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ABSTRACT: The present study is pertinent to photo-induced, hydrophilic, nano-calcite grown onto the mercerized surface of
polyester fabric (PF), treated with UV (10—S0 min) and visible light (1—S h) in addition to its photocatalytic application. The
wicking method has been employed to select the most hydrophilic sample of fabric upon irradiation. The micrographs obtained by
scanning electron microscopy, transmission electron microscopy, and high-resolution transmission electron microscopy indicated the
erosions occurring at the surface of nano-calcite after UV light irradiation, maintaining the crystallinity of the photocatalyst. The
surface charge has been measured for as-fabricated and irradiated nano-calcite @ PF for the development of high negative zeta
potential after UV light irradiation (—24.6 mV). The irradiated nano-calcite @ PF exhibited a significant change in its contact angle,
and the wetting property was enhanced to a considerable extent on UV (55.32°) and visible light irradiation (79.00°) in comparison
to as-fabricated nano-calcite @ PF (137.54°). The irradiated samples of nano-calcite @ PF delineated the redshift in harvesting of
solar spectrum, as revealed by diffuse reflectance spectroscopy comparative spectra. Additionally, the band gap of untreated nano-
calcite was found to be 3.5 eV, while UV- and visible light-irradiated PF showed a reduction in band gap up to 2.95 and 3.15 eV
upon UV and visible light irradiation. The photocatalytic efficiency of mesoporous nano-calcite was evaluated by photocatalytic
degradation of imidacloprid as the probe pollutant. Higher solar photocatalytic degradation of imidacloprid (94.15%) was attained
by UV light-irradiated nano-calcite @ PF. The time-resolved photoluminescence study has verified the high photocatalytic activity of
UV light-irradiated nano-calcite @ PF for the generation of high concentration of hydroxyl radicals. The highly efficient reusability of
a nano-calcite-based solar photocatalytic reactor has been observed for 10 cycles of treatment of imidacloprid bearing wastewater.
The enhanced photocatalytic activity of UV light-exposed (20 min), superhydrophilic, nano-calcite @ PF for mineralization of
pollutants suggests it to be an efficient solar photocatalyst for environmental applications.

1. INTRODUCTION Imidacloprid insecticide is considered as an agonist of nicotinic
acetylcholine receptors present in the nervous system. Upon
exposure to imidacloprid, it binds to the receptors, causing
depolarizing blockade leading to paralysis and death of insects.
The nicotine-based receptors are located merely within the

The contaminated environment caused by organic pollutants
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to be relatively less toxic to vertebrates and humans with a
range of employments such as plant safety, pest resistance,
animal well-being, and protection of aquatic ecosystem.
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are present at the neuro-muscular junctions and the central
nervous system in vertebrates” Although imidacloprid is
selectively toxic to insects, it is considered to bear moderate
to high toxicity to birds and mammals as its exposure results in
tremors, muscular weaknesses, and ataxia.”>

The high solubility of imidacloprid in water renders it a
potential contaminant of the water reservoirs." The mini-
mization of its potential hazards and harmful effects requires
treatment of imidacloprid-containing wastewaters using an
appropriate method. An extensive research has been executed
to remove imidacloprid from effluents including physical,
chemical, and biological methods.*®

The most promising technique for the degradation of
organic pollutants that are deteriorating water quality is
photocatalysis.”” At present, in context to the research
regarding nano-scaled materials, researchers are seeking special
interest on nanostructures as they are potentially organized,
extremely sensitive, and effective due to quantum confinement.
They possess a higher surface to volume ratio and a smaller
grain size as compared to those of bulk materials. In the level
of nanoscale, the electrical and optical properties change due to
band gap variation, rendering materials suitable for new devices
and applications.® The photocatalyst can be irradiated to
produce hydroxyl radicals, which are capable of attacking the
recalcitrant organic molecules to degrade them into innocuous
products. The core benefits of photocatalysis include ease in
procedure, low budget for conduction and maintenance, and
ecofriendly nature” The photocatalytic degradation of
imidacloprid is carried out on the surface of nano photo-
catalysts by ensnaring OH* radicals into the active sites.'’

Visible light-driven heterogeneous photocatalysis exhibit
many perks like (1) use of sustainable free-of-cost light
resource, i.e., sunlight, (2) high rate of photocatalytic oxidation
reaction with low consumption of energy, and (3) natural
ambiance with mild reaction conditions as compared to those
in other traditional technologies of water treatment.'’ The
realized application of photocatalysis faces the the operational
issue related to the use of powdered photocatalysts in a slurry
reactor, which is a main bottleneck. Precisely, when the
photocatalytic nanoparticles are stirred into the slurry, they are
to be removed after the completion of reaction. The
wastewater treatment requiring the recovery of the photo-
catalyst from the treated solution is not only time-consuming
but also costly and dreary, causing reduction in the advantages
of performance."”

To evade the post-performance regaining of the photo-
catalyst for the treatment of upcoming batches of effluents, the
nanoparticles can be immobilized onto a suitable stationary
support. The fabrics made from flax,"* cotton,'* nylon,"
wool,'® and polyester'” being potential candidates have been
reported as an appropriate photocatalyst support owing to
stability, flexibility, high surface area, and cost effectiveness.
Among all types of fabrics, the polyester fabric is the most
feasible one because of its tensile strength, resistance to UV
light and chemicals, optimum stretch ability, and low shrinking
and wrinkling tendency."®

By using functionalization and surface treatment, researchers
are generally trying to achieve good dispersibility by the
induction of polar groups like —OH, —COOH, and (-C-
(O)-), which contribute toward polar solvents.'” Hydro-
philicity is a surface phenomenon that depends on the oxygen
vacancies in the crystal lattice usually created by generating
defect sites of oxygen.”” The enhancement of surface

hydrophilicity causes the acceleration of photocatalytic surface
degradation of the organic pollutants adsorbed onto the
surface of nanophotocatalysts, ie., metal oxides. Since the
phenomenon of hydrophilicity is pertinent to the interface
between the liquid and solid surfaces, the surface variation can
significantly affect the adsorption of pollutants. In short, the
efficiency of the photocatalytic reaction occurring on the
surface of the photocatalyst depends upon its surface
properties.21

After the UV—visible light irradiation, the gaseous oxygen
present on the surface accelerates the photodegradation of the
adsorbed molecules based on the enhancement of surface
hydrophilic behavior.”> The transfer of photoenergy to the
molecules causes an increase in a range of new moieties such as
ions, photons, metastable free radicals, and ultraviolet
radiations.”> Under the UV light irradiation, the hydrophilic
conversion is due to an increase in the degradation of
contiguous water molecules and adsorption of —OH onto the
surface of the photocatalyst adhered to the substrate.

