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Abstract: Plantinum nanoparticles (Pt NPs) have huge potential as heterogeneous catalyst, chemiresistor coating material,
nanomedicine, nanosensor, and electronic components along with various other industrial applications. Physical, chemical
as well as biological methods are used for the synthesis of plantinum NPs. Physical methods depend upon the physical
phenomenon for Pt NPs synthesis. Chemical methods involve one or other chemical reactions to prepare Pt NPs. Biological
methods are preferred over other methods. Among all biological sources, use of plant extracts for Pt NPs synthesis is safe
and cost-effective. Pt NPs have application in catalysis, electronics, nanodiagnosis and nanomedicine. Synthesis of diverse
Pt NPs using different plant bioresource may be more useful for various in vivo applications in future.
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1. Introduction

The particles that have their one dimension atleast 1 to 1000 nm, more specifically 1-100 nm are defined as
nanoparticles (NPs). The diversity in NPs shape and size widens their area of application. The size, shape and surface
coating stabilizing NPs are responsible for their unique properties.”"’ Due to nanorange size, the NPs possess large
surface area and better penetration properties that are required for environmental, and in vivo applications. ' NPs have
important in vivo biological applications in biomedical fluorescent labelling, drug delivery, detection of pathogens and
pharmacological studies.”'” Among various kinds of nanomaterials, Pt NPs are very useful due to their corrosion resistance
and significant catalytic properties.""’ Enhanced catalytic activity of Pt NPs as compared to their bulk counterparts can play
an important role in the reduction of exhaust pollutant gases emitted from automobiles. Catalytic properties are also very
useful for the generation of hydrogen fuel.!"> "

The synthesis and characterization of NPs have been explored rigorously for the last 2 decades. Pt NPs are usually
present in the form of suspension or colloid of Pt NPs in a fluid usually water. The size of Pt NPs like other metallic NPs
are between 2-100 nm and can be manipulated by varying the reaction conditions."* ™! Synthesis of metallic NPs including
Pt NPs is difficult due to their reactivity and agglomeration. The stability of Pt NPs is the primary requisite for various
applications of Pt NPs."” Pt NPs are widely used in the electronic industry for the manufacture of conductive thick film
circuits and internal electrodes of multilayer ceramic capacitors."'” The NPs are also used in chemical hydrogenation
reactions such as hydrogenation of o-chloronitrobenzene and cinnamaldehyde.!"® Cis-diammine-dichloro-Pt is metallic
Pt compound which is significantly used as cancer drug .'”’ Pt NPs also have therapeutic application against cancer and
cardiovascular diseases.”” "' However, with the expanding horizons of nanomaterial applications, there is growing concern
regarding risk of toxicity at different trophic level through soil, air and water.”” In this review we highlight the different
methods of Pt NPs synthesis, their adavnatges and disadvatages and applications in various fields in detail.

2. Synthesis and characterization of Pt NPs

The size, shape, surface covering and dispersion of Pt NPs are governed by their method of synthesis. These features
can significantly be regulating the parameters and process of NPs synthesis. Following section describes the various
identified and studied strategies of Pt NPs synthesis (Figure 1).
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Figure 1. A schematic representation of steps for the production and utilization of Pt NPs containing various properties

2.1 Physical methods of Pt NPs synthesis

Various physical methods have already been reported for the preparation of metallic NPs. Some of the common
physical methods of Pt NPs synthesis include laser ablation, ball milling, physical vapour deposition and ion sputtering.
Following section describes use of these methods for the synthesis of Pt NPs of various morphologies.

In a simple method, heating chloroplatinic acid in a mufle furnance at 350 °C has been reported to form 2.5-3.3 nm Pt
NPs over silicon carbide-alumina layer.””’ Neodymium yttrium aluminium garnet (Nd:YAG) laser based ablation method
has been used to produce 8-9 nm Pt NPs in deionized water from PT plate.”* > Likewise, Nd: YAG laser was reported to
synthesize Pt NPs in ethanol and aqueous trisodium citrate medium. Ethanol led to the production of 7-9 nm Pt NPs, while
comparatively larger 9-10 nm NPs were produced in aqueous trisodium citrate solution.”

