[After organising a discussion meeting and consulting a number of
chemists, the Science and Engineering Research Council (SERC) of
the Department of Science and Technology has prepared a paper

identifying new thrust areas in the field of Chemical Sciences.

We

are happy to publish this paper which brings out the need for a
change in the direction of our research efforts. Chemists should be
interested in this paper as the Department of Science and Technology

will provide major funding in these areas.

It would also be interesting

to have our readers’ views if there are any major lacunae in. the

identified areas.—FEd.]

——————— e ——
THRUST AREAS IN CHEMICAL SCIENCES

1. INTRODUCTION

HE objectives of the science of chemistry
from times immemorial have been to
study the properties and syntheses of matter.
Chemical science today has a part to tliy in
all branches of modern science, from °‘ bio-
physics to botany and from nuclzus to nebula >,
The dynamic nature of chemical science 1S
manifested by the increasing number of inter-
faces 1t forms with other sciences. Chemical
science has also muc 1 to contribute to national
development. Applications of chemical science,
whether they be in food, texfil’s and drugs
or in batteries and rockets, are spo innumerable
and vitel that we can truly state that there
can be no progess without chemistry.
Newer and better processes as well as newer
and beiter materials are being developed
con:inually by chemists., Alternate sources
of energy, newer aprlications and substitutes
of raw material: and a better environment to
live in, w.ll all eventually be found only with
the participation of chemists, While these
tasks demand research and development of
the highest quality, there is lLittl> doubt that
chemists with their unlimited abilities in the
anderstanding | of Structure, dynamics and
synthesis are capable of 1t, This is not to
say that chemists have sclved or can solve
all problems of mankind with their. present
knowedgz, There are many pressing problems

glaring at us which require chemical solutions
but have not been hitherto solved. For
example, chemists are yet to find ways of
fixing nitrogen by simple means: chemists
are not yet able to say definitively whether the
ozone layer is depleted by supersonic flights.
Practical ways of converting cellLlose to pro-
teins, making hydrogen from water emgloying
sclar energy and means of slowing the process
of ageing of human beings are yet to be
found.

Traditionally speaking, chemical science has
been divided into three main branches, physical,
orginic and inorganic, biochemistry having
developed into a discipline in its own Tight.
Although this division of chemical science is
not sacrosanct, it is convenient to classify
reséarch areas in chemical science under these
broad categories. While more unified ways
of classifying chemistry have been suggested
such as structure, dynamics and synthesis,
there are problems in visualising research
areas of chemistry under these categories since
most chemists tend to think in terms of the
tradifional areas, We shall therefore bricfly
cxamine€ the status of chemical science employ-
ing the traditional classification,

2. Triie CrneMICAL SCENARIO

Organic chemustry by and large constitutes
the biggest branch of chemucal science by
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virtue of the vast varicty of carbon compounds
and the large number of practitioners. Organic
chemists deétermine structures of moleculcs,

buld structures in the laboratory emgploying

newer and better methods, elucidate stép-wise

me hanisms of reactions and relite chemical
eactivity to structure, Their invesugations
vary from developing new products 10 improve
the qucl ty of life at one end to carrying out

theoretical calculations and computer simu-
lations at the other.

able. Chemists are aul> to deitermune siruc-

tures of increasingly complex molectlss with

great rapidity employing very smal amounts

(1335 ta3g 3 micromels) of matericls. Orginic

chemists use every couceivabls speciroscopic
method to the best advantag:.
X-ray crystall g-aphy by orgwic chemists has
now become a matter of routine in the 2ad-
vanced countries wherein structure and stereo-
chemistry are determined as and wheén com-
pounds are Synthesiséd in the laboratory.
Beiides such advances in the use of modern
physical methods, orginic chemusts confinue
to innovate through discovery of newer Syn-
thetic metyods, reactions and reagznts. Organic
chemists today are very much interested in
bionimetics and in understanding Lfe proces-
ses,

Whii'e the above scenario is prevalent in
advanced countries, the situation in this
country is pot altogsther encouraging.
Al:asugh  organic chemists in India have
floarished more than
in other branches, facil.ties available to them
are far from satisfactory. They are unable
to compéte with their counterparts in the
advanced countries., Instrumentation and
analytical methods are not readily avalable

to renable them to elucidate structures of

compounds rtapidly. OSpecial chemicals are
not often available. It is also true that in
saite of the good contribution made by organic
chemists in India, there have been no major
reazions or syntheses conptributed by Indian
orginic chemuists,

In this aciive branch of
chemic.] sciepce, progress has been unbehev-

The use of

. certainty.

chemists specialised

.

