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The demand to address the ongoing environmental pollution has motivated the research community 
to develop novel methodologies for the degradation of the hazaradous pollutants. This study 
presents the development of an efficient and resilient Ag/AgCl nanocomposite catalyst supported on 
NiVOx surfaces. The catalyst exhibited exceptional stability and photocatalytic performance in the 
degradation of methylene blue (MB) dye, as well as the reduction of 4-nitrophenol (4-NP) and Cr(VI) 
ions in presence of NaBH4. A theoretical study has also been performed to investigate the role of silver 
in enhancing the stability and reactivity of the nanocomposite. This work demonstrates the potential 
of Ag/AgCl/NiVOx as a promising material for addressing environmental pollution, offering a stable and 
effective solution for the degradation of hazardous pollutants.
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Environmental pollution has become one of the most pressing challenges facing the world today1. Water and soil 
contamination, particularly by hazardous organic dyes and industrial pollutants, significantly harms ecosystems 
and human health2,3. Among the many pollutants, synthetic dyes from chemical industries and persistent toxic 
substances like 4-nitrophenol (4-NP) and hexavalent chromium (Cr(VI)) are particularly harmful4–8. These 
pollutants are difficult to degrade using conventional methods, and their persistence in the environment poses 
severe risks7. Photocatalytic degradation has emerged as an effective solution to address these concerns by 
enabling the breakdown of organic pollutants and the reduction of toxic substances9,10.

Nanoparticles (NPs), particularly those based on metals such as silver (Ag), have gained significant attention 
as photocatalysts due to their ability to efficiently absorb solar energy and promote catalytic reactions11,12. 
Noble metal NPs, especially those exhibiting surface plasmon resonance (SPR), are known for their excellent 
photocatalytic properties, particularly in the degradation of organic pollutants13,14. However, challenges such 
as the recombination of charge carriers and the agglomeration of NPs limit their efficiency and stability during 
photocatalytic reactions11. To overcome these issues, researchers have turned to modifications such as embedding 
noble metal NPs within metal halides, like AgCl, to enhance their photocatalytic activity and stability15,16.

Metal oxides, such as vanadium oxide (VOx), have also attracted significant interest as supports for 
photocatalysts due to their favourable electronic structures, wide band gaps, and ability to disperse NPs 
effectively17,18. VOx is particularly advantageous because it is abundant, cost-effective, and non-toxic, making 
it a promising candidate for photocatalytic applications19,20. By combining Ag/AgCl with metal oxide surfaces, 
such as NiVOx, enhanced photocatalytic performance and improved stability can be achieved21.

In this study, we focus on the synthesis of a novel Ag/AgCl nanocomposite supported on NiVOx surfaces 
for the efficient photocatalytic degradation of methylene blue (MB) dye, reduction of 4-nitrophenol (4-NP), 
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and Cr(VI) ions in presence of NaBH4. This approach offers a promising solution for the degradation of 
environmental pollutants while maintaining high catalytic stability over multiple cycles.

Experimental section
Material used
Vanadium trichloride (VCl3) and nickel chloride (NiCl2) were purchased from E-Merck. Silver nitrate (AgNO3), 
MB dye and K2Cr2O7 were brought from Sigma Aldrich. Sodium hydroxide (NaOH) was procured from 
E-Merck. 4-Nitrophenol and sodium borohydride (NaBH4) were purchased from E-Merck.

Synthesis of Ag-doped NiVOx material
In a round bottom flask (RBF), 4 mmol of NiCl2 was dissolved in 10 mL of water, and subsequently, 4 mmol 
of NaOH was introduced into the solution. The resulting mixture underwent stirring for a duration of 2 h to 
ensure the complete precipitation of nickel hydroxide, Ni(OH)2. Following precipitation, the formed Ni(OH)2 
precipitate underwent multiple washings. After this, 4 mmol of VCl3 was combined with the Ni(OH)2, and the 
reaction mixture was ground for a period of 24 h. To this mixture, a AgNO3 solution (0.2 mmol) was once again 
introduced, and the entire mixture was stirred for an additional 6 h. The resulting material was then washed with 
distilled water and subsequently dried in an oven at 120 °C. The schematic route for the synthesis of Ag-doped 
NiVOx material is shown in Scheme 1.

