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Reduced graphene oxide (RGO)E 4=84 %A}l poly(styrene sulfonate) (PSS)= wrapping3t F=-AHd 7183 x| 3A1<1
G-PSSS} A=A &Rl poly(3,4-ethylened1oxythlophene)/poly(styrene sulfonate) (PEDOT/PSS)2] &-3+3}ol sl A4+
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Abstract
We conducted investigation on the hybridization of poly(3,4-ethylenedioxythiophene)/poly(styrene sulfonate) (PEDOT : PSS)
with graphene derivative (G-PSS), which has been prepared by wrapping reduced graphene oxide (RGO) with PSS. In situ
polymerization of PEDOT/PSS in the presence of G-PSS afforded the PEDOT/PSS and graphene hybrid (GP). The analysis
of XPS, IR and Raman spectroscopies for GP showed that PEDOT/PSS was successfully synthesized and hybridized with
graphene. Compared to the G-PSS, GP showed an enhanced electrical conductivity of 4.46 x 10* S/m with a good
wter-dispersity.
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Figure 1. Schematic process for the preparation of GP.

S YERNIITH13]. =8 Holli= G-PSS T2 PSSE “HERE ALE-
sto] EDOTS FHAA H§stE AEsh A% SRrEArH21].

£ A=, G-PSSe 4 kellA PEDOT/PSSE /&0 2
93 PEDOT/PSSSFS] H3A| (o] GPE 9FshE Alxste] 19
slelha gz 9 FEAM, AHAEE 59 548 PEDOT/PSS 2
G-PSS ¢} Hlwate] 53T,
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2.1. A2 3 717

GOZ A|Z3F7] $13F graphite, KMnO, (99.0%), NaNO; (99.0%) =
2 Sigma Aldrich25-El, H,SO,4 (95.0%), HCI (34-37%), H,0; (34.5%)
&< Samchun © ZF-E| F-¢1510] ARSI A|Z23 GOE PSS9} &
@3laly] sl Qg PSS (Mw=70000)2} LA F)=2Rl
(80.0%)-> Sigma Aldrich=4-E] 7-418}3itk. PEDOT/PSSS] Al 2
2.3k EDOT monomer, PSS 8-4(30%), #¥4F YEF(Sodium per-
sulfate, SPS), Z:F(Iron (II) sulfate, IS) 5 Sigma Aldrich© =4
B 73150, EDOT 7 S73to] ARSIt

2.2. GO HIZ=

Modified Hummer’s Method& <}t 743l GOE A|Z=3F%th
[22]. 2000 mL AHF* Z2}A A0 graphite 5 g2} NaNO; 3.75 g& ¥
% H,S04 375 mLE 2L ice batholA 5 h &9k wwkaldel 1 5,
KMnOy 22.5 g 1 hell A% 378kl 2 h &<t wREAIZ1L WA ice
batholl A WH-3715 ZAuo] oA thr] 59 B2tk wakskalch 54
Foll HoSOs 5-8-9(5 wt% 700 mL)S 3718k 1 h RIAIZL F 98 C
9] oil bathol|A 2 h &<k, 60 CollA H0, FEA((30 wt%, 15 mL)S
7Feka Aol A 2 h wRksFlch o158 21432](8000 rpm/600 sec)
sto] el wEla AU solidE T3 FEN(HS04 3 wi%/H,0;
0.5 wt%) 2 Lol 30 min 5t ZAHAFAT 0] 30 min 59+ 25919}
712 AgsliFE v A4EE(8000 pm/600 sec)dHATE. o]}
A L 103] 98k, 919 B FollA HaS049k Ha0,2] £3
4 gial HCIFE-9(3 wi%) S AHEste] 33], /755 AR-8l
23], upA O & obAlESE AFESle] 13] T AlFsliFaL 1xEke] GO
& A3l

