
 

 

 

 

Kavita Rani* 

w
w

w
.i
g

n
it

e
d

.i
n

 

1066 
 

 Journal of Advances and Scholarly Researches in Allied Education 
Vol. 13, Issue No. 1, April-2017, ISSN 2230-7540 

 

A Brief Review on Nano-Catalysis and Its 
Applications 

 

Kavita Rani* 

M.Sc. Physical Chemistry, Group- 1, Department of Chemistry, University of Delhi 

Abstract – In the time of nanoscience, when all gadgets and developments are decreasing and littler with 
improved properties; catalysis is a significant area of research. With this in mind, we present a summary 
of the applications of nanoscience in catalysis, energy conversion, and energy conservation. In the 
present study we are trying to condense in-writing knowledge that is beneficial to individuals to use nano-
estimated inspiration in day-to-day life. Improvement of synergistic properties is discussed here due to 
reduced impetus size to nano scale. 
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INTRODUCTION 

Catalysis assumes an emphasis on improvements in 
concoction and lies at the heart of countless material 
conventions, ranging from laboratory-level scholastic 
work to compound industry (Hemalatha et al 2013). 
By using catalytic reagents, the temperature of a 
process can be reduced, reagent-based waste 
reduced and a reaction selectivity improved that 
theoretically prevents unnecessary side reactions 
leading to green technology. In 1998, Anastas and 
Warner (1998) proposed a set of twelve principles 
which is Green Chemistry's main philosophy of 
reducing or eliminating chemicals and chemical 
processes which have negative environmental 
impacts. The design and development of perfect 
impulses is one of the important ideas of green 
science. As per these criteria, synergistic reagents 
are stronger than stoichiometric reagents (as specific 
as would be prudent). Stoichiometric reagents are 
used in mass and operate only once, while 
synergistic reagents are used in small amounts and 
can direct a solitary response many times over. The 
foundation of all the twelve principles of green 
chemistry is to function more like nature. Nature 
explicitly provided us with clues that micro-organisms 
and/or enzymes could be used to conduct 
environmentally benign reactions. 

NANOPARTICLES CHEMISTRY 

Particles which is in size 1-100 nano-meter (10-9 
meter) are Nanoparticles (NPs). Nanochemistry's 
important action is the combination of stable 
nanoparticles, ranging between 1-100 nm. 
Nanoparticles can be synthesized in two main 
headings, such as I top-down technologies and (ii) 
bottom-up technologies, by different means types. 

Numerous modern instruments have been used to 
represent nanomaterials to determine genuine size, 
form, surface structure, valence, synthetic 
arrangement, gap in the electron band, holding 
state, light outflow, retention, dissipation and 
diffraction properties like NMR, infrared 
spectroscopy (IR), bright and visible 
spectroscopies. 

NANO-CATALYSIS 

Since the late 1990s, nanocatalysis has risen as an 
area at the interface between homogeneous 
catalysis and heterogeneous catalysis and with 
nanoscience going ahead. The focus is on 
synthesizing, characterizing, exploring, and 
exploiting well-defined nanostructured catalysts, 
including nanoparticles (NPs) and nanomaterials. 
NPs, which are known to be the nanotechnology 
building blocks, refer to particles with at least one 
dimension that is < 100 nm. At the nanometer 
scale, metallic NPs are formed by clusters of atoms 
with intermediate properties between molecules 
and bulk metals. This characteristic defines new 
chemical and physical properties which are 
beneficial for different applications, especially for 
catalysis. The term nanomaterial refers to any solid 
with a dimension to the anometer. A specific 
definition of ―nanomaterials‖ wascreated by the 
European Commission (EC)in2011: Despite these 
differences in nomenclature, NPs are always 
implicated and― nanocatalysts ‖or― nanocatalysis 
‖adequately summarizes these cases. Nano 
material strategies a trademark, coincidental or 
manufactured material containing particles in an 
unbound state or as an aggregate or agglomerate 
and in which at least one outer gage is within the 
size range of 1−100 nm for 50 percent or more of 
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the particles in the dissemination of the number size. 

