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A B S T R A C T 

  Reactive dyes pose a major risk to the environment and human health when they 

contaminate water .In this study we prepared highly efficient a synthesis of 

SnO2:CuO nanocomposite with two different concentrations by environmentally 

friendly which is hydrothermal method. The technique of X-ray diffraction was 

used to examine the structural properties of the materials, The FE-SEM 

technology was utilized to explore and evaluate the surface morphology, FTIR 

and UV–visible spectrophotometer. The results reveal from XRD that the crystal 

structure of samples exhibits two phases comprising SnO2 structure that 

possesses tetragonal rutile, tetragonal cell of metallic Sn, and monoclinic-phase 

of CuO. FESEM images detect that the change of precursor concentration in the 

range of (0.1-0.05 M) influence the shape of the nanocomposite and has an 

amazing effect on the diameter size as-grown particles in the range of (53.8-

22.73) nm and photocatalysis. The FTIR spectra's presence of vibrational bands 

corresponding to CuO and SnO2 confirms that these materials exist in the 

nanostructure, showing that the binaries of metallic oxides have been integrated 

successfully. In UV-Vis., absorption increase with thickness layer. With rising 

thickness layer, the energy gap dropped from (2.05 to 1.98) eV. Using Methylene 

blue as a model pollutant, the photodegradation efficiency of SnO2:CuO 

nanocomposite was investigated. SnO2:CuO (95% and 92% at 135 min.) The 

hydrothermal approach with two different concentrations supports the 

photocatalytic activity observed in this work to remove methylene blue, and the 

result is to preserve the aquatic environment as much as possible. 

Keywords:  SnO2:CuO nanocomposite, photocatalytic, Sunlight, Methylene blue (MB), 

Hydrothermal method, Structural morphological, Optical properties. 
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1. Introduction  

The most dangerous environmental contamination is being produced by the rapid 

industrialization and civilization process. One of the main issues facing eco-friendly 

environments is water contamination [1]. In addition to having detrimental effects on 

health, water pollution has altered the way of life for aquatic organisms [2]. 

Additionally, the number of premature fatalities rose daily as a result of water 

pollution [3]. Wastes from the textile, food, paint, and leather industries (organic 

pollutants) are difficult to recycle or purify because they can easily combine with 

water resources [4]. The development of quick, highly effective, and inexpensive 

physical, chemical, and biological degrading methods is of great interest to research 

communities. Due to its simplicity, environmental friendliness, and ability to degrade 

organic pollutants without producing any secondary products, solar-driven 

semiconductor-based photocatalysis technology has drawn the most attention among 

them [5, 6]. For the photocatalysts procedure, many semiconductor materials were 

utilized, such as metal oxide [7-9], Sulfide of a transition metal [10, 11], carbon-based 

substances [12, 13], as well as MOFs (metal-organic frameworks). Metal oxide is one 

of those that has received the most attention in the photocatalytic area because of the 

material's strong chemical stability, low danger composition, wide bandgap, and high 

exaction binding energy. The metal oxide in the majority of semiconductors only 

absorbs UV light., this limits their applicability [14]. In addition to covering the 

visible and UV bands, using two metal oxides together improved the photocatalytic 

characteristics. The wide bandgaps (3.7 eV) and high exciton binding energies (60 m 

eV) of these materials, systems for electronics, optics, and photonics are increasingly 

using metal oxide nanostructures. [15, 16]. The formation of the (n-p) junction 

between SnO2:CuO heterojunction among them enhanced the photocatalytic 

characteristics because of their wide bandgap, non-toxic composition, strong 

photosensitivity, and low recombination rate. CuO (1.5 eV) is a p-type 

semiconductor, and SnO2 (3.7 eV) is a broad bandgap n-type semiconductor. When 

CuO acts as a sink in an n-p heterojunction, the photogenerated electron-hole pair 

migrate in the opposite direction, accumulate in the valence band of SnO2, and 

efficiently pairs of electrons and holes recombine less frequently. This helps to 

separate the electron-hole pair (reduced recombination). The high migration of 

electrons in the opposite direction combined with minimal recombination would 

increase the photocatalytic property of the SnO2:CuO heterostructure, heterostructure 

of SnO2 with CuO [17, 18]. Hydrothermal approach used in this study to create the 

SnO2:CuO heterostructure photocatalyst is of special interest because it is economical 

and environmentally benign, with growth temperatures as low as 90 °C [19]. The 

hydrothermal method involves heating and pressurizing an aqueous solution to 

operate as a reaction system in a particular closed reaction vessel in order to provide a 

high-temperature, high-pressure reaction environment [20]. 