Sslst M 253 ®o6 =, 2014

2.3. G-PSS M=

718 We oigt st v o] $JsHItE GO 200 mg
& ST 200 mLoll 25T7)E FE A ZTH18). Ak &
dof] PSS 2 g& F7IBEAL 50 CTollA] 4 h T+ wHSIIEE 1 Fo
100 C 9] oil bath®ll Y3 hydrazine monohydrate 4 mLE Z7}sle] 24
h 59t WSStk 24 h & WHS-ES AF2olA] 2)3]a nylon mem-
brane filter (pore size 0.2 pm)& ARt AN E AN FHFE
At ZEE W52 80 CollA 2 h o) AZ3lo] 164 mg9)
G-PSSE 5313tk

2.4. GP H[=

G-PSS 0.4 g& S/ 150 mLoll SARA 7] &, A AsHA A4ke
G-PSS FHEAtNo] Hojx] EDOT 1.76 g¥ PSS F8N(30%)
15.18 go] =3ty = WR&71el H7¥ekgleh W71 water bath
= %8 5 TE FASES 31, 600 ipm o2 W cE HHS-EC
257} 5 CT7F F-A154 A131A|Q) SPS 4.43 g3} 1S 0.025 g S57r
o 83Ix7] £NE HUFeka 32 h B9t wHkelIth wHE 8
g2 g Bl weES olFsta ALY vEkg By
S AA] A8 SHFE ARSI HHES 50 TollA 30 h 53t

g Ax3ko] GPE TSI
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GPel etd = WAE 918t KBridHE ARESHe] FT-IR
(PerkinElmer FT-IR Spectrum Two) 45 33l om, gt £37]
(inVia Raman microscopes)E &3l 514 nme] #lo|A] 2= 3fol|A| 2+
U AHERS Aok 7 240 1A 24 9 sk A AddlE
#2817] 9leliA] XPS (K-Alpha, Thermo Electron)S AM&slich &
4 548 5387 98l TGA (NetzschAH] STA409)S A3}
Qom £& &5 10 T/minlE ALE7] slola ALolA 800
T S2sto] 2ro mE T3 Wsls Stk A7dEs
+= four-probe resistivity meterg ARE-sto] A2oA] WAE-S S ot
%, AR AE aEste] AVAEER YERASIth ojmje] AlEe
GP F=1-4Fe8-S- Anodisc membrane (pore size 0.2 um)S 53 ZE|SH
% 21%310] membrane S ZF-E Hojulo] paper Bl = 73131 21,
gt 23718 XPs oAl L WS B AxE A5 5T
zgskeiey.
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pingrh= XA FF9-3 QUth & AT, ol EAkE o]
3= G-PSSe EA| slold EDOTZ PSS W AEAES dx
PEDOT/PSSE A5 718 dwta el 27[6] ol Alxlel st
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st o 3184 2= TGA, XPS, IR, Raman 525 Ealo] &
Sk el=d
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Figure 2. TGA spectra of RGO (A), G-PSS (B), GP (C) and
PEDOT/PSS (D).
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Figure 3. High-resolution XPS data of the S2p (A) and Cls (B)
regions of G-PSS, GP and PEDOT/PSS, respectively.
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Figure 4. FT-IR spectra of PEDOT/PSS and GP.
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3.2. TGA
Flgure 2% RGO, G-PSS, PEDOT/PSS, GP A 85°] &% F7}ol
2 AR g BoiFa glom, Al 4 HdE Hlw
g = Qi WA GPe S 1A FEj7t PEDOT/PSS S} wll-¢- frAlst
o ERE G-PSSHUR= $F fhado] T Zlo® yehd, & delld
§Hd e GPelli= PEDOT/PSS7F H33FHQIvH= Zls AlAFskaL Qlvk
G-PSS¢} PEDOT/PSS®] 7142 W& HPo® sfof GPellx <]
T SRS N eR A Aok, oF 9%l sidehs Ae ¢