In recent decades, Because nanocatalysts are 
composed of small particles of acatalytically active 
content, usually with a range of 1–100 nm in 
diameter, they have attracted intense interest. We 
can be applied in various fields, such as catalysis, 
electrocatalysis, sensors, filters, electronic 
nanoscale, fuel cells, cosmetics, oil, climate, motors, 
water purification, and optoelectronics. The first 
scientific aim and challenge is associated with the 
synthesis of the separticles with maximum control 
over size and shape to tailor their physical and 
chemical properties and in a specific reaction to 
maximize their efficiency. The second challenge is to 
understand how optimum catalytic reaction 
performance is produced by the composition and 
atomic scale structures of NPs. Continuous 
developments in nanotechnology and material 
science can help explore new kinds of multifunctional 
nanocatalysts for the achievement of green and safe 
concoction types in the representation, judicious 
design, and development. This research provides 
new opportunities to understand the nature of the 
active sites, the metal-support interaction 
mechanism, and the origin of the structure–reactivity 
relationship by careful design and synthesis of 
specific size and shape catalyst particles at the 
nanoscale. 

Highly-­Active Nanocatalysts 

The best example to demonstrate the exceptional 
catalytic activity of nanomaterials is a catalyst with 
gold nanoparticles distributed on a titania support in 
the 5 nm regime. This catalyst exhibits high activities 
at room temperatures for epoxidizing hydrocarbons 
and CO oxidation. (Bond and Thompson, 1999) It 
has been suggested that the quantum confinement 
effects change the electronic structure of this noble 
metal and lead to the unusual catalytic activities 
observed. This discovery has spurred extensive 
research efforts in searching novel nanocatalysts for 
the important catalytic reactions with low reactivity, 
such as activation of saturated hydrocarbons in 
reforming reactions, oxygen reduction reactions in 

fuel cells, and lingo-­‐cellulose biomass hydrolysis. 
Tiny, charged metal clusters have been documented 
to exhibit easy activation and dehydrogenation of 
methane molecules for example. 

Highly-­Selective Nanocatalysts 

Highly— selective catalysts can help to reduce 
energy consumption in chemical industries required 
for product separation and waste disposal processes. 
Alternative energy resource development is also 
based on highly selective catalysts. A key step in the 
conversion of biomass is the selective conversion of 
biomass-derived carbohydrates to liquid fuels and 
useful chemicals. In our laboratory, numerous 
molecular level factors affecting catalytic selectivity 
have been identified using surface science studies 

over the past few decades that allow nanotechnology 
to design and engineer highly selective catalysts 
(samoljae and Kliewer, 2009). 

 

Fig1: The upper panel: the model kinked Pt 
surface (the upper panel). 

At the kink and step site, respectively, the C— C 
bond and the C—-H bond are dissociated. The 
lower left panel: the potential surface of schematic 
free energy for a two-way reaction. Product 1 is 
formed by breaking the bond C— C and Product 2 
is formed by breaking the bond C—-H. At the kink 
site, the activation barrier for product 1 is lowered, 
which contributes to the disparity in selectivity 
between phase and kink sites, as shown in the 
panel below right. 

The rate— determining steps for various products 
usually occur at different active sites on the 
catalyst surface for a multiple—, path-catalytic 
reaction. Consider a catalytic reaction involving a 

cyclic hydrocarbon reactant (Figure 2), the C-‐‐C 
bond split leads to the ring opening product 

(Product 1); while the C‐‐‐H bond dissociation 
gives a dehydrogenation product (Product 2). For 
the two things, the overall statures of the Gibbs 
free energy hindrances regulate the proportion of 
item 1 to item 2 generated at a given surface 
location. At the progression destinations on 

platinum surfaces, the splitting of C-‐‐H bond 
occurs all the more promptly than that of the C‐‐‐C 
bond, which prompts a higher probability of 
framing the dehydrogenation element. The 
breaking of the C— C bond is less difficult at the 
wrinkle locations, and the ring— opening item is 
relying on increment. From this basic picture the 
selectivity of heterogeneous synergistic responses 
is finally decided by the aggregate groupings of 
the diverse destinations for different response 



