
23

 | May 2025| Volume 04 | Issue 01New Environmentally-Friendly Materials 

ARTICLE

Efficient Photocatalytic Degradation of Crystal Violet Dye Using a 
Synthesized CdO:V2O5 Nanocomposite in the Presence of Sunlight

Sajid M. Mansoori  

Department of Chemistry, Shri Vile Parle Kelavni Mandal’s, Mithibai College of Arts, Chauhan Institute of Science 
& Amrutben Jivanlal College of Commerce and Economics (Autonomous) Ville-Parle (West), Mumbai 400056, India

ABSTRACT
Materials containing two or more separate phases, at least one of which has nanoscale dimensions, are called nano-

composites. Coupled semiconductor metal oxides have drawn a lot of interest among these because of their special and 
improved physicochemical characteristics. These characteristics frequently result from changes in the density of states, 
electron tunneling, surface plasmon resonance, and quantum confinement effects. In this work, a straightforward and 
economical co-precipitation technique was used to create CdO:V2O5 binary metal oxide nanocomposites. The presence 
of crystalline phases corresponding to both CdO and V2O5 was confirmed by X-ray diffraction (XRD), which was used 
to evaluate the structural properties of the resultant nanocomposites. The Debye-Scherrer formula was used to compute 
the crystallite sizes, which showed that the particles were in the nanoscale range and had high crystallinity. The degra-
dation of crystal violet dye under visible light was used to assess the produced nanocomposites’ photocatalytic activity. 
To investigate the impact of composition on photocatalytic efficiency, nanocomposites with CdO:V2O5 molar ratios of 
1:1, 1:2, and 2:1 were investigated. First-order kinetics was confirmed by the regression coefficients for the degradation 
process, which were 0.9919, 0.9903, and 0.9800, respectively. The two semiconductors’ synergistic interactions, which 
improve charge separation and light absorption, are responsible for the difference in photocatalytic performance. These 
findings imply that CdO:V2O5 nanocomposites are potential options for effective photocatalytic applications, particu-
larly in environmental remediation and wastewater treatment, especially when used at optimal ratios.
Keywords: Metal Oxide Nanocomposites; Co-precipitation; Crystal Violet; Photo-degradation

New Environmentally-Friendly Materials

https://ojs.bilpub.com/index.php/nefm

*CORRESPONDING AUTHOR:
Sajid M. Mansoori, Department of Chemistry, Shri Vile Parle Kelavni Mandal’s, Mithibai College of Arts, Chauhan Institute of Science & 
Amrutben Jivanlal College of Commerce and Economics (Autonomous) Ville-Parle (West), Mumbai 400056, India; Email: mohd.mansoori@
mithibai.ac.in

ARTICLE INFO
Received: 21 March 2025 | Revised: 26 April 2025| Accepted: 3 May 2025 | Published Online: 10 May 2025
DOI: https://doi.org/10.55121/nefm.v4i1.413

CITATION
Mansoori, S.M., 2025. Efficient Photocatalytic Degradation of Crystal Violet Dye Using a Synthesized CdO:V2O5 Nanocomposite in the 
Presence of Sunlight. New Environmentally-Friendly Materials. 4(1): 23–34. DOI: https://doi.org/10.55121/nefm.v4i1.413

COPYRIGHT
Copyright © 2025 by the author(s). Published by Japan Bilingual Publishing Co. This is an open access article under the Creative Commons 
Attribution 4.0 International (CC BY 4.0) License (https://creativecommons.org/licenses/by/4.0).

https://orcid.org/0000-0003-2790-2381


24

New Environmentally-Friendly Materials | Volume 04 | Issue 01 | May 2025

1. Introduction

Research on nanoparticles, especially in powder 
form, is currently gaining attention because of their su-
perior thermal, magnetic, optical, and electrical proper-
ties when compared to their bulk counterparts [1]. These 
nanopowders also exhibit strong antibacterial and photo-
catalytic activity because of their size, shape, and surface 
characteristics [2]. Recently, metal oxide nanopowders have 
been found to play a significant role in materials research, 
chemistry, and physics [2–3]. The n-type II-VI semiconduc-
tor cadmium oxide nanomaterial has an indirect bandgap 
of 1.98 eV and a direct bandgap of 2.5 eV [2]. The process-
es and conditions used to produce CdO nanoparticles affect 
their stoichiometry, particle size, and shape [3]. Numerous 
techniques have been used to produce cadmium oxide na-
noparticles [4–11].

