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perhaps the first indigenously-developed technology in
the high-tech area in chemical production Dr.
Doraiswamy was the first scientist of NCL to become
its director, after serving in it in various capacities. He
truly belonged to the laboratory in more than one
sense. His interests encompassed numerous other
aspects of the NCL community besides its research
activities. It is to him, for example, that the colony
residents owe the excellent connecting roads and the
shopping centre.

NCL could not have been more fortunate in the
choice of the new director. Dr. Mashelkar, after
making a name for himself as a teacher of chemical
engineering and a chemical engineer, had been the
head of the chemical engineering division for eleven
years when he became the director. By then he had
won recognition as a talented leader and organizer of
research leading to processes and papers marked by
originality and novelty. Noticing the lacunae in the field
of polymers in India, he made a determined bid to
institute an awareness of the importance of innovation
in this area in the country, and the changed scene of
polymers in the country today is the proof of his
success in his endeavour. But his true strength as a
director lies in his broad vision that covers the entire
spectrum of research activities at NCL. The laboratory
has already been marching ahead with greater
confidence under his stewardship, and has won a few
enviable firsts. It now looks forward to a future marked
by achievement of greater successes and greater
heights of excellence.

Lt B

S. H. Igbal
Editor
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RESEARCH AND DEVELOPMENT PROJECTS

. CATALYSIS

Il Vapour phase oxidation of ethylene to ethylene
oxide (I-1-467 C)

A computer-controlled high-pressure internal
recycle reactor (Berty reactor) unit for laboratory scale
testing of ethylene oxidation catalysts under
commercial process conditions and collection of
process design data was installed and commissioned.
The NCL-developed ring catalyst (ENCEILOX-2) for
ethylene oxidation to ethylene oxide was tested in this
unit. The catalyst showed desirable activity, selectivity
(80% for ethylene oxide at about 0% conversion) and
mechanical strength.

.2 Application of homogeneous catalysis and C1
chemistry

Homogeneous catalysis by soluble transition metal
complexes has played a major role in the development
of several technologies for bulk petrochemicals as well
as new speciality chemicals in the last decade. Most
commercial processes via Cy chemistry are aimed at
the utilization of CO and syngas (CO + Hp) as
feedstocks and in this area, homogeneous catalysis
has played a dominant role.

During the year facilities were developed for CO
generation and compression, ensuring all safety
aspects; high pressure reactors (up to 700 bar
pressure) and all the facilities necessary for carrying
out high pressure carbonylation, hydroformylation and
oxycarbonylation reactions were set up; a
high-pressure, high-temperature IR cell for in-situ
analysis of catalytic complexes and investigation of
reaction mechanisms was set up.

Novel homogeneous catalysts were developed for
the following processes/reactions.

— carbonylation of methanol to acetic acid/methyl
acetate.

— carbonylation of ethanol to propionic acid/ethyl
propionate.

— carbonylation of methyl acetate to acetic
anhydride.

— oxidation of C4 mixture to methyl ethyl ketone.
Basic research is being carried out on,

a) role of ligands, solvents, co-catalysts and promo-
ters on the activity and selectivity of carbonylation,
hydroformylation and oxidative carbonylation
reactions.

b) reaction mechanism and kinetic modelling of
carbonylation reactions, and

c) modelling and simulation of catalytic gas-liquid
reactions/reactors.

.3 Methyl Ethyl Ketone (MEK) (I-23-267 Sp)

A catalytic process for the direct oxidation of n-
butenes to MEK, with a possibility of simultaneous
separation of isobutylene was developed. A pilot plant
based on this process was set up and data for scale up
was collected.

.4 Development of FCC catalyst (I-26-267 C)

In this project jointly carried out with Indian Qil
Corporation Limited, Faridabad, laboratory scale
preparations were made successfully up to 0.25 kg.
batch levels. The activities and stabilities of the
catalysts were equivalent to the commercial catalysts
being used in the country.

I.5 Development of naphtha reforming catalyst
(I-28-467 C)

A platinum-alumina reforming catalyst developed at
NCL was tested at IPCL for more than 3000 hrs. in their
pilot plant. This catalyst was subsequently manufactured
by IPCL and loaded in one of their commercial reactors
and is functioning very well. This catalyst was developed
within a record time of three years.

.6 Development of catalyst for ethylbenzene
(I-32-467)

At Hindustan Polymers Limited, Vaizag, a plant for
the production of ethylbenzene (20,000 TPA) using
NCL's technology was set up. The ENCILITE-2 used
in the above plant (2.5 tonnes) was manufactured by
United Catalysts (l) Limited, Vadodara. This one-step
process starting from ethanol has 95% selectivity for
ethylbenzene.




1.7 Development of hydrodewaxing catalyst
(1-34-247 C)

Optimisation of the process based gn NCL catalyst
formulation was completed using feedstock from
Madras Refineries Limited, Madras. The process
engineering for commercialising this catalyst/process
at MRL in 1990 is being carried out by Engineers India
Limited, New Delhi.

1.8 Acetic acid via carbonylation of methanol
(I-35-008 Sp)

The laboratory scale development and design of a
pilot plant of 2 TPD capacity was completed. This pilot
plant is expected to be commissioned in 1990/9l. The
process involves the use of a novel low cost/low
pressure catalyst, and will be the first one to be
commercialised in the world. It has great export
potential.

.o Development of catalyst for the production of
cumene (1-38-004 C)

In this scheme for the development of a zeolite
catalyst for the production of cumene from benzene
and propylene, sponsored by Herdillia Chemicals
Private Limited, Bombay, various catalyst samples
were prepared and tested for activity and selectivity.

Zeolites belonging to mordenite and faujasite
classes were identified as potential catalysts for this
reaction. Both atmospheric and high pressure studies
were carried out. A new wide-pore catalyst was
synthesized and tested. It showed a high selectivity to
cumene.

I.lo Conversion of methane into value added
chemicals (1-41-006 G)

Oxidative pyrolysis of natural gas and methane for
their direct conversion to ethylene (at 600-1000°C) was
thoroughly investigated. No coke deposition was
observed. High concentration of ethylene (10 mol %) in
product stream (at 80% selectivity based on carbon
balance) was achieved in the oxidative pyrolysis of
Indian natural gas.

Investigation of the catalytic oxidative coupling of
methane to Co-hydrocarbons led to the development
of a series of highly stable (long life) promoted alkaline
earth metal oxide catalysts showing very high catalytic
activity/productivity and high selectivity for ethylene

talvet

and ethane. A number of catalyst samples developed
in the Soviet Union were also tested for their
performance in oxidative coupling of methane

LIl Propionic acid (Sp)

NCL has developed a laboratory scale process
the first in the world, for propionic - i
carbonylation of ethanol using
catalyst. GAAC, Ahmeda
commercial plant of 3000-4000 Tt
this process. \

—a——

l.I2 Carbamates by a non-phosgene, non-MIC route
(Sp)

NCL has developed a catalytic process for the
synthesis of carbamates, not involving phosgene and
methyl isocyanate (MIC). The laboratory scale work
has been completed and a pilot plant is proposed to
be set up at Excel Industries, during 1990. This is the
first time a non-phosgene, non-MIC route is proposed
for carbamates. This approach is also useful in
developing processes for other carbamate derivatives f
and isocyanates.

e e T 7y gy e g

LI3 Polycarbonates via non-phosgene route (C)

This is an exploratory project undertaken in
collaboration with IPCL, Vadodara, with the aim of
developing a non-phosgene route for polycarbonates,
particularly via oxidative carbonylation of phenol.
Laboratory scale work is in progress. {

Besides the above mentioned sponsored projects
undertaken in collaboration with industries, NCL is also
working on developing new routes for the manufacture
of methylene diphenyl diisocyanate (MDI), toluene
diisocyanate (TDI), methyl methacrylate (MMA),
acrylate esters, acetic anhydride and vinyl acetate
monomer. The emphasis is on developing
non-hazardous and more economical routes for these
bulk chemicals.

1.14 Studies on synthetic zeolites

PE—————

Many novel zeolite catalysts were synthesized,
notably the Ga, Fe, Ti and Zr substituted high silica
zeolites, for use as catalysts.

==

I.I5 High pressure catalysis

NCL is also actively engaged in developing
catalytic

processes ihvolving high  pressure




'hydrogenation reactions. Considerable work has been
done on hydrogenation of nitrocompounds,
hydrogenation of aldehydes and esters, and

hydrogenation of olefins and acetylenes.

A project on "Analysis and Design of Multiphase
Catalytic Reactors”, with specific interest in high
pressure  chemical reaction engineering, was
undertaken in collaboration with the University of
Erlangen, West Germany.

LI6 Zeolites in organic synthesis

N-Alkyl carbonimidodithioic acid esters do not
react easily with carbon nucleophiles under Lewis acid
catalysis. Now spectacular results have been achieved
in such reactions using zeolite catalysts.

117 Organometallic chemistry and catalysis
a) Rhodium chemistry

Binuclear rhodium (ll) complexes of the type
Rhp(N-S)4L  containing bridging five-membered
heterocyclic ligands were synthesized and
characterized. The heterocyclic ligands are
coordinated: to two rhodium atoms through an
exocyclic sulphur atom and a nitrogen atom in the ring
and one of the rhodium atoms possesses an axial
ligand. The Rh-Rh interaction was confirmed by
Laser-Raman spectra and X-ray crystal studies.

b) Ruthenium chemistry

The precursor ruthenium carbonyl complexes
RuHCI(CO)(PPhg)s and RuH2(CO)(PPhs)z were
prepared by improving on the known methods. The
novel ruthenium hydrido carboxylates synthesized
were found to be good dehydrogenation catalysts for
primary, secondary and cyclic alcohals.

Stable Ru-C bonded complexes were synthesized
by the Ru-H insertion reaction using activated olefins.
Symmetric and asymmetric acetylenes were found to
react with the Ru-H bond to yield monomeric and
dimeric insertion products, respectively.

c) Group IV metal chemistry

Organometallic compounds of titanium (IV), tin(IV)
and lead (IV) containing novel Schiff bases derived
from S S'-dimethyldithiocarbazate ligands were
synthesized and their coordination behaviour was
Studied using spectroscopic technigues.

l.I8 Basic studies

i) A “shuttle cock-shuttle box" model for explaining
shape selectivity behaviour of medium pore
zeolites, such as commercially important ZSM-5
and other pentasil zeolites, in sorption and
diffusion processes was proposed. This model
emphasizes the Iimportance of molecular
configuration and compressibility (or flexibility) of
sorbate molecules and their possible orientations
over the critical molecular size in sorption.

Acidity distribution and catalytic properties of
B203, MgO and P20s modified H-ZSM-8 zeolites
were investigated. Extensive studies were carried
out for comparing the catalytically important
zeolites (viz. HY, CeNaY, CeNaX, HKL, HM,
H-ZSM-5, H-ZSM-8 and H-ZSM-Il) for their acidity
and acid strength distribution, catalytic properties,
shape selectivity and coke deposition in catalytic
processes.

Influence of intercrystalline mass transfer on
catalytic reaction over Pt.H-ZSM-5-Al20z catalyst
and the effect of coke deposition in the above
catalyst on its acidity distribution, catalytic
properties and intercrystalline diffusivity were
investigated.

Oxidative coupling of methane to Cz-hydrocarbons
was investigated in homogeneous gas phase over
a number of inert support materials, alkali metal
promoted MgQ and CaO catalysts and rare earth
metal oxides catalysts. The La203 promoted MgO
and CaO catalysts showed very high stability (long
life) and excellent performance in methane
coupling. Temperature oscillations were observed
for the first time in the oxidative coupling of
methane over La203.Ba0.MgO catalyst in the
range 570-670°C.

A novel but simple method for measuring basicity
and base strength distribution on basic solid
catalysts, used in oxidative coupling of methane to
Cz-hydrocarbons, at temperatures used in the
catalytic process, by step-wise thermal desorption
of CO2 at temperature in the range 50° to 1,000°C
was developed. Basicity and basic strength
distribution on a number of basic solid catalysts
were determined.

vi) Silanation of AIPO4-5 by SiCls resulting in Si-




S

substituted AIPO4-5 was investigated. Si-AIPQ4-5
with very high acidity and catalytic activity was
obtained from AIPO4-5 by reacting it with SiCls at
temperatures in the range 300-600°, without
collapse of the crystal structure. During the
silanation, both Al and P in AIPO4-5 were partly
substituted by Si.

Kinetics of leaching of silver from spent silver
catalyst by dilute nitric acid was thoroughly
investigated. A kinetic model for leaching in the
prepgration of Raney nickel catalyst was also
developed.

viii) Modelling and simulation of physico-chemical

systems rests on the laws of physics of
macroscopic systems, which, while adequate for
most situations, are suspect in certain cases. Two
situations of practical interest where a more
rigorous description is necessary are finite size
systems and those operating far from
thermodynamic equilibrium.

Application of macroscopic theories to describe
these types of systems often leads to inaccurate
description and incorrect results and more detailed
microscopic approach is necessary in such cases.
However, the lack of proper knowledge of the
microscopic variables affecting the system
behaviour and the relatively large number of such
variables preclude the use of such theories.

A matter of fact observation that many of these
variables vary on a time scale much faster than
others helps us to classify the variables into two
categories, viz., fast variables and those varying on
a much slower time scale.

The conventional averaging procedure eliminates
the fast variables retaining only the slowly varying
ones and leads to a macroscopic description. It is
possible to include the eliminated fast variables as
noise into the system description. This however
requires the use of the probabilistic approach.

The present work was aimed at developing and
adopting this new formalism to practical systems
of interest. A large number of systems were
analysed in the context of stochastic formulation to
show the existence of noise- induced transitions.

In any modelling and simulation activity the use of
computer methods is an inseparable component.

While a large number of methods to tackle different
types of model equations are used in practice,
there is a constant need to bring about
improvisation in these methods, especially since
computer time costs have become prohibitive

Newer methods that avoid convergence, and
stability problems associated with numerical
schemes and those that lessen the time
requirements are thus keenly pursued. Recently
a new integer approach to solution of
mathematical equations has been developed
The concept, based on techniques practised by
Indian mathematicians during the early and
medieval periods, eliminates many of the
problems faced in the use of ¢onventional
algorithms.

The concept which has been proved scientifically
needs further exploitation from the viewpoint of
incorporating it in a usable software. Further
efforts in this direction are being made.

Control of process variables is usually effected by
using the conventional PID controllers aithough in
recent years new concepts such as Internal Model
Controls (IMC’s) have been increasingly employed.
The IMC framework allows for the design of linear
systems from first principles, but is inadequate for
nonlinear systems.

A new formalism that allows for the design of
nonlinear controllers has been developed and
exemplified for such important processes as pH
control, nonisothermal operations in CSTR and
reversible reactions in CSTR.
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DRUGS AND DRUG INTERMEDIATES

2.1 Synthesis of anticancer agents

2.1.1 Duryne

Duryne is a cytotoxic polyacetylene derivative
isolated from the marine sponge cribrochalinadura.
An elegant synthesis of duryne possessing the centra
E and Z double bond was separately achieved for the
first time, by making use of dialkylated acetylene

E E
H-C= C 7CH—CH“CH7{CHE}Q =CH=CH —fLHp’?g*CH“‘CH‘CH— C=C—H
I L |
OH OH
2.1.2 Panicein A

Isolated from marine sponge Halichondria panic,
panicein A shows biological activity against several
microorganisms. An E/Z mixture of this aromatic
sesquiterpenic quinone was synthesized for the first
time by Wittig olefination.

OCHz

2.1.3 Mitoxantrone analogues:

Different synthetic mitoxantrone analogues, which
are synthetic anti-leukaemic agents, were prepared
and checked for their biological activity.

Xy R o NH—(CHZ)Z-NH*(CHz)E*OH
s 1
R X0
4908 -
° xp 0 NH—(CHplp—NH—(CHz)p— OH

:R2-0H,R'=H (Mitoxantrons)

\(Lrou‘ﬂchE,xziHN—Ol|h-DH

=Rl=RZ=0H

R
R
x::oH,R:H,KfHN-O""D“ R =RI=0H, RZ=H
R

Xz Xp= HN-O""OH. R=H
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Although these showed good
anti-cancer activity in vitro, they were found to be

inactive in vivo

analogues

2.1.4 Fredericamycin A

Fredericamycin an anticancer antibiotic

of Streptomyces

produced from the strai

! ariseus
The molecule contains a
moiety fused to a cyclopentano-naphthoquinone
nucleus in a spiro fashion. The novel 1,4-diketo spiro
(4.4)-nonane skeleton has attracted the attention of
synthetic organic chemists throughout the world.

cyclopentanoisoguinol one

A model spiro-compound was synthesized by a
novel photo-chemical route involving n,n* triplets as
intermediates. Attempts were made for the synthesis
of hetero-analogues of the spiro-frame of
fredericamycin A. An expeditious photocyclization
route to rationally functionalized isoquinolone and
naphthoquinone moiety is under way.

2.1.5 Synthesis of (-)-4-demethoxydaunomycin

The total synthesis of (-)-4-demethoxydaunomycin
has been accomplished by coupling the aglycone with
N-tri-fluoro-acetyl-1,4-dia-o-p-nitrobenzoyl-L-daunosam-
ine. The strategy for the aglycone part involves the use of
Marschalk reaction for the construction of A ring on
BCD frame. n




2.2 Synthesis of drugs and drug intermediates

2.2.1 Carbamazepine

A seven-step laboratory process for the
preparation of carbamazepine, an analgesic and
anti-convulsant drug, was developed starting from
orthonitrotoluene. The process was demonstrated to

Resonance Laboratories Pvi. Lid., Bangalore

2.2.2 Ambroxol hydrochloride

Laboratory scale know-how for this expectorant,
was developed and the process was demonstrated to
Jagsonpal Pharmaceuticals, New Delhi. An efficient
and improved process for the key intermediate, viz.,
3,5-dibromo-2-aminobenzaldehyde, was also deve-

loped
H
—-<:>||m OH

+HCI

2.2.3 Antitubercular and antileprotic drugs

In continuation of NCL'’s collaborative programme
with Sunderland Polytechnic, UK, many mono-
arylthioureas |, containing carboxylic acids, amino
acids, penicillin and cephalosporin in the side chain,
were screened. Besides displaying an activity
comparable to that of diarylthiourea, these compounds
showed better pharmacokinetic properties. Similarly,
N-substituted phenyl aspartic acids 1| showed very
good activity. The compound from series | are being
checked for their in vitro activity against M.Leprae.

S
I
R NH—C —NH R

R NH—CH —CO2H
|
CHz —CO2H

o

2.2.4 D-(-)Phenylglycine
A simple and efficient process for

D(-)phenylglycine was developed It involved a

quantitative resolution of the dl-acid using cond

order asymmetric transformation. Scale-up studi
D(-)phenylglycine were taken up on a one kilogramme
scale to acquire additional data for reaction and
processing. New analytical methods at different stages

were also develo

d Optimization and further

collection of design data for the production plant are

expected to be taken up at the sponsor’s site when tt

pilot plant is ready.

2.2.5 Prostaglandins

A new project on prostaglandins/analogues,
identified by WHO as useful in family welfare in India,
was sponsored by Astra IDL, Bangalore. After careful
evaluation of the different methodologies available, the
syntheses of |, Il and Ill were planned and the
necessary components for a critical step in the
synthesis (i.e., a three-component coupling) were
synthesized. The coupling itself and the resolution
involved in the synthesis are in progress.

PGEg2

IS-methyl PG 2.

OR 16,16' —dimethyl -g~
methylene

CHs PGE

2.3 Vitamins
2.3.1 Vitamin Bg

Following negotiations with NRDC by Daurala
Sugars, a series of technical discussions on the
process was taken up, followed by Daurala Sugars
approaching as a second client for the NCL Vitamin Bg
process.




2.3.2 VitaminE

From rough cost calculations of various routes to
the vitamin, starting from p-toluenesulfonyl acetic
ester, it appears that the Cg+Cy+Cg strategy is
commercially feasible. The synthesis of the Cg
fragment was, therefore, undertaken.

2.4 B-Lactam antibiotics

2.4.1 7-Aminodeacetoxy cephalosporanic acid
(7-ADCA)

B-Lactam antibiotics (Penicillins and
cephalosporins) are among the most important
life-saving drugs in use today. As they are less toxic
and more effective they dominate antibiotic therapy.
Their annual import is increasing. They can be
manufactured from the key intermediate 7-ADCA by
acylation of the amino group. No indigenous
technology is, however, available for 7-ADCA. Efforts
were, therefore, directed to the development of a
commercially viable process starting from penicillins.

The laboratory process for the conversion of
penicillin G to 7-ADCA involves three steps. These are:
(i) oxidation of penicillin to penicillin sulfoxide, (ii) ring
expansion of penam to cephem system, and, (iii)
deacylation to yield 7-ADCA. Development of a
laboratory process for cephalosporin G was sponsored
by Hindustan Antibiotics Ltd., Pune, and further work
on standardization and scale up is in progress.

2.4.2 Cloxacillin sodium

This orally active semi-synthetic penicillin was
prepared on a laboratory scale by condensation of the
isoxaole derivative with 6-APA. The process for the
preparation of 3(2'-chlorophenyl)-5-methyl-4-isoxaloyl
carboxylic acid chloride was standardized on 200 gm
scale. Lupin Laboratories have shown interest in
sponsoring the work.

cL

CO—NH s
] j;fi
S

CO2Na

N

4.3  3,4,5-Trimethoxybenzaldehyde

3,4,5-Trimethoxybenzaldehyde is a key
manufacture of

trimethoprim, an antimicrobial agent widely used in

intermediate required for the
combination with sulfamethoxazole A convenient
process starting from gallic acid/hydrolysable tannin
was  worked out for the
3,4,5-trimethoxybenzaldehyde.

production of

2.4.4 Non-traditional B-lactam antibiotics

The ability of some resistant strains of bacteria to
produce B-lactamase, which deactivates B-lactam
antibiotics, necessitates a continuous search for new
and better antibiotics. In the past decade this effort led
to the discovery of clavulanic acid, asperonomycins,
monobactams and many other antibiotics. Work was
initiated on the total synthesis of clavulinic acid and
asperonomycin by new methodologies.

LY

— OH
O~ 7
;Nl/ CO2H NHAc

o] CO2H

OH

Clavulanic Acid Asparenomycin

2.4.5 Obafluorin

Obafluorin is a broad spectrum B-lactone antibiotic
with unprecedented biclogical activity. Its synthesis
was initiated, starting from the readily available glycine.

];1/
HO OH o

2.5 Methodologies in organic synthesis

2.5.1 Artemesinin
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The total synthesis of (), a key precursor to
artemesinin (Il) was achieved. (l) has already been
converted to artemesinin by others; this, therefore,
constitutes a formal synthesis of artemesinin. The
synthesis is shorter and completely stereospecific as
compared to known methods, thus enhancing the
utility of the methodology from a practical point of
View

route to artemesinin, a key

intermediate was synthesized.

In a different

2.5.2 lonophores and macrolides

The chemistry and rearrangement reaction of (I) as
a model precursor for the synthesis for calcimycin was
taken up and is being investigated.

Nt

OH
1

2.5.3 ¢o-Sulfinyl carbanion chemistry

Following the discovery of the new methodology
for a-ipoic acid synthesis, some aspects of the
chemistry of a-sulfinyl carbahion were studied, an
outcome of which is a new method for ketone

transposition.
6] s S
O 0P IO
0 l 5
(L

Microbial transformation to biologically
active products and development of
biotechnology

2.5.4

Different cultures were screened for the
asymmetric hydrolysis of dl-phenylhydantoin to the
optically active D(-) phenylglycine carbamoyl
derivative. Two cultures that could give the desired
D(-) form were identified. Optimization of the reaction
conditions to give maximum conversion and
development of relevant analytical methods is in
progress.

10

2.5.5 Photoinduced cyanomethylation of olefins

Development of a methodology for the direct
cyanomethylation of olefins is highly desirable from the
synthetic viewpoint.
hydrogen peroxide as an initiator and ac
source of cyanomethyl radicals for the first time.

A method was developed using
tonitrile as a

The reaction is readily initiated by hydroxyl radicals
generated on photoinduced decomposition of H202
dissolved in acetonitrile containing an olefin. A number
of cycloalkenes were cyanomethylated to produce the
desired homologated nitriles by two carbon units in
reasonably good yields.

e S e
| CH3CN 7 Hz02
hy

Simplicity and the use of readily available common
reagents are the attractive features of this
methodology. The application of both inter-and
intramolecular versions of this reaction in the synthesis
of natural products is under way.

2.5.6 o-Arylpropionic acids

These acids are well known anti-inflammatory
drugs and are extensively used all over the world.
Intense R&D activities, therefore, are directed towards
the development of innovative synthetic approaches to
the synthesis of these compounds.

A convenient methodology based on 1,2-aryl
migration was recently uncovered employing
a-hydroxypropiophencne dimethyl acetals (ll) as the
starting materials. These (I}, on treatment with
PhsPCCls in methylene chloride containing pyridine,
yielded a-arylpropionic acids (lll) in high yields.

The reaction of a-chloropropiophenones (I) with
sodium methoxide in methanol furnished the required
acetals in excellent yields. This methodology was
found to be extensively useful in the synthesis of
important anti- inflammatory drugs such as ibuprofen
and naproxen.

¢}

Y

HsCO OCH3
CH30Ng |

[.Ph3P/CClg
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2.5.7 1,2-Carbonyl transposition

Development of a convenient 1,2-carbonyl
transposition methodology has always remained a
difficult task in synthetic organic chemistry. A wide
variety of methods are on record; however, they are
either multistep processes or involve the use of
inaccessible reagents.

In this context, a facile transformation of
a-hydroxy-propiophenone acetals (I) under the
influence of catalytic amount of HI into e-methoxy
a-arylpropan-2-ones (ll) constitutes a new efficient
methodology. The novelty of this process lies in the
generation of Hl in situ by the reaction of Ph3Plz used
in catalytic amounts. The present method is much

superior to those reported earlier for these
transformations.
HsCO OCH3 OCH3
= PhaP /7 12 JEhaf Ld@e o f
S CHzCi2,RT
R OH
2.5.8 Macrolides

A short convergent synthesis of (+) patulolide A, a
12- membered macrolide with high antifungal activities,
was achieved in 10 steps, starting from 1-bromo
pentanol and 4-hydroxypent-1- ene. The synthesis of
(+) patulolide is nearing completion.

I

HzC !
OY’ 0
0
(+) Fatulolide

2.5.9  Heritol synthesis

Heritol is a novel ichthyotoxin isolated from the
mangrove plant Heritiera littaralis. There is a great
need for new biodegradable agrochemicals which are
compatible with the environment. Heritol has the
potential of being a biodegradable natural pesticide
owing to its occurrence in nature.

11

Consequently, the total synthesis of this natural
product was undertaken starting from o-cresol

2.5.10 Monocillins

Monocillin IV, nordinone and nordinonediol form a
group of macrolides exhibiting antifungal activity. The
synthesis of monocillin IV was initiated and an
advanced intermediate 2 was prepared, which on

hydrolysis and lactonization is expected to lead to the
desired compound.

OMe OMe

Monocillin I¥ 2

2.5.11 Stereocontrol in medium cyclic ring

Control and prediction of siereochemisiry in
medium cyclic rings is a complex and challenging task
in organic synthesis today. Some work was initiated
on a conceptually new and novel approach to solve
this problem via conformational protection (x.y,z,
conformational protecting of group in 2) and
deprotection methodology. Thus strain  and
functionalities were used to freeze a 12-membered ring
in a particular conformation. A novel aspect of
selectivity, e.q., = -facial stereoselectivity in Diels-Alder
reaction, was uncovered in 1, which will be useful in
the above studies. Currently, synthetic strategies for
deprotection of conformation are under active
investigation.
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12-member ring Y=Z=CO
1,X=CHp,Y=2=
Singlet oxygen induced transformation in

protected 12-membered ring frame was also studied
During the course of this investigation, unprecedented
p-cleavage in cyclobutyl ketones, photo- ketalisation
and dual epimerization, etc., were discovered.

2.5.12 Oxa-di-z-methane (ODPM) studies

ODPM-methodology was found to be useful for the
synthesis of various cyclopentanoids. However, the

methodology does not seem to have been applied to-

its heteroanalogues. Efforts are under way to
synthesize the model compounds and study their
ODPM rearrangements. These studies will be very
useful in the synthesis of a variety of biologically active
compounds.

2.5.13 Synthesis of N-acylated aziridines

Aziridines are important biologically active agents,
e.g., anticancer compounds, and are useful synthetic
intermediates. A new and convenient method for the
synthesis of 3,3-diphenyl- aziridine-2-carboxylates from
glycine Schiff base derivatives was developed.
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2.5.14 Enantioselective synthesis by microbial
reduction

Stereoselective reduction of a prochiral ketone to
alcohol with the help of Sclerotium rolfsii biomass was
studied with ethyl acetoacetate. The (+) alcohol
showed 95-97% enantiomeric excess.

2.5.15 Synthesis of chiral stationary phases for GC
analysis

Development of methodologies for the evaluation
of enantiomeric excess or diastereomeric excess of

12

products in an asymmetric synthesi

frontier areas of research in analytical chemistry. Work

is in progress to develop chiral stationary phases for
the resolution of racemates
oL
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- =
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2.5.16 Organometallics

An exploratory project was started to investigate
the ligand maodified reactivity and structural features of
new organometallic compounds. The initial results
indicate that the ligand indeed plays a significant role
in determining bonding characteristics and thereby
influences reactivity.

The chemistry of low-valent molybdenum
complexes was studied in some detail. Although
Mo(O) was not established as a catalyst for acetylene
trimerisation, a new compound containing
tris/pyrazolyl ligand on a Mo(CO)3 moiety did catalyse
trimerisation of dimethyl acetylenedicarboxylate in 50%
yield. A new class of allyl compounds were
synthesized and characterized. They exhibited
interesting fluxional behaviour as monitored by DNMR
techniques. It was possible to show that an agostic
bonding of the type Mo-H-C exists in a few new
organomolybdenum compounds. It was possible to
predict and” design compounds with such interaction.
Solid state '3C NMR was used to study this unusual
bonding.

A mild and convenient route to multiple-bonded
dimolybdenum species was discovered. The multiple
bond had a bond order greater than 3, as evidenced
from the Raman spectra as well as the XPES spectra.
The compound was crystalline. This may be the first
compound featuring a quadruply bonded molybdenum
containing six-membered bidentate chelate.

In an attempt to exploit the modified reactivity at
the 2- position of 1-tetralone complexed with Cr(CQO)s,




Bd-catalyzed allylation was carried out successfully
fsing allyl carbonates without adding the base
| ncomplexed 1-tetralone did not react under such
ionciitions. The vields were high and monoalkylation
as preferentially achieved.

2.6 Basic and Exploratory Research
96.1 Organic azides

Continuing the quest for new biologically active
heterocycles, several substituted azepine derivatives 1
were synthesized in significant yields by the
thermolysis of arylsulphonylazides in benzene in an
atmosphere of nitrogen. A kinetic study of the
reactions rationalized the effect of substituents on the
formation of azepines under these conditions.