Pt NPs of 5-20 nm were obtained by using PVD coater producing 700 °C for 90 minutes.””’ Pt NPs have been
synthesized from Pt wire by plasma sputtering in water. Plasma derived high energy electrons and radicals bombarded
Pt surface releasing Pt atoms leading to the synthesis of highly dispersed 2 nm Pt NPs.” Recently introduction of low
pressure liquid as matrix with matrix sputtering was represented as a safer method for the synthesis and stabilization of Pt
NPs. Use of polyethylene glycol as liquid matrix led to the synthesis of 0.9-1.4 nm sized NPs. The Pt NPs prepared through
this method were stable in dispersion phase for a duration of 5 months (Figure 2)."*”!
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Figure 2. Pt NPs obtained by sputter deposition onto PEG. (A) UV-visible spectra of Pt NPs. Increase in peak intensity along the dotted red line

indicates quantitative increase in Pt NPs synthesis with increase in sputtering current from 5 to 50 mA. (B) Photograph of Pt NPs dispersions of

PEG under room light (right) with different sputtering currents. The change in color of reaction mixtures from colorless to yellow and to dark

brown with increase in sputtering current from S to 50 mA indicates quantitative increase in synthesis of Pt NPs. Color change acts as indicator
of quantity of Pt NPs. “Reprinted with permission from (Deng et al., 2018) ™. Copyright (2018) American Chemical Society.”
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Ball milling approach has been used for the production FePt NPs in hexane. Iron and Pt powder were ground in
presence of oleic acid and oleylamine to form 4 nm FePt NPs using hardened steel balls.”” Similalry, PtFe nanocomposites

Volume 1 Issue 2 |2020] 71 Nanoarchitectonics



were obtained by grinding iron nitrate, chloroplatinic acid and PEO-PPO-PEO, P123 in a screw-capped zirconia reactor
containing four zirconia ball bearings.”"
2.2 Chemical synthesis

Chemical methods has been used for the synthesis of Pt NPs in solutions phase as well as over the surface of a solid
support. Support may be in the form of general supporting material like silica or even some nanomaterial like carbon
nanotubes. Most of the chemical methods are easy and inexpensive. Pt NPs have been usually prepared by reduction of Pt
metal precursor. Chloroplatinic acid, H,PtCl, is one of the common precursors used for the chemical as well as biological
synthesis of Pt NPs. The precursor is usually dissolved in an aqueous or organic liquid material. The conversion of
dissolved precursor into solid NPs is done by introducing a reducing agent leading to a chemical conversion step. The most
commonly used reducing agent for H,PtCl, reduction is sodium borohydrate (NaBH,)."**”) Immediately after reduction
of H,PtCl;to Pt NPs, the NPs needs to be stabilized with surface stabilizing agents or surfactants. This step is critical to
control the size and shape of metallic NPs including Pt NPs. Different methods have reported chemical preparation of Pt
NPs with varying size, shape and surface covering. Pt NPs can also be synthesized by decomposition, displacement and
electrochemical reactions.”**”

Very small 2-3 nm Pt NPs were produced and deposited over hollow aluminium oxide (Al,O,) nanoplates prepared
using NaBH, as reducing agent. The synthesized nanocomposite material was used for oxidative conversion of harmful
formaldehyde to carbon dioxide and water."****! Likewise, supercritical fluid chemical deposition method has also been
used for the synthesis of Pt NPs over the carbon nanotubes surface.””*" Synthesis of Pt NPs of size range 2.9-60 nm
has been documented using chloroplatinic acid as precursor, formic acid as reducing agent, and polyvinylpyrrolidone as
surfactant. The control over size was obtained by using different concentrations of reducing agent and surfactant."*"! Use
of ethylene glycol as solvent and reducing agent and time bound addition of polyvinyl pyrrolidone as surfactant has been
reported to regulate the size of Pt NPs. Addition of precursor H,PtCl, to preheated ethylene glycol followed by drop-by-
drop addition of polyvinyl pyrrolidone was found to synthesize stable Pt NPs of size less than 10 nm within four hours
of synthesis. The smaller amount of polyvinyl pyrrolidone addition assured Pt NPs size to be smaller, 7 nm. Further
addition of polyvinyl pyrrolidone was found to inhibit the complete reduction of PtCl;" perhaps due to formation of a
stable complex.”” Sodium borohydrate mediated reduction of Pt precursor ions has been used in a microreactor system to
synthesisze Pt NPs over carbon fibers surface. The microreactor system can adjust the flow rate to obtain desired size of
Pt NPs at variable deposition rates. Polyvinyl alcohol was used as a surfactant.”” Increasing reaction temperature is well
known to decrease the time required for a chemical process. Likewise, chemical synthesis of Pt NPs in a microractor could
reduce time required for the synthesis from 40 min at 40 °C to few seconds at 105 °C. In this study, vitamin C was used as
reducing agent and polyvinyl pyrrolidone was used as surfactant.'!

UV light mediated photoreduction of hexachloroplatinate (IV) (PtCl,”) to Pt NPs by methanol has been reported."™”’
Likewise, photoreduction has been used to obtain monodisperse Pt NPs. In this method, poly(ethylenimine) (PEI) was used
as surface stabilizing agent."*”’ Gamma radiation has also been explored for the reduction of Pt tetraammine to Pt NPs in the
presence of stabilizer polyvinyl pyrrolidone. Radiation dose was used to control the size of NPs between 2.8 to 4.4 nm."*”!
Surfactant mediated synthesis of Pt NPs is useful for in vivo and environmental applications as it reduced the reactivity
and hence toxicity of Pt NPs. Pt NPs synthesis has also been documented elsewhere in detail. Such Pt NPs are of specific
interest for catalysis and electrochemical applications.*"

Pt nanocubes, 5-7 nm and nano-octahedra 8-12 nm were obtained by reacting H,PtCl; with silver nitrate. Silver ions
were mainly responsible for controlling the size and shape of Pt NPs.!*”) Pt NPs can also be prepared by decomposition,
displacement and electrochemical reactions.”**”! Electrochemical method has also been employed for the synthesis of
mesoporous Pt nanorods over the pores of mesoporous polycarbonate support.”™”!

