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This work describes a comparative study on zinc oxide/nickel oxide (ZnO/NiO) nanostructures 

deposited on glass substrates by chemical bath and modified bath, (CBD), and (M-CBD) 

techniques. The photoactivity of ZnO/NiO nanostructure films was tested on Rhodamine B (RB) 

dye under sunlight. The nanostructure films were evaluated using various characterization tools. 

Accordingly, the field-emission scanning electron microscopic (FE-SEM) images confirm that 

the film synthesized by CBD was flower-like nanosheet with a thickness of 37.96 - 51.36 nm. In 

contrast, the M-CBD film showed spherical nanoparticles with a diameter of 35.73 - 49.12 nm 

and nanosheet of a thickness of 42.43 nm. However, both films were then subject to sunlight for 

150 min. The photocatalytic efficiencies of the CBD and M-CBD films were calculated to be 76 

% and 92 %, respectively. It is thus concluded that enhancing the photocatalytic degradation for 

the removal of RB is demonstrated by modifying the classical CBD technique. 
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INTRODUCTION 
Recently, wide-bandgap materials as 

photocatalysts for organic degradation in 

wastewater have been extensively [1]. The low-

cost ZnO has been selected as a photocatalyst due 

to its strong oxidizing ability and eco-friendly 

substance [2, 3]. Also, NiO has been utilized in 

photocatalytic applications because of increasing 

the activity of the generation of electron-hole and 

enhancing the degradation mechanism [4, 5]. 

Ezhilarasi and Vijya reported the features of NiO 

nanoparticles (NPs) as a photocatalytic material 

[6]. Also, Duan et al. fabricate NiO NPs for 

photodegradation of RB dye under ultraviolet 

energy [7]. To facilitate the transportation of 

charges and reduce the charge recombination, 

which increases photocatalytic efficiency, ZnO 

should be modified by doping, for example, with 

metal ions [8,9], noble-metal deposition [10], or 

coupling to oxides [11,12]. Therefore, it is usually 

that ZnO is coupled with different materials 

forming heterostructures such as ZnO/TiO2, 

ZnO/SnO2, and ZnO/ZnS [13]. In addition, as listed 

in Table 1, ZnO was fabricated for the 

photodegradation of RB using different techniques. 

 

 

Table 1. The Materials used in different works, Organic pollutants, Techniques, Degradation time (min), and Degradation 

efficiency (%), and the Degradation efficiency (%) of Previous researches that used ZnO for removal RB. 
 

Ref. Materials Organic pollutants Techniques 
Degradation 

time (min) 

Degradation 

efficiency (%) 

[14] NiO/ZnO Hetero-junctions Rhodamine B (10 mg/L) facile electrospinning 50 86.6 

[15] 
ZCB (Zinc oxide impregnated chitosan 

beads) 
Rhodamine B (50 mg/L) chemical technique 60 68.4 

[16] ZnO/CoMoO4 nanocomposites Rhodamine B (10 mg/L) calcination process 300 90 

[17] ZnO and Cu2O thin films Rhodamine B (10 mg/L) 
DC sputtering and 

pulsed laser deposition 
360 61 and 43 

[18] Zinc oxide nanoparticles Rhodamine B (10 mg/L) 
Monochloro- acetic acid 

as a complexing agent 
150 56.80 
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This research aims to enhance the photocatalytic 

activity of the ZnO/NiO nanostructures. 

Consequently, the effect of synthesis technique on 

such property was necessary to be studied. 

Furthermore, the degradation of RB would help the 

removal of this contaminant during water 

purification. 

EXPERIMENTAL 

Materials 
All the chemical materials listed in Table 2 were 

used without any additional purification. 

Table 2. The materials used in this work. 

Material Purity (%) Company 

Zinc nitrate hexahydrate 

Zn (NO3)2.6H2O 
98.5 Scharlau, Spain 

Nickel nitrate 

hexahydrate                 

Ni (NO3)2.6H2O 

99 AAG, Espana 

Hexamethylenetetramine 

HMT, C6H12N4 
99 Hi-media India 

Absolute ethanol 

C2H5OH 
100 Hayman, Uk 

Rhodamine B Dye 

C28H31ClN2O3 
98.5 

Sigma-Aldrich, 

Germany 

Glass Substrate - 
Yingke Optical 

Products 

Substrate Preparation  
After ultrasonic cleaning of the glass substrates 

with ethanol and distilled water (DI), a seed layer 

of gold (Au) had been deposited on the substrates 

for one minute using a DC-Sputtering System 

(GSL-1100X-SPC 16-3, MTI Corporation) under a 

vacuum of 0.25 mbar. That was followed by 

environmentally thermal annealing of the layers at 

500 ℃ for 2 hours. 

