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ABSTRACT
Copper oxide nanoparticles are prepared to adopt the green synthesis route by using Aloe vera plant 
extract instead of synthetic and polymeric stabilizing agents in mild alkaline aqueous conditions. The 
synthesized CuO nanoparticles (CuO NPs) are characterized by Powder XRD and HR-TEM measurements. 
Using the as-synthesized CuO NPs and reduced graphene oxide (rGO), nanocomposites comprising  CuO 
NPs- rGO are prepared by hydrothermal and ultrasonic methods. Nanocomposites are characterized using 
Powder XRD, HR-TEM, and FE-SEM data. The fabricated CuO NPs-rGO nanocomposites are coated onto 
glassy carbon electrode (GCE) for facile detection and electro-oxidation of water-polluting dyes such as the 
Ponceau 4R (P4R) and Alizarin Red (AR) using cyclic voltammetry. Electrooxidation of the dyes occurred 
at appreciably lower oxidation potentials like 0.45 V and 0.6 V for P4R and AR respectively along with the 
decoloration of the dyes. The absorbance of the analyte dye solutions is measured at intervals of time of 
the progress of electro oxidations. The overall first-order rate coefficient values for dye degradations are 
found out from absorbance time variance data. The results indicate that CuO NPs-rGO nanocomposites 
decorated GCE acted as an efficient electrode surface for sensing and degradation applications for the 
chosen dye solutions. P4R azo dye degradation response was found to be better than AR anthraquinone 
dyes.
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INTRODUCTION
The release of industrial effluents from textile 

dyeing, foodstuffs, soft beverages, cosmetics, 
drugs, paper, and plastic goods manufacturing 
units leaked, into vast natural water resources 
causes serious concern on the quality of water 
consumed by humans, aquatic life forms, and 
crops [1]. Eco–deadlier aspects are on the increase 

when intensely colored dye polluted wastewaters 
are consumed and enhanced due to the complex 
aromatic nucleus containing organic structures 
showing appreciable stability and slow degradation 
pathways. Even, some of the dye pollutants have 
been found to impart carcinogenic and mutagenic 
effects [2]. Henceforth detoxification and cleaning 
up of polluted water bodies are essentials and pose 
major challenges to environmental management 

http://creativecommons.org/licenses/by/4.0/.


242

R.Vijayalakshmi et al. / Green Synthesis And Characterisation Of Copper Oxide 

J. Water Environ. Nanotechnol., 6(3): 241-251 Summer 2021

technologists [3]. The field of nanoscience offers 
numerous advanced nanomaterials possessing 
unique and enhanced chemical and physical 
properties that could be applied in wastewater 
treatments  [4 -7]. Nanocomposites with organic 
and inorganic hybrid properties may be chosen 
to catalyze the mineralization of dyes in an 
eco-friendlier mechanism [8-12]. Generally, 
nanocomposites comprising metal or metal oxide 
nanoparticles bound onto carbon scaffolds possess 
multifunctionality that is exploited in sensing, 
catalytic, electron transfer, selective substrate-
binding, etc applications in current science[13-22]. 
Among the class of synergetic carbon supports 
graphene, graphene oxide (GO) and reduced 
graphene oxide (rGO) systems are popular and 
widely used for deposition of metal and metal 
oxide nanoparticles producing large surface area 
to mass ratio values [23-27]. The nanomaterial 
rGO exhibits graphene-like properties along 
with oxygen functionalization on the surface 
which assists strong metal oxide nanoparticle 
bindings. Additionally, rGO can be synthesized 
by adopting eco-friendlier methods from cheap 
and abundant graphite material. The oxygen-
rich functionalization in the rGO sheet aids its 
deposition onto electrode material like GCE. 
Construction of rGO nanocomposites with CuO 
NPs is expected to yield nanostructures which are 
compatible with glassy carbon electrodes having 
improved electrochemical properties compared to 
any other forms of carbonaceous nanomaterials. 
Also, literature reports imply CuO NPs possess 
significant characteristics such as cost-effectiveness 
electro stability, easy fabrication from the copper 
salt precursor, and having a low bandgap 2.0 eV 
that help in the remediation of eco-contaminants 
in industrial wastewaters [28] effectively. CuO 
nanoparticles find numerous applications as a 
catalyst, semiconductors, chelating or binding 
agent for complex organic substrates, etc [29-31]. 
In this work, CuO NPs are prepared via a green 
synthetic route by using  Aloe vera plant extract as 
the stabilizing agent, instead of synthetic polymeric 
agents. In the green synthesis of CuO NPs the 
biomolecules found in plant extract act as the 
source of electrons for the metal oxide formations 
in the nano size, showing some advantages such 
as cost-effectiveness, good stability, safety, and 
easy operations[32-36]. The reported procedure 
involving copper salt precursor in mild alkaline 
aqueous medium and 400C  thermostated solvent 