For the shape controlled synthesis of Pt NPs, polymeric stabilizers have commonly been used as surfactant. The
degree of polymerization and concentration of the used stabilized polymer influences the size of colloidal NPs and their
growth. However, control of NPs size is difficult to achieve. The shape and size of Pt NPs can be regulated by changing the
concentration ratio of the capping polymer material to the Pt cations used in the reductive synthesis at room temperature.
In such a study, Pt NPs of different shapes has been documented using different concentration ratio of capping agent,
polyacrylate to precursor metal ion, Potassium tetrachloroplatinate(Il). The capping agent: precursor ratio was varied
between 1: 1 to 1: 5 to obtain tetrahedral, cubic, irregular-prismatic, icosahedral, and cubo-octahedral particle."" So, Pt
NPs of various shapes namely nanospheres, nanowires, truncated octahedral and nanocubes (Figure 3). F>4%
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Figure 3. TEM characterisation of Highly uniform single-crystal ultrathin Pt nanowires (UTPtNWs). TEM images of UTPtNWs at diferent
conditions: (A) Low magnification; (B) High magnification; (C) Single Pt nanowire and (D) HRTEM image of a single Pt nanowire. (E) EDS
spectrum and (F) SAED pattern of UTPtNWs built using insulin amyloid fibrils (INSAFs). “Reprinted with permission from (Zhang et al., 2012)
*. Copyright (2012) American Chemical Society.”

2.3 Biological synthesis

Biological synthesis is a noble green process for the metallic NPs synthesis. Pt NPs can be synthesized by using
unicellular and multicellular organisms. Various studies document the monodispersed and stable Pt NPs synthesis by
bacteria, cyanobacteria, seaweeds, fungi and plants."**"
2.3.1 Bacteria mediated synthesis

Bacteria produce different kind of enzymes and metabolites. These enzymes and metabolites act to reduce metal
ions into NPs. However, the exact mechanism responsible for the synthesis of metallic NPs by bacterial enzyme is not
completely known. Several studies document the probable role of cytochrome C3 and hydrogenase enzyme for the NPs
synthesis. Enzymes have tendency to oxidise hydrogen or organic to induce metallic reduction of sulphate as a final
electron acceptor.”” Enzyme produced by sulphate reducing bacteria has been used for the synthesis of Pt NPs.”™ Sulphate
reducing bacteria obtained from a biosulphidogenic reactor can potentially reduce Pt(IV) to Pt NPs.”” Use of a mixture of
sulphate reducing bacteria is recommended over pure culture as it is less liable for contamination from other organisms.
[0 Cell-free extract of a consortium of sulfate-reducing bacteria has also been used for the syntheis of Pt NPs.”" In
Streptomyces sp. mediated synthesis, amino acid moieties acts as reducing agents to synthesize Pt NPs. The NPs were 20-
50 nm in size and possessed in vitro anticancer activity.*” Likewise, 2-3 nm Pt NPs can be obtained using Acinetobacter
calcoaceticus. Proteins moieties are the key component responsible for the NPs synthsis."*”
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Figure 4. Production of PT NPs by intracellular and extracellular enzymes of bacterial, fungal and yeast cells origin. Enzymes can act as
reducing and/or stabilizing agent to synthesize Pt NPs from Pt(IV) precursor ions

Likewise photosynthetic prokaryote, cyanobacteria has also been used for Pt NPs synthesis. Cyanobacteria has
been used to treat effluent due to their abilities to uptake metal ions from surrounding. Further being nitrogen fixing
microorganism, cyanobacteria produces enzymes that can reduce precursor metal ions to NPs. The ability of cyanobacteria
to reduce metal ions is specifically useful to obatin Pt NPs from precursor metal ions.”” So, depending upon the natural
abilities of bacterial strains to uptake metal ion and produce reducing enzymes, the synthesis of Pt NPs can be intra as
well as extracellular. Anabaena, Calothrix and Leptolyngbya strain of cyanobacteria have been used for Pt NPs synthesis.
The NPs are synthesized intra-cellularly by nitrogenase and released in the culture medium where they are stabilized

extracellularly by bacterial polysaccharides. '
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Figure 5. Electron microscopic characterization of Pt NPs synthesized by reduction of Pt(IV)-chloride using cyanobacteria (Plectonema boryanum
UTEX 485) at an incubation temperature of 25 °C and 28 days: (A) TEM image of amorphous spherical Pt NPs; (B) SEM image of spherical Pt
NPs; (C) TEM-SAED diffraction of amorphous Pt NPs; (D) TEM-EDS spectrum for panel A (Cu signal is from the supporting grid). Scale bars

in panels A and B are 0.5 um. “Reprinted with permission from (Lengke et al., 2006) '*“. Copyright (2006) American Chemical Society.”

