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2 ¢: Emeradine base (EB)& benzenesulfonic acid (BSA), p-toluenesulfonic acid (TSA),
butylbenzenesulfonic acid (BBSA) % dodecylbenzenesulfonic acid (DBSA)¢} 7 <ZwilA
EENE TUER A3l m-cresol §al3lolA A=A polyaniline (PANiI) & E4-& b
RZAIR . Gt =RE] A Alge] Zolyl ZojALE =€ PANi9 Ay Axx
9} m-cresold] W% $H e F7ishs Aog Jelktl. ANAEEATY Zo] AYF) =HER
S0 A7lE A BATe) Q) gaz SHE7) 80wit oldoltien, H3] % Al
Zol7} Ao ALE AR =M A7t AA L, A H3 (free volume) 7t F718le Salx
7} Z7k5HA Aot AY] AEEE 34~110S/cm 9] 3 7AY 4 Algo] AojFN wie}
A7) AREs} 2745 RS DR AReWY] =38 £39] F7l2 Bl Ay AEst gol
A7t doln A4Eh BF =3 £ F71R d8) n2A AU YABE B o]0
FojudA H7)A w2 (electrostatic repulsion)o] AXA =3, TR} AlEe) ulg] T2}
‘expanded coil’ FE|2 WAl Ho B2t A7) Ax A gojaiA= Aoz YA}

ABSTRACT: We investigated the influence of alkyl chain length of dopants on the properties
of polyaniline (PANi) when it was doped in m-cresol with various alkylbenzenesulfonic
acids. The dopants were benzenesulfonic acid (BSA), p-toluenesulfonic acid (TSA),
butylbenzenesulfonic acid (BBSA) and dodecylbenzenesulfonic acid (DBSA). In general, the
solubility and electrical conductivity of doped PANI increased with longer alky!l chain length
of dopants. When PANi was doped with bulky alkylbenzenesulfonic acid, the solubilities were
more than 80 wt% because the bulky dopants decreased interactions between polymer
chains. The solubility of PANI increased with longer alkyl chain length of dopants because
the longer alkyl chain acted as a better surfactant and increased free volume between poly-
mer chains. The electrical conductivities ranged from 3.4 to 110 S/cm. Conductivity also in-
creased with alkyl chain length of dopants. The increased conductivity with longer alkyl
chain length may be related to the increased doping level measured by electron paramagnetic
resonance spectroscopy (EPR). Increased doping level may make intra-molecular conduction
facile. Also electrostatic repulsion due to more polarons on the polymer chain may induce
chain conformation into expanded coil. Thus, the conformational change will result in easier
inter-molecular conduction.
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Polypyrrole, polythiophene %  polyaniline
(PANI) 59 A4 EAE o|xAx,! &H7],
BH A%, A WA, ECD? 5o 248
A B AF7F Yol Ko} Aoz HAx
A nEAE nEA ARz B|EAstE rdAel
% van der Waals 452802 gisle] A3l Al
qA EL- Bz sFgAe] §lo &89 A A
oFg ol gt

A= &4 Aele] PANI (emeraldine base,
EB)2& camphorsulfonic acid (CSA) T+ DBSA
s} e =z 2 (bulky) 7|54 #7144 E A=
YA Aol TER A& 1Yol ZHAES] M-
methyl-2-pyrrolidinone (NMP), m-cresol 2 chlo-
roforma} 2& {7] Sl tf§ 7H8Ao| FUsh=
Aoz Rasget™ §3), DBSA9 A¢e 2 ¢
I Alge] ARBAANE ALE 3l B2 RIS
2 e, ole 1 4 A& FIAARES &
FEA71e SRR FYH R AE3l e F5
g FEoly SRR 35L& 37t £ol3})
&2 4 Lt S0 AL gz 788
BHeltpy &4 k> 38 MacDiarmid®® &
Fz7t & ERER SR Ay nEat Akt
Ao Az Qte ;EApe} LrfAte]e] AZe] A
A1, 53] m-cresol& S92 AME A oo}
PANiZle] 4 Afo2 sl fuf3} (solvation)
S2o] ARAA ul$] FZ (conformation)7} ‘expand-
ed coil’ He 2 W3 =HH, 0|2 sl & A7|
AR g zreria 2o

PANig] &7] &ufol] th3t 7H8-A 9] S7hke n&At
Efe Hada 1A AR afEoez o8 &
gle o flexible light emitting diode (LED) 2] 7}
o e e85 w 911, % F, PANi€ poly(methyl
methacrylate) (PMMA), polystyrene (PS), poly-
ethylene (PE), poly(vinyl chloride) (PVC) %53}
e HE ¥R} Ed=std Axg A Fof
$E37] H8 Be d7vh JYHx Yo 5§53,
PANi/PMMA E#dl=¢2] 3¢ PANIE 5wt% It 3
7l e 1 S/eme] B AL E 7IXe Jez ¢
24 glom34! DBSAZ =3 PANi/PS Bd=

#2jof #2037 A6z 19963 114

o] A9 = PANIZ 5 wt% S ¥71ge o 55/
eme} =57 Yeoa BEHo?

