¥ IE % 4R Acta Phys. Sin.

Vol. 62, No. 17 (2013) 178801

TR EYFIZHRAR
OPV 1%§

ARE AMET

* A =SS T OLED #1
AN

FhAEY XNEB

(LR BR G PR AR FURT, Kot 5 e(5 B AR #6E m seie e, Jha 100044)
(2013 4E 3 J3 19 HYE); 2013 48 5 A 27 Hig &2

ASCHE S AT A R B RS PG B0 (SPRGO) X T 58 [2- AL -5- (2- 42k O & 8] X 2K 2B (MEH-
PPV)/SPFGO & & K 68Uk ot (PL). A HLH UK O (OLED) AIF HLYGAR (OPV) 1 e K sz ml. #FF 58 K I, 1E
MEH-PPV #1#:4 SPFGO 2 J&, MEH-PPV/SPFGO 5 & WML B G KA T AR H 3 ZU B K, B k#E MEH-PPV
H1 SPFGO 2 M &4 T AR H s B I3k 545, 24 SPFGO IR BB (R %, AER6 427 OLED Mtk #E, 24 SPFGO (1)
WPEN 0.2%H, OLED 14 A 1A 31 55 £, T LL 1) OPV P RERE AR WA U, M35 2 =k B SPFGO 2 J&, OPV
MERER T BRI T, 2R BN 15%ET, OPV 1k 2 T s A P e, TG (¥ OLED &4 T JE iU K. it
S KR AT LU L 24 SPFGO BARA FE I IRk, S 33 SR B iR A HIEH, 27+ OLED 5% 1) [RI I B4R 1 T 6
HLFR. T 24 SPFGO & 2% =ik BE I, SPRFGO 1E N HL 732 4%, 7T DLk 2| 3% MEH-PPV/SPFGO FTHW T 7> 2RI =i
OPV PEREMIIE . BRIk, 3@ 1755 SPFGO ¥ B nf LA 38 37 4% OLED :#g A1 OPV MEREI1E .

Xx$%#2i7): SPFGO, OLED, OPV
PACS: 88.40.H— 88.40.jr, 85.60.Jb

1 8l 5

SRS EA AR, BRI ROE A ROt R
YE, 5 T B0m T, B AR G408 &
PRRPRLA HLG H 85 F BN [ B BHTF AR 24 5 R
OLED Al OPV & 3LHE I & W00 i 2 A3 Hh F /¢
BRI 130, 1 5 SRR TR R A
1%, KRR T ILHEIR & B o R R 14,
PRI R B, AEILIER SN B a4 T R
TR (CO0 A 48K BE b5 K $2 = HL i 5
EPI T LRE I RIER FIT R % B A B R R A
PR BRI — B — e B A A ZE KR sp? S5 A4 fRI 4
KL RSB R B B A AR, A SR B oA
B i R HEL T IE RS RN RO R TR R b, B DA &
WHAE G A PRI B T AR Tz i TE 678 3

DOI: 10.7498/aps.62.178801

BR P ARIE, A SRS RN R S N Re s B3
R EA LG HL 2 () OLED 1t BEAN OPV 1R 0101,
AN o= SR T Al d AR R BE R A N 15 4k
S0 LUIS B8 37 1R 45 #8441\ OLED 1% fE A1 OPV
PEREM).

JET ST

2.1 ERALAMAER (SPFGO)

5 el Hummers A A A 58 (GO), 2R
e Ik S A HE Ok B 4 R SR R IR, BRI
o S R i S J AR A A SR (11

¥ Sg % F A AR, 30 g FERIRET AN 15 g AHIRAN
TN AR, SRS ZE RS P N 300 mL (3R A% BR
I HFFEESFE 1 h Z R8I0\ 1000 mL 2 5

« [ K LRI 7R TR (973 181 (IEHES: 2011CB932700,2011CB932703), [ KA TRl 3 4 (LHE S 60825407). [H 5 [ 4R R
H g (S 61077044), JbHtTli AR R G (HHES: 4132031) MIEZK B ARRHEE G GILHE'S: 61378073, 61335006) %3 B fER L.

