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Graphene oxide: progress in preparation reduction and application
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Abstract: With the rapid development of graphene industry graphene oxide has atiracted much attention
as an important intermediate product of the preparation of graphene. Due to its excellent physical and
chemical properties it has been widely used in multitudinous fields. Various structural models prepa—
ration methods properties and related applications as well as the reduction of graphene oxide are sum—
marized. The choice of oxidants and reduction agents were found to be important in the reaction. The
basic selective principles are discussed after comparing various methods. Finally it is pointed out that
there are still some problems to be solved in the preparation and reduction of graphene oxide. The pros—
pect of graphene oxide on its development and influence will also be evaluated.
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Table 1 Summary of the preparation methods of graphene oxide
Advantages and
Oxidation method Reaction media Oxidant Reaction C/0 ('van 2808 Bl Ref.
disadvantages
Graphite chlorate of potash and sufficient fuming nitric acid Time-consuming
Brodies method HNO4 KClO4 were teacted at 0°C for 24h then reacted at 60°C for 34  1.64 Complicated 15
days. Noxious
L Concentrated H,SO, was added into the reactive solutions of Noxi
Staudenmaiers method Fuming HNO, KClO, ) 274 S 2.89 OX{O?S 16
the Brodies Method Inefficient
Graphite was mixed with the concentrated H,SO, solution Time-consuming
H rs method ~ Concentrated H,S0, KMnO, + NaNO / > 17
Hmmers metor ‘ B 4 } containing KMnO, and NaNO, Unsafe
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. . . . Low-risking
Tours method H,S0,/H,PO, KMnO, KMnO,, were increased in the reactive solutions of the Hum- / Hiehosat 19
ighrate
mers method.
. . High-rate
Concentrated H,S0, K,FeO, and flake graphite were mixed
Tron-based Approach H,S0, K,FeO, e g ! N 2.20 Safe 21
and stirred for 1 h at room temperature .
Non-toxic
Tang-Lau method / / Glucose sugar or fructose solution were reacted using a 28 Envimnmental—friend'l_v 2
hydro-thermal method low cost and large size
Applying DC bias of +10 V t hite rods and H,SO Non-risk
Electrochemical method / / ppiving s o wo graphtle 18 and Ta3ts / on I‘lS' 22
solution were used as electrodes and electrolyte. Non-toxic
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Table 2 List of reduction agents for graphene oxide
Reduction agent 2 Absorption peak C/0 of pGO  O/(C+0) of pGO 0/(C+0) of rGO C/0 of 1GO Reduction condition Ref.
(nm) (at. %) (at.% ) (at. %) (at. %)
Hydrazine / / 2.7 27 9 10.3 100°C 24h 39
Phenyl hydrazine 14.5° 230 1.68 37 10 9.51 RT 24h 40
Hydroxylamine / / 0.77 56 40 1.5 80°C 30h 41
Pyrrole 10.1° / 2.2 31 11 7.7 95°C 15h 42
Benzylamine / 230 2.27 31 17 4.77 RT 0.5h +90C 1.5h 43
Ethylenediamine 10.78° / 2.54 28 11 7.87 DMF/H,0 80°C 8h 44
Methanol 10.6° / 2 33 20 4.0 100°C 120h 45
Ethanol 10.6° / 2 33 14 6.0 100°C 120h 45
Isopropyl alcohol 10.6° / 2 33 13 6.9 100°C 120h 45
Benzyl alcohol 10.6° / 2 33 3 30 100°C 120h 45
Glucose/NH, 10.4° 230 / / / / 95%C 1h 46
NaHSO, / / 1.18 46 11 7.89 95°C 3h 47
Na,$,0,/NaOH 9.98° / / / / / 60°C 0.25h 48
Thiophene 10.27° / 2 33 8 10.9 80°C 24h 49
Thiourea dioxide /NaOH / / 2.5 29 6 16 90°C 2 ~5h 50
Thiourea dioxidel ) o / 1.84 35 15 5.89 80°C 0.5h 51
NaOH/cholate
NaBH, 10.7° 230 2.2 31 10 8.6 RT 2h 52
NaBH,( CN) / / 1.93 34 28 2.52 MeOH 70°C 2h 53
NaBH( OAc) 5 / / 1.93 34 31 2.24 MeOH 70°C 2h 53
NH;BH; / / 2.2 31 7% 14.2 80°C 12h 54
HI/AcOH 10.27° / / / 8 11.5 40°C 40h 55
HI/TFA 10.27° / 0.96 51 7 12.5 -10°C 40h 56
HI 10.9° / 2.1 32 8 12 100C 1h 57
HBr 10° 230 2 33 20 3.9 110°C 24h 58
HBrKOtBu / / 2.4 29 12 7.1 THF 66°C 0.5h 59
LiAlH, / / 3.4 23 8 12 THF 70°C 24h 60
Fe/HCI 10.3° 230 2.1 32 11 7.9 RT 6h 61
Al/HCI 10.3° / 3.01 25 5 18.53 RT 1/3h 62
Al foil /HCI / 232 2.1 32 5 21.1 RT 1/3h 63
Mg/HCL 11.6° / 0.98 51 20 3.95 RT 1/12h 64
Zn/HCI / 230 2.58 28 3 33.5 RT 1/60h 65
Zn/H,S0, / 235 2.45 29 5 21.22 RT 2h 66
Sn/HCI 11.1° / 2.6 28 12 7.6 RT 7h 67
Zn/NH; 11.9° / 1.68 37 10 8.58 RT 1h 68
Na/NH; 10.21° / / / 6 16. 64 -78C 0.5h 69
Zn/NaOH 11.41° 230 1.19 46 11 7.79 100°C 6h 71
Al foil/NaOH / 232 2.1 31 16 5.35 RT 1/3h 63