Procedure for the photocatalytic degradation of MB dye with Ag/AgCl/NiVOx nanocatalyst
The degradation procedure of MB dye was initiated by using a standard solution of MB having a molar 
concentration of 1 × 10−6 M in an open atmosphere under sunlight exposure. The reaction was started with 50 mL 
of that solution, then proceeded with the addition of 20 mg of the synthesized Ag/AgCl/NiVOx catalyst. Before 
the photocatalytic reaction, the reaction was left in the dark for 1 h to accomplish the adsorption–desorption 
equilibria, and after 1 h the reaction mixture was subjected to sunlight (average intensity 500–600 W/m2) for 
about ~ 6 min. The reaction progress was monitored through UV–vis spectrophotometric analysis by collecting 
the sample from the reaction vessel at an interval of 3 min.

Procedure for the reduction of 4-NP to 4-AP with Ag/AgCl/NiVOx nanocatalyst
In a representative procedure, a 0.10 mM standard solution of 4-NP was prepared for the reduction process. 
Correspondingly, a NaBH4 solution was made by dissolving 50 mg of NaBH4 in 15 mL of water. The reduction 
began by adding 20 mL of the 4-NP solution into a 50 mL RBF that contained 20 mg of the synthesized Ag/
AgCl/NiVOx nanocatalyst. Subsequently, 500 µL of the NaBH4 solution was gradually introduced. The reaction 
was conducted under continuous stirring, and the progress was monitored using UV–vis spectroscopy. The 
reduction of 4-NP was carried out at room temperature (~ 25 °C).

Procedure for the reduction of Cr(VI) to Cr(III) with Ag/AgCl/NiVOx nanocatalyst
To start the reduction of Cr(VI), 20 mL of a 0.001 N K2Cr2O7 solution was placed into a 50 mL RBF, and 20 mg of 
the synthesized Ag/AgCl/NiVOx nanocatalyst was added. Following this, 500 µL of NaBH4 solution was slowly 
introduced into the mixture while continuously stirring. The reaction’s progress was tracked using a UV–vis 
spectrophotometer over the wavelength range of 200–600 nm. This reduction process was carried out at room 
temperature (~ 25 °C).

Scheme 1.  Schematic diagram for the synthesis of Ag/AgCl/NiVOx.
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Results and discussion
Characterization of the synthesized Ag/AgCl/NiVOx nanocatalyst
After the synthesis, the material was well-characterized by different spectrochemical and physicochemical 
analyses. The X-ray diffraction (XRD) pattern of the Ag-doped NiV material indicated the presence of peaks at 
2θ values of 28.09°, 32.2°, 46.2°, 54.9°, 57.7°, and 76.7°, which were associated with the (111), (200), (220), (311), 
(222), and (420) planes of AgCl NPs, along with a peak at ~ 44° corresponding to Ag NPs, Fig. 1a22. Additionally, 
the peaks at 2θ values of 38° and 63.5° for Ag NPs coincided with the NiV peaks23. To further confirm the 
synthesis of bimetallic NiV, the XRD pattern of the neat Ni(OH)2 and the V-doped Ni(OH)2 were also recorded 
as shown in Fig. 1b (black line). The XRD analysis reveals the presence of peaks at 2θ values of 12°, 18.1° (001), 
33° (100), 38.5° (101), 51.7° (102), 59° (110), 62.5° (111), 69.2°, and 72.5° corresponding to Ni(OH)2

24. Post-
formation of the NiVOx bimetallic composite, alterations in peak intensity at 2θ of 33° and 38.5° indicated 
the formation of bimetallic materials, Fig. 1b (red line)23. Esparza and colleagues synthesized AgPd bimetallic 
material, observing that as the Pd content increased, XRD patterns shifted gradually to larger angles, indicating 
solid solution formation with alloyed nature or due to alloyed phase formation25. Consistent alterations in peak 
intensities were observed, aligning with our earlier study on catalysts Pd–NiO–Y and Pd–CuO–Y synthesized 
through the same methodology indicating the bimetallic formation26–28.