Lewis defined physical chemistry lcng ago
“as anything that is exciting”, but a more
operational definiticn  would be that this
subject deals with physical principles undes-
lying chemical phenomena. In the past few
yéars, physical chemists have explored proper-
ties of matter in detail from the mclecilar
and electronic points of view, They have
increasingly used various kinds of mstruments,

ar.culwly spectrometers, with greater and
greater sophis icaion. The instrumenta‘icn
involved in physical chemistry tesearch is
indeed so sophisiicated that anycne trained in
the cld schocl will find himscl{ completely
unfamiliar in a modern laboratory, Compu-
ters have become so large and fast that physical
chemists are now able to make calculations
of great complexity and predict properties of
molzcules and systems with a fair degree of
Research in many of the tradi-
tional areas of physical chenustry seem to be
slowly becoming obsclete,

Some of the most significant developments
in physical chemistry today are the use of
lasers to study state-to-state chemisiry and
phenomena in the picosecond range, Physical
chemists have alio confributed significantly to
the understanding of liquids. The advent of
synchrotron radiation has enhanced the poten-
tiality of many of the structural tocls employed
by physical chemists. They have also been
involved in the study of a number of problems
of biological 1mportance where they employ
lasers and spectroscopy. Studies of surfaces
and solids which hitherto constituted im-
portant aspects of physical chemistry are
slowly getiing recognized as new emerging
areas of chemustry,

The above description of physical chemustry
provides a glaring contrast to the situaticn
of the subject in this country. There are very
few good physical chemists in the country and
most of them have not been able to work in
areas of thrust and significance at the most
opportune time,. Physical chemistry labo-
ratories are mostitl-equpped and the computer
age or the ¢leciromies age has not yet siarted
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as far as much of Indian physical chemustry
is concerned. While part.of the reason may
be due to the non-availability of scphisticated
instruments and computer facilities, part of
the blame may go to the practising physical
chemists who have not been altogether out-
going. While the status of physical chemistry
is highly unsatisfactory, the status of inorganic
chemistry in the country is much worse; there
are very few good inorginic chemists in the
country today. One has Indeed to worry
about the finite probability that these two
branches may soon be¢come extinct,

Inorganic chemistry deals with more than
100 elements, In spite of or because of this
vast area of action, the growth of the subject
has been rather diffuse. On¢ of the problems
has been that many of the areas of inorganic
chemistry overlap with those of organic
chemistry or physical chemistry. Inorganic
chemists are getting increasingly interested in
biological problems in recent years, There is
ind=ed a distinct difference between a biologist
trying to work on a problem involving inorga-
nic species and an inorginic chemist working
on a biological problem. Typical of. the
problams of interest to inorginic chemists in
biological area are, nitrogen fixation, use of
shift reagents to study molecular confor-
mations and €nzyme models, Other aspects
of interest in modsrn inorginic chemistry are
orgmomzatallic chemistry and photochemistry,
M2y inorgunic chemists today use spectro-
scopy in great depth; they also work on many
aspscts of solid state science. Inorginic
chemistry, as practised in this country, hcw-
ever, does not reflect these new directions in
the subject, Although significant contri-
biutions toinorginic chemistry have been made
in [nlia in the past, there are very few good
Iny"3yic catmists today in the country and
few>r still working in frontier areas,

A n1nder of chamists {n India have worked
on new analytical reagents and simple wet
procedures for analysis, but have not heen able
to k3 pvis with the dsvalopmonts in modern
aaytical chemistry . where instrumentation

involving microprocessors is the order of the
day. In fact, this is a general problem in all
areas of chemistry. There are very few centres
in the country where sophisticated instruments
are designed and fabricated by research
workers. Use of microprocessors with instru-
ments is vet to be initiated in the country.

