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Abstract 

 

Aim: The main aim of this project is to relate optical properties such as absorbance and band gap analysis of 

Zinc Oxide- Nickel Oxide and pure Zinc Oxide which were prepared by using a novel wet chemical synthesis 

method.  

 

Materials and methods: The optical properties of pure Zinc Oxide and Zinc Oxide- Nickel Oxide were 

compared and the analysis is done using UV spectrophotometer. The mean of absorbance and transmittance can 

be obtained using SPSS software. The sample size of pure Zinc Oxide and Zinc Oxide- Nickel Oxide is 234 

which in turn gives a total sample size of 468 which was calculated using clincalc which had a pretest power of 

80% and error correction of 0.05.  

Results and discussion: It can be observed that transmittance of Zinc Oxide- Nickel Oxide is higher than the 

transmittance of pure Zinc Oxide. The mean of pure Zinc Oxide and Zinc Oxide- Nickel Oxide are 1.8257973 

and .4588671 respectively. The attained significance of the optical characteristics is P < 0.001.  

Conclusion: The optical band gap of pure Zinc oxide is 6.97 eV and Zinc oxide-Nickel oxide is 1.5 eV From 

the results of optical characteristics, it can be seen that the mean of pure Zinc oxide and Zinc oxide Nickel oxide 

are 0.458867 and 1.8257973 respectively. The absorbance of pure Zinc Oxide is higher than that of Zinc Oxide- 

Nickel Oxide and the optical band gap of Zinc Oxide- Nickel Oxide is higher than the pure Zinc Oxide which is 

also evident in SPSS result. 
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1. Introduction 

 

Nanotechnology is one of the most rapidly 

developing disciplines of science and technology 

Researchers are interested in Zinc oxide nano 

composite due to its low toxic nature and different 

semiconductor properties like wide direct band gap 

energy, n-type conductivity, high exciton binding 

energy, large electron concentration, high thermal 

and mechanical stability and high optical 

transparency. Nanocomposites based on ZnO as a 

host semiconductor material have been provoked 

pronounced interest in several catalytic and 

photocatalytic applications, owing to their 

proficient electrochemical stability and better 

electrocatalytic behavior and Nickel oxide is aso 

been researched due to its better magnetic and 

electrical properties as a resultant that can be used 

for gas sensors, electrochemical capacitors, lithium 

ion batteries and so on, the Zinc oxide has its best 

optical,structural analysis and conductivity. Zinc 

oxide synthesis of nanocomposites might improve 

not only the resultant nanocomposites properties, 

namely thermal, mechanical and barrier properties 

and also facilitates additional functions and 

applications as antibacterial agents in food 

packaging industries.  

The study conducted by Jlassi (Jlassi et al. 2014) 

said that due to its high electrical and mechanical 

properties Zinc Oxide- Nickel Oxide includes the 

construction of triglyceride biosensors (Narang, 

Chauhan, and Pundir 2013). Nickel Oxide can also 

be used in the catalysis process(Bhosale and 

Bhanage 2015). It enhances the bactericidal 

performance (Thambidurai et al. 2020). 

In the last five years, several research papers of 

optical properties of Zinc Oxide- Nickel Oxide 

have been published. 16800 papers were published 

in google scholar. 19 publications were made in 

IEEE Xplore. The papers that were cited the most 

are “Structural and optical properties of nickel 

oxide nanoparticles: Investigation of antimicrobial 

applications, (Anand et al. 2020)” which was cited 

by 37. The other articles are “Structural, optical 

and electrochemical studies of organo-templated 

wet synthesis of cubic shaped nickel oxide 

nanoparticles, (Zahra and Ahmad 2020)”, which 

has 20 citations.Our team has extensive knowledge 

and research experience  that has translate into high 

quality publications(Bhavikatti et al. 2021; 

Karobari et al. 2021; Shanmugam et al. 2021; 

Sawant et al. 2021; Muthukrishnan 2021; Preethi et 

al. 2021; Karthigadevi et al. 2021; Bhanu Teja et 

al. 2021; Veerasimman et al. 2021; Baskar et al. 

2021) 

Our institution is keen on working on latest 

research trends and has extensive knowledge and 

research experience which resulted in quality 

publications (Rinesh et al. 2022; Sundararaman et 

al. 2022; Mohanavel et al. 2022; Ram et al. 2022; 

Dinesh Kumar et al. 2022; Vijayalakshmi et al. 

2022; Sudhan et al. 2022; Kumar et al. 2022; 

Sathish et al. 2022; Mahesh et al. 2022; Yaashikaa 

et al. 2022). Chemical vapor deposition method, 

thermal decomposition, hydrothermal synthesis, 

solvothermal method, pulsed laser ablation, 

templating method, combustion method, 

microwave synthesis, gas phase method, mentioned 

works include highly sophisticated equipment with 

high cost. The quantity of the output produced in 

the above works is low. Thus, the novel wet 

chemical synthesis method was used to reduce 

those issues. It includes low cost and the output 

produced is high. The main aim of this work is to 

compare the optical characteristics of pure Zinc 

Oxide and Zinc Oxide- nickel Oxide and determine 

which nanocomposite among the two has higher 

optical characteristics. 

 

2. Materials and Methods 

 

This synthesis and the studies of the different 

nanoparticles were carried out in the Nanomaterials 

and crystal growth laboratory at Saveetha School of 

Engineering, Chennai. The work starts with 

synthesis of Nickel Oxide-Zinc oxide 

nanocomposite and the nickel oxide nanoparticles 

.UV analysis was carried out by UV 

spectrophotometer including the transmittance and 

absorbance of pure Zinc Oxide and Zinc Oxide- 

Nickel Oxide. The work was divided into 2 groups 

by using a novel wet chemical synthesis method. 

The sample size of each group is 234, which thus 

gives the overall sample size of 468. Sample Tests 

were computed using Clincalc with a pretest power 

of 80 % and the error correction of 0.05. 

