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ABSTRACT 
Zinc Oxide (ZnO) referred to as II – VI semiconductor because Znic belong to the second group and oxygen belongs 

to the sixth group of the periodic table. As grown ZnO in n – type semiconductor and its n – type conductivity can be 

controlled by growing it in an oxygen deficient atmosphere or by doping it with group III element like Al, Ga, or In.  

High quality 3d doped ZnO samples were required to synthesize a functional DMS (diluted magnetic semiconductor) 

whose magnetic properties were controlled by changing the carrier concentration, which Implies that there was a need 

to investigate the transport properties of (TM) ion doped ZnO. Hence the optical properties of undoped and TM ion 

Ni doped ZnO sample had been investigated and the valence state of these doped had been conformed through optical 

studies.  

The chemical synthesis of semiconductor nanoparticles from (~1 – 20nm) in diameter with short – range structure 

were essentially the same as the bulk semiconductor. 

For characterization of Nickel pure and doped Zinc Oxide 𝑍𝑛11−𝑥  𝑁𝑖 𝑥 𝑂𝑍𝑛11−𝑥𝑁𝑖𝑥𝑂. (𝑥 =
0.00, 0.01, 0.02,0.03, 𝑜. 𝑜5)nanopartical we used XRD and FTIR( Fourier transmission infrared) spectroscopy 

respectively.patterns reveal that the diffraction peaks of pure ZnO and  nickel doped ZnO nanoparticles can be indexed 

to hexagonal wurtzite structure of ZnO which were in good agreement with the standard JCPDS file for ZnO 

(JCPDS36 – 1451, a = b = 3.249Ǻ, c = 5.206Ǻ). The grow size were calculated from XRD data was found that grain 

size decrease as Ni concentration increase up to 3% but decease up to 5%. 

Spectrophotometry investigated the absorption of the different substances between the wavelength limits 190nm and 

780nm. 

The UV measurements pointed out that band gap energy decreases with the increase in Ni concentration by sol – gel 

method.(FTIR) of powder were recorded in the range 400 – 4000cm. 

 

KEY WORDS: Zinc oxide crystal, nickel, X – ray diffraction, UV – v is spectroscopy, Fourier transform infrared, 

interferometer, detector, computer. 

 

INTRODUCTION 
Nanotechnology is the technology by which bulk materials reduced to nano - scale material and provided us an 

alternative way for device scaling. It is possible to arrange atoms into structures that are only a few nanometers in 

size, however nanostructure object possess intermediate size between molecular and microscopic (micrometer – sized) 

structures[1,2,3]. 

Zinc oxide (ZnO), a representative of II – VI semiconductor compounds, was a very versatile and important material. 

ZnO had a unique position among semiconducting oxides due to its piezoelectric and transparent conducting 

properties. It had a high electrical conductivity and optical transmittance in the visible region. ZnO had a wide band 

gap (3.37eV) and a large binding energy (60meV) and exhibited many potential applications in areas such as laser 

diodes, solar cells, gas sensors, optoelectronic devise. ZnO nanostructures had an active role to play in nano devices 

like nanogas sensors because the huge surface area enhances the gas sensing properties of the sensors[4,5,6].  

High quality 3d doped ZnO samples were required to synthesize a functional DMS (diluted Magnetic semiconductor) 

whose magnetic properties are controllable by changing the carrier concentration, which implies that there was a need 

to investigate the transport properties of TM ion doped ZnO. Hence, the optical properties of powder of undraped and 
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TM ion Ni doped ZnO sample had been investigated. The valence state of those dopants had been confirmed  through 

optical studies. The crystal structure and sample analysis using XRD and        FTIR spectroscopy respectively. The 

application of TM ion doped ZnO as UV absorber material had also been investigated in order to explore its application 

in ointments, creams and lotions to protect against sunburn and other damage to the skin caused by ultraviolet 

light[6,7,8]. 

The sol-gel process was a method of linked nanometer sized precursors in a solution or colloid to form a polymer 

when deposited. Regardless of the precursors material utilized in the formation of the sol gel, the material always 

shares the nano – pores that were characteristic of sol – gel materials. A colloid was a substance in which numerous 

suspended particles were small enough that they do not settle out of the liquid after a given amount of time, but were 

still enough that the particles do not dissolve. This suspension of nano – sized silicon particles becomes usable after 

draying at room temperature for a short time. During this time, the nanoparticales aggregate to form a highly porous 

solid, key to the sol – gel structure[10,11,12].  

METHOD 
Zink oxide was prepared from Zink acetate and Nickel Nitrate solution. 100ml of distilled water was added to it with 

addition of citric acid. The PH value of the solution reaches up to 1.5 to 2.0. Conventional heating experiment on 

temperature 40ºC  were conducted on magnetic stirrer for 30 minutes. 

