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Abstract—In this work, the in-situ viscoelastic characteristics of electropolymerized polypyrrole(Ppy) thin film were in-
vestigated under various electrolyte solutions, NaCl, NaClO,, NaNO,, and NaDS using quartz crystal analyzer(QCA). An
Ag/AgCl electrode was used as a reference electrode, and a Pt electrode was used as a counter electrode, and an aqueous
solution of 0.1M KCIO, was used as an electrolyte. One side electrode of quartz crystal was used as a working electrode
coupled with specially fabricated QCA electrochemical cell. The resonant frequency and resistance diagram(F-R diagram)
was used to interpret the results and compared with AFM photograph. The resonant frequency, resonant resistance, and cur-
rent were measured when the cyclic voltammetry was performed using galvanostatically polymerized Ppy film coated AT-
cut quartz crystal electrode. As the size of an anion is larger, the viscoelastic change was more prominent due to the anion
doping and electrolyte solution penetrating into the polypyrrole thin film.

Key words : AFM, QCA, Polypyrrole, Viscoelastic Characteristics

1. M £

#3 71 9] WAL R FanlE A g, ol A}
e 2273, B dL L 5. o] B FAlo)] 54
22 BAE] A3t AR Adel] g 7o) 9
T3 2 glet.

ol2ldt A7 /R iR Agg ANz =AY B 1R

'E-mail : smjang@seunghak.donga.ac. kr

189

Zhell A A7} TR Qlck. o) mEA} AxE YHEAD
ARSEZE Wt o 24 F9lsla thokt 28 ThsA e 9l
o Folri1].

THUHEL =4 A EAS] EAQ Qom Zelophda,
TR, Eepudd 53 g A Ol edx]2) Al 9
oA F28 282 A2 24 FERT Q). o]F TAY 1
AR ot 2AsA Q71536 s 2129 =AA )
Fohe 9] 370 Bl e wEaA] W) dRe] 8us]) Q7 7
E5 3 32



190 AR . 7120 . 24 F - A8 - Hiroshi Muramatsu

)92 5 RN 23 die 7189 d7Ee A7) 32
o] M A7)F5 wiete) s A 5 A7) I3y A 34
off gt o] Eelgir}. H el B A7 E-L FAleE e
2] Az AZ4xH3]9) AA 2] FE Al24AH4, 512 G#lZ] Quartz
Crystal Analyzer(QCAYE o|83le] Zqatgole) ZFiete] 55
A wistel Z3ete) Zelsishd B4 wate] BHt in siu £Ao] ¥
WA As 2 9l

FARNEAE 7ha AA, S AM, S A S 7kx AX,
75 ol e ® 28], A FAuHSl] o3 Weukg A&([9,10],
A &3], A3} vk 2A(11], AP e] uks- 314 {12} 59 A= AS,
A7 Bk dA, Ar)se 23piks S, 7)Y FE "4 B4,
FA kg d)A 5o A7)8E uhg- AlE(13,14] 5ol o8 gleh

FAANEA A} HE3G Aol J3ha Agte] A W
Zlol HR| & ALE Azso] o) AAld) gleir] AA| 9} H=E
g Aol 2 Whzle] 7}53lrh= Zlo] Nomura2}l Nagamura[8] %
o osliA G 0w, AA o] Ffel ule} WRIFuprL Wl o
Tl A2t g HEr| 2 43} ke AT E HE
=z gleh

S0 Folde $AA TR WAl G o] sl 3t A=Y 73
%, 2A $HAEA 0ol B9 T4 DA PArg o)L=
7o} qA o] EA WislE o] fdle AR B2 5 Q).

SRR A ] Felol B4 FEa &3 AAAE o]43 AEY o
Al Ao 7|58k &Afo] glrt. o] B o] e} ol
AR EA Tloll AEZAAA, o]of k& A z] Ex)e] ukzlfs)
o) Wzt ZA o an AEF o] 2=kS AAksks FlolcH15].
=3 AFge] wE AR B Sss 2gges
A ATl Al Ae) T3] AA &Y EYole &85 1
g} ol AR EAL] §F AFg #7835} ukg Al A" =}
2450 2 Algsle] A7]38 uhe-2 d o)) FAle wAlFus
W3HE 235Hs Flolo).

