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ABSTRACT
The quality of water significantly affects the health and walefare of all orginisms, highlighting the
importance to develop low-cost and efficient wastewater treatment methods. Herein, we report
the fabrication, characterization, and utilization of a polymer-based ternary nanocomposite
(CuO–SiO2/PVA) for the removal of Nile Blue (NB) and Methylene Blue (MB) contaminants from
wastewater, along with exploring its potential biological activities. We have successfully
employed the cost-effective sol–gel and in-situ polymerization approaches to fabricate the
CuO–SiO2/PVA based ternary composite, utilizing Cu(NO3)2·3H2O:Glycerol:TEOS:PVA in a ratio of
8:2:3:4. The desired fabrication of nanocomposite was confirmed through UV-Visible
spectroscopy, SEM (scanning electron microscope), TEM (transmission electron microscope), EDX
(energy dispersive X-ray diffraction), FTIR (Fourier transform infrared), DSC (differential scanning
calorimetry), and TGA (thermogravimetric analysis). In addition to its biological potentialthe
performance of the nanocomposite in catalytic / photocatalytic removal of NB and MB dyes is
investigated and compared. The higher photodegradation performance of the composite for NB
(85%) dye than for MB (76%) dye indicates that variables such as chemical structure, charge,
molecular mass, and pH sensitivity of the dyes can influence the catalyst’s removal potential.
This composite is considered to have a higher capability for removing pollutants and
microorganisms from wastewater.
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1. Introduction

Water pollution is the contamination of water with
chemicals or other foreign elements that harm living
organisms (1). Water is a crucial resource that has been
contaminated by the penetration of numerous contami-
nants such as dyes, aromatics, drugs, animal waste, and
rotten plants by means of various activities. Examples of

organic pollutants include pesticides, polychlorinated
biphenyls (PCBs), fertilizers from agricultural runoff,
phenolic chemicals from chemical or industrial waste,
and solid or liquid residues. Inorganic pollutants
include, for instance, cadmium (Cd), arsenic (As),
mercury (Hg), lead (Pb), chromium (Cr), and other
heavy metals (1). The use of aromatics, dyes, and other
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pollutants has been rising globally (2). These organic
compounds are used in cosmetics, pharmaceuticals,
and food. Azo dyes, which are widely used in food color-
ing, are well-known for their durability and low cost. To
ensure the safety of drinking water and protect public
health, regulatory bodies in various countries establish
specific limits for contaminants. According to guidelines
from the World Health Organization (WHO) and the
Environmental Protection Agency (EPA), many organic
dyes exhibit noticeable coloration in water even at con-
centrations below 0.01 mg/L. Consequently, water
exceeding this level may not be suitable for consump-
tion. Typically, acceptable limits for industrial discharge
range from 0.01 to 0.05 mg/L for most of the organic
dyes.

On the other hand, several of these colors can be
harmful to living organisms, emphasizing the importance
of controlling the level of these sorts of colors in food. Fur-
thermore, because they are poisonous and carcinogenic,
they cause genetic mutations, making it critical to
remove them from discharges and other water sources
(3). Because some contaminants are difficult to remove
from wastewater, numerous procedures, both biological
and chemical, have been used to remove these contami-
nants andmake the wastewater potable. Because biologi-
cal procedures are time consuming, they do not meet the
requirements for the removal of these effluent, hence
chemical remedies have been employed. Various mech-
anisms are employed in chemical processes, for
example electrochemical, advanced oxidation process
(AOP), reduction, ozonation, and the Fenton reaction.
Moreover, different methods such as photodegradation,
membrane filtration, adsorption, flocculation, reverse
osmosis, irradiation, biosorption, biodegradation, ultrafi-
ltration, nano-filtration, coagulation, sonolysis and sedi-
mentation are ion exchange, trickling filtration, solvent
extraction, electrocoagulation, activated sludge, and the
use of microorganisms are used for the pollutant’s
removal (2,4,5). Methylene blue (MB) and Nile blue (NB)
are thiazine cationic dyes. Methylene blue is used for bio-
logical staining as well as coloring paper, hair, cottons,
and wools. The presence of MB in wastewater may
result in a variety of health problems, including
difficulty in breathing, vomiting, eye ignites, diarrhea,
nausea, blindness, respiratory distress, and harmful
environmental effects (6,7). Similarly, because of its ten-
dency to bind to specific structures and tissues, NB is
widely used in microscopy, microbiology, histology, and
the textile sector. Furthermore, because NB dye can be
used as an adsorbent to remove contaminants from
water by binding to them, and it has been investigated
for its prospective application in the removal of contami-
nants from wastewater. Furthermore, NB removes heavy

