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The Mahatma who rocked the British Empire
&
galvanised the people
by defiantly gathering salt at the Dandi seashore.

6" April, 1930

wereq i, faem fafew amra #1 Sei &1 feen foan 3k 6 1d9@ 1930 =1
T THET 9¢ W e 9 79 okl @rl ! 9fa TR |



“I do not wish any worker to come to these laboratories merely with the aim of
earning his living. What I wish is that our young men and women who come here should
have a zeal for working out problems which would have great consequence. That would

give vitality to these Institutes. They should realize that service to science is real
service to India- no, even to the whole world; science has no frontiers”

Pandit Jawaharlal Nehru

Extract from the Inaugural address on 10" April, 1954
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Foreword

I have great pleasure in presenting the Report for the period 2006-2008. The financial figures and
information on technology transfer pertain to the financial years 2006-2007 and 2007-2008 but the
R&D highlights cover till Dec 2008. During this period the CAG also brought out a report on the
impact of CSIR's modernization programme wherein CSMCRI was shown to have met 97% of the
target set for publications and exceeded the target for patent filing. No doubt, this was possible due to
the modernization of facilities, induction of dedicated manpower to run these facilities, and the high
quality of R&D output as a result. There are, of course, other indicators to judge the overall
performance of a laboratory and we have attempted to provide a balanced scorecard of our
performance in concise manner, besides providing a detailed account of the developments.

During this period, we licensed the internationally patented knowhow on sulphate of potash and our
licensee is aiming to produce 300,000 TPA of this important fertilizer in the Greater Rann of Kutch. It
is also gratifying that DRDO opted for our Jatropha biodiesel knowhow and we are in the process of
setting up a 1 TPD zero effluent discharge plant in their premises. Indeed, our pioneering efforts on
Jatropha were featured by the prestigious Nature magazine in2007.

On the research and innovation front, the institute continued to fare well as can be judged from the
quantity and quality of publications and patents. Some of the research also found its way into the
cover pages of prestigious journals. We plan to keep a close watch on the relevance of the research we
do in the context of our mandate. On the applied research side, we have intensified our research in
solar energy and in renewable energy, in general. We are privileged that M/s Allergan Medical, USA
evaluated our spherical salt to create a new 'tissue interfacing” structure following which the
company wrote: “we congratulate you for your ability to provide us with exactly what we had been
searching for and expecting to find”. A non-disclosure agreement has now been signed and we are
assessing the feasibility of scale up.

The Institute received substantial support from CSIR under Network Projects, particularly in the area
of’biological sciences. This has boosted our research efforts in this area and particularly in molecular
biology. Many Grant-in-aid and sponsored projects were also sanctioned and these have collectively
led to substantial increase in the intake of research scholars and project assistants. Some of the old
research blocks are being renovated to cater to the growing demand for additional laboratory space
arising out of this expansion.



CSMCRI has always been at the forefront in societal mission activities and 2008 provided us the
opportunity to serve the distressed people of Bihar following the Kosi flood. Our staff and mobile
water purification unit were there to provide disinfected drinking water both to the general public and
the Army utilizing indigenously developed ultrafiltration membrane technology. 2008 was also the
year when the institute set up the first tranche of 6 brackish water RO plants in Afghanistan in
partnership with Norwegian Church Aid. Our 2-stage seawater RO technology also attracted
interest from Kenya and we set up a 2000 LPH unit in a salt works in Mombasa. Besides
water, the institute continued to assist the agarias in producing high quality salt using its new
technology based on nucleation control.

There were numerous visitors to our Institute, including His Highness Shaik Saud, Crown
Prince of Ras al Khaimah (UAE), who flew into Bhavnagar in his personal aircraft

accompanied by his country managers and the eminent scientist, Professor Anthony K.
Cheetham, FRS.

The Institute's scientists also won prestigious team awards such as the CSIR Rural
Technology Award and the Dr. Vikram Sarabbhai Award. Individual scientists too won
several awards and fellowships.

I take this opportunity to thank all those who have contributed to the growth of the institute
and reposed faith in our capabilities.

Pushpito K. Ghosh
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BALANCED SCORE CARD - 2007

RESEARCH OUTPUT

EARNINGS AND TECHNOLGY OUPTPUT

Papers in SCI journals

No. =110;
Av. Impact Factor = 2.433

Select publications

1) Langmuir, 2007, 23,
5406 (theoretical
study related to habit
modification of salt)

2) Org. Lett., 2007, 9,
1979 (colorimetric
sensor for ATP based
on collaborative
research among
chemists and
biologists)

3) Langmuir, 2007, 23,
8899 (correlation of
sorption behaviour of
nitrogen, oxygen and
argonin zeolites)

4) Nature, 2007, 449,
652 (article by
Daemon Fairless
centred around
CSMCRI's pioneering

Patents
Filed Granted

Indian 04 00
USA/PCT 15 28

Select patents:

1) US 7,208,189 (Low
sodium salt of botanic
origin)

2) US 7,220,189 (Near
spherical solar salt)

3) US 7,235,676 (Eco-
friendly styrene oxide
process)

4) US 7,319,082 (Selective
adsorption of oxygen
from air)

1. External Cash Flow = Rs. 6.57 crore (2006-2007
financial year)
2. Technologies transferred = 6 (2006-2007 financial

year)

a) Cultivation of Gracilaria edulis and
preparation of agar therefrom (M/s
Community Enterprise Forum
International, New Delhi)

b) Novel integrated process for the recovery of
sulphate of potash (SOP) from sulphate rich
bittern (M/s Archean Chemical Industries,
Chennai)

¢) Ultrapure MgO (M/s Archean Chemical
Industries, Chennai)

d) Green bromine process and bromo
derivatives through green bromine (M/s
Archean Chemical Industries, Chennai)

e) Preparation of brominating reagents and its
application in the preparation of 4-
nitrobenzylbromide (M/s Chemcon
Specialty Chemical Pvt Ltd, Vadodara)

f) The knowhow for cultivation of
Kappaphycus alvarezii  (Ms Navedar
Navgav Boreshwar Sarvoday Machhimar
Sahakari Society, Raigarh)

work onJatropha)
3. Customer Satisfaction Index = 3.41 on scale
of 1-5 (top 5 position in CSIR)
SOCIETAL FOCUS STRATEGIC/LONG TERM INITIATIVES
HRD 1. Licensing of internationally patented
Ph.D awarded 6 sulphate of potash technology to Archean
Trainees 10 Group for a 300,000 TPA production facility

Youth Leadership in Science
(87 top students of Gujarat participated)

Outreach

1. 20 MLD RO plant procurement finalized by
RSMML with CSMCRI as consultant (The

Initiative

i1s based on the successful

demonstration of mine water desalination by

the Institute in 2005)

2. Raising the output of the solar-powered
community scale RO plant set up at Kotri,
Rajasthan in 2006 with Barefoot College

3. Development oflow cost arsenic analysis kit

to be set up in Greater Rann of Kutch for
which land is already procured.

2. Tie up with DRDO on setting up of a zero
effluent Jatropha biodiesel plant based on
patented process

3. Establishment of indigenously designed 4”
diameter membrane module rolling facility

4. Primary data of seaweed biodiversity along
Gujarat coast

5. CAG report released in 2007 indicates that
CSMCRI met 97% of the targeted paper
publication arising out of modernization and
well exceeded target of patent filings
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BALANCED SCORE CARD - 2008

RESEARCH OUTPUT

SOCIETAL FOCUS

Patents
Filed Granted

Indian 20 12
Foreign 18 40

Papers in SCI journals
No. =114,

Av. Impact Factor = 2.47
Select publications

1. J. Chem. Engg. Data, 53 Select patents:

(2008) 2797 (Study of pH| 1 ys 7,387,728
effect on solubility of gypsum (Animal
inbrine) powered

2. J. Phys. Chem. B, 112 (2008) mechanical
15678 (organic-inorganic fuel device for water
cell membrane; featured in desalination)
Nature India)

3. J. Memb. Sci., 309 (2008) 36| 2- US 7,442,393

(Anti-tubercular
extract from S.
brachiata)

. US 7,335,342
(Sodium silicate
from Kimberlite
tailings, i.e.,

(chlorine stability of
aromatic—cycloaliphatic
polyamide thin film
composite membranes) 3
4. Coord. Chem. Rev., 252
(2008) 593 (metal catalyzed
asymmetric cyanation

reactions) waste from
5. Anal. Chem., 80 (2008) 5312 diamond
(colorimetric sensor for ATP mining)

viable staining agent for
Prokaryotes and Eukaryotes)

6. Biotechnol. Bioprocess Engg.,
13 (2008) 584 (novel
extracellular agarase from a
marine Bacillus megaterium)

HRD

Ph.D awarded = 8; Trainees =15
Youth Leadership in Science

(55 top students
of Gujarat
participated)

Outreach

1.

60,000

litres/day of
disinfected water produced during peak
demand through UF membrane in the
aftermath of Kosi (Bihar) floods

. Five 1000 LPH brackish water RO

plants set up in Afghanistan in
collaboration with Norwegian Church
Aid

. 2000 LPH 2-stage seawater RO plant

based on indigenous membrane
installed at Kensalt, Mombasa, Kenya

MoU with M/s Arasan Phosphate for
superior quality dust free extruded
chalk

. Fluoride removal from RO reject water

(Technology demonstration to TATA
Projects completed)

1000 acres sugarcane trial by Pepsico
with patented seaweed sap as foliar
spray has given >30% yield increase

EARNINGS AND TECHNOLOGY OUTPUT

STRATEGIC/LONG TERM INITIATIVES

1. External Cash Flow — Rs. 6.80 crore (2007-2008
financial year)
2. Technologies transferred - 4
a) Zero effluent discharge Jatropha biodiesel know
how (DRDO, New Delhi)
b) Purification of glycolic acid by ED (M/s Avid
Organics)
¢) Liquid fertilizer from Sargassum — 2 licensees
(M/s Jupiter Agri; M/s HCM Agro)
3. Others:
a) Integrated process for potassium sulphate,
magnesia and green bromine (Demonstration of

technology to M/s Archean successfully completed)

b) Know how on low sodium salt (Assistance with
production trials provided to M/s HUL)

¢) CDA signed with Allergan, USA for bio-medical
application of spherical salt

1.

Tie-up with Warship Overseeing
Team, Bhavnagar for offshore
cultivation of seaweed for fuel &
fertilizer

Joint proposal with DAE on RO
Monitoring of environmental aspects
related to Kappaphycus alvarezii
seaweed cultivation in Tamil Nadu
Thrust on biology arising out of new
network projects

Intensification of solar energy
research
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SALT & MARINE CHEMICALS

Recovery of high quality industrial grade solar salt with

proper Ca/Mg ratio from subsoil/sea brines

In the previous biennial report we have reported
the development of an innovative route for the
recovery of high purity solar salt with improved
whiteness in the field. Common salt with low
levels of Ca and SO, could be produced using the
above process. It was observed that due to highly
reduced levels of Ca in salt the ratio of Ca/Mg
gets inverted to 1:2 whereas the ratio of Ca/Mg
required by chlor-alkali manufacturers is 2:1.
After a thorough investigation it was concluded
thata pH level of 7— 7.1 of concentrated brine in
the crystallizers promotes the formation of
magnesium oxy compounds which cannot be
removed by simple washing. This results in the
contamination of more of magnesium impurities
in salt inverting the ratio of Ca/Mg. It was
observed that a slight adjustment of pH of the
evaporating brine can lead to the dissolution of

these magnesium oxy compounds and the salt
harvested can have the desired ratio of Ca” to
Mg”". Following these observations an improved
process for the preparation of solar salt from sea
and sub-soil brines with corrected ratio of
Ca/Mg is developed. The improved process
relates to preparation of the above solar salt
wherein prior to charging of brine into
crystallizers it is treated with suitable
flocculating agents to eliminate suspended
CaSO, impurities and clay particles. The
clarified brine is charged in the crystallizers
followed by the inventive step of controlled
adjustment of pH of the evaporating brine. The
salt thus obtained contains reduced levels of Ca,
Mg and SO, impurities with the desired ratio of
Ca/Mg and is best suited to the chlor-alkali
industries.
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Peak at 668 cm” (FT-IR) in the right hand spectrum is indicative of impurities
of magnesium oxy compounds are much reduced through the invention
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Comparative data on specification of solar salt produced
through conventional process and innovative process

Material Constituents (%w/w)
Common salt Ca”™ Mg S0,” NaCl
Produced through 0.17 0.24 0.51 >98.5
conventional process
Produced through 0.06 0.03 0.15 >99.5
improved process

Thermodynamic studies on brine systems

Effect of pH on solubility of CaSO,2H,0O physical properties in aqueous NaCl solutions

The solubility of CaSO,2H,0 has been
determined in aqueous NaCl solutions up to very
high salinities in the pH range from 2.5 to 8.5 at
35 °C with a view to understand the
contamination of Ca impurities in solar salt. The
solubility of CaSO,2H,O increased slightly
with a decrease of pH of the solution. A
maximum of 12% enhancement in the solubility
of CaSO,2H,0 was observed at a NaCl
concentration of about 15% w/v at pH 2.5.
Interestingly the solubility was lowest at pH 7.0
and rose again at pH 8.5. Solubility data of
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CaS0,-2H,0 solubility in aqueous
NaCl solutions at 35°C and at various pH values

CaSO0,.2H,0 at various pH values as a function
of the concentration of NaCl have been
correlated using polynomial fits by the method
of least squares. We have also measured the
solution density, p, viscosity, #, and speed of
sound, u, for the ternary system CaSO,+ NaCl +
H,O at 35 °C, and at different pH values. The
isentropic compressibility x, of the solutions has
been derived using the experimental density and
speed of sound values. A relatively higher # and
ks have been observed for the solutions of pH
8.5.

k /TPa'

1/ mol kg*

Derived isentropic compressibility ¢ of aqueous
NaCl solutions saturated with CaSO,.2H,O at
35 °C and at various pH values
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Effect of addition of CaCl, on solubility of CaSO, 2H,0 in aqueous NaCl solutions

It has beenreported earlier that desulphatation of
brine by the addition of CaCl, in measured
quantities allows >90% of gypsum to be
separated before the brine is charged into the
crystallizers for the recovery of salt. Besides
increasing the purity of the salt, it has been
reported that the yield of NaCl is increased by 15
—20% by the desulphatation ofbrine. An in depth
fundamental study was carried out to study the
effect of addition of CaCl, on solubility of
CaS0O,.2H,0 in aqueous brine systems. The
studies revealed that the addition of CaCl, in the
brine system reduces the solubility of
CaSO0O,.2H,0 quite dramatically while
maintaining the basic pattern of the solubility

Crystal habit modification of NaCl

curve. Mean ionic activity coefficients y, of
CaSO0,.2H,0 derived using the extended Debye
Hiickel law with quadratic terms decrease with
an increase in ionic strength. A comparison of
the value of the thermodynamic solubility
product constant, K, of CaSO,.2H,0O to the
solubility product K,, obtained from the
observed solubility data indicate sizable
differences. This has been explained through a
combination of the extended Debye Hiickel law
and ion association theory. These studies are of
great relevance in the production of solar salt
with low levels of Ca’, Mg’ and SO,”

impurities.

Studies on the effect of Mn’" impurity on the morphology of solution grown NaCl crystals

Transition metal ions are well known for their
potential use as crystal habit modifiers. The
advantage of these habit modifiers against their
organic analogues (e.g. glycine, urea etc.) is that
they are required in very low concentration say
10-1000 ppm. In one of the recent investigations,
the effect of Mn”" impurity on the morphology of
solution grown NaCl crystals under ambient
conditions was studied. It is shown that presence
of Mn”" in supersaturated solution of NaCl does
not affect the unit cell of the resulting crystals.
However, preferential growth of {200} plane is

a

observed at an optimum MnCl, concentration of
600 ppm when the crystallization is carried out
from a saturation composition of 4.3 Mdm”
under mild magnetic stirring both at ambient
conditions and at 50 C. Since there is only
marginal change in the unit cell parameters it is
inferred that surface adsorption of Mn’" ions
preferentially take place on the stable
{100}planes and hence, it leads to the ordered
cubic morphology of the solution grown NaCl
crystals.

(a) Optical microscopic image of NaCl cubes and
(b) corresponding SEM image showing agglomerated nearly perfect NaCl cubes
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Preparation of spherical crystals of NaCl and KCl by simple mechanical

means without using habit modifier

Preparation of spherical shaped NaCl crystals of
300 — 500 micron size by simple mechanical
means without using any habit modifier on a
laboratory scale has been reported in the earlier
biennial report. The process for the preparation
of spherical shaped NaCl crystals was scaled up
from laboratory level to bench scale. In addition,
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the same method was successfully applied for
the preparation of nearly spherical KCI crystals.
The anticaking additive-treated spherical NaCl
showed better free flow properties than its cubic
counterpart. The salt is being evaluated in
U.S.A. for some biomedical applications.
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SEM images of nearly spherical (a) NaCl and (b) KCl crystals,
obtained by simple mechanical means without using any habit modifier.

Regards
Tom Powell
10 July, 2007

Feedback from Allergan Medical, US based pharmaceutical
organization on spherical salt

I am Loantrang's colleague (my title is Senior Director of Technology) here at Allergan
Medical and want to congratulate you and your colleagues for your ability to provide us with
exactly what we had been searching for and expecting to find. If we may assist you in
obtaining your Intellectual Property for your process in the US, I would be happy to request
assistance from Allergan's legal department.

I am very interested in the next step where we may review and discuss the opportunity for an
exclusive licensing agreement from your company for this unique salt crystal form for use in
creating a 'tissue interfacing' structure for Allergan Medical.

Loantrang will be obtaining Allergan Medical's current global requirements for this
application on current devices, breast tissue expanders and implants, for your information.
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A Computational study of urea and its homologue glycinamide: Conformations,
and relative interactions with sodium chloride

Conformational behaviors of urea and
glycinamide have been investigated using
B3LYP functional at 6-311+G* and 6-311+G**
basis sets. Urea monomers have nonplanar
minima at all the levels studied, even in aqueous
phase. In the case of glycinamide, the
intramolecular hydrogen bond formed from the
amide to the amine is important for stabilizing
the global minimum. Bond rotations, nitrogen
inversion barriers for glycinamide
conformations have also been reported. The
DFT calculated results suggest that urea
conformers interact preferentially with
{111}surface of sodium chloride and such
interactions can be responsible for the change in

the habit of sodium chloride. Glycinamide
conformers show lower affinity towards the
{I11}surface of sodium chloride in water.
Pyramidality of nitrogens in urea conformers
does not influence the relative trends of
interaction energies with sodium chloride
surfaces. The mode of interactions predicted at
LDA/PWC/DND level for urea and glycinamide
with sodium chloride at slab models show that
the amide functionality (~CONH,) interacts with
both Na"and CI ions on {100} surface, however,
the carbonyl oxygen of these additives
predominantly interact with the sodium ions on
{111}surface. (Langmuir, 2007 (23)5406).

LDA/PWC/DND calculated geometries of urea II (c-d), glycinamide conformers
IV (e-f) and VI (g-h) with {100}/{111} surface of sodium chloride in slab models
(purple sodium, green chlorine, red oxygen, blue nitrogen and white hydrogen).

DFT study of urea interaction with potassium chloride surfaces

The interaction of urea on the important
surfaces of potassium chloride has been
investigated using density functional theory
(DFT) approach. We have performed the DFT
calculations using slab models for the
interactions of urea with {100}, {110} and
{111}surface of KCI. Further, the influence of
solvent effect was computed with COSMO
continuum model. Sodium chloride crystals
are known to change their habit in presence of
urea impurity. However, the higher homologue
KCI has not been studied that extensively.
Earlier, we have shown that the preferential

interaction of urea with the specific surface of
sodium chloride can lead to change of the habit
from cubes to octahedrons.[Langmuir, 23,
5406 (2007)] The similar surface docking
approach for the interaction of urea with the
KCIl surfaces suggest that urea would not
influence the morphology of KCI. The
computed interaction energies were found to
be comparable for all the important surfaces of
KCl with urea. We have performed
experimental study to examine our
computational analysis. The experimental
results suggest that the growing KCl crystals in
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urea solution are cubic in nature and Interaction energies were calculated at
corroborates the model of effective interaction GGA/PWOI1/DND levels using LDA/PWC/
of additives with a specific face being DND optimized geometries for urea with {100},
responsible for the change in the morphology. {110} and {111} surfaces of KCI slab models in
Similar experiments performed with NaCl COSMO. Energies are in kcal/mol

crystals in urea leads to octahedron crystals
(Molecular Simulation, 2008 (34)973).

Plane {100} (110} (111}
GGA/PW91/DND -10.5 -11.9 -11.5

100 110 111

LDA/PWC/DND calculated geometries of urea with the fixed {100}, {110) and {111} KCI surface in
slab models (purple: potassium; green: chlorine; red: oxygen; blue: nitrogen and white hydrogen)

10 mm
Signal A = SE1

=

d

SEM images of KCI grown crystals obtained from (a) 4.2M, (b) 5.5M, (c) 5.8M and NaCl
crystals from (d) 4.2 and (d') 5.5 M solution in 25 wt % urea-water solution
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Preparation, characterization and catalytic studies of rectangular MgQO

microsheets constituted from nano building blocks

In continuation of our earlier studies on
synthesis of nano structured MgO, rectangular
hydromagnesite microsheet was prepared by
simple solution route through controlled
hydrolysis-condensation of magnesium chloride
(bittern based) in urea solution using ethylene
glycol (EG) as a bifunctional cosolvent.
Calcination of the hydromagnesite sheets at 450
°C produces MgO without any alteration in the
morphology. The MgO sheets, made of highly
crystalline MgO nano-particles, were of 2-3
micron side length and 4-5 nm thickness, and
showed BET surface area of 106 m’g". These
MgO microsheets showed very strong activity as
heterogeneous base catalyst in the solvent-free

Claisen-Schmidt condensation of benzaldehyde
with acetophenone giving 99.0 % conversion in
less than 4 h with almost no loss of activity in
three successive cycles. The strong activity is
correlated with its large surface area and
presence of oxide ions in low coordination (LC)
0", (Where LC = 5C, 4C and 3C for terrace,
edge, corner and kink sites, respectively) along
with defects, which were revealed by
photoluminescence (PL) emission studies.
Presence of basic sites of different strength,
determined by temperature programmed
desorption of carbon dioxide (TPD-CO,), also
supports the strong catalytic activity of the MgO
micro sheets.
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(a) SEM images of nearly MgO sheet and (b) Comparison of catalytic activity of
MgO microsheets (MgO-A), flower (MgO-B) and commercial MgO(C-MgO)

Room temperature ionic liquids

Owing to their unique physicochemical
properties, room temperature ionic liquids (ILs)
are rapidly gaining interest as greener
replacements for traditional volatile organic
solvents used in chemical processes. Structure-
property correlations for various imidazolium
based ionic liquids were derived. Surfactant
behavior of these fluids was explored in aqueous

media. Also, their mixing behavior in
conventional organic liquids is being
investigated to expand their utility. Also, their
possible application in purification of brines for
the recovery of high purity salt, selective
extraction of precious metals from bitterns,
biomass processing and as electrolyte media for
energy storage is being explored.
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Resin for recovery of iodine from brines

A strong base anion exchange resin (SD-10-0.8-
CA) was prepared and evaluated for repeated
cycles of exhaustion and oxidation of loaded
iodide for iodine recovery from iodine-
containing brines. The initial concentration of

Central Salt & Marine Chemicals Research Institute

3124

3122 +n

)
©
<]
3
1

w
feed
o
©
1

Wavenumber (cm™
©
@
I
5
1

3122 cm*

311444

3050 3100 3150 3200 3250
Wavenumber (cm’)
T

3112

T T T
0.0 0.2 04 0.6 0.8 1.0

X,

Comparison of the H-C-2 stretching of the
IL in different glycol derivatives:
() CH(OCH,CH,)OH,
(©) CH,(OCH,CH,),-OH; and
(A) CH(OCH,CH,),-OH

1odide in the brine (10% salt concentration) was
about 300 ppm and 4.5 gm of iodine was
recovered in each cycle from the column
containing 176 ml of resin.

(A)

(B)

SEM photographs of the surfaces of virgin (A) and iodine loaded (B & C) resin beads

Technology transfer

Production of high purity solar salt to M/s. Grasim Ltd., Nagda

CSMCRI technology for the production of high
purity solar salt was transferred and
demonstrated on a 200 ton scale in one of the salt
works at Navalakhi in Gujarat from whom M/s.

Grasim Ltd. is procuring salt for their chlor-
alkali plant at Nagda. Very good quality salt
having the following specifications was
produced during the demonstration.
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Average analysis of salt samples

Sr. No. Constituents Yow/w

1. Ca 0.06 —0.08
2. Mg 0.02-0.04
3. SO, 0.17-0.22
4. Moisture <2

5. Insolubles <0.1

6. NaCl on dry basis >99.3

7. Todide <200 ppb
8. Al <50 ppb
9. Cd <27 ppb
10. Co <7 ppb

11. Cr <7 ppb

12. Fe <250 ppb
13. Pb <10 ppb
14. Ni <15 ppb
15 Zn <5 ppb

Good quality industrial grade salt harvested at Vinod salt works, Navlakhi

Production of Sulphate of Potash (SOP) fertilizer from sulphate rich bittern in

an integrated manner

The technology for the production of sulphate of
potash fertilizer from sulphate rich bittern was
demonstrated to M/s. Archean Chemical
Industries, Chennai at our Experimental Salt
Farm. The party has acquired 60,000 acres of
land in Greater Rann of Kutch, Gujarattosetup a

1 lac TPA plant of SOP from GRK bittern which
will be subsequently up-scaled to 3 lac TPA. The
company has already started the field operations
for the production of kainite mixed salt from
bittern.




Demonstration of SOP process
to M/s. Archean Chemical
Industries at ESF pilot plant.

The field at GRK getting ready for
the production of kainite mixed salt

Central Salt & Marine Chemicals Research Institute

Chennai-based Archean To Be First
Indian Co To Indigenously Produce
SoP Using Green Method
Economic Times Ahmedabad; Mar 15, 2008

SPOTTING huge potential in the low-chloride fertilizers’ segment in
India, Chennai-based Archean Chemical Industry is setting up a
3,00,000 tonne plant in Kutch region of Gujarat, to indigenously
produce potassium sulphate or SoP (sulphate of potash) through a
“green process”. The process will prove beneficial for chloride-sensitive
crops like tobacco, tomato, mustard and citrus fruits.

Archean will be the first Indian company to produce the world's most
popular low-chloride SoP which is currently being imported along with
its cheaper cousin MoP (Muriate of Potash or Polassium Chloride).
What makes the entire venture unique is that the company will be
producing potash fertilizer through a “green process”, C G Sethuram,
executive director - Emerging Business of Archean Group of Companies
said while talking about the patented SoP production technology that
the company has licensed from the Bhavnagar-based CSMCRI (Central
Saltand Marine Chemicals Research Institute).

“Most of the global players involved in the production of SoP do a
chemical reaction using MoP. Here we will be directly harnessing SoP
from the sea bittern found in abundance in the Great Rann of Kutch,”
said the official of Archean group which has the large conglomerate of
businesses spanning various interests as Ores and Minerals, coal,
Common Salt, Industrial Chemicals, Shipping and Ship Building and
Alternate Energy Resources.

“Initially, we will be making an investment of Rs 400 crore to set up a
1,00,000 tonne per annum plant at Kawada and then scale up
production to 3,00,000 tonne in the subsequent 36 months,” Sethuram
said. The Firm s believed to be leasing over 1 lakh acres in Great Rann of
Kutch to tap the naturally-available sea brine from which the company
will produce the SoP.

Hinting at the popularity and demand of SoP in India, the group
chairman of Archean Group of Companies, PB Anandam, told ET, “Some

leading fertilizer companies including IFFCO have already expressed
interest in buying the entire produce from our upcoming plant.”

“SoP is a far superior fertilizer than MoP. However, being an expensive
product, fertilizer companies prefer importing MoP from countries like
Israel and Jordan,” said Dr Pushpito K Ghosh, director of CSMCRI and a
senior scientist behind the development of this “Green” technology.
“Last year, India had imported about 4.5 million tonne of MoP,” he
added.

Dr Ghosh explained that the recent soil studies in India has shown that
regular usage of MoP (which has a considerable percentage of chloride
content) contributes to the increase of soil salinity.“Sulphate of Potash
has very low salinity index making it the preferred potash fertilizer in
areas at risk from soil salinity,” he remarked.

“By producing SoP indigenously, farmers in India will also get access to
cheaper potash fertilizers,” Ghosh said. “ Usage of SoP will also increase
the yield of chloride-sensitive crops like tobacco, tomato, mustard and
citrus fruits. Moreover, the sulphur content in SoP is essential for crops,
especially the oil-seed bearing crops,” the scientist said.

“At present, both MoP and SoP are being imported,” he said. ”SoP is
almost two times more costlier than MoP,” Ghosh said adding that MoP
had a landing cost of Rs 11 for a kilogram (kg) while the SoP is available
atRs 18-25akg.

“The Production of SoP in the country will also significantly bring down
the MoP import bill,” Dr Ghosh said. “However, to ensure a level
playing field for indigenous potash producers, the government should
now contemplate on giving the same subsidy to SoP as the one given to
theimported MoP,” he said.

The CSMCRI director said that the Archean plant will also be generating
Magnesia, a by —product having huge market potential.




Improved SOP process

The potash process developed as above was
further improved through the integrated
production of sulphate of potash (SOP),
ammonium sulphate and magnesium hydroxide
from kainite double salt and ammonia using
mixed bittern waste left after recovery of

Low sodium salt from bittern

In the biennial report 2004 — 2006 we have
reported the demonstration of low sodium salt
technology to M/s. Hindustan Lever Ltd.,
Mumbai at our Experimental Salt Farm.
Subsequent to this we further demonstrated the
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sulphate of potash (SOP) from sulphate-rich
bittern. This invention is a spin off of an
industry-sponsored work on fluorogypsum
conversion to ammonium sulphate by the
Merseberg process.

process to the party at the site of M/s.
Sahaymatha Salt Refinery Ltd., Tuticorin, Tamil
Nadu where the party is operating its salt
refinery.

Left: Demonstration of low sodium salt technology to M/s. HUL at Tuticorin, Tamil Nadu
Right: Carnallite getting crystallized in the solar pans
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ANALYTICAL SCIENCE

Centralized instrumental facility under
Analytical Science Division created in 2002 has
been rendering analytical services and
intellectual input to all the in-house projects and
also to external organizations on payment basis.

%( 23 Central Salt & Marine Chemicals Research Institute

Development of new analytical methods and
also modifications on existing methods are
being continuously pursued in the division. All
the instruments were heavily utilized as would
be evident from the Tables below.

Sample analyzed during April, 2006 — March, 2007
Name of the instrument Total samples analyzed
FT-NMR [200 MHz] 3170
FT-IR 2071
Powder XRD 1130
Single Crystal XRD 306
Scanning Electron Microscope (SEM) 474
Thermal Analyser (TGA) 582
Thermal Analyser (DSC and DMA) 152
Inductively Coupled Plasma Spectrometer (ICP) 2072
Surface Area Analyser (BET) 634
LC-MS 1975
HPLC (Shimadzu) 1357
CHNS/O Analyser 740
Spectrofluorimeter 618
Spectrophotometer (Varian) 1925
Spectrophotometer (Shimadzu) 1178
X-ray fluorescence (XRF) 201
Particle size Analyser 61
Atomic Absorption Spectrometer(AAS) 130
Tensiometer (Goniometer) 227
Ion Chromatograph (IC) 48
FT-Raman 85
HPLC (Waters) 812
GC-MS 103
GC 288
Total Organic Carbon Analyser(TOC) 388
Sample analyzed during April, 2007 — March, 2008
Name of the instrument Total samples analyzed
FT-NMR [200 MHz] 1574
FT-NMR [500 MHz] 2264
FT-IR 2004
Powder XRD 892
Single Crystal XRD 234
Scanning Electron Microscope (SEM) 1242
Thermal Analyser (TGA) 708
Thermal Analyser (DSC and DMA) 342




Surface Area Analyzer 526
LC-MS 1245
CHNS/O Analyzer 678
Spectrofluorimeter 1505
Spectrophotometer (Varian) 8997
Spectrophotometer (Shimadzu) 270
X-ray fluorescence (XRF) 10
Particle size Analyzer 63
Atomic Absorption Spectrometer (AAS) 64
Tensiometer (Goniometer) 228
Ion Chromatograph (IC) 50
FT-Raman 61
HPLC 1989
GC-MS 890
GC 403
Total Organic Carbon Analyzer (TOC) 841
CD 288
Fluorescence with emission life-time measurement 1332

Based on normal charges applicable for each
type of analysis, the total value of the analytical
service rendered during the period amounted to
Rs.5,41,13,820/-. Most importantly, the input
from the Division has had a marked effect on the

quality of publications and technical reports.
Besides the regular service provided, there were
important contributions towards new analytical
method development and some illustrative
examples are outlined below.

Transmission electron microscopy (TEM) for characterization of

materials and bioorganisms

Transmission electron microscopy (TEM)
installed in the beginning of 2008 is a versatile
technique to achieve lattice resolution in
appropriate crystalline sample and is most useful
in the field of material science, biology, medical
and engineering sciences. TEM analysis can

give useful information regarding almost all
physical properties of electrons like
transmission, diffraction, scattering etc. The
following figure represents a set of images of
TiO, recorded at various magnifications in our
laboratory.




Central Salt & Marine Chemicals Research Institute

[D]

[F]

TEM images of TiO, recorded at various magnifications; (A) 100 Kx, (B) 300 Kx,
(C) 600 Kx, (D) 1.0 Mx, (E) 1.2 Mx, (F) 1.5 Mx

Organic and bio materials are usually unstable in ~ suitably coating it with tungsten based stains.
TEM particularly at higher acceleration voltage  Proper staining protects bacterium from burning
(200 kV). This limits evaluation of finer under high energy radiation and thereby we
structures. An innovative method was developed  could trace finer structure like flagella.

for imaging bacteria and other bio-materials by

[C]

o

e 2
& Tl ik
gt ¥ L

SR e

e
_-I.'..-_;-

[D] [E]

(A) A Bacterial colony (5 Kx), (B) A single bacterium (8 Kx), (C) A bacterium with Flagella (8 Kx),
(D) Flagella (50 Kx), (E) Flagella (50 Kx), (F) Attachment of Flagella with bacteria body (80 Kx)




The bacteria from mid-log-phase broth cultures
were used. Cells were harvested and washed
three times with PIPES [piperazine-N,N'-bis(2-
ethanesulfonic acid] and phosphate buffers as
mentioned in the table below. The samples were
fixed by re-suspending the pellet in 3%
glutraldehyde and left for 30 min at room
temperature. After fixation, the samples were
gently pelleted, washed and re-suspended in
third trial buffer (see the table below). Cells were
then loaded onto carbon-coated copper TEM
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grids. The excess cell suspension was removed
by wiping the edges of the grid with a filter paper.
After 5 minutes the cells were negatively stained
with stains phosphotungstic acid (PTA) [Uranyl
acetate can also be used]. The excess stain was
removed by absorbing the stain from edges of the
grid using a filter paper. The grids were air dried
then examined for flagella on same day. A few
representative TEM images of bacteria are
shown above. This method will be useful for our
bio-technology related R&D activities.

Trials Buffer Used Concentration of Buffer Concentration of Stain (PTA)
1 PIPES 10mM 2%
2™ Phosphate Buffer 50mM 2%
3¢ PIPES 0.1mM 0.2%

Scanning electron microscopy (SEM) for material characterization

The SEM facility is being routinely used to
generate high-resolution images of shapes of
objects and to show spatial variations in
chemical compositions. Our SEM is extensively
used for characterization of mesoporous
materials/ catalysts, micro-organisms, polymers
etc. for our inhouse R&D activities as SEM gives
direct clue in understanding processes by

sampling and imaging at various stages of the
process. The study of attachment mechanism of
bio-fouling organisms, and opening and closing
of stomata under various environmental
conditions is facilitated by recording the SEM
images at various stages. A few selected SEM
images of various materials / species are
presented in the following figures.

Studies of the attachment mechanism of
bio-fouling organisms on aluminum foil

Studies of stomata distribution in Jatropha
to study the rate of photosynthesis




Mesoporous carbon-celite 545 template image
showing the formation of mesoporous carbon
inside the celite 545 template

Yeast (Saccharomyces cerevisae) cells
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Nearly spherical NaCl crystals prepared by
simple mechanical means

Polyhydroxyalkanoates (PHA) producing marine
bacteria (Halomonos sp.) grown in Jatropha.
biodiesel is produced as by product

Silica was prepared by passing sodium silicate solution through H-form cationic resin Indion-225.
Imaged at two different magnifications
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Carbon loaded on silica which can be used in various gas storage and
heterogeneous catalysis. Imaged at two different magnifications

In the work related to the development and
application of calorimetric sensors for
triphosphates as a viable staining agent for
Prokaryotes and Eukaryotes, the SEM imaging
was used to establish the change in morphology
of outer cell surface by staining both prokaryotes
(bacteria) and eukaryotes (yeast cells). The

imaging was carried out with and without
staining of the cell surfaces. The cell surface
without dye staining appeared smooth while the
stained surface appeared rough under the
scanning electron beam. Few such selected SEM
images are given below:
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(A) Blank yeast cells, (B) Yeast cells treated with the complex, (C) Blank gram negative bacterial cells,
(D) Gram negative bacterial cells treated with complex, (E) Blank gram positive bacterial cells, (F)
Gram positive bacterial cells treated with complex. In addition to the difference of surface morphology
observed while scanning, the contrast difference exhibited by sample surface confirms the chemical non

homogeneity of these surfaces.

NMR spectroscopy for structural elucidation and specialty applications

NMR instruments have been extensively used
for structural elucidation of a wide variety of
compounds obtained from different sources. It
has also been used to resolve some specific
structural/analytical problems. A 500 MHz

instrument with microimaging facility has been
installed and the first images recorded for
jatropha seed under different experimental
conditions are shown below. The Jatropha seed
i1sapromising source of oil for biodiesel.

Microimages of jatropha seeds recorded with 500 MHz FT-NMR under different experimental

Characterization of cis-trans isomer

4,4'-methylenedicyclohexanamine exists as a
mixture of cis-cis, trans-trans and cis-trans
geometrical isomers and exhibited two signals
for the azo moiety. 'H NMR technique has been

successfully used to monitor their separation and
purity of the isolated product. The pure isomers
with different colours, as shown below,
exhibited asingle NMR signal.
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NMR as a tool to differentiate nano materials

NMR has been shown to be a sensitive tool for
the characterization of tubular and bar type
materials of diester-dicarboxylic acids with
phthalyl moiety (a and b). The 'H NMR of the
phthalyl proton bears the signature of symmetry
or lack of it of the phthalyl moiety and thereby
provides a clue for the existence of weak

supramolecular H-bonding contact with the
neighbouring molecules. The structures
obtained in different polar and non-polar
solvents were viewed with the help of SEM (see
below) and are consistent with the NMR
findings.
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Selected portion of the 'H NMR spectra recorded for the (a) microtube and
(b) bar type materials in (i) chloroform, (ii) methanol and (iii) methanol-water




SEM images of the tube (a and b) and bar type (c and d) crystalline materials of the
diester-dicarboxylic acids with phthalyl moiety in methanol-water.

Search for an alternative method of iodate estimation in edible salt

Recognising that chemicals such as bleaching content in iodized salt. IR spectroscopy and ion
powder can give a false iodate test in iodometric ~ chromatography are the two methods being
titration, studies have been initiated to identifya  investigated presently.

fool proof method of analysis of the iodine

Elemental analysis by X-ray fluorescence (XRF) spectrometer

Elemental analysis of various samples such as  methodologies were devised all the way from
soil, clay, minerals, seaweed, marine sediment, sample preparation to complete
jatropha seeds etc. in solid state have been characterization. The results for some of the
carried out using XRF spectrometer. Depending  important materials are given below.

on the material to be analysed, innovative

Sample type Analysis
Soil from different Essential elements such as Na, P, K, Ca, Mg, and non-essential
locations elements like Cr, Cd and Hg.
Bentonite clay from This analysis mainly focused on the determination of Fe and Si
different mines content, which are the key components for identification of the

type of concerned clay.

Attapulgite clay from Elemental analysis of raw and upgraded clay was done. Its
different sources elemental composition includes Al, Si, Na, K and Fe. The impurity
level of Ca and Mg in raw materials and amount of As and Pb in
upgraded clay for pharmaceutical applications, were also analyzed.

Marine sediment from The quantification programme was made for the analysis of major
different regions elements (Na, K, Fe, etc.) and trace elements (Hg, Pb and As). The
analysis of marine sediment helped to ascertain the extent of
marine pollution in different locations.

Seaweed Semi quantitative analysis for the major elements (Na and K), minor
elements (Fe, Cu, Zn and Mg) and the trace elements (Co, Mo, Pb, As,
Se) were carried out. Gracilaria spcies were found rich in K salt whereas
all Ulva species were rich in both Mg and K salts.
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Sample type

Analysis

Bauxite

Quantification method has been developed; the important feature of
this programme is that along with “elemental mode” analysis, one
can get results in “oxide mode” also namely SiO,, Al,O,, Fe,O,,
TiO,, CaO, MgO etc. The measurement errors were less than 1%
and reproducibility was also satisfactory.

Jatropha Seed
(defatted)

in both the species.

Semi quantitative analysis was done to compare elemental
composition of toxic and non-toxic Jatropha species with respect
to Na, Mg, Al, K, Ca, Fe, Cr etc. It has been found that the
concentrations of all elements, except Ca and P, were nearly same

Inductively coupled plasma (ICP) spectrophotometer for elemental analysis

This instrument has been extensively used for
the elemental analysis of a wide variety of
samples obtained from different sources. It has
been used for (i) monitoring of heavy/toxic
metal ions in effluent, (ii) determination of the
presence/absence of metal ions of interest, e.g.
leaching of metal ion during reaction; (iii)
determination of exchange of metal ions in

zeolites and hydrotalcites, (iv) metallic
impurities in certain samples e.g.
pharmaceuticals, (v) to study the effect of metal
ions on biological functions, (vi) soil analysis
after extraction, (vii) presence/absence of
micronutrients in biological samples and (viii) to
monitor quality of water generated in various
desalination units, etc.

Characterization of polycyclic aromatic hydrocarbons (PAHs) using reverse phase HPLC

Polycyclic aromatic hydrocarbons (PAHs) are
chemical compounds that consist of fused
aromatic rings and do not contain heteroatom or
carry any substituents. They are of concern
because some compounds have been shown to
have carcinogenic, mutagenic, and teratagenic
properties. The EPA has classified seven PAH

compounds as probable human carcinogens:
benz[a]Janthracene, benzo[a]pyrene,
benzo[b]fluoranthene, benzo[k]fluoranthene,
chrysene, dibenz[a,h]anthracene, and
indeno[1,2,3-cd]pyrene. We developed a RP-
HPLC method for the separation and
quantification of PAH ina sample.

HPLC profile of the constituents of polycyclic aromatic
hydrocarbons (PAHs) at different concentration
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Lower detection limit of different Polycyclic Aromatic Hydrocarbon Compounds

PAH bl PAH BIUIL
(ng) (ng)

Naphthalene 2.50 Benzo(a) anthracene 0.25
Acenaphthylene 2.50 Chrysene 0.25
Acenaphthene 5.00 Benzo (b) fluoranthene 0.10
Fluorene 0.50 Benzo (k) fluoranthene 0.10
Phenanthrene 0.20 Benzo (a) pyrene 0.25
Anthracene 0.10 Dibenzo (a,h) anthrecene 1.00
Fluoranthene 0.25 Benzo(ghi) pyrene 0.40
Pyrene 0.50 Indeno ( 1,2,3-cd) pyrene 0.25

Estimation of tartaric acid present as sodium tartarate in alkaline media using HPLC

This experiment was performed for the recovery
of tartaric acid, which was present as disodium
tartarate, in alkaline media. The sodium salt of
tartaric acid is difficult to analyze using HPLC
system. The mobile phase used in the HPLC was
phosphoric acid, which was sufficient to acidify
the alkaline solution while analyzing the sample.

o J

HPLC profile of tartaric acid

The phosphoric acid in the mobile phase thus
converted the disodium tartarate into tartaric
acid quantitatively. The tartaric acid was then
analyzed using the column supelcogel 610H,
monitoring at 210 nm in PDA detector and it was
able to quantify at 0.25 ppm level in aqueous
medium.

TARTRIC ACID

0.0000

5.0000 10.0000

Concentration (ug)

15.0000 20.0000

Linear fit for quantification

Drug analysis using gas chromatograph head space mass spectrometry (GCHSMS)

A leading pharmaceutical company has drug
products (tablets), which on degradation form
hydrazine as end product. At the instance of the
party the samples were investigated using
GCHSMS at different temperature and
experimental conditions to understand the
amount of end product formed under different
conditions. It was observed that the drug
molecules have high molecular weight and are

insoluble in acetone. However, after degradation
the acetone—hydrazine adduct (hydrazones) thus
formed is volatile in nature and a suitable
method was developed for its analysis using
headspace analyzer. We were able to quantify
hydrazones (degradation) at 0.5 ppm level.
These findings are very useful for pharma
industries.