AA9] BA F FRT S| iy S8 I3 L AF
BaE]an o)A A8l $-80] xS o3l A HEs
2 ek A SR 9 X E2AE ZAFe o] 2]d] FAIAF}
olels 2L Nge] E9i=e] o] £Hul[16-19]. o] HAEE &
Aoz A LIEAHY UdEQl ArFAL Bt Ho9
S ¥ s, fA o) x| A Fo] wEA uiuke] Abde] B4
=g & 4 glch

271318k Aol QCAE o] &3l 7 $-oll=, 27188 ASAH
Fo 2= =R e P4 B M E SRl Ar)set
A AZAE S8 Fo] Fo) 2 FAEA Tl AEAA
£ Z A} AT Wl whE AakEstes 2Ag). a8ln
FAAEE FAl B 5] sjagteza Ar)skst F3ute)
g FEAL A 5 gloy] 39 PATRT MR E 38
4 glrh. o] WS AFe) ¥A Ay|Ey 2] A&, A S
A A s, A=) 9] A2t B 2 Folol 383 5= 9JrH20).

o] 59 7[&xA el ATE skl 9loixd Ar8hE AEe ue- 2
&3} £AHREAE o] &g 2 A AF o] AT T glo]
A1) Fep st} Fatete] Az} B4 71sstA Hol v g A
HE 9L 4 A Ik

E =EdlAe 2E Solsldli Ar|FEgsle] £AAFA ¥
o ]9 & whuhg YAJsty, EelE wbato] 39t XN ER}
5 AgATFo2 AMgste] 2 A gl AUFA 7 HA
AR uRgol Bl’E Sol22] <dekg, AR TR FAFa}s
o} FAAE 12y AFE 2AGeTH EAsla, 2¢2Ad)
w2 ohe] ERPYATEE AFMOZ s}

I o
ol F

&,

& opm

ofr

o

513 MI36H H2Z 19984 43

2. 0| 2

4] o] AT A5l BA13 28 Fs)o] RF 9] (Ra-
dio Frequency Volage)$ 17kshd 4 a9 94ksh 54 wet 2
o] AE42 TAR)

AT-cut $HAEAE] A5, 549 AR AFLe2 AFH
o} $ue 2 AEehe AERARYE SANEA £He) S
Wslel $42EA) FAFISe) Msole] WAL Sauerbreyol
BEEEEREIR]

Qe o2 $HAEAE A QST Aol e ZIAQ A5
o] AN wAle] HA ke Aoz Azsle] grovt, AAle] gl
QA AT AN E BAlo] 7] =4 QA2 FFol o
PN E B2 Fo4rh Asheths Aol AYA LR WAk &
HREA| Ero] HAsh Hsje] AFshe A Solo] Bt HA
W g oA} $RAEA B Aol DL g7 71A
Q Agpe] Az} o] Aol g7 F|AM Aol YF A
33} 2442 shll B olo] vzt FAFALE WA Dk,

N Folld] ¥ ko2 RYANES sk A A9 AT 5
AEAS) 07 Foh E4L Kanazawa Sl 213 55 AcH4].

Qo] el $HREAL Ar1A S7182s) q8pdel S8R
2L R, AR Asp el 9% AFeIN AL
Julahs $4REA ] FAAFL AAe] Ao} Yol Foe
o $ANEAY FATIS Waje} FUAFE S vlwg
o2A g HEs} U, 227 wne) fushd £549 W)
g 73 4 o

$RAEA AFED 90| 2% o] =S of woke] 3
94 S4o) B EAY VERLN F3HE AFiA] 7
Aol e FAFHS Wste) FAAYH YA ABBAE
TA15ha Fig. 13} e},

7] Fol) AFHT e S2AUNEAE £e] $2d 547
BAe AgHel o) AFE o AP A5 o} AFeiA)
7b Zh251 Gk, A8 Aol € AFohAA 9 ik, £
o olgt UEe) WARsETHZ st BAFTRe} TAAY
25 Agde 2 Waktct gebd FREA 4 adld d b2 o]%
st Wek el gelgel ) SR TA AT 916l whete] 3y

]
Q
o
EL]
2
[
e
E 3
| =
g
o
2 \= In Liquid
x c - b
Elastic
"o
In Air a
Resonant frequency

Fig. 1. The quantitative relations of resonant frequency change and
resonant resistance for various film coated AT-cut quartz crys-
tal.
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Fig. 2. Schematic diagram of QCA measuring system coupled with
electrochemical analyzer.
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Fig. 3. The effects of anion on the characteristics of elecirochemically
polymerized polypyrrole thin film.
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Fig. 4. Effects of anion on the resonant frequency shift and resonant
resistance diagram during Ppy deposition for 180 sec.

Itinm |

i

I pm

2u6nm,

[

R pm

Fig. 5. AFM photograph of polypyrrole thin films (a) viscoelastic
film polymerized in 0.1 mol NaClO, and (b) elastic film polym-
erized in 0.1 mol NaCl.
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