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S&T IN INDIA

Profile of a pioneering scientific research
Institute of India — Indian Association for the

Cultivation of Science

U. R. Ghatak

The origin, growth and decay in tem-
poral sequence is the cycle of life
process. This biological cycle may not
necessarily be true in the life process of
organizations, much less in the case of a
scientific institution. A sound conceptual
framework for the foundation, the ideas
and vistons of the founders, the vigour
and wvitality of the successors to frans-
late the ideas into reality, adaptability
to changing needs of time and environ-
ment, and, above all, contributions and
achieverents in the pursuit of excell-
ence are the attributes that really make
a scientific institute grow and flourish
from strength to strength over the years,
The Indian Association for the Cultiva-
tion of Science can claim to have all the
above attributes in some measure,
enabling it not only to survive a long
life span of one hundred and sixteen
years but also grow strong and vibrant
with the passage of time.
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Mahendra Lal Sircar

The early period

The Indian Association for the Cultiva-
tion of Science was founded in July
1876 by Mahendra Lal Sircar with the
avowed objective “to cultivate science in
all its departments by original rescarch
and to its varied applications to the arts
and comforts of life’.

From 1876 till the death of Sircar in
1904 the Association passed through a
period of consolidation. The early for-
mative years of the Agsociation has
been dealt with at length elsewhere!.

Raman era (1907-33)

The period 1907-33 ushered in a new
era of scientific research activity in the
Association. This could be termed as the
‘Raman era’ when C. V. Raman and his
associates opened up new vistas of
research in physics and placed the
Association at par with some of the
leading institutions of the world.
Raman’s work in the Association on
melecular scatterng of light in physical
optics, popularly known as the Raman
Effect, earned for him and India the first
Nobel prize in science (physics) in 1930.
The work of Ramasn and his role at the
Association has been well documen-
ted® ™4,

In recognition of the research work
done at the Association the annual grant
was increased progressively from 1926
and this enabled the activitics to be
extended to other arcas, viz, X-rays, elec-
tron diffraction and crystal physics,
magnectism and magneto-optics  and
clectro-optics.

Post-Raman cra

For the first time a whole-time rescarch
profcssorship of physics named after the
Founder, Mabendry Ll Sircar, was
created in 1933 at the Assoctation, K, S.

CURRENT SCIENCE, VOL. 62, NO. 12, 25 JUNE 1992

C. V. Raman

Krishnan, an important collaborator
with Raman, was invited to assume this
newly created chair. This phase of the
Association [1934-1947) is marked by
significant research work of K. S.
Krishnan, K. Banerjce, who succeeded
him, and their associates. The areas of
investigations during this phase included
crystal magnetism, Raman Effect, crystal
optics, X-ray crystallography, cic. The
work on crystal magnetism attracted
the attention of the scientific world, It
was also during this period that rescarch
in solid state physics was consolidated.
This period saw the germination of
many of the present day soeatific
problems of investigations. The Asso-
ciation became a dynamic centre of
research mainly in physics during the
period 1907 to 1946 uvader the kader-
ship of C. V. Raman, K. 8. Krishnan
and K. Banerjce, who put the Associa-
tion in {he scentfic map of the world.
The Assocration was housed in Bow
Bazar Street premuses, Intially public
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Associabon’s old budding

donations and endowment were the
main sustenance. but later Government
of India started to provide an annual
grant which was progressively increased.
Since 1935 a Government of India
representative found a permanent place
in the managing committee of the Asso-
ciation. More than 430 original research
papers were published during 1907-46.

The new campus

The Committee of Management of the
Association realizing the urgency and
need of re-orgamising the programmes
and activittes of the Association took
varnous decisions during 194346, A
plan formulated in 1946 envisaged the
creation of an active research school
where the problems of molecular struc-
ture would be nvestigated by the
concerted team work of a band of
physicists and chemusts. In addition,
fundamental studies in physics, X-rays,
optics, magnetism and Raman effect, in
which the Association had specialised in
earlier years, were to continue. The plan
also proposed to include investigations in
physics and chemisiry of high polymers,

At this juncture the Association was
fortunate to have as its president,
Meghnad Saha, who was a firm believer
in the central role of science in national
development. Saha’s stewardship of the
Association as hony. sccretary, vice-
president, president and first whole time
director was at a time when fwo great
visionaries of modern India, Pandit
Jawaharlal Nehru and B. C. Roy were
at the helm min the Cenre and the State.
This configuration resulted in Saha’s
setting out to give shape to a new
development plan for the Association in
tune with the changing needs of the
time.