Degradation of Organically Polluted 
 

105 

 

The aim of the research is to remove organic pollutants from the water by 

photocatalysis and to preserve the environment by using the available and free 

sunlight by choosing a method for preparing low-temperature materials that are low-

cost and within the range of environment-friendly and use of catalytic materials with 

toxicity is very little or negligible and high response to photocatalytic process. 

2.Experimental 

2.1Materials 

        the kinds of components, molecular weight, manufacturer, and purity used in 

manufacturing were (Tin chloride dehydrate) Tin (II) chloride  [SnCl2.2H2O , Sigma-

Aldrich, purity 98%, Wt. 241.6], copper (II) nitrate trihydrate [NO32.3H2O, 

HIMEDIA-India, extra pure 99.5%, Wt. 225.6], ethanol (C2H5OH, 100% purity , 

Hayman, UK, Wt. 46.07 ), glass substrate [China's Yingke Optical Products Co., Ltd]. 

methylene blue dye [C16H18N3ClS, Sigma-Aldrich,99.9%, Wt.319.85] was utilized 

to evaluate the performance of a photocatalytic process. Distilled water (DW) was 

used for the experiment. 

2.3 Synthesis of SnO2:CuO nanocomposite 

       In this research, by modifying the hydrothermal growth conditions, two samples 

of (SnO2:CuO) nanocomposite where it has been prepared by this method and is 

considered one of the methods of low cost, easier to manage composition, deposition 

over a larger area, and operates at lower temperatures. With tin chloride SnCl2.2H2O 

as a tin source in addition, a copper source is copper nitrate, Cu (NO3)2.3H2O., as 

shown in Fig (1). The specific synthesis steps were as follows: First, by melting 

)2.256 g/mol  ( of SnCl2.2H2O in 100 ml of deionized water (DW), the SnO2 precursor 

solution was created, it was swirled with a stirrer that was magnetized for ten minutes 

at a temperature of 50 °C. Also, (2.416 g/mol) of Cu (NO3)2.3H2O was dissolved in 

100 ml of DW to obtain the CuO precursor solution. After mixing and stirring the two 

precursor solutions for 15 minutes at room temperature, NaOH had been added to the 

mixture to bring the pH value to (10). The combination that resulted was poured into a 

glass autoclave (200 ml) and subjected to heating treatment at 130 °C for 4 hour). The 

finished product powder was centrifuged at a speed of 2000 r/min., cleaned four times 

with deionized water and once with ethanol, and dried at 70 °C for an hour. The final 

product was created by placing the product powder into a tube furnace and annealing 

it at 50 °C for one hour. We repeat all the previous steps by changing the 

concentrations of SnCl2.2H2O and Cu (NO3)2.3H2O as shown in. 
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Table 1. concentrations of SnCl2.2H2O and Cu (NO3)2.3H2O 
 

 

 

 

 

Figure1.  Schematic illustration the preparation steps of SnO2/CuO nanocomposite by 

hydrothermal method. 

 

2.4 Study of photocatalysis 

        The degradation of organic contaminants under visible light was used to evaluate 

the photocatalytic capabilities of the (SnO2:CuO) nanocomposite. 1 liter of Distilled 

water (DI) water containing 10 mg/ml of methylene blue dye was stirred for 15 

minutes. The mixture was then combined with 5 mL of the heterogeneous catalyst 

SnO2:CuO (S1 and S2) for 30 minutes in the dark to allow impurities to build up on 

the film. The usual contamination was then made to come into contact with the 

catalyst using sunlight. Organic matter Methylene blue (MB) was exposed to the 

contaminated solution for 45 minutes before the UV-vis absorption spectra was 

examined. The photocatalytic efficacy (P) is determined by Eq. (1) [21] 

  
     

  
      (1) 

The starting dye concentration is Co (mg1
-1

) and the final concentration is Ct (mg1
-1

) 

after a predetermined amount of time. The (MB) absorption spectra in a solution 

containing 10 mL of dye could be recognized at 663 nm. 

