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DESCRIPTION
Nano-catalysis has developed as a field at the intersection of
homogeneous and heterogeneous catalysis, providing one-of-a-
kind solutions to the rigorous needs for catalyst enhancement.
One of the oldest industrial uses of nano-science is
heterogeneous catalysis, and nanoparticles of metals,
semiconductors, oxides, and other substances have been widely
employed for critical chemical reactions. The primary goal of this
field is to create well-defined catalysts that may incorporate both
metal nanoparticles and a nanomaterial as support. These nano-
catalysts should have the properties of both homogeneous and
heterogeneous catalysts, such as excellent selectivity and
efficiency, stability, and ease of recovery/recycling. As a result,
the surface area of nano-materials is a determining factor in their
activity and selectivity. Nano-materials are distinguished by their
optical, electrical, photonic, and mechanical characteristics. They
have a wide range of applications in disciplines such as electrical,
magnetic, optoelectronic, biological, pharmaceutical, cosmetic,
energy, catalytic, and materials. Changes in the relative surface
area of the nanomaterial and quantum effects affect the
physicochemical properties of nano-materials. The application of
bare monometallic, bimetallic, and multi-metallic nanoparticles
supplemented by porous and stable supports enhances the
nanomaterial's catalytic activity. Nano-materials have found a
wide range of uses in science and technology over the years.
Radovic classified the nanostructure (CNFs/CNTs) based on
different structural modifications of the nano-catalyst. They are
graphitic carbon atoms with flat sp3 hybridization; allotropes of
carbon-like nano-fibers made of carbon atoms with curved sp2
hybridization; and carbon allotrope with sp3 hybridization, such
as diamond. Despite possessing curved sp2-hybridized carbon
atoms, nano-fibers of carbon containing curved sp2
hybridization exhibit substantially different nanostructures and
properties when compared to other allotropic forms.

Unlike Nano fibers, hexagonal substructures in nanotubes are
present in a centered cylindrical plane in an axial alignment due
to the differential alignment of carbon atoms in the underlying
planes. Although both CNTs and CNFs have similar properties
to typical carbon materials, such as activated charcoal and CBNP

(carbon black nanoparticle), they offer enhanced catalytic 
properties due to characteristics such as fibrous/tubular 
structure, stronger resistivity to acidity, and basicity, stronger 
electrical conductance, higher exterior surface area ranging from 
80 m2/g to 200 m2/g, ensuring higher catalytic activity. The 
binding energy between metal nanoparticles or clusters and CNF 
surfaces is determined by the energy of adsorption required by 
the complex existent across the carbon surfaces. Density 
functional theory describes the formation of a covalent 
connection between a carbon atom and a metal atom (DFT). 
Experiments were carried out to determine how the CNF 
structure influenced the metal nanoparticle. Metal nanoparticles 
or clusters' interaction strength with CNF surfaces, for example, 
declines as follows: palladium/platelets>palladium/
fishbone>palladium/tubes. Experimentally, the surface proton 
affinity in metal/CNF was found to follow the same order. The 
interaction of metal oxides with carbon nanotubes was 
determined by the difference in electron density in carbon 
nanotube structure. As a result of the difference in the 
interaction between the metal oxide and the carbon 
nanomaterial, metal oxide particles existing inside the CNT 
tubes can be easily reduced compared to the exterior regions of 
the structure. Because nitrogen doping increased the rate of 
dispersion of metal particles over the support surface, catalytic 
activity in processes such as cinnaldehyde hydrogenation 
increased. It also improves the catalyst's stability when there is 
less metal leaching. Using heterogeneous catalysts, the activity of 
the hydrogen atoms existing on the reactant, as well as the rate 
of adsorption of reactants onto the surface, can be improved. 
The heterogeneous catalyst's catalytic activity and synergetic 
interaction can be improved by using a metal oxide support with 
significantly reduced Titanium Oxide (TiO). The vacancies in the 
titanium and oxygen atom sub lattices of TiO increase the 
polymorph of titanium monoxide, making it a powerful catalyst 
support and reaction promoter. As a result, the vacancies inside 
the heterogeneous catalyst's sub lattices improve the density of 
the donor state as well as the rate of hydrogen and substrate 
adsorption. Therefore, the dissociation process of hydrogen 
atoms from the catalyst surface requires less activation energy.
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