Open Access Article. Published on 28 April 2025. Downloaded on 6/21/2026 6:58:11 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

¥® ROYAL SOCIETY

Materials
PP OF CHEMISTRY

Advances

View Article Online

View Journal | View Issue

Superior photocatalytic degradation of Reactive
Orange 16 by Ag—AgCl/BiOCl nanocomposites
under visible lightf

’ '.) Check for updates ‘

Cite this: Mater. Adv., 2025,
6, 3957

Kamya Jasuja® and Raj Kumar Das (2 *3°

Due to unregulated dumping, the concentration of reactive dyes in wastewater has consistently
increased. To mitigate their harmful nature, successful eradication becomes crucial. In this regard,
Ag—-AgCl-BiOCl nanocomposites were constructed utilizing a simple co-precipitation approach to
evaluate the photocatalytic degradation activity towards Reactive Orange 16 in the presence of visible
light. The synthesized catalyst was characterized using different methods, including field emission
scanning electron microscopy (FESEM), high-resolution transmission electron microscopy (HRTEM),
X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), diffuse reflectance spectroscopy (DRS),
etc. Furthermore, XPS spectra show the co-existence of Ag(0) and Ag(+1) in the nanocomposite. The
loading of Ag—AgCl results in lowering of electron—hole pair recombination and charge transfer resis-
tance. As a result, AB10 outperformed all other nanocomposites in terms of photocatalytic activity,
achieving 92% in 90 minutes. The control experiments suggest that holes act as the reactive species in
the photocatalytic reactions, whereas electrons, hydroxyl radicals, and superoxide anions do not partici-
pate in the degradation process. Remarkably, Bi(i) acts as an electron scavenger to afford Bi(0). Ag(0), as
well as the in situ generated Bi(0),
degradation efficiency owing to the localized surface plasmon resonance phenomenon. Furthermore,

can play an imperative role in improving the photocatalytic
Received 7th February 2025,
Accepted 25th April 2025 high-resolution mass spectroscopy (HRMS) confirms the presence of smaller fragments, resulting in a
DOI: 10.1039/d5ma00105f more in-depth understanding of the photocatalytic degradation process. The synthesized catalyst is
exceptionally stable and recyclable. As a result, the photocatalyst has the potential to eliminate the

rsc.li/materials-advances reactive dye from wastewater.

These dyes are xenobiotic compounds that, besides being
carcinogenic and genotoxic, can adversely affect water quality