£ dFdM e T2 & ¢dAeENE SUE
2 AMEEle] edES] 4 AkE Zolo 2Hd we}
ARG 2 A8 ot 2F R Aol
wWE gzo WIE nFsGY. B3 =HEY &
2 AE o] Wisle] @ A% g Pl =3
79| zlolE sl Bl 7] dxoe] F¢&
AHET 22} ARz vl g FRe| Witz RE 22}
A7) Axelle) G AFEol dE Alge] Ho
o we A7l dxxe| zlolE &tz A

4 #

obdd d&A (Yakuri)& AME3E] Ao ZdF
Fated 4 CollA HESAL T/ L E=Fd ARS-
g HCl (Baker), ammonium persulfate (APS,
Kanto) ¥ NH,OH (Baker)®} £uj?l sm-cresol
(Junsel) % NMP (Aldrich), =®E<Ql BSA
(TCI), TSA (Aldrich) ¥ DBSA (Kanto)+& #4]
F9 Aleke o o)) AAgle]l ARSIt =RE
% BBSA+ 160 CollA butylbenzene (TCI)& H,
SO, (Baker) 2 &E3IX 7] ¥, ethers} F/TE ©
34 £t £88 $8935 & NaOH #4892
2 ZHA3ld butylbenzenesulfonic acid, sodium
salt (BBSNa)E <dgith. €ojx BBSNag dere
A ZoA AART F, olem# F32 (YAl
DIAION PK 218)& &#AIA BBSAE 43t ¢
o butylbenzene®] & Z3}= NMR spectrometer
(Varian, Gemini-200)& A}&38le] Iy on,
GC-Mass spectrometer (VG-Biotech, Trio-2000)
2 EAEE AR o] 2uge] HIUSS A
o}
PANi9] 32 1.5 M HCl 4894

go] gl
ohdd wapAlol skl [(NH),S0s7 S0 e
2e 29 HOl $89¢ 9% 452 dojma) 2

vhalo} AT o)d) FHLTE 0 °C, WA} 4
A9 vl 22 X84 F8E PAN-Cl 2]
=g R4 328 ARG F 2T 220
A Az#gch. PANi Al =99 CI° & AAs
7] 998t PANi-Cl #A& 3 wt% NH,OH &4
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FoAA 1247 Ft kst 4 Aele] EBE A
Z38tyth

EBE @4dWAEZEANc s AEH3] 93l EB/
m-cresol 24 (2 wt%)?} LLWAEEL m-cre-
sol €9 (2 wt%)& 50 CAlr 6417t H<¢t ultra-
sonic bath WA 71413 o2 mutsigith. PANi=
@9 7 183 0589 =HEV} 28T | )
A=rrt 71 98 oz oA glermz,
PANi 183 0589 =¥9E 2 438 Y3
oo, AA AHEE 0.5 go] PANig ¥ disjA =
< PANi¢g] o2 L% (wt%)E et A
=3 EB/m-cresol €%& 70 T2 AF LB A
Azxsle] E dd e PANIE A=3tgch

PANi Hg9] 7] A== 4-23HE AMsld
F4893 F8y 5492 UV/VIS/NIR spectropho-
tometer (Shimadzu UV-3101PC)& A3l ZFA}
3}t E3t electron paramagnetic resonance
spectroscope (EPR, Bruker ER200E-SRC) & A}&-
3t} 29 FEE QolM 7] A9} WAE 2AR)
Aot 29 =& T3] 84 PANi Eg<] EPR
2HEYHS 23 B £ 7)FEAQ 2,2-di (4-fert-
octylphenyl)-1-picrylhydrazyl (DPPH, Aldrich)&
o8-8l BA3Y ).

