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Abstract. Platinum is a transition metal that is very resistant to corrosion. It is used as catalyst for
converting methyl alcohol to formaldehyde, as catalytic converter in cars, for hydrocracking of heavy oils, in
Fuel Cell devices etc. Moreover, Platinum compounds are important ingredient for cancer chemotherapy
drugs. The nano forms of Platinum due to its unique physico-chemical properties that are not found in its
bulk counterpart, has been found to be of great importance in electronics, optoelectronics, enzyme
immobilization etc. The stability of Platinum nanoparticles has supported its use for the development of
efficient and durable proton exchange membrane Fuel Cells. The present review concentrates on the use of
Platinum conjugated with various metal or compounds, to fabricate nanocomposites, to enhance the
efficiency of Platinum nanoparticles. The recent advances in the synthesis methods of different Platinum-
based nanocomposites and their applications in Fuel Cell, sensors, bioimaging, light emitting diode, dye
sensitized solar cell, hydrogen generation and in biosystems has also been discussed.
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1. Introduction

Platinum (Pt) has 78" position in the modern periodic table with atomic weight of 195.084; it is
a soft, dense, malleable, ductile, highly unreactive, precious, gray-white transition metal that is
very resistant to corrosion. It can be found as a free element in alluvial deposits or combined with
other elements. Some of the Pt is produced as a by-product of nickel and copper refining
(Gouldsmith and Wilson 1963).

Pt possesses extraordinary properties which have been exploited for more than half a decade till
now. It is used as a catalyst for various purposes like converting methyl alcohol to formaldehyde,
as catalytic converter-a device found in cars which combines carbon monoxide and unburned fuel
with oxygen to form carbon dioxide and water vapor. It is also used in many petroleum industries
for hydrocracking of heavy oils and in Fuel Cell devices which combine hydrogen and oxygen to
produce energy like electricity. Even in electronic industries Pt has been used in production of
computer hard disks, thermocouples, optical fibers, LCDs etc. The application does not contain
itself to just non-biological things; Pt compounds are important ingredient for cancer
chemotherapy drugs such as cisplatin, carboplatin and oxaliplatin that are neutral Pt (II) complexes
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(Chen et al. 2013). It is also used for making pacemakers and dental filling. However, high cost
and scarcity of Pt in the earth’s crust limit its large scale applications globally.

In recent years attention has been diverted to Nanotechnology, especially use of nanoparticles
because at nanoscale due to the interface that is not observed in the bulk or individual atoms, they
exhibit new and unique properties. Use of nanoparticles of Pt provides increased surface area
available for a reaction and also increases the percentage of platinum atoms available for contact
with molecules involved in the reaction. Thus helping in use of smaller quantity of Pt that comes at
a higher price.

2. Pt nano particles

Materials at nano scale are known to exhibit unique physico-chemical properties that are not
found in its bulk counterpart. Pt NP due to their catalytic and optoelectronic properties are of
interest is regarded as one of the high potential metal nanoparticles (NPs) for many practical
applications (Kim et al. 2008, Hui et al. 2015, Narayanan and Al-sayed 2004, RonenBar-Ziv et al.
2015). Many properties of NP are size and structure dependent. Therefore, synthesis of Pt NP of
desired size and shape is crucial for its applications. For example use of Pt containing films for
enzyme immobilization (Gooding et al. 1998), optical applications (Vestberg et al. 2006) and
catalytic activity (Kreb 1998). Enhanced catalytic activity of PtNPs play an important role in the
reduction of pollutant gases exhausted from automobiles (Li et al. 2009). The size and shape effect
on the catalytic efficiency of Pt NP is anticipated and under investigation, because if equal volume
of element and its corresponding NP are considered, the catalytic activity of the NP would be
much higher as the surface to volume ratio is very large. The stability of Pt NPs is another factor
which is of great importance to the development of efficient and durable proton exchange
membrane Fuel Cells (Dobrzanska-Danikiewicz and Kukowiec 2013, Zhang et al. 2012). The
coalescence of PtNPs is responsible for reduction in the electrochemically active surface area that
reduces cell performance (Hummers and Offman 1958). Furthermore, PtNPs is used widely in the
electronics industry for the manufacture of conductive thick film circuits and internal electrodes of
multilayer ceramic capacitors (Kempegowda et al. 2014). Formic acid and methanol are potential
in the conversions between chemical energy and electric energy as the chemical fuels. Pt-based
electro-catalysts have lowered the chemical barriers for this conversion (Kou et al. 2011). Pt has
been recognized as an invincible catalyst for the electrochemical hydrogen evolution reaction
(HER). Pt shows promising HER activity with very low over potential, small Tafel slope (~30
mVedec™), and high exchange current density (10° Ascm-?) (Zhang et al. 2011). Unfortunately,
the large-scale utilization of Pt catalysts in H,-production electrolyzers is seriously hampered by
its cost and scarcity. Sabatier’s principle suggested (Paola Quaino 2014) a two-step catalytic
reaction, passing through an adsorbed intermediate. This has been used to explain the effect of
catalyst on hydrogen adsorption reaction. It states that adsorption energy can be either too high
(i.e., endothermic process, which would be slow) or too low (i.e., exothermic process where
desorption is slow). It is envisaged that at the equilibrium condition free energy for adsorption
should be close to zero. Sabatier’s concept is not the only method advocated to explain the
hydrogen adsorption/desorption by several catalysts. Trasatti (1972) collected many experimental
data and constructed a volcano curve for hydrogen evolution. During nineteen seventies,
experimental or theoretical data for hydrogen adsorption were not available; hence, Trasatti used
the energy of hydride formation instead. In his historic plot the reaction rate is expressed in terms
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of the exchange current density (which is proportional to the reaction rate at the equilibrium
potential) and is plotted versus the energy of hydride formation (AGy). It is interesting to note that
the ascending part of the curve contains mostly the metals like Ti, Pb, Zn, Cu,Au etc and the
descending part of the curve contains the oxides of W, Mo, Nb Ta etc. Pt, as expected sits at the
top of volcano, because it has lowest exchange current density i.e., at AG,4~0 formation of hydride.
This plot gives information about the free energy required for the formation of hydride or for the
evolution of hydrogen using different catalyst.

3. Platinum nanocomposites

Pt NPs are very promising for many practical applications; however, high cost and scarcity of
Pt limit its large scale applications. To overcome this limitation and still be able to harness the
incredible properties on Pt-NPs, researcher are trying and have, to some extent, been successful in
making nanocomposites, which possess both the properties of individual nano-materials. Even in
small quantities of Pt-NPs, the nano-composite exhibits good practical potential. Bar-Ziv et al.
(2015), showed that methyl radicals react favorably with Pt NP as compared to Au and Ag NP
giving a Pt-(CH3)n. It is reported that the Pt is coated by methyl radicals, which is stable in
aqueous solutions. This experiment is carried out because Methyl and Alkyl radicals are important
intermediates in heterogeneous catalytic processes, in electrochemical and electrocatalytic
processes, CO, reduction etc.