Sample Concentration 

SnCl2.2H2O g/mol 

Concentration Cu 

(NO3)2.3H2O g/mol 

S1 0.1 0.1 

S2 0.50 0.05 
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     Several analysis instruments were used to characterize the prepared SnO2:CuO 

nanocomposite samples. The structural characteristics were examined using X-ray 

diffraction (XRD). "Shimadzu XRD-6000" was used to obtain (2ϴ) scans at a Bragg 

range of (20◦-80◦), FTIR (Fourier-transform infrared spectroscopy) is done using 

(BIOTECH ENGINEERING MANAGEMENT) to study the compositional 

properties. By using field emission-scanning electron microscopy (FESEM; Hitachi-S 

4160-Japan), images of the surface morphology and cross-section of four materials 

were obtained. A UV-Vis spectrometer of the T70/T80 Series UV/Vis type was used 

to investigate the optical qualities represented by absorption spectra in the wavelength 

range of 200-900 nm. 

3.Structural Analysis (XRD) 

       The hydrothermal process for making SnO2:CuO nanocomposite at various 

concentrations for growth period of 4 h, temperature of 130 C, and pH = 10 is shown 

in Fig. (2). The placements of samples' XRD peaks can easily be correlated with 

SnO2's tetragonal structure (JCPDS 21-1250) [22], monoclinic-phase of CuO (JCPDS 

80–1268) [23] and Sn (JCPDS 86-2265) [24]. These XRD peaks of the SnO2 structure 

corresponded to the (110), (132), (041), (223), (400), (204), (210), (211), (220), (002) 

and (310) miller indices. While the XRD diffraction peaks of tetragonal Sn agreed 

with the (110) miller indices. Lastly the XRD diffraction peaks of the CuO agreed 

with the (002), (200), (-112), (-202), (202), (-311) and (113) miller indices. This 

proves that SnO2 and CuO are separate phases that coexist in the doped thin film. 

[25]. The average crystal size of the resulting SnO2:CuO is around (45-54) nm, 

obtained using Scherrer’s Eq. (2) [26] and in the table (2). 

  
    

      
 (2) 

                                                                   

where D is the size of the crystal and (λ) is the wavelength of the light, which is 

1.5408 Å, (β) represents the peak's whole width half maximum in radians, while (ϴ) 

denotes the Bragg angle. 
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Figure 2. XRD patterns of as-prepared SnO2:CuO nanocomposite synthesis by 

hydrothermal method at different concentration for growth time 4 h, growth 

temperature 130 C and pH = 10 

  When both SnO2 and CuO are present, a composite has formed. The broad 

appearance of the peaks in samples S1 and S2 indicates that the small-sized 

nanocrystalline SnO2:CuO is formed. Sharp diffraction peaks reveal the crystalline 

nature of all NPs, whereas extra peaks are seen in the XRD spectrum of samples 

because of the Sn metal powder at the angle 31.84, displays sharper and more 

intensified Sn peaks, indicating an increase in the Sn particle size, that results agree 

with studies [27-29]. Due to the formation of crystallites and the enhancement of 

crystallization, the SnO2:CuO nanocomposite's diffraction peak strength in samples 

S1 and S2 clearly increases, while the peak's width gradually decreases. The SnO2 

exhibits five main peaks, while the CuO powder displays four distinct major peaks. It 

is significant to notice that the XRD pattern of the SnO2:CuO nanocomposite, which 

corresponds to the (0 0 2) plane of CuO, shows a modest peak at about 2ϴ = 35.88 in 

S1 with a peak intensity that is larger in S2, and the most intense peak, which was 

associated with CuO in sample S2 and Sn in sample S1, at diffraction angles 38.79 

and 31.84, respectively, which demonstrates the favored direction for the formation of 

nanocrystals.  