F- g Sy

SHUEEZ AME 2ANAEEN 4 AKse 2
oldl w& PANi9] B4 ¥3lE =Als] H8ld EB
£ m-cresol &vj3lA BSA, TSA, BBSA 2
DBSA T2 A=gidrt. GAiAeERY 12
+ Fig. 13 Zon, BBSA:E & AFAqA
butylbenzene€ H,S0,2 <E3NAA  Jojx,
BBSNa $7HI& ol 2mtsle dA s o9 'H
-NMR ~#|E&#& butylbenzenes} H|udle] Fig. 2
ol Yelligit). Fig. 2914 0.9 ppme butyl7]ol 4 &)
CHay(1), 1.35} 1.6 ppme CHy(2, 3), 2.6 ppm< #l
Azl e CHyol Hoja(4)d] =, WA
a2e} CH(5)dl ¢jaf viehd 7.2 ppmojAle] mjo]=a
(5)7} butylbenzeneg &ZZZ o= £ITA
Sol&e] d¥o= 7.2 ppm (5)7} 7.7 ppm (6) 2.2
Ao, T WA 2N £EA Lol
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Figure 1. Structure of alkylbenzenesulfonic acids:
(a) BSA and (b) n=1, TSA; n=4, BBSA; n=12,
DBSA.
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Figure 2. 'H-NMR spectra of (a) butylbenzene and
(b) BBSNa.

g CHdl 93t vlo]azA] o]ZRE] butylbenzene
o] £&3E AL AT & AU} ol9} go] FA
d BBSNaw o]2u#t +x& F3A|A BBSAZ ¢
o] o] @ o, o|& GC-Mass spectrometer
2 A

Fig. 3¢ EBE Ztz} NMP$} m-cresold] =91 3
4 g9 (1 wt%)9 UV/VIS/NIR ~A¥Ego)t}.
NMP £uj3ldlA EBE =9 £9 (EB/NMP)djA}
+ 330 nm¢} 635 nmollA F 7je] To]aE RHo|x
A ol F=AQ) EB HRAHYL F+ 2¥EH
S 24 %, 330 nmolA Jehl= vo]laE EB9)
quinoid ¥ benzoid &9 9§ 71— 2* Ho] &,

Polymer(Korea) Vol. 20, No. 6, November 1996



E£RE ¢ Ag dolo] WE Felohddel B4 W3

m-cresol

Absorhance (a.u.)

T T T
500 1000 1500 2000
Wavelength (nm)

Figure 3. UV/VIS/NIR spectra of EB in NMP and in
m-cresol.

band gap A& Yehi, 635 nmoA Yeh=
Jo)aE ZEAQ) benzoid-quinoid-benzoid 3LE]ej]
Mgl At olFol o mjojao|th ! m-cresol &
sl EBE =< £ (EB/m-cresol)2] 759
£ 430 nmojl Al v]EA sk AR 2J§ A 2E Fo
A7} Yehtar 1200 nmB-2¢] near IR JYolA =
o] Y& mol=zy} vepdn Qlct. o3¢ Holasd
EBE #7i4tez =33e o dephs Ao2A
MacDiarmid $&%8 o]g}§t ¥ish= m-cresolo] L&
2} AREzE Qg H Rl AR a7k Q1o
ZIksle] ez} Akge] 43y} AR, o2 Q)
& PANi2] H]9 F%7} ‘expanded coil’ ez &
Aspe o)AL wiAl sale]l @ (twisting)dl] <%
Ak Yol el m-conjugation AF (defect)o] Zof
ol B 12 A A=E zeva Agsigen,
wl$] 727} ‘expanded coil’ Fej2 A o, UV/
VIS/NIR A#E@d|A] free-carrier taile] Yephdc}
1 Pt =3 EBE NMP2} m-cresoldl] &34
AL u A7t @& EBe UV/VIS/NIR ~¥EH
w3E zAlE o (Fig. 4). EB/NMPe] 9=
A7 e ~"ER] Wit A9 gloy, EB/
m-cresol?] Agde FF AT aPE ojFd=
1200 nmo| M e} Hoja7t eEFoz o|FsHAA
free-carrier taile] Ueh} £l m-cresolo] o]z}
sREsA FA4e A 4 sdden, EB/m-
cresol £9o] MZAE ReH EBe FEMM A
A7 HE b Jehde 582 viE S #A3)

EFEolof A204d A6s 1996 114

3 days
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Figure 4. UV/VIS/NIR spectra of EB in NMP and in
m-cresol with time.
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Figure 5. UV/VIS/NIR spectra of PANi/CSA in
NMP and in m-cresol.