T BIRME# . E-mail: dwhe@bjtu.edu.cn
i A IAE# . E-mail: yshwang@bjtu.edu.cn

© 2013 FEHMEZES  Chinese Physical Society

http:/ /wulixb.iphy.ac.cn

178801-1



¥ I % 4R Acta Phys. Sin.

Vol. 62, No. 17 (2013) 178801

TIK, I HBZI R, a8 NN 30 mL 3K E N
30%HIXEAIK, FREEHEEE 2 h 2 #Gd g, F 3% %
R ISV, BB AP E T M2t i &
i GO, ¥ = WIAE B 25 TR FE T

x = 24.462 . =3 PGO450

5 10 15 20 25 30 35

26/(°)
1 (a) GO A s 11 XRD HiZ%; (b) 283 3k Jif (1) F 2 0 1)
XRD £k

Kl 1(a) & GO Ff1 s XRD #hZk. vl LLE H
GO RIATEIE FBA T 11° IR 58 /2 7.9 A, @it
AT S8 F XRD B8 AH5T B & B, GO f1 XRD i 2%
A SBATHIE AT, RA AR ER GO T4
g 6] AT DL\ A7 SR B2 e e AL BN GO, T
HEGRIF RIS MM Gl ARESZEZ
) FF) BE 85 /2 0.7 nm, )2 4 SR 12 B2 /2 0.3 nm, 1
GO )2 [AIFE B /2 1.4 nm. B E A G, A 582
5 )2 22 1) (1) 048 B H- 0 7 4 S840 R P RBEAR. Akt
GO TEREFE R, AT LIRS 25 5 I Bk 3 B, TR Rk
AT S (12,

PRI R R I SRR R A AT R
¥ 200 mg GO, 20 mL 25 & 17Kl 20g 57 B A B
IMNBER R, HiEdE 24 h, R K= 281K R
ST, BRI 2 B A RS TR A, 493 20 R
THHEFH A BIE (SPEGO). 1 1(b) 245t
5 FUR KRG E SR AL HE 5 1) A SR K XRD 28, @
I 1(b) AT LAE H, A A SR (1 £ 28 A 2%

2.2 OLED =% {41 OPV 2% 4 B | & 0
3z

MEH-PPV JlJ | Sigma-Aldrich 2 &, % {t 4
BRI (ATO) WH RIS ERBE AR, ¥
ITO 5 HL 3% 3 43 ) (£ A i, S 79 I A0 25 3 7 0K
kR RS U, BT, R R AR R A RO K
N 43 25 min. K¢ MEH-PPV £ SPFGO #% [ 5
6 SR L ] VA R T 48— & 2 (ODCB) (MEH-
PPV % 4 15 mg/mL, SPFGO K J¥ 7 54 0 wt%,
0.1 wt%, 0.2 wt%, 0.3 wt%, 0.4 wt%, 5 wt%, 10 wt%,
15 wt% 1 20 wt%). HAHRE IR 3, 4- L3 e /2R
R T (PEDOT: PSS) VAR g i (E ITO S
s I, 2S04 130 °C B K AREE 5 min, 285 Kt
JZ#+ £ MEH-PPV:SPFGO % & 2000 r/min (/) 3% J
FERTE ITO ‘T HLIES I, el 60 s, 28 J5 F Wi i AE T
BRI NIB KA 160°C IR KALEE 8 min. #5 U 7E 75
% 0.7 nm JE [ LiF 1 250 nm JE /1) Al B H. #1145 H
4% ¥J 4 ITO/PEDOT:PSS/MEH-PPV: SPFGO/LiF/Al
(A HLG 2% 1, 28 1 1A 2K T2 9 mm?. SR
JEN 100 mW/em? f) AM1.5 A BH AEA I 2% E A bR
YHEYGIE, 3@ Keithley SMU 2410 i 2% 44 ) B s -
HLVL % B2 (J-V). TR R 06 380 O HH e e 6 i A
1%, 5N Fluolog-3fluoresvent spectrometer. T H
R AT 2 7 2 R AR R I 2 AR AR

