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Abstract

In this research paper, We look into the photocatalytic capabilities of copper-palladium oxide (CuPdO)
solutions for environmental applications, particularly their capacity to breakdown organic contaminants.
Photocatalysis is an eco-friendly and effective way to break down toxic compounds in water and air. However,
traditional photocatalysts like titanium dioxide (TiO2) have limitations, such as poor activity in visible light.
This study seeks to address these constraints by investigating CuPdO as a novel photocatalyst. CuPdO
solutions were produced using the sol-gel method, and their photocatalytic activity was tested under UV and
visible light. Methylene blue (MB) and phenol were used as typical contaminants to evaluate CuPdO
degrading efficiency. The results showed that CuPdO degraded MB by 96% under UV light and 85% under
visible light within 120 minutes. CuPdO degraded phenol more efficiently than TiO., obtaining 87%
degradation in 90 minutes vs 72% for TiO2. The study shows that CuPdO is an excellent photocatalyst,
performing well under both UV and visible light. Its potential for large-scale environmental applications

makes it an attractive choice for pollution control and long-term environmental repair.

Keywords: Copper-palladium oxide (CuPdO), photocatalysis, environmental remediation, organic
pollutants, methylene blue, phenol degradation, UV light, visible light, sol-gel method, titanium dioxide

(TiO-), water purification, air purification, sustainable technology.
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Introduction

Environmental pollution, particularly in water and air, has become a global issue as a result of fast
industrialization and urbanization. Organic pollutants such as dyes, herbicides, and industrial chemicals pose
major risks to ecosystems and human health. Conventional pollutant removal technologies, such as chemical
treatment and filtration, frequently fail to meet efficiency, economic, and environmental safety criteria. In
this context, photocatalysis has emerged as a viable environmental remediation method, providing a long-

term approach to degrading dangerous pollutants by light irradiation.

Photocatalysis is the activation of a catalyst by light, usually in the UV or visible spectrum, which results in
the formation of reactive species capable of breaking down complicated contaminants into less hazardous
molecules. Titanium dioxide (TiO2) and zinc oxide (ZnO) are among the most studied photocatalysts.
However, these materials have disadvantages, such as low efficiency in visible light and limited stability,

which limit their widespread deployment.

Recent breakthroughs in materials research have resulted in the discovery of copper-palladium oxide (CuPdO)
as a novel photocatalyst. Copper and palladium are known for their catalytic capabilities, and their
combination in an oxide form improves light absorption, charge separation, and activity. CuPdO has good
photocatalytic activity in both ultraviolet and visible light, making it an ideal catalyst for environmental
applications. Furthermore, it has demonstrated substantial potential for degrading various organic

contaminants, such as dyes, phenols, and pharmaceuticals, with high efficiency.

The goal of this research is to investigate the photocatalytic capabilities of copper-palladium oxide solutions,
particularly in the context of environmental cleanup. This study intends to contribute to the development of
cost-effective and efficient solutions to global pollution concerns by exploring its ability to degrade

contaminants.

Objectives of the Study

e To investigate the photocatalytic properties of CuPdO solutions and assess their effectiveness in

degrading environmental pollutants.
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Overview of Photocatalysis and Its Significance in Environmental Applications

Photocatalysis is the process of activating a catalyst with light, usually ultraviolet (UV) or visible light, to
initiate chemical processes that breakdown pollutants. When light photons reach the photocatalyst, they
excite electrons and form electron-hole pairs. These pairs react with water and oxygen molecules to produce
reactive species like hydroxyl radicals and superoxide ions, which can degrade complex organic

contaminants into innocuous products like CO2 and water.

The significance of photocatalysis lies in its eco-

friendly and energy-efficient nature, as it uses
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the need for harsh chemicals. This makes it highly
valuable for environmental applications, particularly
in water and air purification. Photocatalytic materials
are effective in degrading a wide range of pollutants,
including toxic dyes, pesticides, pharmaceuticals, and
volatile organic compounds (VOCs), which are
commonly found in industrial wastewater and

polluted air.

Photocatalysis provides a low-cost, renewable approach to pollutant degradation, making it a long-term
solution to some of the world's most serious environmental issues. It has the potential for large-scale
applications such as wastewater treatment, air purification, and the degradation of dangerous compounds,

making it an important technology in the field of environmental remediation.

Materials and Methods

This section describes the materials and experimental procedures used to study the photocatalytic

characteristics of Cu-PdO solutions for environmental applications.
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Materials

The initial ingredients for the synthesis of CuPdO were copper nitrate (Cu(NOs)2), palladium chloride (PdCL),
and sodium hydroxide (NaOH). Deionized water was used as the solvent in all tests. Organic pollutants,
including methylene blue (MB) and phenol, were chosen as typical contaminants for degradation
investigations. Analytical-grade chemicals were obtained from reliable suppliers to assure purity and

consistency.

Synthesis of CuPdO- CuPdO solutions were prepared using the sol-gel technique. To create a gel-like
precursor, stoichiometric quantities of copper nitrate and palladium chloride were dissolved in deionized
water before slowly adding NaOH. The gel was dried and calcined at 400°C to produce the CuPdO catalyst.

The synthesized material was then dispersed in deionized water to produce CuPdO solutions.

Characterization- The CuPdO catalyst was characterized using X-ray diffraction (XRD) for phase analysis,
scanning electron microscopy (SEM) for morphology, and UV-visible spectroscopy to evaluate optical

characteristics.