act

Fig. 5= CSAE =WEZ AlE3led EBE NMP
¢} m-cresolE AE=PFPL o UV/VIS/NIR AHE
gozA guj7 NMP]l Z$ol & vehz] 9std
free-carrier taile] m-cresol2 &u]2 A}E-3I&
ol = ofF T3 el Ut £ CSA=
A=PE PANi g9 A== NMPIXME ¢
7.7x10*S/cm, m-cresold| A= 56 S/cmZ  m-
cresol& U2 Al4F Al & A7) A=EE
Jelg o, o] Heeger 50|57 ut3l Ao} o
X &ta Aot 53], NMPE £912 AM-319& A+
AEE7} 10* A9 2e AEES Ue ofE
NMPeAMe] C=0 7|7} =RES} $423%E FA4
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Table 1. Solubility of PANi/Dopant Solution
solubility (wt%)

BSA 82.54
TSA 93.16
BBSA 94.78
DBSA 96.24

sodA =@EC 9@ PANie =& W] o
29 Aoz A Utk gy m-cresolol
PANid] th3 $& £ (good solvent) Yol HRI=
o] EBE ¢ZuAEEMNoE =P o, m-cre-
sol& &vj2 AMg-stTh

dAmAsZAoZ HEPH PANie] m-cresol
o) th3 S| =2 Table 1¢] Jehyo] vlm3lgc.
sHeE=z AlR-E BSA, TSA, BBSA 2 DBSA =
F ulAng & e A THE.ER, 8} A}
& 749 Qo] FHolA Hm, LR A& &)
Zte] Qo] A HojA 80 wt% olAte] LI=E
ZHAES ¢ £ Atk EF =0E] 4 Az Z
0|7} AoIA$E m-cresold] 3 LHTE S A
Ae ¢ F Utk =REY 4 AlE Hold ulg
LA = AJol= thed e F 7ix e FFo] gk
g &sE 4 vk AA, ZHES LUAES Ao
7} AojAFE BIFA FEQ GhAREo] AR
M PANi ARER ful 7t F8-3 AHEYA Y 3
e s Hol =t FUHEAT e Addc. o
g fgogE w9 T WE ¥ Ak A
Bule] zojz 3l g =9 Ao|7t AT &
g &, E8EY 9 Al Holrt ZoAASF
2 PANI A& Af-2m7E ARA 53, 59
9] Z7lofl 28] m-cresole] §uj3} FEo] FobHA
PANi¢] 7HgAe] F718iA ®oka A€o, PANI
9] 2 Ruje] FUHE HA] YA g 2=
2 zxgoay PdH oz FASYEY, THEY
&7 AlEe] o)zt ZolA4E PANi9 2Hf 39
7} Zrlsiohd =AE PANI 4g9 deE Zolx
gk A4e ¢ 7 Aok wey depedEd
o] g3l WEe] WEE ZH3 Ay BSA, TSA,
BBSA ¥ DBSA=Z =3%¥ PANi 989 U=+ 7
Z} 1.342, 1.308, 1.285 2 1.187 g/cm’zA <42
Algo] Aol AoAE Uy} RS BAS
t} wet EHES] ¢ A& Holrt HARAFE
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Figure 6. Density of PANi/dopant films.

Absorbance (a.u.)

500 1000 1500 2000
Wavelength (nm)

Figure 7. UV/VIS/NIR spectra of PANi/dopant in
m-cresol.

PANi Al&e] 24 Ro7t F7kste] £oio] &03)
3o] ®olA 1L, 0|2 QUM &=t Frtete A
o2 AT + Ao

Fig. 7& EB/m-cresol& BSA, TSA, BBSA %
DBSA¢} e gHERA&ERS A =sgAI
PANie] UV/VIS/NIR ~¥EZIY, =HEJ u}
g} ofzte] o)== ol Fig. 39)A EB/m-cresol
o] UV/VIS/NIR AHEZIA o34 HYGH
430 nmol|A Blol=rt A AAA HH, RE &
HEJ thsle free-carrier taile] Yehjar gluh.
m2}4] EB/m-cresol -0 22¥ yd A=
o] m-cresol& &ufZ AML-3UE o, &9 &
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Figure 8. Spin density and conductivity of PANi/
dopant films.

