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Preamdile

Preamble

It is my pleasure to present this annual report of the Institute of
Advanced Study in Science and Technology (IASST) for the period from
April'2007 to March'2008. This Institute is the premier, multidisciplinar
research institute in the whole North Eastern Region. IASST, with small number
of dedicated scientists, negligible infrastructure and constant financial problems
has been able to carry out good research activities in few important areas of
Physical and Life Sciences. To develop the infrastructure facilities, manpower

and to implement the research programmes, the Institute needs adequate funds.

TASST can rise up to the national level only if it is taken over as a grant
in-aid institution by the Department of Science and Technology, Government of India. I am very happy to
mention that the proposal for taking over of IASST has been actively considercd by the Central as well as the
State Government. The Institute has entered the twenty-ninth year of its existence and the scientists have made
good efforts to establish it as a dedicated research center of the region, in spite of all the constraints. They have
been regularly publishing their research papers in different cited journals and their contributions have been

acclaimed by scientific awards and fellowship.
I am very much confident that rapid development of infrastructure and tacilitating the talented workers
will help build up the capacity of the Institute to reach its prime goal. I briefly highlight the research activities

undertaken by different divisions over the last year.

Material Sciences Division:

In Material Sciences Division, Plasma Physics section studied the lon-acoustic waves in
multicomponent plasmas as well as dusty plasmas. In multicomponent plasmas the velocity of the soliton
increases with increase in amplitude while the width of the soliton is larger at low wave amplitude. The
modifications of propagation characteristics of ion-acoustic solitary waves in dusty plasma have also been
observed. In plasma processing the EXB rotation in RF and cylindrical DC. magnetron device has been
investigated to understand the diffusion mechanism. In case of RF magnetron drift velocity attains maximum
value at the race track region. It is important to note that crystalline aluminum oxide films could be deposited at
low temperature in tf magnetron while titanium nitride films grown by DC magnetron sputtering shows
nanostructure of average radius of 32.6 nm.

Real time studies of surface roughness development and reticulation mechanism of advanced
photoresist materials during plasma processing is another important investigatiorn.

The Polymer section of Material Science Division has been engaged in sy nthesizing and developing highi
polymers like solid polyelectrolyte, conducting polymers, polymer foams, liquid crystalline polymers, nano
polymers ete. With the help of plasma processing better conducting nanostate ot Polyacrylamide films has been
developed. A catalyst s also synthesized for solution of Polyvinyl alcohol. Study of A.C. conductivity of some
- polymers is also another important study while the synthesis of low density polymer foams reveals good

properties to be used as laser targets.



Life Sciences Division:

Activities in Biochemistry and Medicinal Plant section are evaluation of antioxidant properties
of some selected fruits of North Eastern India. Local ripe fruits like Musa balbisiana (Athia Kal),
citrus grandis (Robab Tenga) and Garcinia pedunculata (Thekera Tenga) etc. are selected and fresh/
dried pulps of these fruits are extracted to evaluate the antioxidant properties. It is found that these

fruits have high amount of antioxidant properties.

The important studies of Seri-biotech unit are Phylogenetic study and Protein analyses of
colour variants and wild moths of Muga silk worm. A package for identification of pure silk with
some methods of physical cxamination like burning, microscopic and solubility tests, has been

‘developed.

'Medicinal Plants:

In-vitro and in-vivo studies of some plants against some specific dermatophytes, namely
Trichophyton, Microsprorum and Epidermatophyton have been carried out with some selected plants
of the region. Two compounds from two different medicinal plants have been taken up for molecular

and crystallographic studies.
Resource Management and Environment Division:

In Resource Management and Environment Division, the biodiversity section has been working
on exploration of fish and amphibia from different states of North-East India (Assam, Manipur and
Nagaland). The investigation of different types of fish fauna and amphibian species in the unexplored
system is very important for ccological research. A major achievement of this section during 2007
is publication of a species of frog "Rhacophorus Suffry" which is a new addition to the global list
of amphibia. The chemical section undertook some study on the major contributors of different
contaminants to environment due to petroleum industries. On the other hand the biotechnology
section has collected the hydrocarbon-contaminated soil samples from different oil fields, analysed
their physico-chemical characteristics. Another study on utilization of bio-waste for production of

vermicompost manure has also been undertaken.
Mathematical Sciences Division:

The Mathematical Science Division is concerned with the problems of Sequence Spaces, Fuzzy

Real Numbers in Pure Mathematics and Stochastic Models, Distribution Theory in Statistical unit.