RT: Room temperature; pGO: pristine GO; rGO: reduced GO



85

6 * GO . . . . LiAlH, .
GO
230 nm 2006  Stankovich ¥
- T GO
; 300 nm GO 2.7 10. 3. 2008 Muszynski
b NaBH, GO
. 2009  Shin " NaBH,
GO 8.6
(320 nm ~ 1300 nm) . 2011 Cui ™
400 nm 740 nm. GO 12.°5
. ' _ ' ' - 10%C 1GO. 2010
) Chen ” N
£ 09 -
< Y AY
5
e l S0, GO
=
2 NaHSO, GO 7.9.
3 .
N 03 1 2012  Ambrosi
<
E LiAlH, GO 3.4
“ 00 TH0 G0 S0 T000 1200 12 [CO.2010  Fan ©
Wavelength/nm
GO 7.9
6 GO - * 2011 Liu ®
Fig. 6  Ultravioletvisible absorption and fluorescence
e 36 /n—
spectra
GO GO.
3
GO GO
GO
37 38 3 7498
GO .2016  Voiry
GO CVD
(1) ;
(2) ;
(3) ;
_ 4
(4) :
(5) . GO
5 990 GO GO
3
Table 3 Other reduction methods for graphene oxide
Reduction method C/0 of pGO( at. %) 0/(C+0) of pGO 0/(C+0) of 160 C/0 of rGO( at. %) Reduction condition Ref.
(at. %) (at. %)
Electrochemical reduction 1.45 41 4% 24.3 Low pH buffer solution 74
Solvothermal reduction 2.34 30 14% 6.03 240C Reflux to 205C 24 h 75
Thermal reduction 2.09 32 15 5.46 DMAc/H,0 165C 76
Ultraviolet radiation reduction / / / / 450 W 300 K 71
Microwave reduction / / 4% 24.3 1000W 125 78




38

4.1

7(a) ¥ GO/n-Si

0.25 pJA/cm2
1 MHz
> 105.

p GO Si-CMOS

2016  Karteri * Si0,/GO

7(d)  .GO

®)

P3HT/PCBM
Graphene oxide /

( ) GO in dcionized water (
< ultrasonic

entrifuge

GOultra%onic Mix
ntrifugs uluasoniv .
Graphene™ Alrﬂow
~ E GO in cthanol

Energy/cV

Pentacene

“ Sen:mve ﬂlm

SlOz
p-Si
Gr hybnd

structure Gate

.(a) GO/n-Si
79 ( b) 81
¥ (d)Si0,/GO

80

(¢) GO/

Fig.7 Various GO% optoelectronic devices. ( a) Schematic di-
agram of the A1/GO/n-Si heterojunction photo-diode ” ( b)

Schematic illustration of the photovoltaic structure ITO/GO/
P3HT: PCBM /Al *
dure of the GO/Gr composite film
of the pentacene TFT with solution-processed SiO, /GO bilayer

(¢) Schematics of the synthesis proce—

% ( d) Schematic diagram

. 80
insulators structure

4.2

2010 Li* GO PEDOT: PSS

( PCE) 7(b)
GO
PCE GO 2 nm
10 nm . GO

PCE 2%

GO 4 nm
10 nm

4 nm

0.9%.

