Reaction

Butler-Volmer
Equation

Fig. 2. Model for the single-electron transfer reaction
including electrode kinetics, diffusion, and chemical
reactions.

25 WA Q7158 AFelA ks gl

3, 2ge] BelFe] 2T
Mg, AFFWlA olee] 3t % sshge
o ¥ ApelE 8
N A ERL

o 2

%l
9
(3]

E

A Ao YR e AR 7Pl wet
A, B AT S8y siA 9 AP ASelA
o7 Aol FHl WFere] ks Jesl]
Z gt} Egh AFelxe] EF 2 (flux)@-2 Feldberg
o] £+t Whgo| w2 Butler-Volmer?] ¥ 2} =)
< A&

3.1 A7 s8hikg-

AFFHAA BZAGe] st 273k ehke-o
ot e Aks) - 3le] il wkeow mdd
s 71 QU

k,
A+ne7k<:>B; E° M
b

o714 Ast Be 714 @=dolH, n ZdAe] A
5 247 vepdith, =9, B ddiAp) o)Fske

wkge] ghlasiolct A et g d7lshet
HhSo|A] kg AukSol disl] A$xtol| 2k W
2] Ko} ks THEe] Az o] 7kt epd 4
A

ke = koexp(—%E[E(t)—EO]) (2a)

ky = koexp((l - m)%r [E() —EO]) (2b)



220 J. Korean Electrochem. Soc., Vol. 16, No. 4, 2013

o471A E(= A&k oluxA A9l e, k"=
EgdAeAe] THERFSEE A4 (surface reaction-
rate constant)E UEPAT} 3 o= HEA| S (transfer
coefficient)o]th. & HAFoX = HAel] sehkg-&
TR o HFHEHONA Hxpe] el og &
Hakg-o] o]Fo2= AR Fsketel. T, FAbAg
of thsll BE ZAoA LS FeiE 7Pdstar, Axt
o] Ag oM BF 719# FElE 7P skt

rr

A7 x= AFeZRE A2, = AL, Cox, t
&5, 223l D= 7 35F F(s=A, B) o thdt
MAFE 22 YERdT

2 AeMe Haeld HF7ke] AEle 4T
=31, olol vlsle] A=l Bhge] §48] ==
AlZkar 7Pgste], RbEek shtedl s H-gslaiat gt
olglg Wl gt A8 AL M| Frt
htge] FAEG § Atke Zg o3tk 919] ¥
Pl ARl Gyl tete] gk RIS A
Soh vt e AN R A 5 Sk
D At

Ax2

_l

3 o
roo

% AL

Cijr1 =Gt [Ci_1,j—2Ci 1+ Cijl €}
A7IA At} Axe AR} F7ke] ARZMAS a8 Al
SR 9k j= Az 7] it ARde 42 o
2=

2 A7 4 ()-(2)9] A=ukge] digt Z A
o} B Hdgdde] AupiaRl 4 )= /HEe
st krdo e vt 22 2712103 7
Z710] HeE & ok

Cp =Cp*, Cg=0; at t=0 (5a)
oC, . 8Cy
A3x  PDegy o
DA%% - Ky —kyCp s at Xx=0 (5b)
C, =Cy*, Cg=0 (5¢0)

33 HMRME

2bs}- 3 ol tisl] F=Hl7F FElIAH, Butler-
Volmer2] © 2 HE 7] ZZHX2(flux, J7F 2(3)-(5)9
SZEH, v #ARCZRE Fad & Ut

2DA[CA 1 —Cp ol
I, = ——A Aa)l( A0 (6)

2D4[Cp 1~ Cp o]
JB - _ B Bé)l( B,0 (7)

A%} B olAEA Y thate] Jy=-I0| B2, 2 (6),
2 (1) aEx A 9l deht e EW ugaE
wstel Feista et e dfel F22()
o@ Aow Hee 4 .

Ja==Jg=T=kyCpo—kiCsrp ®)
_J = kaA l_kbCB 1 (9)
|+ k20X 4+, DX
f b
3D,  “*2D,

o714 Jy=-lg=JolH, FE& Faraday < 28|32 A
= AFe] @uAe 7z et 4(9)9] A=
H AFE 9] #A2ozRE LA A @t

3.3 MATLAB =213
£ Aol 7P e Wt EiRds X3
How Airddsty] fleixe Fig 33 22
55 WET A71sket ghgAle] w7 Sl
Ao} AFs} - ghlFe] FRell tiste] M
Fote] 24k, £ ARE Fa
gt AE Fol] =3dE =
o] dHdolE(input data)E FAT
z2tste] Fiedll gk xjslE vE

