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ABSTRACT

Anatase phase TiO, nanorods modified with perylene nanoparticles (PeNPs) (PNRs,y) showing excellent photocatalytic activity
under sunlight were synthesized. Titanium isopropoxide [C;,H,304Ti] and aqueous KOH solution were hydrothermally treated
to form hydrogen titanate and were calcined at 520°C to get TiO, nanorods. PeNPs were prepared from perylene-3,4,9,10-
tetracarboxylic dianhydride using D-glucosamine hydrochloride. Phase transition from hydrogen titanate to pure anatase phase
TiO, was confirmed by X-ray diffraction analysis. high resolution transmission electron microscopic analysis shows that the
anatase phase TiO, consists of nanorods. Photocatalytic activities of the samples were assessed by studying the photocatalytic
degradation of rhodamine B. Study reveals that TiO, nanorods modified with PeNPs could completely degrade common
endocrine disruptors such as 4-chlorophenol, resorcinol, and salicylic acid under sunlight and are more efficient than the

commercial photocatalyst Degussa P25.
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1. INTRODUCTION

Significant attention has been gained by researches focusing on the
remediation of endocrine disrupting compounds as they have an adverse
impact on living organisms and environment [1]. Endocrine disrupting
chemicals are exogenous agents which interfere with the synthesis,
secretion, transport, binding, and elimination of natural hormones
in the body that is responsible for the maintenance of homeostasis,
reproduction, development, and behavior [2]. They mimic the actions
of natural hormones present in living organisms, causing genetic
disorders such as tumors and infertility. Phenolic compounds such as
chlorophenols, resorcinol (R), and phenolic acids belong to the category
of endocrine disruptors. 4-chlorophenol (4-CP), R, and salicylic acid
(SA) are usually found in the wastewaters of paper, pharmaceutical,
and dyestuft industries [3,4]. Phenolic compounds discharged from
these sources may result in the widespread contamination of the aquatic
ecosystem due to their hazardous and carcinogenic properties. Hence,
they are considered as persistent, bioaccumulative, and toxic (PBT)
chemicals by the US Environmental Protection Agency. Remediation
of PBT chemicals is a serious issue as they are very difficult to degrade
using conventional treatment methods.

Semiconductor photocatalysis is a novel green technology for the
complete mineralization of PBT chemicals. TiO, is an extensively used
photocatalysts for this purpose because of its properties such as non-
toxicity, inertness (chemically and biologically), and photocatalytic
stability [5]. It is widely regarded that ultra-fine catalyst powders
with high surface area and crystallinity are desirable to enhance the
photocatalytic activity [6]. Recycling and maintaining high activity
of photocatalysts are critical issues toward long-term photocatalytic
applications. In practical photocatalytic process, separation of these
fine powder photocatalysts from solution after the reaction is very
difficult; also the tendency to agglomerate into larger particles reduces
the photocatalytic efficiency during reuse [7]. One (1D) dimensional
systems, such as nanowires and nanorods, are the small dimension
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structures which can be used for the efficient transport of charge
carriers and optical excitations. They can be easily recovered from
reaction mixture than nanopowders [8,9]. Among different kinds of
TiO, nanostructures, nanorods/tube based materials are promising in
various fields such as dye sensitive solar cells [10], photocatalysts [11],
and medical field [12] ascribed to the characteristic features of these
1D nanostructures. In this study, we have synthesized anatase phase
TiO, nanorods for photocatalysis, through simple hydrothermal route,
followed by calcination without using any templates.

Anatase TiO, having a large band gap of 3.2 eV, limits its applications
utilizing the visible region, which consists of 45% of solar spectrum.
Significant efforts have been devoted to enhancing the efficiency of
TiO, under visible light using various methods such as metal/non-
metal doping [1,3], formation of hetero structures with organic dyes,
and photosensitive molecules [13]. Sensitization of wide band gap
semiconductors using photosensitive molecules is an efficient method
for expanding the absorption to visible region to exploit solar light
for photocatalysis. The photosensitive molecules act as an antenna
which captures the energy of sunlight and initiates the ultrafast
electron injection from the singlet excited state of the photosensitive
molecule into the conduction band (CB) of the semiconductor in
femtoseconds [14].

