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Abstract
Green chemistry is the pragmatism of a set of principles, which eliminate the use or production of hazardous
substances in the design, development, synthesis and applications of chemical harvest. Accordingly, green
synthetic techniques aim at hazard reduction as the recital criteria, whilst designing new chemical processes/
methods. Catalysis lies at the heart of all chemical processes and hence, nanocatalysts with particle size
dependent material engineering are of significant interest towards green chemistry and clean energy
applications. In addition to particle size, nanostructured catalysts are exceedingly shape and/or morphology
sensitive and their catalytic performance depend largely on their shape and morphology. Besides, nanocatalysts
empowered with colossal surface areas, excellent recycling potential and efficient recovery characteristics are
heralded as new process candidates with expanding catalytic capabilities. Accordingly, recapitulation of the
synthesis of several new types of chemical entities is using nano-catalysts in the heterocyclic ring formation
and some other important functionalization.
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INTRODUCTION
Catalysis is a significant and widely
investigated subject both in fundamental and
industrial chemistry. It further plays an essential
part in various aspects’ like production of
energy, industrial chemistry and environmental
remediation with removal of pollution or
contaminant from soil, water and sediments. In
present situation more than 60% of chemical
products and 90% of chemical processes in globe
are significantly dependent on catalysis. This
scope will progressively increase to convince
* Corresponding Author Email: lranganath.v@nie.ac.in

our ever-growing demands for the sustainable
processes with improved atom economic impacts
and inferior environmental conflicts [1].
Any reactions favored by catalyst have a great
attention with the aim of finding meaningful
applications in the pharmaceutical and fine
chemical industries. The continued growth of
green, sustainable and economical chemical
processes is one of the major challenges in
chemistry. Besides, traditional need for competent
and selective catalytic reactions, that will
transform raw materials into valuable chemicals
and significant pharmaceuticals.
However,
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green chemistry is also struggle for waste and
hazardous material reduction, atomic efficiency
and high rates of catalyst revival. In this view,
nanostructured materials are attractive agents as
heterogeneous catalysts for a variety of organic
transformations, particularly they meet the
purpose of green chemistry. Researchers have
made significant contributions in synthesis of
well-defined nanostructured materials in recent
years like ZnO [2, 3], BiVO4, BiWO4 [4], CeO2 [5,
6], ZnFe2O3 [7]. These novel approaches have
allowed the rational design and synthesis of highly
energetic and selective nanostructured catalysts
by scheming the structure and composition of the
active nanoparticles further by manipulating the
interaction between the catalytically active nano
particle species and their support. In additional,
metal nanoparticles are believed to be likely agents
for catalysis due to their relatively large surface
area per volume or weight unit as compared
with bulk metal. This means heterogeneous
metal nanoparticles catalysts classically function
on metal surfaces. The heart of the catalytic
chemistry is centered on the design of catalysts
in which metal, metal oxide, metal complexes and
so forth are certainly the most vibrant for several
paramount reactions in modern chemistry [8].
Catalysis is significant due to the unique
capabilities of catalysts in accelerating chemical
reactions by reducing the energy barrier of their
transition states and in controlling reaction
pathways toward selective synthesis of target
products[9]. The activity and selectivity of
nanocatalysts can be rationally tuned by changing
their chemical and physical properties, such
as size, shape, composition, and morphology.
Consequently, nanocatalyst-involved reactions
have experienced exponential growth in chemical
manufacturing [10], energy harvesting [11],
conversion and storage [12], and environmental
protection [13, 14].
In this review, the properties and functions
of nanocatalysts are first discussed to provide
insights into the fundamental relationships
between the activity, selectivity, and recyclability
of the nanocatalysts and their structures and
compositions. Then, the methods of the state-ofthe-art for synthesis of metal nanoparticles and
supported metal nanoparticles with controllable
sizes, shapes, and surface structures are
summarized. In conclusion the recent advances of
nano catalysis in different organic transformations,
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new energy conversion, and environmental
remediations are also reported.
NANOCATALYST: SIZE, SHAPE AND SURFACE
CHEMISTRY
Researchers have not collectively settled on
a precise definition of nanomaterials, but agree
that they are partially characterized by their tiny
size, measured in nanometers. A nanometer is one
millionth of a millimeter approximately 100,000
times smaller than the diameter of a human hair.
Nano-sized particles exist in nature and can
be shaped from a variety of products, such as
carbon or minerals like silver, but nanomaterials
by definition must have at least one dimension
that is less than approximately 100 nanometers.
Most nanoscale materials are too small to be seen
with the naked eye and even with conventional
lab microscopes. Materials engineered to such
a small scale are often referred to as engineered
nanomaterials, which can take on unique optical,
magnetic, electrical, and other properties. These
developing properties have the potential for great
impacts in electronics, medicine, and other fields.
Materials at this scale are characterized by
significantly different properties than molecules,
atoms, or bulk items. Because of this, the field
of nanoscience was coined to address this
comparatively novel scientific field. Although
the concept of this scientific area is not new,
modern-day science is constantly discovering
new and favorable applications for both the
manufacturing sector and academia, which has
found nanoscience as a growing and exciting field.
The applications referred to are diverse, and range
from environmental development to consumer
products, and even therapeutic usage (Fig. 1).
Nanoparticles can take many shapes, including
powder, crystal, and cluster formulae. Nano
powder is used to describe mixtures of fine
powder, whereas ultrafine particle mixtures are
described as nanocrystals. Clusters can be further
classified as nanoclusters if they have a narrow
size distribution in the range of 1-10 nm and a
minimum of one dimension. Metal nanoparticles
are believed to be probable candidates for
catalysis due to their relatively large surface
area per volume or weight unit as compared
with bulk metal, meaning heterogeneous metal
nanoparticles catalysts typically function on metal
surfaces. A variety of techniques is used to develop
and supports for industrial metal catalysts, which
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Fig. 1. General applications of nanoparticles in various fields.