T AATE o] FAE= HESAIHE ZF B4 o] o g RE At 1w
9] FER6.5%)Ht ot =21, o] AL FF RES Aol HhEE B
F7F 35EA 297] wEo® dekEch

3.3. XPS

GPY] XPS S4olA S9 CE ANE AAEYS 22} Figure 3
A), Byl Jeh Bl E $3lo] G-PSS ¥ PEDOT/PSS2] 4]
AR A JeRNSIT

WA Figure 3 (A)E X9, 94 PEDOT/PSS°|4] PEDOT®] 3|33}k
£ Flo]a7} 1634, 164.8 evow vERtaL pSSel ogt Ho]=7}
167.5, 168.7 eVl Yehd-S g1slgl=d], GPellA] PEDOT® 3ld
Sh= F]0)A7F 163.5, 164.8 eVell UERd 202 Wol EDOTY F
o] A2 Y =]e] PEDOTO dlFsh= Fo]=27} vephd As &l
= U3t Figure 3 (B)S] A-$-oll= 37H4 &4 25 C=C/C-C?
| Fsh= 284.8 evelx At Hojart vdes AE & ¢ loH,
G-PSSollAE= o] 2lel = 286.0, 287.8 eVollA ZHzt C-0-C, C=0°] 3l
I Fo| A7) okstAl UERdth $HA, PEDOT/PSS+ C=0¢] 3%
She 727 fle B g gE U2 C=C/C-C8F C-0-Cell 3 Fo]
2 284.7, 286.1 eVollXd 270 UEhYA ik o] 2702 B4} vlw
3lo] ®okS W GPOlAE C=C/C-C, C-O-C, C=07} Z}Z} 284.7,
286.0, 287.8 eVolA LERA ¥ a1 G-PSSo= & GPolls T8t
PEDOT®] ¥3t5] o] 3)7] wlit-of] C-0-Cll sldsh= ¥]°] =7} G-PSS
ol A Yephd sjo] 7o) vl Aojdoz A YeRd 218 itk
o]|24 S} o AHEY RFo|X G-PSSQ EA] koA PEDOTS)
A& F&xo] 2287 PEDOT/PSS7} E3tsle]gith= A

ol
a1z 5 gk

filo O{N

34. IR

PEDOT/PSS 9} GPE- U] 3 FT-IR #3444 A EYS Figure 4
of YelfSith. PEDOT/PSSS] 73-9- 1600, 1043 cm™ (PSSS] SOy),
1520, 1326cm™ (PEDOT) C-C/C:C) 1200, 1134, 1086 cm™ (PEDOT
9] C-0-C)ollX YEh= o] ES gelst 4 Qi) GPe] 5ol
% PEDOT/PSSS} A2 fAkst ﬁM% Fel= JepA ==, o=
TGAIA] ﬂols}oﬂEO] GPol| g+ 119 dko) =X W%
3tz 2P HE FT-IROIA EA8 wjo]37F AR UeRx] &7

el Ao g ket 18Xk PEDOT/PSSO ajdsh= Folas

S g £ Qglor R RAINE FAl G-PSS EA 3dlojA
PEDOT/PSS7} ZTEo] AUz Y= Eelsho 74 Xpse A
HE AN 5= Q)i
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Table 1. Conductivities and Water-dispersities of GP and Related Compounds

Dispersity in water”

Sample Conductivity (S/m) Source
0.1% 0.5%
2.68 x 107 (¢} (¢} prepared in this work
GO 2.06 x 107 ¢} N.D.” reported values[24]
6.70 x 10" (6} N.D.” reported values[19]
321 x 10° X X prepared in this work
RGO 242 x 10° X X reported values[24]
1.17 x 10° X X reported values[19]
G-PSS 122 x 10 (¢} A prepared in this work
GP 4.46 x 10 (¢} (¢} prepared in this work

"Visually measured after sonification for 2 hr at room temperature.
O : homogeneously dispersed.