3 HRE0HT

K] 2 /&£ 7E SPFGO AN [A] 75 &= I % (MEH-PPV:
1 mg mL~!, SPFGO ¥ E: 0 wt%, 0.1 wt%, 0.2 wt%,
0.3 wt% A1 0.4 wt%), MEH-PPV/SPFGO & & I [
HHLHE R Ok @l K 2 7T LLE i, MEH-
PPV/SPFGO & & {# i Al MEH-PPV i Ji5 /£ 500—
750 nm B HDGIEEE AR, 9% SPFGO )5, %
PRI 61 A7 B I %A W5 0 o, O A R 5
HTHERSE. B 3 0] LLE H, /£ MEH-PPV B
# 7% SPFGO Z Ja, # AT 25 LR M 8 V [E(K 2]
5V, KOG5EEH 1800 cd/m? $£ F] 7 7500 cd/m?,
SPFGO [ FEI N 0.2 wt%. MG SCHik o i,
M DR AR 3.8 eV, i AR B (1) 4 AR
TR BT R 4.1 eV, B K 4 7 LUE Y, 1
K2 SPEGO I %, A1 A1 MEH-PPV [£] LUMO
ek 2 1], ITO A1 MEH-PPV f{] HOMO f¢ %% 2 i f5
e R A2, F a2 H AT T2 .
#7% SPFGO 5, SPFGO figf% [£ik Al 5 MEH-PPV

178801-2



¥ I % 4R Acta Phys. Sin.

Vol. 62, No. 17 (2013) 178801

1 LUMO REZR 2 [H] 134 22 F1 ITO 5 MEH-PPV [f]
HOMO fe g% 2 [a] {3 22, 145 25 X0 &) TN F
ITO/SPFGO 5[ F1 Fi ¥ B2 5 T3 A\ 2| SPFGO/Al
ﬁﬁ [14].
— MEH-PPV:SPFCGO(SPFGO0 0.4%)
—— MEH-PPV:SPFGO(SPFGO 0.3%)
—— MEH-PPV:SPFGO(SPFGO 0.2%)
)

- MEH-PPV:SPFGO(SPFGO0.1%
—— MEH-PPV

B /arb.units

550 600 650 700 750
K /nm

2 MEH-PPV: SPFGO & {578 fi5t () L EUR 6 6 ik ih 2%

10000
= SPFGraphene content 0%
s000 | ¥ SPFGraphene content 0.1% o
= e SPFGraphene content 0.2% o 4
& 4 SPFGraphene content 0.3% N
~ 6000 <« SPFGraphene content 0.4%
g ° 4
= 3
E 4000 r o A 4
IR o A «
A Yo,
2000 | S L ey
( ) : : N v [ ] .
a < v
0 ﬁ.-.“l'.’.;!:l...
0 2 4 6 8 10 12
HE/V
600
= SPFGraphene content 0% <
. I v SPFGraphene content 0.1%
gz e SPFGraphene content 0.2%
2 400 1  a SPFGraphene content 0.3% <
g < SPFGraphene content 0.4% v
<
1 RN
B 200 | <yga
'»\ﬂv ' L ]
Rty D Sl
b 5 10
0.&).,....,1.'*! - "
0 2 4 6 8 10 12
HE/V
3 RIA SPFGO K& T~ OLED #% {15 2 - v R A Al i 2%
- H s il R

i@ & 2 AT LLE Y, MEH-PPV/SPEGO & & 7
5 A A48 2% SPFGO [#] MEH-PPV J#i5 HA J1LFAH

A L BUR 6 RS, BT AERAT TN, £ MEH-PPV H145
%% SPFGO J&, SPFGO H & 2] 7 s i 71N
[I4E L, FEASEE I MEH-PPV 731 N I 87 T BRI,
BT AR B R e B T B R I 5, T R Gy
B W 1A T HoA SR B 3R KR AR,
R f% B 47 1) kD B S 4R H T s AR A, BT DAFE R
WEIERR, B R 3 4 iy N ) MEH-PPV [
LUMO Rk I, 25 /RS B 4f 1973 N\ 2] MEH-PPV
) HOMO fig %% L B15] [A b7 MEH-PPV A5 24
SPFGO Ji&, SPFGO g% g 2| o 35 fL 1 GEA )
PEFH, RIS B & 38 1 I RO B, B 23 A 1 O i
H .