I thank all the members of the institute for their support and efforts in bringing out this annual

report.

Joyanti Chutia

Director
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3.0 Objectives of the Institute:

The Govt. of Assam and the Scientific Community of Assam desire to make the IASST a
centre of excellence, with the full support from the Go I, in some frontier areas of S&T including
the interdisciplinary ficlds and on the problems concerning utilization & development of natural

resources of the North Eastern Region of India.
The primary objectives of the institute are as follows:

* To build up a research centre with facilities for fundamental and advanced studies in

different selected fields of pure and applied science with a view to enlarge the frontiers in

these fields.

¢+ To promote original and /or applied and interdisciplinary investigations in areas considered

appropriate.

+  To sponsor project in selected fields in science and technology including projects concerning
the development and utilization of resources of the NE Region and on environmental
science involving wherever possible in collaboration with advanced research centre both
within and outside the country and also collaboration among academic and industrial

research centre.

¢+ To diffuse knowledge by organizing discourses, lectures and colloquia, demonstrations,
special courses and workshops, seminar and summer/winter school etc. in areas of interest

to the Institutc.

¢ To institute visiting Professorship, Research Associates and maintain chairs and research

fellowships.

. To collect information in regard to research and development on various disciplines of

science and technology and establish a Data Bank for use by the research workers.

¢ To establish and maintain a research and reference library in pursuance of the objectives

of the institute.

®  To establish and maintain a ‘Sophisticated Instrumentation Centre’ primarily to cater to
the needs of the [nstitute as well as for project sponsored on inter institutional collaborative

basis and to meet the demands of other academic, Industrial and Government Institute
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4.0 Glimpse of the Institute

The Institute of Advanced Study in Science and Technology (IASST) was set up by the Assam
Science Society, the premier scientific academy of Assam, in 1979 with the objective of generating
infrastructure for carrying out high quality research on some selected areas of S&T which will have
a significant bearing on the development of the natural resources of the State of Assam as well the
NE region. The Institute was formally inaugurated by Nobel Laureate, Prof. Dorothy C. Hodgkin
on 3 Nov.’79. The long standing demand of the Scientific Community of Assam for setting up
a well equipped and financially viable National Institute for Advanced research in Science &
Technology with full support from the Government of India has, thercfore, arisen as a rational
aspiration of the Scientists of the state which was reflected as one of the demands agreed to unde~

clause 7 of the ASSAM ACCORD.

The Institute has been carrying out fundamental as well as applied research on the following
areas:
(a) Material Sciences Division (Plasma Physics & Polymer Sciences)
(b) Life Sciences Division (Bio-fertilizer, Bio-Chemistry/Medicinal Plants and Seri-biotechnology)
(c) Resource Management and Environment Division (Biodiversity, Environmental chemistry
and Environmental Biotechnology)

(d) Mathematical Sciences Division (Mathematics and Statistics)

The Materials Sciences Division of IASST has been working on few frontline areas of research
in basic plasma physics as well as plasma processing and also has been ¢ngaged to synthesize and

develop high value polymers.

The Life sciences Division have taken up the work for standardization, efficacy study and
toxicity evaluation of some important remedies/plants, genetics study of Fri, Muga silkworm, Bio-

chemical basis of fibre production etc. and microbial technology with special reference to Bioinoculants.

The Resource Management and Environment Division has been carrying out basic research on
different environmental issues of North East India like study on remecdiation and reclamation of
contaminated areas, exploration on flora and fauna of N.E. region and eco-biological study of

threatened organisms.