In general terms, nanocomposites are composites in which at least one of the phases shows
dimensions in the nanometer range (Lin et al. 2006). These nanocomposites materials have
emerged as suitable alternatives to overcome limitations of individual NP and micro-composites.
They are reported to be the materials of 21% century as they possess the design uniqueness and
property combinations. Nanocomposites may offer new technology and business opportunities for
all sectors in industry (Liu et al. 2010).

In this review we will be discussing about different types of Pt-based nanocomposites, their
fabrication, application and the future scope of working with such nanocomposites materials along
with some information about its potential use in oil drilling industry.

3.1 Types of Pt nanocomposites

As mentioned above to overcome the limitations due to high cost and scarcity; and still be able
to harness the incredible properties on Pt-NPs, researcher are trying and have, to some extent, been
successful in making nanocomposites which possess both the properties of individual nano-
materials. Even in small quantities of Pt-NPs, the nano-composite exhibits good practical potential.
Pt nanocomposites can be categorized into two groups,

(i) Pt conjugated with Organic material, which contains large number of carbon atoms as either

part of the composite itself or as the substrate and

(ii) Pt conjugated with Inorganic materials (metals or non-metals).

A very brief discussion of fabrication methods and its effect on the structural and functional
properties of the nanocomposites is necessary in order to understand its potential application in
various aspects of science.

3.1.1 Organic compound conjugated Pt nanocomposites
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One of the noticeable advantages of all the organic based Pt nanocomposites is the cost
reduction owning to the use of polymers or carbon based matrix which is comparatively cheaper
than other counterparts. Other advantages are high dispersion, low agglomeration thus better life
and durability and stability. All the properties of Pt, may it be as electrocatalyst for methanol or
formic acid oxidation or scavenging reaction oxygen species or as bio-sensor, are exploited even
though amount is not more than 10%. This increases the potential application of Pt, which would
not have been possible by just using Pt NP due to its scarcity in earth crust. A brief note on
fabrication and features of some efforts on fabricating Pt nanocomposites are given forgoing
sections,

Pt and Carbon Nano Fiber Nanocomposite (Pt/CNF)

Different forms of nano carbons such as Carbon nano fibers (CNF), Carbon nano tubes (CNT),
Graphene, Carbon black and Carbon dots (CD) have been widely used in preparation of Pt
nanocomposites for various applications.

Pt/CNF nanocomposite is fabricated by decomposition of CO on metal catalyst. Pt is deposited
electrochemically onto the CNF. Various microstructures of Carbon Nano Fibers (platelet,
fishbone and tube) have been successfully prepared and used for catalytic degradation of
Methanol. It was concluded that Pt/CNF having plate like microstructure has very good
electrocatalytic property and good stability at room temperature. Both these properties are
attributed to the morphology of CNF which has many edge-active carbon atoms on the surface and
also to the synergistic effects between CNF and Pt NP.

Pt and Carbon Nano Tube Nanocomposite (Pt/CNT)

Pt/CNT nanocomposite was synthesized by depositing Pt on CNT by ultra-sonication and
chemical reduction method for its use as low cost cathode in high potential microbial Fuel Cell.
The performance of Pt/CNT was judged in terms of power density generation in different
concentrations and was found to be better than the cathode comprising of only Pt cathode, which
might have been due to better interaction with oxygen in the cathode chamber and high catalytic
activity of Pt/CNT for oxygen reduction reaction (Halakoo et al. 2015).

Pt, Ruthenium and Carbon Nano Tube Nanocomposite (Pt/Ru/CNT)

In a different approach Pt/Ruthenium was synthesized by supercritical fluid (supercritical CO5)
at very high temperature, pressure condition thus changing the polarities and helping in deposition
onto CNT. This Pt/Ru/CNT Nanocomposite was found to be very efficient electrocatalyst for low-
temperature Fuel Cell application due to the fabrication method (Lin et al. 2006).

Pt and Multi Wall Carbon Nano Tube Nanocomposite (Pt/MWCNT)

Pt/MWCNT has been tried by many for different applications (Fig. 1). Using the same method
as for the Pt/CNT; PUMWCNT was synthesized (Lin et al. 2006). For this purpose MWCNTSs
were synthesized by CVD method and then were functionalized with -COOH, -COH, -CO groups
so as to facilitate the attachment of Pt on to them. TEM, HRTEM and XRD characterization of
MWCNT showed 3-5 nm diam; Pt NPs were coated onto MWCNT in a wt ratio of 5%. These
nanocomposites did not show any tendency to agglomerate. However, they did not report any
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Fig. 1 STEM image of CNT with Pt NP

particular application of PtMWCNT.
Pt and Graphene Nanocomposite (Pt/Graphene)

Pt/Graphene nanocomposite has been tried by many (Zhang et al. 2012) for different purposes
such as from graphene oxide from graphite by modified Hummer’s method and synthesized Pt by
chemical reduction method. For fabrication of Pt/Graphene nanocomposite they used one step
microwave assisted method. This nanocomposite was used for detection of hon-enzymatic H,0,, it
exhibited high sensitivity, good selectivity, wide linear range and low detection limit for
amperometric detection of H,0,.

In another attempt (Kempegowda et al. 2014) Pt/Graphene nanocomposite was synthesized for
sensing arsenic at nanomolar level. Graphene was synthesized by exfoliation of graphite following
Hummers method. Graphene was then chemically modified with Pt by reflux method. This
nanocomposite was used as electrode which was quite stable and was used for repetitive analysis.
It could detect very low amount of Arsenic in water. The reason was attributed to the superior
electrocatalytic activity of Pt NP present on graphene layers.

Pt, Indium Tin Oxide and Graphene Nanocomposite (Pt /ITO/Graphene)

Pt has been subjected to formation of triple-nanocomposites also to enhance its performance
(Kou et al. 2011). Fabrication of Pt/Graphene/ITO nanocomposite was done step wise, first ITO
nanocrystals were directly synthesized on to the graphene sheet and then Pt NP were deposited on
graphene-ITO hybrid by thermal method. Pt NPs were found to be more stable in this composite
form. The further DFT calculations suggested that the defects and the functional groups on
graphene also contributed to stabilizing the nanocomposite catalyst When Pt/Graphene/ITO was
tested for oxygen reduction potential applications in polymer electrolyte membrane Fuel Cell; it
enhance the activity as well as stability.

Pt, Gold and Graphene Nanocomposite (Pt /Au/Graphene)
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Zhang et al. (2011) presented a facile approach to synthesize ~5 nm PtAu alloy NP, in presence
of sodium citrate and using poly (diallyldimethylammonium chloride) (PDDA) uniformly
dispersed on graphene. According to them PDDA not only acted as “nanoreactors” for synthesis of
PtAu alloy NP but also helped in uniform loading of PtAu on graphene. They have tested
PtAu/Graphene nanocomposite for successful electrocatalytic oxidation of formic acid, thus
suggesting it to be a promising anode electrocatalyst for direct formic acid Fuel Cell. Similar test
was done (20) using Pt/Gold/PDDA-Graphene (Pt/Gold/PDDA-G).