The fabrication was done using novel wet chemical 

synthesis and the annealing process. Residues were 

formed using Zinc Acetate and Nickel Sulphate. 

Zinc Oxide and Zinc Oxide- Nickel Oxide were 

prepared using wet chemical synthesis. 

  

Preparation of Undoped Zinc Oxide 

The pure Zinc Oxide is synthesized using the novel 

wet chemical synthesis. The molar concentration of 

Zinc Oxide is around 0.1 M and molecular weight 

is around 183.50 gm/mol. The calculated weight of 

the Zinc Oxide is 1.835 gms. 

A beaker is washed with soap solution and ethanol. 

Then the beaker is filled with 100 ml distilled 

water. This beaker is placed on a magnetic stirrer 

and the contents are mixed well. Zinc acetate 

(1.835 gms) has to be added into the beaker 

containing distilled water. In a beaker containing 

100 ml of distilled water, 4g of NaOH is added. 

100 ml of NaOH solution should be taken through 

https://paperpile.com/c/CK5bMO/WuFj
https://paperpile.com/c/CK5bMO/QwhL
https://paperpile.com/c/CK5bMO/QwhL
https://paperpile.com/c/CK5bMO/SCYW
https://paperpile.com/c/CK5bMO/SCYW
https://paperpile.com/c/CK5bMO/4PA3
https://paperpile.com/c/CK5bMO/UmXW
https://paperpile.com/c/CK5bMO/QRZy
https://paperpile.com/c/CK5bMO/ZCNE2+JX40A+wdHPD+6sdWT+RoN9t+dfFtn+mnYw1+9DsTH+kT12e+3SuzQ
https://paperpile.com/c/CK5bMO/ZCNE2+JX40A+wdHPD+6sdWT+RoN9t+dfFtn+mnYw1+9DsTH+kT12e+3SuzQ
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https://paperpile.com/c/CK5bMO/ZCNE2+JX40A+wdHPD+6sdWT+RoN9t+dfFtn+mnYw1+9DsTH+kT12e+3SuzQ
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the pipette and should be added drop by drop into a 

zinc acetate solution which is placed on the 

magnetic stirrer as seen in fig. 1. (a). Then, by the 

use of pipette, 10 ml of ammonia solution is taken. 

This ammonia solution should be added into the 

zinc acetate solution drop by drop. This solution 

turns into a milky white colour. After the stirring 

process the zinc acetate is heated up to 80º C for 1 

hour. The obtained dry residue should be collected 

into a ceramic and is placed into the muffle furnace 

at a temperature of 300º C and then is cooled down 

to room temperature. The dry residue is taken out 

from the furnace which is the pure Zinc oxide 

which can be seen in fig. 1. (b). To obtain the 

transmittance and absorbance, the obtained pure 

Zinc Oxide was then subjected to UV 

spectroscopy. 

 

Preparation of Zinc Oxide- Nickel Oxide 

Sample preparation of group 2 i.e Zinc Oxide- 

Nickel Oxide was carried out, which is similar to 

that of the sample preparation of group 1. Zinc 

Oxide- Nickel Oxide consists of both Zinc Oxide 

and Nickel Oxide molar and molecular weights. 

Zinc Oxide has molar concentration of around 0.1 

M and Molar concentration of Nickel Oxide is 0.1 

M. Similarly, Molecular weight of Zinc Oxide is 

183.50 gms and Nickel Oxide is 154.75 gms. Zinc 

acetate solution should be mixed with Nickel 

sulphate as seen in fig. 2. (a). The ammonia 

solution should be added into zinc acetate and 

Nickel sulphate solution drop by drop. This 

solution turns into a dark blue colour. Now the 

Nickel sulphate had to be heated upto 80º C for 1 

hour. The obtained residue should then be placed in 

a muffle furnace over 300º C the annealed powder 

can be seen in fig. 2. (b). Thus Zinc Oxide- Nickel 

Oxide can be obtained.  

 

Statistical Analysis 

Analysis of components of optical data in which 

the independent variable was wavelength and 

dependent variables were intensity transmittance 

and absorbance was done using SPSS software. 

One way anova and descriptive statistics was done 

for obtaining mean, standard deviation and 

significance (Galt 2008). 

 

3. Result 

 

Optical properties of pure Zinc Oxide and Zinc 

Oxide- Nickel Oxide were compared in this work. 

Fabrication of the process was done using novel 

wet chemical synthesis and annealing techniques. 

The images of the solution and the nanocomposite 

powder after annealing are shown in fig. 1. (a) and 

1. (b) respectively and fig. 2. (a) Formation of Zinc 

Oxide- Nickel Oxide solution and 2(b) obtained 

powder after annealing process. Fig. 3. Represents 

the absorbance of pure Zinc Oxide with the change 

in wavelength. Fig. 4. represents the absorbance of 

Zinc Oxide- Nickel Oxide with the change in 

wavelength. Fig. 5 represents the comparison of 

absorbance of pure Zinc Oxide and Zinc Oxide- 

Nickel Oxide. X axis denotes the wavelength and 

the Y axis represents the absorbance. Fig. 6 

represents the bar graph in comparison to the 

absorbance of pure Zinc Oxide and Zinc Oxide- 

Nickel Oxide which was obtained using SPSS 

software. 

Descriptive statistics comparison of pure Zinc 

Oxide and Zinc Oxide- Nickel Oxide was 

performed in Table 1. The respective mean are 

1.8257973 and .4588671. Table 2 shows the results 

of an independent sample test of pure Zinc Oxide 

and Zinc Oxide-Nickel Oxide. Significance of 

0.001, 0.001 was obtained respectively and had the 

standard error of 14.18920 & .19580238. 

 

4. Discussion 

 

The figure shows the prepared component of zinc 

oxide and zinc oxide nickel oxide and from table 1 

it can be understood that the mean absorbance of 

zinc oxide is comparatively more compared to zinc 

oxide nickel oxide. 