Ultraviolet light irradiation of a nano-scaled metal oxide
produces a highly hydrophilic surface due to the structural
changes of the metal oxide itself and the substrate.”*
Development of a photo-created energy gap, which is
established for the processing of photocatalytic reaction,
directs water and oxygen in the ambience to produce a high
yield of reactive oxygen species possessing a strong oxidation
potential. Hence, the improvement in the photocatalytic
efficiency of the hydrophilic surface depends on the gaseous
oxygen chemisorbed onto the photocatalyst’s surface. The
accelerated photocatalytic degradation of the adsorbed
pollutants on the surface can be attributed to a large number
of closely spaced hydrophilic domains arising upon UV light
illumination.

After irradiating the photocatalyst with ultraviolet light, the
water contact angle with the surface decreases, and water
instigates to spread all over its surface.””” The surface energy,
which affects the interaction between the solid and liquid
interface, depends upon the creation and spread of droplets on
a thin film and can be determined by the contact angle
measurement.”® The surface can be made highly wettable
through changes in the external parameters such as temper-
ature and surface morphological properties. All applications of
fabricated thin films and other nanostructures depend on the
controlled and desired surface morphology.”’

The solid surface wettability is based on the roughness of the
surface and the chemical configuration.”® The features related
to surface properties of the photocatalyst include crystalline
phase, surface defects, number of surface-bound hydroxyl
groups, and surface acidity. However, a pronounced influence
of the OH™ groups on the chemical properties of a
photocatalyst is based on the surface roughness and defects.
The reports have stated that erosion of the photocatalyst
surface can upsurge the adsorption of the polar molecules and
ultimately increase the rate of the photocatalytic reaction.””*’

In the present work, nano-calcite has been grown onto the
mercerized surface of polyester fabric (PF); the modification of
surface hydrophilicity has been investigated via UV—visible
light irradiation that strongly modified its surface properties.
The photo-induced hydrophilicity of the nano-calcite photo-
catalyst grafted onto the surface of PF has been determined by
irradiating it for different time intervals to examine the impact
of light on the surface hydrophilicity. Furthermore, the UV
light-irradiated nano-calcite @ PF exhibited a better photo-
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catalytic performance toward the solar photocatalytic degra-
dation of the insecticide (imidacloprid) as compared to that of
as-fabricated nano-calcite @ PF.

2. RESULTS AND DISCUSSION

2.1. Characterization of Nano-Calcite @ PF. The UV
light- and visible light-irradiated samples are first subjected to
wicking test to determine the increase in the hydrophilicity of
the samples. Among all the irradiated samples, the ones
exhibiting the highest wickability owing to enhanced hydro-
philicity were selected for further characterization techniques.

2.2. Wickability Analysis of Nano-Calcite @ PF. The
wicking analysis is executed by a spontaneous transposition of
the liquid in the solid interface having a capillary system. The
wicking rate of the fabric depends on the pore size, pore
distribution, and hydrophilic groups present onto the surface.”
To enhance the hydrophilicity of nano-calcite @ PF, UV—
visible light irradiation pretreatments were applied. During
such treatments, the number of hydroxyl groups onto the
irradiated surface of fabric was enhanced due to the breakage
of the hydroxyl bonds of adhered water, which in turn
improved fiber hydrophilicity.”> Wickability results of the
surface-grown nano-calcite @ PF irradiated with UV—visible
light are shown in Figure 1a,b. The swatches of surface-grown
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Figure 1. Wickability of (a) UV light-irradiated nano-calcite @ PF
and (b) visible light-irradiated nano-calcite @ PF in water.

nano-calcite @ PF (5 X S cm?) treated with ultraviolet light
irradiation (20 min) and visible light irradiation nano-calcite @
PF (3 h) exhibited a highest wicking rate among all the
irradiated samples.

2.3. Crystalline Nature, Crystallite Size, and Phase
Analysis. The crystalline nature, crystallite size, and phase
purity of the as-fabricated and irradiated nano-calcite @ PF
were examined via X-ray diffractometry (XRD) as displayed in

Figure 2. The various crystallographic planes of the subjected
nanomaterial can be observed at 18.67 (001), 23.1 (012), 29.3

(a) As-fabricated nano-calcite @ PF
(b) Visible light-irradiated nano-calcite @ PF
(104)(c) UV-irradiated nano-calcite @ PF

1204 (001)

100

Intensity a.u
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Figure 2. XRD of (a) as-fabricated nano-calcite @ PF, (b) visible
light-irradiated nano-calcite @ PF, and (c) UV light-irradiated nano-
calcite @ PF.

(104), 33.96 (101), 43.1 (202), 47.1 (018), and 47.5° (116).
All the above-mentioned planes strongly support the nano-
calcite phase according to X-pert HighScore software,
exhibiting close agreement with the standard file (JCPDS-0S-
0586) for nano-calcite. In addition to the peaks of nano-calcite,
the peaks for nano-lime Ca(OH), and CaO also appeared,
which rendered the material multiphasic. However, the peak at
29.3° (104) represents the crystal face, which belongs to calcite
Ca (CO;),,*" so the dominating phase according to MATCH
software was nano-calcite. After irradiating, the intensity of the
peak increased, which exhibited improved crystallinity. The
average crystallite size of the synthesized and irradiated sample
of nano-calcite @ PF was measured using the highest peak of
nano-calcite @ PF at (104). Using Debye—Scherer’s formula
(eq 1), the average crystallite size of the as-fabricated, visible
light- (3 h), and UV light (20 min)-irradiated samples of nano-
calcite @ PF was found to decrease as 38.45, 31.36, and 23. 67
nm, respectively.

kA
B P cos @ (1)