2.8eV

MEH-PPV

| SPFGO
1
4.3eV
4.7eV Al
ITO

4.9eV

K4 OLED #fFae s A

1 SPFGO ¥ 5 ¥ i B, FEL B30 6 1A i i A I
Fef%. X 2Ky SPFGO (1) 3y ik %% T MEH-PPV
) LUMO BEZ%, FTLL24 SPRFGO 4 J& %5 & ) s fi,
SPFGO < 2| i1 2 M1EH, 33 MEH-PPV 4
HIB T R A5y 24, /8 MEH-PPV [ LUMO fg 2k -1
HL ¥ [A] SPFGO BRIT, #4514 0 HE 250K o 5 B K %
i 191, (K25 SPRGO BT LAS 21 502 i 3 1A
F, XCAT LA B T2 AR AR . BT DAERAT ¥ 2>
— WIS R 9 SPEGO ST T IR 350K 6
AU

MIEA BRI M RN B A Z AR MR, K
PR LUMO f8 2% F 1 fL T4 ) L7 52 A4 A RLHER
T, XA R 2 AR 25 RPN 2 A1 B} 2 8] R AR
FEBURCHIRE K. B, FATTHE dE— 2B FUA Rk
% SPFGO X} T- MEH-PPV/SPFGO & & I 65 %
FEHIEZM (SPFGO KRN 0 wt%, 0.1 wt%, 0.2 wt%,
0.3 Wt%, 5 wt%, 10 wt%F1 15 wt%). WK 5 Fis, 24

178801-3



¥ I % 4R Acta Phys. Sin.

Vol. 62, No. 17 (2013) 178801

SPFGO BRI B2 1 I i, ¥ 80U e 1) i B B i 3
58, 1M1 24 SPFGO ¥ FE R B3 (R i, DB BUR I
o B SR PR AR, FRATT 43 A1 A A, MEH-PPV/SPFGO
525 WO BUR G IR L I PR 2 K SPFGO 2
BT 2R HEH, MEH-PPV ] LUMO g% I
(11 H T[] SPFGO _FERIE. STk iRIEE LR &
Y45 4 PCBM ZnO AR 94K (CNTs) #50] LA
L BIX 5 A A 0718 40 &l 4 s, SPEGO
Ih ek B2 4.1 eV, AT L SPFGO A LU 2] L 7 52 4
IVEH.

» SPFGO Concentration 0%

SPFGO Concentration 0.1%
SPFGO Concentration 0.2%
SPFGO Concentration 0.3%
SPFGO Concentration 5%

SPFGO Concentration 10%
SPFGO Concentration 15%

> m e & 4 A

FEFE /arb.units

%OO 600 700 800
Wik /nm

E'5  ANIF SPFGO ¥ %1 i) MEH-PPV/SPFGO & £ iH K

HFURI N

HiL K 6 W LLA H, 24 SPFGO 5B ARIKFE 1)
I % (09%—0.4%), 5 HLIGAR A 44 14 J2 % FL 3L 2%
A R GE, (B2 75 SPFGO %5 & ik B 1 i %
(5%—20%), ¥ 1% L% EE A 7 AE% B B3
KB4 SPFGO Wi, 4% 5 3] MEH-PPV L,
7 MEH-PPV 41 W= A2 BT 25 7%, {H & KR40 i
TR HRBAE KG, RS R 7=
FOTTEHRIER R, Reteft S 2 ik, ot
i 19, 24 SPFGO ¥ & B IR IR IR, SPRGO ik 5
MEH-PPV S B 78 73 45 fil, AR 80328 &
AR S AR ST, R R IR E SPFGO AR
43 B 3 HL - S2 AR B4 F, BT AR & HL 8 X
XPRA T A RO, R D E A ORI R
TOLH. WK 7 AR, 24 SPFGO W FE ik 3 5 £
W FE B I, SPFGO 1E N HL 1 32 44 1] LA MEH-
PPV/SPFGO Ft [fii &b (1) 3+ 78 73 i fif 25, MEH-PPV
f*) LUMO g4k b ()] SPFGO FERiE, TR H

