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Fig. 1 (a) A cartoon presentation of GF/PPy fiber synthesis;
(b) A photograph of as-prepared GF/PPy fiber (the upper)
and a graphical presentation of the GF/PPy fiber where yellow
column and black corona denote graphene fiber and PPy film
(the lower) ; (¢) SEM image showing the microstructure of GF/
PPy fiber (scale bar is 10 wm) ; Inset is an enlarged view of the
GF showing the layered structure of the assembled graphene
sheets (scale bar is 1 um.) ( Reprinted with permission from

Ref. [56 ] ; Copyright 2014 Elsevier B. V. )
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Fig. 2 Tlustration of the formation process of GO-PPy

composite ( Reprinted with permission from Ref. [62];

Copyright (2010) American Chemical Society)
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a b

Fig. 3 (a, b) Photographs of an as-prepared superlight GF
and one with a piece of GF size of 1.8 em x 1.1 em x1.2 em
standing on a dandelion; (¢, d) SEM images of the sample in
(a) (Scale bars; (¢) 10 mm, (d) 100 nm) ( Reprinted with
permission from Ref. [ 65 ] ; Copyright 2012 John Wiley & Sons,

Inc. )

Fig. 4

(a) A graphical presentation of the GF/PPy bi-armed

(left) and tri-armed (right) tweezers, where yellow and black
(b, ¢)

Snapshots of the bi-armed tweezers at the open and closed state

zones stand for graphene and PPy, respectively;
driven by an applied potential of + 0.8 V and + 0.8 V,
respectively; (d,e) Snapshots of the tri-armed tweezers driven
by an applied electric potential of + 0.8 V and - 0.8 V,
respectively; (f) A photograph of the net-shaped actuator. (g)
The actuating status of the net-shaped GF/PPy actuator under
CV scanning ( Reprinted with permission from Ref. [56].
Copyright 2014 Elsevier B. V. )
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Fig. 5 (a) The actuation mechanism of PPy/graphene bilayer
structure: Snapshots of the bending status of PPy/graphene
bilayer actuator driven by electrochemical potential within +0. 8
V, where the electrode to hold the sample is located inside the
electrolyte. PPy and graphene layers are placed on the left and
right sides of the demo actuator; (b, d) Bending status
corresponding to the potentials of —0.8 V (b), 0 V (¢) and
+0.8 V (d), respectively; (e) Photograph of a designed
device in which G-PPy was filled into a plastic pipeline with a
microsized hole in the center of G-PPy and (f) The open (on)
and closed (off) state of the hole under the applied potential of
+0.8 V and - 0.8 V, respectively'®’ ( Reproduced by

permission of The Royal Society of Chemistry)
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Fig. 6 (a) CV curves of GF in N,-saturated and O, -saturated 0. 1 mol/L KOH solution at a scan rate of 50 mV s~'. (b) LSV curves of GF
(ca. 3 mgload) and Pt/C (ca. 3.3 mg load) in O,-saturated 0. 1 mol/L KOH solution at 1600 r/min. Scan rate; 5 mV s -n (Reprinted with

permission from Ref. [61]; Copyright 2012 John Wiley & Sons, Inc. )
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(a ~ c) The compression-recovery processes of PPy-G foam; (d) Schematic illustration of PPy-G based

supercapacitor devices; (e) CVs of the compressible supercapacitor cells based on PPy-G foam electrodes under 0% and

50% compression for one cycle ( The scan rate is 30 mV/s. ) ; (f) The corresponding galvanostatic charge-discharge curves

at a current of 1.5 A g~

under 0% and 50% compression and (g) The specific capacitances at different compression

states for 1000 cycles ( Reprinted with permission from Ref. [ 64 ]; Copyright 2012 John Wiley & Sons, Inc. )