The absorbance study of pure Zinc Oxide is higher 

in study of (Manzoor et al. 2020) and it is similar to 

this research in which the absorbance of Zinc 

Oxide-Nickel Oxide is lower than the pure Zinc 

Oxide. In the work done by (Elilarassi and 

Chandrasekaran 2010), the absorbance of pure Zinc 

Oxide and Zinc Oxide- Nickel Oxide were 

compared and the results shows that pure Zinc 

Oxide has higher absorbance compared to Zinc 

Oxide- Nickel Oxide. It is similar to this proposed 

findings that pure Zinc Oxide has higher 

absorbance compared to Zinc Oxide- Nickel Oxide. 

Coprecipitation method was adapted for formation 

of Zinc Oxide- Nickel Oxide nanoparticles with 

different concentrations of nickel at 550°C in the 

work of (. and Mayekar . 2015). But in this 

research the temperature used for the preparation 

was 500℃ by the novel wet chemical synthesis 

method. In the work done by (Saravade et al. 2020) 

Zinc Oxide-Nickel Oxide was grown on sapphire 

by metal organic chemical vapor deposition 

(MOCVD) with varying Ni content under two 

growth conditions of 400°C/100 Torr and 450°C/30 

Torr. But in this research the temperature used for 

the preparation was 500℃ by the novel wet 

chemical synthesis method. 

The main limitation of this work is that the 

observations done by us are not highly accurate 

when compared to the observations made using 

https://paperpile.com/c/CK5bMO/t5Ww
https://paperpile.com/c/CK5bMO/D8Sw
https://paperpile.com/c/CK5bMO/FO7V
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https://paperpile.com/c/CK5bMO/9VI7
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sophisticated equipment. The future scope is to 

improve accuracy using this method. 

 

5. Conclusion 

 

From this project, optical properties of pure Zinc 

Oxide and Zinc Oxide- Nickel Oxide were 

obtained. The optical band gap of pure Zinc oxide 

is 6.97 eV and Zinc oxide-Nickel oxide is 1.5 eV. 

Nickel doped Zinc oxide produce consistent results 

and pure zinc oxide produce variable results. 

 

Declaration  

Conflict Of Interest 

There is no conflict of interest in this work. 

 

Authors Contribution 

Author NTK was involved in data collection and 

data analysis. Author SRM was involved in 

conceptualization, data validation and critical 

review of manuscript. 

 

Acknowledgement 
We would like to express our gratitude towards 

Saveetha School of Engineering, Saveetha Institute 

of Medical And Technical Sciences (Formerly 

known as Saveetha University) for providing the 

necessary infrastructure to carry out this work 

successfully. 

 

Funding: We thank the following organizations for 

providing financial support that enabled us to 

complete the study. 

1.  S.R. Engineering Works, Hyderabad. 

2.  Saveetha University 

3.  Saveetha Institute of Medical and 

Technical Sciences. 

4. Saveetha School of Engineering. 

 

6. References 
 

Anand, G. Theophil, G. Theophil Anand, R. 

Nithiyavathi, R. Ramesh, S. John Sundaram, 

and K. Kaviyarasu. 2020. “Structural and 

Optical Properties of Nickel Oxide 

Nanoparticles: Investigation of 

Antimicrobial Applications.” Surfaces and 

Interfaces. 

https://doi.org/10.1016/j.surfin.2020.100460. 

Baskar, M., R. Renuka Devi, J. Ramkumar, P. 

Kalyanasundaram, M. Suchithra, and B. 

Amutha. 2021. “Region Centric Minutiae 

Propagation Measure Orient Forgery 

Detection with Finger Print Analysis in 

Health Care Systems.” Neural Processing 

Letters, January. 

https://doi.org/10.1007/s11063-020-10407-

4. 

Bhanu Teja, N., Yuvarajan Devarajan, Ruby 

Mishra, S. Sivasaravanan, and D. 

Thanikaivel Murugan. 2021. “Detailed 

Analysis on Sterculia Foetida Kernel Oil as 

Renewable Fuel in Compression Ignition 

Engine.” Biomass Conversion and 

Biorefinery, February. 

https://doi.org/10.1007/s13399-021-01328-

w. 

Bhavikatti, Shaeesta Khaleelahmed, Mohmed 

Isaqali Karobari, Siti Lailatul Akmar 

Zainuddin, Anand Marya, Sameer J. Nadaf, 

Vijay J. Sawant, Sandeep B. Patil, Adith 

Venugopal, Pietro Messina, and Giuseppe 

Alessandro Scardina. 2021. “Investigating 

the Antioxidant and Cytocompatibility of 

Mimusops Elengi Linn Extract over Human 

Gingival Fibroblast Cells.” International 

Journal of Environmental Research and 

Public Health 18 (13). 

https://doi.org/10.3390/ijerph18137162. 

Bhosale, Manohar A., and Bhalchandra M. 

Bhanage. 2015. “Rapid Synthesis of Nickel 

Oxide Nanorods and Its Applications in 

Catalysis.” Advanced Powder Technology. 

https://doi.org/10.1016/j.apt.2014.11.015. 

Dinesh Kumar, M., V. Godvin Sharmila, 

Gopalakrishnan Kumar, Jeong-Hoon Park, 

Siham Yousuf Al-Qaradawi, and J. Rajesh 

Banu. 2022. “Surfactant Induced Microwave 

Disintegration for Enhanced Biohydrogen 

Production from Macroalgae Biomass: 

Thermodynamics and Energetics.” 

Bioresource Technology 350 (April): 

126904. 

Elilarassi, R., and G. Chandrasekaran. 2010. 

“Synthesis and Optical Properties of Ni-

Doped Zinc Oxide Nanoparticles for 

Optoelectronic Applications.” 

Optoelectronics Letters. 

https://doi.org/10.1007/s11801-010-9236-y. 

Galt, Kimberly A. 2008. “Media Review: SPSS 

Text Analysis for Surveys 2.1. Chicago, IL: 

SPSS Inc. 

