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GO-poly(4-styrene sulfonic acid)(PSSA) E&A H Al T/ =B A olA iEzke] EAE IRIEIA L™, GO}
PSSA & ATA TEA}F Alole] AFzkgo] AotE St GO-PSS/PEDOT WeE§H4|9] 74-%- PEDOT &% &
7Fstel whet gt 2HER S [y gro] AAastlen B4 93 A% 3A WEkelsth GO-PSS/PEDOT W53t
A2l 7 PEDOT®| GO-PSSA $2 HWEAIA 25 25 Alo|2 UF AEe] = FHE s GO =
GO-PSSA #A50] G502 ZHE-3HA Hof B3 = GO = GO-PSSAETE GekyAdo] =it &
3 GO-PSSAS} PEDOT Alolol] FAE 7Y% hybridization RE2ZAS #<1319.2H, GO-PSS/PEDOT =23}
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Abstract: Nanocomposites including graphene oxide (GO) and conducting polymers (PPy, PANI and PEDOT) were pre-
pared via an in-situ chemical polymerization process, and their characteristic properties depending upon the change of
conducting polymer (CP) content were analyzed. A confirmation was made on not only the functional groups formed in
GO but also the presence of CP existent in the nanocomposites. The molecular interaction between GO and poly(4-sty-
rene sulfonic acid) (PSSA) or CP in the nanocomposites was proposed. With the increase of PEDOT content in the GO-
PSS/PEDOT nanocomposite, the estimated value of /p//; regarding the Raman analysis of them was decreased and a
major change of their Raman spectra characteristic peaks was observed. In the GO-PSS/PEDOT nanocomposite, PEDOT
molecules made an exfoliation of GO-PSSA layers and thus they were intercalated among layers. Such a unique molec-
ular morphology induced the highest electrical conductivity for the GO-PSS/PEDOT nanocomposite among three kinds
of nanocomposites prepared in this study. It is also noted that the uniform morphology confirmed in this study helped
a thermal stability improvement in the nanocomposite due to the presence of GO or GO-PSSA acting as a thermal barrier.

Keywords: graphene oxide, in-situ chemical polymerization, conducting polymers, nanocomposites.
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£ 233 SA}o]=(graphene oxide, GO)YS 22| ¥ thA|
AR ARESl] BAME AT 5 o, o) S
AR o 2R BkeA 5] ALY AAR 3 GO(reduced
GO: 1IGO)E gk WS ARE-3taL UTh!

H GO T rGOSF A AR o]Fofx] Yo}
A& Azste] oheFeh wofell 88t} b= A7E 5
3] PAlS L ek 53] GOoF A=A AEAR o] Fofzl
B & Alxsk] flsted GO &4 stollA AAke stet
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o e ¥C

57 (in-situ chemical polymerization process)yS E3f %
AEAE TEAA Dol =B HAIE Blo] 2414
2L SHA N 722 2 F-A 2 2 (flexible elec-
tronics)” 5ol §-&sl= A7 BarEJr}. 3, A=Ak 8}
s 38 B8l AR GOREA AL U E Ao
A AR 1A FFRE HsATE A9k okEl the
EAE sk A aa s o s A
G B o] BERX|9f /o] ofgA EEtAl=Aldl t
g A Ao Bard bf Qo ol & A7 9] 7]
o, 3t Aojx| & A= 2 AF2FollA vz s3ls)
3 Qe EELHsiol= ARG AXEe) ZxAR R 28
a4 gk,

