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Abstract A facile synthesis of Graphene oxide-copper oxide nanocomposite (GO-CuO) was performed by using a
wet chemical method by using graphene oxide and copper acetate precursors. There is no any other polymer or seed
involved for preparation of nanocomposite The as-synthesized materials structure and morphology was calibrated by
Powdered X-ray diffraction (P-XRD), and intercalated with Raman spectroscopy. Morphology features of GO-CuO
nanocomposites were explored by FE-SEM, the quantitative and elemental analyses of as-synthesized materials
were measured by electron dispersive spectroscopy (EDS), the size, shape, and orientation of as-synthesized
catalysts were examined by transmission electron microscopy TEM with selective area electron diffraction. The
results reveal that the nanocomposite with a size range from 5-10 nm uniformly anchored onto GO sheets and
photocatalytic degradation of lead ion was studied by using a UV-VIS spectrophotometer. Significant highperformance photocatalytic activity of GO-CuO nanocomposite was exhibited on lead ions degradation under solar
light.
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1. Introduction
Water pollution has been a vital environmental issue for
the last few decades. Industrial organic dyes and heavy
metals are considered to be the most important sources of
water pollution and lead to acute and chronic health issues.
A serious problem pertains to the contamination of water
because of the hazardous materials from the plastic,
leather and textile industries. Lead is one of the poisonous
heavy metals released from various industrial processes,
such as mining and processing plants. Due to the high
toxicity of Pb(II) to the nervous, kidneys and reproductive
systems, the United States Environmental Protection [1,2].
Agency (USEPA) and the World Health Organization
(WHO) have regulated the maximum Pb(II) pollution
levels in drinking water below 10 μg/L. Because the
toxicity causes serious damage to the human body as well
as the environment, the technology of Pb (II) ion removal
from wastewater is urgently required by more and more
stringent environmental regulations in each country [3,4,5].
Among them, adsorption seems to be the most
attractive approach due to its recovery merit and easy
handling. However, it is difficult to remove the total ions
by sole adsorption due to an accompanying desorption

process. For heterogeneous photocatalysis, the photocatalytic
reaction is implemented by the excitation of electrons
from the valence band to the conduction band of the
semiconductor upon light irradiation, wherein the excited
electrons and holes can be used in reduction and oxidation
reactions, respectively [6,7,8,9]. Because the excited
electrons are highly reductive, photocatalysis can be used
in reductive or oxidative removal of heavy metal
pollutants in water. For example, Chen and Ray [10] used
Degussa P25 and Hombikat UV100 as the catalysts for
photocatalytic removal of different heavy metal ions. In
parallel, Stroyuk et al. studied photocatalytic Pb(II)
reduction over ZnO and concluded that the accumulation
of excited electrons could lead to the formation of
cathodically polarized nanoelectrode and favored Pb(II)
reduction although the photocatalytic Pb(II) reduction
over ZnO was thermodynamically forbidden[11]. Liyuan
et al[12] reported the Enhanced photocatalytic reduction
of aqueous Pb(II) over Ag loaded TiO2 with formic acid as
a hole scavenger.
In recent years, there has been considerable research focus
on uncovering the exceptional properties of graphene/CuO
nanocomposites. Incorporating CuO nanostructures onto
graphene can make new nanomaterials with improved
properties [13,14,15,16]. The nanocomposites formed by
the immobilization of CuO nanostructures on the two-
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dimensional surface of graphene-based materials display
significant variation in the performance as compared to
CuO nanostructures [17,18]. Additional novel features
can be introduced in the CuO nanostructures by
functionalization and interaction or charge transfer
between graphene and CuO nanostructures. Moreover,
these multiphase materials possess a combination of
individual features of constituents.
The aim of this work is the chemical modification of
CuO by RGO to achieve the high-performance catalysis of
Pb(II) under solar light irradiation. We target to exploit
exceptional physical and chemical properties of RGO by
synthesizing GO-CuO nanocomposite and hence to
explore its performance in photocatalytic applications.