0
i il
\ N—ﬁ R
= 0
1

2.6.2 Synthetic dyes

A novel synthesis of unsymmetrical azo-
icompounds, inaccessible by conventional diazo-
icoupling reaction, was developed. It involved the
reaction of substituted acetanilides with nitroarenes in
ia hydrocarbon solvent in presence of a base under

Phase transfer catalysis (PTC) conditions.

The structure elucidation of commercial Intrasil
iBrilliant Yellow 10 GF revealed it to be a benzoxazolyl
‘Coumarin derivative. The dye was synthesized by a
commercially  viable  process starting from
N.N-diethyl-m-aminophenol. Its performance as a
\Oye-laser was evaluated and was found to be
omparable with commercial dye-lasers in wavelength
fange 523-535nm. Several new laser-dyes 1 were
Synthesized. Their efficiency of lasing vis-a-vis their
Slructure is being evaluated.

H5Ca~_ \
Hs5C2 X=0,NH, NR
Y=Cl, COPh
2.6.3 1,3-Dithiolane photochemistry

1,3-Dithiclane constitutes an important functional
group in organic chemistry. However, its photo-
chemistry remains underexplored. The photosensitized
electron transfer photochemistry of 1,3-dithiclanes was
examined. Irradiation of a solution of 1,3-dithiolane,
1-cyanonaphthalene in Og-saturated aceto-nitrile-water
furnished good yields of 1,3-dithiolane-1-oxide.

2.6.4 Aminoacids and peptides

(a) Enalapril and Lizinopril: Enalapril and
Lizinoprii are well known antihypertensive drugs
related to angiotensin converting enzyme inhibitors.
The synthesis of Boc-Ala-Pro-OBzl, a key dipeptide
intermediate was accomplished. Further coupling of
ethyl-2-oxo-4-phenylbutanoate and resolution of iso-
mers is under way.

(b) Cyclosporin A related peptide synthesis:
N,N’-Bis- morpholinphosphinic chloride (BMP-CI) was
successfully employed as a coupling reagent for
synthesis of cyclosporin A related peptides. Some di-
and tetrapeptides related to cyclosporin A were
synthesized by this method. The eleven amino acid
chain was obtained using various di-, tri- and
tetrapeptide fragments involving azide coupling
method. Structural and conformational aspects of
these peptides are being studied.

2.6.5 Studies in microanalysis

A modified Ingram-Belcher method was being
developed for the microdetermination of carbon and
hydrogen. This would be extended to other elements
later. The empty combustion tube technique was used
in combination with flash combustion. The other
features were the vertical tube design and very short
analysis time. The procedure was greatly simplified
and a number of experiments were carried out.




2.7 Industrially important organic chemicals

(@ A novel method for the formylation of unstable N-
arylhydroxylamines with acetic formic anhydride
was developed to yield N-formanilides in better

yields than hitherto reported The Ilatter

compounds are key intermediates in the synthesis

sed as analvtical
=clU d5 analylcal

nd are widely u

facile synthesis of N-benzyl-N-ethylaniline in
good selectivity was developed by reductive
alkylation aniline as starting material.

(c) A high yielding and innovative method for the
preparation of pentoxyphyllin (an important
vasodilating agent) from theobromine under phase
transfer catalysis was developed.

2.8 Asymmetric synthesis - New methodology

The nitroacetyl group could be an attractive
synthon for peptides, especially those involving
unnatural a-aminoacids, or those with «, a-dialkyl
substituents. The use of this synthon has not so far
been reported. The presumed reason for this is the
lack of synthetic methodology for the preparation of N-
nitroacetyl aminoacids and peptides under mild
conditions.

A general method was discovered for the synthesis
of nitro acetic acid amides under mild conditions, and
applied to the preparation of N-nitroacetyl L-proline
ester. The Pd-catalyzed diastereoselective mono- and
bis-alkylation of the above proline derivative was
carried out. The diastereomeric excess was of the
order of 30%.

2.9 Push-Pull system

There Iis considerable interest and some
controversy in current literature regarding noncovalent
interactions involving the sulfur atom. The interest
stems irom tneir potential role in determining the
siructures of biomolecules containing sulfur and from
their possible use in designing crystals with specific
material properties. Since the bulk of the experimental
evidence for these interactions is structural, rather than
energetic, the interpretations have been disputed.

Unambiguous spectral evidence was provided for
an intramolecular attractive interaction between
sulphur and nitro group in a cyclic 1-alkylamino-1-alkyl

thim O 4 bl a T Tha intorarntinn iiins hisisl
Hio-2-nitroetnene sysiem I ne interacuon was nigniy

orientation dependent and its magnitude was of the
order of a typical N-H...O hydrogen bond.

Altractive interaction on a lesser scale was also
observed when the nitro group was replaced by a
L\.\lbul]\

2.10  Bioorganic chemistry

2.10.1 Chemical synthesis of oligonucleotides

(@) Using synthetic methods developed here,
several oligo deoxynucleotides were prepared, both b
solution phase and solid phase }JH»\.JS[_JhO“I&ﬁ!:
approaches All the protected nucleosides and
nucleotides required were synthesized. The following
were prepared.

1. d(GGATCC)

2.  d(AGGCCT)

3. d(CACGTG)

4. d(ATATATATAT)

5. d(GTAATACCCCTATATAC)

d(GTATATAGGGGTATATAC)

Some of these sequences have drug binding
properties and some have interesting secondary
structures, such as the hair-pin cruciform type. These
properties and features are under investigation.

(b) Methods were also developed for the chemical
synthesis of the more challenging RNA sequences.
These methods depend on the use of -t-butvidimethyl
silyl protecting groups for 2'- hydroxyl protection. By
employing phosphotriester approach, in both solution
and solid phase technique, several RNA sequences
were synthesized.

1 IAUAU)
2.  r(CACA)
3. r(ACAC)
4. r(AUAUAU)

5. r(AAGGCCUT)

RNA synthesis is a very challenging task and not
more than three laboratories in the world are actively
engaged in it. Our method has the advantage that,




b it is applicable both for solution and solid phase
ipproaches; (ii) large amounts of RNA required to do
Bructural work can be prepared; and, (i) it allows
_yn‘lhesis of unnatural 2’-5'RNA sequences. The
ybridlzation and stability properties of these RNA
agments and their interaction with small ligands are

9.10.2 Chemical synthesis of modified
oligonucleotides

Chemically modified oligonucleotides are playing
lan increasingly important role in the glucidation of
nucleic acid structure in relation to its function and to
provide handles for covalent attachment of various
Hligands. The synthesis of 6:2' anhydrocyclo
nucleotides and flucrophore conjugated nucleic acid
was taken up. Anhydronucleotides of A and U were
gynthesized.

A strategy for the chemical synthesis of
gligonucleotides in which specific adenies are labelled
at C8 position with dansyl fluorophors was developed.
This method can be used to prepare homogeneous
nucleic acids with high density fluorescent labels. The
method can be extended to attach several other
chromophores, drugs, metal complexes and peptides
to synthesize nucleosides and oligonucleotides with
interesting biological properties and uses.

1 d(ATA*TATATAT)
2. d(ATA*TA*TATAT) (%) Dansyln = 2,4 &6
3.  d(ATA*TATA*TAT)

Polyamines - Nucleic acid interactions

Two macrocyclic polyamines 17N3 and 21 N4 with
functionalised side chains were synthesized. The side
chains are planned to carry nucleophilic groups or
metallocomplexes. Since macrocyclic polyamines are
known to bind to phosphate residues these molecules
are designed as ‘"chemical nucleases" (artificial
enzymes). Functional, linear polyamines similar to
spermine and spermidine were being synthesised to
investigate their interaction with nucleic acids.

2.11 Synthetic carbohydrate chemistiry

Synthesis of complex carbohydrates: Several
naturally occurring di- and trisaccharides were
synthesized by a mild, new methodology which in-
volved the activation of anomeric 2- thiopyridyl group

of sugar by methyl iodide Bacterial polysaccharides
(eg., Panose), blood group substances and
disaccharide component  of ivermectin  were
synthesized by this new methodology. A general
methodology was thus established for stereoselective
synthesis  of alpha-linked ~oligosaccharides and
2-deoxy saccharides.
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3. BIOTECHNOLOGY
3.1 Fermentation of molasses to ethanol (4-1-167)

The Encillium process for the production of
ethanol from molasses using an immobilized catalyst
(Encillium) has been scaled up in a 300 L bioreactor

Further trials are being continued with the participation

of selected distilleries.
3.2 Xanthan fermentation (4-9-007)

A project on the production of xanthan gum using
Xanthomonas campestus was taken up in
collaboration with Gesellschaft fur Biologichs
Forschung (GBF), FRG.

3.3 Microbial technology
(a) Germ plasm resource pools for biotechnology

identification of novel
(actinomycetes and fungi) and
alkalophilic strains was continued with particular
emphasis on the identification of Chainia strains,
Conidiobolus species and alkalophilic bacilli with
xylanase producing potential.

isolation and
cultures

Selective
microbial

{b) Cellulase-free xylanase from an alkalophilic
Bacillus

High-activity xylanase production by an
alkalophilic Bacillus was standardized on laboratory
scale and preliminary characterization of the enzyme
was carried out. An Indian patent application for
cellulase-free xylanase production based on these
studies has been filed.

{c) Molecular cloning of xylanase from bacteria
and streptomyces

Preparation of a genomic library of xylanolytic
Chainia as well as a xylanase secreting alkalophilic and
thermophilic Baciflus was taken up. Experimental
studies to probe Chainia genomic library for the
presence of xylanase genes and also transformation of
Chainia protoplasts are in progress.

Characterization of Xylanase from a
thermo-tolerant Streptomyces having a tryptophan and
cysteine residue at the active site was completed.

A patent application was submitted describing low
molecular weight xylanase production by alkalophilic
and thermophilic Bacillus.
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(d) Microbial nucleases

Single strand-specific (SlI) nuclease from
Aspergillus oryzae was purified to get a homogeneous
product and its characterization was
completed. Screening for additional Sl nucleases of
fungal origin as well as purification

of Pl nuclease
progress

active site

and immobilization

from Penicillium citrinum are in

(e) Chitinase/chitin synthetase complex in
dimorphic Benjaminiella poitrasii and hyper
chitinase producing Myrothecium verrucaria

~ Further studies on chitin synthetase/chitinase of
wild type as well as morphological mutants of B.
poitrasii showed higher specific activity of chitin
synthetase in yeast phase compared to mycelial
phase. Greater sensitivity of mycelial phase to specific
chitin synthetase inhibitors like nikkomycin was
observed while overall turnover of chitin was greater in
the yeast phase than in mycelial phase. A four- fold
enhancement of chitinase production in M. verrucaria
903 was achieved and the enzyme was partially
characterized.

(f) D-Xylose fermentation by Candida shehatae

Fermentation on agricultural residues subjected to
saccharification was investigated using C. shehatae
alone and in co-cultures with Saccharomyces
cerevisiae. The co- cultures showed 10-13% increase
in ethanol production under the fermentation
conditions employed.

(g) National Collection of Industrial Microorganisms
(NCIM)

The maintenance of authentic microbial cultures and
their distribution was continued. |n addition, research
projects related to enhanced ethanol production by
yeasts supplemented with additives such as skim milk
and chitin; mutagenesis and extracellular enzyme
production in Cellulomonas and Aspergillus niger,
development of Agrobacterium and Bacillus thuringensis
strains for plant genetic transformations; and intergenic
protoplast  fusion between Cellulomonas and
Zymomonas were undertaken.




(h) Ethanol biotechnology

Selection of better flocculent variants suited to
molasses fermentation in suitable enrichment/
chemostat cultures was undertaken. Selected variants
were suitably conserved. As a part of the collaborative
programme with  bioengineering and process
development research groups, flocculent yeast
cultivation and ethanol fermentation were investigated
to optimize the parameters for scaling up the
technology for ethanol production based on the
flocculent yeast strain.

3.4 Structural and evolutionary biology

a) Work was taken up on X-ray crystallography
and molecular graphics of low molecular weight
proteins. Low molecular weight xylanase was isolated
in the pure form. Further work is directed towards the
solution of structure of xylanase using NMR, CD
spectra of low molecular weight xylanase and the
crystallisation of xylanase.

b) In the studies on molecular evolution a new
treeing algorithm was developed for generating
evolutionary trees based on sequence proteids and
nucleic acids. The history of early eukaryotes was
retrieved based on 5S rRNA sequences.

3.5 Plant molecular biology and plant genetic
engineering

3.5.1. Genetic manipulation of seed storage

proteins in rice and pigeon pea

The immediate objective of this long term project is
to gain structural information of storage proteins and
genes encoding them. The highlights of the work
carried out during last year are as follows:

a) Development of sensitive and rapid RIA and
ELISA for quantitation of storage proteins:

A novel simple iodination method for rice
prolamin, a hydrophobic alcohol soluble protein, was
developed. This protein was then quantitated by
sensitive and rapid RIA. The latter was also used for
screening a large number of pigeon pea cultivars for
quantitation of globulin content. ELISA procedure
employing conjugation of pigeon pea globulin
antibodies and the enzyme peroxidase together to
dextran was also devised to detect proteins at
concentrations as low as 0.1 ng. These immuno-
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assays will have a significant potential in agricultural
biotechnology.

b) Construction of genomic library and identi-
fication of specific clones:

Genomic library of rice and pigeon pea was
constructed in charon 40 vector

Using oligonucleotide and heterologous gene
probes, clones coding for glutelin and prolamin in rice
and for vicilin in pigeon pea was identified

Work is now in progress on (a) isolating the cDNA 8

clones for glutelin and prolamin storage proteins in

rice and vicilin storage protein in pigeon pea, (b)
sequencing the genomic clones, and (c) standardizing
gene expression assays.

3.5.2 Plant genome organization with special
reference to rice ‘

Work on repeated DNA sequences in rice had
been initiated in 1978. It was shown for the first time §
that the content of repetitive DNA in rice was 50%
and that these sequences remained uninterspersed
with single copy DNA sequences at a DNA fragment
length as high as 20 kilobasepairs. Absence of
interspersion of repeated and single copy DNA ‘
sequences was considered a very unique feature of
rice genome.

Thermal stability experiments revealed that Cot
0.1 and Cot 50 DNAs had high Tr, values of 95.5°C
and 89.0°C, respectively, indicating that rice
repetitive DNA sequences were highly G+C rich.
Using ‘A'and ‘C’' methylation specific restriction
enzymes, predominance of adenine methylation was
found in total rice DNA as well as repetitive DNA.
Furthermore, the presence of methylated adenine was
tissue specific; it was more in rice shoot DNA as
compared to embryo DNA.

Long repetitive rice DNA was cloned in pBR35
and a few clones were characterized with respect to
insert size and restriction mapping. The BamH-Pstl
fragment of about 0.4 kbp in one clone (pRL7) was
sequenced and was found to have a partial
homology with 25.5 ribosomal DNA. Genomic
alterations (modulation) seen in transition from
embryo to shoot are probably the first reported
alterations in plants.
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3.6 Conservation of endangered plant species - seed
biology and tissue culture programme (17-1-001G)

Of the nine endangered plant species identified,
success was achieved in developing tissue culture
methods for the conservation of three.

Tissue culture plants produced by methods
developed for Delphinium, Vanilla walkeriae and
Cyathea spinulosa were successfully transferred to
field for trials. Conditions for short term storage of /in
vitro shoot cultures were standardized. Similar work to

conserve Pterocarpus santalinus is in progress

3.7 Plant tissue culture for agriculture and forestry :
Technology transfer, biotechnological
evaluation and clonal multiplication of
eucalyptus, bamboo and salvadora. (17-3-001 G)

Plantlets were produced and supplied to various
agencies for field trials; growth data on eucalyptus,
bamboo and salvadora were obtained. Collection of
budwood from elite trees in different locations and
isolation of fresh cultures was continued. Cultures
established from different elite ftrees of the
eucalyptus and salvadora species are being
maintained in vitro.

Phase Il of the project for establishment of regional
centres was initiated with two agencies, viz., Tamil
Nadu Forest Corporation and Grasim Forest Research
Institute, Karnataka, which were identified by NABARD
for the purpose. This is the outcome of the success
achieved in phase |, particularly with eucalyptus and
salvadora.

3.8 Development of a reproducible technique for
production of coconut planis by tissue
culture (17-5-001G)

Tender leaves, young roots and tender rachillae
(mature plant) from saplings and mature plants were
used as inoculum. Leaf explants from saplings and
mature plants proliferated in vitro consistently giving
rise to subculturable, globular structures in high
frequency. A nondestructive method described by
Central Plantation Crops Research Institute, Kasargod,
was tested and found successful.

A method for growing excised root cultures arising
from leaf explants was developed.
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3.9 Genetic modification of plants using
protoplast technology

a) Callus obtained from mesophyll protoplasts of two
varieties of moth bean were differentiated into plants and
successfully transferred to field. Field trials are in progress

b) Callus of pigeon pea was obtained from
protoplasts.

3.10 Isolation, cloning and characterization of
PEP carboxylase gene

Genomic DNA of restrictable quality was isolated
from the mesophyll cells of sugarcane. It was
restriction digested to completion with Eco RV and the
7.0 kb fragment was cloned into the Eco RV site at
blunt ended pUC 19. The recombinants are being
screened with a 3" c-DNA probe of PEP carboxylase.
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4. MATERIALS SCIENCE

4. Solar/semiconductor grade polycrystalline
silicon (7-11-047)

A 1.0 TPA silicon pilot plant was run satisfactorily
for collecting data on preparation of
intermediate (SiHClz, i.e., trichlorosilane-TCS), its
purification and subsequent cracking to high purity
silicon (impurities in 2-3 ppb range).

silicon

The special features of the investigation were : (i) the
fluidized bed TCS preparation unit giving 1.5 kg./hr
product with optimized TCS-STC compaosition; (i) TCS
purification to ppb level achieved with three fractionating
columns, used successively, with the output of 3 kg./hr;
and, (jii) the six rod reactor used to produce 1.0 TPA of
electronic grade polycrystalline silicon.

4.2 High performance ceramics
4.2.1 BA/Sr hexagonal ferrites

Ultrafine  particles of hexagonal Sr-ferrite
(SrFe120yg) were synthesized by wet-chemical
(coprecipitation) method. Instead of good quality (AR)
rmetal chlorides, cheaper grade (LR) nitrates of Sr and
Fe and NaOH were used to obtain chemical
homogeneity of the product. The atomic ratio Fe/Sr
was fixed in the range of 10.8:l to 121 by mixing the
solutions of appropriate molarity in the required
volumes for coprecipitation.

Sodium hydroxide solution was used instead of the
mixture of sodium carbonate and sodium hydroxide,
used in earlier studies, to precipitate out the mixed
hydroxides of iron and strontium (pH 13). Extra care
was taken to account for the solubility of strontium
hydroxide in water by optimizing the Fe/Sr ratio under
controlled precipitation conditions.

The coprecipitate was washed until the pH was
around 8.0 and dried at about 100°C and then calcined
at as low a temperature as 750°C for the formation of
SrFeq20)g. XRD, DTA/TG/DTG, SEM/EPMA and
Mossbauer studies were conducted to examine the
ferritization process occurring at sufficiently low
temperatures. Accurate measurements of magnetic
parameters of the green compacts revealed the value
of intrinsic coercivity jHe  6100.

Considering that the cheapest raw materials were
used in the synthesis of Sr-ferrite, the performance
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parameters obtained were very good, and a high value

of intrinsic coercivity could be achieved

4.3 Amorphous silicon alloys for photovoltaic
applications (G)

Investigations of the effect of short-range-order

-electronic Drope
: g I

s of amorphous

al semiconductor alloys were continued

r the Indo-US St e and Technology Initiative

unde
Programme sponsored by DST, New Delhi The
influence of the dopant atom concentration on the

SRO in a-Si:H alloys was studied with laser Raman
spectroscopy.

The doped films were deposited in the
conventional RF- PA-CVD reactor at the University of
Poona. The dopant gas concentration was taken as
a measure of the dopant-atom concentration in the
a-Si:H film. Raman spectra measurements were also
performed on undoped samples deposited at NCL
and Solar Energy Research Institute, Golden Co.,
USA.

The analysis of Raman results obtained on the
undoped a-Si:H films as a function of substrate
temperature (Ts), (i.e., 40% Ts : 350°C) indicated a
high degree of SRO (i.e,, minimum of bond angle
fluctuations) in films deposited at Ts = 250°C. The
Raman spectra of film deposited at 2509C were very
similar to the spectrum of crystalline density of
vibrational states.

The typical dip in the region of LA-LO vibrational
modes was correlated to the presence of major
proportion of six-fold rings which is a typical
characteristic of intermediate range order in the films
deposited at 250°C.

Raman measurements made on the a-Si:H:B
and a-Si:H:P samples deposited at Ts = 250°C
displayed dopant concentration dependent
increase in the bond angle fluctuations as well as
the filling up of the dip between LA and LO bands.
These changes are attributable to the dopant-atom
induced disorder (increase in 5-fold rings) and the
fluctuations in the hydrogen microstructure. The
dopant atom induced degradation of SRO is
proposed as the technique to degrade the doping
efficiency in a-Si:H alloys.




4.3.1 Surface and interface of GaAs

The electrical quality of the GaAs surface has
imposed performance constraints upon nearly all GaAs
devices and prevented the development of a
GaAs-based MISFET technology. Although much
progress has been made in understanding the poor
electronic quality of the GaAs surface, no complete
successful scheme has been devised which passivates
the GaAs interface both electronically and chemically
while permitting the growth of an insulating barrier.
The following passivating schemes were developed.

a) GaAs/plasma polymerised thiophene

Passivation of the GaAs surface is made possible by
an overlayer provided by a thin film of plasma polymerised
thiophene. Reduction of surface recombination velocity
and the surface barier at the interface between the
polymer and GaAs has been reported.

b) GaAs/ZnSe heterointerface

The GaAs/ZnSe heterojunction (HJ) had a lattice
mismatch of 0.25% but high quality epitaxial HJs were
grown by a new method known as liquid-gas interface
grawth technique. The valence and conduction band
discontinuities were determined for HJs by means of
photoelectron spectroscopy (PES). PES was also
used te obtain the Ga3d and Zn3d valence bond
maximum binding energy differences for bulk ZnSe.

The core level separation Egy between the Ga3d
and Zn3d core levels for a thin GaAs/ZnSe was
determined. From the core level binding energy shifts,
attempts were made to identify the chemical species
formed at the interface between GaAs/ZnSe. The
quality of ZnSe layers was assessed by x-ray and
electron diffraction techniques.

4.4 High temperature superconductivity
(7-12-004)

A major part of the work was the study of the
structure-property correlation in Y-Ba-Cu-O and
Bi-Sr-Ca-Cu-O systems. The study of the effect of
substitution of various cations, isovalent as well as
nonisovalent at Y, Ba and Cu sites was carried out to
determine the variations in the structural, magnetic and
conductivity properties. Substitution of Ca at the Y site
helped in increasing the density thereby reducing the
weak link effects observed due to the segregation of
nonsuperconducting phases at the grain boundaries.
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A detailed study of the Y-Ba-Cu-O phase diagram
revealed that many more single phase compositions
can be synthesized in the region near [:2:3
control and adjustment of the preparation parameters.
The compositions like 1:4:6, 2:6:9, 3:7:10 and others
showed a structure isomorphous to that of standard
I:2:3 and possessed similar or, in certain cases, better

by critical

electrical and magnetic prope

The observations made during the c
synthesis of [:2:3 and [:2:3-like materials 0 a
method better than the conventional ceramic route
The results of this method were tested; they proved to
be better than those prepared by the ceramic route
The reproducibilty of results by the improved
technique was found to be nearly [00%.

A study of the BizSraCan-1CunO2zn + 4 systems was
carried out for n=123. The optimization of the
conditions for the preparation of these materials was in
progress. The results of the interface study of single
phse 2:2:1:2 with indium and silicon were encouraging.
It was observed that even though the resistivity data for
n=3 material showed zero resistance at lIOK, the bulk
did not contain 100% n=3 material, but some traces of
the n=2 also accompanied it.

The effect of doping of a small amount of antimony
in n=3 surprisingly increased the T to 133K. The
results were reproducible. Apparently antimony
doping helped in stabilizing the 2:2:2:3 phase.

4.5 Theoretical chemistry

A significant open shell coupled-cluster (CC)
response approach was developed for the calculation
of static properties. It was extremely suitable for
describing the dynamical as well as nondynamical,
correlations for open shell systems. CC methods were
highly accurate in the calculation of electronic energies
for both closed and open shell systems.

With a response approach, the CC method can
also be applied for the calculation of static
property. A response approach was developed for
closed shell systems initially. The present work
represents the first attempt at a general
formulation of a response approach for open shell
systems in a CC framework.

Apart from this, further studies were made
regarding the bivariational CC approach developed
here earlier. Attempts are being made to install an




ab initio package leading to CC software for accurate
electronic structure calculation.

The influence of 2-methylthiolation on the
conformational preferences of the isopentenyl
substituent on the N° position in adenine - was
theoretically studied. The resulis explained the
regulatory significance of hypermodification of nucleic
acid bases naturally occurring in the anticodon loop in
tRNAs. Conformational preferences of the modified
ureiodoadenine bases could be understood in terms of
model modified nucleic acid base  n°-(N-
alanylcarbonyl) adenine.

4.6 Structural Chemistry

4.6.1 X-ray crystallography

The structures of over twenty organic, inorganic,
organometallic and biologically important compounds
were solved.

A lot of work is reported on intermolecular C-
H...X/C...H-X (where X is O,N,F,Cl, etc.) interactions,
but very little on such intramolecular interactions. With
the help of Cambridge Crystallography Data Base
up-to-dte information was collected on these
interactions. It was concluded that these
intermolecular as well as intramolecular interactions
are also important (like hydrogen bonds) in stabilizing
the crystal and molecular structure.

Many structures contain more than one molecule
in an asymmetric unit. After studying data reported
during a year (1988) in Acta Crystallographica for about
60 structures, it was concluded that in most of the
cases the molecules in an asymmetric unit have some
sort of simple mathematical relations with each other.

4.6.2 Magnetic properties measurements

Magnetic properties of various soft and hard
ferrites were evaluated using B-H autoplotter and
LCR bridge. Remanence, coercivity, saturation
magnet- ization of BxH products were computed
from the recorded B-H loops of ferrite samples.
These included samples from Morris Electronics
Limited, Pune.

Magnetic susceptibility of various tension metal
ion-complexes, catalysts and ferrite samples was
measured using Cahn-l000 magnetic balance in the
temperature range of 77K to 300K.
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In addition to analysing samples from within and
outside NCL, the following basic work was carried out.

i) Detection of F-centres and R-centres in oxide
ceramics (structural and electronic) by using EPR
spectroscopy

i) Hyperfine and superhyperfine structure of Mn®t

ions in polycrystalline CdO
iy ESR studies of superconducting samples (CEERI

Pilani) below the transition temperature

4.6.3 Maossbauer speciroscopy

Structural studies on many representative samples
of barium and strontium ferrites, iron oxide catalysts
and iron complexes/ligands were carried out using
Mdéssbauer spectroscopy.

4.6.4 Mass spectrometry (MS)

Basic research was carried out on the reactive
states of ions. Comparison of El and Cl mass spectra
of N-substituted |H-azepines and isomeric aromatic
substrates indicated that substituted azepines are
stable to El at low temperatures retaining the 8
electron seven-membered cyclic system prior to their
fragmentation.

The El data was supported by low eV and
metastable scan technigues. The chemical ionisation
mass spectra of N-ethoxycarbonyl-IH-azepines and
N-phenylcarbomates were complicated owing to
thermal decompaosition reactions at high temperature.

4.6.5 Spectrochemical studies

a) Dimethylanthranilic acid exists in a variety of
structural forms in solution depending on the nature of
the solvent. Using a Fourier deconvolution technigue,
the bands ascribable to the individual forms were
separated from the complex overlapping profile in the
region 1750-1550 cm".

While a hydrated Zwitterion exists in water (A),
intramolecularly hydrogen bonded dipolar species
(B) are found largely in alcohol, dimethyl sulphoxide
and acetonitrile. Neutral intramolecularly hydrogen
bonded species (C) are predominant in carbon
tetrachloride, benzene and dioxane, monomeric
non-hydrogen bonded species alone exist in
cyclohexane.
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Using a Fourier deconvolution

relevant computer software, the
could be sharpened leading to easy separatio
Equilibrium constants calculated at 30°C for various
primary alcohols are ethanol, [.4; propanol, 1.7;

butanol, |.6; pentanol, 1.5; hexanol, 1.47.

4.6.6 Thermal analysis

Thermodynamic studies were carried out on
samples received from the ferrite project and other
R&D projects of the laboratory. The phase changes
and reaction kinetics of the compounds were studied.
The stability, and degradation temperature of polymers
were recorded in various gas atmospheres.

4.6.7 Structural chemistry

The platinum compounds
carboplatin are found to be effective drugs in the
treatment of cancer. In the search for less toxic and
more effective anticancer drugs, some platinum
compounds, structurally similar to cis-platin and

carboplatin were studied.

cis-platin  and

The crystal structures of two such compounds,
dichlorobis(ethylene diamine)platinum(ll) and (ethylene
diamine) |,I-cyclobutanedicarboxylatoplatinum (I1) were
determined. The structure of a palladium compound,
bis(thiophene-2-carboxyladehyde-4-phenyl  thiosemi-
carbazonato)palladium (II), which is a potential drug,
was also determined.

The structure determination of two more platinum
compounds, bis(i-butylamine)l, I-cyclobutane-dicarb-
oxylato-platinum(ll) and cis-diiodo bis (i-butylamine)
platinum(ll), was also taken up. The structure of a
potential antitubercular drug, thiazolidone, was charac-

terized using X-ray structure analysis. The structure of

peptide
pepuae

n-Butylamine + dibutylether

i) Isobutylamine + dibutylethel
iii) Sec-butylamine + dibutylether
iv) Tert-butylamine + dibutylether

Isothermal vapour liquid equilibrium (VLE) data
were obtained for the binary
l,2-dichloroethane with methyl, ethyl, propyl, butyl
alcohols and also with n-hexane, n-heptane and n-
octane. Wilson, NRTL, UNIQUAC, T.C. TEST,
computer programmes were developed for processing
the VLE data

systems  of

Under a DST sponsored project the vapour
pressures of 20 systems of electrolyte solutions were
measured. The heats of mixing of 12 systems of the
same were also measured. Most of the data was
measured for the first time and can be used for design
of absorption heat pumps and in process design and
development.

In the water evaporation control project,
sponsored by Department of Rural Development,

Ministry of Agriculture, work was undertaken on the

evaluation of mixed monolayers of C15-OH + Cy5-OH "

(1:3), C15-0CoH40H + Cz2-0C2H40H (I:9) in the wind
tunnel at 39.00 km/h wind velocity. These synthetic
mixtures were compared with commercial products,
viz., Acilol 1618 and Linoxyd CS-40.

st-OCgHaOH +
Cpp-0CoH4OH monolayer promises to effect a very
high evaporation reduction (80%) as compared to that

It was observed that

of alcohol mixtures and other commercial products
(60%). Preparation of these alkoxy ethanol mixtures
was started
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5. AGROCHEMICALS
5.1 Carbamate insecticides

A novel innovative synthetic route was developed
for commercially important carbamate insecticides
such as carbaryl (Sevin) and 0-2-sec-butylphenyl
N-methylcarbamate (BPMC), without employing
hazardous chemicals like phasgene and
methylisocyanate.

for such carbamates were also
investigated. Of the three rearrangement routes
involving methyl migration to electron deficient
nitrogen species from acetyl azide (Curtius), acetamide
(Hofmann) and acetohydroxamic acid (Lossen), which
can generate MIC in situ for the purpose of instant
trapping with the appropriate phenols in the medium to
produce the desired carbamate insecticide, only the
Curtius method proved to be a success.