B AFoNE M2 T Axy R4S 78 4Ro
3MAM GO B= GO-PSSASH A3 Wei A AlZS Al
=598, GO 24 slA A2 Ae stekEThe 4
Yoto] A2 GOZR P E(PPy) Wi 22153 GOt
PSSAES ZAA GO-PSS HIAIE #A1=3 - GO-PSSA =
A slellA] 3,4-ethylenedioxythiophene(EDOT) B+ aniline]
A A2 shetEee Fske] Aozl GO-PSS/poly(3,4-ethyl-
enedioxythiophene)(PEDOT) % GO-PSS/Z 2] o}'d ¢ (PANI)
S Al 7 W ERAE Az AR sekeds
Sl WeEHAlE AT wf ARESE 9lE, opdd 9! EDOT
59 FFS GO E= GO-PSSAE sl %A diH] 50,
80 = 90 wt% TOo= WSl o, & ATl olE T
A= A3} spetsdtol olste] B aEats HghEo] the
EAE AL 7Pl AwA E Al FF 3
o] mE U 59tA o] FH WHsk= TEM(transmission
electron microscopy) L3 EAEAES FTIR(Fourier
transform infrared spectroscopy), Raman spectroscopy, XRD
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(X-ray diffraction), TGA(thermogravimetric analysis), four-
probe resistivity meter 5= AH8-sto] TP FAT.
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B, 2 Apor] SAEAE T2}ulo] E(<20 um, Sigma-
Aldrich) 2 AH&-3te] GOE AxdPen, 32HH,S0,)
(J.T.Baker), sodium nitrate(NaNO;)(Sigma-Aldrich), 2+l
22(H,0,)(30 wt% 8, Sigma-Aldrich), potassium perma-
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nganate(KMnQO,)(Sigma-Aldrich) 52 A}-&3}od graphiteS
GOZE %519 tt. PPy, PEDOT % PANI 5 A=Al 8%}
ol sl TR E2l 9= (Sigma-Aldrich), EDOT(Sigma-
Aldrich), oF'd @ (Sigma-AldrichyS AM&-313. o™, 243} )}
3 FA oA 4kskAl 2+ iron(Il) chloride(FeCls)(Sigma-
Aldrich), ammonium peroxydisulfate((NH,),S,05, APS, Sigma-
Aldrich) 5 ARg3IATh e 2 Ao A= PSSAM,=
75000; 18 wt% <=&9; Sigma-Aldrich), 3 *HHCI)(37%,
Sigma-Aldrich), ®l€F2-(Sigma-Aldrich) 5= 37 AM8-51912
o, AR BE FEELS AT AR W] F1 4
A2 o] 2= ARE-sH3

GO NM=. GO= HE¥ Hummer WS 2831 A %3}
Ao} T ETF30 34H80 mL)F NaNO,(0.5 )& ¥
5°C o]a} 2=ollA 58 Bt witsle] B3NS A3t
5°C oJst= Al FA18 E3te| 2Etute|E(l gye A
3] wHkslAA ool o]ojA KMnO,(4 g)E T %14139]
A7k & 308 w9t A #917] stellA] wkstich wt
o] Et S-S Arhe- AdH slollA 158 B9t 229 AT
Sk 5, oJoja] 3A7F Bt WHISIGITE o] FHA Al S
2o 227600 mL)2t 30 wt% H,0,(300 mLy’} &3+ {99
A7et & 5% St " F917] stellA] wwksiiith 1 &
FAL AL AR F GolFE AME3I pH 70] F
== 3k w7iA] o8 W AlFEIgew o]2A dle] o
7 AL S A2oA 2407 B9t Xy AXREFO2ZH] GO
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GO/PPy Li=S&HH| ME.M 52 Zepxaad] goles
(400 mL)2} GO(0.3 g)= B& H 30% FoF 229 A3t
o GO7} #AtE F8AS Az dol259) gk

