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RRAFETFFPFALAF IR A4 B R enE i
BEg, RE AT AR FT o RS 21954 £ p
AEEFRT DL LAEEB DT AR L aaF ey e
ABAT G BETHR ST [5] A BT AT HA & 1958 &
¥ % Natta * Ziegler-Natta (7 48 &2 45ch) 840 ) & = e %
(polyacetylene)  H 2 "% 5 S AT b 5 BLPETF A F[6]0
2 1977 # MacDiarmid £ Heeger % & o % ¥ fI* T 4 t g d 1
FaT I F> 2 ed2v 75 P-4 & £ n-3]# e (doping) sh& ¢
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Bdex 28 g o 4o < & Heeger ~ ¥ '~ § MacDiarmid & p #
#Hogk + & Shirakawa = %2 { F1i bETF L F T 3 £+
E R @ W 2000 E R I F B

¥ LT %~ 3+ F ‘Polyaniline(Pan)-~Polythiophene(PT)

Polypyrrole(PPy) ~ Polyacetylene(Pac) % (B 2-1)[8] -
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Pb. Pt
{SHBC,; .Y, Fe +5
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g-poly(phenylene sulifide)
oA tel o
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Water
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dRETFAI T BRI S RFET AT L EWY T

TeieR o P LD KR BT F Y TR

BIE? DTIRBA - LT R E £ 2-1[8]F EAETF AT DR
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%2-1 $T 3~ F+ it [8]

Conducting polymers

Device application

Polyaniline and substituted polyaniline

(1) Electrochromic display

(2) Photolithography

(3) Rechargeable battery

(4) Electrochemical capacitors
(5) Corrosion inhibitors

(6) Sensors

Polypyrrole and substituted polypyrrole

(1) Electrochromic display
(2) Light weight battery
(3) Sensors

(4) Solar energy cells

Polythiophene and substituted Polythiophene

(1) Electroluminescence

(2) Electrochemical capacitors
(3) Cathode materials for battery
(4) Microlithography

(5) Corrosion inhibitors

Poly-p-phenylene (PPP) p-phenylene vinylene (PPV)

(1) Electroluminescence
(2) Photoconductors
(3) Solar energy cells

(4) Laser materials
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2.1.2~- 33 4 F 2 5 ¥ 2% (band theory)

Eie Y 23 L F kR d A2 5 A (valance
band) > X F % F ok i F A5 ¥ F (counduction band) > @
H O IRAL 5 i F & Fi(band gap) ©
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2.1.3 - TR A3 BT IH

TRAFOET LA F[12]
(1) TFBEEIMEFLFI@ I R L L it
(conjugatedbond) > % i4é v 5 H4er ikt Fig i

Fl 7 ’g'a,u‘z;ggi ool ggitagag s
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B F EERET I HE - T E BRI T

FTAARF(AUBRE) 0 S LAETHH AT F (03B

foo Fptpap Al gREETR AT DETE -

B 2-4 5 Boged cnE R - ¥ T BEEL A AR
4 - BrafEp d AYS (radical cation) > § 74 % § pFiz
BAEF A FEHEA SR D AR S L7 RS
(bonding orbital) » Fletsc FF vt B i e B o 4B e ot fh i £ 3

2 e TR A B R S U B 1T IR -

Horpd ABREIF AR EF A FFIRE2 23 (delocalize)



# 5 Wi+ (polaron)4-® 2-4(b) « F— B T+ i3 Hig+ 1@ &
FaaBpd g At AR (DR IRF A FaE B EEHE A
A4 FrehipteS (2R A ihiRieF i lf P E B2 AT
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L ARATHEY THE FREATRAE ST I EFF A B

(a) bond alternation defect
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{c) Bipolaron

—

Bl 2-4 Foege> i ¥ B[10]



229RURBA IR ERE
2221 - R EXREKE

BT EE RawT g

i
=

(1)2 ¥ % & (working electrode) :
Hh o L iTRhrFRBFIEE RICFRBFIBE A
R EREAF L F RTULIIETRS S B

(2)48 ¥ % #&(counter electrode) : 4>t 1 ¥ &7 & >

EESE AR LR T SR -5

S0 = 7

® f8 2L 4% v ¢ #&(ideal nonpolarizable electrode) ~ ¥ i 4

BRI E 4T E‘}:‘ Nerest equation ~ % 8 B #2587 + & £ 7
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Bl2-5 T-FReAER8]
2.2.2~ Heig
AP ARET AT NG R L AAEI[16]:(D
FRARM G N BREOT T RABET CF o & 22 5 ¥