2.4. Structural Analysis of Nano-Calcite @ PF. The
chemical composition of as-fabricated and irradiated nano-
calcite @ PF was confirmed using Fourier transform infrared
spectrum, which is given in Figure 3a—c. In the given
spectrum, a narrow peak at 3449 cm™' appeared due to the
stretching vibration of the O—H group. The bands at 873,
1080, and 1464 cm™" appeared because of the different —CO
vibrational modes of the CO;>~ group. Furthermore, a small
peak at 2352 cm™! appeared due to the absorbed gaseous CO,,
as indicated by prior research report.34 The bands at 710, 872,
1081, 1420, and 1795 cm™" displayed the common character-
istic features of CaCO; which indicated the asymmetric
vibration of the C—O bond.> Figure 3¢ shows the spectrum of
UV light-irradiated nano-calcite @ PF having a sharp peak
intensity at 3449.54 cm™" indicating the high surface density of
the —OH groups. The increment in the adsorption intensity
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Figure 3. FTIR spectrum of (a) as-fabricated nano-calcite @ PF, (b)
visible light-irradiated nano-calcite @ PF, and (c) UV light-irradiated
nano-calcite @ PF.

reveals the presence of more acidic groups. Further, a minor
reduction at 1490 cm™ in the adsorption intensity was
observed in Figure 3c relative to Figure 3a,b due to bending
vibrations of the C—H bond in the methylene group. Herein,
the proportion of oxygen-comprising groups like —COOH,
C=0, and C—OH increased on the irradiated surface of nano-
calcite @ PF. The fabric surface of nano-calcite @ PF was
modified from hydrophobic to hydrophilic as the oxygen-
comprising groups increased on the surface, which is in
accordance with already reported results.’® These facts may be
attributed to some defected C—C bands present at the
modified surface of nano-calcite @ PF broken by irradiation
treatment. Hence, it is observed from the comparison of the
peak area of the —OH group that the density of the hydroxyl
group on the surface of nano-calcite @ PF was highly increased
by ultraviolet irradiation treatment. The peak at 750 cm™'
delineated the Ca—O bending for all samples; i.e. the
irradiated and as-fabricated samples had almost the same
peak position and peak area, indicating that irradiation did not
affect the Ca—O bond.

2.5. Morphological Characteristics of Nano-Calcite @
PF. The morphological modification in the nano-calcite @ PF
structure caused after irradiation treatment was studied by
comparison of as-fabricated and irradiated nano-calcite @ PF
as presented in Figure 4 (a—d). It can be shown in micrograph
that the surface of as-fabricated nano-calcite as functionalized
polyester was entirely and densely covered with monomodal
particles of nano-calcite (Figure 4a). The micrograph of nano-
calcite covering the as-fabricated functionalized polyester fabric
is provided in Figure 4b, showing the spherical shape of nano-
calcite having a smooth surface with nominal roughness.”” On
UV-—visible light irradiation of nano-calcite @ PF, the
roughness of the surface increased due to the erosions of
boundaries of discoid particles. However, upon visible light
irradiation, some erosions occurred on the surface of nano-
calcite, indicated by the presence of fluffy agglomerated
nanostructures (Figure 4c). However, after UV light
irradiation, the surface erosions increased magnificently
creating ridges onto the surface of nano-calcite (Figure 4d).
Moreover, the morphology of nano-calcite also transformed
from discoid to rod- or string-like nanostructures. It has been
reported that surface roughness magnified the concentration of
the —OH groups, which appeared as the presence of small
grooves and kinks on the surface of nano-calcite @ PF (Figure
4¢,d).”® The internal structure and shape of nano-calcite have

Figure 4. Micrographs of (a) functionalized polyester with grafted
nano-calcite, (b) nano-calcite densely covering the surface of
polyester fabric, (c) visible light-irradiated nano-calcite @ PF, and
(d) UV light-irradiated nano-calcite @ PF; (e) TEM of UV light-
irradiated nano-calcite; (f) TEM of as-fabricated nano-calcite; and (g)
HRTEM of UV light-irradiated nano-calcite.

been determined by transmission electron microscopy (TEM)
of as-fabricated and UV light-treated nano-calcite (Figure 4e,f).
The TEM micrographs indicate that before UV light
irradiation, the surface of the spherical nanostructures was
smooth, but after UV irradiation, the groves and kinks
developed on the surface of treated nano-calcite. Furthermore,
the smaller discoids joined together to adopt the shape of nano
strings or rods. Regarding the internal crystalline structure of
UV-treated nano-calcite, high-resolution TEM (HRTEM)
indicated the monocrystalline structure with a line spacing of
2.1 A (Figure 4g). The high crystallinity of nano-calcite
revealed by HRTEM supported the diffractogram of nano-
calcite @ PF. The results were similar with those from the
previously reported research.’”

2.6. Surface Properties of Nano-Calcite @ PF. Nano-
particles have a charged surface that attracts a thin layer of ions
of opposite charge toward its surface. The charge density of a
surface depends on OH~™ and H' concentrations. Prior
research proposed that the zeta potential (ZP) of the calcite
material is created due to the presence of the Ca*, CO,™,
HCO,~, H', and OH™ ions on the surface.’” Zeta potentials
are obtained from electrophoretic mobility according to the
Smoluchowski equation (eq 2).

L

€ (2)
where  is the zeta potential, 77 is the viscosity of solution, y is
the electrophoretic mobility, and & represents the dielectric
constant.”® After the irradiation treatment, the value of zeta
potential was enhanced, and charge on the surface produced
upon UV light irradiation was higher than that produced by
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Figure 5. Zeta potential of (a) as-fabricated nano-calcite, (b) visible light-irradiated nano-calcite, and (c) UV light-irradiated nano-calcite and (d)

pore size distribution curve of UV light-irradiated nano-calcite.
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Figure 6. (a) Comparative diffused reflectance spectra of as-fabricated and UV light-irradiated nano-calcite @ PF and band gap of (b) as-fabricated
nano-calcite @ PF, (c) visible light-irradiated nano-calcite @ PF, and (d) UV light-irradiated nano-calcite @ PF.

visible light irradiation of surface-grown nano-calcite @ PF.
Nano-calcite @ PF shows zeta potential variation from —12.8
to —24.6 mV in Figure Sa—c as the value for as-fabricated
nano-calcite @ PF was —12.8, —16.9 mV for visible light-
irradiated (irradiation time = 3 h) and —24.6 mV for UV light-
irradiated (irradiation time = 20 min) samples, when measured
in their aqueous suspension. The surface of nano-calcite @ PF
turned anionic, when nano-calcite came in contact with water,
and an increase in surface charge occurred that led to the
absorption of the high-density—OH groups onto the surface of

nano-calcite @ PF. Conclusively, the zeta potential of as-
fabricated, UV—visible light-irradiated nano-calcite @ PF
turned negative, attracting imidacloprid toward it for
chemisorption. Moreover, the zeta potential of surface-grown
nano-calcite @ PF was observed to be associated with the
surface electrical conductivity of semiconductor materials.*'
The measured photoconductivity of as-fabricated, visible light-
irradiated, and UV-light irradiated nano-calcite was 0.081,
0.326, and 0.724 mS/cm, respectively. It can be concluded that
the increased number of photogenerated charge carriers moved
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Figure 7. Average water contact angle of (a) as-fabricated nano-calcite @ PF, (b) UV light-irradiated nano-calcite @ PF, and (c) visible light-
irradiated nano-calcite @ PF and (d) comparison of the contact angle value of as-fabricated and irradiated nano-calcite @ PF.

