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Abstract:  

This paper reports the synthesis, and 

characterization of nano-sized Zinc oxide (ZnO). 

A simple chemical co-precipitation method is used 

for the synthesis of ZnO nano particles. Zinc 

Acetate (Zn (C2H3O2)2) and the sodium 

hydroxide (NaOH) were used as a starting 

materials and double distilled water as a carrier. 

The resulting nano particles were characterized 

for confirmation of proper material formation.  

The effect of different calcinations temperatures 

on the size of the ZnO nanoparticles was 

investigated. . X-ray diffraction (XRD) results 

indicated that all the samples have crystalline 

wurtzite phase, and peak broadening analysis was 

used to evaluate the average crystallite size and 

lattice strain using Scherrer’s equation. 

Morphology and elemental composition were 

investigated using field emission scanning 

electroscope (FESEM) with energy-dispersive X-

ray spectroscopy (EDAX). The average size of the 

ZnO nanoparticles estimated from scherrer’s 

formula was found to decrease with increase in 

calcinations temperature. These results were in 

good agreement with FESEM results. TEM 

investigation reveals that the surface morphology 

of ZnO nano particles is spherical in co-

precipitation. In present study we have used 

Thermo gravimetry Analysis (TGA) for deciding 

the proper calcinations temperature range for 

synthesized nano particles.   
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1. INTRODUCTION: 

In the recent years, application of 

semiconductor nanoparticles within size range of 1-

100 nm have attracted much attention due to novel 

optical, electrical, and mechanical properties, 

which results from quantum confinement effects 

compared with their bulk materials. All these 

properties can be easily tuned by changing only the 

shape and/or size of the nanoparticles [1-2]. 

Due to numerous applications, studies on 

the synthesis, characterization and properties of 

nanoparticles have received significant attention in 

the past several years. Among various 

semiconductor nanoparticles, ZnO are the most 

studied because of their interest in fundamental 

study and also their applied aspects e.g. in solar 

energy conversion, UV light-emitting diodes, laser 

diodes, photo-catalysis and chemical sensors [3]. 

ZnO has a very large excitation binding energy 

(~60 meV) and wide band gap (3.37 eV) at room 

temperature. ZnO nanoparticles are expected to 

enhance photon-to-electron efficiency, gas sensing 

and photonic performance due to the surface area 

increase and quantum confinement effects. Various 

approaches have still been employed to synthesize 

ZnO nanoparticles with uniform morphology, 

controllable shape and sizes. Sol-gel [4], spray 

pyrolysis [5], micro emulsion techniques [6], 

thermal evaporation [7], mechanical milling [8], 

microwave-assisted route [9] and hydrothermal 

process are some of the methods which are 

employed for synthesis of nanoparticles. However, 

in the most of this method, nanoparticles tend to 

agglomerate due to their high surface energy. 

Among these synthetic routes, solution-based 

approach i.e. co-precipitation provides a facile way 

for low cost and large-scale production, which does 

not need expensive raw materials and complicated 

equipments. In this method, morphology of 

nanoparticles can be controlled using optimizing 

various reaction conditions such as pH of solution, 

concentration of precursors, temperature and 

reaction time [10]. 

In the present work, a low temperature co-

precipitation method was employed to synthesize 

ZnO nanoparticles using double distilled water as a 

solvent. Further the ZnO powder was calcinated at 

different temperatures for same time period. 

Variation in calcinations temperature showed 

particle size difference. The structural 

characteristics such as the presence of chemical 
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bonding, crystalline size, and morphology were 

determined by XRD, FTIR, FESEM, EDAX, TEM 

and TGA respectively. 

2. EXPERIMENTAL  

2.1 CHEMICAL CO-PRECIPITATION 

METHOD: 

 In this work, the nano sized metal oxides 

are prepared by simple co-precipitation method. 

Co-precipitation method involves the simultaneous 

occurrence of nucleation, growth, coarsening and 

agglomeration processes. Due to the difficulties in 

isolating each process for independent study, the 

fundamental mechanisms of co-precipitation are 

not understudy. It is a liquid phase chemical 

synthesis method and has the following attractive 

features [12] such as – 

1) It is a simple and inexpensive 

technique. 