   The presence of secondary metal in the produced nanostructure is clearly indicated 

by the broadness in the XRD pattern, that agree with [30]. The CuO samples served as 

dopants in the SnO2 structure, according to the x-ray diffraction patterns shown in 

Fig. 1 and table (2), since the diffraction peaks of SnO2 were more intense than those 

of CuO, which was caused by their dissociation constant [25]. Since a distinct peak 

(Sn) was seen, it cannot be said that the thin film that was created simply consisted of 

SnO2 and CuO crystal phases. SnO2:CuO nanocomposites' pattern shows a peak at 
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position (110) that is greater in 2 value and is caused by an increase in oxygen 

vacancies [31], As a result of flaws or the presence of secondary species in the 

material, residual stresses or lattice contraction may be caused (Sn). Since it has been 

widely reported that defects like oxygen vacancies and oxygen interstitials, in addition 

to other factors like phase purity, nature of dopant, method of synthesis, shape, 

particle size, morphology, and surface area, are primarily responsible for light-

mediated activity such as photocatalysis, the presence of such defects in 

nanocomposite is encouraging [32]. 

Table 2. XRD analysis results of SnO2:CuO nanocomposite synthesis by      

hydrothermal method 

 

 

 

 

 

 

4.Morphology Analysis 

    Using FE-SEM images, the surface and cross-section of SnO2:CuO nanocomposites 

were further described and investigated in response two different precursor 

concentration. These samples were created using the hydrothermal process over the 

course of four hours with a heating treatment at 130 °C and a pH of 10. The creation 

of the dense nanoparticle aggregation of the SnO2:CuO nanocomposite (S1) by 

Material Concentration (h k l) 

 

D (nm) d 

(A) 

FWHM 

(Deg.) 

 

SnO2+CuO 

(Nanocomposite) 

 

0.1+ 0.1 M 

110 56.69 3.36 0.144 

132 25.61 3.14 0.32 

041 68.52 3.00 0.12 

110 

Sn 

45.89 

Sn 

2.80 

Sn 

0.180 

Sn 

223 13.21 2.74 0.6267 

400 21.70 2.64 0.3828 

204 15.50 2.45 0.54 

210 19.82 2.13 0.43 

211 36.82 1.76 0.24 

220 110.70 1.68 0.0807 

002 47.58 1.62 0.189 

310 77.20 1.49 0.12 

average crystal 

size = 45 nm 

 

SnO2+CuO 

(Nanocomposite) 

 

0.05 + 0.05 M 

002 65.26 2.50 0.128 

200 70.22 2.31 0.12 

-112 47.21 1.98 0.182 

-202 58.19 1.86 0.15 

202 43.67 1.59 0.208 

-311 75.22 1.41 0.126 

113 17.058 1.38 0.56 

average crystal 

size =56 nm 
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applying a precursor mixture consisting of (0.1 M of SnO2 + 0.1 M of CuO) is shown 

in FE-SEM images in Fig. 3-a-b The average particles (53.8) nm in size as seen in fig. 

(3-a). 

   When the pH is 10 and the incubation time is 4 hours, there is a greater development 

of NPs that are clustered, homogenous, and clearly semi-spherical in shape. The 

stability of cluster dispersion under given circumstances Increased reaction time may 

have contributed to this outcome, and as reaction time increases, so does the 

crystallization of smaller particles, which involved the nucleation and development of 

smaller particles from SnO2:CuO nuclei. The surfaces of both SnO2:CuO synthetic 

materials can be seen in the FE-SEM pictures to be densely packed with uniform 

nanospheres. The cross-section of the sample (S1) as it was created was calculated to 

be (1.64μm), which is corroborated by Fig. (3-b). 

 

Figure 3-a-b.  FE-SEM image and cross-section of SnO2:CuO nanocomposite as-

prepared by a hydrothermal method under pH=10, at 130 
°
C and growth time 4 h 

 

 Fig. 4-a-b explains surface image and the cross-section of SnO2:CuO nanocomposite 

(S2) prepared at concentrations (0.05 M of SnO2 + 0.05 M of CuO). The morphology 

displays the particles' homogeneous, dense, and packed packaging. This indicates the 

possibility of controlling the size of NPs by the pH, reaction time, and concentration. 

The nanoparticle in these conditions is that the particles appear in the form of very 

small, almost spherical clusters, and the particles are grouped in a compact manner 

because of agglomeration. The high surface interaction between nanoparticles, which 

have a large specific surface area and high surface energy, or which may have been 

brought on by thermal stress, is what causes the agglomeration of nanoparticles [25]. 