Pt, Tin Oxide and Carbon (Pt/ SnO,/C)

In the previous paragraphs it is mentioned that Pt based NP supported on various forms of
carbon such as CNF, CNT, Graphene etc are used for Fuel Cell catalysis. Efforts are on to further
improvise it because such electro-catalysts suffer from the limited electrochemical durability due
to inadequate resistance-corrosion of carbon materials (Liu et al. 2010). Pt/Tin/Carbon
nanocomposite as electrocatalyst was fabricated by Zhang et al. (2014) for reduction of oxygen,
which showed improved stability and activity. The process involved synthesis of nanocomposite
of SnO,/Carbon by reflux method. Rather than using nano forms of carbon (CNT, CNF or
graphene) they used Vulcan XC-72 carbon black. Then Pt NPs were deposited onto SnO,/C
nanocomposite. Specific activity of this triple junction nanocatalyst towards oxygen reduction
reaction and its electrochemical stability was 2.3 times and twice as compared to other
counterparts respectively. This enhanced catalytic activity was attributed by them to three factors
(i) electronic effect between Pt and SnO, that enabled the increased intrinsic activity of Pt, (ii)
repulsion between OH on Pt active sites and on SnO, surface, can effectively weaken Pt-O bond,
and promote ORR Kkinetics and (iii) carbon at Pt/SnO,/C triple junction can provide effective
electron transfer path. Moreover, enhanced stability was due to simultaneous effective anchoring
by SnO, NP and carbon.

Pt, TiO, and Carbon Black (Pt/C-Black/ TiO,)

Almost similar attempt was made by Sambandam et al. (2009) to get superior stability against
corrosion under anodic polarization conditions as Fuel Cell electrocatalyst. However, instead of
SnO, they attached TiO, NP. The fabrication was done chemically in a UV-photo-reactor with
inert atmosphere.

Pt-Tungsten Trioxide and Carbon Black Nanocomposite (Pt/WQ3/C)

Fabrication was done in 3 steps. First WOz was prepared by hydrolysis of tungsten hexachloride
(WClg) in dimethylfomamide (DMF) and then were adsorbed onto carbon black to get WO,/C
nanocomposite. Pt NP synthesized separately was annealed along with WO/C nanocomposite at
high temperature so as to decorate Pt NP on the WO3/C nanocomposite. This composite was tested
for its methanol oxidation reaction, which was found to be very high and CO tolerant (Lin et al.
2014).

Pt-Quantum Dot Nanocomposite (Pt-e QD)

Attempts have been made (Lee et al. 2014) to synthesize quantum dot-Pt conjugate, by linking
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QD to magnetic nano particle using DNA interaction with metal coordination bonding. Fabrication
of Pt and QD was done separately and conjugation was done using linkers. QD-Pt complex was
attached to the guanine residue in DNA. They have shown potential of application of QD-Pt(;;) in
staining chromosome and fluorescence in situ hybridization (FISH) , thus being feasible for bio-
sensing.

3.1.2 Polymer conjugated Pt nanocomposites

Polymers that have been tried for conjugation with Pt to enhance its activity includes Chitosan,
Dendrimer, HIV-1-TAT, Poly (n-vinylcarbazole) (PNVC), Poly (o-Anisidine) (POA), Polyaniline,
Polydopamine, Polymethylmethacrylate (PMMA), Polypyrrole and Saponin.

Chitosan Conjugated Pt Nanocomposites (Pt-CS)

Chitosan (CS) a linear polysaccharide composed of randomly distributed p-linked D-
glucosamine and N-acetyl-D-glucosamine; is a strong chelating agent for metals. It has been used
(Santos et al. 2004, Esumi et al. 2003) for stabilization of metal NP. That is why it is useful in
developing sensors (Ou et al. 2007, Huang and Yang 2003). Moreover, synthesis of Pt-CS is a
rather simple process; Pt NP is synthesized from Pt tetrachloride by reducing it with NaBH,
(sodium borohydrate) in presence of CS to get Pt-CS nanocomposites, where CS molecules were
adsorbed on the surface of Pt NP. In another method (Zhu and Ding 2013), Pt-CS composite was
synthesized using one step synthesis method by electrodeposition and used as sensor for
determining the nitrite.

Pt Dendrimer and Gold Nanocomposite

Dendrimers are highly branched spherical molecules of various polymers. They are synthetic
polymer. All branches of a dendrimer are facing away from the core. The ends of branches have
functional groups. They are different from other linear or branched polymers in their intrinsic
viscosity, solubility, poly-valency and reactivity. That is why they are being used as a nano-
container for encapsulating metal NP and medicinal drugs, as vector for genetic material, solubility
enhancer, and even as a catalyst for chemical reactions. Pt encapsulated in carboxyl-terminated
generation 4.5 PAMAM Dendrimer nanocomposite deposited on gold (used as electrode) surface
through a self-assembled Cysteamine monolayer was fabricated (Sripada et al. 2007) and used for
electrolysis. Pt/D is fabricated by chemical reduction method then coatled on gold. Coating is done
by covalent bonding of dendrimer on cysteamine functionalized gold surface. Novel linking
strategy with affordable robust electrochemically active and catalytic thin films makes it a viable
proposition.

Pt HIV-1-TAT Nanocomposite

TAT is a Human Immunodeficiency Virus (HIV) protein. It is transcriptional activator of HIV
(Sakaue et al. 2010) and it was observed that Pt NP functionalized with a TAT fusion protein was
internalized in both cytosol and mitochondria, where they exerted NADH oxidase activity. They
concluded that this nanocomposite with the help of peptides has been envisaged to have a potential
application in medicine (i) to improve symptoms caused by mitochondrial complex | defects and
(ii) active targeting of this composite to mitochondrial matrix and/or inner membrane will be



136 Madhuri Sharon, Isaac Nandgavkar and Maheshwar Sharon

0
B S CuSOy4
tl —> — e
; Polymerisation
3 electrochemically
(g}
g penetrated
2. electrode
a
POA POA/pCPE nano Nano-
CEE P CwPOA/pCPE  Pt-CulPOA/pCPE

Fig. 2 Steps in preparation of Pt/POA/pCPE composite as mentioned above Polyaniline conjugated Pt NP

helpful in further development of its potency. They used a short peptide (DRTSTWR), which is
known to have high affinity to Pt (Sarikaya et al. 2003) and a fusion peptide to conjugate the
components to fabricate the nanocomposite.

Poly (n-vinylcarbazole) (PNVC) conjugated Pt NP

Polymers having specific properties such as = conjugated polymers that have high electrical
conductivity and redox potential have been used to encapsulate inorganic NP for various
applications ranging from batteries to light emitting devices (Zhou et al. 2010). Poly (n-
vinylcarbazole) (PNVC) belongs to this family of specialty polymer. It was also fabricated by
simple polymerization and redox reaction (Olujinmi et al. 2011), which exhibited Pt incorporation
into the polymer matrix that had improved thermal stability. This fabrication technique did not
require any oxidant because Pt metal precursor (H,PtClg) served as both oxidizer for
polymerization and as a source of Pt that was encapsulated in PNVC.