to the surface of the photocatalyst causing the enhancement in
the photoconductivity of nano-calcite @ PF after UV light
irradiation.**

The pore width and pore volume of the nano-calcite sample
have been determined using the Barret—Joyner—Halenda
(BJH) pore size distribution plot. The pore size varied from
16 to 32 nm for the sample, which can be clearly assessed from
the graph (Figure Sd). The maximum pore volume for the
sample was 0.65 cm?/ g. The results have declared that nano-
calcite was mainly mesoporous, and it was found suitable for
the chemisorption of imidacloprid molecules. According to
previous research, mesoporous nano structures are beneficial
for the diffusion of reactants and products in the reaction
mixture. "’

2.7. Optical Properties of Nano-Calcite @ PF. The
diffuse reflectance spectroscopic study of nano-calcite @ PF
delineated that 70% of solar light was reflected above 280 nm,
and the band gap edge shifted from 280 to 390 nm after the
irradiation treatment (Figure 6a). Moreover, the % reflectance
spectrum of UV light-irradiated nano-calcite exhibited the
capability of the fabricated nano-calcite @ PF sample to
harvest more than 50% of the visible portion of solar
radiation.”® The high visible light harvesting tendency can be
attributed to increased surface erosions upon UV light

irradiation and enhanced hydrophilic domains on the surface
based on the induction of the—OH groups.™*

The greater tendency of the UV light-irradiated sample to
harvest solar radiations in comparison to those of visible light-
irradiated and as-fabricated nano-calcite @ PF was further
confirmed by band gap energy.*” The band gap energy of as-
fabricated nano-calcite @ PF was 3.5 eV as shown in Figure 6b,
calculated by the Kubelka—Munk plot using the given relation
(eq 3); Figure 6¢ shows the band gap for visible light-irradiated
nano-calcite @ PF to be 3.1 eV, while Figure 6d displays
further reduction in the band gap for UV light-irradiated nano-
calcite @ PF (2.95 V), which exhibited an absorption edge at
390 nm falling in the visible range of solar spectrum.

[(RGEI'? = A(hw — E,) (3)

where R, is the diffuse reflectance.”® The reduction in the
band gap can be explained based on surface roughness, oxygen
vacancy, and inter-band energy states, which were created
below the conduction band.*”** Consequently, the electron
requires less energy to get excited to the conduction band
(CB) from the valence band (VB)."” The photodegradation of
imidacloprid in the presence of the solar photocatalyst, nano-
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calcite @ PF, can be assigned to the high generation rate of
electron—hole pairs.

2.8. Evaluation of the Extent of Hydrophilicity of
Nano-Calcite @ PF. The as-fabricated and irradiated surfaces
of nano-calcite @ PF were investigated with contact angle
measurement for determination of the extent of hydrophilicity.
The contact angle is used to determine the surface energy and
surface tension of solids along with their wettabilities. The
contact angle of water drop on the nano-calcite @ PF surface
was measured using optical tensiometers by a sessile drop
method. The surface is considered more hydrophilic, if the
angle is less than 90° and the water droplet can spread more
onto the surface.’® The water contact angles of the as-
fabricated, UV—visible light-irradiated nano-calcite @ PF
swatches are given in Figures 7a—c, 6d, and Table 1 explains
the comparison of reduction in the contact angle.

Table 1. Variation in Water Contact Angle of the As-
Fabricated and UV—Visible Light-Irradiated Nano-Calcite
@ PF

angles between the

functionalized ~ water droplet and average of the angles between the
polyester nano-calcite @ PF  water droplet and nano-calcite @ PF
fabric surface surface
0, + 0
1 2/2
0, (deg) 6, (deg) (deg)
As-fabricated 153.90  149.79 151.85
UV light- 54.33 56.32 55.32
irradiated
Visible light- 81.50 76.5 79
irradiated

2.9. Solar Photocatalytic Degradation of Imidaclo-
prid and Optimization of Reaction Parameters. Based on
the development of strong photo-induced hydrophilicity, the
efficiency of the UV light-irradiated nano-calcite @ PF (20
min) photocatalyst was investigated by the solar photocatalytic
degradation of imidacloprid as a suitable probe. Response
surface methodology was used to optimize the variable
reaction parameters for the solar photocatalytic degradation
of imidacloprid. A response of 20 runs were obtained by UV/
vis absorption spectrometry and were put in the 2nd-order
polynomial equation (eq 4)*”°" as displayed in Table 2.

Y = 67.57 — 125A + 2.87B + 3.80C — 0.22AB — 3.93AC
— 0.83BC — 9.28A4* — 6.62B> — 6.01C* 4)

where Y is the % age degradation of imidacloprid and A, B, and
C are used to indicate the exposure time of sunlight, pH, and
H,O, concentrations, respectively.

Figure 8 displays the interaction between the reaction
parameters mentioned above. Figure 8a shows 64% degrada-
tion at pH = 11 and a sunlight exposure time of 3h, while H,O,
concentration remained constant. Figure 8b presents 63.50%
degradation at pH = 11 and 30 mM H,O, concentration.
Figure 8c shows a plot of 3D surface between irradiation time
and concentration of H,0,, according to which upon 3h of
irradiation using 30 mM of H,O,, the maximum degradation
achieved was 65.25%. The optimized parameters had a vital
role in the degradation of the insecticide; the extent of
degradation showed a significant rate of solar photocatalytic
reaction under these optimized conditions. It is clear that the