Organic dye nanoparticles such as perylene nanoparticles (PeNPs)
exhibit distinctive optoelectronic properties superior to their bulk
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counter parts, and they are of significant use in areas such as
biolabeling, novel luminescent materials, non-linear optics, and
chemical sensors [15,16]. Thus, they are expected to have higher
photosensitization of TiO,. However, to the best of our knowledge,
the enhancement of photocatalytic efficiency of TiO, by photosensitive
organic nanoparticles is seldom reported. Nevertheless, the applications
of PeNPs in photocatalysis are limited probably due to the poor stability
in water [16,17]. Hence, we used an innovative method to synthesize
stable PeNPs from perylene-3,4,9,10-tetracarboxylic dianhydride
(PTCDA) using D-glucosamine hydrochloride (GAH) which acts
both as reducing and stabilizing agent. The as-prepared PeNPs are
incorporated into pure anatase phase TiO, nanorods (PNRs,), and
the resulting TiO,-based nanocomposites showed greatly enhanced
photocatalytic activity under solar light as compared to those of bare
TiO, and most active photocatalyst, Degussa P25.

2. EXPERIMENTAL

2.1. Materials and Methods

Analytical grade titanium (IV) isopropoxide [TIP, Ti(OC;H7),],
[PTCDA, C24H806], [GAH, C6H14CINO5], rhodamine B [RhB,
CygH3,CIN,O4], and R (C¢HgO,) were purchased from Sigma-Aldrich
chemicals. Potassium hydroxide (KOH), (4-CP, C4HsOCI), and (SA,
C;H¢O;) were purchased from Merck (India). All chemicals were used
without further purification. Deionized water was used throughout the
experiments.

2.2. Experimental Procedure

2.2.1. Synthesis of PeNPs

PeNPs for sensitization of TiO, were synthesized in a single step from
PTCDA by chemical reduction technique employing a biologically
active molecule GAH GAH [18]. 1 ml solution of PTCDA in acetone
(1.3 mM) was injected by a micro syringe into 30 ml of GAH aqueous
solution (25 mM) with vigorous stirring at room temperature. The
mixture was stirred well to disperse the PeNPs in water. The formation
of PeNPs was identified by the development of fluorescent yellow color
and was confirmed by ultra violet (UV)-visible absorption spectra and
fluorescence spectra.

2.2.2. Synthesis of TiO, photocatalysts

3.0 ml of TIP was pipetted into a clean dry beaker and 18.0 M KOH was
added with stirring until the formation of white precipitate was ceased.
The precipitate was stirred well for overnight and was transferred
into stainless steel Teflon lined autoclave and the reaction proceeded
at 150°C for 48 h. After the completion of autoclave treatment, it
was allowed to cool down at room temperature. The precipitate was
filtered, washed with deionized H,O followed by very dil. HCI till pH
7.0 is obtained. Finally, the precipitate was washed with acetone and
dried at 80°C to get hydrogen titanate and is designated as HT. HT was
calcinated at 420°C and 520°C for 4 h and the products were designated
as HT4y and NRs,, respectively. Figure 1 shows the diagrammatic
representation of synthesis of photocatalysts.

2.2.3. Synthesis of TiO, photocatalysts modified with PeNPs
The sample, NRs,g (0.2 g) was dispersed in the as prepared PeNPs. To
this 20 ml of deionized water was added and the mixture was stirred
well for 60 min and dried to get TiO, modified with PeNPs which is
designated as PNRs».

2.3. Characterizations

X-ray diffraction patterns (XRD) of the synthesized samples were
obtained on a Rigaku Miniflex 600 diffractometer using Cu Ko
(A=0.15418 nm) radiation in the range of 20°-60°. Fourier-transform
infrared (FT-IR) spectra were analyzed in a Bruker Alpha FT-IR/
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Figure 1: Schematic diagram for the synthesis of photocatalysts.

NIR Spectrometer. Photoluminescence emission (PL) spectral
measurements were made using spectrofluorophotometer SL174
at an excitation wavelength of 300 nm using 150W Xenon lamp
as excitation source. The high resolution transmission electron
microscopic (HR-TEM) image of the sample was obtained on
a JEOL JEM-2100 field emission electron microscope. Diffuse
reflectance spectra of the samples were analyzed using Jasco V-770
spectrophotometer.