 

 

 

 

Kavita Rani* 

w
w

w
.i
g

n
it

e
d

.i
n

 

1068 
 

 Journal of Advances and Scholarly Researches in Allied Education 
Vol. 13, Issue No. 1, April-2017, ISSN 2230-7540 

 

pathways. For catalysts with nanoparticles, the size 
and shape of the nanoparticles determines the 
concentration of active sites. Advances in the 
synthesis of nanoparticles enable the precise control 
of surface active sites through the production of 
mono—, disperse and shape— controlled catalysts. 
An example is shown in Figure 3 where pyrrole 
hydrogenation selectivity over Pt nanoparticles 
exhibits dependency on both size and shape. (Kuhn 
and Tsung, 2008). The change in selectivity is 
induced by the nanocatalysts change in surface 
structure with different sizes and shapes. 

 

 

 

Fig2: (A) Nanoparticular size dependence of 
pyrroleum hydrogenation selectivity under reaction 
condition: 4 Torr pyrroleum, 400 Torr H, 413 K. Small 
nanoparticles show high pyrrolidine selectivity. (B) 
Nanoparticles form the selectivity dependency of 
pyrroleum hydrogenation under the following 
conditions: 4 Torr pyrroleum, 400 Torr H. At relatively 
low temperatures, particles of the nanopolyhedra 
have a higher pyrrolidine selectivity than nanocubes. 

A significant class of selective catalysts are bimetallic 
alloys which provide special atomic arrangements of 
metal components for surface-active sites (Norskov, 
2008). This field has recently been revolutionized by 
the emergence of nano-scale rational catalyst 
design. High— throughput, computer-based 
screening provides alloy candidates with the 
elements and atomic arrangement that may have 
optimum catalytic properties. Nanoalloys are then 
synthesized and put to the test. The successful 
synthesis of alloy catalysts with intended composition 
is based on the fact that reducing the size of alloy 
particles usually leads to a reduction of the 
immiscible gap. Following this method a Ni1Zn3 alloy 
catalyst for partial hydrogenation of acetylene was 
discovered with a higher selectivity. 

In a more recent study, photoelectron spectroscopy 
was applied in— situ X— ray to monitor the surface 
segregation of bimetallic nanoparticles under 
reaction conditions. It was observed that the 
bimetallic composition on surfaces of nanoparticles 
alternates between oxidizing and reducing 
conditions when the chemical gas environment is 
switched between. This new insight can lead to the 
development of "smart" catalysts whose surface 
structure depends advantageously on the reaction 
environment. 

Nanocatalysis in Green Chemistry 

Green chemistry is commonly recognized as 
"planning, developing and upgrading compound 
procedures and products designed to diminish or 
destroy substances that are harmful to human well-
being and the environment."The concept of 
performing this kind of chemistry is gaining 
popularity among the players in the chemical 
industry, as the major challenges of today are 
achieving sustainable production processes, with 
lower energy use and less environmental impact. 
Furthermore, green methods of reproduction could 
also provide economic benefits for businesses. For 
example, platinum prices have increased 
significantly since 2000, so it is advisable to cover 
and reuse such expensive catalysts of precious 
metals (Norskov, 2008). Many examples of 
commercialised green chemistry processes 
demonstrate the promise of this innovative theory. 
(Sinfelt,1984) However, the overall impact of this 
new way of doing chemistry is still marginal 
compared to conventional industrial processes 
(Studt,2008) This is because businesses optimize 
productivity within the current policy limits while 
keeping an eye on social acceptability. 

