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2 %! +84 2E¥A acrylamide (AAm) 9} 2 F79 8 Tz e AL 2248}
2, o] FFHAE SHUER 3t FYNEL W5t EHE BHYNE AN, xUE
9] Tz Wstd] g S4NE B s Do AIAEEE 29sl9od, electrochemi-
cal quartz crystal microbalance (EQCM)& olg3sto 4t3}- @Al H7|s18t3 @4, A7
3 AEx B ol2AFTE Annt). BN A/AHH gAS =BES ZFHo wel gan
poly(AAm-co-2-methyl-2-propene-1-sulfonate) & EUEZ AHE-E A% 713 & A3
B4e 2o =3 Z3E EPAUY EEe] Pako] T84S AVAEES) EAe
#lstglet. Polyelectrolyte] 247} 23, rigid¥t 318td T2ULE 88 oA 2§57}
F7tete EE9E BN FER B F o] Ago] Lolstxn}.

ABSTRACT: A series of polypyrrole (PPy) composites were prepared by electrochemical
polymerization of pyrrole in the presence of polyelectrolyte copolymers. Polye]ectrolytev copoly-
mers were composed of acrylamide and various electrolytes with different chemical structure.
The electrochemical activity, electrochemical stability and ion mobility in the redox process
are examined by use of EQCM. Electrochemical activity of PPy composites was changed with
the kind of the dopants. PPy composite doped with poly( A Am-co-2-methyl-2-propene-1-sul-
fonate) showed the best electrochemical activity. The conductivity of PPy composite film in-
creased with the increase of PPy content. When the polyelectrolyte had longer side chain and
more rigid structure, the ion mobility inside the PPy composite increased due to the larger
free volume.

Keywords: polypyrrole, polyelectrolyte composites , electrochemical activity, ion mobility, electri-
cal conductivity, electrochemical quartz crystal microbalance.
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AAm (Acrylamide) : MW: 71.1

H,C=CH
¢-0
N,
(n¥AEsHA)
VS(viny! sulfonate) MPS(2-methyl-2-propene- 1 -sulfonate)
M.W.:130.1 M.W.:158.15
H,C=CH CH,
éO;,Na H,C= CI
CH,
SlO,Na

4-5t-S (4-Styrene-sulfonate) AMPS (2-acrylamido-2-methyl-
1-propane sulfonic acid)

MW.:206.2 M.W.:207.25
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]
O 7o
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CH,-C-CH,
|
Y
SO,H

Scheme 1. Chemical structures of electrolyte mono-
mers.
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Table 1. Composition of Polyelectrolyte Copoly-
mer

Table 2. PPy Contents in PPy/Polyelectrolyte
Composites

terial feed composition copolymer composition PPy content electrolyte®
mate (mol%) (mol%) e e nientin PPy/electolyte
P(AAm/VS) 95/5 98.74/1.26 maten (mol"; compesite  ratio (N/S)
P(AAm/4-5t-S) 95/5 95.57/4.43 (mol %)
P(AAm/MPS) 95/5 95.92/4.08 PPy/P(AAm/VS) 75 1.17 6.4
P(AAm/AMPS) 95/5 96.09/3.91 PPy/P(AAm/4-5t-S) 855 405 2.1
PPy/P(AAm/MPS) 13.28 354 38
Working electrode PPy/P(AAm/AMPS) 26.1 2.89 9.0
Reference electrode * Electrolyte : VS, 4-St-S, AMPS, MPS.
Counter electrode
F 3YEe A=E UEL HAgHez Fehlof
T =48 97Asgth. YokogawaAle] 2553 DC
voltage current standard& o]&3}a] dF AYE
poentosa]  ZAojFWA z2E AFE ZHs van der
Pauw’s methodo] ols] B¢ BEo] AEEE A
Aatgoh®
oscillator me;w computer

Figure 1. Electrochemical device.

az FAFHA 71E=HA (Fig. 1). ZGAZo] A
o7 27§ USE deionized watero] A HH 3
FFRE WAY ¥ AFo| ge nEA FHE &
ol A 3087 -0.8 VAlA 0.5V Alole] &3 erA
& ZolFuA AE 1 SFAE AAsY.

