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Abstract

CuO quantum dots (QD) of size 4.5 nm decorated on a rGO sheet to form nanocomposites
with different weight percentages via a simple soft chemical route was reported here. Tuning
of CuO QD absorption towards the visible region from the UV region in the presence of
rGO was also observed. The luminescence of rGO was found to be quenched in rGO–CuO
nanocomposites due to charge transfer from the lowest unoccupied molecular orbital of the
rGO layer to the conduction band of CuO. Systematic and concise studies of photocatalytic
performance towards degradation of methylene blue (MB) dye by CuO QD along with
rGO–CuO nanocomposites were presented in this work. A nanocomposite with an equal
weight percentage of rGO and CuO degrades almost 99% of MB under irradiation of visible
light for 50 min, showing maximum degradation efficiency.
Keywords: quantum dot, reduced graphene oxide, photocatalyst
(Some figures may appear in colour only in the online journal)

1. Introduction

because they can mineralize the organic pollutants to CO2,
H2O and mineral acids without any traces of secondary pollution by using advanced oxidation processes [1]. In practice,
this technique has some limitations such as the inability to
utilize visible light and insufficient quantum efficiency for the
photodegradation of dyes.
It has been previously shown that the composites of metal
oxide semiconductor and carbon, including carbon nanotubes,
activated carbon and graphene, are able to exhibit enhanced
photocatalytic performance than metal oxide alone [2–5].
Graphene is regarded as an ideal high performance candidate
for photocatalyst carriers or promoter [6]. Graphene has been
successfully decorated with numerous semiconductor mat
erials, including noble metal particles [7], metal oxides [5] and
metal sulﬁdes [8]. Recent research has shown that these nanocomposites are promising candidates for photocatalytic degradation of dyes due to high surface area and π-rich structure [9].

Environmental pollution is one of the major and most crucial
problems for the development of human society in the modern
world. Industries are the greatest polluter, with the textile
industry generating high liquid effluent containing organic
dyes with a wide concentration range. Water soluble organic
dyes like methylene blue (MB), rhodamine B (RhB), crystal
violet are bio-recalcitrant, and release toxic and carcinogenic
substances into the aquatic environment. Among all organic
dyes, MB is extensively used as a stain and pharmaceutical
drug. Although toxicity of MB is dose-related, acute exposure
to MB has been found to cause increased heart rate, cyanosis,
vomiting, jaundice and tissue necrosis in humans. So there is
a constant demand for an efficient catalyst which can effectively degrade these dyes in a short time. Semiconductor photocatalysts have attracted intense attention in recent decades
0022-3727/16/315107+9$33.00

1

© 2016 IOP Publishing Ltd

Printed in the UK

S Dutta et al

J. Phys. D: Appl. Phys. 49 (2016) 315107

Amazingly, less attention has been focused to an environ
mentally friendly and economically viable semiconductor
cupric oxide (CuO), which exhibits high photocatalytic
performance when embedded on a rGO matrix. Sun and
co-workers reported the effective photocatalysis towards degradation of RhB under UV irradiation by CuO nanoflower
decorated reduced graphene oxide (CuONF/rGO) nanocomposites [10]. Khatri and co-workers synthesized rGO–CuO
nanorods for photocatalytic conversion of CO2 into methanol
under visible light irradiation [11]. Moreover pure CuO is not
a very good photocatalyst. Mageshwari et al reported that the
complete photodegradation of methyl orange (MO) and MB
dyes in the presence of hydrogen peroxide (H2O2) are possible in 270 and 360 min under UV light irradiation using pure
CuO hierarchical microspheres as the photocatalyst [12]. CuO
nanosheets and dendrites in the presence of H2O2 under visible
light irradiation can degrade 80% of RhB and MO in 160 min
[13]. Motivated by the excellent features of the CuO quantum
dots (QD), researchers have attempted to prepare CuO QD
decorated graphene sheets. Zhao and co-workers reported the
electrochemical detection of catechol organic pollutant by
chemical synthesis of copper oxide/reduced graphene oxide
nanocomposites [14]. The systematic and concise study of the
optical and photocatalytic properties of the CuO QD decorated rGO is still being investigated. The chemical attachment
of semiconductor QD on the graphene sheets is a competent
and cost-effective way to functionalize the graphene surface
and as a result the tuning of the bandgaps and light absorption ability of semiconductor QD might be improved. Here the
modification of optical properties of CuO QD was performed
by chemically anchoring the CuO QD on rGO.
In the present work, we have synthesized CuO QD decorated rGO nanocomposites with different weight percentages
of rGO by a simple chemical route. A systematic study of the
photocatalytic activity towards degradation of MB was carried
out by CuO-rGO nanocomposites, both in the presence and
absence of H2O2 reported rarely. Reducing the size of CuO
nanoparticles (~4.5 nm) below the quantum limit exhibits
better photocatalytic performance under visible light irradiance (λ  =  420 nm), as the MB dye is completely degraded in
120 min using pure CuO QD in the presence of H2O2. In addition, the MB dye is completely degraded in 50 min using nanocomposites of equal weight percentage (CuO:rGO  =  1:1).