A : small particles observed.

X : precipitation occurred.

"Not Determined.

G-PSS
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Figure 5. Raman spectra of G-PSS, GP and PEDOT/PSS.

[23]. G-PSSS} PEDOT/PSS ¥ ©] 5855 ol FAs GP H§Aol
o3k ehyk B3R A EZS Figure 50| YeRUISIth 120 AD
EZo) thgt AFEHL 1350 cm” (D-band) 9} 1585 em™ (G-band)®ll
A 732y HAAXA FH=t, 937]914 D-bandi graphiteE Td5H=
C=C A%re] A% T+ disorderel 2J3}o] HHH R E=0]m G-band2)
75-oll = graphite®] 7] %9 tangential C-C A5e] AHZ%F &
A9 YERTE G-PSSelX % 22| D-band$} G-band®ll 3dsh= I
olzi7} 2z 1346, 1584 cm'ollA Uehj= Zo] FlFth
PEDOT/PSSS] 7490l 1380 em'¢l @ C-cAe] 2% 2%,
1445 cm'ellM WEH c=CcAFS] WIF AFHF 1Ea 1501 2
1550 cm™ ol Aol el o] c=C Ag v AEE S} e
PEDOT®] &3h= B4 ¥|o|aE gelsh &= g, o] F EdS &
@3let GPi= PEDOT/PSS Y] Fo]=A8} A2l fAFst FE= YepiAl
ok o)Re agiwe] g7Fo] SO graphite A|G] v]o]=9l
D-band$} G-band”} PEDOTS] 574 9|35 FHEY Sl <
Ty oks Aog dvkEch AR gt Bt S Bl E
9IX] G-PSS &4 dlollAE EDOTS] E3to] 2+ 3 Eo] PEDOTS)
£ slo]art & ZE #1% 4 gtk

=
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3.6. A I HMIIN S
Table 1973 GPS] A% #t7 0.1% 2 0.5%014 2] 2 e =
GO, RGO ¥ G-PSS 53 Hlwate] Aejsion, Fus 95t 7
2] el Jeh Sl HES 3 Hulsieich WA, Gox 1yt
O|EE 74t slollx] AbAIA Azt 1 #gelA] Atsl AeE
Aolal= Aol ul- o]FH YA AELe] xfo]7} wo] 47]A] Pk 1
Ao 7| 2H 02 129 sheet 4] sp2 A o] A SHAAER
A714 BAdo] vhEy N2 FEAMS st wbde] RGOE
ol o) sp2 Agto] o] AE 3|EF o] 10° S/m R ALE
= YeERA R B2 F2Ad2 vl Aot A A 0.1%2] s el
5 A8 FAMEA] Y=t s, 849 IR PSSE GOE wrap-
ping3+ G-PSSE= ¢l 3} Fof RGOE WH3lE "7 A7|F EAo]
122 x 10° S/m Fw2o 2 3| EHE= ZE 13 &= 9lglon, BofA
o] #Ad Al A FIEO 0.1%A TAre] FH ek ST
0.5%% F5E FolH A& YrHse] wEol ths @to] Hash
UERt Aake] AldE A s AS & S ISlth wbdef] kg
AEA IFARI PEDOT/PSS9F H33kst GPolX = 0.5% M=
Abo] A glom, AET AA] 446 x 10> S/m FEO2 FAH+=

il
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O

s HE

.43 B

GOol| vl A7|AEE7} 943 RGO HEjo|dr FEAlo] 715
3 G-PSSS] &4 dtelA PEDOT/PSSY] in-situ =& RFS-S Ealo
AR AeA aEAkel PEDOT/PSS ] B39l GPE AlZxaf3ich.
9 GPY 34 FxE 48] Aste] XPS, FT-IR, Raman &
< 573ste] G-PSS W PEDOT/PSS S} H]w 3o @4 B4l EDOT
[e]

‘TF
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