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10. Research Highlights

· Experience in synthesis of nanoparticles

· Extensive experience of using nanoparticles as catalyst in organic transformations

· Extensive experience of using nanoparticles for degradation of organic pollutants in water in the presence of energy source

· Electrochemical sensing of pollutants in water

· Hands on experience FT-Infrared, NMR, Viscosity, Conductivity, pH meter, SEM, TEM, XRD, particle size analyser, Fluorescence and Cyclic Voltammetry 
· Knowledge in analyzing the acquired data using software’s like Origin 8.0, Chem Draw 8.0

“Fabrication and characterization metal oxide/sulfide nanoparticles for catalytic and other potential applications” 
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Summary of the Ph.D. Thesis

In the present work, various metal oxide and metal sulfide NPs (ZrO2, CuO, CuS) were synthesized by using simple, fast, efficient and green chemical technique. The precursors used in the entire study for synthesis are nontoxic in nature. The NPs were prepared in water without using any surfactant as capping agent for particle size stabilization. The synthesized NPs were characterized by various techniques such as UV-vis spectroscopy, XRD, FTIR and TEM analysis. By combining these techniques, the obtained NPs were proved to possess size in the nanoscale order. 

The synthesized NPs are proven to be excellent heterogeneous catalyst in synthesis of xanthenes and dihydropyrimidinone due to their high surface to ratio volume. In case of synthesis of xanthenes CuS NPs proves to be the best out of three NPs as size of CuS NPs is the smallest so more is the surface to volume ratio. All the three NPs showed excellent recyclability without much loss in activity till fourth cycle. CuS QDs have been employed as a catalyst in the synthesis of dihydropyrimidinone with varied substitution pattern using MW under solvent free conditions. It has proved to be very efficient catalysts. Mechanistic and kinetic studies have also been performed. Attractive features such as reduced reaction time, higher yields, ease of product isolation, economic availability of catalyst, simple procedure and solvent free condition combined with easy recovery, no harmful byproduct and reuse of this catalyst 4 times without much effect in product yield, makes it one of the best catalysts for Biginelli reaction.

All the three NPs have been used as photocatalyst and sonocatalyst for degradation of direct red dye and victoria blue dye. All three NPs proved as good sonocatalyst and photocatalyst and showed first order kinectics. In case of photocatalysis the k value of ZrO2 NPs came out to be maximum as shown in Table therefore ZrO2 NPs proved to best as photocatalyst out of three NPs. The reason fot this is the band gap of ZrO2 NPs is maximum therefore less electron hole recombination more is the degradation of dyes. In case of sonocatalysis k value for CuS NPs is maximum  (in table ) which prove CuS NPs as excellent sonocatalyst. This is due to small size of CuS NPs so maximum surface area so more cavitation formation during sonication which results in more degradation. 

	Dyes
	NPs
	Photocatalysis

k (min-1)
	Sonocatalysis k (min-1)

	Victoria Blue (VB) 

10 x 10-5 M
	ZrO2

CuO

CuS
	0.14208

0.09861

0.10634
	0.29627

0.43209

0.7132

	Direct Red (DR) 

10 x 10-5 M
	ZrO2

CuO

CuS
	0.12867

0.10587

0.10666
	0.2426

0.3656

0.6971


The use of NPs have improved the sensitivities of electrochemical system a lot. Keeping in view, in the present course work, ZrO2 NPs modified gold electrodes have been used for sensing of catechol and hydrazine. Both the compounds have been detected in aqueous solution for environmental applications. All the electrochemical reactions at modified electrodes are diffusion controlled and irreversible. The amperometric method has been used to detect the sensitivity. The developed system exhibit good sensitivity, reproducibility and stability.

Future prospects related to research: 

I) Synthesis of ionic liquid capped nanoparticles and characterization by using various FTIR, UV visible, TEM, SEM, Particle size analyser.
II) Use of these nanoparticles for electrochemical sensing of pollutants in water as these ionic liquid capped nanoparticles are highly conductive in nature.

III) Use of these nanoparticles for water purification of real samples

IV) Use of these nanoparticles as catalyst for synthesis of lactums and in other organic transformations
V) Use of  nanoparticles for fluorescence sensing