The Mathematical Sciences Division is carrying out basic research works on Pure Mathematics,

Applied Mathematics and Statistics. Some research works for preparation of database is also done.
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5.0 Progress in Research and Development Activities :

5.1 Material Sciences Division

The Materials Sciences Division of IASST has been engaged in research in two frontier areas
namely Plasma Science & Technology and Polymer Science. The division is comprised of two units:

(1) Plasma Physics Section and (2) Polymer Science Section.
(A) Plasma Physics Section:

The Plasma Physics Section has been working on few important areas of research in basic
plasma physics as well as plasma processing. The areas covered under the basic plasma research are:
Ion-acoustic waves in multicomponent plasma as well as in dusty plasma, production of low
temperature and low density plasma, studies on sheath phenomena, development of diagnostics for
different plasma environment etc. In plasma processing, both radio frequency and direct current
discharge plasma reactors are used to achieve high quality metal oxide and nitride films. Plasma
polymerization is another area that has been taken up in this section for protective coating on bell

metal and muga silk fibre.
a. Investigation on ion acoustic soliton in a double plasma device

Propagation characteristics of ion acoustic solitons have been investigated in a medium size (55
cm in diameter and 110 ¢m long) new double plasma device of IASST. The details of discharge
parameters and plasma parameters of the device are presented. An initial positive pulse (10 ps
duration) is found to steepen initially and form solitons as time passes by. The velocity, width and

-mplitude of the solitary wave are measured and compared with the K-dV equation.

A soliton is a self reinforcing solitary wave that maintains its shape while it travels at constant
seed. The soliton phenomenon was first described in 1834 by John Scott Russell who observed a
solitary wave in the Union canal. Solitons are caused by a delicate balance between non-linear and
dispersive effects in the medium. Theoretical explanation on soliton theory was given by Korteweg
and de Vries in 1895. Ion acoustic solitons in plasma are first observed by Ikezi et al in a double

plasma device.

The experiment is carried out in a medium size new double plasma device of IASST with an
inner diameter of 55 cm and a length of 110 cm. Base pressure of the chamber is brought down
to 10° Torr by using an oil diffusion pump baked by a rotary pump. Argon plasma is produced
at 3x10* Torr of Ar. Two magnetic cages with multidipole magnet arrangement for surface plasma

confinement are used. Independent discharge is maintained in both the cages with 10 hot tungsten
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Figa.1 Signals observed at different distances from the grid
with applied positive voltage 2V.

filaments as cathode and magnetic cages as anode. The plasma volume is divided into source and
target plasma using a fine mesh grid. The discharge voltage and discharge current are fixed at 60 V
and 50 mA respectively. Typical plasma parameters are: electron density n_~10°-107 cm?, electron

temperature Te ~1-2 eV and ion temperature - Te/10.

lon-acoustic perturbations are excited by applying a positive sinusoidal tone burst signal
(~microsec duration) into the anode of the source plasma. Density perturbations are detected in the
target plasma by the Langmuir probe biased positively with respect to the plasma potential. Signals
are then recorded in a digital storage oscilloscope. The velocity and width of the soliton for different
amplitude of initial pulse is measured. A typical oscilloscope data taken by Langmuir probe for a

fixed excited voltage (2 volt) at different distances from the grid are shown in Fig. a.1.

It is observed that the velocity of the soliton increases with increase in amplitude. The width
of the soliton is larger at low wave amplitude and it becomes narrow with increase in amplitude.

Observed experimental resules closely agree with the predictions of K-dV equation.
b. Collective Processes in laboratory dusty plasma

An observation on the modification of propagation characteristics of ion-acoustic solitary waves

in dusty plasma is observed in the dusty double plasma device.