Further characterization of the Ag/AgCl/NiVOx nanocatalyst was conducted using Fourier Transform Infrared 
(FTIR) analysis. In the FTIR spectra, the presence of V–O and V–O–V vibrational bands of vanadium oxide was 
confirmed with peaks at 896 and 811 cm−1, respectively (Fig. 2a)29. The observed shift in bands from 635 cm−1 
(black line) to 678  cm−1 (red line) indicated the interaction between Ni and V, Fig.  2b30. The FTIR spectra, 
illustrated in the accompanying figure, revealed a prominent absorption peak at 523 cm−1, corresponding to 
Ni–O–H bending and Ni–O stretching vibrations, Fig. 2b31. The bending vibration associated with the absorbed 
H2O molecule was detected at 1622 cm−1. Stretching vibration bands of non hydrogen-bonded hydroxyl groups 
were evident at 3641 cm−131. Additionally, a broad band representing H2O molecules in the Ni(OH)2 material 
was identified at 3429 cm−1, Fig. 2b31.

Fig. 2.  FTIR spectra of (a) Ag/AgCl/NiVOx nanocatalyst and (b) Ni(OH)2 (black line) and NiVOx (red line).

 

Fig. 1.  XRD pattern of (a) Ag/AgCl/NiVOx nanocatalyst and (b) Ni(OH)2 (black line) and NiVOx (red line).
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The TEM analysis was conducted to examine the surface morphology of the synthesized material, and the 
results are presented in the accompanying Fig. 3. The TEM images reveal a structure resembling a nanofoam, 
with Ag NPs distributed in the 20–30 nm range, as depicted in Fig. 3a,b. Furthermore, the lattice fringe pattern 
of the particles displays a d-spacing of around 0.22 nm, characteristic of the (111) plane of Ag NPs, Fig. 3c32. 
The rings observed in the selected area diffraction pattern (SAED) align with the identified fringes and XRD 
pattern, Fig. 3d.

In the diffuse reflectance spectra (DRS) of Ni(OH)2, peaks were observed at 392 nm and 683 nm, corresponding 
to the 3T1g (F) ← 3A2g and 3T1g (P) ← 3A2g transitions, respectively, Fig. 4a (black line)33. The transition at 246 nm 
was postulated as a charge transfer transition33,34. In the case of NiV bimetallic nanocomposites, a transition at 
339 nm was identified, attributed to VOx, Fig. 4a (red line)35. The DRS spectra of Ag/AgCl/NiVOx nanocomposite 
displayed a broad band above 500 nm, indicative of small particle size across the visible range, Fig. 4a (blue line). 
The nanocomposite material exhibited a band gap of 2.01 eV, suggesting its potential suitability as a photocatalyst 
in the visible range of the solar spectrum towards various photocatalytic reactions, Fig. 4b.

Further, the oxidation states of all the elements were predicted through the X-ray photoelectron spectroscopic 
(XPS) analysis, Fig. 5a–f. The XPS analysis of the nanocatalyst revealed peaks at 854.9 eV for Ni 2p3/2 and a satellite 
peak at 860.7 eV, Fig. 5a. The Ni 2p1/2 peaks were observed at 872.5 eV with a satellite peak at 877.9 eV indicating 
the presence of Ni in the + 2 state36. The Ni 2p3/2 peak was deconvoluted into three subpeaks at 854.5 eV, 855.7 eV, 
and 860.7 eV, as indicated by the multiplet-split26. The deconvoluted V 2p XPS spectrum showed the signal 
for V(IV) at 516.5 eV and 523.9 eV (Fig. 5b)37. However, the presence of a V–O peak was evident at 530.2 eV 
from both V 2p and O 1s XPS spectra (Fig. 5b,c)38. The XPS spectrum of Ag exposed the presence of Ag+ ions 
in the material having Ag 3d5/2 and Ag 3d3/2 values at 367.2 eV and 373.2 eV, respectively (Fig. 5d). The XPS 
spectrum of Cl 2p as shown in Fig. 5e represented two peaks at 197.9 eV for Cl 2p3/2 and 199.5 eV for Cl 2p1/2

