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ABSTRACT 

This study investigates the effect of a combination of copper and magnesium oxide nanoparticles embedded in a Polyvinyl 

chloride (PVC) matrix on photocatalytic activity. A thin film of CuO/MgO/PVC nanocomposites (NCs) was synthesized using 

the sol-gel route. Different weight percentages of CuO/MgO nanocomposites (5% and 15%) incorporated in the PVC matrix 

were deposited on glass strips using the spin coating method. The characterization of these thin films were carried out by a series 

of analytical and spectroscopic tools including PXRD, AFM,  UV-Vis, and FTIR spectra analysis. The bandgap energy of 

MgO/PVC significantly reduced from 4.00 eV to 3.77 eV in 15% CuO/MgO/PVC NCs. This study also demonstrates the high 

ability of CuO/MgO/PVC thin films towards the photodegradation of methylene blue (MB) dye with a proposed reaction 

mechanism. A comparative analysis for the photodegradation of MB dye revealed superior photocatalysis by 15%with a rate 

constant of 5.20 × 10-3 min-1 showing about 44% efficiency. The credit goes to the decrease in the band gap, enhancement in 

charge separation, and increase in surface area of thin film CuO/MgO/PVC NCs.  

Keywords: Polyvinyl chloride, Matrix, CuO/MgO Nanocomposites, Sol-gel, Photocatalysis.

1. Introduction 

Dye and other toxic effuleunts from the textile industries 

need to be treated before being discharged into the water 

bodies. Dyes discharged from industries of paper, and 

textile are harmful, non-biodegradable organic 

molecules that pose threat to human and aquatic life. 

The past decade has paid extensive interest to getting rid 

of this environmental problem. However, these dyes are 

complex aromatic structures with pretty much stability 

that makes conventional biological treatment methods 

in effective, and non-destructive. Besides that, 

conventional biological treatment methods are costly as 

well. Photocatalysis has emerged as an effective way to 

treat this environmental issue.  
*Corresponding author: 

E-mail address: nouhadrouabeh@gmail.com (N. Rouabah); 
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The substrate/matrix role of organic polymers where the 

substantial dispersion of inorganic oxides results in the 

composite formation finds enormous applicability. The 

various fields where these heterostructures involving 

polymeric matrix find their applicability includes 

optoelectronics, automotive, aerospace, etc. Polymer 

composites have been found to be effective in dye 

degradation compared to other materials [1-6]. The 

properties of these Polymeric nanocomposites get 

affected by various factors like interfacial bonding, the 

embedding of nanoparticles, and the morphological 

behavior of the dispersed nanoparticles in the polymeric 

substrate[7-9]. 

Inorganic particles embedded in the polymer matrix 

have been found to increase the density, mechanical, 

magnetic and redox, electronic, and thermal,  properties 

of the material. These properties depend on the shape, 
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size, adhesion of particle/matrix interfaces, and filler 

content of the nanocomposites in the polymer matrix 

[10-13]. Metal oxide nanoparticles have been found to 

be effective for potential applications in photocatalysis. 

Among the various metal oxide nanoparticles, MgO 

nanoparticles have received tremendous research 

interest being less costly, abundant, thermally stable, 

biodegradable, and low toxicity. MgO has an FCC 

arrangement of the crystal lattice encompassing a band 

gap of 7.8 eV, which limits its use in photocatalysis 

applications. Researchers have doped MgO oxide with 

noble metals in order to reduce the band gap between 

the VB and CB with the aim to increase the 

photocatalytic nature of the material by shifting their 

absorption towards visible region wavelength [14-16]. 

The introduction of metal dopants in oxides also leads 

to the separation of electron-hole pairs thus encouraging 

charge transfer from the catalyst to the bulk solution. 

Amongst various metal dopants like Au, Ag, Pd, Cu, Pt, 

etc. Cu is a notable dopant and the credit goes to its 

activity, lower cost, high abundance, and stability 

[17,18]. Not only metal dopants but a combination of 

heterometal oxides have also played a significant and 

pivotal role in the separation of electron-hole pairs and 

enhanced photocatalytic activity.  