medium which are set in eco-friendlier conditions 
are only adopted [37]. The as-synthesized CuO NPs 
are size characterized from powder XRD and HR-
TEM measurements. The CuO NPs are found to be 
spherical and showing a size range of 15±2.0 nm.

GO was prepared to adopt a green synthesis 
route with graphite powder and eco-friendlier 
mild process conditions which are extended to 
rGO formations also.  Here, earlier reported 
procedures are adopted with minor modifications 
[38, 39]. CuO NPs are deposited onto rGO 
resulting in  CuO NPs–rGO nanocomposites and 
the same are characterized using powder XRD, 
HRTEM, and FESEM measurements. Utilization 
of the fabricated nanocomposites find applications 
towards the modification of electrodic surfaces, 
imparting higher conductivity, substrate sensitivity, 
high surface area to mass ratio values, lowering of 
oxidation or reduction working potentials thus 
lowering the energy consumption, and robust 
towards the solution hydrothermal operational 
conditions with mild temperature and pressure 
values [40,41]. To confirm these aspects in this 
work, the CuO NPs–rGO nanocomposites are 
coated onto glassy carbon electrode (GCE) 
showing better chemical activity due to larger 
electrode surface area and higher electrocatalytic 
activity with high sensitivity, selectivity, and 
effective quantification [42]. Using this CuO-rGO 
modified GCE electrode, the electro-oxidation 
studies on the two widely used dyes, one of which 
is Ponceau 4R (P4R) (or) 2 hydroxy-1-(4-sulfonate-
1-napthylazo)-6,8-naphthalene disulfonate 
trisodium (C20H11N2Na3O10S3) an azo dye with 
λmax = 505nm are attempted. Its chemical structure 
has been represented in (Fig.1a), P4R has been 
profusely used in food, beverage, textile, paper, and 
cosmetic industries due to the intense coloration, 
lower price, water solubility, and high stability 
[43-45]. Another dye system, Alizarin Red (AR) 
or 1,2-dihydroxy-9,10-anthraquinone-3-sulfonic 
acid (C14H7NaO7S) an anthraquinone dye with λmax 
= 425nm was selected.  Its chemical structure is 
given in (Fig.1b). AR is widely used in the textile 
industry, engineering, and gene expression studies. 
The fused ring structure of these dyes makes them 
lowly non-biodegradable and chemically stable 
[46-48],. Therefore prolonged consumption of  
P4 R and AR polluted water increases the intake 
concentration within the life systems which 
brings hazardous effects like carcinogenetic, 
Xenotoxicity, and retardation in the development 
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of life forms [49 ]. In this work, the degradation 
of these dyes is followed by cyclic voltammetry 
with time variance on electro-oxidation scans. 
During electro oxidations, the dye analyte was 
found to be decolorized. The choice of electro-
oxidation of dyes, confirms an eco-friendlier way 
of treatment of dye polluted water sources and also 
as dye sensors in an aqueous medium. In this work, 
during the progress of electro-decoloration of the 
dyes, concomitant visible spectra are run out on 
the samples drawn out at intervals of time. Time 
of completion of dye degradation was known from 
the oxidation peak values Ipa tracing zero and the 
absorbance values approaching zero in the visible 
spectra. From the absorbance variation with time 
data, the kinetic plots for overall rate coefficient 
value determinations are made. The results arrived 
from electro oxidations fall in agreement with 
those of the absorbance - time variance data. The 
novelty and implications of the results of this work 
expose that the CuO NPs–rGO nanocomposites are 
efficient electrocatalysts for the facile degradations 
of dyes in eco-friendlier pathways.