iz 2 1) HL 725 O, 8 4 MEH-PPV 3 FE 1%
TN R ARG ROG, BT CLER AT B R i B T KR
FEMI#R 5. 4 SPRGO YK id i i, SPFGO 2 [A] %%
Ty KA R B Hefl, 3 B0R 73 7 /XA SPRGO BRI,
{f B 25 X E SPFGO A AR A, 55— AR IA
J&, SPFGO & £ i A b 3 520, SRTHA KiE
IERRA, 24 SPRGO ¥ i Ry, R 2 6 20 5 H
FHIVEH, (15481 B PERE FEAIK.

- SPFGO Concentration 100:0.1

— SPFGO Concentration 100:0.2

SPFGO Concentration 100:0.3

—— SPFGO Concentration 100:5

—— SPFGO Concentration 100:10

-v- SPFGO Concentration 100:15

SPFGO Concentration 100:20
—4— SPFGO Concentration 100:22

10

G 1
<
g
<
# 0.1¢
K
=
#

0.01 ¢

—05 0 0.5 1.0
HE/V

6 I[A SPFGO ¥KJE T OPV #ff) i it JiE- P s ol 26

1 2 To
A
Al
SPFGO
ITO
+—(_) HOMO

7 MEH-PPV:SPFGO & & # L (1 #k it T BRT (1) WU T

THRTIKIE Q) W3

W E 8 Frar, 24 SPEGO ¥ B A 1 I i,
SPFGO = 2 3| ) /& 7 MEH-PPV/SPFGO 5l it
3 AR IGAE L, FTLL OLED 284tk re s 1T B
T FETE, T OPV BT I AT . 24 SPFGO ik
J5£ 45 v I B e, SPRGO 3= Lt B 1 B 1 2 AR I 1
H, BT CA OLED MIPERE &4 T SR I BRI, T OPV
IVERER T B B4t

178801-4



¥ I % 4R Acta Phys. Sin.

Vol. 62, No. 17 (2013) 178801

iy

M2, RS g A R b B E,
iy 5 MEH-PPV — [A] ¥ fi# T- ODCB 1. MEH-
PPV/SPFGO & 4 18 I E fig 4% #& /=y OLED #% £F 1)
RICHRSE, LRSI OPV 331 1% FLA. Bt s
360 LA H, 38 2038 SPRGO (19K JEE fit % i 31
SZiH™5 OLED PEAEA OPV TR HIVE . BRI 3L #E
RAEYH B SPFGO X T A WLIGHL A=A F 2844
MR e E AR EEWER. ~—2 TE, ATE
I RATES 8]V (TOF) 53— B LA A SPFGO
Wt MEH-PPV/SPFGO H & I3 71T %

=i Al
2600 | ~
o i \ 14 é
£ 2200 \ 3
~ L
T 1800 f A
~ L ~
1 — |, M
% 1400 2 &
ﬁ 1000 } ﬁ
600 | , , 0

0.1 1 10
SPFGORE /%

K8 “I[F SPFGO ¥ JE T HUBUR 658 B A LR 3%

[1] Friend R H, Gymer R W, Holmes A B, Burroughes J H, Marks R N,
Taliani C 1999 Nature 397 121

[2] YuHZ,PengJ B, Zhao X M 2008 Acta Phys. Sin. 57 3898 (in Chinese)
[, BR %, B 2008 #3244 57 3898]

[3] Madhava Rao M V, Su Y K, Huang T S, Chen Y C 2010 Nano-Micro
Lert. 2242

[4] Ebbesen T W, Lezec H J, Hiura H, Bennett J] W, Ghaemi H F, Thio T
1996 Nature (London) 382 54

[5] LiuZF LiuQ, Huang Y, Ma Y F, Yin S G, Zhang X Y, Sun W, Chen
Y S 2008 Adv. Mater. 20 3924