1. Introduction

The substantial expansion of the textile sector has led to
environmental hazards because of the effluents that include
strong concentrations of coloring agents—reactive dyes and
other organic and inorganic compounds.’™ A chromophore in
reactive dyes possesses a substituent that interacts with the
substrate to establish a covalent connection during the dyeing
process. They possess excellent wet fastness, providing them an
edge over other dyes constrained by physical adsorption or
mechanical entrapment.” Unfortunately, a substantial portion
of the dyes does not get attached with the textile during the
dyeing process and is discharged directly into the environment.
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due to their coloration, elevated pH, chemical oxygen demand,
and limited biodegradability. These dyes can lead to health
complications such as asthma, allergic conjunctivitis, hemor-
rhages, and central nervous system diseases.®*° Even at mini-
mal concentrations (below 1 ppm), these colours adversely
affect aquatic ecosystems. Consequently, the elimination of
these harmful pollutants from wastewater is imperative and
vital. Adsorption coagulation, flocculation, and biological treat-
ments are widely employed methods for the treatment of
industrial effluents to eliminate these pigments.'’ Photocata-
Iytic degradation is acknowledged as one of the most efficient
techniques for the removal of industrial effluents, as it eradi-
cates them completely instead of merely transferring them
from one source to another. Photocatalysis refers to the accel-
eration of a photoreaction facilitated by a catalyst. The tetra-
gonal matlockite structure of BiOCl is characterized by [Bi,0,]
slabs that are interspersed with double halogen slabs. The
multilayered structure of BiOX results in inherent static electric
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fields, which provide adequate space to generate atom and
orbital polarization. Due to its chemical stability, anti-corrosive
properties, and nontoxicity, BiOCI functions as an efficient
photocatalyst.'*'* BiOCl possesses a wide band gap. So, it
predominantly absorbs in the ultraviolet region. Moreover,
the rapid electron-hole pair recombination limits the activity
of bare BiOCI as a photocatalyst. Consequently, loading with
other metals and nonmetals and constructing heterojunctions
with other semiconductors can enhance its reactivity.'* Nowa-
days, silver halides have emerged as a new generation of
semiconductors due to their various properties, such as high
photosensitivity and the ability to absorb visible light, making
the material more efficient in degrading the target
pollutant.’**> Moreover, the synthesis of silver halides often
leads to the formation of metallic silver (Ag) via in situ
reduction. The presence of Ag can be highly beneficial for
photocatalytic reactions, due to the localized surface plasmon
resonance (LSPR) effect.'>'® The LSPR effect enhances the
visible light sensitivity of the materials and produces high-
energy excitons that dissipate through the phonons, thereby
resulting in high lattice temperature.’” Such effects can lead
to substantial improvement in the photocatalytic degradation
efficiency."'® The synergistic impact of Ag and AgCl, in which
Ag nanoparticles work as an electron donor and AgCl promotes
electron-hole pair separation and light absorption, boosts the
photocatalytic degradation efficiency towards the target
pollutant.’®*" Zhou and coworkers discovered that Ag/AgCl/
BiOCl degrades methyl orange (MO) by up to 97% in 60
minutes under visible light irradiation.* Zhao and coworkers
also demonstrated that Ag/AgCl/BiOCl eliminates Rhodamine B
(RhB) dye up to 97% in 50 minutes.*

Recent investigations have shown the exceptional photoca-
talytic degrading efficacy of BiOCl-based composites. Using a
hydrothermal technique and in situ preparation, the Ag@ZnO/
BiOCI composite was efficiently synthesized to study the photo-
degradation of tetracycline hydrochloride. In the presence of
simulated solar light, the modified sample has a degradation
efficiency of 80.4%.>*%°

Unfortunately, the complex structure and high durability of
reactive dyes make photocatalytic degradation of reactive dyes
extremely challenging. The principal goal of this work was to
examine the photocatalytic degradation efficiency of a reactive
dye (Reactive Orange 16) using a non-toxic photocatalyst that is
prepared by using the co-precipitation technique. This study
demonstrates the synthesis of different hybrid composites with
different loadings of Ag-AgCl on BiOCl and the evaluation of
their photocatalytic degradation efficiency for the elimination
of Reactive Orange 16.

2. Materials and methods
2.1. Reagents and chemicals used

Reactive Orange 16 (RO16) was procured from Sisco Research
Laboratory (SRL), India. Silver nitrate (AgNO;) and glacial acetic
acid (CH3;COOH, 99.5%) were sourced from Fisher Scientific.
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Sodium chloride (NaCl) and bismuth nitrate pentahydrate
[(Bi(NO3);-5H,0)] were acquired from Loba Chemie Private
Limited. Deionized water (DI) was produced utilizing the
Milli-Q, Millipore ultrafiltration system. Absolute ethanol
(99%) was purchased from Changshu Hongsheng Fine Chemi-
cals Co. Ltd. Fluorinated tin oxide (FTO) glasses (resistance <
10 Q) were procured from Vritra Technologies. Carbon black
powder (CB) and polyvinylidene fluoride (PVDF) were bought
from Nanoshell and Sigma Aldrich, respectively.