Poly(o-Anisidine)(POA) conjugated Pt NP (Pt-Cu-POA) on Carbon Paste

Hosseini et al. (2015) for the first time did electropolymerization of POA on the carbon paste
electrode without using any additive and template. They have fabricated Cu-POA composite on to
electrochemically pretreated carbon paste electrode. Fabrication of Pt NP was done by first
electrochemical reduction then galvanic replacement reaction between (PtClg)* and Cu NP. They
have reported it to be a cheap and simple method with satisfactory methanol oxidation results. The
POA film on carbon paste electrode showed high porosity with good stability. The procedure can
be depicted as shown in Fig. 2.

Polyaniline is a conducting polymer. It is formed from the polymerization of aniline monomers.
In another recent attempt Polyaniline-Pt nanocomposite having spherical and one dimensional
morphology was prepared (Dutt and Siril 2015). Fabrication was done by micro-emulsion method.
For fabrication of this composite they used swollen liquid crystals as soft template. The advantage
of this method was that they could control the morphology by tuning the mode of mixing of
reactant and soft liquid crystal. In this composite Pt NP were embedded in polyaniline matrix.

Saponin conjugated Pt NP
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Saponin conjugated Pt NP synthesis was reported by Kim et al. in BMB Reports, for its use as
a treatment for contact hypersensitivity. It is a well-known fact that search for antioxidant to
scavenge reactive oxidant species, produced during metabolic disorders such as inflammatory
diseases, ageing, cancer etc. has led to discovery of use of metal like Pt. Pt complexes are powerful
antioxidant. One of the most common drug used for treatment of cancer is Cisplatin (Cis-
diamminedichloro-Pt(11)).The Saponin-Pt conjugate was prepared by ethanol reduction of
hydrogen hexachloroplatinate (H,PtClg). NaBH, was used as reducing agent. All the assays
conclude that this nano-conjugate is more efficient in scavenging reactive oxygen species.

Pt-Polydopamine @SiO, Nanocomposite
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A glassy carbon electrode modified by Pt- Polydopamine @SiO, nanocomposite is prepared
Manokaran et al. (2015) for electrochemical detection of Quercetin a flavinol found in many fruits,
vegetables and grains. This preparation was done by polymerizing dopamine on SiO, and then
loading Pt NP using NaBH, as reducing agent. Silica was synthesized by sol-gel method and
further fabrication of nanocomposite was done using chemical reaction method. This Pt-
Polydopamine@SiO, modified glassy carbon electrode showed very good selectivity
(6.46pA/uM) to Quercetin due to its high synergistic effect, excellent reproducibility and stability.

Polypyrrole- Pt NP Multilayer Nanocomposite on ITO

In this novel approach to develop a impedimetric sensor to detect total cholesterol, a
Polypyrrole- Pt NP multilayer nanocomposite on ITO electrode is developed by Chauhan et al.
(2013). Fabrication was done by electropolymerization reaction and chronopotentiometry
technique. Pt NPs were deposited between two pyrrole layers on indium tin oxide (ITO) glass
plates, by electrochemical process. Thus, preparing a highly electro-active surface area and
favorable micro-environment for immobilization of cholesterol esterase enzyme. Impedimetric
studies showed excellent performance in terms of linearity (2.5x10™ to 6.5x10°M/l), sensitivity
(196Q/mM/cm?), detection limit (2.5x10*M/I), response time (25 sec), reproducibility and shelf
life. This was due to the presence of Pt NP along with polypyrrole. This paper has presented a
novel fabrication process and measurement technique, with reusability and minimum interference.

3.1.3 Inorganic material conjugated Pt nanocomposites
Pt/TiO, Nanocomposite

In an attempt to develop hydrogen production method from water Roy et al. (2015) have
demonstrated successful use of Pt/TiO, nanocomposite as catalyst; because, both the components
have exhibited synergistic effect in increasing the hydrogen evolution reaction. Hydrothermal
method was used for both synthesis and fabrication of NPs and nanocomposites respectively. Pt
NP were then deposited onto faceted TiO,.

Pt/SiO, Nanocomposite

In another effort (Zidki et al. 2014) nano silica was used as a support for Pt NP for catalytic
reduction of water. Pt NP alone do not catalyze water that is why many have tried to conjugate it
with different inorganic material. Moreover, SiO,, which is also an inert support, has expressed
very positive effect when conjugated with Pt.

Pt/Fe,O; Nanocomposite

Pt/Fe,O3; nanocomposite is used to sense the hydrogen sensing properties of Pt (Pt) and Pt-iron
(PtsFe) alloy NP decorated nitrogen doped graphene (Sripada et al. 2015). To synthesize this
complex nanocomposite they first coated graphene with the nitrogen anionic polyelectrolyte
followed by the pyrolysis in inert atmosphere, this process incorporated the nitrogen functional
groups within the graphene matrix. Then the Pt and PtsFe NP were decorated on nitrogen-doped
graphene (NG) by modified polyol reduction technique.
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Pt/MoS, Nanocomposite

Though use of ball milling is not very popular method for synthesizing nanocomposites, this
technique was used (Lalande et al. 2000). Pt powder with powders of MoO, and MoOswas ball
milled to synthesize CO-tolerant nanocomposite anode electrocatalyst for polymer electrolyte
membrane Fuel Cells. They have shown that the ball milled Mo Oxides decompose into Mo based
species and are leached away during lixiviation step. Their XPS analysis indicated that the Mo
remains in the catalysts.

4. Various applications of Pt nanocomposites

In above paragraphs, we had a cursory glance at various Pt nanocomposites. These entire
nanocomposites are specifically synthesized for a particular application. These nanocomposites
have found applications as catalyst for chemical reactions, as catalytic converter in automobile
industries, in oil/petroleum industries for hydrocracking of heavy oils, various nanocomposites are
used in different types of Fuel Cell devices, which combine hydrogen and oxygen to produce
energy like electricity, in electronic industries for production of computer hard disks,
thermocouples, optical fibers, LCDs, as chemotherapeutic drugs for cancer treatment, Pt is used to
make pacemakers and for dental filling.

4.1 Application of Pt composite in energy

Energy requirement of 21% century has increased many fold than what is produced to-day. It is
also very certain that requirement of energy cannot be met by the fossil fuels as they are depleting
very fast. Thus scientists are searching for some renewable sources of energy and amongst them;
solar energy and hydrogen energy seems to take prominent place in the energy the requirements.
In this article since we are concerned mainly with the application of Pt, hence, we shall restrict our
discussions with those areas of energy where Pt and its composites are expected to give the answer
to the problems. Some of the sources in Fuel Cells which are being considered are, Fuel Cell
operating with hydrogen/oxygen, methanol, formic acid etc. Dye sensitized solar cell (DSSC) also
utilizes electrocatalyst to initiate electrochemical reaction. Pt composites are finding some utilities
in DSSC also. In the forgoing section we shall therefore, restrict our discussions on application of
Pt composite on Fuel Cells operating with methanol, hydrogen and formic acid and its application
in solar energy.

