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Abstract

In the presence of poly(4-styrene sulfonate) (PSS) and excess amount of graphene oxide (GO), we conducted in-situ polymer-
ization of 3,4-ethylenedioxythiophene (EDOT) without an oxidant. XPS and IR spectroscopies of the product (GO-P) showed
that PEDOT/PSS was successfully synthesized by oxidative polymerization of EDOT and hybridized with GO. GO-P dis-
played a stable aqueous suspension, however, the high content (42%) of GO in GO-P diminished electrical conductivity down
to 15 S m'. Annealing of GO-P films at 200 ‘C for 8 hr induced partial reduction of GO and finally enhanced electrical

conductivity up to 212 S - m’.
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Figure 1. Schematic diagram of the synthesis of the GO-P hybrid.
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Figure 2. FT-IR spectra of PEDOT/PSS (A) and GO-P (B).
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Figure 3. High-resolution XPS data of the S2p (A) and Cls (B)
regions of PEDOT/PSS and GO-P, respectively.
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Figure 4. High-resolution XPS data of the Cls region of GO-P before
(A) and after (B) annealing at 200°C for 8 h.

3.4. GO-P LE9| x|z

GO-P ¥ PEDOT/PSS HE2 200 CollA dxjglshdr 1714 &
Aol Mgl =43k 3= Table 10 YERITE WA, ZH2he] B2
S22 dA el 9Jdl FAE dAF Ag= gllon, Ftol
e & W3 AT &, 200 Tl 8 h A 2]dk GO-P= AEE7}
212 S - m'7HX] AFEte] PEDOT/PSS 9} £ dh 507 Uelstt)
o] AEe] XPSE F7Ysto] AT M vlwst 19 Figure 40l
EpficE WA Cc-0-Coll #fdshkE ¥olaE GO ¥wE ot
PEDOT/PSS A% ez HaFH oz sdsly] Zeash,
C=0 GOOIMY YeE =R o] do]7e] W3lE JHA o7 R
skl dAzlel oJsl) AA MaketA] ¢h= C-C 9 c=Cell 2J3t Fo]
A8 A (Acoc-o)e 7IELE ko] C-0-C 9 c=09] WA 7t
7} Aikete] Figure “doll YERISITE AAE)E 5171 12 GO-PellA]
Ac=ofAc.cic=c) A== 03301024 8 h A2 Fell= 02002 YEL
L, oF 60% o EO)EITE C=09] o] GOool| g3t 1}
e, GOl #-4o] EW o] Fo]a FoeA ¥Ti20,25]. C-0-C
9] A$-ell= PEDOT 9]t Fo]77} 37 Lo r=z GO 3 A
& %A 02 Adab]E AHA, Acoo/Acaco & G4 0.38¢]
A 0272 W3leto] ok 70% FEO R Folsdtk = Al o8
A1 GO-P &2] GO7}F Y 3H=o] GO-P HE2 WAL E &
AA7N = Ao BdE

ol9} & A4S e AEES 8 h t] EA2]8M, PEDOT/PSS
o] A$ollE AEE7t15 S - mM G =7 AstEe Ao ve
PEDOT/PSS<= 260 C A ollA] Gitali7F dojuhs A o= &4 Q)
= EAReE A o7 eHgsltias & = glor g B AAFtoaA]
& 200 CellA AARE BIstAA a7t doju Aeer) Askd A
S F gk ey GO-PE Aol 16 h EAY Fel= H7A
EEE IR #x5t0] PEDOT/PSSHUR= G2 o2 ¢Hyddt B3k
7F HIeE & 5 Ak

AEE

4. 4

=

AR7Y F-58k Fxo|BE 7R 0 R ARSIA| o] o Fo] 7hsgt
G029 &4 oA A AEA 1EAFQ PEDOT/PSSS] in-situ 53
WS-8 A=tk Heke] GO EA) st 4lskAl $lel= EDOT
9] Fgto] s x]o] PEDOT/PSSE AT = ATt o]} o] 34
HA(GO-P)Sl XPS, FT-IR 529 #4418 Falo] AbshA] glol=
=0l EDOT?] F3o] d&ksiA &% o] PEDOT/PSS7} 41+
GOS B ke AL BT = Qi o]} o] F4d% GO-PE
& fratglod, 714 AAAIRl GO7F 42% E3E o] )

o Lo

el
o o

>
ox
o

i=] 2~
A 3l

35kt Ml 27 E M 1 & 2016

AR - kA - HFY - Ao

oBZ AVHAEEE 15 S - m' & u$ Wyt T8 Go-P IES
200 CeollA 8 h DA gehd GO2l U¥-#o] AL WA 723 sheet
AFo) sp® Aeko] o] G BeEo] GO-P BEY MEEs}212S -
m' 744 &k

