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Abstract: We report, a simple and low cost chemical 

precipitation method adopted to prepare zinc oxide 

nanoparticles (ZnO) using polyvinyl pyrrolidone (PVP) as 

a capping agent. The thermal, structural, 

morphologicaland optical properties have been 

characterized by different techniques such as DSC-TGA, 

X-Ray Diffraction (XRD), Micro Raman spectroscopy, 

Fourier Transform Infra-Red spectroscopy (FTIR), Field 

Effect Scanning Electron Microscopy (FESEM),  UV-

Visible absorption spectroscopy (UV-Vis) and 

Photoluminescence spectroscopy (PL). From, DSC-TGA 

result, above 900°C it become stable with no further weight 

loss is obtained.  X-ray diffraction results confirmed the 

wurtzite hexagonal structure of ZnO nanoparticles.  The 

two intensive peaks at 162 and 432 cm-1in the Raman 

Spectrum are attributed to the first order modes of the 

wurtzite ZnO nanoparticles. The mixed shapes of grapes, 

sphere, hexagonal and rocks like structures have been 

noticed in FESEM.The band gap obtained from the UV-

Vis absorption spectra, shows a blue shift, which is 

attributed to increase in carrier concentration (Burstein 

Moss Effect). Photoluminescence studies of the single 

crystalline ZnOnanoparticlesshowa strong peak centered 

at 385 nm, corresponding to the near band edge emission 

in ultraviolet range. 

Keywords:  ZnOnanoparticles, simple chemical 

precipitation route, mixed shape morphology 

I. INTRODUCTION 

In recent years, there was grown in interest to synthesis 

nanoparticles, which have been different from bulk 

materials by a reduction in volume and an increase in 

the specific surface area [1-4]. Nanoparticles of ZnO 

have been drawn great interest in research due to their 

unique electronic, optical, mechanical, magnetic and 

chemical properties and have broad attention due to its 

wide range of applications in ultraviolet (UV) lasers, 

power generators, solar cells, gas sensors, field emission 

devices, capacitors, transparent UV resistance coating, 

electrochemical and electromechanical nanodevices, sun 

screen lotion (cream), cosmetic and medicated creams 

etc[5-14]. Several physical and chemical methods have 

been developed to obtain ZnO nanoparticles which 

include, reverse micelles process, solid state reaction, 

sol-gel method, ultrasonic irradiation, combustion 

method, solvothermal synthesis, electrochemical 

synthesis and chemical precipitation method etc [15-24].  

We report a simple low temperature method to 

synthesize ZnO nanoparticles. The samples were 

characterized using X-Ray Diffraction (XRD),Micro 

Raman spectroscopy, UV-Visible absorption 

spectroscopy (UV-Vis), Fourier Transform Infra-Red 

spectroscopy (FTIR), Photoluminescence spectroscopy 

(PL) and Field Effect Scanning Electron Microscopy 

(FESEM). 

II. EXPERIMENTAL 

All the chemicals reagents used in our experiments were 

of analytical grade, commercially purchased from Merck 

used as received without further purification. 250ml 

deionized water is taken in a beaker and 0.05gm PVP is 

added. The solution is stirred 10 minutes using magnetic 

stirrer and then added 22.43 gm of ZnSO4.H2O to the 

solution and stirred continuously for 2 hours. To this 

solution 15.5ml of 2M NH4OH added dropwise while 

the reactants are continuously stirred till the pH becomes 

5.5. After 1hour reflexing the precipitate formed is 

centrifuged, washed several times with water and finally 

with ethanol, and then air dried to obtain nano powders 

of zinc hydroxide. The oxidation mechanism of zinc 

hydroxide from ambient temperature upto 1000°C was 

investigated by thermogravimetric (TG) and Differential 

scanning calorimeter (DSC) using Perkin Elmer, 

Diamond DSC-TGA set up.   

X-ray Diffraction patterns of the zinc oxide sample were 

recorded using a Philips Xpert pro Diffractometer and 

using CuKα radiation over the diffraction angles (2θ) 

from 30 to 80°.  

