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ABSTRACT   

The addition of Ni metal dopants to the ZnO photocatalyst material has been carried out using the 

immersion method followed by sonication. The variables observed included variations in the 

concentration of addition of Ni and sonication time. The results of the optical absorption analysis from 

the uv-vis test showed that the optimum condition was reached at a concentration of 25% Ni and a 

sonication time of 30 minutes. The optical absorption peak has shifted towards the wavelength of visible 

light and new absorption peaks have been observed in the wavelength range of 425-450 nm and 650-

750 nm. The energy band gap also decreased from 3.22 eV to 3.09 eV. While the crystal size analysis 

of the XRD diffraction pattern showed a decrease in the crystal size at 25%Ni from 105.012nm to 

78.545nm.  
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Introduction  

Research on hydrogen dissociation from 

water is a new energy alternative, renewable 

and environmentally friendly. This research 

and exploration are now one of the most 

intensive studies worldwide. World energy 

demand which is predicted to reach 739 

million quadrillion BTUs in 20351 is a 

challenge for energy sustainability. Even in 

Indonesia, with a population of 271,349,889 

people2 and the development of the 

technology it uses also has challenges in 

meeting its energy needs. Based on data from 

Indonesia's 2014 Energy Outlook Book (OEI 

2014) in 2033, total domestic energy 

production (fossil and EBT) will no longer be 

able to meet domestic consumption due to 

limited energy resources so Indonesia will 

become a net energy importer country for the 

basic scenario. The solution to overcome this 

problem is the development of sustainable 

technology in terms of finding alternative 

energy sources that are more environmentally 

friendly and renewable energy. 

The electrolysis process to dissociate 

hydrogen from water requires a very large 

consumption of electrical energy so it is not 

economically feasible. On the other hand, 

photocatalytic processes that use sunlight to 

dissociate hydrogen from water also provide 

low yields. The combination of processes has 

been expected to give better results. The 

photocatalytic process will increase the 

effectiveness of the hydrogen dissociation 

process so that electrical energy consumption 

decreases during the process. 

Photocatalysis using semiconductors was 

first introduced by Fujishima and Honda in 

1972.3 The semiconductor material used is 

TiO2. However, TiO2 has several drawbacks 

that limit its use, such as a wide band gap and 

a high rate of charge carrier recombination.4 

So the researchers developed various other 

alternative photocatalyst materials such as 

ZnO. 

ZnO is a metal oxide such as TiO2 and has 

several advantages, namely its abundant 

availability in nature, non-toxic, high thermal 
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and chemical stability, low cost, high catalytic 

activity, and high quantum yield.5-6 The 

characteristic that makes ZnO superior to 

TiO2 is that ZnO has a high level of electron 

mobility, which is 200-300 cm2V-1s-1 or 10-

100 times higher than TiO2, lower 

recombination rate and is easier to synthesize 

to obtain different morphologies.7 In addition, 

the ZnO semiconductor can absorb solar UV 

rays better than other semiconductors such as 

TiO2. TiO2 is only able to absorb UV ± 4%, 

while ZnO ± 10% for the photocatalytic 

process. This is related to the surface 

morphology of ZnO which leads to better 

energy conversion. 

ZnO has a wide energy band gap of about 

3.37 eV8 so it is only effective in the UV 

spectrum and low particle surface area. 

Various methods for modification have been 

developed, such as sol-gel,5-6 thermal 

decomposition,9-12 co-precipitation,13 

sonochemical,14-16 and immersion-

sonification. The immersion-sonication 

method is a simple and low-cost method. This 

method has succeeded in reducing the energy 

band gap of TiO2 from 3.2 to 2.79 eV.17 This 

simple and low-cost method will be developed 

in this study to modify ZnO in engineering its 

energy band gap and crystal size. Then 

studied, the effect of the addition of Ni on the 

optical absorption characteristics and crystal 

structure of the ZnO photocatalyst material. 

This modification is expected to increase 

the photocatalytic activity of ZnO 

photocatalyst materials doped with nickel. 

