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Abstract 
ZnO nanoparticles have been successfully prepared by chemical precipitation method at 
200oC, 400oC, 600oC and 800oC. The micro-structure and optical properties of the 
resulting ZnO nano-particles were investigated by X-ray diffraction (XRD), UV-Visible 
spectroscopy, Photoluminescence and TEM. ZnO nanoparticles became more crystalline 
and the average size increases with increasing temperature. The quantum size effect 
decreases with increase in temperature, since the particle size increases. Quantum 
confinement increases the band gap energy of ZnO. As temperature increases, the peak 
absorbance wavelength becomes red shifted due to decreasing quantum confinement with 
increasing particle size. After high temperature annealing, the usual band edge emission 
in the UV band (355nm) and the deep level emission in the green band (499 nm) can be 
seen. TEM data also supports the XRD and optical spectroscopy data. 
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Inroduction 

In recent years, there has been a significant growth in the development of noble metal oxide 
nanoparticles due to their unique electrical, optical, chemical and biological properties1-8. Among various 
semiconducting materials, zinc oxide (ZnO) has drawn much attention due to its wide band gap energy of 
3.37 eV, high electron mobility of about 2000 cm2 /(V.s) at 80K 9, large exciton binding energy of 60 
meV 10,11 and antibacterial activity 12. These properties make ZnO a suitable candidate for optoelectronic 
applications, information storage and sensors 13. ZnO nanoparticles are also potential candidates for 
biosensors 14, photodetectors 15 and photocatalysts 16. Recently, there have been many new routes for the 
synthesis of ZnO nanoparticles such as organo-metallic precursor method 17, sol-gel synthesis18, sol-gel 
combustion19, zinc-air cell system method20, precipitation method21, micro-emulsion route22. In this study, 
chemical precipitation method was used to synthesize ZnO nano-particles. The influence of annealing 
temperatures on Zn) nano-particles have been reported in some earlier studies 19, 20,23-27. The primary aim 
of this investigation is to evaluate the influence of annealing temperature on the size and optical 
properties of ZnO nano-particles for possible anti-bacterial applications. The micro-structure and optical 
properties of the resulting ZnO nano-particles were investigated by X-ray diffraction (XRD), UV-Visible 
spectroscopy, Photoluminescence and TEM. 
 
 
 



 
IJCPS Vol. 6, No.6, Nov-Dec 2017 ISSN:2319-6602 

www.ijcps.org International Journal of Chemical and Physical Sciences 
 

Effect of Annealing Temperature on the Structure and Optical 
Properties of ZnO Nanoparticles for Possible Anti-Bacterial 

Applications 

M. RAI, K. KASHYAP, A. KHURANA, R. VAISAKH, S. KUMAR, S. 
KUMAR, Y. ARORA, A. DHANKHAR, CHATTERPAL, A. K. DHILLON, 
S. DUDEJA AND A. B. BHATTACHERJEE 

- 118 - 

 

Materials and Methods 
Synthesis And Characterization Of Zno Nanoparticles 

The synthesis of ZnO nano-particles were carried out by chemical-precipitation method. All the 
chemical reagents were of analytical grade which were used in the experiments without further 
purification and treatment. The procedure adopted to synthesize ZnO nano-particles are as follows: ZnCl2 
and NH4 HCO3 solutions were prepared according to the desired molar ratio. Stoichiometric dodecyl 
sodium sulfate (SDS) solution was added into the solution of NH4 HCO3. Under constant magnetic 
stirring, the solution of ZnCl2 was added drop wise in the solution of   NH4 HCO3 + SDS. After 2 hours, 
the product was filtered and washed with anhydrous ethanol followed by drying for 4 hours at 500 C. 
Finally, the ZnO nano-particles of different sizes were obtained after annealing in air under different 
temperatures for 1 hour in the furnace chamber. The structure of ZnO nanoparticles were determined 
using X-Ray powder diffraction (Rigaku-Miniflex-600) with CuKα radiation of 1.54059 Å wavelength. 
The optical characterization of the sample was recorded on UV-visible absorption Spectrophotometer (   
Shimatzo’s UV visible spectrophotometer-1800 ). The photoluminescence (PL) spectrum of the ZnO 
nanoparticles has been measured using a spectrofluorimeter (F-2500 FL Spectrophotmeter, Hitachi). The 
morphology of the ZnO nanoparticles was examined with the help of Jeol 2100F TEM machine. 
 