The micro Raman spectra of ZnO nanoparticles were 

recorded using Horiba Labram-HR, in the range of 100-

1500 cm
-1

. The Nd:YAG laser operating at 200mW, 

150nm as the excitation  wavelength, and a liquid 

nitrogen cooled Ge detector was used to record the 

spectrum. The room temperature FT-IR spectrum of 

ZnO nanoparticles was recorded in the range of 400-
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4000 cm
-1

, using Shimadzu FTIR-8400S spectrometer, 

using KBr pellet technique. The Field Effect Scanning 

Electron Microscope images of titanium oxide 

nanoparticles were recorded using Carl Zeiss Sigma HD 

FESEM. UV-Vis absorption spectrum and 

photoluminescence spectrum of nanoparticles of ZnO 

were recorded using Varian, Cary 5000 

spectrophotometer and JASCO FP 

8200 Spectrofluorometer. 

III. RESULTS AND DISCUSSION 

3.1 Thermogravimetric Analysis 

Figure 1 shows the differential scanning calorimeter 

(DSC) and thermogravimetric analysis (TGA) curve of 

as prepared zinc hydroxide nanopowders. The thermal 

analysis was carried out in the temperature range of 

10°C–1000°C, to find the decomposition and phase 

formation thatoccurs during heat treatment of the as-

prepared compound of zinc hydroxide nanoparticles.  

Two consecutive steps can be observed within the 

temperature ranges   10°C–400°C and 410°C–820°C 

corresponding to weight loss can be observed in the 

DSC-TGA curves. The   first step corresponding to mass 

loss (21.06%) can be attributed to the removal of water 

and other hydroxyl groups. A slow decay corresponding 

to mass loss (10.82%) observed at 410°C-900°C can be 

attributed to the loss of NH4OH and other organic 

species present in the sample. Above 900°C it become 

stable with no further weight loss. Based on these 

results, the ZnOH samples of present study were 

annealed at 1000°C. 

 

Fig.1 DSC-TGA curves of ZnO nanoparticles 

3.2 X-Ray Diffraction Studies 
 

The X-ray diffraction (XRD) pattern recorded in the 

range of 30° to 80° with CuKα radiation of prepared 

ZnO nanoparticles is shown in Fig.2. The prominent 

peaks existed at an angle of 2θ = 31.73
o
, 34.36

o
, 36.21

o
, 

47.46
o
, 56.52

o
, 62.75

o
, 67.85

o
, 68.99

o
, 72.43

o
 and 76.84

o
 

corresponding to the planes of (100), (002), (101), (102), 

(110), (103), (200), (112),(201), (004) and (202) of 

hexagonal(wurtzite) phase of ZnO [80–0074, 

JCPDS].Similar results have been observed by 

literatures [25-27]. Using XRD data the grain size and 

the lattice constant has been calculated. The average 

crystallite size, estimated by Debye-Scherer formula, the 

particle size (D) can be calculated as, D = 0.9λ/βcosθ, 

where λ is the X-ray wavelength (1.54060 Ǻ), β is the 

full width at half maximum (FWHM), 0.9 is the Scherrer 

constant and θ is the Bragg’s angle for the (100), (002), 

and (101) diffraction peaks are found to be 32 nm. From 

XRD data, the lattice constants were determined to be 

a=3.253 and c=2.851 nm and its space group: P63mc. 

 

Fig.2 XRD pattern of ZnO nanoparticles 

3.3Micro RamanStudies 

The micro Raman spectrum of nanoparticles of ZnO is 

shown in figure 3.The spectrum shows intense peak at 

162,251,432 and 1120 cm
-1

.The peak at 162cm
-1

 can be 

attributed to plasma from excitation source. The peak at 

432cm
-1

can be attributed to E2 (high) mode of wurtzite 

ZnO. The presence of E2 (high) mode which is a 

characteristic peak of ZnO in the Raman spectrum of 

present sample matches well with the XRD results. The 

peak at 1120cm
-1

 can be attributed to 2E1(LO) mode of 

ZnO. The peak at 251cm
-1

 does not correspond to first or 

second order modes of wurtzite ZnO. This peak may be 

attributed to anomalous Raman modes in ZnO due to the 

presence of large number of defects. Several authors 

reported the observation of anomalous modes in Raman 

spectra of bulk ZnO[28-30]. 

