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2 oF: 7]%A4 HA=(chemically modified electrodes)2 o]&-§ A7|E2wjul-s-g A3ttt 182} 2]%)
A2 o] wiho] 71538 poly-[ 1-methyl-3-(pyrrol-1-ylmethyl) pyridinium]& AF&-3}9l=d] o] A
5 e Ay AFxdd S ATa el FHEHE 2EY FAE $HA AA Mslge s xAs
Reom, SEME o| &3t FAE SAs A, 59 FAL HslFHe AABAE A AU Eejuke
of 84¢& 7zt ferro/ferricyanide o] &2 WELLE o]2wgho] slgslgen, o]wgEE ke cyclic
voltammetry A& A3 1.2~1.3Mo)gt}.

LE o] 248} ferro/ferricyanide ©]-2 o] ascorbic acid At&ub-S-9] vf7fA) L& cyclic votammetry Al
#& F3td & 5 odslz, RDE AYe £sle] ulg4x 24 slelvjyd FHsiged B Ag2 2704
Saveant 59 29 F ER+Sel sidg& ¢ 5 ek old=ql melel R+S7F 7] $Jste] 7154 HFo)
ZrFojol & =78 A AT

Abstract: Chemically-modified electrodes were fabricated and their electrocatalytic behaviors have been
investigated. As a modifying layer, poly-[1-methyl-3-(pyrrol-1-ylmethyl) pyridinium] was electropoly-
merized onto Pt electrodes under constant current.

The thickness of the polymer film was controlled by means of total charge consumed during the
electropolymerization. SEM was used to measure the thickness. There was a linear relationship between the
passed charge and the film thickness.

Ferro/ferricyanide, used as an electron mediator in this study, was rapidly ion-exchanged into the polymer
layer with its concentration of 1.2~1.3M.

It was found that electrooxidation of ascorbic acid is catalyzed by incorporated ferri/ferrocyanide couple.
Kinetic parameters for electrooxidation were determined by RDE experiments. The results indicate that the
present system corresponds to ER+S case based on the Saveant theory. Improving methods have been pro-
posed to be R+S case which is ideal for electrocatalysis.
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Fig. 1. Cross-section of a modified electrode in
substrate solution.
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Cyclic voltammetry, potential step chrono-
amperometry A8-2 EG&G PARCA}2] Model
173 Potentiostat/Galvanostat2} Model 276 In-
terfaceE computers} d7Z3s}e] &3]3}, po-
tential step chronocoulometry A&-2 EG & G
PARC A} 2] Model 173 Potentiostat/Galvano-
state} Model 175 Universal Programmer g}
2 Model 179 Digital Coulometer& o]-83}o
Z23}9t}t. Rotating Disk Electrode A13-&
PineA}2] Electrode Rotator2 A}-£-3}4ic}.

2. 3. 1-methyl-3-(pyrrol-1-yimethyl) pyridin-
ium tetrafluoroborate2| &g [17]

AA¥ PMP 5.1g(32mmol)® CH,l 10.5g
(74mmol) & WAl 10mlo] o Ax 7]F3}ol
A wbEA Rk e3he] YAHEE A=y WA
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¥ 1-methyl-3-(pyrrol-1-ylmethyl)pyridinium
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o SEM¢& o]43t4t}. WA Indium Tin Oxide
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3.2. LEW mi7RHS 5T
FE24Ye] &3} ferrocyanide?] ¥%(C,)
L., cyclic voltammograme] wHA& AAlslo

ok Aol ojsl AAst A

Q
G = nFA¢ o))
olf ¢ AzY BF Tl Q& A}
Fe Egth 49 Welde 22 RFo

& (swelling) 5]o] FAI7} 22t F7kshet, £
AgolMe AZ2LEY FAR “H’:l‘ﬁrf}- Fig.
32 Az A vj/ A Ql ferro/ferricyande %

v} 2 9] 24 —Poly-MePMP*BF,” /Ferri-ferrocyanide/Ascorbic Acid#l 141
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Fig. 2. Plot of passed charge density vs film
thickness for poly-MePMP* films.