Other routes

While it was possible to generate MIC from
acetamide in situ by the Hoffman route and trap it with
ethanal (but not with [-naphthol) ethyl N-methyl-
carbamate formed can, however, be transesterified with
I-naphthol to carbaryl in a separate step), there was no
evidence of MIC being produced in situ from
acetohydroxamic acid in the Lossen approach.

5.2 Pyrethroids and other related compounds

Several p-substituted benzyl (+) cis-2, 2-di-
methyl-3-(2,2-dichlorovinyl) cycloproﬁ_éne carboxy-
lates, exhibiting promising insecticidal and larvicidal
properties at microdosage level were synthesized from
(+)cis-DV acid.

3-Phenoxybenzyl/isopropyl 2-alkyl/aryl-4-oxo spiro
(2,5) octane and spiro (2,4) heptane-l-carboxylates
were synthesized for screening for insecticidal
properties.

t -lactone of IR-cis-2,2-dimethyl-3-(2,2,2-tribromo--
hydroxyethyl) cyclopropane carboxylic acid, a key
intermediate for deltamethrin was obtained by an
interesting sequence of chemical transformations af
(+)-3-carene.

5.3 Entomology

Several enriched plant extractives or their
combinations were being investigated for use in
mosquito, termite and cyclops control. The overall
objective was to develop a succession of the
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combinations at NCL to provide biorational
supplements for pest/vector management programme

The design of controlled delivery systems was a
major endeavour. A gel dispense system was earlier
developed for aquatic larvicides. These "satellite”
hydrogel dispensor were also being adapted for
cyclops control. This project was funded by the
National Water Mission.

Control of cyclops, the guineaworm vector, was
achieved using an easily available, inexpensive, natural
product.

Development of innovative, essentially
non-insecticidal products and strategies for control of
termites and the Jumping louse were undertaken with
the specific needs of the building and construction
industry, and social forestry, in mind.

Basic research was concentrated in the following
areas: chemical influences in host specificity/
resistance; general studies on insect physiology and
behaviour; endogenous and exogenous factors
determining pheromone release; and basic bionomics,
physiology and ecology of the psyllid, Heteropsylla
cubana and local termite fauna.

A few novel exploratory endeavours were (i) a
collaborative study with the genetic engineering group
of the Biochemical Sciences Division aimed at transfer
through plasmids of microbial toxins or specific
inhibitory allelopathic chemicals to postcrop complex;
and (i) identification and isolation of entomopathic
principles from microbial broths.

5.4 Ranitidine

Two laboratory-scale methods were developed for
the preparation of l-methylamino-I-methylthio- 2-nitro-
ethene — the crucial nitroenamine intermediate for
ranitidine. The first method follows the conventional
route from |,|- bismethylthio-2-nitroethene and leads to
a 60-68% vyield of the required product, based on
recovered starting material.

The second method is based on a radically new
approach and makes use of the catalyzed
condensation of nitromethane with N-methyl
carbonimido dithiocic acid ester.




5.5 Homobrassinolide

A collaborative project between NCL and Godrej

Soaps Pvt. Ltd, Bombay, for the synthesis of
homobrassinolide, a plant growth promoter, was
completed. Starting from stigmasterol 30g of

homobrassinolide were prepared in eight steps and
supplied to Godrej. The product was found to be
ppm controlled
laboratory conditions. The company started elaborate
field trials on a variety of agricultural crops.

active in concentration under

5.6 Development of Neemrich-1l technical and
its formulation

Neem oil, neem cake and neem seeds were
processed for the isolation of active-rich fraction
containing azadirachtin and related compounds. A
simple process was developed from neem seeds for
Neemrich-l and Neemrich-Il exhibiting different insect
control activities. The process was scaled up to 20 kg
(seed level) and a stable formulation was prepared
from the product.

Field trials were conducted on tobacco crop at
Central Tobacco Research Station, Rajahmundry, and
on cotton crop at Nimbkar Agricultural Research
Institute, Phaltan, with encouraging results.
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6. TIME TARGETED PROJECTS
6.1 Encilium

Optimal conditions for the growth of a flocculent
variety of yeast strain were established. Yeast was
grown from slant stage in a 300 litre reactor and
fermentation was carried out for 100 days. It was
established that 90% fermentation efficiency can be
achieved by using this yeast. A preliminary design for
the commercial process was worked out.

6.2 Ethylene oxide

The evaluation of the catalyst was continued in the
new high pressure, computer controlled Berty reactor
assembly. Facilities were being established for the
scale up of the catalyst preparation procedures. It was
observed that some of the catalyst compositions could
be used for the installation of small capacity plants for
making high-value chemicals from ethylene oxide. The
know-how and engineering for such small plants were
made ready for commercial application.

6.3 p-Diethylbenzene

p-Diethylbenzene is used as a solvent in the
manufacture of p-xylene. Owing to the setting up of
large production capacities in India for terephthalic
acid and dimethylterephthalate, for which p-xylene is a
raw material. The demand for p-diethylbenzene has
grown considerably and is being met by imports at
present. A zeolite based catalyst with more than 95%
selectivity for p-diethylbenzene was developed. Pilot
plant trials using this catalyst are under way.

6.4 2-6-Diethylaniline

2-6-Diethylaniline (2,6 DEA) is an important
intermediate in the manufacture of herbicides like
butachlor. The entire requirement of this chemical is
met by imports. A process was standardized using
ethylene and aniline as raw materials, and was
demonstrated on bench scale. A plant for the
manufacture of 600 TPA of 2,6 DEA was designed.
This technology developed for Navin Chemical
Enterprises, Bombay, is expected to be
commercialised soon.

6.5 Morpholine

The project, undertaken on behalf of Navin

Chemical Enterprises, Bombay, envisages the reaction
of diethyleneglycol with ammonia to give morpholine.

Both, vapour and liquid phase catalytic processes
were investigated and the latter was found to be morg
Investigations were continued to
the conversion and selectivity, so that the proce
become commercially viable.

promising

6.6 |,4-Butanediol
Follow-up work on exploratory work was
undertaken to examine the feasibility of a commerciall

process. The process parameters were optimized. A

very high selectivity (>95%) was obtained at total®

conversion of |,4-butynediol. Further data on different
aspects of the process, like catalyst recycle, kinetics,
product isolation, etc., are being collected

6.7 Sorhitol

Exploratory work on the development of a low
pressure process for hydrogenation of glucose to
sorbitol, indicated the feasibility of the process. A
noble metal catalyst used in this process was found to
give negligible formation of mannitol.  Extensive
investigations are in progress to optimize the process
parameters, catalyst recycle, etc.

A process for making powder was developed and
is ready for release.

6.8 Glyphosate

After completing the laboratory scale work (500
gms./batch), further work on pilot plant scale has been
taken up.

6.9 N-methylpiperazine and aminomethyl

piperazine
Exploratory studies indicated the technical,
feasibility of the laboratory-scale process. Pilot plant

studies are being initiated so that the process can be
demonstrated to Diamines and Chemicals Ltd.,
Baroda, for commercialising the process.

6.10 Aniline

Work on a process for low pressure (in the range
6.0-20.0 Kg/sz) liguid phase hydrogenation of
nitrobenzene was initiated. Preliminary investigations
were successful and aniline of the required specification
could be obtained. Optimization of process parameters
and investigations on catalyst recycle is in progress.

increasg®




6.l Phenylglycine

Ficom Organics Ltd., Bombay, had sponsored
work on the development of a process for
phenylglycine. After the completion of laboratory-scale
work, pilot plant studies were carried out for confirming
the process conditions for obtaining the product of the

,equired quality.
6.12 7 ADCA

The pilot plant work for the above product was
garried out jointly with Hindustan Antibiotics Ltd.,
Pimpri, Pune, at their factory

6.13 Novel technologies based on gas-solid
non-catalytic reactions

Calcium cyanamide of a quality better than the
imported sample was obtained. The route, based on
urea-lime, was found to be engineering intensive. The
equipment for the three process steps was identified.
The process standardized on a 150 gm scale is being
scaled up to 5.0 kg. scale.

Kinetic runs for sponge iron preparation using
catalysts were carried out.

E——
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7. POLYMERS

7.1 Polyphenylene sulphide (18-1-567 C)

Studies were conducted process
conditions. Downstream polymer isolation steps and
solvent recovery work were investigated
were followed; one was based on methanol and the

to optimize

Two routes

The economics of solvent

other on aqueous system
recovery by the two routes were worked out. Studies
were intiated on polymer isolation and improvement of
solvent recovery. Preliminary work was initiated on
treatment of the downstream waste

Pilot plant trials were taken to optimize the
conditions standardized in the laboratory scale studies

at Sri Ram Fibres (SRF), Madras. The reactor design,

was studied and modifications were suggested.

Conventionally, molecular enhancement of a
polymer is done by thermal treatment below the melting
point of the polymer. This process is known as solid
state polymerization (SSF). Molecular enhancement of
PPS was studied by this method. Scale up from 100 gm.
to 1 Kg. batch was completed and conditions were
determined for SSP laboratory trials. Optimum
temperature and time cycles were finalised. Trials were
taken at the Bombay unit of SRF to check the suitability
of a unit for carrying out SSP on a commercial scale
Modifications for the unit were suggested.

A professional end user involved in PTFE coating
was identified and work on PPS coating applications
development was initiated.

7.2 Controlled release urea (18-7-006 C)

The project aimed at developing coatings to
reduce the leaching rate of urea under irrigated
conditions was taken up in collaboration with the
Rashtriya Chemicals and Fertilizers Ltd., Bombay. One
of the major challenges in this work is that the coating
material has to be very cheap since the product itself is
very cheap and its production is subsidized.

A large number of naturally occurring waxes and
gums as well as synthetic polymers were investigated
as potential coating materials.

7.3 Durable polymers for Jaipur Foot (18-8-006 G)

Polyurethane (PU) polyols were developed for rigid
foam, flexible foam and elastomer formulations.
Specific PU formulations were selected and
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demonstrated for use as rigid foam to replace wood in
ankle block, and as flexible foam to replace |
microcellular rubber in heel block and fore foot insert,
and as elastomer to replace rubber

as the shell

of riqid

material Five sets of PU inserts consisting

-

ifele)!
FU

prepared at

foam ankle blot and flexible foam heel and fore

from the on
oI the S8

blocks

were prepared
formulations. Jaipur Foot samples were |
Santokba Durlabhji Memorial Hospital (Jaipur) using
these inserts and rubber shell material. Initial testing
on laboratory equipment showed that the
deflection performance of the Jaipur Foot with PU

inserts was generally comparable to that of existing §

Jaipur Foot. The foot with PU inserts was, however,
lighter by about 15%.

7.4 Polycarbonate synthesis via non-phosgene
route (18-9-056 C)

Melt transesterification of bisphenol-A (BPA) with
diphenyl carbonate and modified BPA with dimethyl
carbonate (DMC) was studied. Additives to minimize
colour and polycondensation kinetics were studied.

Essentially colour free prepolymer of poly-
carbonate was prepared by melt polycondensation of
BPA with DPC. Further heating of the prepolymer at
280°C under reduced pressure yielded polycarbonate
in the mw range 20,000-30,000. BPA (modified) was
converted to first stage oligomer with DMC by
transesterification using a titanium catalyst.

7.5 Low cost/alternate building materials and
components (18-10-005)

Sealants and water proofing compounds based on
polyurethane, using readily available inexpensive,
indigenous polyols were prepared and sent to Central
Building Research Institute, Roorkee, for evaluation of
physical properties.

All the laboratory tests performed showed that
both the sealant compound and the water-proofing
compound met all specifications required for the
application of these products in the building industry.

7.6 New polymer support for penicillin
acylase (18-11-006 C)

This project was taken up as a joint development
programme between NCL and Hindustan Antibiotics

load §
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Limited (HAL), Pimpri. The first phase of the project
dealt with the identification and characterization of a
new polymer support to replace the derivatized
cellulose matrix used at HAL currently to covalently
bind penicillin acylase. This phase was successfully
completed. A number of polymer supporis were
synthesized and screened for enzyme adsorption,
activity retention and operational  stability.
Immobilized enzymes based on the two most
promising supports were checked in greater detail to
identify the best system. This system was screened
through 600 cycles of Penicilin-G to 6-APA
conversions. It was found to be usable through 550
cycles of operation as against 100 cycles with the
system currently in use at HAL.

The second phase of the project, involving
scale-up of the process to plant level, was initiated.

7.7 Drag reducing polymers for oil transport
(18-13-006)

The objective of the project was to develop drag
reducing polymers for the transportation of crude oil
and its products through pipe lines. It also involved the
development of computer software for the pipeline
transportation of the North Gujarat crude oil.

One polymer developed by NCL showed a
performance better than that of a commercially
produced polymer. It was also found to be better in
terms of shear stability.

The synthesis of the polymer was demonstrated to
the sponsoring company, Lubrizol India Ltd., who will
be taking up pilot scale production of the polymer.

The software developed was handed over to
Institute of Petroleum Technology, Bombay. Efforts
were under way to make the application of the
software more extensive.

Work in this area was continued for the
development of polymers with better performance.

7.8 Liquid crystalline polymers (18-17-006 G)

This grant-in-aid project funded by the Dept. of
Science and Technology, New Delhi, was undertaken
to demonstrate the technical feasibility of generating
commercially viable liquid crystalline polymers on
laboratory scale. A catalyst suitable for high
temperature transesterification reaction was identified
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Structure-property relations are being worked out to
identify the desired structural elements.

7.9 Metal replacement by polymers in engineering
components of two-wheelers (G)

A new fibre reinforced thermo plastic (FRTP)
composite material was successfully developed for the

rotor fan of Bajaj scooters.

Field trials with two components designed and
developed under the project were successiully
completed. One of these components has been
introduced in the market on certain scooter models.

A design modification was suggested in the injection
moulded engineering plastic component. In laboratory
trials the redesigned plastic component demonstrated
better fuel efficiency than its metallic counterpart under
conditions of normal road travel (30-50 kms/hour).

7.10 Polymer alloys, resins for composites
phase Il

Continuous melt compounding ftrials for
polyethylene terephthalate / polymethyl methacrylate
were successfully demonstrated and the injection
molding of these blends was carried out, for generating
a property data base. In addition a number of blends
of thermoplastic polyesters with nylons, polyphenylene
sulphide and other compatible polymers were
successfully demonstrated on batch scale. The
thermal and crystallization studies of these blends were
carried out to elucidate the effect of blending on the
crystalline morphology of the blends.

7.11 Development of FRTP compounds and
polymer blends and alloys for specific
applications

A special reinforced grade of a polymer was
developed for use in the injection molded rotor fans for
Bajaj Auto Ltd. and in fans being moulded by Kirloskar
Kisan Equipment Ltd. The first commercial sale of the
compound has taken place.

Tests on the cable compounds developed
showed that they met the specifications. Processing
trials were started.

7.12 Membranes for gas separation (G)

The project funded by the Department of Science
and Technology was aimed at developing polymers




possessing higher fluxes/separation factors for the

separation of the gas under investigation

A low pressure sorption balance to investigate
of gases polymers was
Standardization of the equipment was taken up.

large number of aromatic polyesters were synthesized

sorption in set up
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measurements to study the effect of chain substitution
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7.13 Development of specific reagent combination
for beneficiation of (i) alumina rich ores,
(ii)phosphate slimes, and, (iii) partially oxidized
sulplhide ores (G)

The problem of main chain degradation during
functionalization of acrylamide to hydroxamate
group bearing acrylamide could not be overcome.
Polyacrylamides bearing glycolic acid groups were
synthesized. The degree of substitution was
determined by 13C NMR CP-MAS spectroscopy in
the solid state. Pyrene labelled polyacrylic acids and
hydroxamate bearing acrylamides were synthesized
for studying conformations at the mineral-water
interface by fluorescene spectroscopy (work to be
carried out at Columbia University). Polymers
bearing 1-10% sarcosine functionality, prepared by
hydrolyzing poly(vinyl pyrrolidone)  were sent to
University of Florida for their evaluation as dispersing
agents in selective flocculation of phosphate bearing
slimes.

Glycolic acid bearing polyacrylamides showed
promising results in the flocculation of phosphate

slimes. Solid state NMR technigues were applied to
determine  the degree of  substitution in
polyacrylamides.

7.14 Polymer characterization

Determination of molecular weight distribution of
water soluble polymers poses unigue challenges. The
separations are column specific and the resolution is
poor. It was observed that incorporation of a small
amount of a suitable surfactant in the mobile phase
resulted in a very satisfactory resolution of several
polyacrylamides, probably due to the better control of
the hydrophilicity/ hydrophobicity of the polymer
backbone stationary phase.
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A novel techniaue of chara

feveloped

7.15 Controlled release science and technology (G)

t Nimbkar Agricultural Research Institute, Phaltz
bioefficacy 256
sorghum cultivation
ENCECAP CF1 was
Toxicology, Pune
All India Coordinated Project on

by ICAR for the third year in suc
CF2 was modified based on field

for evaluation.

starch-UF

from
granular formulations prepared at different urea/starch

ratios and different loadings were conducted

Systematic release kinetics
Release
rates of a series of model compounds (both
solids/liguids)  with  varying  water  solubility,
encapsulated in starch-UF matrix, were evaluated

Large block trials on cotton/sorghum substantiated
previous experimental results. Results showed a doubling
of the period of protection and significant increase in yield.
The significantly lower inhalation hazard for ENCECAP
CF1, even at an active ingredient concentration of 50%,
was demonstrated. Multilocation trials against white grub
established its efficacy against soil borne pests.

An interesting relationship between degree of
crosslinking of the matrix and solubility ‘characteristics
of active ingredient on release kinetics was observed.

7.16 Polymer modifications : Epoxidized natural
rubber

A study of different experimental parameters on
latex epoxidization of natural rubber was concluded.
Various methods to break down the molecular weight
of rubber (mastication pretreatment with formic acid)
were unsuccessful. Epoxidization of natural rubber at
different HoO2/HCO2H ratios, temperature and latex
concentration 20- 60% were studied.

An experimental program to epoxidize natural
rubber films in the solid state and their characterization
was initiated. Preliminary studies on casting of film of
uniform thickness and characterization of epoxidized
films were completed.




Contrary to previous reports in the literature, the
present studies established the feasibility of
epoxidation of a latex with higher rubber concentration
at a shorter reaction time with smaler guantities of
formic acid The polymer
microstructure were unaffected.

properties and

7.17 High performance polymers : Synihesis.
structure and property

2 6-Dimethyl phenol can be  oxidatively
polymerized using copper halide/amine catalyst to
polyphenylene ether, a high performance polymer.
Using a solvent system (in which the polymer
precipitates) and various amines, the kinetics of

oxidative polymerization were evaluated

A systematic study of the effect of amine structure
on oxidative polymerization of 2,6-dimethyl phenol was
not available in the literature. This study identified the
best amine in terms of rate/molecular weight. An
interesting relationship between amine structure, pKa
and reactivity was observed.

7.18 Basic studies

Electrically conducting polymers known to date
were prepared by exposure of the virgin polymer to
vapour of strong electron acceptors such as arsenic
pentafluoride, sulfur trioxide, etc., which are highly
toxic. The major limitations in these polymers were
their environmental stability and embrittlement after
doping with accompanied loss of conductivity during
handling. An interesting alternative route to increase
the conductivity of polyphenylene sulfide was
investigated. An enhancement in conductivity by 10 to
12 orders of magnitude was observed by doping the
polymer with iron and copper salts using the simple
solution doping technique. This yielded a stable
semicanducting polymer (107 3s/cm) which remained
stable under ambient conditions for more than a year.

Publications

1. Amalnerkar, D.P., Radhakrishnan, S., Minoura, H., Siguira, T.

and Ueno, Y.,

Photoelectrochemical studies on CdS$:Cu:Cl electrodes
-importance of photoconductivity effects,

Solar Energy Materials, 18, 37 (1988).

2. Nadkarni, V.M., Shingankuli, V:L. and
Jog, J.P.,
Blends of thermoplastic polyesters with amarphous
polyamide |. Thermal and crystallization behaviour,
Polym. Eng. Sci., 28, 1326 (1988).

o \AJ

3. Mahajan, S.S., Wadgaonkar, P.P. and Chavan, N.N
Polyamides containg oxyethylene linkage : Synthesis
and charac-terization,

Intern. J.Polym.Mater., 12, 101

(1988)

4. Sarwade, B.D., Wadgaonkar, P.P. and Mahajan, S.5.,
Synthesis and  characterization  of
polyazomethine containir
chain,

Eur. Polym. J., 24, 1057 (1988)

aromatic
1g s-friazene rings in the main

o

Mahajan, S.S., Sarwade, B.D. and

Wadgaonkar, P.P., -

Chemical modification of poly(2,6-dimethyl-1,4
-phenylene oxide) by electrophilic substitution reaction
with isocyanates,

Polym. Bull., 20, 153 (1988)

m

Gundhiah, S.,

Synthesis and characterization of polyelectrolytes for
mineral separation,

Mineral and Metallurgical Processing Journal
SME-AIME, 5, 90 (1988).

7. Rao,B.S.,
Novel bismaleimides via ‘epoxy-carboxy addition
reaction Synthesis, characterization and thermal
stability,
J.Poly. Sci. Polym. Lett.Ed., 26, 3 (1988).

8. Ravishankar, S.A., Pradip, Deo, M.G., Kulkarni, R.A. and
Gundiah, S.,
Selective flocculation of iron-oxide-kaolin mixture using
a modified polyacrylamide flocculant,
Bull. Mater. Sci., 10, 423 (1988).

9. Tembe, G.L, Pilai, .M., Ravindranathan, M. and
Sivaram, S.,
Selective dimerization of ethylene to butene-1 using
titanium-  tetra-n-butoxide-triethylaluminium  catalyst
system,
Ind. Eng.Chem.Res., 27, 1971 (1988).

10. Nadkarni, V.M.,
Materials replacement by plastics in engineering
applicattions,
Chemical Age of India, 39(6), 365 (1988).

“~11. Dhupe, A.P., Gokarn, A.N. and Doraiswamy, LK,
A novel regenerable sorbent for SOz,
Chem.Eng.Sci., 43, 2108 (1988).

12.  Vaidya, U.R. and Nadkarni, V.M.,
Polyurethane polyols from glycolysed PET waste :
Effect of glycol type on kinetics of polycondensation,
J. Appl. Poly. Sci., 38 (1988).

13. Ghadage, R.S., Ponrathnam, S. and
Nadkarni, V.M.,
Thermotropic mesomorphic polyesters |.Copolyesters
of 1,4-benzene dicarboxylic acid, 1,4-benzene diol and
flexible diols,
J. App. Poly. Sci., 37, 1579 (1989).

14, Rao, B.S.,
Norbornene end capped
epoxy-carboxy addition reaction,
J. Polym. Sci., Polym. Lett. Ed., 27, 133 (1989).

bisimide resins via

35

s e




ldage, S.B., Idage

Shinde, B.M. and Verne
Polyimi :

linke

ok
3 (1989)

1] fone

o ulfi eth

modified

henylene oxide

36




8. PROCESS DESIGN
8.1 Regular packing development (19-1-006 C)

The objective of the project was to develop and
characterize regular packings with low HETP values
and low pressure drop per unit height of the column for
use in vacuum distillation columns

Two types of the packings were characterized in a
pilot plant under various operating conditions.

The packings were found to be better than Pall
rings, the conventional random packings. Typically,
their HETP is 50% lower and pressure drop about 25%
lower than those encountered with Pall rings under
identical conditions.

The pilot plant faciliies would be used for
generation of specific data required for the commercial
installation of these packings.

8.2 Heat pumps (19-2-006 C)

An experimental water-to-water heat pump and a
heat pump assisted drying unit were operated for
demonstration and research purposes.

Computer programmes for the assessment of
integrating mechanical vapour compression heat
pumps to ethanol distillation and sugar evaporation
units were developed.

A new methodology was developed for designing
a heat pump that could be advantageously integrated
with a heat exchanger network. A user friendly
software package is being prepared.

8.3 Modelling and simulation

A novel approach was developed for evaluating
the sensitivity of a given heat exchanger network. This
approach, based on the partial linearity inherent in heat
exchanger networks, reduced the computation time by
an order of magnitude. '

A new expression was developed for the excess free
energy of aqueous single electrolyte solutions, based on
the concept of ionic hydration. Simple equations were
developed based on this approach for the vapour
pressure and activity coefficients which are accurate and
applicable even to concentrated solutions.

The problem of diffusion in zeolites cannot be
tackled by conventional methods due to the fact that in
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zeolite channels molecules often cannot cross each
other.
formulating the diffusion process as a Markov process.
The results indicated that such an analysis forms the
starting point for treating diffusion in zeolites

A new approach was developed based on

8.3.1 Computer simulation of IPCL plants

The final report on the project on naphtha reformer
simulation was submitted and follow-up work was
taken up. Extensions in model capabilities in terms of
the prediction of the lumps of hydrocarbons with nine
or more carbon atoms were worked out. Similarly a
model for precipitation polymerization of arylamide for
fibre precursor was developed and optimization
strategies were provided.

8.3.2 Diammonium phosphate (DAP) granulator

modelling

A simple mathematical model for the continuous
drum granulator for a DAP plant was developed
incorporating all possible physico-chemical processes
like slurry coating of recycle fixes, agglomeration and
particle growth, ammonia fixation, and moisture
desorption under conditions encountered in a
commercial granulator. This model was being readied
for comparison with plant data.

8.3.3 Other process simulation activities

Mathematical models were also developed for the
simulation of absorbers for treatment of acid gas.

8.3.4 Software development activities

A simple prototype expert system for plant fault
diagnosis, equipment and material selection of interest
to the chemical industries was being put together.
Specific domain knowledge bases for material
selection and for equipment faults and failure were
being built up.
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INFRASTRUCTURE ACTIVITIES
Division of Technical Services (DTS)

Planning, monitoring, research co-ordination,
industrial liaison, technology transfer, documentation,
market survey, publicity and public relations are the
major activities of the DTS. The division is closely
associated with the scientific divisions and helps in
drawing up research programmes.

Planning, monitoring and research co-ordination

The research programme for the coming year was
prepared and placed before the Research Council (RC)
for ratification and later before the Management
Council (MC) for final approval.

Besides organising the RC and MC meetings, DTS
prepared final proposals for sponsored, collaborative,
grant-in-aid and consultancy projects for the approval
of the MC. A proposal was also prepared for setting up
a tissue culture facility at NCL under the Department of
Biotechnology's grant.

The 8th Five Year Plan for chemical sciences (for
the CSIR Planning Division) and separately for NCL
was prepared.

Financial analysis and cash in-flow for NCL were
worked out

Enquiries from private and government agencies,
the parliament, NRDC, CSIR headquarters, sister
laboratories and AGCR/CSIR Audit Groups were duly
answered. Similarly the Lok Sabha and Rajya Sabha
Questions were handled.

A computer programme was developed to
evaluate the profitability of R&D projects.

Industrial liaison, technology transfer, etc.

A new format was made for the non-technical
notes on NCL processes and the cost estimates were
updated. Cost calculations were done on a trial basis
for ten projects. The project profiles of 35 processes
were updated.

Detailed discussions were held with numerous
potential buyers of NCL know-how. [n some cases
visits were paid to the sites of the prospective
entrepreneurs along with the concerned scientists to
have on-the-spot studies of their needs and
capabilities.
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Arrangements were made for the registration of
Neemrich and CR Carbofuran at C.|.B., Faridabad, by
going over and discussing the matter with the officials
of C.L.B.

Publicity, public relations

In all ten press releases were brought out to give
publicity to important events con
and its staff. A press conference
the eve of CSIR Foundation Day 1989

] the laboratory
irranged on

An Open Day was CSIR

Foundation Day (26/9/88).

arranged on the

About 2800 visitors (including VIP's and groups of
school and college students) were taken round the
laboratory.

Workshops, exhibitions, etc.

An international workshop on, "Awareness of Rapid
Advances in Science and Technology" (Biotechnology
and Allied Sciences) [ARAST-1] was organised at NCL
for the Commonwealth Science Council.

National Integration Day was observed on 17
November 19889.

DTS team organized a pavilion for the CSIR at
the 76th Indian Science Congress Exhibition in
Madurai from 7th to 23rd January 1989. The CSIR
pavilion received the First Prize along with a
memento.

NCL participated in the BIOTEK 88 exhibition held
at the Ashoka Hotel in New Delhi from 1st to 12th
October 1988.

Two sets of 20 exhibits on NCL technologies were
prepared one of which was sent to the Public Relations
Unit of CSIR.

International cellaboration

Correspondence was maintained with the chief
scientific organisations of ten countries to further
scieniific collaboration. Eight specific proposals for
exchange of scientists and information were prepared
and sent to CSIR.

Visits of twenty-one foreign scientists to the
laboratory were arranged.




Analytical services

Three hundred and fifteen letters and more than
two hundred and seventy-five visitors were attended to
in connection with analysis of samples at NCL

Research Fellows, Research Guides, etc.

Routine activities continued for the
registration of staff and research fellows for degree
work and for the registration of some staff as research

guides of selected universities.

were

Reports, etc.

The biennial report for 1986-88 and the
Achievements pamphlet for the same years were
compiled and printed.

The quarterly NCL Bulletin was brought out.
Copies of the Bulletin, Annual Report and the NCL
Brochure were dispatched to people on the
respective mailing lists and to interested parties on
request.

A monthly progress report was sent to the CSIR
Planning Group in the required format.

Information for CSIR News and quarterly reports of
Research Utilization Data were routinely sent to the
CSIR headquarters.

A pictorial representation of "Major NCL Projects
- Milestones" was prepared in the form of a brochure.
A similar brochure was prepared on "Milestones on
Major Projects in the Area of Catalysis in CSIR
Laboratories".

Utilisation certificates and expenditure statements
were sent to DST on high pressure liquid chromato-
graph, dispersible and non-dispersible analysers,
thermodynamic properties, etc.

Thrust area reports for Catalysis and Polymer
Science and Engineering were compiled.

Patents

The activity of filing Indian patents for significant
work carried out and applying for the corresponding
foreign patents in selected countries was continued.
Other activities connected with patents included
renewal of patents, submission of Form 58 (as per
the requirements of the Patents Act 1970) and
liaising between the laboratory scientists and the
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Patents Unit of CSIR regarding opposition to accepted

patents as mentioned in the government gazette
Extramural activities

A proposal was drawn up for World Bank assistance
in upgrading the management system at NCL

r'he CSIR/UGC JRF Examination was conducted in
January 1989 as per the requirements of the CSIR

An Orientation Training Programme for. Scientists
B of CSIR laboratories and institutes was conducted

Arrangements were made to grant cash awards to
brilliant students belonging to the SC/ST categories in
the local schools and junior colleges under the CSIR
scheme in this regard.