2.4 HBUAFEERE

SRR AR B A R
2K ol B R I B SR AT, UG 0 1 4 R A A SR 0
R B R AL S R T R T,
N3E T o TR, DTS T B k2 AL SR
AR SR B — 2 A0 1 A AR 2 S RE
JE R AL A Y BT SR, B BRI AR B
i, PSR, )2 ) A A 7 A ) T 2 B
B T e 7 A S AT R B R . DR, AR
HasmSHEDRMEE S, #— P UE A S
K R 2, A R R AL B, R G O A
Wi B AL AL B Y. BESE R, PPy f T
R G ERL 2 R T, TR Ak A RO Tu S
PPy 3 i a7-7 JF A AH B A A I 5 i1 S 1L 0
I (RGO) D figf, T H 370 FiL i Ak 2 4y 4% IR
U BTk PPy Ml RGO 1 Sk T,

A6 P A 5 8 I S A il 1) AR S B A 4 A, T
A VR RS A W AR IR A, SR G SRR & i 5%
KB, B B AL A 2 M A R M i R S
(3.0 x10 7% ~2.8 x10 ~° mol/L) L J% %5 &5 i) R 4
JE((673 £4) pA-(mol/L) ~"wem ™), K il # BR
{Hi5E] 10 nM. Qian 55 i — 5 | F 4 90 K KL £ &
Wi (4 £ B /PPy R G W ARAS T RO 9 &
FG R T R I 22 B B, A T AR RR IR =
18.29 pmol/L, JFHZ E R 0.1 ~5000 nmol/L
0 FEL PR 00 PR S 2 A AR e e

3 #£it5RE

ARICN G T AR T 1 545/ PPy B & 4
R A A 0 S50 42 i ] 9 LA B 7 vl A 2 O T 9 1
M, G A7 8806/ PPy 5 4 4, {1 8 M/PPy i
W5 S M/PPy —HE S48, KORGS5 T



758

é}

5]

il 2014 4E

B G Y PPy &0 — g sk bR D) RE A A 2T
i, XL T 0 S/ PPy YA A b RHAE AL
JRhar, fEAL, L H A A A Al S AR IR A
SRR s T R PR RE A B R B I . Bl
OB/ PPy A MBI B A BHIR A, £ 2R
W/ PPy B FERHE S 85 B0, RAAS , i PR BE Y
S5 R UE0RE HE— P R I T, B T8

Y

HA AT SIS TR R G W) PPy R e — B,

PPy (A EAE ] 888, W T X Fh &2 5 bR
RERY A4, NI, A S8 di 7 B8 b a9 2 v Y
P LA K 5 RS A 4 e 1 s A7) SR = R R T
ST A DR ]

Nl Y I

27
28
29
30
31

I, 5 77 B0/ PPy 5 45 b5 A0 21 i 28

PRI AT A RRIR A, AR IEN DL 5 EE 4R 2
1 3o 6 A 4 R 2 B s 1 1 F A 2 DA 22 4T
BN IBFSE. 5, DZOT kBT AR, A Ak
f4, SRS B 1) 077 12 o AT 45 ) 4 0 Ak PR A7 S5 0% /PPy
SAAFRE; BEAh, B % TR AR A BR S ) BT
FoA sl 5 PPy £% [ 2 WA 2 [8] 5T f4 4 BRI AL
FYEIR, Bl S0, PPy r 1 5 AN T A
HAR I B X A7 2546 /PPy 524 Wy A 1 45 i 1 o
M AL 2. X eS8 Al DU SE N B TR A
Mo T A S 0/ PPy 2 ARG L AR SR M B, A
1113 B2 e b i A S 0/ PPy B4 b REAE B 22 4 I8k
UPNAER

REFERENCES

Zhang Y,Tan Y W ,Stormer H L,Kim P. Nature,2005,438:201 ~204

Meyer J C,Geim A K, Katsnelson M I, Novoselov K S,Booth T J,Roth S. Nature,2007,446 .60 ~ 63
Heersche H B, Jarillo-Herrero P, Oostinga J B, Vandersypen L. M K, Morpurgo A F. Nature,2007 ,446 .56 ~59

Ohta T, Bostwick A,Seyller T,Horn K, Rotenberg E. Science,2006,313.:951 ~954

Westervelt R M. Science ,2008 ,320:324 ~ 325

Novoselov K S, Jiang Z,Zhang Y ,Morozov S V,Stormer H L, Zeitler U,

Maan J C,Boebinger G S,Kim P,Geim A K. Science,2007,315:1379

Du X, Skachko I, Barker A, Andrei E Y. Nat Nanotechnol ,2008 ,3:491 ~ 495
Jauregui L A, Yue Y,Sidorov A N,Hu J,Yu Q,Lopez G,Jalilian R, Benjamin D K,Delkd D A, Wu W. ECS Trans,2010,28.73 ~83
Balandin A A, Ghosh S,Bao W, Calizo I, Teweldebrhan D, Miao F,Lau C N. Nano Lett,2008 ,8:902 ~ 907