2 AF-E F3to] GO7F EDOTE] AtslEde] GOE AR &
T glom Tok Axjgel os) dojxl Bk W4 B4
Z & lths ARE #1384 Qi & AT d7k= ¥ G
22 Fgof st 7k Ve $80] 7Fe T Wl oly
23 aEAbel 2R 53] 3 Soll ohetskAl 484
o=z 7ldgch

E and
O o% op

1o o> 1ok
M ¢

F

o
0

Y

z AL

RS 201395 SRl 7R AKEIT) AF = A
A AgnelA A YE ATHIAIRE : 10044412)0]H, o]
A =3yt

References

1. A. K. Geim and K. S. Novoselov, The rise of graphene, Nat.
Mater., 6, 183-191 (2007).

2. Y. W. Zhu, S. T. Murali, W. W. Cai, X. S. Li, J. W. Suk, J. R.
Potts, and R. S. Ruoff, Graphene and Graphene Oxide: Synthesis,
Properties, and Applications, Adv. Mater., 22, 3906-3924 (2010).

3. J. R. Potts, D. R. Dreyer, C. W. Bielawski, and R. S. Ruoff,
Graphene-based polymer nanocomposites, Polymer, 52, 5-25
(2011).

4. V. Singh, D. H. Joung, L. Zhai, S. Das, S. I. Khondaker, and S.
Seal, Graphene based materials: Past, present and future, Prog.
Mater. Sci., 56, 1178-1271 (2011).

5. D. R. Dreyer, S. J. Park, C. W. Bielawski, and R. S. Ruoff, The
chemistry of graphene oxide, Chem. Soc. Rev., 39, 228-240 (2010).

6. C. L. Su and K. P. Loh, Carbocatalysts: Graphene Oxide and Its
Derivatives, Acc. Chem. Res., 46, 2275-2285 (2013).

7. D. R. Dreyer, H. P. Jia, and C. W. Bielawski, Graphene Oxide:
A Convenient Carbocatalyst for Facilitating Oxidation and
Hydration Reactions, Angew. Chem., 122, 6965-6968 (2010).

8. D. R. Dreyer, S. Murali, Y. W. Zhu, R. S. Ruoff, and C. W.
Bielawski, Reduction of graphite oxide using alcohols, J. Mater.
Chem., 21, 3443-3447 (2011).

9. D. R. Dreyer, H. P. Jia, A. D. Todd, J. X. Geng, and C. W.

Bielawski, Graphite oxide: a selective and highly efficient oxidant

of thiols and sulfides, Org. Biomol. Chem., 9, 7292-7295 (2011).

K. Y. Jo, T. M. Lee, H. J. Choi, J. H. Park, D. J. Lee, D. W. Lee,

and B. S. Kim, Stable Aqueous Dispersion of Reduced Graphene

Nanosheets via Non-Covalent Functionalization with Conducting

Polymers and Application in Transparent Electrodes, Langmuir, 27,

2014-2018 (2011).

11. S. Stankovich, R. D. Piner, X. Q. Chen, N. Q. Wu, S. T. Nquyen,

and R. S. Ruoff, Stable aqueous dispersions of graphitic nano-

platelets via the reduction of exfoliated graphite oxide in the pres-

ence of poly(sodium 4-styrenesulfonate), J. Mater. Chem., 16,

155-158 (2006).

S. Wang, C. T. Nai, X. F. Jiang, Y. H. Pan, C. H Tan, M.

Nesladek, Q. H. Xu, and K. P. Loh, Graphene Oxide-

10.

12.



13.

14.

15.

16.

17.

18.

19.