39. 
Furthermore, the presence of the Cl 2p doublet with a separation of 1.6 eV was attributed to inorganic Cl− ions40. 
All the XPS peaks were fitted with respect to C 1s having a binding energy of 284.0 eV, Fig. 5f.

Fig. 3.  (a–c) TEM images of the synthesized Ag/AgCl/NiVOx nanocatalyst with different magnification, (d) 
SAED pattern.
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Probable mechanism for the synthesis of Ag/AgCl/NiVOx nanocatalyst
A plausible mechanism detailing the generation of the Ag/AgCl/NiVOx nanocatalyst was proposed based on 
evidence derived from the conducted characterization as shown in Scheme 2. Initially, the mixing of Ni(II) salt 
with NaOH precipitated a Ni(OH)2 matrix, depicted in Step 1 and Step 2. Subsequent introduction of V(III) 
ions (Step 3) facilitated the exchange of Ni(II) sites with V(III) ions, followed by air oxidation to yield V(IV) 
ions, thus creating the NiVOx matrix. This transformation was corroborated by the presence of V–O peaks in the 
FT-IR spectra and the identification of V(IV) signals in the XPS analysis. The final incorporation of Ag(I) ions 
culminated in the formation of the Ag/AgCl/NiVOx catalyst, elucidated in Step 4. Notably, the designed NiVOx 
matrix served to stabilize the Ag/AgCl NPs on its surface. Additionally, the introduction of vanadium might 
induces defects within the Ni(OH)2 matrix, thereby serving as supplementary active sites that facilitate enhanced 
electron transfer crucial for the photocatalytic process.

Catalytic study of Ag/AgCl/NiVOx nanocatalyst
Degradation profile of MB Dye
Nanomaterials comprising Ag/AgCl NPs on metal oxide support like TiO2, WO3, VOx, ZnO, etc. are well known 
to be behaving as very efficient photocatalysts for environmental remediation41–43. Therefore, looking into these 
efficacies, we attempted to examine the photocatalytic ability of the synthesized material concerning MB dye 
degradation.

Fig. 5.  XPS of (a) Ni 2p, (b) V 2p, (c) O 1s, (d) Ag 3d, (e) Cl 2p, and (f) C 1s in Ag/AgCl/NiVOx nanocatalyst.

 