[6] Halls J J M, Walsh C A, Greenham N C, Marseglia E A, Friend R H,
Moratti S C, Holmes A B 1995 Nature (London) 376 498

[7]1 Bolotina K I, Sikesb K J, Jianga Z, Klimac M, Fudenberg G, Hone J,
Kim P, Stormer H L 2008 Solid State Commun. 146 351

[8] YangZ, GaoR G, Hu N T, Chai J, Cheng Y W, Zhang L Y, Wei H, Eric
Siu-Wai Kong, Zhang Y F 2012 Nano. Micro Lett. 4 1

[9] Hong Z R, Huang Z H, Zeng X T 2006 Chem. Phys. Lett. 425 62

[10] Wang X, Zhi L, Mullen K 2008 Nano Lett. 8 323

[11] Hummers W S, Offeman R E 1958 J. Am. Chem. Soc. 80 1339

[12] Novoselov K S, Geim A K, Morozov S V, Jiang D, Katsnelson M I,
Grigorieva I 'V, Dubonos S V, Firsov A A 2005 Nature 438 197

[13] 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 2006 Nature 442 282

[14] Dini D, Barthel M, Schneider T, Ottmar M, Verma S, Hanack M 2003
Solid State Ionics. 165 289

[15] Kyu W L, Lee S P, Choi H, Kyu H M, Jae W J, Kweon H, Cheol E J
2007 Appl. Phys. Lett. 91 023110

[16] XuZ H, Wu Y, Hu B 2005 Appl. Phys. Lett. 87 263118

[17] Berson S, Bettignies R de, Bailly S, Guillerez S, Jousselme B 2007
Adv. Funct. Mater. 17 3363

[18] Ibrahim M A, Roth H K, Zhokhavets U, Gobsch G, Sensfuss S 2005
Sol. Energy Mate. Sol. Cells. 8513

[19] Hao ZH, Hu Z Y, Zhang J J, Hao Q Y, Zhao Y 2011 Acta Phys. Sin.
60 11716 (in Chinese) [ & 4L, H1FFH, 3k & %, EFH, X B 2011
PIFE 241 60 11716]

178801-5



18 S 4R Acta Phys. Sin.  Vol. 62, No. 17 (2013) 178801

SPFGO effects on the electroluminescence and
photovoltaic response in conjugated polymers*

He Jia-Qi He Da-Wei’ Wang Yong-Sheng* Liu Zhi-Yong

(Institute of Optoelectronic Technology, Beijing Jiaotong University, Key Laboratory for Information Storage, Displays and Materials, Beijing 100044, China )

( Received 19 March 2013; revised manuscript received 27 May 2013 )

Abstract

This paper studies the influence of poly [2-methoxy-5-(2’-ethylhexyloxy)-1, 4-phenylenevinylene] (MEH-PPV) on solution-
processable functionalized graphene oxide (SPFGO) composite film-based organic light emitting Diode (OLED) and organic pho-
tovoltaic (OPV) performance for different SPFGO concentrations. There is a strong quenching of photoluminescence when MEH-PPV
is doped with SPFGO, which means there is a strong transfer of electron and energy between MEH-PPV and SPFGO. Doping SPFGO
in MEH-PPV can improve the performance of OLED at low concentration, and the performance will be the best when the concen-
tration of SPFGO is 0.2%; however, the performance of OPV remains unchanged. The performance of OPV could be improved by
high doping concentration of SPFGO, the performance will be the best when the concentration of SPFGO reaches 15%, and there is a
quenching in the electroluminescence (EL) of OLED. As shown in the statistics of the experiment, SPFGO can increase the injectivity
of carriers, and when the SPFGO is of low concentration, it can increase the luminous intensity of OLED and reduce the threshold
voltage. SPFGO can act as an electron acceptor, and when the concentration of SPFGO is high, the exciton dissociation at MEH-
PPV/SPFGO interface can be improved, and the performance of OPV can be also improved. Therefore, the concentration of SPFGO
should be the main factor in adjusting the performance of OLED and OPV separately.
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