GC-MS spectral profile of the
acetone—hydrazine adduct

GC-MS spectral profile of the
acetone—hydrazine adduct

Analysis of carbohydrates using gas chromatograph mass spectrometry (GCMS)

Carbohydrates are non-volatile in nature, so
direct GC-MS analysis is extremely difficult.
For the analysis of these samples, the
carbohydrate monomers were converted to the
volatile aldol-acetate derivatives following
suitable method. For the analysis of these
carbohydrate derivatives, a GC-MS method was

developed. The analysis was done using the BP-
225 column in the temperature range 160 to
230 C and flow rate 1.0 mL /min. This method
was successfully employed for the quantitative
analysis of a large number of carbohydrate
samples.

GCMS spectra of a carbohydrate derivative

Fatty acid methyl ester (FAMESs) and bacterial acid methyl ester analysis using gas

chromatograph mass spectrometry (GCMS)

An innovative GC-MS method was developed
for the separation, identification and
quantification of different saturated/unsaturated
fatty acids present in algae and bacteria. This
experiment was performed using the RTX-5

column in the temperature range 80 to 240 °C
with flow rate 1.0 mL/min. We were able to
separate 35 different fatty acid methyl esters
with good baseline resolution.
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GCMS spectra of bacterial acid methyl ester

Residual methanol estimation in biodiesel and glycerol using gas chromatograph

head space mass spectrometry (GCHSMS)

During biodiesel production, glycerol comes out
as a byproduct. Methanol is separated from
glycerol by the traditional distillation process.
The methanol recovery through the traditional
process is 75% and this consumes a huge amount
of time and energy. To overcome this problem,
an innovative method has been developed in
which crude glycerol is recycled, without
methanol distillation. To facilitate this it is

necessary to know the exact amount of residual
methanol, present in glycerol. We have
developed GCHSMS method using RTX-5
column for the quantification of residual
methanol in glycerol and biodiesel. This
method, in turn, has helped in saving
considerable amount of time and energy of the
process for production of biodiesel.
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GCMS spectral profile of the methanol

Linear fit for quantification

Modified method of analysis of nitrate-nitrite and phosphate in aqueous media

These analyses were carried out with the help of
Flow Injection Analyser (FIA, Model 5000, Foss
Tecator). Methods have been developed for the
analysis of total NO,- NO, and also only for
NO, in sea water using this instrument keeping
the calibration conditions equivalent to salinity

of sea water. Analyses of total phosphorus and
ortho-phosphate in aqueous media were also
carried out using the same instrument through
suitable modification of the existing method.
Large number of samples were analysed using
this modified method.
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INORGANIC MATERIALS & CATALYSIS

Phosphonium—montmorillonite with enhanced thermal stability

Organoclays that can withstand high processing
temperature (200 - 300°C) are used in making
engineering plastics (nanocomposites).
Quaternary phosphonium cations such as
tetrabutyl phosphonium, tributyl hexadecyl
phosphonium, tributyl tetradecyl phosphonium,

tetraphenyl phosphonium, methyl triphenyl

phosphonium, ethyl triphenyl phosphonium and
propyl triphenyl phosphonium were intercalated
into montmorillonite (MMT) rich bentonite of

0.02
0.00 -
0024
-0.04 -
-0.06
-0.08
-0.10
-0.12
-0.14 -
0.16-
-0.18

-0.20

-0.22

Differential weight loss

-0.24

Indian origin to make such organoclays. The
length of alkyl chain in phosphonium cations
influenced the particle size distribution quite
considerably. With longer alkyl chain, finer
particles were formed. The tetrabutyl
phosphonium-MMT (P1) showed thermal
stability up to 400 °C, and may be a useful
material for melt processing of polymer/layered

silicate nanocomposites. (Applied Clay Science,
2007,35,194).

T T
100 200

Tem

T T
400 500

perature °C

Differential thermogravimetric analysis of tetrabutyl phosphonium (P1), tetraphenyl
phosphonium (P2) and tributyl hexadecyl phosphonium (P3) intercalated montmorillonite

Nanoclays for polypropylene/clay composites

Exfoliated organoclays find application in

polymer nanocomposites. Solvents play a
critical role in the exfoliation process.
Dispersion of organoclays in different solvents
was investigated to get a stable suspension
which improved exfoliation of the organoclays
in polymer nanocomposite. The organoclays
studied remained fully suspended in solvents
having moderate dispersion forces with weak

polar forces and weak H-bonding. The
properties of organoclays prepared up to 5
kg/batch scale nearly matched with the targeted
specifications of nanoclays for polypropylene
composites. The bench scale data were used to
compute the techno-economic feasibility of the
process. (Bull. Mater. Sci., 2006, 29, 133,
Current Science, 2007,92,1004)
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Pd and Rh metal nanoparticles in the interlayer space of organically modified

montmorillonite

Incorporation of precious metal nano particles of
well-defined size on materials is useful for
catalytic transformations such as
hydrogenation, coupling and dehydrogenation.
A novel synthetic route was developed for
synthesis of Pd and Rh metal nanoparticles
supported on montmorillonite (MMT) and
partially organically modified MMT (POMM).

PXRD data confirmed the formation of the metal
nanoparticles. Agglomeration of the metal
nanoparticles was observed in MMT while the
partial organic modification of MMT controlled
the particle size with very good dispersion
throughout the POMM (J. of Nanoparticles
Research, 2008, 10, 625).

TEM images of (A) Rh-MMT and (B) Rh-organically modified MMT (POMM)

Synthesis of MCM-41 at room temperature

MCM-41 1is a class of highly ordered
mesoporous materials with the uniform
cylindrical pores of ~2-3 nm diameter and very
high surface area (700-1000 m’/g). The material
is normally synthesized under hydrothermal
condition (~100 °C) for a very long period of
time (days) using cationic surfactant,
cetyltrimethylammonium bromide (CTAB), as
structure directing agent. Highly ordered
mesoporous silica materials were synthesized
under ambient conditions using sodium silicate
as a source of silica and CTAB as structure

directing agent with surfactant to silicaratio 0.1.
Remarkable thermal and hydrothermal
stabilities of the samples prepared through this
route were seen in contrast with the product
derived through conventional methodology
(100 °C for 144h). Use of HCI as neutralizing
agent and a silicate addition time of 10 min were
appropriate to obtain a well crystalline and
stable material. Itisexpected that this may pave
the way for their practical applications
(J. Porous Materials,2008,15,571).
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Functionalization of silica surface

MCM-41 silica sample was prepared using
sodium silicate and CTAB as templating agent
under hydrothermal condition. Calcined sample
indicated the presence of highly ordered
hexagonal phase with d,,,spacing of 3.8 nm (a, =
4.4 nm). Surface of MCM-41 thus prepared was
functionalized with
aminopropyltrimethoxysilane (APTMS) having
about one aminopropyl group/nm’.

Polytypism in layered double hydroxides

Layered double hydroxides (LDHs) are layered
materials with alternating positively charged
metal hydroxide sheets and anions in interlayers.
Different modes of stacking of these layers lead
to varied polytypes and the nature of stacking
has a significant influence on the thermal
stability and anion exchange properties of these
materials. Theory (DIFFaX) and experiment
(PXRD) were deployed to understand such
polytypism variations in LDHs. Those having
Mg with Al show dramatic changes in the peaks
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PXRD of samples after hydrothermal treatment at 100 °C for 24 h.
Mesoporous silica prepared at room temperature in 3h (RT) and
prepared under hydrothermal condition at 100 °C for 144h (HT).

Functionalization caused a decrease in the
intensity of the diffraction pattern of MCM-41
with no significant change in the a, value. A
significant reduction in the surface area and total
pore volume (from 1120m’/g to 435m’/g and
0.85cc/g to 0.24cc/g respectively) was seen on
functionalization. Such functionalized materials
can act as scavengers for abstraction of polluting
cations.

arising from the (h0£)/(0kf) family of
reflections in its powder X-ray diffraction
(PXRD) pattern during thermal treatment
monitored under 'in situ’ conditions. DIFFaX
simulations show that these changes arise due to
the transformation of the disordered 3R,
polytype into the 1H polytype on dehydration for
MgAIl-LDH. The 1H polytype is an essential
precursor in the formation of an oxide residue
with the rock salt structure. In contrast, the LDH
of Zn with Al retains the structure of the 3R,
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In situ variable temperature PXRD patterns of the MgAl-LDH and ZnAl LDH calcined in air at different
temperatures (°C) (a) 50 (b) 100 (c) 150 (d) 175 (e) 225 (f) 275 (g) 350 (h) 400 (i) 450 (j) 500 (k) 550 (1) 600.




polytype until decomposition into the oxide with
wurtzite structure. In view of the poor octahedral
site preference of the Zn®" ion, the 1H polytype is
neither structurally stable nor it is
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topochemically necessary for the thermal
decomposition of the ZnAl LDH (J. Phys Chem.
B, 20006,110,12365).

Anion migration in layered double hydroxides

The study of the anion migration in the interlayer
of LDHs upon heating is an interesting task may
help unravel the process of deanation. However,
the structure of the interlayer is difficult to
determine in LDHs due to the poor X-ray
scattering power of the commonly found anions
such as CO,” and CI. We chose the ZnAl-Br

system due to better scattering of Br ion in the
interlayer. Through DIFFaX simulation, we
have found that in the interlayer, Br ions are
distributed in two symmetrically distinct
crystallographic sites (184 and 6¢). The changes
in the PXRD pattern of ZnAl-Br LDH during
thermal treatment point to variations in the

Synthesis of sulfated ZrQO,-SiO, mixed oxides

Mixed oxides with two or more components
show enhanced acidity as compared to the
individual oxide components. ZrO,-SiO, mixed
xerogel and aerogel samples with varied molar
ratios were prepared by sol-gel method followed

0.014

distribution of Br ions among the available
interlayer sites prior to decomposition. On
heating to 175 °C, the Br ion migrates from the
6¢ site to the 184 site as dehydration of the
interlayer opens up access to positions of higher
site degeneracy. The 18/ site is situated closer to
the proton of the metal hydroxide slab (1.809 A)
compared to the 6c site (2.402 A). This shows a
pre-association of the bromide ion with the
proton of the hydroxide slab leading to the
release of HBr upon the decomposition of the
bromide containing LDHs (J. Phys. Chem. C,
2007,111,18980).

by (i) oven drying and (ii) supercritical drying
using n-propanol as a solvent. The xerogel and
aerogel mixed oxides have different structural
and textural features. However, the total
numbers of acid sites per unit surface area
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(0.0021-0.0029 mmol NH, m®) are similar and
thus the catalytic activity for cyclohexanol
conversion (31-41%) was found in the similar
range. Sulfated mixed oxide aerogel and xerogel
samples showed significant enhancement of

Synthesis of photocatalysts

Photo degradation of dyes and organic
compounds by titania-based catalysts is one of
the proven methods for effluent control. The
efficiency of the degradation depends on the
texture and surface properties of the catalysts.
Synthesis and characterization of photocatalysts
using various methods was done in order to
obtain the desired morphology, phase and
surface area. Morphologically controlled
nanoparticle or nanotubes of titania were
successfully synthesized. Incorporation of
photocatalytically active —Ti—O-Ti— quantum

PXRD of titania
nanotube (top)
and nanoparticle
(bottom)

SEM of titania
nanoparticles

Photocatalytic surfaces

Development and characterization of
photocatalytic surface on glass slide and optical
fibre was done for designing an optical fibre-
based photocatalytic reactor. The photocatalytic
activity of the TiO, coated glass plates was

SEM of titania
nanotube
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cyclohexanol conversion (91-99%). A linear
correlation was found between the density of
acid sites and sulfur weight percent per unit
surface area (Paper communicated to J. Porous
Materials).

wires in ETS-4 and ETS-10 zeolites was
achieved. A method to adhere TiO, strongly on
the surface of cenosphere was also developed.
Such materials are demonstrated as
photocatalysts in UV and solar light
photocatalytic applications, in particular for
photocatalytic degradation of dyes and organic
compounds. Representative PXRD, SEM and
activity studies of some of the materials are
given (Ind. Eng. Chem. Res., 2006, 45, 922,
5231;2007,46,369,6196;2008,47,584).

SEM of cenosphere Degradation of
before and after methylene blue
coating of TiO,  dye over TiO, coated

cenosphere in sunlight

assessed for degradation of p-nitro aniline
(PNA; 50ppm) in presence of UV light. Higher
degradation was noted compared to uncoated
surface.
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XRD pattern of coated surface
and as- synthesized titania catalyst

Studies on interfacial electron transfer

In collaboration with BARC, the interfacial
electron transfer (ET) dynamics of 5,10,15-
trisphenyl-20-(3,4-dihydroxy benzene)
porphyrin (TPP-cat) adsorbed on TiO,
nanoparticles was studied using femtosecond
transient absorption spectroscopy in the visible
and near IR region. TPP-cat molecule forms
charge transfer (CT) complex with TiO,
nanoparticles through catechol moiety.
Transient absorption studies on TPP-cat/TiO,

OH  system, following
excitation at 400
nm and 800 nm,
revealed that
electron injection
to the conduction
band of TiO, takes
place within < 100
fs. It was seen that majority of the injected
electrons undergo deleterious back electron
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—— TiO, coated glass plate
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Photocatalytic degradation of
PNA using coated glass plate in 2 h

transfer (BET) with a time constant of ~ 800 fs.
Interestingly, the reaction channel for the
electron injection process was found to be
different for the two wavelengths: Excitation at
800 nm populated the excited CT state directly
from where diffusion of electron into the
conduction band occurred. On the other hand
excitation at 400 nm, populated the soret band,
which relaxe which, in turn, populated the Q
band or excited CT band from where electron
injection into the conduction band occurred. An
additional de-excitation pathway in the 100£50
fs time scale was observed. This study revealed
that strong coupling between the catechol
functionality and the TiO, favors the forward, as
well the reverse, electron transfer processes
(J .Phys. Chem. C. 2008, 112, 2918; J. Phys.
Chem B, 2007,30,9078;J. Phys. Chem. B. 2006,
110,9012).
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Time resolved absorption spectra following excitation
with 400 nm (left) and 800 nm (right) laser source.
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Sensors and selective extractants
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Anion recognition using urea and thiourea based receptors

Urea and thiourea based receptors have been
used extensively for anion detection because of
their diprotic donor groups and easy synthetic
manipulations. These receptors were found to
interact with fluoride more strongly in the
presence of oxy-anions contrary to the basicity
scale. Nitrate and chloride ions have a large
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basicity difference but their interactions with the
receptors were comparable. Density functional
theoretical (DFT) studies were undertaken and
the results were found to be in good agreement
with experimentally observed data. [7er. Lett,
2007,48,3695].

Optimized geometries of the complexes and
their binding energy values (kcal/mol) at
B3LYP/6- 311+G** level of theory. Urea:
1F , 2Cl, 3Br , 4CH,COO , 5H,PO, ,
6ClO, , 7NO, ; Thiourea: 8F , 9CI ,
10Br , 11CH,COO , 12H,PO, , 13CIO, ,
14NO, . The binding energies calculated is
the energy difference E(complex)—E(anion)
—E (urea/thiourea).

Ruthenium(II)-polypyridyl based receptors for anions (F , CH,COO and H,PO, )

A new Ru(Il) complex [Ru(bpy),(1-(6-Nitro-
[1,10]phenanthrolin-5-yl)-3-(4-nitro-phenyl)-
urea)] was synthesized. The molecule was seen
to act as a sensor towards F , CH,COO and
H,PO, in acetonitrile solution as evident from
color changes and other spectroscopic
measurements. At relatively lower
concentration of anions, 1:1 H-bonded adduct
was formed; however at higher concentration
classical Bre¢nsted acid-base type reaction

prevailed. The relative binding affinity of
different anions towards this receptor was
evaluated and was rationalized with quantum
chemical calculations. Narrowing of the gap
between the HOMO and LUMO energy levels on
deprotonation of the receptor molecule caused a
faster decay of the luminescence lifetime for the

Ru,—~ L../bpy.-based triplet excited state.
[Inorg. Chem. 2007,46,9912]
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The RHF/6-31G* optimized geometries for Ru(Il)-
complex with F~ (A= -94.5KCalmol") and CH,COO ™

(A= -56.7KCalmol") with the corresponding binding
energies.




A novel Zn(II)-complex was designed and
synthesized for specific recognition of
biologically important phosphates in aqueous
solution (pH ~ 7.2). A visual color change could
be detected on binding of ATP to the complex
while no such change was observed when other
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biologically related anions, including non-ATP
phosphates, were used. The complex could used
as a staining agent for microbes while
maintaining their viability. (4nal. Chem., 2008,
80,5312, Org. Lett. 2007,9,1979).

B C

I

A metalloreceptor showing
interaction with F" ion

A Light microscopy images (100 x) of (A)
Blank Yeast cells, (B) Yeast cells with 1.Zn
(C) After washing the stained cells with a
water/ethanol (70/30, v/v) mixture.

Metalloreceptors containing Ru(Il) bipyridine
unit as fluorophore and pendant macrocyclic
units as ionophore were synthesized and their
luminescence and electrochemical properties
investigated. lon-binding study of these
fluoroionophores with a large number of anions
(F, CI, Br, I, H,PO,, CIO, , NO,, BF,,
CH,COO’, and HSO,) revealed strong
interactions with H,PO, and F. Luminescence
titrations were carried out to determine binding
constants. 'H NMR spectral changes with the
addition of increasing concentrations of F~ and
H,PO, were also carried out to elucidate the
mechanism of interaction.

Tripodal ligands as sensor for halides, sulphate, phosphate and azide ions

Extensive work was undertaken with different
tripodal ligands and cryptand moieties
especially to study their anion selectivity. For
example, tripodal urea derivatives were used to
demonstrate their preferential binding towards
sulfate/phosphate anions. The binding modes of
sulfate anion with the urea moieties of the

receptor in solid state was established by X-ray
crystallography. In the interesting rugby ball
shaped structure, sulfate—water—sulfate adduct
was seen to be entrapped inside a neutral organic
receptor via non-bonding interactions /[Inorg.
Chem.,2007,46,5817].
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Crystal structure of the molecular assembly; (a) ball and stick model of the sulfate—water adduct displaying
hydrogen bonding (dotted lines), (b) space filling model of the adduct trapped inside the cavity of tren urea;
(c) Rugby ball shaped architecture of the adduct; (d) packing diagram of the molecular capsules along b—axis

On the other hand, the pentafluorophenyl-
substituted tripodal amine, tris[[(2,3,4,5,6-
pentafluoro benzyl) amino]-ethyl] amine,
served as a potential receptor for encapsulation
of CI" and Br within the pseudo-C3-symmetric
tris(2-aminoethyl)amine cavity upon

protonation of the secondary amines. [Inorg.
Chem., 2006, 45, 4372, Inorg. Chem., 2007, 46,
4770]. Another novel urea-based tripodal anion
receptor showed significantly high binding
constant for dihydrogen phosphate (Chem.
Commun., 2007,5214).

(Left) Space filling representation of single crystal X-ray structures of
CI encapsulation inside the tripodal cavity of tris(2-aminoethyl)amine and (Right)
dimeric tripodal ligand with encapsulated H,PO,  inside the pseudo cage

revealed the formation of a channel within which
perchlorate anion was entrapped /Inorg. Chem.,
2006,45,10046].

Yet again, dicopper complexes of a bis-tren
cryptand recognized the azide anion to generate
a Cu-NNN-Cu unit inside the cryptand cavity.
Solid-state packing of this cascade complex

A perfect linear recognition of azide inside the cavity of dinuclear copper (II) cryptates
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Selective precipitation of alkaline earth metal ions in aqueous

media with the aid of dipicrylamine anion

In the previous report it was shown that
dipicrylamine anion (DPA’) precipitates out
[K(DPA)] with >98.0% selectivity from salt
bitterns containing Na', K and Mg”* whereas the
same ligand showed 2.6%, 6.6% and 90.7% for
K', Rb" and Cs’, respectively, in  studies
conducted with an equimolar mixture of K, Rb"
and Cs”. A further study was undertaken with
alkaline earth metal ions. When DPA was added
into a solution containing Mg”’, Ca”’, St*" and
Ba®’, Ba’ precipitated out with~85% selectivity
(ca. 90% overall yield with respect to DPA)
under optimized conditions. Analysis of crystal

structure showed that compared to the Sr*
complex, the Ba’ complex possessed a more
compact layered structure with reduced
exposure of the polar entities. As a result, it had
lower solubility in water account for its selective
precipitation over Sr". That it is legitimate to
rationalize the precipitation behavior from the
structure deduced through single crystal XRD
was verified through the close similarity
between the experimental powder XRD data of
precipitate and simulated powder XRD pattern
from single crystal data (Eur. J. Inorg. Chem.,
2006,3369).

Space-filling model of the cavity comprising of Ba*" and Sr*"ion and metal-bound oxygen atoms

Host lattice showing cavity filled
with ethanol molecule

In the area of supramolecular chemistry,
molecular adducts of 2,4-di-amino-6-methyl-
1,3,5-triazine were prepared with various
aliphatic dicarboxylic acids. The molecular
complexes thus formed by co-crystallizing the
above with oxalic, malonic, succinic, fumaric,
acetylene dicarboxylic, glutaric, thiodiglycolic,
diglycolic, and adipic acids were found to give
two types of host—guest assemblies with voids or
channels in a three-dimensional arrangement.
The different types of host—guest arrangement
resulted from differences in the acidity of the
dicarboxylic acids (Cover page, Chem.Eur.J.,
2008,14,6967).



A series of molecular receptors containing
photoactive metal complexes as fluorophore and
crown ether/calix[4]arene-azacrown hybrid
molecule as ionophore were synthesized,
characterized and their cation binding property
investigated employing a wide range of alkali,
alkaline earth metal, heavy and transition metal
ions. A large number of receptors showed high
selectivity towards heavy metal ions such as

Adsorption

Hydrotalcites for CO, adsorption

A series of Mg-Al-based layered double
hydroxides (LDHs) were synthesized by
conventional precipitation and co-precipitation
methods using CO,”, Fe(CN),", CH,COO  as
anions. This was done with a view to study the
effect of charge density and size of intercalated
anions on the adsorption capacity for CO, The
effect of various synthetic parameters on the
structural, textural, and thermal properties of the
LDHs has been studied and correlated with the
CO, adsorption capacity. The Mg-Al-CO, has a
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Hg”', Pb” and Cd”, some of them showed
selectivity towards alkali metal ions such as Na’
and K', and a few were selective towards
transition metal ions such as Cu” and Fe™". Inan
interesting new approach, stoichiometries of the
complexes could be determined by ESI-MS
analysis. Efforts were made to rationalize the
observations.

Calix[4]arene based molecular
receptors for cations

CO, adsorption capacity of 22 cc/g at 1 bar at
30°C. LDHs having Fe(CN),* anions showed a
CO, adsorption capacity of 45 cc/g. The
dynamic adsorption of CO, was studied at
different activation and adsorption
temperatures. The maximum dynamic CO,
adsorption capacity of 6 cc/g was observed for
LDH with COs* anion after activation at 150 °C
and adsorption at 90 °C (Ind. Eng. Chem. Res.,
2008,47,9588).




Recovery of carbon dioxide from flue gas

With a view to reduce the release of CO, — a
greenhouse gas — from the flue gas of thermal
power plants into the atmosphere, we have
prepared various zeolite based sorbents such as
BaX, SrX, KX and KBaX and tested for CO,
adsorption. Sorption studies of CO, and N, pure
gases on these adsorbents revealed that the
adsorption capacity for CO, was in the range 125
to 135 cc/g. Breakthrough curves for CO,
adsorption on NaX and ZSM-5 (Si/Al = 400)
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CO, adsorption isotherm of
Mg-Al-CO,LDH at 30 °C

were obtained using CO, (14%) + N, (86%) gas
mixture. Nearly the entire CO, present in the gas
mixture was adsorbed by ZSM-5 within 30 min.
at room temperature. Desorption with counter
current nitrogen flow showed that nearly all the
adsorbed CO, could be desorbed within 45 min.
at room temperature (Patent applications filed:
PCT/IN2010/000187, PCT/IN2010/000027 and
PCT/IN2009/000753)

Molecular modelling for adsorption of gases in zeolites

Molecular modelling studies were performed to
understand the interaction of gas molecules in
zeolite. The adsorption of gases like argon,
oxygen, nitrogen and hydrogen was investigated
using Grand Canonical Monte Carlo
simulations. The adsorption isotherms for
nitrogen, oxygen and argon in zeolite-A with Na"
& Ca” as extra framework cations were
computed. The adsorption capacity, selectivity
and heat of adsorption of nitrogen increased with

an increase in the number of Ca’" in zeolite-A.
This was explained in terms of the interaction of
the nitrogen molecule with Ca’" ions and its
locations in zeolite-A. A snapshot of N,
adsorption in Ca-A revealed that the nitrogen
molecule is inside the super cage of the zeolite,
close to the calcium cations located at site I at the
centre of the six member ring. Similar study was
carried out for MnX. (Ind. Eng. Chem. Res.,
2007,46,6293; Langmuir,2007,23, 8899).



(a)
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(b)

Molecular graphics of N, adsorption at 101.3KPa and 303K in (a) Ca-A and (b) Mn-X

Preparation and adsorption of gases on MOF's

Metal organic frameworks (popularly called
MOFs) are new kinds of porous materials which
have promising application in gas storage. A
methodology has been optimized for the
synthesis of MOFs such as MOF-2, MOF-5, Cu-
BTC and Zn-BTC. Adsorption-desorption of
methane, nitrogen, oxygen and hydrogen on
MOFs were studied at 77K, 288K and 303K. It
was observed with Cu-BTC that ~200 cc/g of H,
is adsorbed at 77K and at P/P, = 0.995. The N,
adsorption was 329 cc/g under similar
conditions. Adsorption-desorption of carbon
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monoxide were studied in Cu-(BDC)-(BPY),
Cu-(BPY)-Cl, Zn-(BDC)-(dabco) and Zn-BDC.
It was observed that the maximum CO
adsorption capacity was 25 cc/g at 303K in Zn-
BDC at 1 atm. However, CO adsorption was <
1.0 cc/g for Zn-(BDC)-(dabco), Cu-(BDC)-
(BPY) and Cu-(BPY)-Cl. Adsorption capacities
of N,, CO,, CH,, O,, CO, Ar and H, on MIL-
53(Al) at 288K and 303K were determined. The
highest adsorption capacity was 51 cc/g for CO,,
5.1 cc/g for N, and 13.4 cc/g for methane at
303K.

Sorption of methane, nitrogen and
hydrogen on Cu-BTC and MIL-53(Al)




Assembly of metal-organic framework

Investigation of the assembly of metal-organic
frameworks (MOFs)/coordination polymers has
attracted great interest due to their versatile
architecture and promising applications for ion
exchange, gas storage, separation, and catalysis.
Exploratory research work was initiated to
understand the various structural motifs that can
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be created using multidentate N-donor ligands
as pillars in bridging metal carboxylate/ amino-
acid moieties. Chiral 2-D coordination network
of Cd and Zn metal with bridging ligands 4,4'
bpy and chiral amino acid L-cysteic acid were
synthesized and structurally characterised.

(Left) A Zn-complex shows a brick wall type 2-D network; (Right) ACd-complex shows a
rectangular sheet-like architecture, encapsulating two water molecules in the cavity

Coordination compounds as helicates and metal-organic frameworks (MOF)

A series of dicarboxylic bola-shaped compounds
possessing phthalyl head groups and diol spacers
were synthesized and characterized. The spacer
moiety was systematically modified and provided in-
depth understanding of the formation of helices. In
further studies, a series of Cu(Il) and Ni(Il) based
binuclear double stranded helicates with
salicylaldehyde based ligands were synthesized.
These are held together by weak inter- and
intramolecular H-bonding and other weak
interactions. Single crystal x-ray structures obtained
for these complexes, illustrates the formation of
some interesting double stranded metallohelicates,
one example being the Cu(Il) complex shown below.

SEM micrographs showing the tubular material
made up of some diester-carboxylic acids



Double stranded helicate structure
derived from a Cu(Il)-complex

Some of the Ni(II) double stranded
metallohelicates showed excellent
solvatochromic behavior. Future studies will
focus on their potential applications including
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Ni (II) double helicate with solvatochromic property

chiral resolutions. [Polyhedron, 2007, 26, 749,
Spectrochimca Acta Part A, Molecular &
Biomol Spect., 2008, 71, 609].

Low molecular mass organic gelator (LMOG)

LMOG based hydrogelator in its solvent
pool —first crystallographic signature

The preparation of low molecular mass organic
gelators was repored in the 2002-2004 biennial
report. During the period of reporting, the
supramolecular synthon concept was exploited
to generate a series of new organo gelators
derived from salts of a primary amine and
various derivatives of cinnamic acid. One such
gelator, namely benzylammonium cinnamate
13, displayed instant gelation ability at room
temperature either with or without a brief

exposure to sound. Inflammable commercial
fluids such as petrol could also be gelled
instantly at room temperature and could
conceivably find applications focused on
reduction of fire hazard and containment of oil
spills. Another remarkable achievement was the
elucidation of the first crystal structure of a low
molecular weight organic gelator in its organic
pool.

Analysis of the single crystal structures of eight
salts suggested that structure-property
correlation studies in gel research is important so
that a rational approach may be undertaken for
design of new gelator compounds.
Combinatorial library approach was exploited in
generating a combinatorial library of primary
ammonium monocarboxylate salts of methyl
ester amino acids and various cinnamic acid
derivatives. [Cryst. Growth & Des. 2006, 6, 763;
Chem. Mater. 2006, 18, 1470; Chem. Mater. 20006,
18, 3795; Crystal Growth & Des. 2006, 6, 2114;
Tetrahedron.,2007,63[31],7386].
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Adsorption of CO, CH, and N, on modified zeolites

Carbon monoxide enrichment from a gas
mixture such as Tail gas stream of ammonia
plant is of much significance for the reason that
the enriched CO can be used for the production
of value added chemicals. We thus endeavoured
to develop CO selective adsorbents based on
zeolites. Carbon monoxide adsorption-
desorption data were generated for a range of
zeolites including AgX, CsX, NaY, NaA and
ZSM-5. Among these, AgX and NaX showed
higher adsorption capacity for carbon

monoxide. Methane and nitrogen adsorption-
desorption data at two different temperatures
(288K and 303K) were also generated for AgX,
NaX, ZnX, NiX, CoX, BaX, KX, CsX, NaMnX,
ZSM-5, NaY, Cu(])Y, NiY, MnY, NaA, CaA and
Na-Beta zeolites. It was observed that BaX and
CaA have maximum methane adsorption
capacity at both temperatures while KA showed
the least capacity (Paper communicated to Sep.
Sci. Technology).

Hydrogen uptake in palladium and ruthenium exchanged zeolite X

Hydrogen is considered as a promising
alternative fuel of the future. The challenge here
is to store sufficient hydrogen (US DOE target
for onboard storage is 6.5 wt. % by 2010).
Theory and experiments have been conducted in
parallel in designing new adsorbents for storing
hydrogen with such capacities. Herein, we have

80 4
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studied hydrogen adsorption properties of NaX
and its palladium and ruthenium exchanged
forms at 77K/1 bar and at 303K and 333K/5 bar.
The maximum adsorption capacity was
observed for NaX at 77K. Hydrogen adsorption
capacities at 77K decreased with increasing
exchange levels of palladium and ruthenium.

Hydrogen adsorption isotherms
in NaX and palladium exchanged
zeolite X at 303K

up to 5 bar pressure

Pressure (bar)

Chemisorption of hydrogen was observed at
303K and 333K, with maximum uptake of 85
cm’/g at 303K/5 bar with Pd-exchanged zeolite
X. Grand Canonical Monte Carlo simulations
were also performed to study the adsorption of
H, in these zeolites at 77K as well as at 303K and
333 K. The simulation studies are suitable for

establishing a correlation between the
microscopic behavior of the zeolite and
adsorbate system with the macroscopic
properties which are measured experimentally,
such as adsorption isotherms (J. Alloys and
Compounds, 2008,466,439).
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Density function theory studies toward the design of a versatile cage functionalized

proton sponge

Pentacyclo[5.4.0.0”°.0>"°.0™°] undecane
(PCU) derivatives were predicted as super
organic bases based on DFT calculations.
The basicity could be fine tuned by varying
the R group and high basicities were
obtained both in gaseous and solvent phases
[Eur. J. Org. Chem., 2007, 420]. The
designed organic superbases are now
referred to in a book [D. Margetic, Physico-
Chemical Properties of Organosuperbases
In Superbases for Organic Synthesis, Ed. T.
Ishikawa, John Wiley & Sons Ltd., 2009]
and atttempts are being made in RBI
Institute, Croatia to synthesise the
molecules to validate the theoretical
predictions. In arelated work, DFT studies
were conducted on 11,12 dimethyl-11,12-
diazatetracyclo [6.2.1.17°.0*"]dodecane
derivatives and remote substituent effects
on basicity were observed on a novel
tetracyclic proton sponge were studied
computationally (J. Phys. Chem. A, 2007, 111,
6468).

1 :R=NMe,; 2: R=-N=CMe,
3:R=-N=C (NMe,),

1:X=H;2
3: X =-CH2CHgz; 4: X=-CN 7: X = -CN

4 :R=-NMeg,; 5:R=-N=CMe,
6 : R =-N=C (NMe,),

Me Me NM NM
Me\N’ QN/ Me\N‘ ‘N/ e, e,
'k ¥
X i X
;2: X=-CHs 5:X=H; 6: X=-CHj3 8: DMAN

Polyaluminium chloride for the removal of cyanide and silica

Polyaluminium chloride (commonly referred to
as PAC) is used extensively as an industrial
coagulant and flocculent in water treatment. It is
an inorganic chemical having polymeric
structure soluble in water and acts as a substitute
for alum or ferric alum. The efficacy of PAC was
tested for the removal of cyanide and silica from
water. The silica (soluble) removal studies with
KANPAC-10 and ferric alum showed a
marginal removal of cyanide and silica from

treated water by these coagulants and
performance of both these coagulants is similar
for the removal of silica, although dose of PAC is
about 40% of alum. The efficiency of PAC was
also tested for the removal of heavy metals and
gram negative bacteria in the treated water. The
shelf life of the PAC composite was tested for
three months and the product was found to be
stable.
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Polyaluminium chloride for waste water treatment

In the earlier biennial report we have reported
the evaluation of polyaluminium chloride (PAC)
for the efficacy of its use as a coagulant for the
treatment of raw water. In continuation of the
above work PAC was synthesized and
characterized by Al NMR and powder XRD
and tested for waste water treatment for the
removal of turbidity and colour. Synthetic
colored turbid water ranging from 100-200 NTU
was prepared by using bentonite clay for
turbidity and reactive Remazol Brilliant Blue-R

(Reactive Blue-19) dye for colour. Experiments
were carried out by using these synthetic
coloured turbid waters with optimized PAC dose
by Jar test and analyzed by UV/visible
spectrophotometer. An effective colour removal
capacity in PAC was observed along with
coagulation. A systematic study was conducted
for the removal of reactive dyes on a laboratory
scale (Paper communicated to Rasayan J.
Chem.).

Sorption of nitrobenzene from aqueous solution on organoclay

Clays modified with organic moieties are
extensively used for sorptive removal of organic
compounds from aqueous streams. Organoclays
were synthesized using different quaternary
ammonium salts namely, stearyl-
dimethylbenzylammonium chloride,
dioctadecyldimethylammonium chloride, and
hexadecyltrimethylammonium bromide and

employed as sorbents for the sorption of
nitrobenzene from aqueous solution. Among the
organoclays studied, stearyldimethyl-
benzylammonium as organic modifier was
found to have the highest sorption capacity for
nitrobenzene (Paper communicated to /nd. Eng.
Chem. Res.).



Catalysis

P THD T ! T SFTHY W

Solid Acid, Solid Base And Redox Catalysis

Synthesis of coumarin derivatives using sulfated zirconia solid acid catalyst

7-substituted coumarins are an important group
of naturally occurring coumarin derivatives,
which show various bioactivities and also
function as fluorescent brightener, laser dye, etc.
Chemically, coumarins are synthesized using
conventional acids, which have several
disadvantages due to their corrosive nature. To
replace the conventional acids, a solid acid was
synthesized and studied for the said reaction.
Nano-crystalline sulfated-zirconia catalysts
were prepared by sol-gel technique and showed
excellent catalytic activity for the synthesis of 7-
substituted 4-methyl coumarins via solvent-free

Sz A

Pechmann reaction. Stoichiometric conversion
of m-amino phenol with 100% selectivity of 7-
amino 4-methyl coumarin was achieved at 110
°C in 2 min. For 7-hydroxy 4-methyl coumarin,
949% yield was obtained after 3 h at 170 °C using
m-hydroxy phenol (resorcinol) at a catalyst
weight ratio of 80. Kinetics of the reaction was
slower in both polar (nitrobenzene) and non-
polar (toluene) solvents compared to solvent
free conditions. The catalyst was reused after
simple activation for several times with similar
activity

CH;

. C,HsOH + H,0

/Q\ )OJ\./?J\
R OH OC,H;5

m-substituted phenol Ethyl acetoacetate
R=-OH or -NH,

The solvent-free microwave-assisted method
offered excellent yield of hydroxy derivative
(99%) in shorter time (15 min) at lower
temperature (150 °C) compared to thermal
heating. The catalyst also showed good activity
for other activated m-hydroxy phenol substrates,

Thermal/MW

(0] (@]
7-substituted 4-methyl coumarin

Influence of substrate:catalyst ratio
in solvent and solvent free condition
on the yield of 7-hydroxy 4-methyl coumarin

viz., phloroglucinol and pyrrogallol, which
reacted with ethyl acetoacetate to yield 5,7-
dihydroxy 4-methyl coumarin and 7,8-
dihydroxy 4-methyl coumarin, respectively.
(J. Mol. Catal. A: Chemical, 2007,276,47; ibid,
2008,286,41).
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Synthesis of nopol from p-pinene and paraformaldehyde on novel Fe-Zn double metal

cyanide solid acid catalyst

Nopol is an optically active bicyclic primary
alcohol used as a fragrance material in the
manufacture of soaps, detergents, polishes and
other household products. The novel application
of Fe-Zn double metal cyanide (DMC)
complexes as solid acid catalyst has been made
in the synthesis of nopol from B-pinene and
paraformaldehyde (Prins condensation). A
series of Fe-Zn double metal cyanide complexes
were prepared from aqueous solutions of ZnCl,

and K ,Fe(CN), .3H,O in the presence of ¢-
butanol, i-butanol and n-butanol (complexing
agent) and tri-block copolymer EO,,PO,EO,,
(average molecular weight, 5800; co-
complexing agent). All the catalysts were found
to be active in the above reaction.
Coordinatively unsaturated Zn>" ions in the
framework of Fe—Zn DMC complexes are found
to be the possible active sites (J. Mol. Catal. A:
Chemical,2007,273,39).

Fe(Cp),PF,: An efficient catalyst for addition of TMSCN to carbonyl compounds and
synthesis of c-aminonitriles under solvent free conditions

CN
R
o NH,
N Fe[Cp].PFs (1-5 mol%) NH
+ \ -
R S F RT, neat, 20 min = ‘
X

a-Aminonitriles are valuable intermediates for
the synthesis of a-amino acids and a variety of
nitrogen-containing heterocycles such as
imidazoles and thiadiazoles. We have developed
a clean and environmentally friendly protocol
for the one-pot synthesis of a-aminonitriles
with up to 94% yield, from ketones/aldehydes in

X
a-Aminonitriles

combination with an amine using readily
available Fe(Cp),PF, (5 mol%) as a catalyst and
TMSCN as a cyanide source under solvent-free

condition in 20 min (J. Organomet. Chem.,
2007, 692, 4361; Tetrahedron Lett., 2008, 49,
640).

Eugenol isomerization over LDHs as solid base catalysts

HO: :
H,CO
Eugenol

Isoeugenol, one of the compounds belonging to
alkenylaromatics, finds application in
pharmaceuticals, food preservatives and
fragrances. It is synthesized from eugenol
through a rearrangement reaction. [somerization
of eugenol was carried out over M(II)Al binary

cis Isoeugenol

HO HO
KE\) S :O\/\
H,CO H,CO

trans Isoeugenol

hydrotalcites where M(II) = Mg, Ni, Cu, Li or
Co. The catalyst with M(II)/Al atomic ratio of
3.0 was synthesized by coprecipitation. Among
the catalysts studied, Ni,Al-HT offered
maximum conversion of 77% at 200°C in 6 h
using DMF as solvent. Interestingly, Ni,AlI-HT



synthesized by other methods such as urea and
hexamine hydrolysis exhibited higher
crystallinity but did not show any conversion.
The observed activity trends could be correlated
with the basicity of the catalysts as estimated
through phenol adsorption. The catalyst could
be reused twice but further reuse resulted in a
drop in the activity. Solvents with high polarity
such as DMF favoured the reaction.
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Insignificant conversion (< 5 %) was seen for
calcined (200, 400, 600 and 800°C in air for 6 h)
Ni,Al-HT. The versatility of the catalyst was
checked through isomerization of various
alkenyl aromatics wherein at 160°C, allyl
benzene showed maximum conversion to
B-methyl styrene. (Paper communicated to
Catalysis Today).

Solvent free aldol condensation of propanal to 2-methylpentenal

using solid base catalysts

2-Methylpentenal is a commercially important
chemical that finds applications in
pharmaceuticals, fragrances, flavors, cosmetics
and as an intermediate for the synthesis of
various pharmacologically active compounds.
Commercially, 2-methylpentenal is synthesized
by the aldol condensation of propanal in the
presence of KOH or NaOH taken in
stoichiometric amounts. We observed self
condensation of propanal in liquid phase under
solvent free conditions with solid base catalysts
such as alkali ion-exchanged zeolites, alkali-
treated alumina and hydrotalcite having varied
Mg/Al atomic ratio. A conversion of 97 % with
99 % selectivity of 2-methylpentenal was
achieved using hydrotalcite. The basicity of the

activated hydrotalcites was evaluated using
isomerization of a-isophorone to B-isophorone
as a model reaction. The initial rate of reaction
was observed to increase on increasing the
amount of catalyst up to 0.1 g and on further
increase in the amount of the catalyst, the rate
was not changed significantly. The reaction
kinetics was observed to be significantly
influenced by the reaction temperature. The
activation energy for propanal condensation
under solvent free conditions was found to be 58
kJmol" with activated hydrotalcite of Mg/Al
atomic ratio=3.5. The catalyst was recycled six
times without any significant loss in the
conversion and selectivity (J. Mol. Catal. A:
Chemical,2007,278,135).

One pot synthesis of Hantzsch 1,4 dihydropyridines

Dihydropyridines are of importance in
biological systems as a class of useful drugs
particularly as anti-oxidants. Classical Hantzsch

of Hantzsch dihyropyridine (DHP, I) was
achieved by the condensation of benzaldehyde,
ethyl acetoacetate and ammonium acetate at

(0]
/
o o Ethanol L
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Catalyst

synthesis is carried out in acetic acid or refluxing
alcohol for long time, however with poor yields.
Multicomponent one-pot synthesis

©)

room temperature using environmentally
friendly as-synthesized hydrotalcites (HT) and
hydrotalcite-like (HT-like) materials as solid




base catalysts. Among the catalysts screened,
Mg,Al was the most active for benzaldehyde
(73%yieldin 6.5 hwith NH,OAc as N-source) in
acetonitrile solvent. The high activity of this
catalyst is attributed to cooperative contribution
of'acid-base bifunctional sites. The versatility of
these materials was checked by employing
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various aldehydes (acyclic, cyclic and aromatic)
which showed reasonable yields of DHPs over
Mg,Al. The direct condensation of enamine with
benzaldehyde has been proposed as a probable
reaction mechanism (Appl. Catal. A, 2008, 338,
121).

Hydroxylation of benzene to phenol over Cu-containing ternary hydrotalcites

One step hydroxylation of benzene to phenol
remains an important challenge both from
synthetic and commercial perspective. The
importance of the reaction stems from the wide-
spread industrial use of phenol in the production
of antioxidants, agrochemicals and polymers.
Selective hydroxylation of benzene to phenol
was attempted over Cu-containing LDHs using
H,O, as oxidant. Variation in the co-bivalent
metal ions (Zn, Mg, Co and Ni) indicated that Zn
& Mg offered maximum conversion of around
5 -7 % while Co”" offered minimum (2.2%).
Subtle variation in the copper concentration
influenced the activity. An optimum catalyst
concentration was identified. Substrate:oxidant
mole ratio variation showed a continuous

increase in the conversion of benzene selectively
to phenol, up to certain level, above which it
decreased. An increase in the conversion was
noted with an increase in temperature up to 65 °C
for CuZnAl systems and with a further increase,
the conversion decreased. Influence of reaction
time over CuZnAl-HT showed an increase in the
conversion (substrate:oxidant mole ratio of 1:1
at 65 °C) with an increase in time up to 48 h.
Solvent variation indicated that among the
solvents screened, pyridine and acetonitrile
were found to be best. Addition of water as a co-
solvent along with pyridine or acetonitrile had a
negative influence on the conversion of benzene
to phenol. Catalysts were not found to be
reusable irrespective of the solvent.

