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Graphene oxide (GO) thin film possesses a 2D sheet structure and was synthesized indigenously via the
enhanced solvothermal Hummer method. Conventionally, the redox approach can be a characteristic
technique to fabricate GO films on an expanded scale. AFM characterization shows GO film had a 2D
lamellar layer structure and a thickness between 3 to 5 nm. Heat treatment reduces the GO film to reduced
graphene oxide (rGO). The crystallinity of GO thin film was recognized by XRD study. The typical
characteristic 26 peak appeared at 9.85 corresponding to (001) of the GO sheet for carbon with a d-spacing
of 0.9 nm. Atomic force microscopy (AFM), scanning electron microscopy (SEM), and Fourier Transform
Infrared Spectroscopy (FTIR) were employed to characterize the morphological and optical properties of the
GO and rGO thin films. The electrical properties of the thin films were studied with current-voltage (I-V)
properties. It is seen that the rGO thin film shows higher conductivity than GO and the value
~5.1 x10-4 S/cm, and also changes the morphology and optical properties. The morphological and optical
properties change indicates that GO loses oxygen groups to form rGO. The reason behind the change of
conductivity is the reduction of GO at 280 °C temperature and decreased oxygen functional groups as compared

to GO confirmed by FTIR.
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1. INTRODUCTION

A crystalline important allotrope of carbon is graphite.
The structure of graphite contains a layer-by-layer
hexagonally arrangement of carbon bonded to three
coplanar surrounded atoms by the covalent bond of length
1.42 A and layer-to-layer distance is 3.35 A. The single
layer of graphite is known as graphene. Andre Geim and
his team prepared graphene from graphite first in 2004 at
Manchester University by a simple peeling of the top layer
of pyrolytic graphite with the tape scotch method. Andre
Geim and Konstantin Novoseloy jointly won the Nobel
Prize in Physics in 2010 for their work on graphene. This
single-layer graphene is a 2D nanomaterial graphite
structure that contains a layer-by-layer hexagonally
arrangement of carbon bonded to three coplanar
surrounded atoms by the covalent bond of length 1.42 A
and layer-to-layer distance of al 100 % sp? hybridized
carbon atom with several distinct properties and has
exploded with interest. It is recognized as a feasible
alternative to silicon.

In the production of graphene, the graphene oxide
(GO) is the main originator [1] that consists of a two-
dimensional network of sp? and sp® covalent bonded
atoms [2].

Restoration of the structure of pristine graphene will
be practically attainable by the reduction of GO [3]. Thus
GO will be reduced by a chemical process, thermal
reduction, and multistep reduction so as to get free of the
O-containing groups [4]. The number of residual
O-containing groups affected the electrical performance
of rGO that it depends on the useful teams_that remain
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once reduced. The rGO has wonderful electrical,
thermal, and mechanical properties. It's a really
promising material for several applications, like as the
development of energy-storage capacitors,
pseudocapacitor [5-6], energy-related materials [7],
field-effect transistors [8], medical specialty applications
[9], sensors [10], making of catalyst for specific organic
transformation [11], paper-like materials and skinny
films, as substrates, as a coating layer, and as clear
conductive thin films [12].

2. EXPERIMENTAL

The enhanced Hummer technique was used to
prepare the GO thin film [13] [14]. In detail, 4 g of
graphite flake, 2.5 g of KNO3, and 110 mL H2SO4 (98 %)
were mixed in a 1000 ml volumetric flask and kept under
the ice bath (0°-6 °C) with stirring continuously for 2 hrs.
Next, 8 g of KMnOs4 was slowly added so that the
temperature of the mixture remained below 5 °C. The
suspension was then reacted for 2 h in an ice bath and
stirred for 60 min before again being stirred in a 40 °C
water bath for 60 min. The temperature of the mixture
was adjusted to a constant 98 °C for 60 min. Deionized
water was used so that the amount of the suspension
was 400 ml and after five minutes noted temperature
was 25 °C. 10 mL of H202 was added after 5 min. The
reaction product was centrifuged and washed with
deionized water and 5 % HCI solution repeatedly then a
small amount of ethanol was added to it [15]. After
filtration, it was poured into a Petri dish as well as on
mica foil and dried in a vacuum chamber. Finally, a
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graphene oxide thin film was obtained as a brown film.
Then reduced graphene oxide was obtained by annealing
of GO at 280 °C temperature.

