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egradation of imidacloprid using
Ag2O/CuO composites
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and Nazia Rafiqued

Imidacloprid is one of the most commonly used neonicotinoid pesticides that has been identified as

a neurotoxin for various non-target organisms. It binds to the central nervous system of organisms,

causing paralysis and eventually death. Thus, it is imperative to treat waterwaters contaminated with

imidacloprid using an efficient and cost effective method. The present study presents Ag2O/CuO

composites as excellent catalysts for the photocatalytic degradation of imidacloprid. The Ag2O/CuO

composites were prepared in different compositions by adopting the co-precipitation method and used

as a catalyst for the degradation of imidacloprid. The degradation process was monitored using UV-vis

spectroscopy. The composition, structure, and morphologies of the composites were determined by FT-

IR, XRD, TGA, and SEM analyses. The effect of different parameters i.e time, concentration of pesticide,

concentration of catalyst, pH, and temperature on the degradation was studied under UV irradiation and

dark conditions. The results of the study evidenced the 92.3% degradation of imidacloprid in only 180

minutes, which was 19.25 hours under natural conditions. The degradation followed first-order kinetics,

with the half life of the pesticide being 3.7 hours. Thus, the Ag2O/CuO composite was an excellent cost-

effective catalyst. The non-toxic nature of the material adds further benefits to its use. The stability of

the catalyst and its reusability for consecutive cycles make it more cost effective. The use of this material

may help to ensure an immidacloprid free environment with minimal use of resources. Moreover, the

potential of this material to degrade other environmental pollutants may also be explored.
Introduction

The environmental pollution caused by industrial and agricul-
tural waste is continuously affecting the global climate. Pesti-
cides are widely used in the agriculture sector to control pests
and crop damaging insects. These pesticides are persistent
under normal environmental conditions and thus stay in the
environment for a very long time, thereby causing many
hazardous effects on human health and the environment.
Water pollution caused by the excessive use of pesticides is one
of the important issues faced nowadays.1,2

One of the commonly used pesticides is imidacloprid that
belongs to chloro-nicotinic class of pesticides. It was developed
in 1986 and since then it has been registered in 120 countries
worldwide. It works on the motor neurons of insects and creates
the over simulation of the nervous system which ultimately
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leads to the death of insects.3,4 Fleas on domestic pests can also
be treated by the use of imidacloprid. The water solubility of
imidacloprid coupled with its excessive and unwise use leads to
its emissions into water bodies there by adversely affecting the
aquatic organisms as well as human health. In humans, it can
cause loss of consciousness and severe respiratory failure.5–7

Therefore, it is imperative to nd a cost-effective method for the
abatement of hazardous pollutants like imidacloprid from
water bodies. A number of methods have been reported to
mitigate the imidacloprid and similar pesticides from water
bodies including bio-degradation, photolysis, ozonation,
electro-fenton oxidation and ultrasound assisted
degradation.5,8–10 Bio degradation is one of the important
methods to transform imidacloprid but the efficiency of this
method is very low.5 Similarly, the other methods suffer from
certain limitations such as the formation of metabolites or the
generation of waste that need further processing. In this regard,
photocatalytic degradation has been given due consideration
during recent years. This method involves the use of metal/
metal oxides as the catalyst to facilitate the degradation of
pollutants.11,12

Semiconductor metal oxide nanoparticles are considered
excellent photocatalysts. The process involved mainly depends
on the transfer of electrons from the valence band to the
© 2023 The Author(s). Published by the Royal Society of Chemistry
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conduction band on the surface under illumination by a suit-
able wavelength of light.13,14 When the light strikes the surface
of the semiconductor, the electrons get excited from the valence
band to the conduction band by the absorption of photons and
create free electron–hole pair. The rate of production of active
charge carrier species is directly related to the efficiency of the
catalyst. To achieve the maximum activity, the energy of the
photon should be higher or equal to the bandgap of the catalyst
material.15,16

Metal/metal oxide-based nanoparticles show better catalytic
activity than bulk materials because they have a high surface-to-
volume ratio as compared to their respective molecular or
atomic scale materials.17 Copper oxide (CuO), a p-type semi-
conductor has gained paramount importance as a photocatalyst
due to its high stability, excellent optical and electrical prop-
erties as well as low cost of formation.13,18

To enhance the photocatalytic properties of metal oxide
semiconductors, they are doped with other metal ions exhibit-
ing different bandgap values that create an interface between
them and efficiently reduce the recombination rate of photo-
generated electron–hole pairs. This method enhances the utility
and efficiency of the catalyst to a noticeable extent.15,19 The
incorporation of noble metals has drawn the attention of many
scientists due to their fascinating catalytic properties. Doping of
silver on CuO can enhance the reactivity and selectivity and
produce an excellent photo-catalyst.20 Thus, present study
focused on designing an efficient catalyst i.e., silver oxide (Ag2O)
doped copper oxide composites for the degradation of widely
used pesticide imidacloprid under UV irradiations. The mate-
rial exhibited low leachability and high stability under aqueous
conditions.