Co"'- exchanged zeolite-X as efficient heterogeneous catalysts for

epoxidation of alkenes by molecular oxygen

Epoxidation of olefins, in particular styrene to
styrene oxide, is an important reaction as the
product is an intermediate for a host of fine
chemicals. Heterogeneous catalytic pathway
using molecular oxygen as oxidant is an
environmentally attractive route for this
reaction, however it suffers due to poor yield of
the desired epoxide. We have carried out liquid-
phase catalytic epoxidation of styrene to styrene
epoxide at 373 K using molecular oxygen at
atmospheric pressure, in the presence of Co(Il)-
exchanged zeolite-X. Styrene conversion of
>99% with styrene oxide selectivity up to 68%
was achieved using NaCoX. Styrene oxide
selectivity increased on replacing the sodium
ions with alkaline earth (Ca, Sr, Ba) metal
cations (up to 85%). Such high styrene epoxide

DMF-NaXC600

o o

Oxidative addition\ Styrene
=
\
DMF-NaXCoOO
b )
0 56‘“0“ an
/ W
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DMF-NaXCo®" + 0,
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O
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selectivity using a heterogeneous catalyst was
observed for the first time. Co” -exchanged, and
alkali and alkaline earth metal ion promoted Co-
X Faujasite zeolites, efficiently catalyzed the
epoxidation of alkenes with molecular oxygen.
The Co’" ions located in supercages are
implicated in the activation of O, for the
epoxidation. Similar catalysts (Co-exchanged

Catalytic Hydroformylation
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Y) have also been studied for epoxidation of
a-pinene with molecular oxygen with nearly
47 % conversion and 61 % epoxide selectivity
using DMF as solvent. The nature of solvent
used was critical (J. Catal., 2006, 244, 208;
J. Mol. Catal. A: Chemical, 2007, 277, 72; US
Patent, 7,345,182).

Kinetic parametric optimization of the multi—step reactions for the synthesis of
C, aldehydes/alcohol from propylene in a single pot

Energy efficient multi-step single pot reactions
have become an area of significant application
potential for the synthesis of fine chemicals.
Investigations on the kinetic aspects of the multi
step reactions are fundamentally important for
understanding the stages of formation of various
products with time which then dictate their
efficient utilization for further conversions in the
same reactor. Kinetics of multi—step reactions,
hydroformylation, aldol condensation and
hydrogenation, carried out in a single pot was
investigated for the synthesis of C, aldehydes

45
—+— 2-Fthylhexanal

—&— 2-Ethylhexenal
—a— Butanals

—=— Butanols

and alcohol from propylene using an
eco—friendly multi—functional heterogeneous
catalyst system [HF/HT] where [HF] =
HRh(CO)(PPh,), and [HT] = hydrotalcite.
Kinetics studies indicated the rates of reactions
increase with [HF], [HT], Mg/Al ratio in HT,
aldol temperature, and partial pressures of CO
and H,. The rates of hydroformylation and aldol
condensation under optimised conditions were
2.5-3 times higher than with commercially used
[HF+KOH] catalyst (/nd. Eng. Chem. Res.,
2008,47,3795).

One pot synthesis of C, aldehydes and alcohol from
propylene: propylene = 10 atm, CO =5 atm,

H, =15 atm, [HF/HT(3.5)] = 700 mg, HT/HF ratio = 7,
T=150°C, t=12h at 1000 rpm

[Concentration]
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<
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Rhodium complex encapsulated hexagonal mesoporous silica as
nanophase reactors for effective alkene hydroformylation




Heterogeneous hydroformylation

Hydroformylation is practiced under
homogeneous conditions in industries. Even
though homogeneous catalysts give higher
conversion, selectivity and turn over frequency,
they are difficult to recycle. The rhodium
complex HRhCO(PPh,), was encapsulated
within the pores of hexagonal mesoporous silica
(HMS) by in situ synthesis (Rh-HMS). Detailed
investigations were performed on the effects of
temperature, catalyst amount, pCO, pH, and
complex to TEOS weight ratio for the
hydroformylation of 1-hexene. At lower
temperatures the selectivity and n/iso ratio of
aldehydes were higher. The catalyst showed
good thermal stability and recyclability giving
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excellent conversion (100%) for the
hydroformylation of 1-hexene. In similar
fashion, the hydroformylation of styrene with
100% conversion, yielding selectively the
desired iso aldehyde, was also possible. The
kinetic performance of the catalyst was favored
on increasing the amount of the catalyst, styrene
concentration, partial pressure of H, and
temperature. The rates were decreased on
increasing the partial pressure of CO. The
iso/normal ratio of the aldehydes with Rh—HMS
was ~1.8 times more than for the homogeneous
catalyst. The heterogeneous catalyst was
separated and reused seven times. (J. Mol.
Catal. A: Chemical, 2008,296,61)

Aqueous biphasic hydroformylation of long chain alkenes catalyzed by water soluble

cobalt complex

Aqueous biphasic catalysis has opened a new
perspective for transition metal complex-
catalysed homogeneous hydroformylation of
olefins. As a result, the constraint of poor
solubility of the higher olefins has been
overcome by conducting the reaction in the
presence of co-solvent and surfactant to achieve
industrially practicable rates. The
hydroformylation of 1-octene and 1- was carried
out using water soluble CoCl,(TPPTS), (TPPTS

= Tri (m-sulphophenyl) phosphine trisodium

Asymmetric Catalysis

Chirality has significant effects on the
physiological activity of biomolecules. When
drugs are composed of racemic mixture,
differences in the biological activities of each
enantiomer are often observed. To meet the
growing demands for chiral pharmaceuticals,
various synthetic intermediates have been

decene salt) catalyst in the presence of added
surfactant and water miscible solvents.. The
addition of cetyltrimethyl ammonium bromide
(CTAB) increases the conversion (95%) and
selectivity (90-95%) for aldehyde whereas the
addition of TPPTS suppressed the leaching of
the complex from aqueous phase to organic
phase and facilitated the easy separation of the
two layers (J. Mol. Catal. A: Chemical, 2008,
282,99).

extensively produced by chemo-catalytic and
bio-catalytic methods. The institute is working
for over a decade on the development of chiral
catalysts for various asymmetric organic
transformations. During the period of reporting
the following reactions were studied.
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Enantioselective asymmetric ring opening (ARQO) of meso epoxides with
amines catalyzed by chiral monomeric and dimeric Ti(IV) complexes

R2 Rl

. X o0 Qo Yo
0 RY 20 mol% Ti(O'Pr)4, chiral Schiff base NH R S © H=—=H

/L\\ + L. N H7TS¢N'E 7H‘N ® H HO N

Ph Ph 0 °C, Toluene, chiral additive OH Ho OH o

Ph He
HO C OH
R? R'=H,R?=H RI=H,R?=Me Ph
1 = 2 = 1 = 2 = . . R R
21 _ gMRez, ?OM: RI=H.R%=Cl Chiral Aminoalcohol

Enantiomerically pure f-amino alcohols are the
key structural units found in many biologically
active compounds, fine chemicals and chiral
auxiliaries. Enantioselective ring opening
reaction of various meso epoxides with anilines
using in situ generated chiral Ti(IV) complexes
of various chiral Schiff bases provided desirable
aminoalcohols in high optical purity under

chiral Schiff bases

microwave irradiation. Excellent yield (98%) of
p-amino alcohols with >99% enantiomeric
excess (ee) was achieved in all ARO reactions.
Dimeric catalysts were recycled four times
without any appreciable loss in performance.
(Eur. J. Org. Chem., 2006, 1303; Tetrahedron
Lett., 2006, 47, 5277; Eur. J. Org. Chem., 2008,
3118).

Asymmetric Kinetic resolution (AKR) of trans/aryloxy/terminal epoxides with amine and
amine derivatives using monomeric and polymeric Cr(III) and Co(III) salen complexes

R>
Ry Ry
0 Cr/Co Salen O R+
AR > Ph/u/ H-N, R
Ph Rl CH2Cb,RT >__{
&) NH, Ph  OH
R= Ph, CH4 (R.R)

PP

AKR of racemic terminal and trans-epoxides is
an efficient strategy which provides enantiopure
trans f-amino alcohols and epoxides in a single
step from cheaply available terminal/trans
epoxides as shown in the scheme above. Cr(III)
salen complexes were found to be highly regio-,
diastereo- and enantioselective in asymmetric
ring opening of frans and terminal epoxides with
anilines at RT and under microwave irradiation.
The catalysts had worked well up to five cycles

O)(O

n=10
X =Cl, NO, CIO,

(S.R)

=N N /Nf
AN
Ry o O Ry

R2 Ry
R; and R, = various substituted alkyl
groups
with retention of enantioselectivity. The
reactons were also studied in the presence of
ionic liquids which serve as green reaction
media. Excellent yield and enantiomeric excess
(ee) of the epoxides and B-amino alcohols were
achieved in a short reaction time with recycle of
the catalysts (Tetrahedron Asymmetry, 2006, 17,
1638; Chirality, 2007, 19, 809; Paper
communicated to Eur. J. Org. Chem.).
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Asymmetric synthesis of cyanohydrins by reaction of aldehydes with different
source of cyanide catalyzed by recyclable chiral monomeric/dimeric/polymeric

Ti(IV)/V(V)/Mn(III) salen complexes

O - NC
)J\ + ®CN Salen complexes of Ti, V, Mn XOH
R R, TPPO, CH,Cl,, r. t. Ri Ry

@® CN = NaCN/KCN, trimethylsilyl cyanide, ethyl cyanoformate

Asymmetric cyanation reaction is an important
area of research as ithe resultant cyanohydrin
has potential applications in pharmaceuticals
and agrochemicals. Chiral monomeric/dimeric
and polymeric salen complexes of titanium,
vanadium and manganese metal ions were
synthesized and used as efficient catalysts for
asymmetric cyanation of aldehydes and ketones
using different sources of cyanide (NaCN/KCN,

trimethylsilyl cyanide, ethyl cyanoformate) at
RT to —20 °C to give the desired cyanohydrin in
high ee (up to 96%) and yield (95%)
(Tetrahedron Asymmetry,2006,17,2659; Eur. J.
Org. Chem., 2006, 3175; J. Mol. Catal. A:
Chemical, 2007, 264, 140; Coord. Chem.
Review,2007,252,593; Paper communicated to
Chirality).

Heterogeneous catalyst for asymmetric nitro-aldol reaction

@)

)J\ supported Catalyst, Ethanol, RT
+ H3C—NO, >

R H (S)-Imine

Nitroaldol reaction of carbonyl compounds is
one of the most important C—C bond forming
reactions where the corresponding p-nitro
alcohols are useful chiral building blocks. In this
direction, copper and complex of chiral amino
alcohol was immobilized on mesoporous
materials like SBA-15 and MCF and used as
catalysts for asymmetric nitro aldol reaction of
different aromatic-, aliphatic-, a, B-unsaturated-

Si

Support
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-\O

N
HN

< >—N/_%

OH Hx O

R/'\/No2 C‘i

o\fo

Support= SBA-15, MCF

alicyclic aldehydes in the presence of achiral
and chiral additives at room temperature. High
conversion with up to 99% ee was achieved with
4-bromobenzaldehyde in the presence of chiral
additive. Chiral copper catalyst immobilized on
SBA-15 worked well up to five cycles with
retention of enantioselectivity (Patent
Application No: 148NF2009/IN).



Further applications of green bromine

It has been reported in previous biennial reports
that the 5:1 (molar ratio) sodium bromide-
sodium bromate salt mixture obtained as
intermediate in liquid bromine manufacture is
useful for several bromine addition reactions.
Moreover, when converted to a 2:1 ratio (BR-S),
the composition is ideal for many substitution
reactions with high bromine atom efficiency.
During the period under review, the scope of the
reagents was expanded greatly including
development of an improved process for the

Oxidative homocoupling of terminal alkynes

A practical and efficient
synthetic protocol for the
catalytic oxidative
homocoupling of terminal
alkynes was developed to access
1,3-diynes under very mild
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Bromo derivatives synthesized with
BR-S and licensed to industries

manufacture of p-nitrobenzyl bromide (licensed
to Chemcon). Technology licensing
arrangement was entered into with M/s Archean
Industries for preparation of BR-S as part of the
process of bromine recovery from bitterns. The
licensing protocol also included sharing of
protocol for the synthesis of several useful
bromo derivatives (tetrabromobisphenol-A;
bromoxynil; tribromoaniline; N-
bromosuccinimide; bromobenzene) utilizing the
reagent. (Green Chem.2008,10,232),

conditions. For most alkynes the CuCl/DBU/TMEDA -catalytic system proved to be very successful.
O, was used as oxidant and in most cases the desired product could be isolated in high yields without

any side product formation.
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gafr # yam @ T A WaRl @ T
5,41,13,820/- |0 BIAT © | GbTRI 3R T
gfededl @1 oreaT R 9N S IREE
Hewqel & | Fafid Qa1 & sor, QR @1 TdE
fa<iftye faferal & faera o Aeayui AR © |

uerel T S o B Rror 2 SIREEE soas T AgdRad (61599

g8 2008 @ URY #H UG STRATN sAag
ATSHIRBIY S fhreeeta T A dfew faaes
UT< $RA 3 P 959! aFHHId © A1 & uaref
fasm, sfa fagm, fafec fagm wd siftmaf=at
fos *g walfes swarf deie 21 ddum
fIsyoT getaga @& AT I Hifae Ton; g
TSR UG B 8g PRAT© |

HTETH T4 g gaTef L3¢, # iR wR, i
Sod @’ fa9d (200 fell diee) W aifer B €,
S IR Wamel & freUor § qree g © | 31
SHaTIsil Ta 31 Wi YaTdl & BRG] og e
MeTRa AfARSTS gIRT Sugad I BI U T
ugfa fAeRa & 7 | Sugad uie ST @ 3o
St fafe=or 7 yare | W HRA1 & | 59 UPR B
HENFHDHT S oA AT B N IF I B |
SHETY] Hear TRY B FeJ—aDHI—aR0T | Siarogsi
& U fHar a1 HIR@I B AT IR PIPES

[piperazine-N, N”-bis(2-ethanesulfonic acid)] Tq

BIGE THI | GIIT 1| TE BT IR U&=
PR Bg 3% TeCNI@iSEsS § YHfedad R 30
e 9@ IM e R @ AT | R &
T BT ATFIYES CHIAT & Y A ST AT T
geTs @ 915 qarg IR IR ¥ g Ficies fovan
T AT BIRTBTRA DI BT AU g BY S S,
. fire wR sTeT T | AfafRe HifRreren &) |
PITST B A A e & fHRT 9§ ger fear mar | o=
e @ oI @ 918 BIRM@RN B THRIHS
(Tt gRATSA Wiice IR &1 93T i faear
AHAT 8) | AT SIS &I T | B & fo Ry
1 3rfaRaa s1fRoT® Bt ger faar T | fre & gar #
@M & 918 S9I & wenfrareil o1 sregae faar
T g8 UKfd TR Sig WEnfer @ et
AT SR fyera wffaeal & forg STarfi 2 |

uqref o7 FRaI01 B WHIHT Selds i+ HIghIDIU! (TH.S.TH.)

T3 TH. g &1 Frafa swh T @ 9w
fraes ufafds @ @< donm S9e IaEte
HeT # faeiy uRRacsl &1 welRia o7 & ford foman
ST © | Yf U599, Ufshar & fafy= ==on &
T R B UFHATS BT TS o UoIeT Hdhd <l &
Id: THSUA. BAR ERe WU iR fawrd
Tfafaferat § AR vaTal / SARSI, |EH Sl
gDl MfE & freuor § g8 YHM W SUIRT Bian
2 | SI9—guvres Sfal & e @ fparfafey, vd <of &
faf¥=1 gafexer aRRerfoal & g qor §g 89 oY
frafaf & wsm & ford fafy=r ==ont & e

T304, Bfdd 3 S1P] 7ee B |

Tiddicd @ JapRIed g JuHAd dagal &
fApr™T U9 ST Bg ST MRS Ocd & ©U A
SIEHRhE © SUANT el & #, .39, e
BT ST Grdhaied (Sfar) & gaiaey (@FR)
T YBR P BIRTHT B 89 IR B wu—yfpar
H IS B PR ISATT BT I B o SUANT
forar mar | SIRET wdw &1 IR™TT & RT
el § fraed fear Tam | WS geide™ 9
§ R ®IR¥Ter was et td IR Adas
FHe—aTs feag i 2
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TS AT 3R faRre syl & fog gA.gR.eR. Wagitafa

faft= Al @ g fafey Al @ S
e T 4 TH.UHIR. WaefAfd &1 9ua SuAT
T ST & | SHST SUWANT g8 fRY WREEes
/ fascivoers el @t ' @) A o far

[Hue—fquer AT H7 o1 =

4,4' — RIfTTSSATTIRGISHA AHULT—HHUET,
fauer—fauer va woue—fauer safada wHEgal @
3101 & U 4 BIaT © Td Toll Aisdl @ ford 71 daha
yelRfd #xar 81 'H TUA.GHIR. dodle &l

T & 1 T 500 #HMMecs SUSHRYT ATSshl SHIT
Jfaem & arer i fHar [ 31 Jger & S
SIS Bg I @ ford WRIHT S 2 |

AHAgad SYANT SUTRT & JAFHRI T§ gD
IATE! B Yol $I FRE =g faar T | i <t
S A1 g 99, % T &1 TA.UHSIR. Had
yeRfd srars |

AFI—vererf & fA9e & o) v 9 & U ¥ TA.UH.IR,

JaATsd N (@ TI b) & WY STWER—
SHIPEfaferd v & TellgAT Td TSIgAT gaTdi
% U7 A0 §  GA.UASIR. U% Hageiiedl SUBRIT
2 | fera Me 'H ga.ga.emR. # ar o wafafy erm
IT SHH FHMAMT BT F9TT BN R 39 YHR I8

TSI AT B AT HHAGIR GUHITAG AR BggIo
9 & AR B AT =g GIT Y& BT & |
a1 gdi oiR IR gara et & ure wx=reii
H TAS.UH. @I 88 W @1 T Sl TA.GHIAR.
el & Wy EE IR |

Qe TS | IATST AHAT og (P dDhiedd afey BY TaATer

I8 91d © & RS ures S TR g Mfad
TEeyE ¥ amaiee @ o erd aRvmd 2 W& €,
I TSR TS | STATSIH BT AT B AHerd
g U WRd fafY & faem =g v fod W

TAE ¥ 39 S | <1 faftray s, R, Wag e dt
3R I HIACSIITHY BT ST fhIT TR |

T — G Waghier (TRI.8MR.U%.) §RT dadl &1 fasayor

3T arawer ¥ faftr= vl o g, e Mg, Wegies g1 & W | faseiyor 5g uaret @t gafa
Qi e, 94 ¥aTd, GE A8, OSIET @ 9 P MR W, TAT R FRA A AP qRot
anfe & SuRea fAft= d@l @ SiF (ENARTE. U0 9@ 1fie Te IR f5d ™ |

d@l @ fIIyoT 3g grefacac ducs woHT (33, I 91) WagipleHies

faf= &l @ o e § SuRed 9wl @ fRifter @1 o (v) $9 99 57 T A o
fAseIoor & fTY $90 SUDROT BT I YAH R ST g &) SRGEAT T e, &l iufrr, (v)
foar w1 gy "EEgEl T FEIER § So—femet W O oAl ® UNE a1 e, (vi)

(i) afewrars # 9/ fawTe arg At @) FRRE,
(i) Yfee® o1g sl @1 Sufkerfa / suRerfa &
freiker 2g, S ufafear & SR arg smEl &

spYoT & g T uReror, (vii) St Al A
qeA—uID! o SuRRerfa / squRRerfa &1 faiRor v
(viii) faf= facraviieavor seEal T sifa ST @t

Rera, (i) fraraTse vd eggicedse ¥ 9 @ ToTaRIT Y Sife & |
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IEADHIT WHeH ssgiaEd (W T va.) &1 Ao =a=or ga. 9. ga. o gRT [or—arad

AP WHeH TESIeNEA (@ T wa)
fafed grd € gd forsdt ufcreenmuss a1 faww g=mo] &1
3419 BIT © | A A1 faeredt a1 o= 8, it
T4 FIRIAGE®, SRade §d cRelo d 0T
@ T T AYT I5T ARSI gITaRoT HReTor
oIkl (391.g) 7 9 d. . gE. & Al @ o
HAIFAT SIS ATD! & w0 ¥ aefiad fHa1 8

I ¥ 3ifis €: benz[alanthracene,
benzo[a]pyrene, benzo[b]fluoranthene,
benzo[k]fluoranthene, chrysene,
dibenz[a,h]anthrancene 3R indeno[1,2,3-
cd]pyrenel g9+ 1. T. T9. & JUTHROT TG ARATHSD
fasciyor 2 uo fauRa ==or g, 4t va. 9. iy &1
e faar |

AL B SUIRT gRT &R 9egq ¥ [IfSYH Tree & ®U § TSCRP 3+ BT AHol

TE TART IR AT § STSAIfSTH Tee © ®9 d
SuRed <iiRe o @ g Wit =g fHam |
TRR® 3 ® WfSTT d99T BT AN v A gRT
fasciyor sifedt grar @ | Tadiga sl § AeEsd vy
P ©U H BIEPIRG 37 BT SYANT fHar 1ar, iy
fsioor @ SR R 91E9 @ STellhRY & ford

T ® | SIS B BT BRGBIRS 377 SISAlfSIH
TIeRE DI AATHS WY & SICRP 3+ | gl odT
2| IqUETd SR 37 BT faiyoT guasdlod
610H &9 & gRT, N1, feeaex # 210 nm «®
far T SR el drewH | g9a) "ram 0.25
drdies gt AT |

T PHCTE TS W A9 WaeHifa (GhA.ga. 8. ) g7 siisfery &1 faseryor

TP vl g7 HU BT U SUTE, faees & usarg
I ST P wY A BISSISIE 41T 8 1 DUl B
IR UR S AT BT oI AL.gA.7A.q. g7 fafr=
qIaE SR yrfe aRReafeal §, 98 99se @
o f» faf= aRRafoat &1 sfd S w® =&
YYTT BT ®, Sid @Y Y | I8 /T T B gar @
379] Sob ATVTIH YR & & SR I A srgareiial

2| ETdife, fdged & 98 91 WieH gEsioie
IrieaTE (BTESIole) arseiie BT 8, o S
fasyor @ o TS TATATSOR &1 SYANT B
g0 U Sugad fafr &1 fdera fear man &=
grsgoie (Aees) & 0.5 fifity & wR @
IR B 9D | I frpd Bt e & forg
PIHI STAM E |

PIEEIgSel BT I DTS 719 WaeHifa (G W.99.99.) gRT faseiyor

IR yrGfde w0 9 HEleEge samefid 81 T,
SfIT S 31.0H.04. gRT 3971 cgeT fa=iyor 98¢
D &1 57 T @ fivor 3 fog saferse
THAPH  BI, Sugdd fafr gwr,  arsoefid
Tesia—yRice sgea— 4§ uRafia faar sirar & 1 37
FIarEgRC Gl & faveyor & forg, v Siefigm.

9. ygfa faeRa o 75 1 160 fe3f 9.3 230 f&h
A. B TEHE R 1.0 fel /fFe &) yare R 9 9
9. 225 W BT SUANT B gY faivor fa @ |
39 TSR BT I G ¥ sEEEse T @
A sy & oy awarargas yanT faar
T

T e fHaTse TReR (TH.U.UH.3.) 3R 9EIRAT 3rFd fAarse e &1
T PHSHTE AN WagHfa (Ch..t9.99.) gRT faseyor

raTer iR SiaTett # dielg fafy=1 |@q< / sriqa
T 37T & JUGHRT, 89T Yd ATAHD [J5ATOT
=g A9 St ga.gw. fafy faefm & = a8

TINT IRATR. 5 WY d 80 | 240 fe&if 4.

arge A 1.0 fAelt / fame @ yare &) @ ary fear
T B9 g 35 faf= a=frg e frarmsa wedt
DI T (MRS fIao & AT o B A
AHe B |
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T HHSHTE g€ W AT WagHIfa (S 9.09.09.09.09.) §RT Jeeid g fasRid A

Jraf¥rse AT o1 faaror

ISV SdTed & &R, Rt yfawd & wu
H faerar 8 | AT & ReRTe | IRURETT ufshar
B §IRT ST fHdT SITaT 2 | URURIIG Uik & A1egH
{ AT B g WG 75% aF Sl © TAT S
IS AT § 9 R Hort @I @ud B 21 59
TRAT B 3 HA @ ford 1@ 1f¥eia fafer fasfRra
P TR R o= RawRiar &) AeFia e @

for grafea fear w1 swe o Rawsia #
Jrafdre AT B HET AT P STHRT Srodt o |
T iR iR TRSoTd ¥ Srafdre Aot @
AT & ATATHS 35901 2 JMR.ELYT. 5 WIH &
IUART B gY TP SIHLuagEuagd. fafr
faefa oY | 39 fAfer = s @ Sares @ forg
Y TG SHoft &I JATE g9 B & A58 B |

TATT ATEH H AT GC—TSEIE AR BIEhE B Iyl vg denfer fafer

Y fa=wor welt o fazews (FIA, died 5000,
Fiss Tecator) @ #ag ¥ &Y Tg | W¥Hx & =i #,
JYHRT DI TIK B YT & TRIER GRIF TR HATHA
HRA g, 9G4l o 4 NO, - NO, wd e NO, &
fasamor & ford fafdr faefRya ot it | Aispar ugfar

B ISUYFT AT S qEIH A STl AH § FoA
HRGIRY TG 377eft Biwe & fJaiwor =g i fomar
AT 39 UG BT SN 91 &1 § AN D
fyciyor & fordl i T |
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PpTa-d Uaref Taq SR

ggref

SHIY Rerar gfg & A1 BrRIGIF=E AlcAfdase

Jeaax SHIF ReRAT(200-300"R) et BT J&T
BT ARG Red T § T4 fHar a1 39
FES IR B T & fod IRA A B
ITFTSE TIF AICATAIMISE 4, Tdsh BIehI-gHq
RET SR, Sgregfed, o gfea—eTweRid

TRfea  dersfia, g’ gfea ;‘*a@ﬁm
seThid, A gIswie, Ufe g8 wiva qan
N TEBITA BrABIFEA S fafra fear

PP HaT1 Woca! & fod ==1 7t

HIETH AT BT AUAHT IgaAd 41 GecHl A
wgad sl =1 Rer fides wifq =g, fafvr=
framael ¥ sEfe et & MoeT &1 e
fovar a1 | oY 9g e A1 WucH! § SIS a1
@ IULTeH § GUR Tl | e fd T S
73T, o1 g 9 qAT H-98F d1el A qahivid
Ia @ WY, faarel 4 gofa: fefda =1 S

T | BRI g H STfedhe @t BT dAd1g
¥ ®U &g 9o BT FHT g9Iad fear| &@e
afedd @Al ¥ WA HU §9 1 <gigfed
BRBTTH MMT(P1) ¥ 400 & T ST Rerar
g &iik I8 95 / as, fifdee 5+ Jucs &
T fafdy & ford Syl uete 81 waar 2 | ((rarss
ol A=A 2007, 35, 194)

U1 / 99 WR R 99 SRS QT BT 0T, Hidret=
duea! & ford =9t a1 & <ed fafeer & o
I T | GHfod sfide ST ISUAN, AT e,
IR I T SPhsad 95 I I B B ford
foram T | (4. #eR. A= 2006, 29, 133, @<
A= 2007, 92, 1004)

S FENfRT AlcHIfeaEe & sidads @l § Pd 3R Rh €1 A91607

JURHIRT AT & ST &1 A1 BN BT gaTa] A
AT P HYD STHH ol et g
BISRIGHIBRUT, I 3R BT SIoi-I®HRoT & SSIRa
yRads # far Smar 21 AieHifadmse (MMT)
AT T FEAS FNET MMT(POMM) & HUR
Pd 3R Rh 1 791 HVT & HIATT 8 Y& -Taet gef
T f6ar T © | PXRD 94, Pd iR Rh &1g =+

e ATIHT IR MCM-41 ST HAIAY0T

MCM-41 4T 2-3 AR a9 a1 99
JATTBR ¥" 3R 700—1000 Hrex' /I™m Rrasm
Afre Ade &% YWl ST i AeIRE
gt BT TP YHR 2 | A I8 gared eFmre
USRifsha®, Hesd gRAlSd sFifad FrTss
(CTAB) &t %ive el 9ew @ 39 § ugaa
IRD TASHR TRRfET § T 100" | R 9gd
o= 99 (et 9) & Wiy sar g | Rifrer aa &
¥9 § AifeaH Riferae o dxa AR g @
%0 ¥ CTAB &I UJad &Y I8l W AR ST A
HeT ATT R To91h e SR Raferet & 0-1 s/ ™
3 € 9 HF 99d ¥ o siia AeaE Rafere T

FHOI BT MMT 3R POMM # g1 gHiaa sar
21 Pd 3R Rh &1g 91 ol &1 MMT & 98 uran
T Tafes MMT &1 3ie: drefe deed R
POMM ¥ 950 3@ &1 9 fawsi= & a1er Pd &R
Rh @ $UT A9 &7 G301 H=ar g1 (SRAS B
AArarfEse Rad, 2008, 10, 625)

9 & | PXRD qor N, iferenyor & gar = &
wifean Riferee fdeas & fam & 1t &1 ugret
% S Ol W= 3789 994 & | TRURS &1 (100
144 @<t & foIQ) | IR T AT BT YT 39 &
A T4 garet ® fafdre Soiy qor sTa S Rerar
g Y | S99 fpvearsd iR Rer ueref uiitg &
forg aRRerfoat Sweaw &x= @ srgarta g &
HCI (Fsrrdiaser agw) iR Rifarae & fem
P71 10 fiFe &1 99g SfUd 2 | 57 Aeg<El ugrert o
39 UPR P AR R A= Ay et g9
ARG AN & B D T R & | (SRS 3%
U™ AR, 2008, 15, 571)




Rafere 9ag &1 yerieA

ST S uRRkefoal @ siasia CTAB & BT
IS 3 o4 ¥ a1 Aifea Riferde o agad o
MCM-41 fifereT ST Y THAT F91-71 747 | [T
T 9 T gen 5 3 Sw Bid veaiig
3aweT 3.8 nm (a, = 4.4 nm) d,,, WRAT D AT R |
39 UBR W T T MCM-41 &Y Fd8 T T
TH QAWMU g9,/ nm’ arel AT WaTsd €18
A= (APTMS) X Uab1RIa fooar a1 a, &

ST 59 TRQaAsed A gauoyl
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74 ¥ f9=1 iy uRads @, yerdes & MCM-41
% fdad= 9= @ <fraar A o9 g3 | TerieT uds
g% qAT FA W Agaq (1120 #Y/um @
4354 /31 &R 0.85 WRft /9m 9 0.24 A=f /W
HHI) A UHTA HH gt Y | O uaTRTa ugred
TS TR BT §R B B folY 3726 ATATSI T
PH PR ADAE |

WAEl §9 TIQIaNISSY, K Wdasl § YR
gETARIT OTg SISQIadIgs qAT AT Tl e
ugre B 1 39 9asl @ A W9 el 9 33
TEATTU! I © AT WHH D TBR B, 59 gare]
o SHIF ReRar dem ®omae uRadd & o o)

gel f& A g MgAl - LDH & ford fasies w®
3rspAd 3R 1 Igauedl & | H sgamed! 3§ uRada &
PR & | |H Igavedl IceHl 79 AT 9 91
M & fod 1H Jgausdl U@ A qaadt @ |
Safd Al @ 1T Zn 9Tt LDH # 3R 1 95wyl &

eIy 3R gsaT 7 | LDH ¥ Y9 gauvyd! & Iad
P M @ ford AgT~a® (DIFFaX) dem uranfis
(PXRD) &1+ 1T | TR TS| # S Fatq
@ SR Al & W19 Mg et LDH & PXRD ¥,
(h00)/(0k() g & WG & BRI, Aifeal
eI gRacdd @ 47 | DIFFaX &xer i aal

EI9dE TSgIaAIss § T BT Jad+

LDHs & 3fdads § T $% IR FEOTRIA Ja9 BT
I TP BADHR B © S SIgAeH fafr & IR A
T BT & | BT, CO,” 3R Cl 9N Feoma=i &
&ffor X—f=or e &1 Al¥ed &1 gled 21
Br ¥ @ 3fqids @ SIAGR TPV UG D
SR F8f ZnAl-Br e &1 g1 T@r | DIFFaX
JIH]YT §RT Tl =l P sfcqedas # Br oma=
AT STt fbve ety Arsel (184 3R 6¢) A s & 1
S SUIR @ RN ZnAl-Br LDH @& PXRD
g+ ¥ gqame 7 3T fear f& Suaw oidwadas

Tewfed ZrO,-SiO, fAf3a smagey &1 Fyayor

JNMIATSS aFQ! BT JAT 4, T AT 37 Il ared
fis1 srawTss, oraar # gfg e B fafy=
Tfaes JguTal arel Zr0,-Sio, fist SRt 8iik
Wold & T, 9id oid fafer ofR S9& 918 e
(i) S¥™ dar (i) »-UUAG faaEs  gwRo
If-wifts gEE ¥ TR W fRNa dR
Wit %1 aassy & AXEAd a0l 69 &
TAETOT STTT—3TeTT & | BicATfh, U SHTS &89%hd W)
F AT WTsel @I At (0.0021-0.0029 freft

GREAT 99 9§ I8l B, O db 98 oollse
AT & W § Efed T8l 8l & | Zn” 8™ &
o &fivr sTewaD I Ase & BRI, 1H Jgamod!
9 @ W9 ReR 8, 9 Zn MgAl — LDH &t 8™
Jqeed & ford Sl Ife e | Saea® 7 |
(SRt fbst. ®f3. B, 2006, 110, 12365)

|rgel 4 Br 3 & faaRoT # 989 sfveed & qd
BT 2 1 1759, R T 331 W Br 314 6¢ 98¢ A
18h WTgE WR O &, % Sicdas & faoias @
Sod ATSS] B AT BT AqYSdT B 2 | 6¢ TS
(2.402A) @ e ¥ 18h WTgE, €Y EESNES
yce (1.809A) & WieHd & -oidie gial & I8
TR &Rar © f& SggaTSs Uee & W & A1
Br ¥ & qd W & &Rl Br fafsd LDH &
qees ¥ HBr faaar 2 1 (9 3% fhfitder
DA 1, 2007, 111, 18980)

M NH, m’) 999 W 3R 3T USR
ATsadedaHla URade @ fog SR afseaar
T W (31-41%) # <& | Tewfed st SfiRs
IR WISt & AT A AT TFaradolare gRad+ (91-
99%) # faeiy gfg =g | er<ia wIgel & o9
3R AT SHIE FAE &TBe IR TeHR D TR HR
@ d19 Y TET 9T T | (SRAA 3% 9k
FARTSA BY TS AT AT )



THTINIRD] BT FIATT

HEMS STl qAT I S TS ATHUT BG
Tt aT SmeRa SoR® wguvl =T & forg
Hecayut RIg oI & | STaHNT & FIeIdlT, SORS B
o+ 3R &3 & oI IR R el = | sfesa smafa
fasE, geR den &3wd @ wiid & faw fafv=
TID! A TB—SORB| BT AIAYYT UG &0 fopar
AT | TR & STad Faf=a A4 wor qor A=
Tefl, 9% @ W 99 T | ETS-4 3R ETS-10

YHTINIRT Fds

UHTL T IR ThrenaiRa siffrare &t
&S &< @ ford ®ia &1 ufceal o uemrer wen
@ THETNSIRT &3 &1 e gaq aRk=aer e
AT p—TSe! Trens (PNA 50 o ff @°) &

TGRS Sogel- AR BT JETIT

HRNIGS ST AT WEGId! §IRT 5
19 e sravad &= # TiO, 391 HoN uR rferenfya
5, 10, 15 feafersa 20 (3, 4 ST ST SoflF
URGIRA (TPP-cat) 319 & BARC & |&an = #
TSI AR YfhaT &1 3reaa fear |
o ufssar § TPP dcdidl oY), dedld A-eT |
TiO, A= FHUT & [T I IATATRYT Azel AT
21 TPP-Cat / TiO, Req & ¢ifige sr@enyor
31y #, 400 - 800 mm WR AT UM &R TiO, &
ATl 908 § goldel= &1 <100 Fs # 399 Bam
2 | 39 Solae™l (Yarfed) 3 9 Afdreaw uva saaeH
&RT 800 Fs # 7Tt & Wi & | &1 a3 &9t & forg,
SoggI yare ufear @ ford sif¥ferar a9e firs
BT 21 800 nm W, S3oiF | S<ford CT 3ra=eT

JFdgd MR Tafad fpda
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Rratemsel ®§ yereneRa® ™ dfea Ti-O-Ti F[@r<q
TR &1 FFae fear | RMReR @& 89 )
TiO, B A | s X8 &1 a¥ieT fasiia faar
a7 IRy vu ¥ I 3R @wHEfe Ut @
YHIINSINRT BV & forg 39 ugref &1 UV iR
Iy A ueeE fewr man (SSReaa
gl aft Rad (2006, 45, 922, 5231;
2007,46,369, 6196; 2008,47,584)

ITHYT | TiO, @i ®ia ufeedl o1 ywrenaiRa
Afsegar UV U&eT § M@l T8 | aHyvT adfia
|AE BT JAT § SoaaR <& T |

FAGST ® TP 9vs A fIROT & SR 9 gl
2 | O AR 400 nm T TSI IR soret ST TT
TS Q dm CT & wU ¥ halkerd 81d &1 U
rfafRea SAsHIfag uer 100 50 Fs ¥ <@m ™|
39 AIT W IS UAT TAdT & P Pedd
forarear 3R TiO, @ §= A9qd 4 © I
R 3R gl gelage IR &g
Saverdt 2 1 (9. fber. ®f3. C 2008, 112, 2918; o
foor. &fA. B. 2007, 30, 9078; 981 2006, 110, 9012)
T 3R TSISS RO $I U89 oy s TeT
Cu-NNN-Cu @18, e fpue~s & SEaiR
AR A YT §3TT © | T4 AR S OI% HA [-HI0T
RIGARE FUIH AR &4 81 (75 3t oA
2006,451,0046)

ROTIA] BT U8 vg JRAT TG ATARGRAT IMemRa Tret

37U TR HEAVT UG fFUICIidh AT W8 B HIROT
IRAT gaw gt JRAT srenRa A& FOmIAT B
UEAM =g SUANN § | IRGAHH & fauRka 3 arE
TR TR B SURATT § FARISS © AT 3ferd
AT 9 S ® | FISKC Ud FARISS Ml Bl

eTRBAT ¥ BTPT IR & B oY 39 I &7 S
YT B [ IRWRS GG TP © | $9 ATfeal
P T SIS NG g§RT Ieqd+ fHar Tam
3R gRem yrnfire aRRerfoal § ura geat & A
T § | (BT, 9. 2007, 48, 3695)
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TARTSS, WRilce 3R BRI BIThe FoMgHl vq ot (1) difafaRfsa smenRa e

Uh 8 Wgel [Ru(bpy), (1-(6-Nirto- [1,10]
phetanthrolin-5-yl) — 3 — 4 (-nitor-phenyl)-urea)]
BT FLAYY fHAT AT Ia Y] YRICHISSISd
faeaa #, weiRTsS, Wiice 3R STgsIo BIwhe &
forg ol @ wu ¥ B FRar & W 7 IRads qen
I WA | ST 3T | oI BT HH A=l
TR 1:1 ETZSIO g9 ANNTE §9a7 & | STaf$ S
ATl IR SIICS 3R &R B wife if¥fepar =il
2| Sa UTE o Afdre gerar faf= ol @
AT A TS 0TS & MR TR BT TS |
TTeT I7g3H & famierHever 'k HOMO 3R LUMO
IAERI & 19 $F QI 811 D BT Gl BT il
A e e ? | (7. 3t B L2007, 46, 9912)

T "I H Sifad w9 | AEaqUl BB B
UEa v U@ T i (i) Hger o1 Feeryor fHar
AT | I AfHA ATP & AT T8 §9IHR 379 7 A

gRacd= fazarar 8 | 31 ATP If2d Foma=il & e
I8 DIs URad 8l TN & | S ARHd Gewoial
BT AR B TG T U AP & & A BT
TR FHAT 7 | (TATS. DA, 2008, 80, 5312; 31T, we.
2007, 9, 1979) Ru(ll) sTsfIREN wRBR Tg
AMEABR (4T Awramia) Jaa og wfeal &1
ey fear T td S G vd faga
RIS IO BT WISl B T3 | §7 FARISTIATBIRT
R faf¥= =]vma=n (F, CI, Br, 1, H,PO,, CO,,
NO,, BP,, CH,COO & HSO,) & w1 3mafis®
IEAT P egg foar @ iR ™= 5 3
H,PO, 3R F & W1 #olqd g=od1 quid &1 §¢
ReRi® ST HA o WK SIATIA UfhaT Su-Tg
T | H,PO, and F &1 9<fl §8 A=l & A1 Wi
NMR # uRadd §RT Sad AR & IRERS
forarfafer ot uar feear |

TS s, Aobe, BIEhe 3R Yogs AFAl =g g forivs W

RO B FaaT =g fafv=1 Brofeg forimst wa
forcs omvpenl &1 foqqa ormaw fdar I
Jareeva: B gRar e, SO,7/PO,”
FOMIAT 2g ARG & MR IR FeEeaar qeid
2 1S0,” & IRAT & AT LA SN 7ael § TaR
foreanm®! gRT yeRid &1 T | STRIF SIS
& B <R, SO,” o SO,” Irmeurs gafafz=
AMHR ol Tl Bt 71 (57t . 2007, 46,
5817)

T 3R UeT BaART ferge fawenfia e wim
3 [(2,3,4,5,6 — =<1 9T AfTer THEY, Ufdren)
AN, 31991 BeH C3 — It £ (2- wieefrer)
wiE e 4, fede il & dierl 39 gri
FARTSS 3R TrgS @ forg Frfaa wmEr ot e
fvTaT 81 (378, 1. ®fA. 2006, 45, 4372 98 2007,
46, 4770) T AR a1 IRAT renia 18 Foma=
TE] TESIOTT BIEBE & o0 Soa 91 ey gurfar
2 | (@F. IR, 2007, 5214)

STl ATeTH ¥ &R &7 eTgell & STsffdhd T | Iafd raeyo

s yftrdgs # DPA §RT Na, K3k Mgffed 9 K
%I [K(DP)] & ©U H 98% W SITGT 31&I0 & IR H
AT o1l Sad fefive K, Rb @ik CS & w9
Arsdr s | 39 Al B I Sar 2.6%,
6.6%Td 90.7% AT R |

SN T P W @d §¢ DPA &1 &R
el & frrspuor 8 e ™7 | Ca, Mg Sr
3R Ba f4%10T & DPA 9 Ba &7 85% qab frspyor
BIAT © | Ba T2 Sr 31 farveat W= fageryor & uar
AT & f& Ba TS MHR 3R Sr & AT A S gfaar
@ BRI foriive & A1 HH AP <aT 8 SR Sr &1
AT # HH AT T © | I RO SXRD Td

PXRD gRT YA {6 T € | (X1 9. 5ol oA
2006,3369)

JURT AATIR A ARA &85 H, 2,4 SEUHHAT —
6 femga — 1, 3, 4 gefom & fafy= gforbfes
T FIEIRATAD AT & ATY SMVTH AT
TR R 39 Afel B smsifae, A,
JRiifrs, gaRe, wfifee  sEaEidf®
TR, IS TATSHITAD, STSTATTDHITAD 3R
TfSfie o & AT SWRIG 377 & el
FRT 99147 AT | I If1e <1 a7 & Ff9H sawen
el HEA AEE W@ Bl © | S0 Sgawel |
fafy=rar STsHEIRIfa® Sl BT 3FeTdT & HIROT




B 2 | (. R 1. 2008, 14, 6967)

TARIBIR (THT Alha O] AqHa) AR ATABIR
(TSIReR / Bifead[4] W R — qompre
HAHRT 31 I &1g I8! 919 T q41 IR 5
T | $99% 0T U gl & A1 T BT AT
=1 &R, &g < e, WY €T Ua AshHvT

Srferemsor

CO, 3Ty & ford BEgIcavge
goflgg Mg-Al IIEMRT gIAAE! TEIINISS,

TRURETT YT ToIT WEIG&UY §RT FEOI,
CO,” Fe(CN),"@Ir CH,COO¥ §91/ & | CO, &
JATNYOT &9 TR AV ©cd AT =qaA1ad
FUMIA! & AT & U B 3ead— & ford I fan
AT | LDH &1 WREAT 64 deIT SHR o1 IR 94919
ST a1l A= Fewor gramell R eI T
CO, IIferNYT &THaT & AT Aexised faar T |

