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Introduction:Catalytic science has grown as a separate branch of chemistry. The
phenomenon of catalyst has been extensively studied for nearly a century and half
and subconsciously for a much longer period. The research for newer catalytic
transformation and study of one does continue endlessly. Heterogeneous catalyst
can be easily separated from the reaction products by simple filtration and
quantitatively recovered in the active form. Since they can be recycled, preparation
of the some sophisticated fine chemicals can be made less expensive and at the
same time the contamination of the product by the trace amount of metal (in case of
metal oxide catalyst) can be avoided.
The use of light energy to affect a chemical change has been recognized for
many years. Heterogeneous catalyst can also be used for degradation of organic
pollutants such as pesticides. In particular TiO2 is used as a photo-catalyst for the
removal of pesticides and dyes. TiO2 is one of the most promising semiconductor
photo-catalyst and lot of research has been carried out regarding application
towards environmental clean-up. Charge carrier dynamics on the surface of the
metal oxide based catalyst plays a key role in photo-chemical processes.
In the field of heterogeneous catalysis transition metal have provided
numerous efficient methods for C-C, C-N, C-O bond formation reactions,
oxidation-reduction reactions and photocatalysed reactions. These reactions have a
significant impact on academic research and due to this progress, these reactions are
increasingly being applied in the chemical industry.
In this context, we have prepared TiO2 and MgO/ZnO nanocatalysts and
explored there photocatalytic activity for degradation of pesticide and dyes. Apart
from this we have also focused on the new methodologies for organic
transformation by using nanocatalysts.
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The various schemes carried out by using synthesized nanocatalyst are as follows:
1. Synthesis of nano TiO2 and its application to photodegradation of dichlorvos in
water
2. Synthesis of nano MgO/ZnO and its application to photodegradation of methyl
orange and rhodamine B in water
3. Synthesis and Characterization of Nano CeO2 for synthesis of αaminophosphonates under ultrasonication and O, N arylation with 4
nitrochlorobenzene
4. Synthesis and Characterization of nano Pd/CeO2 for reduction of nitro
compounds
5. Synthesis and Characterization of ZnO/Co3O4 for synthesis of 5-substituted
1H-Tetrazole

1.

Nanocrystalline photocatalytic treatment for degradation of dichlorvos by using
nano TiO2
DDVP is chlorinated organophosphate pesticide widely used in agriculture,

commercial, domestic and industrial areas. It has high bioactivity and it is cheaper
insecticide as compared to other pesticides and hence used in the countries all over the
world. Inhalation during exposure to DDVP causes tightness of chest, wheezing, pupil
constriction, blurred vision, tearing and headaches. DDVP is also responsible for
disorder in the nervous system. So it is classified in the list of Group B 2 by United
State Environment Protection Agencies (USEPA), as probable human carcinogen.
Minimisation of such pesticides by chemical and catalytic treatment is important for
environmental protection. The appropriate irradiation of semiconductor material
produces excited, highly energetic electron-hole pairs that can migrate to the surface
and act as the photo-catalyst. This leads to complete oxidation (mineralisation) of the
organic pollutants. Semiconductor has the property to get excited and can form
energetic electron-hole pairs. Hence the attention of semiconductor materials towards
the mineralisation of waste water is increased. Among various semiconductor used,
TiO2 has high photocatalytic activity, non-toxic property, chemical stability, and high
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oxidation rate [1]. Therefore use of nano sized TiO2 for the purpose of cleaning the
environment from organic matter and a harmful bacterium by photo-catalytic
decomposition has been increased [2-7].
In present study, pure anatase nano titanium dioxide is prepared by sol gel
method. The powdered Ti(OH)4 is separated from gel by use of spray drier. It was
characterised by XRD, IR, TEM and SEM techniques. Photo catalytic activity of TiO2
was evaluated for degradation of Dichlorvos (DDVP, 2,2-dichlorovinyl O,O-dimethyl
phosphate) which acts as an insecticide. The degradation process and the rate of photodegradation are monitored by noting the increasing concentration of phosphate ion,
which is one of the most stable photo-degraded products of the oxidation process.
Effect of various parameters such as concentration of pesticide and photo-catalyst,
oxidising agent and effect of pH on the extent of photodegradation is studied. It is
observed that degradation follows first order kinetics.

