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Graphene is considered as one of the important allotropes of carbon as two dimension honeycomb
lattice. Graphene can be oxidised into graphene oxide (GO) by several process and due to presence
of oxygen containing functional groups on the basal plane graphene oxide is non conductive in nature
but it can readily dissolved in most of the solvents like water. Thus GO can be used in different
fields of material science like in batteries, capacitor and solar cells. This review article covers a brief
review on the structural analysis of graphene oxide like the presence of oxygen containing functional
groups and their positions, various spectral analysis of graphene oxide and other such studies.

PACS numbers:

I. INTRODUCTION

One of the important allotropes (carbon nanotube,
fullerene, diamond) of elemental carbon is Graphene,
with a planar monolayer of carbon atoms arranged into
a two-dimensional (2D) honeycomb lattice with a car-
boncarbon bond length of 0.142 nm [1]. Electrons in
graphene contribute to some special properties such as
an anomalous quantum Hall effect and the absence of lo-
calization as they behave like mass less relativistic parti-
cles [2,3]. Graphene [2] shows a variety of quaint proper-
ties including high electron mobility at room temperature
(250,000 cm2/Vs)[4,5] exceptional thermal conductivity
(5000 W m1 K1) [6] and superior mechanical properties
with Youngs modulus of 1 TPa [7]. The study of the
electronic properties of graphene and its chemical deriva-
tives opens a new era of solid state electronics [8] and
of composite materials [9]. The unique electronic and
mechanical properties of graphene suggest various inter-
esting applications, the requisite large-scale direct syn-
thesis and solution-based handling have proven difficult
[10,11]. The exfoliation of graphite oxide (GO) opens
a new era to material science. The material first dis-
covered by the Oxford chemist Benjamin Brodie in 1859
produces atomically thin graphene oxide sheets that are
dispersible in basic media [12]. It is an electronically hy-
brid material that features both conducting -states from
sp2 carbon sites and a large energy gap (carrier trans-
port gap) between the -states of its sp3-bonded carbons
[13]. Due to the peculiar insulating and defective nature
of GO, it does not allow the observation of fundamen-
tal two-dimensional condensed-matter effects, which has
limited the interest of physicists in the material. Al-
though GO has given special interest by Chemists be-
cause of its heterogeneous chemical and electronic struc-
tures, along with the fact that it can be processed in so-
lution [14]. This review article briefly discuss about the
Structure of Graphene Oxide and Reduced Graphene Ox-
ide and Electrical Conductivity of Individual Graphene
Oxide Sheets Reduced at low Temperatures.

