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Abstract 
This study demonstrates the enhanced photocatalytic efficacy of CuO-TiO2 composites for large-scale applications in 
the remediation of water contaminants. CuO-TiO2 composites were synthesized by sol-gel precipitating method with 
1:2 volume ratio and examined the photocatalytic activity of synthesized nanomaterials. XRD patterns showed 
tenorite and anatase phases for CuO and TiO2 respectively, however a mixed structure was observed for CuO-TiO2. 
The optical bandgaps were found between 1.7 and 3.25 eV for the CuO, TiO2 and CuO-TiO2. The CuO-TiO2 
(1:2) was found suitable for the degradation of methyl blue (MB) dye under irradation. The low recombination rates 
and boosted charge separation were accountable to improve the performance of the photocatalic activity in visible 
light. The photodegradation was improved substantially from CuO to CuO-TiO2 (1:2) for MB dye.  
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INTRODUCTION 
In recent years, there has been growing research towards removing the air and water pollutants from the 
environment, with heterogeneous photocatalysis evolving as a prominent area of research. Among various 
treatment approaches, The oxidation process is one of the emergent process used to eliminate the organic 
contaminants from dyes because of its fast degradation, better stability, environment friendly and low 
cost [1]. These processes employ semiconductor-based photocatalysts to break down organic dyes and 
other contaminants. 
Semiconductor nanomaterials are especially appreciated for their consistent performance in 
photocatalytic applications. semiconductor based photocatalysts like TiO2, ZnO, CdO, WO3, and MoO3 
have revealed substantial effectiveness in degrading organic dyes [2]. Whereas, TiO2 in particular, has 
gained widespread popularity due to its high photo-stability, non-toxicity, and strong activity compared to 
dyes such as methylene blue (MB) and methyl orange (MO) [3]. However, TiO2’s comparatively large band 
gap (3.2 eV) prohibits its activity to ultraviolet light, which signifies a small fraction of solar energy. 
Furthermore, the rapid recombination of charge carriers restricts its practical catalytic efficiency [4]. 
To address these challenges, researchers have explored various methods to enhance photocatalytic 
performance, such as creating nanocomposite semiconductors that respond to visible light and coupling 
different semiconducting materials [5] such as ZnO-CdO [6], TiO2-MgO [7], CdO-TiO2[8], and ZnO-MgO 
[9] etc. These combinations can improve charge separation via heterojunction formation, allowing for 
more effective electron and hole transfer when exposed to light. As a result, the overall degradation 
efficiency of organic pollutants is increased through optimized interactions within these advanced 
catalysts. 
Copper oxide (CuO) is a very capable semiconductor material due to having a bandgap varying from 1.2 
to 1.5 eV. CuO under irradiation can stimulate the separation of electron-hole pairs [10]. Its advantageous 
traits comprise strong electrical conductivity, prominent chemical stability, and higher carrier 
concentrations causing from oxygen vacancies in interstitial sites. These features contribute to higher 
electron mobility, and hence, increases the CuO suitability for photocatalytic applications. Moreover, 
when CuO is paired with TiO2 i.e  CuO-TiO2 composites, some additional oxygen vacancies can be 
introduced [11]. This combination endorses improved separation of electron-hole pairs and 
enhancements the photodegradation process under visible light conditions. 
In one of the studies, Huang et al. examined the photocatalytic outcome of CuO & TiO2 junction for 
the H2 production [12]. Gray et al. studied the consequence of substitutional Cu2+ sites and confirmed 
that Cu2+ sites improved the photocatalytic activity of CuO-TiO2 nanocomposite [13]. Moreover, 
Fornasiero et al. exhibited that CuOx and TiO2 along with Cu-CuOx species dispersion can significantly 
augment the catalytic properties [14]. CuO-TiO2 photocatalysts are particularly efficient because they 
enable effective separation of photo-generated electron-hole pairs, which considerably enriches 
photocatalytic activity. Incorporating materials with different bandgaps such as CuO-TiO2 helps suppress 
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the recombination of these charge carriers under irradation, enabling the degradation of organic 
pollutants. Research by Khan et al. [15] highlighted that the coupling of two distinct semiconductors 
improves photocatalytic performance under visible-light irradiation. 
In present research work, CuO, TiO2 and CuO-TiO2 photocatalyst with (1:2) volume ratios were 
synthesized using the sol-gel precipitation method. The optical characteristics, surface morphology, and 
dye degradation behavior of the materials were thoroughly analyzed. To the best of the authors’ 
knowledge, CuO-TiO2 nanomaterials synthesized via the sol–gel method has not been extensively 
investigated for their photocatalytic applications. This unique single-step sol–gel approach enables the 
formation of CuO-TiO2 composites with improved physicochemical properties, making it a promising 
technique for producing highly efficient photocatalysts without the need for additives. The resulting 
materials exhibit a combination of CuO and anatase-phase TiO2 with reduced band gap energy, which 
enhances their visible light absorption and photocatalytic efficiency.  
2. Experimental Work 
Cuprous acetate dehydrate, titanium isopropoxide, hydrochloric acid, sodium hydroxide (NaOH), 2-
methoxyethanol, double-distilled water and methanol were employed as starting materials for synthesizing 
CuO-TiO2 composites via the sol-gel precipitation technique. Two separate precursor solutions, each with 
a concentration of 0.5 M, were prepared. For the CuO solution, 13.32 grams of Cuprous acetate dihydrate 
was dissolved in 100 mL of double-distilled water. For the TiO2 solution, 14.21 mL of titanium 
isopropoxide was mixed with 100 mL of 2-methoxyethanol. Both solutions were uninterruptedly stirred 
for 5 hours at room temperature until clear, particle-free sols were achieved. This well-controlled sol-gel 
process confirms homogeneous mixing at the molecular level, which is vital for the formation uniform 
CuO-TiO2 composites with desirable photocatalytic properties. 
CuO-TiO2 solutions were prepared with volume ratio of 1:2 by adding different quantity of CuO and 
TiO2. The mixtures were stirred continuously for an additional 3 hours at room temperature to ensure 
thorough blending of the semiconductors. After an aging period of 24 hours, sodium hydroxide (NaOH) 
solution was added dropwise to each precursor mixture to induce precipitation. The suspensions were 
then heated at 80 °C for 35 minutes to complete the chemical reactions. The resulting particles were 
separated by centrifugation and subsequently annealed at 450 °C for 6 hours. 
The synthesized CuO-TiO2 nanoparticles were characterized by various techniques. X-ray diffraction 
(XRD) measurements were performed using a Bruker D8 Advance instrument to examine the crystal 
structure. Surface morphology was examined via field emission scanning electron microscopy (FE-SEM) 
using a Zeiss Ultra-60 microscope, and phase analysis was conducted with a JEOL-2100F Cryo-high-
resolution transmission electron microscope (HR-TEM). Optical properties were assessed using a 
Shimadzu 3600 UV–Vis–NIR spectrophotometer. 
2.1 Photocatalyst properties 
To assess the photocatalytic degradation performance for methylene blue (MB), experiments were carried 
out in a 100 mL borosilicate glass reactor exposed to a 200 W tungsten lamp positioned 4 cm above the 
sample. The dye solutions were prepared at a concentration of 10 mg/L, with 5 g/L of the catalyst 
thoroughly suspended for optimal contact. Throughout the experiments, the pH was adjusted and 
maintained at 7 using either hydrochloric acid or sodium hydroxide, as neutral pH conditions have been 
shown to maximize dye removal based on the surface charge dynamics of the photocatalysts. Previous 
studies confirm that pH 7 provides ideal conditions for photodegradation [16–18]. 
Prior to irradiation, the catalyst-dye mixtures were treated with ultrasound for 10 minutes to disperse 
impurities and ensure homogeneous mixing. The resulting supernatants were analysed for MB 
concentrations at their respective maximum absorption wavelengths using a Shimadzu 3600 UV–Vis–
NIR spectrophotometer.  
 
