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ABSTRACT
The applications of transition metal based nanoparticles, which are earth-abundant and inexpensive, have
generated a great deal of interest in recent years, especially in the field of catalysis because of their potential
as viable alternatives to the rare and expensive noble-metal catalysts used in many conventional commercial
chemical processes. The size, shape and controlled dispersity of nanoparticles play a vital role in determining
the physical, chemical, catalytic, optical and electronic properties attributing its applications in
environmental, biotechnological and biomedical fields. Various physical and chemical processes have been
exploited in the synthesis of several transition metal nanoparticles. However, these methodologies remain
expensive and involve the use of hazardous chemicals. Thus, there is a growing concern for the development
of alternative environment friendly and sustainable methods. Increasing awareness towards green chemistry
and biological processes has led to a necessity to develop simple, cost-effective and eco-friendly procedures.
In this work a simple, review of synthesis of bimetallic nanoparticles and their various applications are
described. The morphology and properties have been examined by X-ray diffraction (XRD), scanning electron
microscopy (SEM) and energy dispersive spectroscope (EDS), transmission electron microscopy (TEM),
Raman and UV–vis diffuse reflectance spectra (DRS). Our perspective investigates the state-of-the-art of
homogeneous or heterogeneous catalysis by transition metal nanoparticles in a variety of C-C cross coupling
reactions. Most catalysts consist of nanometer-sized particles dispersed on a high-surface-area support.
Advances in characterization techniques have led to a molecular-level understanding of the relationships
between nanoparticle properties and catalytic performance. Together with novel approaches to nanoparticle
synthesis, this knowledge is contributing to the design and development of new catalysts. Methods and results
presented may encourage better understanding, facilitate information exchange, and contribute to further
research and development of transition metal nanoparticles for catalytic, environmental and other
applications.

Over the decade, nanotechnology and nanoscience has evolved as a cutting edge science interdisciplinary
with material science, physics, biology, chemistry and medicine. The prefix “nano” is procured from greek
word ‘nanos’ meaning “dwarf” referring to the things of one billionth in size. The basic concept of
nanotechnology was put forward in the middle of 20th century. Richard Feynman, an American physicist who
is known as the “Father of nanotechnology” explained in his revolutionary lecture he even described various
methods by which it was possible to transform the individual atoms or molecules from one of the form to
another smallest form by using different sets of techniques. The term Nanotechnology was coined by Norio
Taniguchi of Tokyo University of Science. Much awareness was aroused about nanotechnology when
nanotechnology was explained in relation to the nanometric scale in the book written by Eric Drexler named
“Engines of creation”. Nanotechnology offers the power of application and manipulating the properties of the
matter at the molecular level.
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BIMETALLIC NANOPARTICLES
Bimetallic nanoparticles composed of two different metals have drawn a greater attention than the
monometallic nanoparticles from both scientific as well as technological point of view [1]. Comprising the
metals and their nanometric size control the properties of the bimetallic nanoparticles. Bimetallic
nanoparticles are synthesized by combination of different architectures of metallic nanostructures.

Extensive studies have begun just a decade back in the field of bimetallic nanoparticles. Nowadays
researchers are focusing the selective synthesis of advanced bimetallic nanoparticles in different forms, such
as core-shell, alloys and contact aggregate. Various methods have been investigated for their preparation and
detailed characterization.

The catalytic properties of bimetallic nanoparticles have found to be tremendously improved as compared to
monometallic nanoparticles. The electronic effect plays a crucial role in bimetallic catalysts which describes
the charge transfer. Alloying of the constituting elements can result in few structural changes of the bimetallic
nanoparticles. From monometallic to bimetallic nanoparticles leading to an extra degree of freedom [2].

The preparation conditions speculate the structure and compatibility of the two metals in bimetallic
nanoparticle. Bimetallic nanoparticles in general, are prepared by simultaneous reduction of two metal ions in
the presence of suitable stabilization strategies such as steric hindrance and static-electronic repulsive force.
By monitoring the reduction rates of the two components the size, shape and structure of the resultant
nanoparticles can be controlled [3].