U] 9 A BIEASISIATRIES DI AT

oI UTaR el & Ul 919 9 Fiaett sRa 8 99,
CO, &I IAERY 4 HH $31 &I gie 9 faf=
Rrarerse smemRd Mye W BaX, SrX, KX aeor
KBaX 91 TR iR CO, 3rferenyor & ford uieror
far 11 CO, 3R N, g A4l & Yo oy 4
ST 831 T 371 s1frenwa! @1 CO, & ford srferemsoy
&HaT 125 9 135 . /W & W § W NaX
TAT ZSM-5 (Si/Al=400) TR CO, ford =7 fAsror
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grgell @ W1 AT T SR 9 Aftma W)
grgett Hg®', Pb*, Cd*, @& W1 39+ar <9id & |
B &R garemgsit Na', K 3 Ia+1aT g9 & 3iiR
O WHAY TGSt Cur, Fe* & g wra=ar gwid € 1
ESI-MS gRT g91a! wifbafig «ff faiRa o <
ST |

Mg-Al-CO, @ CO, JAfITOT &7 | IR T9 qeT
30 9. TR 22 ). /A 2 1 Fe(CN)," a1t LDH 3t
CO, srferenyor e 45 WA /g 11 CO, &
T eiftrenyeT &1 SremwH fafv= wfhw wad
SrfereneoT gl wR foram /T 1 CO, et LDH @ 150
. IR Afepg 9T 90 . W AT B w® CO,
P T JAFELNTOT &THAT SATET A AT 6 A
/ATATE TS | (37s. S ®f. Rad 2008, 47, 9588)

CO, (14%) + N, (86%) & AU URAL q3b U
forar mar | A fAsor A SuRera o |+ CO,,
FeTaTd TR 30 fiFe & R & ZSM-5 IR srferenfya
B T Iy, SIS} gRT AR 4aE A
fegmar f& |+t affrenfa CO, weram wR 45 famie
P 3N B fIeNfa 8 T | (U< Teli®hId BIses
PCT/IN2010/000187, PCT/IN2010/000027 e
PCT/IN2009/000753)

fraregel # i & aiftrenyor @ ford smvifae AisferT

forarerge 7 199 el & g1 & A1 B AT
fopar Jem S9e 3l B wHsH @ ford sfaw
Arsfo 1 e {6 T | UTe AP Al BRAT
BT A fSgIege ¥ AN, SRS, Aggiod
R sgsIoE A9 & AT wR sremyd fear
7| AfaRed aremR eMrE), Na© o Ca”' ara
Rraterse-A & Ao, TR T 3R &
JrfErenyor ardiae |FafeTd fad 1 | Rrtarge-A
Ca’" & AT g9 & T AISSIoTT &I Afrenyor
&TdT, TIACT dAT SN SHHT IT 1 STP

AT ATSEIOA 0] & Ca” g+l & AT &
=Y 35T qoT S9e RTaIdge-A # 2mHl & 9
A 3T T | Ca-A § AZSIOH AN & 3nfdas
Tt wieT 7 fe@m f& g gior o] Rraiarge &
R foe & 3icR € Ol B: 95 9o & D% D
a1ge | IR Rerd =t @ fde € | MnX & forg +ff
T e BT Sremud fear wrl (SeSRegaa
iR Dot Rad, 2007,46, 6293, ﬁ"T’I\’
2007,23,8899)




MOFs &T G 3R 9T &1 Aferenyor

gTg HTEHS IR (MOFs) T PR & 639 yqref
g e 9 YeroT § smemee Sua @ | faftr=
MOFs - MOF-2, MOF-5, Cu-BTC ¥d Zn-BTC
P G B foTT a¥Id S=a fBd | MOFs W
A9, ATgcIoE, JTRioH 3R BIg|ION B
arferenwor—faenwer &1 77K, 288K 3R 303K W
ey far s@r1 Cu-BTC w® 77K @1 P/P, =
0.995 TR T 200 /). / T BTgSIo Srferentya
sl = quEmell # 329 Wi /W Asged
Jferenfya gg 1 Cu-(BDCO)-(BPY), Cu-(BPY)-Cl,
Zn-(BDC)-(dabco) @ Zn-BDC W HrEH AIAY

gTg BIETd T TH=Al

T IEIET IRGHAT, I SR, JITHIT SR
IIRG T ST B BRI MOF / dgdaniy
gD ATHYUY b Bw 99 8¢ © | Igadl N JrT
foris, o1g il /Ml o 8F P
A1, 9a9® @ Ak W faefaa f&ar mar Cd
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JMTATSS D AU fILTTOT YR 31+ G377 | Zn-
BDC # U& drgdsed g9 a1 303K W) CO &
fermas rferenyor emar 25 W/ uriy T,
S9f® Zn-(BDC)-(dabco), Cu-(BDC)-(BPY) @err
Cu-(BPY)-Cl & forg CO @ arferenor 1 =Y. /o
A &9 U ™A | N, CO,, CH,, O,, CO, Ar @ H,
P Srferenyor emar MIL-53(Al) WX 288K qe
303K R et Tt 303K WR SeEad Siferenyor
e\ ar CO, forg 51 A= /3w den N, & fow 13.4
BIKIPAIRIEIRETE

Td Zn o3l &1 4,4' IARSH ok L - Ridi®
ard (fvet oA orFet) @ AT 2 — D dewanh
ST IR (fover) el fod T qem s<1ar
AT S ARFAT fhaT =T |

efdfdca dor urg sde 93 @ U § geaarh e

e dfere g iR SHIe weRe a1 Siel
IR B ETSHIEI eI DT BT T ST BT
HLATOT TG T[0T e o T | wegwell ol guR
PR oferad I DI Ufhar o1 T8+ e fovar |
ATedieserss ferfivs amenfRd, Ca(ll) va Ni, (1)
ameRa fgafa sfedca dwfta f&d ™1 3

$H AR I BIEHD foretex (LMOG)

HH AR AT BIED fSTarex] bl g9 B fafer
2002 — 2004 & fgarife gftmes & & ™ 21
wrafies Al @aur ik REfie ofa & fafvr=
G-l | T HrafIs Roferext T fHmfor fHar |
TH W & I emifm Ride 13, @y &
SufRerfar a7 srguRRkerfar # wer amg wR & Rreem
ygfar <eriar & | e Saaeie ugial i &et
AT R TR ol 997 D | 9 AN Ide 3R
fIexs (bam) & ygfd &1 AdT o GHAT B
DIES T § HH JPIR Tl a1 foreiex
% fored @Y GO BT ITIAT U o AYUl

T H g I AR R AMf¥gd H 978 ¢& o1y
3dd MHYT FAl §RT 99 I8 & | SXRD gRT
gifcds efacd I @ gfic g3 © | Sarevur: Ca
(II) & Ni (II) =91y sfadhed Ar@chIfieG o
gerid €1 (UrefIEgd 2007, 26, 749;
Wagifeaegaer 9€ A, #fd.  IEMIfaageR

SUAfRI B |
S ey | i ame saon @) fhvee =T

% fageiyor & ar 9 & {5 S9! 9= g9 qon |
TRERE T 21 $UD &9 H I@d g7
Rretex Iiftrel &1 fAior foar o Aear & | fRemsa
TR AT 3 iR faf¥=1 Rimfies ot gea=ii 9
rerfie smifed waifarifere wavr &1 famfor faar
T | (e Mer =g+ 2006, 6, 763; a8 2006,
6 2114, sfit  #feRaa 2006, 18, 1470; a&f
2006, 18, 3795 foreee Mer fEsirs 2006, 6, 2114;

2eresd 2007, 63, 7386)
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denfera Rmarargel . CO, CH, @em N, &1 feremsor

AT e & < 19 yaT18 & 14 fAsor 4 g
CO &7 3Ifer® W © e 39 995 CO &l
BT T ® IS | T (a1 St GHar & |
9 g w9 @ fag CO =afa fgremse
e eyt & faerd & forg yarT fear
g1 AgX, CsX, NaY, NaA, ZSM-5 ¥ fararsel
3 foIg CO Irferenyor—fagnyr ane< gos fHd T |
38 AgX 9T NaX 7 CO & foru Szaar arferemnyor

et fa@rsg | AgX, NaX, ZnX, NiX, CoX, BaX,
KX, CsX, NaMnX, ZSM-5, NaY, Cu(I)Y, NiY,
MnY, NaA, CaA 3R Na—der fSraerges & fog
1 fafy=r qmf (288K vd 303K) = CH, 3R N,
Fferenyo—faenyor ares gbs fHA T | BaX deor
CaA 9 1 ardl IR CH, & fore arferaaH iferenyor
T faaTs wafe KA & arer faw <8 | ([oRee
TSN STATATSI DI NI WSIT IT 1)

Yeifeas g safaw fafmia Riage X A sggiod Seugy

BISSIoT 9ISy & $e BT ATV fabeq =T SITar
2 | TR BTE SO §hgT HRAT ¢ g & (US DOE
BT &Y, 3iTaIS RS 6-5 9R% 2010 T®) | WA
eTHTA ATl BTSSIoTT HeR & ford 3 rferenyat
B g9 @ ford Ag1f~ae dem urafie aa=R et
frd A | NaX der 59 Pd 3k Ru fafs=feat &
BT SIoI SRIRINOT U &7 3readd, 77K/1 IR
e 303K iR 333K/5 IR d@ f&ar a1 | NaX &t
Seaad AfrENYer ear 77K W I8 | Pd 8k Ru &
fafrmfia R @t gfg @ s sifermYoT emar

77K WX TS| BIgSINE &1 Qenyer 303K e
333K 5= Pd fafvawf¥a Rrarerse X @ ford Sweaw
85@.#.)’ /7M. 303K/5 IR WX o | 39 Rrafargel &
H, & 31ferenyor 3= =g 77K, 303K @2 333 K
R YIS PAMAGA BIAl ATHIT fHAT AT
frarargel ik ey & [ed TAT g5 O, S
TANT: ATY R SN b srferenyor Swe @ =
HEdeed U &% & o Sgaxvr 3rega
I © | (I TS HHrss9, 2008, 466, 439)

fiore o geiiia Igemard dicH @t feoiss @ fod ov@ uared Rigia seaas

YeraTgae [5.4.0.0%°.0%°.0°%] sMe®H (PCU)
CUTal B1 VT B AR TR JUR BIfa(1 &R oI
B BT JI=arof F R § | R—E B I]ADY
&TIRAT BT 31e8T Ael fHaT ST WahaT © 3R S eRal
I T %9 S A 9T @Y T | (R . L. A
2007, 420) &1dfe guR &R fears &1 davd g
T (S wrifed, fhfoer sftea o &ife
ITHIRIUREH, §7 GuR 999 B} AN fRafea,
Hure®, & sfiPmaEr, 9. faelt ¥ far. 2009) #

fem T 2 8k RBI W HIRMAT § 59 Agif~ae
HiasEeh & g 9 @ o s guR &)
A DI DI Y AR 2 | 520 | Adfera @t H,
11, 12 <SEAfRe-11, 12- SETSReETdr
[6.2.113 6.02, 7]Sts®+ &cars IR DFT 3read+
forar T T eTRar R Reie faRemus &1 yHa <@
T, 3R 9 SSIAHIT W TR G egd=
8o | (1. firor. f31. 2007, 111, 6468)

Argrss do1 Rifeer ferem & ford IguegHitam Fedkss

Ul $ SYAR Bg IEUIHITEH FARISS &1
JENfTd THeH TAT HUI S Y § HTH! TN Bl
2| I8 Igad AXal B Ta—gaTeid APped
T & S fheadt /o fhead @ faxemus @
¥ H BT ST & | KANPAC-10 & 1T gaAieiiel
faferaT fMaTem To i gad sreagq A fiamn i
39 WEd! | START o # 9 rcaed Raferat e

ST ® 3R A I W Rifast Merem & w9
TE | $M I ©, BIeAifd, PAC —GRTH TalH BT
40 % T | START ST q IR €T TAT U ROMHAD
IR & e & ot PAC 37 &77aT BT aieTor
83| PAC HoTH! & U 3 & A9 A8 aP
gtetor fohar T 3iR I8 ReR g |
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IFBT Td STAR & ford TgUegHIEA TaRISS

vd fgariie Ruid  SguegHiiad TdRTSS B U
P SUAR P o) Wed 3 U § a1 T 8 | /A
T, IFBT T & SUAR H AfAdT T I BT R
B D ford PAC I97 1 1T 92T Al NMR &R
PXRD & derore faar | ifderar @ S<i-ge
T TaT ¥ & ol wfby Al faferie <R
(Rafaea =-19) F 100-200 NTU & o=_<F § ¥4
AfHAr BT ST AT fHar AT | STEdH PAC

TGRS AR TRIET0T § HRS 9 [T I rferar
qrel STl WR YA fHar T qer s9er UV/VIS
WIS W fageryor forar 1T | Wb e @ |1er PAC
H JuTdY I BT & UTs TS | VTR R
WR UP ¥had Ul &1 geaaRkerd qeaie, Afha
M & FeTem @ foag fFar | (s <. af
B INETT= AT 74T 1)

FED qaT IR Seild [T | ASEIESiE &7 2yoy

PG A A [T J&T BT T Jars 4
Prafe garef ere™ § Mmyer & o sy J=a
grar 2 | =1 agee erifeaw 9ot o wersRa
STS fHerrsad wiTse 191 faw  FdivISSs,
SISINTICTSIATS TSI (HATS ol IHIIH FARTSS qAT
TSNS CISfAATSe MITH SIHgS & ATy
FEMG a1 TR W AR T e @

SR
39 3T, 3 &TR 3R Rt SR

ARSI @ Yo & oy envsl & $9 # gad
P M TEgEeE & fov semmw f& W
FES eIl § A WRAsAaEa dasd
IAH 7 B TP B BT A Swaqq AT

e yeidfa @1 (sreRead sty Saw
R @Y wera=s ST AT )

Hewfed RNRSIAT 3N 3 SOR® | RART G~ BT ATl

7—faenfia eguE, Tafas ar FgaRE gea=l
HT TP AedqUl A © ol =1 S |feaar
ferar 8 vd sHHT YT YTl IHd a7 e}
& forg +ff fovar smar & 1 A 9 @, /ERA
IGHTT B9 B BRYT B3 ST & | IRURTTS 3+ Bl
faxenfig &= @ fov 3N 8/t 9T TR @R Sad
rf¥fspar @ forg sreaa fovar wam | dfa—va fafer
TR T A-{hearsT debfed SR+
SIRS A faame fead d=@9 afifpar @ gro
I ORI Alshaa g |

m-GHAT e &1 7-Hrensad gl R_gART H
100% gRads, 110°%9. T2 2 faFe & 100% ag=rdr
B A1 T | m-wrE e feter (Rafiee) « 7-
TSI 4-Hegd FARA, IR ¥R 3T 80,

AT 170° W WR 3 €S B I18 94% T garT | Fyetraras
RfeT STl 31 G 4 <l g (ATSEIS i) eI
g (Sigs) faomast & aifvferar @ wifer «fh
U Y | SORS DI ARIROTTAT AlhA BB, TAH
afshgar & A1 7 IR GA: T30 fHar | e
fed, 99 9 we fafr 3 Seig amw fafdy &
T ¥ ETSSIal a1 B Icaree Ui (99%) &H
g (15 famie) dem &9 ar (150°%) wR s |
SORG A, I AfPI m-sTgsIal BT TbRID!
S 5 TEARRREE S8R usRAEa 9@
SATSIUNICS & W1 HHI: 5-7 SISsTssal
4—Hqgd FGART qAT 7, 8 TIESRERIEA!
4—Hrorsd REART & fog s afshaar @ |
(SRAA T AIfARIeR eforad T dHida 2007,
276, 47, 981 2008,286,41)
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q9e Fe-Zn fgarg @g=gs (DMC) 319 37+ SOR® R IS+ 3R

RIPRAASIESS | ANGd BT FIAYT

ATl U UbTel Afshy fgasma mafies gebied ©
fraer s gy g S & 9gE, veres,
GIFTeT TAT 31 T[E AR & 999 A fhar Smar e |
drer-ursA iR WeRAaSERs (B du=H) |
a1 @ fag DMC dgal & 319 3
SR®G d B9 ¥ Fdad WA fear i
RIE—geAId, sga-Fgeaa iR -

[@gad wew) AR fI-<afe dsagas,

EO,,PO, EO,,(3fwra anfda® W 5800; W8 e
TSR &Y SuReIf ¥ ZnCl, 8k K,Fe(CN),.3H,0
® STl faera 3 sioflag DMC degeld 991 W |
Tl SOR® dier-ursA iR WReRAERS 4
O "a= aifwfsear @ forg wfess 9@ ™1 DMC
Agal & ATER § 98 QAT g Zn® 31,
TIfad afhg |se TR | (SR 8%
Aiferager defafm, T: sfiae, 2007, 273, 39)

Fe(Cp),PF,: faamaes <fea srawemsii # TMSCN & SEifrd difRel & e« &

—gHAY ATESISd 991 @ foY U e SORe

O—THHT 3 & FTATYT 3R 3 ATggrod fAfgd
fawrama o 6 gHsod iR JETSHNa &
Heeor & oy o—gHHT s g g Arafies
g1 faemg® fEa sraxem # 20 fame ®§, TMSCN
ARSI 3R @RT 9= Fe(Cp),PF, (5 319]
Aferd) SOR$ @ TU A, B /TaSERs UH

TN @ A1 TR $RD, TH WG qAT YITaRoT
o—THIAY ATSETSS B I 94% <& | (S sIiHMe.
B9, 2007, 692, 4361, TS 2008, 49, 640)

LDH 319 319 &R IOR$ W A BT FHEGIaT

Jepfaaurafesl | G e Iifie

JMEARPIATA BT WY, Trer IRReTd qor gavifear
# HTHT TN BT © | I8 LA B JAIRATIT B
T 99137 717 | M(I)Al 8 ST gRT Aeaifyd
g9 Tggcadgel, s M(ID) = Mg, Ni, Cu, Li
A1 Co 3R M(I1)/Al T=ATIIfde Surd 3.0 AT
®T GATGIa AT T[T 1 6 gve H 200°|. 'R DMF
ffames d S=am @ 77% A 9
AR, 91 Iga SoR®I 9 | Ni,AI-HT
ERT 471 | 3 a1 o s gRam qon gaari= &
ST JTUEre §IRT 9910 & Ni,Al-HT 9 &1 ufRac
T8I fema sfed 39 fpvearar 3¢ 7S | Ifhaar &

BT &TRAT ¥ 5T ST FHdT & | SRS BT LA &I
IR fHAT ST AT SUD 918 AihIar § HH UTE TE |
S=a gdl fdama® DMF aifwfear & ger 4§ ey
fafd=r amat (200, 400, 600 T2 800°H. W &ATH 6
Ue) IR HaTud Ni,Al-HT & ford uRads w909 (<
5%) &7 | SBRS $I IgHiAar T A= sredfra
WAEHI & qHEIIAT §RT GRIeoT fHar |
T 160°. R ferer I=i &7 SardH ufRads -
A I # gl | (DeTfald Te Bl weus
BT 9T 1)

I &R SARP gRT MU Q@ 2—Afeu=eATe &1 faarae 3fed eeia @o=+

2—AfYrUelel AGATI® #ed &I I9q¥F 8
forereT T Sitwfer Juifera, wie, e saTer qein
fafy= siwfert & wfea weafie Afe e 3
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Chapter 2

POLYMER &
MEMBRANE SCIENCE



REVERSE OSMOSIS AND RELATED
POLYMERIC MEMBRANES

I. Thin film composite (TFC) reverse osmosis (RO) membranes

Several  batches of polyamide thin film
composite RO membranes of size 1 m width and
60/90 m length were made using Nordlys TS 100
and Holytex 3265 non-woven fabrics reinforced
with polysulphone microporous support. The
variables studied included (i) the nature of the

nonwoven fabric, (ii) glycerol composition in
the post-treatment bath, and (iii) reaction time.
The performances of the membranes were
evaluated for desalination of brackish and sea
water and the data are presented in the Tables
below.

Performance of TFC membranes made on Nordlys TS 100 fabric for
brackish water desalination (2500 ppm NaCl feed; 250 psi applied pressure)

Membrane No. % Rejection | Flux (gfd)*
NM 89 93.20 42
NM 90 94.40 35
NM 92 92.45 37
NM 93 95.28 40
NM 94 93.97 38
NM 95 94.87 40
NM 96 92.39 40
NM 97 93.16 40
NM 98 96.39 40
NM 99 93.10 37

*gfd - gallons/ft’/day

Performance of TFC membranes made on Holytex-3265 fabric for
brackish water desalination (2500 ppm NaCl feed; 250 psi applied pressure)

Membrane No. % Rejection | Flux (gfd)
HTI 90.71 52
HT2 89.28 49
HT3 90.71 45
HT4 89.52 49
HT5 91.80 47
HT6 90.80 39
HT7 90.60 48
HTS 89.40 49

The data in the above Tables show that the TFC
membranes prepared from Nordlys 100 fabric

gave higher salt rejection (94 £2%) with permeate
flux of ca. 39 gfd at 250 psi.




Performance of TFC membranes for desalination of sea water

TFC Membrane No Feed Conc./ Applied . Flux/LMH' Permeate/ SR/%
ppm pressure/ psig ppm
NMOS 33815 600 35 3343 90.1
33476 900 69 1160 96.5
NM97 34830 600 42 3029 91.3
35510 900 74 1712 95.2
31000 600 46 4260 86.3
HTI 31000 900 63 3950 87.2

*L MH-litre/m’/h

For desalination of seawater (31000-35000 ppm
TDS), the membranes made on Nordlys TS 100
exhibited salt rejection 0of 90-91% and permeate
flux 0f 35-42 LMH at 600 psi operating pressure.
At 900 psi pressure, the same membrane gave
95-96% salt rejection and 69-74 LMH permeate
flux. As compared to the membranes made on
Nordlys 100, those made with Holytex 3265
showed comparatively inferior results following
the same conditions, leading us to conclude that

the nature of the reinforced fabric has a profound
effect on the morphology of the polysulphone
support which in turn greatly affects the
morphology of the polyamide skin layer and,
consequently, on the membrane performance.
Optimization of polysulphone support
preparation is therefore necessary for different
fabrics. In parallel, efforts are underway to
identify a suitable indigenous fabric and several
potential suppliers have been contacted.

Effect of glycerol conditioning of TFC membrane on performance

To study the long term endurance of the TFC
membranes, post-treatment of membranes was
carried out with different concentrations of
aqueous glycerol. Two dozen coupons of each
membrane were evaluated. The water flux and

salt rejection data for the membranes, and also
for 8040 modules prepared from the membranes,
are presented in the Table below. Data at module
level are expressed in LPH (I/h) while at coupon
level these are given as gfd, with gfdx 51 =LPH.

Effect of glycerol treatment on the performance of TFC membranes
and modules (2500 ppm NaCl feed; 250 psi applied pressure)

% Glycerol in Module flux %SR of |Coupon level flux of membranes| %SR of
post-treatment |y ;¢erq/min LPH module ofd | LPH/30 m’ membrane | Membrane
N 12.6 756 90.9 39 1989 94.0

4, Dipping

15.2 912 92.3 30 1530 95.0
10, Dipping 29.0 1740 94.6 43 2193 96.5
4, on top of 6.5 331 77.5 33 1664 93.4
polyamide layer

The data in the above Table indicate that the
permeate flux at module level is sensitive to the
glycerol treatment. Post-treatment with 10%
glycerol was found to be better in the present
study and is attributed to a better retention of the

porous structure of the PS membrane which has a
cascading effect on the retention of quality of the
polyamide skin layer over the duration between
membrane preparation and module rolling.



Attempted double coating of polyamide layer

With a view to improve the rejection efficiency
of TFC membrane for seawater desalination, an
attempt was made to recoat the TFC membrane
with an additional layer of polyamide by the
usual process. The data on the separation

efficiency of the membrane coupons are
provided in the Table below. It would appear
that the experiment was unsuccessful and the
attempt to create a second coating disrupted the
membrane integrity.

Feed ( ppm) Applied ' Flux (gfd) %SR
pressure (psi) | gingle coating | Double coating| Single coating | Double coating
2000 250 43 16 95.5 92.5
15780 600 27 23 95.0 91.2
34493 900 13 16 88.6 84.9

The data is the average of 20 membrane coupons

Novel silica-polyamide nanocomposite membranes

Silica-polyamide nanocomposite films of 400-
800 nm thickness were coated over porous
polysulfone support via the standard interfacial
polymerization technique. Commercial 16 nm
size (IN series) and laboratory prepared (from
hydrolysis of tetraethyl orthosilicate in acidic
medium) 3 nm size (EX series) silica
nanoparticles were used. The nanocomposite
membranes exhibited superior thermal stability
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structure-performance relationship for the
separation of dioxane/isopropanol-water
mixture was studied and the rejection-flux
profiles are shown in the Figures below. The
performance was best for an optimum silica
loading. Depending on the silica content, the
average pore radii of the membranes varied from
0.34 nm to 0.73 nm. (J. Membr. Sci 328 (2009)
257).
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To understand the changes in properties with the studies, silica-polyamide composite films and
encapsulation of silica nanoparticles, the spheres were prepared by the scheme shown below,
morphology of the polyamide nanocomposite films  employing commercial LUDOX HS — 40 silica with
was studied by small angle neutron scattering  radiusofgyration (R,) ofabout66 A.
(SANS) at the nanometer length scale. For these
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Schematic depiction of the interfacial polymerization processes to form
(A) polyamide spheres and (B) polyamide membrane films




The freshly prepared polyamide films were
broken immediately into small particles to form
a dilute suspension in D,0—H,O mixed solvent.
The SANS profile of the sample solutions
measured at 90% D,O indicated scattering from
both silica and polymer. However, at 60% D,0O,
the SANS profiles were from polyamide
scattering. The profile at high silica loading

P TG G TA] T S T

provided evidence for scattering by the silica
and polymer phases independently as was
evident from the validity of the Debye-Bueche
expression. At lower silica loading, interaction
between the silica and polymer chains led to the
formation of core-shell morphology, as
concluded from the model fit to the scattering
profile. (J. Colloid. Interface Sci. 326 (2008) 176)

< extracted profile from 24
— fit

=
[ 10
# 0'1_ 05
S Haww
~— 1 = =405
e 17 o g ko
B 4 T T T T T 1 =Ty
& i 0.0z 004 008 008 040 042 %o g
2_
T T T T T I
FJ 3 4 & [ T 8 9
0.1
14
6]
4
2_
0.1
5
4 2 weo
1 o
2 1.0 o e =
05 — Residual 5 o Q
- o
0.014 23 Lol e
‘: -1.0 T T T T T o @
44 Do D04 008 008 040
3
2 3 4 5 B T 8 9 '
0.1

log O/ A™!

SANS profiles of nanocomposite structures along with fits; S4: core—shell spherical form factor fit
for polymer film with limited silica loading (silica to polymer weight ratio 0.11); S5: hard spherical
form factor fit for polymer with high silica loading (silica to polymer weight ratio 0.28). Inset: the

residuals between the data and the fit.

The transport properties of the nanocomposite
membranes were measured on a batch type test
kit with aqueous solution containing 500 ppm
dioxane at pressures ranging from 50 to 200 psi,
and correlated to their composite structure. The
performance of the membrane with the lower

silica loading was found to be superior over the
membrane with high silica loading. The
difference in the membrane performances may
be related to the different nanocomposite
morphologies revealed by SANS.




Nanoscale structural studies of TFC RO and nanofiltration (NF) membranes

The nanoscale structures of polyamide skin
layers (0.2 pm) of RO [poly(m-
phenylenediaminetrimesamide)] and NF
[poly(piperazinetrimesamide)] membranes,
made over 40 pm thick polysulphone support
membrane, were studied by SEM and small
angle neutron scattering (SANS). The SANS
profiles were largely dominated by polysulfone
scattering on account of larger material amount,
and weak scattering intensities of polyamide of
highly compacted blocks of sizes well above 100

s
)
o
=
)

A. To overcome the difficulty, neat RO and NF
polyamide films were made on glass plates and
then collected in water. Suspensions of these
were prepared in H,O and D,0 and SANS
scattering from compact nanometer-sized
blocks of about 120-140 A radii were observed
for both RO and NF polyamides. For
suspensions in H,SO,, loosening of nano-blocks
was evident from the change in scattering
intensity (J.Phys. Chem. C111(2007)16219).

Cross sectional SEM images of polyamide films coated over nodular structures of polysulfone
support. (A and B) images of the ultrathin polyamide layer taken at two different magnifications;
(C) An image showing penetration of polyamide to about 3 um depth into the polysulfone nodular structure.

(@ (b)

Reaction scheme of polymer chain disruption in water containing H,SO,:

(©

(a) RO polyamide,

(b) NF polyamide. (c) Al and A6 are scattering profiles of RO polyamide in water and H,SO,, respectively,

the latter showing evidence of chain disruption
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Diffusion of water in the RO and NF membranes as studied by

quasi-elastic neutron scattering (QENS)

Dynamic motion of water sorbed in polyamide
RO and NF membranes was studied by QENS
technique. The RO polyamide materials studied
had average pore size of 4.4 A as determined by
positron annihilation lifetime spectroscopy.
QENS data obtained for water sorbed in RO
polyamide membrane material displayed QE
broadening at all the Q values in the range
0.67-1.8A"" suggesting the presence of
stochastic dynamics in these samples. However,
dry RO polyamide material showed no QE
broadening indicating the absence of dynamical
motion within the time window of the
spectrometer. To analyse the data, firstly the
measured spectrum was separated into elastic
and QE components. For this, the
experimentally measured resolution function
was convoluted with scattering law and the
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scattering parameters were estimated by least
squares fit. Data from the anhydrous sample
were used to estimate the elastic contribution
from the dry sample. The resulting fits are shown
in the Figure below. The variation of HWHM
(Lorentzian function having half width at half
maximum), as obtained from the fit, was also
plotted as a function of Q’ along with the
experimental values. The deviation of the graph
from the linear behavior at high Q is consistent
with the jump diffusion model. A much longer
residence time was found as compared to bulk
water. Positive shift of the freezing point as
observed in differential scanning calorimetry
indicated the presence of strong attractive
interaction in line with the slower diffusivity
observed by QENS.
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(a) Fitted QENS spectra from the water-sorbed reverse osmosis membranes at some typical Q values.
(b) Variation of HWHM (Lorentzian function having half width at half maximum), as obtained from the fitting

shown in 8a, with Q’

II. Ultrafiltration Membranes

Development of flat sheet ultrafiltration membranes with

poly(acrylonitrile-co-methacrylic acid)

With a view to increase the acid stability of UF
membranes, poly(acrylonitrile-co-methacrylic
acid) (PANMA) based flat sheet ultrafiltration
membranes were prepared under different

conditions according to phase inversion process
using casting dope containing different amounts
of polymer and additive in DMF and DMF-THF.
Further surface modification of the membranes




with polymers having charged and/or
hydrophilic functional group was carried by free
radical redox polymerization. The membranes
were characterized for (i) hydraulic
permeability & membrane resistance through
the measurements of pure water permeation
rates as a function of applied pressure; (ii)
retention coefficients and pore size by
permeating aqueous solutions of different
molecular weight polyethylene glycols (PEG),
dextrans and polyethyleneoxide; (iii) top &
cross-sectional morphologies by SEM; (iv)
functional groups through IR studies; (V)
contact angle measurements to determine
hydrophilicity.

The figure below shows the SEM photographs
of PANMA membranes prepared with different
concentrations of casting dope solution. It
reveals the presence of an asymmetric structure
with dense skin layer supported on the top of
finger-like channels which in turn rested on a
sponge-like layer. It can be seen that the dense
skin thickness increased with the increase of
PANMA concentration in the casting dope.
During the phase inversion process, the polymer
solution spread on the nonwoven fabric to form
the membrane, the diffusional exchange rate of
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the solvent and non-solvent — which depended
on polymer concentration in the dope and the
temperature of the non-solvent — had profound
effects on the properties of the membrane.
Increasing the polymer concentration in the
casting dope enhances the solution viscosity
which would promote aggregation of polymer
molecules through chain entanglement of
adjacent coacervate droplets. This causes a
decrease in the miscibility of the system and
enlarges the demixing gap for phase separation,
leading to a rapid coagulation rate and
instantaneous phase separation. The increase in
viscosity of casting dope can also hinder the
diffusional exchange rate of the solvent and
non-solvent in a sublayer, which slows the
precipitation rate of the sublayer. As aresult of a
fast phase separation at the outer skin layer and a
slow phase separation at the sublayer, the
asymmetric membrane with a dense and thick
skin layer supported by a closed cell sublayer
was produced using concentrated solutions and
thus resulted in the decrease of membrane pore
size with concomitantly lower fluxes. In
contrast, the membrane having a thin and porous
skin layer and open cell sublayer was obtained at
lower polymer concentration.

SEM top view (a) and cross sectional morphologies (b-d) of PANMA
membrane prepared with 16 % (b), 18 % (c) and 24 % (d) PANMA concentration



Further, the membranes were characterized by
studying the variation of flux and solute
rejection with casting dope concentration,
composition and the molecular weight of the
probe soluteused. Permeate flux decreased with
the increase of PANMA concentration in the
casting dope in both DMF as well as DMF-THF
and the flux decrease was very high in the case of
low molecular weight solutes such as
PEG-35KDa. When the solute size is in the
range of membrane pore diameter, there is every
possibility for the deposition of the solute at the

Variation of flux with solute
molecular weight

entry of membrane pore which may cause pore
blocking with eventual reduction of permeate
flux. For a given PANMA concentration, it was
observed that pure DMF gave better flux than
DMF-THF mixture. This may be attributed to
the formation of a more dense skin layer due to
the higher volatility of THF and reduced
solubility of PANMA in THF. Further, for the
same membrane, the flux decreased with the
increase of solute molecular weight in the order:
PEG-35KDa > Dextran—-77KDa > PEO-100
KDa.

Variation of separation
with solute molecular weight

I11. Development of indigenous hollow fiber (HF) ultrafiltration (UF) membranes

The above work was initiated to develop
indigenous cost effective hollow fiber ultra
filtration membrane technology for water
purification. Such membranes are useful for
very effective removal of pathogens and
colloidal materials from water for standalone
applications and also as a pre-filter of RO.
Besides applications in potable water segment,
these membranes may also be used for water
clarification in different industries and for
different value added industrial separations. The
key advantage of HF over flat sheet UF
membrane is the relative ease of back flushing.

PS and PANMA-based hollow fiber membranes
(OD: ~1000 pm; ID: ~ 700 um) were made by
extruding the polymer from double orifice
spinneret using water as the bore forming liquid
as well as the gelation medium for outer layer
phase inversion of the fiber. In the preparation of
polysulphone HF membranes,
polyvinylpyrrolidone (PVP-35K) was used as
an additive to alter the morphology (pore size

and porosity) of the hollow fibers. The stability
and separation characteristics of the hollow
fibers were found to be dependent on various
parameters like composition of spinning
polymer dope, fiber extrusion rate, nature and
flow rate of bore liquid, etc. Spinning conditions
were optimized to obtain defect-free hollow
fibers. It was observed that PANMA fibers are
smoother and more flexible than polysulphone
fibers in wet condition but became brittle when
dried even partially. This could be overcome by
conditioning the PANMA membranes in water
containing 50% of glycerol/ethyleneglycol.
SEM photographs showed that the hollow fiber
possesses double active layer, i.e, both inside the
bore surface and on the outer surface. This may
be due to the fact that the initial phase inversion
of the fiber occurs inside the bore which
stabilizes the shell structure. The phase
inversion of the outer layer of the fiber occurs
only upon entering the gelation bath containing
water.




SEM micrographs of hollow fibers showing double active layer

30 cm long hollow fiber cartridges containing
25-100 fibers each were fabricated for
performance evaluation. Different types of
adhesives were employed for selecting the most
suitable one for potting the fibers together
without damaging the hollow fibers and also to
avoid intermixing of feed and permeate streams
during operation. The fibers were evaluated for
pure water permeation and molecular weight cut
off (MWCO) values using dextrans of different
molecular weight as the probe solutes. MWCO is
defined as the minimum molecular weight of the
solute for which the membrane rejection is 90%

Hollow fiber modules.
Fiber length: 30 cm; No of fibers: 25-100

and more. MWCO values were measured by
passing 500-1000 ppm aqueous solutions of
different molecular weight of dextrans at 2
kg/cm® applied pressure and measuring the
concentration of the solute in the feed and
permeate by size exclusion chromatography.
The Table below provides the spinning
conditions and the performance of the hollow
fiber modules. There is scope to improve the
membrane production process to enhance fibre
strength and consistency of performance.
Similarly, the module fabrication also requires
improvements.

HF module testing

Spinning conditions and characteristics of hollow fiber membranes

Batch no. Spinning dope composition (%) Flux % Rejection of
PS PAN PVP DMF (LMH) PEO 100 KDa
1 20 - 4 76 51 90-96
2 24 - 0 76 22 92-98
3 26 - 4 70 21 80-97
4 - 16 0 84 163 80-95
5 - 18 0 82
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Surface modification of hollow fiber membranes

Surface modification of the hollow fiber with a
thin layer of poly(sulfopropyl methacrylate),
which contains negatively charged SO,H as the
pendant group was carried out by free radical
redox polymerization of the monomer. Modules
of the modified fibers were made and evaluated

for the removal of hardness from water.
Interestingly, the surface modified fibers
showed 35-40% rejection of Na,SO, when tested
with 500 ppm solution whereas no such rejection
was seen with the unmodified fibers. Further
studies are in progress.

Performance of surface modified hollow fibers

Module No. SPMA Flux (LMH) ' Na?SO“
Conc.(%) | Before modification | After modification | Tejection (%)
I 1 8.52 6.74 36
II 2 5.68 4.37 34
11T 3 5.32 4.08 38
v 4 5.68 4.26 40

IV. Development of nanofiltration (NF) membranes

In continuation of previous work on
development of nanofiltration membranes,
different polymer combinations were studied to
improve the performance with respect to
separation of bivalent ions from monovalent
ions. The work mainly focused on (i)
preparation and surface modification of poly
(piperazinetrimesamide) composite membrane,
and (ii) preparation of poly(m-
phenylenediamine-trimesomaide)  composite
membrane using varying reactant
concentrations and pH.

NF membranes having poly
(piperazinetrimesamide) skin layer were
prepared under different conditions such as
variations in the concentrations of piperazine
(PIP) and trimesoyl chloride (TMC), reaction
conditions, drying time after dipping in

piperazine solution, environmental humidity,
etc. Membranes were characterized by different
techniques like FTIR for surface chemistry,
SEM for morphology, contact angle for surface
hydrophilicity and molecular weight cut-off
values. The influence of the membrane
preparation conditions on the flux and bivalent
to monovalent separation factor were studied. It
was observed that at a fixed concentration of
TMC, the rejection ratio of Mg”" to Na ions
remained almost unaffected at about 2.1 with the
increase of PIP concentration from 1% to 6% in
the reaction solution, and further increase in PIP
concentration (>6%) caused a slight increase in
the rejection ratio. Since these studies were
conducted with mixed monovalent and divalent
anions, Mg’ to Na  rejection ratio was
influenced by the associated anions and it is
needed to be considered in future studies.
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Formation of polyamide is influenced by the
relative humidity in atmosphere. The
separations of the membrane prepared at 42%
relative humidity were about 92% and 34% for
MgSO, and NaCl, respectively. The solute
rejection decreased at a considerably faster rate
when the RH was >55%, especially in the case of
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MgSO,, and dropped to 35% for the membrane
prepared at 70% relative humidity. QENS
studies as done with polyamide RO membrane
composition were also carried out with the PIP-
TMC NF polyamide material and similar
conclusions were obtained as with RO
polyamide.
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Variation of rejection ratio with PIP concentration (NaCl: 2500ppm, MgSO,: 500 ppm)

Performance of optimized PIP NF membrane for brackish water treatment
(Operating pressure-125 psi; Membrane flux- 81.3 Lm~h™)

Tons Feed Conc. ppm Permeate Conc. ppm %R
Na' 790 529 33
CI 1508 826 452
Ca” 136 15 89.0
Mg" 84 6.6 92.1
Nox 352 24 99.3

Performance of optimized PIP NF membrane for seawater treatment

Applied Metal Concentration of Metal ion (PPM) A Flux
Pressure (psi) ion Feed Permeate Rejection | (Lm’h")
Na' 6736 4782 29.0
Cr 14466 9673 33.1
150 Ca” 769 166 78.3 30.5
Mg~ 964 80 93.1
SO, 2458 13 99.5
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Na' 6566 4496 31.5
Cr 14466 9319 35.6
250 Ca” 794 192 76.0 427
Mg~ 980 96 90.2
SO,” 2542 27 98.9
Na' 6629 4540 31.5
Cr 14466 9321 35.5
350 Ca” 766 151 80.3 50.4
Mg™ 935 73 92.2
S0, 2423 36 98.5
Na’ 6258 4255 32.0
Cr 14466 9496 34.3
400 Ca” 768 148 80.7 63.0
Mg" 937 82 91.3
80, 2526 20 99.2

The performance of PIP-based TFC membranes
was studied continuously for fifteen days (daily
8 hours) in small test kits using seawater of TDS
40,000 ppm. The cross sectional morphology of

the virgin and the used membranes (in operation
for 15 days) was studied by SEM and no obvious
change in surface morphology was seen.

Cross-sectional SEM photographs of polypiperazinamide NF membrane
a): Virgin membrane b): After continuous operation

Surface modification of NF membrane

Surface modification of PIP NF membrane
having rejections of about 16% for NaCl (Feed:
2500 ppm) and 53% for MgSO, (Feed: 1000
ppm) was carried out by: i) physical adsorption
of poly(4-styrenesulfonic acid) sodium salt
(PSS) or polyethyleneimine, and ii) formation of
semi-interpenetrating polymer network by free
radical redox polymerization of acrylic acid. The

performances of the modified membranes were
tested for different salt solutions and the
representative results are shown in the Table
below. The data indicate that the water flux of the
modified membranes decreased very
substantially and hence this approach may not
yield the desired results.







VI. Chiral membranes

Chiral membranes were prepared and optical
resolution of racemic mixtures of o amino acids
was performed. Asymmetric membranes were
prepared by creating semi-interpenetrating
network of BSA. The composite membrane was
prepared interfacial polymerizing dibasic amino

Composite membrane

acids with piperazine and trimesoyl chloride.
The interfacial polymerization scheme has been
shown in figure. The composite membrane
consists of top thin chiral discriminating layer
and micro porous sub layer as shown in figure.

Reaction scheme of chiral selective layer preparation

VII. Treatment of water effluents with RO and UF membranes

Keeping in view that the organic oxidative
products of leather and some other industrial
effluents are mostly aromatic carboxylic acids, a
pilot scale TFC RO membrane unit having 4040
module was fabricated and evaluated for water
recovery from water containing acetic acid and
different aromatic acids. Water recovery from
this type of effluent allows the concentration of
the aromatic acids which may be reused. The

figure below shows the RO membrane
performance as a function of the extent of
recovery. It was observed that beyond 30%
recovery there is a sharp drop in the permeate
flux. It was also found that terephthalic acid and
iso-phthalic acid had higher rejection
efficiencies compared to the others. This may be
ascribed to the presence of two carboxylic acid
groups as against one for the others.

100 — I
® oWy -
i = — — L =
80 —4—{ — A = e = 14 2
= " ] ! i
. & B wHEEg |12
H o =
&0 . 12 @
= . E
B acetic acid O p-toluic acid 1.1 =
20 B benzeic acid @ tri-mellitic acid P =
< iso-phthalic acid O terephthalic acid | Z

0- 98 10
I I

I | I
200 180 160

140 120 100 80

Volume concentrated (liters)

Rejection efficiency and product flow rate as a function of volume concentrated for organic acid-water effluent




Another application of the indigenousTFC RO
4040 membrane module studied was for water
reclamation from grey-water containing organic

surfactant and 500-2000 ppm TDS. It was
observed that the removal of organic surfactant
was more than 95% and the treated product water
quality was similar to the normal water. The
water flux behavior was affected by the type of

surfactant in the feed. This may be due to the fact
that surface active agents alter the surface
potential of the membrane thereby affecting the
performance. The studies with different known
surfactants indicated high flux for negatively
charged surfactant and low flux for positively
charged surfactant.