3. RESULTS AND DISCUSSIONS 
3.1. X-ray diffraction (XRD)  
X-ray diffraction (XRD) analysis of CuO, TiO2 and CuO-TiO2 composite samples reveals distinct 
crystalline phases. The pure CuO sample displays three sharp peaks at diffraction angles (2θ) of 
approximately 35.5°, 38.9°, and 48.8°, consistent with monoclinic CuO and matching standard values 
from JCPDS card 41–0254. The TiO2 sample exhibits peaks at 25.5°, 38.0°, 48.1°, 54.0°, and 55.3°, 
confirming the presence of anatase-phase TiO2 (JCPDS 01-073-1764), which is widely recognized in 
photocatalytic applications. 
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For the CuO-TiO2 composite, the diffraction pattern demonstrates peaks corresponding to both CuO 
and TiO2, with features similar to the individual parent oxides. The predominance of CuO signals 
indicates a strong presence of copper oxide in the composite, and no extraneous peaks or significant peak 
shifts were detected, suggesting high purity and stable crystalline phases without the formation of 
secondary products or phase transformations. The absence of spurious peaks further validates the 
successful synthesis of the binary composite material. 

 
Fig.1 XRD analysis of CuO, TiO2 and CuO-TiO2 composites. 
3.2 Surface morphological analysis 
FE-SEM images were used to identify the surface morphology of the CuO-TiO2 composites. Fig. 2(a–c) 
depict the SEM images of samples CuO, TiO2 and CuO-TiO2, respectively. Fig 2(a) illustrates that CuO 
nanoparticles tend to aggregate, forming clusters of particles with irregular shapes. In contrast, Fig 2(c) 
reveals that most TiO2 nanoparticles are smaller and predominantly oval-shaped, distinguishing them 
from the larger CuO particles. Fig 2(b) displays a mixture of these two types, with the larger CuO particles 
and smaller TiO2 particles appearing together, indicative of the mixed or coupled semiconductor structure 
characteristic of the composite material.  

