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I N T R O D U C T I O N

In recent years, increasing attention has been paid to the
development of advanced materials due to environmental
concerns. Recent textile industries have become a source of
pollutants extracted from the cotton fibre during the process
of chemicals and the dyes, which discharges to the environ-
ment. This may cause aesthetic problems due to the unpro-
cessed industrial effluents. The treatment of industrial effluents
are difficult with present conventional biological and chemical
process, because of non-degradable nature of most dyes in
environmental conditions, due to highly structured polymers
with low biodegradability [1,2]. However, various physico-
chemical techniques, such as adsorption on activated carbon
and ultra filtration are limited to low concentration ranges [3,4].

Nowadays incorporation of few oxygen groups between the layers
of graphite have shown potential approach for industrialization of
graphene oxide for different potential applications. During the strong
oxidation process in modified Hummers method, these oxygen based
functional groups may increase the distance, weakening the van der Waals
forces and facilitation the exfoliation of graphite layers from. The reduced
graphene oxide/copper oxide (rGO-CuO) is highly potentially active
and selective catalyst for many environmental applications. Different
wt. % of Cu(II) and loaded on rGO surface to form a nanocomposite,
which were prepared by hydrothermal method. The influence of hydro-
thermal temperature, rGO sheet and loaded CuO on structure of graphene
was systematically investigated. The structure and optical properties
of the obtained hybrid composite was evaluated employing scanning
electron microscope, X-ray diffraction, UV-visible and infrared spectro-
scopies. The photocatalytic activities of rGO-CuO nanocomposites for
the degradation of Eosin B acid red under sunlight were investigated.
The results revealed the decrease in percentage photocatalytic degrad-
ation rate occurred on rGO-CuO, because a single sheet of rGO can
shield the light from reaching the surface of CuO photocatalyst. It is
possible to provide a new way to use the host rGO as prepared by
hydrothermal method for water remediation applications.
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Recently, the photocatalytic degradation of industrial effluents
has become a progressively significant process for water treat-
ment and air purification. This process has a potential to decom-
pose dyes into non-toxic substances under visible light irradiation.
It is essential to develop an efficient photocatalyst for industrial
effluents under visible light irradiation [5-7]. Graphene has
strong absorption over the solar spectrum, especially in the
near IR region, and it is the most thermally conductive material
known so far [8]. Graphene has attracted considerable interest
in the recent years because of its strong absorption over solar
spectrum near IR region and photocatalytic properties [9-11].
Due to its unique physico-chemical and intriguing properties
such as high mobility of charge carriers, unique transport
performance [12-14], high mechanical strength [15], extreme
high thermal conductivity and theoretically more surface area
of 2600 m2/g [16]. The toxicity of different forms and hybrids
of graphene is suitable for many potential applications such
as sensors [17-20], energy conversion devices [21,22], catalysts
[23] and degradation of dyes [24]. Till date, the most efficient
synthetic method have been based on exfoliation of graphite
[25,26]. The major difference between them is the yield and
the defect content of their products [27]. Hence, a material
chemist need to trial and error the synthetic techniques to control
size, shape and morphology of a graphene based hybrid material.
Soon after Hummer’s report, several chemists modified the
synthesis of graphene from graphite under strong oxidants with
certain reaction conditions [13,28]. In literature, there are various
methods reported on synthesis of graphene oxide based hybrid
materials and their derivatives, which include mechanical
cleavage of graphite [29], chemical exfoliation of graphite [25],
solvothermal synthesis [18], epitaxial growth on substrates
[20], sonochemical approach [30], environment-friendly greener
reduction method [31] and hydrothermal methods [29]. Among
these different approaches, direct Hummer’s modified hydro-
thermal treatment is an effective approach to synthesize graphene
based hybrid materials in order to tailoring the required properties
[18,32]. More importantly, exfoliated GO sheets frequently
posses a wealthy assortment of oxygen-containing groups in
GO allows interactions with cations and provide reactive sites
for the nucleation and growth of metal oxides, which results
in crystal growth of various graphene-based composites [32].
Up to now, several excellent graphene based metal oxides have
been synthesized and supported on graphene, which include
CuO [33,34], NiO [32], TiO2 [35], SnO2 [36], MnO2 [37], Fe3O4