2.4. Photocatalytic Activity Study

Photocatalytic activity was measured with Heber solar simulator
(Heber Scientific, model no: HMV-88123) which consists of tungsten
halogen lamp (as visible light source) and mercury vapor lamp
(as UV light source) along with A.M 1.5G filter. A M 1.5G gives a
standard solar spectrum measured on earth. Photocatalytic activity of
the synthesized samples was assessed by studying the photocatalytic
degradation of RhB dye. For a typical photocatalytic experiment,
0.03 g of the synthesized sample was suspended in 25 ml of 15 ppm
RhB aqueous solution. The resulting suspension was equilibrated by
stirring in the dark for 30 min. To study the photocatalytic degradation
under sunlight, RhB-photocatalyst suspension was kept under solar
irradiation at room temperature. The samples were withdrawn at
different time intervals and centrifuged at 6000 r.p.m. to separate the
photocatalyst. The absorbance of RhB was measured at 553 nm using
a Systronics 2203 double beam spectrophotometer. It was observed
that no detectable degradation of RhB occurs without photocatalyst
or solar irradiation alone. Further, the catalyst was applied for the
degradation of model endocrine disruptor phenolic compounds such
as (4-CP, 20 ml of 30 ppm), (R, 20 ml of 30 ppm), and (SA, 20 ml
of 100 ppm) under sunlight. The photocatalytic degradation of 4-CP,
Rm and SA was studied by measuring the absorbance at 280, 274, and
302 nm, respectively, using a UV-vis spectrophotometer. The presence
of active radical species and their role on photocatalysis was tested
by trapping the active species using some sacrificial agents. Isopropyl
alcohol (IPA), ascorbic acid (AA), and triethanolamine (TEOA) were
used as hydroxyl free radical (OH), superoxide anion radical (O5),
and hole (h") scavenger, respectively. The experimental procedure
involves the addition of 1mM of scavengers to photocatalyst-dye
solution (0.03 g, 25 ml of 15 ppm RhB). The mixture was then exposed
to solar irradiation and the changes in the concentration of RhB were
monitored at 553 nm.
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3. RESULTS AND DISCUSSION

The mechanism of formation and characterization of PeNPs is
previously reported by our group [18]. UV-vis absorption spectra of
PTCDA-GAH solution at different reaction time intervals confirmed
the formation of PeNPs. There was a decrease in intensity of UV
region peak (265 nm) attributed to the intense band system of perylene
aggregates while the intensities of visible region peaks (437 and
465 nm) increased confirming the formation of PeNPs (Figure 2a).
Strong emission peaks around 483 and 513 nm (Figure 2b) originated
from free exciton states of quasi-spherical PeNPs in the PL emission
spectrum also established the formation of PeNPs.

3.1. FT-IR Analysis

FT-IR spectra of NRs,y and PNRs,, are shown in Figure 3. The bands
observed at 1637 and 3340 cm™ are due to bending and stretching
vibrations of the -OH group of chemisorbed/physisorbed water
molecules on TiO, surface [19]. The presences of sharp signals in
the range of 600-1000 cm’ are typical for the O-Ti-O vibrations in
TiO, [20]. The bands at 795 and 3340 cm’' are blue shifted to 801
and 3378 cm’, respectively, while the bands at 962 and 1637 cm™
are slightly red shifted to 952 and 1630 cm’, respectively, in PNRs».
The shifts in absorption peaks indicate the direct interaction of PeNPs
with TiO, nanorods. In PNRs,,, four additional peaks at 1348, 1476,
2852, and 2922 cm’ were observed and are due to C-N, C=0, and
C-H stretching vibrations of perylene [20] confirming the presence of
PeNPs in PNRs,,.

3.2. XRD Analysis

The powder XRD patterns of HT, HT40, NRsyo, and PNRsy, in the
range 20°-60° are shown in Figure 4. The samples, HT and HTy,,
show diffraction peaks corresponding to hydrogen titanate of the
formula H,TisO;,.3H,0 [JCPDF no: 44-0131]. H,TisOy; is thermally
unstable and as the calcination temperature increases, the peaks
belong to hydrogen titanate phase disappear and the anatase phase
TiO, [JCPDS no: 21-1272] becomes the main crystal form [8,9]. A
decrease of the interlayer spacing occurs mainly due to the dehydration

wavelength of X-ray used (A=0.15418 nm), § and 6 are full width at
half maximum intensity (FWHM) (in radian) of XRD diffraction lines
and half diffraction angle 26, respectively, and are given in Table 1.
Compared to HT, crystallite size of HT,y was decreased (9.04-7.5)
attributed to the increase in FWHM with increasing calcination
temperature resulted in the breaking of titanate nanostructures [21].
There was an increase in crystallite size of samples observed as
calcination temperature increased from 420 to 520°C. The decrease of
the FWHM with increasing calcination temperature could be due to the
coalescences of grains at higher temperatures thus leading to increase
in the average crystallite size due to improvement of crystallinity of
nanostructures [22].