2.2. Preparation of BiOCl

The co-precipitation method was employed to synthesize bis-
muth oxychloride (BiOCl). Initially, 3 mmol (1.45 g) of Bi
(NO3)3-5H,0 was dissolved in 10 mL of glacial acetic acid.
Solution A was produced by adding 30 mL of deionized water
to the solution and stirring it for 1 hour after complete
dissolution. To prepare solution B, 30 mL of DI water was
combined with 3 mmol (0.175 g) of NaCl, stirring it for 1 hour.
Solution B was subsequently added to solution A in a gradual,
dropwise manner, resulting in the formation of white precipi-
tates. After that, the suspension was subjected to stirring
for 12 hours. The suspension was subsequently centrifuged.
The desired BiOCl product was obtained by washing the pre-
cipitate thrice with DI water and ethanol and subsequently
dried at 60 °C.”°

2.3. Preparation of Ag-AgCl loaded BiOCl

Using a coprecipitation technique, Ag-AgCl/BiOCl was synthe-
sized. For this, 3.25 g of Bi(NO3);-5H,0 was dissolved in 25 mL
of glacial acetic acid. After complete dissolution, 75 mL of DI
water was added to the above solution, and this solution was
marked as A. Moreover, for solution B, 0.875 g of NaCl was
dissolved in 75 mL of DI water. Both the solutions (solution A
and B) were left to stir for 1 hour. For synthesizing AB1, 0.0325 g
of AgNO; was added to solution A, and thereafter solution B
was gradually poured into solution A to facilitate the precipitate
formation. The final reaction mixture was allowed to stir for
16 hours (Scheme S1, ESIt). Afterward, the solid was separated
by centrifugation and washed with DI water and ethanol, and
dried at 60 °C. Similarly, 0.1625, 0.325, and 0.4875 g of silver
nitrate were used to prepare AB5, AB10, and AB15 heterostruc-
tures, respectively.”’

2.4. Preparation of thin films

Using the drop-cast method, the working electrodes for electro-
chemical impedance spectroscopy (EIS) were prepared. A
smooth paste was achieved by mixing NMP (40-60 pL) and
PVDF (1 mg). Additionally, 1 mg of CB was added and then
blended for 15-20 min. Following this, 8 mg of the relevant
material (BiOCl and AB10) was incorporated, resulting in a
homogenous mixture. Afterward, the homogeneous paste was
then drop-cast onto fresh FTO glass films and subsequently
dried for 12 hours at 80 °C.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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2.5. Characterization

A variety of characterization methods were employed to
examine the crystallinity, composition, and surface morphol-
ogy, along with other physicochemical properties of the
synthesized photocatalyst. The crystallographic properties
were evaluated using X-ray diffraction (XRD). The apparatus
employed was an X'Pert pro24 Cu-Ko (1.54 A) operated at
45 kv, with a diffraction angle configured at 20 (5-90°).
Energy dispersive spectroscopy (EDS) and field emission
scanning electron microscopy (Carl-Zeiss Sigma 500, FESEM)
were employed to analyse the structural morphology. More-
over, high-resolution transmission electron microscopy
(JEOL JEM 2100 plus, HRTEM) was used to analyse the
crystallinity and morphology. The oxidation states and elec-
trical properties of the material were assessed using X-ray
photoelectron spectroscopy (XPS). A UV-visible spectrophot-
ometer (Shimadzu UV-2600) was employed to determine the
diffused reflectance spectra (DRS). A mass spectrometer
(Waters QTOF), equipped with XEVO G2 XS UHPLC and
integrated APCI and ESI ionisation sources, was utilised for
high-resolution mass spectrometry (HRMS) to detect the
intermediates. Electrochemical impedance spectroscopy
(EIS) tests were conducted in the dark at 0.55 V vs. RHE
using a Biologic VSP300 potentiostat, within a frequency
range of 1-10° Hz. The system comprised three electrodes:
sample loaded on fluorine-doped tin (FTO) glasses, standard
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Fig. 2 XRD patterns of BIOCL, ABL, ABS5, and AB10.

calomel electrode and platinum (Pt), which functioned as the
working electrode, reference electrode and counter electrode,
respectively, with 0.1 M sodium sulphate (Na,SO,) solution.
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(a) UV-visible DRS of BiOCl and hybrid-composites and Tauc plot showing (b) band gap and (c) band gap values at the adsorption edge.
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Fig. 3 FESEM images of BiOCl (a) and (b) and AB-10 (c) and (d).