The old building, though historic, was
inadeguate to embark upon an expan-
sion programme and a plot of land
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measuring 9.54 acres was acquired at
Jadavpur opposite Jadavpur University
in 1947 on which first a rescarch
laboratory was built, and subsequently
other wings were added. By 1951 the
new campus was fully ready. Many
research departments (viz. general phy-
stcs, X-rays and magnetism, optics,
theoretical physics, physical chemistry,
organic chemusty and inorganic chemi-
stry) were created between 1947 and
195). Based on the recommendations of
the thrce Review Committees (1958,

-
TRE

1968, 1983) and decisions of the Coun-
cil, there has been further restructuring
of the departments and curreatly the
Association has four research depart-
ments In physics—theoretical physics,
solid statc physics, material science,
spectroscopy; four in chemistry~physical,
organic, inorganic and biological. In
addition, there are three research units,
two mn physics (Encrgy Research Unit
and that of the Mahendralal Sircar
Prof. of physics), and one in chemistry
(polymer). The infrastructure depart-
ments mclude a central scientific ser-
vices, workshop, library, Indian Journal
of Physics, besides general administra-
tion,

Physics (theory)

A good number of groups arc engaged
in theoretical investigations, the main
thrust being on atomic and molecular
collision physics.

Several ingenious mathematical tech-
nigues™® have been developed to over-
come enormous mathematical difficul-
ties encountered in collision physics for
decades. These techniques have been
employed to solve longstanding pro-
blems. The observed capture pheno-
mena in HY-H scattenng are ex-
plained. The ionization amplitude in e*-
ion (atom) involving two and more
Coulomb waves and Glauber eikonal
scattering amphtudes are exactly ob-
tained. These technigues have become a
standard tool for the international
community.

IACS—New campus
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In the study ol atomic collision phy-
sics, knowledge of target wave functions
is essential. Analytical representations of
ground and excited states, inciuding the
Rydberg states of atomic targets”, are
obtained including the effects of electron—
electron correlation partially. The accu-
racy of the wave functions is tested by
calculating the basic structure proper-
ties of the atoms,

Due to the importance of atomic
collision data in different branches of
physics, including plasma diagnostics, a
large number of investigations fo pre-
dict the scaitering parameiers in e -
atom and 1on-atom scattering have
been carnied out. Qur predictions® on
charge-transier processes in lop-atom
scattering are worth mentioning. The
scattering of electrons by molecular
targets ¥s far more complicated than the
corresponding cases of atomic targets,
Elaborate and ab initio methods have
been employed to predict scattering
parameters for different molecular sy-
stems®. These results are definitive in
nature.

The multiphoton and photon-~induced
atomic and molecular collision processes
are of great astrophysical interest. The
study on resonance two-pboton auto-
ionization and resonant (n-+ l}-photon
ionization of H, has been done using
elaborate theoretical methods'®. The
non-resonant discrete and continuous
resonance two-photon  dissociation of
the polar diatom HD™ have also been

investigated*t. These investigations have
revealed the mportant dynamics of the
multiphoton processes. A new novel
method'? has also been developed and
applied for the study of doubly excited
autoionizing states of the atom. Apart
from these studies, photo-tonization and
photo~detachment of two ¢lectron targets
have been investigated with deflinitive
results'?,

Alter the pioneering measurement in
the early ecighties, atomic collisions in
presence of an external faser fteld have
attracted a great deal of attention from
theareticians. [avestigations on charge
transfer processes in ion-atom'™ and e*.
atom!® scattering stimulate the works
along this line. Ynvestigations'® on
elastic, exctation and jonization pro.
cesses In laser-assisted  clectron-dtom
scattering, with and without exchange
and dressing eflects, have ennched Yhe
literature,

Afer the dikovery of the mono-
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eneérgetic positron beam I the early
seventies, posifron-atom collision physics
emerged as a sepatate branch of stieace.
Our physicists have contribyted signifi-
cantly in 1S matucity, They indtated the
studies oy i} fonizgtion processes'’ in
e¥.atom scattering, ii) rotational and
vibrational scattering'® in e -molecule
scattering, and i) e*-alkal atom sca-
ttering!®. The wotks on ¢’-atom sca-
ttering?®, including the effect of short-
and long-range correlation, bave created
a4 great impact in the International
community.