Figure 1. General applications of nanoparticles in various fields.

Fig. 2. Some important synthetic approaches for fabricating metal nanoparticles.

Figure 2. Some important synthetic approaches for fabricating metal nanoparticles.
are frequently inorganic and characterized by
highly dispersed metals and voluminous surface
area. Metal nano particles are having a tendency
to collaborate, consisting of more than one particle
in a range of forms and dimensions. Polyhedral
particles are formed from the interaction of
metal nanoparticles with the inorganic supports.
Silica gel, activated charcoal, and alumina, among
others, are examples of transition metals that
are formed from metal particles distributed onto
inorganic supports. These are superior to metal
powders for numerous reasons such as stable
thermal capacity, reduced cost, larger surface
area, and effective use of metal nanoparticles in
the form of wide dispersion [15].
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SYNTHESIS AND CHARACTERIZATION
SYNTHETIC METHODS
Metal nanoparticle synthesis typically takes
place in one of two ways: top‐down or bottom‐
up approach, as shown in Fig. 2. The top‐down
approach uses an external force to pressure bulk
materials, eventually causing these materials to
break down into smaller components by means
of mechanical, chemical, or some other energy
sources. A bottom‐up approach takes place in a
reverse approach, growing precursor particle size
by using chemical reactions to combine atomic
or molecular species. It should be noted that the
top‐down approach is considered to be a physical
method while the bottom‐up approach is chemical.
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Table 1. Summary of some
selected
characterization
techniques
of metal nanoparticles.
Table
1. Summary
of some selected
characterization
techniques of metal nanoparticles.
Sl No

Characterization techniques

Information received

Reference

1

Scanning electron microscopy (SEM)

Size and Morphology of MNPs

[16]

2

Transmission electron microscopy (TEM)

Size and Morphology of MNPs

[16]

3

X-ray photoelectron spectroscopy (XPS)

Surface composition of supported MNPs

[17]

4

UV-Vis spectrum

Formation of colloidal MNPs (Plasmon band)

[18]

5
6

X-ray diffraction (XRD)
Dynamic light scattering (DLS)

Crystal structure and size, chemical composition
Size and size distribution of MNPs in solution

[19]
[20]

7

Fourier transformed infrared spectroscopy (FTIR)

Different functional groups and metal -metal and/or
metal-oxygen bond identification

[21]

8

Energy Dispersive X-ray (EDX)

Element and distribution of MNPs

[22]

9

Scanning tunneling microscope Raman
Spectroscopy

Size and structure of MNPs
Chemical structure, phase and morphology

[22-26]