In the present study, composites of CuO/MgO 

nanostructures were synthesized by utilizing a sol-gel 

approach. This CuO/MgO nanomaterial was embedded 

in the PVC substrate to get the nanocomposite of 

CuO/MgO/PVC with different weight percent of 

CuO/MgO (5% and 15%). The NCs of CuO/MgO/PVC  

were studied for photocatalytic dye (Methylene Blue) 

degradation and results were compared with pristine 

PVC and Cu/MgO. The nanocomposite materials were 

characterized by X-ray diffraction (XRD), FTIR, and 

Atomic Force Microscopy (AFM). 

2. Experimental 

2.1 Synthesis of Magnesium oxide (MgO) nanoparticles 

(NPs) 

The MgO NPswere synthesized through the sol-gel 

technique. The precursor Mg(NO3)2.6H2O was taken in 

C2H5OH and stirred for 24h, that results in white gel 

formation. After this, the separation of the mixture was 

performed by filtration, then washed with both ethanol 

and distilled solution. The mixture was dried for 24h at 

100°C. The obtained powder was further annealed at 

950°C and then grinded to get the product of interest. 

2.2Synthesis of CuO/MgONPs 

A similar Sol-gel approach was utilized for the synthesis 

of CuO/MgONPs.Copper acetate, Mg(NO3)2·6H2O and 

(COOH)2.2H2O wereused as precursor materials. The 

solutions of Copper acetate and Mg(NO3)2·6H2O in 

ethanol (15mL) were obtained by dissolving and then 

subsequently stirring them. The above-prepared 

solutions were then amalgamated and a light blue clear 

solution was obtained, which was left for 20 minutes 

stirring. After that, the solution was kept uninterrupted 

for 12h.Then final product was filtered and washed with 

ethanol to remove any soluble impurities. The collected 

filtrate was kept in an oven for drying at 80°Cand then 

calcined at 500°C for 2h at a heating rate of 10°C/min. 

2.3 Preparation of CuO/MgO/PVC Nanocomposite. 

1 g of PVC was added in 15 mL of THF under 

continuous stirring for 30 min. This results in the 

formation of a clear transparent viscous solution. To this 

solution, 0.5 g and 0.15g of already synthesized 

CuO/MgO nanoparticle powder was added under 

constant stirring for 1h that gives 5% CuO/MgO/PVC 

and 15% CuO/MgO/PVCploymer NCs.The thin films 

of the synthesized CuO/MgO/PVC polymer NCson the 

glass support were obtained by spin-coating method. 

2.3 Photocatalytic procedure 

The photocatalytic activity of CuO/MgO/PVC 

nanocomposites were assessed towards the degradation 

of methylene blue dye in the presence of UV light. The 

photocatalytic degradation of MB dye in an aqueous 

solution was investigated under a UV light source (VL 

-215.LC, 15W, λmax of 365 nm). A thin film of 

CuO/MgO/PVC nanocomposites coated on a glass slide 

(5 × 2.5 cm) was immersed in the beaker containing dye 

solution whose primary concentration was 10-5 mg/mL. 

The experiments were carried out in a photoreactor at 

RTand the sample was placed within a distance of 20 cm 

from the light source under constant stirring. Before 

carrying out the photocatalysis, the dye solution was 

kept in dark for a time duration of 30 minutes to ensure 

adsorption equilibrium. The experiments to determine 

the absorption values were carried out using the UV-Vis 

spectrometer (UV-1800 Shimadzu LC 2010-HT). In the 

presence of UV light, after every 30 minutes, the 

aliquots filled with the solution were used to determine 

the absorbance value, and the experiments were carried 

out for a total time of 150  minutes. The decrease in the 

intensity of the UV-Vis spectrum of MB dye during the 

photocatalysis reaction was noticed. The rate of 

degradation was calculated by the following formula; 

Degradation (%) = (1- Ct/C0) × 100%        (1) 

Where C0 and Ct represent the initial and final 

concentration of the dye respectively. 