Results and Discussions: 
X-Ray Diffraction Analysis (Xrd) 

The XRD patterns of the samples formed under different temperatures are shown in Figure 1. The 
diffraction peaks at scattering angle (2θ) of 31.8˚, 34.5 ˚, 36.3 ˚, 47.6 ˚ , 56.6 ˚ , 62.7 ˚ , 66.3˚ , 67.9˚ , 
69.1˚ correspond to the reflections from (100), (002), (101), (102), (110), (103), (200), (112) and (200) 
crystal planes respectively. All the diffraction peaks can be well indexed as the hexagonal Wurtzite ZnO 
phase. Since no excess peaks were formed, it indicates that there were no impurities in the samples. As 
the annealing temperature increased, the diffraction peaks became narrower and exhibited a higher 
intensity which demonstrates that the ZnO nanoparticles became more crystalline with increasing 
temperature. Narrowing of the peak with increasing temperatures suggests that the average size of the 
nanoparticles became bigger. 

According to the XRD data, we observe an increase in the peak intensities as the temperature 
increases for the diffraction peaks of (100), (002), (101), (102), (110) and (103) planes. The Wurtzite 
structure of bulk ZnO nanoparticles have unit cell parameters, a0= b0 = 3.253 Å and c0 = 5.2066 Å while 
for ZnO polycrystalline powder is a0= b0 = 3.249 Å and c0 = 5.21 Å. These are in agreement with JPCDS 
card no. 36-1451. The lattice parameters of ZnO nanoparticles annealed at different temperatures were 
calculated using Miller indices {hkl} according to the equation, 
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Using the diffraction peaks corresponding to the (100) and (002) planes, the lattice constants are 
displayed in table 1 at various temperatures. At T= 250˚ C, the c-parameter and the a-parameter values are 
close to that of polycrystalline state while at T = 800˚ C, it is approaching the bulk value. This change in 
lattice parameters can be attributed to the change in particle size and quantum size effects. 
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Where c denotes the measured lattice parameter and c0 is the unstrained lattice parameter for bulk ZnO 29. 
The calculated value of the strain η for different annealing temperatures has been given in table 1. The 
values of the strain from table1 reveal that at T=800 ˚ C, the strain is substantially reduced and 
approaches towards the bulk value. This observation is consistent with our results for the lattice 
parameters which approaches the bulk value at T=800 ˚ C. The Zn-O bond length L can be evaluated 
using the expression 28, 
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The values obtained for the bond lengths are indicated in table 1. The known value of Zn-O bond length is 
2.21 Å 30. The small values obtained for our samples indicate the presence of structural defects like 
oxygen vacancies.We now estimate the band gap from the XRD data. The best XRD data are for peak 
(110) and it is therefore used for investigating the relation between the XRD- Particle size and the optical 
band gap. Based on the effective mass approximation and which has the same functional dependence as 
Brus equation, the following equation is used to determine the optical band gap (in eV) from the (110) 
peak 31, 

2
)110( 86.2896.022.3

DD
Eg ++=             (6)    

The (110) peak is used if the particle shape is spherical. It does not contain any information about the size 
in the c-direction. The c-axis usually is the most energetically favorable. In order to estimate the optical 
band gap if the particles are elongated, the (103) peak is used, and the corresponding equation is 31, 

2
)103( 441.064.123.3

DD
Eg ++=                            (7) 

 
The results from the peaks (110) and (103) are shown in table 2. The higher values of Eg at lower 
temperatures are attributed to “quantum size effects” 31. Quantum confinement increases the band gap 
energy of ZnO. At lower temperature of T= 250 ˚C , the particle size is small and hence the quantum 
confinement effect is also comparatively large. 

