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Abstract - Zinc oxide (ZnO) is a semiconductor material that is widely used in sensor applications, optoelectronics, and 
solar cells.ZnOnanorods material has been successfully synthesized by hydrothermal method.The crystal size of the 
nanorods was observed by X-Ray diffraction, with crystal characteristics having a hexagonal wurtzite crystal structure. The 
morphology of the nanorods was observed in TransmissionElectronMicroscopy. The nanrods have average diameter of ~95 
nm. The optical property of the synthesized ZnOnanorods was investigated using UV-visible absorption spectra. The 
synthesized nanorods exhibit strong absorption 330 nm. The band gap of the nanorods was calculated from the absorption 
spectrum and found to be 2.6 eV. The UV Vis result is also a high transmittance and obtained a refractive index of about 

1.513, and a low reflectance. Therefore ZnOnanorods can be used as anti-reflection material. 
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I. INTRODUCTION 

 

Several materials were used as anti-reflection 

coatings. Among them is Zno, which appears to be an 

ideal ant-reflection film.In materials science, ZnO is a 

unique material with a direct band gap (3.37eV) and 

large exaction binding energy of 60meV, be a wide-

band gap semiconductor of the( II-VI ) 

semiconductor group (since oxygen was classed as an 

element of VI group (the 6th main group) of the 

periodic table and zinc, a transition metal, as a 

member of the IIB (2nd B), group). This 

semiconductor has several favorable properties, 
including good transparency, high electron mobility, 

wide band gap, and strong room-temperature 

luminescence [1].ZnO isvery flexible functional 

material exhibiting wide structural morphologies, 

such asnanorods [2]. Amongthese, one dimensional 

(1D) ZnOnanorords have been extensively studied 

inthe recent past due to their multifunctional device 

applications of the areas of ultraviolet(UV). 

Zinc oxide (ZnO) is potential as an anti-reflection 

coating for example ito silicon solar cells because it 

has a refractive index of about 2, and a large bandgap 
of 3.3-3.7 eV, is transparent to visible light areas and 

has good adhesion and hardness properties. The 

advantages of ZnO-based anti-reflection compared to 

other materials are lower toxicity properties, easy to 

obtain on the market at relatively cheap prices, and 

can be coated with simple and inexpensive coating 

techniques [3, 4] 

Here, in this paper, we report a simple chemical 

method of synthesizing ZnOnanorods followed by 

crystal properties as anti reflection coating. 

 

EXPERIMENTAL 
The entire chemicals used in this synthesis process 

were of analytical grade and used as supplied (Merck 

and Aldrich). In a typical synthesis process 0,1 M of 
zinc nitratetetrahedrite was dissolved in 50 mL 

distilled water and stirred virgorously at room 

temperature till the zinc nitratetetrahedrite dissolve 

completely. Ammonium hydroxide was added into 

solution until pH of the solution was maintained as 7, 

followed by virgorous stirring for 1 h. A white 

precipitate (Zn(OH)2 was produced which was 

collected by centrifugation and washed thoroughly 

with deionized water. Then the precipitate were 

transferred into 100 mL waters containing CTAB. 

The stoichiometric ratio of Zn(NO3)2.4H2O and 

CTAB was taken as 1:0; 1:1; 1:2; and 1:3 (w/w). The 
solution was transferred into a Teflon-line coated and 

then heated in an electrical oven at a constant 

temperature of 180 °C for 24 h. After completion of 

the reaction, it was cool to room temperature and 

powder sample was collected by centrifugation. 

Powder sample was thoroughly washed with 

deionized water and ethanol. Sample was dried at 80 

°C for 12 h and then was dried in a furnace at 300, 

500, 700 °C for further characterization. 

 

The crystal structure of the powder was studied by 
powder X-ray diffractometer using monochromatic 

nickel filtered CuKα (λ = 1.5416 Å) radiation. 

Morphology was characterization by transmission 

electron microscopy (JEOL JEM 1400). The UV-Vis 

data (absorption, transmittance, refractive index, 

reflectance) were recorder in UV-Vis 

Spectrophotometer Lamda 25 Pelkin Elmer over the 

wavelength range 200 nm to 800 nm. 