L2 3le =39 gL dAwyoz 4% A7)
ARLE 7N Aoz Bgdr. Fig 8& SHE
9 @& PANI €89 7] dxxe 298 F=&
vehd i et =RES 9 Al Zo|s} Zof

ol ulet 29 o} A A=wr} Ftske B
& Ho|x it} BSA, TSA, BBSA 2 DBSAZ &
g PANi Bg& Z47} 4.5, 3.4, 46.9 2 110 S/cm
9] A7l A==gE Yepi. o9} Zo] THES)

LY Ale o7t AojAFE A7) dxxr} Frtst

B RAe A F 7 890z AZE AANE
L8R }%:-lHA T3 %z xlo]24 EPRE A}

g3t 7 28 FEE FIA IS 2o, 42
Ateel Zolrt ZojAFE 23 FEE 25110,
3.46x 10", 5.66 x10'® 2 6.32x10'° spin No./g
F71he Ag & ¢ oy, oA T FFo]
F7hshe e BEHoz dASAY. P B
Eo) 9 Akge] Zolo] g £ Aol =
PANi Al&eo] #2hY (intra-molecule)o] A7) A
Tl FF¥E F= Aoz ARdr. W =WES
Ze Bul2 wgA)7) PANi9l £ F3d zlo|s}
e AL =RET 1Y o] g E]] Rez 47
g} A ELE S -SOH3 F34
C.Hopyy (CiHY)- F-Ho= o]FojAlong, 4
ARgo] FolAd 754 REo| FAA =HA, =F
EZr Qo] H A =HES radical cation?]
AfE Blsteg =ghsFo] Al At wHH
d €4 Akze] Zo|7}t Ao F4UA «FEA|¢
T34 71 ¢ A REo] o] EAFnE THE

ot fu

22O
o FTe

#E2|o] #2048 A63x 1996 119

g gelobdds) 84 w3

ko] o] kA =REVF nE A} AME9 radi-
cal cation# A A & UojA T FFo] &
opFiviy #HE ERe =REY 93 nEa} Al
=9 Y FE ¥IE & gt ok PR E &
BEZ =3HA7] W T8 AREzRY] Qo)
FA A Hol AREo] o= A= WM Aojt). T,
29 o ARZRE @FAEe] Holvt dojAy
g iz Absdl =9 £E0] ks, old ut
2 EA AL W] s Bolde dae +
Aok, wWEA PANI AREUlo| A FAEE7e] AA
713 yhdEo] AXA =HoA wiY FR7F FH Cex-
panded coil’ Fej 2 =1 o]2j3 FAFe B A&
o] 4% (linearity) & S7H1A 2H4& 447
o el lod, o] EAL AlEY wig] 7=
o} ¥3}7} PANil 182} AREZE (imter-molecule)
o] A7) Axe] 4¢E FE Aoz HA4EtY F,
Fig. 85 & Ao 2Ry =wEeS] 4YU Ale 4
ole] Wl WE =¥ FFo W3} uly FxRo
stz Qd Ay Axxe] WHIE HAY = U
th. oA =¥ #E7 #AA" 2o AN A
Zot w9 Fx ¥sle] FEE BEaAre Ay Ax
F o= Aol Mxk Ao & JFE vAEAE
BESA FHEA gkoy, =HES LAUALEo
ZAolAFE B A7) Ao} Exizte] Ay A%
BRI §aEe AT F AT

4 £

& TREEZ ARSI A=
Zold] u}& PANig] B4
< i*}s}ﬁit}. m-cresol oA =HE ¢
Abee] Zol7t AoAAFE gaEe} Ay AxEr)
F 713k ot

A EBEZ ©3H PANiE= PANi A}&7te)
g2 Ao 2ofste] m-cresol Lufd] o3}l

80 wt% o]del &3=E zZHA HUh 53,
DBSAs} 22 T®EE 21 97 Akso] ARBAA

AEE 7] Q& oFF 5 LIH=E A =Ho,
4 Alze] Hol7t Fold+E ABBUA M 5

go] WolAA L3Tr} 2EXN Foju AL B
oli At B E=WES] &4 Akge] Hojrt dojd
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FE FANH whdeo] AAA W9 F=9] At
o, ojsige wje) Tz Hsle PANI Ab&9l
Af F9E F7A ool $uist 5HE w02
2 g3z Yol o] Foiirta e

A7) A= A4 ¢ Ak o7t AoiATF
b, ole ¢ Aleol ZoidsE = &
Fo] olAle A FlsmzA EApl A7) Ax
9o il o gsm, BH71H whEge Frlel wE
TR AREY w9 TR Wtz EARE A7) A
7 folatll E Aoz AzhEn. TEA e W
¢ 7z ¥Wishs UEe U=E T HPHe=
g £ AU

E Q7dMe M 7 4E Aled THIe
DBSA7} EBEZ A5 @ PANi¢ &%
2L A/AREst g 48 Aeg AU

ZAIY 2 E AFs 199595 &R ALAE
of dAF =AY (Ministry of Education Research
Fund for Advanced Materials in 1995)¢ 23
o]FolPong ofd ZAl=HYT}
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