In between the reaction ethylene glycol had been added for binding agent. After 30 min, ammonia was added drop 

wise until precipitation (ppt) occur. When the reaction were completed, the solid and solution phases were separated  

by centrifugation at 5000 rpm for 10min and the solid were free of salts with de – ionized water and ethanol. The 

separate gel from solution kept inside oven for 8hour for dry and evaporize the gases. Then grind it and made it in 

powder form . 

Then a white color powder was claimed at 400ºC for 3 hours and then grind for uniformities of the powder.  

The dry synthetic powders were weighted and the percentage yields were calculated from the excepted total amount 

of ZnO based on the solution concentration and volume and the amount that was actually crystallized.  

The sample preparation has been done as shown in the block diagram (fig1). the various sample with different 

concentration (0%, 1%, 3%,5%) of Ni doped ZnO. 
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Fig1. The sample preparation . 
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RESULT AND DISCUSSION 
The crystal structure and phase purity of as prepared undopedZnO and different composition of Ni–doped 

ZnOnanoparticales annealed at 4000C were characterized using X – ray diffraction. Fig(2) shows a typical XRD 

pattern of pure ZnO and 𝑍𝑛1−𝑥𝑁𝑖𝑥𝑂(𝑥 = 0.00, 0.01, 0.02,0.03, 𝑜. 𝑜5)nanopartical annealed at 400oC XRD patterns 

reveal that the diffraction peaks of pure ZnO and  nickel doped ZnO nanoparticles can be indexed to hexagonal 

wurtzite structure of ZnO which were in good agreement with the standard JCPDS file for ZnO (JCPDS36 – 1451, a 

= b = 3.249Ǻ, c = 5.206Ǻ) and the lattice parameters are listed in Table(1). 

 

 
Fig . 2. Plots of (ahv)2vs energy (hv) for sample with (a) 0%Ni 

 

Fig 2.a. shows that the optical ban gap (EG) at 3.386ev, lattice constant (a=b= 3.279Å, c = 5.5182), the crystallite size 

of nanoparticales(D= 16.54nm) and FWHM(full width at half maximum)  is 0.5009 with 0% of Ni doped  

 

 
Fig . 2. Plots of (ahv)2vs energy (hv) for sample with (b) 1%Ni 

 

Fig2.b. shows the crystallite size (D= 13.82nm) with band gapEg(3.350ev), lattice constant (a=b= 3.279Å, c = 

5.5182)and FWHM(full width at half maximum) of 0.6000with1%of Ni doped as well as the lattice parameters are 

gradually increases with increasing of Ni doping concentration in ZnO. 
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Fig . 2. Plots of (ahv)2vs energy (hv) for sample with (c) 3%Ni 

 

Fig2.c. shows the crystallite size (D= 12.63nm) with band gap Eg(3.300ev) lattice constant (a=b= 3.279Å, c = 5.5182) 

and FWHM (full width at half maximum) of 0.6600 with  3%of Ni doped. As well as, the crystallite size is decrease 

with increase Ni doping concentration up to 3%. 

 

 
Fig . 2. Plots of (ahv)2vs energy (hv) for sample with (d) 5%Ni 

 

Fig2.d. shows the crystallite size (D= 13.03nm) with band gap Eg(3.260ev), lattice constant (a=b= 3.279Å, c = 5.5182) 

and FWHM (full width at half maximum)of 0.6400 with 5%of Ni doped. Where the UV measurements pointed out 

that the band gap energy decreases with the increase in Ni concentration by sol–gel method.  

The crystallite size of nanoparticles were estimated using Scherer’s formula[5, 6, 16] 

D = 
   0 .9 𝜆 

𝛽 cos 𝜃
                        (1) 

Where λ is the X – ray wavelength (Cu Kα = 1.5418Ǻ), β was the full width at half maximum of the most intense peak 

and θ was the peak position[23,24]. 
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As shown in Table (1), the crystallite size of the sample decreased with increasing Ni content up to 3% but in case of 

5% concentration the crystallite size increase. Pure ZnO may be due to the annealing treatment of the samples at 

4000C. such variation in particle size was evident that pure ZnO exhibits broad diffraction peaks when compared to 

that nickel doped samples. Table (1) show that the lattice constant a and c of nickel doped ZnO nanoparticles were 

slightly larger than those of pure ZnO, because the ionic radius ofNi2+ (0.68Ǻ) was larger than that of Zn2+ (0.60Ǻ). 