The first increase in photocatalytic activity is 

indicated by a shift in optical absorption 

towards visible light wavelengths because 

most of the sunlight is visible light. Second, 

decreasing the band gap energy accelerates 

the transfer of electrons from the valence band 

to the conduction band, thereby demonstrating 

photocatalytic efficiency. Third, increasing 

the surface area of the particle becomes nano-

sized, which will increase the number of 

valence electrons. 

 

Figure 1. Flowchart of the synthesis of 

Ni-ZnO 

Methods  

The research was carried out by 

immersion-sonication method to modify the 

bandgap and microstructure of the ZnO 

photocatalyst material. Variations in 

sonication time and Ni concentration were 

observed variables. The stages of this research 

included material preparation, solution 

homogenization, sonication, soaking and 

precipitation, filtrate separation, drying, 

calcination, and characterization. The 

materials used included: ZnO pa powder, 

Nickel (II) nitrate hexahydrate, and NaOH. 

The synthesis of Ni-ZnO was carried out 

by mixing ZnO powder and Nickel (II) Nitrate 

Hexahydrate. The mixture was dissolved in 

distilled water, and 1M NaOH was added. 

Then the solution was homogenized using a 

magnetic stirrer for 30 minutes. Then the 

solution was sonicated according to time 

 

Start 

ZnO, Nickel (II) 

Acetate 

Tetrahydrate, 

15 min stirring 

 

NaOH, ZnO-Ni 

Solution 

15 min stirring 

  

15 min, 30 min, 45 min and 60 min 

sonication 

24 h aging 

Precipitate was filtered 

Dried at 100C for 3h 

Calcined at 500C for 2h 

Ni doped ZnO 

nanoparticle 

Characterized using SEM, XRD and 

UV-Vis 

End 
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variations at room temperature. After that, the 

samples were aged for 24 hours. Then the 

sample was filtered and rinsed with distilled 

water to remove the sodium ion content. The 

precipitate was dried at a temperature of 60oC 

for 1 hour and then calcined at a temperature 

of 400oC for 2 hours. Furthermore, the 

analysis of optical characteristics using UV-

vis spectroscopy. Meanwhile, analysis of 

crystal structure and crystal size was carried 

out by x-ray diffraction, and surface 

morphology by SEM-EDX.  

Result and Discussion 

The process of adding Ni to ZnO was 

carried out by immersion method followed by 

a sonication process by exposure to ultrasonic 

waves. Through this process, it is expected 

that Ni will be able to infiltrate into ZnO so 

that Ni-ZnO material will be obtained. After 

the filtering process, a greenish-white powder 

was obtained as shown in Figures 2 a, b, and 

c.   

After calcination, the colour of the sample 

changes to green, as shown in Figure 3.

 

 
(a)            (b)           (c) 

 

Figure 2. Sample (a) 15 minutes sonication   (b) 45 minutes sonication (c) 60 minutes 

sonication. 

 
 

 

 

 

 

 

(a)                                                       (b) 

 

 

 

 

 

 

 

(c)                                                          (d) 

Figure 3. Sample (a) 15 minutes sonication (b) 60 minutes sonication after calcination (c)  

45 minutes sonication (d) 60 minutes sonication after chrused 
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Figure 4. Ni-ZnO photocatalyst sample optical reflectance graph 

 
Figure 5. Optical absorption graph of the ZnO photocatalyst sample with variations in the 

addition of Ni 0, 15, 20, and 25% 

 
Figure 6. Optical absorption graph of ZnO photocatalyst samples with variations in 

sonication time of 15, 30, 45 and 60 minutes 
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Figure 7. Graph of the width of the band gap of the ZnO photocatalyst sample  

with variations in the addition of Ni 0, 15, 20, and 25% 

 

Optical absorption characteristics and 

energy band gap of Ni-ZnO 

The UV-vis spectroscopy test was carried 

out to determine the optical absorption 

characteristics and the energy band gap width 

of the Ni-ZnO material.  

The effectiveness of the optical activity of 

the photocatalyst material can be seen from 

the optical absorption and the energy band gap 

width. The analysis of the optical absorption 

graph gives results as can be seen in Figure 5.  