metals such as lead and cadmium, organic contaminants
such as dyes and pesticides, and radioactive compounds
such as uranium. For the removal of these contaminants
from wastewater, various types of nanomaterials have
been widely used. For instance, Amr et al. have used sili-
cotitanate for the removal of reactive blue and Congo red
and the results showed good efficiency of the materials
(8). Sujeong et al. have demonstrated that ZnO-200 nano-
plates, after 3 h, exhibited a high sterilization perform-
ance of 96.95% (86.67% in a dark room) for
Staphylococcus aureus and 95.82% (74.66% in a dark
room) for Escherichia coli when irradiated with light (7).
Saruchi et al. have also reported 95.7% adsorption
efficiency for gum katira-silver nanoparticle-based Gk-cl-
poly(AA)-AgNPs bio-nanocomposite (4). Sadighian et al.
used GO-Au nanocomposite for the removal of MB and
Methyl orange (MO) (9), Yaseen et al. employed CuO–
SiO2nanocomposite for the removal of crystal violet (CV)
dye (10). Similarly, AgCl–ZnO was used by Gassimet al.,
for the removal of reactive black 5H (RB5H) (11). Tran
et al. used Fe3O4/zeolite NaA nanocomposite for the
removal of MB dye (6). Mohammed et al. used ZnO/
Co3O4 nanomaterials for the removal of ciprofloxacin
and azithromycin (12). Sadanand et al. have investigated
that the under visible light irradiation, LBG-s-AgNPs@g-
C3N4 NS (0.01 M) exhibited better photocatalytic perform-
ance i.e. ∼100% RhB degradation and relative to MB
degradation ∼99% in 160 min (13). Ajel and Al-Nayili
investigated Ag-WO3/bent nanocomposites for the
removal of umic acid (HA) (14). Areej et al. investigated
NiCuMoO/rGO composite for the removal of MB with a
photodegradation of 99.2% (15). Abinaya et al. utilized
Ag2MoO4 nanocomposite in the removal of MB, Cr(VI),
and CIP drug, and achieved 99.9%, 99%, and 99.8%
removal performance in 10 min, respectively (16). Pour-
zare et al. utilized GO/Co3O4 nanocomposite in various
dyes removal and achieved 98% removal for MB in
12 min, while 66% for Rhodamine B (RhB), and 45% for
MO in 40 min (17). Sarika et al. used cowdung (CD)
gamma-sterilized for the removal of triphenylmethane
dyes crystal violet (CV), brilliant green (BG), and malachite
green (MG) from an aqueous solution (18). Foroutan et al.
reported the fabrication of CNT/MgO/CuFe2O4 composite
and utilized in the removal of Methyl violet and NB dyes
from wastewater (19). However, nanoparticles based on
polymers have garnered a lot of attention in this field
because of the impressive mechanical properties they
exhibit after being modified with nanoscale additives.
They are also magnetic, electrical, and optically active,
and resistant to wear, flame, and heat. Several methods
of fabricating polymer nanocomposites are addressed.
Some examples of such techniques include: (1) in-situ
polymerization, (2) solution-phase intercalation of
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polymer, (3) direct-mixing of polymer and fillers, (4) inter-
calation in molten polymer, (5) template assisted syn-
thesis, (6) sol–gel method, etc. Researchers are
particularly interested in poly (vinyl alcohol) (PVA) due
to its excellent film formation and physical qualities,
high hydrophilicity, biocompatibility, and chemical resist-
ance. The introduction of novel additives or nanomater-
ials can be used to modify or improve the
characteristics of PVA (20). It has been demonstrated
effectively that nanoscale addition results in improved
features. By reducing inter-particle distance and boosting
polymer matrix interaction strength, nanoscale additives
with high surface area, high surface energy, and anisotro-
pic geometry are used in new fields and contribute to
improved spatial properties of conventionally lining poly-
mers (21). Several researchers have employed polymer-
based materials for wastewater treatment, such as,
Zaheer et al. developed a CuO/PVA composite using a
chemical reduction method. They observed that the com-
posite materials removed 98% of the RhB dye, signifying
its excellent removal performance (22). Soltaninejad et al.
investigated that the PVA/ZnO/AgI/Chl photocatalyst
exhibit exceptional performance for the degradation of
MB, Congo red (CR), and 4-Chlorophenol (4-CP), with
degradation performance of 95.5%, 92%, and 88%,
respectively, as a result of varied parameter effects on
the same photocatalyst (23). Malekkiani et al. used a soni-
cation-based approach to investigate MWCNTs/ZnO/Chit-
osan nanomaterials. The results confirmed that the
composite has a photocatalytic performance of 98.7%
to 85% for MB dye (24). The PVA/CZnO2 composite pre-
pared by El-Shamy via solution casting method exhibited
98% performance toward MB dye degradation (25). Mot-
taleb et al. confirmed the successful synthesis of PAN/GO–
ZnO composite through electrospinning process. The
composite material degraded MB and Indigo carmine
(IC) dyes with removal performance of 96% and 98%,
respectively (26). Hussain et al. synthesized guar gum–
polyacrylamide/erbium oxide nanocomposite (GG–
PAAm/Er2O3NC) through crosslinking approach. The
removal rate of NB over the nanocomposite was 97.3%
(27). Abebe et al. prepared PVA-ZnO/Mn2O3 nanocompo-
site through sol–gel and self-propagation routes. The
nanocomposite revealed a 74.35% removal performance
for NB dye from wastewater (28). Likewise, Maijan et al.
reported the fabrication of PVA-g-PAM/SiO2@ZnO com-
posite. The composite removed 96% of MB dye form
wastewater (29). Moradi et al. employed Agar/GO/ZnO
nanocomposite in the removal of MB and MO dyes and
achieved about 88% and 91% removal, respectively (3).

According to the above literature, various catalysts
behave differently toward the same dye, and the same
dye can have varying attachment affinity for chemically

distinct catalysts. The overall influence of these beha-
viors can be seen in the wastewater treatment process,
either directly or indirectly. In order to extend our pre-
vious works (10,30) and modify the binary semiconduc-
tor materials, herein, we aimed to fabricate,
characterize, and assess the adsorptive and photocataly-
tic the CuO–SiO2/PVA based ternary nanocomposite
samples. To the best of our understanding, the unique
combination of CuO–SiO2 with PVA polymer, employing
sol–gel and in-situ polymerization methods, has not
been reported before. Therefore, we employed a cost-
effective and easy-to-handle approach to not only trans-
fer the desirable properties of CuO–SiO2 to the PVA
matrix but also to modify the inorganic CuO–SiO2-
based material with a hydrophilic polymer. The effect
of some experimental variables on the catalytic/photo-
catalytic activities of the CuO–SiO2/PVA ternary nano-
composite toward the removal of two structurally
different dyes, i.e. MB and NB dyes, was also studied.
Kinetic studies, degradation, and removal performance
of the composite material were compared with pre-
viously reported literature. The results concluded that
our polymer composite showed appreciable activities
compared to composite materials without polymer.
Finally, the biological activities such as antioxidant and
antileishmanial properties of the resultant composite
were also investigated, aspects that had not been evalu-
ated for the synthesized nanomaterials, adding some
uniqueness to this study as well.

2. Experimental

2.1. Materials and methods

All of the chemicals used in the fabrication of nanocom-
posite and dye degradation studies were of analytical
grade. The chemicals include copper nitrate trihydrate
(Cu(NO3)2·3H2O), tetraethyl orthosilicate (Si(OC2H5)4),
glycerol (C3H8O3), nitric acid (HNO3), absolute ethanol
(C2H5OH), Poly (vinyl alcohol) {PVA, [CH₂CH]n} (Sigma-
Aldrich, St. Louis, MO, U.S.A.), and ammonia solution
(30% NH3, Merck), Nile blue (NB) and Methylene blue
(MB) (purity, 99.99%) received from Exciton (Dayton,
OH, U.S.A.) and used as such. Methylene blue and Nile
blue have the molecular formulas C16H18ClN3S and C20-
H20ClN3O, respectively, and their chemical structures
are shown in Scheme 1.

2.2. Preparation of CuO–SiO2/PVA polymer
nanocomposite

The CuO–SiO2/PVA ternary nanocomposite was syn-
thesized through sol–gel process and in situ approach.
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In a typical experiment, Cu(NO3)2·3H2O: Glycerol: TEOS:
PVA were mixed in a ratio of 8:2:3:4 i.e. 40 mL of
copper nitrate trihydrate (1 M) solution was taken in a
200 mL beaker. Dropwise additions of 10 mL glycerol
and 15 mL TEOS were then made to the mixture,
which was then continuously stirred at room tempera-
ture while 30% HNO3 was added to bring the reaction
mixture’s pH to 1.5. This process took roughly an hour.
To bring the pH to 9, 30% ammonia was added after
then. Following this, 20 mL of PVA solution was added
dropwise while stirring continuously, and the mixture

was then agitated for a further 3–4 h at 60°C. A slow-
forming blue gel eventually turned black. The gel
sample was then filtered out of the mixture and repeat-
edly washed with acetone and deionized water. The
filtered gel was then submerged for 72 h in a solvent
made of water and ethanol in a 1:1 ratio. To get a pure
powder sample, the mixture was then filtered once
more, dried at 90°C for 10 h, and finally calcined at
600°C for 3 h. The possible chemical reaction for the syn-
thesis of nanocomposite is represented as;

Cu(NO3)2·3H2O + TEOS + glycerol + PVA + NH4OH

� [Cu(TEOS)m(PVA)n] + 3H2O + C3H8O4

+ (NH4)2SO4

The stepwise synthesis procedure of the CuO–SiO2/PVA
polymer nanocomposite is presented in Scheme 2.