400 ml de-ionized (DI) water. Then 10 ml of hydrazine hydrate
and 3 g of sodium borohydrate were added to the above solution, the colour of the solution was changed from brown to
black. The ultrasonication was continued for another 5–6 h.
The solution was then filtered by vacuum filtering and washed
with DI water and ethanol several times. The sample was then
collected and dried in vacuum for overnight.
2.2. Synthesis of CuO–rGO nanocomposites

Copper acetate and rGO were dispersed separately in DI water
and dimethylformamide (DMF) (water: DMF  =  1:9) respectively. To prepare CuO–rGO nanocomposites with a different
weight percentage of rGO (0, 20, 50, 80 and 100 wt%), the
required volume of copper acetate stock solution and rGO
dispersion were mixed together by ultrasonication for 30 min.
Then the solution mixture was refluxed at 120 °C for 2 h and
the samples were collected by centrifugation and vacuum
dried.
The crystalline phases of the samples were determined
by high-resolution Bruker AXS D8SWAX diffractometer
with Cu Kα radiation (λ  =  1.54 Å). The microstructural
properties of the samples were investigated by transmission electron microscope (TEM) and high resolution transmission electron microscopy (HRTEM) using JEOL 2010
instrument. Fourier transform infrared (FTIR) spectra were
recorded in the range 2000–400 cm−1 with a Shimadzu
model 84005 FTIR spectrometer using KBr wafer. The
Raman spectrum was produced at room temperature on
a Raman Triple Spectrometer (J-Y HORIBA MODEL:
T64000) using Ar ion LASER. Optical absorbance of the
samples was studied by a UV–Vis–NIR spectrophotometer
(U-4100 spectrophotometer, Hitachi). Photoluminescence
(PL) measurements were carried out at room temperature
with a fluorescence spectrometer (Hitachi, F-2500) using
280 nm excitation wavelength.
2.2.1. Photocatalytic activity test. The photocatalytic activity

of the nanocomposites towards degradation of MB in aqueous
solution was performed at room temperature. To evaluate the
photocatalytic activity, 20 mg of each sample was dispersed in
100 ml aqueous solution of MB (concentration ~ 0.01 mg ml−1)
and then 20 ml of H2O2 was added to the solution under constant magnetic stirring. Prior to exposure under irradiation, the
suspension was magnetically stirred vigorously for 15 min in
dark condition to establish the adsorption–desorption equilibrium state. The aqueous suspension with a catalyst and dye
under constant magnetic stirring were irradiated by xenon150W (Horiba Canada, S/N 2362-LPS220B, Solar Laser System make Monochromator, model: M150) under the visible
light of wavelength 420 nm. At a given time interval, 5 ml of
the reaction solution was taken out from the suspension and
subsequently centrifuged in dark at a rate of 10 000 rpm for
8 min to remove the catalysts. The change of concentration of
MB with time was determined by measuring the absorbance at
662 nm. The same sets of measurements were also carried out
without using the H2O2.