R 2

log(Ce)

log(Cs)

Fig. 3. Plot of the equilibrium concentration
(C,) of Fe(CN)¢*~ in poly-MePMP*
films(0.63um) as a function of its bulk
concentration(C;,).

J. of Korean Ind. & Eng. Chemistry, Vol.3, No.1, 1992




142

o] dvh} HEU X#E 5 UertE Y
F31 9}, Ferrocyanider} FEujoll E3}1H7)
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£d 0.IM KHPO, & AAANHEE A4t
L AL 25CoA] 1.65x10%°9] g+g 71AHcH =
= 1.23ME 3o B3 ¥ polypyrrole
Yo AgE 5 e (e 0.2M) xR} 68 A
= F& o 5 AUcH20]. o]|2H-E ool A%
7% 7z+= polypyrrole €Eo] polypyrroled
vlal B oko] Folg FAZ F & A
olgl= 7| E WEANE & & At

3. 3. Ascorbic acid(As) ArslHES0) cisk ®
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kg A7|Euje 28gE BodFE cyclic
voltammogrameo|t}. 284 W FAlSE 7]
ImV/secd 739, As® &7} S71ge] e}
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Af7E AoiH o2 F7siA et Fig. 89 2
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3. 4. £ 2H niginjeel A
Fe(CN)?*~ 4] Ase] Ashibg5oi 24
43 b A7A sl delgda 47
& 4 i 14]
1) Fe(CN)¢~ /" o] AHAE APt A
(electron hopping)

A

As 10mM

0.04mA As 5mM

Current

No As

I ] 2 i " 4

-0.10 10.10 0.30 10.50
Volt(V) vs.Ag/AgCl

As 10mM

0.04mA As 5mM

Current

No As

i 1 1 1 1 i
+-0.10 0.10 10.30 10.50
Volt(V)vs. Ag/AgCl
Fig. 4. Cyclic voltammograms of ascorbic acid

in 0.1M KH,PO, at poly-MePMP* coat-
ed Pt electrode containing 1.23M Fe
(CN)63—/4—

(A) scan rate : 1ImV/sec.

(B) scan rate : 5mV/sec.
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2) As7}t IEWE FAstE ©Al (substrate
diffusion) A o
3) Fe(CN)#sh As7h A2 whgsts 2 Lsof /
(mediation) | /"
o] & o= o] §4AUAE Saveanto .
kinetic modelg °]-g-3}o] ZAFEFH). Fig. 5 z L10f /U/
rotating disk electrode(RDE) A3 Z%& e} E o
W}, 28¢ 39 g4 AF(limiting current) e / /./
b 29 dehded A¢ dehds AR P
(i)& Fe(CN)¢™/*~ 4o Ase] Atshitgol 7] o1 '
ojstel ehts AfolL, FHA vehhe @ -
ARFG)E As7t AT Z97HA #Aabso] 4k
shgo2d et Afolch ivh el Hls NP
A eltiedl ol Ak BEUE Fashe o 0oz oot 006
Aol £olshA wee Adstn ek ish i (rotation spoed)
0)23}lo] Koutecky-Levich plot& 3 ®w
Fig. 6ol B ule} o] i8] A4+ A% 5
AE BolR ¢geom, i9 At HAARAE B
A} o)t ik Asel Hate] H&TA} ob Hor /u/
£ 1.00f /ﬂ/
i e
.‘.: /./
?5 0.60 o "
3 |
000 0.02 ' 008 o0s
(rotation speed) "2
Fig. 6. Koutecky-Levich plot for the data in
N ! ) ] . L Figure 5.

-0.10 0.10: '0.30 10.50 0.70

Volt(V)vs. Ag/AgCl

Fig. 5. Rotated disk voltammograms for the
ferrocyanide mediated oxidation and
the subsequent direct electrooxidation
of ascorbic acid at Pt electrode coated
with poly-MePMP* film contaning 7.91
X 10"*mol/cm* Fe(CN)g /4", Solution
contains 8mM ascorbic acid and 0.1M
KH,PO.,. Electrode area is 0.46cm?.