National Science Day was observed on 28
February 1982 by screening some short films on
scientific subjects and organising a Science Essay
Contest for children.

Assistance was provided to four companies in
organising demonstrations-cum-lectures at NCL for the
benefit of the NCL scientists.
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Documentation services

National Information Centre for Chemistry
and Chemical Technology

The NCL library is functioning as a National
Information Centre for Chemistry and Chemical
Technology (NICHEM) with financial support from
DSIR, New Delhi. Under this project more emphasis
has been given on computerisation of library and
information activities. The undermentioned activities
were computerized.

1. Database for books and monographs: The library
created a book data base named NCLDL with 3000
records with the help of CDS/ISIS software. The
creation of a book database in Unix environment- was
started. Very soon this database would be made
available for on-line use.

2. Database for periodicals: The library created a
periodical database named NCLPL with 652 records
using CDS/ISIS software. The periodicals received on
subscription, gratis and exchange were stored in this
database.

3. Database for Indian chemical patents: A database
for Indian chemical patents named ICPA with 547
records was created using CDS/ISIS software. This
database was used for publishing a monthly journal
"Indian Chemical Patents Abstracts". This journal was
distributed amongst 300 users (NCL scientists and
outside organisations).

4. Development of LIS package: Action was initiated
in collaboration with WIPRO, to develop a library and
information software package. The book accessioning
module to record details of books was completed. A
program for RPT & SOPL was developed for prining
monthly additions to books.

NISSAT Access Centre for International
Datacentres (NACID):

The library is also functioning as a NACID centre
for Western Region with financial support from DSIR,
Ministry of Science and Technology, New Delhi.
Computerised telex and PSTN modes for searching
international databases online are used. The centre
has access to DIALOG and STN, database vendors
situated in the USA. On-line searches on about a
dozen topics were conducted during 1988-89.
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Library services

a) Document procurement: The library houses
1,22,899 publications consisting of books, periodicals,
patents, standards, technical reports, etc. During
the period under review the following documents
were added to the library.

1. Books 631
2. Periodicals (bound) 2213
3. Patents and Standards 1451

4. Photocopies & Translations 286
5. Technical Reports 14
6. Theses 51

586 titles were received in the library of which 481
were procured on payment and the remaining on gratis
and exchange basis.

b) Document circulation: In addition to NCL staff,
library facilities are extended to persons from
industries, government depariments, universities,
colleges and to other interested users. 5729 outsiders
visited and made use of the library during 1988-89.

During the period under review 14,491 documents
were issued to users. Interlibrary lending facilities
amongst the libraries situated in and around Pune are
maintained. Under this arrangement about 59
documents were borrowed and 95 documents were
loaned to other libraries.

Documentation work:

a) Circulation of current journals: 1135 current
journals were circulated among heads of divisions.

b) Current awareness services: NCL library brings
out a monthly journal "Indian Chemical Patents
Abstracts” and circulates it to 300 users from NCL and
other organizations.

c) SDI Services: C.A. Selects and S.D.l. service
prepared by Chemical Abstracts Service, USA, on ‘the
following topics are procured and copies are
distributed amongst NCL scientists to keep them
abreast in the respective subject fields.

1) Polymers
2) Zeolites
3) Organometallics
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Catalysis (Applied and Physical Aspecis)
5) Controlled Release
6) Fungicides

7) Herbicides

'e hundred and fifty-four

> supplied to NCL scientists f

and 64,056 to outside parties on payment
Inspection centre for Indian patents:

NCL library is an Inspection Centre for Indian
Patents. 2,515 Indian patents were received in this
centre during 1988-89.

Glass blowing

NCL has a well-equipped modern glass blowing
section with highly-skilled staff. Custom-designed
fabrications of glass apparatus to suit the needs of the
scientific personnel is undertaken besides regular
maintenance, repair and modification of glass
apparatus.

Thi histicated fabricati ilicon

reactors

[ units, high vacuum units, cryostats

magnetic susceptibility units, heat exchangers, etg
The section has of and on lent a ping hand io local
educational institutions wi

in all, jobs worth R ,20,001 approx.) werg

ecuted durina the
High pressure laboratory

Ihe group pro

Tying out

2Ssures and

Dre

compressing various
undertook work on speci
development division

During the period under review 288 experiments
were carried out for various research and development
projects of the laboratory
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APPENDIX

1. SERVICES RENDERED TO INDUSTRY, RESEARCH INSTITUTES, UNIVERSITIES, ETC.

The laboratory has been extending its assisiance,
whenever possible, to industry, R&D units, educational
institutes and project engineering organizations by way
of, (1) consuitancy on project development, trouble
shooting and establishment of in-house R&D units; (2)
undertaking developmental work on
sponsored basis; (3) rendering ad hoc assistance on
industrial problems of standardisation, optimization,
analysis, material testing and trouble shooting;
(4) associating with project engineers in preparing
feasibility reports and making turn key offers on NCL
technologies; (5) collaborating with industry for the
development of complex and high-risk technologies of
the laboratory on semi-commercial scale ; and, (6)
participating in the industry’s negotiations for the
import of technologies and in their assimilation.

specified

The norms and nature of such assistance are as
follows :

i1 Modes of technological assistance to industry
by the NCL

1.1.1 Consultancy

Assistance of NCL experts in various branches of
chemistry is made available to the chemical industry
through consultancy offered by NCL.

1.1.2 Sponsored schemes

Industry can utilize the facilities, expertise and
infrasiructure of the NCL by sponsoring time-bound
research and development projects on specific
processes and problems. The criteria and terms for
undertaking sponsored work at the NCL have been
detailed elsewhere in the report.

1.1.3 Ad hoc assistance

NCL can render assistance to industry on
exploratory work, standardization, optimization, feasibility
studies, analysis and testing, etc., on payment of ad hoc
fees depending upon the nature of the problems. Such
assistance is usually extended for short periods.

1.1.4 Pilot plant work (Level Il data)

NCL can undertake pilot plant studies for
collection of Level Il data (see 3.1) needed for the
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establishment of a commercial based on
laboratory data either obtained at NCL or available with

the party. Such work may be taken up on behalf of the

plant,

party on either sponsored or ad hoc basis
1.1.5 Designs for commercial plants

Based on the Level |l data collected in the pilot
plant NCL can undertake to prepare chemical
engineering designs for a commercial plant of desired
capacity on payment of mutually agreed upon fees.

1.1.6 Assistance to small scale chemical industries

In consultation with various government and
financial agencies concerned with the development of
small scale chemical industries, the NCL cell for
assistance to small scale chemical manufacturers
started its activities keeping the following objectives in
view.

(a) rendering help/advice/consultancy in solving
inplant technological problems, (b) providing assist-
ance in the assessment of know-how from the
technological point of view, (c) assisting in the
development of know-how on a short- term
sponsorship basis, (d) maintaining a data bank and a
liaison with the industry, (e) monitoring the assistance
rendered,and, (f) organising short term courses,
lectures and seminars for the benefit of small scale
manufacturers.

1.1.7 R&D collaboration with indusiry

NCL is collaborating with indusiry on some
important projects that are engineeting intensive and
which involve the development of complex
technologies with high investment risks. In such cases
based on the developmental work at NCL a proving
pilot/semicommercial plant is set up at the
collaborating industry’s site. Data obtained on this
plant is used in the scale up and design of the full
scale commercial plant.

1.2 Supply of cultures

During the year under report 1037 cultures from
the National Collection of Industrial Microorganisms
were supplied to various institutes.
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1.3 Analytical services

A large number of analyses were carried out, on
payment, for universities, research institutions,
government departments, private parties, etc.

1. ESCA 80
2. Mass spectrometry 53
3. GC/MS 08
4. |R/UV 133
5. Magnetic susceptibility/measurement 20
6. Microanalysis 72
7. Thermal analysis 15
8. Inorganic analysis, atomic absorption etc. 31
9. Physical properties 14
10. Moisture content 39
11. NMR 67
12. SEM/EPMA 93
13. Analysis of special nature 08
14. VPC/GLC/HPLC 25
15. X-ray diffraction 81

The total receipts on account of analysis/testing
carried out during the period amounted to Rs.1.13
lakhs.

1.4 Training

During the period, 12 representatives of various
industries and students from lIT’s and Institutes were
given training in chemistry of natural products,
analytical instruments, molecular biology & genetic
engineering technique, plant tissue culture technique,
microbiological technique, gel electrophoresis,
chemical engineering, polymer sciences, pilot plant
and modern glass blowing, etc.

2. SPONSORED & COLLABORATIVE WORK

2.1 Criteria for undertaking sponsored work and
normal terms and conditions

The laboratory welcomes sponsored work if it fits
into the following general criteria :

() The proposed work is within the scope of the
present areas of activity of the NCL and the labora-
tory has the necessary facilities and expertise to
carry out the work, subject to consideration of inter-
nal workload.

(i) There is an innovative R&D content in the proposed
work.

(iii)y The technology to be developed will have
sufficient socioeconomic impact after completion.

(iv) The technology to be developed is not repetitive
and is not already established indigenously

(v) The project is of a kind that the sponsor or only a
few parties can implement. Technologies of wider
interest are usually developed by the laboratory on
its own.

The broad terms and conditions for charging
expenses and fees for sponsored schemes are as
follows

a) The sponsor pays for or provides the staff required
for the investigation.

b) The entire expenditure on chemicals and raw
materials is borne by the firm

c) Special glass apparatus, equipment, instruments
and auxiliaries required for the investigation are
supplied by the firm or purchased at their expense.
The firm will be free to take back non-consumable
items on completion of the investigation.

d) A fixed charge of Rs.22,500/- per scientist per
annum is payable towards services, depreciation
and incidentals. The charge is payable irrespective
of whether the scientist is from the NCL or deputed
by the sponsor.

e) A minimum provision of Rs.15,000/- per year is
made for contingencies, sundry expenses and daily
wage labour. The charge will vary according to the
nature and scale of work.

f) In addition to the above, a fee is payable by the
sponsor as know-how fees for the proposed
development which is charged as a percentage of
the total expenditure. The percentage of the fee
charged depends upon the status of the sponsor.
Concessions are given to medium scale and small
scale firms in this regard.

g) The investigation will be carried out for a period
of one year in the first instance. However, if the
scheme is extended further the charges payable
will be as per the prevailing rates of the sponsorship
charges at that time.

h) The annual payment for the project is made in two
equal instalments in advance, at intervals of six
months.

i) Depending upon the nature of work, laboratory
bearers/unskilled workers may also be recruited at
the cost of the firm.

j)Prior to undertaking work on the scheme, sponsor
executes an agreement on a ten rupees stamp paper
with the NCL/CSIR embodying various terms and
conditions of the scheme.




2.2

Sponsored projects concluded during 1988-89

Process

Party

1. Ambroxol

2. Carbamazepine

w

Controlled release
coating formulation
and packing system
for fruits

4. Development of catalyst
and process for isobutyl
benzene

Jagsonpal Pharmaceuticals
Ltd., New Delhi

Resonance Lab., Bombay

Rallis India Ltd., Bombay

Filtra Materials Res. Pvt.
Ltd., Thane

5. Development of polymeric Indo-Nippon Chemicals
(urethane type) plasticizer Ltd., Bombay

6. High fructose cornsyrup 1.O.C.L., Bombay

7. Synthesis of poly-
acrylamide.

2.3

Ficom Organics Ltd.,
Bombay

Sponsored projects continued during 1988-89

Process

Party

1. Actetic acid by
_carbonylation of

methanol & exploratory

studies on conversion
of methanol to acetic
anhydride,VAM & acet-
aldehyde

G.A.A.C., Ahmedabad

2. Amorphous silicon alloys D.S.T., New Delhi

for photovolatic appli-
cations

3. Conservation of endan-

gered species

4. Controlled release
abate or other suitable
chemicals for guinea
worm control

5. Development of novel
shapeselective Zeolite
catalyst

D.O.Envrnt.,New Delhi

Dept.of Rural Development ,
New Delhi (GOI)

U.N.D.P.
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6. Devp. of specific rea-
gent for beneficiation of
1) alumina rich iron ores
2) Phosphate shines and
3) sulphide ores

7. Disperse and nondis-
perse IR Analysers

8. High pressure liquid
chromatography

9. Long chain alcohol
and alkoxy ethanol mixed
monolayer for water
evaporation control

10. Measurement of
thermodynamic proper-
ties of electrolytes and
their mixtures

11.Membrane separation

12. Metal replacement by
polymeric materials in
engineering compo—
nents in two wheelers

13. Methyl ethyl ketone

14. Multifunctional
additives & software
for crude oil transpor-
tation

15. New polymer support
for penicillin acylase
enzyme

16. Phenylglycine Dane
salt

17. Polymer alloy resins

18. Polymeric flocculants and
dispersants for selective
flocculation of tungsten
fibres

19. Polymers for Jaipur foot

20. Production of coconut
by plant tissue culture

v Dalhki
vy el

D.S.T., New Delh

D.S.T., New Delhi

Dept.of Rural
Development,
New Delhi (GOI).

D.S.T., New Delhi

D.S.T., New Delhi
D.S.T.,New Delhi

NOCIL, Bombay
0O.N.G.C., Bombay

H.AL., Pune

Ficom Organics Lid.,
Bombay

D.S.T, New Delhi

Dept. of Mines, New Delhi

D.S.T., New Delhi
Dept.of Biotech.,New Delhi |
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& peptide conjuga
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ored projects newly undertaken during
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1 D.S.T., New Delhi 15. Tissue culture pilot E,'l;c.il‘f. DBT. New Delhi
production unit facility
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. 5]_;:0’\}: ques for rice
X % S ; genetic & breeding
2. Catalytic polimerization  D.S.T., New Delhi. (Under o
of olefin Indo-USSR collaboration)
I ; . ’ [ 7. X-ray structure analysis CSIR Y oung ocientist Grant
3. Chemical synthesisand D.S.T., New Delhi ancci Al cojnfor i
; c :
structural studies of ation
oligonucleotides '
: : , 18. Zeolite catalyst for organic D.S.T., New Delhi. (Under
4. Development of Indo-Nippon Chemical : i y iy A ? ( i
: chemicals production  Indo-USSR collaboration)
urethane type Co. Ltd., Bombay
plasticizer
5. Development of indofil Chemicals 25 Collaborative work
Neemrich I Company, Bombay
technical and its formu- Whenever possible and c)‘css-ir;—;li!e the laboratory
lation collaborates with industry on industrially important
projects that are engineering intensive and involve
~ o , I
> Developmenlllof D.S.T., New Delhi development of complex technologies with high
arganciransiion investment risk
compounds stable to
atmospheric exposure The terms and conditions for such collaborative
7 Liouid talli D.ST. New Delhi work depend upon the type of process that has to be
Licuid crystallir S W Lieihi ; . .
st el a5 = developed. However, in general, the following terms
olymers cr : _
i b are applicable to collaborative work.
8. Methane conversion D.S.T., New Delhi : : : e
HE R ST P ENEINTENS .08 () The scale of development will be decided by
into value added (Under Indo-USSR consultation between the NCL and the
chemicals collaboration) collaborating firm.
9. Microencapsulation of  Indofil Chemical (i) Initial time targets will be fixed for the completion
GOAL Company, Bombay of major activities. These would, however, be

; = reviewed periodically in joint meetings with the
10. Malecular cloning & DBT, New Dethi collaborator taking into account the progress made

sequence analysis of and the bottlenecks being faced.
low mol. wt. xylanase

from streptomyces an
bacillus & their comp.
analysis

(iii) If some work has been carried out at NCL prior to
the collaboration the collaborating firm will pay for
such inputs.
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(Iv)

(vi)

For further development work on laboratory/pilot
plant scale to be carried out at NCL., the expenses
will be worked out by mutual agreeement between
NCL and the collaborating firm. In certain cases
the funding may be done in part or full by a
government agency such as NRDC, DST, etc.

The collaborating firm will put up a large pilot
plant/semi-commercial plant at its site. All the
expenditure incurred will be borne by the
collaborating firm and it will have to make its own
arrangements for the fabrication

Normally NCL on its own will furnish a process
package with basic chemical engineering design
data for the semi-commercial plant. In some cases
a project engineering firm may be associated in
the work. The charges for such designs will
depend upon the process and the size of
semi-commercial plant to be installed and will be
included in the share of the expenses to be borne
by the collaborator as under (iv). In case the
collaborator is involved in the preparation of the
process package, his inputs will be taken into
account while deciding the total expenditure
payable by him as under (iv).

(v NCL scientists will be deputed for assisting in

setting up and commissioning the semi-
commercial plant. The collaborator will pay for
such deputation according to the CSIR norms and
will bear all expenses of the scientists on travel,
boarding, lodging and local transport.

(vii) The collaborating firm will have to make its own

(ix

L

arrangements for the fabrication, setting up and
commissioning of the full scale commercial plant
(which will be’ based on the design data collected
on the semi-commercial plant). NCL will be
associated in this matter on an advisory
consultancy basis for which the terms and
conditions will be spelled out in a separate
agreement between NCL and the collaborator at
an appropriate time.

The collaborating firm will be charged some royalty
on the net sales from the semi-commercial plant (if
used for commercial production) and the
commercial plant.

Within 90 days of the successful commissioning of
the semi-commercial plant the collaborating firm
will have to exercise its option for the commercial
exploitation of the process. [f the firm does not
exercise its option within the said 90 days or after
opting for it fails to establish commercial
production within a specified period (2-3 years),
NCL will be free to release the technology to other
parties. In such an eventuality the collaborator will
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(xi)

be compensated to the extent of the amount he
has paid to NCL for the development of the
project.

The collaborating firm will enjoy a limited exclusi
vity of about 5 years from the successful operation
of the semi-commercial plant or about 3 years
from the establishment of regular production on
the commercial plant, which The

period of exclusi

f 1S earlier

vity would, however be reduced ot

the process )2 non- exclusive if it is : .
NRDC, DST or some other government agency. i
would also be governed by the rules and
regulations of such agencies.

(xii) After the completion of the period of exclusivity

NCL will be free to offer the process know-how to
other parties. |n case the collaborating firm fully
participates in the transfer of technology, it will
equally share premia/royalties received from these
other parties. If the process is released to other
parties before the expiry of the exclusivity period
with the concurrence of the collaborator, the terms
and conditions for such releases will be decided by
mutual agreement. However, in such cases, if the
collaborator does not fully participate in the
transfer of technology, he will be compensated
only to the extent of the expenses paid by him to
NCL for the development of the project.

(xili) Notwithstanding clause (xi), in cases of national

importance where Government may direct CSIR/
NCL to release the developed technology to a third
party in the interest of defence, atomic energy,
space research or for prevention of import of
foreign technology, CSIR/NCL, in consultation with
the collaborator, will be free to release the
technology to the said third party.The benefits
arising from such releases will be shared by the
collaborator in accordance with the provisions of
clause (xii).

(xiv) NCL does not undertake guarantees for colla-

borative work since such work is carried out in
constant association and consultation with the
collaborator.

(xv) NCL and the collaborating firm will periodically

exchange the information generated on the project
by way of reports. They will also periodically hold
meetings to review the progress of the project.

(xvi)The collaborator shall provide insurance cover

against injury/death to all the staff (other than NCL
regular staff) workirg on the project at NCL, as
also to the NCL staff deputed to the firm’s site for
pilot  plant/semi-commercial  plant/commercial
plant work.




(xviiThe collaborating firm will keep confidential all the
data received and generated under the
collaborative agreement. NCL will also keep such
information confidential subject to clauses (x) to

(x<iii)

These are the broad terms for undertaking
collaborative work at NCL and can be modified to a
certain extent depending upon the merits of the case.
An agreement on stamp paper is executed between
NCL/CSIR and the collaborator, embodying the terms
and conditions agreed upon by the two parties.

2.5.1 Collaborative projects concluded during
1988-89
Process Party

1. Catalytic dewaxing of MRL, Madras

lube fraction

P

Development of brass
inolide

Godrej Soaps Pvt. Ltd.,

Bombay
3. Polyphnylene sulphide Sri Ram Fibers, Madras
4. SCPE D.C.M.,New Delhi

5. Synthesis of polyphe-
nylene sulphide

Sri Ram Fibres, Madras

2.5.2 Collaborative projects in progress during

1988-89
Process Party
1. Alkylation of benzene by ACC, Bombay

ethanol to ethylbenzene

Controlled release urea

Drag reducer for product

R.C.F.L., Bombay
Lubrizol India Ltd., Thane

~J

Heat pumps

8. New polymer support
for penicillin acylase
enzyme

9. Polycarbonates synthesi:

via non-phosgene route

10. Production of middle
distillates

11.Regular packing
development

12. Synthesis of 7-ADCA

13.Vapour phase oxidation

of ethylene to ethylene
oxide / glycal

Salford Univ., U.K

H.A.L., Pune

Engineers India Ltd.,
New Delhi

H.A.L., Pune

Engineers India Ltd.,New
Delhi

2.5.3 Collaborative projects newly underiaken

during 1988-89

Process

Party

1. Development of brass
-inolide

2. Development of
catalyst and process
for cumene

3. Development of hon-
phosgene route
for carbamate
insecticides

4. Development of polymer
blend alloys

5. Fischer-Tropsch

Godrej Soap Pvit. Ltd.,
Bombay

Herdillia Chemicals
Ltd., Bombay

Excel Industries Ltd.,
Bombay

B.M. Thakkar & Co.
Pvt. Ltd., Bombay

D.S.T., New Delhi

pipeline

4. Ethylbenzene Hindustan Poly. Ltd., Vizag

5. Exploratory work on
development of
hydroprocessing,
hydrocracking/
hydrodewaxing of petro-
leum fractions using
NCL zealite catalyst

U.C.I.L., Bombay

6. Fluidized catalytic
cracking(FCC) catalyst

I.0.C.,Faridabad

synthesis (under Indo-
USSR collaboration)

3. TECHNOLOGY TRANSFER
3.1 Levels of transfer

The processes developed at the laboratory are
worked out and offered at three levels, depending
upon the complexity involved in the process, the
engineering content and the material volumes to be
handled in an economic unit.

Level 1 covers chemicals of low volume production
and which involve simple reactions/process steps.




Lb.

Here the work is carried out on a less than 5 kg/batch
scale and the know-how comprises the process, the
analytical methods, and process control tests, the
specifications of raw materials, and products, and a list
of major equipment with suggestions on sizes and
materials of construction.

Level 2 includes chemicals involving complex and
engineering-intensive technologies. At this level, in
addition to the level 1 work, pilot plant trials on a scale
of 10-100 kg/batch or 2-20 kg/hr are carried out and
the chemical engineering design data, including scale
up studies, are collected. The know-how is offered in
the form of a process package conforming to schedule
1A of the American Institute of Chemical Engineers
Code.

Level 3 relates to turn-key offers through project
engineers with financial guarantees of commercial
plant, similar to any other turn-key offer

3.2 Processes released during 1988-89

Process Licencee

=3

. 8-Chlorotheophylline Trichem Laboratories,

Bombay

2. Detection kit for
narcotics

Hindustan Antibiotics Lid.,
Pimpri, Pune

o

Nicotine sulphate Sunita Agro Industries

Pvt. Ltd., Bombay.

4. Sugarcane variety
Co-740by
PTC technigque

EID Parry (India) Ltd.,
Madras

5. Theophylline, amino-
phylline and caffeine

Thecaf India Ltd., Bombay

6. Vitamin Bg Daurala Sugar Works,

New Delhi

4. CONSULTANCY

Assistance of NCL experts in various branches of
chemistry is made available to the chemical industry

* through consultancy services offered by NCL. Public

and private sector firms and small scale chemical
industries have been benefited by such consultancy.
The services are made available not only to the firms
that have purchased NCL know-how, but also to other
established chemical companies.

According to the guidelines of the CSIR three
types of consultancy are offered
engineering, and (c) general technical
services, NCL scientists assist in solving chemical
problems, detailed engineering designs, eguipment
procurement, process and product improvement, plant

madifications, commissioning, technology absorption,

etc., on certain fee

4.1 Consultancy in porogress during 1988-89

(a) advisory, (b)
Under these

Title

Consultee

1. Institutional consultancy
for recovery of waste
heat

2. Institutional consultancy
on software package
for stearn audit

3. Institutional consultancy
on modelling and
simulation of
diammonium phosphate
plant

4. Institutional consultancy
on polymeric materials
for two & three wheelers

5. General technical
consultancy of advisory
nature

6. Institutional consultancy
on catalysis

7. Institutional consultancy
on polyester fibre

8. Analysis of technical
grade pesticides viz.
DEET, DDVP and Perm-
ethrin

9. Advisory consultancy
for testing of perfumery
chemicals

10. Modernisation of process
and plants of Govt
Opium and Alkaloid
Works at Neemuch and
Ghazipur

Andhra Pradesh Rayons ’
Limited, Warangal

Adarsh Chemicals &
Fertilizers Lid., Surat

Hindustan Lever Ltd.,
Bombay

Bajaj Auto Ltd.,
Akurdi, Pune

Hindustan Organic
Chemicals Lid.,
Rasayani

Standard Alkali,
Thane-Belapur road, Thane

Indian Organic Chemicals
Lid., Madras

United Phosphorus Ltd.
Bombay

Quest International,
Bombay

Govi. of India, Min. of
Finance, Dept. of Revenue,
New Delhi




11. Physico chemical
determination of

Caldalysl

on physico-chemical
analysis of catalyst

13. Sodium hypochlorite

14. Advisory consultancy

relating to testing of

FCC catalyst, reformei

feed, evaluation of
refromer catalyst,

optimisation studies &

TBP analysis of
distillates

(

technical advice and

assistance relating to
manufacturing processes
for pharmaceuticals/agro-

chemicals

16. Advisory consultancy

for Neemrich Il

17. Advisory consultancy

relating to

(a) Development and
improvement of the
company's existing

bulk drugs processes,

development of new

drugs & suggestions for

diversification

12. Interpretation of data

15. Advisory consultancy,

AMrhomia Bocoornh o ondra
AlCNnemie nesearcn entre,

Bombay

Hindustan Lever Ltd.,

| o Jcepesoy ¥
pombay

Modi Allkkalice & Cthamiral
Modi Alkalies & Chemicals

Ltd., New Delhi

Bharat Petroleum
Corporation Ltd., Bombay

Excel Industries Ltd
Bombay

Indofil Chemicals Co.,
Bombay

J.B. Chemicals and
Pharmaceuticals Ltd.,
Bombay

1 0. AQVISOINY consuitancy

technical assistance
rool 1

Fir

ating to s

& operation of

methanol to acetic acid

pitot plant

20. Advisory consultancy

on commercial use of

reproce

21. Advisory consultancy
on phenolic resins

22. Advisory consultancy
on heat pumps

23. Advisory consultancy
on analysis of FCC
catalyst

24. Advisory consultancy
to cover technical
advice & assistance
relating to application
of catalysts in the

chemical industry

25. Advisory consultancy
on pilot plant for
methylamine

26. Development of
piperazine and other
chemicals
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2uirat Aleohol and Allied

Hindustan Organic

Chemicals Ltd.,

R
I

lasayani

Bakelite Hylam, Bombay

Sanjivani Sahakari Sakhar
Karkhana, Kopargaon

Hindustan Petroleum
Corperation Ltd., Bombay

Filtra Materials Research
Pvt, Ltd., Thane

Rashtriya Chemicals
Fertilisers Ltd., Bombay

Diamines and Chemicals,
Kalol

-
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5.1

LECTURES AND SEMINARS

Lectures delivered by visiting scientists in the laboratory
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Scientist

Subject

Dr.{Ms.)Natasha Bohorova,
Bulgarian Academy of
Sciences, Institute of Genetics,

Safia, Bulgaria

Dr.M.P_Chitnis,

Cancer Research Institute,
Tata Memorial Centre,
Bombay

Dr.M.S.Chorghade,
Senior Research Chemist,
Dow Chemicals, USA

Dr.S.Csicery,
UNDP Expert, USA

Prof.P.Ganguly,
Indian Institute of Science,
Bangalore

Prof. Andrew Greene,
Universite Joseph Fourier
de Grenoble,

Grenoble, France

Prof.M.Hooper,

Dept. of Pharmaceutical Chemistry,
Sunderland Polytechnic,
Sunderland,

UK

Prof.K.G.lone,
Institute of Catalysis,
Novosibirsk,

USSR

Prof. Lee,

Head, Dept. of Occupational
Health,

University of Manchester,
UK

Prof.Y.S.Rao,
Visiting Scientist,
Osmania University,
Hyderabad
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Application of tissue and cell cultures
in genetics and breeding

Drug resistance in cancer and its

circumvention

Synthesis of complex carbohydrates '

Shape selectivity in zeolites

High power super conductivity

i) Synthesis of natural products
by new methods,Part |
i) —do—,Partll

i) Novel antimalarials from parthenin

i) Progress in antimyco-
bacterial agents

Zeolite synthesis

Lead poisoning and recent
trends in metal toxicity

Chemistry of butenolides/oxazolones
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Scientist

Prof.L.V.C.Rees,

Imperial College of Science

and Technology

South Kensington,
London, UK

Prof.B.Fraser-Reid,
Duke University,
N. Carolina,

USA

Dr.W.A.Smit,
Zelinsky Institute of
Organic Chemistry,

USSR Academy of Science,

Moscow, USSR

Prof.J.C.Vedrine,
Institute de Recerches
sur la Catalyst,

Cedex, France

Dr.K.Wojciechowski,

Institute of Organic Chem.,

Warsaw, Poland

Dr.J.S.Yadav,

Indian Institute of
Chemical Technology,
Hyderabad

Prof.K.Zamaraev,
Institute of Catalysis,
Novosibirsk,

USSR
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Subject

Adsorption on zeolites (2 lectures)

Novel carbohydrate transformation
discovered en route to natural products

Elaboration of a novel strategy for the
synthesis of polycyclic compounds

i) ESR of Fe in zeolites

i) Diffusion in zeolites

Application of the vicarious nucleophilic
substitution in indole chemistry

Enantioselective synthesis of natural
products

Iscmorphous substitution in zeolites
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5.2 The following NCL scientists gave lectures/training at various institutions

Scientist

Subject

o

@

Dr.N.R.Ayyangau

Dr.J.Barnabas

Dr.A.Bhattacharya

Dr.K.N.Ganesh

Dr.S.S.Katti

Dr.A.F.
Mascarenhas

Dr.V.M.
Nadkarni

Dr.U.R.Nayak

Dr.B.Pandey

Indian dyestuff industry :

Retrospect and prospect

i) Evolutionary molecular
biology

ii) Kinship relationship of
molecular sequences over
evolutionary time

Modelling and simulation
of catalytic naphtha reforms

i) Chemical principles of
molecular recognition
ify Molecular recognition in

biological systems

iif) NMR of synthetic oligonu-
cleotides

i) Monomolecular film proper-
ties of n-long chain alcohaols,
alkoxy ethanols and their
mixtures (series of 12 lectures)

i) Physical properties of
soluble monolayers
(series of 3 lectures)

i) Potential application of
tissue culture for
propagation of bamboo

ii) Applications of plant
tissue culture - problems
and prospects

Structure development in
injection moulding of
thermoplastics

i) Electron - deficient
nitrogen in organic
synthesis

i) Photochemical
strategies for the
synthesis of biologically
active compounds
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Venue

HOC, Rasayani

National Institute of

Advanced Studies
Bangalore

Workshop on ARAST on
biotechnology and allied
sciences, NCL, Pune
I.I.Ch.E., Pune Regional

Centre on computer in
chiemical industry, NCL, Pune

Seminar on modern
biology, Mahabaleshwar
_do_

Indian Institute of
Science, Bangalore

Chemistry Dept., Shivaiji
University,Kolhapur

—do—

International bamboo
workshop, Cochin

Univ. of Poona, Pune

IIT, Bombay

National symposium on
organic synthesis, Malti-Chem
Research Centre, Vadodara

Univ. of Hyderabad,
School of Chemistry,




Scientist

St ibject

0

Il

2.