Table 2. Central Composite Design with Reaction Variable
Values and Percent Degradation of Imidacloprid

run A B C % degradation
1 1.00 11.00 50.00 55.1
2 1.00 7.00 50.00 55.34
3 3.00 9.00 3.64 48.12
4 3.00 9.00 30.00 75.5
5 1.00 11.00 10.00 45
6 3.00 9.00 30.00 63.24
7 3.00 9.00 30.00 64
8 1.00 7.00 10.00 39
9 3.00 5.64 30.00 40
10 3.00 9.00 30.00 70.9
11 0.36 9.00 30.00 47.4
12 5.00 11.00 50.00 42.7
13 5.00 7.00 50.00 40.7
14 6.36 9.00 30.00 42.5
15 3.00 12.36 30.00 57.5
16 5.00 7.00 10.00 43
17 5.00 11.00 10.00 45.23
18 3.00 9.00 65.64 59.2
19 3.00 9.00 30.00 72.56
20 3.00 9.00 30.00 63

degradation rate is accelerated on adding up to 30 mM of
H,0, because of the increase in the generation of OH®
radicals. The extent of solar photocatalytic degradation of
imidacloprid was enhanced on elevating the concentration of
H,0, causing in situ generation of a large amount of OH*
radicals.> Contrarily, further increase in oxidant concentration,
beyond the optimum level, resulted in retardation of the solar
photocatalytic degradation rate of a probe pollutant, even on
extending the irradiation time.”” The solar irradiation time is
also a prime factor having an important role in the
photocatalytic degradation rate of imidacloprid. With the
increase in radiation time, the magnitude of the photocatalytic
degradation was increased due to harvesting more photons,
generating a substantially large number of e/"h"* pairs. Herein,
the rate of photodegradation increased upon increasing the
exposure of reaction contents from 1 to 3 h, but upon
extending exposure time further, no significant enhancement in
photocatalytic degradation occurred. The limitation observed
can be attributed to the magnitude of solar energy harvested
and increased recombination of the electron—hole pairs. Up to
pH 11, the extent of the photocatalytic degradation enhanced,
while further increase in pH lowered the degradation rate. It
can be concluded that the solar photocatalytic degradation rate
of imidacloprid accelerated at alkaline pH in comparison to
neutral and acidic pH.

Analysis of variance (ANOVA) table shows the significant
effect of the reaction parameters with value of probability F =
0.0013, predicted R* = 0.8840 with adjusted R*> = 0.776, and
C.V = 9.33%, showing that the model applied was significant.
The values provided by Design Expert software are shown in
Table 3.

The comparison of the rate of solar photocatalytic
degradation of imidacloprid using as-fabricated and UV light-
irradiated nano-calcite @ PF, under optimized conditions (pH
= 11, sunlight irradiation time = 3 h, and concentration of
oxidant = 30 mM) was investigated. In the graph of C,/C,,
treated solution of imidacloprid (30 ppm, 100 mL) (A, =
269.5 nm) by non-functionalized PF, as-fabricated nano-calcite

https://doi.org/10.1021/acsomega.3c02987
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Figure 8. 3D response surface plots of interactive effects (a) irradiation time and pH, (b) pH and concentration of the oxidant, (c) irradiation time
and concentration of the oxidant, showing the interactive effect of the independent variable of %degradation of imidacloprid treated with UV light-

irradiated nano-calcite @ PF.

Table 3. ANOVA for Central Composite design (CCD) Showing % Age Degradation of Imidacloprid Treated with UV Light-

Irradiated Nano-Calcite @ PF

source sum of squares df mean square F value P-value prob > F
model 2311.83 9 256.87 8.47 0.0013 significant
irradiation Time 18.87 1 18.87 0.62 0.4486
pH 112.64 1 112.64 3.71 0.0829
oxidant conc 175.12 1 175.12 5.77 0.0372
AB 0.37 1 0.37 0.012 09138
AC 123.80 1 123.80 4.08 0.0710
BC 5.56 1 5.56 0.18 0.6776
A? 921.86 1 921.86 30.38 0.0003
B? 639.78 1 639.78 21.09 0.0010
c? 386.87 1 386.87 12.75 0.0051
residual 303.41 10 30.34
lack of fit 154.54 S 3091 1.04 0.4842 not significant
pure error 148.87 S 29.77
core total 2615.23 19
std dev. = 4.51 C.V =9.33% R* = 0.8840 adj R* = 0.776

@ PF, oxidant-bearing non-functionalized PF, and UV light-
irradiated nano-calcite @ PF has been compared. It is obvious
from the graph that there was no decrease in C/C, with
respect to time for imidacloprid solution on immersing non-
functionalized PF, and almost the same trend was shown on
the addition of H,0, to the swatch of non-functionalized PF

35729

(as the control). The decrease in the C,/C, value for
imidacloprid was obtained using as-fabricated nano-calcite @
PF reaching 0.42 mg/L in 210 min of sunlight irradiation. The
enhancement in the photocatalytic degradation of imidacloprid
after adding the photocatalyst demonstrated that the h* and
OH? radicals were the main active species.s‘z’54 However, the
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photocatalytic degradation of imidacloprid on using as-
fabricated nano-calcite @ PF was lesser as compared to that
on using UV light irradiated (exposure time = 20 min) nano-
calcite @ PF, which was 0.12 mg/L; the data obtained by
kinetics conveyed that the maximum % degradation of the
probe pollutant obtained was 85.50 and 94.15% for as-
fabricated and irradiated nano-calcite @ PF, respectively, in
210 min as shown in Figure 9.

12
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Figure 9. Determination of the extent of photocatalytic degradation
(C/C,) of imidacloprid, (concentration of H,0O, 30 mM, pH 11)
with respect to time, upon irradiation under artificial sunlight, using
as-fabricated and UV light-irradiated nano-calcite @ PF.

2.10. Evaluation of the Extent of Solar Photocatalytic
Degradation of Imidacloprid. As-fabricated and UV light-
irradiated nano-calcite @ PF were compared to check the
degradation rate of the imidacloprid solution immersed in the
insecticide solution (imidacloprid, 30 ppm). Since the swatch
of nano-calcite @ PF exhibited the maximum rate of
imidacloprid degradation after UV light irradiation, evaluation
of the degradation rate of imidacloprid-bearing wastewater
sample was done using UV-—visible spectroscopy, high-
performance liquid chromatography (HPLC), and FTIR
using UV light-irradiated nano-calcite @ PF. The absorbance
of the insecticide (30 ppm solution of imidacloprid)-
containing wastewater sample was measured by a UV—visible
spectrophotometer as shown in Figure 10a. After the exposure
to artificial sunlight for 210 min, the absorbance of the
untreated and treated imidacloprid solutions with UV light-
irritated nano-calcite @ PF was 1.882 and 0.11, respectively.
The decomposed product of the insecticide solution was
monitored by the decrease in the absorption peak at 269.5 nm.