2. Experiment
All of the solvents and chemicals (purchased from Merck)
were of analytical grade and used without further purification.
CuO–rGO composites containing a range of weight percent
ages of rGO from 20 to100% (only rGO) were synthesized via
a two-step process.
2.1. Synthesis of GO and rGO

GO was first prepared by the modified Hummers method [15]
from commercially available graphite powder. To synthesis
rGO, 0.1 g graphene oxide was ultrasonically dispersed into
2
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3. Results and discussion
The formation of the nanocomposites CuO–rGO is confirmed
by the room-temperature x-ray diffraction as shown in figure 1.
All diffraction peaks of CuO can only be indexed to monoclinic CuO (JCPDS File no. 41-0254). For the rGO sample,
two characteristic diffraction peaks can be observed at 23.7°
and 42.9°, corresponding to the (0 0 2) and (1 0 0) planes of
graphene. The nanocomposites with different weight percent
ages of rGO show the prominent peaks corresponding to CuO
along with the peaks due to rGO. Notably, the typical peaks
corresponding to rGO are observed to be reduced in intensity
with a concentration of CuO, which might be due to the low
amount and relatively low diffraction intensity of rGO in the
nanocomposites.
The heterostructure of nanocomposites can be verified
by microstructural analyses. The TEM images of the nanocomposites are shown in figure 2. The exfoliated rGO sheet
shown in figure 2(a) has many wrinkles and folds revealing
the 2D structure of rGO. The TEM image (figure 2(b)) of
the nanocomposite with 80 wt% rGO suggests a homogeneous distribution of small CuO QD of average size 4.5 nm
on rGO. Figure 2(c) provides the low resolution TEM image
of the composite with 50 wt% rGO.The HRTEM image of
the composite (shown in the inset of figure 2(c)) also reveals
the prominent interface between CuO and rGO. Figure 2(d)
indicates the aggregation of the QD for nanocomposites with
lower mass fraction of rGO. As shown in figure 2(e), the TEM
image of CuO QD only (0 wt%) reveals the same size and
morphology of QD as in composites. Therefore, the decoration of CuO QD on the rGO sheet in the composites shows no
obvious influence on the morphology and size of CuO QD.
The inset of figure 2(e) shows the HRTEM image of a single
QD, and indicates 0.23 nm spacing between two adjacent lattice planes of a QD corresponding to the (1 1 1) lattice planes
of CuO. A good interfacial link for 50 wt% of rGO nanocomposites might favor the charge carrier transfer process, as the
charge transfer process in a rGO-semiconductor nanocomposite is well related with the interfacial interaction [16].
Raman spectroscopy, a non-destructive technique, is extensively used to find the structural information of carbon-based
materials [17]. Therefore it is a very useful tool to verify the
formation of CuO–rGO nanocomposites. The first-order G
and D bands (figure 3) for rGO appear at around 1580 and
1350 cm−1 respectively. The G and D bands in the Raman
spectra of graphitic carbon-based materials arise from vibrations of sp2 carbon. The ratio of the intensities of D band (ID)
originating due to the breathing mode of aromatic rings or
κ-point phonons of A1g symmetry and G band (IG) corresp
onding to bond stretching of sp2 carbon pairs in both rings
and chains (E2g phonons), is usually used to semi-quantitatively determine the reduction of GO to rGO [18] as well as
the degree of disorder [17]. The ratio r  =  ID/IG is larger than
unity (r100  =  1.08), when the GO is reduced to rGO, suggesting a decrease in the size of the sp2 domains. Upon reduction, rGO has a small size and a large quantity of edges, and
these edges act as defects and leads to the increase of the D
band compared to the G band [19]. The ID/IG ratio increases

Figure 1. Room temperature x-ray diffraction of CuO and CuO–
rGO nanocomposites.