The average particles (22.73) nm in size as seen in fig. (4-a). 

      It is noted from the fig.(4-b) the cross-section was calculated to be (4.1μm), that 

the prepared nanomaterials are seen at homogeneous in an organized and dense 

A B 
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manner resembling clouds i.e., densely packed homogeneous nanospheres are across 

the entire surface of synthesized materials. Finally, we conclude that the lower the 

concentration, the lower the NPs. 

  

Figure 4-a-b.  FE-SEM image and cross-section of SnO2:CuO nanocomposite as-

prepared by a hydrothermal method under pH=10, at 130 
°
C and growth time 4 h 

 

 

Fig. 5-a-b shows the FTIR spectra of the two prepared samples. The band at 

(668.86, 654.98 and 669.27) cm
-1

 for S1 and S2 equally correlates to the asymmetric 

stretching vibrational mode of the Sn-O, indicating that no additional phase of copper 

was present in the synthesized product. The band at (461.31, 493.30, and 419.13) cm
-1

 

for two samples represents the bending vibrational modes of Cu-O, that agree with 

studied [25]. As a result of a condensation process between Sn-OH groups during to 

generate Sn-O-Sn, the peaks grew stronger and weaker, respectively [33]. In the metal 

to oxide bond, the formation of the O-Sn-O bridging link at (720.09) cm
-1

 for S2 

corresponds to the production of symmetric stretching vibrations. It was determined 

that the Sn-OH stretching bond was responsible for the peak in S1 at (914.20) cm
-1

. 

The absorption bands at (2272.10-2360.69) cm
-1

 are mostly caused by chemisorbed 

and/or physiosorbed molecules of H2O and CO2 on the surface of nanostructured 

hierarchical copper oxide crystals. Peak (1362.53) cm
-1

 refer to CH2 bending and (Cu-

OH) stretching. There are no peaks between 1500 cm
-1

 in S2 because of the oxygen's 

sheer vibrational stretching. [34], only in S1 appear the peak (1593.75) cm
-1

 which 

refers to (C=C) stretching. 

 

A B 



                        R.A. Al-Mousawi and etc  /MJPAS 1(3) (2023) 103-121    

112 

 

 

Figure 5-a-b. Showed the FTIR spectra of SnO2:CuO dependent different 

concentrations of precursor solutions at pH = 10, T= 130 C and growth time 4 h 

5.Optical Properties 

 

   A UV-Vis. spectrophotometer usual to it examine the optical absorption spectra of 

SnO2:CuO nanocomposite samples in the 200-900 nm region, as shown in Fig. (6-a). 

The peaks of S1 are (360) nm shown at a with concentration of (0.1 SnO2 + 0.1 CuO) 

mol. While the peaks of S2 is (370) nm for concentration (0.05 SnO2 + 0.05CuO) 

mol. 

 

Figure 6-a.  UV-Vis spectra of SnO2:CuO dependent different concentrations of 

precursor solutions at pH = 10, T= 130 C and growth time 4 h 

  

A 

B 
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   The size and structure of the NPs, the surface roughness, and impurities are some of 

the variables that affect absorption [35]. From the above fig. (6-a) and table (4) The 

absorption peak intensity increases with increasing thickness layer, and time reaction. 

The strong interfacial connection between NPs, where the homogeneity and regularity 

of nanomaterials occur, or so-called crystalline regeneration, is one of the causes of 

the increase in absorbance with layer thickness; this led to higher absorption and 

decreased transmittance, Since the film packing density rises with increasing film 

thickness, the relationship between increasing film thickness and light absorption can 

be explained by an increase in the effective optical path length [36]. The main cause 

of the blue-shift seen in S1 is the quantum size effect on the reduced size of 

SnO2:CuO nanoparticles. While in sample S2 there is a movement towards the red 

due to flaws, there may be significant variation on the properties of nanocrystalline 

materials observed compared to bulk qualities when the particle size decreases from 

bulk to nano. 