Experimental methodology

The Ag2O/CuO composites were prepared with different
compositions and used for the degradation of imidacloprid.
The kinetics of photocatalytic degradation was determined by
Langmuir Hinshelwood kinetic model.

Quality control and quality assurance

All the chemicals used in the present study were of analytical
grade with a purity of 99.9%. The glassware used was properly
washed and rinsed with distilled water to remove any impurity
adhered to it. Aerward, it was dried for 30 minutes in an
electric oven set at 100 °C. A doubly distilled water prepared by
(Milli Q) was used throughout the study. The technical grade
imidacloprid was provided by Ali Akbar group of industries.

Preparation of Ag2O/CuO composites

The co-precipitation method was adopted to prepare the
composites where the weight% of Ag2O in Ag2O/CuO compos-
ites was kept at 1.5, 3.0, and 5.0. For this purpose, different
amounts of silver nitrate (0.0038, 0.0076, and 0.0127 g) were
added to copper nitrate solutions separately and dissolved
completely. Aerward 0.1 M ammonium bicarbonate was added
dropwise until no more precipitation occurred. The precipitates
© 2023 The Author(s). Published by the Royal Society of Chemistry
were collected and dried at 80 °C in an electric oven for 30
minutes. Finally, the calcination of dried precipitates was
carried out in a furnace at 400 °C for 2 hours.21 The prepared
Ag2O/CuO composites were characterized by XRD, FTIR, SEM
and TG analyses, and employed as catalyst for the photocatalytic
degradation of imidacloprid.
Photocatalytic degradation of imidacloprid

The solutions of different concentrations of imidacloprid (10,
20, 30, 40, and 50 mg L−1) were prepared to study the photo-
catalytic degradation of imidacloprid. These solutions were
stirred under UV light in the presence of Ag2O/CuO composite
for specic time intervals and then analyzed by a UV-visible
spectrophotometer (LABOMED, INC, model no: “UVD-3200”)
at 268 nm for determining the le over concentration of pesti-
cide aer degradation. The same process was also performed
under dark. The blank experiments were carried out in the
absence of Ag2O/CuO composite. The effect of various param-
eters was also studied on the degradation of the aqueous
solution of imidacloprid. These included: irradiation time,
pesticide concentration, dose of catalyst, pH, and temperature.

The effect of UV irradiation time on the photocatalytic
degradation was studied by stirring the imidacloprid solution for
different time intervals i.e., 60, 120, 180, 240, and 300 minutes in
the presence catalyst under UV light. The effect of the initial
concentration of pesticide was studied by preparing different
concentrations i.e., 10 mg L−1, 20 mg L−1, 30 mg L−1, 40 mg L−1

and, 50mg L−1 of imidacloprid solution. A 0.01 g portion of Ag2O/
CuO catalyst was added to a 50 mL volume of each of these
solutions. The samples were stirred for a specic time interval
in the presence of UV light and analyzed for imidacloprid
concentration. The similar control experiments were performed
in the dark. Various amounts of Ag2O/CuO composite i.e., 0.01 g,
0.02 g, 0.03 g, 0.04 g and, 0.05 g were added to 50 mL volumes of
imidacloprid solutions to study the effect of catalyst dose on
degradation under UV light for a specic time interval.