2.3. Characterization of the polymer
nanocomposite

Several characterization methods, including UV-Visible,
SEM, EDX, TEM, FTIR, DSC, and TGA, were used to learn
more about the polymer nanocomposite (CuO–SiO2/
PVA). The powdered sample was dispersed in the
solvent and then analyzed using a UV-Visible Spec-
trometer Lamda-25 (PerkinElmer) to determine its
chemical composition. The polymer nanocomposites’
external morphology was analyzed via SEM using a
JSM-5910 JEOL scanning electron microscope. Using a
JEM 2100F transmission electron microscopy (TEM)

Scheme 1. Chemical structures of (a) Methylene blue (MB) and
(b). Nile blue (NB).

Scheme 2. Diagram illustrating the fabrication of a CuO–SiO2/PVA polymer nanocomposite.
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fitted with a 200 kV field emission gun, the samples’
internal morphology was analyzed. The solid powder
was further analyzed by FTIR (500-4000CM1) Nicolet
1S5 U.S.A. in the wave number ranges of 400 and
4000 cm–1. Using a Shimadzu TG-50 (Japan) thermal ana-
lyzer, thermogravimetric analysis (TGA) was carried out
between 25 and 1200 degrees Celsius at a rate of 5
degrees Celsius per minute in a nitrogen (N2) atmos-
phere. In the meantime, differential scanning calorime-
try (DSC) measurements were carried out with a DSC
Q2000. Operating in a nitrogen atmosphere at a
heating rate of 10°C/min within the temperature range
of 25–1200°C, the apparatus (TA Instruments, Newcastle,
Del., U.S.A.) and DTA (Differential Thermal Analysis) was
utilized for DSC studies. The as-synthesized nanomater-
ials’ thermal stabilities were investigated, and the tran-
sition temperatures and heat fluxes related with them
were calculated.

2.4. Photocatalytic degradation of the dyes

The photocatalytic decomposition process was per-
formed in a Pyrex beaker coated with aluminum foil to
prevent light diffraction and concentrate on the reaction
taking place inside the beaker. There is a 220 nm, 15 W
UV-lamp installed in it. A magnetic stirring device was
attached to a Pyrex glass beaker containing 100 mL of
water containing 20 ppm of NB or MB solutions, and
0.1 g of the polymer nanocomposite was added. Nile
blue (NB) and MB dyes were subjected to photodegrada-
tion in the dark and in the light with and without a CuO–
SiO2/PVA catalyst. To establish a dynamic adsorption–
desorption equilibrium between the dye molecules
and the catalyst surface, the dye solution was stirred in
the dark for the first 30 min. At regular intervals, aliquots
of roughly 10 mL were obtained and analyzed on a UV-
Vis spectrophotometer by recording the absorbance at
λmax.

Degradation efficiency, kinetics, and removal
efficiency were predicted via the following equations;

Degradation efficiency (%) = C0 − Ct
C0

( )
× 100 (1)

Removal efficiency (Qt) = C0 − Ct
M

( )
× V (2)

ln
Ct
C0

( )
= −kappt (3)

Qt is the removal efficiency expressed in mg/g, V is the
volume in Liters, M is the mass of the catalyst in gram,
C0 and Ct are the beginning and final concentrations
(Ct is the concentration at time = t). Using Beer–

Lambert law, the concentrations of the solutions were
determined from the dye solutions’ steady absorbance
values. UV-Visible spectroscopy was used to compare
the dye quantities before and after adsorption. The
slope of plots of ln(Ct/Co) vs reaction time (t) provides
a good approximation of the apparent rate constant of
the reaction (kapp). The second order kinetics equation
was also applied to the data; however, it was found to
be more in line with pseudo first order kinetics.

2.5. Biological application studies

Biological activities such as antioxidants and anti-leish-
manial of the synthesized polymer nanocomposites
were also investigated.

2.5.1. Antileishmanial activity
The synthesized polymer nanocomposite was tested for
the antileishmanial activity. In this method, the polymer
nanocomposite material was taken for screening of
leishmanicidal activity (30). Leishmania tropica promasti-
gotes, 10% FBS (Fetal Bovine Serum), 1% antibiotic
(Miltefosine) and 1% Hepes(N-Hydroxyethylpiperazine-
N’-ethanesulfonic acid) buffer were taken in the
RPMI-1640 medium. In the Neubauer chamber, their
numbers increased from 5 to 6 million cells per ml
after their introduction into long phase. Nanocompo-
sites were stored at various concentrations on a
96-well plate (1000, 500, and 250 g/ml) and tested
in triplicate. Nanocomposites were disseminated in
DMSO (dimethyl sulfoxide) (0.5%), serving as a negative
control, and miltefosine, a potent leishmania inhibitor,
was utilized as the locus drugs. One hundred microliters
of full culture medium containing 104 cells per well and
the screening nanocomposites at their essential,
specified concentrations were used to seed the plate.
The respective plates were incubated for 72 h at 25°C.
Each nanocomposite’s promastigotes that survived
were tested using a colorimetric approach based on tet-
razolium-dye (MTT). Each well of the 96-well plates was
filled with 100 l of MTT dye diluted in PBS, and the
plates were incubated at 37°C for another 3 h. Then,
added 40 µl of DMSO as a stopping solution and had
their ELISA Biotek plate reader read them at 570 nm.
The percent inhibition of the polymer nanocomposite
was found using the following formula:

Percent Inhibition

= mean OD of Sample−mean OD of Blank
mean OD of positive control−mean OD of Blank

× 100

(4)
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2.5.2. Antioxidant activity
The antioxidant activity of the produced polymer nano-
composite was tested through the DPPH (1,1-diphenyl-
2-picrylhydrazyl) technique. In this approach, several
concentrations (i.e. 250, 500 and1000 µg/ml) of the
nanocomposite were made. Ascorbic acid was used as
a benchmark for quality control. One ml of each compo-
site was combined with one ml of freshly prepared DPPH
solution in methanol (0.12 mM), and then another four
ml of methanol was added and the mixture was let to
stand in the dark for 40 min. The composite’s absor-
bance at 516 nm was then calculated. The composite
IC50 values were also calculated and determined
across a range of concentrations. The following equation
was used to analyze the DPPH scavenger percentage.

Radical Scavenging % = 1− Aa − Ab

Ac
× 100 (5)

To clarify, ‘Aa and Ab’ denote the absorbance of the com-
posite in the presence as well as the absence of DPPH,
while ‘Ac’ denotes the absorbance of the reference
solution.