 
 The main novelty of this work:

· Green synthesis of CuO nanoparticles using 
aloe vera plant extract as stabilizing agent resulting 
in average particle size 15  ±  2nm was achieved

· Nanocomposites comprising CuO nanop-
articles and reduced graphite oxide was prepared 
from graphite precursor and mild enviro- friendlier 
experimental conditions

· CuO NPs -rGO oxide nanocomposites 
modified glassy carbon electrode was successfully 
designed and employed in the electrooxidation of 
the two dyes, Ponceau 4R and Alizarin Red analyte 
solutions.

·  Using concomitant spectral absorbance 
variations with time measurements pseudo-first-
order rate coefficient values of the dye degradations 
are determined and found out to be agreeable with 
those from electro oxidation results.

· The optimized electrooxidations are well 
suited for the azo dye Ponceau 4R mineralization 
which occurs in higher extents than anthraquinone 
Alizarin Red mineralizations. 

EXPERIMENTAL
Chemicals

Cu(NO3)2 hydrated, NaOH pellets, graphite 
powder with particle size <50µm, 98% sulphuric 
acid, potassium permanganate, potassium nitrate, 
potassium chloride were procured from Merck 
India. Ponceau 4R and Alizarin Red dye powders 
with 99% purity were purchased from Merck, 
India. For all solutions preparations fresh triple 
distilled water was used. 

Synthesis of CuO nanoparticles.
The reported procedure was adopted with mild 

hydrothermal conditions involving experimentally 
optimized aqueous pH and temperature settings 
[50]. Aloe vera plant is skin peeled, sliced (50gm) 
ground to a fine paste, and added to 50 ml of NaOH 
solution at pH = 5.0. The slimy solution was filtered 
and the clear filtrate was used as the nanoparticle 
stabilizing agent. 1.0mM Cu(NO3)2 solution was 
prepared and into 20 ml of this, NaOH solution 
at pH =5 was added along with 50ml of Aloe 
vera clear filtrate dropwise with constant stirring 
maintaining 400C as the medium temperature. 
Vigorous stirring was continued for two hours. 
Black-colored CuO nanoparticles formed are 
collected after ultracentrifugation with repeated 

 

                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. (a). Molecular structure of Ponceau 4R and (b). Alizarin red.
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washings. The collected residue was vacuum dried 
and used for further characterization tests. 

Synthesis of rGO 
Improved Hummers method was adopted for 

graphene oxide synthesis from graphite powder 
[51,52]. Into 1.5g of graphite powder 30ml of 
9:1(v/v) mixture of concentrated H2SO4 and H3PO4 
was added along with 9.0g of  KMnO4 with constant 
vigorous stirring for 9 hrs at 500C. The reaction 
slurry was cooled to 250C and 5 ml of 30% (w/v) 
H2O2 was added to convert insoluble MnO2 into a 
soluble form. Consequently, excess (250ml) triple 
distilled water was added and stirred for 2 hrs at 
700 C . After cooling the rGO residue was washed 
several times and ultracentrifuged and gathered 
with ether solvent. Dark brown crystalline GO 
was vacuum dried and stored for further process. 
Typically 5 mg of rGO was mixed with 1 mg of CuO 
NPs and are dispersed in 200 ml of triple distilled 
water and ultrasonicated for 2 hrs with drop-wise 
addition of 50ml of 5M NaOH. The black-colored 
precipitate obtained from this procedure was 
ultracentrifuged and vacuum dried. The CuO NPs-
rGO nanocomposite in as-synthesized forms is 
subjected to characterization studies. 

Characterization technique
The powder XRD of the as-synthesized CuO 

NPs was taken on Philips PW 1050/37 model 
instruments operating at 40KV and 30mA. CuKα 
radiation with 1.54A0 wavelength and step size 
of 0.020 in 2θ ranges was adopted. HR-TEM of 
CuO NPs was obtained from CM 20 PHILIPS 
model, operating at 200KV accelerating voltage 
instrument respectively. FE-SEM photos are taken 

on a Hitachi FESEM S4800 microscope. Cyclic 
voltammetry was performed using a Metrohm 
Autolab potentiostat/galvanostat PGSTAT-100N 
with a three-electrode all-glass electrochemical cell 
fitted with a thermostat and a vent for siphoning 
out the analyte.

