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Abstract : In the field of biosensors, polymer thin films such as Nafion, poly(vinyl alcohol)
(PVA), chitosan, and cellulose acetate (CA) have been introduced onto electrode surfaces to
enhance the stability of catalytic materials and/or impart electrode selectivity. In this study, we
investigated indium tin oxide (ITO) electrodes—whose modification with polymer protective
layers has been relatively less explored—and evaluated the effects of polymer-layer incorpo-
ration in terms of (1) improved stability of the catalytic material and (2) the feasibility of
charge-selective electrochemical detection. In addition, by comparing planar ITO with
nanoporous-structured ITO electrodes, we aimed to identify the support that more clearly exhib-
its the protective effect and stability provided by the polymer layer. These findings provide a
basis for expanding design and fabrication strategies for ITO-based biosensors.
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Fig. 1. Top view FESEM images of (a) npITOx1 and (b) npITOx4.

Table 1. Effective surface area and relative surface area of
flat ITO and nanoporous ITO electrodes (The numbers in
parentheses indicate the standard deviation).

FE WA (em) g0 aAH
Flat ITO 0.126 1
npITOx 1 0.594 (0.026) 4.92(0.20)
npITOx2 1.23 (0.095) 10.20 (0.75)
npITOx4 2.45 (0.096) 20.29 (0.76)
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Fig. 2. (a) Cyclic Voltammogram of the PB/PW redox couple and the corresponding reduction charge(Q) of PB. (b—c)
Amount of PB deposited by different deposition methods (CV and pulse CA 50) on flat ITO and npITO electrodes,
normalized by the (b) geometric area (Qpp/A,.,) and the (c) effective area (Qpp/A.s), respectively.
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Fig. 4. (a) Cyclic Voltammograms recorded for 25 consecutive cycles in 0.1 M KCI/ 0.1 M phosphate buffer (pH 7.0) at
flat ITO and npITOx*4 electrodes after PB deposition. (b—d) Anodic peak currents normalized to the first anodic peak
current of the corresponding electrode. (b) Comparison between flat ITO and npITO electrodes without polymer layers.
Comparison of (c) flat ITO and (d) npITO with and without polymer layers (nafion, chitosan and PVAc).
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Fig. 5. Cyclic Voltammograms of 100 yM Fe(CN). recorded in 50 mM KNOj; electrolyte (pH 7.0) before and after
Nafion coating, and charging currents recorded in the same electrolyte at (a) flat ITO and (b) npITOx4 electrode, with
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g2 <3 Halde| =& PBY] f& W

Ol 77}},\71 HZo= sNd Aok
npITO A=2] 7A-$(Fig. 4d), PVAce PB ¢34
gol 71edskA] ESIARE, A CV cycle tH] 2594
cycle?] dt] F+= chitosanA] 91.4%, NafionollA]
99.4%= et eEgAdo] FA EES ISt
E3| chitosan ¥ Nafion?] P4 ¢ d3+= flat
ITONA #ER X o FA veigted, ol o
wrhed A= 23 9 8¥ BA4o] IEA S
TS Hu g om wAgsle], REFe §A ¢ A

o G392 A5kl WEoE peEn. oe A%
& PBY ohje} Te Zoln1 ey Bl ekl
EE AT EW 74S 98 2Ra wee w93
w, tuerked Fael 110 AAASh 1A BES
o Zel fET Aol W 5 UL AAMGT

3.4 Nafion2| SH3t =& HiX| 35’—}
oF AollA vherhEA nplT
Aoz yAsto] PB PN ol vilﬂ ;q Ixﬂ
2 A8es dainh. & oA nplTO7E A3t
Aeld =74 (charge-selective sensing)g ¢33+ ZEA}
ko] AAAH ZAE A, SH8kE we EA