2.3.2 Fungus mediated synthesis

Nanoarchitectonics 74 | Vineet Kumar, et al.



The physical and chemical methods of metallic reduction facilitating Pt NPs synthesis are comparatively expensive.
Hence, use of biological agents is preferred. In addition to bacteria and cyanobacteria mediated NPs synthesis, large
scale particle production with the use of fungi has also been reported. Synthesis of Pt NPs by filamentous fungi has more
advantage over plant or prokaryotes mediated synthesis approaches. Filamentous fungi can efficiently resist pressure and
agitation gradient during the NPs production at industrial scale production. The fungi mediated synthesis is highly stable
and prevents molecular agitation.'” The filamentous fungi Neurospora crassa has been evaluated as reducing agent for the
synthesis of Pt NPss. The fungal wild-strain biomass dispersed in aqueous solution reduced hexachloroplatinic (IV) acid
to 40-50 nm Pt NPs. The Pt NPs synthesis was completed within 24 hours, but dark condition and continuous agitation
was required.”*’ One pot Pt NPs synthesis has been reported by using the reducing potential of cell free filtrate of fungus
Penicillium chrysogenum. The synthesized NPs were spherical and 8.5-15 nm in size."” Likewise, 50-315 nm sized Pt
NPs was synthesized using culture filtrate of fungus Alternaria alternate.”" Likewise, hydrogenase enzyme produced
by Fusarium oxysporum has been reported for the synthesis of Pt NPs from H,PtCl,. The synthesis of Pt NPs required
prior reduction of H,PtCl, to PtCl, on the enzyme surface such that it was small enough to enter active sites. PtCl, further
underwent reduction process leading to the formation of Pt NPs.* Protein mediated extracellular synthesis of Pt NPs has
been reported using Fusarium oxysporum. Fungus culture could reduce and stabilize Pt NPs produced by reduction of
H,PtCl,. Enzymes were responsible for the reduction and proteins were responsible for the surface stabilization of NPs."””
2.3.3 Plant mediated NPs synthesis

As mentioned earlier, to avoid the use of toxic chemicals during NPs synthesis, greener approaches of synthesis are
being formulated and evaluated. Plant mediated NPs synthesis is one of the eco-friendly and green synthesis approach
that is fulfilling the principles of green chemistry. Plant extracts has been widely used for the synthesis of metallic NPs.
74737 Being synthesized through greener route, plant
extract synthesized NPs are specifically useful for applications that warrant NPs to come in contact with living organisms.
Further, use of plant material in synthesis prevents use of harmful chemicals that may otherwise contaminate environment.
Plant extract used for NPs synthesis contain various phytochemicals of medicinal importance. Such phytochemicals act
to stabilize NPs and may enhance the quality of synthesized NPs. So, synthesis of NPs using medicinally important plant
extract is preferred over other biological methods of NPs synthesis. Pt NPs synthesis has already been reported from
different plant extracts.”””" The plant tuber extract prepared by boiling dry tuber powder of Gloriosa superba has been
reported for the Pt NPs synthesis. The tuber extract could reduce precursor PtCl;” ions within 5 hours to obtain 0.8-3 nm
spherical Pt NPs.”” Likewise, leaf extract repaired from traditional medicinal plant Barleria prionitis has been used for
the synthesis of 1-2 nm Pt NPs.”® The studies documenting use of plant extracts for the synthesis Pt NPs is limited as
compare to other type of metallic NPs.!"

The synthesis of Pt NPs from the extract of Fumariae herba has been confirmed by UV-visible spectroscopy, Fourier
transform infrared spectroscopy, transmission electron microscopy and scanning electron microscopy with EDS profiling.
The synthesized NPs were 30 nm in size and hexagonal and pentagonal in shape.™ Likewise, 100-200 nm small cubic and
dodecahedron shaped Pt NPs were synthesized using Jatropha gossypifoliaa and Jatropha glaundulifera leaf extract. "
Similarly, 1-6 nm sized spherical Pt NPs were synthesized using black cumin (Nigella sativa L) seed extract.”™

Y] Pt NPs have also been synthesized by using plant resources.
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Table 1. List of plants used for Pt NPs synthesis and their morphological chareatcerstics