Jang ] W,Cho S, Moon G H,Thm K,Kim J Y, Youn D H,Lee S,Choi W,Lee K H,Lee J S. Chem Eur J,2012,18:2762 ~2767
Jeong S Y,Kim S H,Han J T,Jeong H J, Yang S,Lee G -W. Acs Nano,2011,5:870 ~ 878

Lee C,Wei X,Kysar J] W, Hone J. Science,2008 ,321 ;385 ~ 388

Stankovich S,Dikin D A,Dommett G H B, Kohlhaas K M, Zimney E J,Stach E A,Piner R D,Nguyen S T,Ruoff R S. Nature ,2006,442.282

~286

Dikin D A, Stankovich S,Zimney E J,Piner R D,Dommett G H B,Evmenenko G,Nguyen S T,Ruoff R S. Nature ,2007 ,448 :457 ~ 460

Li D,Kaner R B. Science ,2008,320:1170 ~1171

Chen N,Qian X,Lin H,Liu H,Li Y,Li Y. Dalton Trans,2011,40:10804 ~ 10808

Williams J , DiCarlo L, Marcus C. Science ,2007,317 ;638 ~ 641
Kane C,Mele E. Phy Rev Lett,2005,95:226801

Novoselov K S, Geim A K, Morozov S V, Jiang D,Zhang Y ,Dubonos S V,Grigorieva I V,Firsov A A. Science,2004,306:666 ~ 669

Kim K S,Zhao Y,Jang H,Lee S Y ,Kim J] M,Kim K S,Ahn J H,Kim P,Choi J Y,Hong B H. Nature,2009,457 :706 ~ 710

Aizawa T,Souda R, Otani S,Ishizawa Y ,Oshima C. Phy Rev Lett,1990,64.:768 ~771

Kuilla T,Bhadra S,Yao D,Kim N H,Bose S,Lee J H. Prog Polym Sci

Chen N,Liu C,Zhang J,Liu H. ACS Appl Mater Inter,2012,4.4841 ~
Chen N,Huang C,Yang W,Chen S,Liu H,Li Y,Li Y.]J Phy Chem C,

,2010,35:1350 ~ 1375

4845
2010,114 ;12982 ~ 12986

Chen N, Chen S,Ouyang C,Yu Y,Liu T,Li Y,Liu H,Li Y. NPG Asia Mater,2013,5 .59

Godovsky D Y. Biopolymers PVA Hydrogels Anionic Polymerisation Nanocomposites, In: Godovsky D Y, ed. Advances in Polymer Science.

Berlin ; Springer,2000. 163 ~ 205
Leroux F,Besse J P. Chem Mater,2001,13:3507 ~3515
Heinze J,Frontana-Uribe B A, Ludwigs S. Chem Rev,2010,110.4724
Pecher J,Mecking S. Chem Rev,2010,110:6260 ~ 6279
Liu H,Xu J,Li Y,Li Y. Acc Chem Res,2010,43:1496 ~ 1508

~4771

Guo Y,Tang Q,Liu H,Zhang Y,Li Y,Hu W,Wang S,Zhu D.J Am Chem Soc,2008,130:9198 ~9199