According to Figure 10b, in the FTIR spectra of the
untreated and treated imidacloprid solutions (30 ppm), the
control peaks were observed at 3128.49, 1240.27, and 1566.25
cm™! for the O—H stretchin§ vibration band of C=N and
vibration band of N=N.***> Figure 10c shows the HPLC
chromatogram of the untreated and treated imidacloprid
solutions (30 ppm, 20 uL). The reduction in peak height, peak
area, and shift in peak position of insecticide (imidacloprid) in
the effluent was examined as indicated in previous reports.*®
Due to z—n* of the nitro guanidine chromophore, the
imidacloprid wavelength (270 nm) was found to be the most
appropriate for the detection of imidacloprid solution in the
context of peak area or peak height.”” The retention time and
peak area of treated imidacloprid decreased due to its

degradation into a smaller nontoxic hydrocarbon.>® Table 4
shows retention time, peak area, and peak height of the treated
and untreated imidacloprid solutions.

2.11. Determination of the OH* Radical Generated by
Nano-Calcite @ PF. The concentration of the OH® radical
generated by UV light-irradiated nano-calcite @ PF has been
determined through time--resolved photoluminescence study
of aqueous solution of 2, hydroxy terephthalic acid exposed to
D65 = 72 watt for 100 min. On excitation of irradiated hydroxy
terephthalic acid at 316 nm, the emission peak appeared at 426
nm. The extent of the rise of the emission peak indicated the
increase in concentration of hydroxy terephthalic acid and
OH?" radicals generated in 100 min. It was observed that the
rate of generation of OH® radicals increased with respect to the
time of exposure of nano-calcite @ PF to artificial sunlight
(Figure 10d). The higher hydrophilicity and presence of the
increased number of —OH groups attached to the surface
(polar facets (001) and (101)) of nano-calcite consequently
caused the generation of excess of OH®. The previous reports
have shown similar results.>”

2.12. Reusability of Nano-Calcite @ PF. The photo-
stability and durability of functionalized polyester-based solar
photocatalytic reactor have been determined by repeating the
solar photocatalytic reactions. 10 batches of imidacloprid-
containing wastewater were treated with nano-calite @ PF
under optimized reaction conditions. The values of C/ C° were
measured, and the graph is added to explain the efficiency of
the irradiated solar photocatalytic reactor in 10 cycles (Figure
11). It is quite obvious from the bar graph that even after 8
cycles, the reduction in the % degradation was reduced up to
91.34%.

2.13. Mechanism of Photocatalytic Degradation of
Imidacloprid. Figure 12 displays the schematic illustration for
the degradation of imidacloprid by UV light-irradiated nano-
calcite @ PF. The decrease in the band gap energy upon UV
light irradiation caused remarkable generation of electron—
hole pairs as charge carriers, resulting in an enhanced rate of
degradation of imidacloprid, as indicated by the UV/visible
spectrum of untreated and treated imidacloprid. When the
surface of UV light-irradiated nano-calcite @ PF is exposed to
sunlight, the electrons of the VB get excited to produce
photogenerated e /h* pairs. However, the excited e” from CB
and h* from VB can be recombined, and in that case, light
energy is dissipated in the form of heat, as shown in eq S.
When a suitable trapping agent, i.e., H,O and O,, is present at/
near the surface of the photocatalyst, a redox reaction occurs.
The photogenerated e~ reacts with the surface-adsorbed
oxygen and water molecules, which are not only involved in
redox reaction but also the additional source of the *OH
radical on the surface of the photocatalyst, as shown in eqs 6
and 7.%°

Figure 13 shows the degradation of an imidacloprid
molecule (1) to compound nitroso-compound and further
shows the formation of intermediate molecules (2, 3, and 4).
The cleavage of the C—N bonds of compound (4) degrade
into imidazolidine-2-imine and 3-methylpyridine, which
ultimately degrade into smaller compounds carbon dioxide,
ethylene diamine, acrolein, and ammonia. According to the
proposed reaction mechanism, UV light-irradiated nano-calcite
@ PF catalyst absorbs UV—visible light radiation from the
natural sunlight to excite the electron from VB to CB to
generate electrons and holes. The generated electrons reacted
with oxygen dissolved in water form superoxide anions (*O,7),
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Figure 10. (a) UV/vis absorbance spectra, (b) FTIR spectra, and (c) HPLC chromatograms of the untreated sample of imidacloprid compared
with the treated sample using UV light-irradiated nano-calcite @ PF and (d) time-resolved photoluminescence plot for the emission peak of
hydroxy terephthalic acid obtained using UV light-irradiated nano-calcite @ PF.

Table 4. Data Analysis of HPLC Chromatogram for Imidacloprid Solution Treated with UV Light-Irradiated Nano-Calcite @
PF

peak # retention time (min) type width (min) area (mAU*s) height (mAU) area %
before deg 1.721 BB 0.0583 552.72260 86.23747 62.7727
after deg 1.319 BB 0.0659 25.07323 1.43978 7.6473
which further produce *OH and strike with the imidacloprid by
CyH,,ON,Cl + NH,OH — C,H;;0ON, + H,0
molecule-bearing water sample.”’ Figure 13 leads to the o0 2 It 2 @)
formation of various reaction intermediates as given by the w
equations below (5). C,H;,ON, + HY > CyH;,N,0 + CI” 9)
UV light/nano-calcite @ PF + hv (sunlight) 4+
CoH,N,O + 2H" —» C4H,,N, + H,0 (10)
— UV light/nano-calcite @ PF (ecg/hiy)
— (egy/hby) ) C,H,,N, — intermediate molecules (11)
. +
es 10, > *0; © C,H,N + *OH — C;H,0 + NH, + H (12)
h
h¥, + H,0 — "OH + H* ) C,H,ON, - CO, + N,H, (13)
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Figure 11. Degradation % of imidacloprid for 10 cycles of solar
photocatalytic reaction using UV light-irradiated nano-calcite @ PF.

Many studies were conducted to remove pesticides from
aqueous solutions as variety of methods removed pollutants
under various operational conditions. To compare the results
of photolytic and photocatalytic procedures investigated for
remediation of pesticides and insecticides, previous reports
have been summarized in Table S.