Synthesis of ZnO/NiO Nanostructures 
The Synthesis process started with the well-known 

CBD route was followed by another stage of 

ZnO/NiO nanostructures modification. 

Synthesis by CBD  

In this technique, 0.02 M of Zn (NO3)2.6H2O, 0.01 

M of (Ni (NO3)2.6H2O), and 0.02M of HMT were 

mixed in 80 ml of DI with 10 min stirring keeping 

a pH value of 6. The seed layer was submerged 

inside the CBD cell at a temperature of 90 °C for 3 

hours. After depositing the film, it was cleaned 

with DI and then dried at 60 °C for 10 minutes 

using a hotplate followed by thermal treatment at 

400 °C for one hr. 

Synthesis by M-CBD  

In this technique, 0.02M (Zn (NO3)2.6H2O) and 

0.02 M of HMT were mixed and stirred in 80 ml of 

DI for 10 min. Then, after obtaining the ZnO film 

in a similar way to the previous technique, a second 

step started by adding a solution of 0.01 M (Ni 

(NO3)2.6H2O) and 0.01 M of HMT to the resulting 

ZnO film. The synthesized film was thermally 

annealed at 400 ℃ for 1 hr. 

Photocatalytic Degradation  
The photoactivity of the nanostructures was 

evaluated for the degradation of RB aqueous 

solution with subjecting to sunlight. Under a wide 

range of wavelengths, the absorption peak of RB 

solution was determined at 550 nm. The prepared 

film was submerged in 50 mL of 10 mg/L RB 

solution for 30 min under darkness to perform 

absorption of the contaminants accumulated on the 

surface. Then, the absorption spectra were recorded 

in the darkness and after exposure to the sunlight 

for 150 min. The photocatalytic efficiency (𝑃) can 

simply be estimated by 

𝑃 =
𝐶𝑜 − 𝐶𝑡

𝐶𝑜

× 100 % (1) 

considering C0 (mg l-1) and Ct (mg l-1) are the 

concentrations of dye before and after light 

exposure.  

RESULTS AND DISCUSSION  

FE-SEM Images 
The FE-SEM images ZnO/NiO Nanostructure 

prepared by CBD and M-CBD are shown in Figure 

1. In the CBD film, nanosheets of flower-like shape 

with a thickness of 37.96 - 51.36 nm are seen in 

Figure 1-a. The cross-section thickness of the film 

is about 1.982 µm, as shown in Figure 1-b. In the 

M-CBD film, two structures were noticed: 

nanoparticles of spherical shape with diameters of 

35.73 - 49.12 nm, and nanosheets of a thickness of 

42.43 nm, as shown in Figure 1-c. The thickness of 

the film is seen in the cross-section image which is 

1.072 µm, as shown in Figure 1-d. 

XRD Curves                                                         

XRD of the CBD Film 

Figure 2 shows the XRD curves of the ZnO/NiO 

nanostructure prepared by the CBD technique. The 

peaks, seen at 31.  °29(002), 36. °(100), 34.57 °79

(101), 47.6 68(110), and °2(102), 56.6 °0 . (112),  °0
indicate the hexagonal phase of ZnO matching with 

the standard peaks (JCPDS 76-0704). The strong 
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peaks at (100) and (101) planes refer to the 

preferable orientation along with these directions 

[19]. The other peaks, seen at 38.24° (101), 42.93  

(012), and 63.0° (104), are indexed in the cubic 

phase of NiO matching with the standard card 

(JCPDS 44-1159). 

 

  
 

  
 

 
 

Figure 1. The FE-SEM images of the ZnO/NiO nanostructures were prepared by (a, b) CBD, and (c, d) M-CBD techniques. 

(All the scale bars are 200 nm) 

 

XRD of the M-CBD Film 

The XRD curves of the ZnO/NiO nanostructure 

prepared by M-CBD are shown in Figure 3. The 

peaks of 31.82° (100), 34.49° (002), 36.30° (101), 

47.62° (102), 56.66°(110), 67.99° (112), and 

69.34° (201) correspond to the hexagonal structure 

of ZnO (JCPDS 76-0704). Also, the cubic phase of 

NiO is confirmed at 38.25° (101), 43.0° (012), and 

62.94° (104) (JCPDS 44-1159). 

  
Figure 2. The XRD curve of the ZnO/NiO nanostructures 

fabricated by the CBD technique. 
Figure 3. The XRD curve of the ZnO/NiO nanostructure 

fabricated by the M- CBD technique. 