2.

Degradation of methyl orange and rhodamine B by using novel nano MgO/ZnO
catalyst
Methyl Orange (MO) and Rhodamine B (RB) are water soluble dyes which are

widely used in textile, printing, paper, pharmaceutical and food Industries [8,9]. Among
all, TiO2 is the most extensively studied photocatalyst. It showed relatively higher
reactivity and is stable to incident photon or chemical corrosion. Next to TiO2, ZnO is
the highly used photocatalyst for degradation of pollutants. The added advantage of
ZnO over TiO2 is that, it absorbs over a larger fraction of the UV spectrum having
threshold wavelength of 387 nm. The recombination of electron and hole readily occurs
on the surface of the lattice and the rate of degradation depends on the kinetics of
recombination. Hence wider charge separation becomes necessary to get high
photocatalytic activity. In order to get higher degradation, the rate of recombination of
positive hole and valence band electron should be minimized. The use of other
semiconductor with TiO2 improves the charge separation and hinders the charge
recombination [10-14]. The 3% MgO on TiO2 was effectively used for degradation of
Eosin Y dye [10]. In this case, the two conduction bands of two different
semiconductors come in contact with each other and increasing the photocatalytic
activity.

Heterogeneous catalysis for Degradation of Pesticide and Organic Transformations
216

Synopsis
In the present study, a series of MgO/ZnO catalysts were prepared with
increased concentration of MgO with ZnO. The prepared MgO/ZnO catalysts were
characterized by powder X-ray diffraction (XRD), scanning electron microscopy
(SEM) and energy dispersive spectroscopy (EDAX). Photocatalytic activity of the
MgO/ZnO catalyst was evaluated by monitoring the rate of degradation of methyl
orange (MO) and rhodamine B (RB) dyes by using ultraviolet light. The extent of
degradation of the MO and RB depends upon the concentration of MgO in ZnO
photocatalyst. The experimental results suggested that 3% MgO with ZnO was
sufficient to increase the photocatalytic activity of ZnO. Various parameters such as
concentration of photocatalyst, concentration of dye, temperature, and presence of
different anions were optimized for the degradation. It was observed that degradation
of MO and RB dyes follows first order kinetics.

3. Nano ceria catalyzed synthesis of α-aminophosphonates under ultrasonication
(Tetrahedron Lett., 52 (2011) 3499-3504)
α-Aminophosphonates have been the focus of attention in recent years
because of their structural analogy to the corresponding α-amino acids as well as
heterocyclic phosphonates. These molecules have found a wide range of
applications in the areas of industrial, biological, and medicinal chemistry, as
inhibitors of synthase, HIV protease, antibiotics, enzyme inhibitors, anti-thrombotic
agents, herbicides, fungicides, insecticides, plant growth regulators and as
substrates in the synthesis of phosphonopeptides. The use of acidic catalysts has
attracted considerable attention. Amberlyst-15, CdI2 and BF3·OEt2 have been used
as catalyst by various researchers for the synthesis of α-aminophosphonates [1517]. Various perchlorates and various zirconium precursors were used for synthesis
of α-aminophosphonates [18,19]. Potassium carbonate also used for synthesis of
chiral α-aminophosphonates at room temperature [20,21].
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A simple, efficient and general method has been developed for the one-pot
three component syntheses of α-aminophosphonates. The condensation of aldehyde,
amine and triethyl phosphite by employing CeO2 nanoparticles as catalyst gave αaminophosphonates. The catalyst showed good recyclability. Nano CeO2 has been
found to be an excellent catalyst for the green synthesis of α-aminophosphonates
under ultrasound irradiation and solvent-free condition. The α-aminophosphonates
are obtained in good to excellent yield. This catalyst provides cleaner conversion,
short reaction time and high selectivity which makes the protocol feasible and
economically attractive.

4.