4.1.1 DMFC fuel cell (FC)

In a FC there are basically two electrodes, one at which oxidation of fuel like methanol takes
place and the other electrode where reduction of oxygen takes place. The cell can be operated
either in acidic or alkaline media. The basic reactions which occur with methanol FC at the two
electrodes in acidic/alkaline media are,

Anode, CH3OH + H,0 = CO, + 6H" +6¢” (1)

Cathode, 3/2 O, + 6H" + 6e'> 3H,0 2
And in alkaline media,
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Anode, CH;0H + 60H" - 5H,0 + 6e + CO, 3

Cathode, 3/2 O, + 3H,0 + 6e > 60H" 4)

In DMFC, a three body reaction takes place. At the anode, methanol in presence of water (or
hydroxide ions) is oxidized to give CO, (Egs. (1) and (3)). The electrode must be able to allow the
diffusion of methanol into the pores of the anode electrode where water or hydroxide ion should
also get diffuse to facilitate the reaction. These two species must come in contact with some
electro-catalyst. After the completion of the reaction the site at which these reactions have taken
place should be able to expel CO, out of the system. In addition, the electrode must be a good
conductor of electricity to allow electron to move to the cathode. The pores of electrode should
also be such that it does not allow water to fill all the pores, because if that happens then the
system will be short circuited.

Similar is the situation at the cathode. Oxygen should be able to diffuse (Egs. (2) and (4)) into
the cathode where H* ion or H,O should also be able to diffuse and after the completion of
reaction, water or hydroxide ion must diffuse out into the system. This poses a condition that water
should not diffuse from the system to the electrode, which means the cathode should be
hydrophobic in nature.

Unless these basic requirements are met, the efficiency of the entire process would be poor.
Since the reactions are facilitated by the electro-catalyst, the morphology of the catalyst material
should be such that it can permit ions to come near its site and at the same time should be able to
prevent other electrolyte to diffuse into it. These requirements demands that electro-catalyst should
have large surface area, large pore size, pores should be hydrophobic in nature and should be able
to help the specific reaction to take place at its site. Catalyst should be stable in acidic media (if FC
is to work in acidic media) or in alkaline media (if cell has to operate in alkaline media).

Pt is preferred as an electrode in such type of FC because it helps in dissociative adsorption of
fuels like methanol, formic acid. However, there are few major drawbacks in using Pt either as an
anode or cathode. Some of them are enumerated here; (i) poor utilization of Pt surface specially
with bigger particles, (ii) with methanol or formic acid, Pt is poisoned very easily with a byproduct
formed during the oxidation process (Eg. (5)), which makes the efficiency of the process low and
(iii) high cost of Pt makes such Fuel Cell unaffordable for terrestrial application.

Several efforts have been made to overcome these difficulties namely (i) an alloy of nano size
Pt particles and non-noble metal is made to reduce the quantity of Pt (ii) the alloy of Pt/metal is
dispersed over materials which has large surface area and pore size as well as hydrophobic.

In this review it would be difficult to mention all types of nano-Pt alloy with different type of
carbon nanomaterials. Hence, efforts are made to discuss few systems to explain the intricacy of
the process.

Scientists are engaged in searching for non-noble metals which are stable at the operating
potential, and are as good as Pt or palladium. Nano size Pt has also been tried and observed that
most appropriate particle size for Pt-based electro-catalysts is in the range of 2-4 nm (Zhou et al.
2003, Arenz et al. 2005, Bonneman and Richards 2010).

Unfortunately no metals so far have been found to meet these requirements. As a compromise,
scientists are searching for a composite of nano size Pt with other metals like Sc, Y, Cr, Mn, Fe,
Co, Ni, Cu, Ir, Ru, Rh, Pd, Au, MoS,, WO?C, Cu/poly (o-Anisidine) etc. In order to induce a
hydrophobic character and to increase the surface area and pore size along with nano-Pt/metal
alloy, carbon nano materials like activated carbon, carbon black, graphitized carbon black, carbon



Platinum nanocomposites and its applications: A review 141

nanofibers, bamboo-shaped carbon nano fiber arrays (CNFAs), CNTSs, graphene, functionalized
graphene, GNS-wrapped MWCNT, etc have been used. Poisoning of Pt electrode due to CO
formation has been prevented by making the alloy of nano-Pt/C with Ru, Pd, Au, PtSn, Pt-TiO,,
Pt-WQO;. But some more research is needed to confirm their application for developing terrestrial
Fuel Cell (Lin et al. 2014, Zhou et al. 2003, Arenz et al. 2005, Bonneman and Richards 2010,
Wang et al. 2004).

It has been demonstrated by Sripada et al. (2007) that immobilizing dendrimer-encapsulated Pt
NP onto an electrode surface by linking it through a cysteamine monolayer on a gold electrode is
useful as electrocatalyst activity for the oxidation of organic fuels like methanol, ethanol and
ethylene glycol.

Unfortunately, till date no suitable economical and highly efficient Pt composites have been
found, which could give efficiency as high as Pt and affordable cost. As a result search for such
requirements is going on. Fortunately it has been established that composite of Pt-metal alloy with
carbon materials does show a better performance than pure Pt-carbon composite or Pt-alloy. It is
also observed that process of synthesis does affect the efficiency of the electro-catalyst. It is hoped
that one day scientists will come up with a suitable synthesis process and composition of Pt (using
very less amount of Pt) with carbon and a metal, which will be stable in either acidic or alkaline
media and will be of affordable for terrestrial application (Li et al. 2009, Lin et al. 20086,
Sambandam et al. 2009, Hossieni et al. 2015, Lalande et al. 2000, Awasthi et al. 2014).

We have not discussed the reduction of oxygen separately, which are the essential part of
cathodic reaction of Fuel Cell, mainly because Pt-alloy with carbon composite have also been
found to be useful as cathode (Seifitokaldani and Savadogo 2015, Kaewsai et al. 2016, Diloyan et
al. 2012, Narayanmoorthy et al. 2014).

Recently application of nano size Pt grown over nano size graphene quantum dot of an average
size of 2.79 nm as a cathode for the oxygen reduction process is reported by Yang et al. (2013),
which suggests that the Pt/G quantum dot catalyst could reduce oxygen at 1.05V, that is 70 mV
more positive than Pt/C electrode. The activity of Pt/G quantum dot showed nine times higher
specific activity.

4.1.2 Formic acid fuel cell
Formic acid oxidation, like methanol oxidation on Pt follows dual pathways (Maiyalagan et al.
2014).

Direct dehydrogenation producing CO,
HCOOH - HCOOads + H" + e (5)
HCOOads > CO,+H " +e

Dehydrogenation generating CO
HCOOH >CO + H20 > CO, + 2H+ + 2¢ ©)

Electrocatalyst has to be developed such that it either does not produce CO which can poison
electrocatalyst and hence reduce the efficiency of formic acid oxidation processor or the difference
in the window for CO, and CO formation are large so that Fuel Cell could be operated at the
desired potential without poisoning the catalyst.