3. CONCLUSIONS

The presence of imidacloprid in surface water has sparked
significant environmental and health concerns. The novel solar
photocatalyst, nano-calcite, has been grown on the surface of
pretreated and pre-seeded PF by a low-temperature hydro-
thermal method. The hydrophilic characteristic of the
nanocatalyst is increased by irradiation treatments in order
to degrade imidacloprid molecules (probe pollutant) by solar
photocatalysis. In this context, the photo-induced hydrophilic
nature of grafted nano-calcite onto the surface of was achieved
by UV and visible light irradiation. After 20 min of UV light
irradiation and 3 h of visible light irradiation, nano-calcite @
PF exhibited the highest wickability. Advanced microscopic
and spectroscopic techniques such as SEM, TEM, XRD, Zeta
potential (ZP), and FTIR were used to determine the
morphological characteristics, crystalline structure, surface
charge, and functionalities of the as-fabricated and irradiated
nanocomposites. The UV- and visible light-irradiation
procedures caused photo-induction of hydrophilicity, as
revealed by increased roughness of the surface, high
crystallinity, high surface —OH concentration, and high
photoconductivity (0.724 mS/cm). After the UV-—visible
light irradiation, nano-calcite @ PF became more hydrophilic
and enhanced the photocatalytic degradation of imidacloprid
solution. The contact angle reduced from 137.54 to 55.32 and
79° by UV light and visible light irradiation, respectively. The
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Figure 13. Possible pathways for degradation of imidacloprid using
UV light-irradiated nano-calcite @ PF.

roughness of the irradiated nano-calcite @ PF increased due to
induction of the —OH group onto the surface of nano-calcite
@ PF. The surface charge of nano-calcite became —16.9 and
—24.6 mV upon visible light and UV light irradiation,
respectively. The decrease in the band gap energy of UV
light-treated nano-calcite from 3.5 to 2.95 eV increased the
photocatalytic activity in the visible region of solar spectrum.
Maximum photocatalytic degradation of imidacloprid observed
by UV light-irradiated nano-calcite @ PF and as-fabricated
nano-calcite @ PF was 94.15 and 85.50%, respectively. RSM
software was utilized to optimize the variable reaction
parameters such as oxidant concentration, pH, and sunlight
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Figure 12. Schematic pathway of solar photocatalytic degradation of imidacloprid by nano-calcite @ PF.
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Table 5. Comparison of Previous Studies with Present Investigation for Remediation of Pesticides

photolytic and photocatalytic degradation of pesticides under various
operational conditions

solar photocatalytic degradation of imidacloprid

diazinon photolytic
diazinon photocatalytic ZnO (100)
carbofuran photocatalytic TiO, (100)

dimethoate photocatalytic TiO, (600)

lindane photocatalytic N—TiO, (40)

imidacloprid photocatalytic TiO, + Fe** + H,0, (500)
imidacloprid photolytic

diazinon photocatalytic ZnO (150)

imidacloprid photocatalytic TiO, (1000)

imidacloprid photolytic

imidacloprid photolytic
imidacloprid photocatalytic TiO, (100)

imidacloprid photocatalytic ZnO (100)

catalyst initial concentration
ose, mg/L mg/L efficiency (% re
(dose, mg/L) (mg/L) ficiency (%) f
30 94.15 present
(degradation) study
10 30 57.8 (degradation) 62
10 30 93.3 (degradation) 62
200 300 100 63
(mineralization)
45 160 99 (degradation) 64
100 330 100 (degradation) 65
20 60 <76 (degradation) 66
255 11 50 (degradation) 67
20 80 80 (degradation) 68
10 40 94.4 (degradation) 69
100 20 50.45 70
(degradation)
10 40 82 (degradation) 69
100 20 88.15 71
(degradation)
100 20 82.17 72
(degradation)

exposure time of the reaction mixture. The photocatalytic
degradation rate of imidacloprid solution using mesoporous,
UV light-irradiated nano-calcite @ PF was evaluated by UV—
visible spectrophotometery, FTIR, and HPLC. The surface of
nano-calcite grown onto the PF upon 20 min of irradiation
under UV light can render the photocatalyst more hydrophilic
with enhanced photocatalytic activity. The time-resolved
photoluminescence study has verified the increase in the
production of OH radicals with respect to time of exposure to
artificial sunlight. The reusability of UV light-treated nano-
calcite @ PF has been investigated for 10 cycles of
photocatalytic remediation of imidacloprid, indicating the
maintenance of high efliciency for 8 cycles. The proposed
method seems to be convenient and eflicient for the
augmentation of the photocatalytic activity of a semiconductor
nanomaterial. The remediation of insecticide-bearing waste-
water can be performed effectively using this cost-effective and
convenient method.

4. METHODS

4.1. Chemicals and Materials. The chemicals utilized for
synthesis were of analytical grade, obtained from commercial
sources, and used without further processing. The PF was
grafted with nano-calcite on pre-treated and pre-seeded
swatches using Ca(CH;C0O0),2H,0 (99.9%) and KOH
(99.9%) at the National Textile University, Faisalabad,
Pakistan (Qayyum et al, 2022). Hydrogen peroxide (36%
pure H,0,) and concentrated HCl and NaOH were obtained
from Sigma-Aldrich, and deionized (DI) water was used for
preparation of insecticide solution. The insecticide imidaclo-
prid was purchased from the market of Faisalabad Pakistan.

4.2, Surface Grafting of Nano-Calcite onto the Pre-
treated Polyester Fabric. Grafting of nano-calcite onto the
mercerized and pre-seeded PF was accomplished using the 25
cm® swatches of PF by a low-temperature hydrothermal
method.”® The fabrication of nano-calcite @ PF involved
mixing of DI water-based solutions of 225 mL of 0.25 M
Ca(CH;C00),-2H,0 and 225 mL of 0.35 MKOH while
stirring with a magnetic stirrer at 200 rpm. After stirring for 30
min, the reaction mixture was poured into a 500 mL stainless
steel jar along with the swatch of pre-seeded PF. The jar was

screwed tightly with a heavy lid and fitted in the socket of
Launder-o-meter (TC-M-25) fitted with a revolving steam
bath at 90 °C. The reaction contents were subjected to low-
temperature hydrothermal conditions for 2.5 hours and then
cooled down to room temperature. The swatch of as-fabricated
surface-grafted nano-calcite @ PF was rinsed with DI water
three times to remove excess of nano-calcite adhered to the
surface. Finally, two swatches fabricated were treated with
ethanol to remove any impurities, dried at 60 °C in hot air
oven for 3 h, and then packed in polythene bags. The
powdered nano-calcite obtained from the hydrothermal
stainless steel jars was also used for irradiation and character-
ization.