3.3. Morphological Analysis

Morphology of NRsy, was studied using HR-TEM analysis
(Figure 5a-c) and the result shows that NRs,, exists as nanorods.
These nanorods were not interconnected and are randomly oriented.
Figure 5c shows the lattice fringes of NRsyo with d-spacing of 0.33 nm
which confirms the single crystalline nature of nanorods. These results
clearly confirm that NRs,, nanorods have pure anatase phase single
crystalline structure grown along (101) direction, which is in good
agreement with XRD results.

3.4. Diffuse Reflectance Spectra Analysis

The optical properties of the samples were studied using UV-Vis
diffuse reflectance spectroscopy (DRS) and the results are shown in
Figure 6. All samples exhibit the characteristic absorption band around
400 nm attributed to the intrinsic transition from the valence band to
the CB of the nanostructured TiO, [23]. The absorption band edges of
HT, HT4,9, and NRsjg are 439, 433, and 400 nm, respectively. As the
calcination temperature increases, the absorption edges show blue shift
attributed to the differences in the surface nanostructures along with
increase in crystallite size [23]. Titanate nanostructures (HT, HT,50)

Table 1: Crystallite size of synthesized samples.

. S 1 Crystallite si
of interlayered OH groups [21]. XRD patterns demonstrate that both Amp’e rystallite size (nm)
NRs,0 and PNRs; consist of pure anatase phase TiO,. There were no HT 9.04
peaks corresponding to PeNPs in the XRD spectrum of PNRs,, and may HT4y 7.5
be due to the low amount of PeNPs used for modification. Crystallite NRs» 16.10
sizes of the prepared samples were estimated using Scherrer’s 6.3
equation; Dxgrp = 0.9 A/B cos6, where D is the crystallite size, A is the PNRs2 16.
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Figure 2: (a) Ultra violet-vis absorption spectra of perylene nanoparticles suspension at different time intervals (inset shows the
enlarged view of absorption spectra in the range 400—500 nm) and (b) emission spectrum of PeNPs suspension at an excitation

wavelength of 380 nm (Jesty et al., 2017).
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Figure 4: X-ray diffraction patterns of (a) HT, (b) HTyy,
(C) NR520, and (d) pNRSQO.

show low band gap values ascribed to their hybrid structures [24].
Addition of PeNPs to NRsj resulted in the red shift of absorption edge
of NRsyo (400 nm—453 nm). PNRs,y shows shoulder peaks at 408,
437, and 470 nm and the peaks at 408 and 437 nm are attributed to
the perylene monomers [25]. The v=0 — v’=1 transition shown by
perylene containing compounds was observed at 470 nm [26]. The
band gaps (E.g., eV) of the samples were calculated using the equation,
E.g.,=1239.8/A where A is the wavelength (nm) of absorption edges in
the spectrum and are given in Table 2.

The nature of the band gap (either an indirect or direct transition) was
determined using the power expression, (cthv)" = K; 4 (hv—Eg), where
Eg is the band gap energy, o is the absorbance, hv is the absorption
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Table 2: Band gap values of synthesized samples.

Samples Band gap value Band gap value obtained
obtained from from (ahv)2 against hv
Eg=1239.8/A (in eV) plot (in eV)
HT 2.82 2.83
HTy0 2.86 2.86
NRsy 3.10 3.10
PNRsyg 2.73 2.73

energy, and K;4 is the absorption constant for an indirect (subscript
1) or direct (subscript d) transition corresponding to 1/2 and 2 for n,
respectively [21]. Figure 7 shows the plots of (cthv)? against photon
energy hv (eV) and the band gap energies are in agreement with onset
energy observed in the absorption spectra confirming that the band
gap is attributed to the direct transition. The lower band gap energy
along with significant red shift of absorption edge in PNRs,, compared
with NRs,o is due to the presence of photosensitive PeNPs, which
subsequently results in the efficient utilization of sunlight.

