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The synthesis, characterization, and application of metal oxide nanocomposites have received 

increasing interest in the field of nanoscience and technology with several possible 

opportunities. Nanocomposites containing two or more dissimilar band gaps semiconductors 

provide exceptional properties to photocatalysts. A simple chemical co-precipitation method 

was employed to synthesize ZnO:CuO:Fe2O3 mixed metal oxide nanocomposites followed by 

calcination at 5000C. The prepared nanocomposites were characterized by XRD, FTIR, SEM, 

and TEM. The FTIR and XRD spectra confirmed the characteristic vibrations of ferrite atoms 

along with Cu-O and Zn-O vibrations. The crystallite particle size calculated by Debye Scherrer 

formula matched the size obtained by SEM and TEM images. The photocatalytic efficiency of 

the ZnO:CuO:Fe2O3 nanocomposites was assessed using crystal violet dye in the presence of 

sunlight. Variation in the concentration of Cu with respect to zinc in the nanocomposites 

enhanced photodegradation efficiency in this investigation. Our results indicated that the 

variation in the composition of ternary nanocomposite catalysts influence the competence for 

dye removal from waste water. 
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Leather, textile, paint, cosmetic, and pharmaceutical 

industries discharge partially treated and/or generate 

waste into land and water. This is polluting the local 

environment and spreading many diseases like allergic 

contact dermatitis, increased heart rate, vomiting, 

cyanosis, tissue necrosis, tumor, and enzyme disorders 

(1, 2). 

 

Crystal violet (CV) dye provides a deep violet 

color to paint and printing ink in the textile processing 

industry. CV has been reported as an obstinate dye 

molecule that remains in the environment for a long 

period and carries toxic effects in the environment. 

The preceding account of CV disguises that this dye 

has now become one of the most argued and 

provocative compounds due to its damaging effects on 

the environment and severe health hazards mounted 

on living organisms. It also acts as a mitotic poison, a 

cancer-causing agent, and a cogent clastogen 

stimulating tumor growth in some species of fishes. 

Hence, for the degradation and detoxification of waste 

water, a persistent and effective treatment technique 

should be employed. Therefore, there is an exigent 

requirement to develop an environment friendly and 

cost effective process for the definite degradation and 

detoxification of CV for environmental welfare (3).  

 

Numerous methods have been reported for 

effective elimination of CV dye from contaminated 

water (4). Amongst them, adsorption and 

photocatalysis played a very significant role in water 

treatment. The key challenges in the adsorption 

process is restoration of the adsorbents and stowage of 

toxic sludge. In recent years, toxic effluents have been 

eliminated from waste water by various types of 

photocatalysts (9-10). Water purification via 

semiconductor photocatalysis is an environmentally 

friendly and inexhaustible process, which converts 

dyes into gaseous products and do not pile up toxic 

sludge (11-12). A semiconductor photocatalyst 

absorbs photons with energy higher than its bandgap, 

causing electrons to jump into the conduction band 

and leaving holes in the valence band. These holes and 

electrons are powerful oxidants and reductants, and 

decontaminate organic and inorganic pollutants 

present in water, respectively. The high band gap, 

rapid electron-hole recombination, and weak 

semiconductor-pollutant interaction are the important 

challenges need to overcome for the effective 

harvesting of solar energy for different applications 

(13-14). 

 

Hematite (α-Fe2O3) and ZnO are n-type 

semiconductors with energy band gaps of 3.37 eV and 

2.2 eV, respectively (15-16). While CuO is a p-type 

semiconductor with energy band gap of 1.2 eV (17-

18). Compared to other nano-sized semiconducting 

materials, ZnO is low cost, environmentally stable, 

and has received much attention in the degradation of 

environmental pollutants (19-20). ZnO has been used 
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for degradation of organic dyes, such as methyl orange 

(21), crystal violet (22-23), Rhodamine B (24), and 

methylene blue (25-26). ZnO/CuOcombined metal 

oxide semiconductors have been found to show higher 

photocatalytic activity under both UV and visible light 

irradiation than either pure ZnO or CuO (27-30). The 

coupled semiconductor materials have two types of 

energy-level systems, which play significant roles in 

realizing charge separation. Coupling of different 

semiconductor oxides can reduce the band gap, 

spreading the absorbance range to visible region, 

leading to electron–hole pair separation under 

irradiation, and subsequently succeeding a higher 

photocatalytic activity, due to synergetic effects (31–

33). These systems also possess greater degradation of 

organic dyes. ZnO/SnO2 (35), CuO–TiO2 (36), 

Cu2O/ZnO (35), Ag–ZnO (36), and ZnO/CuO (33, 37) 