Http://www.spss.com/textanalysis_surveys/.

” Journal of Mixed Methods Research. 

https://doi.org/10.1177/1558689808317830. 

Jlassi, M., I. Sta, M. Hajji, and H. Ezzaouia. 2014. 

“Effect of Nickel Doping on Physical 

Properties of Zinc Oxide Thin Films 

Prepared by the Spray Pyrolysis Method.” 

Applied Surface Science. 

https://doi.org/10.1016/j.apsusc.2014.02.045

. 

. J. S. Mayekar, and J. S. Mayekar . 2015. 

“SYNTHESIS AND 

CHARACTERIZATION OF PURE ZINC 

OXIDE NANOPARTICLES AND NICKEL 

http://paperpile.com/b/CK5bMO/UmXW
http://paperpile.com/b/CK5bMO/UmXW
http://paperpile.com/b/CK5bMO/UmXW
http://paperpile.com/b/CK5bMO/UmXW
http://paperpile.com/b/CK5bMO/UmXW
http://paperpile.com/b/CK5bMO/UmXW
http://paperpile.com/b/CK5bMO/UmXW
http://paperpile.com/b/CK5bMO/UmXW
http://paperpile.com/b/CK5bMO/UmXW
http://paperpile.com/b/CK5bMO/UmXW
http://dx.doi.org/10.1016/j.surfin.2020.100460
http://dx.doi.org/10.1016/j.surfin.2020.100460
http://paperpile.com/b/CK5bMO/3SuzQ
http://paperpile.com/b/CK5bMO/3SuzQ
http://paperpile.com/b/CK5bMO/3SuzQ
http://paperpile.com/b/CK5bMO/3SuzQ
http://paperpile.com/b/CK5bMO/3SuzQ
http://paperpile.com/b/CK5bMO/3SuzQ
http://paperpile.com/b/CK5bMO/3SuzQ
http://paperpile.com/b/CK5bMO/3SuzQ
http://paperpile.com/b/CK5bMO/3SuzQ
http://paperpile.com/b/CK5bMO/3SuzQ
http://dx.doi.org/10.1007/s11063-020-10407-4
http://dx.doi.org/10.1007/s11063-020-10407-4
http://paperpile.com/b/CK5bMO/3SuzQ
http://paperpile.com/b/CK5bMO/9DsTH
http://paperpile.com/b/CK5bMO/9DsTH
http://paperpile.com/b/CK5bMO/9DsTH
http://paperpile.com/b/CK5bMO/9DsTH
http://paperpile.com/b/CK5bMO/9DsTH
http://paperpile.com/b/CK5bMO/9DsTH
http://paperpile.com/b/CK5bMO/9DsTH
http://paperpile.com/b/CK5bMO/9DsTH
http://paperpile.com/b/CK5bMO/9DsTH
http://paperpile.com/b/CK5bMO/9DsTH
http://dx.doi.org/10.1007/s13399-021-01328-w
http://dx.doi.org/10.1007/s13399-021-01328-w
http://paperpile.com/b/CK5bMO/9DsTH
http://paperpile.com/b/CK5bMO/ZCNE2
http://paperpile.com/b/CK5bMO/ZCNE2
http://paperpile.com/b/CK5bMO/ZCNE2
http://paperpile.com/b/CK5bMO/ZCNE2
http://paperpile.com/b/CK5bMO/ZCNE2
http://paperpile.com/b/CK5bMO/ZCNE2
http://paperpile.com/b/CK5bMO/ZCNE2
http://paperpile.com/b/CK5bMO/ZCNE2
http://paperpile.com/b/CK5bMO/ZCNE2
http://paperpile.com/b/CK5bMO/ZCNE2
http://paperpile.com/b/CK5bMO/ZCNE2
http://paperpile.com/b/CK5bMO/ZCNE2
http://paperpile.com/b/CK5bMO/ZCNE2
http://paperpile.com/b/CK5bMO/ZCNE2
http://dx.doi.org/10.3390/ijerph18137162
http://dx.doi.org/10.3390/ijerph18137162
http://paperpile.com/b/CK5bMO/SCYW
http://paperpile.com/b/CK5bMO/SCYW
http://paperpile.com/b/CK5bMO/SCYW
http://paperpile.com/b/CK5bMO/SCYW
http://paperpile.com/b/CK5bMO/SCYW
http://paperpile.com/b/CK5bMO/SCYW
http://paperpile.com/b/CK5bMO/SCYW
http://paperpile.com/b/CK5bMO/SCYW
http://paperpile.com/b/CK5bMO/SCYW
http://paperpile.com/b/CK5bMO/30f8v
http://paperpile.com/b/CK5bMO/30f8v
http://paperpile.com/b/CK5bMO/30f8v
http://paperpile.com/b/CK5bMO/30f8v
http://paperpile.com/b/CK5bMO/30f8v
http://paperpile.com/b/CK5bMO/30f8v
http://paperpile.com/b/CK5bMO/30f8v
http://paperpile.com/b/CK5bMO/30f8v
http://paperpile.com/b/CK5bMO/30f8v
http://paperpile.com/b/CK5bMO/30f8v
http://paperpile.com/b/CK5bMO/30f8v
http://paperpile.com/b/CK5bMO/FO7V
http://paperpile.com/b/CK5bMO/FO7V
http://paperpile.com/b/CK5bMO/FO7V
http://paperpile.com/b/CK5bMO/FO7V
http://paperpile.com/b/CK5bMO/FO7V
http://paperpile.com/b/CK5bMO/FO7V
http://paperpile.com/b/CK5bMO/FO7V
http://paperpile.com/b/CK5bMO/FO7V
http://paperpile.com/b/CK5bMO/FO7V
http://paperpile.com/b/CK5bMO/t5Ww
http://paperpile.com/b/CK5bMO/t5Ww
http://paperpile.com/b/CK5bMO/t5Ww
http://paperpile.com/b/CK5bMO/t5Ww
http://paperpile.com/b/CK5bMO/t5Ww
http://paperpile.com/b/CK5bMO/t5Ww
http://paperpile.com/b/CK5bMO/t5Ww
http://paperpile.com/b/CK5bMO/t5Ww
http://dx.doi.org/10.1177/1558689808317830
http://dx.doi.org/10.1177/1558689808317830
http://paperpile.com/b/CK5bMO/WuFj
http://paperpile.com/b/CK5bMO/WuFj
http://paperpile.com/b/CK5bMO/WuFj
http://paperpile.com/b/CK5bMO/WuFj
http://paperpile.com/b/CK5bMO/WuFj
http://paperpile.com/b/CK5bMO/WuFj
http://paperpile.com/b/CK5bMO/WuFj
http://paperpile.com/b/CK5bMO/WuFj
http://paperpile.com/b/CK5bMO/WuFj
http://paperpile.com/b/CK5bMO/D9W0
http://paperpile.com/b/CK5bMO/D9W0
http://paperpile.com/b/CK5bMO/D9W0
http://paperpile.com/b/CK5bMO/D9W0