The physical and chemical characteristics of cad-
mium oxide nanoparticles were enhanced by altering the 
manufacturing processes [12]. The co-precipitation process 
has been demonstrated to be successful in producing a 
variety of nanostructures among the other techniques [13]. 
Cadmium oxide nanoparticles are characterized by large 
band gaps, low electrical resistance, and strong transmis-
sion in the visual spectrum. The properties of cadmium 
oxide nanoparticles are distinct [14]. Consequently, common 
applications include phototransistors, photodiodes, cata-
lysts, solar cell manufacturing, optoelectronic devices, and 
nonlinear materials [15–16].

CdO was selected as the preferred material due to its 
excellent stability, broad availability, and affordable price. 
In addition, CdO has interstitial cadmium atoms and oxy-
gen vacancies, which contribute to its good optical quali-
ties and low electrical resistance [7]. which all have rel-
evance to photocatalysis. It is also appropriate for visible-
light dye degradation due to its precisely matched visible 
band-gap. By changing the manufacturing process, several 
researchers are trying to improve the chemical and physi-
cal properties of CdO.

Vanadium pentoxide V2O5 is used in solar cell win-
dows, solid-state batteries, chemical sensors, catalysis, 
and electrochromic devices . The band gap (Eg) of the dia-
magnetic semiconductor V2O5 is around 2.3 eV [8-11]. Much 
effort has been made to create meso- and nanostructured 

V2O5 in order to enhance its advantageous properties. For 
instance, nanorods and nanowires are fascinating because 
of their small radial dimensions, which enable them to ex-
hibit distinctive characteristics while maintaining a wire-
like connection. For instance, V2O5 nanotubes are ideal 
as electrodes in Li batteries due to their increased redox 
reaction capacity and larger specific surface area. Field 
emission properties of arrays of hydrated vanadium pen-
toxide nanotubes are good [3]. Additionally, nanostructured 
materials have been used to produce nano actuators and 
nonlinear optical limiters [4].

Because of its important optical, physical, and chem-
ical properties, the fabrication of group II-VI semiconduc-
tor binary chalcogenides in nanopowder form has been a 
rapidly growing subject of study. Interest is growing in the 
real-world uses of II-VI semiconductor nanoparticles, such 
as optoelectronics and zero-dimensional quantum bound 
materials. Semiconductor nanoparticles are a specific type 
of material used in the manufacturing of semiconductors [5].

The size of these nanoparticles affects their chemi-
cal and physical characteristics. Large-scale production, 
such as solid powder, is required for the investigation of 
the physical characteristics of semiconductor nanoparticles 
and for industrial uses in microelectronics, photocatalysis, 
and catalysis. Combining different semiconductor oxides 
or creating nanohybrids may result in a smaller band gap, 
which extends the absorbance range to the visible light 
spectrum. Additionally, when electron-hole pairs separate 
during irradiation, this leads to increased photocatalytic 
activity [18-23]. There are two different energy-level systems 
in hybrid semiconductor materials, and both are crucial for 
charge separation.

Organic contaminants are degraded more quickly 
in these systems as well. Different linked semiconductors 
have been successfully produced. They include ZnO/TiO2, 
TiO2/WO3, TiO2/SnO2, TiO2/MgO, CdS/ZnO. CdS/ZnO 
and ZnO–Al2O3 reduced graphine oxide [24,26–29]. Methylene 
blue (MB) photocatalytic degradation was improved in 
V2O5/ZnO heteronanorods [30]. ZnO-CuO nanocomposites 
showed a 20–30% increase in MB degradation when com-
pared to pure ZnO and CuO.