II. STRUCTURE OF GRAPHENE OXIDE

The structure of GO has found to be non stoichiometric
in chemical composition with ranging from C8O2H3 to
C8O4H5, considering C:O ratio of 4:1 to 2:1.[1518] The
density functional theory (DFT) have indicated that it
becomes extremely difficult to reduce GO with C:O ra-
tios above 16:1[19]. Some of the key questions arising
to the structure of GO are: i) which oxygen containing
functional groups are present? ii) What is their function?
iii) Is it even possible to form graphene as a product
of reduction of GO? The accurate answers of the above
questions are still unknown but from the recent findings
in the solid-state NMR characterization of 13C-labeled
graphite oxide [20] and from the other works [21-23] it can
be concluded that the Lerf-Klinowski [24] and the De ka
ny models [25] can give satisfactory answers. The infor-
mation obtained from the analytical studies are not satis-
fying to understand the whole concept of the optical and
electrical properties of GO/rGO because they depend on
the distribution of the functional groups [26]. The func-
tional groups available on the basal plane mainly con-
sist of oxygen-containing functional groups like hydrox-
yls and epoxies whereas smaller amounts of carboxyl, car-
bonyl, phenol, lactone, and quinone are present primarily
at the sheet edges [27]. The functional groups present at
sheet edge interact with a variety of organic and inorganic
materials in non-covalent, covalent and/or ionic manner.
It helps to synthesis various unusual functional hybrids
and composites which shows intriguing properties. GO is
found to be a covalent material with 60% of carbon atoms
in the basal plane. The carbon atoms present with in
basal plane are sp3 hybridized due to presence of oxygen
atoms in the form of epoxy and hydroxyl groups but an
graphene sheet should be consist of only sp2 hybridized
carbon atoms[24]. By contrast recent findings confirms
that GO is a two dimensional sheet with both sp2 and sp3
carbon atoms.[14].This non stoichiometric nature of GO
is attribute to the presence of size,shape and sp3 and sp2
hybridised carbon atoms.[14] The optical and electrical
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properties of GO depends on the sp2 hybridised Carbon
atoms present.[28]. This kind of material is in gener-
ally amorphous in nature. It may contain poor or no
translational symmetry [28]. Due to presence of sp3 hy-
bridised oxygen containing functional groups the basal
plane of GO is non uniform in nature where the small
finite sp2 clusters confine within the sp3 hybridised C-
O matrix which can be explained by scanning tunnelling
microscopy[29,30], Raman spectroscopy[31,32], transport
studies [33,34] and high resolution transmission electron
microscopy [35,36]. The carbon atoms present on the GO
can extent themselves and can stack with each other by
forming layered structure like graphene [37]. The spac-
ing between the layers depends on the humidity as GO is
hygroscopic in nature it absorbs moisture from air thus
changing in the interlayer distance from 0.6nm to 0.12nm
for dry and hydrated structure [38]. Now during thermal
reduction of GO this trapped water molecules and the
some of the oxygen containing groups such as CO and
CO2 comes out of the structure leading to the interlayer
shrinkage[39,40]. Few defects such as double vacancy or
5-8-5 defects and StoneWales or 5775 defects arise due to
removal of oxygen from the GO structure [41, 42].

A. Raman spectroscopy

Raman spectroscopy is the best way to determine
the structural informations about Carbon based mate-
rial [43]. In Graphene like material generally G and D
peaks along with their overtones appears due to the vi-
bration of sp2 carbons. The G peak appears due to the
presence of E2g photons in Brillouin zone centre and D
peak appears due to breathing of aromatic ring and only
activated when there are some defects [44]. This D peaks
are of weak intensities and broad that leads to the mea-
surement of degree of disorder [45]. The G and D peaks
appears at around 1580 cm−1 and 1350 cm−1 respec-
tively. The 2D peak appears around 2680 cm−1, are the
overtones of D peaks. The shift and shape of the 2D peak
depends on the number of graphene layers. The 2D peak
can arise even without presence of any defects. A D+D
peak also appeared due to defect activation [46]. Dur-
ing reduction of GO the interlayer species and oxygen
containing functional groups are removed this results in
stronger interlayer coupling between the adjacent layers
thus blue shift is observed in 2D peak of multilayer GO
[47].

B. Fluorescence in GO

Due to the heterogeneous electronic and atomic struc-
ture fluorescence is possible nearly at near-infrared
(NIR), visible and ultraviolet fluorescence region [4855].
The fluorescence in GO is attribute to the electron-hole
recombination in local electronic states arising from dif-
ferent configurations. As in graphene the finite sized sp2

