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A Study on Electro Functional Electro-Conducting Polymer
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SUMMARY

I. Research Subject

A study on electro functional electro-conducting polymer

1I. Purpose and Importance of Research

Polypyrrole has been widely studied because of its ponten-
tial uses in electrode materials, photoelectrochemical cell,
Schottky-diode formation, electrochromic display, chemical
sensor, etc. However, there are still several problems for the
practical application of polypyrrole film due to the redox sta-
bility as well as ectrochemical revesibility and kinetics in
the redox process.

The objective Qf our research 1s to find the optimum synthe-
sis condition of PPy film, to observe the kinds of dopant ions
and their characteristics and to know clearly the cause to be

deactivated in the cyclic redox process.

ITII. Scope and Contents of Research

1. PPy films were electrochemically prepared in sodium dode-

cylsulf'ate (NaDS) aqueous solution (NaDS/water system)

or tetrabutylammonium dodecylsulfate (TBADS) acetonitrile



solution (TBADS/AN system).

2. The electrochemical reversibility, reactibity and kinetics
of PPy films were studied according to the film thickness

in the redox process by cyclic voltammetry (CV).

3. The kinds of dopant ions and their mobility in the PPy
f'11lms were observed in the redox process by energy disper-
sive X-ray spectrometer (EDS).

4, The electrochromic effects and its kinetics of PPy films
were observed by UV/VIS spectrometer.

5. The cause to be deactivated in the cyclic redox process

was studied by Raman spectroscopy.

IV. Results of the Study and Recommendation on its Implemention

1. Results
1) The electrochemical reversibility, reactibity and kine-
tics of PPy films in NaDS/water system were superior tO
those in TBADS/AN system as the its film thickness
increased.
2) The EDS results showed that the PPy film in NaDS/water
system was charge-compensated by cations such as Nat¥,

K*, etc. However, DS anions in the PPY film were moved

out 1n the TBADS/AS system on the reduction process.

3) SEM results showed that morphology of PPy cross-section

in NaDS/ water system kept unchangedly, but that in TBADS/

8



AN was contracted.

4) Raman spectra showed that the cause of deactivation in
the TBADS/AN solution on the cyclic redox process was
due to the chemical structure change of PPy such as x-
linking, C = C bond deformation.

5) The optimum electrochromic effects and kinetics of PPy
films were observed in the NaDS/water system

2. Recommendation
PPy film may be used to electrode materials, photoelectro-
chemical cell, Schottky-diode formation, electrochromic display,

etc.
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Al 1 A =

A7) A EA I8 polypyrrole(PPy) & A73sH o=
HAA A=Y & Y3, thr] Fo polyacetyleneeo] wHls <A

& ®olug AsF, 4 g=zd HA5H 2L 45 ZBEE A

23x Z3a AVFFHozm LA =F/E=EIFT F U= FAHol

N

1Tk (1-10), olalg =4& olgsted PPyE 21 A AT

24, 334738 %, Schottky-diode, A 3w, A7 A2HH,

ststgd F$/1Bd SestdE AP/ Ag 1093w A
Mol Stk (11-20), ol F &8¢ AWy AMME PPy P&
A3t sl y R SEE ®ohe wEH: A5/ #d B

3 BEHE AN dHAAN =

= PPy-DS I E (22-24) & sodium dodecylsulfate(NaDS) 4 &
ol (NaDS/ 489 ) x= tetrabutylammonium dodecylsulfate
(TBADS) £33 acetonitrile(AN) &4 A (TBADS/AN) A %3}

of Schottky-diode, ®Asd, 23 AN AT ZHAZ &3

71 ¢ 38o cyclic voltammetry(CV) 71} o2 PPy-DS HE9

A718eR BEAH as/8d FFd YolH BBEUY e X

AR 9 AgAe] #31L energy dispersive X-ray spectr-
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ometer (EDS) & A} &3lo ZALgF o}-&2, PPy-DS I Eo] &4

AL&

o] Ho|X & Wel& Raman ¥ UV/VIS spectrometer
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A2 4 :

Al 14 PPy—-DS HE9 AXF

PPy-DSEH &L 0,36 M pyrrole ¥ 0,036 M NaDS/48<1
= TBADS /ANoA WFHF (lemxlem) & FF o8 Abgste] 2
-5 mA/ed A3 AFTUEANA 50 mC/led- 3,000 mC/ehd o] H3}Eko =

A Z 3} T

A 24 Cyclic Voltammetry(CV)

Function Generator(HB-104, Hukuto Denko Co, )¢ Po-
tentiostat/Galvanostat (HA-301, Hukuto Denko Co, )& A}&
stRem, dele 4MEKClel x3d £33 =EA#d dZ2dd  Ag/

AgCl FFEAd =0} AgA reference & A}l&319 )