2) Using this method, the nanomaterials 

can be synthesized at room 

temperature. Thus it is a low 

temperature synthesis method.  

3)  The doping and formation of 

composites can be achieved during 

the synthesis process itself. 

4) Using this method, large quantity of 

the material can be obtained very 

easily. 

5) The preparation of nanomaterials 

having various sizes and shapes is 

possible. 

2.2 SYNTHESIS OF ZNO NANO PARTICLES: 

In this work, Zinc acetate (Zn 

(CH3COO)2, 2H2O) ≥  99.5% by Himedia and 

sodium hydroxide (NaOH) ≥ 97% by Emplura as 

the starting materials. 0.1 of M aqueous solution of 

zinc acetate was stirred using a magnetic stirrer. 

Then the 1M of NaOH solution was added slowly 

drop wise to aqueous solution of zinc acetate under 

constant stirring until pH value of resultant solution 

about 8 was achieved. The resulting precipitate was 

allowed to kept as it is for 10 - 12 hrs then the 

precipitate was filtered and washed three to four 

times using double distilled water to remove 

impurities. The hydroxide, thus formed was dried 

at 100oC and grinded into a powder, which is the 

precursor. The precursor was calcinated in hot air 

oven at different temperatures of 200oC 400oC, 

600oC, and 800oC for 2 hours to produce nano-

crystalline powders with different grain size. Fig. 

2.1 shows the schematic representation of synthesis 

procedure. 

 

Fig. 2.1:  Flow chart for synthesis of ZnO nano 

particles by co-precipitation method. 

2.3 Characterization 

XRD: 

The XRD measurements were carried out 

using Bruker D8 Advance X-ray diffractometer. 

The x-rays were produced using a sealed tube and 

the wavelength of x-ray was 0.154 nm (Cu K-

alpha). The x-rays were detected using a fast 

counting detector based on Silicon strip technology 

(Bruker LynxEye dtector). 

XRD pattern of the prepared Zinc oxide 

nano particles is shown in Fig. 2.2. The observed 

diffraction peaks of ZnO at 2θ = 31.72° , 34.38 ° , 

36.26° , 47.54°, 62.77, 67.96, and 56.58° are 

associated with (100), (002), (101), (102), (110), 

(112) and (103) hkl values. All the reflections can 

be assigned to the standard powder pattern for the 

pure hexagonal phase of ZnO. The (hkI) values are 

agreed well with the standard card of ZnO powder 

sample (JCPDS file No: 36- 1451). The crystallite 

size (P) of the prepared nanoparticles can be 

calculated by using Debye-Scherrer’s equation:  

P =  
0.9𝜆 

𝛽 𝑐𝑜𝑠𝜃
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Where, P is Crystallite size, λ is Wavelength 

0.154nm (cu K-alpha), β is Full maxima half width, 

θ is Diffraction angle. The crystallite size of 

prepared nano particles and calcinated at 4000C is 

found to be ~ 22 nm which is in the order of nano 

size and XRD pattern which also proves the 

hexagonal wurtzite structure of ZnO nanoparticles.  

 

Fig. 2.2.1:  XRD pattern of synthesized ZnO 

nanoparticles. 

FTIR: 

  The synthesized ZnO nano 

particles were analyzed by FTIR spectroscopy 

technique in order to find out the functional groups 

present in the particles. Bandwidth of 1500–600 

cm−1 exhibited the fingerprint region of zinc oxide 

nanoparticles [14]. Strong peak were at 1394 cm−1 

assigned to symmetric and asymmetric vibration of 

C=O [15]. The broad peak around 3378 cm−1 

showed the OH stretching bond vibration which 

was due to the water adsorption on the surface of 

zinc oxide nanoparticles [16] while the peak at 678 

cm−1 and below was attributed to the Zn-O 

stretching vibration. 

 

Fig. 2.3:  FTIR spectrum of synthesized ZnO 

nanoparticles. 

 

 

FESEM: 

 FESEM is the abbreviation of Field 

Emission Scanning Electron Microscope. A 

FESEM is microscope that works with electrons 

(particles with a negative charge) instead of light. 