Data Collection and Photocatalytic Activity- The photocatalytic activity of CuPdO was investigated by
exposing pollutant solutions to UV and visible light sources. Pollutant degradation rates were measured on a
regular basis using UV-Vis spectroscopy. The reduction in absorbance of contaminants, such as methylene
blue, was utilized to compute degradation efficiency, providing quantitative information about the catalyst's

effectiveness.

Results and Discussion

This section discusses the photocatalytic performance of copper-palladium oxide (CuPdO) solutions,
specifically its effectiveness in degrading environmental contaminants. The results of the trials demonstrate
the catalyst's effectiveness, and we examine the effect of numerous aspects on its photocatalytic activity,

including light source, pollutant concentration, and CuPdO composition.
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1. Photocatalytic Degradation of Methylene Blue (MB)

The first experiment investigated the decomposition of methylene blue (MB), a common dye contaminant,
using UV and visible light. The initial concentration of MB solution was 10 ppm, and the CuPdO catalyst
was utilized at various concentrations. UV-Vis spectroscopy was used to determine the percentage of MB

that had degraded over time.

Time (minutes)||Degradation under UV Light (%)||Degradation under Visible Light (%)
0 010
30 |35 18
60 | 67 || 48
90 || 88|73
120 (| 96 || 85
120
100
80
60
40
_
0 —
1 2 3 4 5
H Time (minutes) B Degradation under UV Light (%)
Degradation under Visible Light (%)
Discussion:

As shown in Table 1, the degradation rate of MB was much higher under UV light than under visible light.
After 120 minutes of UV irradiation, the CuPdO catalyst degraded MB virtually completely (96%), but

visible light only degraded it by 85%. The increased deterioration under UV light is owing to the higher
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energy of UV photons, which causes more effective electron-hole pair production in the CuPdO catalyst.
However, the catalyst showed significant activity under visible light, which is useful for actual environmental

applications because it can use sunshine.

2. Effect of Catalyst Concentration on Photocatalytic Efficiency

To explore the effect of CuPdO concentration on photocatalytic efficiency, experiments were carried out with
varied catalyst concentrations (0.5 g/L, 1 g/L, and 2 g/L) under UV light for 120 minutes. The degradation

of MB was measured at each concentration.

Catalyst Concentration (g/L)||Degradation of MB after 120 minutes (%)

0.5 68
1.0 96
2.0 97

Effect of Catalyst Concentration on
Photocatalytic Efficiency

100
50
0
1 2 3
M Catalyst Concentration (g/L) M Degradation of MB after 120 minutes (%)

Discussion:

Table 2 demonstrates that increasing CuPdO concentration from 0.5 to 1 g/L resulted in a significant
improvement in photocatalytic degradation, with MB reduced by 96% at 1 g/L. However, raising the catalyst
concentration to 2 g/L only slightly increased the degradation rate (97%). This shows that the ideal
concentration for successful photocatalysis is 1 g/L, after which more catalyst yields declining benefits, most

likely due to increasing light scattering or particle aggregation.
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3. Comparison of CuPdO with Other Photocatalysts

CuPdO's performance was compared to that of TiO-, a well-known photocatalyst, under similar experimental

settings for the destruction of phenol, an organic pollutant. The experiment lasted 90 minutes under UV light.

Photocatalyst|Degradation of Phenol (%)

CuPdO

‘Degradation of Phenol by Photocatalysts

100

H (o)) 0
o o o

N
o

Degradation of Phenol (%)

TiO: CuPdO
Photocatalyst

Discussion:
Table 3 shows that CuPdO outperformed TiO- in photocatalytic performance, degrading 87% of phenol after
90 minutes while TiO2 only degraded 72%. The increased activity of CuPdO is due to the synergistic impact

of copper and palladium, which enables higher light absorption and more effective electron-hole separation.
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Furthermore, the bimetallic structure of CuPdO reduces recombination losses, increasing overall
photocatalytic efficiency.

The results show that CuPdO is an effective photocatalyst for degrading organic pollutants including
methylene blue and phenol, with high performance in both UV and visible light. The ideal catalyst
concentration is critical for optimal degrading efficiency, with 1 g/L producing the optimum results. CuPdO
outperforms standard photocatalysts such as TiO-, making it a viable material for environmental applications,
especially in water and air purification systems. These findings confirm CuPdO's promise as a low-cost, high-
efficiency option for reducing environmental pollution via photocatalytic processes.

Conclusion

The study shows that copper-palladium oxide (CuPdO) has a high potential as an efficient photocatalyst for
environmental remediation, notably in the degradation of organic contaminants such as methylene blue and
phenol. The CuPdO catalyst shown outstanding photocatalytic activity under UV and visible light, degrading
methylene blue by 96% under UV light and 85% under visible light within 120 minutes. The catalyst also
performed optimally at a concentration of 1 g/L, emphasizing the need of proper dose for maximum
effectiveness. Furthermore, CuPdO outperformed traditional photocatalysts such as titanium dioxide (TiO-),
attaining a greater breakdown rate of phenol (87% vs. 72%).

CuPdO's increased photocatalytic activity is due to the synergistic impact of copper and palladium, which
enhances effective light absorption and electron-hole separation while lowering recombination losses. This
makes CuPdO an appealing contender for large-scale environmental applications including wastewater
treatment and air purification. Overall, the study demonstrates CuPdO's potential as a long-term, cost-
effective solution for pollution control, providing a cleaner and more energy-efficient alternative to traditional

pollutant degradation methods.
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