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2 9. Emeradine base (EB)E& benzenesulfonic acid (BSA), p-toluenesulfonic acid (TSA),
butylbenzenesulfonic acid (BBSA) % dodecylbenzenesulfonic acid (DBSA)%F e <zulAl
£ EAS EHERZ AME-3le] m-cresol £ 3llA] AEPAF] polyaniline (PANi) 9] B4 & H)
DEAEI . Ao g =RE] G Al Zolyl AoFALE =hF PANiS Ay A%
2} m-cresold] d¥ &= FeHe Aoz Jeikth. ¢diAeE N Zo] AN =HEZ
=g A7lE AE BARY 8 A2 8zt 80 wi% oldeldlem, 53] & A&
Zol7} AAAGE AHBAHA =AM Ayt AX I, AF 23 (free volume)7} F715le S3l=
7t F718H Aot A7l AEEE 3.4~110S/cm ¥ gh& 71X @3 Algo| ZojF ule}
A7) AEErt 271eke R nER AW =3 $5¢ Frlz Bafolxe] Ay AEst go
A7t el AAEt. B8 = 3o FU12 d8 22 Al dABE B o)L
FoiuEA JA713 ¥EE (electrostatic repulsion)o] AA =51, LEA} Alze] Wi F27}
‘expanded coil’ HE|2 WAl Ho] £271 A7) Ax GA] folA= Roz HAHT).

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 alkyl 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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gleo & flexible light emitting diode (LED) 2] 7}
o e e85 w 91w, 0 £, PANi€ poly(methyl
methacrylate) (PMMA), polystyrene (PS), poly-
ethylene (PE), poly(vinyl chloride) (PVC) %3
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¥ HCl (Baker), ammonium persulfate (APS,
Kanto) %@ NH,OH (Baker)$} £uf<Ql sm-cresol
(Junsei) 2 NMP (Aldrich), =®E<9 BSA
(TCI), TSA (Aldrich) 9 DBSA (Kanto)+= #4
F9 Aldg v o]de] AAgle] AHESIY T =HE
Z BBSA+£ 160 ‘ColA] butylbenzene (TCI)& H,
SO, (Baker)2 &£¥E3IM 2 ¥, ethero} FHTE o]
284 Eejdtr 28 £895 & NaOH #8942
2 A3l butylbenzenesulfonic acid, sodium
salt (BBSNa)& ¥t} ¥o|xl BBSNag &g
d ZdA AR F, ol2u X (AL
DIAION PK 218)& &#A|A BBSAE <t o
o butylbenzene?] %%3}l= NMR spectrometer
(Varian, Gemini-200)E A}23td &3ty o,
GC-Mass spectrometer (VG-Biotech, Trio-2000)
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FAA 124122 §¢ wtste] A deie] EBE Al
Z3tgirh

EBE ¢ZdWdeFEso e A=A} ¢3leqd EB/
m-cresol £ (2 wt%)3} LANAEEN/ m-cre-
sol &9 (2 wt% )& 50 CAlM 6417t F<t ultra-
sonic bath WAl 714]13 o 2 autsig . PANiE
@9 7 187 0589 =UEV A9 o A7)
A=mrt Mg 98 oz guiA glenz,
PANi 1873 0589 ZHE ¥z Ad& WY
onj, AX AH&E 0.5 go] PANi9] o] s =
< PANiY o2 &3E (wt%)E Jehligic. A
=3 EB/m-cresol €4& 70 T2 AF LBA
Ax3] HE Aee] PANIE A =3pgcl.