>

J 7

—

1o

e Bt o O afo R

gglﬂ
S
ol J“JL““

Y 1o e g

o
T

rht

fr

ki

il

=

do

o

)

S

o

2)

o
1

2

F—@ [
g‘L
¥ I
or

_1

5]

32
K
-,

A

T W] o]E4<l sAS HaA, 271A
?5:1_3:)1_]—71(3‘]9,] ;ﬁ'?/] (Eswitching)':—; 1?_]_—%7(_—]]?1 }é
23l zkzF 0.7 Vel —0.2 VE A8t} E°

E, +E .
E' = e o2 AEETL) C*, DL

ot do
o —~

[\S)

k%= Dai ¢ W' o d747 AEEFH Prak'¥Y
A AAZ o] 833t} o FIHAY FA) K&



A738k8)A), A 16¥, A 43, 2013 221

Number of species in the mechanism
'
Number and description of redox couple

!

Enter the Input data

!

Changes the Input date

!

The normalizing concentration

'

The calculating potential, current

'

Plotting cyclic voltammogram

Fig. 3. The simulation method using MATLAB.

Table 1. Parameters for the present modified-electrode
reaction used in MATLAB simulation.

Parameter AuNP Values Remark SAM Values Remark
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Fig. 4. Comparison of experimental data of cyclic
voltammetry deposited on AuNP and 3-MPA/AuNP
electrode.



222 J. Korean Electrochem. Soc., Vol. 16, No. 4, 2013

=, ¥ W= AFRT 3-MPAR W¥E 9%
A5 o ALkl Zeol7h Fkeklem, ARk
Zpol7h Zhasigint. ook 22 Ak = v=dA A
=3 HYE &5 A5S s es sk A
FATESNAMNE e ZFPEE 2hom 0 F the
JAF AFo 3-MPAZ HAFHAS HIANHS o &
el vase] Wspt e aFE 5 9
ERE B AelM Axd @ d5 =
A= Blasids o g AL HYPEHAS
TR FAE B8t VRt

Lo

A5l Ad71skety Alee] st
1th 0] Ailwdgs BT
2 HhEsl siinde 1:0]0]_0:1 o2

Fig. 5& & WA A58 3 AFo=2 31
TR S A Aot £y S+
Aolty. MATLABS ©|&3F A5 Rda2 odd
o A FYS 2H0E mEilon FAKE
E 100 mV/isE ZAZANAL. 2dgsS Ed] Aard
Epe anp= 0.132V, Ep anpi= 0.3585 V4 ol At
Hom oo WE AEsnres 0.2265 V7| AHEdETh
ZkzF —1.76x107* A,

> b
I'T

¢

TS e aed Lo aue =
2.58x107*AS® o] Egto]l vgkom Al #
434x1074 AR BolEgth AIL Ea A=
AEAuNPQ’]' AIAuNPQ’] o Fig. 4% E3lo] g J?——l’
Stk  thegd WS olgste] SN U3
< Fs A3} AEpnpe 01362V, 183 AIAuNP"]
W 434x101ACE RIS A9} o] A4
A e 712 Algge] ZHelE FIRIRIATRE, AEsny
9] Zpol&= 0.0903 Vo= 237} YERTh ol Ad
2 K W otz v#E P Prak'®e] Aol Al
A KT oF 2R Be GoR KE Mt
BYPE HEAAS W, AEsnO EXE AT
él':fsg%} N“&Jﬁ_,,].g]. H‘—% :L;st]— ]E /\]-Eo]q:q

APgIE BLARCE 1K) Sote dshiRs]

o ot ¥ i rlo

i1

al7F 2 ’3}04 HREEETE S O]%—% Liekd
t}, T3 Zong 9} Huangxian®S HFigmel =k F
A7 @‘T‘% %ke] F7HethaL aFEth =

[
B oAl AP F vhedd d=e] 7t 771]
parke] AxF 5 =Yt A5 @ FARG o gF
S RdY AHAE Ful 1F T

3.0x10*

- = - -Experimental
— Simulation

2.0x10*

1.0x10* |+

Current (A)
o
o
T

‘
1
'
‘
s
:
a

-1.0x10*

-2.0x10* |- [P

0.2 0.0 0.2 0.4 0.6 0.8
Potential (V)

Fig. 5. Comparison of experimental data with simulated
ones of CV deposited on AuNP electrode.
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Fig. 6. Comparison of experimental data with simulated
ones of CV deposited on 3-MPA/AuNP electrode.
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Fig. 7. Comparison of simulated ones of CV deposited on
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