(A) Plot corresponding to the mediat-
ed oxidation of ascorbic acid.
() : ascorbic acid 8mM
(W) : ascorbic acid 15mM.
(B) Plot corresponding to the direct
electrooxidation of ascorbic acid.
(1) : ascorbic acid 8mM
(M) : ascorbic acid 15mM.
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Ards] b 99 AHUEN-E Ase] A7F
Hk3-& Saveant?] 24l ¥ ER+SYL 2
g Aok E, R, S+ #7+ 1), 3), 2)<dA7t
S9AY4S FAe Aoz, ER+Se 1),
2)2AZE dider 3)dA B =1 A&
vpebdch ER+S8) S thest 2t
1,1, L (4)

1 1a lg 1klg

.l=.l+.L (5)

T

A ALE o] 83l k9 isE T3, iz As
7b EA8HA] = 0.IM KH,PO, -8-9ol4]
chronoamperometry A1&#< E#4 7& 4 <)
t}{21]. Chronoamperometryei4} velhts A
= Cottrell 2], i=(nFAD:"?Cp®)/(xt)?=
(nFAD2IY/$)/(z/t)? 22 28T} AolA] |
vs t7'2 plote] 7|&7}= (nFATY/x'?)(De/¢*)'?
o2 3. 2.9 Zj&g WY o=E ] I'E ol%
3te] De/#* s 7 F Ut} o] whge o8
B&H FF FAE dA R i F =
Aol Qlvk=s AAe] Slok. olFA T ik, s, 1k
Z Table 19] v}elfglrt. Saveant?] kinetic
zone diagram-2 ©]-£-3}7] A= K'Y 9
g otk k= ik i ohe 7o) 7
T 9tk

o ¥ 2w

iK' = 1x(1-1 I/iA) (6)
is‘ = is(l‘il/iA) (7)
ke is"E Ase] J|EEEE S0y XA

253 g9 Awxjold] gro 2 uE Aol

Table 1. Summary of Characteristic Current

Data
Ascorbic acid 8mM

400rpm 900rpm 1600rpm2500rpm3600rpm

ix(mA)l 66.96 66.37 80.85 108.87 142.67
is(mA)| 1.56168 1.5107 1.5088 1.5066 1.5062
ig(mA)| 0.0489 0.0489 0.0489 0.0489 0.0489

Ascorbic acid 15mM

400rpm 900rpm 1600rpm2500rpm3600rpm

ik(mA)l 9859 108.14 117.47 148.29 193.11
is(mA)| 2.8455 2.8342 2.8288 2.8253 2.8228
ir(mA)| 0.0489 0.0489 0.0489 0.0489 0.0489

T3 A3A A1 E, 1992
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o|FA & As7l £AWE FHiste AL
2] el AJAZ 5 Sk K s 9
£ o]43al4] kinetic zone diagramel el
of| gk vle} Zo] ER+S W ¢jo] datafo) &
Ags & 5 dh(Fig. 7). o4 A= ¥
Ase] AH7|Evubge As9 ¥E7F 8mM,
15mM, HE.9] —;—”]]7]— 0.3/m, I"°7} 7.91x 1078
mol/cn’*¥ 7-¢- ER+Sel st stejv]g &
744 o 4 sdsdch Fig. 8¢+ ER+S¢} R
+S Zt(case)®] ¥&% X5 et} ER
+S Afw AH7Evlell o7 wirfubgo] &=
A 2z A e wetas
SE7b e Wolnz ArEupge] Uoirh

R

= 32 2o R FAE A= nEA AE9
AAet wetA A7 Euikeo] dofbe
WHe-5& Astie /MAFE A8 0%

a2 F3hA "ok 2ol 3l uke} o] A
7]1&ujul-g-2] o]AkAlol A= R+Sqld Fig. 8
A BRe] R+S9) A& AdE AyolA

log (/i)'