2.4 Materials and Devices 
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The materials synthesized above by the sol-gel 

technique were characterized by various techniques. 

The crystal structure was determined by PXRD using 

Cu Kα radiation with 2θ range from 10 ̊ to 80,̊ at 

operating conditions of 40 kV voltage; operating current 

= 30 mA. The surface morphology was studied by AFM. 

AFM was done by employing a Nanoscope E Digital 

instrument with a silicon nitride cantilever in contact 

mode. The tip radius of the cantilever was 20 nm and the 

force constant was 0.56 N/m. The optical properties 

were studied by using UV/Vis absorption spectra of 

samples in the solid and liquid states using a UV-1800 

Shimadzu LC 2010-HT spectrometer.  

 

3. Results and Discussion 

3.1 Structural study 

3.1.1 X-ray diffraction (XRD) analysis 

Fig. 1 shows the XRD structure of the pristine PVC, 

MgO/PVC, and CuO/MgO/PVC nanocomposites film 

withdifferentCuO/MgO nanopowder loadings (5 and 15 

wt%). For pure PVC thin film, its XRD shows a 

broadened hump, indicating their amorphous nature. 

The Bragg’sreflections forMgO/PVC NCs at 

2𝜃=36.80°, 42.80°, 62.20°, 74.51° and 78.37°can be 

indexed to the (111), (200), (220),(311) and (222) 

crystal planes, which specifies typical cubic MgO phase 

(JCPDS:75-0447) [19,20]. However, additional peaks 

arise in CuO/MgO with 2𝜃 values of 35.51°, 38.68°, 

48.60°, 62.10°, 66.31° and 68.05° corresponding to the 

diffraction planes of (002), (111),(-202), (220) and (-

331) which specifies monoclinicCuO crystal phase 

(JCPDS: PDF#48-1548) [21]. The high intense peaks 

(002) and (111) crystal planes, confirms 

CuONPsexhibita's perfect crystalline structure. The 

slight shift in (111), (200), (220),(311), and (222)planes 

of MgO to the lower angle in the case of 

5%CuO/MgO/PVC and 15% CuO/MgO/PVCas evident 

from Table 1 clearly indicates a changé in the crystal 

structure. This indicates the introduction of larger ionic 

radius Cu2+ ions (0.72A°) have successfully substituted 

Mg2+ (0.65A°)into the crystal lattice of the MgO. On the 

basis of Debye Scherer’s formula (equation 1), the size 

of crystals were measured [22], and the values were 

calculated and recorded in Table 1. 

D = 0.9λ/βcosθ   (1) 

Where β = FWHM, θ is the diffraction angle, and λ is 

the X-ray wavelength (1.5405 Å). The calculated 

average crystallites sizes (D) of MgO NPs in MgO/PVC 

is 30 nm, and the average size of CuO and MgO NPs in 

5% CuO/MgO/PVC NCs and 15% CuO/MgO/PVC 

NCsis calculated approx. 9,29 and 15,13nm 

respectively. 

3.1.2 FTIR Analysis 

The identification of various functional groups present 

in the samples were confirmed from the FTIR 

spectroscopy as shown in Fig. 2, (from 4000-400 cm-1). 

Sharp peaks were observed in the films at 756 and 904 

cm-1, which correlates to the PVC Bond [23]. As the 

amounts of CuO/MgO is increased, a shift towards 

lower frequencies is perceived showing an effective 

interaction of CuO and MgO with C-Cl, C-H bonds of 

PVC matrix, a similar pattern was observed within XRD 

evaluation [24]. In the spectrum of MgO/PVC NCs, 

three distinctive bands sat 615, 1324, 1434 

cm−1indicates the bending vibrations of Mg–O–Mg, C-

H, and C=C respectively [25]. The CuO/MgO/PVC 

nanocomposite film spectrum shows similar absorption 

peaks and none of the peak for CuO was present due to 

a smaller percentage of CuO. The presence of Mg-O and 

C=O vibrations clearly indicates the presence of these 

oxides in CuO/MgO/PVC. SEM images of 15% 

CuO/MgO/PVC is depicted in Fig. 3 and from the 

figure, it is clear that the deposited film shows sheet-like 

morphology. EDX of the film was also taken (Fig. 4). 