3. Results and discussion

3.1. UV-visible and bandgap energy analysis

The UV-visible spectrometer (Lamda-25, PerkinElmer)
was used to analyze the obtained CuO–SiO2/PVA com-
posite after dispersion in ethanol. As indicated in
Figure 1, the analysis was carried out in the spectral
range of 200–800 nm. Two distinct peaks are detected
at 242 and 285 nm, as indicated in Figure 1(a). In the
CuO–SiO2/PVA composite, the wavelength peak at
242 nm corresponds to CuO–SiO2, whereas the peak at
285 nm relates to PVA polymer.

The bandgap energy of the polymer nanocomposite
is calculated via the following Tauc plot equation;

(ahy)g = A(hy− Eg) (6)

In this equation, α stands for absorption coefficient, h
denotes Planck’s constant, ʋ stands for photon frequency,
A is the proportionality constant, Eg represents bandgap
energy, and γ represents electronic transition (which
couldhave the values 2, 1/2,

2/3, or
1/3). Figure 1(b) displays

the Tauc plot for a CuO–SiO2/PVA composite. A straight
line is generated by plotting (αhν)2 versus (hν), which elu-
cidates that the absorption edge results from an indirect
allowed transition (n = 1 for a direct allowed transition).
The optical bandgap (Eg) is shown by the point where
the straight-line intercept. The composite has a direct
bandgap energy of 2.7850 eV.

3.2. SEM, TEM and EDX analysis

Figure 2(a–e) displays the SEM, TEM, and EDX analyses of
the produced polymer nanocomposite. Figure 2(a)
reveals the SEM result, confirming that the CuO–SiO2 is
distributed uniformly across the polymer matrix, which
possesses a certain porosity. In similar fashion, the TEM
image in Figure 2(b) illustrates the presence of nano-
sized CuO–SiO2 particles in the polymeric matrix. In the
present case, glycerol was used to improve the dis-
persion of the nanoparticles in the PVA matrix and to
promote the formation of a porous structure of CuO–
SiO2/PVA composite. As during the drying process, the
glycerol evaporates from the CuO–SiO2/PVA composite
leaving behind its spaces in the composite structure.
These pores are said to provide additional surface area
for catalytic/adsorptive removal of dyes from solution.
These pores also contribute to the mechanical and

Figure 1. UV-visible spectrum (a), and bandgap energy (b), of CuO–SiO2/PVA composite.
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Figure 2. SEM images (a – before use) and (c – after the use), TEM image (b – before use) and (d – after the use), and (e) EDX spectrum
of CuO–SiO2/PVA composite.
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thermal properties of the resulting CuO–SiO2/PVA com-
posites. Similarly, the Figure 2(c,d), indicates the SEM,
TEM images of the synthesized nanomaterials after
their use in dyes removal process. Further, the results
shows that there observed no significant change in the
structural morphology of the nanomaterials. It is impor-
tant to note that used nanocomposite material were col-
lected, washed, dried, and then subjected to SEM
analysis. Moreover, the EDX analysis in Figure 2(e)
carried out via the energy X-ray dispersive spectroscopy
(EDX) clearly indicate that the corresponding peaks of C,
O, Cu, and Si in the as-fabricated nanocomposite. Table 1
lists the identified elements along with their atomic and
mass percentages.

3.3. FTIR analysis

FTIR investigations of the synthesized nanocomposites
were performed using a U.S.-made FTIR (500–4000 cm–1)
Nicolet 1S5 while using the solid powder of the samples.
Figure 3 shows the FTIR spectrum of the produced CuO–
SiO2/PVA composite. The corresponding Cu–O stretching
vibration band arose at 444 cm–1. The Si–O–Si bond’s
asymmetric and symmetric stretching vibrations are indi-
cated by the peaks at 1043 and 832 cm–1, respectively.
The band at 1346 cm–1 is assigned to the CH2 group of

glycerol,while thebandsat 1613and3341 cm–1 areassoci-
ated with the bending and stretching vibrations of the OH
groups.

3.4. DSC and TGA analysis

Thermal analysis (TGA and DSC) of the as-synthesized
nanocomposite was done to investigate the stability
and to determine the temperature and heat flow associ-
ated with the composite transition as a function of time
and temperature. The DSC and TGA spectrum of the
CuO–SiO2/PVA composite is shown in Figure 4. In
Figure 4, the green line indicates the TGA curve with
three distinct areas of temperature. At 172°C, the mol-
ecules of water over the surface of the composite evap-
orate, causing a 6% loss in initial mass. The second
largest mass loss occurs at 293°C and is attributable to
volatile components like glycerol; the final mass loss
occurs at 659°C and is possibly attributable to degra-
dation of the polymer (due to water evaporation from
PVA) in the composite; and temperature above 659°C
do not result in any mass loss %, suggesting that the
composite is non-volatile. The blue line depicts the vari-
ation in heat flow; and the exothermic peaks arose at 96
and 708°C, while the endothermic peaks originate at 301
and 438°C.

3.5. Removal of NB and MB dyes via the catalytic
and photocatalytic processes

The catalytic and photocatalytic removal of NB and MB
dyes from aqueous solutions by CuO–SiO2–PVA was
studied to gain insight into the photocatalytic properties
of the fabricated CuO–SiO2–PVA composite. The UV-
Visible setup was utilized for data analysis. The photoca-
talytic degradation process was carried out in a box
made of wood with an aluminum foil-lined interior to
concentrate the light over the reactor, emitting from a
15W UV-lamp. Photodegradation studies of NB and MB
dyes (20 ppm) were carried out using CuO–SiO2–PVA
nanocomposites (0.1 g) in both light and dark, in the
presence and absence of catalyst. Overall degradation
was initiated by first stirring the dye-catalyst mixture
for 30 min to equilibrate the dye molecules adsorbed
on the surface of the photocatalyst. Aliquots of approxi-
mately 7 ml were withdrawn from the solution at regular
time intervals by syringe, filtered and analyzed for absor-
bance at λmax using a UV-Vis spectrophotometer. To
determine the NB and MB dyes degradation rates, we
used the following formula;

Removal (%) = A0 − At

m

( )
× 100 (2A)

Table 1. The elemental composition of CuO–SiO2/PVA
composite detected via the EDX analysis.
Elements Mass % Atomic %

C(K) 47.98 67.61
O (K) 17.76 18.78
Si (K) 13.31 8.02
Cu (K) 20.95 5.58

Figure 3. FTIR spectrum of the as-fabricated CuO–SiO2/PVA
polymer nanocomposite.
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where ‘A0’ represents the total absorbance at the start of
the experiment and ‘At’ represents the final absorbance
after certain period of time. Regarding the kinetics
studies, the dye-removal data were tested through the
following 1st order (Equation 3A), 2nd order (Equation
7), and the linear Elovich model (Equation 8).

ln
At

A0

( )
= −kt (3A)