 

Fig.3 Micro-Raman spectrum  of ZnO nanoparticles 
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3.4 FTIR Studies 

Figure 4 shows the FTIR absorption spectrum of the 

samples of present study.  The absorption peak 

corresponding to the Zn-O bonds above 442 cm
-1

 can be 

observed. The peak at 3446 cm
-1

can be attributed to the 

presence of symmetric and asymmetric vibrations of  –

OH (hydroxyl groups) and C=O groups, probably due to 

the atmospheric moisture and molecules of CO2 

respectively. The absorption bands at 1050-1650 cm
-

1
and above 440 cm

-1
implies the presence of stretching 

vibrations of the CO-Zn and the –OH group on the 

surface of ZnO nanoparticles [31].   

 

Fig.4 FTIR spectra of ZnO nanoparticles 

3.5Field Effect Scanning Electron Microscope 

Studies 

Field Effect Scanning Electron Microscopy (FESEM) is 

used to study the deposition of expected nanoparticleson 

its surface. The FESEM images of the prepared ZnO 

nanoparticlesare shown in Figure 5. Surface properties 

directly affect the optical properties of the films. From 

the FESEM analysis, it can be observed that the 

distributions of grains are not consistent throughout all 

the regions. Thegraphs-like structure in the FESEM 

clearly indicates the mixed shape of sphere, hexagonal, 

rod with small voids, rock like structure and spongy like 

structure. 

 

Fig.5FESEMmicrographs of ZnO nanoparticles 

 

3.6 UV-Visible Absorption Studies 

The reflection and absorption spectra of the ZnO 

nanoparticles as function of wavelength are shown in the 

Fig.6 and fig.7 respectively. It can be observed from the 

absorption spectrum that the absorption edge is shifted 

to higher wavelengths. This can be ascribed to the 

smaller particle size of the ZnO nanoparticles. This can 

be assigned to the intrinsic band gap absorption of ZnO 

due to the electron transitions from the valence band to 

the conduction band [32].  

The optical band gap energy (Eg) can be estimated from 

absorption coefficient (α) using the Tauc relation:  

αhυ=A(hυ- Eg )
q 

 

where A is a constant that depends on the transition 

probability, hυ is the energy of an incident photon, and q 

is an index that characterizes the optical absorption 

process. It is well known that direct and indirect band 

gap energy for the semiconductor nanostructures can be 

obtained from the intersection of linear fits of (αhυ)
1/q 

versus hυ plots for q=1/2 and 2 on the  x-axis[33]. ZnO 

is the direct bandgap semiconductor material, so we can 

choose q=1/2 in the estimation. Fig.8, shows the plot of 

(αhυ)
2 

vs hυ for ZnO nanoparticles. The band gap 

calculated from the plot is 3.1eV 

 

Fig.6 Reflection spectrum ofZnO nanoparticles 

 

Fig.7 UV absorption spectra of ZnO nanoparticles 
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Fig.8 Band gap of ZnO nanoparticles 

3.7 Photoluminescence Studies 

Fig.9 shows the room-temperature photoluminescence 

spectrum of the ZnO nanoparticles. The prepared ZnO 

nanoparticles exhibited both excitonic emission band in 

the range at 385 nm and the broad green band in the 

range at 505 nm. And it confirms that ZnO nanoparticles 

covered both UV regions to whole of the visible region. 

The presence of visible green emission is due to its zinc 

vacancy, oxygen vacancy, oxygen interstitial and 

antisite oxygen [34, 35]. A large number of oxygen 

vacancies are occurred due to their nanosized particles 

in a large surface-to-volume ratio. The presence of green 

emission peak in the photoluminescence spectrum of 

samples of present study may be attributed to photon 

induced charge transfer transition state. 

 

Fig.9 Photoluminescence spectrum of ZnO nanoparticles 

IV. CONCLUSION 

Using simple chemical precipitation method, we have 

synthesized ZnO nanoparticles. The two mass loss steps 

of TG curve in the temperature ranges 10°C–400°C and 

410°C–820°C can be attributed to loss of hydroxyl 

group and NH4OH respectively. From the XRD pattern,  

it was observed that the samples of the present study are 

in wurtzite phase of ZnO. The grain size calculated from 

XRD is approximately 32nm.The band gap calculated 

from UV-Visible absorption spectrum is 3.1eV. The 

photoluminescence spectrum of the ZnO nanoparticles 

of the present study exhibited excitonic emission band at 

385 nm and the broad green band at 505 nm. 
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