FEERMDF PR KA PRI REROTREF T
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TEARIEFEIFAS L DRESHEBRT S > FFRBEAIF
AFHSHTAZET - (DFFREMT L F e PB4+ 2 48
T od WEFTBEAFTHF BELID ABRINIFREBEFAS
ARRB AT A ATERAG TR T A R MBS E

fraAa R EHERS F BT RARHSAERPRSTALF &

EARFHRFAFT Y I ET R A F et (pyrrole) B%kF
Affa? BERRE TN ALFETREFILI S A AL TR
AR PSS CT T SR L SR P
N-H ¥ il €T g P B 45K B T AT Y vErd > F T U

fE A

% 2-2 ¥R EHEWE v T =[16]

Monomer Oxidation potential (V) Vs. SCE
Pyrrole 1.2
Bipyrrole 0.55
Terpyrrole 0.26
Thiophene 2.07
Biothiophene 1.31
Terthiophene 1.05
Azulene 0.91
Pyrene 1.3
Carbazole 1.82
Fluorene 1.62
Fluoranthene 1.83
Aniline 0.71
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acetonitrile ~ benzonitrile M54 » Flptig &% k4 (FHT 3
BE R B R L GAHR o oa B o % & b 4o DMF(dimethyl

formamide) ~ DMSO(dimethy! sulfoxide) ~ hexamethyl phosphoramide

gg A A 4 T LR e T R G R R
LT AR EETFAS L

3

) %
AT RTER L RRRGAE - BEE  BRPEE O

Maik g obldee Bfe RINX(R="z &L & = 4 wimfdenp d 2 s

X=Cl" ~ Br ~ I" ~ClOs ~ BF« ~ PFs ~ CFsSOs ~ CHsCeHaSOs7) e B+ i%
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ﬂé&%ﬁ@ﬁ&ﬁﬁ@&’éﬁﬁéﬁﬁﬁ R e RET
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AR CERE LAY om RS £ LTI RRY AR
2

N4 L RBE TN E L 0 4§ s

FBAT ooy &]'L#;, ai%?ﬁ’i?ﬁrfﬁﬁé?l“%‘f%{€ a2 43

ETF AT FI P RF RS 2 F b F T
FEET AT CERE KV o BRI bldcd § VS 2
FULEPFE Y RBRACFURAEDEZRE N AEDET
B g b BEYRENTIRMEG BRI R A F o & 23
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AR RFARKPETE AR

8 23
‘:A*’ m,ﬁx-gg o

%2373 b ehBSRAHETF AT RS OB PT]

Solvent/electrolyte(0.1M) Film quality | Conductivity(S/cm)
Acetonitrile/tetraethylammonium Good film 50
Tetrafluoroborate
Acetonitrile/toluenesulfonic acid Good film 50
Acetonitrile/tetraethylammonium No film —
tetrafluoroborate+0.1M pyridine
Methylene chloride/tetraethylamm Good film 50
-onium tetrafluoroborate
Butanone/tetraethylammonium Good film 40
Tetrafluoroborate
Propylene carbonate/tetraethylam Good film 50
-monium tetrafluoroborate
Dimethylforamide/tetraethylammon No film —
-ium tetrafluoroborate
Dimethylforamide/toluenesuldonic Good film 20
acid
Dimethylsulfoxide/tetraethylammon No film —
-ium tetrafluoroborate
Hexamethylphosphoramide/tetraethyl No film —
-lammonium tetrafluoroborate
Ethanol/tetraethylammonium Rough,flaky 0.2
tetrafluoroborate
Ethanol/toluenesuldonic acid Good film 3
Ethanol/sulfuric acid Good film 3
Ethanol/phosphoric acid No film —
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2.3.1 %> A

R - FeTR VL 0 AF 05 CHS S 25+ & 84.14 g/mol -
tti/ﬁfg"ﬁ.“ﬂ\ & 331 P e B pyick I “‘Lﬁi‘\'ﬁf’rﬁ;] 2-6 - _1_/? fs v
CEET T ES ST AN PRES UV TR T gt Tt
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2.4.1 % § APq it F

