The Sankalpa: International Journal of Management Decisions "SANKALPA

International Journal of

ISSN 2454- 7425 Management Decisions
Volume 12, Issue 2 (July - December 2026) 155N/ 24547425

Creation, Properties, and Catalytic Applications of New Nanomaterials

Dr. Daniel Kim
Department of Electrical Engineering, Seoul National University, South Korea

Received: 07.02.2026 Accepted: 10.07.2026 Publishing: 01.08.2026

Abstract:

Nanomaterials, which are smaller than bulk materials yet have a much larger surface area and
more reactivity, have recently attracted a lot of attention because of the unusual qualities they
exhibit. One of the most well-known uses for their remarkable properties is catalysis, where
they reduce energy requirements, increase selectivity, and shorten reaction durations. into the
most current findings in the synthesis, characteristics, and applications of nanomaterials for
catalytic reactions. We focus on manufacturing nanomaterials by regulating their size, shape,
and surface features to tune their catalytic function. Methods including hydrothermal synthesis,
sol-gel techniques, and chemical vapor deposition are included in this discussion. Scientists are
investigating nanomaterials' reactive intermediate stabilization capabilities, quantum effects,
and high surface-to-volume ratios as potential ways to improve selectivity and catalytic
activity. Nanomaterials are seeing increased use in a wide variety of applications, one of which
is catalysis. Methods utilized in the chemical industry include polymerization and fine chemical
synthesis, while methods utilized in environmental protection include pollutant degradation
and CO: capture. Energy production examples include fuel cells and hydrogen generation.
worries regarding the stability, affordability, and scalability of catalysts made from
nanomaterials, and this dynamic industry in general. Innovations in nanomaterials hold great
promise for reshaping catalytic processes in the future, which could lead to greener, more
efficient chemical reactions.

Keywords: Nanomaterials, Catalysis, Synthesis Methods, Nanocatalysts, Surface Area,
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Introduction:

Nanomaterials, substances with structures on the nanoscale (typically between 1 and 100
nanometers), have been utilized in numerous scientific and technical disciplines, most notably
catalysis. Nanomaterials are perfect for catalytic processes because of their small size, large
surface area, and quantum effects, which increase efficiency. Catalysts made of bulk metals or
metal oxides often are not very selective and have low reactivity. As a result of stabilizing
reactive intermediates, reducing activation energies, and improving interaction with reactants,
nanomaterials' high surface-to-volume ratios contribute to their outstanding catalytic activity.
The demand for enhanced chemical reactions is driving research into nanomaterials with the
expectation of catalytic applications. These reactions are crucial for energy generation,
environmental preservation, and chemical manufacturing. We need responses that are more
efficient, durable, and selective. Nanomaterials for catalysis have come a long way in the last
several decades, both in terms of research and practical applications. The size, shape, and
surface properties of nanomaterials can be precisely controlled using a variety of processes,
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including chemical vapour deposition, sol-gel processing, and hydrothermal synthesis. By
refining their properties, their catalytic efficiency can be raised. Nanomaterials' electrical
structure may be tuned by adjusting their size and form, which offers up new avenues for
improving catalytic reactions. The use of nanomaterials in catalytic processes is on the rise.
Such processes include the creation of fuel cells and hydrogen, as well as the collection of CO-,
the degradation of pollutants, and industrial chemical reactions such as polymerization and fine
chemical synthesis. When chemical processes are made more selective, energy efficient, and
eco-friendly, it could cause a major shift in a lot of industries. Many obstacles, such as stability,
cost-effectiveness, and scalability, remain for practical catalytic applications that employ
nanomaterials. investigation into catalytic nanomaterials, with a focus on their current and
future applications, fabrication techniques, and characteristics. Through an analysis of
nanomaterials' distinctive properties and their potential to improve catalytic processes, this
paper seeks to shed light on the potential of nanocatalysis in the future. The use of nanocatalysis
could propel environmentally friendly chemical reactions.

Characteristics of Nanoparticles Catalytically Important

By virtue of their one-of-a-kind characteristics, nanoparticles are ideally suited for application
in catalytic processes. When compared to bulk materials, they are able to carry out catalytic
processes that are more efficient and selective due to their tiny size, high surface area, and the
capacity to adjust both their electrical and chemical structures. In order to determine the
catalytic action of nanomaterials, surface area, stability, quantum effects, and surface chemistry
are all important factors.

1. High Surface Area and its Impact on Catalytic Activity

Nanomaterials' high surface area-to-volume ratio is an important characteristic. As a material
shrinks in size, a greater number of its atoms and molecules cluster on its surface or very close
to it. Catalysis relies on an abundance of active sites for chemical reactions, which is enhanced
by a surface area that is vast. Maximizing the number of active sites on a catalyst allows for a
greater number of reactant molecules to interact with it, leading to a better total catalytic
efficiency.

There is a lot of stuff in regular bulk catalysts that does not do anything and just sits there. In
contrast, nanomaterials are actively catalytic to a far greater extent than bulk materials, leading
to improved catalyst utilisation and potentially reduced reaction requirements. This is why
nanocatalysts outperform their bulk counterparts in terms of efficiency and cost.

2. Quantum Effects and their Role in Catalysis

Quantum effects become apparent and can alter electrical properties of materials when applied
at the nanoscale. There are discrete states in nanomaterials like quantum dots, as opposed to
continuous bands of energy in bulk materials. Thanks to a phenomenon known as quantum
confinement, one may manipulate the size and shape of nanomaterials to control their unique
electrical properties.