RO treatment of water with organic surfactants

Feed, ppm Product, ppm Product rate
Organic TDS % Mg Organic TDS (liters/min.)
Brackish water with surfactant type-1
@) 5.11 2120 0 2.28 186 4.6
(i1) 5.53 837 0 2.09 87 4.2
(iii) 6.13 2160 20 2.68 249 4.2
(iv) 5.13 1510 30 1.87 165 4.2
Brackish water with surfactant type-2
(1) 34.01 2000 0 2.01 136 2.8
(i1) 33.71 701 0 2.37 62 3.0
(i)  23.10 2270 20 3.57 246 2.8
(iv) 30.60 1460 29 2.01 136 3.0

In yet another application, removal of pesticides
such as atrazine and simazine were attempted in
the presence of anionic (SDS) and cationic
(CTAB) surfactants. It was observed that the
TFC membrane is quite good for pesticide
removal. Interestingly, for experiments

conducted with simazine (0.5 mg/L),
rejection improved from ca. 83% to 88% with
increasing concentration of SDS (anionic
surfactant) whereas a slight decrease in the
rejection was observed with CTAB (cationic
surfactant).
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VIII. Polysulfone-azo composite membrane for bactericidal and bio-film inhibition

This study was carried out to surface modifiy
polymeric membranes to bestow biocidal
activity and thereby reduce bio-fouling. The
modification process was based on the
adsorption of m-phenylenediamine on the
asymmetric polysulfone membrane followed by
diazotization. The azo compound (Bismarck
brown) thus formed on the membrane was
characterized by LC-mass, UV-Vis spectra,

ATR-FTIR and SEM. The contact angle of the
surface modified membrane decreased
indicating the enhanced hydrophilic character of
the surface. The modified membrane showed
biocidal activity (for marine bacteria Vibrio sp.)
and inhibited bio-film formation as evident from
the ca. 10-fold reduction in bacterial count (see
Table below).

Bacterial count on membranes

Type of modification Set 1 (CFU mL") Set 2 (CFU mL")
Virgin PS 3.7x10° 2.9x10°
Virgin PS- H,0, 1.6x 10° 24x10°
Azo modified PS 24x10° 3.9x 10°
Azo modified PS- H,0, 1.1x10° 73 x 10°

ELECTRO MEMBRANE PROCESSES

Development of heterogeneous ion exchange membranes

To avoid hazardous chemicals and reduce
multiple stages involved in the preparation of
interpolymer ion exchange membranes,
particularly the anion exchange membrane,
efforts have been continuing over several years
to develop heterogeneous ion exchange
membranes starting commercially available ion-
exchangeresins. Inthisapproach, PVC powder
was mixed with suitable solvent and made into a
uniform solution. To this solution a calculated
amount of powdered ion exchange resin was
added and the slurry was then cast on a fabric.

The membranes were subsequently dried and
conditioned before testing. Although the
properties of the membranes were generally
satisfactory [thickness, 0.2 mm; ion exchange
capacities of 1.2 meq/gm and 1.0 meq/gm for
cation and anion exchange membranes,
respectively; ionic resistance (in 0. 1N KCl), 5-7
ohmem’], the performance at stack level was not
satisfactory and this was attributed to the
presence of micro pinholes. Efforts will continue
to overcome the current limitations

Casting machine for making heterogeneous membranes
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Development of a polymer electrolyte membrane (PEM) with low methanol
crossover in direct methanol fuel cell application

One of the ways to reduce emissions while
providing the required amount of energy is to
generate electricity through a fuel cell. Direct
methanol fuel cells (DMFC) are promising
alternatives to conventional batteries for
portable applications and such devices have
already been commercialised. A critical
component of DMFC is the PEM. It is desirable
that besides high proton-conductivity, the PEM
should exhibit low fuel (methanol) cross-over,
high chemical & mechanical stability, and be
inexpensive at the same time. Perfluorinated
sulfonic acid polymer membranes have been the
PEM of choice thus far. However, these
membranes are costly and prone to methanol
permeability; indeed, up to 40% methanol may
be lostin DMFC due to cross-over from anode to
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Schematic structure of
NCBC-silica-PVA
cross-linked membrane

cathode. On the other hand, non-perfluorinated
membranes are sensitive to swelling and

lack of stability under strong oxidizing
conditions. Organic-inorganic nanostructured
composites constitute an emerging research
field in PEM. These materials combine
mechanical strength and thermal stability of the
inorganic backbone with specific chemical
functionality and flexibility of the organo
functional groups. A nanocomposite PEM was
synthesized at the institute from NCBC (N-p-
carboxy benzyl chitosan), silica and PVA.
Comparable activation energy for proton
transport, current voltage polarization
characteristics and relatively lower methanol
permeability of these membranes compared
with Nafion117 make the PEMs of considerable
interest for DMFC appplicatiion. Also, the
results showed that, by controlling NCBC-silica
content and cross-linking density, it is possible
to tailor the desired architectures of hydrophobic
and hydrophilic pathway. One limitation was
the lower membrane conductivity opposite
Nafion117 which will need to be overcome.
Long term stability studies will also be
necessary. The work received coverage in
Nature India in view of its potential (J. Phys.
Chem. B.112,15678,2008).
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Development of modified domestic ED desalination unit

Domestic ED desalination unit was further modified by replacing the
metallic cabinet with a plastic one reducing the total weight of the
system. Switch Mode Power Supply was incorporated in place of the
rectifier to make the unit compact and more cost effective. The unit can
also optionally be operated with photovoltaic module. The capacity of
the unit was increased to 15 lit/hr drinking water with TDS of 500-600
ppm from a brackish water feed of 2000 ppm. An inbuilt ozonator was
also provided in the system for disinfection besides desalination. A key
advantage ofthe process is highrecovery (65%) of product water.

CSMCRI's modified domestic
ED desalination unit

Ultrapure water unit employing indigenous continuous electrodeionization (CEDI) system

During the period under review, the performance of the
indigenously developed ultrapure water unit was further
improved. The unit components were assembled in a cabinet.
Further cost reduction was achieved by incorporating SMPS as
reported above for the domestic ED unit. An UV system was
also incorporated in the system. At the heart of the
improvement of the ultrapure water unit was optimization of
the CEDI system which takes ca. 40-50 ppm water from an RO




18E6Q Ultrapure water unit
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membrane module and converts it into still purer water (12-13 MQ.cm)
with continuous regeneration of the resin. Traces of ions are thereafter
removed with a polishing resin to achieve the very high electrical
resistivity (>18 MQ.cm) essential for ultrapure water. The CEDI unit
combines the benefits of ion exchange and electrodialysis while
minimizing the problems associated with each of these separate
technologies. The developed CEDI unit comprises commercial ion
exchange resins and indigenously developed ion-exchange
membranes. The module gets a DC voltage applied across it to help
drive the ions into the reject stream. This allows the pure water to exit
the module through the product stream. The ion exchange resin in EDI
cell possessing high ionic conductivity overcomes the problem of high
resistance encountered in the dilute compartments of an electrodialysis

cell. In the CEDI stack, the electrodes generate a potential gradient for ionic movement within the
cell. At cation/anion (resin/resin and resin/membrane) interfaces water is dissociated into H and OH’
, which regenerate the resins on-line, so there is no wastage of chemicals and loss of time in
regeneration of the resins. Analysis of fluid flow helped to improve the design of the CEDI unit for
maximum turbulence without which the regeneration of the resin was found to be poor. The stack of
improved design was fabricated in the institute's workshop and its superior performance was
thereafter validated through extensive studies. Attempts are underway to develop quantitative
understanding of the fluid flow inside a CEDI system through modeling studies.

Sr. No Parameters Value of ultra pure water from
CEDI system of CSMCRI
1. Feed water TDS (max) 500 ppm
2. Resistivity 18.2 MQ.cm at 25°C
3. Conductivity 0.054uS
4. TOC (ppb) 1 ppb
5. Pyrogens EU/mL | = e
6. Bacteria cfu/ mL 0
7. Particles 0.22m Nil
8. pH 7.00
0. Turbidity in NTU 0.03 to 0.04
10. Flow rate 12 LPH

Transfer of technology for desalting of glycolic acid

The technology for desalting of Glycolic Acid was transferred to
M/s. Avid Organics Ltd., New Delhi after the successful
completion of feasibility studies. It was shown that for an
aqueous broth containing 8-12% inorganic salts besides the
organic acid, ca. 85% of the salts present could be separated out
with minimum loss of glycolic acid. A 1 TPD pilot plant was
installed and operated in the factory premises of the party at
Ankaleshwar.

1 TPD pilot plant for the desalting of glycolic acid installed &
operated in the Premises of M/s. Avid Organics Ltd, Ankaleshwar
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Hybrid (ED- RO) membrane process for the desalination of high saline sea water

Although RO is an excellent method of
desalination of seawater, the operating pressure
can be very high — and the output low — when the
salinity exceeds a certain limit. The technique of
electrodialysis is also useful for desalination and
the efficiency is the highest when the

conductivity of the water is high as is the case
with seawater. On the other hand, the efficiency
drops off as the TDS of the water becomes low.
Recognising the complementarity of the two
techniques, a hybrid ED-RO unit was designed
and developed. Irrespective of the initial TDS of
the seawater, the salinity of feed water as seen by
the RO was 28,000-30,000 ppm which allowed
for a more consistent RO operation. This unit
was demonstrated for the first time to His
Highness Sheik Saud of Ras al Khaimah (UAE)
during his visit to the institute in May 2007. The
technique may be useful in the middle east where
the seawater salinity is in the vicinity of 40,000
ppm in certain locations, especially in summer
months.

Production of renewable energy by reverse electrodialysis process (RED)

Reverse electrodialysis (RED) system
for the production of renewable energy

Whereas traditionally electrodialysis is used to
remove salts from saline water by applying
external electrical power, the reverse of the

process as happens in concentration cells
generates EMF due to the concentration
gradient. Theoretically, electrically power can
be generated till both compartments attain the
same concentration as per the Nernst equation.
Such situations exist in nature, e.g., when fresh
water from rivers flows into the sea. Similarly,
concentrated brines that are obtained during
solar salt production can also be used to
generated electricity when fresh water sources
become available e.g., during monsoon time.
Drawing on the institute's capability in
electrodialysis a unit was devised for reverse
electrodialysis. Seawater was taken in one
chamber whereas fresh water was used in the
other chamber. Itwaspossible to produceca. 3.5
W of power from a 60 cm x 30 cm stack
containing 70 cell pairs of our indigenous ion
exchange membranes. Future studies will
address issues around maximization of power
density, scale up and cost-effectiveness. Similar
efforts in other parts of the world are noted.
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Development of a zero effluent process for preparation of SHT-iodate
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We have reported previously the preparation of a
stable iodizing agent upon optimum loading of
iodate into synthetic hydrotalcite.  One
shortcoming of the process was the lack of
complete iodate uptake from the aqueous
solution. It was further recognized that during
iodate uptake and equivalent amount of
hydroxide ion is generated in solution. A

Isoelectric separation of proteins

We have reported previously the
preparation of a stable iodizing agent upon
optimum loading of iodate into synthetic
hydrotalcite.  One shortcoming of the
process was the lack of complete iodate
uptake from the aqueous solution. It was
further recognized that during iodate
uptake and equivalent amount of
hydroxide ion is generated in solution. A
process was subsequently developed to
utilize the alkali so generated for
production of an iodide-iodate mixture
through the reaction with elemental iodine.
The iodide was thereafter converted into
iodate electrochemically and the solution
thereafter reused directly. A green
technology was thus born.

process was subsequently developed to utilize
the alkali so generated for production of an
iodide-iodate mixture through the reaction with
elemental iodine. The iodide was thereafter
converted into iodate electrochemically and the
solution thereafter reused directly. A green
technology was thus born.

Electro-membrane reactor

Experimental cell for protein separation
under coupled driving forces
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Stress genomics for salt tolerance

In the earlier biennial report we have reported
studies on the stress genomics of salt tolerance of
Salicornia brachiata, growing in coastal
locations, and the development of the Expressed
Sequence Tags (EST) database. In our
subsequent studies, totally 930 sequences were
submitted to the NCBI database. Of this, 789
ESTs showed homology with different genes in
NCBI database and of which 4.8% ESTs
belonged to stress-tolerant gene category while
ca. 29% ESTs showed no homology with any of
the known functional gene sequences and thus,
classified as unknown or hypothetical. The
detection of a large number of ESTs with
unknown putative function in this species makes
it an important contribution. In the first attempt,
90 unknown and hypothetical genes were
selected to study their differential regulation by

reverse Northern analysis for confirming their
role in salinity tolerance. Interestingly, 21 up and
10 down regulation genes at 500 mM NaCl were
observed (accepted for publication in Genes and
Genetic System). Some of these stress tolerant
genes from S. brachiata were isolated and
characterized for their functional validation.
Full length sequences of the genes were obtained
using 5'and 3' RACE. The full length genes like
NHX1 (EU448383), pAPX (EU746400), GST
(EU373062), ASR-1 (EU746399) and MAPKK
(FJ687156) were transferred to tobacco (model
plant) to study their expression. The transgenic
plants were confirmed by GUS analysis, PCR
amplification of the genes and Southern blot
analysis. The transgenic plants showed better
growth under salt stress than wild type plants.
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Figure shows the reverse Northern analysis of the 90 hypothetical/unknown genes
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Phenotypes of wild-type and ShpAPX-expressing transgenic tobacco plants
after 28 days treatment with 200 mM NaCl

Wild type Transgenic

GUS assay of transgenic tobacco plants

1 Month old seedlings of transgenic tobacco line
A6, L2 and wild type,

a: MS Basal, b: 100 mM NaCl,

¢: 200 mMNacCl, d: 300 mM NaCl

Analysis of transgenic tobacco

Antioxidative defense potential to salinity in the S. brachiata

Antioxidative defense mechanism to salinity was
assessed by monitoring the activities of some
antioxidative enzymes and levels of antioxidants
in S. brachiata subjected to varying levels of
NaCl (0,200,400 and 600 mM) under hydroponic
culture. In the shoots of S. brachiata, salt
treatment preferentially enhanced the activities of
ascorbate peroxidase (APX), guaiacol peroxidase
(POX), glutathione reductase (GR) and
superoxide dismutase (SOD), whereas it induced
the decrease of catalase (CAT) activity. Similarly,
salinity caused an increase in total glutathione

content (GSH+GSSG) and decrease in total
ascorbate content. Growth of S. brachiata was
optimum at 200 mM NaCl and decreased with
further increase in salinity. Salinity caused an
increase in Na  content and decrease in K
contents of shoot. Proline levels did not change at
low (0-200 mM NacCl) and moderate (400 mM
NaCl) salinities, whereas a significant increase in
proline level was observed at high salinity (600
mM NaCl). Accumulation of Na' may have
certain role in osmotic homeostasis under low and
moderate salinities in S. brachiata. Parameters of




oxidative stress such as malondialdehyde
(MDA), a product of lipid peroxidation, and H,0,
concentrations decreased at low salinity (200 mM
NaCl) and increased at moderate (400 mM NaCl)
and high salinities (600 mM NaCl). As a whole,

these results suggest that the capacity to limit
ionic and oxidative damage by the elevated levels
of certain antioxidative enzymes and antioxidant
molecules is important for salt tolerance of
S. brachiata.

Effect of different concentrations of NaCI on activity
of superoxide dismutase (SOD) in S. brachiata
measured as function of days of NaCl treatment.

Effect of different concentrations of NaCl on activity
of catalase (CAT) in S. brachiata measured as function
of days of NaCl treatment.

Effect of different concentrations of NaCl on activity
of ascorbate peroxidise (APX) in S. brachiata
measured as function of days of NaClI treatment.

Effect of different concentrations of NaCl on activity
of guaiacol peroxidase (POX) in S. brachiata
measured as function of days of NaClI treatment.

Effect of different concentrations of NaCl on activity
of glutathione reductase (GR) in S. brachiata
measured as function of days of NaCl treatment.

Effect of varying concentrations of NaCI (0-600 mM) on lipid
peroxidation measured in terms of MDA contents in shoots of
S. brachiata seedlings after different periods of NaCl treatment.
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Biochemical responses of Gracilaria corticata to salinity induced oxidative stress

The biochemical response of red alga Gracilaria
corticata (J.Agardh) J. Agardh to salinity stress
was studied following the exposure to different
salinities viz. 15%o (%o=parts per thousand),
25%0, 35%o0 (control), 45%0 and 55%o in
laboratory conditions. The growth was highest
in 25% (3.14+0.69% DGR) and 35%o
(3.58+0.32% DGR). Phycobiliproteins like
phycoerythrin (PE) and allophycocyanin (APC)
were significantly higher in hyper salinities
particularly at 45%o. Both hypo- and hyper-
salinity treatments induced almost two fold
increase in the level of polyphenols, proline and
the activities of antioxidative enzymes like
superoxide dismutase (SOD), ascorbate

peroxidase (APX) and glutathione reductase
(GR) especially on 6 d exposure (Table 1). Na'
readily displaced the K' and Ca’" from their
uptake sites at extreme hyper salinity (55%o)
resulting in an increase of Na' /K" and Na'/Ca™
ratios that impeded the plant growth under long
term exposure (i.e. > 6d). However, the survival
of plants even at 45%o salinity suggested the
compartmentalization of Na" in to the vacuoles.
The Zn, Fe and Mn micronutrient content
decreased at both high and low end of salinities
with a more prominent decrease at extreme
hyper salinity (accepted in J. Exp. Mar. Biol.
Ecol.)

Effect of varying salinity on antioxidative enzymes/activities as also on proline and
polyphenol contents in G. corticata (Means + S.D, n=3)

Salinity Time SOD APX GR Proline Polyphenols

(%o) (days) (U mg" protein) (mg g' DW)

15 0 139+12° 0.33+0.09" 0.42+0.06° 0.44+0.09° 0.54+0.07"
3 169+19" | 0.42+0.06" 0.610.08" 0.61+0.10" 0.72+0.05"°
6 263=11" 0.55+0.10° 0.70+0.11° 0.73+0.08" 0.84+0.10°
9 120+10° 0.26+0.07° 0.37+0.09° 0.40+0.05" 0.47+0.07°

25 0 139+12° 0.33+0.09° 0.42+0.06° 0.44+0.09° 0.54+0.07°
3 183+22° 0.36+0.07° 0.600.09" 0.52+0.07" 0.75+0.06"
6 170+16" 0.44+0.10° 0.57+0.07° 0.51+0.07° 0.67+0.10°
9 17714 0.39+0.04" 0.66+0.07" 0.50+0.06" 0.72+0.10°

35 148+12 0.30+0.06 0.47+0.08 0.48+0.08 0.57+0.07

45 0 139+12° 0.33+0.09° 0.42+0.06° 0.44+0.09° 0.54+0.07°
3 255+10° | 0.58+0.11" 0.96+0.07" 0.77+0.10" 1.09+0.08"
6 353+12° 0.69+0.07° 1.11£0.13" 0.89+0.10° 1.34+0.08"
9 149+14° 0.47+0.10° 0.50+0.08" 0.62+0.06° 0.84+0.04

55 0 139£12° 0.33+0.09" 0.42+0.06° 0.44+0.09 0.54+0.07"
3 259+18" 0.53+0.03" 0.81+0.06" 0.67+0.05" 0.92+0.06"
6 187+21°" 0.36+0.06° 0.42+0.04° 0.48+0.06° 0.68+0.07"°
9 172+17" | 0.27+0.05° 0.360.06° 0.36:0.04° 0.41+0.05¢

Mean values of a particular salinity in column with different superscripts (a, b, ab, bc) are significantly different

at p<0.01;

*Indicate the average mean value of control for different parameters over the studied period.




Quorum sensing inhibition mimicking substances from seaweeds

In continuation of our earlier reported work,
sixty four seaweeds were collected from inter-
tidal zone of Saurashtra coast, Gujarat. Aqueous
as well as organic (methanolic) extracts were
prepared from these algae for further screening.
Three sensor bacterial strains viz. Pseudomonas
putida, Serratia liquefaciens and Escherichia
coli (having operon fusions of an AHL-regulated
promoter with a gfp- (green fluorescent protein)
or the Lux-gene) were used to screen the algal
extracts for presence or absence of the AHL
mimic substance. Only one algal sample
Caulerpa taxifolia showed inhibition of GFP
expression in the preliminary experiments.
Additionally, three algal samples
(Chaetomorpha linum, Spatoglossum asperum

and Cirranium sp.) tested positive for anti-
bacterial activity and displayed the zone of
inhibition.

Additionally, 75 marine algal samples from Gulf
of Mannar, Tamil Nadu were collected and
extracts (aqueous as well methanolic) were
prepared. Some of these were screened for the
presence of quorum sensing mimic substances
using Chromobacter violaceum (CV026)
mutant, which develops a bright violet colour in
presence of C6 HSL (quorum sensing inducer).
Zimtaldehyde and Patulin, known chemical
Quorum sensing inhibitors, were used as
positive controls. The results till date are
inconclusive.

Partial inhibition of quroum sensing with
Chromobacter violaceum as sensor strain: M is the
methanol (10 ul) negative control; P is for
Zimtaldehyde positive control at different

concentrations;
algal extracts

12, 17, 23, 27 are methanolic

Analysis of alkaliphilic microbial community from soil through

culture independent approach

A study was undertaken of the diversity of
alkaliphilic soil bacteria in alkaline (pH 9.45)
soil samples from Una and Bhavnagar with 2.8%
and 12.0% NacCl, respectively. Environmental
genomic DNA was isolated from these and
amplified using universal 16S rDNA gene
primers, cloned in TOPO TA vector and
transformed into TOP 10 competent cells.

More than 150 transformed white colonies
appeared and approximately fifty from each
location were analyzed. Soil sample from Una
was seen to be dominated by the species of
phylum Proteobacteria, whereas the soil with
comparatively higher salinity from Bhavnagar
was dominated by the genus Salinimicrobium of
phylum Bacteroidetes.
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Biotechnological applications of halotolerant plant growth promoting rhizobacteria

Soil salinity is increasing in many parts of India
and there is an urgent need to identify
halotolerant rhizobacteria which can fix the
atmospheric nitrogen even under such
conditions. We have successfully isolated
several such rhizobacteria from rice (accepted

for publication in Eur. J. Soil Biol). Our studies are
continuing to probe the presence of such
rhizobacteria in S. brachiata and other
halophytes and, most importantly, to ascertain
their biological nitrogen fixing potential.

Molecular phylogeny of Gracilaria spp. showing morphological plasticity

Gracilaria is ataxonomically challenging genus
due to structural simplicity, high morphological
plasticity and great species diversity. Gross
morphological characters provide the basis of
identification, and incorrect applications have
led to a number of misidentifications.
Taxonomic investigations of Gracilaria species
from Indian waters are limited and inadequate
because of seasonal and environmental
variations in morphological characters which
often lead to misidentification of the species.

Nine Gracilaria species were collected from

different localities along the Gujarat coast. The
SSU rRNA (18S rRNA), RuBisCo and cox2-3
spacers were amplified. The nucleotide
sequence data of molecular markers 18S rRNA,
RuBisCo spacer and cox-2-3 intergenic spacer,
belonging to three different genomes, will be
integrated to infer the phylogeny of Gracilaria
species. Molecular phylogenetic analysis will
provide new tools for identifying the algal
species having greater morphological plasticity
while permitting to establish their phylogenetic
lineages.



Gracilaria dura

Gracilaria corticata var corticata

Gracilaria corticata var cylindrica

Gracilaria fargusonii

Gracilaria foliifera
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Gracilaria debilis
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Seaweed bioprospecting, biology, cultivation and value addition

Seaweed biodiversity of Gujarat coast

In the earlier Biennial report we have reported
about the importance of the studies on seaweed
biodiversity as the checklists prepared so far
were mainly based on secondary data collected
from literature. To update the data we surveyed
Gujarat coast for seaweed biodiversity from
December 2006-December 2008. The
Saurashtra coast was found to be rich in seaweed
biodiversity and abundance, while South
Gujarat and Kutch regions had relatively less
common seaweed species. Based on the relative
abundance and seaweed biodiversity, total 15

stations were fixed for sampling of seaweeds.
All these stations were visited periodically every
month to collect maximum seaweed species fora
comprehensive mapping of the diversity. For
each species, key taxonomic description,
distribution with GPS data, abundance,
seasonality, ecology and economic importance-
wherever applicable- were documented.
Molecular markers such as cox2-3 spacer,
RUBISCO spacer, ITS1 and 18srDNA were
studied for all Gracilaria species collected
during this survey. Total 198 species belonging




to 101 genera of seaweed were collected during
this study period. Among these, 24 species are
new reports from Gujarat and 3 (Solieria
chordalis, Ahnfeltia plicata and Dictyopteris
serrata) from Indian coast. The Rhodophyta
group contained the maximum number of
species 109 belonging to 62 genera, followed by
the Chlorophyta with 54 species belonging to 23
genera and the Phaeophyta with 35 species
belonging to 16 genera. The information

generated during this study has led to a reliable
baseline data on seaweed biodiversity for
monitoring and evaluating the impact of coastal
developmental activities aimed at long term
economic gains or environmental changes as a
result of global warming, climate change and
effluent discharge. A proposal has been made to
Springer for possible publication of the data in
book form.

Fatty acid analysis of 27 seaweeds along Gujarat coast with focus on PUFA

Seaweeds are reported to be rich sources of
polyunsaturated fatty acids and have been a part
of cuisines in Asia-Pacific for long. The analysis
of fatty acids from 27 seaweed species was
carried out. The lipid content varied widely
among the species and ranged from 0.57 - 3.5%
on a dry weight basis (p<0.01). Chlorophyta
members showed higher C18PUFAs contents
than did C20 PUFAs while for Rhodophyta the
trend was opposite. The Phaecophyta members

Bioprospecting studies on agarophytes

Agar was extracted from different agarophytes
such as Gelidiella acerosa, Gracilaria edulis, G.
crassa, G. foliifera, and G. corticata collected
from nine different sites on the Indian coast. The
stability characteristics of the gels of selected
agar samples were studied by rheometry. Agar
obtained from G. acerosa had gel strengths

Offshore cultivation of seaweeds

There is a growing demand for producing
seaweed biomass in the country as new
applications are being continuously invented
and developed. The previous efforts on
cultivation largely confined to development of
methods for farming seaweeds in near shore
waters. This effort led to development of
successful farming methods for near shore
cultivation of various seaweeds, particularly
Kappaphycus alvarezii and Gracilaria edulis.
Indeed, there are more than 800 families in
Tamilnadu who adopted seaweed farming to
supplement their income. Companies such as

displayed a profile of C18PUFAs similar to that
of Chlorophyta and of C20PUFAs to that of
Rhodophyta. Both Phaeophyta and Rhodophyta
species were rich in arachadonic acid (AA) and
eicosopentaenoic acid (EPA) and Ulvales in
docosahexaenoic acid (DHA) content. Most of
the species studied had a nutritionally beneficial
n6/n3 ratio with 0.61-5.15:1 (accepted in Food
Chemistry).

ranging from 500 to 845 g/ cm’, while G. edulis
and G. crassa produced agar having gel
strengths of 490 and 800 g/ cm’. Agar obtained
from G. acerosa collected from south east coast
had comparatively better physicochemical

properties over the west coast samples
(Bioresource Technology, 2007, 98, 1907-1915).

M/s Pepsico provided the guarantee of buy-back
ofproduce.

The institute has, meanwhile, begun exploring
the possibility of large scale carbon
sequestration through algae and for their further
application as biofuel. However, since such
applications demand massive amounts of
biomass, a study was initiated during the period
under review to explore the feasibility of off-
shore cultivation of Kappaphycus alvarezii,
Gracilaria dura, Gracilaria edulis and
Gelidiella acerosa in the Palk Bay side near
Thonithurai.



The cultivation was carried out at about 2 km
away from the shore with an average depth of
water 5-7 m during the highest high tide. The
simultaneous experiments were also carried out at
the distance of about 75 m from the shore, with an
average water depth measuring 0.5 m during
highest high tide. Rafts of 2 m x 2 m size were
used for plantation. The initial results for off-
shore cultivation were encouraging: K. alvarezii,
G. edulis and G. acerosa exhibited higher growth
rates offshore whereas the results on-shore were
better with G. dura. However, off-shore

cultivation has associated risks and there are
challenges such as cost-effective means of
anchoring of rafts which will need to be
addressed.

Rafts of seaweed grown offshore: (Left) K. alvarezii; (Right) G. edulis

Biomass data for onshore and offshore cultivation of various seaweeds

- Cultivation On-shore cultivation Off-shore cultivation

pecies period Initial Final Initial Final
(days) biomass biomass biomass biomass

(wet wt/kg) (wet wt/kg) (wet wt. kg) (wet wt./kg)
Kappaphycus 46 22.5 88.0 22.5 248.0
alvarezii

G. edulis 48 1.0 0.6 1.0 28.3
G. dura 46 5.0 24.3 5.0 19.6
G. acerosa 46 1.4 1.7 1.4 3.0

Study of the growth and agar content of tissue cultured germlings of

Gelidiella acerosa under field cultivation

It has been reported in the biennial report of
2002-2004 that tissue cultured Gelidiella
acerosa plants were developed from the
germplasm collected in Porbandar, Gujarat.
During the present period, a study was initiated
to compare the performance of these laboratory-
raised plants in Mandapam and further to

compare the performance opposite vis-a-vis the
plants collected from Ervadi farm. The
suspension stone (SS) method was employed
Initially, 80 stones each were seeded with the
germplasm from each source with an initial
biomass of 160 g. fresh wt. After 180 days of
growth, harvesting was done. The harvesting




data showed that tissue cultured germlings gave
double the yield while showing no difference in
the quality of agar (unpublished data). However,
these must be treated as very preliminary results

and it remains to be seen over many generations
whether the higher growth rate trend persists or
whether the growth rates become similar.

Cultivation of G. acerosa by suspension stone (SS) method

Germplasm No. of stones No. of stones Initial biomass seeded | Final biomass harvested
seeded harvested (g.fwt./raft) (g.fwt./raft)
Wild plant 80 45 160 1410
Tissue cultured 80 77 160 3085

Taxonomic identification and life cycle details of Gracilaria dura (C. Agardh) J. Agardh

Several species of Gracilaria from Indian
waters have been reported in the literature;
however, taxonomic validation based on the
reproductive biology of these species has not
been done earlier. G. dura, which was earlier

A

B

found to be an excellent source of agarose (US
Patent 2005/0267296A41), was studied for
morphological and anatomical features for
confirming the taxonomic identification.

The morphological and anatomical characterization A: Female gametophyte; B: Male gametophyte; C: Tetrasporophyte
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Triphasic life cycle of G. dura

Continuing studies on cultivation of G. dura (C. Agardh) J. Agardh

Epiphytic growth of Enteromorpha over G. dura

Since G. dura occurs scantily in Indian waters,
studies continued at Mandapam on the prospect
of large scale farming of this alga from
vegetative fragments employing rafts as
reported in the previous biennial report.
Following the initial trial cultivation for one year
during 2005-2006, Thonithurai (Palk bay side)

and Ariyankundu were found suitable for larger
scale cultivation. After the site selection, large
scale cultivation was started in the month of
September 2006 with 29 (2mx2m) rafts in
Thonithurai and 65 in Ariyankundu. During the
peak growth period of Oct. 2006 —April 2007,
maximum of 13 kg and 38 kg fresh weight per
raft could be harvested after 45 days of growth
beginning with 1 kg seed material in the two
places, respectively. Due to the influence of
high temperature and salinity the growth rate
declined up to September 2007, the decline
being steepest during June 2007-mid September
2007. The negative growth was caused not only
due to physio-chemical factors (high
temperature and salinity) but also heavy
epiphytic growth of the green alga,
Enteromorpha. Given that the latter is an edible
seaweed, there is an opportunity to harvest this
for food supplements. Growth of G. dura picked
up again after September 2007.




Simultaneously, spore-based methods are being
explored and, towards this end, an attempt was

The laboratory culture of carpospore

made to study the carpospore output, their
viability and early stages of development in the
laboratory. The maximum spore liberation took
place in laboratory culture on day four with
output of 808 (£22) per cystocarp. The
percentage spore viability ranged from 22 to
36% (r 2=0.1008, n=30) at the end of first week
and 17-27% (r2=0.0011, n=30) at the second
week of carpospores culture. The spores
underwent germination immediately without
any resting period and followed the 'Dumontia-
type' developmental pattern. Studies will
continue to obtain germlings and assess their
performance. The studies gain importance in
view of the need to main viable germplasm under
controlled in vitro conditions so that cultivation
can take off quickly during favorable seasons

Improved process for agarose from Gracilaria dura

The continuing effort on the process and quality
improvement of agarose led to the invention of a
new process of its preparation from G. dura. The
process dispenses with the need for the
conventional freeze-thaw operation to isolate
agar/agarose from the seaweed extractive.
Instead, the product is made to precipitate out
upon addition of a suitable surfactant. The
choice of surfactant was based on a previous
study undertaken by us on the effect of anionic,
cationic and nonionic surfactants on the

viscosity and gel strength of the agar/agarose
polysaccharide. The crude isolate is then made
free of surfactant and refined further. A pictorial
description of the improved process is depicted
below. The agarose obtained was tested against
commercial agarose and the performance in
electrophoretic application was found to be at
par. However, some difficulties were reported in
the dissolution of the product which is currently
being addressed.

Gracilaria dura Agar Extract

After 2 h treatment with
suitable surfactant

Agarose

Improved method of extraction of agarose from agarophytes sans freezing-thawing step
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Evaluation of commercial and CSMCRI agarose in gel electrophoresis separation of DNA

Cultivation of Sarconema filiformii- an iota carrageenophyte

Sarconema filiformii is an indigenous seaweed
which is a source of commercially important
iota- carrageenan. To complement the work
already undertaken on K. alvarezii, which is a
source of kappa-carrageenan, work was initiated
on exploratory cultivation of S. filiformii in
Mandapam. The study involved seeding of

400 g fresh wt of the seaweed on 1.5m x 1.5m.
raft (21 such rafts were seeded) during
September to November 08. The biomass
obtained from a single raft after 30 days varied
from 5.6 kg - 22.4 kg corresponding to a daily
growthrate of 8.8-13.4%.

(Left) Raft seeded with S.filiformii and (right) raft ready for harvest

Modification of seaweed polysaccharides - Preparation of genipin

fixed agarose and carrageenan

In our quest to reduce the hydrophilicity of
polysaccharides for some specific applications,
agarose, carrageenan, and agar-carrageenan
blends were cross linked with genipin, a non-
toxic natural cross linker. The products were

found to have better acid stability and also
exhibited high swelling ability which is of
interest for some specific applications
demanding high fluid uptake (Int J. Biological
Macromolecules 2007,41,94-101).
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Preliminary study on bioethanol production from seaweed

PROCESSED RED The debate of “food
ALGAE versus fuel” has been

raging world over. A

l country such as India

| Saccharification | can 1ill afford utilization
l of its arable land for

fuel. It was with this

| Neutralization | view that the Institute
l initially pioneered
important development
on Jatropha biodiesel.

| Fermentation |

l Following on from this,

| Distillation | the In.stltute' began
experimenting on

l alternative biomass for

ethanol since almost all
the sugarcane in our
country is required for edible applications
whereas waste biomass is in rather short supply.
The sea could, therefore, be a useful source of
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energy feedstock. However, given that fuels are
cheap commodities, it is necessary to innovate
on multiple application of such biomass for
better cost-effectiveness. The Institute has
already pioneered the production of seaweed sap
along with seaweed granules that are rich in
polysaccharide. Although the polysaccharide
finds application as phycocolloid, these
applications are of limited volume.
Consequently, large amounts of seaweed
biomass, if produced, can be diverted for fuel
production. As a proof of concept, it has been
possible to produce ethanol from the seaweed
granules at laboratory scale but much need to be
accomplished before seaweeds can become an
abundant source of ethanol. Important debates
are raging world over on concept of preparing
ethanol from seaweeds as a byproduct has been
proved by converting seaweed polysaccharides
into ethanol.

Studies on alkaliphilic, halophilic and organic solvent tolerant bacteria

A method has been developed for isolation,
purification and identification of extreme
alkaliphilic bacteria using carrageenan as a
gelling agent. Under this work, 120 alkaliphilic
bacteria were isolated from alkaline soil and
industrial effluenthavingalkalinepH. Also, 150
halophilic bacteria were isolated from selected
sites like Diu and Veraval and our own
experimental salt farm. From each location 3 -4

sites were selected based on their environmental
conditions. Similarly from salt farm, samples
having different salinities were selected for the
isolation of halophilic bacteria. Fourteen organic
solvent tolerant bacteria were also isolated from
samples collected from different contaminated
sites including Alang Shipbreaking yard.
Tolerance studies of these cultures to different
organic solvents are under progress.

Marine environmental monitoring near commercial seaweed cultivation site
in the Gulf of Mannar and Palk Bay of Mandapam coast, Tamil Nadu

With a view to understand impact of commercial
cultivation of seaweed on the environment, the
sampling of seawater and sediments was done in
July 2008 from Palk-Bay and Gulf of Mannar,
and the results obtained were compared with the
base line data generated for seawater and
sediments in the year 2002 from the same
locations. The physico-chemical parameters

showed no significant change in the values of
pH, DO, BOD, TSS, turbidity and salinity of
seawater. The concentrations of all the nutrients
were comparable to that of earlier findings,
except nitrate and total phosphorous, which
were lower. There was considerable increase in
the concentration of metals like Cu, Cd, Fe, Pb,
Zn and Cr near cultivation sites. This might be



partly due to increase in anthropogenic activity
and sensitivity of different methods used for
heavy metal analysis (AAS vs. ICP). The total
phytoplankton count has been increased at
Kappaphycus cultivation sites as compared to
previous data. During the period from 2002 to
2008, average generic diversity of

phytoplankton increased whereas zooplankton
diversity decreased. The fish population was
much higher in the vicinity of the rafts of
cultivated seaweeds. This could be one of the
possible reasons for decreased zooplankton
diversity in cultivation site

Biosequestering potential of spirulina platensis for uranium

Effect of pH on uranium sorption
by S. platensis

The Uranium sequestering potential of Spirulina
platensis was studied in batch cultures. Sorption
was maximum at pH 4.0-5.0. Biosorption by
immobilized S. platensis on calcium alginate
was much slower than of'its free counterpart. The
intra particle diffusion study on immobilized S.
platensis suggested that several processes affect
the sorption process. The results of desorption
showed that sodium citrate solution was
effective with 83% and 61% of sorbed uranium
being recovered from free and immobilized
biomass, respectively (Curr. Microbiol., 2008. 57,
508.)

The detection of Hg™" by cyanobacteria in aqueous medium

Confocal fluorescence and bright field images of
(a) Spirulina platensis, (b) cells stained with 10 mM
Hg” in 1 : 1 water : ethanol, v/v for 10 min at
25°C (A, = 543 nm) and (c) Hg"" supplemented
cells loaded with 20 mM L1 for 10 min
at 25 °C. Magnification = 10x

The strong red fluorescence of Spirulina
platensis is known to be quenched upon Hg”
adsorption. We probed Hg’* binding to Spirulina
platensis and also of the tetrapyrrole-based
chromophore unit that was isolated from C-
Phycocyanin through methanolysis. The Hg”'
was shown to bind to the tetrapyrrole core. In a
further study, the ON-OFF fluorescence
signalling behaviour of Spirulina platensis was
studied upon exposure to L1, a rhodamine based
Hg’" sensor. The studies were carried out using
confocal imaging experiments with 543 nm laser
excitation. It was seen that the fluorescence was
initially quenched completely and recovered on
exposure to L1. This shows that the Hg* binding
to the tetrapyrrole core is not as strong as its
binding to the Rhodamine derivative. Besides
addressing a long standing question, the study
opens up the possibility of using this system as a
biomarker for mercury detection.
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Effect of preservatives for food grade C-PC

We have earlier reported the culturing of
Spirulina platensis having high C-phycocyanin
content and, further, the efficient extraction and
purification of the latter. The stability of C-
phycocyanin was previously controlled by
addition of DTT and sodium azide. In the
present study, the effect of selected edible

S
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chemical preservatives was investigated in
aqueous solution at 0+5°C and 35+5°C. Among
the different edible preservatives investigated,
citric acid (4 mg/ml) was observed to be the best
for storage at 35 +5°C in aqueous solution for 45
days (Process Biochemistry, 2008,43:339-345).

Effect of various preservatives on C-phycocyanin stability (as judged by color) in solution after
45 days at 35 +5°C (left to right—control, calcium chloride, sucrose and citric acid). 0.1 g of
the preservative was added in 25 ml C-PC solution (10 mg in sodium phosphate buffer)



WASTELAND RESEARCH

As mentioned in previous biennial reports, the
Institute has played a pivotal role in promoting
the concept of Jatropha cultivation on
wasteland. It went still further and made an
outstanding biodiesel which could be used in

During the period under review, the
collaboration with Daimler Chrysler and
Hohenheim University entered into the second
phase to consolidate the research undertaken in
Phase I, particularly, to (i) generate long term
data on select accessions of Jatropha which
were raised under the project in Orissa and
Gujarat, (i1) undertake a carbon balance study in
collaboration with the Institute of Energy
Research, Heidelberg (IFEU), (iii) supply
80,000 litres of B100 biodiesel to Daimler
Chrysler India to run a fleet of vehicles, (iv) set
up two biodiesel plants in rural locations and (v)
take forward the work on preparation of
biodegradable plastic from waste streams of the
biodiesel process. Following the conclusion of

neat form without the need for any engine
modification. In 2007 the prestigious magazine,
Nature, brought out an article entitled “The little
shrub that could — may be” centred on our
pioneering efforts (Nature 449, 652-655).

the project in 2008, two reports were issued, the
first being on learnings from the project and the
second being on carbon balance. At the same
time, an invited review article on Jatropha was
published in [International Journal of
Environmental Studies and the Editor, Dr.
Martin Brett-Crowther had this to say in a
subsequent editorial inthe journal: “Central Salt
and Marine Chemicals Research Institute,
Bhavnagar, Gujarat, India, have demonstrated
that Jatropha curcas can be used to produce
biodiesel, through the Jatropha Methyl Ester.
This plant can have high seed productivity, and
effluent discharge can be combined with by-
product recovery, with 2 tons of jatropha seeds
per ha. Jatropha cultivation can support organic
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farming through use of the oil cake. The shell has
a calorific value equivalent to coal, and can be
made into briquettes, used in solid fired boilers
etc. There are other useful by-products.
Although the overall environmental impact of
large scale jatropha cultivation has yet to be

q % "g Central Salt & Marine Chemicals Research Institute

investigated, it is clear that it can arrest
desertification, help to reduce greenhouse gas
emissions, and return oxygen to the
atmosphere.” (International Journal of
Environmental Studies, 2007, 64:659-674)

The Institute has remained vigilant about the
pitfalls of Jatropha cultivation without
understanding of the basics and has alerted the
community at large to be cautious while
continuing to understand the plant more
thoroughly. At the same time, after extended
discussions, the Institute entered into a
partnership to set up a zero effluent biodiesel
plant on turnkey basis in DRDQ's military farm
in Secunderabad. In parallel, it began an

association with General Motors and a project to
take forward the work on Jatropha was agreed, in
principle. Another, pioneering initiative was the
association with the Forest Department,
Government of Gujarat to promote the best traits
of the CSMCRI BI100 Jatropha biodiesel,
namely low emissions and high flash point
which would make it ideal for forest areas and
also to promote eco-tourism. The specific R&D
work during this period is outlined below.
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Establishment of new experimental Jatropha plantations and assessment of yield

Based on our earlier experiments conducted
at Chorvadla (Gujarat) regarding fertilizer
requirements spacing, irrigation, mulching,
intercropping etc, new plantations were
established at different sites at Chorvadla
during 2006 and Neswad during 2007 to test
long term performance of plants that were
raised through cuttings of elite germplasm.
Best agro-technological knowledge based
on results of the various experiments were
employed in the Nesvad plantation and
average yield as high as 830g/plant
(N=100) was obtained in 2008 itself. Seed
oil content varied from 29-35.5%. This
plantation will be one of those which will be
investigated in-depth as part of the
proposed project with General Motors.