Both approaches can be applied in a range of
states, including liquid, solid, gas, supercritical
fluids, or vacuum. The final desired outcome and
manufacturer must play into the choice between
the two methods. Because size and shape of
the metal particles is the most vital aspect to be
altered for improved application performance,
it is a dynamic aspect to take into account for
catalysis as an example. This section will address
some selected methods for fabricating metal
nanoparticles, including physical and chemical
methods.
CHARACTERIZATION METHODS
Nanoscale materials have a special set of
properties, making them appropriate for a variety
of applications and resulting in them being
a focal point for a range of researches. Deep
understanding of the properties of metal particles
at nanoscale level is essential to understand the
nature of active sites, which in turn can help to find
and tune the key performance signs. Numerous
techniques exist that are designed to characterize
nanoparticles, although none of these are able
to supply full information regarding investigated
materials. For this reason, several techniques
must be used to categorize each sample in order
to understand the size, structure, and catalytic
properties. Table 1 describes the various methods
of analyses are used for the characterization of
metal nanoparticles.
In common method of characterizing MNPs
include transmission electron microscopy (TEM)
and scanning electron microscopy (SEM) [16].
Other techniques include X‐ray photoelectron
Int. J. Nano Dimens., 12 (2): 90-97, Spring 2021

spectroscopy (XPS) [17], UV visible spectroscopy
[18], atomic force microscopy, powder X‐ray
diffractometry (XRD) [19], and dynamic light
scattering (DLS) [20]. UV spectroscopy and
Fourier transformed infrared spectroscopy (FTIR)
[21] methods would be combined to examine
gold and palladium nanoparticles, as described
elsewhere. Conversely, silver nanoparticles would
be examined using TEM, high‐resolution TEM,
and selected area diffraction pattern (SAED).
Finally, X‐ray diffraction, SEM, and FTIR would be
combined to examine magnetite, Ag, zinc, and Au
nanoparticles [22–26].
CATALYTIC APPLICATIONS OF METAL NANOPARTICLES
Nano catalysis is newly growing field and is
essential component of “sustainable technology
and organic transformations” applicable to almost
all types’ catalytic organic transformations [27].
In chemical technology the use of catalysts is of
great importance. Limited amount of catalyst
with high activities is particularly desirable for
economic and environmental considerations.
Among all nano catalysts, several forms such as
magnetic nano catalysts [7], nano mixed metal
oxides, core-shell nano catalysts, nano-supported
catalysts, graphene-based nano catalysts have
been employed in catalytic applications (Table 2)
[28]. Magnetic nano catalysts stand apart in this
group of reusable nano catalysts due to their
low preparation cost, excellent activity, great
selectivity, high stability, efficient recovery and
good recyclability.
Further, various metal nanoparticles are
used in organic synthesis in different reaction
93
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Table 2. Different types
of nanomaterials
and their
size, shape, andand
catalytic
Table
2. Different types
of nanomaterials
theirapplications.
size, shape, and catalytic applications.
Sl.
No.

Nanomaterials

01

Zinc oxide (ZnO)

100nm

Nanorods,
wires and
particles

02

Graphene oxide (GO)
and Carbon

--

Multi-wall
Carbon nano
tubes

03

Strontium (II)-added
ZnAl2O4
nanomaterials

2-5 m

Spinel structure

04

Au–Pt
nanomaterials

5-10nm

Cage bell
structures

05

Carbon Nano tubes
(CNTs)

--

Coiled in shape

06

CuO Nanomaterials

200-500 nm

Microspheres,
nano sheets,
nano wires

07

Graphite Oxide

50-500 nm

Flakes

08

Covalent Organic Frame
works (COF)

1 m

--

09

ZnO nanoparticles

10nm

Sheet, particle
& spindle

10

BiVO4 nanoparticles

--

nanoparticles

Size

Shape

conditions. The synthesis of quinoxalines was
carried out by oxidative coupling of 1, 2-diamines,
and 1, 2-dicarbonyl compounds, by using gold
nanoparticles supported on nano particulated
ceria (Au/CeO) or hydrotalcite (Au/HT) as catalysts
and air as an oxidant. The use of nanoparticles led
to the gentle reaction conditions such as basefree reactions, using mild temperature and air as
an oxidant [37]. Khan and coworkers synthesized
1-(4, 5-dihydropyrazol-1-yl) isoquinolines, from
chalcones and 1-hydrazinyl isoquinoline and
using iron-oxide nanoparticles and this method
of synthesis eliminates the autooxidation of
the desired pyrazolines to the corresponding
pyrazoles [38]. Furthermore, ZnO- nanoparticles
were synthesized using the microwave assisted
sol-gel technique with an average particle size of
24 nm and well characterized. After the synthesis
photocatalytic degradation of food dye Tartrazine
(Acid Yellow 23) was tested and obtained a
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Applications
Shape dependent oxidative decomposition of Butane.
It could completely oxidize butane into carbon oxides
(COx). Better carbon balance and COx selectivity were
obtained with the ZnO Nano wires and Nanorods than
with the nanoparticles.
In the presence of graphene oxide the catalytic activity
of cyt c increases up to 78-fold & up to 2.5-fold in the
presence of other functionalized carbon based
nanomaterials.
Addition of strontium improves the performance of
zinc aluminate for selective oxidation of alcohols and
decreases the grain size.
Catalytic activity in the direction of oxygen reduction
in proton exchange membrane fuel cells because of
higher surface areas than their solid counterparts.
Nano-channels on the Pt shell permit the access of the
inner surface areas. Electronic coupling effect occurs
between the inner-placed Au core and the Pt shell.
Mixed catalysts also demonstrated improved oxygen
reduction reaction activities. CCNTs had an
uncommon feature by which can construct a multidimensional network to facilitate the mass
transportation and electrons/protons transfer.
Catalytic activity toward oxygen evolution of the
nanomaterials was investigated. CuO nanowire had
lowest over potential for water oxidation and CuO
microsphere material had the best catalytic current
densities from 1.10- 1.40 V.
For heating water for a variety of potential thermal,
thermo chemical and mechanical applications.
Activation of COF-102 and COF-103 for gas adsorption
measurements. Low Pressure (0–760mTorr) Argon
Adsorption Measurements for COF-102.
Studied photo catalytic degradation and antimicrobial
activities.
Studied photo catalytic degradation and antimicrobial
activities.