Methods of synthesis of nanoparticles
Nanoparticle synthesis involves two major approaches:

I. TOP DOWN APPROACH
II. BOTTOM UP APPROACH

Top down synthesis is cutting of bulk material to get nanosized particles, where as in bottom up synthesis
atoms build up into new molecules which grow into clusters and then form particles of nano-scale [4]. The
bottom- up approach is more appropriate than the top- down approach as in the later, the chances of
contamination are quite high.

Many new methods have emerged to synthesize nanoparticles as factors such as the desired size,
composition; structure and shape greatly influence the properties of the material. Few of the methods used for
the synthesis of the nanoparticles are:-

Laser ablation and irradiation method
Laser ablation of solids in the liquid phase can be carried out to fabricate nanomaterials with different
compositions (metals, metal-oxides, alloys carbides, hydroxides, etc.) and morphologies (nanoparticles,
nanocubes, nanorods, nanocomposites, etc.). Also post laser irradiation of suspended nanomaterials can be
done so as to modify their size, shape, and composition. Such fabrication and modification of nanomaterials in
liquid based on laser irradiation has become an emerging field [5].

Thermal and photochemical decomposition method
Pyrolysis of precursors in boiling solvents at high temperature is carried out however, under such a high
temperature; the isolation of unstable nanocrystal phase from the reactive phase becomes very difficult.
Thermal method is endothermic in nature due to high energy need for the bond cleavage. Photochemical
method facilitates the separation and study of nanoparticles having unusual size, shape and composition [6].

Chemical reduction method
Chemical reduction is the most commonly used for the synthesis of nanomaterials due to its simplicity. This
technique allows variation in the concentration of the reactant, dispersant and feed rate of reactant in order to
produce nanoparticles with controlled morphological features. The choice of a suitable reducing agent is a
crucial part, as the size, shape, particle size distribution strongly depend on the nature of the reducing agent
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used for of metal precursor. Reduction of metal salts requires adjustment of the reactivity of the reducing
agent to the redox potential of the metal. During the synthesis process, if the reaction rate is too fast, rapid
formation of a large amount of metal nuclei will occur and result in particles smaller in size. Whereas if the
reaction rate is too slow, agglomeration of particles may occur. Moreover, the selection of the surfactant is
crucial since it monitors the size and shape of the nanoparticles also the dispersibility, stability, solubility,
reactivity, also the during the synthesis [7].

Sol-gel method
Sol–gel method is one of the well-known synthetic methods to prepare novel nanoparticles. The sol is a name
of a colloidal solution made of solid particles of few 100 nm in diameter, dispersed in a liquid phase. The gel
can be treated as a solid macromolecule immersed in a solvent. Sol-gel process consists in the chemical
transformation of a liquid (the sol) into a gel state and with subsequent treatment and transition into solid
oxide material. The important benefits of sol–gel processing are high purity and uniform nanostructure which
can be achievable at low temperatures. Sol–gel method can be classified into two routes, such as aqueous sol–
gel and non-aqueous sol–gel method depending on the nature of the solvent utilized. If water is used as
reaction medium it is aqueous sol–gel method; and use of organic solvent as reaction medium is termed as
nonaqueous sol–gel route. In the sol–gel approach, nature of metal precursor and solvent plays an exceptional
role in the synthesis of metal oxides nanoparticles. This method has potential control over the textural and
surface properties of the materials [8].

Chemical precipitation method
Chemical precipitation is the process of conversion of a solution into solid by transforming the substance into
insoluble phase or by making the solution a super saturated. Surface controlling agents have been added
during a precipitation process from liquid medium at the time of formation of precipitates. These controlling
agents interfere with the nucleating and growing particle to prevent agglomeration and to control the particle
size. Nanoparticles from many systems can be fabricated. When the surface controlling agents are
bifunctional, the surfaces chemistry can be adjusted also the zeta potential of these particles can be tailored.
Nanoparticles of ZnO and ZnS can be prepared by this method. Since it is a one step process and helps in
large scale production of nanoparticles without any contamination or impurities, it is quite a useful technique.
It even helps in the purification of water and is long term remedy or  permanent results [9].