Mr.M.B.Patil,
Mr.N.B.Dahibhate

Dr.S.Rajappa

Dr.P.K.Ranjekar

Dr.V.J.Rao

ii) Strain and reactivity as
partners for selectivity

iii) Photochemical methodo-
logies for the total

synthesis of Fredericamycin A

i) Practical training of
CDS/ISIS software

ii) Training course on
computer applications in
libraries

i) How does one synthesise
a new drug?
ii) Innovation in drug research
iii) Nitroenamines : Structure
and configuration
iv) Does the nitro group feel
attracted towards sulfur?

i) Genetic engineering :
Fundamentals and
applications

iy New vectors and new
approaches to gene
transfer into higher
plants

iii) Strategies of gene

cloning and gene transfer
in higher plants

iv) Genetic manipulation
of seed storage proteins
in rice and pigeon pea

i) Schottky barriers and
interfaces of metal GaAs
contacts

iy Course on solid state chemistry to
3rd and 4th semester M.Sc.
inorganic and physical chemistry

students

applications in libi

information centres

Library, Univ. of Poona, Pune

Jaykar Library, Univ. of Poona

Pune

Ahmednagar College, Ahmednagar

— do_
Univ. of Poona, Pune

First NOST symposium,
Hassan

Research Society Meeting,
B.J.Medical College,

Pune

Mahabaleshwar seminar

on modern biology :

Emerging trends in biotechnology,
Mahabaleshwar

National sympaosium on recent
developments in microbial gene
technology, Osmania

Univ., Hyderabad

One day seminar,

Botany Dept., Univ. of Poona,
Pune

National seminar on

GaAs and llI-IV compounds, IIT,
Kharagpur

Under NCL-Univ. of Poona
collaborative programme




Scientist

Dr.P.Ratnasamy
Mr.R.S.Singh
Mr.R.S.Singh

and
Mr.N.B.Dahibhate

Dr.S.Sivasanker

r.H.R.Sonawane

=

Subject

Zeolite

-atalysts in organic

chemical technols

i) Software package CDS/ISIS

i) Fundamental aspects of
fluid catalytic cracking
ii) Catalysis

i) New methodologies in the
synthesis of bioactive
organic molecules

i) Two lectures on synthesis
of anti-inflammatory
arylpropionic acids

Venue

IIT, Bombay

Workshop conducted by
Jayakar Library, Univ

of Poona, Pune

NEERI, Nagpur

Hindustan Lever Ltd.,
Bombay

gth ICC-lbero-American
symposium, Calgery,
Canada

National symposium on
recent trends in organic
synthesis, University of Poona,
Pune

Chemistry workshop
sp. by UGC, Univ.of Poona,
Pune
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Seminars/workshops/special training
courses,etc. organised by/at NCL

The National Information System for Science and
Technology (NISSAT) and CSIR have jointly
undertaken the responsibility of training personnel
from PME groups and library officers of CSIR
laboratories on CDS/ISIS software. NCL has been
entrusted the responsibility of organising training
courses for eight laboratories viz. NIO (Goa), NGRI
(Hyderabad), NCL (Pune), CSMCRI (Bhavnagar),
lIChT (Hyderabad), NEERI (Nagpur), RRL (Bhopal)
and ERDA (Baroda). Two courses have already
been organised for this package. First course
during 22nd-25th August 1988 for PME scientists
and second curse during 29th August to 3rd
September 1988 for library officers. Fourteen PME
scientists and nine library officers attended these
courses.

First Indo-Hungarian symposium on surface
science and catalysis was organised at the NCL.
Ten Hungarian scientists and thirty scientists from
all over India participated (November II-12, 1988).
The fourth annual conference of the International
Society for Hybrid Microelectronics was held in the
NCL. The theme of the conference was "Materials
and Components for HMC's and Surface Mounting
Technology”, an area of great relevance to our
country (December 7-9, 1988).

A workshop on Biotechnology and Allied Sciences
was held at the NCL as part of the Awareness of
Rapid Advances in Science and Technology
(ARAST ). Renowned scientists from all over the
world attended the workshop and participated in
the deliberations (January 23-27, 1989).

Indo-US Workshop (with Japanese participation)
on electronic ceramics and materials was held in the
NCL (February 14-16, 1989).

A five day Hindi workshop was conducted for
scientists of the NCL. In all, 33 scientists took part
in the workshop. They were appraised of the
constitutional position on Hindi and the Gowt. policy
in this respect. Besides this, genéral lectures on
routine topics such as noting and drafting, types of
correspondence and scientific and technical
terminology were also held (March 13-17, 1989).

A training workshop on cloning and analysis of a

specific plant DNA fragment and Agrobacterium
mediated gene transfer in plants sponsored by
Department of Biotechnology, New Delhi (March
28 - April 17, 1989).
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STAFF STRENGTH (as on 31-3-89)

(i) Scientific

Director

Scientists in Director's grade
Scientist G

Dy.Director / Sci.F
Scientists E. ||

Scientists E. |

(dp]
]
=3
0:7,-
W
(os

Lab. Assistants Gr. VIl (SLAs)

(i) Technical

(i) Non-technical

(iv) Group D technical

(v) Group D non-technical

(vi)Research Fellows, CSIR Pool Officers,

16

Research Associates, Guest Workers, etc.

(a) Research associates

b) Senior research fellows
) Junior research fellows

d) CSIR pool officers
)

Guest workers

(
(c
(
(

e

72
39
10

134
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7.2

STAFF NEWS

Awards/Honours

ir.L.K.Doraiswamy was awarded the prestigious
‘Chemical Engineering 1988 award for personal
achievement in chemical engineering’. This award
is given every two years to the top three chemical
engineers of the world for their personal
achievements. Dr.Doraiswamy is the first Indian,
and probably the first scientist from the developing
countries to receive this award.

Dr.S.K.Date was invited to join the scientific
community of the European Journal of Solid State
and Inorganic Chemistry.

Dr.S.Devotta has been offered an honorary
appointment of visiting fellow in the Dept. of
Chemical and Gas Engineering at the University of
Salford, UK from 110.88 to 30.9.90. This is in
connection with the joint research programme
between NCL and Salford University.

Dr.B.D.Kulkarni was. awarded the Herdillia award
for 1988 by the Indian Institute of Chemical
Engineers for excellence in basic research in
chemical engineering.

Dr.R.A.Mashelkar was awarded the "Vishwakarma
Medal" by the Indian National Science Academy
for his outstanding work in the spinning of
synthetic fibres and on superabsorbing polymers,
which has had considerable impact on industry.

Dr.P.Ratnasamy was invited to join the inter-
national advisory board of Zeitschrift fir
Physikalische Chemie, Berlin, GDR.

Dr.P.Ratnasamy has been selected as a fellow of
Indian Academy of Sciences, Bangalore.

Dr.S.Sivaram was awarded the VASVIK award for
1987 in recognition of his outstanding contributions
in the field of chemical sciences and technology.

Dr.S.Sivaram was invited to be a contributing
Editor of the Heart-Cut Column in CHEMTECH, an
ACS publication, 1989 and a member of the
Editorial Board of Polymer Bulletin, a Springer
Verlag Journal, 1988-9I.

Deputations/visits abroad

Dr.J.Kuruvila was deputed to the University of
Delaware, USA, under the UNDP project on
development of novel shape selective zeolite
catalysts (Six months from April, 1988).

Dr.P.Ratnasamy was deputed to Belgium, ltaly and
France under a UNDP project for studies in the
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field of the R&D of synthesis and industrial
application of zeolites (25th April to 4th June 1988).

Dr.K.N.Ganesh was deputed to USSR under the
Indo-USSR exchange programme (Two weeks
from [2th May 1988).

Dr.S.Sivasanker and Dr.B.S.Rao were deputed to
Japan, Mexico, USA and Canada under a UNDP
project for studies in the field of the R&D of
synthesis and industrial applications of zeolites
(23rd May to 2nd July 1988).

DrLK.Doraiswamy, Dr.S.Sivaram and Mr.R.R.
Hirwani were deputed to USSR under the
Indo-Soviet integrated long term programme of
cooperation in science and technology in the area
of catalysis (Two weeks from 3ist May 1988).

Dr.Pradeep Kumar was deputed to the Federal
Republic of Germany for study/training under
DAAD programme (6th June to 30th September
1988).

Dr.AP.B.Sinha was deputed to Singapore as a
member of delegation constituted by the DST for
attending the first Asian Pacific Conference on
High Superconductivity (27th June to 3rd July
1988).

Dr.L.K.Doraiswamy was deputed to Europe, UK
and USA for a study tour under the UNDP project
‘Development of novel shape-selective zeolite
catalysts’ (4th July to 8th August 1988).

Dr.M.K.Dongare was deputed to Singapore to
attend the international seminar on-solid state ionic
devices at the National University of Singapore
(18th to 23rd July 1988).

Dr.K.N.Ganesh visited USA under the sponsorship
of NIH, USA and presented a paper at the
international symposium on magnetic resonance in
biological systems held at the University of
Madison, Wisconsin (August 1988).

Dr.N.R.Ayyangar visited Moscow under Indo-USSR
programme (Ist to l14th September 1988).

Dr.(Mrs.)Vidya Gupta visited USA and spent six
months in the laboratory of Prof.Timothy Hall at
College Station, Texas under the CSIR Raman
Research Fellowship for a study visit in emerging
high priority areas tenable abroad (Six months
from October 1988).

Dr.S.D.Sansare was deputed to the USSR under
the Indo-Soviet integrated short term programme
of cooperation in science and technology, in the
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area of catalysis (Four months from 13th October
1988).

Dr.V.R.Choudhary, Dr.B.D.Kulkarni, Dr.S.D.Prasad

and Mr.V.R.Chumbale were deputed to USSR
under the Indo-Soviet integrated short term
programme of cooperation in science and

technology in the area of catalysis (13th to 31st
October 1988)

Dr.M.C.Srinivasan was deputed to USA to attend
the International Culture Collaboration Conf

IV at the University of Maryland (30th October to
4th November 1988)

Dr.T.Ravindranathan was to USA for
attending the Corey symposium at
University and to Sweden for discussions with
Prof.S.Bergstrom on the prostaglandins project at
NCL (November 4-17, 1988)

deputed

Li 1
Harvard

Dr.L.K.Doraiswamy was deputed to ltaly for
attending the Spacing Commitiee Meeting of the
ICC Trieste (November 7- 8,1988)

Dr.K.V.Krishnamurthy and Dr.Prabhat Singh were
deputed to Japan for equipment training on
operation of transmission electron microscopy
(TEM) (20th November to 4th December 1988).

Dr.V.R.Choudhary was deputed to West Germany
under the CSIR-DAAD revisitation programme
(Three months from 2Ist November 1988)

Dr.C.P.Joshi left for USA to take up post-doctoral
research fellowship at the Ohio State
Biotechnology Centre, Ohio State University,
Columbus, Ohio (December 1988 to November
1990).

Dr.B.M.Khan was deputed to Pakistan for
participating in the third international training
course on recombinant DNA techniques at the
Centre for Advanced Molecular Biology, University
of Punjab, Lahore, on being selected for the
UNESCO/Rostsca Young Scientist Award for 1987
(December 10- 3, 1988).

Dr.Doraiswamy was deputed to USA for receiving
the Chemical Engineering Magazing's 1988 Award
for personal achievement in chemical engineering.
The deputation was also for discussing the transfer
of NCL's major technologies to US manufacturing
firms at New York and Chicago (December 25-3l,
1988).

Dr.M.Hari Babu was deputed to USSR under the
Indo-Soviet integrated long term programme of
cooperation in science and technology (Six
months from lith January 1989).
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32.
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34.
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7. Dr.S.Devotta was deputed to UK under the
Indo-UK MOU project on heat pumps (Three

weeks from I6th February I1989).

Dr.A.A.Natu was deputed to USSR under the
Indo-Soviet integrated long term programme of
cooperation in science and technology in the area
of basic biology (Ten weeks from 23rd February
1989)

Dr.S.Pal visited quantum theory project, University
of Florida, Gainesville, FL, USA (Ist March to I5th
June 1989).

Dr.5.G.Hegde was deputed to USA under the
UNDP project on novel shape selective zeolite
catalysts (Six months from 2nd March 1989).

Mr.M.P.Suryawanshi was deputed: to West
Germany and Switzerland for equipment training
(3rd to 20th March 1989).

Dr.P.N.Joshi has been deputed to Belgium under
the UNDP project ‘Development of novel shape
selective zeolite catalysts’ (Six months from 3rd
March 1989)

Dr.B.M.Khan has been deputed to USA to take up
the Biotechnology Overseas Associateship at
Harvard University (One year from 3rd March
1989).

Dr.1.Balakrishnan, was deputed to Belgium under
the UNDP project on novel shape selective
catalysts (Six months from 3rd March 1989).

has been deputed to Sweden
under the UNDP project ‘Development of novel
shape selective zeolite catalysts’ (Six months from
3rd March 1989).
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Dr.S.Sivasanker was deputed to Kuwait for
presenting a paper at the Catalysis in Petroleum
Refining Conference (5th to Sth March 1989)

Mr.K.J.Waghmare has been deputed to Berlin
GDR under the Indo-GDR p

ogramme of science
and technology (6th March to 29th May 1989)

Dr.P.K.Ranjekar was deputed to USA for attending

of the Roc

annual n

international programme on rice

ology at Columbia, and the | Stadler
> manipulation in plant

at the University of Missouri (7th to
I6th March 1989).

Mr.l.S.Mulla was deputed to Italy for participating
in the experimental workshop on high temperature
superconductors at Trieste, sponsored by
UNESCO (30th March to 14th April 1989)




7.3 Participation of NCL scientists in symposia, seminars, workshops, etc.
Symposia/Conference/Workshop Scientist/s )
I Conference on super computers Dr.A.Bhattacharya
and application organised by CDAC and CSI,
Hotel Executive Ashoka, Pune
2. Third Indo-Soviet seminar on Dr.V.R.Choudhary
catalysis, Baku, USSR Dr.B.D.Kulkarni
Dr.S.D.Sansare
Dr.S.D.Prasad
3. International conference on ferrites (ICF.5), Dr.S.K.Date
Bombay Dr.C.E.Deshpande
Dr.P.P.Bakare
4., Second Indo-USSR seminar on solidstate chemistry, Dr.S.K.Date
lISc., Bangalore
5/ National seminar on modes of access to online Mr.V.G.Deodhar
databases and applications of CD-ROM and
other optical disks, Bangalore
6. Training course on accessing international databases, Mr.V.G.Deodhar
NAL, Bangalore
7., Course on applications of information technology Mr.V.G.Deodhar
in biochemical libraries and Ms.M.S.Naigaonkar
information centres, University of Poona, Mr.M.D.Panse
Pune Ms.M.P.Chirmule
8. International conference an Dr.S.T.Kshirsagar
Raman spectroscopy, Calcutta
9. International symposium on biological nitrogen Mr.Y.Mawal
fixation associated with rice production
I0.  Workshop on Jojoba sponsored by Dept. of Ms.U.J.Mehta
Non-Conventional Energy Sources, organised by
lIP, Delhi
Il National workshop on X-ray emission spectroscopy, Dr.(Ms.) A.Mitra
Indira Gandhi Centre for Atomic Research, Dr.(Ms.) N.R.Pavaskar
Kalpakkam
2. Administrative management course, CECRI, Karaikudi Mr.H.Nagarajan
I8.  National symposium on physical Dr.B.S.Nanjundiah
organic chemistry, Madurai Kamraj University,
Madurai
14.  National symposium on organic synthesis, Dr.U.R.Nayak

Malti-Chem Research Centre, Vadodara
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International conference on Mr.M.B.Patil
bibliographic databases and network, Mr.V.G.Deodhar
New Delhi

6 International symposium on high temperature Dr.(Ms.)N.R.Pavaskar
superconductivity, University of Rajasthan, Jaipur Mr.l.S.Mulla

I7.  X-ray fluorescence techniques, Bombay Dr.(Ms.)N.R.Pavaskar

18 Symposium on genetic engineering research in India Ms.V.Pethe

l1Sc., Bangalore
g

9. Nineteenth Stadler symposium on gene manipulation Dr.P.K.Ranjekar
in plant improvement

20.  Third annual meeting of Rockefeller Foundations’ Dr.P.K.Ranjekar
international programme on rice biotechnology

2|, DBT-ICAR workshop in plant molecular biology Dr.P.K.Ranjekar '
and agricultural biotechnology, Nuclear
Research Laboratories, |IARI, New Delhi

22 Indo-US workshop (with Japanese participation) Dr.M.S.Setty |
on electronic ceramics and materials, Dr.S.K.Date
NCL, Pune Dr.V.J.Rao

Mr.P.D.Godbole

23. . National symposium on environmental impacts Dr.R.N.Sharma
on animals and aquaculture, Mr.S.G.Deshpande
Kalyani University, Kalyani

24, National seminar on advances in economic zoology, Dr.R.N.Sharma
Jodhpur

25. - Workshop on devolution of administrative and Dr.K.R.Srinivasan
financial autonomy in CSIR labs/institutes, Dr.5.5.Tambe

NAL, Bangalore

26. Entrepreneurship development programme, Mr.S.A.Tambe
CECRI, Karaikudi

27. WHO sponsored training programme, Mr.P.H.Vartak
NIDC, Delhi

7.4 Plenary lectures/key-note addresses/invited lectures given by NCL scientists

Scientist Subject

I.  Dr.V.R.Choudhary i) Invited lectures at the Institute of Technical Chemistry-l, University
of Erlangen-Nurenberg, Erlangen (FRG)

a) Oxidative conversion of methane to Ce-hydrocarbons in
homogeneous gas phase reaction and over solid catalysts and
supports (December 1988)
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Single and multicomponent sorption/diffusion of hydrocarbons
from their iso-octane solution in H-ZSM-5 zealite (January 1989)

Shape selectivity of pentasil zeolites in sorption and diffusion:

Invited lecture on ‘Shape selectivity of pentasil zeolites in
sorption/diffusion : A shuttle cock - shuttle box model’ at BASF
Aktiengeseltschaff, Ludwigshafen (FRG), (January 1989)

Ca- hydrocarbons in homogeneous reaction and over solid
catalysts and inert supports’ at Technische Chemie, Ruhr

Invited lecture on ‘Shape selectivity of pentasil zeolites in
sorption/diffusion : A shuttle cock - shuttle box model’ at the
Institute of Physical Chemistry, University of Hamburg, Hamburg

Invited lecture on ‘R and D activities in the area of heterogeneous
catalysis in NCL, Pune’ at the Institute fiir Technische-Verfahrenste
Technik, Universitat-Karlsruhe, Karlsruhe (FRG), (February 1989)

Invited to co-chair the technical session on thin films at the
international conference on ferrites (ICF-5), Bombay (January 1989)

Presided over the SAEST conference on solid state electrochemistry

Invited lecture on application of plant biotechnology in agriculture,
forestry and germ plasm conservations, BIOTEK INDIA-88, the
international exhibition and conference on biotechnology,

Invited lecture on polymer blends and alloys : A review at DST
workshop on polymers and composites, 1ISc., Bangalore

Scientist Subject
0)
c)
A shuttle cock shuttle box model (February 1989)
ii)
iii) Invited lecture on ‘Oxidative conversion of methane to
University, Bochum (January 1989)
iv)
(FRG), (February 1989)
v)
Dr.S.K.Date
Dr.L.K.Doraiswamy
at the University of Poona, Pune (September 1988)
Dr.A.F.Mascarenhas
New Delhi (October 1988)
Dr.V.M.Nadkarni i)
if)

Dr.P.K.Ranjekar

Dr.V.J.Rao

Dr.T.Ravindranathan

Invited lecture on computer modelling and simulation of PET met
spinning at HiT, Delhi, special course for industry organised by
Textile Science and Engineering Department (December 1988)

Invited talk on rice biotechnology research at NCL, ene day
seminar on rice biotechnology at Directorate of Rice Research
Centre, Hyderabad

Plenary lecture at the Society for Advancement of Electrochemical
Science and Technology conference on solid state
electrochemistry, University of Poona, Pune (October 1988).

N.V.Krishna Rao memorial lecture 1988 on synthesis of biological
compounds - a practical approach, Osmania (February 1988)
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Scientist Subject

9 Dr.R.N.Sharma session on aquatic biology and vectors at Kalyani

on appicatio

information

states in India

Talk on catalysis during the 9th ICC- lbero-american symposium

at Calgery, Canada (1988)

]

Dr.M.C.Srinivasan Invited talk on endangered microbial species, culture collections
and germ plasm.resource pools - An overview, VI International -

1)

Conaress of Culture Collections, Maryland, USA (October
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7.5 Membership of commitiees

Scientist Capacity Name of lh-e committee
| Dr.N.R.Ayyangar Member Research Advisory Committee of Rallis India Ltd., Bangalore
Member CSIR Cell on Drugs and Vaccines Committee
Member Dye Intermediates Sectional Committee, PCDC Il and

Anthraquinone Sub-Committee, PCDC-I:4:BIS
2. Dr.B.V.Bapat Member Test Sub-Committee PCDC 18 : | of ISI, New Delhi

3. Dr.J.Barnabas Member Editorial Board of (i) Biotechnology Letters, (ii) Biotechnology
Techniques; Science and Technology, England

Member Research Council of National Botanical Research Institute,
Lucknow
Member Management Council of National Botanical Research Institute,
Lucknow
Member Research Advisory Committee for Applied Biology, Division
of Indian Petrochemicals Corporation Ltd. Research Centre,
Gujarat
Member Advisory Council of CSIR Centre for Biochemicals, New Delhi
Member Management Council of CSIR Centre for Biochemicals, :
New Delhi |
Member Advisory Committee in Biological Sciences for

S.S.Bhatnagar prize

Member Biochemistry Research Committee of Council of Scientific
and Industrial Research, New Delhi

Member Scientific Advisory Committee to National Institute of
Virology, Pune

Member Sectional Commitiee on General Biology, Indian
Academy of Sciences

Member Sectional Committee IX : Indian National Science Academy

Member Executive Committee and the Council of the Maharashtra
Association for the Cultivation of Science

Member Editorial Board of the Indian Journal of Biochemistry
and Biophysics

Member Editorial Board for Proceedings of Indian Academy of
Sciences - Animal Sciences

Organiser & Mahabaleshwar Seminar on Modern Biology in collaboration
one of the with Tata Institute of Fundamental Research, Bombay
co-ordinators and Indian Institute Science, Bangalore
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Scientist Capacity Name of the committee
Member Advisory Committee for Space Sciences (Indian Space
Research Organization), Bangalore
Dr.S.K.Date Member CSIR Committee on High-tech Ceramics to finalize Research
Programmes during the VIl Five Year Plan period(1990-95)
Member CSIR Task Force Group of High Temperature Superconductors
Member CSIR Commiitee on Standard Reference Materials
Dr.V.R.Choudhary Member Board of Studies in Chemical Technology, Faculty of
Nagpur University, Nagpur
Dr.S Devotla Treasurer Association of British Council Scholar (Western India)
Pune Chapter, 1988-89
Organising  Institution of Chemical Engineers (Pune Regional Centre)
Secretary Silver Jubilee Year (1988-89) Lecture Series
Dr.LK. Member Scientific Advisory Committee, Ministry of
Doraiswamy Chemicals and Fertilizers
Member Scientific Advisory Committee,
Ministry of Chemicals and Petroleum
Member Programme Advisory Committee for Chemical Engineering,
Department of Science and Technology
Member Vithal Mallya Scientific Research Foundation
Member Committee on Chemicals and Plastics,
Depariment of Electronics
Member Hindustan Lever Research Foundation —
Chemical Sciences Group
Member VASVIK Award Board of Advisors (Chemical Sciences
and Technology Commitiee)
Member Indian Chemical Manuiacturers Association Awards Commitiee
Member Governing Council, University of Poona, Pune
Member Technology Development Advisory Group for Fermentation
Technology and Industrial Application of Biotechnology
(Food and Fermentation Directorate)
Member Public Liability Insurance to Compensate Victims of Industrial
Accidents, Ministry Environment and Forest
Member Warking Group for the Formulation of the 8th Plan for the
Department of Scientific and Industrial Research
Member Special Group to Assist the Steering Committee

(Planning Commission) on Industry for the 8th Plan
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Scientist Capacity Name of the commitiee
Dr. LK. Doraiswamy Member Board of Awards for Import Substitution and Technology
(Contd.) Development (Two years from 15.3.1989)

Member Governing Body of CSIR and Society of CSIR (Three years
from 9.1.1989)

Member Managing Committee of the CSIR Centre for Mathematical
Modelling and Computer Simulation (C-MMACS)
established at the NAL, Bangalore

Member Advisory Committee on Exports for R&D, Gujarat Alkalies
and Chemicals Ltd., Baroda

Member Inter-Ministerial Committee on Hazardous Chemicals,
Ministry of Environment and Forest

Member Expert Group of Indian National Science Academy for
Preparing Report on the Govt. of India Technology
Policy Statement

Member Board of Trustees, Regional Computer Centre (Pune)

Member Electronics Material Development Agency (EMDA),
Department of Electronics

Member Council of Development of Materials for Electronics
(CDOME), Depariment of Electronics

Member High Power Advisory Committee for Planning and
Implementation of Science and Technology Project of
Central University, Pondicherry

Member Central Committee of Science and Technology for
Technology Mission on Drinking Water in Villages
and Related Water Management, Ministry of Agriculture,
Department of Rural Development

Member Governing Council of Deccan Sugar Institute, Pune

Member R&D Advisory Committee, Hindustan Antibiotics Ltd.,Pune

Member Working Group on Technology input and Promotion of High
Tech. Industries, Planning Commission

Member Award Committee-Dr.K.G.Naik Gold Medal, M.S.University
of Baroda

8. Dr.K.N.Ganesh Member Authors Team for Chemistry Text Books Writing,

NCERT 1987-89

Member Monitoring Committee on Oligonucleotide Synthesis,
CSIR Centre for Biochemicals, New Delhi

Member TAB (Biological Science) Sub-Group on Protein Engineering
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Scientific Capacity Name of the committee
9. Dr.S.Gundiah Member Governing Council of Indian Rubber Manufacturers’
Research Association,Bombay
Member Standing Committee in the Area of Plastics and Polymers
in Buildings
0. Dr.S.H.Igbal Member Finance Committee of the National Fagility for Animal Tissue
and Cell Culture, University of Poona
Member Advisory Committee for CSIR Exhibition to Advise on the 1
Exhibition Policy and Organisation of Exhibition in India 1
and Abroad | |
Member Management Council of the Indian National Scientific )
Documentation Centre (INSDOC), New Delhi |
11. Dr.S.S.Katti Member Indian Society for Surface Science and Technology
Member National Advisory Committee for Research and Development |
for Evaporation Control
Member Working group of the Inter-national Water Resources Association
12. Dr.K.V.Krishnamurthi Founder Plant Tissue Culture Association (India)
Member
Member Indian Scientific Translators’ Association (India)
Member INSDOC Panel of Translators '
I
I3. Dr.B.D. Kulkarni Member Research Advisory Committee of the IPCL R&D Programme
Member Working Group on CSIR Centre for Mathematical Modelling
14. Dr.M.G.Kulkarni Member Expert Committee of the University of Poona for Polymer
Science and Engineering '
15. Dr.A F.Mascarenhas Member Research Advisory Council of ICAR on Biotechnology
Member Research Advisory Council, RRL, Trivandrum
Member Research Advisory Council of Poona University on
Biotechnology
Member Indo-US Panel on Biomass
Founder Plant Tissue Culture
Member and Association of India
Member
Secretary

Secretary Asia S.Pacific Network
Commonwealth Science Council (U.K.) ‘
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{7

Scientific

Dr.R.A.Mashelkar

Dr.V.M. Nadkarni

Capacity

Editor(India)
Editor(India)
Editor(India)
Editor(India)

Editor

Member

Member

Member

Member

Member
Member

Member

Member

Member

Member

Member

Member

Member

Member

Member

Member

Member

Name of the committee

Chemical Engineering Science, Pergaman Press (UK)

Chemical Engineering Communications, Gordon Breach (USA)

i';\j il_ﬁul-’,.uJJU-JL ACIa, :J{.;f'lru 1CN ;:m IKOpn veriag (ael
J.Non-Newtonian Fluid Mechanics, Elsevier (Holland)
Advances in Transport Processes, Wiley Eastern/

Wiley Halsted (New Delhi/New York)
Editorial Board, Indian Journal of Technology

Sadhana, Proceedings of Indian Academy of Sciences
(Engineering Sciences)

Editorial Advisory Board, Polymer Materials, Oxford
and IBH Publishing Company

Editorial Advisory Board, Latin American Applied Research
INTEC,Argentina

Science Advisory Council to Prime Minister of India
Board of Directors, Hindustan Fluorocarbons Ltd.,Hyderabad

Board of Directors, Indian Petrochemicals
Corporation Ltd., Baroda

Science and Engineering Research Council,
Department of Science and Technology

Research Advisory Committee, Hindustan Lever
Research Centre

Sectional Committee (Engineering Sciences) of Indian
Academy of Sciences

Sectional Committee (Chemical Engineering and Technology
and Materials) of National Academy of Engineering

Governing Body, Sri Chitra Tirunal Medical Centre, Trivandrum

Assessment of R&D Centre of Indian Petrochemicals
Corporation Ltd., Baroda (COPU Committee of Govt. of India)

BOYS CAST Programme, Department of Science & Technology
President Society for Polymer Science in India (1986-89)

Academic Committee of National Defence Academy

Bureau of Indian Standards, Plastics Pipes Sub-Committee

Editorial Board, International Polymer Processing Journal, USA
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2
.

22

24.

25

o]
()]

Scientist

Dr. V.M. Nadkarni
(Contd.)