2.6. Photodegradation studies

The degradation efficiencies of the synthesized catalysts
towards photodegradation of RO16 were assessed in the
presence of visible light. Initially, test tubes containing 10 mL
of reactive dye solution were added with 7.5 mg of photocata-
lyst. Afterwards, the mixture was stirred for 30 minutes in the
dark to ensure adsorption-desorption equilibrium. Subse-
quently, the reaction mixtures were irradiated with visible light
using aWipro Garnet B22-50 W LED (wavelength of greater than
360 nm and light intensity of 5000 lumens) for 90 minutes.
Then the mixture was subsequently centrifuged to isolate the
catalyst. The concentration of the reactive dyes was determined
using a Shimadzu UV-2600 spectrometer for UV-visible spectro-
scopy by monitoring the absorbance at 490 nm.

The photodegradation efficiencies were computed by the
following eqn (1)

Ay— A
0

Photodegradation effciency (%) =

x 100% (1)

Fig. 4
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where A, = initial absorbance of the reaction mixture and A =
final absorbance of the reaction mixture.

3. Results and discussion

3.1. DRS studies

UV-visible diffuse reflectance spectroscopy was used to study the
optical properties of the prepared BiOCl and its composites. The
absorption edge of BiOCl was measured within the region of 270-
305 nm. Moreover, the electronic spectrum of AB10 exhibits a
significant absorbance in the range of 400-800 nm, attributed to
the LSPR effect of Ag-AgCl as illustrated in Fig. 1a, which can
enhance the degradation efficiency considerably.’®*° The bare
BiOCI has a band position of 3.24 eV. The composites exhibit a
gradual decrease in band gap from 3.24 eV to 3.14 eV, as illustrated
in Fig. 1b. The band gap decreased to 3.14 eV when Ag-AgCl
loading was increased to 10. The band gap values at the absorption
edge were found to be in the range of 3.36 to 3.42 eV (Fig. 1c).

3.2. XRD studies

XRD analysis was executed to ascertain the phase purity and
crystallinity of the prepared sample. Peaks were observed at
12.26°, 25.94°, 32.61°, 33.54°, 34.91°, 36.51°, 40.90°, 46.81°,
48.43°, 49.81°, 53.27°, 54.24°, 55.18°, 68.27°, 75.65°, and
77.72°, respectively. These 20 values corresponded to the
(001), (002), (101), (110), (102), (003), (112), (201), (113), (202),
(211), (104), (212), (114), (214), and (310) planes, indicating
tetragonal symmetry, which was well matched with the tetra-
gonal BiOCl (ICDD no: 85-0861)."° According to ICDD no. 31-
1238, the planes (111), (200), (220), and (420) were seen at 20
values of 27.9°, 32.2°, 46.3°, and 76.9°, respectively, which
correlated to the formation of AgCl (Fig. 2).>**"

3.3. Morphology

FESEM was employed to examine the surface morphology of
pure BiOCl and its composites with Ag-AgCl, the sample

51/ nm

(a)-(d) HRTEM images of AB-10, (e) lattice fringes and (f) SAED pattern.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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labelled AB10, as illustrated in Fig. 3. Pure BiOCI exhibited an
irregular, plate-like morphology, (Fig. 3a and b). Furthermore,
(Fig. 3c and d), a flower-like shape is observed for Ag-AgCl-
BiOCl. HRTEM was employed to assess the morphology and
interior structures in greater detail (Fig. 4a-d). The HRTEM
images clearly demonstrate the proper incorporation of pure
BiOCI and Ag-AgCl particles. Additionally, it was found that the
fringe width measured 0.28 nm (Fig. 4e),*®*** which is char-
acteristic of the crystallographic (110) plane of BiOCl, suggest-
ing the retention of crystallinity in pure BiOCl within the