Abs} a#wel )k EDOTO] Absla=del] w3k A 49

Polythiophene  Hybrid with Broad-Band Absorption and
Photocatalytic Properties, J. Phys. Chem. Lett., 3, 2332-2336 (2012).
D. Sun, L. Jin, Y. Chen, J. R. Zhang, and J. J. Zhu, Microwave-
Assisted In Situ Synthesis of Graphene/PEDOT Hybrid and Its
Application in Supercapacitors, Chem. Plus Chem., 78, 227-234
(2013).

H. Zhou, W. Yao, G. Li, J. Wang, and Y. Lu, Graphene/
poly(3,4-ethylenedioxythiophene) hydrogel with excellent mechan-
ical performance and high conductivity, Carbon, 59, 495-502
(2013).

S. Kirchmeyer and K. Reuter, Scientific importance, properties and
growing applications of poly(3,4-ethylenedioxythiophene), J. Mater.
Chem., 15, 2077-2088 (2005).

F. Louwet, L. Groenendaal, J. Dhaen, J. Manca, J. V. Luppen, E.
Verdonck, and L. Leenders, PEDOT/PSS: synthesis, character-
ization, properties and applications, Synth. Met., 135-136, 115-117
(2003).

H. S. Yoo and Y. S. Park, Synthesis and Photovoltaic Properties
of Conducting Polymers Based on Phenothiazine, Appl. Chem.
Eng., 24, 93-98 (2013).

N. L Park, S. B. Lee, S. M. Lee, and D. W. Chung, Preparation
and Characterization of PEDOT/PSS Hybrid with Graphene
Derivative Wrapped by Water-soluble Polymer, Appl. Chem. Eng.,
25, 581-585 (2014).

J. W. Choi, S. B. Lee, S. M. Lee, W. S. Park, and D. W. Chung,
Effect of Amine Compounds on Electrical Properties of Graphene
Oxide Films made by bar Coating, Appl. Chem. Eng., 26, 331-335
(2015).

20.

21.

22.

23.

24.

25.

26.

S. B. Lee, S. M. Lee, N. L. Park, S. H. Lee, and D. W. Chung,
Preparation and characterization of conducting polymer nano-
composite with partially reduced graphene oxide, Synt. Met., 201,
61-66 (2015).

B. Yin, Q. Liu, L. Y. Yang, X. M. Wu, Z. F. Liu, Y. L. Hua, S.
G. Yin, and Y. S. Chen, Buffer Layer of PEDOT:PSS/Graphene
Composite for Polymer Solar Cells, J. Nanosci. Nanotechnol., 10,
1934-1938 (2010).

K. Y. Jo, T. M. Lee, H. J. Choi, J. H. Park, D. J. Lee, D. W. Lee,
and B. S. Kim, Stable Aqueous Dispersion of Reduced Graphene
Nanosheets via Non-Covalent Functionalization with Conducting
Polymers and Application in Transparent Electrodes, Langmuir, 27,
2014-2018 (2011).

S. Liu, J. Q. Tian, L. Wang, Y. L. Luo, and X. Q. Sun, Production
of stable aqueous dispersion of poly(3,4-ethylenedioxythiophene)
nanorods using graphene oxide as a stabilizing agent and their ap-
plication for nitrite detection, Analyst, 136, 4898-4902 (2011).
P. Amaladass, J. A. Clement, and A. K. Mohanakrishnan,
Pd-mediated C-H arylation of EDOT and synthesis of push-pull
systems incorporating EDOT, Tetrahedron, 63, 10363-10371 (2007).
N. I. Park, W. S. Park, S. B. Lee, S. M. Lee, and D. W. Chung,
Comparative Studies on Three Kinds of Reductants Applicable for
the Reduction of Graphene Oxide, Appl. Chem. Eng., 26, 99-103
(2015).

B. Friedel, P. E. Keivanidis, T. J. K. Brenner, A. Abrusci, C. R.
McNeill, R. H. Friend, and N. C. Greenham, Effects of Layer
Thickness and Annealing of PEDOT:PSS Layers in Organic
Photodetectors, Macromolecules, 42, 6741-6747 (2009).

Appl. Chem. Eng., Vol. 27, No. 1, 2016