PANI HE9 V] Ax=E 4-g23Y L A3l
F389 3 Bz 54L& UV/VIS/NIR spectropho-
tometer (Shimadzu UV-3101PC)& AMLSld FA}
3%l E3 electron paramagnetic resonance
spectroscope (EPR, Bruker ER200E-SRC) & AN
sl 28 FEG PolN W7| AEES} WE ZAKY
Aot 29 F=& T3] 9dsiA4 PANi Hg¢] EPR
2HEYE 23 B F /1EEEY 2,2-di (4-tert-
octylphenyl)-1-picrylhydrazyl (DPPH, Aldrich)-&
olg3ld BT}

Aot o D3

SHUEEZ AM-E 2UNAEENY 4 AkEe 2
oldl w& PANi9] B4 ¥3lE =AIBIY] H8ld EB
£ m-cresol &vi3ldlA BSA, TSA, BBSA %
DBSA T2 A=girt. ddldaEde 12
+ Fig. 13 2Zon, BBSAE:E E AN
butylbenzene€ H,S0,2 <E3AA  dojA
BBSNa $7H& ol 2mstdle dA =&y o9 'H
-NMR 2~#|E&#& butylbenzenez} B3l Fig. 2
ol Yedislit). Fig. 29141 0.9 ppm2 butyl7]ol A&
CHay(1), 1.35} 1.6 ppme CHy(2, 3), 2.6 ppm< Hl
Axz]et 2ee CHyol slo]a(4)d] sig=, WA
ae} CH(5)d ¢jaf viehd 7.2 ppmel|Ale] njo]=
(5)7} butylbenzeneg &#E3Z olfds= &I
ol d¥e= 7.2 ppm (5)7} 7.7 ppm (6) 2.2
FeEA o, I WA o £E4 ol
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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 9|3 mo|azA] o]22E butylbenzene
o] £&3E AL AT & UL} ol9} Bo] FA
® BBSNaw o|2u#t 38 F3A)A BBSAZ ¢
o]2o| X e, o]& GC-Mass spectrometer
2 #ZAH

Fig. 32 EBE Z7} NMP$} m-cresold] =91 3
4 g9 (1 wt%)e] UV/VIS/NIR ~¥Ego|t}.
NMP &ajigld|4 EBE %A £ (EB/NMP)djjA
+ 330 nm2} 635 nmollA F el mlo]agE Holw
Aed ol F=AQ EB AU FF 2¥EH
o224 %, 330 nmlA el FolaE EBg)

quinoid ¥ benzoid &9 oF x— 2* Ao] &,
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Figure 3. UV/VIS/NIR spectra of EB in NMP and in
m-cresol.

band gap A& Uehii, 635 nmiA Yehb=
Fe)laE ZEA9Q) benzoid-quinoid-benzoid z]el
Ao} Aa} o] ¥ Hojao|th! ! m-cresol &
o3l A EBE %< £ (EB/m-cresol) 2| 749
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A7} Vehta 1200 nmB-28] near IR GHof|A] £
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EBE #7iidez =343e& o dephs A22A
MacDiarmid 5&°8 o]g] &t ¥sh= m-cresole] L&
2p Az g H) rEal AR 8af ko] 1o
ZIbsle] Bz} Aol 43y} AR, o2 <)
& PANie] H]9] 3%} ‘expanded coil’ ez &
Ash o)AL wiAl sale]l mg (twisting)el] <%
Ak Yol el m-conjugation AF (defect)o] Zo]
£l o & AV AEEE Zevhn Ay en,
wl$] 727} ‘expanded coil’ FejE A o, UV/
VIS/NIR A#E@d|A] free-carrier taile] Yephdc}
1 sigh 3 EBE NMP2} m-cresoldl] 234
AL u A7t @& EBe UV/VIS/NIR ~#HEH
W3g zAIEH ) (Fig. 4). EB/NMPe] 2ol
Az e ~"ER] Wiyt Ao gloy, EB/
m-cresol?] Afde FF AT AE ojFd&
1200 nmo| A o] sojzrt QBT o|F3AA
free-carrier taile] Wb} £l m-cresolo] o]z}
sHEsA A4 HgAg 4 ded, EB/m-
cresol §e] MZ% B A EBe FEMA A
A7 HE 9 Jehde =802 uiE g g3t

FEolof A204 A65 1996 114
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Figure 4. UV/VIS/NIR spectra of EB in NMP and in
m-cresol with time.

m-cresol

Absorbance (a.u.)