4.3

GO

GO

GO

4.4 GO
GO

GO-Al

BAS

GO

GO

86
Ren

. 2017

GO

GO GO

GO 2

.83
. Liu

GO

7( )
10000 Hz

. GO

; GO
2D
.2016  Huang *
Al O,
GO 2D
( BAS) GO
GO AL O,
8( a) . GO
GO BAS
yAL0,

GO
Bardhan *
GO
I MHC
8( b) N

.2014



87

Homogeneous
pre(npltatlon of

Calcmatlon f /

mproved cell capture
®) g,

??

: , J 1ldanne

GO sheets GO-Al sheets v-ALO; sheets ’ : : ; :
© OH COOH OHe ) COOH GO -day0 GO day9
COO ©
COOH COQ
COOH oH _PICIZ, PACL> o
Stlrrmg
COOH OB Coon
GO solutlon ©»
{SPICiE T SPACTE o PiPd alloy | 5
o
COOHEectrochemical©. cooH
reductlon
8 GO .(a) GO ¥ (b) GO
5 (¢) PtPd/rGO (d) GO 3D

89

Fig.8 Applications of GO in other fields. ( a) Schematic illustration of the preparation of 2D-Al,0, nanosheets *

( b) Schematic diagram of GO basal biological devices to capture cancer cells *

of the PtPd/rGO with composite catalyst *

direct 3D printing and fabricating large-area device arrays *

Pt-Pd/+GO
8(c)
GO
GO
.2012  Madadran ¥
(EDTA) GO EDTA-GO
Pbh** Langmuir
10 . 2017 Per—
ez * / / ( GO-
PEI-CS)
GO GO
.2016  Jiang ¥ GO
( GOP) 8( d)

5
GO
GO
GO
GO ;1 (2)
GO
GO
GO
;(4)
GO
,(5)
.(6) GO

GO

tionalization

% Enhanced

GO

( ¢) Typical procedure for the synthesis

( d) Graphene oxide putty-ike material is used as the starting materials for



38

88
(7) GO
GO
GO
GO
References
1 Novoselov KS Geim A K Morozov S V et al. J . Sci-

10

11

12

13

14

15

ence 2004 306(5696) : 666-669.
Zhao G Li X Huang M et al. The physics and chemistry

of graphene-on—surfaces ] . Chemical Society Reviews

2017 46( 15) : 4417-4449.
NiZ Mal DuS etal. Plasmonic Silicon Quantum Dots
Enabled High-Sensitivity Ultrabroadband Photodetection of
Graphene-Based Hybrid Phototransistors J . ACS Nano
2017 11( 10) : 9854-9862.
Liu XY Chen H Wang R et al. 0D2D Quantum Dot:
Metal Dichalcogenide Nanocomposite Photocatalyst Achieves
Efficient Hydrogen Generation J . Advanced Materials
2017 29(22): 1700463.
Guo N Hu W Jiang T et al. High-quality infrared ima—
ging with graphene photodetectors at room temperature.
Nanoscale 2016 8(35): 16065-46072.
Hofmann U Holst R. ] . European Journal of Inorganic
Chemisiry 2010 72(4): 7544971.
Ruess G. ? ber das Graphitoxyhydroxyd ( Graphitoxyd)
J . Monatshefie fiir Chemie —Chemical Monthly 1947 76
(3): 381417.
Scholz W Boehm H P. Untersuchungen am Graphitoxid.
VI. Betrachtungen Betrachtungen zur struktur des graphitox—
ids J . Z Anorg Allg Chem. Zeiischrifi Fiir Anorganische
1969 369(3-6) : 327-340.
Nakajima T Matsuo Y. Formation process and structure of
graphite oxide J . Carbon 1994 32(3): 469-475.
Heyong He Thomas Riedl Anton Lerf A et al. Solid-
State NMR Studies of the Structure of Graphite Oxide J .
1996 100( 51): 19954-

Und Allgemeine Chemie

Journal of Physical Chemistry
19958.