The effect of pH was studied by maintaining the pH of imi-
dacloprid solution at 3, 5, 7, 9, and 11 by adding HCl or NaOH
solutions, in the presence of 0.01 g of catalyst. The stirring of
the prepared solution was continued for an optimum time in
the presence of UV light as well as dark. The effect of temper-
ature on photocatalytic degradation of imidacloprid solution
was studied by varying temperature of pesticide solution from
20 °C–40 °C in the presence of 0.01 g catalyst. The reusability of
the catalyst was studied for three consecutive cycles by regen-
erating the catalyst. The stability of the catalyst was also studied
by carrying out the leaching experiments.
Results and discussion

The study focused on the degradation of imidacloprid in the
presence of Ag2O/CuO composite. The UV-visible spectra of
imidacloprid (Fig. 1) depicted its lmax to be 268 nm which is
consistent with literature value.22 This lmax of 268 nm was used
throughout the study for the determination of pesticide
concentration during different sets of experiments.
RSC Adv., 2023, 13, 19326–19334 | 19327
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Fig. 1 UV-vis absorption spectra of imidacloprid.
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Characterization of Ag2O/CuO composites

All the three Ag2O/CuO composites were characterized by XRD,
FTIR, TG, and SEM analysis. X-Ray patterns of pure CuO and
Ag2O/CuO were recorded in the 2q range of 10–80° and depicted
in Fig. 2(a and b). The diffraction lines for CuO were found at 2q
values of 32.7°, 35.4°, 36.1°, and 39.3° that agreed well with
standard diffraction values for monoclinic CuO with planes
(110), (002), (−111), (200) (JCPDS File no. 01-080-0076) [ref]. The
characteristic diffraction peaks of Ag2O were observed at 2q
values of 26.75°, 33.9°, 38.2° and 46.7° that matched well with
the JCPDS File no. 00-001-1041 of cubic Ag2O. Sharp peaks were
Fig. 2 (a) XRD patterns pure CuO nanoparticles. (b)XRD patterns of
Ag2O/CuO composite.

Fig. 3 SEM images of Ag2O doped CuO composites (a: 1.5% Ag2O/
CuO, b: 3% Ag2O/CuO and c: 5% Ag2O/CuO).

19328 | RSC Adv., 2023, 13, 19326–19334
observed for Ag2O/CuO composites that evidenced the absence
of any impurity in the sample. The average particle size
observed was in the range of 20–35 nm which was determined
by Scherer calculations using X'pert Highscore soware.23,24 The
Scanning Electron Micrograph of Ag2O/CuO is presented in
Fig. 3. The gure clearly showed agglomerated spherical parti-
cles. The presence of Ag2O in Ag2O/CuO turned the samples into
more homogeneous ones. The EDX study conrmed the
formation of Ag2O/CuO composites as depicted in Fig. 4. The
peaks represent the presence of Ag followed by Cu and O.
Different elemental proportions of Ag were observed in the
analysis which conrmed the different doping concentrations.23

The IR spectrum of Ag2O/CuO composites is presented in
Fig. 5. The vibrations around 400 cm−1 to 600 cm−1 are char-
acteristic of Cu–O and Ag–O. The vibration observed at
1600 cm−1 is due to the bending vibrations of absorbed water
molecules. The vibrations observed at 1370 cm−1 are attributed
to the longitudinal phonon, which is similar to the character
commonly possessed by nanoparticles.24–26 The bands at 1160
and 1100 cm−1 were assigned to C–O stretching vibrations.27
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 EDX of Ag2O doped CuO composites (a: 1.5% Ag2O/CuO, b: 3%
Ag2O/CuO and c: 5% Ag2O/CuO).

Fig. 5 FT-IR spectrum of Ag2O doped CuO nanoparticles.

Fig. 6 TGA curve of Ag2O doped CuO nanoparticles.

Fig. 7 Photo luminescence spectra of different compositions of Ag2O
doped CuO catalyst.
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The thermal stability of Ag2O/CuO composites was investigated
by thermogravimetric analysis as depicted in Fig. 6. Small
weight loss was observed up to a temperature of 100 °C that was
attributed to the removal of moisture present on the surface of
composites. The weight loss observed in the range of 600–900 °
C was due to the loss of solvent molecules trapped in the crystal
lattice. Aer 900 °C no more weight loss was observed.28 All the
compositions followed the same pattern.
Photoluminescence (PL) analysis

Photoluminescence (PL) study of CuO and Ag2O doped CuO
composites are depicted in Fig. 7. The gure shows two domi-
nant emission peaks for CuO centered at 416 nm and 475 nm
that are attributed to the green emission produced from elec-
tronic transitions of ionized oxygen vacancies. However, in the
case of Ag2O doped CuO composites the peak at 416 nm is
shied to 405 nm. The gure clearly shows a decrease in the
intensity aer doping with silver. Furthermore, the intensity of
peak was decreased with increase in the concentration of Ag2O.
These results are explained on the basis of fact that presence of
Ag in the composite changes the size of the crystallites due to its
amorphous nature. Therefore, for Ag2O doped CuO composites,
© 2023 The Author(s). Published by the Royal Society of Chemistry
the rate of electron–hole recombination becomes lower as
compared to CuO this rate is reduced with increase in
concentration of Ag.29,30 Thus 5% Ag2O doped CuO was better
photocatalyst.
Photocatalytic degradation of imidacloprid by Ag2O/CuO
composite