Dr.P.K. Ranjekar

Dr.V.J.Rao

Dr.P.Ratnasamy

Dr.T.Ravindranathan

Dr.M.S.Setty

Dr.R.N.Sharma

Dr.S.Sivaram

Dr.M.C.Srinivasan

Dr.A.J.Varma

Capacity

Name of Committee

Member

Member

Member

Member

Member

Member

Member

Organising
Secretary

Member

Member
Member
Member

Member

Member

Member

Member

Member
Member

Member

Member

Confederation of Engineering Industry, R&D Sub-Committee
and Engineering Services Sub- Committee

Editorial Advisory Board, Hanser-Verlag Publishers
Monograph Series on Progress in Polymer Processing

Task Force Committee in Plant Molecular Biology and
Agricultural Biotechnology, Dept. of Biotechnology, New Delhi

National Advisory Committee of the International Conference
on the Physics and Technology of Compensated
Semi-conductor, lIT, Madras

Editorial Board of the Fuel Science and Technology
{(Journal brought out by CFRI, Dhanbad)

Expert Group on Drugs for Safety in Chemical and
Petrochemical Industries

Safety Survey Committee Expert Group Il Private
Sector- Chemical Unit formed by Ministry of Industry,
Govt. of India (1986)

4th Annual Conference of International Society for
Hybrid Microelectronics-India (I988)

All India Committee for Status Report on Hybrid
Microcircuits Technology in India

Indian National Trust for Arts and Cultural Heritage (INTACH)
Society of Pesticides Science
Society for Malaria and other Communicable Diseases

Technology Advisory and Review Committee of Risk Capital
and Technology Finance Corporation Ltd., a fully owned
subsidiary of Industrial Credit and Investment Corporation of India

Management Council, RRL, Jammu for 1988-91

Programme Advisory Committee, SERC Thrust Area
Programme in Organic Chemistry, DST, 1987-9I

Executive Council of Microbial Type Culture Collections,
Institute of Microbial Technology, Chandigarh

World Federation of CultureCollections
Project Advisory Committee of DST on Plant Sciences

Sub-Committee on Chemical and Metallurgical Research
of RDSO, Ministry of Railways

Steering Committee of Naval Chemical and Metallurgical
Laboratory, Ministry of Defence

69




7.6 Post-graduate degrees received by NCL staff members and research fellows/guest workers

Sr. Name Degree  University Subject Guide
No.
- e
l. Mr.D.B.Akolekar Ph.D. Poona Sorption, diffusion and catalytic Dr.V.R.Choudhary
reactions on zeolite-like materials
2. Mr.M.V.Badiger Ph.D. Bombay Transport phenomena in polymeric  Dr.R.A.Mashelkar
media '
3. Mr.K.B.Bastawade Ph.D. Poona  Studies on xylanase from Chainia sp. Dr.H.G.Vartak ‘
4. Mr.AM.Bodhe Ph.D. Poona Enzyme inhibitors Dr.H.G.Vartak f
5. Mr.A.P.Budhkar Ph.D. Poona Studies on thiosemicarbazones, some Dr.C.Gopinathan "
nitrogen, sulphur containing hetero- 10k
cyclic ligands and their metal :
complexes
6. Ms.M.P.Chirmule M.Lib. Poona  Standardization in library and Prof.M.R.Riswadkar*
I.Sc. information services-A-state-of-the-
art-report .
7. Mr.N.S.Dabke Ph.D. Bombay Stochastic analysis of chemically Dr.L.K.Doraiswamy
reacting systems: Role of external |
fluctuations v
8. Ms.M.P.Degaonkar M.Sc. Poona Study of some complexes of Gr.IV Dr.C.Gopinathan
metals mainly titanium, tin and lead
4
9. Ms.S.5.Deshpande M.Sc. Poona  Carbonyl chemistry of Group VI Dr.C.Gopinathan
metals i
10. Mr.G.D.Ghadge Ph.D. Poona  Microbial enzymes (alkaline Dr.H.G.Vartak L
proteinase from Conidiobolus sp.)
Il. Mr.G.S.Grover M.S. Salford A study of heat energy recycling Prof.F.A.Holland*
(UK) systems
12. Ms.G.D.Hebbalkar M.Sc. Poona Manipulation of insect behavioural Dr.R.N.Sharma
physiology by selected synthetic
chemicals
I3. Mr.R.Jaganathan Ph.D. Poona Modelling of three phase catalytic Dr.R.V.Chaudhari (
reactors
4. Mr.G.S.Joshi Ph.D. Poona  Synthetic studies in biologically Dr.G.H.Kulkarni
active compounds
15. Mr.J.M.Khire Ph.D. Poona  Studies on extracellular, specific Dr.H.G.Vartak
D-xylose isomerase from Chainia sp.
I6. Mr.R.J.Kudchadkar M.Sc. Poona Study of electrical and structural Dr.M.S.Setty
properties of Znx TixO2
thick film oxygen sensors
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Sr Name Degree  University Subject Guide
No.
17. Ms.S.S Kulkarni M.Sc. Poona Studies in the preparation of |,3- Dr.A.N.Gokarn
butylene glycol using aqueous
solution of acetaldehyde
8. Mr.A.S.Mamman M.Sc. Poona Diffusion of pure liquid hydrocarbons Dr.V.R.Choudhary
in high silica pentasil zeolites
9. Mr.J.Mathew M.Sc. Poona  Thermomechanical behaviour of Dr.V.M.Nadkarni
modified asphalts
20. Ms.M.Mawal Ph.D. Poona Studies of seed storage proteinsin  Dr.P.K.Ranjekar
legumes with special reference to
pigeonpea
2l. Mr.R.B.Naidu M.Sc. Poona  Studies on plant tissue culture-studies Dr.A.F.Mascarenhas
on protoplasts of Vigna unguiculata
22. Mr.V.R.Patwardhan Ph.D. Salford  Nonazeotropic mixtures as working  Prof.F.A.Holland*
(UK) fluids for heat pumps
23. Mr.P.Ramaiah Ph.D. Poona Utilization of natural products and Dr.A.S.Rao
development of improved organic
preparations and procedures
24. Mr.D.D.Ravetkar Ph.D. Poona  Transport phenomena in multiphase Dr.R.A.Mashelkar
polymeric systems
25. Ms.R.Seeta Ph.D. Poona Enzymatic hydrolysis of cellulose Dr.M.C.Srinivasan
26. Mr.B.Seetaramarao Ph.D. Poona Microbial enzymes : Immobilized Dr.C.SivaRaman
whole cell systems in fermentation
27. Ms.L.Sivadasan M.Sc Poona Synthesis of some biologically active Dr.A.V.Rama Rao*
compounds
28. Mr.l.l.Sutar Ph.D. Poona  Studies on protolytic enzyme Dr.H.G.Vartak
29. Ms.S.Tamhankar Ph.D. Poona  Condensed chromatin in higher plants Dr.P.K.Ranjekar
30. Mr.P.Venkateswara Rao Ph.D. Salford  Theoretical and experimental studies Prof.F.A Holland*
(UK) on heat pump assisted system

* Guides not fromm NCL
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7.7 NCL scientists recognised by different universities as research guides

ot

=-J

10

L
12

13.
14.
15.
16.

*18.

P
&

5.
26.
27
28.
29.

Dr.
Dr.
Dr.

Dr

Dr.
Dr.
Dr.
Dr.
Dr.

Dr.

Ayyangar, N.R.
Bamnabas, J.
Brahme, P.H
(Mrs.) Chanda, B.
Chaudhari, R.V.
Choudhary, V.R.
Date, S.K.
Deshpande, M.V.

Doraiswamy, L.K.

Deshpande, V.H.

Dr.(Mrs.) Deshpande, V.V.

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Ganesh, K.N.
Gokarn, A.N.
Gopinathan, C.
Gundiah, S

Harish Narain
Hazra, B.G.

Jose, C.I.

Katti, S.S.
Krishnamurthy, K.V.
Kshirsagar, S.T.
Kulkarni, B.D.
Kulkarni, G.H.
Kulkarni, M.G.
Kulkarni, S.N.
Lachke, A.H.
Mahajan, S.S.
Mascarenhas, A.F.

Mashelkar, R.A.

Bombay, Poona, Shivaiji

Poona

Poona
Poona
Poona, Shivaji, Bombay
Poona, Shivaji, Bombay
Poona

Poona

Banaras, Bombay, Calcutta, Jadhavpur, Nagpur,
Poona, Salford (U.K.)

Poona

Poona

Poona, Osmania

Poona

Marathwada, Poona, Shivaji
Karnataka, Poona

Shivaji

Poona

Poona

Bombay, Poona, Shivaji

Poona, Shri Venkateshwara, Shivaji
Poona

Poona

Nagpur, Poona

Poona

Bombay, Karnataka, Poona, Shivaji
Poona

Poona

Poona

Banaras, Bombay, Nagpur, Poona, Salford(U.K.)
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30. Dr.(Mrs.) Nadgauda, R.S. Poona
31. Dr. Nadkarni, V.M. Poona, IIT, Delhi
32. Dr. Nagasampagi, B.A. Poona
33. Dr. Nanjundiah, B.S. Poona
34. Dr. Natu, A.A Poona
*35. Dr. Nayak, U.R. Poona, Shivaji
36 Dr. Pande, B. Poona
37 Dr. Panse, G.T. Poona, Shivaji
38. Dr.(Mrs.) Patwardhan, S.A. Poona, Shivaji
39. Dr. Patwardhan, V.S. Poona, Shivaji
40. Dr. Rajappa, S. Poona, Bombay
41. Dr. Ranjekar, P.K. Poona, Shivaji
42, Dr.(Mrs.) Rao, M. Poona
5.0 43. Dr. Raog, B.S. Bombay, Shivaji, Poona
44, Dr. Rao, V.J. Poona
45 Dr. Ravindranathan, T. Bombay, Marathwada, Shivaji, Poona
46 Dr. Setty, M.S. Poona
47. Dr. Sharma, R.N. Poona, Shivaji
[~1048. Dr. Shankar, V. Poona
49. Dr.(Mrs.) Siva Raman, H. Poona
50. Dr. Sivasanker, S. Shivaji
a1. Dr. Sonawane, H.R. Marathwada, Poona |
52 Dr. Shrinivasan, M.C Poona, Shivaji ‘
53. Dr. Tewari, R. Poona |
54. Dr. Umapathy, P. Poona
55. Dr. Varma, A.J. Poona
56. Dr. Vernekar, S.P. Poona, Shivaji
|
* Retired as on 1.3.90 |
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8.

N

PAPERS PRESENTED AT SYMPOSIA,
SEMINARS, ETC.

Mawal, Y.R., Mawal, M.R., Sainani, M. and
Ranjekar, P.K,,

Seed storage proteins and their genes in plants,
National workshop on advances in plant genetics
and gene manipulations in higher plants,
Hyderabad, March, 1988.

Mawal, Y.R., Mawal, M.R. and Ranjekar, P.K.,
Homology and divergence of rice glutelin with
fourteen other seed storage protein genes of six
flowering plants,

International conference on research in plant sciences
with reference to the future, Delhi, March, 1988.

Bakare, S.D., Deshpande, K.G. and Gorhe, N.M.,,
Microcontrollers - a revolution at door step,
Symposium on microprocessors - an aid and tool to
instrumentation of tomorrow, Bombay, March, 1988.

Tambe, S.A. and Srinivasan, K.R., )
Technology development and transfer at NCL,
Entrepreneurship development programme, CECRI,
Karaikudi, April, 1988.

Gokhale, S., Rao, V.J., Nigvekar, A.S.

and Kulkarni, S.K.,

GaAs/Dy interface investigation : An XPS, UPS and
HREELS study,

Third Asia Pacific Physics Conference, Hong Kong,
June, 1988.

Devasthale, S.V., Hooper, M., Kulkarni, S.N. and
Yates, M.D.,

The design development of novel broad spectrum
antimicrobial compounds from thiourea,

Thirteenth International Leprosy Congress, Hauge,
Netherlands, September, 1988.

Hooper, M., Kulkarni, S.N., Phadke, A.S.,
Salunkhe, A.M. and Yates, M.D.,

A structure activity study of succinic acid
derivatives as novel antituberculosis agents,
Thirteenth International Leprosy Congress, Hauge,
Netherlands, September, 1988.

Singh, R.S.,

Creation of database for Indian chemical patents
using CDS/ISIS,

INFOTEX conference on application of mini and
micro computers in documentation, CLRI, Madras,
September, 1988,
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Mascarenhas, A.F.,
Application of plant technology in agriculture,
forestry and germ plasm conservation,

Biotech India 1988, New Delhi, October, 1988

Khale, A., Srinivasan, M.C. and Deshpande, M.V.,
Dimorphism in Benfaminiella poitrasii : Inositol
prevents the morphological change caused by
ethanol and isopropanol,

Fiftyseventh Annual meeting of the Society of
Biological Chemists (India), New Delhi, October,
1988.

Choudhary, V.R., Chaudhari, S.T. and Rajput, A.M.,
Oxidative coupling of methane to Cz-hydrocarbons
in homogeneous reaction and over solid supports
and catalysts,

Third Indo-Soviet seminar
(USSR), October, 1988.

on catalysis, Baku

Panse, G.T. and Kamat, S.K.,

Synthesis of versatile signal peptide derivative,
Fiftyseventh Annual General SBC Convention, CSIR
Centre for Biochemicals, Delhi, October, 1988.

Kulkarni, S.N., Kamath, H.V. and Bhamare, N.K_,
Reduction studies of o-nitroaryl enamines. A new
synthesis of 4(H) quinolones,

Indian Council of Chemists, Tirupathi, October,
1988.

Bakare, S.D., Deshpande, K.D. and Gorhe, N.M.,

A novel Lilliputian controller for automatic mains
failure control for diesel generated set,

National symposium on instrumentation, Mysore,
November, 1988.

Bakare, S.D., Deshpande, K.D. and Gorhe, N.M.,
An innovative software approach for programming
beam energy compensation of IRS 4000 infra red
spectrophotometer,

National symposium on instrumentation, Mysore,
Navember, [988.

Bakare, §.D., Deshpande, K.D. and Gorhe, N:M.,

A single chip microcontroller based chart drive
system for Y.T. recorder,

National symposium on high speed
instrumentation, Chandigarh, December, 1988.




20.

21

22.

23.

24.

Nitya Vittal, Phadke, S.D., Setty, M.S.,

Karekar, R.N. and Aiyer, C.R.,

Study of manganite composition and Ag loading
effects for thick film thermistor applications,

Fourth annual conference ISHM-india, Pune,

December, 1988.

Kudchadkar, R.J. and Setty, M.S.,

Examination of ZrixTixO2 systems for thick film
oXygen Sensors,
Fourth annual
December, 1988.

conference [ISHM-India, Pune,

Mandhare, M.M., Afzalzadeh, R., Gangal, S.A.,
Setty, M.S. and Karekar, R.N.,

Performance comparison of thin and thick film
microstrip antennas in X-band,
Fourth annual conference
December, 1988.

ISHM-India, Pune,

Rao, V.J., Manorama, V. and Bhoraskar,S.V.,
Nearly ideal interfacial properties of organic
sulphide coated n-GaAs surfaces,

International conference on semiconductor
materials and devices, New Delhi, December, 1988.

Choudhary, V.R. and Sane, M.G.,

Hydrogenation of o-nitrophenol on Pd-carbon in
three phase stirred autoclave Influence of
Pd-loading on carbon and solvent on the reaction,
Proc. 9th National symposium on catalysis,
Madras, December, 1988.

Dhaneshwar, N.N., Tavale, S.S. and Guru Row, T.N.,
Structure of hexacyclo [7.4.2.0"9.03'7.04"4.OS"5]
pentadeca-10,12-diene-2,8-dione,

National seminar on crystallography,
Varanasi, December, 1988.

BHU,

Puranik, V.G., Tavale, S.S. and Guru Row,T.N.,
Molecular rearrangement of photoparthenin by
BF3-etherate- acetic acid complex : X-ray crystal
structure of a novel product,

National seminar on crystallography,
Varanasi, December, 1988.

BHU,

Puranik, V.G., Tavale, S.S. and Guru Row, T.N.,
Structure of methyl -benzamido-B-mercaptophenyl
B-phenyl propionate,
National seminar on
Varanasi, December, 1988.

crystallography, BHU,
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26

21

28.

29.

30.

3l

32.

haneshwar, N.N., Tavale, S.S. and Guru Row, T.N
Structure of spiro [camphane-2-m-dithiane]-l0-
methyl-sulphoxide,
National seminar on
Varanasi, December, 1988.

crystallography, BHU,

Date, S.K., Deshpande, C.E., Kulkarni, S.D.

and Shrotri, J.J.,

Synthesis of ultrafine particles of Sr-ferrite by
chemical coprecipitation with sodium hydroxide,
International conference on ferrites (ICF-5),
Bombay, January, 198S.

Koinkar, V.N., Nawathey, R., Choudhari, S.M.,
Kanetkar,S.M., Ogale, S.B. and Date, S.K,,

Synthesis of ferrite films by pulsed laser
evaporation process,
International conference on ferrites (ICF-5),

Bombay, January, 1989.

Date, S.K. and Deshpande, C.E,,

Chemical passivation and thermal stabilization of
unstable 3d monoxides (MnO,Fe0),
Second Indo-USSR seminar on solid
chemistry, lI1Sc., Bangalore, January, 1989.

state

Godbole, P.D., Deshpande, S.B., Date, S.K,,
Nawathey,R. and Ogale, S.B.,

Sol-gel synthesis of ultrafine barium titanate using
BTM and Ba(NO) and its characterization,

Indo-US workshop on electronic ceramics and
materials, Pune, February, [989.

Ayyangar, N.R.,

New development in dyes and dye intermediates,
Seminar held under the auspices of Gujarat
Dyestuff Manufacturers Association, Ahmedabad,
February, 1989.

Nanjundiah, B.S.,

Conformation - specific photochemistry in iso-
tropic trend media. Norish type Il reactions of
epimeric 2-acetyl-3,3- dimethyl norbornanes,
National symposium on current trends in physical
organic chemistry, Kamraj University, Madurai,
February-March, 1989.

Singh, R.P. and Singh Ajeet,

Photoactive pigments for understanding the
mechanism of photodegradation of E-P copoly-
mer,

Symposium on mechanisms of polymerisation
processes, Madras, March, 198S.




33. Sivaram, S.,

Hydrogen effects in olefin polymerization catalysts,
Symposium on mechanisms of polymerization
processes, Madras, March, 1989.

PATENTS IN FORCE AS ON 31-3-1989
Indian patents sealed

154669(581/DEL/80)

Catalyst and process for the conversion of alcohol
to hydrocarbons.

Kulkari(Ms), S.B., Ratnasamy, P., Balkrishnan, |.,
Rao, B.S., Chandwadkar(Mrs),A.J and Kotasthane,
A.N.

154702(900/DEL/80)

Improved process for the conversion of toulene to
xylenes.

Kulkarni(Ms), S.B., Ratnasamy, P., Kotasthane,
AN., Chandwadkar(Mrs),AJ, Babu, G.P. and
Chandavar, K.H.

155205(843/DEL/80)

A process for the preparation of catalyst .
Kulkarni(Ms),S.B.,Ratnasamy, P., Kotasthane, A.N.,
Chandwadkar(Mrs),AJ, Babu, G.P. and Chandavar,
K.H.

155892(290/DEL/81)

Process for the catalytic conversion of
alkylaromatic hydrocarbons into paraxylenes.
Kulkarni(Ms), S.B., Ratnasamy, P., Kotasthane, AN.,
Chandwadkar(Mrs),AJ, Rao, B.S., Kulkarni, S.J..
and Hegde, S.G.

155893(291/DEL/81)

Process for the preparation of
composite material.

Kulkarni(Ms), S.B., Ratnasamy, P., Shiralkar, V.P.,
Balkrishnan, Kavedia, C.V.

a catalytic

157061 (630/DEL/81)

Improved process for the disproportionation of
toulene to benzene and xylene.

Kulkarni(Ms), S.B., Ratnasamy, P., Shiralkar, V.P.,
Balkrishnan, Babu, S.B. and Chandavar, K.H.

157390(707/DEL/81)

An improved process for the preparation of
aromatiic hydrocarbons from ethyl alcohol in a
single step conversion.

Kulkarni(Ms), S.B., Ratnasamy, P., Balkrishnan, |., Rao,
B.S., Chandwadkar(Mrs), AJ and Kotasthane, A.N.

8.

10.

11.

12

13.

76

14.

15.

16.

157487(702/DEL/81)

A process for the preparation of celiulose acetate
suitable for making membranes for use in reversa
0OsSmosis.

Ghadge, N.D., Sabne, M.B. and Guijar, K.B.

158085(478/DEL/82)

A process for the preparation of stable manganous
oxide (MnO).

Murthy, M.N.S., Deshpande, C.E
Shrotri(Mrs), J

Bakare, P.P. and

158254(732/DEL/80)

Catalyst and process for the alkylation of benzene
to ethyl- benzene.

Ratnasamy, P., Kulkarni(Ms), S.B., Babu, G.P;
Chandavar, K.H. an Shiralkar, V.P.

158255(44/DEL/82)

An improved process for the catalytic alkylation of
benzene to ethylbenzene.

Kulkarni(Ms), S.B., Ratnasamy, P., Shiralkar, V.P.,
Babu, G.P. an Chandavar, K.H.

158491(476/DEL/82) An improved process for the
preparation of N-Akyldiisopropanol-amines.
Nerlekar, P.G. and Moghe, P.P.

158574(670/DEL/82)

A improved process for the preparation of
thermoplastic polyurethane polymers. Ghatge,
N.D. and Jadhav, J.Y.

159164(370/DEL/83)

A process for the catalytic conversion of methanol
to hydrocarbons mainly olefins.

Ratnasamy, P., Balakrishnan, I., Kulkarni,(Ms)
S.B., Rao, B.S., Shiralkar, V.P., Hegde, S.G. and
Borade, R.

159405(57/DEL/83)

Process for the preparation of open pore polymer
gel beads with desired entrapped whole cells for
use in fermentation reactions.

SivaRaman, H., Rao, B.S., Shankar, V., Pundle,
A.V. and SivaRaman, C.

159406(58/DEL/83)

A catalytic process for the conversion of methanol
to olefins.

Kulkarni(Ms), S.B., Ratnasamy, P., Balakrishnan, I.,
Rao, B.S., Shiralkar, V.P., Hegde, S.G. and
Kotasthane, A.N.

37.

L N -
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10

19

20.

21

22.

23.

24.

159407(115/DEL/83)

A process for the preparation of composite
catalyst material.

Kulkarni(Ms), S.B., Ratnasamy, P., Balakrishnan, 1.,
Shiralkar, V.P., Kotasthane, A.N., Rao, B.S. and
Borade, R.B.

159409(296/DEL/83)

A process for the preparation of homogeneous
metal chiral ligands catalysts using natural
alkaloides.

Gogte, V.N., Natu, A.A. and Ahuja(Ms), R.R.

159420(539/DEL/83)

A novel process for the preparation of isocyanate
terminated (Te-lechelic) diene prepolymers by free
radical polymerization technigue.

Ghatge, N.D., Vernekar, S.P. and Vadgaonkar, P.P.

159595(628/DEL/83)

A process for the manufacture of benzene and
xylene admixtures from alkyl aromatic
hydrocarbons.

Ratnasamy, P., Kulkarni(Ms), S.B., Meshram, N.R.
and Hegde, S.G.

159819(507/DEL/84)

An improved process for the preparation of
monoalkyl esters ofazelaic acid.

Mitra, R.B., Joshi, R.S. and Lunkad, K.F.

160038(437/DEL/83)

A process for the conversion of alkanols to
hydrocarbons.

Ratnasamy, P., Balakrishnan, |. and Rao, B.S.

160170(587/DEL/84)

An novel process for the manufacture of 2,
4-dichloro-5-pentade- cylphenoxy acetic acid.
Amarnath, N., Ghatge, N.D. and Moghe, P.P.

160212(275/DEL/83)

A process for the preparation of crystalline catalyst
composite material designated Encilite. -
Ratnasamy, P., Borade, R.B., Kulkarni(Ms), S.B.
and Hegde, S.G.

25, 160279(61/DEL/85)

Process for the preparation of a catalyst useful for
selective conversion of ethylene into aromatic
hydrocarbon coritaining 6-8 carbon atoms.
Ratnasarny, P, Kulkarni(Ms), S.B., Balakrishnan, |.,
Rao, B.S. and Shiralkkar, V.P.

26.

et

29.

30.

31.

32.

133.

160579(251/DEL/85)

A process for preparing base polymer for ion
exchange membranes

Saini R., Nadkarni V.M., Dutta A.,
Kshirsagar S.N. and Mashelkar R.A

Ghosh S.,

160256(60/DEL/85)
Process for the preparation of new catalyst
composite material useful for conversion of

alkanols to hydrocarbons.
Ratnasamy, P, Kulkarni(Ms), S.B., Kotasthane, A.N
andShiralkkar, V.P.

. 160829(116/DEL/84)

A process for the preparation of substituted alkyl
cyclohexyl, cyclohexylalkyl, aralkyl, aryloxyalkyl
gsters of 2 2-dimethyl-3-(2-oxopropyl)
cyclopropane acetic acid by transesterification.

Mitra, R.B., Joshi, B.N., Natekar{Ms), M.V.,
Arabale, A.A. and Shinde, D.D.
160841(115/DEL/84)

A process for the preparation of 2
2-dimethyl-3-(n-propyl)cyclo-propane acetic acid by
reaction of hydrazine hydrate with 2, 2- dimethyl-3-
(2-oxopropyl) cyclopropane acetic acid.
Mitra, R.B., Joshi, B.N., Natekar(Ms),
Arabale, A.A. and Shinde, D.D.

M.V,

160974(191/DEL/84)

Preparations of substituted alkyl, cyclohexyl,
cyclohexylalkyl, aryl, aralkyl, esters of 2,
2-dimethyl-3-(2-oxopropyl) cyclopro-pane acetic
acid derived from (+) 3-carene as potential
miticides

Mitra, R.B., Joshi, B.N,
Arabale, A.A. and Shinde, D.D.

Natekar(Ms), M.V,

161321(664/DEL/24)

Improvements in or relating to the preparation of
3-methyl-but-2-ene-YL acetate.

Mitra, R.B., Kulkarni, G.H., Joshi, R.S., Khanna,
P.N., Lunkad, K.F. and Shaha, S.C.

161612(537/DEL/84)
An improved process for the preparation of SYM
N, N'disubstituted diarylurea compounds.
Ayyangar, N.R. and Choudhary, A.R.

161822(585/DEL/83)

An improved process for the preparation of
4-amino-3- nitrobenzophenone.

Ayyangar, N.R., Lahoti, R.J., and Thomas, D.




w

Indian patent applications accepted

160748(837/DEL/84)

A process for separation of stigmasterol derived
products from phytosterols of sugarcane wax.
Mitra, R.B., Kapoor(Ms), V.M. and Hazra, B.G.

163187(279/DEL/85)

Process for conversion of methanol to olefins.
Ratnasamy P., Balakrishnan |., Rajiv Kumar and
Hegde S.G.

163626(224/DEL/85)

Improvements in or relating to the process for the
isolation of useful sterols from sugarcane wax
Mitra R.B. and Kapadia V.H.

163810(506/DEL/84)

A process for synthesis of 2,
23-diihydroxy-24S-ethyl-3 - 5 cy-clo-5 a-cholestan-
6-ones from phytosterols of sugarcane wax.

Mitra, R.B., Kapoor(Ms), V.M. and Hazra, B.G.

164459(569/DEL/86)

A process for the production of kerosene from light
olefins.

Gopinathan C., Kuruvilla J., Gopinathan(Mrs.) S.,
Hundekar A.M.,

Pandit S.K., Unny LR, Depshpande(Mrs.)S.S.,
Pardhy(Mrs).S.A. and Ratnasamy P.

Indian patent applications filed

(267/DEL/85)

A device for obtainihng NMR spectra in
undeuterated solvents of FT(fourier transform)
instruments Deshpande K.G.

(430/DEL/85)

Novel dispensors for controlled release of aquatic
larvicides Sharma R.N., Vartak H.G., Gund(Miss)
P.D., Bhaldar I.V.,

Rao J.V., Powar V.K. and Mitra R.B.

(632/DEL/85)
A process for the preparation of novel lanthanum
iron silicates designated as Encilite-2
Ratnawamy P., Kulkarni(Miss) S.B., Shiralkar V.P.,
Kotasthane A.N Chandwadkar(Mrs) A.J

(634/DEL/85)

Improvements in or relating to the preparation of
3-acyloxy and 3-arolyloxy-isoxazole derivatives.
Mitra R.B., Subba Rao G.D., Toke S.M. and Patil S.G.

78
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~

i

12

(735/DEL/85)
A process for the preparation of methyl(+)-cis-33
-dimethyl-2-for cylcyclopropane-1-carboxylate.

Mitra R.B., Muljiani(Miss) Z., Gadre(Mrs) S. and
Joshi(Mrs) V.
(1051/DEL/85)
A process for the preparation of novel geranigl

based diethers useful as insect control agents.
Patwardhan(Mrs.)S.A., Sharma R.N., Phadnis A.P.,
Gund(Miss) P.D. , Bhaldar .V

(1053/DEL/85)

A process for the preparation of novel geraniol
based diethers useful as insect control agents
Patwardhan(Mrs.)S.A., Sharma R.N., Phadnis AP,
Gund(Miss) P.D., Bhaldar L.V.

(1126/DEL/85)

Process for the preparation of geraniol based
saturated diethers useful as new insect control
agents

Patwardhan(Mrs.)S.A., Sharma R.N., Phadnis A.P.,
Gund (Miss) P.D. Bhaldar LV.

(109/DEL/886)

An improved process for the preparation of
codeine from morphine

Ayyangar N.R., Choudhary A.R., Kalkote U.R. and
Sharma V.K.

. (187/DEL/86)

An improved process for the preparation of
2-bromol-1-phenylethan ol

Bhosale S.S., Natekar(Miss) M.V., Joshi P.L., Dixit
K.N., Vaidya A.S. and Rao A.S.

(195/DEL/86)

Improvements in or relating to the process for the
preparation of lactone of 2,2-dimethyl
1-3-(2,2,2-trichloro-1-hydroxyethyl)

cyclopropane carboxylic acid.

Mitra R.B., Kulkarni G.H., Khanna P.N.,

Bhawal B.M. and Deshmukh A.R.A.S.

(196/DEL/86)

Improvements in or relating to the process for the

preparation of 1,1,1-trichloro-4-methyl-pent-3-ené
YL diazoacetate.

Mitra R.B., Kulkarni G.H., Khanna P.N.,

Bhawal B.M. and Deshmukh A.R.A.S

16
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18.
f

18.

20.

21

(281/DEL/86)

Improved process for the production
trichlorosilane (TCS) from silicon tetrachloride
Neurgaonkar V.G., Sinha A.P.B., Srivastava P.R.,
Phadnis S.B. andPires J.A.

of

. (282/DEL/86)

A process for the preparation of crystalline
aluminophosphate catalysts.
Ratnasamy P., Kulkarni(Miss) S.B., Kamble(Mrs.)

K.R. and Shiralkar V.P.

(571/DEL/86)

An improved process for
morphine to ethylmorphine
Ayyangar N.R., Choudhary A.R., Kalkote U.R. and
Sharma V.K.

the ethylation of

(837/DEL/86)

Process for the preparationof glucose isomerase.
Dhamankar(Miss)V.S., Gaikwad S.M., Khire J.M,,
Modak S.P., Powar V.K. and Vartak H.G.