Section A-Research paper 
Comparison of Optical Characteristics of Zinc  

Oxide – NickelOxide And Zinc Oxide Prepared  

Using Novel Wet Chemical Synthesis  

 
 

 

 

Eur. Chem. Bull. 2023, 12 (S1), 3608 – 3617                                                                                                                       3612  

DOPED ZINC OXIDE 

NANOPARTICLES.” International Journal 

of Research in Engineering and Technology. 

https://doi.org/10.15623/ijret.2015.0411019. 

Karobari, Mohmed Isaqali, Syed Nahid Basheer, 

Fazlur Rahman Sayed, Sufiyan Shaikh, 

Muhammad Atif Saleem Agwan, Anand 

Marya, Pietro Messina, and Giuseppe 

Alessandro Scardina. 2021. “An In Vitro 

Stereomicroscopic Evaluation of Bioactivity 

between Neo MTA Plus, Pro Root MTA, 

BIODENTINE & Glass Ionomer Cement 

Using Dye Penetration Method.” Materials 

14 (12). 

https://doi.org/10.3390/ma14123159. 

Karthigadevi, Guruviah, Sivasubramanian 

Manikandan, Natchimuthu Karmegam, 

Ramasamy Subbaiya, Sivasankaran 

Chozhavendhan, Balasubramani Ravindran, 

Soon Woong Chang, and Mukesh Kumar 

Awasthi. 2021. “Chemico-Nanotreatment 

Methods for the Removal of Persistent 

Organic Pollutants and Xenobiotics in Water 

- A Review.” Bioresource Technology 324 

(March): 124678. 

Kumar, J. Aravind, J. Aravind Kumar, S. Sathish, 

T. Krithiga, T. R. Praveenkumar, S. Lokesh, 

D. Prabu, A. Annam Renita, P. Prakash, and 

M. Rajasimman. 2022. “A Comprehensive 

Review on Bio-Hydrogen Production from 

Brewery Industrial Wastewater and Its 

Treatment Methodologies.” Fuel. 

https://doi.org/10.1016/j.fuel.2022.123594. 

Mahesh, Narayanan, Srinivasan Balakumar, 

Uthaman Danya, Shanmugasundaram 

Shyamalagowri, Palanisamy Suresh Babu, 

Jeyaseelan Aravind, Murugesan Kamaraj, 

and Muthusamy Govarthanan. 2022. “A 

Review on Mitigation of Emerging 

Contaminants in an Aqueous Environment 

Using Microbial Bio-Machines as 

Sustainable Tools: Progress and 

Limitations.” Journal of Water Process 

Engineering. 

https://doi.org/10.1016/j.jwpe.2022.102712. 

Manzoor, Zahra, Lyles School of Civil 

Engineering, Purdue University, West 

Lafayette, IN, USA 47907, Vishal Saravade, 

Alexis Margaret Corda, Ian Ferguson, Luna 

Lu, Birck Nanotechnology Center, Purdue 

University, West Lafayette, IN, USA 47907, 

et al. 2020. “Optical and Structural 

Properties of Nickel Doped Zinc Oxide 

Grown by Metal Organic Chemical Vapor 

Deposition (MOCVD) at Different Reaction 

Chamber Conditions.” ES Materials & 

Manufacturing. 

https://doi.org/10.30919/esmm5f715. 

Mohanavel, Vinayagam, K. Ravi Kumar, T. 

Sathish, Palanivel Velmurugan, Alagar 

Karthick, M. Ravichandran, Saleh Alfarraj, 

Hesham S. Almoallim, Shanmugam 

Sureshkumar, and J. Isaac JoshuaRamesh 

Lalvani. 2022. “Investigation on Inorganic 

Salts K2TiF6 and KBF4 to Develop 

Nanoparticles Based TiB2 Reinforcement 

Aluminium Composites.” Bioinorganic 

Chemistry and Applications 2022 (January): 

8559402. 

Muthukrishnan, Lakshmipathy. 2021. 

“Nanotechnology for Cleaner Leather 

Production: A Review.” Environmental 

Chemistry Letters 19 (3): 2527–49. 

Narang, J., N. Chauhan, and C. S. Pundir. 2013. 

“Construction of Triglyceride Biosensor 

Based on Nickel Oxide–chitosan/zinc 

Oxide/zinc Hexacyanoferrate Film.” 

International Journal of Biological 

Macromolecules. 

https://doi.org/10.1016/j.ijbiomac.2013.05.0

07. 

Preethi, K. Auxzilia, K. Auxzilia Preethi, Ganesh 

Lakshmanan, and Durairaj Sekar. 2021. 

“Antagomir Technology in the Treatment of 

Different Types of Cancer.” Epigenomics. 

https://doi.org/10.2217/epi-2020-0439. 

