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Abstract- 
Defective nanocatalysts are rapidly evolving, with many exciting advances and new applications emerging. The 
precise impact of defects on catalytic performance depends on the specific properties of the nanocatalyst and the 
nature of the catalytic reaction being studied here. The secondary data collection method has been followed to gather 
all relevant information that helps in analyzing the factors affecting the nanocatalysts. On the other hand, the use of 
it in industries has been explored in this study. Limitations of nanocatalysts highlight the importance of careful 
design, testing, and optimization of nanocatalysts for specific applications. More research is needed to overcome 
these limitations and to fully realize the potential of nanocatalysts in various industrial and environmental 
applications. 
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I. INTRODUCTION
Catalyst is a substance that increases the chemical reaction rate without being consumed in that
reaction. Nanocatalysts consist of nanoparticles that help in encouraging the speed of chemical
reactions which have a design of higher surface area for more efficient interaction [1]. The use of
nanotechnology has increased the performance of catalysts and industrial use has increased due
to that. It has been found that defects have an important role in the nanocatalyst as they can make
more unsaturated coordination sites in catalysts which benefited chemical reactions by allowing
more absorption of molecules [5].  In this study, all the important topics have been discussed in
brief. Along with this, the importance of catalysts in industries has been explained in an effective
manner. Through the secondary data collection method, all the relevant information has been
collected that also describes the limitation of nanocatalysts.

Figure 1: All the factors affecting the performance of nanocatalysts 
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II. OBJECTIVES
• To evaluate the role of nanotechnology in catalysts
• To discover the role of defects in the nanocatalyst
• To understand the importance of catalysts in industries
• To rectify the trends and recent advances in defective nanocatalysts
• To analyse the factors that affect nanocatalysts
• To explain the limitations of the nanocatalyst

Figure 2: Nanocatalysis 
III. METHODOLOGY

Catalyst is an important element in chemical reactions where nanotechnology has proved to have 
a strong contribution. The use of nanocatalysts has helped in managing the reaction in a more 
advanced and effective manner as it has a high volume-to-volume ratio [2].  The use of such an 
advanced catalyst for the regular use of industries has been explained in this study. The relevant 
information for discussing all the aspects of the cohen topic and secondary data collection 
method has been selected. Through the secondary method of data collection, the analysation of 
the existing information could be done in a cost-effective manner [3]. The use of existing data 
sources like journals and articles has helped in gathering valuable information in a short time.  

IV. EVALUATION OF THE ROLE OF NANOTECHNOLOGY IN CATALYST
Nanotechnology has played a significant role in the field of catalysts. A catalyst is a substance 
that increases the rate of a chemical reaction without being consumed in the reaction itself [4].

Catalysts are widely used in chemical and petrochemical industries to increase the efficiency of 
chemical processes, and nanotechnology has allowed for the development of more efficient and 
effective catalysts. 
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Figure 3: Role of catalysts in activating energy 

Nanotechnology has enabled the production of catalysts with much smaller particle sizes [6]. Such 
a process of production allows for increased surface area and greater reactivity. Smaller particles 
have more surface area per unit of mass, providing more sites for catalytic reactions to occur [8]. 
Nanoparticles also have unique electronic and chemical properties that differ from their bulk 
counterparts, which can further enhance their catalytic activity. 
In addition to increasing the efficiency of traditional catalysts, nanotechnology has also allowed 
for the development of new types of catalysts. Nanoparticles can catalyze reactions that are 
difficult to achieve with traditional catalysts, such as the conversion of carbon dioxide to 
valuable chemicals or fuels [10]. The role of nanotechnology in catalysts has been transformative, 
providing new opportunities for chemical reactions that were previously unfeasible or inefficient, 
and increasing the efficiency of traditional catalytic processes 

V. DISCOVERING THE ROLE OF DEFECTS IN THE NANOCATALYST
Defects can have a significant impact on the performance of nanocatalysts, both positive and
negative. In some cases, defects can improve the catalytic activity and selectivity of the
nanocatalyst, while in other cases; defects can decrease the catalytic performance [11]. One
important type of defect in nanocatalysts is surface defects. These defects can arise due to the
presence of surface impurities, such as oxygen vacancies or adsorbed species, or due to the
creation of surface defects during the synthesis of the nanocatalyst [7].
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Figure 4: Discovering the benefits of nanocatalysts 
Surface defects can affect the electronic and chemical properties of the nanocatalyst, leading to 
changes in the catalytic activity and selectivity. The presence of oxygen vacancies on the surface 
of a metal oxide nanocatalyst can improve its ability to absorb and activate reactant molecules, 
leading to improved catalytic performance. 