The photocatalytic degradation of imidacloprid was studied by
optimizing various parameters such as time, catalyst dose, the
concentration of pesticide, temperature, and pH in the presence
of Ag2O/CuO as a catalyst.
Optimum composition of the catalyst

The presence of silver in Ag2O/CuO affected the degradation
efficiency of copper oxide. The silver ions play the role of the
sink for the photo-excited electrons from the semiconductor.
The separation efficiency of holes and photo-excited electron is
also improved as the silver ions also play a role in the inhibition
of charge recombination.31 It was also found that photocatalytic
activity of Ag2O/CuO was increased by increasing the silver
concentration from 1.5% to 5%. Aer optimum concentrations,
the degradation efficiency was reduced due to oxygen defects.
Tariq et al. 2019, calculated the degradation efficiency of Ag
doped ZnO with Ag doping of 3% to 7% and a decrease in
RSC Adv., 2023, 13, 19326–19334 | 19329
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Fig. 8 Degradation of imidacloprid with different compositions of
Ag2O/CuO composite.
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degradation efficiency was observed aer optimum concentra-
tion. Fig. 8 depicted the degradation efficiency of different
Ag2O/CuO composites. The maximum degradation of imida-
cloprid was observed with 5% Ag2O/CuO which was found to be
92.5%.32 Therefore, this composition of catalyst was used
throughout the study.
Effect of time

The appropriate time for the photocatalytic degradation of
imidacloprid was determined by adding 0.02 g of 5% Ag2O
doped CuO composite to 25 mL of imidacloprid solution and
stirring the samples for different time intervals ranging from 1–
5 hours. Fig. 8 depicts the data for the imidacloprid degradation
in the absence of a catalyst under UV light and dark. The cor-
responding data for the experiments conducted in the presence
of a catalyst are also furnished in Fig. 9. The data showed that in
the absence of catalyst, a 21.8% degradation of imidacloprid
was observed in dark. Under UV irradiation, the extent of
degradation was enhanced to 27.4%.
Fig. 9 Effect of time on the degradation of imidacloprid.

19330 | RSC Adv., 2023, 13, 19326–19334
So, UV irradiation slightly promoted the degradation
process. The presence of the catalyst signicantly enhanced the
degradation of imidacloprid even under dark conditions i.e.,
65% of imidacloprid degraded under dark which was increased
to 72% under UV irradiation for 3 hours. Aer 3 hours, nomajor
increase in the degradation of imidacloprid was observed. It is
also worth noting that the degradation pattern observed in the
presence of a catalyst was different from one observed in the
absence of the catalyst. In the absence of the catalyst, the
degradation rst increased slowly up to 2 hours, and then it
rapidly increased up to 3 hours. Aerwards, little or no degra-
dation was observed. In the presence of the catalyst, a rapid
increase in degradation was observed for up to 2 hours. Aer
this, a non-signicant increase in degradation was observed.
The main advantage of this process is the relatively lower
reaction time that leads to a reduction in the construction and
operating costs.33

Effect of concentration of pesticide

The data for degradation of different concentrations of imida-
cloprid is provided in Fig. 10. It was found that the maximum
degradation of 74.3% was observed for 10 mg L−1 of imidaclo-
prid under UV light and 67% under dark. The percentage
degradation of imidacloprid was decreased by increasing its
concentration. It was attributed to the increased equilibrium
adsorption on active catalyst sites.32,34

Effect of dose of catalyst

The data for degradation of imidacloprid solution (10 mg L−1)
by using different amounts of catalyst i.e., 0.01, 0.02, 0.03, 0.04,
and 0.05 g, is presented in Fig. 11. The maximum degradation
(80.7%) of imidacloprid was observed with 0.01 g of catalyst in
the presence of UV light and 77.4% under dark conditions.