are the types of coupled semiconductors synthesized 

successfully. Well-matched band edges of both p-type 

CuO and n-type ZnO in CuO-ZnO nanocomposites are 

appropriate to encourage the irreversible transfer of 

charge carriers from one semiconductor to another, 

thus suppressing recombination. ZnO coupled with 

CuO is used for various applications such as 

conductivity studies, photocatalytic activity, magnetic 

properties, and gas sensors.  The presence of CuO 

along with ZnO can improve photocatalytic activity 

and increase spectral response, thus attracts significant 

interest, since the surface modification of 

semiconductor oxides with metals such as copper (Cu) 

or iron (Fe), an interfacial charge transfer mechanism, 

improves the photocatalytic activity against organic 

compounds (38-41). Therefore, the incorporation of 

Fe2O3/Fe3O4 nanoparticles into CuO:ZnO 

nanocomposites to form ternary Fe2O3/Fe3O4:CuO: 

ZnO nanocomposites could provide promising 

catalysts. 

  

MATERIALS AND METHODS 

 

Materials: Ferrous ammonium(II) sulfate 

hexahydrate (NH4)2Fe(SO4)2·6H2O, cupric nitrate 

trihydrate (Cu(NO3)2.3H2O, 99.5%), zinc sulfate 

heptahydrate (ZnSO4·7H2O, 99%), sodium hydroxide 

(NaOH), ethanol, and crystal violet were sourced from 

S.D. Fine Chem limited. All chemical reagents were 

of analytical grade and used without further 

purification. 

 

Synthesis of ZnO:CuO:Fe2O3 Nanocomposites 

 

ZnO:CuO:Fe2O3 nanocomposites were 

synthesized by a co-precipitation method from 

Cu(NO3)2.3H2O, ZnSO4.7H2O, and Fe(NH4)SO4. 

7H2O dissolved in deionized water with 1:1:4, 

3:1:4, and 1:3:4 ratios of CuO, ZnO, and Fe2O3, 

respectively. The metal ions were precipitated by 

adding 4N NaOH. The precipitates were filtered, 

washed several times with distilled water, and 

dried at 1100C for 24 hours in an electric oven. The 

dried samples were calcined in a tube furnace at 

5000C in air for 6 hours (11, 13, 14). 

 

Structural Characterization 

 

A UV-Vis spectrophotometer (Systronic UV-2203) 

ran in the range of 300–800 nm was employed to 

measure the optical absorption spectrum. 

Fluorescence spectra of the prepared nanocomposites 

were recorded using Shimadzu RF-5301. Schimadzu 

XRD-7000 was used to record X-ray diffraction 

patterns, using CuKα, wavelength of radiation (λ = 

0.15406 nm) in the range of 2theta 10 nm to 80 nm. A 

scanning electron microscope operated at 10.0 kV 

with energy dispersive X-Ray analysis (JEOL-JSM-

6360A) estimated the particle size and elemental 

analysis of the prepared nanocomposites. Debye-

Scherer’s formula was employed to calculate the size 

of crystalline particles (18). 

 

Average particle size (D) = 
0.9𝜆

𝛽𝐶𝑂𝑆𝜃
 

Where, 

D = crystalline particle size 

𝜆 = wavelength of X-ray  

𝛽= diffraction peak broadening  

θ = angle of diffraction  

 

FTIR analyses were carried out using Perkin 

Elmer RFPC-5301 in the range of 500-4000 cm-1 in a 

KBr matrix. PHILIPS-CM 200 TEM was employed to 

observe the morphologies of the prepared 

nanocomposites.  

 
Photocatalytic Activity Studies 

 
The photocatalytic degradation of crystal violet was 

performed in a 250 cm3 conical flask using 

synthesized ZnO:CuO:Fe2O3 as photocatalyst under 

sunlight for various time intervals. 10 mg of 

synthesized ZnO:CuO:Fe2O3 nanocomposite powder 

was equilibrated with 50 cm3 of 10 ppm CV dye 

solution by shaking on a shaker for 30 min, before 

exposing to sunlight. At regular time intervals, the 

photocatalytic decomposition of CV was examine 

using a UV–visible spectrophotometer (Systronic UV-

2203) at the wavelength of 595 nm.   