Fuel Cell with formic acid has been kept on a low gear because of this fact that most of catalyst
get poisoned by CO gas. Some electrocatalyst are developed, which do not either get poisoned or
suppresses the formation of CO. We enumerate few examples of such catalysts to explain the
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intricacy of the oxidation process. Nanocomposite materials of the Au NP (Au/PDDA-G) and the
bimetallic PtAu NP on poly-(diallyldimethylammonium chloride) (PDDA)-modified graphene
sheets (PtAu/PDDA-G) are used for the oxidation of formic acid (Yung et al. 2015). A high
electrocatalytic activity toward formic acid oxidation has been observed by using Graphene
Decorated with PtAu Alloy NP (Zhang et al. 2011). They reported that this material needs low
over potential of 170 as compare to Pt/C of 300 mV. Addition of graphene to Pt complex reduces
the formation of CO and hence poisoning of electrode is minimized. Suppression of CO formation
is believed to be due to strong interaction between graphene and NP of PtAu alloy.

Pt-Cu/P5CN/GC was used as catalysts for oxidation of both methanol as well as for formic acid
in acidic media and observed the formation of CO took place at 350 mV more positive to that
potential for direct formic acid oxidation to CO; (Li et al. 2015). This suggests that this composite
is better than graphene Pt/Au nanocomposite investigated earlier (Zhang et al. 2011), which give a
window difference of only 130 mV as compared to 350 mV. It is suggested that highest
electrocatalytic activity for methanol and formic acid oxidation is due to the following factors, (i)
P5CN provides an excellent electron and proton conducting polymer pores (ii) help in dispersing
Pt/Cu nano clusters on its surface and (iii) the facile shuttle of electronic charges, and large surface
area of Pt-Cu nano clusters, exposes the active sites of Pt for showing better catalytic performance.
Since the reduction process of oxygen is well established there are some efforts made for such
process (Li et al. 2015, Zheng et al. 2015, 2016, Puthusseri and Ramaprabhu 2016, Oh 2014).

It has also been reported that nanosized Pt/alloy with carbon materials are equally useful for
oxygen reduction process (Sui et al. 2013). Pt NP impregnated on GNF-DNA composite (Pt/GNF-
DNA\) is observed to give high electro catalytic activity for oxygen reduction reaction (ORR).
Fibrous structure of GNF and its effective functionalization process via z-z interaction is believed
to give better electroactivity for oxygen reduction process (Wang et al. 2016).

Recently a new Pt-free alkaline direct formate Fuel Cell is developed (Huang et al. 2016). This
cell consists of commercial anion exchange membrane, a nano-structured Pd/C anode and a Fe-
Co/C cathode. The cell can operate at room temperature as well as at 60°C. Energy efficiency is
with high energy density fuel (4 M KCOOH and 4 M KOH). It is suggested that this can be a new
alkaline Pt-free DFFC technology for portable electronic devices laptop, and for remote area
power generation. It is suggested that a fuel load with 750 ml in a DFFC device operating at 60°C
would be able to produce 90 W h of energy.

Simultaneously a highly dispersed PtCu/C catalyst on a carbon as a precursor is also developed
(Huang et al. 2016), which showed that the method of preparation of this material has effect on its
catalytic property. It is suggested that the method of preparation has effect on surface area of the
material. PtCu/C as compared to commercial Pt/C is 2.5 times more effective in the oxidation of
formic acid. It is also suggested that it is less poisoned with CO formation.

Pt NP (3 nm) dispersed in CNT at a room-temperature in an ethylene glycol/water mixed
solvent (Zheng et al. 2016) exhibited excellent methanol oxidation and oxygen reduction
activities.

4.1.3 Dye sensitized solar cell (DSSC)

In spite of the fact that efficiency of DSSC solar cell has been achieved in the laboratory to the
extent of 12%, this type of cell did not get commercial popularity. The main hurdle in making such
commercially viable cells is the stability problem of organic dyes and polymer under the UV
component of the solar rays. Scientists are making efforts to find a solution to this problem by
searching for Pt based composite. In developing organic photovoltaics, Liao et al. synthesized two
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organometallic alternating conjugated polymers, (i) TPT-TPyPt and TPT-TIgPt, consisting of
indacenodithiophene (thiophene/phenylene/thiophene; TPT) and (ii) cyclometalated Pt (II)
moieties. They compared their photovoltaic properties and reported that the absorption bands of
the metal-based polymers significantly shifted to red as compared metal free polymers. They
fabricated electrode for OPVs by incorporating blends of these polymers and (6,6)-phenyl-C;-
butyric acid methyl ester and obtained a power conversion efficiency of 2.9% with short-circuit
current of 7.7 mA/cm? and open circuit potential of 0.78 V (Liao et al. 2013). Six new solution
process with Pt (I1) acetylide donor-acceptor (D-A) triads end-capped by 4,7-di-2-thienyl-2,1,3-
benzothiadiazole (DTBT) have been synthesized. These materials show absorption in 400 and
700 nm. An organic photovoltaic cell was developed showing efficiency of 1.46% with the open-
circuit voltage (Vo) of 0.70 V, short-circuit current density (Js;) of 6.17 mA cm™ (Liu et al. 20186,
Zhan et al. 2011, Li et al. 2011).

The effects of size of carbon black—supported Pt NP (CB/PtNPs) on the reduction of triiodide
ions (I37) in a dye sensitized solar cell were observed by Yeh et al. (2015) and they reported that
4nm size gave the best electrocatalytic effect.

4.2 Application of Pt-nanocomposites as sensor

Sensors are required to detect the presence of toxic chemicals, sugar level in blood/urine,
cholesterol level, Quercetin level in blood, H,O,, Nitrite, CO, laughing gas etc. Sensors should
also be economical as well as detect the chemicals to its lowest concentration and quickly.
Unfortunately for each type of requirements, specific type of sensors is developed. The basic
principle on which sensors work is the exploitation of the chemical properties of materials to be
detected and physical changes occurring with sensing material, which causes a specific change in
the characteristic properties of sensing material. For example, when the material is adsorbed on the
sensing material, it changes its electrical resistance. Thus it may be possible to establish a
relationship between the resistance and the quantity of material adsorbed on the sensing material.
In some cases, it is possible to quantitatively measure the magnitude of the anodic or cathodic
current produced when sensor on to which material in question is adsorbed and is put under some
specific d.c. potential. This technique is known as cyclic voltametery or chronopotentiometry. If
material to be detected fluoresces under some specific light, then by measuring the magnitude of
fluorescence peak, the quantity of material adsorbed on the sensor is detected. Like this there are
many physical properties which are measured and material present on the sensor is detected.