CHEX}L MSHHOIMO Ms}-BAHE. Zzte] 2l
A AHHAE THER o Foz2 IYH quartz
crystal 8o dojd F2|NE/ LA Mg B
A YEe FYATo2 shod 0.1 M NaClo, 58
Bloll A -0.8 VollA} 0.5Ve] £HAYARFE 1087
ZolFAtk. 20mV/sec2 AYE £@AIHA A
A-AF old FAn FF W3 THL Foto Ea
g Ad3t-8hA] Sz AHA o] AR
ZALIE

Z2TE S HEQ MINERE £F. £94
golX §48 ZFelvg BgN UEL Uid £4
5ol d& ¥R A# P e} e ATTE A
g}, Stainless steel€ I AZ (2x2cm), WL
2233, Ag/AgCl/KCliyy& 712A3 02 3ld 7z}
A FFYAH 2wi% 584 slollA 0.5mA/cm?
2 NG B g AEE Y. g4d
F2AE/TEAAHE BEAE FLdA A=A

590

2o 9 o

Table 2& FWE HPAH U g2 2
Egd=o] de AHA (VS, 4-St-S, AMPS, MPS)
o g 94 $HE i ANG APt &
3 level2 B E&/IHPA(N/S) &
v g2 Jepfct.

PPy/P(AAm/4-St-S)°] A% F74e =g w9
Aeick shitel sulfonater]|?} E¢1s]o] Qlon, PPy/
P(AAm/AMPS) 2] ¢ 9719 D& gejalnic} &
1ol sulfonate]7t £Qso] dee ¢ 4 Utk

E2uE BetHo MM, Arlgstdos 3
e Zevge EUEY FF, AF Ux, YA
=, FEAT L S sxo) wet st W)
B3ty 4Ag Uehdg. 2 A7 ME ERES]
ol We A7)y gde ny¥sn YYAL
¢ YHAFE TYFo Foz 3Yd +HASH
of E29EL FAYsY. 2P Fojsts &
HE= e E9ES HHHAIEN =3 &
B2 ZAsH J22 3 levelo] £848 Zay
& Bgde] dExe 3¢ rhxe. uapy 2g
Aol DA Ao o] Zrletel Wat =3
levelE ®olxAl "ol a2y Hdiyoz THE”]
ol LT BolAd THEU o] A¥six P

Polymer(Korea) Vol. 23, No. 4, July 1999



Polyelectrolyte ¢ $fol o2 A=A 284 A& SN 54 93

Table 3. Electrical Conductivity of PPy Compos-
ite Film

. PPy /polyelectrolyte® conductivity
material

mol ratio (%) (S/cm)
PPy/P(AAm/VS) 75/925 5.84x 107
PPy/P(AAm/4-St-S) 8.55/91.45 1.096% 10°!
PPy/P(AAm/MPS) 13.28/86.72 1.442% 107
PPy/P(AAm/AMPS) 26.1/73.9 1.73x 107!

* Polyelectrolyte : P(AAm/VS), P(AAm/4-St-S), P(AAm/
AMPS), P(AAm/MPS).
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Figure 2. Potential growth of PPy/polyelectrolyte
composites with polymerization time under a constant
current density of 0.02 mA/cm? at 22 C.
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Figure 3. Mass change of growing PPy / polyelec-
trolyte composites with polymerization time under a
constant current density of 0.02 mA/cm? at 22 C.
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Figure 4. SEM pictures of the surface of (a) PPy/P(AAm/AMPS), (b) PPy/P(AAm/4-St-S), (c) PPy/P(AAm/

VS), and (d) PPy/P(AAm/MPS).
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Figure 5. Cyclic voltammogram of PPy / polyelec-
trolyte composites in an aqueous solution of 0.1 mol
NaClO, with the sweep rate of 20 mV/sec at 22 C.
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Figure 6. Cyclic voltammogram of the same amount

of PPy composites doped with polyelectrolyte and

NaClO, in an aqueous solution of 0.1 mol NaClO, with

the sweep rate of 20 mV/sec at 22 C.
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Figure 7. Cyclic voltammogram of PPy/P(AAm/4-
St-S) composites in an aqueous solution of 0.1 mol
NaClO, with the sweep rate of 50 mV/sec during the
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Scheme 2. Doping-dedoping of anion in PPy.

Scheme 3. Doping-dedoping of cation in PPy.
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0.1 mol NaClQ, with the sweep rate of 20 mV/sec at
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