Hydrothermal method
Hydrothermal also called as solvo-thermal method is one of the most common and effective synthetic routes
to fabricate the nanomaterial with a different morphologies. In this method, the reactants are put into an
autoclave filled with water or organic compound to carry out the reaction at high temperature - pressure
conditions. When nonaqueous solvents are utilized as reaction medium, it is termed as solvo-thermal method;
whereas, if the preparation is carried out in the presence of water, it is known as hydrothermal process [10].
This method can facilitate and accelerate the reaction among the reactants also promote hydrolysis, followed
by crystal growth resulting in self-assembly of nanomaterials in the solution. Moreover, the properties, size,
structure of nanomaterials and morphology, can be tailored easily by varying the different reaction
parameters, such as temperature, reaction medium, reaction time, pressure, pH, and concentration of the
reactants and filled volume of autoclave. This method can be suitable for the preparation of nanomaterials
with a variety of shapes as compared to other methodologies. Further enhancement in this method can be
useful because it will help in monitoring the crystal growth. This method is advantageous due to high yield
and purity of the products. In addition to this, it produces high quality crystals of and offers the ability to
control the physical and chemical properties of the resultant nanoparticles. Disadvantages of this method
include the high cost of the equipment and it is not possible to monitor the growth process of crystal. [11].



1181 Prof. Vaishali N. Patil, Prof. Mahendra R. Pansare, Dr. Vaishali B. Kamble

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 5, Issue 4

April 2018

Green Synthesis
Nanoparticles are very momentous in the development of sustainable technologies for the future, for humanity
and the environment. Biological synthesis of nanoparticles is being carried out by various macro–microscopic
organisms such as plant, microalgae, bacteria, fungi and seaweeds. Properties of the nano materials atoms are
entirely different from those of the bulk materials. Plants contain abundant natural products such as alkaloids,
sugars, flavonoids, terpenoids, saponins, polyphenols, steroids, tannins, phenolicacids, proteins and other
nutritional compounds. These natural products play an important role in bio-reduction of metal ions and their
subsequent stability. They are derived from various parts of plant such as leaves, stems, roots shoots, flowers,
barks, and seeds. Plant extracts act as a potential precursor for the bio-reduction of the metal ions to form
nanoparticles in non-hazardous way. Since the plant extract contains various secondary metabolites, it acts as
reductant and capping agents for the bioreduction reaction to synthesized novel metallic nanoparticles.
Conventional synthesis of nanoparticles by chemical or physical methods involves use of chemicals, which
has a serious hazardous and high toxicity for living organism. The biological synthesis metallic nanoparticles
is inexpensive, single step and eco-friendly.

Plant-mediated synthesis of nanoparticles is a green chemistry approach that connects nanotechnology with
plants. Among the biological alternatives plants as nature’s “chemical factories” and plant extract seems to be
the best option. They are cost efficient, environmentally benign and require low maintenance. This study
attempts to review the diversity of the field, starting with the history of nanotechnology, the properties of the
nanoparticle, various strategies of synthesis and application. Plants are successfully used in the synthesis of
various greener nanoparticles such as cobalt, copper, silver, gold, palladium, platinum, zinc oxide and
magnetite. [12][13][14].

Various Bimetallic Nanoparticles
Platinum based bimetallic nanoparticles
Pt is the most commonly used as catalytic metal in the fuel cells. Among Pt-based catalysts, Pt-Pd is one of
the highly attractive bimetallic nanoparticle systems due to its application as electrocatalyst in fuel cells and
various applications including oxidation, hydrogenation of organic compounds. The use of platinum-based
nanoalloys in biosensing applications is emerging due to their remarkable properties; but monitoring the
composition and shape of metallic nanoalloys is difficult when more than one precursor is required for wet
chemistry synthesis [15][16[17].

Palladium based bimetallic nanoparticles
Palladium nanoparticles have been exploited as catalysts for different reactions. As catalytic reactions occur
over the surface of the metal nanoparticles, a large portion of metal in the core of the nanoparticle is not
utilized and is wasted. This issue is crucial for the nanoparticles of expensive noble metals such as palladium
and platinum. In the view of “atom economy”, the synthesis of core/shell nanoparticles having a cheap metal
core and a noble metal shell is more desirable [18].