The sheet resistance and I-V characteristics of the
GO and rGO films were measured by using Keithley
2635 source meter. FTIR spectrum of the sample was
obtained by Infrared Fourier Vacuum Spectro-meter
Vertex 70v (Bruker Optik GmbH Germany) and X-Ray
diffraction (Philips Analytical PW-1710X-ray powder
diffractometer with  Bragg-Brentano goniometer
geometry and Cu-Ka X-ray radiation source
(A = 1.5418 A). Scanning Electron Microscopy (SEM,
ZEISS, Supra 40VP) was employed to take the surface
morphology of the GO and rGO. A surface morphological
image of the surface of the Graphene oxide was obtained
by using atomic force microscope (AFM, Agilent AFM
5500 series, USA.) in a noncontact mode having a
multipurpose small scanner with a low coherence laser
(670 nm wave-length (<50 um), 1 mW power, scan range:
XY; 0-10 pm; noise level; XY < 0.1 nm RMS, Z: 0-2 um,
Z <0.02 nm RMS.

3. RESULT AND DISCUSSION

The surface of the GO mostly contains coherent
domains of sp3 C-H, C-OH, and sp%> C = O groups (non-
conductor) carbons which are resistive in nature. The
crystallinity of GO thin film was recognized by XRD
study. X-ray diffraction patterns of GO and rGO are
shown in Figure 1. The typical characteristic 26 peak
appeared at 9.85 corresponding to (001) of the GO sheet
for carbon with a d-spacing of 0.9 nm which is in good
conformity with GO in the existing literature [16].
Initially this XRD result confirmed the typical production
of GO thin films. After reduction by annealing, the peak
of 9.85 completely disappeared and generated a new peak
at 26.2 which corresponded to (002) with a d-spacing of
0.5nm which is a very good agreement of the interlayer
spacing of grapheme [17] [18].
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Fig. 1 - XRD pattern of GO and rGO

Figure 2(a, b) shows the FTIR spectra of graphene
oxide (GO) and rGO. A broad peak at 2900 cm — ! to
3500 cm ~ ! in the FTIR spectrum of GO due to the
stretching mode of the carboxyl O-H groups is shown in
Figure 2(a). The absorption peaks near 1620 cm ~ ! and
1630 c¢cm ~ ! correspond to conjugated ketone groups and
unsaturated C = C stretching. The peak position
3405 cm ! in GO and 3440 cm —! in rGO corresponding
to normal polymeric primary O-H stretching and
H-bonded O-H stretching [19]. The tentative peak at
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2960 cm — ! indicates sp3 C-H asymmetric stretching
arises due to the reduction of GO. The presence of
functional groups like carboxylic, carbonyl, and hydroxyl
groups indicates the successful full oxidation of graphite
flakes.
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Fig. 2 — FTIR spectrum of (a) GO and (b) rGO

It is seen that the broad peak with high intensity of
the hydroxyl group in rGO is diminished compared to
pristine GO. The reason behind this is due to the
reduction of GO at 280 °C temperature and decreased
hydrophilicity. The oxygen functional groups were
removed from the GO surface during heat treatment and
the properties of GO were changed for the reduction as
shown in Figure 2(a, b).

The surface morphology of GO and rGO were
characterized by scanning electron microscopy (SEM)
and atomic force microscopy (AFM). Figure 3 (a)
illustrated the existence of a cabbage or crumple-like
structure of GO. It is expected due to the exploitation of
graphite flake conversion to GO. Figure 3 (b) shows that
distorted cabbage-like shape due to the formation of
reduced graphene oxide after annealing.

Fig. 3 — SEM images of (a) GO and (b) rGO and AFM images of
(c) GO and (d) rGO

Figure 3 (¢, d) indicates the contact mode AFM
images of GO synthesized by enchanced Hummers
method and rGO prepared from GO by annealing
respectively. Fig. 3¢ shows the wrinkled and folded
nature of GO sheets. Both images show an almost
smooth surface spread over a large area. The important
thing is the color variation on the surface. It is due to the
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presence of a large number of oxygen-containing groups
in GO and fewer oxygen-functional groups in rGO. The
GO films seemed to be broken down to create trenches
in the scrap sheet on heat