    The energy band gap of SnO2:CuO nanocomposite was estimated by plotting the 

square of (αhυ)
2
 versus photon energy (hυ). The extrapolation of the straight line to 

(αhυ)
2
 gives the value of the energy gap. The optical band gap of the SnO2:CuO 

nanocomposite varied from 2.05 to 1.98 eV. (hv)
2
 (ev/cm)

2,
 as shown in fig. (6-b) and 

table (3). 

Moreover, the following equation (3) can be used to calculate the energy band gap 

[37]: 

                                                                                          (3) 

Where Eg: is the optical energy band gap; h: is photon energy; B: is a constant, and x: 

is constant, the allowed and forbidden direct transitions are (1/2, 3/2), respectively, 

while the allowed and forbidden indirect transitions are (2, 3), respectively. 



                        R.A. Al-Mousawi and etc  /MJPAS 1(3) (2023) 103-121    

114 

 

 

Figure 6-b. Energy gap of SnO2 CuO dependent different concentrations of precursor 

solutions at p  =10, T= 130 C  and growth time 4 h 

    Depending on the film crystal structure, the atoms' arrangement, and their 

distribution inside the crystal lattice, the energy band gap (Eg) values [38]. FESEM 

confirms that the band gap shrunk because of the creation of nano-sized particles. The 

Eg continually decreases with layer thickness, mostly because of quantum 

confinement in the SnO2:CuO nanocomposite. As a result, the existence of 

unstructured defects that raise the density of localized states in the band gap and 

subsequently lower the energy can be blamed for the decrease in optical band gap 

with increasing film thickness layer [39]. The minor shift in the energy gap may be 

due to strain created in SnO2:CuO that causes quantum confinement in the 

heterostructures or variations in crystalline size across the sample [40, 41]. 
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Table 3. Optical measurement of SnO2:CuO dependent different concentrations of 

precursor solutions at pH = 10, T= 130 C and growth time 4 h 

 

 

 

 

 

 

 

6.Photocatalytic process 

    Samples obtained through a hydrothermal process to demonstrate their 

photocatalytic activity; nanocomposite was employed to breakdown the bonds of 

methylene blue in the presence of sunshine. Figure (7-a-d) illustrates the examination 

of the photocatalytic characteristics of the SnO2:CuO nanocomposite, exhibits the UV 

absorption spectra of the model pollutant. The degradation rate of methylene blue was 

calculated using the computed proportion of SnO2:CuO and the UV-vis absorption 

spectra, which was determined to be (92.57%, 90.85%, 83.42%) in S1 and (95.08%, 

94.28%, 79.54%) in S2 respectively, as can be seen in Fig. (7-a1-a2).   It is evident 

that as exposure time lengthens, the absorption peaks of the (MB) dye gradually fade 

away. Approximately (95%) of the MB may be dissolved in 135 minutes. Figure (7-b) 

depicts the time-dependent photodegradation of methylene blue, which exhibits an 

increase in deterioration when exposed to sunlight. Additionally, after 135 minutes, as 

indicated in fig. (7-c), the disintegration of methylene blue by SnO2:CuO 

nanocomposite generated by hydrothermal is high. The concentration-time equation 

may be used to determine the pseudo-first-order rate constant k (min
-1

) from the slope 

line of fig. (7-d) and Eq. (4) [42]: 

Ln. (Co/C) = kt.                                                               (4) 

 

   where k is the first-order rate constant, C0 is the initial concentration of the MB dye 

and C is the reaction concentration at time t. It is discovered that the by 

hydrothermally synthesized heterojunction's values for (k) of methylene blue are 

(0.019 min
-1

) for S1, while (0.022 min
-1

) for S2. Thus, the photodegradation 

efficiency of the SnO2/CuO heterojunction prepared by hydrothermal is high. The 

ideal SnO2:CuO concentration for sample (S2) raised the trap state in the 

nanocomposite and decreased the rate at which electrons "e-" and holes "h+" 

recombined [43]. 

Sample Concentration condition Thickness layer 

(cross-section) 

(cm) 

Energy gap 

(e.v) 

S1 0.1 (SnO2) +0.1 (CuO) 0.000164 2.05 

S2 0.05 (SnO2) +0.05 (CuO) 0.000413 1.98 
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Figure 7-a-d. (a) The UV-vis absorption spectra were used to calculate the dye's 

degradation rate, (b) The time-dependent photodegradation of dye, (c) the degradation 

efficiency of dye by the (SnO2:CuO) and (d) first-order kinetics of dye below the sun 

light. 