In the domamm of particle physics,
investigations?® suggest that neutrino
matter is characierized by a lepton
number-violating phase at sufficiently
high densities. The effect of zero gauge
field modes has also been investigated?!
using Monte Carlo simulations of the
fatticea QCD. ,

Recent years have witnessed some
renewed interest in the polaron problem
mainly because the polaronic effects
have been observed in lower dimensional
systems such as in fnverston layers and
heterp junctions of polar semiconductors
which are of much practical integest.
Several calculations?? relating this field
have been performed. Moreover, elec-
fronic structure of some rare-earth
elements and compounds as a funcrion
of pressure have been investigated?’
using elaborate methods predicting elec-
tromic properties like density of states,
coeflicients of linear specific heat, saper-
conducting transition temperature, etc.

Physics (experimental)

Photoreaction in the crystalline state
makes 1t possible to synthesize a large
number of organic crystals useful in
many device applications. The mecha-
nism of solid state photoreaction and
also its dynamic response have been
investigated®* by laser Raman spectro-
scopy. Crystalline state photoreaction ts
found 10 be mediated by Iattice phonon
through strong exciton-phoion coupl-
ing (n genecal or softening of a plianon
made in the excited state of the crystal
N SOME CUSCSs.

lmportance of muluphoton processes
sPans arcas from space physics to hile
science, Eaciion exciion interaction gnd
their antminfation generate an exciton of
twice the encrgy. Bigxcitonic processey
i organic mixed crystals are berog
stndhed?? by fuminescence spectroscopy,
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revealing the exciton dynamics.

Biomaterials are finding increasing
applications in many useful devices.
Solid state battery, pas sensor, photo-
voltaic celis and optical switching device
based on cacotenoids, a class of materials
found in some plants, have not
only been developed?® but their basic
physical processes are also being investi-
gated,

The characterization of materials is
always a part of fundamental research.
There are different ways to do the same.
In TACS laboratory, the characteriza-
tion is mainly made by X-ray diffraction
and optical and electrical microscopy. A
large number of materials in crystalline
and amorphous Torms, in the state of
bulk as well as thin films and single
crystals, have been studied?’, revealing
the micro-structure in terms of lattice
defects or imperfections which have a
strong influence on its physical proper-
lles.

X-ray studies of crystal structure,
structural diserders and phase transitions
are the areas of intense activities®® at
FTACS. Precise structural determipation
of organic and organometallic com-
pounds js carried out, which led to the
Information about their conformation
and coordination.

In separate attempts, magnetic sus-
ceptibilities, thelr anisotropies, specific
heat, EPR, Zeeman and Mossbauer
spectra of different types or rare earth
¢rystals and some magnelic minerals are
studied down to liguid He temperature
to see the effect of logal field and
hyperfine field on the clectronic and
nuclear properties of the magnetic
atom??, In the case of mingrals, mired
valence states of Fe and Mn were
found?? to exhibit prominent effect on
some of these propersies. Moreover,
EPR techniques were employed® to
study phase transition, Jahn-Teller,
magnctic  dimensronality, dimeric ¢x-
change and cross-reluxation eflects in
suifable crystals.

In order to undenstapd the mecha-
nisms of the non-adiabatic decay pro-
cesses, systematic studies were carried
out in condemed phase with ddlerent
types of perturbers and alo m flyoro-
phore itsell. These studies™s sugvest that
on-puir formation,  r-glegtron delo-

Lulization of contact C7 Etciplt‘l for-

mation between molecule and perturber
wre the causes for such decays in the
differeny sysiems.
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For tis technological importanee, ail
the major Jaboratones are engaged in
supcreonductivity, The mechamsm  of
the superconducting materials 15 not
comnpletely known, An unidied micro-
scopic theary of structural phase tran-
sitions. both in nopsuperconducting and
superconducting  matertalds, has also
been worked out'®, Efforts to prepare
high-temperature superconducting oxides
{HITSO) have brought some success®®.

Ultra-fine metal particles exhibit novel
physical properties. Nanocomposites
have received dftention and a sol-gel
technique has been developed to prepare
such materials®>, Enhanced electrical
conduction has been achieved in amor-
phous systems by controlling their
microstructure through an ion exchange
mechanism?®,

Research in the areas of some im-
portant compound semiconductors hke
CdTe, InP and CulnSe, has been
intensified. CulnSe, has been identfied
as one of the most promising materials
for thin film photovoltaic solar cells.
Achievement of 16% efficiency for
InP.1TO solar cells is worth mentioning
and the projection of IACS is to achieve
12% efficiencies for CulnSe, and CdTe-
based solar cells by 1991, Proper
emphasis has been given for the pre-
paration and characterization of window
layers®” 3% of ZnQ, ITO and Cd,_,
Zn,S for improving the cell performan-
ces already achieved.