Erickson K Erni R Lee Z et al. Determination of the lo—
cal chemical structure of graphene oxide and reduced gra—
phene oxide J . Advanced materials 2010 22(40):
4467.

Szab6 T Berkesi O Forgo P et al. Evolution of Surface
Functional Groups in a Series of Progressively Oxidized
Graphite Oxides ] . Chemisiry of Materials 2006 18
(11) : 27402749.

Dimiev A M Alemany L B Tour J] M. Graphene oxide.
its instability in water

Origin of acidity and a new dy—

namic structural model J . ACS Nano 2013 7(1):
576-588.
Dimiev A Kosynkin D V. Alemany L B et al. Pristine

graphite oxide J . Journal of America Chemistry Society
2012 134(5): 28152822.

Brodie B C. On the Atomic Weight of Graphite J . Phil-
osophical Transactions of the Royal Society of London
2009 149( 1) : 249259.

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Staudenmaier L. Verfahren zur Darstellung der Graphits?

ure J . European Journal of Inorganic Chemistry 1898
31(2): 14811487.
Hummers W S Offeman R E. Preparation of Graphitic Ox—

ide J . Journal of America Chemistry Society 1958 80
(6): 1339.

Nina I K Patricia ] O Benjamin R M
Layer Assembly of Ultrathin Composite Films from Micron—
Sized Graphite Oxide Sheets and Polycations J . Chemis—
try of Materials 1999 11(3): 771978.

Marcano D C Kosynkin DV Berlin J M et al. Improved
ACS Nano 2010 4

et al. Layer-by—

synthesis of graphene oxide J .
(8): 4806-4814.
Chen ] Yao BW LiC
method for ecodriendly synthesis of graphene oxide J .
Carbon 2013 64( 11): 225229.
Peng L Xu Z Liu Z et al. An iron-based green ap-
proach to 1-h production of singledayer graphene oxide
J . Nature Communications 2015 6:5716.
Wazir A H Kundi I W. Synthesis of Graphene Nano
Sheets by the Rapid Reduction of Electrochemically Exfoli-
ated Graphene Oxide Induced by Microwaves J . Journal
of America Chemistry Society of Pakistan 2016 38( 1) :
1146.
Hossain S T Wang R G. Electrochemical Exfoliation of
Graphite: Effect of Temperature and Hydrogen Peroxide
Addition J . Electrochim Acta 2016 216:253-260.
Sun JJ Yang N X SunZ et al. Fully Converting Graph—
ite into Graphene Oxide Hydrogels by Preoxidation with
Impure Manganese Dioxide J . ACS Applied Materials
and Interfaces 2015 7(38): 2135621363.
Liou Y J Tsai B D Huang W J. An economic route to
mass production of graphene oxide solution for preparing

et al. An improved Hummers

graphene oxide papers ] . Materials Science and Engi—
neering B 2015 193:37-40.
ZHOU Peng WEI Hong-Qiang SUN Hai-Tao
High-k gate oxides integration of graphene based infrared
detector J . J. Infrared Millim. Waves. (
k
) 2012 31(2):118421.

Chen]J Li YR Huang L et al. High-yield preparation

et al.

of graphene oxide from small graphite flakes via an im-
proved Hummers method with a simple purification process
J . Carbon 2015 81(1): 826-834.
Yu C Wang CF Chen S. Facile Access to Graphene Ox—
ide from Ferro-dnduced Oxidation J . Science Reports
2016 6:17071.
Tang LB Li XM Ji RB et al. Bottom-up synthesis of
large—scale graphene oxide nanosheets J . Journal of
Materials Chemistry 2012 22(12) : 5676-5683.
Newman L. Lozano N Zhang M
grades 2D graphene oxide sheets faster than 1D oxidised
npj 2D Materials

et al. Hypochlorite de—

carbon nanotubes and nanohorns J .
and Applications 2017 1(1): 39.
Chang JH LiHH Yang Z B et al. Efficient and com—
pact Q-switched green laser using graphene oxide as satu—
rable absorber J . Optics And Laser Technology 2018

98:134138.

Chu J H Kwak J] Kim S D et al. Monolithic graphene
oxide sheets with controllable composition ] Nature
Communications 2014 5:3383.