The nature of the GO sheet is an insulator due to the
presence of various oxygen functional groups. The
typical I-V characteristic curves of the graphene oxide
and reduced graphene oxide thin films are shown in
Fig.4. It is seen that the current (5.31 x 10-4 A) in rGO
is about a thousand times higher than that of the current
(7.52 x 10-7 A) of GO. The cause of enhancement of the
current is due to the formation of rGO by losing oxygen
with heat treatment [6]. The sheet resistance of rGO is
14 KQ — 15 KQ and sheet resistance of GO is
~ 1.6 x 10* KQ and area were 1.2 cm x 1.2 cm for both
GO and rGO. Shi H.F. et al. has shown that the sheet
resistance decreases after the reduction of GO and the
value they have mentioned was 58 KQ [20].
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Fig. 4 — I-V characteristic curves of the graphene oxide and
reduced graphene oxide thin flims
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Fig. 5 — Schematic drawing of GO and rGO structures

CONCLUSION

The graphene oxide thin film was successfully
synthesized by the enhanced Hummer method. Then
reduced graphene oxide was obtained by annealing of
GO at 280 °C temperature. It is seen that rGO thin films
show a very good electrical conductivity rather than GO.
The reason behind this change is the reduction of GO at
280 °C temperature and decreased oxygen functional
groups as compared to GO. Again the AFM and SEM
characterization supports the surface morphology of GO
and rGO. XRD and FTIR also confirmed the difference
in oxygen functional groups in GO and rGO
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Busueuns mopdoiorii moBepxHi 3 €JIEKTPUIHUMHU Ta
ontuyaumu siaacrusocramu GO ra rGO
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Tonka maiBka okcuay rpadeny (GO) Mae TBOBUMIPHY JINCTOBY CTPYKTYPY Ta 0yJjia CHHTe30BaHAa BJIACHUM
[IJISIXOM 32 JIOTIOMOT'O0 BJJOCKOHAJIEHOTO COJIbBOTEPMIYHOIr0 MeTo1y XamMmMepa. Tpa uiifftHo OKICHO-BITHOBHUN
IMAXIT MOosKe OyTH XapaKTepHOI0 TEeXHIKOI s BUroToBJeHHs mwiiBok GO y posmmpenomy maciaradi. ACM-
XapaKTepUCTUKA II0Ka3dye, 1o wiiBka GO Mae IBOBUMIPHY CTPYKTYPY IJIACTHHYACTOTO IIAPY TA TOBIIUHY B
3 o 5 uM. Tepmiuna 06po6ra BimHOBIIIOE IITiBKY GO 1m0 BimHOBIIeHOTO OKcuay rpadeny (rGO). Kpucramiumicrs
torkoi rwnieku GO Oysna Busnana 3a gomomorow XRD. Tunosuit xapakrepauit mik 260 3'ssusca Ha 9,85, 1110
Bigmosimae (001) mmcra GO gy Byriempo 3 d-Bimcramnwo 0,9 HM. AtomHO-cmioBa Mikpockomis (AFM),
CKaHyIoua eJeKTpoHHa Mikpockomisa (SEM) Ta indpadepBona cuexrpockoris 3 nepersopersm Oyp’e (FTIR)
OyJIM BUKOPHCTAHI IS XaPAKTEPUCTUKY MOP(OJIOTTYHUX 1 ONTUYHUX BiiacTUBOCTeH TOHKUX 1iBok GO 1 rGO.
Estexrpuyni BIIACTHBOCTI TOHKHMX IUTIBOK JOCJIIIPKYBAJIHM 3a JoroMorok BoJsbT-amuepaux (BAX). Bumwo, mo
ToHka 1iiBka rGO geMoHCTpye BuILy mpoBinHicTb, Hisk GO 1 3HaveHHs ~ 5.1 x 10-4 Cm/cM, a TaKOK 3MIHIOE
MOPOJIOTifo Ta OIITUYHI BIACTUBOCTI. 3MiHA MOPQOIOTIYHUX 1 ONTUIHUX BIACTUBOCTEH BKadye Ha Te, o GO
BTpauae KucHeBl rpymu 3 yrBopeHHsM rGO. Ilpwumboro 3minm nposiguocti € 3menmenas GO npu
temmepaTypi 280 °C i 3MeHIIeHHSA QYHKIIOHAIBHIUX TPyl KucHIO mopiBHaHo 3 GO, migrsepmxennm FTIR.

Knrouogi ciosa: GO i rGO, XRD, AFM, SEM, MopdoJtoria nosepxui, BAX.
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