At

A0

( )
= −kt (7)

qt = 1
b
ln (ab)+ 1

b
lnt (8)

where in Equation (8), the terms β, α, and qt reflect the
adsorption rate (mg/g·min), the de-sorption constant
(g/mg), and the quantity adsorbed at time ‘t’ in (mg/g).
The data was evaluated using the linear Elovich adsorp-
tion model by fitting the data directly in the origin using
Equation (8). Similarly, ‘Co’ stand for initial concentration
at time t = 0, while ‘Ct’ denote the final concentration at
t = t, of the NB and MB dyes solutions. The terms Ao and
At denote absorbance at t = 0 and t = t, whereas, kapp
represents the reaction apparent rate constant predicted
from the slope of the plots of ln(At/Ao). These plots are
depicted in Figures 5–9. Degradation of MB over time
under light is illustrated by absorption plots against
wavelength at regular time intervals. Figure 5(a) demon-
strates that absorbance gradually decreased over time,
confirming the efficient dyes degradation. Figure 5(b)
shows the ratio of absorbance (At/A0) vs. time, which

allows us to monitor the MB dye’s degradation in real
time. The enhancement in % degradation over time is
depicted in Figure 5(c), displaying a plot of decompo-
sition % vs. time. The plot of the pseudo 1st order corre-
lation for the degradation of MB is shown in Figure 5(d).
Degradation data were used to determine whether the
reaction follows a pseudo 1st order equation (R2 =
0.96612). The value of the 1st order rate constant (K1)
is 0.00304 min–1. As can be seen in Figure 5(e), which
depicts the removal efficiency, this efficiency rises over
time, peaking at around 720 min. Finally, Figure 5(f) illus-
trates the Elovich model in its linear form. The data were
fitted to the linear equation, demonstrating a good fit
with observed R2 values of 0.96. This suggests an initial
adsorption of the dye at the surface of the composite,
followed by removal through the combined contri-
bution of adsorption and photocatalysis. Furthermore,
Figure 5(b) reveals that the data may not be well-
suited for fitting in the second-order equation.

3.6. Removal of NB via catalytic and
photocatalytic processes

Degradation of NB (20 ppm solution) under UV light and
in the dark was investigated as well to learn more about
the photocatalytic activity of CuO–SiO2/PVA. The NB
absorption peak intensity at λ = 663 nm is shown to
decrease over time. There is a qualitative as well as quan-
titative transition in the degradation of NB with the cata-
lyst CuO–SiO2/PVA, as shown by spectroscopic data
(Figures 6(a) and 7(a)). The results have also shown that

Figure 4. DSC, TGA spectra of the as-prepared CuO–SiO2–PVA composite.
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the NB intensity decreases with increasing irradiation
time. This is mainly because NB molecules degrade
during irradiation. Degradation of the NB dye with cata-
lyst CuO–SiO2/PVA was noticed by observing qualitative
as well as quantitative changes in spectrum with time,
which is further confirmed via the plot of percentage
decomposition vs. time (Figures 6(b) and 7(b)), indicating
the enhancement of degradation by means of the absor-
bance ratio (At/A0) vs. time. The graphs of percentage

degradation versus time in Figures 6(c) and 7(c) show
that the degradation rate improves with time; these
figures also show that the dye has been eliminated by
58% in 5 h in the dark and that 83% of NB could be
removed by catalyst in the same length of time when
exposed to light. The data show that the process of
degradation follows pseudo 1st order kinetics with
acceptable value of R2 = 0.95806 in the presence of
light and R2 = 0.97606 in the absence of light, as depicted

Figure 5. Summary of MB degradation in the presence of light: (a) changes in UV-visible absorption spectra at various times (b) absor-
bance rate (At/A0) vs. elapsed time through second order approach, (c) percentage of decay in relation to time, (d) pseudo 1st order
degradation kinetics plot, and (e) removal efficiency plot, and (f) linear Elovich model plot.
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in Figures 6(d) and 7(d), respectively. Figures 6(e) and 7(e)
show that the removal efficiency increases with time,
reaching a peak at 300 and 361 min, respectively. These
findings suggest that the CuO–SiO2/PVA composite is
effective at removing NB dye under both dark and light
conditions, with the latter providing clearer evidence of
its activity. The values of the rate constant (K1) further
corroborate this trend; the 1st order kinetics value for

the removal of NB in the presence of light with no cata-
lyst (i.e. 0.00304 min–1), in the presence of catalyst (i.e.
0.00244 min–1), and in the absence of light (i.e.
0.00598 min–1) are shown in Table 2. Similarly, Figures
6(f) and 7(f) depict the Elovich model in its linear form.
The data were fitted to the linear equation, showing a
good fit with observed R2 values of 0.912 and 0.900,
respectively. The results strongly indicate that, initially,

Figure 6. Brief summary of NB photodegradation in the presence of 0.1 g CuO–SiO2/PVA catalyst: (a) changes in UV-visible absorption
spectra at various times (b) absorbance rate (At/A0) vs. elapsed time through second order approach, (c) percentage of decay in
relation to time, (d) pseudo 1st order degradation kinetics plot, and (e) removal efficiency plot, and (f) linear Elovich model plot.
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dyemolecules attach to the surface of the composite cat-

alyst through physicochemical adsorption, consistent

with the heterogeneous nature of the active sites, as evi-

denced by the adherence to the linear form of the Elovich

model. The data was also tested with second order

equation which was not followed accurately.

3.7. Removal of MB via catalytic and
photocatalytic processes

The degradation of MB (20 ppm solution) under UV-light
and the dark at different time intervals was studied to
evaluate the photocatalytic activity of the CuO–SiO2/
PVA catalyst. It is found that the MB absorption peak

Figure 7. Summary of the NB degradation in darkness with the assist of 0.1 g CuO–SiO2/PVA catalyst: (a) changes in UV-visible absorp-
tion spectra at various times (b) absorbance rate (At/A0) vs. elapsed time through second order approach, (c) percentage of decay in
relation to time, (d) pseudo 1st order degradation kinetics plot, and (e) removal efficiency plot, and (f) linear Elovich model plot.
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intensity at λ = 663 nm remarkably reduced with time.
Figures 8(a) and 9(a) show the qualitative as well as
quantitative changes observed via the UV-Visible spec-
trometer during the degradation of MB over CuO–
SiO2/PVA catalyst both in the presence and absence of
light, respectively. Furthermore, the results revealed
that the MB absorption intensity dropped as the
irradiation time rose. This is due to MB molecules

decomposition, which accelerates with the increase in
irradiation time. Additionally, the plots in Figures 8(b)
and 9(b) demonstrate an improvement in degradation
with absorbance ratio (At/A0) vs. time, indicating that
MB dye is being degraded with the aid of CuO–SiO2/
PVA catalyst. The spectrum undergoes quantitative
and qualitative changes throughout time, as indicated
by plots of percent decomposition vs time. Plots of

Figure 8. Summary of MB degradation with the assist of 0.1 g CuO–SiO2/PVA catalyst under light: (a) changes in UV-visible absorption
spectra at various times (b) absorbance rate (At/A0) vs. elapsed time through second order approach, (c) percentage of decay in
relation to time, (d) pseudo 1st order degradation kinetics plot, and (e) removal efficiency plot, and (f) linear Elovich model plot.
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Figure 9. Summary of the MB degradation under dark conditions with the assist of 0.1 g CuO–SiO2/PVA catalyst: (a) changes in UV-
visible absorption spectra at various times (b) absorbance rate (At/A0) vs. elapsed time through second order approach, (c) percentage
of decay in relation to time, (d) pseudo 1st order degradation kinetics plot, and (e) removal efficiency plot, and (f) linear Elovich model
plot.