Fig. 4.  (a) DRS spectra of Ag/AgCl/NiVOx nanocatalyst (blue line), Ni(OH)2 (black line) and NiVOx (red 
line), (b) Tauc plot of Ag/AgCl/NiVOx nanocatalyst.
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To do so, initially, a standard solution of MB (1 × 10−6 M) was prepared in 500 mL distilled water. From 
that solution, 50 mL was taken out to set up the reaction followed by the addition of 5 mg of the Ag/AgCl/
NiVOx nanocatalyst. As previously stated, the reaction was kept in the dark for 1 h before the photocatalytic 
reaction, and after 1 h the reaction mixture was exposed to sunlight. The progress of the reaction was monitored 
under UV–Vis spectroscopic analysis by collecting the samples at an interval of 3 min. In the presence of 5 mg 
Ag/AgCl/NiVOx the absorbance value of the characteristic peak of MB at ~ 665 nm gradually diminished with 
increasing the time of exposure. The complete decolorization of the MB sample was observed within an interval 
of 18–20 min of the sunlight experience, Fig. 6a. It is noteworthy that the amount of the catalyst in a catalytic 
reaction plays a vital role in determining the rate of the catalytic reaction38,44,45. Therefore, to study the impact of 
the catalyst herein the amount was varied from 5 to 20 mg and the UV–Vis spectra were recorded similarly. After 
using 10 mg of the synthesized catalyst in the reaction vessel, it was noticed that the MB sample decolourized 
within ~ 12 min, Fig. 6b. The same reaction was also optimized by using 15 mg and 20 mg of the catalyst. It 
was observed that the complete bleaching occurs at an interval of 9 min and 6 min while using 15 mg and 
20 mg of Ag/AgCl/NiVOx, respectively (Fig. 6c,d). The catalyst amount was further exceeded upto 25 mg, but no 
significant improvement was observed. Therefore, it can be said that 20 mg of the synthesized Ag/AgCl/NiVOx 
nanocatalyst is sufficient enough to degrade the standard solution of MB dye within 6 min. To find out whether 
the visible or UV range affects the photocatalytic oxidation process, we also looked at the identical reaction 
under a UV lamp. However, for 3 h, we saw no change in dye colour under the UV light irradiation. This further 
substantiates that the visible spectrum of sunlight plays a crucial role in facilitating the photocatalytic oxidation 
process. Following the same reaction condition, a dark experiment was also carried out. The reaction setup 
was placed in a dark chamber and its response was monitored at night. However, no decolourization of the MB 
sample as well as no change in the UV–Vis absorbances of the sample indicated the true assistance of the visible 
light source in the catalytic progress. Therefore, we can say that the synthesized nanocomposite material can be 
efficiently employed as an excellent visible-light-driven photocatalyst.

Mechanism for the photodegradation of MB dye
To investigate the mechanism of the reaction and determine the involvement of holes (h⁺) or electrons (e⁻), specific 
scavenging agents were employed. Silver nitrate (AgNO3) was used as an electron scavenger, while ammonium 
oxalate served as a hole scavenger46. The reaction was conducted separately under optimal conditions, once with 
AgNO3 and once with ammonium oxalate. In both cases, the reaction completion time was notably prolonged. 
This observation confirmed the involvement of both holes and electrons in the photocatalytic degradation of MB 
dye, aligning with the proposed reaction mechanism.

Scheme 2.  Probable mechanistic route for the Ag/AgCl/NiVOx nanocatalyst.
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Upon exposure to visible light, electrons are excited to the conduction bands (CB) of Ag/NiVOx and Ag/AgCl, 
leaving holes in their valence bands (VB). Electrons in the CB of Ag/NiVOx can migrate to the CB of Ag/AgCl, 
while holes can move from the VB of Ag/AgCl to the VB of Ag/NiVOx. However, MB degradation utilizing Ag-
based material as a catalyst is significantly influenced by the Ag plasmon resonance. The SPR effect can produce 
excited electron–hole pairs that can result in the production of O2

·− species47. This efficient charge transfer, 
facilitated by strong interfacial coupling, allows electrons to react with O2, forming redox-active O2

·− species 
that further oxidize MB48,49. The overall mechanistic pathways for the Ag/AgCl/NiVOx catalyzed degradation 
of MB are depicted in Scheme 3. Similar mechanistic profile for the degradation of triphenylmethane was also 
reported by Wang et al.50.

Reduction of 4-NP to 4-AP
To evaluate the catalytic performance of the synthesized nanocatalyst, we carried out a reduction reaction that 
converts 4-NP to 4-AP using NaBH4 as the reducing agent. This reaction is commonly used to assess the catalytic 
effectiveness of various nanocatalysts. The progress of the reaction at room temperature was monitored using 
UV–Vis spectrophotometry. In this procedure, as described in the experimental Section, a solution of 3 mL of 
aqueous 4-NP (0.10 mM) was placed into a quartz cuvette for UV–Vis analysis. The initial UV–Vis absorption 
spectrum displayed a characteristic peak at 400 nm for the 4-nitrophenolate ion (Fig. 7a, red). After adding 
20 mg of the Ag/AgCl/NiVOx nanocatalyst, a noticeable decrease in the intensity of this peak was observed over 
time, along with the appearance of a new absorption peak at 298 nm (Fig. 7b) within 4 min.