Nano ceria catalysed O, N arylation with 4 nitrochlorobenzene
(Tetrahedron Lett., 52 (2011) 5220-5223.)
Aryl ethers and N-arylated compounds are widely used in organic synthesis,

pharmaceutical and biological applications. Polyaromatics have exclusive
characteristics which make their use as organic conductors or semiconductors.
Various reactions are reported to carry out the synthesis of aryl ethers and Narylated compounds. Such compounds are obtained by employing intermolecular
reaction between aryl halide and phenol or amine using Cu or Pd as a catalyst.
Many copper catalyzed C-O, C-N and C-S bond formation reactions have been
carried out with or without ligand to form carbon-heteroatom bond [22-27].
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We report a robust and novel method which provides an efficient and
economic route for synthesis of O, N and S arylation by using nano cerium oxide
(Ceria, CeO2). CeO2 is therelatively cheaper catalyst than reported copper and other
copper based catalyst. This method provides wide range of substrate applicability in
case of phenol and amine. Less reactive chlorobenzene substituted with strong
electron
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cyanochlorobenzene favor the reaction. This protocol avoids the use of ligand and
gives arylated product in satisfactory yields.
5.

Reduction of nitro compound by using nano Pd/CeO2 catalyst at room
temperature
Amines and their derivatives are useful in various fields of everyday life. The

reduction of nitro aromatic compounds to the corresponding amines is an important
step in many industrial processes. Aromatic amines are found in biologically active
compounds, pharmaceuticals and agrochemicals. They are widely used as dye
intermediates for azo-dyes, pigments and optical brighteners, as intermediate for
photographic chemicals, in polymers via isocyanates for polyurethanes and as
oxidants. They have been listed as corrosion inhibitors for mild steel in the pickling
process. The largest share of aniline consumption is used for the manufacture of
isocyanates, primarily for DMI [4,4′-methylenebis(phenylisocyanate)] to make
polyurethanes. Many herbicides, fungicides, insecticides and repellents are made
from aniline and its derivatives. Rh, Pd, Ni and Fe are prominently used catalysts
for the reduction of the nitro compounds to their corresponding amines. These
catalysts are used in combination with other catalyst or on some support. This
makes the catalyst heterogeneous and thus increases the reusability of the catalyst
[28-31].

Nano Pd/CeO2 catalyst was prepared and used for reduction reaction of nitro
aromatic compounds. Palladium was doped on cerium oxide. The catalyst was well
characterized by various analytical techniques. It show good activity by using water
as solvent at ambient temperature in presence of KOH. The catalyst shows excellent
catalytic activity and recyclability.
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6.

Synthesis and Characterization of nano ZnO/Co3O4 for synthesis of 5substituted 1H-Tetrazole (Catalysis Science and Technology, 2 (2012) 13241327.)
Tetrazoles are a class of nitrogen containing heterocyclic compounds which are

studied extensively due to their wide range of applications. Application of tetrazole
involves their use in pharmaceuticals, in speciality explosives and as precursors of a
variety of nitrogen containing heterocyclic compounds like imidoylazides.
Synthesis of 5-substituted 1H-tetrazole involve [3+2] cycloaddition of azide
(NaN3/TMSN3) to the corresponding nitrile. Several methods are reported for the
preparation of 5-substituted 1H-tetrazoles. Zinc salts proved themselves as a
potential catalyst in the synthesis of tetrazoles [32-34].
N

N
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CN
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N
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HCl

N
H

Zinc salts have catalytically active sites suitable for synthesis of substituted
1H-tetrazoles. Herein we report synthesis of 5-substituted 1H-tetrazoles catalyzed
by using nano ZnO/Co3O4. This is a novel heterogeneous catalyst which showed
excellent efficiency, affording good to excellent yield of products.
Presentation of the thesis:The thesis comprises of six chapters. The first chapter gives the introduction
of the research project. The second chapter contains synthesis and characterization
of nanocrystalline TiO2 for photocatalytic degradation of dichlorvos. The third
chapter includes novel synthesis of nano MgO/ZnO and its characterization. The
photocatalytic activity of nano MgO/ZnO is tested on degradation of methyl orange
and rhodamine B. The fourth chapter comprises the synthesis and characterization
of nano CeO2 and its catalytic application for synthesis of α-aminophosphonates
under ultrasonication and O, N arylation with 4 nitrochlorobenzene. Fifth chapter
deals with applications of nano CeO2 as support for Pd. This chapter includes the
synthesis and characterization of Pd/CeO2. This catalyst was explored for room
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temperature synthesis of aniline from nitrobenzene. Sixth chapter reports the
synthesis and characterization of nano ZnO/Co3O4. This catalyst was used for
synthesis of 5-substituted 1H-Tetrazole.
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