Ram, G. Dinesh, G. Dinesh Ram, S. Praveen 

Kumar, T. Yuvaraj, Thanikanti Sudhakar 

Babu, and Karthik Balasubramanian. 2022. 

“Simulation and Investigation of MEMS 

Bilayer Solar Energy Harvester for Smart 

Wireless Sensor Applications.” Sustainable 

Energy Technologies and Assessments. 

https://doi.org/10.1016/j.seta.2022.102102. 

Rinesh, S., K. Maheswari, B. Arthi, P. Sherubha, 

A. Vijay, S. Sridhar, T. Rajendran, and 

Yosef Asrat Waji. 2022. “Investigations on 

Brain Tumor Classification Using Hybrid 

Machine Learning Algorithms.” Journal of 

Healthcare Engineering 2022 (February): 

2761847. 

Saravade, Vishal G., Zahra Manzoor, Alexis M. 

Corda, Chuanle Zhou, Ian T. Ferguson, and 

Luna Lu. 2020. “Nickel Doping in Zinc 

Oxide by MOCVD: Structural and Optical 

Properties.” Quantum Sensing and Nano 

Electronics and Photonics XVII. 

https://doi.org/10.1117/12.2543909. 

Sathish, T., V. Mohanavel, M. Arunkumar, K. 

Rajan, Manzoore Elahi M. Soudagar, M. A. 

Mujtaba, Saleh H. Salmen, Sami Al Obaid, 

H. Fayaz, and S. Sivakumar. 2022. 

“Utilization of Azadirachta Indica Biodiesel, 

Ethanol and Diesel Blends for Diesel Engine 

Applications with Engine Emission Profile.” 

Fuel. 