[38], ZrO2 [39] and Cu2O [18], etc. Recently, GO was modified
with metal oxides using numerous methods. The graphene
oxide nanocomposites and functional nanomaterials are expe-
cted to produce a material with improved performance via
possible synergetic interaction. Recent reports attracted incre-
asing number of researchers in the field have been committed
in to the incorporation of graphene into composite materials,
including metal nanoparticles [40], metal oxides [25] quantum
dots [41], polymers [42]. Among that material, copper oxides
has received a great deal of consideration because of its superior
electrochemical stability and electrocatalytic activity as well
as low cost for extensive applications [43]. Therefore, anch-
oring metal oxides in graphene oxide will boost the efficiency
in various dyes degradation applications. Many scientists have

studied the preparation of graphene oxide-metal oxide nanocom-
posite for the degradation of dyes, adsorption and other contami-
nation removal from water. Till date numerous rGO-MO nano-
composites were effectively studied for degradation of methylene
blue [44], rhodamine B [45], methyl orange [10]. In this article,
we discussed preparation of reduced graphene oxide and its
hybrid materials for their potential application of industrial
textile dye (Eosin B) degradation. We focussed on the design
of graphene oxide/CuO hybrid materials, which is an important
application for environmental remediation. Herein, we emph-
asize the hydrothermal preparation of reduced graphene oxide
hybrid material and characterization of rGO-CuO composites.

E X P E R I M E N T A L

Eosin Blue (acid red) dye was procured from Dye star
company, Mumbai, India and the natural graphite powder was
procured from Merck, Mumbai, India. The chemicals viz. sodium
nitrate (97 %), hydrogen peroxide (30 wt. %), sulphuric acid
(98 %), potassium permanganate, copper(II) nitrate and sodium
hydroxide were used for the preparation of composites. Double
distilled water was used for the preparation of stock solutions.
All the chemicals were of analytical grade and used as received
without further purification.

Preparation of reduced graphene oxide (rGO): The
reduced graphene oxide (rGO) is prepared by modified Hummer’s
method. To exfoliate the preoxidized graphite powders into
few layer GO sheets, the expanded graphite powder (2 g) and
15 g KMnO4 was added into cold H2SO4 (120 mL) under stirred
for 2 h. The solution was diluted by water (250 mL), then 20 mL
H2O2 (30 %) added to reaction mixture at room temperature.
The reaction mixture kept for stirring for 12 h, the upper super-
natant was collected and centrifuged, where the rGO powders
were obtained as precipitates. HCl solution was added to remove
the metal (Mn2+) ions existing in the GO powders. Finally,
rGO was washed many times with deionized water till it reaches
pH 7.

Preparation of rGO-CuO composites: Hydrothermal
is a powerful tool for the synthetic inorganic materials, which
operates at an elevated temperature in a confined volume to
generate high pressure. An rGO-CuO composite with cont-
rolled crystal facets can be easily obtained by controlling the
experimental parameters such as concentration of precursor
solution and the reaction time using the hydrothermal method.
A mixture of 5 mL of Cu(NO3)2·3H2O and 50 mL of graphene
oxide (dispersed in water) was taken in 250 mL beaker and it
was stirred about 1 h. Then the composite was annealed at
200 ºC in autoclave for 2 h. The resultant colloidal solution
was filtered several times by double distilled water.

Characterizations: The XRD patterns were recorded on
a Philips X'Pert X-ray diffractrometer using Cu-Kα radiation.
High resolution transmission electron microscopic (HRTEM)
analysis of the samples have been carried out to investigate
the morphology of synthesized materials using JEOL micro-
scope [Model JEM 3010] operated at 300 kV. Elemental analysis
was done on an energy dispersive X-ray spectroscopy (EDAX)
[model: Nova Nano SEM600-FEI]. The optical properties and
photo response of composites were measured on a UV-Vis
spectrophotometer [model: USB 4000, Ocean Optics, USA].
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R E S U L T S A N D   D I S C U S S I O N