4.3. Irradiation of Nano-Calcite @ PF with UV and
Visible Light. The swatches of nano-calcite @ PF were cut
into (5§ X 5 cm?) pieces and irradiated with UV light (low-
pressure Hg lamp 72 W at A = 254 nm) for a time interval of
5—25 min. The artificial sunlight (D6S = 72 watts) was used as
the visible radiation source, and irradiation time was varied
from 1 to S h. The distance between the containers containing
the swatches from the radiation sources was fixed at 75 cm.

4.4. Characterization of Nano-Calcite @ PF. Multiple
techniques were employed to characterize the synthesized
material. The crystallinity of as-synthesized nano-calcite @ PF
was determined by XRD utilizing Cu Ka irradiation (4 = 1.54
A) (Jeol JDX-3532 diffractometer, Japan). The modifications
in the morphology were observed by SEM [Quanta 2500.
(FEG, USA) and TEM (JEOL 2M 2100, Japan)]. The
functional groups present in the functionalized PF were
examined by FTIR spectroscopy (Bruker IFS 125HR Japan).
Moreover, the surface charge was manifested with the help of
zeta potential (Malvern Panalytical, M3-PALS, Malvern,
Worcestershire, UK). The variations in the optical character-
istics of nano-calcite @ PF were studied by diffused reflectance
spectroscopy (Perkin Elmer Lambda 1050, USA), in addition
to the band gap energy calculations. The contact angle has
been determined to evaluate the hydrophilicity of surface-
adhered nano-calcite @ PF using optical tensiometers (Theta
Lite/TL100 and TL101, Germany). The determination of the
pore distribution and pore size of the nano-calcite sample has
been executed by Barret—Joyner—Halenda (BJH) pore size
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distribution at 77 K. Prior to the required measurement,
degassing was performed for 4 h, under vacuum at 120 °C, in
order to evacuate the physiosorbed moisture (Autosorb 1Q,
Germany).

4.5. Assessment of Comparative Hydrophilicity of
Nano-Calcite @ PF. 4.5.1. Wicking Method. Using the
wicking capability of the fabric, the hydrophilicity of as-
fabricated and irradiated nano-calcite @ PF was compared. To
measure the wickability of the fabric, the DIN 53924 wicking
test was used by hanging a swatch of the sample (S X S cm?)
with a measuring rod.”” The fabric swatch was hanged
vertically in distilled water using a wicking method, and at
different time intervals (10 to 60 s), the wicking height of the
fabric was measured. As-fabricated as well as UV light and
visible light-irradiated nano-calcite @ PF sample swatches were
measured by a vertical wicking tester.”* The water rose up
through the strands of functionalized and irradiated PF due to
the capillary action against the gravitational force. In order to
determine the hydrophilicity of sample, the wicking height was
measured with respect to the wicking time in triplets.””

4.5.2. Contact Angle Measurement. To determine the
wettability of the surface, the water contact angle of nano-
calcite @ PF has been examined by an optical tensiometer
(Theta Lite/TL100 and TL101, Germany). The contact angle
of as-fabricated as well as UV- and visible light-irradiated
swatches of nano-calcite @ PF was determined, and then, the
average of the observed values was stated. For contact angle
measurement, water was dropped through a syringe (5 pL)
and observed as it spread onto the surface-modified nano-
calcite @ PF. A video camera was used for the water droplet
image dropped using a sessile drop method; the average value
of contact angle was reported.”

4.6. Photocatalytic Degradation of Imidacloprid.
Photocatalytic degradation of imidacloprid has been performed
using glass containers of borosilicate having dimensions (10 X
10 X 4 cm®) with a working volume of 100 mL. The
photocatalytic degradation of imidacloprid insecticide has been
measured during April under the exposure of natural sunlight
having an average solar flux of ~600 watts/ m2"° The swatches
of nano-calcite @ PF were used as a solar photocatalytic
reactor under optimized conditions. The (5 X § cm?) swatches
of nano-calcite @ PF were submerged in insecticide solution
and exposed to sunlight for 150 min.””

4.7. Application of a Statistical Tool for Photo-
catalytic Reaction. Response surface methodology via a
statistical tool (Design expert 7 pro) has been employed to
optimize reaction variables, i.e. reaction time, pH, and
concentration of the supporting oxidant (H,0,). A 3D
response surface was produced by software based on the
interactive effect of the independent variable parameters
optimized. The rotatable central composite design (RCCD)
provided a mathematical relationship to explain the interaction
among the three variables (A, B, and C)”* (Table 6).

Table 6. Coded Reaction Parameters and Ranges of Their
Levels Investigated for Optimization

factors variables units low actual  high actual
A sunlight hours (h) 1 S
B pH 9 13
C oxidant conc. (H,0,) mM 10 S0
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4.8. Assessment of the Extent of Degradation of
Imidacloprid. The percentage degradation of imidacloprid
was evaluated using UV/Visible spectroscopic absorption
spectra (CE Cecil 7200, Germany). A UV—visible absorption
spectrophotometer (CE Cecil 7200, Germany) was used to
monitor the photocatalytic experiments. The absorbance of the
irradiated solution was measured by a UV—visible spectropho-
tometer at 269.5 nm (A,,). Finally, the percentage of
imidacloprid photodegradation was calculated using eq 14.

X —X
% degradation = (;f] X 100
X; (14)

where X; and X; represent the initial and final absorbance of
imidacloprid, respectively.

FTIR spectroscopy was employed to determine the
degraded components of imidacloprid. The fragments of the
pollutants that appeared after the photocatalytic degradation
were also investigated by HPLC (Shimadzu LC-2010C,
Markham, Ontario, Canada).

4.9. Determination of OH® in the Reaction Medium.
For the determination of OH® radicals produced in the
reaction medium as a result of e”/h* pair generation, the time-
resolved photoluminescence experiment was conducted
(Spectrofluorometer FSS, Edinburgh Instruments, UK). 100
mL of 0.004 mM terephthalic acid, as a source of fluorescent
probe material, was irradiated in a closed reactor with artificial
sunlight (72 watts for 100 min). The solution with the UV-
irradiated 5 X S cm® swatch of the nano-calcite @ PF
photocatalyst was experimental, while the solution without the
photocatalyst acted as a blank. The fluorescence in the time-
resolved experiment was measured using a xenon lamp (150 W
at 426 nm) for hydroxy terephthalic acid produced as a
product.”” An aliquot of 3 mL of solution was taken out after
every 20 min to measure OH® generated.’”
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