Electrochemical measurement 
Glassy Carbon Electrode GCE (2mm dia) 

modified with CuO NPs–rGO serves as the working 
electrode, Ag/AgCl, saturated KCl, and platinum 
wire served as the reference and auxiliary electrodes 
respectively and potentials are given relative to 
the reference electrode. CuO NPs–rGO modified 
GCE was prepared by the drop cast method. The 
GCE (2mm dia) was polished with alumina slurry 
0.5 – 0.05 µm and washed repeatedly with water 
and finally with ethanol. 3 mg of CuO NPs–rGO 
was dispersed in 1.0ml of 25% glutaraldehyde as a 
binder and ultrasonicated the mixture for 30 mins 
at 250 C. The same was drop cast on the GCE disk 
and allowed to dry under ambient conditions for 10 
hrs. In all CV measurements, 0.1M KCl was used as 
the supporting electrolyte.

RESULTS AND DISCUSSION
Fig. 2(a) shows the powder XRD patterns of 

CuO NPs. The pattern agrees with the standard  
JCPDS  data file 48-1548 [53]. Applying the Scherrer 
formula the nano size of the CuO NPs is determined 
to fall within 15± 2 nm [54]. In Fig. 2(b) the powder 
XRD of the same CuO- NPs embedded into rGO 
resulting in CuO NPs-rGO nano compositions is 
shown. The major sharp-edged peaks in Fig 2(a) are 
ascribed to (110), (111), (200), (-202), (020), (202), 
and (113) of pure CuO nanocrystallites. Due to the 

 

        

 

           

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. (a). Powder XRD pattern of CuO nanoparticles and (b).  CuO NPs – rGO nanocomposites.
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presence of carbonaceous matrix in Fig. 2(b), the 
broad diffraction peak present at 23.80 corresponds 
to the rGO matrix and confirms that rGO is found 
along with those of CuO- NPs in the powder XRD 
of nanocomposites. 

Also, the diffraction peak of rGO corresponds 
to an interlayer distance of 0.37nm. In Fig. 2(b), 
the XRD patterns found are not smooth and may 
be attributed to the minor variation caused in 
rGO sheet structures by the implanted metal oxide 
nanoparticles in the overall sheet-like composite 
formation [28]. In Fig. 3(a) the SEM and TEM 
photos of pure CuO NPs are given. Spherical 
nanoparticles of CuO are being formed when aloe 
vera plant extract was used as the stabilizing agent 
in the green synthesis. The average particles size is 
15 ± 2nm, which seems agreeable with that of the 
size value determined from powder XRD results. In 
Fig. 3(b) SEM and TEM photos of the as-obtained 
nanocomposites are given. The rGO sheets appear 
as almost transparent and display flake-like 
structures on which the CuO NPs are depicted as 
dark spots. There exists a sharp contrast between 
rGO sheet and the embedded CuO–NPs. The 
nanoparticles stand well dispersed without much 
clogging. Altogether both the SEM and TEM results 
confirm the decoration of CuO NPs onto 2D- rGO 
sheet surfaces and the successful formation of 
nanocomposite structures. In the nanocomposite 
structure, the particles size of CuO NPs is found to 
be slightly higher than the pure form which may be 
due to interactive effects of the rGO surface [55].