Name of plant Plant part use Size (nm) Shape Reference
Doipyros kaki Leaf 2-12 ND [83]
Fumariae herba Whole 30 Hexagonal and pentagonal [81]
Piper betle L. Leaf 0.4-2 Spherical [84]
Ocimum sanctum Leaf 23 Trregular [85]
Phoenix dactylifera Fruit 1.3-2.6 Spherical [86]
Lantana camara Leaf 35 Spherical [87]
Prunus yedoensis Gum 10-20 Circular [88]
Camellia sinensis Leaf 30-60 Flower [89]
Antigonon leptopus Whole plant 5-190 Spherical [90]
B. prionitis Leaf 1-2 Monodispersed [78]
Pinus resinosa Bark 6-8 Irregular [91]
Gloriosa superb Tuber 0.83-3 Spherical [79]
Cacumen platycladi Whole plant 0.8-2.4 Spherical [92]
Jatropha Gossypifoliaa and Leaf 100-200 Small cubic and dodecahedron [81]

Jatropha Glaundulifera

Nigella sativa L. Seed 1-6 Spherical [82]
Orange Peel extract 1.6-4 ND [93]

Table 2. Advantages and disadvantages of different methods of Pt NPs synthesis

Properties Chemical synthesis Physical synthesis Biological synthesis
Productivity High Less High
Cost Low High Cost-effective
Energy required High High Low
Stability High Low Low
Wastage High High Low
Size and shape tunability Size controlled Difficult in size and shape tunability Definite shape and size
Purity Low Low High
Chemicals Uses toxic chemicals No use of chemicals No use of chemicals
Production Small scale Small scale Large scale

2.4 Application of Pt NPs

With the advent of nanotechnology, new functional materials are being synthesized. Among which metallic NPs
are of particular interest due to their wide range of multidisciplinary applications. The Pt NPs have likewise wide range
of physical, chemical and biological applications. The factors responsible for their multi -functionality are their unique
physical and chemical properties.*” Following section describes the various applications of Pt NPs. There are two review
that tried to discuss the biomedical application of Pt NPs.”**”! Although Pt NPs have broader scope and applications in
various fields so we discuss various application of Pt NPs in detail (Figure 1).

2.4.1 Fuel cell catalyst
2.4.1.1 Proton exchange membrane fuel cells

Proton exchange membrane fuel cells produce electrical energy by chemical reaction at both anode and cathode. The
electrochemical reaction between H, and O, releases water. On anode, the hydrogen gas adsorbed over catalyst surface
loses electron that flow to cathode and proton is released from the metallic surface. With the flow of electrons from anode
to cathode, proton is also transported. Oxygen is released at cathode and oxygen accepts the proton and a water molecule
is released at the metallic surface. Recently, Pt is used as a catalyst for the reactions occurring at anode and cathode.” Pt
NPs are preferred over other metallic membrane fuel cell catalyst due to better catalytic activity, stability and selectivity.
Hence, Pt NPs offer an ideal catalyst with enhanced usage and reduced economics.”” Pt NPs, 4 nm functionalized with Ru
ions has shown application as an efficient electro-catalyst for proton exchange membrane fuel cells.” Multiwalled carbon
nanotubes Pt nanocomposites have been synthesized by reducing the Pt atoms on multiwalled carbon nanotubes in ethylene
glycol solution. The synthesized NPs showed enhanced electro-catalytic potential when the catalysis of NPs synthesis was
conducted in alkaline conditions.”
2.4.1.2 Methanol fuel cell

Methanol fuel cells are the electrochemical cells generating electricity by oxidation of methanol in the presence
of alkaline electrolyte releasing carbon dioxide and water. To eliminate the carbon dioxide emission, Pt catalysts are
used for methanol oxidation in acidic conditions.”” Further, various strategies of Pt NPs synthesis are being explored
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to ensure their direct usage as electro-catalyst in methanol fuel cells. The synthesis of multi-walled carbon nanotubes
supported Pt nanocomposites in ethylene glycol solution showed significantly higher performance as eletcro-catalyst than
nanocomposites synthesized in aqueous solution."”” Likewise, another such study reports an efficient electrocatalytic
potential of Pt;,Ru,,/C nanocolloids than carbon supported Pt of Pt-ruthinium colloids."""!
2.4.2 Electrochemical oxidation of formic acid

Electrochemical oxidation of formic acid is of keen interest because of its use in fuel cells and secondly, it acts as
model system to study the oxidation of complex organic molecules and formic acid is least reactive and non-explosive. Pt
metallic electrode has shown highest efficiency of formic acid oxidation than other metallic electrodes.””” Number of Pt
based nanomaterials is being synthesized to increase their electro-catalytic activity towards formic acid. Pt NPs layered on
gold surface has shown enhanced electro-catalytic activity of formic acid oxidation."” Likewise, Pt modified gold NPs
showed high electro-catalytic activity than pure Pt NPs.!'*"
2.4.3 Catalytic converters