Pictures of (above) integrated Jatropha biodiesel plant under erection in Military Farm, Secunderabad
and new experimental plantations at Nesvad (right top) and Chorvadla (right botttom)

Continuation of studies on provenance trials

The provenance trial initiated during August
2004 with seed raised seedlings of 23 genotypes
at village Chorvadla, Gujarat to select the best
genotypes was continued to ascertain long term
performance. In this experiment highest seed
yield of only 302.2 g per plant was recorded after
3 years from the accession IC 565735. Two other

accessions, IC 565737 and SKNJ 8, were also
statistically at par. The low seed yields in this
experiment were mainly due to poor soil
conditions of the plot. The higher yield
corresponded to higher percentage of success in
fruitset(71-81%) inthese accessions.
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Performance of different accessions at Similarly yield performance data of best
Chorvadla, Bhavnagar (DOP=Aug, 2004) performing accession CP-9 (this accession was
Seed yield per plant (g), N=9 reglste'red with NBPGR and prov1f1ed the
accession number IC 565735), along with other
Provenance (2006-07) (2007-08) elites planted in Jan 2003 were recorded in
Orissa. The 100 seed weight and oil content
IC 565730 73.1 240.4 recorded for elite genotypes in Berhampur,
IC 565731 43.0 251.3 Orissaat different locations during October 2007
i in the Table below. It can be seen
IC 565732 15.7 133.8 are provided in t
that the 100 seed weight was as high as 77g and
IC 565733 5.3 152.0 oil content was 40 %.
IC 565734 32.7 276.9
IC 565735 22.1 302.2
IC 565736 21.3 251.3
IC 565737 0.0 301.8
IC 565738 16.1 187.4 — g [
Location S 1
IC 565739 9.2 78.8 no. weight [content
SKNJ-1 6.4 98.3 (2 %
SKNJ-2 13.6 186.0 CP-9 | Mohuda Govt. site | 77.1 40
SKNJ-7 40.0 244.5 CP-9 | Mohuda Govt. site | 765 | 37
SKNJ-8 31.3 301.5 _
SKNI-9 144 789 3 CP-13 | Mohuda Govt. site | 68.7 30
SKNIJ-10 10.6 178.3 CP-13 | Gopalpur 652 | 35
SKNJ-11 27.1 247.4 CP-17 | Mohuda Govt. site | 67.6 30
SKNJT-12 133 P VP-2 | Gopalpur 49.4 | 36
Koteshwar-F 16.0 103.9
Ambaji-F 10.7 154.6
Panchha-F 7.4 122.4
Ranpur-F 5.8 142.7
Kumbharia-F 4.8 88.0
CD (p=0.05) 87.1

Establishment of new experimental Jatropha plantations and assessment of yield

In sub humid conditions of Orissa, we obtained,
for the progeny line (CP-9) of Jatropha curcas,
an average seed yield of 1.4 kg per plant during
2007-2008, i.e., after 4.5 years (Table). During
the same period, observations were made on a
single plant, VP-2 (Date of planting- August,

1999), which yielded 5.41 kg of seed in sand
dunes of Gopalpur, Orissa, while another
accession IC 565739 also proved to be high
yielding in the sand dunes of Zanjmer, Gujarat.
However, the high seed yield was offset by low
kernel weight.
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Performance of cuttings of accessions CP-9 at Mohuda, Orissa

Year

2006-07

2007-08

CP-9 (IC 565735)

0.70+0.18

1.40+0.76

Performance of IC-565739 on sand dunes of Zanjmer, Gujarat

Year

2006-07

2007-08

Seed yield (kg/plant;

1.49

4.14

(average of two plants)

NMITLI project on “Genetic improvement of Jatropha curcas for

adaptability and oil yield”

The above multi-institutional project was
initiated by CSIR with an aim to develop high
yielding clones of Jatropha curcas and agro
technologies for problematic soils.
Multilocational trials were intiated at different
locations viz. CSMCRI, CRIDA, NBPGR,
NBRI, AFRI and NEIST- Jorhat to assess the
performance and identify location-specific
genotypes of Jatropha which may be most
suitably deployed. Rooted cuttings of J. curcas
obtained from different participating
institutions were planted in the CSMCRI's
experimental fields in Orissa and Gujarat in
Randomized Block Design (RBD). Cuttings
were planted at a spacing of 2.5m x 2.5 m and
necessary fertigation was carried out
periodically. Establishment of the cuttings was
better for the accessions provided by CSMCRI,
NBRI, EXCEL and CRIDA. Interestingly, the
trends in terms of initial establishment were
similar in Gujarat and Orissa. The seed yield in
these accessions during first year varied from
1.8gto 132.0g. Wild accessions (166) were also

Breeding studies

Studies on breeding aspects were undertaken
jointly with Anand Agricultural University
(AAU) to develop promising hybrids for higher
productivity. Studies on floral biology were
conducted on 23 selected accessions of Jatropha

collected from different participating partners
and established during the month of October,
2006 in the field. The performance of the
established accessions was regularly monitored
for growth and yield parameters. The institute
alsoreceived feedback from other institutions on
the performance of the CSMCRI accessions.
The performance of one of our accessions in the
multi-locational trial at Jodhpur was found to be
the best as evident from the following quote:
“After 18-months of planting in the field,
accession numbers CSMCRI-GJ-PCM-C
CRIDA, 3 Raipur and JPHO009, PAPL,
Bangalore performed better. Production of
fruits per plant varied from 175 g in CSMCRI-
GJ-PCM-C to 3.67 g in SKNJ-, Urli Kanchan.
Out of 180 accessions planted, 30 accessions
have died and remaining accessions showed 33
to 100 percent survival. Accessions received
from CSMCRI, Bhavnagar and AFRI showed no
mortality.” (Annual Report, Arid Forest Research
Institute (AFRI), Jodhpur)

curcas as per the allotment to CSMCRI. Count of
male and female flowers were made in tagged
inflorescences. The number of female
flowers/inflorescence ranged from 1 to 15 and
the maximum female flowers (15) were




observed in accession FRI-UA-Teh-1005-DD-
EL-2. Male to female ratio was recorded
between 8.67 to 33.0 and the minimum M/F ratio
(8.67) was exhibited by accession FRI-UA-Teh-
1005-DD-EL-1. The CSMCRI genotypes
showed a wide range of M/F ratio ranging from
11.4 to 33.0. Twenty crosses were subsequently
made. The number of female flowers ranged
from 2-25, while M/F flower ratio in these
inflorescences ranged from 7.91 to 28.31.
Maximum fruit wt. (28.71g) and seed wt.
(18.66g) were recorded in fruits developed from
the cross made between NBRI-J-18 (elite) and
CSMCRI-OR-GUJ-1205-C-1. Total 471 seeds
were obtained from all these crosses. Out of this
182 seeds were used for oil analysis and
remaining 289 to raise Fls. Maximum oil
(40.56%) was observed in the seeds obtained

Genetic variability studies

from RRL-AP-Papum-1105-C-1X CSMCRI-
OR-Ganj-1205-C-5 cross combination. Plant
wise raw data collected for all the F1s along with
their respective parental plants were sentto AAU
for Heterosis analysis. Relative heterosis and
Heterobeltiosis were worked out in all the 20
cross combinations for growth characters, viz.
Plant height, number of branches, canopy
diameter and stem girth. Maximum relative
heterosis for plant height (21.51%) was
exhibited by the cross RRL-AP-Papum-1105-C-
IXRRL-NL-MON-1205-C-1 and for number of
branches (50.00%) by RRL-ASM-Kurbi-1205-
C-6X CSMCRI-OR-Ganj-1205-C-5. Maximum
relative heterosis for canopy diameter (8.79%)
was recorded in cross RRL-AP-Papum-1105-C-
1 X RRL-ASM -Golag-1105-C-1and for stem
girth (21.09%) by NBRI-J-18 (Elite) X
CSMCRI-OR-Guj- Banas-1205-C-1. Cross
RRL-ASM-Golag-1105-C-1 X CSMCRI-OR-
Ganj-1205-C-5 showed maximum
heterobeltiosis (7.79%) for plant height,
whereas, for number of branches, it was by the
cross RRL-ASM-Kurbi-1205-C-6 X CSMCRI-
OR-Ganj-1205-C-5 (39.02%). Cross NBRI-J-
18 (Elite) X CSMCRI-OR-Guj-Banas-1205-C-
1 recorded maximum heterobeltiosis (15.80%)
for stem girth. All the crosses showed negative
values for canopy diameter.

Novel marker isolation and genetic diversity studies

The earlier studies on inter- and intraspecific
genetic diversity of Jatropha found low levels of
variation based on surveys of random amplified
polymorphic DNA (RAPD) and amplified
fragment length polymorphism (AFLP)
markers. Thus Isolation of SSR markers was
undertaken from six different species of
Jatropha spp. and 12 microsatellite (SSR)
markers isolated from Jatropha curcas were
checked for cross species' (J. glandulifera, J.
gossypifolia, J. integerrima, J. multifida, J.
podagrica and J. tanjorensis) amplification.

(Molecular Ecology Resources doi:
10.1111/j.1755-0998.2008.02471.x). A
minimum of eight and a maximum of 11 loci
were successfully amplified from each species,
demonstrating narrow genetic diversity among
the species of Jatropha. Within J. curcas,
observed and expected heterozygosity ranged
from 0.94 to 0.54 and from 0.95 to 0.56,
respectively. Of the 12 loci, five showed
significant deviation from Hardy—Weinberg
equilibrium. There was no significant linkage
disequilibrium detected between any of the loci.



Cross-species amplification of isolated microsatellite markers in additional species of Jatropha

Cross-species amplification of isolated microsatellite markers in six additional species of genus Jatropha
J. curcas J. tanjorensis I. glandulifera |- gossypifolia J. multifida J. podagrica J. integerrima
Marker  (bp) (bp) (bp) (bp) (bp) (bp) (bp)
jeds10 108 126 120 120 150 130 150
jods24 204 180 180 NA NA NA NA
jeds4l 102 100 120 120 NA NA 100
jeds58 104 110 110 100 110 105 110
jeds66 216 250 NA NA NA 250 NA
jepsl 132 150 125 125 150 120 220
jepsé 288 NA 290 290 290 290 290
jeps9 140 140 NA 140 150 140 155
jeps20 224 255 NA 250 255 250 250
jeps2l 189 190 190 200 190 190 200
jems21 75 75 90 90 75 90 90
jems30 135 130 NA NA 130 NA 130

These loci are potentially useful for
investigating population processes, genetic
structure, population genetic studies across this
set of six species of Jatropha, and may also be
useful in other Jatropha species.

Novel microsatellites were isolated using
FIASCO by dual probe enrichment technique
from Jatropha curcas L. and genetic equilibrium
and diversity of 44 germplasm collected from
distinct geographical areas in India was checked
using isolated microsatellites (Fig 10). The
overall efficiency of the enrichment of
microsatellite by dual probe in the present study
was found to be 54% and among the sequences

obtained the percentage of sequences having
suitable flanking regions for the primer
designing was found to be 89.58%. The mean co-
efficient of genetic similarity (CGS) was found
to be 0.97. The overall diversity obtained by
microsatellites was found to be low in
comparison with the diversity reported by
multilocus markers systems; however, good
allele polymorphism was observed. The overall
dendrogram of microsatellite analysis resulted
inrandom clustering of germplasm and it did not
follow geographical area of collection.
(Molecular Biology Report, DOI
10.1007/s11033-010-0033-2)
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Dendrogram generated using UPGMA for 44 germplasm of J. curcas based
on allele polymorphism obtained by 49 novel microsatellite loci

Micro-propagation of J. curcas

The institute has been focusing on propagate of
its high quality germplasm in large numbers.
Though, the species can be multiplied through
stem cuttings, this will be possible in large
numbers only when there are large orchards of
such germplasm. Till then, in vitro
multiplication will be the best option for large
scale propagation of true-to-type elite plants.
Based on micropropagation protocol of J. curcas

Field trial of tissue culture and cuttings raised plants

developed using nodal and shoot tips explants,
work research efforts continued to improve the
multiplication rate and rooting percentage. The
first lot of hardened plants transplanted in 2006
established well on wasteland of Chorvadla and
continued to fare well. The variations recorded
in the seed yield of seed raised seedlings were
very high compared to cuttings and tissue culture
raised plants.

Variability of tissue culture/cutting/
seedling raised plants

Propagation Average seed | StDev | CV%
Method yield (g/plant
Tissue culture 117.1 493 42.1
Cutting 122.7 51.7 42.1
Seeding 72.6 43.5 59.9




During the period of review, direct
organogenesis through leaf of J. curcas was also
attempted. The leaf explants were collected both
from in vitro and in vivo shoots and kept in
modified MS media. The regeneration

efficiency was found to be very low. An efficient
method of direct shoot regeneration would serve
as a prelude to meristem-based genetic
transformation.

Multiple shoot induction from shoot tip cultures (left) Direct shoot bud induction from
leaf explant (middle) Shoot elongation of shoot bud from leaf explants (right)

Changes in soil properties of degraded entisol with Jatropha curcas cultivation

Top soil (0-10 cm) mean weight diameter,
aggregate stability, bulk density, total and
particulate organic matter associated carbon and
nitrogen were assessed on an Entisol as soil
quality indicators from a 30 months' old
Jatropha curcas plot in Chorvadla. The study
was undertaken between December 2006 and
January 2007. Alos plots with and without
mineral fertilizer amendment (both treatment
received organic amendment in the form of
Jatropha cake) were studied. An adjacent native
vegetation of Zizyphus mauritiana was included
as reference for comparison. Improvement in
soil structure was recorded, with 15% increase in
mean weight diameter and 6-30% increase in

macro aggregate stability by cultivating
Jatropha. Soil bulk density was reduced by 20%
while, fine particulate organic matter associated
(POM) carbon and nitrogen increased by an
average of 33%. Aggregated silt and clay, which
is an index of micro aggregate stability, was
however lower in soil under Jatropha curcas
than the natural vegetation. Although, there was
marked variability (CV of 18-25%), there is
potential for soil quality recovery (particularly,
soil structural improvement) under Jatropha
plantation within a short period of cultivation.

(Acta Agriculturae Scandinavica Section B-Soil and
Plant Science, 2008; 58:245-251)

Effect of Jatropha curcas L plantation on soil aggregate stability in a degraded Indian Entisol

Treatments/Quality Mean weight Fraction of Aggregated silt | Soil bulk density
indices diameter (mm) water-stable and clay (mg/m’)
macro aggregate

Natural vegetation 0.68b 0.52ab 391a 1.10
Jatropha (zero fertilizer 0.84a 0.68a 3305 0.81
amendment)

Jatropha (with nitrogen 0.79ab 0.55ab 3.72ab 0.99
fertilizer)

LSD (0.05) 0.103 0.166 0.152 *NS

*NS- Not significant




Effect of Jatropha curcas L plantation on soil organic matter dynamics (g kg') in a degraded Indian Entisols

Fine POM-C Total soil Medium Fine

Treatments /parameters (0.25-0.053) nitrogen POM-N POM-N
Natural vegetation 4.92b 1.17ab 1.02a 0.45b
Jatropha (zero fertilizer 9184 1.56a 1.19a 1244
amendment) ) ’ ' ’
Jatropha (with nitrogen 4.66b 0.70b 0.73ab 0.39h
fertilizer)
LSD (0.05) 1.68 0.29 0.343 0.463

To ascertain the relation between plant nutrition
and plant population, nutrient analysis of both
soil and leaves was undertaken. It was observed
that as plant population increased, the N and P
contents of foliage decreased, while other
nutrients did not follow a consistent pattern.
Furthermore, no significant variations in foliage
elemental concentrations in response to spacing

of Jatropha plants were noticed. Analysis of soil
samples indicated that as plant spacing
increases, the soil N availability also increases
significantly. Very closely spaced plants (1m x
Im) grew tall and did not yield at all. Thisis a
cautionary note for all those who fancy large
number of Jatropha plants per hectare.

Jatropha agronomic trials and utilization of Jatropha cake as manure

The initial experiment on fertilizer trial which
started in Aug, 2004 was continued. In 2006-07,
it was observed that the seed yield of Jatropha
increased with increasing dose of nitrogenous
and phosphorus fertilizers. However, only the
effect of nitrogen was significant while the effect
of phosphorus and interaction of NxP were not
significant. During 2007-08, the highest seed
yield (237.8 g/plant which is equivalent to 0.60
t/ha at 2m x 2m spacing) was obtained by
applying the combination of 120 kg N and 45 kg
P,O /ha. The combination of40 kg N and 15 kg P
in conjugation with 1 kg of Jatropha cake per
plant was the optimum dose that gave
significantly higher seed yield of ca. 1.6 tha™ in
2008. In the spacing trial the yields obtained
during 2006-07 were low and the good
vegetative growth obtained in the season was not
commensurate with realized yield. To ascertain
the reasons nutrient analysis both of soil and
leaves was undertaken. It was observed that as
plant population increased the N and P contents
of foliage decreased, while other nutrients did
not follow a consistent pattern. Furthermore, no
significant variations in foliage elemental
concentrations in response to spacing of

Jatropha plants were noticed. Analysis of soil
samples indicated that as plant spacing
increased, the soil N availability also increased
significantly.

Efforts were made to study the response of
Jatropha to Jatropha cake applied as manure in
plantation. The use of Jatropha cake @ 4t/ha
brought about an increase in yield (865g/plant,
N=54) of 30% over the use of sole inorganic
fertilizers after 2 years of planting at Nesvad,
Gujarat under wasteland condition. In another
experiment at Chorvadla, Gujarat, wherein cake
and sulphur were applied in different
combinations and amounts, it was observed that
oil content of seeds was significantly increased
by S and cake application. Highest oil content
(34.88 %) was observed at application of40 kg S
ha". De-oiled seed analysis showed that N, S, Fe
and Zn content were significantly increased by
integrated application of S and cake. Highest N
(3.63%), Fe (45.33 mg kg"') and Zn (32.60 mg
kg') were observed when the plants received 40
kg S and 3.3 t cake ha', whereas, highest S
(0.17%) was observed at application of 40 kg S
and 6.6 tcakeha”.



Improving the productivity of unproductive Jatropha plants

Low productivity is inherent in many Jatropha
curcas germplasm and raising large scale
plantations using such untested planting
material can lead to counter productive.
Unreliable and poor flowering and fruiting are
important factors responsible for such low
productivity in this species. Though much is
known about growth retardants applied to field
and horticultural crops, their role in improving
seed productivity in Jatropha has not been
explored. It was found that paclobutrazol could
be an extremely useful chemical, whose dose

and time of application reduces unwanted
vegetative growth, with concomitant
improvement in yield and seed oil content of
Jatropha. In the year following application of
paclobutrazol, unexpected increase in seed yield
— as high as 1127% relative to control — was
obtained from one such unproductive Jatropha
germplasm. Studies are continuing to ascertain
the consistency of the findings from year to year.
(Journal of Plant Growth Regulation, doi
10.1007/50034-010-9137-0)

Infructescence structure of a representative Jatropha curcas at 375 days after treatment showing (left)
less fruits in control shrubs and (right) showing compact bunch of more fruits in shrubs treated with paclobutrazol

Intercropping studies

During the first year of Jatropha plantation at
Nesvad, Gujarat, intercropping was done with
leguminous crops, greengram and blackgram,
which gave seed yield of 582 and 794 kg/ha,

respectively. Intercropping may be necessary to
sustain farmers during the initial phase of
cultivation besides raising the fertility of the
soil.

Intercropping in Jatropha with castor (left) and pulses (right) at Nesvad




g % ?"3 Central Salt & Marine Chemicals Research Institute

“ csm m“\“ _

Jatropha biodiesel

Integrated process for the production of Jatropha methyl
ester and by-products (Polyhydroxyalkanoates-PHA)

During the period under review the Jatropha biodiesel process
was further improved. Specifically, the following
improvements were carried out:

1. Seeds were stored in the form of whole dry fruits to
dispense with the need for deshelling. Moreover, it was
shown that the oil is better preserved in the whole
capsule than in the exposed seeds.

2. A machine was designed for automatic deshelling of the
De-shelling machine seed capsules. The success rate of deshelling was close to
100%.

3. A separate machine was developed to convert the empty
shells of low density (0.08 g/cm’), but otherwise having
coal-like calorific value of 3700 kcal/kg, into compact
briquettes (density of 1.00-1.10 g/cm’) that are easily
transportable and usable.

4. A process was devised to minimize the requirement of
distillation of excess methanol used in the
transesterification process.

5. The still bottom after distillation of glycerol (GL8) —
which poses a problem of disposal — was converted into
polyhydroxyalkanoate biodegradable plastic using an
efficient soil bacterial strain (MTCC 5343) which gave an
even better result with the waste than with pure glycerol.
Data on the conversion are provided below. The PHA was
found to be biodegradable in moist soil and its analysis
(NMR, DSC, GPC) was carried out both in-house and by
M/s Solvay Advanced Polymers.

Shell Brigetting machine

MTCC 5343
Microbial sythesis of PHA with biodiesel residues
Parameters GI8 (2%) Pure Glycerol (2%)

Volume 100 ml 100 ml
Temperature 35C 35C
Wt. of sample taken 2g 2¢g
Carbon content in medium after autoclaving 0.72 0.76
Harvesting time 90 hrs 90 hrs
Cell dry weight 0.38 g 0.30¢g
Yield of PHA 0.270 g 0.158 g
Yield of PHA based on Cell dry weight 71.1% 52.6 %
Carbon content in PHA 0.15¢g 0.087 g
% Carbon in medium which ends up in PHA 20.8 % 11.45 %




New initiatives on use of Jatropha biodiesel

As mentioned above, 80,000 liters of B100
biodiesel was provided to Daimler Chrysler to
operate a fleet of vehicles as part of the
collaborative agreement signed on phase II of
the project. CSMCRI also provided the fuel fora
Jatropha initiative by Daimler Chrysler in
Singapore. Fuel was also provided to General
Motors, Mahindra & Mahindra and others. The
following feedback was received from
Mahindra & Mahindra: “By now we have tested
fuels from various other sources. Your quality is
much better” (Dr. Mathew Abraham, GM, R&D,

Alternate Fuels, Mahindra & Mahindra). His
Highness, Shaik Saud of Ras al Khaimah visited
the institute in 2007 to learn about the biodiesel
initiatives besides other projects. Till Dec, 2008
our Toyota Qualis car had completed over
75,000 km on the institute's B100 biodiesel with
any modification. CSMCRI was awarded the Dr.
Vikram Sarabhai Award in 2006-07 for the
application entitled Design, Development and
Technology transfer for the production of
Biodiesel from Jatropha.

(Left) B20 trials on Mercedes Smart Car in Singapore (formulated from B100 Jatropha biodiesel provided by CSMCRI;
(Right) His Highness Sheik Saud Bin Saqr Al Qasimi of Ras al Khaimah filling Biodiesel in the institute's Qualis

Salicornia cultivation

In continuation of our earlier reported
experiments, salicornia cultivation was further
expanded to 400 ha area with modified
processes. Significantly, highest biomass of 4.9

Effect of phosphorus on biomass of salicornia

P,O; kg/ha Dry weight q/ha
0 36.48
15 34.36
30 35.24
45 38.63
60 43.13
75 49.17
S. Em () 3.84
CD 8.18

t/ha was found by application of 75 kg P,O, per
ha, amounting to an increase of 35% higher over
unfertilized control (Table).

Salicornia densified area at Port Victor, Gujarat
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MBS D FTHA T | T BANBIYEST 3R ASIBIYET
TSIl MRBe-d TRIS 3R Thu<Ig® TRis
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eyq 6 2 SIf¥r@ier yofaal Wyvr ATHea®
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VRAT T | THia NTafSsrar TRRNT @ FRIS
H7 Hifas T IR oT, gt YR e 9
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B BfoAgAl feft R i T # R F=A &1y
fearsmeET |

Joi-aT fhfarm ) @dl—us gener sRiMM®Ee
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SUT SaUTeH B har o Aear @ | 39 R wEm
@ Y JANRITen & WR W dare SRt § @
SIS BT ST WHT B3 & W ) Aared Bl
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THYI Th ReRAT gAY WA A W © |

DI ADT (TS &R 8T A 59 H1dHA 3T 50
Baex A W STRT WA R & RS Srerargare
a3l # (S iR Torm) fowR f&ar 31 s
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Il f TBR TAT dh ® AP STAT A i o
N, S, Fe deIT Zn & ¥ #ewaqet i g8 | 40 fu
AR TAT 3.3 ST B 8deY. BT SYANT A A
J=aaq N (3.63%), Fe (45.33 mg kg™) T2 Zn
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ST ot B St ¥ i AT gfe arg T |




IFUTED SIGIBT el B SeuTaehdl H GoR

SEIHT 99 ¥ Sared EN 14214 I SIgwT
g s (@) gR1 suRafia Soe
T~ @ 391 f5fY ficae @ aam A wem
IS 999 3T 9fehar faslia 3 § Jwaar
T & 2 | A Fok {1 # ST T SigIeT uig 4
HETH SUST YT HRAT BIS 8 | B SISl HHT b
Sl § ATaRe SATadHar $9 Bl © | o7
Refid Mer | S 991 B AT 3% X&d & |
v gonferl @1 B9 SeHaT ¥ g YaH
HelTHROT HE@qol PRV & | I8 Fafafed o f& &d
T§ IREH Bl @ gfg BH HR-arel ST B
TEIHT 51 IATGHAT GIRA § A5@qel YAST
AP 30 TSGR BT SUTET 911 A SYART &
fear ) e @ afeeg ufgfy @t
ST 9 | Ab B A1 &1 SUS A IR Taq
S ¥ dd B A To H IFAIGgTAA AD
A U AT ATHEIS R Rig 8 9T
IR &9 S®! ATAT TG SUANT &1 w9g feiRa &

SIEIBT # JATaRIe R

Su gfg & g sl aieror

Ty 2004 # [ORT & ARTSAT § 23 SISy B
|rer Areflre gRieror foar ar | S § 2003 #
R TR Uil A 9 SUG § A4S B gewi arel el
@ gofiga (CP-9/IC 565735) fbam wam| <t
Yol Ul 9 HIETR, o H, JF 9rd 9%,
STaad 191 Sus 302.2 9/ ufer derm ure Y 18
IR AiEge difd®dl IFAR Ueilga Gl IC
565735 T SKNJ 8 & sriugea & |Arar off |
39 USiigd WE @ Ahe HeAlHRoT Tireraadr e
(71-81%) 8F & IJoU & S WH U B3 |
e AT § AET gl arel goliga de—sfEa
Yoray & fJera & a1 o aifdre wrer goal @t
B3I &1 U Uiell & Ioii & ford ugam= &1 718 |
R-ART U & SURIa 23 Uoilga uel #
ATl TAT BellHRT H Hae IATMId HA B forg

TRERS FHIT §IRT AH fIHr

TAR g4 IR gl & MR TR 899 SIgil
FHHd B 3R IR FHvoT gRT AP B3 o
o, sfeea @evr & oy Seegal &1 qoaieT

D1 Th W 9 SUSe Sigel SHHsd 9@
UlTArggTSid @ SUAN gRT Rz $) gorm A
TR i AT 1127% T B IgIa<) UTs 78 |
BART IFAT & & SIEIHT 19 & H9 Scure & forg
qier A Rerg afafRe-a sidad eHi~ WRaT &
IROTH WU YO AT BeATHRIT DI T YU
o1 afaRRed gfg g3 | diel @1 59 affeed dfed
JNTRT BT YFATIE ol B SUART §RT FIua s
HolTgad UIg | 757 A &1 Bucl T HRa Hfasg
H AherdT eI FRABAE |

SSIBT S M D U8 99 ¥ SASIHr gie &)
tfaeal @ e o= el S =Y | 99 2007-08 B
IR A9Ts, ORI q SIgIHT & 9MET, 0 3R a4
SR Well Bl M | HHI: 582 dAT 794
5T / 3R SIGIHT B T 88 | §59 THR SAGIHT
P AT Bell B ST A SHIF P SINAT 989 B
ATI—4TT fHA B SSTHT B Wl D qRS ot
H ST ST BRI © |

e foam T | IC 565735 & 6T §8 Ueiiad
drgl @ 9reT gl @ 9o # SareT wd T R W
Wafs {B o Uil W AT gl @1 SAferdar &
a9 ¥l BH B TT | 3 IR B S99 B
T S=a ol erFaTaTel Uier &Y AT ARy |
IS F ref—amst yRRfRt § 4-5 anf & T
SIEIBT HHY DI ILURART =g Ui g siiaas 1.4
.71, 91 B 9T gY | T§ W FHET off WHhdll &
I UfT Baex 2 T I BT W de Iuereed
far ST T © | ST B MUTAYR & XA & Sl
R SR ™ F W VP-2 1 (Wi o $T A6
T 1999) 5.41 fwram @t 9i9 Suw &t wiafd
o # St aRRefeat # =7 dier 1C 565739
ST 39 Sod S I g3 |

far ar qer fawfa faf¥re arq diel den
Havel dient & 9ot aReaRe ufiess grT e
o 73T | B WHRa el &7 31 AR difedl ab
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wad H gfg @ foag Féeor fear ) dewor
IC565735 x 1C565739 U¥ieror ¥R 78.9 UTq e
40.09% orid & T Ao Rig ge | g i

# A7t @ e 9 3:1 & guTa A o 7
SIGIT & Ao ISl &I 3+ATH

NMITLI ¥oige Siavia JoRTd dem Ierdar 4
AT fad AR SIGIeT & S-g el & Udhid faar
T 3R fAft= eror zerel @ U SEg e @
AT G AT | S o= & forg zrafaa srferfaes

s g fIsm

HoTAAIeIRATE ®1 |lY T B AR SAEIHT
FHd ® 23 Tafa IfRfed ) qw S s
T fHd T | qWsHH @ T8 H By 7] §q AQl
ST 9T 1Y | ATET g 1 W1 / QWA 19 15 9%
DI X1 § 9T T R qEad AreTr gl (15) &
aftifm @1 FRI-UA-Teh-1005-DD-EL-2 ¥

faftr =1 [oreraTal gSfiaa diel @ 99 gore

NMITLI sriswe grRT fFeaifRa qom e &1 |l
TS A ITFAR 20 WHT 91 T | AIGT oal I
AT BT IR (3757) 2-25 V8T Tafb 3 7 AT goat
&7 3rguTa 7.91 9 28.31 81| CSMCRI-OR-GUJ-
1205-C-1 @err NBRI-J-18 (zafia) & §ior aR=sg
FRT ST T Ul | U Head BAR (28.7191.)
AT IST9R (18.66 IT.) UTAT T[T | §719 A 182 dit
BT d fATeToT & forg qer 9y 289 ggeh N M
3 ford SUArT fHar /@ iftread da (40.56%)
RRL-AP-Papum-1105-C-1X CSMCRI-OR-
Ganj-1205-C-5 W& Afcresgarel Uil | ured S
H U T | AAS WY BT IRAfad fIaRer HiAa
(et it T Wl AUl & W) S
(@i fawawor & fo) axa AAU 3= &I
VST AT

I 7 gfo=Bd dax N 1 Hars, TrEs B
T, B A T Aers Afe gy N > forg
Jeelt AR NS qer Aax &= (EeRiac i)
wened s fHar war | el B SaArsg (21.51%),

S
2
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et 97 & forg faigior <@ 1 | 59 AaRa diet
A TS fafer gRT 300 TIoTTd Uiey R 5
T guig & SRM TP 3T Wl W gfoRIgoT
IR

gR1 feaadia dax ugfy Refa o @& fog
AAU & 19T IS T8 sl IR 31T b T |

forteroT fopam T | IR—TaT 31Ut 8.67 % 33.0 &
R&1$ fosar T sk FRI-UA-Teh-1005-DD-EL-
13rfrfier § =gaw FR—TaT 39U (8.67) <@
T HieaTEeReTE gRT TR fed
SHFICTSY - FR—HTRT U ®1 fIeqa 1 11.4 9
33.0 e |

HewH AT Hax oifet uferesdl W e RRL-
AP-Papum-1105-C-1XRRL-NL-MON-1205-C-
1 g1, O et (50.00%) & o RRL-ASM-
Kurbi-1205-C-6 X CSMCRI-OR-Ganj-1205-C-
5 gRT yefRfa fear mar | a9 smarier @ fog
HewH deelt v 8w, RRL-AP-Papum-1105-C-
1 X RRL-ASM -Golag-1105-C-1 # @I HIerg
NBRI-J-18 (Elite) X CSMCRI-OR-Guj- Banas-
1205-C-1# R frar |

gfies<l RRL - ASM - Golag -1105-C -1 X
CSMCRI -OR-Ganj -1205-C-5 7 diel @1 418 P
forg #eaw da) & <uiar wafe e @
de& & forg we¥ a1f¥ra RRL-ASM-Kurbi - 1205-
C-6 X CSMCRI-OR-Ganj-1205-C-5 (39.02%)
Arers @ forg NBRI-J-18 (Elite) X CSMCRI-OR-
Guj-Banas -1205-C-1 #&dH WHR &g g
S SRy fod it wftesd i 3 arqule
DI AT | THRIHADAT LT |




argailre fafqem sreag=

IRa @ faft= Wiifers e @ vaa 28 fafv=
S el & SgaRie ogle (access) & ford
Yol S [T & RAPD dar AFLP =i
faeeryor § fafy= wifare el & Taier &
|rT P Wey T8 gwiar| RAPD e AFLP =
ggouar # smA: 50.70 T 60.95 Hor Hfcreradr
gl | RAPD T AFLP gRT 3fiqa Sgoudm
HAM: 9.72 AT 20.57 SR ATIARIS ARIT HH:
0.88 oI 0.89 T¥AT | 379 & FIRGS A THHN
e faeivey @ fr=1 TR TR | Ieed WE @
FEE ¥ A g 5 s9aT faaRer AMErgyar
foparell §IRT g3T BT oI SMgaRie MR fawga
T ) SMATIHAT & | AFLP B fg—3mem) (Fra=m))
faaRoT & SUANT ERT TR T GAR (S<SHUT) A
RAPD & GARYE & AT 3781 Wael T | FIfh
RAPD §ARE # ORI 3R SR 4 THiId
Sl &1 AFLP gR® g | 3&1 &1 o)
FTRAT P I WE & S sal B gl dIA W
RAPD dar AFLP 3l W9H 9”& "X
WNTATHRARRING & Wies URIETT st (21° 40°
N, 071° 47' E S=Id1¥ WR ARISAT H) Soa BAA
AT 15 tie &1 W 39 fafi=rar & sreaa A faan
™11 RAPD, AFLP @1 SSR HAT®GR WOTTell §TRT
%A 0.91, 0.90 T 0.91 TIaR® Argar urs
TS| Sl W W §a 624 (141-RAPD, 476-
AFLP and 7-SSR) 9g%Udl ®! 9gaTd &I 73 | A1
HIDHR FOTTe H AR faeeiyor 7 31<aT Wae qemar |
[ faTtyor # SR STIaRie U @ 371 ¥ ST
IR TR | U, Rrawel, TS a1 PCM A
THGER P 1 IARTS AT & A1 AT
|A SuS faarg dem CP-9 51 &5 ieqr § S=d
BRI T | A ey, TafId S-seal & forg
faftre vu @ fafsra At AR &=, snfvass gor=a
1§ g WeTad 999 (MAS) §RT S+1g4 1T faey
ORYE ST ® forg QTL fagerwor anfy wiesy &
gawoil & forg Artesie a9 | RAPD @1 AFLP
BT SUINT RS IMOqH Jgoudr faveyor & fag
faftre ©u & fafera diel A @ 15 Rt Semwel
BT ey foar a1 37 faf¥re fRigrei &1 SCAR
AR famra & forg SuahT fosar o 9@t & | Hi®
Mfas daite & a1 AR ke el ot
ggaE @ g : SKNJ 11 (AFLP), ssm™R
(AFLP/RAPD), /@it (AFLP), CP17 (AFLP),

CP13 (AFLP), -9 (AFLP/RAPD), PCM
(AFLP/RAPD), sa™eTsit (RAPD), Kangaroo
(RAPD).

SIEIHT $HA B ATARIS fAfIedr & reag & forg
faf¥r=1 = ® e fafesvor & Su=aRa foar & &k
IaRad! (Rgee) die & 3iferd Uy IaTel JoTer
%1 frfRor RAPD @ AFLP faftrat gr fosam
T | IEHUT BT JAaa gfeerd RAPD gRT 72.27
dam AFLP gRT 66.77 9rar rar| 30krad ImHET
fafesvor SaRad IR &% & o a1fdre Sugad
T T R e Su SR SR sgdfire
fafaeraT are g8 S ST IO T B S1aA
HRIHA A STIRN 2 |

WEIBT HHd $ Urd A~ Sl & ARdsr
TAT 7 IGS TG H SMHR I9@ oI Rl BT
TRIeToT foHaT T | oS ere goudT 3t ufreraar
B ¥ 18% | 30% off | galie fersam
[r=yet 0.81 % 0.89 Uil 8 | SKNJ # fHergerer
o gfoeraar IgoUar &9 Uls s | o fafdw
Armfers aRRefaal ¥, Sua @1 gurfad f&d T8k
Rer Wiy I SH § SAST STANT fHar
THAT © | TEIBT Hb B 12 AT el B STt
forar /T 3R SSIBT 99 B 6 ATl P HBROT
JUSATier Fraele o1 asterer faar a1 12 faguer 7 5
9 FEI—dgAT wugeIar /Aged H SeadHy
fafderar <l | Soa wft gt & & fasfy 3 +ff
Sl A IdT H AT / A T8l
T FaH A UIY ST TR STD]
IERTS AAgedr / Agas BT qedidT I D
IR § 9T fHar T 1 MRA & [ i
&3 W 44 TITed B XD, §UD 64 W
P TS | AR Feoied @ ford <1e) witg fafer grr
AEHIACATZE W WG WY BT g $A | qaT
PRATAAT 54% TS T8 SR W & FRE B
HHIGAT S g A7 Albaararel &Aarel TG

89.58% TS % |
anfvae fafdear faveyor & ogaR =1 Swel

BT IO BRIshA G AT AT | 39 sl H§ |
T HRIH TGl Bl 90 ID STH TRIes s
(FpoT) fomam T | HHRT S-Taedl eI 3HROT BI
AT AR © ¢ Exotic X CP9 (21), Exotic X
Non toxic (21), CP9 X Non toxic (23), CP9 X
SKNJ (22) and SKNJ X Non toxic (24)
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SIGIBT HHY BT Yed Ugei

TAR Y ITEIIT & IR R, AP TROMA & SHid
PHeT BITDT TAT 3T HIABT BT SUINT HRP SISIBT
o4 o Ged Taed 31 Il fefaa o 731 fafdw
AT TAT UIVST & Wared & G aXd MS
HIETH & SUINT §IRT Ui uler 1-3 JRIE @I 50% (39

fag) Hotrcafa org 1 | gfg <% qAT AUy g™
BT BT WIfd § 8 | 927 SUS aaTol uren & 9 300

SSIBT RS

T Usd RUId fhar @ f5 SHeR Hgder o
ged gFaREt & |sarmm | EN 14214 @t
fRIvaged SgiwT ¥ W SIS 9 B
ufshar faeRig &) 81 SHAR PHIsTeR B 319 A
ol yeR &1 URadd A TR daT SISIHT
IRAE # fOT B fidrae & ST 39 & fag
e HRT =g 80,000 <ff WgHT IRSITA
AHAAdd TIR RS (AT T | SIgIBT B B
foa® 3 IR 7T gRT Fard & SaaT fyme
IEIRIT TRAT SN S $89 & ©U ¥ §IgeR a0 e
el H SUIRN 21 9 ORE 9 JSiad Scred
UfShAT BT AHTB T UfHAT I91AT 1T | 59 fydbe &1
ST g T 3800 keal/kg 2, STt St & A
HEL

SHR A RIMTR # HgagaileRens & Iaead
BT SYANT BB B! T4 e BRI F B20® ford
TRIeToT o R | S aRE At e Ao A
vaTfore fban © f eauadiemens grr Swfed
TAEIA I qASITA B ol ¥ S 7
HCATHRITSIRSME 7 2006 & A 2008 T 314=i
TRl BR d IRASIgA BT ST &)$ 75,000
fo il I T aT & Sl JIRF S99 & AAg e |

3D 3[El, T IS 93 T T § 1 U
750 /fes1 @ earaTaT Wie JIoReE T
A3 T fRed ffics, o= § o mam 1™an
2 | I8 97 3ifsdd SP, Hoa A, TATARIA qoIT
dehe I WerRT I 98 SAEHI d A1
TRATSITA BT IUTEH ST © | AT 10000 / &
P eTFdTaTerT 945 DRDO & fieres B, 2axmere
A T T 8- O e Sara @) 7309, fiee
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IIeU® (WTealc) S B3 T | 2006 § 379 9
TeIgma el I ARTsAT PI ok YfH W TR
foar a1 oot sl IRe A gfg g © | 57 Uil
SUS P fIaRvT SETE® & AT BT/ SAD
daeH | S T diel 3 9 9 S gl #H
T H et SUS <eAT |

T T g1 BT AT 1 S =T S A
TSI B |

TAR B & freps R AR erier gIRT wRd
P 4fas SHoil fAvey @ favy wR fafdre af® d <f
HY & o9 TUae BR Oeel Auga wwex
@) 39 gftsar § ==t @) T8 2 | SigeT )
HAgagiianens gRT f5) T Ayl srf &
faaRoT =R # (FvgerE—4 foed w4 e g
) i werf3ra fear T 2 1

FTATHRANSRIITS B SISIBT IrATSIoTe R a9 fqumT
3! afgfe HF IS T S AIUid B & d
g9 fQUTET & 9r8q ¥ ISod © SUART B
FUfaaar a@ & forg, JoRid SRR 7 a7 &3
qIE B FASIgA W T BT IRAg fear &R
FTATHRANSRATS §RT SUATS BRIY T 50 ofiex
IS | qBF T BT UReTT fHar T
SR, HITTR &1 H&1 & & 120 BIHT / Tver oF
TS VAR | FA™ IR H) I8+ ARAT A AT & SR
TR 11 BT/ <iex 3t 8 | 9189 &7 SRy
IGHE 2 G SI9d $ 990 JRSId Bl
JUIRT B | Bl Th-d! THRIT ST T8l g8 |
&9 Tgarydd A € f% AR @& 99 wrn # A
IS A I8 TATIT ST FHdl & | GReor B
MR R TG fqHTT B a181 B I1IRYT & T BT
% fear |

WNTATTRAIRMRTE & 99 2006-07 # ol qer
JITIROT B &1 § SIGI%T H | Jrarsiorel 991 @ fo1g,
fEos AR B)A1, e w=Ar gur MeEnfre
TR & foy [oRa WaR R sf famA
JARTYTE UgTS | THId fhar T e |




GEIEAIREICIRCT])

TR Ugd @ FA & Ruid @ faxar §, uRafda
afsrarelt & warer Wefiaif+rar @ el o 400 39 &
g7 4 foga f@ar T oReRE & STERT 4
IR B Iu9 § IR 911 12411 75 foeam ufa

P,O, ¥FER BT SYAN 1 W 4.9 T°/BaeR
IR B Scol@-i1d SUS U §8 Wl 941 SaRa
o1 A R A 35% SaTaT o |
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Grassroots efforts in salt for the marginal sector

The high purity solar salt
technology developed by the
institute is being proliferated on
mass scale throughout the
country. The program, which
began with 23 marginal agarias of
Venasar village in Maliya region
of Gujarat in 2006, was expanded
to 170 marginal salt works of
other villages in the surrounding
areas in collaboration with
Anandi and with support from
Gujarat Industries
Commissionerate. Training
programs including exposure
field visits were arranged for the
marginal salt producers at Maliya
region for implementation of the
improved technology. High
quality salt of industrial standards
was produced in all the units and
marketed to the user industries.
The agarias were also trained to
produce potash-enriched kainite
mixed salt by the downstream
processing of sea bittern. The QC
laboratory established by
CSMCRI is being utilized by the
agarias for the testing of salt and
brine.

Production of high quality industrial grade salt in the inland belts of Gujarat

It has been the conventional wisdom that good
quality salt is difficult to obtain from sub-soil
brine. One of the running salt pans of M/s.
Hindustan Salts Limited (HSL), Kharaghoda
was adopted to demonstrate the production of
high quality salt from such brines employing
the internationally patented desulphatation
technology of CSMCRI. Distiller waste from
DCW soda ash plant in Dhrangadra was
collected from the discharge point and used.
High quality industrial grade salt with
Ca’=0.1%, Mg =0.06% and SO,=0.25%
was produced in the salt works. The
desulphated bittern was further evaporated to  sodium salt. The project was taken up in
obtain carnallite, a suitable source of low  collaboration with the Saltdepartmentand HSL.

Agarias working in the salt farm
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Setting up of model salt farm in Orissa

It was reported earlier that we are in the process
of'establishing a model salt farm in Orissa for the
benefit of the local salt manufacturers. A suitable
site for the establishment of such a farm was
identified in Humma region of Ganjam district.
Accordingly, a model salt farm of 10 acre area
was developed at the selected site. It was also
proposed by the Institute that productivity may
be raised through utilization of sub-soil brine
instead of the rather dilute seawater.

Accordingly, a 100 ft. borewell is being
constructed. The state authorities and the
cooperative (Humma & Binchanpalli Salt
Production & Sales Cooperative Society) have
been extending necessary support. Meanwhile, a
one day workshop on good quality salt
production with improvement in yield under
Orissa climatic conditions was arranged for the
benefit of the salt producers of Humma and
Surala-Sumandiregions of Orissa.

Technical assistance rendered to industrial units/state agencies

A one day workshop on production of good
quality salt from the sub soil brines of Rajasthan
was arranged for the benefit of the salt producers
of Rajasthan. About 50 salt manufacturers of the
region participated in the workshop. During the

interactive discussion all the questions raised by
the salt manufacturers were clarified.
Meanwhile, a salt farm is being constructed at
Nawa by a local manufacturer as per the design
and layout of the institute.