(935/DEL/86)

Process for the preparation
phosphoalumino silicate catalysts.
Ratnasamy P., Kulkarni (Miss) S.B., Kamble (Mrs.)
K.R. and Hegde S.G

(1092/DEL/86)

A process for the preparation of-low molecular
weight xylanase from Chainia strain

Srinivasan M.C., Vartak H.G., Rele(Mrs) M.V. and
Bastawade K.B.

of crystalline

(1136/DEL/86)

A process for the preparation of catalyst
composite material useful for naphtha reforming
Sivakumar S., Ratnasamy P., Budhkar A.P.,
Padalkar S.B. and Waghmare K.J.

(1141/DEL/86)

An improved process for the preparation of
2-(3-phenoxyaryl) alkanols

Mitra R.B. and Kapoor(Miss) V.M.

(117/DEL/87)

Synthesis of alpha(RS)-cyano-3-phenoxybenzyl
(+)cis-2,2-dimethyl-3 -(2,2-dichlorovinyl) cyclopr
opane caboxylate, a highly potent insecticide
belonging to the synthetic pyrethroids group.

Mitra R.B., Kulkarni G.H., Khanna P.N., Bhawal
B.M. and Deshmukh A.R.A.S.

73

0"

(292/DEL/87)

A process for the preparation of alpha-aryl
propionic acids

Sonawane H.R., Kulkarni D.G. and Ayyangar N.R
(316/DEL/87)

Process for the preparation of a catalyst

composite material

Ratnasamy P. and Sivasankar S

24. (325/DEL/87)

Process for the preparation of a catalyst composite
material
Ratnasamy P. and Sivasankar S.

25. (651/DEL/87)

26.

27.

28.

29.

30.

A facile enzymatic
preparation of
R-(-)-1,1,1-trichloro-2-hydroxy-4-methyl-3-pentene
Muljiani (Miss) Z., Modak S., Gadre (Mrs) S. and
Mitra R.B.

resolution process for the

(660/DEL/87)

An improved process for the preparation of
elastomers having random distribution of
functional groups from olefinic polymers
Balaraman K.S., Gopichand S., Gundiah S.,
Mashelkar R.A., Vaidya S.H., Varma A.J. and
Krishnan G.R.V.

(784/DEL/87)

An improved process for the preparation of a high
silica zeolite catalyst compostie material

Rajik Kumar

(847/DEL/87)

An improved catalyst useful for the preparation of
carboxylicacids

Kelkar A.A., Jagannathan R., Kolhe D.S. and
Chaudhari R.V.

(848/DEL/87)

An improved process for the preparation of
carboxylic acids.

Kelkar A.A., Jagannathan R., Kolhe D.S. and
Chaudhari R.V.

(881/DEL/87)

A process for the preparation of controlled release
agrochemical granules

Hbaskar C., Shukla P.G., Rajagopalan N. and
Mitra R.B.




31. (985/DEL/87)
An improved process for the conversion of natural
gas into middle distillates.
Ratnasamy P. and Sivasankar S.

(991/DEL/87)

An improved process for the preaparation of
chloramphnicol2,

2-dichloro-N[2-hydroxyl1 (hydroxymethyl)-2(4-nitr
ophenyl)] ethyl acetamide.
Hazra B.G., Pore V.S,
Natekar M.V.

(%]
AS)

Maybhate S.P. and

(%]
(%)

.(1053/DEL/87)

An- improved process for the preparation of
4-phenyl-5-dichloro- acetamido-1,3-dioxane.
Hazra B.G., Pore V.S., Maybhate S.P.
Natekar M.V.

and

34. (1113/DEL/87)
A process for the production of kerosene and
diesel from naphtha
Gopinathan C., Kuruvilla J., Gopinathan(Mrs.)S
Hundekar A.M., Pandit S.K, Unny

Deshpande(Mrs.)S.S. and Pardhy(Mrs)S.A.

1

LR

35. (1119/DEL/87)

Improvements in or relating to the process for
preparation of 3-aroyloxy isoxazole derivatives
(Divisional to application No.634/DEL/85).

Mitra R.B., Subba Rao A., Ray G.D., Toke S.M. and

Patil S.G.

36. (1152/DEL/87)
Improvements in or relating to the preparation of
2,4 4-tetrachlo robutyronitirile

Ayyangar N.R., Moghe P.P. and Naik S.N.

37. (1159/DEL/87)
An improved process for preparation of high
temperature super conductors
Mulla I.S., Sinha A.P.B. and Chandrachood M.R

38. (182/DEL/88)
Process for the preparation of a novel crystalline
aluminosilicate
Kotasthane A.N.,
Ratnasamy P.

Chandwadkar(Mrs.)A.J and

39. (222/DEL/88)
An improved reforming process
Ratnasamy P. and Sivasankar S.
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40

“

42.

43.

44,

45,

46.

47

48.

49.

. (263/DEL/88)

(261/DEL/88)
An improved process for the preparation
1,1,1-trichloro-4-meth yl-pent-3-ene-2y8
diazoacetate (Divisional to 196/DEL/86).

Mitra R.B., Kulkarni G.H., Khanna P.N,, Bhawg|
B.M. and Deshmukh A.R.A.S

Improved process for carbonylation of alcohals tg
carboxylic acid
Kelkar A.A. and Chaudhari R.V.

(367/DEL/88)*

A process for the preparation of high silica Iarge
port modernite

Chandwadkar, A.J. and Ratnasamy

(475/DEL/88)*

A process for the preparation of a crystalline
ferrosilicate catalyst composite material

Rajiv Kumar and Ratanaswamy, P.

R T o—

(477/DEL/88B)*

An improved device for converting solar energy to
thermal energy

Sathaye, S.D., Potdar, H.S., Soni, H.S. and Sinha,
A.P.B.

(509/DEL/88)*

Process for the preparation of a novel crystalline
alumino silicate Encilite - 12

Gade, N.R. and Kotasthane, A.N.

(526/DEL/88)*

An improved reforming process for the catalytic
conversion of petroleum fractions to a mixture of
hydrocarbons rich in aromatics

Sivasankar, S. and Ratnasamy, P

(641/DEL/88)* |
A onestep process for the hydroxylation of
aromatic compounds

Umapathy, P., Patil, S.D. and Mohandas, T.R.

(714/DEL/88)*

An improved process for the preparation of high
temperature superconductors '
Mulla, I.S., Sinha, A.P.B. and Chandrachud, M.R.

(840/DEL/88)*

Preparation of methyl ethyl ketone by oxidation of ‘
butenes. i
Grover, G.S., Rode, C.V. and Chaudhari, R.V.




50.

52.

54,

55.

57

58.

56.

(870/DEL/88)*

A process for the conversion of methane to
ethylene by oxidative methane pyrolysis.
Choudhary, V.R., Choudhari, S.T. and Rajput, A.M.

. {913/DEL/88)*

Process for the preparation of improved catalyst

composite material suitable for hydrocarbon
conversions.
Sivasanker, S., Kulkarni, M.R., Budhkar, AP,

Ratnasamy, P.,
Ghosh, S.

Ray, S.K., Santra, M. and

(919/DEL/88)*

An improved process for the conversion of
methane to ethylene by catalytic and non-catalytic
oxidative pyrolysis

Chaudhary, R.V., Chaudhari, S.T., Rajput, A.M. and
Rane, V.H.

53. (941/DEL/88)*

An improved process for the preparation of
propionic acid.
Kelkar, A.A., Kolhe, D. and Chaudhari, R.V.

(957/DEL/88)*

An improved process for catalytic oxidative
conversion of methane to C2-hydrocarbons in
presence of free axygen.

Choudhary, V.R., Chaudhari, S.T., Rajput, A.M. and
Rane, V.H.

(959/DEL/88)*

Process for the preparation of novel crystalline
aluminosilicate

Joshi, P.N., Shiralkar, V.P. and Ratnasamy, P.

(960/DEL/88)*

An improved process for prepartion of carboxylic
acid anhydrides

Kelkar, A.A. and Chaudhari, R.V.

(963/DEL/88)*

An improved process for the preparation of high
intrinsic coercivity Sr-ferrite powder.

Date, S.K., Deshpande, C.E., Shrotri, J.J. and
Kulkarni, S.D.

(964/DEL/88)*

Process for the preparation of a catalyst composite
material.

Rajiv Kumar and Ratnasamy, P
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59.

0

61.

N

63.

64.

65.

66.

67.

(984/DEL/88)*

A process for the preparation of an extracellular
cellulase free xylanase from an alkalophilic
bacillus.

Srinivasan, M.C., Rele, M.V., Balakrishnan, H. and
Choudhary, M.D

(1050/DEL/88)*

A process for the preparation of crystalline
microporous alumino phosphate useful as catalyst
and adsorbent.

Choudhary, V.R., Sansare, $.D. and Pandit, M.Y.

(1051/DEL/88)*

A process for oxidative conversion of methane to
C2 hydrocarbons using rare earch metal promoted
alkaline earth oxides and catalysts.

Choudhary, V.R., Choudhary, S.T., Rajput, A.M.
and Rane, V.H.

. (1107/DEL/88)*

Process for the preparation of a crystalline
ferrialuminosilicate
Kotasthane, A.N., Shiralkar, V.P. and Ratnasamy, P.

(1156/DEL/88)*

A process for the preparation of a novel catalyst
useful for preparation of carboxylic acid
anhydrides.

Kelkar, A.A. and Chaudhari, R.V.

(1169/DEL/88)*

An improved process for the production of
cumene

Rao, B.S., Balakrishnan, |., Chumbhale, V.R. and
Ratnasamy, P.

(1170/DEL/88)*

A process for preparation of crystalline
microporous alumino silicates useful as catalyst
and adsorbent.

Choudhary, V.R. and Akolekar, D.B.

(6/DEL/89)*

An improved process for preparation of
1-substituted amino- 1-substituted thio-2-nitro
alkenes.

Deshmukh, A.R.A.S., Bhawal, B.M., Shiralkar, V.P.
and Rajappa, S.

(7/DEL/89)*
A novel process for conversion of microporous
alumino-phosphates to crystalline

——




68

69.(284/DEL/89)*

silicoaluminophosphate catalysts.
Choudhary, V.R., Sansare, S.D. and Pandit, M.Y.

(283/DEL/89)*

An improved process for the preparation of alkyl
carbamates

Chaudhari, R.V.. Gupte, S.P., Kelkar, AA.
Kolhe, D.S.

and

An improved proecess for the preparation of
aryl-N-alkyl carbamates
Kulkarni, G.H., Naik, R.H. and Rajappa, S.

70.(285/DEL/89)*

A process for the preparation of para substituted
benzyl cis 2.2-dirnethyl-3-(2,2-dichlorovinyl)
cyclopropane carboxylates, highly

potent insecticides belonging to the synthetic
pyrothroids group

Kulkarni, G.H., Panse, D.G. and Naik, R.H.

Foreign patents in force

British patent No. 203430] (application
No. 7935813).

2. Netherlands patent application No. 7907332.
Patents No. | and 2 correspond to Indian Patent
No.15039! (application No. 76l/DEL/78).

3. Algerian patent application No.7124.

4. Australian patent application No. 30020/84.

5. GDR patent No. 23284l (application No.WPB
013/266785/3).

6. GDR patent application No. 245656 (application
No.WPB 013/286037/2).

7. Egyptian patent application No.763/84.

8.  European patent application No. 84302893.7
(accepted, grant awaited).

9. Indonesian patent application No. 10173,

0.  Japanese patent application No. 44979/85.

11. Libyan patent application No.2314.

82

Pakistan patent application No.129327
(application No.25|/DEL/g84) accepted.

Thailand patent application No. 2565. Patentg
3 1o I3 correspond to Indian patent No.l602]2
(application No. 275/DEL/83) and 160038
(application No.437/DEL/83)

e e

14. USSR application No. 4202710/26 Inventors
certificate. This corresponds to Indian patent
No. 160212 (application No 275/DEL/83) only.

I5.  European patent application No.85308747.6
(designated countries UK, France, Belgium,
West Germany, Italy and Switzerland).

I6. Japanese patent application No. 299733

I7.  Canadian patent application No. 500350,

18.  Australian patent application No.51247/85.

19. Mexican patent application No., 2860372/2.
Patents IS to 19 correspond to Indian patents
No.160756 (application No.60/DEL/85) and
No.163187 (application No.279/DEL/85).

20.  US patent application No.47648l5 (application
N0.940517), granted.

2. European patent application NO.86309L80.7
(designated countries UK, France, Netherlands,
Austria, Switzerland and West Germany).
Patents 20 and 2| correspond to Indian patent
application No.l09/DEL/86.

22.  US patent application No.I8194.

23.  Japanese patent application No. 84975/88.

24.  European patent application No. 88303117 |

(Designated countries UK, France, Netherlands,
Austria, Switzerland and Italy). Patents 22 to 24
correspond to Indian patent application
No.292/DEL/88.

—— . —— s+ -

B




25 US patent application No.21448.

26. Brazilian patent application No.880378l.

27 Japanese patent application No.173626/88.

28. European patent application No. 88306884.3
(designated countries UK, France, Belgium,
Netherlands, West Germany and lialy).
Patents 25 to 28 correspond to Indian patent
applications No.847/DEL/87 and 848/DEL/87

29. Brazilian patent application No.890I173.

30. European patent application No. 89300850.8
(Designated countries UK, France, Belgium,
Netherlands, West Germany and Italy).
Patents 29 and 30 correspond to Indian patent
application No.367/DEL/88.

3l. European patent application No.8930I537
(Designated countries UK, France, Belgium,
Netherlands, West Germany and Italy).

32. Argentina patent application No.890328.
Patents 3l and 32 correspond to Indian patent
application No.526/DEL/88.

33. European patent application No. 89304707.6

{Designated countries UK, France, West
Germany, Switzerland, Belgium and
Netherlands).

Corresponds to Indian patent application
No.6/DEL/89.

83




v8

(/L861) OLE Z8¢E BpoieN

8-UoN 00'9 60'1€ ‘001D ‘Al 8eyd'v¥/9121'ON 10|d
¥'N L8 18662 “PI7 I\d seuisnpu| 1eooain Jadng (i
(€461) 900 25 10py|
SNISN|OX8-UoN ¥1'90E 7L LE ‘81e1s3 [euIsnpu| JeBeueqiuxe ‘v £2 SjEweua
166 L 2S5 0kp 18922 ‘wayoouyuAs () ‘sauysiuIeA ajeueyy jAing ‘9
(z£61) 210 00% Aequiog
BAISN[OXa-UopN 6L'SL) 61’8 ‘yBneqg|e ‘Buiping a1 pu| 1aqganu |[oyoa1eo
10§ 1 00°201 L95% 'sjediwsyQ olukoled oleyIuAs iing-us1 g
HIOM BAlleIOqE|[0D
(e jopd
[B]0J8WILLIOD-|LUBS) 08'ze 8’9z (9861) luefesey siewAjod
1051 1.¥'08 LOLEE “pi sjeajwayQ owebiQ ueisnpuiy 'saplonsad jolpauaing b
{(7961) L 10 922 MouyINT
‘Buim o8I
BAISN|OXe-UON 1881 020 ‘uojresiuebiQ spiepuels SBAIJOWIC0| suonisodwiod
192 1 80’881 L00'} pue subjsaq yoseasay uy Bujwndyuy Buiwndiuy ‘¢
peJosuodg (¥861) OvEL6E BIBPOPEA 18I0 S|BOILLIBYD 8|l uuojAioe
VYH32Z 000} ‘Y8 000°L 1 Le'0SLe 00°00S1 ‘s[eajweyd0oiied :0d ojuebio ¥jnq oy sajejiioe
3 000'E VYN 000'2 1 00'8¥6S 1 000062 “p11 ‘udion s[eolwayooad UBIpU|  ‘S|EolWay2041ad /poe ofuoy g
(6961) (810 00F Aequiog
00 g [eed 'Y sieaubus 108o.d
8AISN[OX8-UON 62'2528 88'9/51 ybnoayl) L0z 0Ly lueAesey:Od
10002 1 6t°Z0¥8¢ 100'82ve “pr sjeojwiey) 2uebiQ ueisnpuiH aje|pawLBlu| apiIueIedY |
L 9 S b £ 2 b
T i {uononpoud
SHJBLIAI pUB g8, youep oidn 68-8861 JO JUBLLBOUBWILIOD JO Jeak) UONBZIIIN 1oNpold / Ss8201d ON
aseajs. Jo ainjeu Suye| ul ‘sy SUMET UI'SH JaIMoBINUELL 8y} JO aWweN 10 PRI ayljo sWweN IS
pa|eisu| Ayoeden anfea/ A anjen/ i
uopoNpoId

(suo] oew - 1)
MOH-MONMX TON 40 SISVE8 FHL NO d3"dNLOVINNYIN S1ONAdO0Hd - | 31718VL
NOILVZITILN HOHV3AS3H




g8

\B261) LOO 00L BHNO[RD

25869 I8°LLE ‘18841S |[eysyueq ‘v
120688 1.2€'69¢ “pr] 0D B @oejilepm meys (I
(6.61) 100 009 seipep
1eang Ansyo nquey| s91
£1'69 = 'Unog smjoT
10,68 = “pr S[E9jWayD wie 0l (| sapjonsad ajeoyawlqg sl
(5961) 080 00F Aequiog apAyeple yoead
80°08 a8 ‘puniniy ‘Biepy 1ISBYUS S|eojwieyo pue suoLuse|
192°€9 16zt "pr1'00 B Jeiey 'H'S Aewinped -osjoipAyia vt
{oz61) 0€0 L1 BUNg
Si'6E6 - “pr] 814N yedes( Jo 'uaig 2]e|paLualul jousydouiwe
1£0°808 - ‘sjeojwisy) g symsakqg upeAyes aha -u-Ayielg el
= W'N (6861) 810 L Ly aund ‘pduwid sBrup onjooseu sajj0aseu
10} BASN|IXT = ¥'N P17 sanoIgnuy uBISNpulH jouonosleg 10§ I UoHBIBQ ‘Zhx
(g861) 880 00 Aequiog
‘81e1s3 piejjeg s1e410 |AInguy
paiosuodsg SL'LLL - ‘Baeyy BIpIoH ‘NI ‘@SNOH ajjiAeN K12oe/iAinqu
1 0021 109999 = “pr "d Xeyoin si1ezionse|d ssezionseid sl L1
(92641) luekesey :0d
paiosuodg L 1069 L9210} “pI s[eajweyy s[ealwayo (gonw)
1005 1 1¥'/62€9 100'55%. ojuebiQ ueisnpujH [elISNpU|  SBUsZUSqOIOIYD 'OF
- (6961) 80 00 BUND[ED
‘Uepujyyeq 9sed gAd
BAISNOX8-UON 6586 “p17 sieeulbuzg spinbi| jo auaiAls-uisal
4D 0000} 4O 81'29982 [BOIUBYDB|N '§ SS800.d jeieyg uojezjeisujwag abueyoxs uole) 6
BAISN|OX8-UON 09 €50 (z£61) Aequiog
106 112901 1500 'sjeajwayQ djuAsiad  sjeapinedewIey joyoeled '8
paJosuodg (2961) 200 00 Aequiog
(seyydsoydodAy 0€ 29l 00'8 ‘Je8llg ssadulld ‘4-6L ejydsoydodAy
Buipnjour) 1 ¥z 100212 L0009 “0Q @ euydsoydodAH sjeoinadBWIRYd wney L
L 9 g b £ Z L




paiosuods

(spiemuc
80

gg6 L Loy
0c

98

(€861) 800 00F Aequiog

[enuan Aequiog

‘peoy sise|leg ‘682 ‘(V1dID)

‘P17 SalojeiogeT [BannsdBuIBYd g

[l e - [BLSNPU| [eolWayD) ay | Bniqg usgjoidng| ‘vz
(8861) L09 00V BUBYL
— St ‘PROY 18YS|0Y aAIsaype
= "$117 00’0008 P17 'INd Swuied 99ps3 anISaUPY 3991S WNE)  '£24
(8861) £¥0 009 SRIPEW
= 37 | 'PEOY Huni] p|O 8 Bnip
- 'S 00°0S L4 “pr euLeyd ML Aleuuslap |10 UD{S ONBLWIB|H  Z2y
(8/61) 010 096G 210|ebueg
BAISNjOX8- — “1eBen |leley ‘100]4 15| »o0ig A ‘6901
= “p11 "d sonsubepy 10ys “iq 8J1U0J108|3 pieH-selllia4 ‘Lg
(5961) 910 00 Aeguiog
Ze 6zl V'N ‘wiyepy ‘eue ebop ‘1L sjuabe anjjoe Sa1BSUBPUOD
‘vOvLe Y'N P17 sjonpo.d 0dlH aoepng  epixo augjiylg ‘0z
(ssujwe/ (2861) Le.L Z8€ [ofey 'sasiwald
aujwepaL 00282 00 ¥¥Z1 ‘P sl Aelip yeseyg ayy [eojWwayo
1 00'82SY 1 00°004} “pr s[ediwsyg 1 saulLLeIq ojueBio ying aujwelpausjAylg ‘6l
SE'28e 8EVLL (6261) ennoen
1 EE'EVE 1 €6°961 “PI7 "0 3 99B||BAA MBUS SapIolsad uolg 8l
(0861) 020 00% AeqUiog
00'00ce — ‘PEOY suesnp 1 ‘ueleNIULYS
1 00°00EZ = “pI ‘W sl Buisuaaing jeseyg sapiolsad ugjnsopuy "L}
(9261) 200-95F Semaq {sseo0.d
LO0LSL 79" 18Y “P1] sauisnpu| BB JO “uAIg |eoiLLBLO SNONUNU0D)
1 BE'20EY 1 009501 ‘sasudiaug [eoiwayn) UIABN [euisnpu|  auuelAylewng 9L
(5861) 200 £6€ JEMYSI[BYUY
00° L0 02691 ‘Or ON'd’d ‘811s3 DAID'000€
1 00051 122002 “PI 48junp neyeyy (i
¥ ) 3 b £ Z }




L8

l01enbal
060 (S261) inespuelp ywoub jueid pioe o1j8oe
1 1 060 ‘(e1pu)) sieojwisyy ool ‘s[ediwisyooby IAyiyden-1 gg
X8-LION 1LLS (5461) pes|eA 1s1a 0Z0 96€ [Ny anjsojdxa 10}
L 0S| L L26L¥L “pI7 S19NP0Id MY au | ajeipausu| auluejAyisouoyy “Ze

018 ‘aso|n|jeo

AylewAxogien
BAISN|OXa-UON W'N (5261) Aequiog ‘saploipeaam pioe onjede
1 022 l ¢ v'N “PI] S19Npoi4 021 10} aleIpawuIaiu| -0I0|Yoouoly ‘LE
6705 ¥'N (e861) Aequiog BUE|IS0I0|LD
1 00’822} VN P17 819Np0.d 091H slelpauialu] Ayley 08
(9.61) 20s eve Ajieaeg 1s1a
SlaA A £g°1LL ‘luebByongiann) :0d Jaqgnu apixosadolpAy
1 #.°S¥e LZL'SL “p17 S19Npoid pally ¥ Joudwen aeyuAg sueyuan-d ‘6z
(8261) LOO 8SY InESPUB
IPEQY [BN
BAISN|0X8-UDN £8°1 ZE0 ‘C 'ON PEOY ‘| "ON 8wWwayag apizeipAy
Lk 1218 L0¥0 ‘(e1pu)) sjeoiwayg o1 |ediiayo0iBby ol ‘82
(uoieiadc
Ul vdl 001 4o uerd (9861) £0Z O} flodoyy
j0)d) paiosuodg Vi - ‘UoIsIAIQ SjeaIWwsyD JawAjod
1 0001 L 06'EE - P17 s|eoiweyn ouebig uelpu|  Buigiosqe Ja1eps IDBYS[er L2
\/ UJLIBIA 10J
BAISN|OX8-Uo 7Sl S0'e (G261) Aequiog a1e|paLuIeiUl
L9v LYPE LSS0 P11 00 B 1eNieY 'H'S ‘uewinyad auouol-d 9z
B| 0Z¥ "SH 18 pan|ea
L1Z 'upoid 'ydy9 01 Byuad
JO UD|SIaAU0D JjjeuiAzu3)
uonduwnsuoo aanden v'N 96°8% (pB6L) 2UNd ‘Udwig awAzus
L'l 1852 1220 "'pI SoN0IqIUY UBISNPUIH  [2onnadBLIEyd paziiqoww| Sg
F . 9 S v £ ¢ ;




(dwa) se 9l

(0261) vO¥ 125 eApUERK

(dwa)L ov'8s ‘UMO] 818180y ‘B1-Y
LE98. Ew@ G9'9.L P17 00 s[edwayD IAuewip pue
1 89'690% (d30) L 88°¢€82 pue aje1edy a10sAp ayL siazjonseld |Ayieip-selefeulld zv
palosuodg GS'LL - (sz61) Aequog
1 009 LOL'ZLE = “PI7 I\d S| Buisusaind jeleyg S9PIDII0asU| ajeoyiuayd Ly
‘ (0L61) 910 045 d108Ap
06 uep woJy Bupesal - ‘0'd lIleBens “pH SHM-2108AR
1B A/LIN 0Z ) ‘(sainsnpu|
punoJte uojonpold £1'e0Q J11eWlOlY epueung jo Auedwod a1enossy) joyooe
pe 1€8'220! - "PITIAG S[EDILIBYQD [BLISNPU| BPUBLNG Aswinpad Ayisusyd-d op
(susoeieL)
ausJed g V uo
Si'e8 .86 paseq sonpiod
-Op- L¥2 1Pl 11879 -op- Aswinuag Alswnuad ‘6¢
(suouidea)
psiosuodg (suaoeiswl sua|oybuoj
pue suouided o162 65°LS (8961) Ajpaueg 1s1Q uo peseq sionpoud
yloq 104) | ( 1 +0°gez L¥6791 “PI s1onpoid pal|ly g Joydwon Aawinpad Aswnped ‘8¢
anisnjox3(aufegayl (suidordAio
‘aufjooleu ' auRpoo 1deoxa) (5461) L¥¥ 8BSY Yonwaap
auydiow) spiofeye P9'60Z1 S0'8eYy ‘Bupjepspun
SNOWRA JO | 19°02 10.7/8 166°Gl SHIOM plofeyly @ wnidO 0D  sjeapnadcewleyd  spioeje wnido ¢
BAISN|OXa-UON al’L - (8261) uelesey :0d
1006 L00¥ - "I s[eajwayg ouebio ueisnpulH ajepauwLalu| jousydomN-d ‘9g
(r261) 020 0Oy Aequiog  saniseype ‘suol
LLETYI IN '98Y11'ON'g'd ‘Peoy Bje] lpayswer 2 -enuuo) eqqni
1 0002 1 ¥E'€ESL N “PF1 SIROWISYd pue sonsLiuAs uesisel IO 1eqQnJ SLIN 'SE
(€961) Bile) 1810
0er gge lewueyg 2]SEM 000Bq0]
BAISN|OXa-UON 0S'0r9 00ZLL ‘peoY Aequien) pejiad pue 0229eq0] WO}
1051 LI9L¥LL 1 00202 ‘seusnpu| sunoain luneain sepioljoasy) ajeyd|ns aulooIN #e
i g S 14 £ A I




68

(9861) LOO QL IYEQ MBN
‘PEOY BquEBYNEIR] ‘8|
‘joo)y Yy ‘ BBunlusyouey,

sepjueAooliay

SN|OX8-UoN L6°ES] ¥2'eS “p17 uonelodion s|eoiwayo WiNissSelod
1 0sZ1 1. €0°0801 181261 luswdojeasq uelsnpulH [euIsnpu| [ wnipog '0S
(e961) 180 009 sespeyy
91°0¢e 982 ‘peoy yBiH snAnomiiyy ‘L1
1022208 100°€l 'S10Np0.d 0ouUly  [03u0D Ayplwny |e6 eans 6y
(9861) 120 00y Aequiog
‘JUI04 UBWIIBN Z12
00°LL21 00°9¢ ‘slaquiey) Weisiny 'e18/z18 SBAlBALIEP |10
1 00:8595 1 00°006 “pI7Ing seuadia) g suisay eempolng fswnpay sunuadini g uisoy gy
uondwnsuoo
anndeo o}
lapiogel peyodms
Jlewonusod
(#261) 810 00S peqeISpAH Buipnjou
SAISN|OX8-UON 65 v 09'¢ '81e1s3 "|pu| Jebeuyieues ‘L1-g s|shjeue ydesboused
SIUN 0S SsIUN E+ LS2 sjun st “pP11 nd 09113 olydesbosejod Buipicoay ‘D' Ly
(2861) L¥0 | Ly Bund
‘peoy pebyuig “ynipng uoeBpep Od
BAISN|OXe-UON S0zl — ‘Bneg epiug ‘G/¥9 ON'S sBrup epuojys/ereydins
V'N By 00’611 — ‘s[eolway) aul4 (UBWEBIUIYD feuyeisp  eujwelideuiny ‘op
(5961) 600 00 ENN2[ED
BAISN|OXe-UoN SZ'vl - “pY Ay ‘0'd ‘eAieydy ‘ze sia|jos Bunupd
SON 000E  'SON 00'299 - P (¥861) ssaid Aylemseles 98.ig Bunpuug aueyaInAjod ‘S
(L461) 920 11 aund
SAISNOX3-UON 609 00've ‘Uesoyd ‘OaIn “oolg .S, ‘2o Bujeoo
L0z 'si700vS9vi 10962 'sjeojway Adiy sBuiec) sueylainAiod “pi
(1461) 810 00 Aequiog
‘IHOAN ‘PEOH JuBSag Bluuy “id
BAISN|OXa-UoN LB'25901 (doa) og'szol ‘a1e183 Jebeg aiys “Bpig .a ingip pue
1 0sor 191'99625 (dOQ)LOL'6LLE “py] 819Z10)15€|d PUB SaULLY siezionseld |A10oip-saleeyiud ‘ef
L 9 g 14 g [ I




06

(£/61) LOO |1t Bung

‘abpiig webueg

uoianpal
aseyd inoden Ag
auanjolonu-d

pa. g 89’ /0¥ RE'08 ‘abpug webueg ‘peoy As[sa||lep ‘291 a1eIpaLwuIaiu| wo.j
> 1 00'6S0| 1 00'601 'SaLISNpU| [eaIWwayD UBYSIEPNS ojuebig aulpinjol-d /g
(9861) 909 00¥ (M)auRyL
“PY UBIUHOd 15| ‘punodwo) sa.i0y aulsyed pue
losuodg LO'LE LZ0LL “uAlg [edjway) au||Aydoujwe
Gel 1886 1 ¥0'Ev “Pr] s8uisnpu) 0djad  S[eolinsdeulEld ‘aul)iAydosy | 95
(9.61) 120 00 Aequiog
U[0d UBWLEN ‘Zl2
0SeLL = ‘slaquieyd |UeIsing S18/# |8
1 00°00% — “pr] selisnpu| elempolng Alswinpad joauidia] ‘GG
(8861) 209 00 aueyl (anissype
po.id paddolg) ‘PeoY 19ys|oy %8915 Wwno)
AAISN[OXa-UON 012 - ‘BSNOH 1amoy leanN suid sideis aAISsype
Si17 000S S117 00°0004 L =3 “PT] ‘IAd Sluled sapsy 10} anisaypy uid aideis ‘$§
abuel a|gisia ul
sisAjeur 18}2uilio|oo
/00 10Z peqeizeyn a1doosoloads [
BAISN|OX8-UON 09'eg 0LL ‘Baly [BUISNPU|PY U0 '1-g ‘Yyoiessal ojoydouijoads
syun 0oL Slun 80€ SHun L “pIT00 Sjuswnsu| ouusIos ay L [edlwsyoolg Buipes. 10811Q ‘€9
(sseo0ud
sSnonuiuog)
GE'GS|1 = (5861) peqepewyy asoon|p
as 1 00'#201 = P17 S10NpoId Ydielg |luy 8yl [ednnadeuieyd wioJ} [ONqIos 29
(9261) 520 08€ peqepawyy
BAISN|OX8-UON S1'656 92'952 “PY |luy 6000} 'ON ‘8'd
1 000¢ 1 0¥'6008 1 00°€s0e “Pr S19NPO.d YolelS |iuy sy L (I
(9.61) DEV 28€ PEgEPAWYY ‘
‘'S1ONpo.id 9ZIB)N EPEMELIRY Od sisaliuis a1eipAyouow
8AISNjoXa-uoN 80702 S6't6€ “p17 S| IleAes jo uaig O UIWEBYA  9SOIIXSP WO
1 000¢ 1 88'6E91¢ 1 00°LSEe 'sjonpoid 8ziey (I S[eanneveuley [OUQIOS % 04 LS
L 9 ] 72 {5 4 L