500 1000 1500 2000
Wavelength (nm)

Figure 5. UV/VIS/NIR spectra of PANi/CSA in
NMP and in m-cresol.
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Fig. 5= CSAE =HEE AlL3ld EBE NMP
¢} m-cresolE A =P vf UV/VIS/NIR A¥E
HozA ful7t NMP<l Zfd& yehz] 9std
free-carrier tailo] m-cresol2 ful2 ALY
o= ofF FEEA et vt = CSA=Z
A=gE PANI &9 A==E NMPAAE ¢
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UerAlen, o] Heeger S0’ 83l Awle} o
&t Ut 3], NMPE &892 A18-35& A ¢
Azzrt 10* Axe we Axzrt U olf:
NMPojMe] C=0 7|7} =RES} +42A%E B4
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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

sl zHEd 9% PANie] =& #ajsly] 9
2 Aoz A Uk wEkd  m-cresolo]
PANid]| th3 £& &) (good solvent) o] 1=
o] EBE ¢dWAgZMNos A=FE o, m-cre-
sol& 4vl2 AMg-3lTh.

dAAEENoE A=Y PANio) sm-cresol
d thd =S Table 1o vehlio] vimsigd ot
s@E2 A" BSA, TSA, BBSA ¥ DBSA =
T iAngE e A TREc 2R, nRa} A}
& 709) Q1ge] FHolxA Hm, LA Al &)
7re] 1ol 3A HolA 80 wi% olite] &I=E
AL ¢ F Ak T3 =REY F Ay ZH
o]7} AAAEE m-cresold] I gHTE US A
4L ¢ & A =nEY 9 AlE Zold mE
£ E o= o3 2L F 79 FTo] Yrin
&AL & Uk AA, THES FUAKEY] Ao
7} AojAFE B34 FEQ dHAkge] oA ER
A PANI A& gu7td] 283 AWgAe] 4
& s Ho $ =t FUbEATE A4Ed. o
g PHozE g 7R BE 18R AREY A
Byle] zlolz sl Lz zleolrt BTt W
gt} &, =HEY U Alge] ozt Aoy
2 PANI A&9 Af-7m7F ARA H3, A5
9] Z7loll o8] m-cresole] §uj3} FEo] FobHA
PANig] 7184¢] Z71814) "ot Yzgch PANi
9] A Hujo| F71E I HlA L& B
£ 2Agozy HH o2 FlEYEr, EHES)
Q4 Alge] Holst AolAS4E PANi9] Ay ¥
7} Z718tld 239 PANI g9 U= Zolx|
e e ¥ #7 U oM el as
o] g3l WEo Y=E T AT BSA, TSA,
BBSA ¥ DBSA=Z =3¥ PANi 989 dx+ 7
Z} 1.342, 1.308, 1.285 2 1.187 g/cm®zA ¢4
Aol do|7} HoldE dxrt A4S YA
o}, wet e 47 Alge Zo|r} oAFE
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Figure 6. Density of PANi/dopant films.
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Figure 7. UV/VIS/NIR spectra of PANi/dopent in
m-cresol.

PANi Al&e] A Ro7t 718l Sefo] go)3)
580] ®olA 1L, o7 QSN L=t FU8he A
o2 A4 &+ Uk

Fig. 7& EB/m-cresol& BSA, TSA, BBSA %
DBSAst e gPWAsEMo A =sgA1Z
PANi9] UV/VIS/NIR 2#]EqlY, =HES] u}
2} ofztel xlo)&= loul, Fig. 394 EB/m-cresol
9] UV/VIS/NIR AHEZYA o34 HYH
430 nmejlA Deolzrl A ARAA HH, RE &
BE) W&l free-carrier taile] el itt.
watx EB/m-cresol 402X Hod A= 7
o] m-cresol& &2 AlE-3IY& of, &uie] zH&
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Figure 8. Spin density and conductivity of PANi/
dopant films.
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F& FA7H whdge] AAA wjy Fxo] ¥t
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B Azdaes s 71 ¢F Asg vHe
DBSA7} £BEZ AMSHUE W PANIY &=
R AVNAEET} 7P ¢4 Aoz AU

ZAlel 2 & dFE 19959 &R AlaAe
o} dAF Y (Ministry of Education Research
Fund for Advanced Materials in 1995)¢] <j3j
o|FojFomz ol ZAl=HU )
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