By increasing the catalyst dose from optimal amount, the
degradation efficiency was observed to be reduced due to the
clustering of Ag2O/CuO particles that consequently resulted in
a decreased available sites on the catalyst surface. The increased
catalyst concentration also reduced the light penetration due to the
turbidity of the medium that also led to reduced degradation.35

Effect of pH

The data for degradation of 10 mg L−1 imidacloprid at different
pH values is depicted in Fig. 12 which showed a maximum
Fig. 10 Effect of concentration of imidacloprid on its degradation.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 11 Effect of catalyst dose on degradation of imidacloprid.
Fig. 13 Effect of temperature on the degradation of imidacloprid by
using Ag2O doped CuO catalyst.
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degradation of 85% in the presence of UV light and 79.8%
under dark condition at a pH 11. The minimum degradation
was observed at pH 3 which was 64.1% under dark and 72.15%
in the presence of UV light.

The degradation of imidacloprid was increased at higher pH
due to the increased OH− concentration that increased the
hydrolysis of imidacloprid. A –C]N– bond couples with
electron-withdrawing –NO2 group of imidazolidine ring
creating a small positive charge that reacts with OH ions in
solution due to high pH thus increasing the hydrolysis and
extent of degradation. The degradation of imidacloprid was also
studied by Thuyet et al. at pH 7 and 10. A faster degradation was
observed at pH 10 as compared to 7. At pH 10, the concentration
of imidacloprid dropped by 48% as compared to 12% at pH 7 in
paddy water.36 Similarly, in the present study, degradation of
64.1% was observed under dark at pH 3 that was increased with
an increase in pH approaching an optimum at pH 11.
Effect of temperature

The degradation of 10 mg L−1 imidacloprid solution containing
0.01 g catalyst was studied at various temperatures i.e., 20 °C,
25 °C, 30 °C, 35 °C, and 40 °C under optimum conditions. Each
sample was stirred for 3 hours in the presence of UV light and
under dark. The relevant data is depicted in Fig. 13.

The maximum degradation was observed for samples
maintained at 30 °C both in the presence of UV light and dark.
Fig. 12 Effect of pH on degradation of imidacloprid using Ag2O doped
CuO catalyst.

© 2023 The Author(s). Published by the Royal Society of Chemistry
The degradation efficiency increased rst with increasing
temperature. Aer an optimum temperature, there was no
increase in degradation efficiency with temperature. Patil et al.
studied the degradation of imidacloprid at temperatures above
30 °C and found the extent of degradation to be 12.85%,
12.69%, and 12.54% at operating temperatures of 34 °C, 39 °C,
and 42 °C respectively.37 Our studies also showed that the
degradation efficiency increases till the optimum temperature
is achieved. At 30 °C the extent of degradation observed was
92%. Aerwards, no further increase in degradation was
observed.

Kinetic study of photocatalytic degradation of imidacloprid

The imidacloprid degradation was observed for 30–300 minutes
by following rst-order kinetics as depicted in Fig. 14. It is
evident from the data that without a catalyst, the degradation
rate of imidacloprid was 0.036 h−1 under dark conditions while
it was 0.045 h−1 under UV light. Thus, the half-life of imida-
cloprid under these conditions was 19.25 hours under dark
which was reduced to 15.4 hours under the inuence of UV
light. The presence of Ag2O/CuO catalyst facilitated the degra-
dation of imidacloprid both in the presence of UV light and
dark. It is evident from the data that the rate of degradation in
the presence of the catalyst under dark was 0.068 h−1 which
yielded a half-life of 10.19 hours that was quite lower as
compared to that noted under similar conditions in the absence
Fig. 14 Degradation kinetics of imidacloprid.

RSC Adv., 2023, 13, 19326–19334 | 19331
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Fig. 15 Schematic diagram of photocatalytic degradation of imida-
cloprid by using silver oxide doped copper oxide catalyst.

Table 1 Effect of different scavengers on degradation of imidacloprid

Scavengers Radicals % Degradation

Without scavengers — 92
Formic acid 20 mM h+ 99
Isopropyl alcohol 1 M HOc 70
K2Cr2O7 1 mM e− 35
1,4 Benzoquinone 1
mM

O2c
− 45
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of the catalyst. UV irradiation further enhanced the process of
degradation and reduced the half-life to 3.7 hours as the rate of
reaction was increased to 0.187 h−1. Yari et al. (2019) degraded
imidacloprid using ZnO and TiO2, where the half-life was
calculated to be 4.5 hours. In the case of Ag2O/CuO composite
(present study), the half-life observed was 3.70 hours which
showed better degradation efficiency35 of present catalyst.