6 3] WRRE 55 0 SR 0/ TR I S5 B R 5 HL A2 1o T AT 78 2k Jé 759

32 Oaki Y,Kijima M,Imai H.J] Am Chem Soc,2011,133.8594 ~8599

33 Wang C,Xu H,Liang C,Liu Y,Li Z, Yang G, Cheng L,Li Y, Liu Z. ACS Nano,2013,7 6782 ~ 6795

34 Wang W,Hao Q,Lei W,Xia X, Wang X. RSC Adv,2012,2:10268 ~ 10274

35 Weaver C L,LaRosa J] M,Luo X,Cui X T. ACS Nano,2014 ,ASAP DOI:101021/nn406223¢

36 Zhang D,Dong Q-Q,Wang X, Yan W,Deng W,Shi L Y. J Phy Chem C,2013 117 :20446 ~ 20455

37 Peng S,Tian L,Liang J,Mhaisalkar S G,Ramakrishna S. ACS Appl Mater Inter,2011,4.397 ~ 404

38  Al-Mashat L,Shin K, Kalantar-zadeh K ,Plessis ] D,Han S H,Kojima R W ,Kaner R B,Li D,Gou X, Ippolito S J. ] Phy Chem C,2010,114
16168 ~ 16173

39 Bora C,Dolui S K. Polym Int,2014,63.445 ~452

40 de Oliveira H P,Sydlik S A,Swager T M. ] Phy Chem C,2013,117:10270 ~ 10276

41 Sahoo S,Nayak G,Das C K. Macromol Symp,2012,315:177 ~ 187

42 Zhang S,Shao Y,Liu J,Aksay I A,Lin Y. ACS Appl Mat Inter,2011,3,:3633 ~3637

43  Basavaraja C,Kim W J,Thinh P,Huh D S. Polym Compos,2011,32:2076 ~2083

44 Si P,Ding S,Lou X W D,Kim D H. RSC Adv,2011,1.1271 ~ 1278

45 Sun Y Q,Wu Q,Shi G Q. Energy Environ Sci,2011,4:1113 ~1132

46 Sun Y Q,Shi G Q.J Polym Sci B:Polym Phys,2013,51:231 ~253

47 Bai H,Li C,Shi G Q. Adv Mater,2011,23,1089 ~ 1115

48  Yuan W J,Shi G Q. ] Mater Chem A,2013,1:10078 ~ 10091

49 Sun X M,Sun H,Li H P,Peng H S. Adv Mater,2013,25.5153 ~5176

50 Li X,Zhao T,Wang K,Yang Y,Wei J,Kang F,Wu D,Zhu H. Langmuir,2011,27.12164 ~ 12171

51 Xu Z,Gao C. Nat Commun,2011,2,571

52 Cong H P,Ren X C,Wang P,Yu S H. Sci Rep,2012,2:613

53  Dong Z,Jiang C,Cheng H,Zhao Y,Shi G, Jiang L,Qu L. Adv Mater,2012,24:1856 ~ 1861

54 Cheng H,Liu J,Zhao Y,Hu C,Zhang Z,Chen N, Jiang L.,Qu L. Angew Chem Int Ed,2013,52:10482 ~ 10486

55 Zou J,Song X,Ji J,Xu W,Chen J,Jiang Y,Wang Y, Chen X.J Sep Sci,2011,34.2765 ~2772

56 Wang Y,Bian K,Hu C,Zhang Z,Chen N,Zhang H,Qu L. Electrochem Commun,2013,35:49 ~52

57 Liu A,Li C,Bai H,Shi G.J Phy Chem C,2010,114 22783 ~22789

58 Zhao Y,Bai H,Hu Y,Li Y,Qu L,Zhang S,Shi G.] Mater Chem,2011,21:13978 ~ 13983

59 Biswas S,Drzal L T. Chem Mater,2010,22:5667 ~5671

60 Liu J,Wang Z,Xie X,Cheng H,Zhao Y,Qu L. ] Mater Chem,2012,22:4015 ~ 4020

61 Davies A, Audette P,Farrow B ,Hassan F,Chen Z,Choi J Y, Yu A.J Phy Chem C,2011,115:17612 ~ 17620

62 Zhang L L,Zhao S,Tian X N,Zhao X. Langmuir,2010,26.:17624 ~ 17628

63 Liu J,Wang Z,Zhao Y,Cheng H,Hu C,Jiang L, Qu L. Nanoscale,2012,4.7563 ~ 7568

64  Zhao Y,Liu J,Hu Y, Cheng H,Hu C,Jiang C,Jiang L, Cao A,Qu L. Adv Mater,2013,25:591 ~595

65 Zhao Y,Hu C,Hu Y,Cheng H,Shi G,Qu L. Angew Chem Int Ed,2012,124:11533 ~ 11537

66 Wu Z-S,Yang S,Sun Y, Parvez K,Feng X,Mullen K. J Am Chem Soc,2012,134:9082 ~ 9085

67 Liu A,Yuan W,Shi G. Thin Solid Films,2012,520:6307 ~ 6312

68 Lin Z,Waller G H,Liu Y, Liu M, Wong C P. Nano Energy,2013,2:241 ~248