APPLICATIONS OF NANOCATALYSTS 

Carbon nanotubes 

Due to their unique physical and mechanical 
properties, significant attention has been given to 
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nano-sized carbon materials (NCMs) in particular 
CNTs  or carbon nano-tubes. CNTs have been used 
as field discharge sources in various fields (Trans et 
al., 1998), electrical nano-conducts (Mintmire et al., 
1992), optional Li particle batteries (Maurin et al., 
1999), double layer electrical condensers (Frac-
kowiak et al., 2000), subatomic sifters (Wang et al., 
1999) and control modules (Bessel et al., 2001). 
Likewise, CNTs were late used for adsorption of 
hydrogen (Dillon et al., 1997), as they are 
exceptionally permeable, solid, stable, and minimal 
effort. Hydrogen is considered as an ideal en-ergy 
carrier due to its high energy content and non-
polluting nature, which can be widely used in the 
near future (Zu  ttel, 2004; Shi and Hwang, 2007Saito 
et al., 1993; Ruoff and Lorents, 1995). 

Water refining 

Hydrogen is the most recent in the development of 
energy suppliers, with its credit having numerous 
social, monetary and ecological advantages 
reminiscent of its use for material firms, which 
constitutes 40 percent of its use. It infers the pre-alert 
andimportance of H2 for the world of the present and 
of tomorrow. Impressive measurements of hydrogen 
are outlined in the various forms of decrease, in 
particular the decrease of metal impulses used for 
different hydrogenation and different reactions 
isolated from their use in the hydrogenation 
responses themselves. Arrangement techniques that 
can genuinely generate impulses in metallic structure 
without using any hydrogen to put oxidic or different 
types of impetus into their metallic structures can 
therefore be deeply invaluable in reducing hydrogen 
use. 

Shashikala et al. (2007) said that combining nano-
metallic silver particles using a novel electro-
synthetic statement technique on carbon-shrouded 
alumina leads the way to a continuing economy of 
hydrogen. This strategy gives an exceptionally 
powerful silver impetus in regulating water 
organisms. Additionally, it is widely recognized that 
the impulses that Ag has assisted are reusable. The 
combined qualities of Al2O3 and carbon, for 
example, low acridity, high mechanical strength and 
closeness of meso pores in carbon cov-erage in 
alumina (CCA), are equally useful for the program of 
extremely active AgCCA impulses. Nanocatalysts 
processing biodiesel have extremely specific surface 
and high catalysis exercises that can unravel the 
above problems. 

Wen and so on (2010) analyzed the possibility of 
using the strong KF / CaO base nanocatalyst for the 
production of bio-diesel with a yield of over 96%. The 
impetus is well utilized to transform the higher 
corrosive substance oil into biodie-sel. It is 
permeable, with molecule sizes of 30–100 nm. XRD 
examination found the impetus to have a new KCaF3 
gem that increases reactant action and solidity. The 
high clear surface area and enormous pore size are 

ideal for interaction with impetus substrates, which 
increased the performance of transe-sterification 
accordingly. The production of Chinese fat seed oil 
biodiesel positively impacts the use of agricultural 
and ranger service products. 

In sedate conveyance CNTs may be ideal for bio-
applications in biorecognition and drug conveyance 
systems along these lines. By the way, 
biocompatibility of CNTs is still uncertain, and the 
prolonged functionalization process of CNT surface 
remains a significant obstacle to earth applications 
(Magrez et al., 2006; Cheng et al., 2009). 

Thoughtful et al. (2010) recompleted the combination 
of carbonated polypyrrole nanoparticles (CPyNs) with 
controlled estimates and their textural properties, 
and investigated the potential capacity of CPyNs 
as imaging tests and medication transporters 
depending on their porosity, alluring properties 
and biocompatibility. 

Malachite green color photocatalytic 
decoloration 

Every day large quantities of unconsumed colors 
made by materials and printing firms are released 
into the water. The closeness of hues and shades 
in water significantly damages the oceanic 
condition (Robinson et al., 2001; Pearce et al., 
2003; Talarposhti et al., 2001). These con-
taminants make concoction oxygen (COD) 
common, biochemical oxygen (BOD) appeal, 
poisonous consistency, terrible stench and, most 
importantly, wastewater shading. Even at low 
focuses, the shade of such con-taminants can be 
seen in light of the fact that the closeness of 
colors in water is deeply noticeable. This impact is 
unwanted as the shading squares have daylight 
access to oceanic greenery, and decrease 
photosynthetic activity within the biological system 
(Srivastava et al., 2004; Cheng et al., 2008). 