A characteristic peak at 315 nm was initially observed while recording the UV–visible absorption spectrum 
of a 0.10 mM solution of 4-NP. Upon mixing a 500 µL of NaBH4 solution, the formation of the corresponding 
4-nitrophenolate ion was observed with its characteristic peak at 400 nm. After adding NaBH4, the reaction 
mixture was stirred for 10  min without the nanocatalyst, and the UV–Vis absorption spectra showed no 
evidence of the 4-AP product. However, when 20 mg of the synthesized Ag/AgCl/NiVOx was introduced into 
the reaction mixture, a decrease in the peak intensity at 400 nm was observed, accompanied by a colour change 
in the solution, Fig. 7b. Successive UV–Vis spectra recordings over time demonstrated the appearance of a new 
peak at 298 nm, indicative of 4-AP formation, as depicted in Fig. 7b (black). Moreover, a control experiment 
involving the mixture of 4-NP with Ag/AgCl/NiVOx in the absence of NaBH4 showed no evidence of reduction, 
thereby underscoring the catalytic efficacy of the nanocatalyst in facilitating the reduction process. To further 

Fig. 6.  Photocatalytic degradation of MB dye using (a) 5 mg, (b) 10 mg, (c) 15 mg, and (d) 20 mg of Ag/AgCl/
NiVOx nanocatalyst.
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confirm the successful formation of 4-AP as the reduced product, the reaction was further analysed using LC–
MS. The corresponding LC–MS data illustrating the reaction progress is provided in the Supporting Information 
(SI), Fig. S1.

Reduction of Cr(VI) to Cr(III)
The reduction of Cr(VI) to Cr(III) was accomplished by adding 500 µL of NaBH4 to a 10 mL K2Cr2O7 solution 
containing 20 mg of the synthesized Ag/AgCl/NiVOx nanocatalyst. In the UV–Vis spectra, the K2Cr2O7 exhibited 
distinct absorption peaks at 273 nm and 375 nm, corresponding to ligand-to-metal (O2 → Cr) charge transfer 
transitions (Fig.  8a, blue). Spectroscopic analysis indicated a progressive decrease in the absorption peak at 
373 nm, marking the reduction process (Fig. 8a, red). This reduction was visually evidenced by the transition of 
the solution from yellow to colourless, confirming the formation of Cr(III) ions. Initially, neither the Ag/AgCl/
NiVOx nanocatalyst alone nor NaBH4 alone influenced these absorption bands. However, upon the combined 
introduction of Ag/AgCl/NiVOx and NaBH4, the absorption bands decreased within 5 min, indicating a rapid 
reduction of Cr(VI) to Cr(III) (Fig. 8a, red and green). To understand the role of the nanocatalyst, the reaction 
was carried out using only neat NaBH4, without the presence of Ag/AgCl/NiVOx. It was observed that, in the 
absence of the catalyst, the reduction reaction did not proceed effectively, Fig. 8b. Furthermore, in the presence 
of NaBH4 alone, a slight shift in the UV peaks of Cr(VI) was noted, Fig. 8b. This clearly highlights the crucial role 
of the synthesized Ag/AgCl/NiVOx nanocatalyst in facilitating the efficient reduction of Cr(VI) to Cr(III). The 
formation of Cr(III) species was further investigated through XPS analysis and the corresponding XPS spectrum 
was provided in SI, Fig. S2.

Fig. 7.  (a) UV–visible absorption spectra of 4-NP and 4-Nitrophenolate, (b) UV–visible absorption spectra of 
4-AP after addition of Ag/AgCl/NiVOx nanocatalyst.