69 Zhang Haiying (5K #3%) Hu Zhong’ ai( #] 715 ) Zhang Fuhai (K & /) Liang Pengju( Z2fi82¢) Zhang Yajun( 5K %4%) Yang Yuying( 4% %
H&) Zhang Ziyu (3K T¥%i) Wu Hongying( 2 £ %% ). Chinese Journal of Applied Chemistry ( 57 JIfb %) ,2012,(6) :674 ~ 681

70  Wang Chunxiao( F# ) , Ren Penggang (/T i W) , Liu Peng ( X1 3% ) , Xie Li (i #]) , Zhang Hua ( 5 f€ ) , Fang Changchun ( 77 K % ).
Journal of Functional Materials ( DI §E#4 %} ) ,2012, (16) :2150 ~2152

71  Shi Qin( 472£) Men Chunyan([J##i) Li Juan(Z54H). Acta Phys Chim Sin( ¥ Hifk 22224 ) 2013,(8) :1691 ~ 1697

72 Li Taiping(Z5AF) Zhou Wen( J§ ) Dong Binghai ( # ¥4 ) Wan Li( i) Xu Zuxun (¥4 #13) Wang Shimin ( T 1 ) . Chinese
Journal of Coloid & Polymer( i1k 5 B4 4) ,2013,(3) :124 ~ 126

73 Liu Y,Wang H,Zhou J,Bian L,Zhu E,Hai J,Tang J,Tang W. Electrochim Acta,2013,112 .44 ~52

74 Mini P,Balakrishnan A,Nair S V,Subramanian K. Chem Commun,2011,47.5753 ~ 5755

75 Zhu C,Zhai J,Wen D,Dong S. J Mater Chem,2012,22:6300 ~ 6306

76  Scott C L,Zhao G,Pumera M. Electrochem. Commun. 2010,12:1788 ~ 1791

77 Zhang J,Chen P,0Oh B H,Chan-Park M B. Nanoscale,2013,5:9860 ~ 9866

78 Tang L,Feng H,Cheng J,Li J. Chem Commun,2010,46.5882 ~ 5884

79  Yang W,Ratinac K R, Ringer S P, Thordarson P, Gooding J J, Bract F. Angew Chem Int Ed,2010,49.2114 ~2138



760 [ S S 14 2014 4

80 Chen D,Tang L,Li J. Chem Soc Rev,2010,39.3157 ~3180
81 Zhang J,Lei J,Pan R,Xue Y,Ju H. Biosens Bioelectron,2010,26:371 ~376
82 Qian T,Yu C F,Zhou X,Wu S S,Shen J. Sens Actuators B Chem,2014,193,31:759 ~763

Progress in Controllable Preparation and Electrochemical

Applications of Graphene/Poly ( pyrrole) Composites

Nan Chen, Yue Hu, Yang Zhao, Liang-ti Qu”

( Beijing Key Laboratory of Photoelectric/ Electrophotonic Conversion Materials, College of Chemistry ,

Beijing Institute of Technology , Beijing 100081)

Abstract Due to its special monolayer structure , graphene has interesting physical and chemical properties.
Over the past ten years, graphene studies have has produced great effects on physics, chemistry, and material
science and engineering,,and have become one of the high-profile international frontiers and research focuses.
The controllable preparation, assembly and functional applications of graphenes are essential for graphene
studies. In recent years, researchers are constantly exploring the new ways for preparation and application of
graphenes and their functional composites. Among them, the composite of graphene and conductive polymer
polypyrrole ( PPy) has atiracted much attention in particular, and a series of valuable insight into the new
graphene/polymer composites has been achieved. In this report, the recent important advances in controllable
synthesis of graphene/PPy composites are summarized and some of the new developments in the field of
electrochemical applications,including catalysis , actuator, supercapacitors, sensors ,and so on,are discussed.
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