From the EDX spectra substantial amount of Cu, Mg, O, 

C, and Cl is found.  

3.2 Optical study  

3.2.1 UV–Vis analysis 

Optical properties of pure PVC, MgO/PVC, and 

CuO/MgO/PVC (5, 15 Wt%) NCs thin film were 

studied by using a doublé beam UV-Vis spectroscopy 

(Fig. 5). From the figure, it is observed that pure PVC is 

highly transparent (90%), while all the films exhibited 

strong absorption between 300 and 400 nm, and had a 

sharp absorption edge at 300 nm. The absorption bands 

around 364 and 398 nm may be due to the excitation of 

O2
− anions in the edges and corners of MgO [26]. With 

an increase in the amount of CuO/MgO in these films 

from 5% to 15%, absorption decreases as shown in the 

inset of Fig. 5. 
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Fig 1. The XRD patterns of Pure PVC, MgO/PVC, and CuO-MgO/PVC nanostructures. 

 
Table 1. Structural parameters of MgO/PVC and CuO-MgO/PVC nanocomposites thin films. 

Samples 2θ(°) (hkl) FWMH(°) d (nm) D (nm) 

 

MgO/PVC 

36,8 (111) 1,5 5,60  

6,71 42,81 (200) 1,07 8,01 

62,18 (220) 1,42 6,54 

 

 

5%CuO/MgO/PVC 

35,43 (002) 0,62 13,50  

 

9,29 
36,61 (111) 1,1 7,60 

38,68 (111) 0,82 10,30 

42,73 (200) 1,07 7,98 

61,99 (220) 1,3 7,10 

 

 

 

15%CuO/MgO/PVC 

35,59 (002) 0,32 26,1  

 

 

15,13 

36,7 (111) 0,71 11,8 

38,68 (111) 0,36 23,4 

42,63 (200) 1,09 7,83 

61,90 (220) 1,42 6,51 
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Fig 2. FTIR spectrum of PVC, PVC/MgO, and Cu-MgO/PVC nanocomposites. 

 
Fig 3. SEM image of 15% CuO/MgO/PVC NCs 
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Fig 4. EDX spectra of 15% CuO/MgO/PVC NCs  

 

 
Fig. 5 Optical transmission spectra in the UV-Visible region 

of Pure PVC, MgO/PVC, and Cu-MgO/PVC nanocomposite 

thin films. 

3.2.2 Determination of Optical Band 

The band gaps were determined by employing diffused 

reflectance spectroscopy (DRS), the band gap of pure 

CuO and MgO is 1.8 eV and 5.2 eV respectively before 

contact as described in Scheme 1. The incorporation of 

p-type CuO in n-type MgO results in the creation of a p-

n heterjection. As described in Scheme1, the Ef(fermi 

level) of MgO is shifted low while that of CuO is shifted 

upward (after contact in Scheme 1) at equilibrium. The 

energy band gaps of the above-synthesized materials 

were calculated from the plot of (αhv)1/2 vs (hν) in Fig. 

6.It was observed that the increase in the % of Cuo/MgO 

nanoparticles in the PVC matrix leads to the reduction 

of energy gap from~4.00 eV for pure PVC to 3.77 eV. 

The reason behind this may be due to the defects 

formation accompanying the synthesis of CuO-MgO 

nanostructure [28]. This may be also credited to the 

change in band structure in CuO dopant MgO that may 

introduce new local levels in the conduction band, and 

thus encourage the electron transport from valance to 

conduct band [29].  