Figure 5: Application of nanocatalysts 

Another type of defect that can impact nanocatalysts is structural defects. These defects can arise 
due to the presence of voids or dislocations within the nanocatalyst structure [12]. Structural 
defects can affect the stability and mechanical properties of the nanocatalyst, as well as its ability 
to absorb reactant molecules and facilitate catalytic reactions. In some cases, the intentional 
introduction of defects can be used to improve the catalytic performance of nanocatalysts [9]. 
Doping a metal oxide nanocatalyst with a small amount of a different metal can create defects 
that improve its catalytic activity and selectivity. Therefore, defects can play a complex and 
important role in the performance of nanocatalysts. The precise impact of defects on catalytic 
performance depends on the specific properties of the nanocatalyst and the nature of the catalytic 
reaction being studied. 
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VI. ANALYSING THE FACTORS THAT ARE AFFECTING ACTIVITIES OF
NANOCATALYST 

Factor The way it is affecting 

Particle size Smaller nanoparticles have a higher surface area to volume ratios which leads to a more 
active site for catalytic reactions 

Shape Shape of nanoparticles affects the exposure of active sites and the interactions with reactant 
molecules [15] 

Composition Different compositions, like metals, metal oxides, or metal sulfides can have different 
electronic and chemical properties that affect the catalytic activity and selectivity 

Surface area and 
morphology 

Rougher surfaces may have more active sites, while smoother surfaces may have more 
selective activity 

Support material Nanocatalysts are often supported on a material to provide structural stability and to prevent 
agglomeration of the nanoparticles 

Temperature and 
pressure 

 Different reactions have different optimal temperature and pressure ranges, and deviations 
from these ranges can decrease catalytic activity 

Table 1: Analysing the factors that are affecting the activity of nanocatalysts 

VII. RECTIFICATION OF THE TRENDS AND RECENT ADVANCES IN DEFECTIVE
NANOCATALYST 

Defective nanocatalysts have attracted significant attention due to their unique electronic, 
structural, and catalytic properties. The trend of recent years and the advancement of defective 
nanocatalysts have increased their usage effectively. Researchers have actively explored the role 
of different types of defects, such as vacancies, interstitials, and grain boundaries, in enhancing 
catalytic activity [16]. Defect engineering can also improve selectivity and stability, which are 
critical for industrial applications. Single-atom catalysis is a promising approach that involves 
anchoring single atoms of a metal on a support material, creating a highly active catalytic site [5].  
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Figure 6: methods of nanoparticle synthesis 

The use of defective support materials can enhance the performance of single-atom catalysts by 
providing more active sites for metal atom anchoring. Advances in in-situ characterization 
techniques such as high-resolution transmission electron microscopy or HRTEM, X-ray 
photoelectron spectroscopy or XPS, and synchrotron-based X-ray absorption spectroscopy or 
XAS are providing new insights into the structure and dynamics of defective nanocatalysts under 
reaction conditions [18]. This information is critical for understanding the relationship between 
the structure and catalytic properties of these materials.  
Computational methods such as density functional theory or DFT and machine learning are 
increasingly being used to design and optimize defective nanocatalysts. These methods can 
predict the most stable defect structures, optimize reaction pathways, and screen large numbers 
of materials for their catalytic activity and selectivity [3]. Defective nanocatalysts are finding 
applications in a wide range of fields, including energy conversion and storage, environmental 
remediation, and chemical synthesis. Defective metal oxide nanoparticles are being explored for 
electrochemical water splitting, while defective metal-organic frameworks are being developed 
for selective CO2 capture and conversion [17]. The field of nanocatalysts is rapidly evolving by 
emerging various new applications and their usage.  
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Figure 7: Synthesis of magnetic nanoparticle 