89

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Guerrero-Contreras ] Caballero-Briones F. Graphene ox—
prepared by
Materi—

ide powders with different oxidation degree

synthesis variations of the Hummers method J .

als Chemistry And Physics 2015 153:209-220.

ZHANG Dong—Xian ZHANG HaiJun LIN Xiao¥eng Char—

acteristics of PSD233 position sensitive detector and its ap—

J . J. Infrared Mil-
. PSD233

plication in atomic force microscope
lim. Waves. (
AFM

) 2003 22(5):384-388.
HuYS MaHB LiuW etal Preparation and Investi-
gation of the Microtribological Properties of Graphene Ox—
ide and Graphene Films via Electrostatic Layer-by-dayer
Self-Assembly ] 2015
2015:1-8.
Zhang X F' Shao X Liu S. Dual fluorescence of graphene

Journal of Nanomaterials

oxide: a time—resolved study J . The journal of physical

chemistry A 2012 116(27) : 7308-7313.

Chua C K Pumera M. Chemical reduction of graphene ox—

ide: a synthetic chemistry viewpoint ] . Chemical Society

Reviews 2014 43(1): 291312.

Brauer G. Handbook of preparative inorganic chemistry
M 2nd edition . Texas; UT Back-in-Print Service

1963.

Stankovich S Dikin D A Piner R D

graphene-based nanosheets via chemical reduction of exfo—

et al. Synthesis of

liated graphite oxide J . Carbon 2007 45(7): 1558-
1565.
Pham V H Cuong T V NguyenPhan T D et al. One-—

step synthesis of superior dispersion of chemically conver—
J . Chemical Communi—

2010 46(24): 4375-

ted graphene in organic solvents
cations ( Cambridge England)
4377.
Mao S Yu K Cui S et al. A new reducing agent to pre—
pare singledayer high—quality reduced graphene oxide for
device applications J . Nanoscale 2011 3(7): 2849-
2853.
Amarnath CA Hong CE Kim N H et al. Efficient syn—
thesis of graphene sheets using pyrrole as a reducing agent
J . Carbon 2011 49(11): 34973502.
LiuS TianJ Q Wang L et al. A method for the produc—
tion of reduced graphene oxide using benzylamine as a re—
ducing and stabilizing agent and its subsequent decoration
with Ag nanoparticles for enzymeless hydrogen peroxide
detection J . Carbon 2011 49(10): 3158-3164.
Che J F Shen LY Xiao Y H. A new approach to fabri-
cate graphene nanosheets in organic medium: combination
of reduction and dispersion J . Journal of Materials
Chemisiry 2010 20(9): 17224727.
Dreyer D R Murali S Zhu Y W et al.
graphite oxide using alcohols J . Journal of Materials

Chemisiry 2011 21( 10) : 3443-3447.
Zhu C GuoS Fang Y et al. Reducing sugar: new func—

Reduction of

tional molecules for the green synthesis of graphene
nanosheets J . ACS Nano 2010 4(4): 2429-2437.

Chen W F Yan L F Bangal P R. Chemical Reduction of
Graphene Oxide to Graphene by Sulfur-Containing Com-—

pounds J . The Journal of Physical Chemistry C 2010
114(47) : 19885-49890.
Zhou T Chen F Liu K et al. A simple and efficient

method to prepare graphene by reduction of graphite oxide

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

with sodium hydrosulfite ] . Nanotechnology 2011 22
(4): 045704.
Some S Kim Y Yoon Y et al. High-Quality Reduced
Graphene Oxide by a DualFunction Chemical Reduction
and Healing Process ] . Scientific Reports 2013 3
(1929) : 1929.
Chua C K Ambrosi A Pumera M. Graphene oxide reduc—
tion by standard industrial reducing agent: thiourea dioxide
J . Journal of Materials Chemistry 2012 22(22):
1105441061.
Wang Y Q Sun L Fugetsu B. Thiourea Dioxide as a
Green Reductant for the Mass Production of Solution-Based
Graphene ] . Bulletin of the Chemical Society of Japan
2012 85(12): 1339-4344.
Shin HJ Kim K K Benayad A et al. Efficient Reduc—
tion of Graphite Oxide by Sodium Borohydride and Its
Effect on Electrical Conductance J . Advanced Function—
al Materials 2009 19( 12) : 1987-4992.
Chua C K Pumera M. Reduction of graphene oxide with
substituted borohydrides J . Journal of Materials Chem—
istry A 2013 1(5) : 1892-1898.
Pham VH Hur SH Kim E ] et al. Highly efficient re—
duction of graphene oxide using ammonia borane ] .
Chemical Communication 2013 49(59) : 6665-6667.
Moon I K LeeJ Ruoff RS et al. Reduced graphene ox—
ide by chemical graphitization ] .
tions 2010 1(6): 73.
Cui P Lee ] Hwang E
phene oxide at subzero temperatures J . Chemical Com—

