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Abstract : In this work, the in-situ viscoelastic characteristics of electropolvmerized polypyrrole (Ppy) thin film were investigated in the
electrolyte solutions of NaClO, LiClOs, and KClOs by using quartz crystal analyzer (QCA). One side of quartz crystal was used as a
working electrode mounted in a special fabricated QCA electrochemical cell. The resonant frequency and resonant resistance diagram (F-R
diagram) was used to interpret the viscoelastic characteristics of Ppy thin film and compared with AFM photograph. The resonant
frequency, resonant resistance, and current were measured to analyze the redox reaction behaviors when the cyclic voltammetry was
performed using AT-cut quartz crystal electrode coated with galvanostatically polymerized Ppy film. The result suggests that the Ppy film
polymerized onto the crystal behaves as a rigid elastic layer at the initial stage of electropolymerization, while the film becomes a
viscoelastic layer the polymerization proceeds further. At the same time, the film thickness increases and some morphological changes take
place due to the penetration of electrolyte solution into the film. These phenomena take place when cyclic voltammetry was performed
using different electrolyte solution compared with polymerization process.

38 71¢ B9 TAL dux HxuE ¥A HZ, of ZYn gL =4 FHTEAY dEAHY Aeg,
E AYe nEA7L, #4329 FuetA HAM ol ¥ g, 2929, A S A AY Al olyAe
Aol s5He2 dAsy) Aste] A Agdl P @ Aol lofx Fod 28 HREAM ﬂ?ﬂ FELTL U
774 a9 sPhn Ach olg A7 shed AuiA o mAA 1k tdd zdstelAd A71TRel HeEst
ARG AxAzH =44 F4 a8 #F A7 FEE o 71Ee =44 Aeshes 2 3&732"3%%}% & skA] &



45

ol &g

E=%

=

2RAER B47IQCA)