Pt NPs are used as catalytic converters in car. The exhaust gases from the car react with Pt surface on release as they
land on the surface of Pt particles. Pt oxidises the released carbon monoxide and hydrocarbons. Carbon monoxide is toxic
in nature and harmful for humans. Breathing of excessive carbon monoxide can leads to death. Pt is more effective under
oxygen excessive conditions so it is used in diesel cars. Since Pt has high melting point, it readily interacts with poisonous
particles and can be efficiently recycled later.!"” Pt NPs present on Pt surface of vehicles promotes the chemical reaction
occurring on it. They induce the weakening of carbon oxygen bond present in carbon monoxide and oxidize it into carbon
dioxide.""”
2.4.4 Glucose detection application

PdCuPt trimetallic nanocrystals has been used as electro-catalysts for enzyme free detection of glucose. Nocrystalline
electro-catalysts are easy to fabricate and has high electrocatalytic activity, selectivity and stability. So, the Pt based
trimetallic nanocrystals can be used for various medical diagnostic and various other industrial applications."”” Another
study reports the synthesis of glucose enzyme biosensors based on Pt NPs homogenously loaded onto polyaniline hydrogel.
These glucose enzyme biosensors showed hydrogel based conductivity and nanoparticle based catalytic potential. Due to
the porous structure of the polyaniline hydrogel, the Pt NPs were immobilized and the water soluble molecules penetrated
which help in the oxidation of glucose.""
2.4.5 Electrochemical sensor for phenol detection

Phenol and its derivatives are used in many fields. Phenol is ingredient of disinfectants, coating agent, dyes,
pharmaceuticals and pesticides. Phenol is also used as vegetables preservative. Phenol and its derivatives also poses some
serious ecological threat specifically contaminating the soil surface and ground water.""” Phenol can enter the human
respiratory tract and cause severe health problems particularly in children. So, it is important to develop sensitive, rapid,
and economic method for phenol detection. Many analytical methods are used for detection of phenol. For instance, gas
chromatography, high-performance capillary zone electrophoresis, high performance liquid chromatography and capillary
electrophoresis are used for detection of phenol. These methods are time consuming and expensive. Focus in on the
development of electrochemical sensors for phenol detection. Electrochemical sensors show high sensitivity, excellent
stability, easy operation and low cost. Pt NPs are widely used in the electrochemical sensors because of their significant
catalytic and optical activities.”” Graphite like carbon nitride is a stable metal free semiconductor material with a smaller
visible light driven band gap."'” It has high sensitivity, good biocompatibility and low cost. Graphite like carbon nitride
has wide application in biosensors, degradation of pollutant in water and carbon dioxide reduction."""! Combination of Pt
and graphite like carbon nitride showed significant electrochemical sensing. Oxidation peak of phenol was indistinct on
carbon paper and high peak was observed on the graphite like carbon nitride/carbon paper electrode. Pt NPs when loaded
onto the graphite like carbon nitride as Pt/g-C,;N,/CP showed highest oxidation peak for significant detection of phenol.!"""
2.4.6 Biological applications

110

Pt NPs have various biological applications because of its unique electronic and physiochemical properties. They have
emerged as the most potential functional biomaterials to possess application in drug delivery, diagnostics and imaging.""
Following sections describes the potent biological applications of Pt NPs.
2.4.6.1 Cancer therapy
2.4.6.1.1 Chemical cancer treatment

Pt has been used in cancer treatment as most available cancer drugs are Pt based. Work is being in progress to develop
next generation of Pt drugs with modified nanoformulations.""” The spherical shaped bacitracin-Pt NPs (Bac—PtNPs) have
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been developed to possess significant in vivo and in vitro anti- tumorous activity. The spherical shaped Bac—PtNPs were
aqueous stable and cubic crystalline in shape. The presence of functional groups on bacitracin acted as binding moieties
that supported the growth of Pt NPs.""'¥ TiO, and SiO, nanostructures containing 3-4% of Pt have shown anti-cancerous
activity and used for the cancer treatment. Treatment with these nanostructures induced significant reduction in size and
weight of rat weight tumor.""”” In brain cancer therapy, Pt NPs have also shown ability to activate cellular apoptosis in
tumors together with the ability to cross the blood barrier."'®

2.4.6.1.2 Photothermal therapy and radiotherapy

Due to the toxic side effects of anticancer chemotherapies, more effective and site specific strategy is developed
for treatment of malignant tumors. The photothermal therapy is non-invasive due to the use of Pt NPs. In this treatment,
Pt NPs increased the cellular temperature upon irradiation causing DNA/RNA damage, membrane rupture, protein
denaturation and finally apoptosis.""'” Researches mostly used carbon nanotubes, graphene NPs, copper sulphide and noble
NPs for cancer treatment. These nanomaterials are capable for absorbing NIR laser light and evaporate it into heat. The
photothermal therapy has been improved by combining the cyto-compatibility and catalytic properties of Pt NPs."'"". The
recommended size of Pt NPs for photothermal therapy is 5-6 nm. Pt NPs are good material for the photothermal therapy
and radiotherapy as they damage the cellular component of the selective area and induce cell death.""*!
2.4.6.2 Antibacterial agent