 

II. RESULT AD DISCUSSIONS 
 

X-Ray Result and Crystal Sizes Calculations 
X-ray diffraction data onto four samples prepared for 

different times were recorded by using (Cu, Kα) 
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radiation of wavelength (1.5410 Å). Figure 1 shows 

that XRD patterns of ZnO annealed at different 
temperature, the all peaks of the different samples in 

the same positions with small shift with different time 

of preparation, x-ray diffraction studies confirmed 

that the synthesized materials were ZnO with wurtzite 

phase and all the diffraction peaks agreed with the 
reported ICPDS data (ICPDS Card No. 067848)and 

compared this results with data published in many 

articles get the same position of the peaks [5].
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Figure 1. Difractogrampattern (a) ICSD standard No. 067848, the result of the synthesis with the ratio of precursors Zn 

(NO3)2·4H2O:CTAB (b) 1:0, (c) 1:1, (d) 1:2, (e) 1: 3 (w / w), 1: 3 (w / w) calcinated at (f) 300 ° C, (g) 500 ° C, and (h) 700 ° C 

 

The sample (b) of each dominant peak was found at 

2θ = 36.03 (d101), 35.99 (d100), and 36.01 (d002). 

The sample (c) of each dominant peak is found at 2θ 

= 36.01 (d101), 35.99 (d100), and 36.03 (d002). The 

samples (d) of each dominant peak were at 2θ = 

35.97 (d101), 35.95 (d100), and 36.01 (d002). The 

sample (e) of each dominant peak was found at 2θ = 

36.01 (d101), 35.99 (d100), and 36.03 (d002). The 

samples (f) of each dominant peak were at 2θ = 36.01 

(d101), 36.03 (d100), and 35.99 (d002). Samples (g) 
of each dominant peak were present at 2θ = 36.01 

(d101), 35.99 (d100), and 36.03 (d002). The samples 

(h) of each dominant peak were at 2θ = 36.01 (d101), 

36.05 (d100), and 36.03 (d002). All sample indicated 

conformity with ICSD standard No. 067848 with 

each dominant peak at 2θ = 36.20 (d101), 36.22 

(d100), and 36.18 (d002). 

The data are collected then fed to the FullProf suite, 

in order to determine the full width at half maximum 

(FWHM), though to calculate the particle size using 

the famous Scherrer equation [6]:  

 
Where λ is the wavelength (Cu Kα), β is the FWHM, 

θ is the diffraction angle.  

 

Precursor of 

Zn(NO3)2·4H2O:CTAB 

(w/w) 

Crystallite size, 

D 

(nm) 

1:0 23,632 

1:1 30,061 

1:2 30,755 

1:3 35,387 

1:3 calcinated at 300 °C 36,632 

1:3 calcinated at 500 °C 36,357 

1:3 calcinated at 700 °C 37,480 
Table 1. Average crystallite size of ZnO obtained from XRD 

 

The greater the temperature of calcination, the size of 

the crystal obtained will be greater. According to 

research conducted by Ivanovaet al [7] which shows 

the same results that the greater the temperature of 

calcination, the resulting crystal size is also greater. 

Increased crystal size is supported by increased heat 

energy during the calcination process. The longer the 

heating of these cores will coalesce and form large 

grain size crystals [8] 
TEM imaging results is shown in Figure 2, indicating 

that rods have been formed. Nanorods formed a rod 

with a tapered end or cone [9]. 

 
Figure 2. TEM image of ZnO nanorods calcinated at 700 °C 

with diameter ~95 nm 
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UV absorption result 

That the absorption occurs only to the ultraviolet 
region, whereas in the visible region there is no 

uptake. The absorbance in the 330-390 nm 

(ultraviolet region) indicated the ZnO did not absorb 

visible light. 
 

 
Figure 3. The absorbance spectrum of ZnO material 

synthesized by comparison precursors of Zn(NO3)2· 

4H2O:CTAB (a) 1:0, (b) 1:1, (c) 1:2, and (d) 1:3(w/w), 1:3 (w/w) 

calcinated at (e) 300 °C, (f) 500 °C, and (g) 700 °C 

 

We used the spectrophotometers and Tauc’s relation 

equation (2) to calculate the band gap energy for the 

prepared nanorods. 