slightly for nanocomposites CuO–rGO with 80% (r80  =  1.12)
and 50% (r50  =  1.15) of rGO, indicating the existence of
rGO with a high level disordered structure in the composites
[20]. Moreover the signature of the Raman bands of CuO QD
also begin to appear in the spectra of nanocomposites below
50 wt% of rGO. For the nanocomposite with 20 wt% rGO, the
bands corresponding to rGO almost disappear and the signature of CuO QD becomes more prominent due to the aggregation of CuO QD on the surface of rGO sheet. The Raman
spectra for CuO only (0 wt%) reveal three main phonon modes
of CuO at 285, 335 and 622 cm−1, corresponding to the Ag, B1g
and B2g symmetries, respectively [21]. The broadening of the
peaks may arise due to quantum confinement effect consistent
with earlier results [22].
FTIR spectroscopy is a useful tool to understand the formation of nanocomposites, as shown in figure 4. CuO QDs and
the nanocomposite samples were synthesized using waterDMF [(CH3)2NC(O)H] mixed solvent. The use of water-DMF
mixtures as a convenient reaction medium for the arrested
basic hydrolysis of copper salts is depicted by the chemical
reaction as follows [23, 24]:
Cu(CH3COO)2 + H2O + (CH3)2NC(O)H → CuO
+ (CH3COO)2CHN(CH3)2 + H2O.

The produced (CH3COO)2CHN(CH3)2 is adsorbed on the surface of the CuO QDs by carboxylate group (Scheme 1). It
is very well known that the carboxylate group may bind the
metal ion in either monodentate, bidentate or bridging manner.
Two intense characteristic peaks at 1539 and 1456 cm−1 of
the carboxylate group observed in the FTIR spectrum of
CuO are due to the asymmetric [νas(COO−)] and symmetric
[νs(COO−)] stretching modes of the carboxylate group,
respectively. The separation Δ  =  νas(COO−)  −  νs(COO−) of
two stretching modes can be used to deduce the nature of the
carboxylate coordination mode. For CuO QDs, the value of
Δ ~ 83 cm−1 reveals the bidentate coordination between the
carboxylate ion and the Cu(II) of CuO. Additionally, the peak
at 1539 cm−1 also corresponds to the formation of a covalent
3
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Figure 2. (a)–(e) Low resolution TEM images of CuO–rGO nanocomposites with 100, 80, 50, 20 wt% of rGO and CuO QD. Insets of (c)
and (e) show the HRTEM images of the interface of CuO–rGO (50 wt% rGO) and a CuO QD.

bond between –OH on the surface of CuO and –COOH of the
carboxylate ion [25] expressed by the reaction process as

adsorbed on the surfaces of CuO QDs by carboxyl groups
with an outward orientation of the –OH functional groups.
The presence of –OH peak at 3433 cm−1 was confirmed by the
FTIR spectra of CuO. Again the FTIR spectrum of pure rGO
reveals weak and broad peaks at around 1056 and 1228 cm−1
and the peak at 1728 cm−1 attributes to the characteristic
stretching vibration of C–O and C=O of the COOH groups
of rGO, respectively [26], establishing the fact that different
kinds of oxygen functional groups of GO are still present on
the surface of rGO. Boukhvalov et al theoretically predicted

CuO(OH)n + y(CH3COO)2CHN(CH3)2
→ CuO(OH)n − y [(OOCCH3)CHN(CH3)2]y + y H2O.