View Article Online
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composite. The SAED pattern displays concentric rings with
luminous spots, corresponding to the specific crystallographic
planes (001), (102), and (110), which align with the tetragonal
symmetry of BiOCl. This additionally confirms the develop-
ment and crystallinity of the nanocomposite, as depicted in
Fig. 4f. EDS mapping was utilized to determine the elemental
composition of the synthesized catalyst. All components in
Fig. S1 (ESIt) were uniformly distributed across the surface,
demonstrating the absence of additional elements in the
produced sample.
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Fig. 5 XPS spectra of AB10 showing (a) survey spectrum, (b) Bi 4f, (c) O 1s, (d) Cl 2p and (e) Ag 3d patterns.
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3.4. XPS studies

XPS studies were performed to study the atomic composition
and oxidation states in AB10 (Fig. 5). All the constituent
elements were in the sample based on the XPS survey spectrum,
as shown in Fig. 5a. The existence of Bi*" in the composite was
confirmed by two distinct peaks, located at 159.3 eV and
164.6 eV, which are associated with Bi 4f,, and Bi 4f;),,
respectively>*** (Fig. 5b). Additionally, the O 1s spectrum
(Fig. 5¢) has four binding energies at 530.1 eV and 530.6 eV,
which confirms the presence of Bi-O and the O-Cl linkages,
respectively.®® Moreover, the peaks at 533.1 eV and 532.3 eV are
characteristic of the physisorbed and chemisorbed water mole-
cules, respectively (Fig. 5d). The Cl 2p signals at 198 eV and
199.4 eV are due to Cl 2p;/, and Cl 2p;,, respectively; moreover,
Ag 3d;,, and Ag 3ds), signals (Fig. 5e) at 368.1 eV and 374.1 eV,
respectively, confirm the presence of monovalent Ag. Further-
more, the analogous peaks at 375.4 eV and 369.5 eV indicate
the presence of zerovalent silver in the composite.*®

3.5. Photoluminescence spectra

The variation in electron-hole pair recombination in the
synthesized catalysts was investigated using photolumines-
cence (PL) spectroscopy (Fig. 6). It was observed that the AB10
composite has much lower emission intensity. Such observa-
tion confirms that loading Ag-AgCl over the BiOCI surface
reduces the charge carrier recombination rate.’” Therefore,
the AB10 heterostructure can act as a more efficient photo-
catalyst than the bare BiOCI.

3.6. EIS studies

EIS studies were performed in the dark on BiOCl and AB10 to
investigate the parameters of charge separation. The Nyquist
plot of AB10 has a smaller radius of AB10, indicating a more
facile charge transfer in it compared to pristine BiOCI. Further-
more, these findings imply that the loading of Ag-AgCl facil-
itates the transfer of charge from BiOCI to its surface, thereby

BiOCl
562 nm — AB10
3
2
£
wn
=
]
=
I
530 540 550 560 570 580 590 600
Wavelength (nm)

Fig. 6 PL spectra of BiOCl and AB10.
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Fig. 7 EIS Nyquist plot of BiOCl and AB10.

lowering the resistance.® As a result, AB10 can work as an
efficient catalyst (Fig. 7).

3.7. Photodegradation studies

To evaluate the photocatalytic degradation of pure BiOCl and
its composites (AB1, AB5, AB10, and AB15) in the presence of
visible light. Initially, the mixture was stirred in the dark for
half an hour to achieve adsorption-desorption equilibrium.
Moreover, visible light was exposed to the solution for 90
minutes. The degrading efficiency of pure BiOCl is quite low
(Fig. 8a and b). This is explained by its limited capacity to
reduce electron-hole pair recombination, which can restrict the
number of active sites and, consequently, lower the degrada-
tion efficiency. However, from AB1 to AB10, the degradation
efficiency steadily increases as the loading of Ag-AgCl on BiOCl
increases due to less electron-hole pair recombination that
allows charge separation, which increases the degradation
efficiency to a higher degree (92%). Furthermore, due to the
reduced active sites, a further increase in Ag-AgCl loading has
no discernible effect on the photodegradation efficiency
(Fig. S3, ESIT and Fig. 8b). All the photocatalytic reactions obey
the pseudo-zero order kinetic model (eqn (2)),%° (Fig. 8c and
Table S1, EST}).