Table 2. Degradation of NB via catalytic and photocatalytic processes, including 1st order rate constants and regression values.
Catalyst Initial conc. of dye Experimental time Conditions % removal R2 value for 1st Order Plot 1st order rate constant, k (min–1)

CuO–SiO2/PVA (0.1 g) NB
20 ppm

300 min Light 83 0.958 5.74 × 10–3

CuO–SiO2/PVA (0.1 g) NB
20 ppm

300 min Dark 58 0.976 2.44 × 10–3
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percent degradation vs time in Figures 8(c) and 9(c) illus-
trate that percentage degradation rises with time. These
findings also show that 51% of the dye is removed in
7 h under the dark, while 76% of the MB is catalytically
removed under the light in 6 h. The pseudo 1st order cor-
relations for the decomposition process are shown in
Figures 8(d) and 9(d), and the data suggest pseudo 1st
order kinetics with reasonable value of R2 = 0.88468 in
light and R2 = 0.95211 in the absence of light. Figures 8
(e) and9(e) show that dye removal performance improves
over time, peaking at 360 and 420 min, respectively.
These results indicate that the CuO–SiO2/PVA composite
demonstrates outstanding MB dye removal efficiency in
both dark and light conditions, butwith increased activity
in the presence of light in contrast to performance in the
dark. The value of the rate constant (K1) further confirms
this pattern. The 1st order kinetic constant values for
MB removal are determined to be 0.00304, 0.00156, and
0.00327 min–1 forMB removal in the absenceof a catalyst,
in the presence of a catalyst under a dark environment,
and in the presence of light, respectively (Table 3). In
addition, the Figures 8(f) and 9(f) indicate the plots corre-
sponding to the linear version of Elovich model; it can be
seen that the dye-removal data in this case is also well-
fitted to this kinetics model as evident from the R2

values of 0.95 and 0.94 respectively. All such findings
suggest a crucial initial step where dye molecules
undergo attachment to the surface of the composite cat-
alyst through a process of physicochemical adsorption.
This observation aligns well with the heterogeneous
nature of the active sites, as evident from the conformity
to the linear form of the Elovich model. Furthermore, the
dataset underwent testing using the second-order
equation, but the fit was not accurate. This implies that
the primary mechanism involves physicochemical inter-
actions at the active sites, with limited adherence to the
second-order kinetics model.

3.8. Comparative studies on the effectiveness of
CuO–SiO2/PVA composite toward the removal of
NB and MB dyes under similar conditions

Table 4 shows a brief comparison of the dye removal
efficiency of CuO–SiO2/PVA catalyst with some of the

previously reported nanocomposite materials and
dyes. The efficiency of different nanocomposites in
removing pollutants can vary depending on the
specific pollutant being targeted or the particular nano-
material being used. Various factors, such as chemical
structures and reactivity of the catalyst toward pollu-
tants, as well as variations in light, pH, and the amount
of catalyst and pollutant present, can affect the pollutant
removal process. In the present study, it was observed
that CuO–SiO2/PVA polymer nanocomposites can
remove Nile Blue (NB) more effectively compared to
Methylene Blue (MB); this difference may be due to vari-
ations in their chemical structure, charge, molecular
mass, and pH sensitivity. In general, the chemical struc-
tures of both dyes are almost similar with some minor
differences. Methylene Blue (MB) has a single methyl
group attached, whereas Nile Blue (NB) has two methyl
groups attached to the thiazine rings (SCN) at positions
6 and 7. In addition, Nile blue (NB) has a phenyl group
(C6H5) on the thiazine ring and methylene blue has a
dimethylamino group ((CH3)2N) at the 3-position. In
addition, Nile blue (NB) has a Cl- ion as a counter-ion,
whereas methylene blue has a Cl- ion plus an additional
methyl group attached to one of the N atoms of the
dimethylamino group (CH3)2N. Based on molecular
weight, Nile Blue has a molecular weight of 364.89 g/
mol, which is higher than methylene blue with a molecu-
lar weight of 319.85 g/mol. The interaction of Nile blue
(NB) and methylene blue (MB) with UV and visible light
depends on various factors such as wavelength, time
of exposure to light, light intensity, solvent, and dye con-
centration. Furthermore, methylene blue (MB) is gener-
ally reported to be more stable than Nile blue (NB)
under UV and visible light at neutral pH, although the
stability of these dyes may vary depending on specific
experimental conditions and other conditions. This is
another possible reason for the higher removal rate of
Nile Blue (NB) dye compared to methylene blue under
similar experimental conditions used in this study. Like-
wise, the pH level of the medium plays a significant role
in the electrical charge of the CuO–SiO2/PVA nanocom-
posite. In acidic media, CuO exists in the form of Cu+

ions, providing a positive charge to the composite.
However, in basic media CuO forms Cu(OH)2 and the

Table 3. First order rate constants and regression coefficients for catalytic and photocatalytic degradation of MB.

Catalyst/Amount Initial conc. of dye Experimental time Conditions % Removal
R2 value

for 1st Order Plot 1st order rate constant, k (min−1)

– MB
20 ppm

720 min Light 91 0.971 2.00 × 10−3

CuO–SiO2/PVA (0.1 g) MB
20 ppm

420 min Dark 51 0.952 1.56 × 10−3

CuO–SiO2/PVA (0.1 g) MB
20 ppm

360 min Light 76 0.884 3.27 × 10−3
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presence of (OH–) or other Cu species gives the compo-
site a negative charge. Similarly, SiO2 is electrically
neutral but is an insulator with charged functional
groups such as silanol (Si–OH) and siloxane groups (Si–
O–Si) on its surface. In acidic media, the silanol groups
(Si–OH) are protonated, creating a positive charge in
the composite. On the other hand, basic media can
deprotonate the silanol groups (Si–OH), creating a nega-
tive charge in the composite. When the pH of the
medium is acidic, PVA is protonated, creating a positive
charge on the functional groups of the polymer chains
(such as –NH3