clusters are present within the sp3 matrix this tie up the
- electrons in GO and give rise to electron-hole recombi-
nation that leads to fluorescence [56-58] The band edge
transition may not the possible reason for fluorescence as
this is the case for typical semiconductors [14]. The ex-
perimental data proves that GO shows fluorescence with
a lateral range of dimensions. Sun and co-workers has
shown fluorescence in the red to NIR region which re-
quired lower energy for nanosized GO suspensions [49,
50]. Luo et al has proved that florescence properties of
GO suspensions and solid samples are comparable and
remain unchanged even with the change in lateral dimen-
sions ranges from 1-10 m [51].This experiment indicates
that the lateral size of the sheet is not the main factor
for the emission energy. During the reduction reaction
of GO with hydrazine vapour by decreasing the inten-
sity the emission peak show redshift towards NIR region
[14]. Gokus et al found that a broad red to NIR fluores-
cence for oxygen-plasma-treated exfoliated graphene [59].
Similar type of fluorescence properties shown by oxygen-
plasma-treated exfoliated graphene and nano sized syn-
thesized GO indicating that the origin of emission spec-
tra is nearly same [14]. Synthesized GO also exhibit weak
blue to UV fluorescence around 390 nm for thin field and
440 nm for solution when excited with ultraviolet radia-
tion [52, 54, 55]. Unlike the red to NIR fluorescence here
the shift in peaks appears on changing the states from
suspension to solid samples due to difference in the di-
electric properties of the medium but for the suspended
samples further more study is required to understand
the effect of environment [52]. The blue fluorescence of
quantum dot of graphene is highly pH dependent, re-
ported by Pan et al [48]. A strong blue fluorescence is
observed at the naked eye at a higher pH and quenched
nearly at lower pH ranges. Similar type of blue fluo-
rescence also observed for water soluble GO fragments
due to ionic-liquid-assisted electrochemical exfoliation of
graphite [60]. The wavelength of the emitted fluorescence
is dependent on the size of sp2 clusters. The higher band
gaps are observed in sp2 clusters with sizes of less than
1 nm and upto 20 aromatic rings that give rise to emis-
sion in the ultravioletvisible region. Whereas larger sp2
clusters with sizes of more than 2 nm contain lower gaps
give arise red to NIR emission. An alternative explana-
tion for fluorescence in GO is the hydrothermal route to
cut GO sheets into blue-luminescent graphene quantum
dots, reported by Pan et al.[48]. According to this analy-
sis emission peak from the zigzag site appears due to car-
bene like free triplet state 11. From the study of previous
experiments the fluorescence of functionalized nano ma-
terial of carbons were attribute to the oxygen containing
functional groups but in case of GO enhancement of blue
fluorescence indicates that oxygen containing functional
groups are may not be the main reason for appearance of
fluorescence[52,54,55]. The heterogeneous structure and
the sp2 clusters may be the origin for the fluorescence
[52].
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C. Transmission electron microscopy (TEM) in GO

Data obtain from ultra-high-resolution transmission
electron microscopy (TEM) proves that graphene sheet
contains sp2 bonded 2D sheet like honeycomb lattice [61].
The structural change occur when graphene is oxidised
and GO is formed with an inhomogeneous structure [62].
Three main features comes out- 1. Holes are found (blue)
2. Graphatic region (yellow) 3. High contrast disordered
region (red) The above regions give an idea about high
oxidation with a percentage of 2%, 16%, and 82% respec-
tively. The holes are indicating the release of CO and
CO2 during oxidation and exfoliation [63] and graphitic
region find out to be less than 5 nm2. In contrast some of
the high resolution electron microscopy studies reported
absent of holes in the GO samples [64].

III. CONCLUSION

From the detail studies of structure of GO some im-
portant information comes out- On the basal plane of

GO it contain some oxygen containing functional groups.
Within those functional groups hydroxides and epoxides
are present as sp3 hybridised groups. Due to the pres-
ence of these groups and a mix environment of sp3 and
sp2 hybridised carbons the structure of GO is heteroge-
neous this leads to the origin of fluorescence and Raman
spectra in GO. From the study of TEM it has been proved
that GO may contain some holes within the basal plane
and those holes are created due to the aggressive oxida-
tion of graphene sheet. From the above summery we may
think about the various future aspects 1. We may try to
find out the other oxygen containing functional groups
present in the basal plane of GO. 2. From the above
data of fluorescence the origin of fluorescence is still un-
known. Some group of researcher previously consider the
oxygen containing functional groups are responsible for
blue fluorescence but recent findings indicates the spe-
cial arrangement of sp2 clusters within sp3 matrix may
be the origin of blue fluorescence. 3. After the detail
study of GO we can further proceed to find out the an-
swer of the question is it possible to get back graphene
by the reduction of GO?
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