Structural analysis: The structure of GO, CuO, rGO and
rGO/CuO composites were characterized by powder X-ray
diffraction. The X-ray diffraction patterns of the as-synthesized
GO and rGO peaks were observed at 2θ =11.8º and 24.5º
corresponding to the (0 0 1) plane, respectively. The larger
interplanar spacing of GO (Fig. 1a) was found to be 0.75 nm
compare to rGO (d = 0.36 nm), this might be due to the introd-
uction of oxygen-containing functional groups such as hydroxyl,
carboxyl on the GO sheets. After chemical reduction of GO,
the FWHM for rGO was found to be broader with a large shift
towards higher 2θ angle (24.5º) with interplanar spacing of
about 0.36 nm, signifying the occurrence of residual oxygen
containing groups on rGO sheets (Fig. 1c). The FWHM of the
diffraction peaks give information about the crystallinity of
the stacking regularity of the layers. It has been observed that
in the presence of residual oxygen containing functional groups,
it will lead to the formation of shorter interplanar spacing (d =
0.36 nm) between the layers compare to GO (d = 0.75 nm),
which could be reason for increase in the FWHM of diffraction
peaks for rGO. This suggests that the oxygen containing funct-
ional groups of GO could be significantly converted into rGO
at 200 ºC by hydrothermal method. Copper is an important
material because of their catalytic and electrical conducting
properties, which is known as p-type semiconductor exhibiting
narrow band gap (Eg = 1.2 eV). The major peaks of CuO located
at 2θ values correspond to monoclinic phase and all the peaks
are well assigned to JCPDS card No. 80-1268. No other peaks
were observed belonging to any impurity such as Cu(OH)2

and Cu2O particles. For samples of rGO-CuO, no diffraction
peaks of layered GO can be seen, signifying the deficiency of
layer-stacking regularity after chemical reduction by the cations.
On the other hand, in rGO-CuO exhibit high intensity by
slightly shifting peaks towards lower 2θ angle from 24.5 to
18.8º with increasing interplanar spacing (0.47 nm) (Fig. 1d)

compare to rGO (0.36 nm) (Fig. 1c), due to the interaction of
crystalline CuO between the rGO layers. Sometimes traces of
residual oxygenate groups on rGO-CuO is believed to be favour-
able for maintaining a good dispersion of the composite nano
sheets. Graphene oxide is in the form of a composite and the
CuO phase dominates the GO layers. This conclusion is supported
by TEM studies of rGO-CuO. Fig. 2(a-b) show the surface
morphology of rGO (looks like folded graphene sheet) and rGO-
CuO (looks like CuO particles on folded graphene sheet), respec-
tively. After combination with GO to form a rGO-CuO composite,
the CuO nanoparticles are firmly anchored on the rGO layers
with a high density with sizes ranging from below 100-200 nm.
The rGO may favour the hindrance of CuO from agglomeration
and enable their good distribution, whereas CuO serves as a
stabilizer to separate GO sheets against aggregation. The TEM
images of rGO-CuO as shown in Fig. 2b revealed that the compo-
site consists of a large amount of CuO nanoparticles with sizes
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Fig. 1. XRD patterns of samples GO, CuO, rGO and rGO-CuO
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Fig. 2. TEM images of as-synthesized (a) rGO and (b) rGO-CuO composites
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ranging from 100 to 200 nm. The GO shows an ultra-thin wrinkled
paper-like structure and the CuO nanoparticles tend to aggregate
on rGO sheets with size of 100-200 nm. As observed, CuO nano-
particles are spread across the sheet with intimate contact. Table-1
shows the XRD data of as-prepared samples GO and rGO-CuO.

Optical properties: The effect of graphene oxide/metal
oxide composite was studied using UV-visible spectra, to study
the effect of metal oxide on graphene oxide, GO/MO powder
was grounded with a mortar and pestle and dispersed in 50 mL
of double distilled water. Fig. 3 shows the ultraviolet-visible
spectra of graphite and graphene oxide. The spectrum of graphene
oxide has a characteristic absorption shoulder peak at 235 nm,
this blue shift is due to splitting of graphene layers from graphite
and corresponds to a π-π* of aromatic C=C ring. Formation
and stability of graphene oxide nanoparticles in sterile distilled
water is confirmed using UV-visible spectroscopy in a range
of wavelength from 250 nm to 300 nm (Fig. 4). However, the
unique highly electronic properties of graphene are due to its
π-electron cloud (puddle) formation, which has 97.4 % optical
transmittance.
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Fig. 3. UV-visible absorption spectra of pure graphite and graphene oxide
nanoparticles were synthesized by Hummer’s method