 

Scheme 3.  Plausible mechanism for the visible light assisted MB degradation catalysed by Ag/AgCl/NiVOx.
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Computational analysis of bimetallic isomer stability and reactivity: silver enhanced 
coordination with vanadium
A theoretical study has been conducted to observe the role of silver support in enhancing reactivity through 
coordination with the vanadium centre. We have considered two possible isomers (A & B, Fig. 9) for the bimetallic 
site of the catalyst. Energy considerations indicate that the isomer A is more stable than B by almost 42 kcal. An 
inspection of the molecular orbitals indicates that the Lowest Unoccupied Molecular Orbital (LUMO) of both A 
and B (Fig. 9) are highly concentrated on the vanadium centre thereby suggesting that the primary interaction 
of the silver support will be with the vanadium atom. Interestingly, optimization of the molecules incorporating 
silver support shows that the silver atom has dominant coordination with the vanadium centre in both the 
isomers.

In order to gauge the reactivity of the catalyst we have computed the HOMO − LUMO gaps (ΔEH−L) for 
all the molecules. Between A and B, the ΔEH−L for A (~ 5.2 eV) is found to be lower than that of B (~ 5.9 eV) 
indicating the higher reactivity of the former than the later. Therefore, isomer A can be anticipated as the most 
probable structure for the bimetallic catalyst on the basis of its higher thermodynamic stability and reactivity. 
Further, incorporation of the silver support significantly reduces the ΔEH−L values for both the isomers thereby 
suggesting increasing reactivity which is akin to the experimental findings. Figure 10 shows the reduction in 
ΔEH−L values for isomer A.

Recyclability test of the catalyst
The reusability of catalysts is one of the crucial aspects in heterogeneous catalytic transformations. An ideal 
heterogeneous catalyst can be used multiple times in its specific catalytic conversion without losing its 
heterogeneous nature. To assess the recyclability of Ag/AgCl/NiVOx, the photocatalytic degradation of MB dye 
was selected as the test reaction. We used the hot filtering procedure to see whether the reaction continued with 
the filtrate in order to judge the heterogeneity of the catalyst. However, the colour of the MB dye remained intact 
after prolonged exposure to the sunlight on the filtrate of the reaction mixture obtained from the hot filtration 
method. This suggested that the heterogeneity of the catalyst was preserved effectively in the reaction medium. 
After successfully degrading the 1st set of MB dye samples under the optimized reaction condition, the Ag/

Fig. 9.  Lowest Unoccupied Molecular Orbital (LUMO) of A and B.

 

Fig. 8.  (a) Reduction profile of Cr(VI) using Ag/AgCl/NiVOx nanocatalyst, (b) UV–Vis spectrum of neat 
Cr(VI) species (black), Cr(VI) + NaBH4 (red).
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AgCl/NiVOx catalyst was separated by simple filtration with hot water and washed severely with acetone and 
distilled water. The recovered catalyst was then dried in an oven at 120 °C for 3–4 h and then employed in the 
successive catalytic cycle. Fortunately, upto the 9th reaction cycle, the recovered catalyst successfully showed 
its encouraging status by efficiently decolourizing the standard MB sample within an interval of 6–10 min of 
the sunlight contact, Fig S3. From the 9th cycle, there occurred a gradual increase in the reaction time of the 
MB decolourization indicating the dropping in the catalytic activity of the recovered catalyst for the further 
successive runs. The noteworthy fall in the activity of the reused catalyst may be attributed to the leaching of 
the active metal content from the catalyst due to the prolonged use of the catalyst in the chemical environment.

Conclusion
In conclusion, this study introduces an efficacious methodology for fabricating a robust photocatalyst, 
showcasing consistent and exceptional performance. The straightforward synthesis and characterization of an 
Ag/AgCl nanocomposite on NiVOx surfaces, a novel approach previously unexplored, resulted in a remarkable 
degradation rate of hazardous MB dye within an impressively short 5–6-min exposure to sunlight. The same 
material was also found to be effective in the reduction of 4-NP to 4-AP and Cr(VI) to Cr(III) ion using NaBH4 
as a reductant. These discoveries have the potential to significantly advance the development of sustainable 
and advanced photocatalytic materials, emphasizing improved stability and efficacy in catalyst synthesis for the 
multifaceted reaction.

Fig. 10.  ΔEH−L values (in eV, not in scale) for isomer A and A-Ag.
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