Reference

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]
[2]
[4]

promising results [22, 23].
Structure and shape-dependent properties of
any materials at its nanoscale size can likewise
impact the reactant mobility of a material.
Further, the calibration of nano catalyst in
specific shape and size for synthesis has achieved
more noteworthy selectivity [39-41]. By better
understanding of these applications, a researcher
can design and develop nano catalysts which are
extremely dynamic, deeply specific, and extremely
tough. Every one of these points of interest will
empower modern synthetic responses to turn out
to be more asset proficient, consume less energy,
and produce less waste which help to counter the
ecological effect brought about by our dependence
on synthesis process. Nanoparticles are perceived
as the most significant modern catalyst and
have more extensive application extending from
chemical manufacturing to energy transformation
and storage applications [42-44].
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FUTURE PROSPECTS AND CHALLENGES
With the advancements in nanomaterial
science’ synthetic techniques and expansion of
their diverse application scopes, the production
of nanomaterials in industrial scale have a great
impact on the traditional chemical industry
and its allied production industries. Metallic
nanomaterials, a new and emerging type of
nanomaterial, have provocative prospects in
the fields of microelectronics, optoelectronics,
and sensors, especially in catalytic areas, due
to the excellent electrical, optical, magnetic
and thermal properties. Further, preparation of
metallic nanomaterials is a quite difficult to attain
the large-scale industrial production. Therefore,
there is still a long way to realize the industrial
production and allied applications. In additional,
there are many challenges to be addressed, among
a few is mentioned here the first challenge is, in
the industrialization is how to achieve the mass
production of metallic nanomaterials. Secondly, as
catalytic materials, it is very vital to construct novel
structures and compositions on the nanometer
scale, so as to design and synthesize appropriate
catalysts used in various reactions so on.
Investigation of the bio-inspired efforts in the
synthesis of the nanomaterials and its catalytic
application in the recoverability, biodegradability
and bioremediation are the forthcoming fields
of the nanocatalysts. The various catalytic
applications of nano materials could be bettered
near future. Further, it is also becoming very
significant to explore the applications of metallic
nanomaterials actively in other fields and broaden
the breadth and sophistication of their applications
in materials science, chemistry, biology, physics
and some allied disciplines.
CONCLUSIONS
This review is the effort to assemble the
literature on the topic of nanomaterials application
in organic synthesis and other catalytic properties.
It should be well-known that a correct and update
citation and literature survey is very significant for
researchers to find relevant information, pioneer
ideas, and progress of any topic. On the other hand,
published data using nanomaterials indicate a wide
synthetic potential of the described catalysts and a
great interest of researchers in this field. The use of
green nanocatalyst for the synthesis of a variety of
heterocycles has advantages such as short reaction
time, high yield, inexpensive chemicals usage, easy
Int. J. Nano Dimens., 12 (2): 90-97, Spring 2021

work-up procedure, and very specific reactions. In
most of the reactions the spent catalyst can be
easily separated from the reaction mixture, also
it can be reused without noticeable change in its
catalytic activity. Further, nanotechnology can be
used to design pharmaceuticals that can target
specific organs or cells in the body such as cancer
cells, and enhance the effectiveness of therapy.
Nanomaterials can also be added to cement,
cloth and other materials to make them stronger
and yet lighter. Their size makes them extremely
useful in electronics, and they can also be used in
environmental remediation or clean-up to bind
with and neutralize toxins.
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