+ or –COOH groups), making the entire
PVA positively charged. However, in basic media, depro-
tonation occurs, resulting in negative charges on func-
tional groups such as –COO– and –OH on the polymer
chains, giving PVA an overall negative charge. At
neutral pH, PVA can enter a zwitterionic state at the
pKa of the polymer, resulting in an overall neutrality of
PVA. In acidic media, both NB andMB exist in protonated
form and carry a positive charge. However, in basic
media, quaternary ammonium ions (N + (CH3)3) and N
atoms lose protons and become zero charge. Under
neutral conditions, their presence depends on specific

conditions and concentrations and can exist in both pro-
tonated and unprotonated forms. When NB and MB are
dissolved in water in the presence of CuO–SiO2/PVA,
they interact with the composite materials and get
adsorbed. NB has high adsorptive capacity due to poss-
ible intermolecular interactions such as van der Waals
and hydrogen bonding, whereas MB has low adsorptiv-
ity due to bulky groups on the nitrogen, resulting in low
attractive and adsorptive forces. Become. As a result, the
MB has a lower removal efficiency compared to the He-
NB dye. The active sites on the surface of CuO–SiO2/PVA
may also play an important role in the present case;
these active sites may include hydroxyl (–OH) groups,
which can act as hydrogen bond donors, as well as car-
boxyl (–COOH) and amino (–NH2) groups, which can act
as electron donors and acceptors in surface adsorption
reactions. The attachment of Nile blue (NB) and Methyl-
ene blue (MB) to the active sites on the surface of CuO–
SiO2/PVA could occur through a combination of physical
adsorption and chemical bonding interactions. Physical
adsorption involves weak Van der Waals forces, hydro-
gen bonding and electrostatic interactions, while chemi-
cal bonding interactions involve covalent bonds or

Table 4. A comparison of the removal effectiveness of CuO–SiO2/PVA catalyst with previously reported materials.

S.
No Catalyst/Amount

Initial conc. of
dye

Experimental
time Conditions

%
removal

R2 value for 1st Order
Plot

1st order rate
constant,
k (min−1) References

1 CuO–SiO2/PVA (0.1 g) NB
20 ppm

300 min UV Light 83 0.958 5.74 × 10−3 Present
Work

2 CuO–SiO2/PVA (0.1 g) NB
20 ppm

300 min Dark 58 0.976 2.44 × 10−3 Present
Work

3 – MB
20 ppm

720 min UV Light 91 0.971 2.00 × 10−3 Present
Work

4 CuO–SiO2/PVA (0.1 g) MB
20 ppm

420 min Dark 51 0.952 1.56 × 10−3 Present
Work

5 CuO–SiO2/PVA (0.1 g) MB
20 ppm

360 min UV Light 76 0.884 3.27 × 10−3 Present
Work

6 CuO–SiO2 (0.1 g) NB &
RhB

20 ppm

300 min UV light 90
85

8.60 × 10−3

7.50 × 10−3
(30)

7 CuO–SiO2 (0.1 g) NB &
RhB

20 ppm

360 min dark 90
85

0.958
0.983

2.00 × 10−3

5.90 × 10−3
(30)

8 Mn/BiOCl and Mn/NiO
(0.7 g)

NB
20 ppm

480 min Visible–
light

98.4
98.7

– 3.90 × 10−2

3.60 × 10−1
(31)

9 CuO–SiO2 (0.1 g) CV
20 ppm

Visible Light 70 0.931 3.27 × 10−3 (10)

10 CuO/PVA (0.00015 g) RhB
–

75 s – 98 – – (22)

11 CuO–Mg–PVA (0.2 g) MB
20ppm

180
min

UV Light 95.71 – – (32)

12 PVA/ZnO/AgI/Chl
(0.1 g)

MB
10 ppm

60
min

Visible–
light

95.5 – – (23)

13 MWCNTs/ZnO/
Chitosan
(0.025 g)

MB
5 ppm

20 min UV Light 98.76 – – (24)

14 PVA/CZnO2

(0.04 g)
MB

2000 ppm
60 min UV Light 98 – – (25)

15 poly(Py-co-Th)//ZnO
(20 mg)

MB
–

420 min Sun Light 95.3 – – (33)

16 PAN/GO-ZnO
–

MB
& IC
50mL

70 min
&

27 min

Visible Light 96
& 98

– – (26)
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coordination bonds between the dye molecules and the
active sites on the surface of the composite. Conse-
quently, it is important to consider the ionic nature of
these dyes when studying their behavior in aqueous sol-
utions. As this characteristic can directly affect the dye’s
solubility, stability, and its interaction with other mol-
ecules near and/or on the surface of the material. The
possible mechanism for the attachment and removing
the two dyes MB and NB with CuO–SiO2/PVA is shown
in Scheme 3. The dye reaches the surface of the catalyst
first. There, they bind with the catalyst surface through
intermolecular forces (such as hydrogen bonding and
London dispersion forces) and establish a dynamic equi-
librium between the dye molecules on the catalyst
surface. These dyes are removed from wastewater in

the presence or absence of light. This removes these
harmful contaminants from polluted water.

In addition to the above-mentioned factors, the
efficiency of adsorptive and photo-assisted dye
removal processes is notably influenced by factors
such as dye concentration, catalyst amount, medium
pH, and removal temperature. These parameters were
systematically investigated in our previous studies to
understand their impact on the dye-removal process
(34,35). The influence of most of the aforementioned
parameters on the dye removal process can be esti-
mated based on existing literature easily. The expected
outcomes of the pH variation reflect that the pH of the
solution can considerably influence the surface charge
of the CuO–SiO2/PVA nanocomposite as well as the

Scheme 3. Schematic representation of the mechanism for the MB and NB dyes removal using CuO–SiO2/PVA polymer
nanocomposite.
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ionization state of the dye molecules. As discussed
above, at different pH level the dyes will behave differ-
ently to interact with the nanocomposites and will
affect the dye-removal effectiveness of the material.
Similarly, various factors such as the material’s adsorp-
tion and photocatalysis efficiency, thermodynamic satur-
ation of the catalyst’s active sites, reaction kinetics,
photodegradation products, and the quality and quan-
tity of penetrating light can influence the pollutant-
removal process in aqueous media. Elevated dye con-
centrations initially boost photodegradation by expos-
ing more molecules to light. However, beyond a
certain point, photodegradation diminishes due to
increased absorption at the sample’s top or edges, limit-
ing photon reach to the entire sample. Temperature also
impacts photodegradation; higher temperatures can
accelerate the process, but excessive heat may compro-
mise catalyst stability, thereby affecting its efficiency.
The catalyst amount affects the rate of dye degradation
by providing active sites for dye attachment. Conse-
quently, a higher catalyst amount generally means
more active sites; however, excessive nanocomposite
amounts can lead to agglomeration, light scattering,
and reduced photodegradation effectiveness. The
quality and intensity of irradiation also play a crucial
role in the process. Therefore, it is recommended to con-
sider a well-balanced combination of all experimental
variables to achieve desirable and fruitful outcomes.