Infrared analysis: Fig. 5 shows the IR spectra GO, CuO,
rGO and rGO-CuO nanocompoites. For GO, the peak at 3418
cm-1 corresponds to O-H stretching vibration. The peak at 1633
cm-1 is attributed to C=C stretching vibration. The absorption
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Fig. 4. UV-visible absorption spectra of pure graphite, graphene oxide,
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Fig. 5. IR spectra of GO, CuO, rGO and rGO-CuO nanocompoites

peak at 1720 cm-1 is attributed to C=O group. The absorptions
peaks at 2934 cm-1 represent the symmetric stretching vibra-
tions of C-H. The absorption peaks at 1384 cm-1 and 1166 cm-1

are ascribed to the stretching vibration of CH3 and C-OH of
alcohol, respectively, which was used for washing purposes.

TABLE-1 
XRD DATA OF AS-PREPARED SAMPLES GO AND rGO-CuO 

Samples 2θ Intensity FWHM d-Spacing (Å) Rel. Int. (%) 

Graphene oxide 11.6401 1878.73 0.3306 7.60260 100 
 42.5497 569.19 0.4032 2.12296 30.3 

rGO 43.2646 258.92 0.84 2.08952 100 
CuO 16.2563 13482.5 0.2214 5.45263 100 

 32.4194 9421.11 0.15 2.75941 69.88 
 39.6678 8046.65 0.1968 2.27218 59.68 
 53.6189 2914.58 0.1968 1.70930 21.62 

rGO-CuO 33.1241 5130.73 0.246 2.70453 100 
 59.1706 3397.43 0.1722 1.56149 66.22 
 62.6087 1237.00 0.7872 1.48376 24.11 
 69.4811 416.52 0.492 1.35285 8.12 
 72.7568 591.95 0.96 1.29873 11.54 
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For rGO-CuO, the peak at 3454 cm-1 corresponds to O-H stret-
ching vibration. The absorptions peaks at 2924, 2824 and 2360
cm-1 represent the symmetric stretching vibrations of C-H. The
peak at 1744 cm-1 is attributed to C=O stretching vibration. The
absorption peak at 1634 cm-1 is attributed to C=C group. The
absorption peaks at 1464 and 1166 cm-1 are ascribed to the
stretching vibration of CH2 and C-OH of alcohol, respectively.
The absorption peaks 495 cm-1 is ascribed to CuO. All the freq-
uencies of IR groups are shown in Table-2. The characteristic
peaks of both components can be seen in the spectra of composite
material. Hence, the FTIR results revealed the anchoring of CuO
nanoparticles on the surface of rGO sheets.

Photocatalytic studies of eosin B (acid dye): The degra-
dation of solar light active rGO-CuO nanocomposite towards
eosin B dye as model organic pollutant was evaluated. The
aqueous solution of eosin B (Aldrich) with a concentration of
5 ppm was prepared. In each experiment 5 ppm (20 mL) eosin
B solution and 10 mg of rGO were added into a test tube (10
mL) and sonicated for 10 min. The photocatalysis experiment
was carried out under sun light from 11 am to 2 pm. After keeping
a steady state in dark by wrapping aluminium foil for 15 min
and each irradiating for 0, 10, 20, 30 and 40 min. A solution

(2 mL) were taken out and subsequently measured their absor-
bance on UV-visible spectrophotometer. Fig. 6 shows the degra-
dation spectra of eosin B dye by bare rGO and rGO-CuO nano-
composites within 40 min. The maximum absorption peak of
eosin B dye occurring at 518.9 nm is decreased continuously
during the exposure time, suggesting that eosin B dye was
gradually photodegraded by rGO (Fig. 6a) and rGO-CuO (Fig.
6b), respectively. As CuO nanoparticles are uniformly dispersed
on the surface of rGO sheet (Fig. 2b), primarily the adsorption
of eosin B would form on the surface of folded rGO as well as
CuO nanoparticles. The charge separation occurs following
the exposure of the surface of catalyst (rGO-CuO) by solar light,
the electrons and holes could migrate to the catalyst surface
where they participate in redox reaction with dye species. As
rGO-CuO is a p-type semiconductore, there is a majority of
holes (h+) in valence band and less number of electrons (e−) in
conduction band. Holes could react with H2O or OH− to produce
the hydroxyl radicals and electrons will be picked up by oxygen
to generate superoxide radicals (O2