_Im.l ok o R R B
xﬂm Wﬂ.ﬂ:moxuwemmmi Celkod —_
o %0 o 4 n_k_,_ o= Ak o = e Y
du,.&oﬂ._ .7xﬂx‘_wu WM B S TS
7o ﬂonﬂaﬂﬂzﬁ .M‘M_l M qw; - W,muw_ wWow ak
700 o A 2 = 1< S o = o = & R .
B gl eaTIcr o 5 me i LBIYIE PLTREtIET
Rl ﬂ:ﬁ "3 & TR o B o B W T ) BpE S m D e 8 A ur
o I g - ey — o oy Mooy o SaEFE
=) _M,iﬁoblt@ma B8 T o ® W B gy S m_Arﬁwﬂm»qqduaomow_%ﬂ%{%,ﬂ
g RESHR TIE % 3 5 o W == Y @ﬂﬁaﬂﬂﬁlﬂ{%ﬂ:%%%w
o T o TR oy T o~ o _ bl K q__ullwuﬂ_ordl . Y o B i
) ..7r,D| ol T ol my] Iqu N JF x._z]TJu_x_‘n_. 1_.“m_.4_v._ﬂ_.w.d|j|d/n__oo.w.‘
ﬂ.ﬂuﬂui._oAaﬂ o ol e JJ,_JI.0| \_ll,.ﬂdﬁ _n._oz.__A A‘mﬂATA%HﬂMﬂ ..mrd«_,mu.clﬂmno_n
B oabBlkmen R 3 S PI3 REd EESOSET S S LS 2
il .zﬂ%w_oEzE%dﬂ zo ulr s 4 IF 7 w.,.m,.ioom_.zl_lﬂa_ad_.ﬁﬂzrmmwﬂz]_,v_omﬂ
.__A-m_laTe Eodlxr,._.ﬁwl o Q & e T ~ .;‘__.._o }T}NLELX._ZﬂArq&owr ﬂ_oj|2._ i
I.Mm_oﬁambﬁﬂ_ﬂcﬂlﬂr 4 > o & ! __A.L_.._Wﬂomcuﬁ%g% ﬂl__ﬂlﬂ.%\%wwmﬁ
ol = o ! f— — ~ = i Al.ILJ..b\).ulll
m.._wﬁ:ﬂ%c*o,mﬂﬁﬂ._ o ﬁw_ﬂlm ~ 3 uuzo < .W_MMMW ﬂﬂ?%&oﬂFzmﬁmuﬂao@omﬁﬁmﬂmﬂ
<0 @&oaﬂﬂoqs = ) 3 - T 0 _oy e X zoﬂolzT_/ﬂ@a_aﬂIsﬁﬂa#i#WzTMo
B w g ETend EPo® 4D S R Mo %MH#EﬂAT{% eI
Xm._.@mﬂﬂmw_,4Ax @B S Ew 3 T e ol a_blﬁﬂmﬂwﬂa:c_ﬂu o TR T WA
] o S o C—— - w o| T S ™ Mo 3 7
ﬂ.__l_m,.m.,om.th]nm_.o._o ﬂomﬂocm e Mnamﬂﬂdaﬂl < cﬂo.ﬁ_nln ATlnn_mﬁ...m.._a_._nNoodﬂQLmEAﬂHrlﬂqulm.o
- o e ” 3 —_ “ i = —_— —
Hou._q"ml.‘mnmﬁ@%ﬁmwwduwxﬁdu I, .M_.mMoau._mM 3 il .M,m.;ﬁur%m.m.mﬂﬁﬂLcTﬂu}MEQd.
_ FegaEbigeTiial TREmr 5 Tag Belci gEEirorpEty
N = ?%W%M@aﬂmﬂ@ﬂ TR - h<wq é%%@}?%ﬂ%&ﬂ%ﬁ% °H
o~ F K ﬂazolrhc.D k2, 1,01750 I J o % T X W K R @_/wﬁﬁlﬂlhﬂqm_
i P T ¥ g =z R ﬂ.%@&mom.%su
o ~ . Il 3 % X T 7 LU or B 900 1n__._| ‘ﬂL oo T MR 0 Ho o & = =T <
7 = A Mn_.o_a.ma Zmaﬂﬂluﬂﬁﬂﬂuﬂ.%ﬂlﬁluﬁﬂﬁﬁ .Mwﬁut
. — P = . o
mw%%]mm@mﬂm oy R N MM%HMWL%MMCMQMMWMMMMM
JIJI_v T [ =< T SIS o — A e K h1
z._x.wwl_numramhﬂ @ﬂu7w,mwﬂd|.ﬂuﬂumuﬂ}ﬂl zoz\_m,.zT.mﬂmﬁuo.ﬂlﬂxo
po mh T ™ o e mﬁ =@ " S o .z ,wh r REORT o o _ 5 Nr
%m.ar_iﬁﬂ.% ST eedEX mﬂmouoio_oox THERWT
o) yg\ll o o A 2T T O] o h I 7 A+ &L
WL B X wT T g R R PR R G R L FTEET B
EERws w8 W o A T T @7¢1M@1@mwgﬂ B W B e
M N Ko - o T o R oo R T RE K e S A ~ R B F
= B R [JOZmﬂq <° KR X o o 4 op oo RO Z0 O o —_ F o o
e KT .Q 0 — Otl — B o ) _OZWTW t Jﬂﬂ ‘a\mwv\«'
