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Metal oxide was invented around 7000 years ago later and is presently playing a vital role 
in the progress of society. It is the semiconductor-based materials and has affected the 

life of human being in a very positive way. The present thesis work reports the synthesis and 
characterization of ZnO based nanoparticles and thin films. Among the various metal oxides, ZnO 
is one of the transparent conducting oxide (TCO) which has high conductivity and transparency. 
ZnO is II-VI group semiconductor having wide bandgap 3.37 eV and large exciton binding energy 
60 mev at room temperature. These properties make this material promising for a variety of 
applications such as LED, solar cell, laser, gas sensor, spintronic devices and photocatalytic 
activity. Herein, synthesis of pure/doped/codoped and tri-doped ZnO nanoparticles has been 
done by using various techniques like sol-gel spin coating, spray pyrolysis, thermal evaporation 
technique, doctor blade, dip coating, simple combustion method and many more. In order to 
control the shape and size of nanoparticles, various parameters have to be controlled such 
as aging time, annealing temperature, the distance between the target to substrate, pH value 
etc. Structural, morphological, optical, compositional, electrical and thermal properties have 
been studied by using X-ray diffraction, Field emission scanning electron microscope (FESEM), 
UV-Vis spectroscopy, FTIR, PL, RAMAN, LCR, DTA. Structural and morphological properties 
reveal that the synthesized ZnO nanoparticles have a well crystalline structure with crystal and 
grain size is in the range of nm. FTIR and RAMAN study confirmed the compositional study. PL 
and UV-Vis measurement depict the optical study of synthesized samples which determined 
absorbance, transmittance, optical bandgap. In order to study electrical characterization, LCR 
study is used and thermal properties were analyzed from DTA. On the basis of well crystalline 
and better optoelectronic studies, comparison of synthesized samples have been made for their 
further applications as photodegradation of dyes and gas sensing applications. In this thesis, two 
series of ZnO has been synthesized first deals with pure, doped and codoped ZnO nanoparticles. 
Whereas second is deal with rare earth doped and tri-doped ZnO nanoparticles. The choice 
of codopant and tri dopant is a concern with a combination of acceptor and donor which is 
responsible for discussed applications. The choice of rare earth is more likely to be considered 
due to their physical and optical properties. Rare earth elements have wide bandgap and this 
property make this material promising for potential applications such as IR and UV emission and 
their luminescence property shows rare earth ZnO is also useful for optoelectronic applications. 
In the modern era, the advancement in industrialization and population has led to modifying the 
issues related to air and water pollution. Air pollution is concerned with leakage of toxic gases 
from industries. This issue is the cause of so many problems such as drinking water, reduces 
soil quality. These mishaps are the major cause of environmental disasters which has yet to be 
under control. ZnO based nanodevice is a very promising device to sense leakage of gases 
and environmental changes. In the present thesis, response and sensitivity of  NO2, ethanol, 
acetone have been studied as host gases. These studies have been performed under optimum 
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conditions. Water is one the most important natural resources upon which the whole universe 
depend. Out of 100%, only 1% of fresh water is contained in the rivers. In order to visualize this 
problem and to make the future of mankind safe, saving water is the key issue in the modern 
society. The main cause of this problem is textile effluent. This wastewater can block the oxygen 
dissolution which is necessary for human beings. In order to protect these issues pure/doped/
codoped and tri-doped ZnO nanoparticles are used as photocatalyst for the photodegradation 
of dyes. For photocatalytic activity, methyl-orange and direct red-31 are used as host dyes and 
UV-Vis spectroscopy has been studied in detail. In order to get best photocatalytic performance 
different parameters has been varied like doping concentration, co-doping and tri-doping, 
annealing temperature and aging time.
From the overall result, it has found that rare earth dopants, codoping, tri-doping elements play 
a marvellous role for better photocatalytic and gas sensing performance.
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