(Left) Mr. Jadgish Rohella, President,
Rajasthan common salt manufacturers
association explaining the problems
of salt manufacture in Rajasthan;
(Right) A salt farm being constructed
at Nawa, Rajasthan by Shri Rohella as
per the design and layout of CSMCRI

The collaborative project of establishing Model Salt Farm at Nawa
undertaken with the technical expertise from CS&MCRI, Bhavnagar is a
great success story. The results achieved at the Model Salt Farm has
Impressed the salt manufacturers of Rajasthan and now they are
confldent that good quality salt even meeting the qualitative specification
of industries could be manufactured by small salt producers. Eventhough,
we have planned to have a batch of 15 salt / iodised salt manufacturers in
the first batch of the training programme because of overwhelming
response from small salt producers, the batch size has been increased to
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Progress towards setting up of model salt farm in Tamil Nadu

Site for model salt farm at Markanam

CSIR Rural Technology Award 2008

Clean write chalk

The institute had earlier developed calcium
carbonate (CaCO,)-based extruded writing
chalk which generates low dust. However, it
was found that the writing quality varies
substantially with the type of board. Detailed
studies were initiated to make the chalk more

Looking to the success of the model salt farm
established at Nawa in Rajasthan and Humma in
Orissa, Govt. of India desired that a model salt
farm be also set up at Markanam in Tamil Nadu
with the technical expertise of CSMCRI. The
scientists along with Salt Dept. officials and
biological experts from TN state government
visited one of the identified sites which has been
found suitable. A model salt farm is now
proposed there.

The institute received the Rs 1 million CSIR
award for S&T innovations for rural
development — 2008 in the area of salt. The
award was bestowed on CSMCRI for its
innovative patented technologies and societal
upliftment programs in this area. The award was
presented by the Honorable Prime Minister of
India, Dr. Manmohan Singh, at a special
function in New Delhi.

versatile and good progress was made. Attempts
were also made to quantify the advantages and
specifications of the chalk. The technology has
been licensed to M/s Arasan Phosphate, Tamil
Nadu for commercialization.

Base material

1. Length, cm 5.5-6.5

2. Diameter, mm 10-10.5

3. Weight, g 7-8

4. Quality of dust Crystalline

5. Writing observations Smooth and no screeching
6. Writing length/chalk length (m/cm) 45-50

7. Dust in % 0.75-9

8. Breakage (30 cm fall), % 10-15

9.

CaCo,
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CSMCRI and Health

Analysis of the constituents of kidney stones

The Saurashtra region of Gujarat has a hot
climate, low rain fall, and high salinity of ground
water. Consequently, the people living here are
more prone to kidney stones. Advent of modern
analytical tools has made it possible to identify
the urinary stone constituents and we were
therefore motivated to undertake such a study (J.
Chem. Sci., 2008, 120, 267). We were further
encouraged by the keen interest shown in the
proposed work by the then health secretary,

Government of Gujarat during a visit to our
Institute. Microscopic images of two kidney
stones are shown below. The two important
constituents identified by powder XRD were
whewellite (calcium oxalate monohydrate) and
weddellite (calcium oxalate dehydrate). They
were present in both the stones but the
whewellite to weddelite ratio varied
significantly from patient to patient.

(Top) Microscopic images of kidney stones from two different patients: (left) SBS1;
(right) LBS1; (Bottom) powder X-ray diffraction pattern of SBS1

Continuing participation in inter-laboratory CSIR programme on bioactive

molecules from indigenous plant sources

76 parts from 37 plant spp. were processed for
the preparation of crude extracts. 295 such crude
extracts were prepared and sent for screening to
different laboratories. Extracts and fractions

were also sent for reconfirmation of certain
activities reported in previous years. Highlights
of'these are given below.



(i) Anti-tubercular lead

SF3K fraction obtained from the anti-tubercular
lead extract, CSM 0016 P01 A068, was
Eindependently tested at IIIM, Jammu and the
activity as estimated at CDRI was reconfirmed.
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Meanwhile, international patents, US 7,442,393
and P 1,684,778, were granted during this period
for CSM 0016 P01 A068.

I want to confirm in vitro results as follows:
SF3-K

With kind regards,

MIC 4 micrograms/ml against H37RV (sensitive strain)

MIC 16 micrograms/ml against clinical isolate (618 from JALMA Research Centre Agra)
We would be interested in looking into SF3-K for in vivo activity as well as for its
chemistry. However, we will need at least one gram material for such studies.

Qazi (Director, [1IM, Jammu) ; 05 Oct, 2007 (by e-mail)

(ii) Filaria and anti-anxiety

The F004 fraction of the anti-filarial extract,
CSM 0012 P04 C053, was sub-fractionated and
the toxicity could be removed while retaining the
activity in one of the sub-fractions. In addition,
CSM1570/P03/A001 was found to have anti-
anxiety activity both in vitro and in vivo and
further study on fractions was recommended by

the Expert Committee. The promising anti-
malarial extract, CSM 0012P01C001/111, was
purified to isolate the pure active constituent. It
turned out to be glaucarubinone which has
already been reported in the prior art.
Consequently, this lead is not being taken
forward further.

Continuing participation in MoES programme on drugs from the sea

In continuation of our earlier reported work, a
total of 387 seaweed samples [Green: 126,
Brown: 58, Red: 203] were collected and
identified. Of these, 61 were repeat collections,
albeit from new locations. The collections were
from Gujarat and Tamil Nadu coasts. 71
methanol extracts and 68 aqueous extracts were
sent to the four laboratories conducting
bioassay, namely, CDRI (anti-cancer,
antihyperlipidemic, anthelmintic; anti-
leishmanial), Lucknow; IICT, Hyderabad

Water mission

Following the Kosi flood in Bihar in 2008, the
institute rushed its mobile water purification unit
equipped with two ultrafiltration plants. The unit

(larvicidal activity); ACTREC, Mumbai (anti-
cancer); Mother Teresa University, Tamil Nadu
(cytotoxicity). 219 bioassay results were
received. Several extract samples (29) were
reported to be exhibiting promising bioactivities
- CDRI (18 extract samples; antihyperglycemic
3, anticancer 3, antifilarial 3, antitrypanosomal
9) and ACTREC (total 11 extract samples
showing anticancer activity). Follow up actions
were taken up to confirm the bioactivities.

was stationed in the temple ground in
Singheshwar, Madhepura. Forabout 10 days the
institute catered to the drinking water needs of
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all the people who came to the
temple for meals and, at the
peak of our operation, 60,000
litres of pure water was
produced in a day. Army
tankers were also filled to
cater to the armed forces
personnel who were engaged
in the rescue operations. Col.
Vikram Gulati from the Army
operations there personally
called the institute to express
his grateful thanks. The
CSMCRI team comprised six
staff members which included

a scientist, two mechanics, an
electrician and two drivers. A
number of other staff
provided logistic support

During the peak of our activity we produced as much as 60,000 liters of drinking
water in a day. We were of service to the civilian public as well as the army.

Demonstration of RO for removal of salinity and fluoride in Amreli, Gujarat

Following a report in the Times of India
concerning acute fluorosis problem in Lathi and
Liliya talukas of Amreli, the institute contacted
the concerned journalist and, along with him,
visited some of the most severely affected
villages to demonstrate on-the-spot the utility of

the institute's indigenous technology for
simultaneous removal of brackishness and
fluoride. Mobile water purification units such
as the one taken to Amreli may be a cost-
effective solution to cater to a cluster of villages
in close proximity.



Management of high fluoride in concentrate of RO desalination-cum-defluoridation plant

As would be expected of any water purification
technology, when contaminants such as salts,
fluoride, and arsenic are reduced in the product
water, their concentration naturally builds up in
the residues. Same is the case with the RO
concentrate generated post-treatment of ground
waters containing high TDS and fluoride.
Further, when recovery of permeate water is
enhanced — which one should do to conserve
water — the contaminants build up still higher.
For example, RO reject with about 15-20 ppm
fluoride will be produced upon desalination of

feed water containing 3-5 ppm fluoride (Table
14). Aprocess was developed for the elimination
of fluoride from RO reject water prior to its
discharge. The method is based on coagulation-
cum-precipitation of fluoride with lime and
polyaluminumchloride. =~ The doses and the
process were optimised for this purpose. After
the treatment, the concentration of fluoride in the
reject was <1 ppm. The technology of high water
recovery coupled with fluoride removal from the
RO reject was licensed to M/s TATA Projects,
Secunderabad.

Tie up with Norwegian Church Aid on setting up of first RO desalination

project in Afghanistan

Through the good offices of the
Barefoot College, Tilonia, the institute
entered into a partnership with the
Norwegian Church Aid (NCA) to set up
community scale RO plants in the
Faryab province to mitigate the problem
of brackishness in the ground water.
Orders were received in the first phase
for 6 plants of 1000 LPH capacity each.
The plants were fabricated in-house and
the Afghan operators were trained at
CSMCRI on basics of operation and
maintenance. The 6 plants were
installed and commissioned in 2008 by
institute staff members who travelled to
Afghanistan for this purpose. Inview of

the high satisfaction level of the
beneficiary communities, NCA has
indicated that they are likely to require
more such plants in the coming years.
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Deployment of resin-based domestic arsenic removal units and development of

low cost test kit

Five new domestic dearsenificating units were
fabricated and installed in the houses of
Ghoshpur village in 24 Paraganas (N), West

RO plant in Kisari village, Rajasthan

Bengal. Pretreatment of water with alum was
carried out to reduce arsenic concentration by
about 90% and then it was fed to domestic units
for final polishing. Efforts were also devoted to
fabricating a more cost-effective unit which will
be deployed in future studies. The cost of the
arsenic detection kit developed in preceding
years was also brought down further during this
period and detailed efficacy testing was carried
out. The shelf life was also found to be
satisfactory.

The RO plant set up in
Kisari village in August
2002 with funding from the
Department of Science &
Technology, New Delhi
has been a lifeline for the
villagers there.
Doordarshan's Turning
Point programme had
telecast a documentary on
the plant in 2004 titled
Sweet Success. As the
plant performance had
deteriorated in recent
months, it was decided to
overhaul the unit to raise
the productivity and
improve the quality of
product water. The
Rajasthan Government and
villagers have been very
appreciative of the
Institute's continuing
support to the village by
way of S&T intervention.
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Promoting non-traditional agriculture and agricultural produce derived therefrom:
Imparting training to coastal folk in cultivation of seaweeds

Following the development of integrated
technology by CSMCRI for simultaneous
production of seaweed sap as liquid fertilizer and
K-carrageenan-rich residue from fresh
Kappaphycus alvarezii, the need for large scale
production of seaweed through farming has
intensified. Attherequestofthe Gulfof Mannar
Trust, three training programs were conducted to

Mandapam, Pamban, Ariyankundu,
Rameswaram and Munaikadu in
Ramanathapuram district and
Kulasekaranpattinam, Pullivasal and Harbor
area in Tuticorin district. The duration of the
training was seven days at each location. The
participants were provided hands on training in
cultivation of Gracilaria edulis, Gelidiella

Preparation of babboo raft

Raft for transplatation transplanted rafts in the sea rafts ready for harvest

make the coastal SHGs and NGOs aware of the
economic importance of seaweeds and their
cultivation. An additional seven programmes
were conducted as part of the CSIR Network
Project on rural technology. A total of 365
trainees were selected from different coastal
villages in Ramanathapuram and Tuticorin
districts of Tamil Nadu. The trainees were
selected from different coastal villages, namely,
Erwadi, Killakarai, Seeniyapa Durgha,

acerosa and Kappaphycus alvarezii in the sea.
The aspects taught included: procurement of all
cultivation materials, preparation of bamboo
raft, preparation of seed material and tying of
seed material to rafts, transplantation of seed
rafts, maintenance of farm, harvesting of crop
and post harvesting measures including drying,
packing and stocking. 137 trainee fisherwomen
are continuing the cultivation of Kappaphycus
and earning an average of Rs 8,000 per month.

Continuing studies on the efficacy of Kappaphycus sap as foliar spray

It has been reported in the previous biennial
reports that application of the sap of
Kappaphycus alvarezii as foliar spray led to
substantial increase in the yields of several
crops as was evident from studies conducted
by the institute and by our licensee, M/s
Pepsico India Holdings P. Ltd. These effects

were ascribed to the naturally high potash content
of the sap besides the presence of auxin (indole
acetic acid), cytokinin, zeatin and gibberelin
(GA,) which has been ascertained. During the
current reporting period, a 1000 acre sugarcane
trial was also conducted by Pepsi through the
assistance of farmers in the Renuka Sugar Mills'
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command area in Karnataka. A ca. 30%
increase in yield was recorded both for
freshly grown and ratoon crops at the 5%
application level of sap as foliar spray.
Field as well as pot experiments were also
carried out at the Institute and in BCKV,
West Bengal to study the efficacy of the
sap on potato, rice, green gram, pearl
millet, groundnut, carrot, beetroot, onion,
radish and Jatropha. It was found that the
yields of these crops were enhanced with
application (foliar) of sap. Interestingly,
the quality of produce also improved in
several cases. In the case of tomato, the
protein, ascorbic acid, acidity and total
solids increased by 13.2%, 23.8%, 24.4%

On Freshly Grown Cane and 31.6%, respectively, over control. The
% Increase over control of Athani and Munoli Units N, K, Zn and Mn values also increased by
Sap No. of No. of Weight Weight 13.2%, 67.5%, 23.8% and 42.6%,
Conc. Millable | internodes per per acre respectively, upon application of sap. In
(%) ca? :nge' pereane r‘;in;e (tons) the case of okra, the carbohydrate, protein
? and dietary fibre content increased by
1 6.8 0.9 8.50 15.13 7.39%, 28.0% and 35.5%, respectively.
5 85 35 15.35 24,02 Wheat plants sprayed with diluted sap
showed increase in carbohydrate, protein and
3 12.5 1.7 16.27 30.01 fat to the extent of 39.2%, 21.7% and 31.6%,
respectively while the protein content in pearl

S 13.0 21 18.15 32.63 milletincreased by 24.8% over control.

Yield increase with the foliar application of Kappaphycus alvarezii sap

Potato 25.1 BCKV,WB
Rice 26.5 BCKV, W B
Green gram K-851 30.10 CSMCRI
Green gram GM-4 53.75 CSMCRI
Pearl millet 15.8 CSMCRI
Groundnut G-2 16.83 CSMCRI
Carrot red queen 39.55 CSMCRI
Carrot deshi red 49.28 CSMCRI
Beetroot DDR 58.8 CSMCRI
Onion red 38.81 CSMCRI
Radish pusa chetaki 24.5 CSMCRI
Radish pusa reshami 25.7 CSMCRI
Jatropha curcas (1.5 years old) 34.8 CSMCRI
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Harnessing solar energy through concentrators

Solar concentrators are used to concentrate solar
radiation incident on solar-operated devices. A few
devices arising out of our preliminary efforts in these

directions using solar concentration as a common
technology platform are described below.

Multipurpose solar oven based on concentrated radiation

Building on the work on CONSODIS (concentrated
solar disinfection) with 2-sun radiation, and
recognizing the need for converging different

technologies into one for a particular segment of

remote and rural communities, the Institute
developed a multi-purpose solar oven suitable for
both cooking and solar disinfection of drinking
water for domestic needs.

Multipurpose solar oven

Concentrated (2-4 sun) photovoltaics

Concentration of sunlight increases the power
output per unit area of solar cell and the cell area
can be reduced accordingly. Although the
concept is simple, it is difficult to apply in
practice, as the problem of overheating of the
solar cells poses a challenge. CSMCRI
embarked on a project to filter out unwanted
radiation which does not contribute to power
output and, instead, unnecessarily leads to
overheating of the module. A suitable liquid

Temperature distribution in the multipurpose oven

filter, connected to a heat exchanger, was placed
in the housing of the photovoltaic module and
unwanted wavelengths of solar radiation were
filtered out. Using a square parabolic type
reflector, more than two fold increase in output
power was realised on a clear sunny day
employing a 0.13 m’ silicon solar PV module.
Most importantly, the module temperature was
controllable.

% absorption
g

o 500 1000 1500 2000 2500

wavelengthin nm
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Societal activities on Jatropha and Jatropha biodiesel

Farmer's training on Jatropha cultivation

Under the collaborative project with Daimler
Chrysler and Hohenheim University, farmers'
training programmes were organized in June
2006 in Orissa and in March 2007 in Gujarat.

Farmers were given field training of Jatropha
cultivation. About 60 farmers from adjacent
villages attended the training programme at each
oftheplaces.

Farmer's training programme on Jatropha conducted

at Gujarat (left) and Orissa (right)

The cultivation of Jatropha on wastelands is
labour intensive and, if adopted on large scale,
would provide employment to a large number of
rural masses including women folk. Jatropha
farming activities not only generate employment

Distribution of elite germplasm

Based on the encouraging R&D results, elite
germplasm identified by CSMCRI were

Field training program

in the rural areas, leading to social upliftment,
but, as shown through our research, it also
improves soil conditions of under utilized
wastelands in the village areas.

provided to ICRISAT, Hyderabad which were
subsequently raised in Andhra Pradesh.

(Left) Cuttings of elite germplasm being sent to ICRISAT; (Right) Jatropha plantation
raised at ICRISAT, Hyderabad (A.P.) with elite material provided by CSMCRI
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Partnership with Gujarat forest department for B100 biodiesel evaluation

In view of the low emissions and high flash point
of CSMCRI's B100 Jatropha biodiesel, the
possibility of using it in vehicles of forest
department, Governament of Gujarat was
proposed to the Principal Secretary, Forest &
Environment. His enthusiastic response led to a

test run by the Bhavnagar Forest Division. The
study paves the way for future introduction of our
B100 biodiesel for the purpose of reducing
carbon footprint and promoting eco-tourism in
the Sasan, Gir lion sanctuary.

Dt. 4/12/08
To

Shri D.K.Sharma, IFS,
Forest Officer,

Wild life Crime Cell,
Gandhinagar.

Sub : Use of Biodiesel reg.

Deputy Forest Officer
Bhavnagar Forest Division
Bhavnagar.

Sr. No: A/vehicle/t-12/1294/08-09
DFO Office , Forest Division,
F-9/10, Bahumali Bhavan,

Anexi Building, Bhavnagar

As per your instruction given in person to use Biodiesel in TATA VICTA No. GJ-4-
1300 during your visit to CSMCRI, we have taken a trial using about 50 liters of
Biodiesel and got the average of 11 km/liter. Vehicle was running very smoothly
on highway at the speed of 120 km/hour. Any sort of technical problem was not
encountered while using Biodiesel in place of normal diesel. We firmly believe
thatbiodiesel can be used in running of forest vehicles, even in Gir Forest area.

Ecology: Monitoring the potential threat of Kappaphycus colonization on corals

at Krusadai Island

As the institute which
pioneered Kappaphycus
cultivation in India, it is
obligatory on our part to
keep a constant vigil on
any potential
environmental risks.
Following publication of
an article entitled
“Bioinvasion of
Kappaphycus alvarezii on
corals in the Gulf of
Mannar, India” (Curr. Sci.
94, 2008, 1167-1172), and
subsequent articles on the
observations in Science
and Nature, constant
efforts were made to
survey the area. It was
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found that a small patch of corals distributed
over an area of 20 m 20 m area (914.775' N;
7913.279" E) were associated with severely
grazed Kappaphycus on the southeastern part of
the lagoon having an estimated total area of 300
m x 3000 m. Other seaweed species such as
Hypnea, Caulerpa, Halimeda, Turbinaria and
Sargassum were also found growing along with
the corals. There was no evidence of invasion
although colonization indeed occurred in small
patches. The monitoring studies will continue
over the coming years.

Kappaphycus trapped in between natural bed of
spring (finger) coral as seen during survey in 2008.
The live corals remained largely free of seaweed

CSIR Programme on Youth for Leadership in Science - CPYLS

CPYLS 2-3 Nov. 2006

Professor Partha Ghosh,
distinguished physicist and
Honorary Professor at Centre
for Philosophy and
Foundations of Sciences, New
Delhi, was the Chief Guest. In
this programme 87 meritorious
X" students participated from
different board examination.

CPYLS 6-7 Nov. 2007

Professor N. Periasamy,
distinguished chemist and
Senior Professor at Tata
Institute of Fundamental
Research, Mumbai was the
Chief Guest. In this
programme 55 meritorious X"
students participated from
different board examination.
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Saxena, Arunima; Tripathi, Bijay P.; Shahi, Vinod K. Journal of Colloid & Interface Science,
2008,319,252.

7. Bioaccumulation of heavy metals in some commercial fishes and crabs of the Gulf of Cambay,
India. Reddy, Mallampati Srinivasa; Mehta, Bhavesh; Dave, Sunil; Joshi, Manish; Karthikeyan,
Leena; Susarla Sarma, Venkatrama Krishna; Basha, Shaik; Ramachandraiah, Gadde; Bhatt,
Prashant. Current Science, 2007, 92, 1489.

Marine Biotechnology and Ecology

1. Bacterial exopolysaccharides - A perception. Kumar, Anita Suresh; Mody, K.; Jha, B. Journal of
Basic Microbiology,2007,47,103.

2. Preparation of genipin-fixed agarose hydrogel. Meena, Ramavatar; Prasad, Kamalesh; Siddhanta,
A. K. Journal of Applied Polymer Science, 2007, 104,290.

3. Preparation, characterization and benchmarking of agarose from Gracilaria dura of Indian waters.
Meena, Ramavatar; Siddhanta, A. K.; Prasad, Kamalesh; Ramavat, B. K.; Eswaran, K.;
Thiruppathi, S.; Ganesan, M.; Mantri, Vaibhav A.; Rao, P. V. Subba. Carbohydrate Polymers,
2007,69,179.

4. Phycoremediation of heavy metals by three-colour forms of Kappaphycus Alvarezii. Kumar,
Suresh; Ganesan, K; Rao, P. V. Subba. Journal of Hazardous Materials, 2007, 143,590.

5. Effect of genipin, a naturally occurring crosslinker on the properties of kappa-carrageenan. Meena,
Ramavatar; Prasad, Kamalesh; Siddhanta, A. K. [International Journal of Biological
Macromolecules,2007,41,94.
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Interference of Sigmadocia pumila, a poriferan on the growth of red seaweeds, Gelidiella acerosa
(Forsskal) Feldmann et Hamel and Kappaphycus alvarezii (Doty) Doty in cultivation. Sahu, N.;
Ganesan, M.; Eswaran, K. Current Science, 2007, 92, 1683.

Intermolecular complexation and phase separation in aqueous solutions of oppositely charged
biopolymers. Bandyopadhyay, H. B.; Bohidar; Singh, S. Santinath; Siddhanta, A. K.; Meena,
Ramavatar; Prasad, Kamalesh. International Journal of Biological Macromolecules, 2007, 41,
185.

Agars of Gelidiella acerosa of west and southeast coasts of India. Prasad, Kamalesh; Siddhanta,
A. K.; Ganesan, M.; Ramavat, B. K.; Jha, B.; Ghosh, P. K. Bioresource Technology, 2007, 98,
1907.

Ulva taeniata (Setchell) Setchell et Gardner: A taxon new to Indian seaweed flora. Mantri, Vaibhav
A.; Thakur, Mukund C.; Reddy, C. R. K.; Jha, B. Current Science, 2007, 93,773.

Kinetic and equilibrium models for biosorption of Cr(VI) on chemically modified seaweed,
Cystoseira indica. Basha, Shaik; Murthy, Z. V. P. Process Biochemistry,2007,42,1521.

Evaluation of biosurfactant/bioemulsifier production by a marine bacterium. Kumar, Anita
Suresh; Mody, Kalpana; Jha, Bhavnath. Bulletin of Environmental Contamination & Toxicology,
2007, 79,617.

Purification and characterization of «-carrageenase from a novel y-proteobacterium,
Pseudomonas elongata (MTCC 5261) syn. Microbulbifer elongatus comb. Khambhaty, Yasmin;
Mody, Kalpana; Jha, B. Biotechnology Bioprocess Engineering,2007, 12, 668.

Constitutive overexpression of a stress-inducible small GTP-binding protein PgRab7 from
Pennisetum glaucum enhances abiotic stress tolerance in transgenic tobacco. Agarwal, Pradeep
K.; Agarwal, Parinita; Jain, Parul; Jha, Bhavanath; Reddy, M. K.; Sopory, S. K. Plant Cell Reports,
2008,27,105.

Estimation of isotherm parameters for biosorption of Cd(II) and Pb(II) onto brown seaweed,
Lobophora variegata. Basha, Shaik; Jha, Bhavanath. Journal of Chemical & Engineering Data,
2008, 53, 449.

Development of a robust hydrogel system based on agar and sodium alginate blend. Meena,
Ramavatar; Chhatbar, Mahesh; Prasad, Kamalesh; Siddhanta, A. K. Polymer International, 2008,
57,329.

Heavy metal chelation by non-living biomass of three color forms of Kappaphycus alvarezii
(Doty) Doty. Kumar, K. Suresh; Ganesan, K.; Rao, P. V. Subba. Journal of Applied Phycology,
2008, 20, 63.

Sorption of Hg(II) from aqueous solutions onto Carica papaya: Application of isotherms. Basha,
Shaik; Murthy, Z. V. P.; Jha,B. Industrial & Engineering Chemistry Research,2008, 47,980.

Antioxidant potential of solvent extracts of Kappaphycus alvarezii (Doty) Doty — An edible
seaweed. Kumar, K. Suresh; Ganesan, K.; Rao, P. V. Subba. Food Chemistry,2008, 107, 289.

Effect of soda ash industry effluent on protein content of two green seaweeds. Jadeja, R. N.; Tewari
A.Journal of Hazardous Materials,2008, 151,559.

Preparation of semi-refined kappa-carrageenan: Recycling of alkali solution and recovery ofalkali
from spent liquor. Mehta, A. S.; Mody, K. H.; Iyer, Anita; Ghosh, P. K. Indian Journal of Chemical
Technology,2008, 15,45.




Central Salt & Marine Chemicals Research Institute

Waste Land Research

1. Prospects for Jatropha methyl ester (biodiesel) in India. Ghosh, A.; Chaudhary, D. R.; Reddy, M. P.;
Rao, S. N.; Chikara, J.; Pandya, J. B.; Patolia, J. S.; Gandhi, M. R.; Adimurthy, S.; Vaghela, N.;
Mishra, S.; Rathod, M. R.; Prakash, A. R.; Shethia, B. D.; Upadhyay, S. C.; Balakrishna, V.;
Prakash, CH. R.; Ghosh, P. K. International Journal of Environmental Studies, 2007, 64, 659.

2. Sodium fluoride induced growth and metabolic changes in Salicornia brachiata roxb. Reddy,
Muppala P.; Kaur, Meenakshi. Water, Air & Soil Pollution, 2008, 188,171.

2. Books / Chapters in Books

1. Recent developments on proton-exchange membranes for fuel cell applications; Arunima Saxena,
Vinod K. Shahi; Chapter 1, Applied physics in the 21st Century (Ed. Xin Chen), Research
Signpost, 2007.

2. Blood anticoagulant activity of sulfated polysaccharide from Codium tomentosum as a function of
life stages and storage.; Anita Suresh Kumar, Kalpana Mody, Vipul Patel, K Eswaran and
Bhavanath Jha; Publication in Vol 17 of the Series “Recent Progress in Medicinal Plants”,
Studium Press LLC, USA.

3. Agar and value addition of Indian agarophytes; Ramavatar Meena and A K Siddhanta; Recent
Advances on Applied Aspects of Indian Marine Algae with Reference to Global Scenario.
(Ed. A. Tewari). Central Salt & Marine Chemicals Research Institute, Bhavnagar, India, 2006.

4. Preservation and storage of seaweeds for industrial utilization; Tewari and Kalpana Mody; Recent
Advances on Applied Aspects of Indian Marine Algae with Reference to Global Scenario.
(Ed. A. Tewari). Central Salt & Marine Chemicals Research Institute, Bhavnagar, India, 2006.

5. Seaweeds for engineering metal biosorption: A review; S. Basha, Z. V. P. Murthy, L.G. Mason,
(Ed.), Focus on Hazardous Materials Research. Nova Science Publishers, Hauppauge, New
York.

6. Seaweeds as a human diet an emerging trend in the new Millennium; P. V. Subba Rao, Vaibhav A.
Mantri, K. Ganesan and K. Suresh Kumar; R. K. Gupta and V. D. Pandey (Eds.) Advances in
Applied Phycology, Daya Publishing House, New Delhi.

7. X-ray diffractions — Basics and applications for catalyst characterization.; S. Kannan; Accepted for
publication entitled Techniques for Catalyst Characterization. Narosa Publishing House, New
Delhi, 2007.

8. Response of Jatropha curcus grown on wasteland to nitrogen and phosphorus fertilization; Arup
Ghosh, D. R. Chaudhary, J. Chikara, H. M. Bhuva, D. R. Parmar and J. S. Patolia; In the
proceedings of National Workshop on Biofuels: Production methodologies, utilization
techniques and challenges ahead. (Eds) Dr. Pradeep Rajan & Dr. Krishnendu Kundu.

9. Seaweeds: Diversity and cultivation in southeast coast of India; K. Eswaran, M. Ganesan S.
Thiruppathi, and B. Jha; Biodiversity in India: Issues and concerns. S. Kanniyan and
A. Gopalan (Eds). Associated Publishing company, Chennai. pp.339-355.
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Field cultivation of Gelidiella acerosa in India; P. V. Subba Rao, M. Ganesan; Recent Advances
on Applied Aspects of Indian Marine Algae with Reference to Global Scenario. (Ed. A.
Tewari). Central Salt & Marine Chemicals Research Institute, Bhavnagar, India, 2006.

Field cultivation of Kappaphycus alverezi in India; K. Eswaran, P. K. Ghosh, P. V. Subba Rao, & O.

P. Mairh; Recent Advances on Applied Aspects of Indian Marine Algae with Reference to
Global Scenario. (Ed. A. Tewari). Central Salt & Marine Chemicals Research Institute,
Bhavnagar, India, 2006.

Seaweed polysaccharides, their bioactivity and value addition - The Indian perspective; A. K.
Siddhanta, Ramavatar Meena, Kamalesh Prasad, and A. Sai Krishna Murthy; Recent Advances
on Applied Aspects of Indian Marine Algae with Reference to Global Scenario. (Ed. A.
Tewari). Central Salt & Marine Chemicals Research Institute, Bhavnagar, India, 2006.




3. Patents — Granted / Filed

2006 to 2007
Foreign Patents Granted

Central Salt & Marine Chemicals Research Institute

acylation of alkylated benzene
derivatives

and Y.M. Badheka

Title Inventors Patent No
1 Process for preparing hydrotalcite | P.M. Oza, S.H. Mehta, M.V. Sheth, | US 7,022,302
and brucite type positive charged | P.K. Ghosh, M.R. Gandhi and
layers J.R. Chunawala
2 A novel device for the estimation | P.K. Ghosh, K.M. Majeethia, UK 2,411,963
of brine density in solar salt works | M.R. Gandhi, J.N. Parmar,
from afar A .M. Bhatt,
S.A. Chauhan, V.P. Mohandas and
A.U. Hamidani
3 A process for the preparation of | R.V.Jasra, H.M. Mody, H.C. Bajaj, | US 7,037,476
amorphous silica from kimberlite | R.S. Somani, J.R. Chunawala,
tailing H.N. Ranpara, D.J. Barochiya,
D.L. Ghelani, S. Chandra,
M.K. Dhar and K. Kumar
4 Novel integrated process for the P.K. Ghosh, K.J. Langalia, US 7,041,268
recovery of sulphate of potash M.R. Gandhi, R.H. Dave, H.L. Joshi,
(SoP) from sulphate rich bittern R.N. Vohra, V.P. Mohandas,
S.L. Daga, K. Halder, H.H. Deraiya,
R.D. Rathod, and A.U. Hamidani
5 Integrated method for production | K. Eswaran, P.K. Ghosh, EP 1,534,757
of carrageenan and liquid | A.K. Siddhanta, J.S. Patolia, KR 689,982
fertilizer from fresh seaweeds C. Periyasamy, A.S. Mehta,
(Mrs) K.H. Mody, B.K. Ramavat,
K. Prasad, M.R. Rajyaguru, C.R.K.
Reddy, J.B. Pandya and A. Tewari
6 A process for the generation of R.V. Jasra, P.M. Oza, R.S. Somani, | CN 1,257,106
precipitated calcium carbonate J.R. Chunawala, M. V. Sheth,
from calcium carbonate rich V.V. Thakar, Y.M. Badheka,
industrial by product J. Ayyer and V.B. Patel
7 A process of preparation of A K. Siddhanta, P.K. Ghosh, US 7,067,569
biodegradable film from semi K. Prasad, R. Meena and
refined kappa carrageenan A. Bhattacharya
8 An eco-friendly process for R.V. Jasra, B. Tyagi US 7,087,791
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Title Inventors Patent No
A process for the generation R.V. Jasra, PM. Oza, R.S. Somani, | CN 1,272,250
of finely divided calcium J.R. Chunawala, M.V. Sheth,
carbonate from calcium V.V. Thakar, Y.M. Badheka,
carbonate rich industrial by J. Ayyer and V.B. Patel
product

10 | A process for the recovery of | A.B. Boricha, H.C. Bajaj, US 7,108,839
palladium from spent silica R.V. Jasra, P. Ghosh and EP 1,576,200

P.K. Ghosh

11 | Animproved process for C.R.K. Reddy, O.P. Mairh, EP 1,313,360

cultivation of algae P.V. Subba Rao, K. Eswaran,
G.R. Krishnakumar, K.H. Mody
and P.K. Ghosh

12 | A catalytic process for the | R.V.Jasra, B. Tyagi and US 7,132,582
preparation of isolongifolene | M.K. Mishra KR 0,674,626

13 | An improved process for the | A.V. Bedekar; G. Ramachandraiah | CN ZL02,830,096.3
single pot synthesis of 2,4,4,6 | and P.K. Ghosh RU 2,291,854
tetrabromo- 2,5 -
cyclohexadienenone

14 | Preparation of nutrient rich P.K. Ghosh, M.P. Reddy, MX 243,499
salt of plant origin J.B. Pandya, S.M. Vaghela,

M.R. Gandhi, R.J. Sanghvi,
V.G.S. Kumar and M.T. Shah

15 | Preparation of non hazardous | G. Ramachandraiah, P.K. Ghosh, CN 71.02,828,066

brominating reagents A.S. Mehta, S. Adimurthy, MX 244,356
A.D. Jethva and S.S. Vaghela.

16 | Aprocess for recovery of R.N. Vohra, P.K. Ghosh, EP 1,440,036
common salt and marine V.P. Mohandas, H.L. Joshi, CN Z1.02,827,765.1
chemicals from brine in Ms. H.H. Deraiya, R.H. Dave
integrated manner K. Halder, R.B. Yadav, S.L. Daga,

K.M. Majeethia and U.P. Saraiya

17 | Process for the recovery of R.N. Vohra, P.K. Ghosh, EP 1,470,077

low sodium salt from bittern M.R. Gandhi, H.L. Joshi, MX 243,887
H.H. Deraiya, R.H. Dave, K. Halder, CN ZL2, 827,765.1
K.M. Majeethia, S.L. Daga,
V.P. Mohandas and R.J. Sanghavi

18 | Animal powered mechanical | N. Pathak, P.K. Ghosh, S.L. Daga, | CN ZL02,830,094.7
device for water desalination | V.J. Shah and S.N. Patel

19 | Aprocess for the recovery of | A.B. Boricha, H.C. Bajaj, R.V. Jasra,| CN ZL02,830,157.9

palladium from spent silica

P. Ghosh and P.K. Ghosh




Indian Patents Granted

Central Salt & Marine Chemicals Research Institute

Title Inventors Patent No
1 A catalytic process for the R.V. Jasra, B. Tyagi and IN 195,683
preparation of isolongifolene M.K. Mishra
2 An eco-friendly method of P.K. Ghosh, A.S. Mehta, IN 196,712
preparation of high purity R.P. Pandya, A.D. Jethva,
tetra-bromo bisphenol-A S.S. Vaghela and S.N. Mishra
Foreign Patents Filed
Title Inventors Patent No
1 An eco-friendly process for | R.V.Jasra, B. Tyagi and JP 2005-509162
acylation of alkylated benzene Y. M. Badheka CN 2003-80110619.3
derivates KR 2006-7008318
EP 03782787.0
2 A novel use of herbal extracts | M.R. Rathod, B.D. Shethia, CA25,41,971
of salicornia species active | J.B. Pandya, P.K. Ghosh,
against tuberculosis and process | P.J. Dodia, B.S. Srivastava,
for the preparation thereof R. Srivastava, A. Srivastava
and V. Chaturvedi
3 Process for the preparation of R.V. Jasra and C.D. Chudasama | EP 04,787,580.2

molecular sieve adsorbent for
selective adsorption of oxygen
from air

KR 2006-7010367

4 Process for the preparation of
a molecular sieve adsorbent for
the adsorptive dehydration of
alcohols

R. V. Jasra, J. Sebastian and
C. D. Chudasama

CN 2003-80111010.2
KR 2006-7009633
JP 2005-510884

EP 03819054.2

5 A membrane-based device for
the concentration of aqueous
herbal extract solution

P. K. Ghosh, V. J. Shah and
J.B. Pandya

JP 2005-510555

EP 03818993.2

AU 2003-276557

KR 10-2006-7011666
CN 2003-80110866.8

6 A process for the eco-friendly
synthesis of bromobenzene

A. V. Bedekar , P. K. Ghosh,
S. Adimurthy and
G. Ramachandraiah

EP 03780423.4

IL 176321

RU 2003-125419
CN 2003-80111001.3
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Title Inventors Patent No
7 Improved process for | R.N. Vohra, P.K. Ghosh, AU 2003-300706
simultaneous recovery of | A.B.Kasundra, H.L. Joshi, MX PA/A/2006/007416
industrial grade potassium | R.H. Dave, M.R. Gandhi, KR 2006-7012979
chloride and edible salt enriched | K.J. Langalia, K. Halder, EG 626/2006
with KCl (low sodium salt) | S.L. Daga, R.D. Rathod, JR 200/2006
from bittern H.H. Deraiya, P.R. Jadav, CA 25,52,206
V.P. Mohandas and JP 2005-512748
A.U. Hamidani BR PI0318668-7
EP 03819202.7
CN 2003-80110956
8 An improved catalytic process | N.H. Khan, S.H.R. Abdi, EP 04769734.7
for the preparation of epoxides | R. Kureshy, S. Singh, 1. Ahmed,| KR 2006- 7022379
from alkenes R.V. Jasra and P.K. Ghosh. CN 2004-80042633.3
9 Process for production of | P.Dastidar, P.K. Ghosh, US 10/745,758
glycine micronutrient-enriched | A. Ballabh, D.R. Trivedi, GE 10394353.6
NaCl crystals with near | A.Pramanik and V.G. Kumar JP2005-513078
spherical shape and improved IL 176542
flow characteristics MX PA/A/2006/007390
CN 2003-80110922.8
BR 016060008218
10 | Novel integrated process for the | R.N. Vohra, P.K. Ghosh, IL 176482
recovery of sulphate of potash | H.L. Joshi, R.H. Dave, CN 2003-80110930.2
(SoP) from sulphate rich bittern | M.R. Gandhi, K.J. Langalia, MX PA/A/2006/007414
K. Halder, S.L. Daga, AU 2003-300719
R.D. Rathod, H.H. Deraiya, JR 201/2006
V.P. Mohandas and CA25,52,104
A.U. Hamidani JP 2005-512762
BR P103-18666-0
GB 06147762.3
11 | Improved k-carrageenase Y.N. Khambhaty, US 11/509,755
production and a method of K.H. Mody and B. Jha PCT PCT/IB06/02345
preparation thereof
12 | Low sodium salt of botanic P. K. Ghosh, K.H. Mody, US 10/819,001

origin

M.P. Reddy, J.S. Patolia,

K. Eswaran, R.A. Shah,
B.K. Barot, M.R. Gandhi,
A.S. Mehta; A.M. Bhatt and
A.V.R. Reddy

AU 2004-318169

CN 2004-80042970.2
IL 178410

EP 04798818.3

MX PA/A/2006/011519
CA 25,52,206




Central Salt & Marine Chemicals Research Institute

Title Inventors Patent No
13 | Enhancement of anti tubercular | M.R. Rathod, B.D. Shethia, MX
activity of extract of salicornia | J.B. Pandya, P.K. Ghosh, PA/A/2006/011593
brachiata P.J. Dodia, B.S. Srivastava, AP
R. Srivastava, A. Srivastava, AP/P/2006/003773
and V. Chaturvedi EP 05757449.3
ZA 2006-07831
BR PI0510918-3
14 | lodizing agent and process for P. K. Ghosh, S.H. Mehta, US 10/879,510
preparation thereof J.R. Chunawala, M.V. Sheth WO:
and M.R. Gandhi PCT/IN04/000910
CA 25,75,744
EP 04745133.1
Indian Patents Filed
Title Inventors Patent No
1 Photo-catalytic auto cleaning P.K. Ghosh, R.V. Jasra, 03218/DEL/2006
process of chilly and turmeric D.B. Shukla, A.K. Bhatt and
stains under fluorescent light R.J. Tayade
2 Nutritious, tasty and affordable | P.K. Ghosh, M.R. Rajyaguru, 1824/DEL/2006
drink from sap of kappaphycus | J.S. Patolia, P.V. Subba Rao
alvarezii seaweed and its | and M.T. Shah
preparation thereof
3 Preparation of organic-inorganic | S.H.R. Abdi, R.I. Kureshy, 2160/DEL/2006
hybrid chiral sorbent N.H. Khan, R.V. Jasra,
V.J. Mayani and A. Santosh
4 A method of removing | K. Singh and V.J. Shah 2543/DEL/2006
phospholipids from rice bran
oil (edible grade) by membrane
process
2007-2008
Foreign Patents Granted
Title Inventors Patent No
1 Process for the recovery of low | R.N. Vohra, P.K. Ghosh, IL 163,292

sodium salt from bittern

M.R. Gandhi, H.L. Joshi,
H.H. Deraiya, R.H. Dave,

K. Halder, K.M. Majeethia,
S.L. Daga, V.P. Mohandas and
R.J. Sanghavi

KR 10-0,804,196
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Title Inventors Patent No
2 Integrated method for K. Eswaran, P.K. Ghosh, CN Z1.02,829,644.3
production of carrageenan A.K. Siddhanta, J.S. Patolia, ID 0,091,080
and liquid fertilizer from C. Periyasamy, A.S. Mehta,
fresh seaweeds (Mrs) K.H. Mody,
B.K. Ramavat, K. Prasad,
M.R. Rajyaguru, C.R.K. Reddy,
J.B. Pandya and A. Tewari
3 Process for the preparation of J. Sebastian and RU 2,297,276
a molecular sieve adsorbent R.V. Jasra JP 3,978,060
for selectively adsorbing
nitrogen and argon from a
gaseous mixture with oxygen
4 Low sodium salt of botanic P.K. Ghosh, K.H. Mody, US 7,208,189
origin M.P. Reddy, J.S. Patolia,
and K. Eswaran
5 A novel device for estimation P.K. Ghosh, K.M. Majeethia, AU 348,764
of brine density in solar salt M.R. Gandhi, J.N. Parmar,
works from afar S.A. Chauhan, V.P. Mohandas
and A.U. Hamidani
6 Production of glycine P. Dastidar, A. Ballabh, US 7,220,189
micronutrient enriched P.K. Ghsoh, D.R. Trivedi,
NaCl crystals with near A. Pramanik and V. Kumar
spherical shape and improved
flow characteristics
7 An improved process for the A.V. Bedekar, AU 348,765
single pot synthesis of 2,4,4,6 G. Ramachandraiah
tetrabromo-2,5 and P.K. Ghosh
cyclohexadienone
8 An improved catalytic process | N.H. Khan, S.H.R. Abdi, US 7,235,676
for the preparation of epoxides | R.I. Kureshy, S. Singh, I. Ahmad
from alkenes R.V. Jasra and P.K. Ghosh
9 A process for the recovery of R.N. Vohra, P.K. Ghosh, AU 212,675
common salt and marine V.P. Mohandas, H.L. Joshi,
chemicals from brine in Ms.H.H. Deraiya, R.H. Dave
integrated manner K. Halder, R.B. Yadav,
S.L. Daga, K.M. Majeethia and
U.P. Saraiya
10 | Process for the preparation of R.V. Jasra, C.D. Chudasama JP 4,025,228

a molecular sieve adsorbent
for the size/shape selective
separation of air

and J. Sebastian




Central Salt & Marine Chemicals Research Institute

Title Inventors Patent No
11 Process for the preparation of R.V. Jasra, VK. Srivastava, US 7,294,745
aldol derivatives from alkenes R.S. Shukla, H.C. Bajaj and
using catalyst S.D. Bhatt
12 | Improved process for | R.N. Vohra, PK. Ghosh, AU 300,706
simultaneous recovery of | A.B.Kasundra, H.L. Joshi,
industrial grade potassium | R.H. Dave, M.R. Gandhi,
chloride and edible salt enriched | K.J. Langalia, K. Halder,
with KCl (low sodium salt) | S.L. Daga, R.D. Rathod,
from bittern H.H. Deraiya, P.R. Jadav,
V.P. Mohandas and
A.U. Hamidani
13 | Eco friendly method of G. Ramachandraiah, DE 60,127,652
preparation of high purity P.K. Ghosh, A.S. Mehta, EP 1,248,760
tetrabromo bis phenol-A R.P. Pandya, A.D. Jethava,
S.S. Vaghela and S.N. Mishra
14 | Aprocess for the recovery of A.B. Boricha, H.C. Bajaj, KR 10-0,792,639
palladium from spent silica R.V. Jasra, P. Ghosh and
P.K. Ghosh
15 | Process for the preparation of | R.V. Jasra and US 7,319,082
molecular sieve adsorbent for | C.D. Chudasama KR 803,771
selective adsorption of oxygen
from air
16 | An electro chemical method G. Ramachandraiah, RU 2,316,616
for oxidation of bromide to P.K. Ghosh, V.R.K.S. Susarla
bromine and S.S. Vaghela
17 | Aprocess for the generation R.V. Jasra, PM.Oza, JP 4,084,751
of precipitated CaCO, from R.S. Somani, J.R. Chunawala,
CaCO, rich industrial by M.V. Sheth, V.V. Thakar,
products Y.M. Badheka, J. Ayyer and
V.B. Patel
18 | A process for the preparation R.V. Jasra, H.C. Bajaj, US 7,335,342
of sodium silicate from R.S. Somani, H.M. Mody,
kimberlite tailings J.R. Chunawala, D.L. Ghelani,
H.N. Ranpara, D.J. Barochiya,
S. Chandra, M.K. Dhar,
C.K. Rao, and K. Kumar.
19 | An ecofriendly process for | R.V.Jasra, B. Tyagi and CN ZL2003-80110618.3

acylation of alkylated benzene
derivatives

Y.M. Badheka
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Title Inventors Patent No
20 | Catalytic epoxidation of styrene | R.V. Jasra and J. Sebastian US 7,345,182
with molecular oxygen using
metal ion exchanged zeolites
21 | An improved process for the G. Ramachandraiah, P.K. Ghosh,| AU 2003-249,578

preparation of non hazardous
brominating reagent

S. Adimurthy A.V. Bedekar,
and D.B. Shukla

Indian Patents Granted

S. Chandra, M.K. Dhar and
K. Kumar

Title Inventors Patent No
1 A process for the preparation | R.S. Shukla, R.B. Thorat, IN 215,087
of metal formats useful for | S.D. Bhatt, R.V. Jasra,
making formic and oxalic acids | A. Hussain and H.J. Padhiyar
2 A device (ridger) useful for H.N. Patel and S.L. Bhatt IN 216,547
harvesting riding of salt/soil
3 A process for the preparation | R.I. Kureshy, N.H. Khan, IN 217,134
of novel salen chiral transition S.H.R. Abdi, S.T. Patel,
metal catalyst useful in PK. Iyer and R.V. Jasra
enantio-selective epoxidation
of prochiral olefins
Foreign Patents Filed
Title Inventors Patent Application No
1 Process of preparation of PK. Ghosh, A.K. Siddhanta, GB 0709984.9
biodegradable films from K. Prasad, R. Meena and AU 2004/ 325362
semi-refined Kappa Carrageenan| A. Bhattacharya PH 1-2007-501125
TZ TZ/P/07/00146
ID W00200701698
CN 2004/80044537.2
2 Photo-catalytic auto cleaning P.K. Ghosh, R.V. Jasra, KR 10-2007.7014560
process of chilly and turmeric D.B. Shukla, A.K. Bhatt EP 04816680.5
stains under fluorescent light and R.J. Tayade JP 2007-548971
3 A process for the preparation R.V. Jasra, H.M. Mody, CA 2592518
of amorphous silica from H.C. Bajaj, R.S. Somani, ZA 2007/05227
kimberlite tailings J.R. Chunawala, H.N. Ranpara, | CN 2004/
D.J. Barochiya, D.L. Ghelani, 80044796.5
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Title Inventors Patent Application No
4 A process for the preparation R.V. Jasra, R.S. Somani, CA 2592499
of zeolite A from kimberlite H.M. Mody, H.C. Bajaj, CN 200480044790.8
tailings J.R. Chunawala, H.N. Ranpara, | ZA 2007/05224
D.J. Barochiya, D.L. Ghelani, US 12/016970
(All from CSMCRI,Bhavnagar)
S. Chandra, M.K. Dhar,
K. Rao, and K. Kumar
(All from NMDC, Hyderabad)
5 Process for the preparation of R.V. Jasra, V.K. Srivastava, CN 200480044797
aldol derivatives from alkenes R.S. Shukla, H.C. Bajaj, EP 4816688.8
using catalyst and S.D. Bhatt
6 Nutritious, tasty and affordable | P.K. Ghosh, M.R. Rajyaguru, WO PCT/IN07/00338
drink from sap of Kappaphycus | J.S. Patolia, P.V. Subba Rao US 11/891763
alvarezii seaweed and its | and M.T. Shah
preparation thereof
7 Preparation of organic-inorganic | S.H.R. Abdi, R.I. Kureshy, WO PCT/IN07/00376
hybrid chiral sorbent N.H. Khan, R.V. Jasra,
V.J. Mayani and A. Santosh
8 Green catalytic process for the | R.V. Jasra, B. Tyagi and US 11/859001
synthesis of acetyl salicylic acid | M.K. Mishra
9 A method of removing | K. Singh and V.J. Shah US 11/986805
phospholipids from rice bran
oil (edible grade) by membrane
process
10 | A cost-effective process for I. Mukhopadhyay, P.K. Ghosh, | EP 05824311.4
preparation of solar salt V.P. Mohandas, A.U. Hamidani, | US 11/992533
having high purity whiteness V.R.K. Susarla and CN 2005/ 80051704.0
R.J. Sanghavi
I1 | An improved process for the | P.K. Ghosh, S. Adimurthy, IL 189618
preparation of fatty acid methyl | M.R. Gandhi, N.K. Vaghela, AU 2004324250
ester (biodiesel) from | M.R. Rathod, B.D. Shethia, ID W00200800714
triglycerides oil through | J.B. Pandya, R.A. Parmar,
transesterfication P.J. Dodia, M.G. Patel,
D.R. Parmar and S.N. Patel
12 | Anovel iodizing agent and P.K. Ghosh, S.H. Mehta, AU 2004325827
preparation thereof J.R. Chunawala, M.V. Sheth
and M.R. Gandhi
13 | Improved process for the | P.Paul, P.K. Ghosh, IL 190373

recovery of sulphate of potash
(SoP) from sulphate rich bittern

K.J. Langalia, P.S. Subramanian,
E. Suresh , S. Patra and
P. Agnihotri
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of stable iodate-exchanged
synthetic hydrotalcite with
zero effluent discharge