GC-MS analysis was carried out to study the possible degra-
dation products of imidacloprid and to get an insight into its
degradation pathway. It is worth noting that no metabolites of
imidacloprid were observed and the present catalyst was
capable of bringing out the complete mineralization of imida-
cloprid. The schematic diagram for pesticide degradation in the
presence of Ag2O/CuO nanoparticles is elaborated in Fig. 15.38

The CuO nanoparticles exhibit a narrow bandgap of 1.2 eV
which offers easy recombination of photo-generated electron–
hole pairs. But, the doping of silver improves the band gap to
2.6 eV which restricts the electron–hole recombination rate and
improves the charge separation.39,40
Fig. 16 Reusability study of Ag2O doped CuO catalyst.
Scavenger studies

The reactive species such as electrons, holes, superoxide radi-
cals and hydroxyl radicals are responsible for determining the
mechanism of the photodegradation. The role of these reactive
species on the degradation of imidacloprid was studied by
using different scavengers for an initial imidacloprid concen-
tration of 20 mg L−1. At this concentration, the photo-
degradation efficiency was observed to be 92% in the presence
of UV light. The data in Table 1 depicted that the degradation
efficiency was decreased in the presence of electrons and
superoxide radical scavengers i.e. K2Cr2O7, 1,4 benzoquinone
and isopropyl alcohol. While in the presence of formic acid (h+

scavenger), the degradation of imidacloprid was increased to
99%. In conclusion, h+ scavengers allowed the electrons to react
with the pollutant resulting in lowering of the recombination
rate of electron–hole charge carriers leading to better degrada-
tion efficiency.41,42
Fig. 17 XRD pattern of Ag2O doped CuO catalyst after three reaction
cycles.
Reusability of the catalyst

The catalyst was reused for three successive cycles to determine
its stability and activity. The catalyst was primarily used for
19332 | RSC Adv., 2023, 13, 19326–19334
degradation at optimum conditions that provided maximum
degradation of 92.3%. It was then ltered, washed thoroughly
and dried at 100 °C. Aer drying the catalyst was reused at
optimum conditions and the degradation observed was 78%.
The catalyst was reused again aer activation by using the same
procedure and the degradation observed for the third cycle was
63.41% as shown in Fig. 16. The stability of the catalyst was
studied by leaching experiments. The catalyst was soaked in
acidic conditions for 4 hours and no concentration of Cu and Ag
was detected in the solution as checked by Atomic absorption
spectrophotometer. The XRD spectra of catalyst aer three
cycles is shown in Fig. 17. The XRD patterns revealed the
structural stability of the catalyst. The decrease in activity of the
catalyst aer three cycles is due to the agglomeration of parti-
cles which reduces the surface area.43 Furthermore, the
adsorption of imidacloprid molecules within the pores of
catalyst is another factor which blocks some of the active sites
and thus decreases the efficiency of the catalyst.
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Conclusions

The present study focused on the preparation of a highly
effective catalyst Ag2O/CuO that was used for degradation of
imidacloprid. The maximum degradation of imidacloprid was
observed for 10 mg L−1 imidacloprid solution with 0.01 g
catalyst at pH 11 in the presence of UV light. The optimum
temperature for the degradation process was found to be 30 °C.
The efficiency of Ag2O/CuO was found to be 92.3% and 84.3% in
UV light and dark at optimum conditions. The prepared catalyst
was effective in reducing the half-life of imidacloprid to 3.7
hours under UV light. The catalyst was able to be reused for up
to 3 cycles with slight reduction in activity. The catalyst was able
to maintain its structural integrity even aer use in three
consecutive cycles. The stability studies showed that the catalyst
was also stable during the reaction course as evidenced by no
detectable leaching of either Ag or Cu by Atomic absorption
spectrophotometer. Thus, Ag2O/CuOmay be used as an efficient
material for removing the pollutants like imidacloprid from
contaminated aqueous environments.

Author contributions

Saadia Rashid Tariq planned, supervised, edited and nalized
the whole project. Zunaira Niaz performed experimental work
and initial write up, formatting and editing. Ghayoor Abbas and
Dildar Ahmed provided the instrumental facilities for material
characterization and testing. Nazia Raque reviewed the paper.

Conflicts of interest

There are no conicts to declare.

Acknowledgements

The authors acknowledge the chemicals provided by the
Department of Chemistry, Lahore College for Women Univer-
sity, Lahore to carry out this research work. We are also thankful
to Mr Zajif from LUMS, Lahore for carrying out the XRD and
SEM-EDX analyses.

References

1 K. Atacan, N. Güy, M. Ozmen and M. Özacar, Applied Surface
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