In order to investigate the efficiency of CuO 

NPs–rGO nanocomposites, modified GCE for the 
enhanced electroactive surface area availability 
of the electrode, a comparison study was made 
about the electrode active area of bare GCE by 
recording cyclic voltammetry in 1.0 mM potassium 
ferrocyanide electrolyte solution as the model 
compound having the Dcoff value as 7.6cm2sec-1. The 
supporting electrolyte is 0.2 M KCl applying Randles 
sevicik [56,57]equation lpa=2.69*105N3/2AD1/2C ν 1/2 
where ip refers to anodic peak current (µA), n is the 
number of electrons, A is the electrode surface area 
(cm2), D is the diffusion coefficient (cm2s-1), ν is the 
scan rate (Vs-1) and C is the concentration( mol.
cm-3). By doing so, the electroactive area for plain 
GCE and CuO-rGO/GCE correspond to 1.99×10-

3 cm2 and 2.93×10-2 cm2 respectively. These results 
infer that CuO-rGO coating on GCE resulted in 
an appreciable increase in the active surface area 
nearly 12 times higher compared to unmodified 
GCE.

Electrooxidations
In Fig. 4. cyclic voltammetry recorded for 2 mM 

of the two dye solutions at neutral pH in 0.1 KCl 
are given. In Fig. 4(a) Ponceau 4R dye detection 
is well seen from the oxidation peaks at different 
scan rates as 0.45 V. The nanocomposite modified 
GCE senses the presence of the dye through 
electro-oxidation occurring at much lower range 
potentials. The CV scans when proceeded with the 
positive potentials range the oxidation peak occurs 
afterward. The reversal to the negative potential 
region shows that the reduction peak was shifted 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3(a). FE – SEM photos and (b).HR – TEM photos of CuO nanoparticles.
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and an irreversible process was detected. Hence the 
first stage of electron transfer is the oxidation of the 
dye occurring at 0.45 V. Upon increasing the scan,  
the voltammogram shows irreversibility regarding 
the position of the reduced peak. The oxidation 
peaks are recorded at various scan rates showing 
the simultaneous increase in the peak current 
as well. Likewise in Fig. 4(b) the alizarin red dye 
detection and oxidation peak occurs at 0.6 V. Both 
the dyes are sensed at lower oxidation potentials by 
the fabricated GCE. It is noteworthy here to state 
that the comparison of electrocatalytic oxidations 
of GCE coated with pure rGO to that of the GCE 

coated with CuO NPs–rGO nanocomposite, dye 
degradations produce certain salient features as 
follows. Although both the chosen dye systems 
are electro oxidized on the GCE – rGO electrode 
surface the rate of the dye oxidations are slow, 
incomplete (only 32% complete) with low% 
mineralizations, and requiring high oxidation 
potentials. Nanocompositisation of rGO surface 
with CuO nanoparticles and when coated onto 
GCE brought down the dye electro oxidations 
at a much lower oxidation potential implying an 
energy-saving process. Also, there is a remarkable 
increase in the rate of dye degradations for both 

 

               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. (a). FE – SEM photos and  (b). HR – TEM photos of CuO – rGO nanocomposites.
 

 

             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5.a. Cyclic voltammogram recorded on CuO NPs – rGO / GCE electrode Vs Ag/AgCl, Sat KCl in presence of 0.1M KCl at scan rates 
20, 50, 100 m Vs -1, at 25°C for 2.0 m M Ponceau 4R dye and (b). Alizarin red dye
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P4R and AR dye systems.           
Controlled potential electrolysis of the dye 

solutions is carried out separately at 0.5 V and 0.65 
V for P4R and AR respectively. The progress of 
the oxidative electrolysis was monitored by cyclic 
voltammetry at a constant scan rate of 50mVs-1.In 
Fig.6. the peak currents Ipa at various time intervals 
of the dye analyte solution of the two dyes are 
given separately. It is found that P4R dye degraded 
in a shorter period compared to AR. The electro 
oxidations are visible from the decoloration of the 
dyes. During the electro-oxidation small aliquots 
are siphoned out and the absorbance spectrum in 
the visible region is recorded. In Figs. 7 (a) and (b) 
the visible spectra of the dyes recorded at various 
intervals of time for P4R and AR are shown. 

The absorbance variance with time plots drawn 
from the spectral data is shown in Fig.8.(a) and 

(b) for the dye systems. The completion of the dye 
oxidations is known from the absorbance dropping 
to near-zero values.