 
Fig 2(a-c) FESEM Images at 5µm (a) Pure CuO (b) Pure TiO2 and (c) CuO-TiO2 

3.3 UV–vis analysis 
The optical properties of CuO-TiO2 composites were evaluated using a UV–Vis spectrophotometer, 
capturing reflectance spectra in the 200–800 nm range to estimate the band gap under ambient 
conditions. With increasing TiO2 content, a blue shift in the absorption edge of CuO was observed, 
indicating that quantum confinement effects became more prominent. The optical band gap energies of 
CuO-TiO2 material was calculated by Tauc’s relation as mentioned in Eq. (1) 

   

 

(a) (b) (c) 
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αhν = (hν – Eg)n                                                                                                                           (1) 
Band gap energies for the CuO-TiO2 composites were determined using Tauc’s relation, plotting n 
denotes the type of transition (0.5 for direct, 2 for indirect band gap). Sample CuO-TiO2 absorbed visible 
light and exhibited a blue shift, showing that increasing TiO2 slightly raised the band gap due to lattice 
mismatch and changes in particle size [19]. These observations suggest effective visible-light harvesting, 
possibly due to structural defects and oxygen vacancies induced during synthesis [20]. 
 
3.4 Photocatalytic activity 
All samples were analysed for photo-degradation of MB dyes to evaluate the behaviour of CuO-TiO2 
composites. Eq. (2) used to measure the photo-degradation efficiency. 

% Photo-degradation = 
Co−Ct

C0
 × 100        (2) 

where, C0 and Ct denotes the concentration at time t= 0 and T= t min. 
Among the synthesized samples, CuO-TiO2 exhibited the highest photocatalytic efficiency for degrading 
MB dye under visible light. The absorption spectra of MB dye recorded during different reaction times 
clearly demonstrate significant degradation. The reaction duration was fixed at 60 minutes for all samples, 
which to the best of current knowledge, represents one of the shortest times reported for such high-
efficiency photocatalysis. 
The coupling of CuO and TiO2 semiconductors improves charge carrier separation, thus enhancing dye 
degradation. In contrast, the pure phases suffer from rapid recombination of photogenerated electrons 
and holes, undermining their photocatalytic effectiveness. Mechanistically, upon visible light irradiation, 
electron-hole pairs form as electrons transition from the valence band to the conduction band of the 
catalyst. Some recombine, but many participate in redox reactions, generating reactive oxygen species 
including hydroxyl radicals (·OH) and superoxide anions (·O2-) that mineralize the dyes. The conduction 
band of CuO lies at a lower energy than TiO2, facilitating electron transfer from CuO to TiO2. Anatase 
TiO2, known for suppressing electron-hole recombination, enhances this charge separation process, 
leading to improved photocatalytic activity. 

 
Fig. 6. (a) Photo-degradation of MB dye and (b) band position of CuO and TiO2. 
Overall, the CuO-TiO2 composite demonstrates optimum visible-light photocatalytic degradation 
performance, excellent stability, and a favorable mechanism for effective dye mineralization in aqueous 
solutions. The photocatalytic performance of CuO, TiO2 and CuO-TiO2 with a reaction time of 60 min 
is comes out to be 54.95 %, 76.10 % and 92.25 % respectively. The previous work reported by different 
researchers using different dye is mentioned table 1. 
Table 1 

Composite Dye Time (min) Efficiency (%) Reference 
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Cuo-TiO2 Rh-B 120 97 [21] 
Cuo-TiO2 MO 210 89 [22] 
Cuo-TiO2 Rh-B 360 65 [23] 
Cuo-TiO2 MB 60 95 Present Work 

 
4. CONCLUSION 
Photocatalytic treatment is a crucial technique for degrading pollutants in water. In the current study, 
CuO-TiO2 composites were synthesized using the sol-gel precipitation method and employed for 
photocatalytic degradation of MB dye under visible light. In CuO-TiO2 sample, the TiO2 concentration 
caused a blue shift in the CuO absorption band edge and hence, raised the optical band gap energy from 
2.3 eV to 3.6 eV. The CuO-TiO2 nanocomposite exhibited superior photocatalytic efficiency for MB 
degradation compared to its individual components, achieving faster reaction times under visible 
irradiation. This enhanced photocatalytic performance highlights the potential for using CuO-TiO2 
composites in large-scale commercial water treatment applications. The composite's improved light 
absorption, charge separation, and surface properties contribute to its effectiveness in decomposing 
organic contaminants present in wastewater. 
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