 
Table 2: Effect of annealing temperature on the calculated band gap. 

Temp (˚C) Eg(110) (eV) Eg(103) (eV) 

250 3.28 3.33 
400 3.27 3.30 
600 3.25 3.29 
800 3.24 3.27 
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UV-Visibile Absorption Spectrum 
Figure 2 shows the UV-vis Spectra of ZnO nanocolloid particles synthesized at different 

annealing temperatures. The samples (except for the one at 800˚C) exhibit strong absorption peaks in the 
range of ~ 360 nm to 380 nm, which is attributed to the electronic transition of electrons from valence 
band to conduction band. The exciton absorptions at 369 nm, 372 nm, and 376 nm at T= 250 ˚C, 400 ˚C 
and 600 ˚C respectively are blue shifted with respect to the bulk absorption peak at 388 nm . The sample 
annealed at T=800 ˚C shows very weak absorption at 403 nm, more than the band-gap wavelength of 388 
nm. It is possible that at T=800 ˚C, the particle size is large and begins to agglomerate and form clusters 
in the solution. As a result, the material settles down on the bottom of the cuvette causing decrease in 
absorbance. 

It is clear that the absorption peak systematically shifts to lower wavelengths with decreasing 
temperature ( hence decreasing particle size). This pronounced and systematic shift is attributed to the 
quantum size effects. Thus the average particle size in a nanocolloid can be determined from the UV-Vis 
absorption spectra using the effective mass model 21: 
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Eg = Band gap energy determined from the UV-Vis Absorbance spectrum. 

bulkEg =Bulk value of band gap energy = 5.126 x 10-19 J 
r= Particle radius 

*
em = effective mass of electron in the conduction band of ZnO. 
*
hm = effective mass of hole in the valence band of ZnO. 

0∈ = 8.854 x 10-12   C2N-1m-2 

∈= relative permittivity of ZnO = 5.7 

The band gap Eg = 
λ
ch

 

The calculated particle size (2r) as the annealing temperature is increased as shown in table 3. As 
temperature increases, the peak absorbance wavelength becomes red shifted due to decreasing quantum 
confinement with increasing particle size. 

Table 3: Effect of annealing temperature on particle size 
Annealing temperature (˚C) Peak absorbance wavelength 

(nm) 
Particle size (nm) 

250 369 3.93 
400 372 4.15 
600 376 4.41 

 
Photoluminescence (Pl) Properties 
Photoluminescence spectroscopy is an important tool to study the optical properties of semiconducting 
materials. Figure3 shows the photoluminescence spectra of ZnO nanoparticles at various annealing 
temperatures over the wavelength range 300-600 nm on irradiating at wavelength λex = 323 nm * 
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Figure 2: UV-Vis absorption spectra of ZnO nanoparticles are various annealed 

temperatures. 
 

 
Figure 3: Photoluminescence spectra of ZnO nanoparticles at different annealing 

temperatures. 
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Conclusions 
In this paper, we report on the effect of annealing temperature on the structure, morphological 

and optical properties of ZnO nanoparticles using chemical precipitation method at 200oC, 400oC, 600oC 
and 800oC. The XRD analysis revealed that the average size of the ZnO nanoparticles and the Zn-O bond 
length increased with increasing annealing temperature. As the particle size increased, the strain produced 
along the c-axis and the optical band gap decreased. The higher values of the optical band gap at lower 
temperatures are attributed to “quantum size effects”. The UV-Vis absorption results confirmed that the 
particle size increases with annealing temperature. The Photoluminescence spectroscopy of ZnO nano-
particles annealed at 800 ˚C revealed two additional peaks at 355 nm and the other is at 499 nm. TEM 
results showed agglomeration at 800 ˚C. We can conclude from our study that ZnO nano-particles 
annealed at low temperatures which have small particle size are best suited for anti-bacterial applications. 
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