C,=Co — kt @)

where C, = the concentration at time ‘¢,” C, = the concentration
at time ¢ = 0, and k = rate constant for the pseudo zero order
reaction.

Furthermore, it was observed that AB10 has the greatest rate
constant value of 0.438(2) mol L' min~", as demonstrated in
Fig. 8d. Additionally, the values of half-life were found to vary
linearly with initial concentration, hence confirming the valid-
ity of the pseudo zero order kinetics further (Fig. S4, ESIt).

To optimize catalyst utilization, the amount of catalyst used
for the degradation of Reactive Orange 16 was adjusted, and a
difference in degradation efficiency was noticed. As the amount
of catalyst increased, the photocatalytic degradation efficiency
dropped, as illustrated in Fig. 9. There were more active sites up

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 9 Effect of catalyst loading towards Reactive Orange 16.

to 7.5 mg, resulting in the highest photocatalytic degradation
efficiency possible. As the concentration increased, particles
accumulated, thereby clogging the active sites and reducing the
degradation efficiency. As a result, a dosage of 7.5 mg of the
catalyst and pollutant concentrations of 40 ppm were used for
subsequent studies.*’

© 2025 The Author(s). Published by the Royal Society of Chemistry

3.8. Mechanistic details

3.8.1. Proposed mechanism. Based on the above findings,
the hypothesized photocatalytic degradation mechanism is

+0.04 eV
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Fig. 10 Proposed mechanistic representation for the photocatalytic
degradation of RO16.
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NH,SCN

based on electron-hole pair recombination. The band gap was
determined with the following equation:

(3)
(4)

where Eyp represents the valence band potential, Ecg depicts
the conduction band potential, y is the electronegativity of the
material, E; = band gap energy, and E. = energy of a free
electron.

The Eyg values at the absorption edge for BiOCI and AgCl are
+3.46 eV and +2.44 eV, respectively, whereas the Ecp value for
BiOCl is +0.04 eV and —0.47 eV for AgCl. Therefore, BiOCl

Byg = 7 — Ee + 0.5E,

Ecg = Evg — E;

View Article Online
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possesses a more positive electrode potential as compared to
AgCL*'™** The proposed mechanism involves electrons being
excited from the VB to the CB in order to produce an electron-
hole pair (Fig. 1c and 10), followed by the electron transfer from
the CB of AgCl to the CB of BiOCI and the hole transfer from the
VB of BiOCl to the VB of AgCl. The CB edge potential of BiOCl
(+0.04 eV) is less negative than the superoxide radical
(—0.046 eV), whereas the VB edge potential of AgCl (+2.44) is
less positive than *OH/H,O (+2.68 eV). As a result, the oxidation
of H,O to hydroxyl radicals and the reduction of dissolved
oxygen to superoxide anions are not feasible. The dye (Reactive
Orange 16) can get oxidized by holes only, while metal cations
can act as an electron scavenger.

3.8.2. Scavenger studies. To support the proposed mecha-
nism, several controlled studies were conducted. In the
presence of hole scavengers like NH,SCN, KI, and ascorbic
acid, the degradation efficiency drops to 13%, 25%, and 30%,
respectively, whereas upon addition of IPA (isopropyl alcohol)
and Ar purging, there was significantly less or no change in the
degradation efficiency as shown in Fig. 11. As a result, holes
play a vital part, whereas electrons, superoxides, and hydroxide
radicals do not play any major role in the mechanism.