(αhν)2 = A2 (hν - Eg)                                    ........ (2) 

Where A is known as the edge width parameter, hν is 

the photon energy and Eg is the optical gap. The Tauc 
plot is a method that is widely used for the 

determination of band gap. Shown next is the 

procedure for determining the band gap from a 

diffuse reflectance spectrum using the Tauc plot[10]. 

ZnO can be described as a direct band gap 

semiconductor. The original study of Tauc [10].The 

method used to calculate the optical gap by using 

Tauc’s relation, and extrapolates the high energy, 

linear section of the plot of αhν vs hν, and takes the 

intercept with the x-axis as the value of the optical 

gap, as shown in Figure 3. The characteristic values 
for the band gap of ZnO determined from Tauc’s plot 

range from ~ 2.5eV to ~2.6 eV. 

 
Figure 3. Band gap energy estimation of ZnO nanorods 

synthesized by comparison precursors of 

Zn(NO3)2·4H2O:CTAB (a) 1:0, (b) 1:1, (c) 1:2, and (d) 

1:3(w/w), 1:3 (w/w)  calcinated at (e) 300 °C, (f) 500 °C, and (g) 

700 °C 

 

The decrease in bandgap is related to the size of the 

crystallites. The increasing crystal size results in less 

bandgap energy. This is in accordance with the 

research Pellegriniet al [11], that this phenomenon is 

related to quantum confinement efect in 

nanomaterials.The optical properties of ZnOnanorods 
were determined based on observations of the 

transmittance spectrum obtained by means of an UV-

Vis spectrophotometer.Increased transmittance with 

increasing temperature is also influenced by crystal 

formation [12], where large size crystals cause 

increased transmittance (Figure 3). 
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Figure 3. Spectrum transmittance material ZnO nanorods 

synthesized by comparison precursors of 

Zn(NO3)2·4H2O:CTAB () 1:0, () 1:1, () 1:2, and () 1:3(w/w), 1:3) 

calcinated at  300°C (); 500°C (        ); 700°C (       ) 

 

The value of refractive index can be determined by 

using the formula [13], whereas nsis the refractive 

index of glass (1.51) 

 

 
 

ZnO nanorodssynthesized by 

comparison precursors of 

Zn(NO3)2·4H2O:CTAB (w/w) 

Refractive 

index 

1:0 1,516 

1:1 1,513 
1:2 1,513 

1:3 1,513 

1:3 calcinated at 300 °C 1,512 

1: 3 calcinated at 500 °C 1,511 

1:3 calcinated at 700 °C 1,511 

Table 2. Refractive index of ZnO nanorods 
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Relatively large crystal size caused the reflectance to 

tend to decrease. This is due to the large crystalline 
size having a large internal line, in which the 

absorption of photons takes place following Lambert-

Beer's law. If material has a relatively smaller size, 

proportionally there is more surface reflection than 

the length of the photon's internal path, so the 

reflectance will be higher [14] (Figure 4). 
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Figure 4. Spectrum reflectance of thin film (a) GaAs, (b) ZnO 

nanorods/GaAs 

 
Material ZnOnanorods when coated into thin layer of 

GaAs can decrease reflectance. Thus ZnOnanorods 

can act as anti-reflection. it is also related to the 

difference in the refractive index of light between the 

two mediums, as long as the air medium (refractive 

index 1) - GaAs (refractive index 3.92) becomes the 

medium ZnO (refractive index ~ 1.513) .When there 

is an anti-reflection layer ZnO then the light coming 

from the air will be biased toward the normal line 

when it enters the air-ZnO boundary plane, to be 

reframed as it enters the boundary planeZnO-GaAs, 
thus the chances of reflected light will be smaller 

otherwise the chances of transmitted light will be 

greater 

 

CONCLUSION 

 

ZnOnanorods have been prepared using hydrothermal 

method. The results of XRD measurements indicate 

that the prepared nanoZnO had a crystallite structure 

which is a characteristic band for the wurtzite 
hexagonal structure, also its have been used to 

calculate the crystal size, which was about 23 nm to 

37 nm which increased with increasing f calcination. 

Ultra violet spectroscopy was used to obtain the 

absorption and then to calculate the band gap energy 

for all samples, which were found decrease the band 

gap with crystal size increased.The increasing size of 

crystals and the formation of nanorods increased 

optical properties that decrease the reflection of light 

(reflectance) and increase the transmitted light 

(transmittance). 
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