 

  

(c) 
 

(b) 
 

(a) 
 

(d) 
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3.3. UV-Vis Spectroscopy 

The absorption spectrum of the nanostructure films 

was recorded using a UV-vis spectrophotometer 

(Double Beam Li- 2800) and (T60, London). The 

absorption edge of the CBD film is determined at 

349 nm whereas the M- CBD film shows the edge 

at 361 nm, as shown in Figure 4.  

 
Figure 4. The UV-Vis absorption of the ZnO/NiO 

nanostructures prepared by the CBD, and the M-CBD 

techniques. 

The direct energy bandgaps (Eg(dir)) of both 

samples were calculated from (𝛼ℎ𝜐)2 versus 

photon energy (ℎ𝜐) plot shown in Fig. 5. The 

Eg(dir) values of the CBD and M-CBD ZnO/NiO 

films were found to be 3.55 eV and 3.43 eV, 

respectively. These values are related to the direct 

energy gap of ZnO after the formation of 

heterojunction [20]. If the first value, for example, 

is compared with energy gaps of ZnO and NiO, one 

sees that value lies in between them. Therefore, 

when ZnO and NiO are coupled, the electrons 

transferred from NiO, whose Fermi level is higher, 

to ZnO of the lower level, a heterojunction is 

formed. Consequently, the energy gap of the 

heterostructure will change, resulting in a blue shift 

[21]. However, the small shift in the energy gap 

may be caused by the variation of the crystalline 

size throughout the sample or strain induced in 

ZnO causing quantum confinement in the 

heterostructures [22, 23]. Furthermore, the 

ZnO/NiO heterostructure has already experienced 

two types of bandgap transition. Hence, the indirect 

bandgap of the film prepared by the CBD route was 

extrapolated using (𝛼ℎ𝜐)1/2, as shown in Fig 5(b), 

and found to be 3.45 eV, which is 0.1 eV less than 

Eg(dir) [24]. 

Photoactivity Degradation  
The photoactivity of the ZnO/NiO nanostructure 

films is shown in Figure 6. The efficiencies of the 

films prepared by CBD and M-CBD by light 

exposure for 150 min were found to be 76 % 

relative to 92%, respectively. Accordingly, the 

efficiency for the decomposition of RB is 

dependent on the technique. 

 

 
 

 
 

 
Figure 5. Tauc plots of direct transitions of the ZnO/NiO 

Nanostructure prepared by (a, b) the CBD and (c) M-

CBD techniques. 
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Figure 6. The UV-Vis photodegradation of the RB dye 

under sunlight by (a) the CBD and (b) the M-CBD routes. 

In Figure 7, the change of color due to the 

degradation of RB by CBD and M-CBD films is 

demonstrated. 

(a) 

 

(b) 

Figure 7. The photodegradation stages of the RB dye 

with time, (a) CBD, and (b) M-CBD techniques. 

The dependence of photoactivity on the exposure 

time is shown in Figure 8-a at which the 

decomposition of RB increases with time. Also, as 

shown in Figure 8-b, the photoactivity of the M-

CBD film is highly enhanced relative to the CBD 

film. 

 

 

 
Figure 8. (a) The dependence of the photodegradation of 

RB on the exposure time, (b) the degradation efficiency 

of the ZnO/NiO nanostructures, and (c) the first-order 

kinetics of RB. 

The pseudo-first-order rate constant k (min-1) by: 

𝐿𝑛 (𝐶𝑜/𝐶)  = 𝑘𝑡 (2) 

Table 3 demonstrates the values of k (min-1) and 

photodegradation efficiency of the films. 

Table 3. The values of k (min-1) and efficiency for the 

RB dye photodegradation after 150 min. 

Techniques K (min -1) 
photodegradation 

efficiency (%) 

CBD 0.00943 76 

M-CBD 0.01543 92 
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CONCLUSIONS 
ZnO/NiO heterostructures were prepared using 

cost-effective CBD and modified CBD techniques. 

The difference between the photocatalytic of the 

fabricated heterostructures was investigated. As the 

results showed that the morphology of ZnO/NiO 

may change between nanosheets and nanoparticles, 

the photocatalytic efficacies are different as a result 

of variation of the structural properties. The 

decomposition efficacies of the CBD and M-CBD 

films on RB were 76 % and 92 %, respectively. 

Accordingly, the mechanism of the technique is 

inferred to show a crucial role in the results. Hence, 

the second technique has confirmed the 

improvement of the photocatalytic activity of the 

ZnO/NiO heterostructure.  
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