Methylene blue photodegradation 

Soni et al. contemplated photocatalytic action in 
the obvious piece of the sun powered range (442 
nm) for deeply orga-nized slender, mesoporous 
titanium-doped thiourea films. This property, which 
is critical for the further manufacture of 
photovoltaic gadgets that operate in daylight, is 
uncovered as an aspect of illumination time and 
film thickness by testing methylene blue 
photodegradation upon contact with a N-doped 
TiO2 film (Soni et al. 2008). 

TiO2 is known as the best and earth-neighborly 
photocatalyst and most widely used to photograph 
various pollutants (Fujishima and Honda, 1972; 
Fujishima et al., 2000; Gra  tzel, 2001; Hay and 
Raval; 1998). As with E, TiO2 photocatalysts can 
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also be used to kill microorganisms. Coli suspension 
(Kikuchi et al., 1997); 

Squander water treatment 

Halogenated natural mixes (HOCs) are among the 
most common water contaminations in industrialized 
nations. For example, pharmaceutical assembly or 
the IT division, these natural atoms take on a 
significant job as solvents and added substances in 
various companies. For the most part, HOCs are 
dangerous and hurtful synthetic compounds that are 
often extremely industrious and can cause serious 
medical problems, such as malignant growth or 
mutagenic injury. In this way a complete annihilation 
of these mixes is desired, or even required. 

The traditional work of handling wastewater cannot 
adapt to this issue. In this way, it still does not seem 
feasible to use costly and energy-concentrated 
methodologies to take care of this problem. The 
normal act of discarding indus-process wastewater 
contaminated with a limit heap of natural solvents is 
cremation and only hints of HOCs. For example, at a 
wastewater treatment plant, alcohols could be 
extracted by bacte-rial treatment, as it may be, or-
ganic mixes. 

The HOC is often the critical component which leads 
to cost-intensive disposal. Current detoxification 
techniques such as adsorption on activated carbon 
or wastewater com-ponents oxidation do not result in 
an environmentally friendly and cost-effectively 
priced solution. For example, it would take huge 
quantities of activated carbon to extract HOC traces 
from water loaded with other com-ponents that are 
involved in sorption. In the case of oxidation, excess 
quantities of oxidant are needed because it would 
oxidize all reduced water components. The risk 
arises when insufficient quantities of oxi-dant are 
added, that if the oxidation is not complete, even 
more toxic components can occur. Overpriced 
incineration is the last and often performed result. 
However, aqueous wastage incineration is a waste of 
energy. Hence a decentralized selective dehalo-
generation treatment of wastewater can give a 
significant eco-nomic advantage for a medium-sized 
enterprise. 

Hildebrand et al. (2008) proposed a consideration of 
detoxifying water using the HDH technique on 
palladium-containing nano-impulses by severe 
destruction of HOCs. Detoxification ensures that 
steady HOCs are transformed into natural 
aggravates which can be effectively removed by 
biodegradation at a wastewater treatment plant. They 
are viable and specific in diminishing responses to 
hydrodehalogenation. 

 

 

CONCLUSION 

In the last decade, the field of nanocatalysis (use of 
nanoparticles to catalyze responses) has 
experienced an explosive improvement in both 
homogeneous and heterogeneous catalysis. 
Nanoparticles have an overwhelming proportion of 
surface-to-volume compared with mass materials, 
they are alluring to be used as impulses. Cata lysts 
accelerate and boost thousands of different chemical 
reactions daily, and thus form the basis for the 
worldwide multibillion dollar chemical industry and 
indispensable technologies for environmental 
protection. Nanotechnology and nanoscience work is 
expected to have a major impact on new catalyst 
production. The detailed understanding of chemistry 
of nanostructures and the ability to control materials 
on the nanometer scale will ensure a rational and 
cost efficient devel-opment of new and more 
capable catalysts for a chemical process. 
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