The vibrations at ~2918 and ~2843 cm−1, attributed to
methylene asymmetric and symmetric stretches, revealing the
presence of organic molecule (CH3COO)2CHN(CH3)2 on the
CuO surface. Therefore, the produced organic molecules were
4
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that complete reduction of GO may be difficult [27]. Another
peak observed at 1622 cm−1 can be assigned from the skeletal
vibrations of the graphitic domains [28]. The strong and broad
vibration of the –OH group is also observed at 3433 cm−1 for
rGO. When rGO was added in the reaction medium, CuO
QDs were attached to the rGO surface by co-ordination of
–OH and –COOH groups of rGO to the –NH group of surface
adsorbed organic molecules of CuO [11] depicted in the schematic diagram 1. In the case of composites, the carboxylic
acid vibration bands: C=O band at 1728 cm−1 of rGO disappears and the intensity of C–O bands at 1224 and 1053 cm−1
of rGO decrease. These results imply that most of the oxygencontaining groups of GO, generally carboxyl groups, present on the rGO surface after partial reduction of GO has
been removed further due to the attachment of CuO QD on
rGO via the molecule (CH3COO)2CHN(CH3)2. Furthermore,
the absorption band at 510 cm−1 for the composites can be
assigned to the Cu–O stretching in the monoclinic phase of
CuO [29].
Shown in figure 5(a) are the UV–Vis absorption spectra of
the CuO, rGO and CuO-rGO nanocomposites. The spectrum
for pure CuO depicts absorption at about 366 nm. Bulk CuO
has a direct-gap of 1.4–1.7 eV [30]. For the nanostructures, the
electronic states become completely discrete, as in atoms and
molecules. Here electronic population between a pair of discrete states should control the transition whether it is allowed
or not. Generally, the Bohr radius of CuO lies between 6.6
and 28.7 nm [31], below which a fundamental shift in band
gap can be observed as a function of nanoparticle size. The
synthesized CuO QD has a size of ~4.5 nm, so it is obvious
that the peak position is highly blue shifted compared to bulk
CuO with direct-gap transition [32].
The direct band gap of CuO is estimated by Tauc’s formula
[33].

Figure 3. Room temperature Raman spectra of CuO and CuO–rGO
nanocomposites.

(αhν )n = B(hν − Eg ),
(1)

where B is a constant related to the material, hν is the
photon energy in eV, h is Planck’s constant, Eg is the optical
band gap in eV, n is an exponent that can take a value of either
2 for a direct transition or 1/2 for an indirect transition, and α
is the absorption coefficient (in cm−1). α is calculated using
the formula:

Figure 4. FTIR spectra of CuO and CuO–rGO nanocomposites.

CuO QD show the quantum-confinement effect. Moreover,
the band gap narrowing of the CuO QD was also observed for
all other composite samples determined by Tauc’s formula,
as shown in figure 5(b). For rGO (100 wt%) the band gap is
indirect and is found to be ~1.54 eV, as shown in the inset of
figure 5(b).
Introduction of CuO QD in the rGO matrix of different
concentrations provides a broad range of absorption in the visible region. Shifting of the absorption edge of CuO towards
the visible region is observed with a concentration of rGO,
thereby indicating the band gap tuning of CuO due to coupling with rGO. A similar result was also reported previously
in the case of TiO2–rGO [34] and ZnS–rGO [8] nanocomposites. This band gap narrowing of CuO in the nanocomposites
could be mainly due to the carbon content in the composites
[35]. The visible light absorption feature of the CuO–rGO
nanocomposites will have an implication in the highly efficient photocatalytic degradation of dye.

1
αd = ln ,
(2)
T

where d stands for the path length of the wave (in cm) and
is set equal to the cuvette length (~1 cm) and T is the transmittance. The transmittance is calculated from measured
absorbance (Aλ) at a certain wavelength of light (λ) using the
formula:
T
Aλ = − log10
.
(3)

The (αhν)2 versus hν plot of the absorption spectra for
pure CuO QD considering the value of n  =  2 is shown in
figure 5(b). A straight line is fitted to the linear portion of the
curve and the intercept of the line with the hν-axis gives the
value of Eg. The direct band gap value is obtained ~2.95 eV for
CuO QD. Therefore, it may be concluded that the synthesized
5
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Figure 5. (a) Absorbance spectra of CuO and CuO–rGO nanocomposites; (b) (αhν)2 versus the hν plot of CuO and the nanocomposites;

the inset of the figure shows the (αhν)1/2 versus the hν plot of rGO.