   It is well known that two key elements affecting the photocatalytic activity are the 

crystallization and surface area of the photocatalyst. The crystallites grow larger as 

crystallization progresses [44]. The results show that the SnO2:CuO photocatalyst in 

S2 (SnO2 to CuO molar ratio is 0.05:0.05) at 130°C for 135 min obtains the highest 

photocatalytic activity with MB solution. This is likely due to the samples' excellent 

crystallization and high surface area. However, due to the reduction in surface area or 

the occurrence of some sintering, the photocatalytic activity of the photocatalyst in 

S1a somewhat decreased at the concentration (0.1 SnO2+0.1 CuO) [45]. The bandgap 

values of the produced samples, which range from 2.05 to 1.98 eV, support the 

A

1 

B 

C 

D 
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semiconducting nature of SnO2:CuO nanostructures. Excitation is the process by 

which electrons in the valence band that are exposed to light tend to absorb photon 

energy and move to the higher energy conduction band (CB). These conduction band 

electrons generate the highly reactive Super Oxide Anion (O2*) when they interact 

with the ambient oxygen. Due to their strong reducing nature, these Super Oxide 

Anion breakdown the organic dye (MB) when they come into contact with it, 

producing non-toxic byproducts like CO2 and H2O. 

Photocatalyst + hυ          (CB) e
-
 + (VB) h

+
 

Atmospheric O2 + (CB) e
-
            Super Oxide Anion (O2*) 

H2O + (VB) h
+
            H

+
 +  ydroxyl radical (O •) 

O •   O2* + Organic dye (Methylene blue)            

Similar to how electrons that have moved to a higher energy level after absorbing 

extra energy leave holes in the valence band (VB), the hydroxyl radical (OH) is 

created when these holes react with water molecules. The hydroxyl radical's potent 

oxidizing ability is what causes organic dyes to break down; in this process, non-toxic 

byproducts are also created. Super oxide anions and the hydroxyl radical have strong 

oxidizing and reducing characteristics that can more effectively breakdown and 

mineralize organic contaminants [6]. Different operational parameters, such as dye 

concentration, irradiation time, catalyst morphology, dose of photocatalyst, reaction 

temperature, dye-containing solution pH, and light intensity, have an impact on the 

overall photocatalytic process. The rate of dye degradation normally increases with 

exposure time, but after a while it stabilizes because the dye molecules have saturated 

the catalyst surface. Figure (4-4) shows what happened in the sample S2, which 

corresponds to this study [46]. Mechanism for the heterojunction SnO2 :CuO 

nanocomposite is shown in fig.(3) below: 

 

 

Figure 8. A schematic illustration of the photocatalytic mechanism for 

the heterojunction SnO2/CuO nanoparticles 

https://www.sciencedirect.com/topics/engineering/heterojunctions
https://www.sciencedirect.com/topics/engineering/heterojunctions
https://www.sciencedirect.com/topics/chemistry/nanoparticle
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7.Conclusions 

The (SnO2:CuO) nanocomposite was created using a hydrothermal method, this 

method succeeded in the process of hydrothermal synthesis of nano-surface 

structures. The presence of both phases in the produced material is clearly 

demonstrated by XRD spectrum analysis, and the crystallite sizes of (SnO2:CuO) 

nanostructures are calculated to fall between (45 and 54) nm, respectively. The FE-

SEM picture clearly shows the creation of a morphology that is clustered, 

homogenous, and clearly semi-spherical, branch cauliflowers and almost spherical 

clusters. The absorption spectra of (SnO2:CuO) in all the conditions mentioned show 

that the absorbance increases with increasing thickness layer. The thickness has a role 

in the energy gap, which, when the thickness layer rises, Eg falls from (2.05 into 1.98) 

eV. Using MB as a model pollutant, it’s found that depicts the time-dependent 

photodegradation of methylene blue, which exhibits an increase in deterioration when 

exposed to sunlight. Been taken advantage sunlight to degrade emerging pollutants in 

water and wastewater treatment, thus preserving the environment with the SnO2:CuO 

nanocomposite. 
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