Nickel based bimetallic nanoparticles
Nickel Catalysts are commonly used due to their low cost, high stability and fast turnover rate. Over the years,
Ni-Sn based bimetallic nanoparticles have been prepared with controlled size and composition. By varying the
stoichiometric ratios of Ni and Sn, bimetallic nanoparticles with different composition such as Ni100, Ni74-
Sn41, Ni75-Sn25, Ni40-Sn40 and Ni50-Sn50 have been synthesized. The Cu-Ni based bimetallic catalyst has
been used as an effective method for improving the efficiency of various reactions. Cu–Ni/Al2O3 catalysts and
Ni–Cu/samaria-doped ceria catalysts have been used which are used for the hydrogenation of carbon dioxide
and for steam reforming of methane.

Nickel alloys are largely used to produce a protective coating for other metals or in alloys that exhibit
resistance to the corrosion, in batteries, as catalyst for hydrogenations and in electroplating. The Ti/Ni alloy is
exploited to obtain surface protective coatings of some nanometers thick for several systems, especially
metallic. They also constitute shape-memory alloys with many applications. In particular, the synthesis of
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bimetallic nanoparticles of Titanium with Nickel has been focused for the application in catalysis and
protective coating uses, although they might possess an intrinsic interest as optical materials as well [19].

Applications of Bimetallic Nanoparticles in Organic Transformation
Metal nanoparticles suspended in solution are often used as effective heterogeneous catalysts due to the
advantages of simplified isolation of product and facile recovery and excellent recyclability which renders
metal nanocatalysts environmentally friendly[20].

Ullmann homocoupling reaction of aryl halides
Karimi and Esfahani recently found out that gold nanoparticles with average size of 3–15 nm can be used in
Ullmann homocoupling reaction. The gold nanoparticles were supported on the mesochannels of the
bifunctional periodic mesoporous organosilicas (PMOs) [21]. Monopoli and coworkers reported that the ∼1-
nm gold nanoparticles, which possess large surface areas, showed good catalytic activity in Ullmann
homocoupling reaction of aryl iodides [22]. Dhital and coworkers described the unique catalytic activity of
bimetallic Au/Pd alloy nanoparticles for Ullmann homocoupling of chloroarenes in aqueous media at low
temperature (27–45°C). It is very interesting that there is no reaction when using the monometallic Au:PVP,
Pd:PVP [PVP = poly(N-vinyl-2-pyrrolidone)], or their mixture as catalysts. But surprisingly the
Au0.5Pd0.5:PVP (Au:Pd = 50:50) catalyst exhibited very high catalytic activity [23][24][25].

Oxidative homocoupling reaction of organoboronates
Tsukuda’s group first reported gold nanoparticlecatalyzed oxidative homocoupling reaction of phenylboronic
acid in 2004 [26]. Dhital et al. prepared Au:chitosan particles (2.3 nm) protected by chitosan (β-1,4-linked
poly(d-glucosamine) and investigated the catalytic performance for oxidative homocoupling of arylboronic
acids under acidic conditions (pH 4.57) [27].

In 2012, Wang and coworkers reported that ultrasmall gold nanoparticles (1–4 nm) supported on Mg-Al
mixed oxides (Au/MAO), and the catalyst showed high catalytic performance and good recyclability in
aerobic oxidative homocoupling of phenylboronic acid under base-free conditions [28] Zheng and coworkers
applied the polystyrene-polyamidoamine (PS-PAMAM)-supported gold nanoparticle catalyst for the oxidative
homocoupling of phenylboronic acids[29].

Suzuki cross-coupling reaction
Suzuki cross-coupling reaction, also named as Suzuki Miyaura reaction, is a type of carbon-carbon coupling
of aryl halides with arylboronic acids to produce asymmetric biaryls [30]. In general, the catalyst for Suzuki
cross-coupling reaction is almost dominated by palladium complexes. Han et al. first reported the application
of poly (2-aminothiophenol) (PATP) polymer-stabilized gold nanoparticles for the Suzuki cross-coupling
homocoupling of various arylboronic acids catalyzed by PS-PAMAM-Au NCs [31]. The results have
shown that the catalytic activity of gold nanoparticles decreased with increasing sizes of gold nanoparticles
from 1.0 to 2.0 and 5.0 nm. A thin polymer stabilizing layer on gold nanoparticles was also found to be crucial
in modifying the catalytic activity of nanoparticles [32].
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