kel

1:1(viv) Yol 1]=(40.2 mmol)?} FeCl;(96.2 mmol)yS &
7 Yol Fe/MZE BH|Z 248 243 g9 GO7| 4k
Fgdo) FNE T L2 0-4°CE FAIBPEA 2447 &
QF 4 19)7] slelA] witelsion, ARHAY S AX &
o] &5 ARESI] oy Xl AlFslal AolA 2447 5
oF ¥ AZx3ld GO/PPy W3S A|Z=sk3th.
GO-PSSA S| Alg M=, 52 Zetxdo) gole
(400 mL)®} GO(0.2 )& F2 F 117 &3 =53 228}
o] GO7} #4kE 89S Azt GO7F At 8-
o] PSSA(1.52)2 #7138t 30% Sk A4 £97] dlollA
Rkt o AR S AXl T Yol2FE ARSI oY
24 M A staL Aol 2427 Ft FF AZ3H] GO-
PSSA E3HAIE A 23T oA Aozl GO-PSSA =3}
A Eoll AjEAe] 7FssiH wAike gHe 357} st
Sol= AR ULt £ AlA= GO-PSSA EHAIE
Azs7] Yste] ml$- =2 F5(88.2 wt%)2] PSSAE ARE-
st9em, GO Atole] §3& AAISAA Eoll ks = oF
AT GO-PSSA H3H & Axst7] Yste] £XM|0|EV S
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GO-PSS/PEDOT LS8 M= 5 Z2~3°) DI-
water(300 mL)2} GO-PSSA 58| Al5(0.3 gy B2 5 30
2 50t 223 %|2]5le] GO-PSSA E3H|7F Bike 4=8-9)
A Z3A ek o1 719 EDOT(19.0 mmol)Z} PSSA(3.8 )=
¥t WHPEE FAISFAA APS(19.0 mmol)E H 718
2 Lo 2417 Fot WA 27| ol mtelinh o
TE T o7} 283 Dl-waters ARE-SF AlIX A S
oy W et on, Aox 2407k B3t 2 Ax 3
45 712 GO-PSS/PEDOT V=34 2 A 28131t

GO-PSS/PANI LE=S8HH| =" 5 Zef3ol &3
et L:1(viv) £ 400 mLo| GO-PSSA £ A&
03 g5 M 3L 1AN7F 5% 223 A2lsld GO-PSSA
A 7F E4kE 898 A 233 TE 1| M HCI(70 mL)<l
oPd2(29.0 mmol)S FH7late] FQ1 &8 ShojA] A xgt
GO-PSSA E3HA 7} 4kd 8ol H7kst & 308 5t
2HksEA T ©]o]A 1M HCI(70 mL)ol| APS(14.5 mmol)S
=21 gl Hrtsle] sk, 0~5 °CollA 6117F &<t
A4 E917] sollA] wukeltt. it 5§ AHg 1
23 Dol 75 ARG AIFFEE o7 W el on, 4
2olx ZF AXE 2447F 5 F33ste] GO-PSS/PANI Y
EEBIA S A

LI S8 SM24. 2 AToa Alx3 GO, GO-PPy,
GO-PSSA, GO-PSS/PEDOT, GO-PSS/PANI 5¢] A §E]
gk A4S thadt 2ol Fsisin sk i B4
S $I8ke] KBr tl2== WS -3-8-3F FTIR(Varian 640-IR)
FEAS et er, Bgt 2lgt 37] (HORIBA Jobin
Yvon, LabRAM HR 800 UV)E A}8-3}0] 633 nme] #|o]A]
7] 27 stellA AlEEe] digh gt 2 ERS AT
ARz B2E 9J5le] XRD(Philips Model X-pert APD)Z
o] g-alo] 2HEH 40 kV, 30mA, Cu Ko EAHS Ao,
g2 7] 6%min $EZ 20=2~40° 4 -4 A E(A20=
0.04~0.05°)= ©]5slHA] ~HEHS AAh Al5e] 71do

2 FA 7S TGA(TA Instrument Model Q50)S ©] 83}
o] a4 971914 10°C/min 718 £== thermograms &
At BE 2] 84S TEM(Hitachi Model H-7500)S ©]-&
&to] 80 kValolA AlE2] TEM iamgeS #4135ttt Ui
B3A o] A7EAH EALS 9319 four-probe resistivity
meter(Mitsubishi Chemical Analytech Model Loresta-EP
MCP-T360)E A&-3lo] 220 WA &S =439t
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M, GO E+= GO-PSSA EA stollA| Azt 33 Wi
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GO2| 7491063, 1171 2 1221 cm™ So|A] o ZAlo]=,
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GO/PPy(90 wt%) =53 9] 4% 1726 cm oAl C=0
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A = dom, 1304, 1551 E 908 cm oA Uehtb= FE
gk PPy 54 ¥=29 EX¢ GOoll £38k= C-OH 719
deformation E4 ¥ =7} 1630 cmolA AEEHI S-S Ho
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Figure 1. FTIR spectra of GO, GO/PPy (90 wt%), GO-PSSA, GO-

PSS/PEDOT (90 wt%) and GO-PSS/PANI (90 wt%).
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+ GO-PSSA A&7} oH4
TS T Aokl ddkE