Research is done to find out physical properties of the material in question which should be
measured and which gives the satisfactory change with the least amount of the material. Therefore,
the sensors have three following components, (i) base substrate over which the sensor is kept, (ii)
carbon material, which is inactive but has large surface area so that material in question can be
adsorbed in large quantity and (iii) finally the active electrocatalyst kept over the these materials
that can show large variation in its physical properties by adsorbing least amount of material in
question.

Noble metal NP especially Pt nanoparticle-attached surfaces has been utilized as a sensor
materials for many chemicals such as hydrogen peroxide, nitrite, arsenic etc owing to their
extraordinary catalytic activities. Several analytical techniques like spectrophotometry,
chemiluminescence, cyclic voltammetry, amperometric technique have been utilized to measure
the presence of material in the solution. Enzyme- and non-enzymatic based electrochemical
sensors have also drawn interest to detect material due to their high sensitivity and fast response
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Table 1 Pt nanocomposites used as sensors for different materials and their sensitivity
DETECTION

COMPOSITION OF SENSOR TO DETECT REFERENCE
LIMIT (uM)
Se/Pt nanocomposites H,0, 3.1 Li et al. (2010)
Pt NP/ordered mesoporous carbon hanocomposite H,0, 1.2 Bo et al. (2010)
Pt nanoparticle-loaded carbon nanofiber electrode H,0, 0.6 Liu et al. (2011)
Pt/polypyrrole hybrid hollow microspheres H,0, 1.2 B'(azr(l)%?l'
. Evans et al.
Mesoporous Pt Microelectrodes H,0, 4.5 (2002)
. Zhang et al.
Pt/graphene nanocomposite H,0, 0.8 (2011)
Pt-chitosan nanocomposite over glassy carbon Nitrite 1.5x10"'M Zhu et al. (2013)
i . . Kempegowda et
Graphene-Pt nanocomposite Arsenic 1.1 nM al. (2014)
Pt- polydopamine @SiO, nanocomposite Quercetin 16 nM Mano(l;grlaget al.
Polypyrrole and Pt Nanopar_tlcle Multi-Layer Cholesterol 2 5x10°* Ml Chauhan et al.
Nanocomposite (2013)

Gold electrode ornamented by chitosan-Pt NP (CS-

. -8 .
PtNPs) and grapheme-gold NP (GR-AuNPs) Erythromycin 2.3x10" mol./L Lianetal. (2012)

Sripada et al.

Pt-Fe alloy NP dispersed N-doped graphene Hydrogen Very good (2015)

time. Pt based composite substituted over graphene sheet has also attracted scientists to use it as a
sensor. Graphene provide large surface area for the adsorption. Thus over graphene sheet the
material to be detected can be deposited and detected.

Pt seems to be best electrocatalyst because it is inert and stable both in acidic and alkaline
media. It would be very expensive if Pt metal is used for the purpose. Hence, nano Pt powder or a
composite of Pt NP is deposited over carbon nanomaterials (CNF or CNT) and this is deposited
over some electrode like glassy carbon electrode (Table 1). In this way small quantity of Pt is used
for this purpose and carbon nanomaterials provide large surface area for the adsorption of material
in question. Scientists are trying to find out specific type of Pt composite that is suitable for the
specific requirement. Some examples of such sensors are discussed in the foregoing section and
are given in Table 1.

There are few sensors like Pt NP/graphene nanosheet composites for sensing H,O,, Pt/ionic
liquid/graphene nanocomposite for ascorbic acid and dopamine (Li et al. 2010) and graphene-Pt
nanoparticle hybrid material as cholesterol biosensor (Li et al. 2010; Dey and Raj 2010), which are
getting popularity for detecting smaller quantity of materials (Dey and Raj 2010) Graphene oxide-
PtNP composite has been used to detect the presence of arsenic in drinking water (Kempegowda et
al. 2014).

Quercetin is a flavonoid that occurs in plant extract. This has antioxidant, antibacterial, anti-
inflammatory and antitumor properties. This is used to prevent cancer, heart related diseases. Its
determination is essential for human health and is detected in urine and blood. Pt supported
polydopamine coated silica nanoparticle was used to detect Quercetin. Cyclic voltammetry was
used to detect its presence to the limit of 16nM (Manokaran et al. 2015). Human serum contain
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free and esterified cholesterol. It is important to determine its concentration in the blood to make
any diagnosis related to heart disease, myocardial infarction and arteriosclerosis. Graphene/Pt
NP/nafion nanocomposite modified electrode is developed to detect metoprolol (MTP) in nano
molar amounts (Engin Er et al. 2016).

A gold electrode ornamented by chitosan-Pt NP (CS-PtNPs) and grapheme-gold NP (GR-
AUNPs) nanocomposites is developed (Lian et al. 2012) for the determination of a drug
erythromycin. The detection limit was 2.3x10® mol/L. The sensor had high selectivity, good
stability and reproducibility. Reduced graphene oxide-carboxymethyl cellulose layered with Pt
NP/PAMAM dendrimer/magnetic NP hybrids is used for the detection of xanthine in the 50 nM-
12 uM range. This biosensor showed high reproducibility and repeatability when used for
detecting xanthine in fish samples (Boryana et al. 2016).

A temperature and pressure sensing Pt complex is developed by lijima and Sakaue (2012).
They used Pressure- and temperature-sensitive paint (two-color PSP) using a luminescent polymer
of  poly(1-(trimethylsilyl)phenyl-2-phenylacetylene) (PTMST)  and Pt(I)  tetrakis
(pentafluorophenyl) porphyrin (PtTFPP). This polymer uses poly(1-trimethylsilyl-1-propyne)
based polymer for this purpose. Time response is of the order of 10 ms.

It is reported (Sripada et al. 2015, Kamrul et al. 2016) that PtsFe/NG NPs composite and
(Pt/Pd-ZnO NRs) shows high performance as hydrogen sensor at room temperature.

When nanocomposites of ethylene glycol protected Pt NP (1-2 nm size) onto different types of
carbon nano materials (CNF, activated carbon, MWCNT) was dispersed and evaluated their
utilities as non-enzymatic glucose sensing material. They observed sensitivity 1.07, 1.10 and
0.52 uA mM" ¢cm? for Pt-C, Pt-MWCNT and Pt-CNF respectively (Rathod et al. 2010).

Some efforts were made Engin et al. (2013) to develop Pt composite with Zr and Hf, which can
act as a chemical sensor at high temperature and harsh atmosphere.

Haridas et al. (2011) developed rf sputtered SnO, thin film (90 nm) with uniformly distributed
Pt catalyst cluster for the detection of LPG. It can detect 200 ppm of LPG using 10 mm thick film.
Stegmeier et al. (2010a and 2010b) have reported Pt composite with Ga,O3 for detecting volatile
organic compounds. It is suggested that due to the adsorption of organic chemicals there is an
appreciable change in the resistance of the film, which can be calibrated for the quantitative
evaluation of the chemical. This sensor can detect aldehyde, alcohols, esters, ketones, and
hydrocarbons as well as toxic CO.

Polyaryl films grafted on Pt electrodes via the electrochemical reduction of diazonium
tetrafluoroborates as blocking layers, can be used as glucose biosensors (Raicopo et al. 2016).

