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Preparation and Photoelectric Properties of Reduced
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Abstract: The rGO/ZnO (reduced graphite oxide/Zn0) composite films were synthesized by using different
reduction treated graphite oxides (GOs) as precursors, and then their visible-light excitation photoelectric
conversion performance was investigated. In this work, we used the two reducing agents, KOH or NaBH,, to
reduce graphite oxide, then the reduced graphite oxide was mixed with zinc oxide sol. rGO/ZnO composite films
were prepared by spin-coating and heat treatment on FTO (fluorine-doped tin oxide)conductive glass substrates.
The as-prepared samples were characterized by XRD, FTIR, FE-SEM, XPS, UV-Vis, etc. Pretreatment process of
graphite oxide had a great influence on the structure of composite films, reduction treatment by NaBH, was more
conducive to form a uniform thin film. Photocurrent test results showed that different composite films can produce
photocurrent under visible-light irradiation, the principle was photo-excited electron transition from rGO to ZnO
to achieve the separation of photo-generated carriers. The GO after NaBH,-reduction with ZnO composite film

showed the largest photocurrent density with a value of 6x107 A-cm™
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Fig.1 XRD patterns of (a) GO, (b) films
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Fig.2 (a)~(c): SEM images of GO/Zn0O ,A-rGO/Zn0O B-rGO/ZnO with scale bar of 10 pwm respectively; (d) SEM image of
B-rGO/ZnO with scale bar of 500 nm; (e) Cross-sectional view of B-rGO/ZnO
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Fig.5 Peak fitting results of Cls narrow XPS spectra of different samples
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Table 1 XPS data of different samples, including binding energy (eV) and relative area percentage (%)

C=C/C-C C-0/C-0-C C=0/COOH
Samples C/Zn
Peak / eV Content / % Peak / eV Content / % Peak / eV Content / %

GO 284.6 41.5 286.5 422 288.3 16.3 —
A-rGO 284.6 61.9 286.6 28.5 288.6 9.6 —
B-rGO 284.6 62.6 286.1 279 288.7 9.5 —
GO/ZnO 284.6 68.3 286.2 18.9 288.6 12.8 0.035

A-GO/ZnO 284.6 62.2 286.0 28.5 288.6 9.3 0.040
B-GO/ZnO 284.6 62.6 286.2 219 288.7 15.5 0.041

Ja M8 K ;GO/ZnO . A-rGO/ZnO B-rGO/Zn0O 1 il i
FE 2 PR BRSO, 38 1 9 T A 4D IR
M6 e KL o & i IR B AR XPS 1545
T2 A WRE L

M1 AT GO BE 28 BRI c=C/C-C (%
i 41.5%) .C-0/C-0-C (7% & 42.2%) .C=0/COOH (7
i 16.3%), GO %4 KOH ZFF1 NaBH, &b #i )5 ,C=C/
C-C I 240 0 38 i 2 61.9% 1 62.6% , C-0/C-0-C
1 7t o3 3> 2 28.5% F1 27.9% ,C=0/COOH 1Y
o R > & 9.6% 1 9.5% , SRk AxGO 5 B-
rGO 1 C-0/C-0-C 1 & & AH I () # ' C-0/C-0-
C 45 & REA TR (43510 286.6 eV Hl 286.1 V), C-
0/C-0-C 4345 C-OH Ml C-0-C, &AM A-
rGO H B 2% C-OH F#AF W i | i Bl A-rGO
FHKZLM C-OH,B-rGO T HKZM C-0-C,

£ 3 MR AW GO/Zn0 I C=C/C-C &
1 £ (68.3%) , {H B B Eb 5 1K(0.035), 7T BB 2 Hh F
KLRIFN GO MAE MR 2, &AL 0 fig 5
KB Z I, A-xG0/Zn0 5 B-rGO/Zn0 ' C=C/C-
C & REEN 62.0%/47 , 5241 rGO T C=C/C-
C 5 s AH A R EF AN AR | WA A2 5 J5E e 11 i
ot T —%00.040 Z£4), 5 A-rGO M I, AxGO/
Zn0 "' C-0/C-0-C W& 8% F 224k, # X F B+GO,
B-rGO/Zn0 11 C-0/C-0-C 1 & it N R 6.0% , A5 b
B-rGO/ZnO ' C=0/COOH % & L F+ 6.0%, C-0-C
TR A RO 3ok A ] BB &R 43 W IE i C=0/COOH™,

FHE A B-rGO/ZnO ' C=0/COOH M & & LT},
— A C=0/COOH i F GO K JE M1 45 C=0/
COOH & &) It A S8 & A ad B v GO i
FAL B BT R 5 G X 5 R AR TE
T EE R G B-rGO/ZnO ' vGO 244 4 e £k
L

Kl 6 (a)~(c) 53 3°RE AW GO/ZnO  A-xGO/
Zn0 B-rGO/Zn0 ' Zn2p ZHLF I XPS i, #£4RE
Zn2ps, FUB 5 G BE 700 ¢ (1 021.8+0.1) eV (Zn
[)FI(1 023.0+0.1) eV(Zn1l), AHRLHY 2p,, BIE (25
B HEST N (1 044.9+0.1) eV (Zn 1)FI(1 046.1+0.1)
eV (Znll), Zn I BN #HE Zn-O Th I 145
G, Zn L 8N K02 vGO 5 ZnO FH1 b A2 45 C-
O-Zn TR TZ5 5 R A S5 R 3% 2,

GO/Zn0 B & W1 C-0-Zn B A 43 &% 1A
10.5%; 124 GO Zad b B S 15 Zn0 B &, 2 AW
JEH C-0-Zn W H T & HIA —EMiE, AxGO/
Zn0 B2 & HBETH C-0-Zn W H 4> &N 11.6% ,B-
rGO/Zn0 & & H B B C-0-Zn B H 4 & & ik #|
13.9%, A E A AL B-rGO/Zn0 ' rGO 5 ZnO ¥
UFINES A 3X 5 HTE Y 43T — 30, R S AL GO #4
SRR Z B SE A I  E  D A A B
JE B rGO E A AR A L T, B R TR
JEPIE SE Z 1 C-0-Zn 8, I vGO 5 ZnO 1K
G R AR A A X RS T 2 AT 1GO A
fif TR

R2 TRHEEN ZIn2p HENEARRARUFERE Zn E S

Table 2 Binding energy of Zn2p and percentage of zinc in different composite films

Zn 12[)3,2 Zn H2p3/2 Zn I2]) "» Zn H2p »
Samples
Peak / eV Content / % Peak / eV Content / % Peak / eV Content / % Peak / eV Content / %
GO/ZnO 1021.8 89.5 1023.0 10.5 10449 89.5 1 046.1 10.5
A-GO/ZnO 1021.8 88.4 1023.0 11.6 10449 88.4 1 046.1 11.6
B-GO/ZnO 1021.8 86.1 1 022.9 13.9 10449 86.1 1 046.0 13.9
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Fig.6 Peak fitting results of Zn2p narrow XPS spectra of different samples
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Fig.8 Cyclic voltammetry of different films
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Fig.9 Open circuit voltage and short circuit current of different composite films in in the dark and light conditions
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