Hydrogenated amorphous silicon thin
film and its alloys have become import-
ant electronic materials for the fabri-
cation of low-cost solar cells and other
electronic devices. Novel and state-of-
the-art quality films of amorphous-Si:H
and its wide band gap alloys have been
developed by using plasma OVD and
RF magnetron sputtering  techni-
ques>® 1. Technology for the fabri-
cation of amorphous—Si solar cells has
been developed.

Chemistry

Research activities in the field of carbo-
hydrate chemistry has been going on in
this Institute from the e¢arly sixties.
Although preliminary emphasis was on
plant polysaccharides, investigations on
bactertal polysaccharides were taken up
a few years later with special attention
10 the relation between their structure
and immunological specificities. Work
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on synthetic carbohydrate chemistry,
lectins, allergens and other glycocon-
jugates has yielded sigmficant results.
Structures of many bacterial polysace-
harides of Klebsiella and Pneumonioe
types have been eluadated®?, Several di-,
tri- and tetrasaccharide moieties related
to bacterial antigens have been syn-
thesized®? and lectins of diverse origin
purified and characterized***3, Immo-
bilized lectins were used for purification
ol many polysaccharides and glycosub-
stances. Leototyping of several sero-
groups of P. geryginosa was completed?®®.
House dust allergens were separated
into distinct allergy-producing and immu-
nity-provoking components,

In contemporary inorganic chemistry
the transition metals play an over-
whelming role. The chemistry of these
elements has been the mainstay of
researches in inorganic chemistry. The
mainspring ol activity is the purposeful
synthesis of new coordination and
organometallic compounds. Structural
novelty, notable reactivity and bio-
logical relevance have been the motivat-
ing factors. The control of oxidation
states of metals and ligands in tailor-

“made environments has been the subject

of prime interest®*’. Oxygen- and ni-

trogen-donor macrocycles and poly-
nuclear species of 3d elements and their
chemical and electrochemical transfor-
mations have received considerable att-
ention*®~>% In bioinorganic area, em-
phasis has been on modelling of biolo-
gical active sites®!~ %% Possible anti-
tumour compounds have also recetved
attiention. Considerable interest has been
shown to delineate mechanisms of new
reactions. These include, polyoxometa-
llate and peroxo reagents as oxidants
for organic and inorganic substrates,
redox-driven isomerization, solid state
structural transformation, activation of
metal-carbon bond and coordinated
malecules,  cycloaddition reaction,
ete.>> %8,

Researches in organic chemistry have
as the central theme development of
state-of-the-art methodologies In syn-
thests and application to natural pro-
duct synthesis. The prime thrust m this
area has been innovative and stereo-dis-
criminated syntheses of complex carbo-
cyclic natural products of terpenic and
refated origin. In the realm of synthesis
these have provided the greatest chall-
enges through the presence of a wide
variety of structural features with mul-

tiple chural centres and conformational
possibilities. Recent efforis have cul-
minated in the synthesis of sesquiter-
penes from rearrangement of caryo-
phyllene®’ and marine sources®® and a
host of complex diterpenes’®=%2 A
significant outcome of these endeavours
has been the development of novel
protocols for carbon-carbon bond for-
mation and functional group transfor-
mation®’, application of photo-induced
and intramolecular cycloadditions®4~%¢,
catalyst-mediated reorganization of tai-
lor-made carbocyclic network o suit
natural product synthetic targets®’ and
reagents of potential and general appli-
cability®®. Parallel studies have also
involved preparation of substituted ura-
cil derivatives®® and novel sulphur
heterocycles’® for exploration as medi-
cinally useful compounds.

Significant pregress has been made in
the field of pico- and nanosecond photo-
dynamics and nonlinear laser spectro-
scopy and linear and cirenlar  dich-
roism”! 75, The photodynamical stu-
dies include elucidation of the role of
magnetic field on melecular lumines-
cence’!, geonetry change, proton’? and
electron transfer™ 7 in the excited
electronic states and photophysics of
molecules in microheterogeneous syst-
ems {micelles’?, cyclodextrins’® and
proteins). Interesting polanzation de-
pendence and intensity distpibution in
the two photon absorption in multi-
chromophoric organic molecules and
lanthanide single crysials have been
observed’?. Concurrent to these experi-
mental developments, theoretical inves-
tigations have been carried on optical bi-
and multistability, optical chaos, dyna-
mic Stark splitting, optical solitons and
instability encountered in the atom-field
interaction’® "7, Work has been initia-
ted to study supersonic jet-cooled mole-
cules,