Photocatalysis has garnered a lot of attention world-
wide as a result of the recent prominence of water pollu-
tion from numerous enterprises. Almost all textile manu-
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facturers have discharged synthetic and artificial color dye 
pollution into the environment as effluent. Because textile 
effluents contain a variety of organic dye compounds 
that are poisonous, carcinogenic, and non-biodegradable, 
they are a significant source of water pollution. Both the 
environment and live organisms are at risk from these 
substances. Therefore, creating cost-effective and efficient 
wastewater treatment methods is more important than ever. 
Membrane filtration, adsorption, flocculation, coagulation, 
and—above all—photocatalytic destruction has all been 
used to clean water in the past [1–2,31].

The structural, morphological, spectroscopic, and 
photocatalytic investigations of the CdO/V2O5 nanocom-
posite were investigated in this work, and the results are 
detailed.

2. Materials and Methods

S.D. Fine Chem. Limited provided analytical-grade 
sodium hydroxide, ethanol, methanol, ammonium meta-
vanadate, and cadmium nitrate hexahydrate, which were 
utilized without additional purification.

2.1. Synthesis of CdO/V2O5 Nanocomposites

A simple co-precipitation procedure utilizing am-
monium metavanadate and Cd(NO3)2·6H2O yielded a 
CdO:V2O5 nanocomposite. The nanocomposites are pre-
pared as per the distribution given in the following Table 1.

Table 1. Distribution of mole ratio for CdO:V2O5.

Sr. No.
Mole 
ratio

Cadmium nitrate 
(millimole)

Ammonium 
metavanadate
(millimole)

Indexing

1 1:1 1 1 Cdv

2 1:2 1 2 cdv2

3 2:1 2 1 cd2v

The metal ion solution was treated with 4N (4 nor-
mal) sodium hydroxide to produce a precipitate. The pre-
cipitate was filtered and washed thoroughly with distilled 
water many times. Methanol was used for the final wash. 
The precipitate was dried for 24 hours in an electrical oven 
at 110°C. The dried samples were calcined for 6 hours at 
500°C in a tube furnace [11–14]. The synthesize material is 
solid in nature. The molar ratio of the CdO/V2O5 nanocom-
posites was labelled cdv(CdO:V2O5), cdv2(2CdO:2V2O5), 

and cd2v(CdO:V2O5) on the synthesized products. Flow 
chart is represented in Figure 1.
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2.1. Synthesis of CdO/V2O5 Nanocomposites

A simple co-precipitation procedure utilizing ammonium metavanadate and Cd(NO3)2·6H2O yielded a CdO:V2O5

nanocomposite. The nanocomposites are prepared as per the distribution given in the following Table 1.

Table 1. Distribution of mole ratio for CdO:V2O5.

Sr. No. Mole ratio Cadmium nitrate
(millimole)

Ammonium metavanadate
(millimole) Indexing

1 1:1 1 1 Cdv

2 1:2 1 2 cdv2

3 2:1 2 1 cd2v

The metal ion solution was treated with 4N (4 normal) sodium hydroxide to produce a precipitate. The precipitate was
filtered and washed thoroughly with distilled water many times. Methanol was used for the final wash. The precipitate was
dried for 24 hours in an electrical oven at 110℃. The dried samples were calcined for 6 hours at 500℃ in a tube furnace
[11–14]. The synthesize material is solid in nature. The molar ratio of the CdO/V2O5 nanocomposites was labelled
cdv(CdO:V2O5), cdv2(2CdO:2V2O5), and cd2v(CdO:V2O5) on the synthesized products. Flow chart is represented in
Figure 1.

Ammonium metavanadate Cd(NO3)2·6H2O

Mix the salt in mole ratio
as given in table in
400cm3 beaker

Digest precipitate
for 1 hour

Filter the precipitate

Dried the ppt

Nanocomposite

4N NaOH added dropwise

Settle overnight

Dried at 100℃ in oven

Annealed at 500℃ in tube furnace

Figure 1. A flowchart depicting the CdO:V2O5 Nanocomposites synthesis process.

2.2. Structural Characterization

A UV-Vis spectrophotometer (systronic UV-2203) was used to measure the optical absorption spectra in the 300–800
nm region. A Shimadzu XRD-7000 was used to gather X-ray diffraction patterns in the 2theta 10 nm to 80 nm region using
CuKα, the radiation wavelength (λ = 0.15406 nm).