PL spectroscopy has been extensively used to investigate
the charge transfer processes of photo-induced electrons and
holes in photocatalysts. Figure 6 shows the PL spectra of CuO
QD, rGO sheet and CuO–rGO nanocomposites upon excitation with UV light (280 nm). CuO QD gives two emissions
around 415 and 465 nm, attributed to the recombination of
excitons at near band edge and at the deep level arising from
oxygen vacancies and Cu interstitials, respectively [36]. The
PL spectra of pure rGO depicts blue emission, centered on
380 nm [37]. The introduction of rGO with CuO QD leads
to a synergetic effect on the fluorescence property of CuO.
The luminescence peak of the rGO is completely quenched
and the emission of CuO becomes more prominent for lower
concentration of rGO i.e. 20 wt% and 50 wt% of rGO. As the
band gap of rGO is smaller compared to that of CuO, a large
number of photo-electrons are excited to the lowest unoccupied molecular orbital (LUMO) of rGO and transferred
to the conduction band (CB) and the deep level of CuO, and
eventually decayed to the valence band (VB) of CuO giving
rise to improved emissions of CuO. A similar result was also
found for rGO–ZnO hybrids by Kavitha et al [38]. This charge
transfer from rGO to CuO implies that the nanocomposites
might be a good candidate for the photocatalyst. Additionally,
it is noted that the emission of rGO again appears with the
emission of CuO in the nanocomposite with 80 wt% rGO,
since the CuO part is much reduced compared with rGO in
the nanocomposite sample.
Figure 7(a) displays the photocatalytic performance
((C/C0) versus time) of all samples in terms of photodegradation of MB molecules under visible light irradiation (420 nm)
in the presence of H2O2. Here C0 is the concentration of MB
at the adsorption equilibrium and C is the residual concentration after different time intervals of illumination. Pure CuO
QD degraded 70% of MB molecules after being irradiated
for 60 min. Pure rGO also follows the same as pure CuO
and can degrade almost 77% of MB in 60 min of irradiation.
However, when CuO QD are embedded on the rGO sheet,
the efficiency of photo degradation is enhanced compared
to that of pure CuO and rGO under the same experimental

Figure 6. Room temperature PL spectra of CuO and CuO–rGO
nanocomposites.

conditions. In particular, the nanocomposite with 50 wt% of
rGO (CuO:rGO  =  1:1) exhibits the highest photocatalytic
activity, as 99% of the as-used dye is degraded. These results
show CuO QD decorated rGO is more efficient compared to
a previously reported photocatalyst based on CuO nanostructures [12]. Figure 7(b) illustrates the photocatalytic performance of the same nanocomposites towards the degradation
of MB in the absence of H2O2. Pure rGO almost follow the
same path as the case of rGO with H2O2. In particular, pure
CuO cannot degrade MB in the absence of H2O2. The degradation rate of MB increases to some extent with the concentration of rGO in the nanocomposite samples. This is due to
the fact that H2O2 is a better electron acceptor compared to
molecular oxygen and can be converted to .OH radicals by
receiving the CB electrons from CuO; therefore, it enhances
the reaction rate of photodegradation [39]. Figures 7(c) and
(d) give the two representative spectra of photodegradation
of MB dye by a nanocomposite of 50 wt% of rGO under visible light irradiation (420 nm) in the presence and absence of
H2O2, respectively. The characteristic peak at 662 nm of MB
6
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Figure 7. (a), (b) Photocatalytic performance of the CuO and CuO–rGO nanocomposites in terms of the photodegradation of MB molecules;
(c), (d) two representative spectra of the photodegradation of MB dye by nanocomposites with 50 wt% rGO under visible light (420 nm)
irradiation in the presence and absence of H2O2, respectively; (e) plot of ln(C0/C) versus time i.e. the photo-degradation rate of MB dye with
irradiation time for CuO and CuO–rGO nanocomposites in the presence of H2O2; (f) the plot of rate constant k versus wt% of rGO.