VIII. IMPORTANCE OF CATALYSTS IN INDUSTRIES
Nanocatalysts have become increasingly important in industries due to their ability to increase
the efficiency and selectivity of chemical reactions. They are used in a wide range of industrial
processes, such as petroleum refining, chemical production, and environmental remediation [18].
Nanocatalysts have allowed more active sites to be available for chemical reactions, which can
lead to higher catalytic activity and selectivity. Additionally, the unique electronic and chemical
properties of nanoparticles can provide new opportunities for catalytic reactions that were
previously unfeasible or inefficient. In the petroleum refining industry, nanocatalysts are used to
improve the efficiency of processes such as hydrocracking, which is used to break down heavy
crude oil into lighter, more valuable products such as gasoline and diesel fuel [7]. Nanocatalysts
can also be used in the production of chemicals such as fertilizers, plastics, and pharmaceuticals.
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Figure 8: Approaches for nanoparticle synthesis in catalysts 

In environmental remediation, nanocatalysts have been explored for the treatment of polluted 
water and air. Nanaopcatalysta helped in managing the breakdown of the polluted particles 
which helps in managing the components in their particles [19]. Nanocatalysts have been used to 
break down harmful pollutants such as volatile organic compounds or VOCs and nitrogen oxides 
into harmless byproducts. The use of nanocatalysts in industries has the potential to improve 
efficiency, selectively in an effective manner [20]. Nanocatalysts in industries have the potential 
to improve the efficiency, selectivity, and sustainability of chemical processes, leading to lower 
costs, reduced waste and increased productivity. As such, the development and application of 
nanocatalysts is an important area of research and development in the industrial sector.  

IX. LIMITATION OF THE NANOCATALYST
Despite their potential advantages, nanocatalysts also have some limitations that can impact their 
use and application. The different drawbacks and limitations of nanocatalyst have explained 
below 

Limitation 
factors 

Discussion of the 
limitation 

Cost Production and synthesis 
of nanoparticles demands 
different materials with a 
variety of cost 
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Stability Oxidation or posing can 
lead to the deactivation or 
degradation of 
nanocatalysts 

Reactant 
selectivity 

Nanocatalysts 
challenging to use in 
complex reaction 
environments due to the 
multiple reactants or by-
products [13] 

Toxicity Some nanocatalysts that 
contain heavy metals, can 
be toxic to humans and 
the environment  

Reproducibility Synthesizing 
nanocatalysts with 
consistent properties can 
be difficult due to the 
sensitivity of the process 
to various parameters. 

Table 2: Limitation of the nanocatalysts in chemical reaction 

X. PROBLEM STATEMENT
Using nanocatalysts has helped in thye enhancement of chemical reactions which has helped in
getting results later. The use of nanocatalysts in industries has helped in production and
manufacturing by speeding the reaction process [14]. The results of innovation have been easy to
gain for companies due to the use of nanoparticles in catalysts. However. the use of
nanocatalysts can bring challenges and problems sometimes that hinder its effective use. Cost
issues, safety measures violation and the highly selective nature of this catalyst have reduced the
chances of vast use in industrial development [11].  In the absence of a catalyst, a variety of
products such as medicines, polymers, fine chemicals, fuels, paints, fibres, lubricants, and other
value-added products which are essential for humans, would not be feasible. All the important
aspects of the use of nanocatalysts need to be registered to find solutions for the future.

35



SS Journal of Interconnected Education and Life Sciences (SSJIELS) 
 ISSN: 3107-6351 | Vol. 01 Issue 02, May-Aug, 2025 | pp. 27-38 

SS Journal of Interconnected Education and Life Sciences (SSJIELS) 
 ISSN: 3107-6351 | Vol. 01 Issue 02, May-Aug, 2025 | pp. 27-38 

Figure 9: Molecular nanocatalysis 
CONCLUSION 
The study has covered a detailed discussion of the nanocatalyst and the way recent trends and 
advances affect nanocatalysts. The use of nanocatalysts in industries has been explained well 
along with this limitation of nanocatalysts has also been mentioned. Nanocatalysts have a high 
reacting ability where as the defective nanocatalyst enhances this ability more efficiently. 
Nanocatalysts have been used to break down harmful pollutants such as volatile organic 
compounds and other elements however, the cost of using the nanocatalysts is high. The overall 
discussion has been processed on the basis of the collected data in which a secondary method has 
been selected. 
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