Al 3’ d Raman Spectroscopy

Double Grating Monochromator = FA ¥ Raman spe-
ctrometer (Jobin Y von Ul000) & ©¢])&£3l¢ Raman spectrum

& A9t} exitation light source &+ spectra physiscs
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o Ar* oj&#olxe 488 nm § o]&stal sample o Z A}
power = tj& 50mW o]slz3ldd sample ¢ EIIE HXA 3]
A A}gE A8 gold coated mirror & o]&, #733FH o

2 Z=gslgon o AlzE 2 Raman Alg =z o] L3yt

A 44 UV/VIS Spectrometer

a8 13 2o AdAAF3E AlLsig on, UV/VIS spectro-

meter = Oriel monochromator & A}&3 o reflectance H

Hog ~A¥MEZdSL AP

an S
ight
Source LMort_E)_chrorgator] ’ —& PM_TUE);l
fiber optical
| wave guide
r N— - —i counter
. - i
Pqtentlostat/ | reference v DC output
[—'unctlon Generator e
— working electrode
channel 2 channel 1

| Current ’ L [_—]
| measurement unit ADC ADC

Eor;puter’

Fig.1. Schematic Diagram of In-situ Electrochemical

UV-=VIS ExXperiment

18



A54d SEM/” EDS

Py-DS " E9¢ 9Ywe FZE&= SEM(AIS DS-130 =& HI-
TACHI S-510 ) & At&sid oer, Bl R EEF 3F g4 £

A& SEM o X FdE EDS(kevex) & Abgstd F AT X -

el wazzg Eolrl i A LR AA WY ASAIL 25
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A3 d33 ¥ uzF

A 14 PPy-DS ZF9 A7ses =4

PPy - DS &< A7agxezr A/ BddHe FAXS

g3t P oz quANE HF/HEE F UL, Folu =

% se&5d 28 ILEA 2H=EAM VL, FEsd FHe 3

AFLESY 58 wWeodl wmet PPy 989 AVA=ER, FA

1AA HdE H AZEFSEH EAdel aA &tz o g ¥y

£ HAdslo dste= HAH PPy BES €& & AW (36-72),

B aAgaold= Aw ®yAel NaDS T TBADSE A3 =

= A7 98 d
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28 2= 023 um < PPy-DS 53¢ TBADS/AN £9 3 Na

DS/ A ollA 7333 7194, S8 2 9E4S B3
et ¥d& CV Zdojtk, TBADS/AN § QA& -210 mV - oA
Astula, -270mVelA #Yg¥a HFIE oS EvtER A o

Aoz U=, Wy NaDS/ &89 -420 mVolA 43}

z2, -580mV olA Asyang 2 AN aE #RE £ Yok o
214, TBADS/AN o] w4 2 sgydoe gide=
& ¢ & Ytk olu mEF neh o] oY WAL PPy-DS

go] A3t/ Bg wgol IPsHE I

g
o] £7] ] FE Aoz Y o)L oEEI £ule

dHFeE HEE 4 At (22-24), TBADS/AN £dolx = PPy HE
ol #718&uwid ANJAN SE&AEY ¥ FEFHL IEHY DS &

o] &2 AW FEo] :ol DS goleol & HAH FAHo|HWA

uhgo] a5z g, NaDS/4gAe]AE DS &oj&o] BN o
o] ol WE WMoz WY Rst: fA &9 F9 Foj
of os As/ |Auge] zEPT 0,23 m e BWE FrA A

= GEdA ol 29 olEEntE UE Feow AF AAZ

s/ BAue R9lyh TBADS/AN o)A AUM oz wWop TB-
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50

30
20

S B
~0.8 o 0.5 -0.8 0 0.5
V vs. Ag/AgCl V vs. Ag/AgCl

(a) (b)

Fig.2. Scan rate dependency of cyclic voltammograms
for PPy-DS films in (a) TBADS/AN solution and

(b) NaDS/water solution.
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=°] PPy FH 9 wg& &4 FE7A] &ddMy HH gt
(diffusion process) H& 27Fx A &l AAEH=H 0,23

pm o) ol o] e HAmTE A HolHHel o W

d

o] E&EHHXR HFY FAI FIHe wmEt o9 #Abe i

gq
sbgo] S&EA BT (24), wald, o] o Exd WHI B

7bole olee =t =@EY As/BUwgd 2 JFL 0

Aelth, ¥ 32 w3 4(1),2) o 2ol BAHE A/ Bdurgy H=

b AAAC] #A Ee o229 FAAA FoA o= GAC 9
I &EHH =AY H=E UEHAE XE HR)Y #AHA g5 7
7Zte] BES FANA de& CV FHAA Aua AR FAL
%2 #AE log-log plot o <& F3le HEYY FA 99