In the area of theoretical chemstry
considerable advancement has been
made in the development and applica-
tion of theorstical models in inner-
valence fonization processes, the studtes
of the intricacies of excited state poten-
tial surfaces and in unravelling the role
of strong coupling in modifying the
dynamics involving laser-molecule, vi-
brational modes and stochastic bath-
modes’® %3, Of special interest has
been the delineation and understanding
of the strong electron-correlation effects
in the appearance of asymmetrically
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broadencd peaks in the (e, 2¢) and Auger
spectrum, predicting the electron affin-
ities of radicals and neutrals that are
dominated by electron-correlation, for-
mulation of time-dependent nonper-
turbative formalisms to study strong
mteractions (avording secular diver-
gences)’878%  exploration of methods
for directly computing electron densi-
ties®? and use of suitably tailored
optimization strategies to generate po-
tential surfaces involving real and avoj-
ded crossings {of Interest in reaction
dynamics)®%:83,

In the field of polymer science,
researches were carried out in the areas
of polymer blends, phase transfer {PT)
catalysed polymerization, condpcting
polymers, etc. Mis¢ible blends of similar
polymers are of rare occurrence. Susta-
ined researches have led to the dis-
covery of several new miscible polymer
biends from like polymers eg., poly
{vinyl esters}-JCH,-CH{OCOR)-], and
polyacrylates -[CH,-CH{COOR)-],. It
was revealed that miscible blends are
obtained only when the repeating units
of the polymers in consideration are
sarme in all respects except in  the
orientation of the ester group as occurs
in the two classes of polymers®4835 The
thermodynamics of mixing in the blend
systems were elucidated by inverse gas
chromatography using an indigenously
made gas chromatograph®®27 [n PT-
catalysed polymenzation of vinyl mono-
mers using K,S,0; catalyst and quat-
ernary ammonium salts as PT agents
the existing mechanism was showi to
be nadequate and additional mecha-
nism proposed®s,

in the area of rubber chemistry novel
binary systems comprising thiophos-
phoryl disulphide and thiazole-type acce-
lerators which exhibit synergestic
effects 1n the properties of vulcanizates
(heat and age resistance) have been
developed. Also, reaction intermediates
in binary accelerator systems jdentified
which helped greatly to understand the
mechantsms of vulcanization effccted by

such accelerator systems®” "9,

Conclusion

Pursuit of excellence in fundamental
research in physics and chemistry has
been the cherished goal of the Associa-
trop during its long journcy. Jn the
spectacular advancemient of scicnce dut-

ing the last century and a quarter, the
Association, which virtually represented
the Indian science till the early decades
of this century, made its humble contri-
bution and can take pride not only in
individual brilliance which it has thrown
out in the early stages, but also in its
institutional contribution as reflected in
the current research activities briefly
reviewed in earhier paragraphs. The
wealth of scientific knowledge that the
Association could generate through a
large number of original research publi-
cations and an equally impressive num-
ber of PhDs it could produce stand as
an eloquent testimony of a satisfying
performance. But the Association has to
£0 a long way, Success in science brings
1 its trail new challenges and therefore
the quest for knowledge is to be
pursued with renewed vigour. There is
no scope for complacency.

The academic groups in the Associa-
tion are conscious of their role as
creative scientists. The Eighth Five-Year
Plan projection of the Association
reflects this mood of creativity. The
endeavour continues to be enrichment
of human knowledge in fundamental
science, exploring the upcoming areus of
‘frontier science’, treading into the areas
of *high science’ and ‘high-tech science’.
Given the necessary financial support
by the Government the Association
with the help of the infrastructure
created and the expertise developed can
aspire to become a leader in many
challenging fields of basic physical and
chermical sciences in the years to come.
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Regional Research Laboratory, Tri-
vandrum, a constituent unit of the
CSIR, has as its charter the following
objectives:

{1} Systematic input of science and
engineering research on sclected and
iImportant regional resources

(1} Continued dissemination of this
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knowledge to professional and possible

user agencies

(iti} Systematic transfer of the feasible
technologies to existing or new industries,
thereby contntbuting to further economic
development

{iv) Training and professional support
for augmenting the relevant manpower

tnfrastructure,

Such a strategy of decentralized science
and technology development to meet
the specific needs of a region necessartly
calls for detailed planning, serious mid-
course corrections, and, more than
anything else, multidisciplinary team
efforts,
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