Nanomaterials' catalytic behavior can be influenced by quantum effects, which alter their
electrical structure and make them more reactive or selective for certain processes. The
electrical structure of quantum dots can vary with their size, which could lead to improved
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photocatalytic activity for light-driven processes. Similarly, the surface atomic reactivity
improved by nanomaterials' minuscule size can improve catalytic processes that necessitate
high activation energies.

3. Surface Chemistry and Active Sites

The surface chemistry of nanomaterials plays a crucial role in their catalytic activity. Surface
atoms in nanomaterials are often more reactive than bulk material atoms because they are less
coordinated and energetically unstable. Catalytic reactions rely on the formation of
intermediate species and the adsorption molecules of reactants, both of which are made
possible by their increased reactivity.

Surface functionalization of nanomaterials can further improve their catalytic capabilities. The
catalyst's electrical structure can be altered and made more selective for certain processes by
adding functional groups or additional metal atoms to the surface. For reactions like
hydrogenation and oxidation, for instance, metal nanoparticles are perfect catalysts because
their surface properties may be tailored to enhance specific catalytic behaviors.

4. Stability and Durability of Nanocatalysts

The stability and endurance of nanomaterials in catalytic processes determine their practical
utility. Although nanomaterials are very active, their efficiency declines over time due to
degradation, clumping, or sintering during catalytic cycles. Clumping of nanoparticles may
occur in reaction environments characterized by high temperatures or reactive environments
due to the high surface energy of these materials.

In response to these issues, researchers are focusing on strategies to improve the stability of
nanocatalysts. So that they can keep their catalytic properties and are protected from
deterioration, nanoparticles can be encased in a more stable substance (such a metal oxide)
using core-shell structures. Nanomaterials with improved thermal stability and resistance to
poisoning by reactants or byproducts have been synthesized, which has increased their lifespan
in catalytic applications.

5. Tuning the Electronic Structure of Nanomaterials

The capacity to manipulate the size, shape, and composition of nanomaterials to tailor their
electrical characteristics is one of their distinctive features. Because of their tunable electronic
structures, catalysts can be engineered to be very selective for specific processes. Catalysts can
be optimized for certain reactions by adjusting their bandgaps or the distribution of electronic
states, leading to improved selectivity and efficiency.

One way to improve the efficiency of specific catalytic processes is to dope nanomaterials with
various metal or non-metal atoms; this changes the electrical structure and generates new active
sites. Nanomaterials can be controlled in form to change their surface atomic distribution and
the way reactants interact with the catalyst, which in turn changes their catalytic activity.
Shapes including spheres, rods, and platelets are examples of such nanomaterials.

6. Nanoarchitecture and Enhanced Catalytic Performance

The organization and structure of nanoparticles at the nanoscale is referred to as their
architecture, and it has a significant impact on the catalytic effectiveness of nanomaterials. The
development of nanomaterials with certain geometries or hierarchical structures has the
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potential to improve mass transfer, the number of active sites that are accessible, and stability.
As an illustration, mesoporous materials, nanowires, and nanotubes all contribute to an
improvement in the diffusion of reactants and products through the material, which ultimately
results in an enhanced performance in activities that include catalysis.

Hierarchical nanomaterials, which incorporate diverse nanostructures such as nanoparticle
coatings onto mesoporous nanomaterials, have also been shown to considerably improve the
efficiency of catalytic reactions because of their capabilities. These materials combine the
benefits of a high surface area with enhanced mass transport, which results in an improvement
in the performance of the catalyst, particularly in reactions that are difficult or involve multiple
steps.

Conclusion

Because of their capacity to improve reaction efficiency, selectivity, and sustainability,
nanomaterials have become an effective and flexible tool for the development of catalytic
processes. In comparison to conventional bulk catalysts, they perform better in a number of
chemical reactions due to their unique characteristics, such as a large surface area, quantum
effects, and programmable electronic architectures. The reason behind this is their expansive
surface area. It is feasible to increase the catalytic activity by employing nanomaterials like
quantum dots, nanowires, and two-dimensional materials. These materials enable for easier
charge transport, more reaction sites, and better light absorption. Being able to tailor catalytic
processes to particular applications already allows for remarkable adaptability, but the ability
to alter surface chemistry and create nanomaterial architectures greatly increases this
versatility. Although there are obvious advantages to using nanoparticles in catalysis, questions
remain about the materials' scalability, stability, and cost-effectiveness. To ensure that
nanocatalysts will continue to work efficiently in industrial settings and to increase their
longevity, more study is required. This is due to the fact that nanocatalysts may undergo
aggregation, transformation, or deactivation with passage of time. Improvements in
stabilization methods, functionalization tactics, and nanomaterial synthesis are allowing for the
development of more efficient and environmentally friendly catalytic processes, which in turn
are addressing these difficulties. Incorporating nanomaterials into industrial catalysis has
immense promise for the future of energy generation, pollution remediation, and fine chemical
synthesis, among other fields. Example applications include fuel cells and pollutant
degradation. The development of environmentally friendly, highly efficient, and long-lasting
chemical processes will rely heavily on nanomaterials. As we work to eliminate present
obstacles and create catalytic systems based on nanomaterials, the field of catalysis has
promising future prospects. Green chemistry is making strides thanks to ongoing investigations
into nanomaterials for catalysis; these strides will eventually result in innovations that are good
for the environment and the business sector alike.
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