A FESEM is used to visualize very small 

topographic details on the surface or entire or 

fractioned objects. Fig. 2.4 shows the morphology 

of ZnO nano particles. Difference between particle 

sizes can be observed depending on calcinations 

temperature. Particle size at 2000C is observed to ~ 

89nm, at 4000C ~ 20nm, at 6000C ~ 61nm, and at 

8000C ~ 105nm. This data is in agreement to 

support data obtained from XRD. 

 

Fig. 2.4:  FESEM pattern of synthesized ZnO 

nanoparticles: a) 2000C, b) 4000C, c) 6000C, d) 

8000C. 

EDAX: 

 Figure 3 shows the EDAX spectrum of 

ZnO nanoparticles prepared by co-precipitation 

method. The strong peaks observed in the spectrum 

related to Zinc and oxygen. The prepared ZnO 

nanoparticles have an atomic percentage of 31.86 

of Zinc and 68.14% of oxygen. This study 

confirmed the formation of ZnO nanoparticles in 

the co - precipitation process. 

 

Fig. 2.5:  EDAX spectrum of synthesized ZnO 

nanoparticles 
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TEM: 

TEM can be used to study the growth of layers, 

their composition and exact particle size of 

synthesized nano particles, thus TEM reveals the 

finest details of internal structure of material. Fig 

2.6 (a) shows the TEM image of ZnO 

nanoparticles. From the TEM image rod like shape 

ZnO nanoparticles were observed and the average 

size in the range of 20-25 nm which is in the better 

agreement with the size calculated by XRD and 

FESEM. Fig 2.6 (b) shows the selected area 

diffraction pattern (SAED) of ZnO nanoparticles. It 

shows that the particles are well crystallized. The 

diffraction rings on SAED image matches with the 

peaks in the XRD pattern which also proves the 

hexagonal wurtzite structure of ZnO nanoparticles 

[17]. 

 

Fig. 2.6: a) TEM image b) SAED of synthesized 

ZnO nanoparticles. 

TGA: 

 In order to explore the effect of 

temperature on the properties of the ZnO nano 

particles, they were heated in the temperature range 

of 30–800◦C in the TGA analyzer and the obtained 

thermal profile is displayed in Fig 2.6. This figure 

shows that the tested sample lost its weight in three 

distinct steps in the temperature range, 30–350◦C. 

The first weight loss took place at once when 

heating started, i.e., at about 30◦C; second one at 

150◦C; whereas the third weight loss started at 

around 350◦C. The total weight percent loss 

observed was about 5.131%, which was due to the 

loss of the surface adsorbed water molecules. Over 

this temperature range, the weight of the sample 

stayed nearly unaffected by the increase in 

temperature. This observation showed that the 

tested material possessed no other components, 

except water, which could be thermally, 

decomposed up to heating at 800◦C. This indicated 

that the association of the water molecules with the 

ZnO particles was purely physical in nature. Other 

researchers also observed such type of behavior 

during the heat treatment of the ZnO particles, 

synthesized by the other routes [18]. In present 

study we have used TGA for deciding the proper 

calcinations temperature range for synthesized 

nano powder. From the weight loss percentage data 

it was decided to calcinated synthesized powder at 

4000C for 2 hours. 

 

Fig. 2.7: TGA of ZnO without calcinations. 

3. Result and Discussion:

 

     

Fig. 3.1: a) Variation in crystallite size due to 

difference in calcinations temperature. b) XRD 

pattern of synthesized ZnO nanoparticles, 

calcinated at different temperature. 

 ZnO nano particles were prepared via co-

precipitation method. XRD results revealed that all 

the samples are polycrystalline and hexagonal 

wurtzite structure. The crystallite size of the 

prepared nano particles was determined by Debye-

Scherrer’s equation and it was found to be in the 

nanometer range as ~ 65 nm at 2000C, ~20 nm at 

4000C, ~ 42 nm at 6000C and ~ 72 nm at 8000C as 

shown in Fig. 3.1, XRD and FESEM data also 

reveals the similar information about the crystallite 
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size of nano particles Fig. 3.1. TEM result shows 

the synthesized ZnO nanoparticles have rod like 

structure. SAED studies confirm the synthesized 

ZnO nanoparticles are highly crystalline nature. 

The FTIR and EDAX spectral data evident that the 

formation of ZnO nanoparticles through co-

precipitation method. TGA explore the effect of 

temperature on the properties of the ZnO nano 

particles.  
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