I S TS TS S S NN T TN TR ORS¢ A N1

-2.5 -2.0 -15
log (ig/i%)"*

Fig. 7. A fragment of the kinetic zone diagram
around the ER +S region with the pres-
ent results obtained on the basis of the
data in Table 1. (M) ; ascorbic acid
8mM, ([J) ; ascorbic acid 15mM.
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2 o8& F g = E A7 o]43
systemo] ER+Se|4] R+S2 wslejd Fig. 9
oAl A & v} ol Dyrt Zsba A
CioE Z2A7IAY, HEe FAE ZAaA7
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w9 AFRAT Wede] Fad T u)
FAF ke B Each gebd Deol 24
o] 74 F& Wate] A 4 3l Aoz Bwl
th. Dee MAZo R o]&HE TEAHY flexi-
bilitye} #&E7} glch. & & v flexibledt &
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9257} F7h50] DeE 27H02 4 ok o]

145
Ds
k Cy° De
1-i)/ia
kl
Cp?
®
1
log (it/i%)' R+E R
ER IR+S
04
R+S+E
ER+S
_1_
7 S+E SR
S
_2_
!SR+E
1 E log (/i)
-2 -1 0 1

= ZBAARAA AAE flexibledt A
(& 5w siloxane polymer)o & uw}AL},
A&7 flexibility s F3A1Z  AEE AG
g A5 7)(AS 59 ether group)E 724
ol pendant groupel] X|3HA)7)= v S AAF
g Aok =3 ARALD O NA Y FEE FIHA)
Aoz DeE FAAA F Stk ol& viAA
9] oFo] B&FE /At A=y} o] 2
T 47l wiFelch et B A A9y
WARAE AA7A Ag s nAsA 2 A
Fol= WA 2EAR AR FA7)H 7}
i3} (electrostatic cross-linking)-& -§4HX])#
FA AAA Q] flexibilitys} 7FAste Asps
24 & Jen[22, 23] HA9 wAle] B
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T g 7= Ut

4. 83 =2

1. poly-MePMP* #HE-& o]83}o] Fe(CN)g~
£ wEA FEHE o] 1T T e
w, o] w3 ¥ ¢F% polypyrrole®] 7%
B} 69 AE £ 1.23M o|git).

2. B2 Y& o]273=E ferrocyanideo]-2o]
Ascorbic acid Atstab-g-o] 7]|Ew) &A]o]
91¢S Cyclic VoltammetryE %3] o
9], Rotating Disk Electrode 234 %
st Fe(CN)S& ™~ Aol o8 wizisE
Ascorbic acid®] AFEhuk-8-& Ascorbic acid
9] %2%7} 8mM, 15mM, ferro/ferricyanide
o] &2 EH¥%7} 7.91 X10*mol/cm?, A A
A& Aol 0.1M KH,PO, ¢ 7% Saveant9]
24 % ER+Sel i3S & 5 sl

3. A7) vjukg-2] o]JAtA Q) kineticsg] R+S7}
=7 9siAe Deg 714171 whel 7}
Aol 7HE & AR Ao, DeF
A= v o 2= flexibility7} & 318X
£ ol&43AY B-&AT flexibility F21&
A H2g FFUE =45E AS AA™
% ok,

-

5. NOMENCLATURE

i, = FAC,°D/S ; bare electrode current
is = FAC, kDs/¢ ; film diffusion current
1x = FAC,° k k\Dp’¢p = FAC,° k k I™° ; cross
exchange reaction current
ir = FAC:°De/¢p = FAIDy/¢? ; film electron
diffusion-like transport current
F . Faraday constant
A Electrode area
. The bulk concentration of ascorbic acid
D : Diffusion coefficient of ascorbic acid in
the solution
D : Diffusion coefficient for the diffusion-
like propagation of electron in the film
Ds : Diffusion coefficient of ascorbic acid in
the film

T3, A3Y A1, 1992

. The length of diffusion layer

. Partition coefficient

. Film thickness

. Reaction rate constant for mediation

. The concentration of ferrocyanide in the
film

. The surface concentration of ferrocya-
nide in the film
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