Statement of Research Interests

| am an experimental condensed matter physicist. My broad research interests
include studies of functional materials at nanoscales and apply them to low cost
and high performing devices and sensors.

Specifically, my research interest is focused on development of functional
materials for applications in energy generation & storage and sensors for gases
(particularly hydrocarbon and hazardous gases). | have worked in synthesizing
nano- materials that are functional at very low to very high temperature
environments. These types of materials have been tested at very low
temperature (high Tc superconductor based) as well as high temperature (CMR
based) magnetic field sensing. The high temperature functional nano-materials
also include layered semiconductors that show thermoelectric phenomena.

A. Nanocrystalline Functional Magnetic Materials and Devices

CMR manganites prepared by a new method (called ‘Pyrophoric method’) were
studied to understand the effect the annealing on the electrical resistivity and
magneto-resistance (MR) at low temperatures. It was found that, annealing has
the effect of reducing the Mn-O-Mn bond disorders in manganites and enhancing
the magneto-resistance. The MR behavior is discussed in the light of ‘magnetic-
clusters’ model and it was found that the average size of clusters of
ferromagnetic domains, that controls the low field MR, increased as the
temperature approaches the Currie temperature. Efforts had also been made to
identify the phonon scattering mechanisms in manganites from the thermal
conductivity data. At low temperatures (<90K) 2D-like lattice defects contribute to
the phonon scattering dominantly. The spin-wave contributed to ~ 2-15% of the
total thermal conductivity (1) below and close to the Curie temperature. In the
paramagnetic regime the unusual increase in Akeeps signature of large dynamic
lattice distortion.

B. Gas Sensing Materials and Hydrogen Sensors

Quasi-one-dimensional nanostructures (such as nanotubes, nanobelts or
nanoribbons) of semiconducting oxides of zinc, tin, indium, cadmium etc are
extremely useful to a number of engineering applications for their high surface-to-
volume ratio. These types of materials are therefore applied to variety of
adsorption based gas sensing. These types of materials can be synthesized by
thermal/ plasma techniques as well as low cost solution based techniques. We
have tried to synthesize SnO. nanostructure by a low cost hydrothermal route
(150-180 degC, 2-6 hours). The XRD has already revealed the crystallite size
about 35-65 nm. Their characterization with TEM would be useful to study crystal
and surface structures of nanocrystals. The gas sensitivity and selectivity of
these materials with large surface-to-bulk ratio will be studied by resistive
technique for different test gases. In near future we are interested to develop



surface adsorption based H. sensor that would be useful for fuel-cell and
hydrogen storage applications.

C. Functional Materials for Solid State Energy Generation and Storage
Certain materials such as layered cobaltite, manganites etc. show interesting
property of phonon glass and electron crystal (PGEC), i.e. low phonon dominated
thermal conductivity and large electron mobility. This makes them promising
thermoelectric materials. We have synthesized nano-crystalline cobaltite and
manganites by novel ‘Pyrophoric routes’. The XRD studies have revealed
nanocrystalline grain boundaries and those are highly effective to scatter the
acoustic phonon at the surface. This makes them promising phonon glass. On
the other hand we are interested to measure their thermoelectric power and to
investigate the percolation effect to electronic conduction. We have reached at a
conclusion that by controlling the crystallite size the PGEC character is tunable to
desired limit. Further studies in this line are underway.

In the last two decades cathodic materials for rechargeable Li-ion batteries have
been extensively studied because these batteries show high energy density and
long self life. The parent material for this application is perovskite LiCoO..
However, use of this material is limited for safety and economic issues. LiMn,O4
based spinels are promising materials to replace cobaltites. This spinels are of
low cost and environmentally safe materials, however, the un-doped and
stoicheometric compound has drawback of decreasing capacity on cycling. My
present interest is to develop doped spinels of composition like LiMyMn;., O
(O<y<1 and M=Co, Cr, Ni, Fe, Cu, etc) and to study their electrodic behaviours
such as charge-discharge characteristics, discharge cycle characteristics,
frequency response etc. to make this newly emerging material suitable for real
life applications.
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