Figure 1. A flowchart depicting the CdO:V2O5 Nanocomposites 
synthesis process.

2.2. Structural Characterization

A UV-Vis spectrophotometer (systronic UV-2203) 
was used to measure the optical absorption spectra in the 
300–800 nm region. A Shimadzu XRD-7000 was used to 
gather X-ray diffraction patterns in the 2theta 10 nm to 
80 nm region using CuKα, the radiation wavelength (λ = 
0.15406 nm).

2.3. Calibration Curve

To discover linear regression coefficients, the lin-
earity of the analysis response is examined. The limit of 
detection (LOD) and limit of quantitation (LOQ) are cal-
culated using the blank determination technique. When 
a large number of standards are run, a calibration curve 
is often created by plotting the signal from the standard 
analysis against the standard concentration. Over a range 
of concentrations, the relationship between the signal and 
concentration is often linear (i.e., the signal is exactly pro-
portional to concentration), and a linear least-squares line 
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is used to fit the data. In the most common type of least-
squares analysis, the distance between data points and the 
line down the y-axis is minimized. This presumes that the 
values for the x-coordinates have far less inaccuracy than 
the values for the y-coordinates value [23–24].

A calibration curve was developed from a set of ref-
erence samples with known crystal violet concentrations. 
The calibration line, which was constructed from 15 stand-
ard solutions to find the linear regression coefficient, LOQ 
and LOD.

The linearity of the analysis response was checked 
using the linearity of the calibration line, which was pro-
duced from 15 standard solutions (0.01 ppm to 10 ppm). 
Dissolve 100 milligrams of crystal violet dye in 1000 cm3 
of distilled water to prepare a 100ppm crystal violet dye 

(stock solution).
Preparation of a series of solutions: As shown in the 

Table 2, a series of typical crystal violet solutions have 
been prepared.

For measuring the quantity of crystal violet in un-
known samples following photocatalytic degradation of 
the solution, a calibration curve was developed from a set 
of reference samples with known concentrations of crys-
tal violet. Absorbance is recorded at 595 nm (λmax) using 
a spectrophotometer (Systronic 2203). Using the blank 
determination technique, the limit of detection (LOD) and 
limit of quantitation (LOQ) were determined.

The reproducibility of six duplicate measurements of 
0.1 ppm crystal violet in terms of relative standard devia-
tion (RSD) in percentage was determined.

Table 2. Preparation of Crystal Violet solutions.

Concentration of CV
(ppm)

Volume of stock solution (100 ppm) in cm3 Amount of water in cm3 Final volume of solution in cm3

0.01 0.01 99.99 100

0.02 0.02 99.98 100

0.04 0.04 99.96 100

0.06 0.06 99.94 100

0.08 0.08 99.92 100

0.1 0.1 99.9 100

0.3 0.3 99.7 100

0.5 0.5 99.5 100

0.7 0.7 99.3 100

1 1 99 100

3 3 97 100

5 5 95 100

7 7 939 100

9 9 91 100

10 10 90 100

2.4. Photocatalytic Activity Studies

Under the influence of sunlight, the photocatalytic 
degradation of crystal violet was carried out in a 250 cm3 
conical flask using synthesised CdO/V2O5 as a photocata-
lyst at various time intervals. Before exposure to sunlight, 
10 mg of synthesised CdO/V2O5 powder was equilibrated 
with 50 cm3 of 10ppm crystal violet dye solution by shak-
ing on a shaker for 30 minutes, i.e., CdO:V2O5. A UV–vis-

ible spectrophotometer (systronic UV-2203) was used to 
study the photocatalytic breakdown of crystal violet in a 5 
mL sample at regular time intervals.

The decolorization and degradation efficiency (D) 
were calculated using the equation below:

 D = 100 × (C0 – Ct/C0) (1)

where C0 denotes the dye solution’s initial concentration in 
ppm and Ct signifies the dye solution’s final concentration 
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in ppm after irradiation at the given time interval (t) [29,30].
Following the degradation process, the catalyst was 

collected using filter paper to measure the activity of the 
recycled catalysts. The fresh crystal violet solution and re-
covered catalyst were used in the following run [31,32]. The 
experiment was repeated five times.