 

 

 



17   Sajid M. Mansoori, Ramesh S. Yamgar     Synthesis of Zinc-Copper-Iron(II, III) Oxide Nano-  

       and Shreemant V. Rathod     composites and their Photocatalytic Efficiency for  

     Crystal Violet Degradation 

  
 

   (a)       (b) 

 

Figure 1. (a) U.V absorption spectra and (b) binding energy curves of ZnO:CuO:Fe2O3  nanocomposites 
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Figure 2. Fluorescence spectra of ZnO:CuO:Fe2O3 nanocomposites 

 

 

RESULTS AND DISCUSSION 

 

The ZnO:CuO:Fe2O3 nanocomposite with 1:3:4 ratio 

showed strong visible light absorption at 500 nm, 

while the ratios of 1:1:4  and 3:1:4 showed strong 

absorption in the UV region at 226 nm. Therefore, it 

was expected that the ZnO:CuO:Fe2O3 nanocomposite 

with 1:3:4 ratio possessed higher photocatalytic 

activity in the visible region. The higher molar ratio of 

CuO with respect to ZnO decreased the binding energy 

of the ZnO:CuO:Fe2O3 nanocomposite with 1:3:4 ratio 

to  0.68 eV, which was much lower than the other 

ratios, i.e. 1.58 eV and 1.73 eV for 1:1:4 and 3:1:4 

ratios, respectively. Therefore, it was expected that the 

ZnO:CuO:Fe2O3 nanocomposite with 1:3:4 ratio 

possessed comparatively good semiconductor 

properties. 

 

3:1:4 ratio showed fluorescence at 453 nm and 

1:1:4 showed very little florescence at 470 nm, while 

1:3:4 did not show any fluorescence. This indicated 

that degradation of CV using the ZnO:CuO:Fe2O3 

nanocomposite of 1:3:4 ratio was completely due to 

photocatalytic degradation.
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Figure 3. XRD spectra of ZnO:CuO:Fe2O3 nanocomposites 

 

 

X-Ray diffraction studies showed the major 

diffraction peaks were between 15° and 65° (2θ). The 

diffraction peaks at 2θ values of 29.96°, 35.31°, 

56.75°, and 62.30° corresponded to (220), (311), 

(222), (220), (333), and (440) planes of α-Fe2O3 

nanoparticles (JCPDS 36-1451). The peak at 2θ = 

29.96° was of (220) plane of Fe3O4. Hexagonal 

wurtzite structure of ZnO nanoparticle belonged to 

JCPDS data card No. 79-2205. The XRD pattern of the 

nanocomposites showed well developed peaks at 2θ = 

18.23°, 38.71°, 42.9°, 53.3°, and 59.36° due to (1 1 0), 

(1 1 1), (1 1 1), (1 1 2), (2 0 2), (1 1 2), (0 2 0), (2 0 2), 

(1 1 3), and (0 2 2) planes, respectively, which 

confirmed the mono-clinic structure of CuO (JCPDS 

data card No. 89-2529). The peaks at 2θ = 18.2° 

assigned to (200) planes of CuO were observed to 

increase in intensity with the content of CuO, and the 

absence of other copper peaks in the XRD spectra 

confirmed that air oxidation occurred upon annealing 

at 500oC. This suggested that oxides combined 

through inter grain coupling instead of intra granular 

coupling (37-41). 

 

FTIR Spectra 

 

The transmittance spectra of the ZnO:CuO:Fe2O3 

nanocomposites are presented in Fig. 4. A broad 

peak around 550 cm-1 in the FTIR spectra 

corresponded to vibrational mode of M-O at 

tetrahedral site (19–21). Overlapping of Fe–O, Cu–

O, and Zn–O stretching vibrations occurred 

between 400–800 cm−1. According to related 

studies (37–39), the characteristic peaks of Fe–O in 

Fe3O4 were at 375 and 570 cm−1, while the Cu–O 

stretching band in the monoclinic phase and the Zn–

O stretching band were observed in 430–610 and 

400–660 cm−1 regions, respectively.  1114-1128 cm-

1 corresponded to the Cu-O stretching vibration 

(1000-1250 cm-1). A peak at 1435 cm-1 was due to 

the C=O stretching vibration (31).
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. FTIR spectra of ZnO:CuO:Fe2O3 nanocomposites 
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Figure 5a. FESEM of CuO:ZnO:Fe2O3 nanocomposite 

Figure 5b. EDX of CuO:ZnO:Fe2O3   nanocomposite 

 

 

SEM and EDX 

 

The aggregated morphology of the nanocomposites 

has the mixture of nanoparticles with grain size around 

10 to 40 nm, as shown in Fig. 5a. However, EDX 

spectra (Fig. 5b) confirmed the presence of the 

expected chemical elements in the samples. The 

prepared ZnO:CuO:Fe2O3 nanocomposites were in 

agreement with the EDX and XRD results. 

 

TEM 

 

Transmission electron microscopy studies of the 

ZnO:CuO:Fe2O3 nanocomposites showed rod-like 

structure of CuO, spherical Fe2O3, and wurtzite shape 

of ZnO, as shown in the TEM images in Fig. 6. 