The optical absorption graph of the ZnO 

photocatalyst material shows that the added 

dopant (Ni) has shifted the optical absorption 

peak towards the visible light wavelength. 

The analysis of the optical absorption of 

Ni-ZnO material from Figures 5 and 6 gave 

optimal results at a concentration of 25% Ni 

addition, and a sonication time of 30 minutes. 

In these two parameters, the graph provides 

the characteristics of the optical absorption 

shift towards visible wavelengths (> 400 nm) 

and the phenomenon of the emergence of new 

peaks in the visible light range, namely in the 

range of wavelengths 425 -450 nm and 650 - 

750 nm). Ni metal added to ZnO material will 

act as an electron donor to form a new band in 

the forbidden band region. This causes the Ni-

ZnO material to be able to absorb photons in 

the visible light region. 

This is expected to make the Ni-ZnO 

photocatalyst material more effective in the 

photocatalytic process using sunlight. This is 

also supported by the results of the analysis of 

the energy band gap of the Ni-ZnO 

photocatalyst material as shown in Figure 7. 

There is a decrease in the bandgap in ZnO 

along with an increase in the concentration of 

dopants used.   

In the variation of sonication time shown in 

Figure 8, a decrease in the band gap occurred 

in 25% of Ni-ZnO which was sonicated within 

15 to 60 minutes. When sonicated for 60 

minutes, there was a widening of the band gap 

caused by a decrease in the intensity of Ni 

dopants added to the ZnO lattice. As a result, 

the electron density increases, and the band 

gap width increases.18 This is because, at the 

time variation of 60 minutes, there is a band 

gap anomaly. Based on research by Rohman23 

states that an increase in sonication time can 

change the phase transition temperature of the 

ZnO semiconductor due to decreased electron 

lifetime, causing defects in the crystal. The 

presence of defects in the crystal can increase 

the emergence of electron-hole 

recombination. In addition, this is related to 

the emergence of a secondary phase in the 

form of the NiO phase. The presence of the 

secondary phase which is an impurity phase 

indicates that there is doping saturation in the 



Jurnal Neutrino:Jurnal Fisika dan Aplikasinya, Vol. 15 No. 2 April 2023 (p.52-61)    [57] 

 

Copyrigh © 2023, Jurnal Neutrino:Jurnal Fisika dan Aplikasinya,      ISSN:1979-6374/ EISSN:2460-5999 

sample which results in heterogeneity in the 

sample thereby inhibiting the decrease in the 

value of the band gap. 

Crystal structure and crystal size analysis 

The crystalline phases of the pure ZnO and 

25% Ni-ZnO samples were analyzed by XRD, 

and the corresponding diffraction patterns are 

shown in Figure 9. 

All the diffraction peaks of the pure ZnO 

and 25% Ni-ZnO samples were indexed 

according to data from the database sheet 

JCPDS (ref. 01- 079-2205) showed that pure 

ZnO and 25% Ni-ZnO had a hexagonal 

wurtzite crystal structure. The diffraction 

peaks of the pure ZnO structure at 2θ from 

31.8°, 34.4°, 36.4°, 47.6°, 62.9°, 66.6°, 67.9° 

and 69.2° set to (100), (002), (101), (102), 

(103), (112) and (201). With the intensity of 

the 2𝜃 highest sample pure ZnO on the lattice 

plane (101) with an angle of 36.4o. 

 

 
Figure 8. Graph of the band gap width of the ZnO photocatalyst  

sample with variations in sonication time of 15, 30, 45, and 60 minutes 

 
Figure 9. XRD pattern of pure ZnO and ZnO photocatalyst  

samples with 25% Ni addition concentration. 
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Figure 10. X-Ray Diffraction Peak Analysis of 25% Ni - ZnO sample 

Table 1. Lattice parameter size and crystal size in pure ZnO and 25%  

Ni-ZnO 

 

 

 

 

 

Based on the XRD pattern images of the 

25% Ni-ZnO, it can be seen that the 

diffractogram peaks show the lattice plane 

with a diffraction angle of 31.76o; 34.42o; 

36.25o; 47.55o; 56.62o; 62.89o; 67.99o; 69.11o 

with the highest intensity 2 of the ZnO sample 

in the lattice plane with an angle of 36.25o. 