Of all the sciences, chemical -science hag
had the biggest information explosion. It 1is
indeed a nightmare to chemical educators as
to how to communicate advances iIn the
subject in a meaningful manner to students.
Having a fair proportion of the descriptive
component and also a large number of inter-
faces with other sciences, chemica] science
does not lend itself easily to a unified treat-
meént of the subject. While this 1S a global
problem, chemical education in most insti-
tutions in our country is wrought. with many
other problems such as ill-equipped labora-
tories, poor curricula and poorly motivated
‘eachers. Students are not tramed properly
in theory as well as experimental skills, One
of the major factors responsible for the indiffe-
rent guality of chemijcal research and for the
shortage of young talent in chemical science
is, undoubtediy, the poor standard of chcmical
education. There are many other factor« which
have contributed to the present state cof
chemical research in the country, Chief
amongit them 1s our fa'lure to identify crucial
areas of research and capable scientists, and
providing adequate support for research (parti-
cularly Instrumentaticn) at the apprepriate
time, This has resulted in a tremendous gap
bewcen the status of chemical rescarch in
this country and in the advanced ccuntries,
It is extremely important to be ccnscious cf
the tremendous rate of clhange of accelcraticn
in chemical science in identifying research areas
and in. supporting tlem,

3. THrust ARpAS
The above descripticn of the chemiecal

scenario in this country and eliewkere clearly
brings out the need to support thrust areas of
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chemical sciences in the country selectively in
order to develop and promote these important
areas, It 1s only when adequate funds are
provided for research in critical areas that we
can expect major advances to be made. It 1s
with this objective that thrust areas have
been identified in chemical sciences. It 1s
possible that there are other areas of impor-
tance in chemistry which have not been listed,
but it is felt that funding of the thrust areas
could be a good beginning in bringing about
the badly needed change in the quality of
chemical research in the country. There
should obviocusly be a dynamic programme
wherein newer areas get identified and supported
as time goes on. There are some areas of
chemistry where good work is being carried
out at present but have not been listed below
for the reason that they may not be thrust
areas today. The Science and Engineering
Research Council (SERC) will to ensure
that outstanding chemists and geood projects
are always supported immaterial of the nature
of the area or source of funding.

There are many issues related to the imple-
mentation of thrust area programmes which
are cornmon 1o all disciplines and therefore
we shall not deal with them here. We would
like to, however, stress the need to initiate
programmes to attract young talent to research
in chemical sciences, to initiate intensive train-
ing programmes in chosen areas, to establish
pronerly funded SERC upits or centres mn
chosen areas and to find ways of effectively
monitoring the progress of SERC projects.
SERC will also identily those areas of
chemical science which will be of immense
benefit to industry and national development
if long-term research in the areas i1s supported.

We list below thrust areas in chemical
sciences with a brief description of each area,

e,

I. Molecular Structure and Dynamics

(@) Recent developments in specfroscopy
such as fwo-dimensional FTNMR,
multi-nuclear solid state HRNMR,

—

FTIR spectroscopy and photoacoustic
Spectroscopy.

() Laser chemistry and laser spectroscopy.
(¢) Fast (nano- and pico-second) kinetics
involving relixation and other methods.

(d) Gas phase kinetics including molecular

beams and plisma chemistry.

New techniques have enhanced the ability
of chemists to probe in detail, chemical
structures of compl:x systems and to follow
dynimic changes in chemical reastions with
ultra-short time resolution. Some of these
have bzen identified as relevant to the growth
of chemical sciences in our country and listed
b:low are areas in which research should be
initiated and funded,

Structure : Rezent developments in magne-
tic resonance such as fast fourier trapsform
methods, magic angls Spinning and 2-D
FTNMR have I:d to high reiolution possi-
bility even in the condensed state. It has
now bcome possibl: to el icidate detailed
structures of lirge bio-moliculss, polymers,
solid materials, etc. and there is an upsurge
in the utilisation of these techniques in many
areas of chemical sciences, FT-IR spectro-
scopy has revolitionized the sensitivity and
resolition of IR spsctroscopy with consi-
derable reduction in time and the sample
siz¢ required for the analysis of Iiwrgs mole-
cules. The recently developed area of photo-
acoustic spectroscopy allows chemists to
study energy fransfer through non-radiative
mechanisms and enables surface analysis.
It is felt that these are some of the new
branches of spectroscopy which are bound to
change, qualitatively by orders of magnitude,
our investigative ability in the study of large
molecules and the condensed state,

Dynamics : The aim of any chemist is to
elucidate the dynamics of each individual step
and identify the intermediates especially of
primary reactions and recent developments
have provided a time resolution of -the order
of nano and pico seconds., Also of great
interest is the follow-up of the reaction path
between well-defined states,
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(a) Relaxation studies such as T-jump and
magnelic relaxation studies provide
informalion between williseconds and
nano-seconds.