= g op W .Emia«llz_@l% Ao R g W RE o A oA DA R S
[z?dﬂiﬁ%%ﬂqﬁ*lmeﬂdr]ﬂlllO]ﬂwwmw.ﬂ.o‘.:ﬂnluﬂ ._oo‘.ﬂv.UiMﬁ. ~ % o O#E.l.ml_.\m‘n_lﬂu o Of Eoll.uvm NS
5= H® e ™o Ed:.leAﬁc_o%‘_muw:ﬂoﬁmlﬁuo_w*mdn_lwwkuwuﬂm_. \_ﬂ_._x.or\‘*._ﬁ:_x@iﬂooﬁﬁ» = P L.mloﬂﬂxmd%m.z_ﬂ
e YA noe X — CCR =) o X @ ®opn & X s D S0 ®) mo
) N sl —_— oS ol n & X < o B- -
zyﬁwﬂg%mmo7wm4$mW%am%gM%%W%n ST 5 1 N SETE L E
ny =< o T 5 A " = N 3 —_ — = W omode N o s E_Lxr
E%%%qmwwnmwamﬂmg%ﬂ%W%wwmwowﬁ el art eTRL rEERLE T
& o = " T y%ﬁl}NzT N . ~ =5 ﬂ_..@;louﬂhwor,_oa — o Yo mr B =
%éw%a%m%ﬂ4Mlﬂﬂﬁ%%w%ﬂqw%owﬁﬂ %@%%y@;@MAHWQQMﬂ%qw
+ B W,ﬂvﬁﬂullt X_.lxuwma&ozzuﬂu Jﬂﬂdl ﬂAT~1|.._Eo = .z__yZoWo_ o.MIiAoMMOtZI.UimT
Bl O Y Lﬁ].‘»ﬂ»a_ﬁ oo M 1]4:‘_;_ © ¥ Ho oF ok o% — 4= u\_J
MR ﬁum.ﬁuua g o o T RRN® R = F AL 4 ._T ol T W 4 AR
aanmA@gu%aw%wgﬂ%M%%@%]ﬂ@qm@ g%mgzw@y%m@ﬂm%qmma%
mEL@MMﬂulﬁoq714JL_\_o_mw ~ B o ,Aﬁﬂ._ ﬂ&nﬁdﬂz\,aﬁlmz mw.ﬂd.xoﬂplﬂuﬂ Ao e T o T o
%%Eﬂim?ﬁ%IH%@]@.%E,&HW Mﬂo%ﬂ%%on« o X z%gﬁcvﬁﬂ%%%%%%m«@
= kA Wzourﬂ.ob,ﬂﬂwwpvﬁumﬂlﬁiM%%%%%omﬂ,m - .LE%L R %%ﬂ R
DT&IIWMHT&HC UEO.ﬂﬂQ./&OMﬂﬂAFML”O_&ANFE QOIZFHMI\NIZE_AO .Zﬁﬂﬂu_ﬂr—_ﬂﬂﬁ?\ﬁ\_Zﬂwﬁcﬂﬂoﬂa_4\ﬁgaiﬂﬂ10
wnﬂmmﬂm zm.mﬁ%%mﬂﬂmﬂ%gomm%mn& dﬂoﬂomaiﬂuﬁwﬁm.ﬁhg_mﬂuﬂﬂo.ﬂnox,ﬁ.d‘_zomumcmz;am_m_,ﬂ-
o 5 o EE & %o X = "™ R RIS Moy o ]E@m A o Ar N g o <) o wiw .wy._.ﬂ A R0
= B o = PAES = B B o p X Mo = (3 — DE el =
R lATo_ozﬂiuao r = @uéﬂooﬁ mm%x:._aﬂu?.ﬂ_.o_1ﬂ H_Tﬂo._%zoi%ﬂ. Mo &
A A 004 T = 1ﬂJ7€%w@ o A Ao dal
wEd TR EE @ﬂﬂ%wowgzﬂvagﬂgﬁﬂ,z,m Tha TR
o ) do X noﬂ_am o_oo__,_@uouh}%o_ﬂ%m ﬂa.m.mf%%ﬂo_a%_ &
rE T O e x.lxaoﬂuo_ T = T2 G NG Ar oy
.z__.ZLEo‘_MEM_.MOT.._-MﬂQ#OﬂIEL w._eﬂu..mlﬂﬂ_v
o W No = T LN ﬂwﬂaw
< TOMr T T X

J. of Kore:
an Ind. & Eng. Chemistry, Vol9. No.l, 1998



46 z}/\}g‘_ . 71%\: - d}

(a)

Mass loading
( Flectric field

7 7 P ! T

s

Quartz plate

=N

Oscillation
- P
(b)

Fig. 1. Schematic diagram of (a) AT-cut quartz crystal and
(b) its shear vibration model.
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Fig. 6. AFM photograph of polypyrrole thin film: (a) poly-
merized for 50sec and (b) polymerized for 180sec.
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nism based on the results of Fig. 8 and Fig. 9.
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