3. Results and Discussion

Figure 2 shows the FTIR spectrum of the CdO/V2O5 
nanocomposite. The absorption bands at 505 and 620 cm-1 
are caused by V2O5 and Cd-O stretching vibrations, respec-
tively. The O-H group’s water vibrations are attributed to 
the bands at 1644 and 3432 cm-1.

The unique bands in the 400–700 cm-1 range correlate 
to the Cd-O mode. Peaks at 534 cm-1 and 545 cm-1 indicate 
Cd-O bonding. The peak due to Cd-O stretching vibration 
may be seen at 688 cm-1. The large absorption band at 858 
cm-1 [28] demonstrates the existence of the Cd-O bond. Oxy-
gen stretching is responsible for the frequency at 1,000 cm-1.

There are no other bands visible in the spectra, in-
dicating that only metal-oxygen functional groups are 
present. Asymmetric stretching V-O-V corresponds to 
727 cm-1. Vanadium oxide for V2O5 powder represents the 
stretching vibrations of terminal oxygen bonds (V = O), 
doubly coordinated oxygen (bridge oxygen) bonds, and the 
asymmetric and symmetric stretching vibrations of triply 
coordinated oxygen (chain oxygen) bonds at 1018 cm-1, 
829 cm-1, 611 cm-1, and 476 cm-1, respectively.

Figure 2. FTIR spectra of prepared nanocomposite.

XRD pattern of prepared nano composite is seen in 
Figure 3. The XRD pattern of CdO nanopowders is shown 
in this picture. The cubic crystal structure of pure CdO, as 
shown on JCPDS Card No. 65-2908, closely fits all of the 
diffraction peaks in terms of location and order of intensi-

ties. The strong and powerful peaks indicate that the nano-
powder is crystalline. The (111), (2 0 0), (2 2 0), (3 1 1), 
and (2 2 2) planes were assigned to peaks at 2theta values 
of 32.994, 38.279, 55.265, 65.820, and 69.239, respective-
ly.

The diffracted peaks at 32.27°, 33.56°, 38.83°, 
50.27°, 55.74°, 58.42°, 66.38°, and 69.76° (JCPDS file No. 
#651085) are indexed to the cubic crystalline structure of 
CdO with lattice parameter a = b = c = 6.48.

The XRD patterns indicated sharp peaks 2 angle at 
the peak position of 25.2°, 32°, 33.5°, 37.5°, 45°, and 51° 
with (101), (400), (011), (301), (411) and (002) diffraction 
planes, respectively, which are consistent with the rhombo-
hedral structure of the V2O5 phase.

According to the XRD analysis, the prepared nano-
composites contained a significant amount of crystalline 
CdO/V2O5 . The average crystallite size is computed us-
ing the Debye–Scherer formula from the full width at half 
maximum (FWHM) of the diffraction peaks and is found 
to be between 20 and 40 nm [18].

 Average particle size (D) = 0.9λ/βcosθ (2)

where, X-ray wavelength is represented by λ, and D is the 
size of the crystalline particle. The broadening of the dif-
fraction peak (β) and θ is angle of diffraction.

Figure 3. XRD spectra of CdO/V2O5 nanocomposite of CdV2, 
Cd2V and CdV.

Average particle size of nanocomposites is between 
24 nm to 38 nm as mention in Table 3. An increase in the 
molar ratio of cadmium in composite doesn’t affect the 
particle size; however, increasing the mole ratio of vana-
dium decreases the size of the particle from 40 nm to 25 
nm.
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Table 3. Particle size of nanocomposite.

Sample Average particle size

CdV 37.1446

CdV2 24.88

CdV2 29.619

Field emission scanning electron Microscopy 
(FESEM) imaging was used to examine for the one sample 
[((1:1) CdO/V2O5 ] to understand the morphology of syn-
thesised nanocomposite. The image revealing an agglom-
erated structure-like morphology as seen in Figure 4.

Figure 4. SEM of CdO:V2O5 nanocomposites (1:1).