The short puise widthe of lasers allow
nano- and pico-second dynamicalstudies.
High monochkromaticity allows state-
to-sfate chemistry leading to under-
standing of finer details of chemijstry,
High infensity and coherence have
opened up the new field of infrared
photochemistry and non-linear spectro-
scapy {CARS, HORSE). Laser chemisiry
apart from basic study has already
found many applications such as 1Sotope
separation, new synthetic youles, Snviton-
mental stndies and atom-atom puri-
fication and many more are i the
horizon.

Gas kinetics using molecular beams are
important from the fundamental point
of view wh'lz plasma chemi try is
closely relagted to high temperature
chemistry and upper atmosphere
chemistiry.

)

()

II. Solids, Surfaces and Catalysis

{«) Ultra-micro structure of solids.
. (b) Solid state organic chemistry.

(¢) Solid state electrochemistry, energy
conversion and storage.
(d) Synthesis and properties of novel

materials.

Newer technigues of Surface charac.

te~ization such as electron energy loss

spectroscopy, photoelectron  spectro-
scony, SIMS, Auger spectroscopy,

LEED, etc. ._

(f) Beterogeneous and homogencous cafa-
lysis including catalyst development and
characterization, and phase-transfer
catalysis,

(g) Micelles, membrancs, reverso 0Smosss,

()

Solid state chemistry is an important and
eisential component of modern matenals
science. (@) An important aspect of this area

_ e 165
1S the study of solids under atomic resolution
employing lattice imaging techniques. (b)
Highly specific organic reactions otcur in
solid state "due to constraints of the crysta]
packing and this forms an important aspect
of solid state chemistry. (c) Solid state elctrg-
chemistry is an emerging areg with impli..
cations in energy research. (d) Synthesis of
tailor-made complex materials with desired
properties becomes possible only because of
the ability of chemists who understand the
relation between structure, bonding and proper-
ties. (e) Surface characterization : Research
in modern Surface science wherein one can
examine the first few atomic layers of sclids
(approx. 25 A) depends enfirely on emerging,
fechniques of electron spectroscopy (ESCA,
Auger, etc,) and cognate techniques (like
LEED, etc.). Research in this area is at
present being carried out by very few chemists
in the country and needs 1o be supported in a
major way. (f) Catalysts : More than 909
of our c¢hemvicel industry 1S based on the use
of catalysts. Whatever be the raw material
its conversion into useful products ipvariably
tnvelves  catalysis. To improve upon the
existing catalysts as we'l as to develop newer
ones 1o meet the needs of modern society, a
major effor{ in catalysis research is required,
The development and demonstrated viability
of a catalvst require the aprlication of modern
instrumental techniques and use of extensive
testing facilifies involvihg an interplay of
several discirlines. A conscious effort to
foster this fnterdisciplinary ¢ollaboration and
the provision for adequate facilities is necessary
to gensrate indigenous capability in this area.,
(¢) Other surface and interfacial phepomena :
The supramolecular ofganisation of amphiphilic
molecules in aqucous and In organic’ media
has becn, and will be, rectiving intensive
attention in the Lght of thetr applications 1n
catalysis, ahil'ty for organizing mclseyles at
the woleculie lovel, penetration of watet
through membranes, photophysic2l pheno-
nent, tertiary ol recovery and fluid imimobi-
lization of ensymes and pelymeric catalysty,
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Fronticrs of Organic Chemistry

(&) New synthetic strategics : Synthesis of

(&)

(<)

(¢)

orginic mclxules util sing new and
in1ovative synthetic schemes and tech-
nijues, including photochemical and
elxc:rochemical methods and Pphase
tran,fer reactions ; new synthetic strategy
for bulk orginic chemicals with a view
to achieving material, eneTgy and
environmental conservation, computer
aided design and simulation.