%3 (Bpoxy) 64 &d - BF RF+8a B+ )=k
o - A FRHT T3 B TRY AP RY A 0 R
F ML P FIE Rt bk Y AR R F KT M
(electronegativity)) £ R EF| 2 B E o+ ik JBEE > F %ﬁ“
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I=q
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sV SRR I B sl ol
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¥r o A, Pk endE i o

2.4.2 B F Md  F
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© OH

Ho  H H
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(2) #paE
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H H2 H
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. |
OH OH )
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BF A TR EREDD N E AEEIFTOH > 4o VB
Miskovic-Stankovic[24 ~ 32] % & & G peliz i @ v » T § fif7q &
e~ RARE G o~ TR 100-300V S48 2 7T K 3 A4 RS K
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o BREFR- Hehg b E

Hen

|- 2B IR MG - A
AR RETRE A e M RS T ET e & PR F S R
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BHAF AV OB TS ETE[25-26] A AR E B VY &
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TIREEE TRA » wo LRV @3] Z=%e’’ > £ 1% Buler B

frdidk 5= & Sodic Z=Z0(cos @ +isinf ) o [EfLE ZRIE ST F ~ 7

BT CE RRY > RESRF DR RSN U
R BETEFRGFOTCERT - T RES L2281 T
& #5 % FL 4 o1 (charge transfer resistance, Ret) » #4& 4 & 7

A * T A T % %t (double layer capacitance Ci) » @ & st@

XF
™

Aok R ET 0k BT e & (bulk resistance, Rv) © 4

T ZAETEART U AR E R RenE R TR e
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Cy
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Ry

B 2-13 &7 “BF B SHEnTER[14]
RypE T BIEHE 1/ (ZR)=1/Tx +1/7c % Ze=Ret » Z=—1/
WO » B GT @ 77 L7 B¢ 7 RAFRPT R
R Tt v 2 A Nyquist 8T & + & 0 - X FIE2 (B 2-14)
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% 3% § & ' 185-192 g/equivalent of epoxide
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B \\\\ JJ _____
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32RE%RE

1. %5447 &(CHI)
B : CH Instrument )55 : Model 614C

2. HHE-F sH4F & N E st (Thermal type Field Emission Scanning
Electron Microscope » TFSEM )
Rt JEOL - Al%L @ JSM7000F

3. it 47w k#H &k (Energy Dispersive Spectrometer)
Rt JEOL - Al%L @ JSM7000F

4, EF b FL TR
R @ SHIMADZU %] 5% : IRPrestige-21

5. T £ ¥ 4 £+ 2+ (Differential Scanning Calorimeter » DSC)
K48 : Perkin Elmer
A1 55 ¢ Pyris 1

6. # & & 47 (Thermogravimetric Analyzer - TGA)
R W © TA Instruments

315 0 Q50
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3.3.1 kKRR
F1* %k k% % (Cyclic Voltammetry) Lt f % 5o¥ e
B AR EF BT IR o R AT

1Eg R lem v £1iFT &

o

+ 71 B Ag/AgCl T 1=
PHTIE 0 &5

PR kB Aok 3-1

Bl R 20C

R4 0~V

Friwik A& 10 mV/sec

332 X RAE
P17 TR RE RIRF M e R e RS
BARET REREE F O EHFeeT
(DF 3 B R E (Rrgrs k5)
1~ BTF T3 B i 418 40~ R 550 0 B G4
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(B) F e R 5
TR BB freer 18 4 2 R SA0 B Rt Glded 3-2
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B ET R T A B REF(vs. Ag/AgCl) =7 BRE L 5] PF o

3 FFBRFERRIBTIETIE Y ARFAELETE
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3.3.3 L irIEFURFE

FI* 2R R HRFE N Ry (TR EFGS T BLE T R
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%031 ThF A R R R B AR