 

Photo Catalytic Activity 

 

In this study, ZnO:CuO:Fe2O3 nanocomposites with 

different molar ratios were used for degradation 

reaction of CV.  Photocatalytic efficiency increased as 

the molar ratio of CuO to ZnO increased from 1:1 to 

1:3 in presence of visible light. Maximum degradation 

efficiency was 91.67% for 1:3:4 ratio of 

ZnO:CuO:Fe2O3, 80.15% for 1:1:4 ratio, and 56.11% 

for 3:1:4 ratio at 180 minutes, as shown in Fig. 7. 

Thus, the present study on degradation of crystal violet 

using ZnO:CuO:Fe2O3 ternary nanocomposites 

confirmed that the increase in ratio of CuO to ZnO 

favors charge separation, hence degradation was better 

than the other ratios where ZnO percentage was higher 

than CuO.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. TEM images of the ZnO:CuO:Fe2O3 composite. 

(b) (a) 
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As shown in Fig. 8, the linearity of the plot 

shows that the degradation reaction of CV dye using 

the CuO:ZnO:Fe2O3 nanocomposite of 1:3:4 ratio as 

catalyst followed second order kinetics (R2= 0.9238, k 

= 0.0345).  

 

Above results concluded that the variation of 

CuO to ZnO in nanocomposites has great impact on 

photocatalytic activity of crystal violet. The 

CuO:ZnO:Fe2O3 nanocomposite of 1:3:4 ratio resulted 

in restrained recombination of photo-generated 

electrons and holes. 

To understand the mechanism of the 

photocatalysis, various factors should be 

considered, such as the generation, trapping, and 

recombination of charge carriers, average 

crystallite size, band gap, specific surface area, 

and defect or localized states (42). These factors 

are related to the composition of the catalyst and 

the nature of target pollutants. Based on related 

literature reports (14, 39, 41, 44), degradation of 

CV by CuO:ZnO:Fe2O3 nanocomposites under 

visible light can be explained by the possible 

mechanism shown in Fig. 9.

 

 

 
 

Figure 9. Proposed mechanism for degradation of CV dye using CuO:ZnO:Fe2O3 nanocomposites 
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Figure 7. Degradation of crystal violet dye as function 

of time using different ratios of nanocomposites under 

visible light irradiation  
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Figure 8. Plot of order of reaction for degradation of crystal 

violet using 1:3:4 nanocomposite     
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Under visible light, ZnO is not active, however 

CuO easily get activated and create electron-hole pairs 

(42, 45, 46). The photo-generated electrons (𝑒- ) can 

be transferred from the CB of CuO to the CB of Fe2O3, 

and then to the CB of ZnO. The photocatalytic 

efficiency is enhanced by 𝑂2●-, which could be 

generated due the interaction of 𝑂2 molecules with 

electrons. In addition, Fe3+ react with photo-generated 

electrons and produce Fe2+ ions. Furthermore, surface-

bound and/or Fe2+ ions react with dissolved oxygen to 

generate superoxide radicals. The contribution of 

electrons in the formation of Fe2+ ions most likely 

decreases the probability of the recombination of 

electron-hole and increase hydroxyl radical formation 

(47). Moreover, oxidation of water molecules by the 

holes generates HO●. Thus, HO● and O2●- are 

generated due to electron and hole (𝑒- /ℎ+ ) transfers 

(48). These molecules are strongly capable of 

degrading CV molecules by bonds breakdown and 

finally cause mineralization. In addition, CV can be 

eliminated directly from the solution by oxidation 

using h+ at the CuO/Fe2O3/ZnO surface (47). 

  

CONCLUSION 

 

A simple co-precipitation method was employed to 

prepare ZnO:CuO:Fe2O3 nanocomposites. The FTIR 

spectra of the samples showed the presence functional 

groups attributable to metal oxides. The XRD results 

revealed that the prepared samples were nanosize and 

strong peaks showed the presence of ZnO:CuO:Fe2O3 

nanocomposites. TEM images of the nanocomposites 

showed rod-like, spherical, and wurtzite shape of the 

crystals of CuO, Fe2O3 and ZnO, respectively. The 

photocatalytic activity of the nanocomposite with 

molar ratio of 1:3:4 of ZnO:CuO:Fe2O3 possessed 

good photo response under visible light irradiation. 

The improved photocatalytic activity of the prepared 

nanocomposite might be due to the increased 

percentage of CuO with respect to ZnO in the 

nanocomposite. Further studies could be done in order 

to get better understanding of the role of variation of 

metal oxides in nanocomposites for degradation of 

dyes. 
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