A& YEd Aot

A71AN, I,, = 39 aAF (mA/ch)
Ve FAF &% (mV/sec, )

k, X& A%olth

Xgkol 1o A3 /349 gL Aol HAAHA 3l &5H 1,

0,5 1@ o] &< A el s wgol ek TBADS/AN
gAolA BWE FAZ 1 pmojr ojgte] 0. 7B5HEER RS
dastAl gk, NaDS/ gl de 4.5 mmol gl A9 1o &
dstz 9ok olad WAL NaDS/FE ol Na Foje9 o %
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Fig.3. Relationship between X and thickness of PPy
f'ilms on redox reaction in aqueous NaDS solu-

tion (A) and TBADS/AN solution (o)
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=7} TBADS/AN &ojo]x DSgoleo olExrt HuJoez =

7] dl&Eolth wElA, 2¥ 4o vEFA 9F 4.5 pme] FHFA =
023 um 2] FEA CV 4 wa NaDS/ Fg8dox A3 /39

Mazk 9 gslgm A4f/8d "Wy At o Ae Row Mo}

Jg oz © 79hde ¢ 4 o a8E==, PPy-DS HEY

ozl WEe FAC A d=Fe ¢ F Arh

TBADS/AN £33 NaDS/ Fg8dolx Qe (CV A ojck TBADS/
AN ol = %717 Aol FdixM e 38 RG] AgHo=z =

Aol wa F25 @Aol wasa ok 300 A}

ol EollM BBAol «AHI] #HAIT oY, NabDS/ Fg&qdir= o

2 otA e 3 400Axto] Fo M Fy] A T70% olAF & 3}

}etA, NaDS/ 4 &<fe A PPy-DS HEo] A3t/ 3autsol &4 o

Atk zHdE, A F7x] PPy-DS HEe9 A3

I,
rO
o,
ats
o
e,
oy

2 7ty Sel By dFE el IAH

$h o} (36-40), @do] FastE Qoo daElNE dHA Hol A9

AT 29¥Y 6 2 TBADS/AN fAoA Aol ZA3teE Pdel HE
el FAHIE 30-40% ol AAS= DS folLo] WE How
Wz vYgom 3dtdd PPy AlE HF XY 8wld T+ PPy &3
A e WatFel 23 FHEste] U=AE ErIfsted PPy-DS H

9 oy Hdx HuAd 2 EDSE DS Soje9 I} YAE =

N
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2 mA/cm?

—— S —

-0.8 0.0 +0.5 -1.0 0.0 +0.3
V vs. Ag/AgCl V vs. Ag/AgCl
(a) (b)

Fig.4. Cyclic voltammngrams of PPy-DS films in TBADS/
AN solution (a) and aqueous NaDS solution (b).

PPy-DS films were prepared with 1.0 C/cm?®.
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——— i — ]
~-0.8 0O 0.5 -0.48 0 0.5
V vs. Ag/AgCl V vs. Ag/AgCl
(a) (b)
Fig.5. Electrochemical stability of PPY-DS films in

(a) TBADS/AN solution and (b) NaDS/water solu-

tion.

27



Fig.6. SEM micrographs of polypyrrole reduced in 0.036
M TBADS/AN solution. for (a): 15 Min and (b):
24.5 hr
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ol #hH wen SF2UANTANME 7] 49 0%l wWH Y

TATE 30 %014 Z2d RS ¢ F Ao ayd, a2y 8ol oy

Bt NaDS/s &M= DS Foj2e] A #Wx vex X B
ol H+=2 FA 2 FEdgxE F7] AHA WA % L
A JH dyd, 289 yEd vk} o] FES ArF F
dE FAS siEtd gd&e KT olo]l Azte] wE HE OE

Ho9F R FEH dFE MM FdH SEoes HAE & F

At meA, NabDS/s&dolXes FFY H7ZFH FAHol  Fol2d
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At]
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Jdsl ge & & Atk olAF VAo
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Fig.7. Sulfur line profiles of polypyrrole reduced in
0.036M TBADS/AN solution for (a) 15 min, (b)
60 min, (c) 2 hr, and (d) 24.5 hr

Fig.8. Sulfur line profiles of polypyrrole reduced 1n

0.036M KClOA/H2

2 hr, and 24.5 hr.

O solution for 15 min, 60 min,
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(a): 1 mun

(b): 3 min

(c): S min
(d) | (d): 7.5 min

Fig.9. K line profile of polypyrrole reduced in 0.036

M KCloq/water solution.