becomes weaker as the irradiation time increases in the presence of H2O2. The solution became colourless after 50 min
of irradiation. But slight degradation of dye was observed in
the absence of H2O2 even irradiated for 120 min. The photodegradation rate of MB dye with the presence of H2O2 for
each sample was also estimated by the photodegradation
kinetics. The photo-degradation of MB follows first order
kinetics expressed by ln(C0/C )  =  kt, where k is the first order

degradation rate constant. This fitting shown in figure 7(e)
again revealed that the degradation rate is fastest for a nanocomposite of 50 wt% of rGO with the highest rate constant
value 0.064 min−1. The variation of rate constant k with
a weight percentage of rGO is shown in figure 7(f). It can
be seen from the plot that the rate constant value increases
with the concentration of rGO and its maximum is attained at
50 wt% rGO.
7
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O2 and a highly reactive hydroxyl radical (˙OH) from the surface adsorbed hydroxyl. The production of a large number of
super radicals can degrade the MB dye, even in the absence
of H2O2. According to the reported literature [41, 42], the
work function of graphene and the CB of CuO are  −4.05
and  −4.96 eV, respectively. When CuO QD are embedded on
the rGO surface, a large number of photo-generated electrons
of rGO can transfer from the LUMO of rGO to the CB of CuO.
The inset of schematic diagram 2 depicts this charge transfer
process. This electron transfer process was also experimentally
demonstrated by the PL measurement previously. The electron
supply from rGO to CuO enhances the photocatalytic performance of CuO QD. So the photocatalytic performance of
the nanocomposites enhances with concentration of rGO and
reaches its maximum for 50 wt% of rGO. The photocatalytic
performance again reduces for the nanocomposites above this
weight percentage due to the reduction of CuO concentration in
the nanocomposites.

Scheme 1. Schematic diagram for the formation of CuO–rGO

nanocomposite.

4. Conclusions
CuO–rGO nanocomposites with 20, 50, 80, 100 wt% of rGO
were synthesized via a two-step chemical process. The decoration of CuO QD of size ~4.5 nm on the rGO sheet shows no
obvious influence on the morphology and size of CuO QD.
The composites provide a broad range of absorption in the visible region due to the carbon content in the composites. The
luminescence quenching of rGO and the improved luminescence of CuO in the nanocomposites imply the charge transfer
process from the LUMO of the rGO to the CuO CB. The nanocomposite provides an excellent photocatalytic performance
due to increased light absorption, efficient charge transfer and
enhanced adsorption on the composite catalyst surface with
the introduction of graphene. The systematic study of photocatalytic activity of the nanocomposites depicts the maximum
efficiency with 50 wt% of rGO. Diminishing the photocatalytic performance above the 50% weight percentage of rGO in
the nanocomposites is due to the reduction of CuO concentration in the composites.

Scheme 2. Schematic diagram of the photodegradation of MB

dye over the surface of CuO QD embedded on rGO in the presence
of H2O2 under visible light irradiation; the inset shows the charge
transfer process in the nanocomposites.

Scheme 2 represents a schematic diagram of the photodegradation mechanism of MB dye over the surface of CuO QD
embedded on graphene in the presence of H2O2 under visible
light irradiation. The fundamental process in the degradation
of MB dye is the adsorption–oxidation–desorption mechanism.
When the pure CuO QD are illuminated by visible light with
energy 2.95 eV (420 nm), equivalent to its band gap energy, a
few electrons are promoted from the VB to CB, leaving behind
holes in the VB forming an exciton pair on the surface of CuO
QD. These photoelectrons can react with surface adsorbed O2
and H2O2 to form a superoxide radical anion (˙O−
2 ) and hydroxyl
radical (˙OH), whereas the photo-induced hole can react with
surface adsorbed hydroxyl to form a highly reactive hydroxyl
radical (˙OH). These superoxides and hydroxyl radicals can
directly oxidize the organic dye [40]. As the band gap of rGO
is 1.54 eV, which is much smaller than the excitation energy of
the supplied photon (2.95 eV), a large number of electron–hole
pairs are generated into rGO compared to that of CuO. These
electrons and holes can produce a huge number of superoxide
radical anions (˙O−
2 ) with a reaction with the surface adsorbed
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