3.9. Performance stability and recyclability of the
catalyst

The performance stability and reusability of the CuO–
SiO2/PVA polymer nanocomposite were also studied.
These properties were evaluated through recycling

tests for the removal of both NB and MB dyes, as
shown in Figure 10. In a typical experiment, the nano-
composite used in each cycle was recovered, cleaned,
and dried in an oven at 90°C for about half an hour
before being reused. A similar process was employed
for dye removal, with a fixed irradiation time of 6 h for
each dye. The percentage removal efficiency was calcu-
lated and plotted against the number of cycles. Over
four continuous cycles, it was observed that the cata-
lyst’s efficiency slightly reduced. This variation in
efficiency may be attributed to a small amount of
material wastage and/or a minor change to the catalyst’s
surface. The satisfactory recycling efficiency reflects the
good performance stability of the nanocomposite in
the current experimental setup. In addition, after using
the nanocomposite material in the dye removal
process, the collected materials were washed, dried,
and then subjected to structural and morphological
tests. As shown in Figure 2(c,d), there was no significant
change observed in the structural morphology of the
nanomaterials. These results further support the stability
of the fabricated CuO–SiO2/PVA composite.

3.10. Biological activities of the CuO–SiO2/PVA
composite

The antioxidant activity of the CuO–SiO2/PVA composite
has been evaluated using the technique known as
DPPH, and the results are shown in Figure 11(a) and
Table 5. In this technique, ascorbic acid is chosen as a
typical positive control. It has been found that as the con-
centration increases, the antioxidant activity also enhances
(10,36). Figure 11(a) demonstrates the way the antioxidant
activity of the catalyst changes with solution concen-
tration. Antioxidant activity with different concentrations
of solution is in the order of 1000 g/mL >500 g/mL
>250 g/mL, demonstrating that the higher the concen-
tration, the stronger the antioxidant activity. Similarly,
the antileishmanial activity of the catalyst was tested,
and the results are shown in Table 5(b). For this purpose,
Miltefosine was used as a reference drug and DMSO as a
negative control. It is important to mention here that
the choice of DMSO as a negative control in the antileish-
manial method and its potential interactions with the cat-
alyst are crucial for confirming transparency and reliability
in such investigations. Generally, DMSO is used as negative
control solvent due to its wide use in biological assays,
good ability to disperse the heterogeneous catalyst/
testing material, and its inertness. This solvent is generally
considered inert, meaning it does not participate signifi-
cantly in chemical reactions. It is also expected to have
minimal impact on the antileishmanial activity and this
can allow the researchers to isolate the effects of the

Figure 10. Recycling ability of CuO–SiO2/PVA composite toward
NB and MB dye removal. The concentration of dye 20 mg L−1,
the amount of catalyst 0.1 g, temperature 25°C, and time 6 h.
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catalyst only, hence, it is a better choice to use as a nega-
tive control. Although DMSO is generally considered inert,
however, there may still be some minor potential inter-
actions between DMSO and the CuO–SiO2/PVA composite
due to the presence of organic moiety (PVA). Due to this
possible interaction the CuO–SiO2/PVA composite may
undergo changes in its inherent properties when DMSO-
Composite interactions are stronger, and thereby the antil-
eishmanial activities of the composite may be affected
under such conditions. Previous work (10) reveals that
the antileishmanial activity fluctuates with concentration,
i.e. the antileishmanial activity is higher at higher concen-
trations of the catalyst and vice versa. Figure 11(b) indi-
cates that as the solution concentration increases, the
antileishmanial activity of the catalyst also increases. The
antileishmanial activity of the catalyst at different concen-
trations is in the order of 1000 g/mL > 500 g/mL > 250 g/
mL. The increase in biological activities such as antioxidant
and antileishmanial effects with an increase in the concen-
tration of CuO–SiO2/PVA nanomaterials may be attributed
to some vital factors, including increased scavenging of
reactive species, a larger surface area, and the availability
of a greater number of active sites on the composite
surface. Similarly, improved bioavailability, concentration-

dependent biological responses, and synergistic effects,
optimal conditions for interaction, and enhanced stability
and durability of the composite material may also contrib-
ute. Most of these factors contribute to the enhancement
of the biological activities of the nanomaterials with an
increase in the concentration of the nanocomposite.

4. Conclusion

Herein, ternary nanocomposite based on CuO–SiO2/PVA
has successfully been fabricated via a low cost sol–gel
based in-situ approach while utilizing Cu(NO3)2·3H2O:
Glycerol:TEOS:PVA in a ratio of 8:2:3:4. The fabricated
composites were characterized by UV-Visible, FTIR,
SEM, TEM, EDX, TGA and DSC techniques to obtain infor-
mation on structure, morphology, elemental compo-
sition, crystallinity, thermal stability and thermal
change. Based on the results obtained here and in the
light of available literature, it was found that the compo-
site shows appreciable surface, morphological, and
thermal characteristics. The catalytic and photocatalytic
performance of CuO–SiO2/PVA polymer nanocomposite
was assessed toward the removal of two structurally
related dye, such as Nile blue and Methylene blue,
from water under different experimental conditions.
Moreover, it was also proved experimentally that the
prepared polymer nanocomposite could remove the
NB (85%) easily and rapidly in comparison to the MB
(76%); and this is accredited to the variation in the
chemical structures/nature, charge, molecular mass,
and pH sensitivity of both dyes. The formation of
active sites over the surface of catalyst may also be
advantageous for the effective removal of ionic or inor-
ganic contaminants from water via electrostatic inter-
actions. According to the kinetic analysis, the process
of dye removal follows a pseudo 1st order kinetics mech-
anism. The active sites on the surface of CuO–SiO2/PVA

Figure 11. (a) Antioxidant activities, and (b) Antileishmanial activities of the CuO–SiO2/PVA composite.

Table 5. Summary of the antioxidant and antileishmanial
activities of the CuO–SiO2/PVA composite.

Sample
Concentration

(µg/mL) % Activity
IC50µg/
mL

Antioxidant activity
Standard (Ascorbic Acid) 100 95.27 410.74
CuO–SiO2/PVA 250 80.11
-do- 500 58.48
-do- 1000 30.09
Antileishmanial activity
Standard (Miltefosine) 100 95.05 406.80
CuO–SiO2/PVA 250 77.95
-do- 500 56.78
-do- 1000 34.61
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may also play an important role in the present case;
these active sites may include hydroxyl (–OH) groups,
which can act as hydrogen bond donors, as well as car-
boxyl (–COOH) and amino (–NH2) groups, which can act
as electron donors and acceptors in surface adsorption
reactions. The attachment of NB and MB to the active
sites on the surface of CuO–SiO2/PVA could occur
through a combination of physical adsorption and
chemical bonding interactions. Moreover, the biological
activities like (antioxidant and antileishmanial) were also
evaluated for the synthesized nanocomposite. The
enhanced biological activities of CuO–SiO2/PVA nano-
materials with increasing concentration can be attribu-
ted to factors such as increased scavenging of reactive
species, a larger surface area providing more active
sites, improved bioavailability, concentration-dependent
biological responses, synergistic effects, optimal inter-
action conditions, and enhanced stability and durability
of the composite material. Based on the overall results, it
is suggested that this ternary nanocomposite has better
potential to remove contaminants and microorganisms
from wastewater and improve wastewater quality.
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