Newer reactions and reagents : Develop-
ment of ¢Hicient reag:nfs for ca rying
out 78Sio~ and stereo-Specific Teactions
with chiral selection I8 an extremely
important aspect of organic Chemistry
which nsads strengthening.
Mechanism of orgamic reactions :
Stud.es directed towards betfer under-
standing of novel bond making and
breaking processes, with emphasis on
reastive  intermediates. and  stereo-
chemicsl aspects have to be supported.
Pclymer synthesis and mechansm of
polyme-ization : Some of the impot-
taat aipests of polymer chemisfry that
should by supporicd are : syn.heiis of
novel polyme:s or ncwer methods of
synthests of known polymers; helero-
polyme:s bosed on ol cnts ofhr then
C, H and O ; study of thc mecchanism
of polymerization e¢specially under
un1iual conditions such as high pres-
sures, high aad [hw temperatures, helero-
geacous, homogea ous and vapour
phrici; anplica‘ion of modern instru-
mecas.] methods for dcl neafing the
b.1: and micvo siructures of pcl mess
and use of pcl/mers as reastion matrices
and enZyme mimics.

Total Synthesis of complx natural
products and other cxot.c mclsculrs
inrlading bioarstive molsculs having
inzica‘e carbon frameworks and posing
stercochem.cal challonges as wejl  as
synthesis of novel and thoorcically

-

Interesting organic melecules form an
important areas of organic chemistry.

(/) Efforts towards the iscJation and
structural  elucidation of bioactive
prigciples from marine, inSect and
other unexplored sources have to be
promoted.

V. Coordination Chmistry and Qrganometallic
Chemistry

(@) Electron transfer reactions and mecha-
nistic coordination chemystry.

dtructure, spectroscopy and photo-
Chemusiry,

Activation of mclecules and catalytic
synthesis Including reactions of carbon
monoxide.

Novel organometallics and their appli-
cations in organic Synthesis.

(5)
(c)

(d)

In this general area of thrust, considerable
interfacing will occur among inorgénic and
organic chemistry, spectroscopy and theory.
Electron-transfer reactions pervade cChemistry
and a study of such rcactions is an important
component of this avea as is the elucida-ion of
the conformatigns and dynamics of mclselss
of mononuclear and clustes Types.

Carben monoxide is read Iy made from ¢oal
and the pessille convession of carbon mon-
oxide into useit] organic chemicals is 2 neces-
sity of the day in view of the abundancc of
coal in India. Catalytic synthesis using carbon
monoxide and through activation of other
molccules 1s thus a rcievant and ymportant
thrust area. Also, gencrafion and ulilsaion
of novel organometa lics (for examp’e, in the
synthesis of organic moccules) is an arca
full of exciting paosaibilities.

V. New Interfaces of Chemical Sciences with
Biology

(a) Biomimetic Chemisiry : Arcas of parti-
cular importante in~lude the syntheis
and study of chemical models mimicking
fupctional bio ogical systems.
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() Membranes and Model Systems : Ion
transport, energy transduction, lipo-
somes and surfactant assemblies, mem-
brane dynamics.

Metal Jon Interactions with Bio-
molecules : Metalloproteins, fixation and
transport, trace elements in biology.
Chemistry of biopolymers and their
constituents.

(¢)

(d)

4. OTHER IMPORTANT ASPECTS
Theoretical Chemistry

Theoretical chemistry is not practised or
taught widely in the country. Teaching and
promotion of theoretical chemistry should be
encouraged at all levels; for this purpose,
summer institutes and other training program-
mes should be organised on a regular -basis.
Although major funding may not be required
for this area, research on newer techniques
of theoretical chemistry, applications of many
body theories, statistical mechanics, molecular
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dynamics, reaction theory, computer Simu-
lation and such areas should be supported.

Computer charges and puchase of micro
computers should also be supported while
granting projects.

Instrumentation

Very few chemists design and fabricate
insttuments. It is important that projects
involving design and fabrication of sophisti-
cated instruments are supported. Use of
micro-processors with instruments should be
encouragted.

Alternate Energy Sources

There ar¢ many aspects of energy research
where chemists have much to contribute,
Typical of these are photoelectrolysis of water,
photodecomposition of water, fuel cells, new
batteries, restructuring of biomass and chemical
storage of solar energy. Projects involving
these should be adequately supported.