http://paperpile.com/b/CK5bMO/D9W0
http://paperpile.com/b/CK5bMO/D9W0
http://paperpile.com/b/CK5bMO/D9W0
http://paperpile.com/b/CK5bMO/D9W0
http://paperpile.com/b/CK5bMO/D9W0
http://paperpile.com/b/CK5bMO/D9W0
http://dx.doi.org/10.15623/ijret.2015.0411019
http://dx.doi.org/10.15623/ijret.2015.0411019
http://paperpile.com/b/CK5bMO/JX40A
http://paperpile.com/b/CK5bMO/JX40A
http://paperpile.com/b/CK5bMO/JX40A
http://paperpile.com/b/CK5bMO/JX40A
http://paperpile.com/b/CK5bMO/JX40A
http://paperpile.com/b/CK5bMO/JX40A
http://paperpile.com/b/CK5bMO/JX40A
http://paperpile.com/b/CK5bMO/JX40A
http://paperpile.com/b/CK5bMO/JX40A
http://paperpile.com/b/CK5bMO/JX40A
http://paperpile.com/b/CK5bMO/JX40A
http://paperpile.com/b/CK5bMO/JX40A
http://paperpile.com/b/CK5bMO/JX40A
http://paperpile.com/b/CK5bMO/JX40A
http://paperpile.com/b/CK5bMO/JX40A
http://paperpile.com/b/CK5bMO/mnYw1
http://paperpile.com/b/CK5bMO/mnYw1
http://paperpile.com/b/CK5bMO/mnYw1
http://paperpile.com/b/CK5bMO/mnYw1
http://paperpile.com/b/CK5bMO/mnYw1
http://paperpile.com/b/CK5bMO/mnYw1
http://paperpile.com/b/CK5bMO/mnYw1
http://paperpile.com/b/CK5bMO/mnYw1
http://paperpile.com/b/CK5bMO/mnYw1
http://paperpile.com/b/CK5bMO/mnYw1
http://paperpile.com/b/CK5bMO/mnYw1
http://paperpile.com/b/CK5bMO/mnYw1
http://paperpile.com/b/CK5bMO/V03iS
http://paperpile.com/b/CK5bMO/V03iS
http://paperpile.com/b/CK5bMO/V03iS
http://paperpile.com/b/CK5bMO/V03iS
http://paperpile.com/b/CK5bMO/V03iS
http://paperpile.com/b/CK5bMO/V03iS
http://paperpile.com/b/CK5bMO/V03iS
http://paperpile.com/b/CK5bMO/V03iS
http://paperpile.com/b/CK5bMO/V03iS
http://paperpile.com/b/CK5bMO/V03iS
http://dx.doi.org/10.1016/j.fuel.2022.123594
http://dx.doi.org/10.1016/j.fuel.2022.123594
http://paperpile.com/b/CK5bMO/eOhg2
http://paperpile.com/b/CK5bMO/eOhg2
http://paperpile.com/b/CK5bMO/eOhg2
http://paperpile.com/b/CK5bMO/eOhg2
http://paperpile.com/b/CK5bMO/eOhg2
http://paperpile.com/b/CK5bMO/eOhg2
http://paperpile.com/b/CK5bMO/eOhg2
http://paperpile.com/b/CK5bMO/eOhg2
http://paperpile.com/b/CK5bMO/eOhg2
http://paperpile.com/b/CK5bMO/eOhg2
http://paperpile.com/b/CK5bMO/eOhg2
http://paperpile.com/b/CK5bMO/eOhg2
http://paperpile.com/b/CK5bMO/eOhg2
http://paperpile.com/b/CK5bMO/eOhg2
http://dx.doi.org/10.1016/j.jwpe.2022.102712
http://dx.doi.org/10.1016/j.jwpe.2022.102712
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/D8Sw
http://paperpile.com/b/CK5bMO/Kh6KL
http://paperpile.com/b/CK5bMO/Kh6KL
http://paperpile.com/b/CK5bMO/Kh6KL
http://paperpile.com/b/CK5bMO/Kh6KL
http://paperpile.com/b/CK5bMO/Kh6KL
http://paperpile.com/b/CK5bMO/Kh6KL
http://paperpile.com/b/CK5bMO/Kh6KL
http://paperpile.com/b/CK5bMO/Kh6KL
http://paperpile.com/b/CK5bMO/Kh6KL
http://paperpile.com/b/CK5bMO/Kh6KL
http://paperpile.com/b/CK5bMO/Kh6KL
http://paperpile.com/b/CK5bMO/Kh6KL
http://paperpile.com/b/CK5bMO/Kh6KL
http://paperpile.com/b/CK5bMO/RoN9t
http://paperpile.com/b/CK5bMO/RoN9t
http://paperpile.com/b/CK5bMO/RoN9t
http://paperpile.com/b/CK5bMO/RoN9t
http://paperpile.com/b/CK5bMO/RoN9t
http://paperpile.com/b/CK5bMO/RoN9t
http://paperpile.com/b/CK5bMO/QwhL
http://paperpile.com/b/CK5bMO/QwhL
http://paperpile.com/b/CK5bMO/QwhL
http://paperpile.com/b/CK5bMO/QwhL
http://paperpile.com/b/CK5bMO/QwhL
http://paperpile.com/b/CK5bMO/QwhL
http://paperpile.com/b/CK5bMO/QwhL
http://paperpile.com/b/CK5bMO/QwhL
http://dx.doi.org/10.1016/j.ijbiomac.2013.05.007
http://dx.doi.org/10.1016/j.ijbiomac.2013.05.007
http://paperpile.com/b/CK5bMO/QwhL
http://paperpile.com/b/CK5bMO/dfFtn
http://paperpile.com/b/CK5bMO/dfFtn
http://paperpile.com/b/CK5bMO/dfFtn
http://paperpile.com/b/CK5bMO/dfFtn
http://paperpile.com/b/CK5bMO/dfFtn
http://paperpile.com/b/CK5bMO/dfFtn
http://paperpile.com/b/CK5bMO/dfFtn
http://paperpile.com/b/CK5bMO/dfFtn
http://paperpile.com/b/CK5bMO/dfFtn
http://paperpile.com/b/CK5bMO/ljrls
http://paperpile.com/b/CK5bMO/ljrls
http://paperpile.com/b/CK5bMO/ljrls
http://paperpile.com/b/CK5bMO/ljrls
http://paperpile.com/b/CK5bMO/ljrls
http://paperpile.com/b/CK5bMO/ljrls
http://paperpile.com/b/CK5bMO/ljrls
http://paperpile.com/b/CK5bMO/ljrls
http://paperpile.com/b/CK5bMO/ljrls
http://paperpile.com/b/CK5bMO/ljrls
http://dx.doi.org/10.1016/j.seta.2022.102102
http://dx.doi.org/10.1016/j.seta.2022.102102
http://paperpile.com/b/CK5bMO/dSlEG
http://paperpile.com/b/CK5bMO/dSlEG
http://paperpile.com/b/CK5bMO/dSlEG
http://paperpile.com/b/CK5bMO/dSlEG
http://paperpile.com/b/CK5bMO/dSlEG
http://paperpile.com/b/CK5bMO/dSlEG
http://paperpile.com/b/CK5bMO/dSlEG
http://paperpile.com/b/CK5bMO/dSlEG
http://paperpile.com/b/CK5bMO/dSlEG
http://paperpile.com/b/CK5bMO/9VI7
http://paperpile.com/b/CK5bMO/9VI7
http://paperpile.com/b/CK5bMO/9VI7
http://paperpile.com/b/CK5bMO/9VI7
http://paperpile.com/b/CK5bMO/9VI7
http://paperpile.com/b/CK5bMO/9VI7
http://paperpile.com/b/CK5bMO/9VI7
http://paperpile.com/b/CK5bMO/9VI7
http://paperpile.com/b/CK5bMO/9VI7
http://paperpile.com/b/CK5bMO/9VI7
http://paperpile.com/b/CK5bMO/9VI7
http://paperpile.com/b/CK5bMO/iV2MH
http://paperpile.com/b/CK5bMO/iV2MH
http://paperpile.com/b/CK5bMO/iV2MH
http://paperpile.com/b/CK5bMO/iV2MH
http://paperpile.com/b/CK5bMO/iV2MH
http://paperpile.com/b/CK5bMO/iV2MH
http://paperpile.com/b/CK5bMO/iV2MH
http://paperpile.com/b/CK5bMO/iV2MH
http://paperpile.com/b/CK5bMO/iV2MH
http://paperpile.com/b/CK5bMO/iV2MH


Section A-Research paper 
Comparison of Optical Characteristics of Zinc  

Oxide – NickelOxide And Zinc Oxide Prepared  

Using Novel Wet Chemical Synthesis  

 
 

 

 

Eur. Chem. Bull. 2023, 12 (S1), 3608 – 3617                                                                                                                       3613  

https://doi.org/10.1016/j.fuel.2022.123798. 

Sawant, Kashmira, Ajinkya M. Pawar, Kulvinder 

Singh Banga, Ricardo Machado, Mohmed 

Isaqali Karobari, Anand Marya, Pietro 

Messina, and Giuseppe Alessandro Scardina. 

2021. “Dentinal Microcracks after Root 

Canal Instrumentation Using Instruments 

Manufactured with Different NiTi Alloys 

and the SAF System: A Systematic 

Review.” NATO Advanced Science Institutes 

Series E: Applied Sciences 11 (11): 4984. 

Shanmugam, Vigneshwaran, Rhoda Afriyie 

Mensah, Michael Försth, Gabriel Sas, 

Ágoston Restás, Cyrus Addy, Qiang Xu, et 

al. 2021. “Circular Economy in 

Biocomposite Development: State-of-the-

Art, Challenges and Emerging Trends.” 

Composites Part C: Open Access 5 (July): 

100138. 

Sudhan, M. B., M. Sinthuja, S. Pravinth Raja, J. 

Amutharaj, G. Charlyn Pushpa Latha, S. 