GO-PSS/PEDOT(90 wt%) =&t 796 876 &
984 cm™ol|A] Rpo] o3l ko] C-S At S-0 AL 747
BRI AL 912m, 1200 cmell4] GO-PSSA®] PSSAY &38l+=
EA 93, 1458 cmol|A] C=C 2% 23] 1637 cm™ ol A]
C-OH 71¢] deformations WERHIL AT} 221} GO-PSSA
C=0 Al &3h= 1716 cm™e] 54 7371 2HEHUSS
Koy 9louZ PEDOTZF GO-PSSA®Y 23] =0
Ae-S eI

GO-PSS/PANI(90 wt%) W=5-gkAe] 7917 1130 cm o)A
N=Q=N(Q: Ax=o]=) A3}, 1294 cm™0l|A C-N AF Al=3
5, 1460 cm'ol| A Wlzo]= 3o &3l C=C AT 2=3
592 1637 cm! ol Al GO-PSSA2] 54 ¥ =<l C-OH 7] 2]
deformation 52 YERAT 28]y GO-PSSA7} 2H3 )&=
1716 cm™ AA1¢] C=0 AF 54 =7} &E U™ PANI
Al GO-PSSA® @Jste] == o] U&= AJHfolrt.

GO == GO-PSSEEM nEX} L Sahx| 21t 84,
A B 7REULERFE 59 7 Ui E 7|Rie R
she EA e B3] gk ehek EgEA S ] A
Aol A== a7 32 vl A 5488 sk
o] A< Ao R AR k. GO H= GO-PSSA
EA slollA AR sEtege Feted AlxE Al T Ui
Bk 283 a8l E, GO E GO-PSSA 59 tigh 2
T R s e Aak= Figure 29 YERY Ut

aetgto| Ed gt A EHL 1332 cm'o|A] D-EIE= S}
1575 eme|A] G-NES ZH2F BolFaL 9lom, 7|44 D-
MEE gt EE A SE C-C 289 defect =+
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Figure 2. Raman spectra of graphite, GO, GO/PPy (90 wt%), GO-
PSSA, GO-PSS/PEDOT (90 wt%) and GO-PSS/PANI (90 wt%).
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DHlES} GMES HoF=a Q). 1etate| E9F GOl T
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GO= Hsk=]wA FAE ohfst RESA 255°] sp’ carbon
3 FHATE AT 2 pEEARE HAFHISS
o).

GO/PPy(90 wt%) =534 9] 74-9-'¥ 9329} 1054 cm™]
A PPyel| s@sh= doid o= 22 54 937 veptar
Aom DHIEE 1336 cm oA GHI=E 1595 cm'ollA]
HsHAl GO2l EAE YEMIAL 1o [yl 32 116
=
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ATk FerE

GO-PSS/PEDOT(90 wt%) W=5-3H4) 2] 79~ 1367 cm™|
Al &Y C-C A3t 2EFE, 1437 em'ol| A WS C=C
Agte] A AE=X% 283l 1484 2 1566 cm oA Aol L.
#H 3] c=C A% A 2E53s 53 22 PEDOTe &
sh= 54 937P YERYaL 9121, GO-PSSA°] sl gshs
D= 2 GHlE ¥3EL PEDOTS &4 HAEH F3
o] o] =uiA] A Sl

GO-PSS/PANI(90 wt%) =254 2] 749 1463 cm'o
A1 PANIO| &38t= 7= @9 C-H WF 54 937t
oFsiAl VFERFAL 1o, GO-PSSAC] slFshs D=9 G-
e M35 7kt 1329 21587 em ol RIS UERY
W [yl T 1178 ZH=t)

B oAqroll A A %38 GO/PPy, GO-PSS/PANI 2 GO-PSS/
PEDOT 5 Al TF Y=E23AA F28 94882 A=A
TEARe] SHES- 0, 50, 80 2 90 wt% 5O FUIE wE
Zyzho] gt ~HEGA [/l 4] Wst= Figure 39 Y
B} itk FEEHE AL GOPPyet GO-PSS/PANIS] 7%
AwAd A Tgel 80 w7l I/l 76 Aol A shH
90 wi%eZ F71e A o7t Fache 4TS 2o FUTh
2} GO-PSS/PEDOT W=-3t419] 73-%- PEDOT o]
Z7Fskl Wt I/l 3R 1.25(50 wt%e)l A 1.02(80 wt%) L
2|3 1.07(90 wt%) 502 IA 7AdeE AgS Ho F
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Figure 3. Change of Ip/I; in the respective Raman spectrum for GO/