3.3 Morphological study 

3.3.1 Atomic Force Microscopy (AFM) analysis 

The AFM studies are used to identify the topography 

and the surface behavior of nanostructures. In AFM 

various digital images are obtained that give the 

quantitative measurements of various surface 

parameters, and the analysis of images from various 

aspects, including 3D simulation, as shown in Table 2 

[30]. Fig. 7 shows the 2D and 3DAFM images of the 

surface topography of pure PVC, MgO/PVC, and 

CuO/MgO/PVC nanocomposites of varying contents. 

The AFM images of CuO/MgO/PVC NCs revealed the 

change in surface morphology of PVC with the 

dispersion of CuO/MgO in PVC. The Figures indicate 

that CuO/MgO/PVC possesses a highly porous structure 
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in comparison to MgO/PVC. The results thus clarify that 

CuO/MgOloading in PVC enhances the porosity, thus 

the specific surface area. The bright points on the 

surface of the film shows the growth of well-developed 

grains of MgO crystallites [31]. The images confirm the 

successful distribution of CuO/MgO nanoparticles into 

the polymer matrix. The average diameter of pores, the 

mean roughness (Ra), and root mean square roughness 

(Rq) parameters were measured for these nanostructures 

also as listed in Table 2. It is pertinent to mention here 

that the values mentioned in the table are average ones 

which showed an arithmetical variation, dependent on 

the position on samples where measurements were 

performed. These values showed a direct association 

with the increament in CuO/MgO loadings. From Table 

2, it is observed that Ravariesfrom1.933 ≤ Ra ≤7.901, 

and the Rqlies in-between 4.12 ≤ Rq ≤10.075. The RMS 

value elevates as CuO/MgO loading increases, 

specifying that CuO/MgO/PVCNCs films possess a 

greater irregular surface than MgO/PVC NC. 

Appropriately, 5% and 15% CuO/MgO/PVC NC films 

have the utmost eminent previous, prompting a 

substantial unambiguous surface state. Thus, the 

formation of porous configuration films is the most 

encouraging method to advance photocatalytic activity 

and reutilizing safety [32].   

 

 

 
Scheme 1. Energy diagram representing p-n heterojunction of CuO/MgO nanocomposites, illustrating separation of electron-

hole pairs and bandgap and their involvement in MB dye degradation  

 

  
Fig. 6. The bandgap of various synthesized nanostructures.  
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Fig.7: AFM for pure PVC, PVC/MgO, and Cu-MgO/PVC nanocomposites. 
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Table 2. The values of roughness average, the root mean square, and the diameter of pores of above-synthesized materials. 

Samples Avg. Diameter of pores Roughness average Root mean square 

Pure PVC 36-360 1.93 4.12 

MgO/PVC 31-500 3.407 4 .23 

5%CuO/MgO/PVC 25-500 6 .213 7.304 

15%CuO/MgO/PVC 12.5-375 7.901 

 

10.075 

3.4 Photocatalytic tests 

Fig. 8 Shows the degradation spectra of methylene blue 

dye by PVC pure, MgO/PVC, and CuO/MgO/PVC 

nanocomposite solutions under UV irradiation for 150 

mins. The MB detoxification efficiency enhances on 

much exposure with time. The percentage of 

degradation of MB by these films were calculated using 

equation 2 [33]: 

% Degradation efficiency = [(𝐶0 − 𝐶)/𝐶0] ᵡ 100  (2)  