Sheeba Rachel, T. Anitha, T. Rajendran, and 

Yosef Asrat Waji. 2022. “Segmentation and 

Classification of Glaucoma Using U-Net 

with Deep Learning Model.” Journal of 

Healthcare Engineering 2022 (February): 

1601354. 

Sundararaman, Sathish, J. Aravind Kumar, Prabu 

Deivasigamani, and Yuvarajan Devarajan. 

2022. “Emerging Pharma Residue 

Contaminants: Occurrence, Monitoring, 

Risk and Fate Assessment – A Challenge to 

Water Resource Management.” Science of 

The Total Environment. 

https://doi.org/10.1016/j.scitotenv.2022.153

897. 

Thambidurai, S., P. Gowthaman, M. 

Venkatachalam, and S. Suresh. 2020. 

“Enhanced Bactericidal Performance of 

Nickel Oxide-Zinc Oxide Nanocomposites 

Synthesized by Facile Chemical Co-

Precipitation Method.” Journal of Alloys and 

Compounds. 

https://doi.org/10.1016/j.jallcom.2020.15464

2. 

Veerasimman, Arumugaprabu, Vigneshwaran 

Shanmugam, Sundarakannan Rajendran, 

Deepak Joel Johnson, Ajith Subbiah, John 

Koilpichai, and Uthayakumar Marimuthu. 

2021. “Thermal Properties of Natural Fiber 

Sisal Based Hybrid Composites – A Brief 

Review.” Journal of Natural Fibers, 

January, 1–11. 

Vijayalakshmi, V. J., Prakash Arumugam, A. 

Ananthi Christy, and R. Brindha. 2022. 

“Simultaneous Allocation of EV Charging 

Stations and Renewable Energy Sources: An 

Elite RERNN‐m2MPA Approach.” 

International Journal of Energy Research. 

https://doi.org/10.1002/er.7780. 

Yaashikaa, P. R., P. Senthil Kumar, S. 

Jeevanantham, and R. Saravanan. 2022. “A 

Review on Bioremediation Approach for 

Heavy Metal Detoxification and 

Accumulation in Plants.” Environmental 

Pollution  301 (May): 119035. 

Zahra, Taghazal, and Khuram Shahzad Ahmad. 

2020. “Structural, Optical and 

Electrochemical Studies of Organo-

Templated Wet Synthesis of Cubic Shaped 

Nickel Oxide Nanoparticles.” Optik. 

https://doi.org/10.1016/j.ijleo.2020.164241. 

 

Tables and Figures 

 

Table 1. Comparison of transmittance and absorbance of pure Zinc Oxide and Zinc Oxide- Nickel Oxide. The 

mean of pure Zinc Oxide and Zinc Oxide- Nickel Oxide are 500 and 500 respectively. The standard deviation is 

174.07087. 

Groups N Minimum Maximum Mean Std. Deviation 

Pure Zinc 

Oxide 

Absorbance 234 -0.27300 9.999 1.8257973 3.10341281 

Groups 234 2.00 2.00 2.00 0.00 
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Valid 

N(listwise) 

234     

Zinc Oxide- 

Nickel Oxide 

Absorbance 234 0.11700 9.999 0.4588671 1.38157120 

Groups 234 2.00 2.00 2.00 0.0000 

Valid 

N(listwise) 

234     

 

Table 2. Comparison of independent sample test of pure Zinc Oxide and Zinc Oxide- Nickel Oxide. The 

significance of pure Zinc Oxide and Zinc Oxide- Nickel Oxide is 0.001. The standard error is 14.18920 and the 

mean difference is .00000. 

 

 

Levene's 

Test for 

Equality of 

Variances 

t-test for Equality of Means 

F Sig. t df 

Sig. 

(2-

tailed

) 

Mean 

Difference 

Std. 

Error 

Differenc

e 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

1 

Equal 

variance

s 

assumed 

0.00

0 

0.00

1 
.000 600 1.00 .00000 14.18920 -27.86653 27.86653 

Equal 

variance

s not 

assumed 

  .000 
600.00

0 
1.000 .00000 14.18920 -27.86653 27.86653 

2 

Equal 

variance

s 

assumed 

  
6.98

1 
600 .000 

1.3669302

3 
.19580238 

.9823889

2 

1.7514715

4 
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3 

Equal 

variance

s not 

assumed 

  
6.98

1 

414.41

6 
.000 

1.3669302

3 
.19580238 

.9820405

5 

1.7518199

1 

 

 

 

 

  
 

Fig. 1. (a) Pure Zinc Oxide preparation using novel wet 

chemical synthesis method                                                                 (b) Zinc Oxide nanocomposite after 

annealing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. (a) Preparation of Zinc Oxide- Nickel Oxide using                    (b) Zinc Oxide- Nickel Oxide 

nanocomposite    

                  Novel wet chemical synthesis.                                                       Formation after annealing. 
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Fig. 3. Absorbance of pure Zinc Oxide with change in wavelength. Absorbance of pure Zinc Oxide is increased 

from 800 nm to 296 nm and then there is a constant absorbance from 296 nm to 224 nm. The absorbance was 

decreased from 224 nm to 200 nm. 

 
Fig. 4. Absorbance of Zinc Oxide- Nickel Oxide with change in wavelength. Absorbance of Zinc Oxide- Nickel 

Oxide was increased gradually from 800 nm to 228 nm and then there is a sudden rise in absorbance from 228 

nm to 206 nm. 
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Fig. 5. Comparison of the absorbance of pure Zinc Oxide and Zinc Oxide- Nickel Oxide. X axis denotes 

wavelength and Y axis represents absorbance.  

 
Fig. 6. Bar chart representing the comparison of absorbance of pure Zinc Oxide and Zinc Oxide- Nickel Oxide. 

This is obtained by using SPSS with +/-1 SD. Pure Zinc Oxide has higher absorbance than the Zinc Oxide- 

Nickel Oxide. Nickel doped Zinc oxide produces consistent results and pure zinc oxide produces variable 

results. 