3.5. Photoluminescence Spectra Analysis

PL spectra were used to investigate the efficiency of charge carrier
trapping, migration, transfer, and the fate of photo-induced electrons
and holes in the semiconductor. Room temperature PL emission spectra
of HT, HT 4,9, NRs,0, and PNRs,g at an excitation wavelength of 300 nm
are shown in Figure 8. All samples show peaks in the range 420-430
and 460-470 nm. The broad peak at 420—430 nm is arising from band
edge free excitons while one at 460—470 nm is resulting from binding
excitons [27]. Calcinated samples HT,, and NRs;, showed lower PL
intensities compared to HT indicating the reduced recombination rate
of photo-induced charge carriers under visible light irradiation. PNRs;,
shows weaker emission intensity compared to NRs,g, ascribed to the
efficient separation of photogenerated charge carriers and the peaks
observed in the range 445-500 nm are due to the emission from the free
excited states of quasi spherical PeNPs [18].

3.6. Photocatalytic Activity Studies

Photocatalytic efficiencies of as-synthesized photocatalysts were
evaluated by monitoring the photocatalytic degradation of RhB (25 ml
of 15 ppm) under sunlight and results are shown in Figure 9. It is clear
from the figure that the degradation of RhB without any photocatalyst
is negligible which confirms that the decolorization of RhB dye takes
place only by photocatalysis and not by photosensitization [28].
As the calcination temperature of samples is increased, rate of
RhB degradation was increased implying the effect of calcination
temperature on photocatalysts. TiO, nanorods modified by PeNPs
(PNRs,0) exhibited efficient photocatalytic activity compared to other
samples and most active commercial photocatalyst, Degussa P25.
The order of photocatalytic activity of synthesized samples was in the
order, HT< HT420 < NR520 < Degussa P25 < PNR520. PNR52() shows the
highest photocatalytic activity and gave complete degradation of RhB
within 60 min of solar irradiation. It is reported that the degradation
of RhB dye molecules occurs either through the cleavages of all-
conjugated structures or through N-de-ethylation [29]. In this study,
the degradation is through the cleavage of conjugated structures as the
absorption peak position of RhB dye, remains constant with decrease
in intensity with respect to time, as shown in Figure 9 (inset) [29].

Photocatalytic degradation of phenolic compounds such as 4-CP, R,
and SA, the common endocrine disruptors usually found in the waste
waters of industries, was studied using NRs,), PNRs,, and Degussa
P25 and results are depicted in Figure 10. Photocatalytic degradation
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Figure 6: Diffuse reflectance spectroscopy (DRS) spectra of
(a) HT, (b) HT 429, (¢) NRsyg, and (d) PNRs,, (inset shows the
enlarged view of DRS spectra in the range 370—-600 nm).

efficiency of PNRs,, was found to be greater than both NRsy and
Degussa P25. PNRs;, shows high photocatalytic efficiency attributed
to the cooperative effect between TiO, and PeNPs. PNRs,, was able
to completely degrade 4-CP, R, and SA within 100, 60, and 80 min of
solar irradiation, respectively. When R was irradiated with sunlight in
the presence of the photocatalysts, formation of colored intermediates
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such as trihydroxy benzenes was indicated by slow color change of R
suspension from white to brown [30]. The intensity of brown color was
increased up to 40 min of solar light irradiation and was then decreased
as the intermediates are converted to CO, and H,O [30]. This study
proves that PNRs,, can be used for the photocatalytic degradation of
real life hazardous materials under sunlight.

It is well-known that active species such as hydroxyl radical (OH),
superoxide anion radical (0,7, and hole (h") play significant role in the
photocatalytic degradation of pollutants. To investigate the role of these
active species during photocatalysis, various active species scavengers
were used. Here, IPA [31], AA, and TEOA [32] were employed as the
scavengers for hydroxyl free radicals (OH), superoxide anion radicals
('05), and holes (h"), respectively. Results (Figure 11) illustrate the
influence of active species scavengers on the degradation of RhB
under solar light irradiation. A significant suppression of photocatalytic
activity is seen after the addition of IPA, AA, and TEOA, confirming
the essential roles of hydroxyl free radicals (OH), superoxide anion
radicals ('O,), and holes (h"), respectively, in the photodegradation
process. Thus, photocatalytic degradation of RhB dye by PNRs, is
governed by ‘OH, ‘O, and h".