Al24d UV/VIS Spectroscopic study

2y 10 PPy-DS ©ES& NaDS/ #&4olx e AE

- 0.8 Velx 3t HAHEHA +0,1V7A QAZFAAE HIAITIEA
d& UV/VIS 2" Efolty, mE 2dEYHo] 450 nm oA 3 U
°f F+yae 7HAAY (valence band) <A second bipol-
aron F9 2 HojH5uA Az Aolw, AILHE L= 650 nm
X A8 Fazt FUEIEHA ESWESY FEFSFT AFS HEHEL

oY 11 NaDS/sgofox 3P PPy-DS &9 (HAFAE S
ZAFS7T #18te -0.8 VoA FHAAZD F T E EF Al o

g ~dEYY WS FFF olth 1mino Auyw 650 nm

T2l Fe F47F S7HEts 15 min o] Xy A Absid
PPy-DS 9 &3 22 2¥MEY9 RgE vHEdo oaA, FdH

PPY-DS 3 &2 At& 3 fi7lel =w% EHSS € 5 3Un.
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Fig.10. UV/VIS spectra of the PPy-DS films. Electro-

chemical experimentis were carried out in 0.1 M

aqueous NaDS solution.
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400 SO0 600 700 800

Wave Length/nm

Fig.11. UV/VIS spectra changes of PPy-DS films re-
duced at-0.8 V Ag/AgCl ref. electrode. |
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28 128 Na

Vel +0,5 V7

trochromic # 3} 9
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71€719] Wal: #®9"  PPy-DS W Eulel Sole Na* ol o] g

2 & olwah
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DS /=8Bl x] PPy~DS HHEo] 560 nm oA -0.,8

FAg A 48/ BPws BFFoA  elec-

2
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i
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& reflectance =

HEte RS BEFE F ook -420 MV oA

slwA  PPy-DS @Eo] A#H7] wWEeln, 0V
Ew@ol DS Soleol ol © WEo] AsH

9B Pel = AT Ao UoH BY

AAE - 650mV 4 ~100mV oA B F gtk o]l dAFLS

FASE7E F7hg wel Fde Zol  F

Aarh Z7e & % A

2y 132 NaDS/%§<jelA PPy-DS Fgo] 43t/ #AsHE

Bl lelr AMxpAMolsh MAMolz A PPy mER FHel B

M sho] #AZ HAAE

+ 0.5 V7% ©A g

A3 #EEr] Sl AHE - 0.8 VA A

#o sz =39

=2 ol73t ¥ 720 nm oA Feo] sl A

Aolt, AR wWas v
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90 mV/s

50 mV/s

20 mV/s

0.2 mV/cm

0.8 ' 0 +0.5
V vs. Ag/AgCl

Fig.12. Scan rate dependency of reflectance curves

at 560 nm for PPy-DS film in 0.1 M aqueous

NaDS solution.
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Fig.13. Current and 720 nm reflectance change of PPy-
DS film due to the potential pulses from -0.8
V to +0.5 V vs. Ag/AgCl in 0.1 M aqueous NaDS

solution.
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Fig.14. The plots of current and reflectance vs. time
ffor polypyrrole-DS films in the reduction pro-

CesSs
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Table 1 The relaxation time of PPy-DS films in

NaDS/water solution

l: Oxidation/sec, Reduction/sec,
CAs i 0,52 0. 36
- i . | - _
Reflectance 1,88 1,00
- - _ | _ — o _ -
Diffusion 1.03 x 10719 1,53 x 1071¢
|
coefficient
(chh / sec ) J

o] & PPy-DS HAFo] FYGH A= sE&YlAH Z 3fl 2] 5

A7 FA "HE <o R FAbHEo Ho] AW, HFUMA=

PPy ¢ dielectric At47l S84y FFouruzxg DS Jol23 A

712 "ol s Na* ojgo] mWAUZIZ P WEA oA

A5 ggol FAs Yol WP AxFTh mA, 23

1Y wrge TBADS/AN £of wtt NaDS/&doA B <4
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Fig.15. Current and 720 nm reflectance change of PPy-

DS film due to the potential pulses from -0.8
V to +0.5 V vs. Ag/AgCl in 0.1 M TBADS/AN

solution.
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e ¢ & Utk oj¥y @HE PPy-DS WEL A sd (ele-

ctrochromic display) ¢ &8 & g3}

Al 34 Raman Spectroscopy

A7NNAEAd TEAS dojA soliton, polaron % bip-

p N

\

olaron 3 & PPy At&el ZA3 st/ @d HaAs, E

A718 FAE o]F+& o9 olF 7]+ (mechanism) F& XAt
571 AT =TE AMEHAAH o (72-73), Hester & PPy X

BAe] a-addh EE a-Bo o3 dZ2%E aromatic =

i

quinonide ¥ o] FxE Ry Ydown (72), GoisFS 43/ &
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Fig.16. Raman spectra of PPY-DS films prepared in
aqueous NaDS solution and TBADS/AN solution

on gold electrode
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Fig.17. Raman spectra change of PPy-DS films on gold
electrode according to the applied potential

in aqueous NaDS solution.
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