2l Nafiong o]&3te] H7kstdct.
SAFE Zh= a2 AARA, F
A3 FH3EE HJ% LS*A A= J2E Aslsto
A7l Zez deA AUt
WA Nafion =9 % s vk g3 gelslr] 9
3, PB 722 Ev E2& YA &2 flat ITO ¥
nplTOx4 =0l Nafion BM9hS 343 ¥, SX31E
e F32 Aksh-3k E<1 Fe(CN), o g d7)3}
82 NFE 248 THFig. 5). Flat ITO (Fig. 5a)
£ Nafion &8 ¥ Fe(CN), ¢ g8 AF7}
A #AAEA, Ak v3 d9e <o 0.21 VellA
023 VE o] ko a o]Fsldtt. ok, 3 AR/
o HlwEH FI HF7F 3] dF #EF,
Fe(CN), ¢ Ho] 93] ATHAE k-2 Al
ARSI}, BHA | npITOx4 A= (Fig. 5b)¢] 74-$- Nafion
Y F Ak 937 A veiuA] @A, 4
A7t AR Felel AF7E Yepdth mEd &
3} WEgE9] wAl 3= npITOx4°] NafionS %=
gk 7397} flat 1TO ti¥] o F28kA Vebstt.
o2 flat ITO 2 nplTOX4 Z=ell4 Nafion
=9 AF o}A~IZHAKAA), QAHUA), 2832 =3}
(DAY tist F71skeH Ass S4s8Ith(Fig. 6).
Aald g9 pH 7.0 KNO; ZZA4, DA
(pK,=8.87)& %< 3}, AA (pK,=4.10), UA
(PK, =540 <9 AH3E € Hoz Jdixez,
Nafion®] 23} Ae8% wo g ZE3hA, DA )3k
AsE FAEAY ZFelEls v, AA 2 UA9] 2
ST= oAE ZeR 7|gE
Flat ITO A= (Fig. 6a—<)olA+= Nafion =% ¥
AA 2 UA®] A8t AR7E 34 4s8aL, AA9

o r_>.i
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Fig. 6. Cyclic Voltammograms of 250 uM (a), (d) DA, (b), (e) UA, (¢) (f) AA recorded in 50 mM KNOs electrolyte (pH 7.0)
before and after Nafion coating at (a)~(c) flat ITO and (d)—(f) npITOx4 electrodes, with scan rate of 2S mV s

A8l 13 AYE 9k 0.52 Vol 0.6V 2o o
EalEth a28eE B3ela 0.6V 2 0.8V H2d
A AA 2 UAd 7I91st 2tst A/ I3zt 73]
=)o, Nafionol] 28 JA| a3y} FE2Ho=zvt
GAERSES BojFET DAY A, Nafion £

2= O

N =I=1
0.6V i-29 ksl AFrt Srtske Ae & & Aok
npITOx4 AZ(Fig. 6d-NHolAE Nafion = F
AA 2 UA9 AF/7 A #AIS ok olyz},
DA 2k} == A7 ¢ 020V 2 o] FsTh
o] flat ITO°A DA 4k} F]=7F 0.60 V. F2ol
ARz A vwste] o W dlelA DA 4ls
7t YERgo ), AR oR ko] A9 FolA Akst
He AA B UAS] I3 22)7F AAESES 9y
Sht}, E318H, Nafions} 22 23} A=z 184} vt
uhS o] 83k et HHA H7)slst S42 flat ITOX
T} npITO ASFolA o axp8o=z Fdd & IS
Rl

o o

3.4 8
B APoMe AT qHd 2EA 2 =8y
Zn) 24| FgE FIATIAY AS Adude 7
ofshe o] ITO AFol= fradA Asaint. &
3] ITO A=e] +x2 3 ¥H 5Ao] A A &

ol mR= FEgFS FHE7] f3E, HeE ITO (flat
ITOY} W=th34 ITO (npITO) A=S HwL thide
2 s

Zn] EZ9] kg A ZWHo|AE Prussian Blue
(PBE A7|3}skzog ITO AT &3 5 =4
XA W 24S Ft ITO A5 T/ %
HEZ JEA TR/l up2 PR g WHslE v
shdT). ok ey @ FHolA+= Nafione] &7
& wiAl &2 Flabr] $lel Fe(CN), ¢ A7}
8t AEE #=351a, o] =3% (dopamine, DA) F
29 3-8 7Fs3E HIRIaAl oI 2 HANAA), &
2HUA), =H(DA)R] 718184 AEE Hlwsi3ict.

I A3, YxdgA ITO AFelXe ek IToo
H|gl| ZEApEo] Hrp oA o= g Eo] PB Y
A Y 23 9 A veieH, 3R S 7]
Hkek A5t dEgdE B gaxoz T o
#Het A= Uit ITO7L AiAr HEZ 718k
sl 9 HelAg Fof ek A AAAAS Al
AR, ITO 7|9k vlo| @AM 9] /% S flg A
A F A AgS sk 44420 2AE AT
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