PPy, GO-PSS/PEDOT and GO-PSS/PANI depending on the com-

position of conducting polymer comprising the nanocomposites.
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Figure 4. Raman spectra of PEDOT, GO-PSSA and GO-PSS/
PEDOT nanocomposites for 50, 80, 90 wt% of PEDOT.
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A F 9Y C-C A A=15(1376 em™), W= C=C 4
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91X %52 Sheng} Shi¢] AR AX| gt} GO-PSS/
PEDOT W=59141€] 73-9- PEDOT 3 50 wt% Al=°] 2}
gk 2 ERME GO-PSSAY 48l DHI= 2 GHI=7}
27} 13312 1590 em ol M WAL glom PEDOTOY <3t
= 54 9352 A3 e 8o, 80wt ol de R
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3l XRD #42 Fasiict.

Figure 5= At} $18ks9S Bste] dojxl 575 PEDOT
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A% GO-PSS/PEDOT W=E-eHA|ol] gk XRD 2~ ES S
UERATE 2 AFo|x] ARS-gl 1efato] EQ] 739 20=26.45°
of|A shte] 7et Xeray(002) 2% T|=AEZF 74 d=0.34 nm)
7F ehdaL 9101t GO-PSSAS] 734 Tehsto]Eo] wisl &
xR Zo] Y et FslsH daet T 7He] 3=Avt
20=23.7° 2 11.65°F7+ 7+4 d=0.76 nm)ol| 4] YEpRdT}. g
H, Jeong 527 A A} FAFSAl GO-PSSAS] XRD
Aol A 20=10.9%014 551 9|8} 20=22.2°014] AJTE S
2 A&7F oFg Xeray 314 A T 7 7R ¥A7F EXs)
I BoFdrh A=A ZEA PEDOTS] 74
20=25.7°0%] A<] 788 ol 77k o] W Xeray 4
& 935 Bo] Frh GO-PSS/PEDOT V=594 9] 79
26=11.65%] 3F8he Xray |52 71o] 2dH o] w9 &
RH 7Y SHEYS Hold 91O, 26=23.7°¢] v|A=
24.25°(50 wt%)—25.1°(80 Wt%)—25.65°(90 wt%) 52} 7+o]
PEDOT #ige] F7hghel me}l 20=25.7°(PEDOT)E &5ted
QLEZO R o]Fsi FAld FA9] AE Hg Srtslal 9l
25 Hola g} ]33 XRD ~HEZ WHsh= EDOTS]
AR 3kekEgtel] o)sked PEDOTO] GO-PSSA A A
sPHA GO-PSSA7F Zkal Q= AR =27t 443 FuUz|
3. PEDOT "EZ 2= QA GO-PSSAY] ve|&dde] Loyt

T T T T T
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-PSS/IPEDO 5.65
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Figure 5. X-ray diffraction spectra of PEDOT, GO-PSSA and GO-
PSS/PEDOT nanocomposites including 50, 80, 90 wt% of PEDOT.
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Figure 6. TGA thermograms of graphite, GO, GO/PPy (90 wt%),
GO-PSSA, GO-PSS/PEDOT (90 wt%) and GO-PSS/PANI (90 wt%).
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PANI depending on the composition of conducting polymer com-
prising the nanocomposites.
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Figure 8. TEM images of (a) GO; (b) GO-PSS/PEDOT (90 wt%);
(c) GO-PSS/PANI (90 wt%); (d) GO/PPy (90 wt%).
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Table 1. Sheet Resistance (kCY[J) Values of GO-PSS/PEDOT,
GO-PSS/PANI and GO/PPy Depending on the Composition of
Conducting Polymer Comprising the Nanocomposites

80 wt% 90 wt%
GO-PSS/PEDOT 3.55 0.08
GO-PSS/PANI 25.14 2.84
GO/PPy 29.11 16.26
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