England) 2011 47 (45):

Nature Communica—
et al. One-pot reduction of gra—

munications ( Cambridge
1237042372.

Pei SF Zhao J P DuJ H et al. Direct reduction of gra—
phene oxide films into highly conductive and flexible gra—
phene films by hydrohalic acids J . Carbon 2010 48
(15) : 4466-4474.

Chen Y Zhang X O Zhang D C et al. High performance
supercapacitors based on reduced graphene oxide in aque—
ous and ionic liquid electrolytes J . Carbon 2011 49
(2): 573-580.

Chua C K Pumera M. Renewal of sp(2) bonds in gra—
phene oxides via dehydrobromination J . Journal of Ma—
terials Chemistry 2012 22(43): 23227-23231.

Ambrosi A Chua C K Bonanni A
num Hydride as Reducing Agent for Chemically Reduced
Graphene Oxides ] . Chemistry of Materials 2012 24
(12) : 2292-2298.

Fan ZJ Kai W Yan ]
phene nanosheets via Fe reduction of exfoliated graphite
oxide J . ACS Nano 2011 5(1): 191498.

Fan Z ] Wang K Wei T et al. An environmentally
friendly and efficient route for the reduction of graphene

Carbon 2010 48(5):

et al. Lithium Alumi-

et al. Facile synthesis of gra—

oxide by aluminum powder J .
16861689.

Pham VH Pham HD Dang T T et al. Chemical reduc—
tion of an aqueous suspension of graphene oxide by nascent
hydrogen J . Journal of Materials Chemistry 2012 22
(21): 1053040536.

Barman B K Mahanandia P Nanda K K. Instantaneous
reduction of graphene oxide at room temperature J . RSC
Advances 2013 3(31): 1262142624.

Mei X G Ouyang J Y. Ultrasonication-assisted ultrafast



90

38

(

66

67

68

69

70

71

72

73

74

75

76

71

78

10

11

reduction of graphene oxide by zinc powder at room tem—
perature J . Carbon 2011 49(15): 5389-5397.

Dey RS HajraS Sahu R K et al. A rapid room temper—
ature chemical route for the synthesis of graphene: metal—
mediated reduction of graphene oxide J . Chemical Com—
munications ( Cambridge England) 2012 48 ( 12):
17874789.

Kumar N A Gambarelli S Duclairoir F et al. Synthesis
of high quality reduced graphene oxide nanosheets free of
paramagnetic metallic impurities J . Journal of Materials
Chemistry A 2013 1(8): 27892794.

LuYZ LiYF Zhong M

approach to the synthesis of scalable graphene nanosheets

et al. A green and ultrafast

with Zn powder for electrochemical energy storage J .
Journal of Materials Chemistry 2011 21(39): 15449-
15455.
Feng H Cheng R Zhao X
method to produce highly reduced graphene oxide ] .
Nature Communications 2013 4(2): 1539.
Yang S Yue W B Huang DZ et al. A facile green strat—
egy for rapid reduction of graphene oxide by metallic zinc
J . RSC Advances 2012 2(23): 8827-8832.
Muszynski R Seger B Kamat P V. Decorating graphene
sheets with gold nanoparticles J . The Journal of Physi—
cal Chemistry C 2008 112( 14) : 5263-5266.
Shin HJ Kim K K Benayad A et al. Efficient Reduc—
tion of Graphite Oxide by Sodium Borohydride and Its

et al. A low-temperature

Effect on Electrical Conductance J . Advanced Function—
al Materials 2009 19(12) : 1987-4992.
Chen W Yan L. Bangal P R. Chemical Reduction of Gra—
phene Oxide to Graphene by Sulfur-Containing Compounds
J . The Journal of Physical Chemistry C 2010 114
(47) : 19885-49890.
Zhou M Wang Y Zhai Y
large-area and patterned electrochemically reduced gra—

J . Chemisiry 2009 15(25): 6116-

et al. Controlled synthesis of

phene oxide films
6120.