For measuring the quantity of crystal violet in un-
known samples following photocatalytic degradation of 
solution, a calibration curve (Figure 5) was developed 
from a set of reference samples with known crystal violet 
concentrations. The calibration line, which was constructed 
from 15 standard solutions with a linear regression coef-
ficient of 0.9957 and a slope of 0.0847, was used to test the 
linearity of the analytical response. (See Figure 3) Using 
the Blank determination technique, the limit of detection 
(LOD) and limit of quantitation (LOQ) were calculated 
and found to be 0.052393 mg/L and 0.19635 mg/L, respec-
tively.

.

Figure 5. The calibration curve for crystal violet.

The least-squares line has a slope of b = 0.08468 and 
an intercept of a = –0.0093.

y = 0.08468x – 0.0093 is the regression line’s equa-
tion.

Random errors in the Y-direction, Sy/x = 0.020565.
Limit of Detection (LOD),

 LOD = yB + 3SB (3)

Limit of Quantification (LOQ),

 LOQ = yB + 10SB (4)

where yB (= a) is a blank signal and SB(Sy/x) is the stand-
ard deviation of the blank.

Hence,
LOD= –0.0093 + 3 × 0.020565 = 0.052393 mg/L
LOQ = –0.0093 + 10 × 0.020565 = 0.19635 mg/L
Relative standard deviation (RSD) in percentage was 

calculated using six replicate measurements of 0.1 ppm 
crystal violet and was found to be 0.0%. Represented in 
Table 4 [31].

Table 4. Results of repeatability studies at concentration 0.1 ppm.

Sr No. Absorbance x SD RSD

1 0.012

0.012 0.00 0.00%

2 0.012

3 0.012

4 0.012

5 0.012

6 0.012

Results of repeatability studies confirm that the re-
sponse of the instrument has good agreement with respect 
to concentration of crystal violet dye solution, and shows 
no error in the measurement [32,33].

The degradation of crystal violet was studied using 
CdO/V2O5 nanocomposites with molar ratios of 1:1, 1:2, 
and 2:1. At 180 minutes, the maximum degradation ef-
ficiency for a CdO/V2O5 was 80.99 percent. As shown in 
Figure 6, the degradation of crystal violet was 76.125 per-
cent for a 1:1 ratio, 68.95 percent for a 1:2 ratio of CdO/
V2O5, and 79.162 percent for a 3:1 ratio of CdO/V2O5. As 
a result, the current investigation on crystal violet degrada-
tion utilising V2O5 nanocomposites reveals that increasing 
the ratio of CdO to V2O5 favours charge separation, and 
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hence degradation is better than when mole ratio of V2O5 
is more than CdO.

Figure 6. Plots of crystal violet dye percentage degradation as a 
function of time when exposed to visible light.

The plot’s linearity indicates that the degradation 
process of crystal violet dye utilising the nanocomposite 
CdO:V2O5 as a catalyst at 1:1, 1:2, and 2:1 exhibits good 
agreement with first-order kinetics, with regression values 
of 0.9957, 0.9903, and 0.9800, respectively [31,32].

The linearity of the plot shows that the Degrada-
tion reaction of CV dye using CdO:V2O5 (1:1) (Figure 7), 
CdO:V2O5 (2:1) (Figure 8) and CdO:V2O5 (1:2) (Figure 9) 
nanocomposite as catalyst follows first order kinetics.

Under visible light irradiation, the photocatalytic 
activity of nanocomposites with CdO:V2O5 molar ratios of 
1:1, 1:2, and 2:1 exhibits strong photoresponse and follows 
first-order kinetics with regressions of 0.9957, 0.9903, and 
0.9800, respectively. The improved photocatalytic activ-
ity of the prepared nanocomposite might be due to the 
increased percentage of CdO with respect to V2O5 in the 
nanocomposite [8–12]. Comparative data is given in the Ta-
ble 5.