3.8.3. Characterization of the recovered catalyst. In order
to confirm the reduction of metal ions, XRD, DRS, and XPS of
the recovered catalyst were performed (Fig. 12). The XRD
pattern of the recovered catalyst shows three extra peaks
centered at 38.1°, 44.3°, and 64.6°, which indicate the presence
of metallic bismuth (Fig. 12a).*>*” Furthermore, in DRS an
intense LSPR band of metallic bismuth was found, as observed
in Fig. 12b. Moreover, the band gap of the recovered catalyst
becomes slightly smaller compared to the original one (Fig. S7,

(c)
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(a) XRD, (b) DRS and (c) XPS patterns of AB10 before and after the reaction.
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ESIt). The XPS studies also confirmed the formation of zer-
ovalent bismuth as evident from the occurrence of new signals
at 156.8 eV and 162.1 eV as illustrated in Fig. 12¢.*%*°

3.8.4. HRMS studies. In order to identify the intermedi-
ates, HPLC-MS experiments were conducted to gather a deeper
insight into the mechanism (Scheme 1 and Fig. S5, S6, ESIT).
The characteristic peaks of the anionic and protonated form of
Reactive Orange 16 dye were observed at m/z 618 and 574 (D1),
respectively. Furthermore, the peaks observed at m/z 229 (D2),
340 (D3), 151 (D4), and 126 (D5) correspond to various smaller
fragments formed during the photocatalytic reactions. It has

100 p
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20 1
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Fig. 13 Reusability of AB10 up to four cycles.
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been observed that the intensity corresponding to the smaller
fragment increases with time. Such observations confirm the
photodegradation of RO16.

3.9. Reusability and stability of the catalyst

To investigate potential future uses, the stability and reusability
of the photocatalyst are crucial. At the end of the reaction, the
catalyst was recovered from the reaction mixture and utilized
further. It was found that the photodegradation efficiency of
AB10 declined to only 4% (Fig. 13) from the first to fourth cycle.
Such observation suggests that the AB10 catalyst has excellent
reusability towards the elimination of RO16. The minor
decrease in the removal efficiency can be ascribed to catalyst
loss during recovery.

In order to determine the stability of the synthesized catalyst
(AB10), FESEM studies were performed. It has been observed
that there are no significant changes in the morphology of the
as-prepared catalyst before and after the reaction (Fig. 14).

ﬁgo; Reaction

Fig. 14 FESEM of AB10 before and after reaction.
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Table 1 Comparison of the photocatalytic degradation efficiency of several reported catalysts towards Reactive Orange 16

Reactive  Catalyst dosage Intensity of Degradation Reaction
S.no. Catalyst dyes (mg L™ light (W m™2) efficiency (%) Light source time (min) Ref.
1 2C3N,-MU RO16 1000 55 95 Visible light 60 50
2 MgO/gC3N, RO16 400 39.6 82 Visible light 30 51
3 Ag/AgVO,/AgVO;, RO16 1000 300 97 Visible light 200 52
4 Ce0,/ZnO RO16 2000 300 90 Visible light 180 53
5 S,N, co-doped TiO,/graphene  RO16 333.33 500 96 Visible light 120 54
6 Ag-AgCl/BiOCl RO16 750 50 92 Visible light 90 This work
These observations confirm the high stability of the Conflicts of interest

photocatalysts.

3.10. Comparison of the degradation efficiencies

The synthesized photocatalyst (AB10) has been compared with
the existing literature (Table 1). It has to be noted that apart
from a few catalysts, our catalyst shows comparable or better
photocatalytic efficiency. However, most of these either need a
larger dosage of catalyst,”””*® higher light intensity,*”**>" or
longer reaction time.*>*" Such observation shows that com-
pared to the reported literature the AB10 composite shows a
superior photocatalytic activity.

4. Conclusions

In conclusion, this study demonstrates that Ag-AgCl-BiOCl was
synthesized utilizing a straightforward co-precipitation techni-
que for the removal of RO16 in the presence of visible light. The
controlled studies indicate that the holes were involved in the
entire mechanism. The HRMS tests show smaller fragments for
photocatalytic degradation of pollutants, which provides
further information on the mechanism. During the procedure,
Bi (+3) was reduced to Bi(0), causing the LSPR effect as observed
in the DRS of the recovered photocatalyst. Furthermore, the
photocatalyst produced is very recyclable and stable. Owing to
its low cost, low toxicity, and high catalytic activity, the synthe-
sized catalyst could be useful for eliminating reactive dyes from
wastewater.
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