−) as described in the follo-
wing equations:

CuO + hν → CuO (e- + h+)

TABLE-2 
KEY INFRARED FREQUENCIES OF AS-PREPARED SAMPLES GO AND rGO-CuO  

GO rGO-CuO 
S. No 

Groups Frequency (cm-1) Intensity Groups Frequency (cm-1) Intensity 
1 O-H 3418.58 Strong O-H 3454.44 Strong 

       
2 C-H stretch 2925.33 Weak C-H stretch 2924.57 Weak 
3     2839.9 Weak 
4 C≡C – – – 2360.53 Strong 
5 C=O 1720.11 Weak C=O 1744.84 Weak 
6 C=C arom. 1633.49 Strong C=C arom. 1634.95 Strong 
7 C-H bend 1384.04 Weak C-H bend 1464.19 Weak 
8 C-O-C stretch 1166.72 Weak C-O-O stretch 1165.36 Weak 
9    Cu-O 605.04 Weak 

10    Cu-O 495.99 Strong 
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recombination rate is more due to smaller band gap of CuO

rGO-CuO (e–) → rGO (e–) +CuO (h+)

electron hole pairs are less on the surface of folded rGO catalyst

rGO (e–) + O2
−• + H+ → H2O–

H2O– + H+ → H2O2

H2O2 + e– → OH• + H+ +CuO

OH• + Eosin B → Degradation product

(a) (b)
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Fig. 7. Proposed mechanism of photocatalytic degradation of eosin blue using rGO-CuO composite (a) and EDAX pattern of as prepared
rGO-CuO
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Since rGO interacts strongly with eosin B due to its
π-conjugated planar surface. A enhanced surface area of rGO
has been found as compared to that of rGO-CuO nanoparticles,
which improves the uptake of eosin B from water and a degra-
dation mechanism can be predicted (Fig. 7a). The EDAX
analysis was employed to evaluate the CuO nanoparticles on
the surface of rGO nanosheets (Fig. 7b). No other peaks were
observed for impurities, which is the evidence for the presence
of carbon, oxygen and copper in rGO-CuO catalyst. It is quite
evident from Fig. 8a-b that the rGO has the highest photo-
catalytic efficiency and it is decomposed 80 % in just 40 min
under solar light illumination, whereas photocatalytic degra-
dation for rGO-CuO composite was found to be 37 % in 40
min. The enhancement in photodegradation of eosin B dye by
rGO has shown higher photocatalytic property than that of
rGO-CuO composites, because of unfolded large surface area
and 2D structure of rGO as indicated by TEM images (Fig. 2a).
From Fig. 8, it is obvious that the maximum photocatalytic
activity was achieved with the rGO loading against eosin B,
indicating that rGO can effectively promote the charge separ-
ation on interface and improve the photocatalytic performance
significantly. The decrease in percentage photocatalytic degra-
dation rate occurred on rGO-CuO, because a single sheet of
rGO can shield the light from reaching the surface of CuO photo-
catalyst. The most of the photocatalytic degradation fits in
pseudo-order kinetics model. The kinetic ln C/Co linear curve
for the degradation of eosin B under solar light illumination
follows the pseudo first-order kinetics as per Langmuir-
Hinshelwood model. The plot C/Co as a function of irradiation
time for all the samples is shown in Fig. 9.

Conclusion

As concluded in this work, the rGO-CuO composite was
successfully synthesized by modified Hummer’s method foll-
owed by hydrothermal method. As synthesized nanocomposite
was confirmed by XRD, TEM, UV-vis and IR spectroscopic

studies. The rGO was found to have high and extended light
absorption range, enhanced charge separation and transpor-
tation properties than rGO-CuO, because of less band gap and
high recombination rate in CuO. From the TEM images, it is
understandable that CuO is toping on the basal plane of the
folded rGO and hence agglomerations were found in rGO-
CuO. The decrease in percentage photocatalytic degradation
rate occurred on rGO-CuO, because a single folded sheet of
rGO can shield the light from reaching the surface of CuO photo-
catalyst. It would be better to use metal oxides having higher
band gaps with rGO for the degradation of dyes.
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