2. Materials and Methods

about 5g of graphite powder was added to 115 mL of
concentrated (98%) H2SO4 in an ice bath with stirring for
30 min. A 15 g of KMnO4 was added slowly to the
above mixture with stirring and cooling for 30 min.
Subsequently, 2.5 g of NaNO3 was added with continuous
stirring for 1h. So that the temperature of the mixture
maintained below 15oC during that time. The temperature
of the mixture then raised to 40°C with a water bath, and
the mixture was continuously stirred for 30 min. After that,
the mixture was diluted by 800∼1000 mL of distilled
water, the temperature of which then raised to 98 oC. The
mixture was then added by H2O2 (30%) until gas
evolution ceased followed by filtering. The color of the
dispersion turned from black to yellow. The product was
washed repeatedly with 1M HCl (5%) and distilled water
until the pH value of the product arrived at near 7. Then
the product was dried in an air oven at 60°C to obtain
graphite oxide.

2.1. Materials
Natural graphite flakes were commercially obtained
from Sigma-Aldrich. Besides, zirconium nitrate (ZrNO3)2
2H2O, copper acetate dihydrate [(CH3COO)2Cu.2H2O],
sulphuric acid (H2SO4), potassium manganese oxide
(KMnO4), sodium nitrate (NaNO3), sodium hydroxide
(NaOH), hydrogen peroxide (H2O2), hydrochloric acid
(HCl) and all these chemicals procured from the Merck
and used without further refinement and ethanol was
supplied by China Medicine Co. Ltd. The double-distilled
water was used for the total process.

2.2. Synthesis of Graphite Oxide
Graphite oxide was synthesized from graphite, using a
modified Hummer’s method [19]. In a typical procedure,

2.3. Synthesis of GO-CuO Nano
Photocatalysts
In this work, we synthesis process of the GO-CuO
nanocomposite reported in the previous study [20]. To
prepare a colloidal suspension of GO, about 60 mg of
as-prepared Graphite oxide was dispersed in 60 ml of
ethanol by sonication for 1h. Consequently, copper acetate
0.25M was added into the dispersion and then add
dropwise 1M of NaOH solution up to pH=10, which was
calculated by pH meter. The total mixture was maintained
at 140°C for 12 hours under an N2 atmosphere. The
product was washed several times with first by ethanol
and thereafter distilled water. After that GO-CuO dried at
80°C overnight in a hot air oven. The synthesis procedure
was shown in Figure 1.

Figure 1. Chemical route synthesis of GO-CuO nanocomposites
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2.4. Characterization
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are observed in the pattern because of the low amount and
the relatively low diffraction intensity of GO.

XRD patterns of the catalysts were recorded by X-ray
diffractometry(XRD) Bruker D8 using CuKα 1(1.5406 Å)
and Kα 2(1.54439 Å) radiations, Morphologies of
as-obtained products were studied by Scanning Electron
Microscope (SEM) imaging with energy dispersive
Absorption X-ray spectroscopy (EDAX) or Energy
dispersive spectrum (EDS) using a Carl Zeiss model Ultra
55 microscope operating at 5 and 20 kV, TEM images of
the samples were collected on a Tecnai G2FEI F12 I at
200 kV, Carbon coated TEM grids were used before
taking the images of the compounds. Raman spectra were
recorded using a WiTec alpha 200 SNOM system. The pH
of the solution was checked by using Elico pH meter.

2.5. Photocatalytic Activity Studies
The removal of the lead solution was evaluated by the
adsorption–degradation efficiency of Pb(II) solution in
dark and solar light irradiation. Pb(II) solutions (30 mL,
5×10-5 molL-1) containing 30 mg of samples were
sealed in a glass beaker and ultra-sonicated for 5 min,
followed by magnetic stirring in dark for 30 min to
ensure absorption–desorption equilibrium. After solar
light illumination, 3 mL of samples were taken out at
periodic time intervals (60 min) and separated through
centrifugation. The clear supernatant solution was
recorded as base concentration C0. The supernatants were
analyzed by recording variations of the absorption band
maximum in the UV–vis spectra of Pb(II) by using a
Shimadzu-1800 UV-visible Spectrometer to determine the
concentration of Pb(II) at optical absorption at 475 nm,
which denoted as Ct. In the photocatalytic degradation test,
the decomposition rate could be calculated using the
equation:
ln ( C / C0 )= k × t

Here, C0 is the pollutant concentration before sunlight
irradiation, and Ct is the pollutant concentration in
the solution after the photo-degradation, k was the
decomposition rate constant, and t was the reaction time.