The photons eject electrons from the valence band 
(VB) of the catalyst surface and move to the conduction 
band (CB). The recombination occurs between the electron 

and the hole itself or by the surface charges. Precisely con-
trolling the recombination rate measures the performance 
of photocatalysis. Band gap, average crystallite size, spe-
cific surface area, and defect or localised states are a few 
of the aspects that need to be taken into account in order 
to comprehend the mechanism of photocatalysis. These 
aspects are connected to the catalyst’s composition and the 
characteristics of the target pollutants. Based on related lit-
erature reports, degradation of CV by CdO:V2O5 nanocom-
posites under visible light [34–38]. The possible mechanism 
of degradation of pollutants using the catalyst and dye CV 
is illustrated in Figure 10.

Under visible light, V2O5 creates electron-hole pairs 
photo-generated electrons (e-) can be transferred from the 
CB of V2O5 to the CB of CdO. The photocatalytic efficien-
cy is enhanced by O2

●-, which could be generated due to 
the interaction of O2 molecules with electrons. In addition, 
V2O5 reacts with photo-generated electrons and produces 
VO ions. Additionally, superoxide radicals are produced 
when dissolved oxygen interacts with surface-bound and/
or Cd2+ ions. It is believed that the contribution of elec-
trons to the synthesis of Cd2+ ions reduce the likelihood of 
electron-hole recombination and promotes the generation 
of hydroxyl radicals. Moreover, oxidation of water mol-
ecules by the holes generates HO●. Thus, HO● and O2

●- are 
generated due to electron and hole (e-/h+) transfers. These 
molecules have a powerful ability to break down CV mol-
ecules’ bonds, which ultimately results in mineralization. 
The CdO:V2O5 surface can also be used to directly oxidise 
CV, removing it from the solution

According to the findings, the ratio of V2O5 to CdO 
in nanocomposites has a significant influence on crystal 
violet photocatalytic activity. The production of a (2:1) 
CdO:V2O5 nanocomposite allows for regulated recombina-
tion of photo-generated electrons and holes, which aids in 
improved degradation.
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Figure 7. CdO/V2O5 (1:1) nanocomposite degradation of crystal violet (a) zero-order reaction (b) first-order reaction (c) second-order 
reaction (d) third-order reaction plot.

Figure 8. CdO/V2O5 (2:1) nanocomposite degradation of crystal violet (a) zero-order reaction (b) first-order reaction (c) second-order 
reaction (d) third-order reaction plot.
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Figure 9. CdO/V2O5 (1:2) nanocomposite degradation of crystal violet (a) zero-order reaction (b) first-order reaction (c) second-order 
reaction (d) third-order reaction plot.

Table 5. Regression data of prepared binary metal oxide nanocomposite.

Metal oxide Ratio Zero order First order Second order Third order

CdO:V2O5 1:1 0.9464 0.9957 0.9732 0.9013

CdO:V2O5 1:2 0.8548 0.9903 0.9857 0.9407

CdO:V2O5 2:1 0.8899 0.9800 0.9788 0.9044

Figure 10. possible mechanism of degradation of pollutants using the CdO:V2O5 and dye CV.
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4. Conclusions

CdO:V2O5 nanocomposites were effectively pro-
duced by a simple co-precipitation approach. The appear-
ance of strong distinctive peaks in X-ray diffraction (XRD) 
study demonstrated that nanoscale CdO:V2O5 composites 
had formed. Under visible light, the nanocomposites’ pho-
tocatalytic performance was assessed using varying molar 
ratios of CdO to V2O5 (1:1, 1:2, and 2:1). With regression 
values of 0.9957, 0.9903, and 0.9800, respectively, the data 
showed a robust photoresponse and first-order kinetics. 
The higher the CdO content in the composites, the higher 
the photocatalytic efficiency. In contrast to pure V2O5, 
which had a lower efficiency of 54.63%, the degradation 
efficiencies for CdO:V2O5 at molar ratios of 2:1, 1:1, and 
1:2 were 78.78%, 75.75%, and 68.62%, respectively. The 
synergistic combination of CdO and V2O5, which enhances 
light absorption and charge separation, is responsible for 
this increased activity. CdO:V2O5 nanocomposites are 
interesting options for wastewater treatment and environ-
mental remediation because of their efficiency and inex-
pensive production. Optimizing synthesis parameters and 
investigating wider uses for these materials should be the 
main goals of future studies.
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