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A bstract: Synthesis of nanomaterials have become the focus of intensive research due to their 
numerous applications in diverse fields such as electronics, optics, ceramics, metallurgy, pulp and 
paper, environmental, pharmaceutics, biotechnology and biomedical fields. Due to expanding demand 
for the nanomaterials with defined properties, extensive research activities have been focused on the 
synthesis and characterization of “functional nanomaterials”. Our research group launched into 
research activities on the preparation of varieties of functional materials using radiation as the source 
for inducing functionalities ino these new nanomaterials. Importantly, we kept final goals for specific 
applications. Thus, we have prepared few interesting functional nanomaterials such as metal 
nanoparticles decorated multi wall carbon nanotubes, pore filled functional electrospun nanofibers and 
nanocables based on conducting polymer and carbon nanotubes and demonstrated their applications 
toward electrocatalysts, polymer electrolyte in energy devices and biosensors. In the forthcoming 
sections, a brief outline on the use of radiation for the preparation of those functional nanomaterials 
are presented.

To the best o f our knowledge, studies on dispersion o f Au nanoparticles onto thiol- 
functionalized surface o f CNTs have not been reported. We have presented a synthetic 
method to disperse Au nanoparticles onto the surface o f multi-wall carbon nanotubes 
(M W CNTs)1. The surface o f M W CNTs was functionalized with thiol groups and Au 
nanoparticles were dispersed onto M W CNTs by the reduction o f A u (III) chloride. y- 
Radiation (Co-60 source) was used as an efficient and fast method for the reduction o f Au
(III) chloride in the absence o f any additional reducing agent. Au nanoparticles were anchored 
onto the thiol-functionalized sites o f MW CNT without getting agglomerated. Previously, y-

2 3radiation was effectively utilized for the preparation o f metal nanoparticle colloids ’ . The 
following scheme explains the methodology o f the preparation (Shceme 1)
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(b) Carboxyl chloride formation

(d) Gold nanoparticles formation

Fig. 1: Preparation of gold nanoparticles decorated multiwall carbon nanotubes.

A  clean synthetic method was established for dispersing Au nanoparticles onto the 
surface o f otherwise hydrophobic carbon nanotubes. The method provides formation o f gold 
nanoparticles without being contaminated by the by-products from the normal reducing
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agents. It is envisaged that this method may be suitable to make Au dispersed CNTs matrices 
suitable for applications in catalysis, biosensor, etc.

The use o f y-irradiation has gained greater importance in recent years for the synthesis of
2 5nanocomposites. - The use o f y- irradiation offers several advantages, such as cleanliness, 

short reaction times, high reaction rates, and good particle dispersion, over the conventional 
methods. We have used a new approach for the preparation o f functional nanomaterials, 
composites o f multiwall carbon nanotubes (MWCNTs) and sulfonated polyaniline (SPAN) 
were prepared through the oxidative polymerization o f a mixture o f aniline, 2,5- 
diaminobenzene sulfonic acid, and M W CNTs6. Fe, Pd, or Fe-Pd alloy nanoparticles were 
embedded into the M W CN T-SPAN  matrix by the reduction o f Fe, Pd, or a mixture o f Fe and 
Pd ions with y- radiation.

HRTEM images indicated that the metal nanoparticles were well dispersed in the composites 
with various sizes. Evidence showed that that there were molecularlevel interactions between 
MWCNTs and SPAN in the M W CNT-SPA N composites. The loading o f metal/alloy 
nanoparticles influenced the electronic properties and solubility and imparted thermal stability 
to M W CNT-SPAN. Composites consisting of metal/alloy nanoparticles in polymer- 
coated/entrapped CNTs are expected to find applications in nanoelectronics, nanoscale 
thermostats, and magnetic storage devices. Importantly, the versatility of this method could be 
extended to prepare other metal particles containing M W CN T-polym er composites.

We have also established a one pot synthesis o f SW NT-PANI-Au nanocomposites using y- 
radiation as source for initiation of polymerization and generation of Au nanoparticles in the 
medium consisting o f SWNTs. SW N T- PA N I-A u-N C  was prepared by irradiating c-ray to a 
solution consisting o f SWNT, aniline and HAuCl4 in 0.5 M CTAB and 1 M HCl. 
Interestingly, we have neither used a conventional oxidizing agent like ammonium 
persulphate for polymerization of aniline nor used a reducing agent for generating Au 
nanoparticles from HAuCl4. Polymerization of aniline and formation of Au nanoparticles 
were simultaneously achieved in the presence o f y-irradiation. We have recently demonstratedo
the use o f these functional nanocomposites for applications in electrocatalysis in fuel cells 
and electrochemical sensors as well biosensors9-11.

Electrospinning is relatively a simple and versatile method to produce ultrafine polymeric 
fibrous membranes (non-woven polymer membranes) w ith nano/ microscaled diameters. 
Varieties o f polymers could be electrospun to obtain membranes with fiber diameters ranging 
from few hundreds o f nanometers to several microns. Such electrospun polymer membranes 
were utilized for applications such as drug delivery system, sensors / biosensors 
electrochemical semiconductive devices etc. Special features of electrospun membranes for 
applications include high surface area to volume ratio, nano / microlevel interstial spaces, 
high porosity, fully interconnected pore structure, good morphology controllable diameters 
and sufficient mechanical strength. We have established the preparation pore-filled PVdF 
(ESFM) using electron beam  (EB) induced grafting o f polymer (styrene) (PS). The physico
chemical properties such as swelling behavior, ion exchange capacity of the pore-filled PVdF 
(ESFM) prepared under different conditions, were evaluated in the process o f developing a 
proton exchange membranes for fuel cells. Membrane electrode assembly (MEA) was 
fabricated with pore filled PVdF (ESFM). The electrochemical characteristic of a single cell 
in direct methanol fuel cell was compared with the commercial membrane, Nafion 117. The 
features of PSSA pore filled PVdF (ESFM) are showing promise for applications as a 
membrane in DMFCs.
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Proposed  w o rk  in p resen t CRP

In this proposal, we intent to prepare nanoporous hollow spheres o f polymers

a) metal nanoparticles embedded electrospun polymer nanofibers
b) stimuli responsive nanogels through radiation induced methodologies. The new 

materials are expected to find application such drug delivery, biocatalysis and 
biosensors

In the first part, spherical particles o f silica will be prepared with adequate sized using 
Stober’s method (sol-gel synthesis). The spherical silica particles will be coated with a layer 
of conducting polymer using gamma radiation induced polymerization. Gamma radiation 
method is selected for the polymerization due to several reasons. Uniform layer formation, 
very thin layer ( to the nanometer scale) formation, pure polymer deposition ( because 
radiation method of initiation of polymerization does not require additives such as initiator 
et.) etc. In the next stage, the template will be removed to obtain nano hollow spheres of 
conducting polymer. Suitable porogens and Cross-linkers would be used to produce stable 
and nanoporous hollow spheres. The materials are expected to find applications in drug 
delivery etc. The following describes the methodology of preparation of nanoporous hollow 
spherical polymers.

Fig. 2 : Radiation induced preparation of hollow spherical polymer shells.

In the subsequent periods, electrospun polymer nanofibers will be loaded with functional 
moieties and decorated with metal nanoparticles. The composites comprising of electrospun 
nanofibers and metal nanoparticles composites will be utilized as biocatalysts.
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Fig. 3 : The processes involved in the loading metal nanoparticles into electrospun nanowebs.
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