An efficient non-enzymatic biosensor electrode with a detection limit of
0.05 mg ml‘comprising of nitrogen-doped graphene (N-graphene) and Pt nano-flower (Pt NF)
were fabricated on indium tin oxide (ITO) glass for detection of hydrogen peroxide (H,O,)
(Tajabadi et al. 2016, Siriviriyanum et al. 2013).

Polyvinylferrocenium based Pt composite was used for lysine detection, the response time of
sensors was less than 30 s. Detection limit was in the range of 6.5x107* and 5.0x10™* mM. The
biosensor was able to determine lysine in pharmaceutical samples (Zeki et al. 2011).

Likewise nanosize Pt with different polymers and carbon composite has been used for the
detection of xanthine, glucose, cholesterol, DNA etc. (Zeki et al. 2011, Kang et al. 2008, Tsai et
al. 2008, Ferreira et al. 2011, Lu et al. 2008). Table 1 gives some of the nano-Pt composites which
have been used as a sensor for detection of different materials.

4.3 Nano Pt composites for production of hydrogen
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Dwindling availability of petrol and diesel has attracted scientist to develop hydrogen based
technology. Though several applications have been developed for the hydrogen, but major
limitation in hydrogen based technology is the availability of this gas. Moreover, it is also
observed that amount of energy used to electrolyze water is (~1.6V) which is more than what one
would get by burning hydrogen (~ 0.9 V). Hence efforts are made to develop electrocatalyst which
can electrolyze water at lowest possible potential (near to thermodynamic potential of 1.223V).
Pure Pt however needs almost zero over potential, but its high cost has limited the use of Pt. Hence
efforts are made to develop Pt composite with other metal, which could electrolyze water at least
over potential (Zidki et al. 2014). For this purpose, as mentioned earlier, the activity of Pt can be
improved by (i) nano-structuring (ii) alloying with some non-noble metals and (iii) depositing the
nano Pt over sub nanometer size suitable support materials like carbon nanomaterial. Roy et al.
(2015) have recently made some efforts in this direction. They developed nitrogen doped reduced
graphene oxide based with Pt-TiO, nanocomposite. They reported over potential of 300mV as
compared to experimentally observed more than 400 mV with non-noble metal.

Yonezawa and Toshima (1993) have developed polymer- and micelle-protected gold/Pt
bimetallic systems for the detection of hydrogen. Visible light-induced hydrogen evolution method
was used for this purpose. Kalisman et al. (2015, 2016) have improved the efficiency of
photocatalytic property of nanoparticle-based Au-Pt bimetallic co-catalyst coated with
CdSe@CdS. They reported 100% photon-to-hydrogen production efficiency, by illuminating the
catalyst with visible light.

4.4 Pt nanocomposites as filter

There are some stringent regulations to suppress the emission of particulate maters through the
exhaust used in chemical and, automobile industries. Hence Pt-nanocomposites have found
applications in different types of filters e.g., a low cost of nano-structured well-dispersed Pt
particles on a MWCNT support is developed, which can act as a catalytic diesel particulate filter
including gases like Nox (Zhou et al. 2015).

4.5 Pt nanocomposites as a photocatalyst

Pt/PbWO, composite micro crystals are developed as nanocatalyst (Yu et al. 2015). Its
photocatalytic properties were evaluated by studying the photocatalytic degradation of acid orange
Il dye. This composite showed high photocatalytic activity and stability. It is suggested that
deposition of nano size Pt/Pt NPs created surface Plasmon resonance (SPR), which created
harvesting of visible light. Nano size Pt expected to help in separation of photo-generated electrons
and holes to initiate an effective photocatalytic effect.

4.6 Pt nanocomposites as light emitting diode

Some efforts are being made to utilize the photoemitting properties of complex Pt materials for
using it as light emitting diode (Hu et al. 2010). Novel Pt complex-a Pt(ll) (2-(4",6'-
difluorophenyl)pyridinato-N,C%)(picolinate) was synthesized (Liang et al. 2013). They studied the
optophysical, electrochemical and electroluminescent properties of this complex. This complex
exhibited red-shifted photo-luminescence and higher quantum efficiency at room temperature.
This complex can be used for white polymer light-emitting diode.
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4.7 Pt nanocomposites for drug detection

Avaji et al. (2014) have developed a polymer therapy system (100using a new monomeric Pt
(1) complex (dach) Pt(HEDM) (dach, trans-(+)-1,2-diaminocyclohexane; HEDM, 2-
hydroxyethoxydiethylmalate) with an object to use it for targeted delivery of oxaliplatin using
polymer therapy. It was designed to include the antitumor moiety (dach)Pt and HEDM as a linker
to the polyphosphazene backbone.

Recently an electrochemical determination of anti-tuberculosis drug, isoniazid (INH) using
gold-Pt core-shell NP modified over glassy carbon electrode is developed by Gowthaman et al.
(2016). They could successfully determine this drug present even in a mixture. Drug detection
sensitivity was found to be 26x10~° M and it could simultaneously detect the concentrations of
INH and TP in human blood and urine samples.

4.8 Pt nanocomposites for drug delivery

A review on various types of drug delivery system to deliver Pt anticancer drugs has been given
by Oberoi et al. (2013).

4.9 Pt nanocomposites for bioimaging

Water soluble Pt complexes (Pt(ppy)(en))ClI, (where ppy=2-phenylpyridine and en=ethane-1, 2-
diamine) is synthesized for bioimaging by Pasha et al. (2016). This Pt complex give strong green
luminescence in solution and is able to penetrate the cell membrane in both cancer (HeLa, US7TMG
and Nuro2a) and normal cells (CHO-K1 and 3T3-L1). But the cellular uptake of this Pt complex
was very high in cancerous cells. This complex can therefore be used for Bioimaging.

5. Conclusions

Pt is the best noble metal which gives very promising results when used as electrocatalyst for
applications as electrode in alkaline Fuel Cells, photoelectrode in dye sensitized solar cell etc.
However, if Pt is to be used for terrestrial applications, cost becomes the major concerned.
Considering these two aspects, in this review efforts are made to report various methods developed
for synthesizing Pt composites with non-noble metals, polymers and carbon nanomaterials, with a
view to get the final product giving better efficiency than pure Pt. Emphasis is also on for using
very little of Pt in the composite. The second aspect of this review is to discuss the application of
Pt composites with non-noble metal and carbon nanomaterial as an electro-catalyst in developing
methanol, formic and hydrogen alkaline Fuel Cell, as a biosensors, as drug delivery vehicles, for
bioimaging, in sensors, light emitting diode, photocatalyst, etc. It is observed from the results
obtained by various scientists that composite of Pt/alloy with carbon nanomaterial has produced
good results but there is still a need to develop the material, which could give as much efficiency
as pure Pt so that material could be used for terrestrial application. It is also reported that the
quality of Pt composite also depends on the method of synthesis, hence there is also a need to
improve the process of synthesis to get desired result.
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