The UV – visible spectra have been shown in fig (3) which attributes that strong UV absorption was characteristic of 

all measured sample, which attains a plateau above 360nm. The optical band gap of the nanopowders  was determined 

by applying the Tauc relationship as given below[32]: 

𝛼ℎʋ =  𝐵(ℎʋ − 𝐸𝑔)𝑛                  (2) 

Where α was the absorption coefficient (α = 2.303A/t, here A was the absorbance and t was the thickness of the 

cuvett), B was the constant, h was Planck’s constant, ʋ was the photon frequency, and Eg was the optical band gap. 

The value of n = ½, 3/2, 2 or 3 depending on the nature of electronic transition responsible for absorption and n = ½ 

for direct band gap semiconductor. The effect of Ni doping concentration on the band gap of ZnO and substitution of 

Ni2+ ions in tetrahedral site of wurtzite structure of ZnO was further confirmed using  UV – visible optical spectroscopy 

measured in the range 200 – 700nm. The absorption band edge of undopedZnOis observed a 382nm and it gets shifted 

to longer wavelength region for the Ni – doped samples. 

Table 1. the crystal size calculate from XRD data and band gap from UV of with different % of Ni doped. 

Ni conc. (%) FWHM D(nm) Eg(ev) Lattic constant(Ǻ) 

a = b c 

0 0.5009 16.54 3.386 3.279 5.182 

1 0.6000 13.82 3.350 3.300 5.270 

3 0.6600 12.63 3.300 3.302 5.2708 

5 0.6400 13.03 3.260 3.340 5.280 

 

 

 
 

Fig .3.a. X – ray spectra of Ni doped ZnO (a) 0%Ni, 2theta (diffraction angle)is the peak position vs intensity of sample 
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Fig 3. Shows a typical XRD pattern of pireZnO and Zn1-x,NixO for x = 0.00 nanoparticles annealed at 400Co, XRD 

patterns reveal that the diffraction  peaks of pure ZnO and nickel doped ZnO, the intensity of NiO peak alternate 

increase with increasing nickel concentration indicating that phase segregation has occurred.  

 

 
Fig .3.a. X – ray spectra of Ni doped ZnO (a) 1%Ni, 2theta (diffraction angle)is the peak position vs intensity of sample 

 

Fig 3. Shows a typical XRD pattern of pure ZnO and Zn1-x,NixO for x = 0.01 nanoparticles annealed at 400Co, XRD 

patterns reveal that the diffraction  peaks of pure ZnO and nickel doped ZnO, the intensity of NiO peak alternate 

increase with increasing nickel concentration indicating that phase segregation has occurred and the crystallite size of 

the sample decrease with increasing Ni content up to 3% but in case of 5% concentration the crystallite size increase. 

 

 

 
 

Fig .3.a. X – ray spectra of Ni doped ZnO (a) 3%Ni, 2theta (diffraction angle)is the peak position vs intensity of sample 

 

Fig 3. Shows a typical XRD pattern of pure ZnO and Zn1-x,NixO for x = 0.03 nanoparticles annealed at 400Co, XRD 

patterns reveal that the diffraction  peaks of pure ZnO and nickel doped ZnO, the intensity of NiO peak alternate 

increase with increasing nickel concentration indicating that phase segregation has occurred,  the crystallite size of the 
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sample decrease with increasing Ni content up to 3% and the FWHM gradually increases the concentration of Ni in 

ZnO from 0%  to 3% . 

 

 

Fig .3.a. X – ray spectra of Ni doped ZnO (a) 5%Ni, 2theta (diffraction angle)is the peak position vs intensity of sample 

 

As also evident in this graph as will that 5% concentaration of Ni the crystallite site increase annealed from that of as 

– prepared pure ZnO may be due to the annealing treatment of the sample at 400Co. such variation in particle size is 

evident that pure ZnO exhibits broad diffraction peaks when compared to that of nickel doped sample. 

Change in the dipole moment of Ni–O bands in the ZnO:Ninanopowdre prepared by the sol – gel method is small 

leading to the weak absorption band around 779.65cm–1 in the fig (3c). 

There was a sharp increase in absorption at energies close to the band gap that manifest itself as an absorption edge 

(or reflection threshold) in the UV–Vis absorption spectrum.For direct band gap of semiconductors can be calculated 

using the Tauc relationship: 

𝛼ℎ𝜐 = 𝐵(ℎ𝜐 − 𝐸𝑔)𝑛 

Where α was the absorption coefficient (α = 2.303A/t) here A was the absorbance and t is the thickness of the cuvette), 

B was constant, h was Planck’s constant, ʋ was the photon frequency, and Eg was the optical band gap. The value of 

n = 1/2, 3/2, 2 or 3 depending on the nature of  the electronic transition responsible for absorption and n = ½ for direct 

band gap semiconductor.  