Epoxy:Acetone TBABF Potential(V vs g
(phr) Ag/AgCl) "
55 1 3.5 EA55 1phr 3.5V
2 35 EAS55 2phr 3.5V
2.5 35 EAS55 2.5phr 3.5V
3 35 EAS55 3phr 3.5V
5.5 2 2.5 EASL5 2phr 2.5V
2 3 EA55 2phr 3V
2 35 EAS55 2phr 3.5V
2 4 EA55 2phr 4V
7:3 2 3 EA73 2phr 3V
2 3.5 EA73 2phr 3.5V
2 4 EAT73 2phr 4V
303-2 Boked 20 Rp 8 S5 A
Acetone:Thiophene TBABF Potential(V vs g
(phr) Ag/AgCl) "
10:1 1 3.5 AT101 1phr 3.5V
3.5 AT101 2phr 3.5V
3 3.5 AT101 3phr 3.5V
10:1 2 2.5 AT101 2phr 2.5V
2 3 AT101 2phr 3V
2 3.5 AT101 2phr 3.5V

% 3-3 BoEer /TR i Badl &R T R B4

Epoxy:Acetone:Thiophene | TBABF | Potential(V vs g
(phr) Ag/AgCI) "
5:5:1 2 2.5 EAT551 2phr 2.5V
2 3 EAT551 2phr 3V
2 3.5 EAT551 2phr 3.5V
2 4 EAT551 2phr 4V
7:3:1 2 3 EAT731 2phr 3V
2 3.5 EAT731 2phr 3.5V
2 4 EAT731 2phr 4V
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A E Y A FT-IR 4470 87 Biche S i - #73 F
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F24-1 2 FiFERI R ENS - X2 E Tg %
Sample Tg(2")(C)
EA55 2phrTBABF 3.5V 50.63
EAS55 2phrTBABF 4V 49.44
EA73 2phrTBABF 3.5V 55.84
EA73 2phrTBABF 4V 54.35
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% 4-2 Forgre peak fit £

Peak 1 Peak 2 Peak 3
Temp. (°C) | Area% | Temp. (C) | Area% | Temp. (°C) | Area%
(a)3V 150. 1 9.7 327.6 44. 6 621.9 45.7
(b)3.5V 198. 4 15.2 345. 1 46. 6 567.9 38. 2
(c)4V 179.4 10.0 332.5 44. 72 607. 4 45. 8
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#2432 FiEEREAF LT - A Tg &

Sample Tg(2")(C)
EAT551 1phrTBABF 3.5V 52.33
EAT551 2phrTBABF 3.5V 45.47
EAT551 3phrTBABF 3.5V 49.46
EAT551 2phrTBABF 4V 54.48
EAT731 2phrTBABF 3.5V 42.41
EAT731 2phrTBABF 4V 42.38
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Bl 4-52 EAT551 2phr 3V 5hr SEM ®1(500 %)
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Bl 4-54 EAT551 2phr 4V 5hr SEM ®1(500 %)
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SEI

5.0kY
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X500  10um WD 13.1mm

Bl 4-56 EAT731 2phr 4V 5hr SEM ®1(500 %)

% 4-4 RoEe /BT HH £ 4 5 EDS B %

Sample C(atomic%) OCatomic%) SCatomic%)
EAT551 2phr 3V p 80. 30 12. 42 7.27
EAT551 2phr 3V ¢t 75.90 15. 51 8.59

EAT551 2phr 3.5V p 75.57 19. 28 5.15
EAT551 2phr 3.5V ¢ 72.50 12.21 15.29
EAT551 2phr 4V p 69. 30 11.81 18. 89
EAT551 2phr 4V ¢ 73. 38 9. 36 17. 26
EAT731 2phr 3.5V p 78.52 19.55 1.92
EATT31 2phr 3.5V ¢ 75.52 20. 32 4.16
EATT31 2phr 4V p 75.97 14.74 9.29
EAT731 2phr 4V #t 73.73 10. 97 15. 30
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SEI 150kvY X200 100um WD 10.8mm

Bl 4-60 EAT731 2phr 3.5V bhr %% SEM ®(200 %

CHE SEI 15.0kY  >{1,000 10um WD 10.8mm
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% 4-5 ok /TR A0 & P ¥76 EDS B %

Sample C(atomic%h) OCatomic%) | SCatomic%)

EAT551 2phr 3.5V 5hr

A5 A ey 74. 805 10. 035 15.16
EAT551 2phr 3/. 5V, 5hr 7981 20. 19 )

B 4-54 B =%
EAT731 2phr 3’. 5y Shr 75 2109 336

B 4-58 A =%
PATTOT 2ohr 3,51 5he 77.193 22. 70 0.537

B 4-58 B i= %
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