Dubin S Gilje S Wang K et al. A one-step
mal reduction method for producing reduced graphene ox—

J . ACS Nano 2010

solvother—

ide dispersions in organic solvents
4(7): 38453852.

Chen W F Yan L F Bangal P R. Preparation of graphene
by the rapid and mild thermal reduction of graphene oxide
2010 48(4):

induced by microwaves J . Carbon

11464152.

Williams G Seger B Kamat P V. TiO2-graphene nano—
composites. UV-assisted photocatalytic reduction of gra—
phene oxide J . ACS Nano 2008 2(7): 1487-4491.
Voiry D Yang J Kupferberg J et al. High—quality gra—
phene via microwave reduction of solution-exfoliated gra—

60 )

NONG Wen-jie
Manufacturing Parameters J . Infrared Technology (
) 2004 26

JIN Ning. Evaluation of Binary Optics

(6):1346.
DING Xue—zhuan WANG Xin LAN Wei-hua et al. De-
sign of Re-imaging MIR Optical System Employing Refrac—

79

80

81

82

83

84

85

86

87

88

89

12

phene oxide J . Science 2016 353 ( 6306): 1413-

1416.

Maiti R Manna S Midya A et al. Broadband photore—
sponse and rectification of novel graphene oxide/n-Si het—
erojunctions J . 2013 21(22): 26034-

26043.
Karteri I Karatas S Yakuphanoglu F. Photosensing prop—

Opt Express

erties of pentacene thin film transistor with solution-pro—

cessed silicon dioxide/graphene oxide bilayer insulators
J . Journal Of Materials Science-Materials In Electron—

ics 2016 27(5): 5284-5293.

LiSS TuKH Lin CC etal. SolutionProcessable Gra—

phene Oxide as an Efficient Hole Transport Layer in Poly—

mer Solar Cells J . ACS Nano 2010 4(6): 3169-

3174.

Wang P He F L Wang J

nanosheets as an effective template for the synthesis of por—

et al. Graphene oxide
ous TiO, film in dye-sensitized solar cells J .
Surface Science 2015 358:175-480.

LiuS WuX Zhang D et al. Ultrafast Dynamic Pressure
Sensors Based on Graphene Hybrid Structure J . ACS
2017 9(28): 24148-

Applied

Applied Materials and Interfaces
24154.

Huang Z Zhou A Wu ] et al. Bottom-Up Preparation of
Ultrathin 2D Aluminum Oxide Nanosheets by Duplicating
Graphene Oxide J . Advanced Materials 2016 28(8) :

17034708.

Bardhan N M Kumar PV Li Z et al. Enhanced Cell
Capture on Functionalized Graphene Oxide Nanosheets
through Oxygen Clustering J . ACS Nano 2017 11

(2): 15484558.
Ren F Wang H Zhai C et al. Clean method for the syn—
thesis of reduced graphene oxide-supported PtPd alloys
with high electrocatalytic activity for ethanol oxidation in
alkaline medium J . ACS Applied Materials and Inter—
Sfaces 2014 6(5): 3607-3614.

Madadrang CJ Kim HY Gao G et al. Adsorption be—
havior of EDTA-graphene oxide for Pb ( II) removal ] .

ACS Applied Materials and Interfaces 2012 4(3): 1186-
1193.

Perez ] VD Nadres ET Nguyen H N

surface methodology as a powerful tool to optimize the syn—

et al. Response

thesis of polymer-based graphene oxide nanocomposites for
simultaneous removal of cationic and anionic heavy metal

contaminants J . RSC Advances 2017 7(30): 18480-
18490.
Jiang Y Shao H Li C et al. Versatile Graphene Oxide

Puttydike Material J .
(46) : 1028740292.

2016 28

Advanced materials

tive and Diffractive Optical Elements J . Infrared Tech—
nology ( .
) 2009 31(8):450-
457.

Buralli D A Morris G M Rogers J R. Optical perform—
ance of holographic kinoforms J . Applied Optics 1989

28(5) : 976-983.