The existence of multi drug resistance bacteria is the greatest threat and challenge in the development of antibacterial
agents. NPs composed of metals like Ag, Pd, Au, Cu, ZnO and TiO, are generally used for the development of bactericidal
agents. However, side-effects associated with the use of these NPs have limited their therapeutic applications.""” Pt ions
have been considered to possess potent antimicrobial activity on E. coli. However, the antibacterial potential of Pt NPs is
still not well understood. Pt NPs has been reported to induce intracellular ATP hyper production, growth inhibition and
DNA damage generating a significant bacteriotoxic response."”” Enhanced ATP production on Pt NPs exposure increases
the expression of kinase that is responsible for cellular growth arrest."”" Small sized Pt NPs have shown significant
bacteriotoxic property at low concentration. TEM analysis revealed that size played an important role as larger sized NPs
absorbed onto the plasma membrane whereas smaller sized NPs easily invaded the bacterial cells."* Pt NPs have also
shown activity against gram negative and gram positive bacteria. Pt ions can invade the peptidoglycan composed cell wall
of gram negative bacteria."'>’' Pt NPs has potential even to cure drug resistant E. coli."*!
2.4.6.3 Nanomedicine

Pt NPs are antioxidant in nature that has the ability to scavenge reactive oxygen species. They are good source as
nanozymes for the treatment of oxidative stress related diseases. Pt NPs have been functionalized by saponins to develop
saponins-Pt conjugates that showed significant antioxidant activity. The conjugates regulated macrophage inflammatory
protein-2 (MIP-2) gene expression and inhibited the mitogen-activated protein (MAP) kinase pathway.'”” Pt NPs have
been reported to prevent cancer and cardiovascular diseases as they possess in vitro enzyme like property. Pt NPs have
good stability in acidic cellular vesicle environments leading to high in vivo tolerance.””

Pt NPs have shown ability to shield the cell from reactive oxygen species that can induce cell death on exposure to
UV-A or X-Ray or ultrasound radiations."**"*” Pt NPs are defined to possess horseradish peroxide and catalase mimetic
enzyme activities when embedded in the dendrimers.”* Pt NPs have ability to quench the peroxide and superoxide
ions both in cell free solution and within cell when encapsulated with-in the cavity of apoferitin. It can also increase the
antioxidant property."*”
2.4.6.4 Nanodignosis

Pt NPs are also significantly used for disease diagnostics. Fluorscent Pt NPs are used in biocompatible bioimaging
probe for diagnostic purposes."*” Pt nanomaterials is a part of catalytic nanomotors that are used to built-up the molecular
devices and detect motion based particles."'” Pt NPs are also good source of enzyme alternates used for diagnostic purpose.
(3Pt NPs have so many advantages including stability, resistance to proteases, high catalytic activity even at high pH
and temperature, and affinity for horseradish peroxidase (HRP) substrates."*”

Pt NPs colorimetric assay have been develop'*” for the detection of DNA!"*!, cancer cells”", tumor marker"”,
%4 penicillin antibiotics'”, drugs'", hydrogen peroxide™, glucose!*”, cholestrol*”, L-cysteine'**, choline,
acetylcholine!™”, proteins"*”, viruses!"*", bacteria'*” and antibodies''*”. Irregular shape of Pt NPs act as HRP like
enzymes when these binds with the anti-RigG antibody which is used in the Enzyme Linked Immunosorbent Assay for
the colorimetric detection of rabbit IgG, using 3,3°,5,5’- tetramethylbenzidine (TMB) and hydrogen peroxide (H,O,) as
substrates."*! Encapsulated Pt NPs in mesoporous silica matrix are used for the detection of level free DNA."*Y TMB
oxidation catalyzed by 4-mercaptophenylboronic acid functionalized Au@Pt NPs are used for the highly sensitive assay

metal ions
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for the detection of E. coli. Pt NPs based sensors has also been used for the detection of mercury in the environment.!"*!

Table 3. Application of Pt NPs in different area

Application Exact role/mode of action Reference
Proton exchange membrane Pt use as a catalyst for reaction occurring at anode and cathode o, 146l
fuel cell
Methanol fuel cell Pt catalysts are used for methanol oxidation in acidic conditions. B9 11471
Electrochemical oxidation of Pt metallic electrode has shown highest efficiency of formic acid oxidation and Pt NPs 1021, 11031
formic acid layered on gold surface has shown enhanced electro-catalytic activity of formic acid
oxidation
Glucose detection PdCuPt nanocrystals used as non enzymetic detection of glucose. Can be used for 1osi

disease diagnosis, quality check in beverage industries, in bioprocess monitoring and in
environment monitoring.