Figure 2. P-XRD pattern of the (A) GO-CuO and (B) CuO and (C)
Graphite oxide

The Raman spectra of GO and GO-CuO composites are
shown in (Figure 3). The D and G bands were observed in
the range of 1000-2000 Cm-1. Generally in GO-based
samples, the disorder-induced D bands arise from the
tangential stretch and sp3-hybridized carbon and the G
band represents the crystalline graphite with E2g zone
center mode; moreover, the ID/IG ratio depends strongly on
the amount of disorder in the graphitic material [22]. The
ID/IG ratio should increase when more defects are
introduced to GO. According to Figure 3, the ID/IG ratio of
GO-CuO composite is 0.998 which is higher than the
0.990 calculated from GO. That is to say, CuO
modification can be effective in bringing several defects
into the structure of GO.

3. Results and Discussion
The crystalline nature and orientation of the
as-synthesized Graphite oxide, CuO and GO-CuO
nanocomposite were analyzed by powder X-ray
diffraction (PXRD) as shown in Figure 2. For graphite
oxide an intense crystalline peak around 9.92o. All the
samples exhibit analogous diffraction peaks in terms of
the CuO framework. The dominant peaks located at ca.
35.55, 46.26, 48.70, 53.54, 58.33, 61.55, 66.22 and 66.140
are indexed to (1̅11), (111), (202), (020), (202), (113),
(311) and (202) crystallographic planes of monoclinic
CuO (JCPDS File Card No. 89-5899) consistent with
GO-CuO composite. Where the diffraction peaks can be
readily indexed to CuO with
(1̅11) and (111) planes
confirm the presence of CuO in the composite catalyst
[21]. The XRD pattern demonstrates the presence of a
monoclinic phase of CuO with no indication of Cu2O and
Cu(OH)2 phase. No characteristic diffraction peaks for GO

Figure 3. Raman measurements of (A) GO and (B) GO-CuO

179

Applied Ecology and Environmental Sciences

Figure 4. (A) SEM image and (B) EDS of GO-CuO composite

Figure 5. (A, B, C) TEM micrographs at different magnification and (D) SAED pattern of GO-CuO composite

The SEM of nanocomposite was taken as powder
synthesized, images were taken on carbon tape. Figure 4.
A shows the SEM images it is unambiguous that the
morphology of intercalated nanocomposite particles is
really in nanosize and it shows the clumsy morphology
due to the aggregation of particles in the solution
while synthesis. Figure 4.B shows the Energy-dispersive
spectrum (EDS) results of the GO-CuO nanocomposite.
Cu, O, C and Cu elements are observed.
Figure 5 A, B, C illustrate the typical TEM images of
GO-CuO nanocomposite. It can be seen that the exfoliated

GO sheet was decorated by spherical dot CuO, with a size
<10 nm. Figure 5 D displays selective Area Electron
diffraction (SAED) pattern of hybrid material shows the
fusion of superlattices which are characteristic nature of
the layer structure of any kind of materials.
The photocatalytic oxidation of Pb(II) in aqueous
solution under the solar light irradiation was carried out at
regular time intervals are shown in Figure 6a. The
absorption spectra of these solutions decreased gradually
with irradiation time. The intensity of the solar light is
found to be around one lack of flux. The characteristic
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absorption of Pb(II) almost disappeared after about 60 min,
and the color of the Pb(II) solution changed gradually
from pink to colorless with continuous light irradiation for
60 min. It is observed that Pb(II) cannot be oxidized under
the dark condition even in the presence of photocatalyst
GO-CuO composites exhibit better photocatalytic performance
than pure CuO. At concentration 5×10-5 M of Pb(II)
degradation is 98%, which shows the GO-CuO is a good
catalyst. The CuO shows the degradation of Pb(II)
removal is 42%, graphite oxide removal is 15% and
mechanical mixing of GO+CuO is 60%. The GO-CuO
composite material possesses much higher photocatalytic
activity than pure CuO, GO and a mechanical mixture of
GO+CuO. Figure 6b displays the UV-vis absorbance
curves of degraded Pb(II) solutions at different solar light
irradiation times.
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TEM shows that the GO-CuO nanocomposites were randomly
anchored onto the graphene sheets. Photodegradation
activity tests exposed that GO–CuO nanocomposites show
superior catalytic efficiency for lead ion compared to bare
Cuo, GO and mechanical mixture. This signifies that the
electron transfer between GO and CuO will greatly hinder
the recombination of photo-induced charge carriers and
extends the lifetime of electrons, which keeps in the
improvement of the lifetime of electrons of photocatalytic
performance. Therefore, solar light-sensitive catalyst
facilities are used for environmental applications.
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