 From the absorbance versus time plots 
data, kinetic plots for first and second-order 
rate constants are drawn and found that the best 
fit linear plots existed for first-order oxidation 
reactions only. From the kinetic plots Fig.9(a)  and 
(b). the rate coefficient values are found for the 2 
dyes separately and are given in Table 1. The data 
indicated that the oxidation of P4R dye occurs faster 
than the AR dye and the GCE  modified with CuO-
rGO nanocomposites exhibited efficient sensing 
activity and surface oxidation activity as well. After 
the completion of the electrolysis, % mineralization 
of the dye was determined, and found that P4R dye 
produced high extent of mineralization than the 
AR dye system. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6(a). Plots of Ipa Vs Time for 2.0 mM solution of Ponceau 4R dye at 20 mVs-1 scan rate at 25°C and (b). Alizarin red dye.

Fig. 7.a. Visible spectra of the Ponceau 4R dye solution drawn out at intervals of time from the electrochemical cell during the elec-
tro-oxidation process and (b) Alizarin red dye [DYE] = 2 mM.
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In Fig.10, the plausible oxidation mechanism 
for the two dyes initiated at the electrodic surface 
is shown. Coating of metal oxide impregnated 
nanocomposites exhibits enhanced and facile 
electron transfers from the dye molecules to the 
oxygenated electrode surface. The presence of an 
extensive π –π* conjugated system of the graphene 
matrix, facilitates the environment for electrodic 
electron abduction. Eventually, this step behaves 

as the rate-determining step because of the 
electroactive dye molecules undergoing cascades 
disintegration. These steps are visible by the 
decoloration of the colored dye analytes. Also due to 
the presence of anthraquinone functionality in AR, 
electron abduction from the dye molecule is not 
easier as in the case of P4R. This aspect is reflected 
in the increase in the oxidation potential and lower 
rate coefficient values for AR degradations.  In 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. (a). Absorbance - Time plots for Ponceau 4R and (b). Alizarin red.

 
Substrate k % mineralisation 

Ponceau 4 R 1.87  95.7 
Alizarin Red 2.90  90.2 

 

Table 1. The overall pseudo-first-order rate coefficient (kx10-4 sec-1) values for the oxidation reactions of Ponceau 4R and Alizarin Red 
using CuO NPs–rGO nanocomposites at 25°C.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9.a. First-order kinetic plots for rate coefficient determination for the electrooxidation of the dye Ponceau 4R and (b) Alizarin red.
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the case of the P4R dye molecule, the presence of 
azo functional group (-N=N-) renders electron 
polarization facile and an electrodic electron 
abduction results in a radically tagged active azo 
group followed by rapid dye degradation and 
a higher rate coefficient value. Also, higher % 
mineralization was detected. Electro activation of 
anthraquinone nucleus in AR molecule is not facile 
due to its stability and this results in slower AR 
degradations and lower % mineralization. 

CONCLUSIONS
CuO NPs prepared in a greener route using 

Aloe vera plant extract as the stabilizing agent 
could be effectively deposited on to rGO matrix 
and this resulted in robust hybrid nanocomposite 
scaffolds that bind conveniently and favorably 
onto the bare GCE. This modification of GCE 
provided a large surface area to mass ratio value 
for the active electrode surface. Metal oxide 
surface binding onto rGO, brings in, facile electron 
transfers due to π-π* conjugations of rGO matrix 
thereby lowering oxidation potentials considerably. 
Both the dye systems P4R and AR suffered electro 
oxidative degradations easily on the modified 
GCE. Similar results are obtained from the kinetic 
studies derived from visible spectral absorbance 
variations with time during the progress of the 
oxidation of the dyes. Also, the fabricated CuO 
NPs–rGO nanocomposites coated GCE, proved to 

possess benign electro-oxidation surface for both 
dye chosen systems. The prevailing electro catalysis 
followed in this work on the dye solutions reveals 
that P4R dye molecules are degraded one and a 
half times more than compared to AR molecular 
degradation. This implies that azo groups are 
easily susceptible to enhanced electro-oxidation 
than anthraquinone group dyes. No doubt, 
electrochemical oxidations still prove to be the 
efficient pathway for cleaning up the dye polluted 
water sources when appropriately coated electrodic 
surface and analyte conditions of the industrial 
wastewater of the dyes are utilized in a combined 
way.
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