16

‘lousyd JAuop (1) uomsodwos Buiees ued (1) uosodwod Bujuy| ueg (1) ;| 8jge ul pauodal eq jIm Ayl

ujeBe swey asay) uo pauodal sj uopenpoid auyl usym g Sy ‘suodsl snojnaud Jo | sjgel ul paieadde pey sasseooid Buimoyjoj ey : 810N

(g) sway asayl uo pauodal Aimau usaq sey uoionpoid Malasl Jepun poad ayl Buung

BAISN|OX8-UON 28°L = (s261) sung
Rerd! 1e8°§ — "pI] SOHOIGNUY UBISNPUIH  S[EONNSOBLIIEY D ujweyA 09
(o861) 860 00F Aequiog
‘(3) znioejues ‘BUjEY
BAISN|OX@-LUON ¥9°LE = 'PeOY "1'S°D ‘651t
108 1852 e “p17 seuojeloqe] uidnT - sjeonnaoeuLEeyd 9g UlWBYA 65
GD_m.,\Ew G9'e0l dsn/d'g
98, Wodj) (SOA)SWB 0g'L6L (¥861) Aequiog a1eyd|Nsauns1ouIA
LAY EC'6Y ‘(v1dIO) P17 sauojeloqET pue dsn/ d'd
swb 0L '6v6C (sgn)swb 59986 [eoN8oBWIBYd @ [EOlWBYD 8Y| S[eanadewleyd aleydins upselquin '8

L 9 S 4 € (4 b




FE I e 09
W l0j00s ; ]
__ a[E2s (WS 28'8956 09 68-8861
,_ 2£'226 L2 pue Wnipsyy ‘g vL'SL6L 09 88-/861
- . 401088 aleAd 6€'82.9 09 18-9861
2e'8r0t £z e[eds abieq g
| a1'965% 01 Jopes ayand ‘1 08'1525 09 98-G86+
| B s L Y8 E0LY 09 S8-b861
(SuMe) u| 'sy) uojonpoud 1
68-8861 Buunp uj sesseoo.d (SUe| Ul Sg)
», uomn :cokflo.w{_.__ma, J0'ON Ansnpur jo adA | uonanpoud jo anjep Swiall jJo'oN iesj
) (68-8861) SIIDOTONHIIL S3IIDOTONHOIIL

, TON 40 NOILONAOHd 40 IANTVA ISIMHOLO3S TON NO d3sva NOILONAOHd 40 ANTVA




9SEeS

| 198lIC]
¢ Ll

uopeuawa|du;
lepun

066} Arenuer
Aq dn jes 8q 0}
Ay wued 10514

6861 JO
pua Ag uels 0}

BAISN|OXa-UON

paiosuodsg

SNISN[OXa-UON

BAISN|OX8-UON

BAISN|OX8-LION

paiosuodg

SAISN|OX3-UON

€6

(8861) €0 00 ABquiog ‘BlEPEA
'Brep Jexeqwy QD #1 '100|4 pug
‘@1e1Sg [BLISNPU [UBMIET ‘L1
‘s8I0 I0qEeT] Waydl |

(,861) 020 00v Aequiog
‘uoleweoay a1ebyaNyD ‘v
‘PROY’A’( ‘8X8uuy BIpUIARY
“p17 wayn inojon

(0861) 100 00Z ENNDED
‘aoe|d abueyoxg eipu| g
‘siopei] jwxeT (I

(8261) Aequiog
“pr “d I Buisieaind 1eleyg (1

(s8-861) 120 00F Aequiog
‘Ul0d ueLlLIeN

‘'siaquiey efeyey ‘106

P IAd s[edjwsy) jodouopy

(9261) BiepOpPEA ISIQ
“p1 ‘udion s|eaiweyd0.iiad UBipu|

(€261) lueAesey
“p1 s|eaiway) auebiQ ueisnpulH

(2861) 120 00V Aequiog
‘04 uBLIlEN
00} pIg’ JeUlIN,

ale|pauLIalu|
Bniq

[e2iwayo
[BLISNpU|

seplolisad

sjpweua
‘saysiulep

S[eo|LIBYD

ojueblio ¥ ng
‘s|egjwiayooiiad

8je|paLuaul
oauebio

sjeolwayo pajje

sulfydoayioloys-g g8

aplweaoenlade
jO uopeULOlYD L

uixoqien 9

aleueyl AINg G«

[02A16 ausifing-g't v

sujuy g

Ajeyi| uoionpoi BAISN|OX3-UON “PI7 SHIOM [Bo1WeY eiypebueiyg  pue oydesboloyd sapiwoiq |y 2
(5861) L0OO 009 SeIPEN
‘peoy ileley ‘gz $804N0Ssal
-~ paiosuodg P17 [BSISAIUN WNPUNJOgIED) aAISaYpY a|qemaual Wol) sAIssypyY L
§ 0 S ¥ g z L
aseajal (esesjel JO JBaA) : uonezIin 58800.4 ON
SyieLuay JO aimepN Aued ayj jo swen jo plai4 Ayl Jo aweN IS

NOILONAOHd ONILIVMY ANV a3sv3i3d S3ISS3ID0Hd

Il 3189Vv.L




palosucdg

BAISN[OX8-UON

BAISN|OXa-UON|

paiosuodg

pailosucdg

palosuodg

pajosuodg

palosuodg

6

(¥861) Aequog idID

(£8-9861) 120 00 Aequiog
Ul04 uBwIlBpN ‘Baua”) |ejieien

P17 selsnpuj [ealwayD diuebi) [euofieN

6£0 00 Aequiog
‘pPeOY 8SNoH apep '8 ‘@SnoH A8
“PI7 "IAd 0D B amqeyL gy (1l

(#861) 810 289 Wyo0D
‘peoy Ilisueg ‘pieog wiowepien
‘aInyIsu| yoieasay wowepies (il

(s8-¥861) 800 009 SBIPEN
‘aiowB3 “pY s|eusie ‘2z
"0 1§ SBWOY] AV (1

(£8-9861) 910 00S peqesapAH

Jodieswy ‘£Z-1-L

‘(P17 soiwebiQ piepuels 1a)iea)
“p17 seuoleioqe s Appay i (i

(s861) aund
“p17 S8lIsNpu| [eaiwsyn ueysiepns (i

(1861) llodoyy
“pr s|eoiwsyn owebip ueipu

(¥8-£86}) aund
‘@msu| 1ebng epepIUBSEA

(¥8-€861) LOE Z1¥ 8und
‘ueluepy
‘ainyisu| Jebng epepIUBSEA

Bnig

glelpaLuIau)
aplofised

ainynouby

a)e|paLLaul
Bnig

‘018 'saliswnpad
‘s|eannaoewleyd
10} 8je|pawLIBIyY|

ale|paLLa)u|

aleIpaLULIBIU|

uosdeq

a1eweyuesAiyoic|yn

2/myna anssiy
AQ WOWepIED JO
uojiea)dipnw [euoiy

a1eydsoyd uinboioyo

apAyapjezuaq
0] 8U3|N01 JO UOIIBPIXO
aseyd Jnodea onAelen

pioe ojuoidosd 0}
|oueyia Jo uoneAxogien

apupAyue olseWw
01 apAysp|eu010ID
JO UOISIBALIOD

‘Gl

¥l

£l

4

kI

0!




uoleusa|duw

18pun

SAISN[IXa-UON

SAISN|OX-UON

SAISN[OXa-UON

pasosuodg

SASN[IX8-UON

8AISNjOXa-UoN

palosuodg

aAISNjoXa-uUop

palosuodg

S6

(9261) 200 0L L 4IBQ MBN
‘Biepy Jejez yeys inpeyeq
‘| BulpA ‘'uBABYE SUBH

P17 S8PIIoasU| UBISNPUIH

(s8-vas1) Aequiog
“p17 sausnpu|
[esiwayn) auebio jeuoneN

(g861) 100 01 | IyRQ MBN

‘peoy Jeqeq

'J00|4 pig ‘I8luBY BpEIL PHOM LOE
‘preog uawdojaaag Aiisnpuj 10

(s861) ¥£0 00F Aequiog

‘oapie] 'peoy salepeq 1

‘slequieyD uniy ‘Log ‘(19d)

S3IISNPU| [BaIWBYD § [ESNINS0BULIEYY

(8261) 600 8£9 @p0I3
‘peoy U leInpuniad ‘[epuiy |
‘Auedwon) WNJ

(5261) Aequiog
“P17 S19Nnp0oid 021H

(£8-9861) 020 DO¥ Aequiog
‘51011 d 'PY Eiel lpsyswer ‘L
“p11 ABje5) eqiD uBISNPUIH

(£461) 820 00F Aequiog
‘a1e1S3 piejeg "pYy noidsg
‘LI ‘9SNOH Payadem

“pr "udio) [eaiwiayg BINg

(¥8-£861) 620 00F Aequiog
‘(1se3) Znioejues 'euiey
‘punoduwon ‘BBuz jewny
'Sali0lBiOgeT INBIUBY)

sepionsed

aje|paulialu|

Ausnpui
wnajonad

sbnig

saplolsad

saplofsad

a1eIpauLLIBIUl
aplonsad

S19ZIGEIS DA

Bnig

uejnsopus

apLoJYo pIoe OAQ

uoljeuodsuel) 10
10} s1aonpai Beig

uidexog

ajeoLjI8LIq

(uodejeq)
pioe ouoidoidosojyoiqg

8pLOIYD PO DADA

apo ug Jangig

apuUOojyo0IpAY
ausydAxodosdolixag

V&

f4

cc

‘12

02«

61

8l

il

Bl

¥




96

(v8-£861) Aequiog ainyna enssi Ag
D1 sausnpu| sselb seiden
- pasosuodg [eajweay) aluebiQ [eucnen ainynonBy jo uoneoydiiny  ‘zZe

(8261) L0O 0Oy Aequiog

‘PECY ‘W'd IS
“Bpjg aourINSU| |WXET S9/%9
‘('p17 sieoweay) eueAeyg ApaLuIo) auaIleD g v
~ paiosuodg P17 Seuisnpu| uesoy Aswnyad Woy [OUIuUaN-L  “LE

(ca61) Aequiog ‘(1Dd)
- peiosuodg salljsnpu| [eolwayy ¥ |eainsorULLIEY 4 Bnig usjoidoiey  "0€

(0861) L00 22 MiseN
'0d diysumo | 1ezQ ‘(‘uaiqg YiseN) saniseype ajil Ji_ys
- pelosuodg “pr7 sonneuciay uesnpulH ‘siue|eag voys Buiney swall ‘68

(cg61L) 910 0L e MmaN
‘peoY |INeiys|y MeN

pelosuodg ‘ABojouyos | ® aousiog 10 1deq sisAjeuy Japwoloydosoeds 4| B2
(1861) uehesey (dOOH) aueipejuad
- BAlIBIOqR|I0D) “p17 s|eolwey)) ojuebiQ ueisnpuly saplonsad s0jpAonIOjUoBXSH L2
(TON/HISD) (S861) seipejy an)no anssii Aq
ases|el 10aliQ ANISN[OX8-UON 00 @ SBLIOY| "A'Y Ansaio4 sjuioofale) smdAieany ‘9z

(s8-861) 500 L69 UOIND
‘pue Ausayg
- AAISN|OX8-UoN ‘0.6y unoaAH (1

(g8-+861) aund
“PI nd
— aAISN|OXa-uoN S811SNpu| [eojweyy) ueysiepng (1 sapIoNsad uoydeyla ‘sz




paseajal Ajjuso

uoponpoud
el u)

s|e
pley Japun

oy

SAISN|OXB-UON

BAISN|OX-UON

AAISN[OXa-UON

BAISN|OXa-UoN

palosuods

BAISN|aX8-UON

BA|SN|OX8-LON

8AISN|OXa-UON

paiosuodg

L6

(L861) aund
‘S10Npoid Jaqqny Iyiey

(¥8-£861) 210 06E EIEPOPEA
‘eipjely ‘peoy |[efey
“p11 Ansnput yoedsuel] (i

(1861) 820 00 Aequiog
“pY 8jeyoyn ‘uemnyg sybop ‘e
‘uopesodiog zopuniy (I

(1861) 600 |} 8und
‘PeOY J18ysieueys /g
‘syonpolid Jaqgny yiey (i

(¥8-£861) aund
“pr SaUIsNpu| [ediwayn) ueysiepnsg

(8861) 920 00¥ Aequiog
PeCH leseq feyqeinyg ‘zz
‘siaquieyd) IWxeeyey

“p17 “Ind saiisnpu| 0iBy eyung (i)

(¥8-£861) BXEIBLIEY ‘IPOXIYD
J8WI0Q JUNS ‘9SNOH "D’ ‘8/2Se
P11 "1Ad S[edIWayD auld unedy (1)

(58-¥861) LOO 00F Aequuiog
“Bpig 1bBueyer ‘peoy ‘BN ‘€El
“p11 s19npo.d pally ® Joydwoy

(1861) 010 OFv indBeN

‘refBepn yeji] ‘InoAeT gemepN ‘e-9
P17 Bllyseseyep

Jo 'udiog) wswdo@aa( 158104

sjueeag

sjuejess
‘sanIsaypy

ajeIpawiau
Bruq

SapIoNoasy|

Aawinpad

Ansaio4

(nseN
“IvH Aq dg) punodwoo
jue|ess apiydinsijod

J2qgnu
pinby| aplydinsijod

apuoyo JAoAIBiAusyd

a1eyd|ns sull0oIN

(suoiagquy) sauc@aaN

ainyno anssi AQ
yeal jo uoneandniniy

‘8E

LE

'9¢

'GEx

Ve

‘€

]

S

€

e




86

(c861) (pesiep 1s1q) idep
‘0alD ‘690N 10]d

— BAISN|aX3-UON ‘sjeojwayD siway] (1) sbnig 9g ulwelA L
uolejAxesues] pue
(686 1) eiepOpEA uoneuoipodoudsip
- paiosuodg “p17 “udion sjeojwaydoaad ueipu) S[E2IWaY0011a ausniol ‘9
(8861) 120 00F ABqUIOg
uiod uBwILBN ‘BIPBYIY ‘+6,
paseajal Ajjusoey SNISN|OX3-UON “p1 eipuj jeoayy (i)
(s8-¥861) 900 21 PEqEpUEY aulayea
‘peoy BINYIBY ‘BUOIS B|I|N 9/02 pue aul(iAydoule
= SAISN|OX8-UoN 'sjeanuayD wieydoap (1)  S|eannsosewlelyd ‘aufydosy |  ‘Sp.
(s8-861) ¥00 00S peqesspiy
‘Aucjon undeyeiem 8ye-€-9 21EIpauLISIL sa1eipauLisiul pue sbnip
- paiosuodg “P17 "d Seu0oieI0qE] OXa( Brig JI1SEq JO SISAUIUAS  $F
(8861) seipepy anbiuyosy
'2L'ON'd’d '8snoH aieq D1d Aq 0v2-0D
asesjel 19241 SAISNOX3-UON “p11 (eipuy) Aied 13 ainynouby Auen sueoiebng gy
(Lg61) eunoeD SapoJ10aje Jojoeded
= SAISN|OX3-UON ‘S1apel] IWXe $OIU0I103|3 eo|w Joj aised JaAIS 2P
(L8-9861) IyleQ MaN Buisnoy pinbi| SNO uo paseq
- paiosuodsg ‘ABojouyas | g aoualog jo 1dag 1800 MO s|euaew ouswWAl0d Ly
(109416 suajAdoid o1
(8261) BiEPOPEA 1SIQ uoisuaixa) auajidoid
— paiosuodg P17 'udiog s[edIWBY204184 UBIpU| S|EO|Waya0s8d wouy apixo ausjfdold  OF
(s8-v861) ledoyg
‘eindioyq ‘jzuel epaawuyed
- BAISN|OX8-UON ‘sbuneon aduwiig Buneon Buneoo aueyiainAjod 6¢
9 S 14 £ [ L




66

"890u89]| Jayo yum Buoje |-ajqe ] ul pasesdde usaq osfe aaey sassaa0.d 8SBl ]

pasesja. Ajjusoay

(6861) LOO O IyjeQ MeN
‘peoY BgLUELNEIEG ‘G|
‘Buiping ebunluayouey
BAISN|OX8-UON ‘syop 1efing ejeineq (i)

9

2 ¥ € 4




LIST OF THE PROCESSES AVAILABLE

SI. Name of the process/ Field of utilization Major raw materials Range of " Remarks
No. product total capital
requirement

1 2 3 4 5 6
1 Acetanilide Drug and dye Aniline and C Released, in production,
intermediate acetic acid turn-key plant available
through project
engineers
2 Atrazine Herbicide Cyanuric chloride, C Released

ethylamine and
monoisopropylamine

3 tert-Butyl catechol Stabilizer andpoly- Catechol, tert-butyl A Released, in production

merization inhibitor alcohol and catalyst
for synthetic rubber

' 4  Butyl titanate Insulating varnish, Butanol and B Released, in production
special paints, titanium tetra-
catalyst chloride j
5 Can lining composition Lining cans for Synthetic rubber latex, A Released, in production !
(based on nitrile rubber) storing mineral oils, synthetic resins and .
| greases, food rubber chemicals
.‘ (
& Can sealing composition  Metal can industry Natural rubber latex A Released, in production |
i_ (based on natural rubber) and rubber chemicals
| 7 Carboxin Pesticide Acetoacetanilide, C Released

sulphuryl chloride,benzene
and 2-mercaptoethanol

dimethylsulphate, iron
powder and
chloroacetylchloride

8 Cardmom by plant Agriculture = = =
tissue culture

:
i g9 2-Chloroethyl trimethyl Plant growth Trimethylamine and A —
! ammonium chloride regulator ethylene i
! |
|
| 10 8-Chlorotheophylline Drug intermediate  Theophylline A Released
, 11 Diazepam Anti-anxiety drug  p-Nitrochlorobenzene, A Released
E benzyl cyanide, :
‘|

| 12 Dichioropropionic acid Weedicide Propionic acid, C Released
(Dalapon) chlorine and soda ash
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14

15

17

18

19

20
21
22
23

24

25

Dimethoate

Endosulfan

Ethylenediamine

Ethephon

Ethion

Eucalyptus by plant
tissue culture

Ferrites-Hard

Gaskets from cork
granules

Maleic hydrazide
Methyl chlorosilane

Microfilters

Monochloroacetic acid

Monochlorobenzene

3 5

Pesticide Phosphorous penta- C
sulphide, methanol
monochloroacetic acid,
methylamine and caustic lye

Pesticide Hexachlorocyclopenta- C
diene, butenediol,
thionylchloride and
epichlorohydrin

Bulk organic Ethylene dichloride, C

chemical ammonia and caustic soda

Pesticide Phosphorous A
trichloride, ethylene oxide,
hydrochloric acid and
sulphuric acid

Pesticide Phosphorous penta- C
sulphide, ethyl alcohol,
dibromomethene and
caustic soda

Forestry — =

Electronics Iron oxide, B
barium carbonate,
additive and binder

Gaskets Cork granules, nitrile A
rubber and rubber
chemicals

Plant growth Maleic anhydride and A

regulator hydrazine hydrate

Basic material for  Ferrosilicon and C

silicon methyl chloride

Industrial filtration  Pulp, melamine and A
formaldehyde

Intermediate for Acetic acid, B

weedicide, chlorine and catalyst

carboxymethyl

cellulose, etc.

Bulk organic Benzene and chlorine C

chemicals
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6

Released, in production

Released, process
available on turn-key
basis through project
engineers

—do—

Released

Released, in production

Released, in production

Released

Released, in production

Released, in production

Released

Released, in production

Released




1 2 3
26 Necelone Perfumery
27 Nicotine sulphate Insecticide

28

29

30

31

32

33

34

35

36

37

from tobacco and
tobacco waste

p-Nitrophenol

Phthalate-butyl octyl

Phthalates-dibutyl/dioctyl

Phthalates-dimethyl/diethyl

D.C. Recording
polarograph

Polysuiphide liquid
rubber

Polyurethane coating

Quinapyramine sulphate
and chloride

Radiosonde thermistors

Rubber blowing agent

Intermediate for

parathion and
paracetamal

Plasticizer in
non-electrical
application

Plasticizers

Plasticizers_

Polarographic
analysis

Adhesives,
sealants, etc.

Coating for leather,

rubber, wood,
glass, etc.

Veterinary drug

Meteoralogy

Rubber chemicals

4

o

Longifolene

Tobacco/tobacco
waste, lime, kerosene
and sulphuric acid

p-Nitrochlorobenzene,
sodium hydroxide lye
and hydrochloric acid

Phthalic anhydride
butyl alcohol and
2-gthyl hexanol

Phthalic anhydride, butyl
alcohol/ethyl hexanol

Phthalic anhydride
and mehtyl/ethyl alcahal

Component parts
and boxes

Ethylene

chlorohydrin,
p-formaldehyde,

sodium sulphate,

sulphur, sodium hydroxide
and ircn sulphide

Castor oil, toluene
diisocyanate and
solvents

p-Aminoacetanilide,
ethylacetoacetate,
ammonium acetate,
dimethyl sulphate and
guanidine carbonate

Metallic oxides,
platinum foil and
components

Hexamine, sodium
nitrite, hydrochloric acid
and stabilizers

102

O

Released, in production

Released, in production

Released, in production

— o —

— ¢do —

— do —

Released, in production

Released, in production

Released, in production

Released




1 2 2 1 [ ~
38 Silica'gel Humidity control Sodium silicate and A Released, in production
(desiccant type) sulphuric acid
39 Silicon tetrachloride Industrial chemical Ferrosilicon, C —
chlorine and

hydrochloric acid

40 Silver paste for mica Electronic industry Silver nitrate, A Released
capacitor electrodes acetone, caustic soda,
glass and filler

41 Simazine Herbicide Cyanuric chloride C Released
and ethylamine

42 70% Sorbitol from dextrose Pharmaceuticals  Dextrose monohydrate, C Released, in production
monohydrate and vitamin C hydrogen and catalyst
synthesis
43 Sorbitol Pharmaceuticals  Dextrose monchydrate C Released

(continous process)

44 Direct reading Biochemical Components and boxes B Released, in production
spectrophotometer / research and
colorimeter spectroscopic
analysis in visible
range
45 Sodium and potassium Pigments and Sodium cyanide / A Released
ferrocyanide textiles ferrous sulphate
46 Staple pin adhesive Adhesive for staple Synthetic resin and A Released
. pins solvent

47 Sugarcane by plant tissue  Agriculture — - —

culture
48 Terpineol Perfumery Turpentine oil B Released (pilot plant-
) is available with NRDC)
49 Theophylline, aminophylline Drugs(caffeine also Dimethylurea, C Released, in production
and caffeine used in beverages) monochloroacetic acid
and acetic anhydride
50 Thermistors Temperature Oxides of high A Released, in preduction

measurement and  purity components
control electronic  and binder
devices
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51 Trichlorobenzene Intermediate Non-gamma BHC, B Released, in production
residue and caustic lye

52 Turmeric by plant tissue Agriculture = — —
culture
53 Vinblastin sulphate & Drug Vinca rosea leaves C Released, in production
Vincristine sulphate
54 Vitamin Bg Drug - B Released, in producton
55 Xanthates-potassium ethyl Froth-floation Ethyl/amyl alcohal,
and potassium amyl potassium hydroxide -
and carbon disulphate A Released

A - Capital reguirement less than Rs 20 lakhs
B - Capital requirement between Rs 20 lakhs and 50 lakhs
C - Capital requirement above Rs 50 lakhs
-These figures are tentative and purely indicative and are subject to revision from time to time
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DATA ON NCL EXPENDITURE, RECEIPTS
(1987-88 AND 1988-8¢

)

AND ACHIEVEMENTS

EXPENDITURE (Rs. in lakhs)

Recurring
Capital
Pilot plant

RECEIPTS (Rs. in lakhs)

Receipts on account of fee for
sponsored projects

2. Analytical/testing charges
3. Instituttional consultancy ( CSIR share ) including
know-how fee / job work
4. Premia/Royalties
5. Sale of laboratory products
6. Other miscellaneous receipts
ACHIEVEMENTS
1. Total number of processes in production
2. Value of production based on NCL
know-how (Rs. in lakhs)
3. Estimated savings in foreign exchange on account of above
production (Rs. in lakhs)
4. Processes released and awaiting production
a) NCL processes
b) Sponsored schemes
c) Collaborative work
5. Total number of parties who have taken NCL processes
6. Total number of processes available for commercial exploitation
7. Number of processes released
8. Papers published
9. Papers presented/read at symposia, seminars, etc
10. Doctorate and Masters degrees received by NCL staff
11. Number of recognised guides for Doctorate and Masters degrees
12. Patents in force —

(@) InIndia
(b) Abroad

1.762
10.021

0.457
19.827

35.545

60
7975.74

3190.30

32
25
02
86
54
02
187
23

28 (86-88)

51

87
21

60
9568.82

23
23
01
87
55
06
186
33
30
56

108
33
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CUMULAT

3 ki 39.3
1
2064 ;
in ) &
3. Pilot plant 97
ul |
INc
posia, seminars
4. Total No. of degrees re )

RECEIPTS /Re in lalkhe)
RECEIPTS tl.E{lT‘ n lakhs)

1. Total money receipts

(a) Total premia and royalties

earned by NRDC through

NCL processes 121.61
(b)Total receipts from

sSponsors 141.77
(c) Miscellaneous receipts including

CSIR share of consultancy,

analytical and testing charges,

sale of laboratory products, job

work and other receipts 276.01

** This figure does not include capital expenditure on NCL buildings amount to Rs. 30.76 lakhs that was
incurred by CSIR during 1949-50.
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Tad RAAMACE

{ E “NT COLINCI
NGL WViANAGE ’

M
HEIN I W UUNIL

(1.4.88 to 31.3.91)

Chairman 5

k¥l F | en =
Director,

NCL. Pune 411 008

Prof. John Barnabas, Member 1)

oclentist,

CL, Pune 411 008

B Yisalhbalriahne ] et e
a3.n w*\li'-n._‘!r:“_ﬂ nal ?‘w-,_"'![;._-*

Scientist,

NCL, Pune 411 008 8. secretary
N (E icio)

Dr. S.H. Igbal, Member

Scientist, 9. Sr. Finance & Accounts Officer Member

NCL, Pune 411 008 NCL, Pune 411 008 (Ex-officio)

l‘_r’f‘-i..N‘ \:'/IUI'U HUVV‘ i\/.l\:.nl'l_bcl 1y ':JH:\':L_.L\.’I G':HL:'ICJ.I‘, Permanent i
Scientist, Scientific and Industrial
NCL, Pune 411 008 Research,
(till Jan. 89') Rafi Marg, New Delhi 110 001
OR
Dr. R.V. Choudhary, Member his nominee
Scientist,
NCL, Pune 411 008
(from Feb. 89')
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1
NCL RESEARCH COUNCIL |
(1.4.88 to 31.3.89) |

|

w

1. Prof. C.N.R.Rao Chairman

Director,
Indian Institute

Bangalore 560

of oclence

School of Chemistry,
University of Hyderabad
Central University P.O.,
Hyderabad 500 134

Prof. G. Padmanabhan, Member
Department of Biochemistry,

Indian Institute of Science,

Bangalore 560 012

Prof. E.C. Subba Rag, Member
Director,

Tata Research Development and

Design Centre,

1, Mangaldas Road,

Pune 411 001

Prof. V.B. Gupta, Member
Professor of Textile Engg.,

Department of Textile Technology,

Indian Institute of Technology,

New Delhi 110 016

Dr. D.S. Bhakuni, Member
Deputy Director & Head,

Medicinal Chemistry Division,

Central Drug Research Institute,

Chattar Manzil,

Lucknow 226 001

Mr. S.M. Datta Member

M e
Mr. Atmara

Calcutta

o

(from S

ent

r. S. Ganguly,

Executive Vice Chairman &

Managing Dire
Tl

1e Associated Cement
Companies Ltd.,

Cement House

121, Maharshi Karve Road,
Bombay 400 020

9. Director,
National Chemical Laboratory

Pune 411 008

10. Director General,
Scientific and
Industrial Research, Rafi Marg,
New Delhi 110 001
OR
his nominee

11. Mr. S.N. Sharma,
Scientist,
Council of Scientific and
Industrial Research, Rafi Marg,
New Delhi 110 001

12. Dr. S.H. Igbal,
Scientist,
National Chemical Laboratory,
Pune 411 008

Permanent invitee

CSIR Coordinator

Member - Secretary

President

Indian Chemical Mfgrs. Asson.,
t Sri Vithaldas Chambers,

‘ 16. Bombay Samachar Marg,

h Bombay - 400 023

[ (till Aug. 89)

108




NATIONAL CHEMICAL LABORATORY, PUNE -411 008
TELEX : 0145-266
TELEGRAM : CHEMISTRY
Telephone
Dr. R.A. Mashelkar IreClol 136515
2. Dr. P. Ratnasamy Head 134761
Physical and Structural Chemistry Division
Dr. G.R. Venkitakrishnan Head 16243
Process Development Division
4. Dr. V.M. Nadkarni Head 333941
Chemical Engineering Division
5. Dr. N.R. Ayyangar Head 337614
Organic Chemistry(ll) Division
6. Dr. S. Rajappa Head 335133
Organic Chemistry(l) Division
7. Dr. P. Ratnasamy Head 334761
Inorganic & Materials Chemistry Division
8. Dr. S. Sivaram Head 335234
Polymer Chemistry Division
9. Prof. John Barnabas Head 338234
Biochemical Sciences Division
10. Dr. S.H. Igbal Head 337860
Technical Services Division
11. Administrative Officer 337044
12. Sr. Finance and Accounts Officer 336702
13. Stores and Purchase Officer 339208
f 14. Scientists and all other staff 336451
336452
336453
15. NCL Guest House 330155
16. NCL Hostel (1) 339753
17. NCL Medical Centre 339454
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