These observations would support the mechanism of pollutant
degradation using PNRs,, and are shown in Figure 12. When PNRs;,
was irradiated by sunlight, PeNPs get excited (PeNPs*) and the
rapid electron (e") transfer occurs between PeNPs* and TiO, [Egs.
(1) - (2)]. The estimated reduction potential of perylene is —1.68 eV
vs. NHE [33] which is sufficiently negative than that of CB edge of
TiO, [-0.98 eV vs. NHE] [34] indicating that the electron transfer
from PeNPs* to TiO, is favorable thermodynamically. Hence, the
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Figure 8: Room temperature photoluminescence emission
spectra of (a) HT, (b) HT 4,0, (c) NRs, and (d) PNRs».

adsorbed PeNPs* can inject its ¢ to the CB of TiO,. Molecular oxygen
in ambient atmosphere scavenges electrons from the CB of TiO,
to produce superoxide (‘O,) radicals [Eq. (3)]. The charges would
subsequently transform to the surface of the photocatalyst to react
with water and dissolved oxygen to generate ‘O, and hydroxyl (OH)
radicals or interact with pollutants directly. 'OH is also formed when
the photogenerated electrons react with protons and dissolved oxygen
(Oy) [Egs. (4) - (7)]. The radicals were able to oxidize the pollutant
molecules into CO, and H,O due to their high oxidative capacity. The
photogenerated charge carriers [holes (h") and electrons (¢7)], O, and
'OH radicals thus formed are mainly responsible for the degradation
of pollutants through its successive attacks through formation of
several intermediate products. The overall interfacial charge transfer
reaction may be summarized as

TiO,+hv—TiOy+e +h* (1)
PeNPs =22 PeNPs * o
KROS Publications
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Figure 9: Photocatalytic degradation of rhodamine B (RhB)
by (a) HT, (b) HT40, (¢) NRyy, (d) PNRsy0, (¢) Degussa P25,
(f) RhB alone (inset shows ultra violet-vis absorption spectra
of the time dependent photodegradation of RhB dye in the
presence of PNRs»().
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Figure 11: Photocatalytic degradation of rhodamine B by (a) PNRs,, alone, (b) PNRs,,-AA, (c) PNRs,-IPA, and (d) PNRsy-

triethanolamine.

3.7. Recycling Capacity of the Catalyst

For the assessment of stability and reusability of the synthesized
photocatalyst, PNRs,, was used for the degradation of different
solutions of RhB in four consecutive experiments while keeping the
same reaction conditions (0.03 g catalyst + 25 ml of 15 ppm RhB, and
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60 min of solar irradiation). Catalyst was recovered by centrifugation
after each experiment and before next experiment; it was dried in an
air oven and powdered well. Photocatalysts retain their high catalytic
activity after being recycled 4 times, as shown in (Figure 13a and b)
presents the FT-IR spectra of the PNRs,, photocatalyst before and after

www.ijacskros.com



Indian Journal of Advances in Chemical Science

2020; 8(4): 140-149

light

h ot
NRsy

> HO —=OH

/'\
H,0, 'OH

i

Pollutant ——CO,, H,0

Figure 12: Mechanism of pollutant degradation using PNRs,, under solar light.
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Figure 13: (a) Cyclic runs of PNRsy, for the degradation of RhB under solar irradiation and (b) Fourier-transform infrared spectra

of PNRs,, photocatalyst before and after 4 cyclic runs.

four recycling runs for the photocatalytic degradation of RhB under
solar irradiation. It is evident from FT-IR spectra that the spectrum of
the recycled photocatalyst after photodegradation reactions was same
as that of the fresh photoctalyst. These results indicate that PNRs,, has
high chemical stability and is recoverable and reusable.

4. CONCLUSIONS

TiO, nanorods modified with PeNPs (PNRs,,) showing high
photocatalytic activity under sunlight were synthesized. TiO, nanorods
were prepared through simple hydrothermal route, followed by
calcination without using any templates. PeNPs were synthesized using
GAH which acted both as reducing and stabilizing agent. DRS analysis
showed that the addition of PeNPs red shifted the absorption edge of
TiO, from 400 nm to 453 nm, resulting in the reduction of bandgap
from 3.10 to 2.73 eV. HR-TEM analysis revealed that the synthesized
anatase TiO, exists as nanorods. TiO, nanorods modified with PeNPs
(PNR3;0) could degrade common endocrine disruptors such as 4-CP, R,
and SA and are superior photocatalysts than the most active commercial
photocatalyst, Degussa P25. Active species scavenging experiment
showed that ‘OH, ‘O, and h" are responsible for the degradation of
pollutants. This study reveals that the incorporation of photosensitive
organic nanoparticles like PeNPs to TiO, significantly enhances its
visible light absorption and consequently improves its photocatalytic
efficiency under solar light.
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