Catalytic converters Pt NPs are used as catalytic converters in car. Pt NPs present on Pt surface of vehicles 1osl

promotes the chemical reaction occurring on it and weaken the carbon oxygen bond
present in carbon monoxide and oxidize it into carbon dioxide.

Electrochemical sensor for Pt NPs are used for electrochemical sensing of phenols because of their significant el

phenol detection catalytic and optical activities.
Supercapacitors Pt NPs decorated with Graphene- polyaniline form modified electrode for supercapacitor s
application
Oxygen reduction reaction Pt NPs based on carbon quantum dots are used in the oxygen reduction reaction 1l
Xanthine sensor Pt NPs is synthesised by loaded on the metal organic framework of type MIL- 101. ol
This xanthine sensor is used for the detection of dopamine, uric acid, xanthine and
hypoxanthine.
Cancer treatment Pt NPs for anti-cancerous activity sl
MCF-7 breast cancer cells Pt NPs synthesised from Streptomyces sp.is used for the treatment of breast cancer. fs

Photothermal and raidotherapy Pt NPs increased the cellular temperature upon irradiation causing DNA/RNA damage, i

membrane rupture, protein denaturation and finally apoptosis

Bioimaging Fluorscent Pt NPs are used in biocompatible bioimaging probe for diagnostic purposes. 1o
Drug delivery Pt NPs are used as a vector for delivery of anti-tumors drugs in the cancer treatment and 1152 11531
chemotherapy
Antibacterial and antifungal Pt NPs has been reported to induce intracellular ATP hyper production, growth inhibition 1201 11231
and DNA damage generating a significant bacteriotoxic response. Pt ions can invade the
peptidoglycan composed cell wall of gram negative bacteria

Nano- medicine Pt NPs counter oxidative stress 1261, 27y

Nano-diagnostics Pt NPs are used in many colorimetric assay [, 1171, 21, 1281, 1331431

3. Cytotoxic effect of Pt NPs

Pt NPs has been found to induce cytotoxic response to various cancerous cells. Exposure of 50-200g/ml of Pt NPs
for 48 hours has been documented to induce cytotoxicity to A549, PA-1 and Mia-Pa-Ca-2 cancerous cell lines. MTT assay
was used for the determination of cell viability. Pt NPs reduced the growth of cancerous cell by 28-34 in A549, 33-46% in
PA-1 and 11-41% in Mia-Pa-Ca-2 cells. However, PA-1 cells showed highest growth inhibitory effect of Pt NPs. Apoptosis,
autophagy and necrosis are the three major types of cell death. PA-1 cells treated with 200g/ml of Pt NPs for 48 hours
showed enhanced apoptosis.!"**" "> Likewise, treatment of murine leukemia raw 264.7 cells with different concentrations
of Pt NPs induced cytotoxicity. Cell morphology evaluation, Annexin V assay, DNA fragmentation and the activity analysis
of caspase-3/7 showed promoted apoptosis in the Raw 264.7 cells. The ill effects were due to change in cell morphology,
increase in cell density and nucleus fragmentation. Caspase-3 and caspase-7 was found to induce apoptosis in the cells. Pt
NPs inactivated the DNA repair system of cells."*” Exposure of HEK293 cells to 20-360g/ml of Pt NPs for 6, 24 and 48
hours revealed toxic response of Pt NPs. Cell viability was found to be 99.06%, 96.9%, 98.5% and 88.5% after 6 hours,
95%, 91%, 83%, and 70% after 24 hours; and 90%, 86%, 68.25%, and 54.15% after 48 hours of Pt NPs exposure. The Pt
NPs induced cytotoxicity was reported to be time dependent.*” Overall Pt NPs may induce toxic response to cancerous
cell lines. However, the exact toxicity behaviour of Pt NPs of different sizes needs to be tested using more realstic in vivo
studies.

4. Conclusion and outlook

The synthesis of Pt NPs can be manipulated to produce NPs of different sizes and shapes. The varying size and
shape imparts different physical, chemical and biological properties to the Pt NPs. Stable Pt NPs obtained through
greener biological route are suitable for various biological applications. Such greener Pt NPs are significantly useful in
cancer diagnosis, photothermal and antibacterial therapy. Pt NPs has the potential of even replacing the conventional
drugs for cancer treatment. The Pt NPs are of importance even for some of the non-biological applications like catalysis,
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nanodiagnosis and development of durable proton exchange membrane fuel cell. Pt NPs being composed of noble metal
chemical composition has potential applications because of stable and least reactive surface coating material. Overall, Pt
NPs have wide range of biological and non-biological industrial applications. In vitro cytotoxicity studies conducted using
cell lines indicate toxic behaviour of Pt NPs towards cancerous cells. In depth in vitro and in vivo toxicity experimentation
proving safety of Pt NPs can help in exploring their new applications in therapeutics and diagnosis.
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