In infrared spectroscopy, IR radiation was passed through a sample. Some of the infrared radiation was absorbed by 

the sample and some of it was passed through (transmitted). The resulting spectrum represented the molecular 

absorption and transmission, creating a molecular fingerprint of the sample. Like a fingerprint on two unique 

molecules structure produced the same infrared spectrum. This made infrared spectroscopy useful for several types of 

analysis. 

An infrared spectrum represented a fingerprint of a sample with absorption peaks which correspond to the frequencies 

of vibration between the bonds of the atoms making up the material. Because each different material was unique 

combination of atoms, no two compounds produce the exact same infrared spectrum. Therefore, infrared spectroscopy 

could result in a positive identification (qualitative analysis) of every different kind of material. 

The addition weak band and shoulder as many be due to the higher Ni percentage. Absorption bands show the presence 

of resonance interaction between vibration modes of oxide ions in the crystal. The change in observed of bands may 

be due to ZnO – Ni stretching shown in fig (4). 
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Fig 4. FTIR spectra of ZnO with concentration (a) 0%, (b) 1%, (c) 3%, (d) 5% 

For x = 0.00 concentration in fig (4.a), the peak appeared at 3310.52cm indicates the presence of stretching vibration 

of the O – H group. The absorption peaks observed around 2336.96cm–1 were assigned to the Co2 mode. The Co2 

mode were present in the FTIR spectra due to atmospheric Co2 in the sample. Sample might had been trapped some 

CO2 from the atmosphere during FTIR characterization which might had given such mode. The strong absorption 

band at 1539.31cm-1 is assigned to the C=O stretching. The strong absorption bending of the hydroxyl group at 

(1347.40 – 1443.40)cm-1. The absorption band at 435.80cm-1 is assigned to the stretching mode of ZnO. 

 

 
 

Fig 4. FTIR spectra of ZnO with concentration (a) 0%, (b) 1%, (c) 3%, (d) 5% 

 

Spectra for x = 0.01 concentration in fig (4.b), the bands around 3330.50 – 3424.47cm–1 were assigned to the –OH 

mode to the strong bands associated with OH stretching vibration of H2O in the ZnOnanocrystal.The presence of these 

bands may be due to atmospheric water during FTIR measurement. The presence of brand corresponding to acetate is 

clearly seen at 2354.95cm-1 and are assigned to CO2. The strong absorption band at 1619.28 cm-1is assigned to the 

C=O stretching. Bands around 1105.50cm-1 are due to the characteristic frequency of inorganic ions. Bands around 

1399.37 cm-1 are due to the oxygen stretching and bending frequency.   
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Fig 4. FTIR spectra of ZnO with concentration (a) 0%, (b) 1%, (c) 3%, (d) 5% 

 

For x = 0.03 concentration in fig (4.c) the peaks are disappeared corresponding to acetate. The strong absorption band 

observed for the O – H stretching at (3334.51 – 3418.67) cm–1. The addition weak bands and shoulder at 3334.51 – 

3418.67cm–1 may be due to nano structure formation of the sample. 

 

 
Fig 4. FTIR spectra of ZnO with concentration (a) 0%, (b) 1%, (c) 3%, (d) 5% 

 

For x=0.05 concentration in fig (4.d) the band corresponds to acetate   again present at 2336.96cm–1. The hydroxyl 

group present at (3366.50–3488.44) cm–1 but not with broad spectrum which means less water content present at higher 

percentage Ni doped. 

CONCLUSION 
In synthesized nanocrystals of pure and Ni doped ZnO through chemical sol – gel method using citric acid as the fuel. 

The crystal structure of the   Zn1 –xNixO compound with x = 0.00, 0.01, 0.03 had been studied. From XRD data, it was 

conformed that all samples were in the wurtziteZnO structure. No secondary phases were observed for the simple 
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synthesis process for the Ni doped ZnO samples were shown in Fig(1). The XRD measurements suggest that Ni atoms 

substitute Zn sites in the crystal without changing the wurtzite structure. The lattice parameter ‘a’ and ‘c’ increase 

with the doping percentage of Ni increase which indicates that Ni substitute at the place of Zn. The grain sizes were 

calculated from XRD data. It was found that grain size decreases as Ni concentration increases up to 3% but in case 

of 5% Ni concentration the grain size increase. 

Fourier transmission infrared (FTIR) spectra of the powders (as pellets in KBr) were recorded in the range of 400 – 

4000cm-1. Prominent IR peaks were analyzed and assigned. 
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