The symbols of C0 and C demonstrate the initial and 

final concentration of MB solutions respectively. These 

are proportional to initial absorption and the absorption 

found after exposure to sunlight [34]. The highest 

activity was achieved for the 15% CuO/MgO/PVC 

nanocomposites while Comparing pure PVC and 

CuO/MgO/PVC. It was found that the degradation 

efficiency of 44% after 2h UV light irradiation can be 

because of the most efficient charge separation in 

CuO/MgO/PVC NCs that also increases the rate of 

electron transfer to dissolved oxygen. The reaction 

kinetics is an important parameter to study the rate of 

decomposition of toxic chemicals present in water. The 

kinetics (lnC/C0 vs t) of MB dye with PVC, MgO/PVC, 

and CuO/MgO/PVC NCs at different concentrations is 

shown in Fig. 9. The figure clearly reveals that there is 

a direct relation between the concentration and the time, 

thereby depicting the first order rate of reaction 

followed for the detoxification process. The rate 

constant (k) values given by the slopes of PVC, 

MgO/PVC, and (5%, 15%) CuO/MgO/PVC 

nanocomposites are 1.64 × 10-3 min-1, 2.13 × 10-3 min-

1,4.04 × 10-3 min-1, 5.20 × 10-3 min-1, respectively. The 

high value of k for CuO/MgO/PVC reveals its 

outstanding photocatalytic efficiency than pure PVC 

and MgO/PVC NCs. For the heterojunction 

CuO/MgO/PVC, the photocatalytic ability increases as 

the doping level are increased by 5-15%. The explicit 

reason for this is the enhancement of porous structure, 

which is accompanied by the concomitant elevation of 

active sites resulting in the excessive adsorption of dye 

molecules on the catalyst's surface. The formation of a 

heterojunction between CuO/MgO NPs and the PVC 

matrix results in the reduction of bandgap enhances its 

absorption in the UVregionleading to maximum 

electron-hole pair generation [35]. An increase in •OH 

and O•-
2contents is observed as indicated in 

scheme1which thereby improves the efficiency of the 

photocatalyst. The higher generation of charge carriers 

results there more participation in the photo processes 

and hence the excess removal of toxic dyes [36].  

The enhanced photoactivity results in CuO/MgO/PVC 

NCs are due to the reduction in the bandgap resulting in 

efficient light utilization. The better separation of 

photogenerated charge carriers in 15%CuO/MgONCs 

promotes the process of interfacial electron transfer 

between CuO and MgO oxides [37]. It all happens, by 

exposing the surface of CuO/MgO NPs to UV light, 

which results in the excitation of electrons from the VB 

after the absorption of a certain specific wavelength 

leading to the creation of holes in the VB and electrons 

excess in CB. The excited electrons are supplied to 

oxygen species present in the water, which are 

responsible for producingreactiveoxygenO2
•-

 that leads 

to the formation of H2O2, which further generates ⦁OH 

that leads to degradation of organic dye in the aqueous 

medium. The holes in the valance band in an aqueous 

medium also generate hydroxyl radicals that also help in 

dye degradation. These reactive species of hydroxyl 

radicles, superoxide radicles, and hydrogen peroxide are 

responsible for the removal of organic pollutants from 

water [38]. The following equations explain the various 

reaction sequences of photocatalytic degradation : 
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Fig. 8. Photocatalytic degradation of MB on exposing to UV light irradiation employing PVC; MgO/PVC and CuO-

MgO/PVCheterostructure as catalysts. 

 

 
Fig. 9. Rate of dye disintegration under, [lnC/Co] vs. time. 
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4. Conclusions 

The degradation of MB dye by photocatalysis was 

studied in this report. The CuO and MgO nanoparticles 

were embedded into the PVC matrix to generate the 

photocatalyst CuO/MgO/PVC of different wt% (5%, 

15%). Among the different wt%, 15% CuO/MgO/PVC 

catalyst showed better catalytic activity as compared to 

other catalysts studied here. The better catalytic activity 

of the 15% CuO/MgO/PVC is supported by a decrease 

in the band gap of the MgO/PVC with an increase in the 

% weight of CuO/MgO in the PVC matrix as evident 

from the UV-vis spectra. This increase in photocatalysis 

is because of better charge separation of charge carriers 

(holes and electrons). The better catalytic activity can be 

further explained by the high surface area/roughness of 

the most efficient catalyst as evident from the AFM 

analysis images. The study, therefore, confirms that the 

composite formation between CuO and MgO and their 

deposition in the polymer matrix resulted in enhanced 

photocatalytic activity, because of the synergistic effect 

between the composites and the matrix. The study thus 

provides new insights about the development of the such 

type of catalysts for their use in various catalytic 

performances. 
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