After the addition of 25% Ni, there is a new 

diffraction peak at angles 2θ=37,15o and 

43,15o which matches the peak of NiO based 

on the reference from the database sheet (ref. 

01-073-1523). The presence of NiO 

diffraction peaks is due to the solubility of the 

Ni dopant exceeding the solubility threshold 

of ZnO as the host matrix.19  

          The addition of 25% Ni caused a decrease 

in the intensity of each ZnO diffraction peak. 

This indicates a distortion in the lattice caused 

by the presence of amorphous NiO and/or the 

presence of segregation of Ni atoms at grain 

boundaries.20 The presence of NiO also 

affects the size of the lattice parameters.  

Table 1 shows an increase in the size of the 

lattice parameters after the addition of Ni. The 

increase in the size of this lattice parameter 

can be caused by the size of Ni2+ (0.83 nm ) 

originating from NiO which is larger than the 

size of Zn2+ (0.74 nm ) as the host lattice.21 

The average crystal size of pure ZnO and 

25% Ni-ZnO was measured using the Deybe 

Scherrer equation which is tabulated in Table 

1. These measurements show the results 

where the average crystal size decreases due 

to the addition of Ni dopant. A report from the 

study of Raj et al,22 stated that the addition of 

nickel dopant was able to inhibit the growth of 

ZnO and reduce the crystal size of ZnO. As a 

result of the smaller crystal size, the surface 

area will increase, resulting in an increase in 

the photocatalytic activity of ZnO. 

This can be caused by the use of sonication 

methods during the synthesis process and the 

use of nickel as a dopant.23 In addition, this is 

related to the prevention of particle growth 

which includes inhibition of grain boundary 

motion. In the process of synthesizing Ni-ZnO 

nanoparticles during preheating (low 

temperature) crystal growth has not occurred 

because the movement of the grain boundaries 

is restrained by the undissolved elementary 

material particles. Grain boundaries are 

meeting points for the growth of particles of 

Ni 

Concentration 

Lattice 

parameters (Å) 

 

D (nm) 

a=b c 

0% 3,250 5,207 105,01 

25% 3,251 5,212 78,545 
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various nuclei. At higher temperatures, a grain 

formation process occurs which begins with 

the formation of groups of atoms on the 

surface of the liquid which then becomes the 

core of solid particles or commonly known as 

the nucleation process. During the chemical 

process, the core will be the first to increase in 

size due to the movement of the grain 

boundaries. The movement of grain 

boundaries can be prevented by the deposition 

of a secondary phase or by contaminating the 

ZnO surface. When grain boundary 

movement occurs accompanied by ion 

insertion events 𝑍𝑛2+ and ion substitution 

𝑁𝑖2+, the movement of grain boundaries will 

be hindered by the generation of deceleration 

forces. If the deceleration force is greater than 

the driving force for grain growth, the 

particles will not be able to grow anymore, so 

smaller size particles are obtained when 

adding dopants. So, the presence of 𝑁𝑖2+ in the 

ZnO lattice can be useful for preventing the 

growth of crystal grains. This is what causes 

the variation in crystal size with the addition 

of nickel dopant concentration in the Ni-ZnO 

nanoparticle samples. 

Conclusion  

Ni-ZnO was synthesized using the 

sonication method under various conditions. 

UV-vis analysis showed a narrowing of the 

band gap under certain conditions. The ZnO 

sample which was added with nickel with a 

concentration of 25% with a sonication time 

of 45 minutes, a sonication temperature of 30o, 

and an immersion time of 24 hours had the 

smallest band gap. XRD results confirmed 

that pure ZnO and Ni added ZnO had a 

wurtzite crystal structure. SEM shows that the 

pure ZnO particles are spherical and oval in 

shape, while 25% Ni-ZnO has a more 

homogeneous shape, namely spherical. The 

EDX results showed the presence of other 

impurities in 25% Ni-ZnO, namely Na, C, and 

Al. 
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