Compressive solitons in two component plasma are described by K-dV equation. Rarefactive
solitons in multicomponent plasma with negative ions are also described by K-dV equation with

negative nonlinear term. In dusty plasma, however, the situation becomes more complex as presence
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Fig. b.1 Probe signals at a distance 6 cm from the grid showing the modified propagation
characteristics of the compressive ion acoustic soliton with increasing dust density.

of dust particle modifies not only the dispersive characteristics but introduces strong damping. In
Fig. b.1, typical oscilloscope data showing the ion-acoustic compressive solitons propagating through

dusty plasma with different dust density are shown. The solitons are found to travel faster in dusty

plasma.

The situation is however, different in case of rarefactive solitons. The negatively charged dust
grains introduce strong damping and the wave amplitude becomes smaller at sufficiently high dust

density.
c. Investigation of the ExB rotation in RF magnetron discharge

Electron drift velocity caused by ExB motion is measured with the help of a Mach probe in
a rf planar magnetron sputtering discharge at an axial distance of 2.5 cm from the target and at

power 25W is shown in Fig. c.1.

The investigation reveals a radial variation of the electron drift velocity in the discharge. The
drift velocity increases as we move away from the center and attains maximum value at the racetrack
position and then again decreases outside the racetrack position. Peak of drift velocity at racetrack
in the radial profile is found to be sharpened as the power increases. The drift velocity of electrons

is also determined radially at an axial distance of 1.5 cm for applied power 50 W. It is seen that
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Fig. c.1: Radial variation of drift velocity at power 25W

the value of drift velocity at all the radial distances increases as axial distance decreases from 2.5 cm
to 1.5 cm from the target. The maximum value of drift velocity is ~ 1x10" m/sec at the racetrack
position at 1.5 cm from the cathode. The drift velocity of electron is measured from the sheath
structure is found to be - 2.1x10° m/s, which is close to the value determined from the Mach

probe characteristics.
d. Crystalline aluminium oxide deposition at low temperature in rf magnetron plasma

Aluminium oxide coatings are deposited on bell metal by rf magnetron sputtering technique at
low temperature in both metallic and reactive modes. X-ray diffraction patterns for all the films A,
B, C and D are as shown in Fig. d.1. Film A, B, C and D corresponds to deposition at oxygen flow
rate of 4 sccm, 6 sccm, 8 sccm and 10 sccm respectively at constant argon flow rate of 12 sccm,

applied power 100 W and deposition time of 45 minutes. The target to substrate distance is fixed
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1-Al, 04 H H } } l 1
8-Al, 03 1 l H H

0 —.

Fig. d.1: X RD pattern for films A, B, Cand D
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at 6 cm. It is difficult to get crystalline alumina deposition at low temperature by sputtering
technique. However, it is seen that at high oxygen flow rate of 10 sccm and in the poisoned mode,

there can be formation of crystalline alumina formation on the bell metal substrates.

The growth of the crystalline alumina films without any substrate heating may be due to
following reasons. Firstly, the substrate is very near the target (6 cm from the target) and also the
magnetron used here is unbalanced type II magnetron whose outer magnets have higher strength
than the inner one and thus enabling confinement of higher energy electrons near the substrate.
These two factors combine for improvement of ion current near the substrate, which accounts for
the growth of crystalline alumina film. However, the intensity of the peak is very low, which suggest

the possible existence of amorphous region in the film.
e. ExB electron drift velocity in a cylindrical DC magnetron device

Electron drift velocity caused by ExB motion is measured directly with the help of a Mach probe in a
DC cylindrical magnetron sputtering device at different plasma discharge parameters like discharge voltage,
gas pressure and applied magnetic field strength. Measurement of £xB drift in DC magnetron device is
important to understand the electron diffusion mechanism and also for its influence on plasma characteristics.
Drift velocity is found to vary with discharge voltage, pressure and magnetic filed. Strong radial variation of
the drift velocity is noticed and is found to be maximum near the cathode and decreases slowly with increasing
radial distance from the cathode. The radial variation of the electron drift velocity measured using the Mach

probe at different distances away from the target cathode at three different discharge voltages is shown in

Fig. e.1.
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Fig. e.1-Plot of radial variation of electron drift
velocity by Mach probe at different discharge voltages.
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