S.H. Mehta ,

G. Ramachandraiah,

J.R. Chunawala, M.V. Sheth,
and G.S. Gohil

Indian Patents Filed
Title Inventors Patent Application No
Process for the manufacture of | R.V. Jasra, H.M. Mody, 0954/DEL/2007
finely divided precipitated silica | R.S. Somani, H.C. Bajaj,
D.B. Shukla and N. Ramesh
Green catalytic process for the | R.V. Jasra, B. Tyagi and 2371/DEL/2007
synthesis of acetyl salicylic acid | M.K. Mishra
A stable iodine water concentrate| G. Ramachandraiah, 0059/DEL/2008
formulation to iodinate drinking | D. Livingston, A. Husain and
water for the effective prevention| D.B. Shukla
of iodine deficiency disorders
An improved process of A. Kumar, P.K. Ghosh, 0057/DEL/2008
preparation of common salt V.P. Mohandas,
of high purity from brines in I. Mukhopadhyay,
solar salt pans J.J. Shukla and R.J. Sanghavi
A solid nutrient media useful G. Gnanasekaran, K.H. Mody, | 0058/DEL/2008
for isolating and identifying S. Datta and B. Jha
alkali-philic bacteria
Free flowing 100-500 mm size | I. Mukhopadhyay, P.K. Ghosh 0060/DEL/2008
spherical crystals of common | and V.P. Mohandas
salt and process for preparation
thereof
A process for the preparation P.K. Ghosh, M.R. Gandhi, 0207/DEL/2008
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4. Papers / Lectures Presented in Seminars / Symposia

Sr Title of the paper Name of the Seminar/ Venue Author(s)
No Conference
1 Ultrafast H-Bonding | Trombay Symposium | BARC, Mumbai D. Amilan Jose,
dynamics of fluoride | on Radiation and Prasenjit Kar,
sensing ruthenium | Photo-chemistry, Debasis Koley,
complexes. January 5-9, 2006 Bishwajit Ganguly,
Walter Thiel,
Hirendra N. Ghosh,
Amitava Das
2 A safe, efficient and | International School of Chemical | S. Adimurthy,
environment friendly | Symposium on Sci., Mahatma G. Ramachandraiah,
brominating reagents | Advances in Organic | Gandhi University, | P.K. Ghosh
as boon to chemists | Chemistry Kottayam, Kerala
and druggists (INSOC),
January 9-12, 2006
3 Redox switchable NIR | Workshop on radiation | Pune University, Amitava Das
dye derived from | and Photochemistry Pune
Ru-dioxolene-|(PUWORP-2006),
porphyrin system and | January 10-11, 2006
possible electron
transfer dynamics
4 Self assembled helical | RSC-West India Department of P. Mosae
strands and hollow | Section Student Chemistry Faculty | Selvakumar,
microtubes of some | Symposium-2006, of Science, E. Suresh,
organic dicarboxylic | October 13-14,2006 | M.S. University P.S. Subramanian
acids Vadodara
5 DFT calculation on | RSC-West India Dept. of Chem. Ajeet Singh,
a new chiral and | Section Student Faculty of Science, | Shampa
achiral proton sponge | Symposium-2006, M.S. University, Chakraborty,
October 13-14, 2006 Vadodara BlShwa_]lt Ganguly

6 Phenol and Royal Society of M.S. University, D. Amilan Jose,

catechol-based Chemistry-WIS Vadodara Prasenjit Kar,
Ru(I)-polypyridyl Student M Suresh,
complexes as new Symposium —2006 Debasis Koley,
class of colorimetric | (RSC-WIS 2006), Bishwajit Ganguly,
October 13-14, 2006 Walter Thiel,

sensors for fluoride
ion G.Ramakrishna,
Dipak K. Palit and
Hirendra N. Ghosh,
Amitava Das
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eukaryotes with
a Zn(I1)-complex
of Bis-pyridine
amine derivative.

Inorganic Chemistry
(MTIC-XII),
December 6-8, 2007

Sr Title of the paper Name of the Seminar/ Venue Author(s)

No Conference

7 Anion controlled Royal Society of M.S. University, Amrita Ghosh,
nano-structure Chemistry-WIS Vadodara D. Amilan Jose,
generation from Student Krishna Kumar,
trisbipyridyl Symposium —2006 Amitava Das
ruthenium (1) (RSC-WIS 2006),
Complexes October 13-14, 2006

8 Substituted International Chemistry Division,| Ajeet Singh,
cis-azadecalines as Symposium on Bhabha Atomic Shampa
proton sponge: material Chemistry, Research Centre, Chakraborty,
A density functional December 4-8, 2006 Mumbeai Bishwajit
Study Ganguly

9 Interfacial electron | National Symposium Madras University, | Sandeep Verma,
transfer dynamics in | on Radiation and Chennai Prasenjit Kar,
osmium polypyridyl | Photochemistry Amitava Das,
complexes sensitized | (NSRP 2007), Dipak K. Palit,
TiO, and ZrO, | January 29-31, 2007 Hirendra N. Ghosh
nano-particles

10 | Photoresponsive National Symposium | Madras University, | M. Suresh,
molecular on Radiation and Chennai D. Amilan Jose,
half-subtractor based | Photochemistry Amitava Das
on 2,2'-bipyridyl-3, (NSRP 2007), (Best Poster Award)
3'-diol January 29-31, 2007

11 | DNA binding National Symposium | Madras University, | Amrita Ghosh,
properties of a newly | in Chemistry Chennai Amit Mandoli,
synthesized Ru(II)- (NSC-9) (20006), D. Krishna Kumar,
polypyridyl complex | February 1-4,2007 Tamal Ghosh,

Bhavanath Jha,
Amitava Das

12 | Fluorescent molecular | National seminar on Gujarat University, | Subrata Patra and
sensors: Synthesis | Emerging Trends in Ahmedabad Parimal Paul
and ion recognition | Supramolecular (Best Poster Award)
study Research,

March 30-31, 2007

13 | Viable staining for National Symposium | IIT Madras, D. Amilan Jose,

prokaryotes and on Modern Trends in Chennai Amrita Ghosh,

Anupama Shrivastav,
Sanjiv K. Mishra,
Sandhya Mishra,
Amitava Das
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Sr Title of the paper Name of the Seminar/ Venue Author(s)

No Conference

14 | Chiral coordiantion Symposium on IIT Madras, P. Mosae Selvakumar,
polymer: Modern trends in Chennai E. Suresh, .
Phenanthroline induced | Inorganic Chemistry P.S. Subramanian
inclusion of helical (MTIC-XID),
water chain in December 6-8, 2007
[{Cu(L- tryp)(Phe)}

(CIO0,)(3H,0)]

15 | Luminescent Symposium on IIT Madras, Subrata patra,
metalloreceptors of Modern trends in Chennai K. R. Sreenidhi,
Ru(II) and Re(I): inorganic chemistry Vinod P. Boricha,
synthesis, (MTIC-XID), E.Suresh,
electrochemical December 6-8,2007 Parimal Paul
behaviour and optical
sensing towards
cations and anions

16 | Half-subtactor Trombay Symposium | Pune M.Suresh,
operation in pH on Radiation and A. Ghosh,
responsive Photochemistry Amitava Das
N-Heterocyclic amines | (TSRP 2008), (Best Poster Award)

January 7-11, 2008

17 | Polypyridyl-based 10" CRSI National Indian Institute Parimal Paul
metal complexes Symposium 2008 of Science,
of ruthenium(II) CRSI-Medal Lecture, | Bangalore
and/or osmium(II): 31 Jan- 3 Feb, 2008
Synthesis,
characterization,
photo-induced
activity and ion
recognition Study

18 | A computational | 10" CRSI National Indian Institute M. K. Kesharwani,
study towards the Symposium 2008, of Science, Bishwajit Ganguly
rotational barriers of | 31 Jan- 3 Feb, 2008 Bangalore
thioamides

19 | DFT calculationona | 5" All Gujarat Department of Ajeet Singh,
new chiral and Research Scholars, Chemistry, Faculty | Bishwajit Ganguly
achiral proton Meet (AGRSM 08), of Science, M.S.
sponges February 15, 2008 University, Vadodara

20 | Electrochemical Green Chemistry Birla College, I. Mukhopadhyay

properties of
multi-wall carbon
nano-tubes: Effect of
heat treatment on the

LI ion insertion process

Seminar in Indian
Council of Chemists,
December
27-29,2006

Kalyan, Mumbai
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Sr Title of the paper Name of the Seminar/ Venue Author(s)
No Conference
21 | Robust nanostructure | International Conf. Indian Habitat A. Ghosh, A. Jose,
of porphyrin |onNanoScienceand | Center, New Delhi | A. Das,
derivatives by mixing | Nano Technology I. Mukhopadhyay
solvent approach | ICONSAT 2006),
through non-bonded | March 16-18, 2006
interaction
22 | Imidazolium based | National symposium Department of Arvind Kumar
room temperature | on modern trends in Chemistry,
ionic liquids: unique | chemical sciences, Kurukshetra
transitions in internal | October 6-7, 2006 University,
pressure Kurukshetra
23 | Achieving sustainable | Key note address in V P Science R.V. Jasra
technologies through | the Seminar on College,
chemistry Advances in S.P. University,
Chemistry, V. V. Nagar
June 18, 2006
24 | Control of nano-sized | Zeolites and Yonago, Tottori Atsushi Satsuma,
interlayer space of Microporous Crystals | Prefecture, Japan Hironaka Kanbe,
lamellar vanadyl (ZMPC 20006) S. Kannan,
benzylphosphate July 31-August 2, Shin-ich Komai,
2006 Tadashi Hattori
25 |Preparation o f| Symposium on Design | International Osaka | S. Kannan,
Fe-promoted vanadyl| of Advanced Materials | University, Japan Hironaka Kanbe,
pyrophosphate through | Using Nano-space Takuya Ohkura,
nanospace sandwich | (ISDAM-2006), Tadashi Hattori,
August 4, 2006 Atsushi Satsuma
26 | Recent developments | 59th Annual Session GNFC, Bharuch S.K. Sharma,
in the of Indian Institute of P.A. Parikh,
hydroformylation Chemical Engineers R.V. Jasra
processes in CHEMCON-2006,
manufacturing of fine | December 27-30, 2006
chemicals
27 | Purification of calcium| 59th Annual Session GNFC, Bharuch J.R. Chunawala,
carbonate-rich by| of Indian Institute of R.S. Somani,
product of fertilizer| Chemical Engineers R.V. Jasra,
industry to precipitated] CHEMCON-2006, J.H. Patel,
calcium carbonate December 27-30, 2006 V.B. Patel, J. Ayyer
28 | Recovery of palladium | 59th Annual Session of | GNFC, Bharuch A.B. Boricha,
from palladium Indian Institute of H.C. Bajaj,
phthalocyanine Chemical Engineers P.K. Ghosh,
complex adsorbed on | CHEMCON-2006, R.V. Jasra

silica

December 27-30, 2006
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Sr Title of the paper Name of the Seminar/ Venue Author(s)
No Conference
29 | Clean chemical Annual Meeting of the | Delhi University, R.V. Jasra
transformation Chemical Research Delhi
through catalysis Society of India
(CRSI) and
National Symposium
in Chemistry (NSC-9),
February 1-4, 2007
30 | Synthesis and Poster presentation Delhi University, Beena Tyagi,
characterization of in the National Delhi Ulka Sharma,
Mg-Al-hydrotalcite Symposium in R.V. Jasra
Chemistry (NSC-9),
February 1-4, 2007
31 | Single step, solvent Poster presentation in | Department of Beena Tyagi,
free synthesis of the “International Applied Chemistry, | M.K. Mishra,
7-substituted 4-methyl | Conference on Cochin University | R.V. Jasra
coumarins over Materials for the of S&T (CUSAT),
nano-crystalline Millennium”, Kochi
sulfated zirconia March 1-3, 2007
catalyst
32 | Synthesis and Poster presentation in | Department of Beena Tyagi,
characterization of the “International Applied Chemistry, | K.B. Sidhpuria,
Si0,-ZrO, mixed Conference on Cochin University | R.V. Jasra
oxides xerogel and Materials for the of S&T (CUSAT),
aerogel prepared by Millennium”, Kochi
sol-gel technique March 1-3, 2007
33 | Hydrogen sorption in | Poster presentation Department of K.P. Prasanth,
transition metal in the “International Applied Chemistry, | H.C. Bajaj,
exchanged zeolite X | Conference on Cochin University | R.V. Jasra
Materials for the of S&T (CUSAT),
Millennium”, Kochi
March 1-3, 2007
34 | Adsorption of Cu™’ Poster presentation in | Department of Manu Vasudevan,
on amino - the “International Applied Chemistry, | H.M. Mody,
functionalized silica Conference on Cochin University | H.C. Bajaj,
gel from aqueous Materials for the of S&T (CUSAT), | R.V.Jasra
solution of copper Millennium”, Kochi
sulphate March 1-3, 2007
35 | Synthesis of Co(II) Poster presentation Department of C.M. Jinesh,
AI(IIT) HT-like in the “International Applied Chemistry, | J.C.A. Antonyraj,
materials: A Conference on Cochin University | S. Kannan

comparative study
of different
methodologies

Materials for the
Millennium?”,
March 1-3, 2007

of S & T, (CUSAT),
Kochi
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Sr Title of the paper Name of the Seminar/ Venue Author(s)
No Conference
36 | Photo-catalysis in | Lecture delivered in International R.V. Jasra
commercial situations | the UGC sponsored College of Girls,
National Workshop Jaipur
on “Photo and
Analytical Chemistry”,
March 7-8, 2007
37 | Pro-activity nature: Lecture delivered in International R.V. Jasra
An ability to be more | the UGC sponsored College
effective National Workshop on | of Gitls, Jaipur
“Photo and Analytical
Chemistry”,
March 7-8, 2007
38 | Chemazole Lecture National Institute of R.V. Jasra
Symposium on Future | Technology, Nirma
Directions in Catalysis,| University,
March 9, 2007 Ahmedabad
39 | Nano clays in Lecture Nirma Nirma University R.V. Jasra
pharmaceuticals and | University of Science | of Science &
healthcare products & Technology, Technology,
March 16, 2007 Ahmedabad
40 | A whiff of nano, Seminar on “Recent Saurashtra R.V. Jasra
hybrid and molecular | Advances on Material | University, Rajkot
materials Science”
March 25, 2007
41 | Molecular recognition | National Seminar on Department of R.V. Jasra
in nanoporous Emerging Trends in Chemistry, Gujarat
materials Supramolecular University,
Research, Ahmedabad
March 30, 2007
42 | Prospects & International Workshop| NEERI, Nagpur A.V.R. Reddy,
opportunities for on R & D Frontiers in C.V. Devmurari,
membrane technology | Water and Wastewater J.J. Trivedi,
in drinking water and | Management, A. Prakash Rao,
wastewater treatment | January 20-21, 2006 S.V. Joshi,
in Indian context: P. K. Ghosh
CSMCRI's experience
43 | Membrane Developments in IIT, Delhi A.V.R. Reddy
technologies for water | Waste Water Recycling
purification and Water Purification
Technologies-
Reaching out to the
people,

March 21-22, 2006
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Sr Title of the paper Name of the Seminar/ Venue Author(s)

No Conference

44 | Complexity of silicate/ | 13th International Kyoto, Japan P.S. Singh
aluminosilicate Conference on Small
polymerisation: Some | Angle Scattering,
insights using small | July 9-13, 2006
angle X-Ray scattering
study

45 | Membrane separations | Workshop on Green M.S. University, A.V.R. Reddy
in green chemical Chemistry, Vadodara.
processes September 2006

46 | Small angle neutron DAE Solid State Bhopal, India P.S. Singh,
scattering from Physics Symposium, V.K. Aswal,
nanoscale building December 28-31, 2006 P.K. Ghosh,
blocks of polyamide S.V. Joshi,
'Reverse Osmosis' A.P. Rao,
membrane P.S. Goyal

47 | Functionalized 43rd Annual B.A. M. P. Yogesh, P. Paul,
polysulfone convention of University, S. Basu,
membranes: chemists, Aurangabad A. Bhattacharya
Characterization and | 2006
their separation
performances

48 | Techniques for Workshop in Hindi on RRL, Bhubaneswar | Kripal Singh
water desalination Water purification
& wastewater technologies,
treatment: Prospects December, 2006
and opportunities

49 | Carbon nano tube Trombay symposium | BARC, Mumbai H. Raval,
membranes for water | on desalination and Jaydev Gohil
desalination water reuse,

February 7-9, 2007

50 | Chlorine stability of Trombay symposium | BARC, Mumbai D. Manish,
fully aromatic and on desalination & P.R. Buch,
aromatic-aliphatic water reuse, A.Prakash Rao,
polyamide thin film February 7-9, 2007 J.J. Trivedi,
composite membranes A.VR. Reddy

51 | Preparation, Trombay symposium | BARC, Mumbai Y. Dave, V. Balaji,
characterization and on desalination & A.V.R. Reddy
acid stability of poly water reuse,

(acrylonitrile-co-
itaconic acid)
ultra-filtration
membranes

February 7-9, 2007
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Sr Title of the paper Name of the Seminar/ Venue Author(s)
No Conference
52 | Organic-inorganic National Symposium | Kurukshetra Vinod K. Shahi
composite on Modern trends in University
proton-exchange Chemical Sciences,
membranes in October 6-7, 2006
aqueous media for
fuel cell applications
53 | Modified biomaterial: | National Symposium on Kurukshetra Arunima Saxena,
N-Methylene Modern trends in University Arvind Kumar,
phosphonic and Chemical Sciences, Vinod K. Shahi
quaternized chitosan | October 6-7, 2006
composite membranes
for electrolyte
separations
54 | Electrochemical State Level Seminar VP & RPTP J.P. Mehta,
treatment of azodyes | 2006 on Recent Science College, P.N. Bhatt,
by dimentionally Advances in Chemistry,| Vallabh Vidyanagar | B.B. Mehta,
stabilized catalytic June 18-19, 2006 V.N. Sutaria,
anode G. Ramachandraiah
55 | “Ships for scrap at Plastics in the Marine | Southern California| G. Ramachandraiah
Alang Sosiya: Environment: Impacts, | Academy of Science
Looming of small Analysis, and Fates, (SCAS), Pepperdine
plastics in marine June 12-13,2006 University, Malibu,
sediments” Algalita USA
Marine Research
Foundation. AMREF,
USA
56 | pH controlled transport| 9" CRSI National Department of Arunima Saxena,
of proteins through Symposium in Chemistry, Delhi Vinod K. Shahi
charged membranes Chemistry, University, Delhi
under coupled driving | February 1-4, 2007
forces
57 | Organic-inorganic International Central Power Bijay P. Tripathi,
composite Conference on Research Institute, | Vinod K. Shahi
polyelectrolyte Polymeric Materials in | Bangalore
membranes for direct | Power Engineering,
methanol fuel cell October 4-6, 2007
applications
58 | Can indigenous International Hotel Taj Residency,| G. Ramachandraiah

membranes work?
New frontiers -
emerging applications
for alkali industry

Conference on Alkali
Industry —Strategies
For Globalization &
Increasing
Competitiveness of
the Alkali Industry,
March 14-15, 2007

Vadodara
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Sr Title of the paper Name of the Seminar/ Venue Author(s)

No Conference

59 | Production of ultra Symposium on BARC, S.K. Thampy,
pure water by EDI Desalination & Water | Mumbai B.S. Makwana,
method Reuse, February 2007 B.G. Shah

60 | Phycoerythrin content | International Delhi Sanjiv K. Mishra,
in porphyra Conference on Sandhya Mishra,
vietnamensis Applied Phycology K. Ganesan,
(T.Tanaka & Pham Delhi, Vaibhav A. Mantri,
Hoang Ho) from February 14-15, 2006 P.V. Subba Rao
different localities
along Indian coast in
relation to ecological
factors

61 | Seaweed biodiversity: | Algal biodiversity and | RKM Vivekananda | C.R.K. Reddy,
A global perspective | its role in College, Chennai B. Jha
and prospects for bioremediation,
future research September 23-25,

2006

62 | Isolation, purification, | National Conference Bikaner, Rajasthan | Yasmin Khambhaty,
characterization and on Emerging Trends K.H. Mody,
application of agarase | in Microbiology B. Jha
from a marine Bacillus | & Biotechnology,
megaterium January 29-30, 2007

63 | Evaluation of National Conference Bikaner, Rajasthan | Anita lyer,
biosurfactant/ on Emerging Trends K.H. Mody,
bioemulsifier in Microbiology & B. Jha
produced by Biotechnolog,
Planococcus sp. January 29-30, 2007

64 | Biosorption of Hg(II) | International National Chemical | Yasmin Khambhaty,
on dead biomass of Conference on Laboratory, Pune K.H. Mody,
marine Aspergillus Biology of Yeasts and B. Jha
niger Filamentous Fungi,

February 15-17, 2007

65 | Seaweeds 19" International International C.R.K. Reddy,
micro-propagation Seaweed Symposium | Conference Center | B. Jha, Y. Fujita,
techniques and their on “Seaweeds: Science| in Kobe, Japan M. Ohno

potentials: An over
view

and Technology for
Traditional and
Modern Utilization”,
March 26-31, 2007
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Sr Title of the paper Name of the Seminar/ Venue Author(s)
No Conference
66 | Comparison of spore | 19" International International V.A. Mantri,
output and viability in | Seaweed Symposium | Conference Center | M.C. Thakur,
Gracilaria corticata on “Seaweeds: Science| in Kobe, Japan, C.R.K. Reddy,
and G. dura from and Technology for B. Jha
India Traditional and
Modern Utilization”,
March 26-31, 2007
67 | Liquid seaweed National Seminar on P.D.C.S.R. J.S. Patolia,
fertilizer as a source of | Standards and (ICAR), S.T. Zodape,
nutrients to crops Technologies of Meerut (UP) D.R. Chaudhary,
Non- Conventional Arup Ghosh,
Organic Inputs, M.R. Rajyaguru
April 8-9, 2006
68 | Effect of plant growth | International Bikaner, Rajasthan | D.R. Chaudhary,
promoting Conference on Arup Ghosh,
rhizobacteria and Bio-Fuel Vision 2015, J. Chikara,
vesicular arbuscular October 3-15, 2006 J.S. Patolia
mycorrhiza on nutrient
content of jatropha
(Jatropha curcas L.)
69 | Nutrient rich vegetable | Third Nutraceutical Mumbai, P.K. Ghosh,
health salts Summit, Maharastra M.P. Reddy,
November K.H. Mody,
15-17, 2006 M.R. Gandhi,
N.R. Vyas
70 | Natural resources Regional Conference Bhuj, Gujarat M.P. Reddy,
conservation use and | on Wasteland D.R. Chaudhary
sustainability in dry Development,
lands December 18-20, 2006
71 | Pollen fertility studies | National Seminar on Botany Department, Aniruddha Singh
in various provenances | “Reproductive Biology| Smt. S.M.Panchal | Zala, ArunaR.
of Jatropha curcas of Angiosperms”, Science College, Prakash, J. Chikara,
February 27-28, 2007 | Talod, Gujarat J.S. Patolia
72 | Response of Jatropha | National workshop on | MERADO, Arup Ghosh,
curcas grown on Biofuels, Ludhiana, Punjab D.R. Chaudhary,
wasteland to nitrogen | March 22-23, 2007 J. Chikara,
and phosphorus H.M. Bhuva,
fertilization D.R. Parmar,
J.S. Patolia
73 | Floral biology and International seminar | Wageningen, Aruna R. Prakash,
flowering behavior on J.curcas- agronomy | The Netherlands J.S. Patolia,
of J.curcas and genetics, J. Chikara,
March 26-28, 2007 G.N. Boricha
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74 | Provenance trial for International seminar | Wageningen, J.S. Patolia,
selection of high on J.curcas, agronomy | The Netherlands J. Chikara,
yielding Jatropha and genetics, Aruna R. Prakash,
curcas on wastelands | March 26-28, 2007 Arup Ghosh,
H.M. Bhuva,
D.R. Chaudhary
75 | Response of J.curcas | International seminar | Wageningen, Arup Ghosh,
under different spacing| on J.curcas, agronomy | The Netherlands J.S. Patolia,
to Jatropha de-oiled and genetic, D.R. Chaudhery,
cake March 26-28, 2007 J. Chikara, S.N. Rao,
D. Kumar,
G.N. Boricha,
Aniruddha Zala
76 | Response of J.curcas | International seminar | Wageningen, J.S. Patolia,
grown on wasteland on J.curcas agronomy | The Netherlands Arup Ghosh,
to N&P and genetics, J. Chikara,
March 26-28, 2007 D.R. Chaudhary,
D.R. Parmar,
H.M. Bhuva
77 | Improvement of a International seminar | Wageningen, J.0. Ogunwole,
degraded Entisol with | on “J.curcas, agronomy The Netherlands J.S. Patolia,
J.curcas under an India| and genetics”, D.R. Chaudhary,
semi arid condition March 26-28, 2007 Arup Ghosh,
J. Chikara
78 | Genetic improvement | Paper read in FACT Wageningen, M.P. Reddy,
of Jatropha curcas Seminar, Netherlands J. Chikara,
adaptability and oil March 26-28, 2007 J.S. Patolia,
yield Arup Ghosh
79 | Room temperature National Conference P. G. Department Arvind Kumar
ionic liquids: Dual on recent advancement | of Chemistry,
nature and unique and developments DAV College,
physical - chemical in chemical sciences, Abohar, Punjab
properties January 7-8, 2008
80 | Chiral polymeric 18" National Indian Institute of | Santosh Agrawal,
vanadium (V) salen Symposium & Petroleum, N.H. Khan,
complexes as efficient | Indo-US Seminar on Dehradun R.I. Kureshy,
and recyclable Catalysis, S.H.R. Abdi,
catalysts for the April 16-18, 2007 V.J. Mayani,
asymmetric addition R.V. Jasra

of trimethylsilyl
cyanide to aldehydes
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81 | Isomerization of 18" National Indian Institute of | C.M. Jinesh,
eugenol to isoeugenol | Symposium & Petroleum, J.C.A. Antonyraj,
on transition metal Indo-US Seminar on Dehradun S. Kannan
modified hydrotalcites | Catalysis,
April 16-18, 2007
82 | Development of 18" National Indian Institute of | V.J. Mayani,
organic-inorganic Symposium & Petroleum, S.H.R. Abdi,
hybrid chiral sorbent | Indo-US Seminar on Dehradun R.I. Kureshy,
for chiral resolution Catalysis, N.H. Khan,
of racemic compounds | April 16-18, 2007 Santosh Agrawal,
R.V. Jasra
83 | Oxidative kinetic National Symposium Indian Institute Kavita Pathak,
resolution of secondary| & Indo-US Seminar of Petroleum, A. Bhatt,
alcohols catalyzed by | on Catalysis, Dehradun S.H.R. Abdi,
recyclable chiral April 16-18, 2007 R.I. Kureshy,
dimeric Mn(II) N.H. Khan,
salen catalyst R.V. Jasra
84 | Recylable polymeric | 18" National Indian Institute of | A. Bhatt,
Cr(IIT) salen Symposium & Petroleum, R.I. Kureshy,
complexes catalyzed | Indo-US Seminar on Dehradun S. Singh,
enantioselective Catalysis, N.H. Khan,
aminolytic kinetic April 16-18, 2007 S.H.R. Abdi,
resolution (AKR) R.V. Jasra
of trans epoxides
85 | Isomerization of Poster presentation, Indian Institute Beena Tyagi,
longifolene to tetralene| in the 18" National of Petroleum, M.K. Mishra,
derivative over Symposium & Dehradun R.V. Jasra
nano-crystalline Indo-US Seminar on
sulfated-zirconia Catalysis,
April 16-18, 2007
86 | Hantzsch pyridine Poster presentation, Indian Institute of | J.C.A. Antonyraj,
synthesis using layered| in the 18" National Petroleum, S.Kannan.
double hydroxides as | Symposium & Dehradun
solid base catalysts Indo-US Seminar on
Catalysis,
April 16-18, 2007
87 | 4-Methyl-2-pentanol | Poster presentation, Indian Institute of | Beena Tyagi,
dehydration over in the 18" National Petroleum, K.B. Sidhpuria,
Si0,-ZrO, mixed Symposium & Dehradun R.V. Jasra
oxide xerogel and Indo-US Seminar on
aerogel prepared by Catalysis,

sol-gel technique

April 16-18, 2007
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88 | Hydrotalcite for Poster presentation, Indian Institute of | Beena Tyagi,
CO, adsorption in the 18" National Petroleum, Ulka Sharma,
Symposium & Dehradun R.V. Jasra
Indo-US Seminar on
Catalysis,
April 16-18, 2007
89 | Toluene Poster presentation, Indian Institute of | K.B. Sidhpuria,
hydrodearomatization | in the 18" National Petroleum, P.A. Parikh,
over Rh supported Symposium & Dehradun Pratap Bahadur,
ZSM-5 for cleaner Indo-US Seminar on R.V. Jasra
transportation fuels Catalysis,
April 16-18, 2007
90 | Catalytic epoxidation | Poster presentation, Indian Institute of | K.M. Jinka,
of alkenes with in the 18" National Petroleum, Jince Sebastian,
CO” — exchanged Symposium & Dehradun R.V. Jasra
zeolite-X Indo-US Seminar on
heterogeneous Catalysis,
catalyst using April 16-18, 2007
molecular oxygen
under pressure
91 | Ruthenium complex | Poster presentation, Indian Institute of | M.D. Khokhar,
catalyzed oxidation in the 18" National Petroleum, S.D. Bhatt,
of methane by Symposium & Dehradun R.S. Shukla,
molecular oxygen at | Indo-US Seminar on R.V. Jasra
moderate pressure Catalysis,
under homogeneous April 16-18, 2007
conditions
92 | Solvent free aldol Poster presentation, Indian Institute of | S.K. Sharma,
condensation of in the 18" National Petroleum, Parimal A. Parikh,
propanal using solid Symposium & Dehradun R.V. Jasra
base catalysts Indo-US Seminar on
Catalysis,
April 16-18, 2007
93 | a-Pinene oxidation Poster presentation, Indian Institute M.V. Patil,
using molecular in the 18" National of Petroleum, M.K. Yadav,
oxygen with metal ion | Symposium & Dehradun R.V. Jasra
exchanged zeolites Indo-US Seminar on
Catalysis,
April 16-18, 2007
94 | Comparative study of | Poster presentation, Indian Institute R.S. Dhayal,
hydrogenation of cyclic in the 18" National of Petroleum, D.U. Parmar,
olefins in presence of | Symposium & Dehradun H.C. Bajaj,
RuCl(PNP,) and Indo-US Seminar on R.V. Jasra
RuCl,(PPh,), Catalysis,

April 16-18, 2007
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95 | Photocatalytic Poster presentation, Indian Institute of | P. K. Surolia,
behaviors of Fe (I1I) in the 18" National Petroleum, R.J. Tayade,
doped titania Symposium & Dehradun R.V. Jasra
semiconductors Indo-US Seminar on
prepared from Catalysis,
different Fe(III) April 16-18, 2007
ion source
96 | Co(II)-exchanged Oral Presentation at Yonsei University, | Krishna Mohan
zeolite X as efficient | Korea-Japan Students | Seoul, Jinka,
heterogeneous catalyst | Exchange workshop, South Korea Jince Sebastian,
for epoxidation of May 19, 2007 Raksh Vir Jasra,
alkenes using Sang-Eon Park
molecular oxygen
97 | Participation in Workshop on Light New Delhi H.C. Bajaj
Workshop on Light Path to India: R&D
Path to India Network and Distance
Education organized
by CSIR,
May 25, 2007
98 | Baeyer-Villiger KOSEF A3 Foresight | Inha University, Krishna Mohan
oxidation of cyclic program seminatr, Incheon, Jinka,
ketones over 2" New Developments | South Korea Raksh Vir Jasra,
microwave on Nanoporous Sang-Eon Park
synthesized Materials- 2007,
mesoporous Sn-ZSM-5| June 14, 2007
99 | Introduction to Lecture delivered Nirma University, | R.V.Jasra
nano-materials in the Seminar at Ahmedabad
Nirma University,
Ahmedabad,
August 18, 2007
100 | Future directions Lecture delivered at R&D centre, R.V. Jasra
in catalysis corporate R&D centre, | BPCL,
BPCL, Greater NOIDA
Greater NOIDA,
October 24, 2007
101 | Novel materials for Invited lecture in the NEERI, Nagpur R.V. Jasra
environmental Fifth NEERI-NIMS
challenges (Indo-Japanese)
Workshop,

Nov 1 -2,2007
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102 | Reference materials Lecture delivered in the National Physical | R.S. Shukla
for porous textural 11" Five Year Plan Laboratory, Delhi
analysis meeting on the

Certified Reference
Materials programme,
November 5-6, 2007

103 | Participation in 2" 2" Joint Workshop on | Beijing, China R.V. Jasra
Joint Workshop on “Designing Materials
“Designing Materials | through
through Nano-technology,

Nano-technology” December 26-28, 2007
during
26-28 December, 2007

104 | Nano-science & Lecture delivered in DDIT, Nadiad R.V. Jasra

Technology the Symposium on
Prospective Role of
Nano-science &
Technology in the
Industrial Development
of Gujarat,
January 9, 2008

105 | A novel eco-friendly | Oral presentation at Applied Chemistry | Sumeet K. Sharma,
multi-functional 5" All Gujarat Department, Vivek K. Srivastava,
catalyst system for the | Research Scholars M.S. University, Ram S.Shukla,
synthesis of C, Meet, Vadodara Parimal A. Parikh
aldehydes and alcohols| February 17, 2008 Raksh V. Jasra
from propylene ina (Awarded First Prize)
single pot

106 | Synthesis, Oral presentation at 5" | Applied Chemistry | Krishna Mohan
characterization and All Gujarat Research Department, Jinka,
catalytic activity of Scholars Meet, M.S. University, Sang —Eon Park,
microwave synthesized| February 17, 2008 Vadodara Raksh Vir Jasra
meso-porous tin MFI (Awarded Second
catalysts Prize)

107 | Photocatalytic Oral presentation at 5" | Applied Chemistry | Praveen K. Surolia,
degradation of All Gujarat Research Department, R.J. Tayade,
nitrobenzene using Scholars Meet, M.S. University, R.V. Jasra
transition metal February 17, 2008 Vadodara
impregnated
ETS-10 zeolites

108 | Hydrogen sorption in | Oral presentation at Applied Chemistry | K.P. Prashanth,
transition metal 5" All Gujarat Research| Department, H.C. Bajaj,
modified NaETS-4 Scholars Meet, M.S. University, K.Y. Choo,

February 17, 2008 Vadodara T.H. Kim,

Raksh V. Jasra
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109 | Photocatalytic activity | Oral presentation at 5" | Applied Chemistry | Manoj A. Lazar,
of nanocrystalline All Gujarat Research Department, Praveen K. Surolia,
TiO, synthesized by Scholars Meet, M.S. University, R.J. Tayade,
sol-gel and solution February 17, 2008 Vadodara R.V. Jasra
combustion methods

110 | Analysis of organic Oral presentation at Applied Chemistry | Nilofer Lakhani,
compounds in 5" All Gujarat Department, R.J. Tayde,
photocatalytically Research Scholars M.S. University, N. Subramaniyam,
degraded mixture Meet, Vadodara R.V. Jasra
using UV-Vis February 17, 2008
spectroscopy and
partial least-square
regression

111 | Fe*’-Zn* double metal | Poster presentation in | Applied Chemistry | Mallikarjun V. Patil,
cyanide solid catalysts | 5" All Gujarat Department, Raksh V. Jasra
for Prins condensation | Research Scholars M.S. University, (Awarded

Meet, Vadodara Second Prize)
February 17, 2008

112 | Rhodium metal Poster presentation in | Applied Chemistry | Sumeet K. Sharma,
complex and 5" All Gujarat Department, Vivek K. Srivastava,
hydrotalcite based Research Scholars M.S. University, Ram S. Shukla,
environment-friendly | Meet, Vadodara Raksh V. Jasra
catalyst system for February 17, 2008
the selective synthesis
of C, aldehydes from
propylene

113 | Synthesis and Poster presentation in | Applied Chemistry | Sudheesh N.,
characterization of 5" All Gujarat Department, Sumeet K. Sharma,
novel heterogeneous | Research Scholars M.S. University, Ram S. Shukla,
HRhCO(PPH,), — Meet, Vadodara Raksh V. Jasra.
HMS catalyst for February 17, 2008
hydroformylation of
alkenes

114 | Rhodium complex Poster presentation in | Applied Chemistry | Munir D. Khokhar,
encapsulated in the 5" All Gujarat Department, Ram S. Shukla,
pores of hexagonal Research Scholars M.S. University, Raksh V. Jasra
modified silica for Meet, Vadodara

selective
hydroformylation of
styrene

February 17, 2008
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115 | A molecular modeling | Poster presentation in | Applied Chemistry | Renjith S. Pillai,

study of water 5" All Gujarat Department, Raksh V. Jasra
adsorption on Research Scholars M.S. University,

AIPO,-5 and AIPO,-11 | Meet, Vadodara

February 17, 2008
116 | Immobilization of Poster presentation in | Applied Chemistry | K. Kannan,

alkaline serine 5" All Gujarat Department, Raksh V. Jasra
endopeptidase from Research Scholars M.S. University,

bacillus licheniformis | Meet, Vadodara

on SBA-15 and MCF | February 17, 2008
by surface covalent

binding

117 | Hydroformylation Poster presentation in | Applied chemistry | Aasif A. Dabbawala,
of higher olefins 5" All Gujarat Department, Dharmesh U. Parmar,
catalyzed by Research Scholars M.S. University, Hari C. Bajaj,
CoCL(TPPTS), Meet, Vadodara Raksh V. Jasra

using surfactant in a February 17, 2008
biphasic medium

118 | Synthesis of tetragonal | Poster presentation in | Applied Chemistry | Basha Shaik,

zirconia by cation 5" All Gujarat Department, Beena Tyagi,
dopants using Research Scholars M.S. University, R.V. Jasra
sol-gel and Meet, Vadodara
precipitation February 17, 2008
techniques

119 | Self-disproportionation| Poster presentation in | IMMT, Vishal J. Mayani,
of chiral molecules on | CATWORKSHOP- Bhubaneswar S.H.R. Abdi,
totally a chiral M41S | 2008, R.I. Kureshy,
and silica gel based February 18-21, 2008 N.H. Khan,
stationary phase Santosh Agrawal,
chromatography R.V. Jasra

120 | Immobilization of Poster presentation Kottayam, India K. Pathak,
chiral BINOL on in International S. Agrawal,
meso-porous Conference on I. Ahmad,
silica- SBA-15 and Advanced Materials, S.H.R. Abdi,
MCEF and their use February 18-21, 2008 R.I. Kureshy,
in Ti-catalyzed N.H. Khan,
asymmetric addition R.V. Jasra.
of diethylzinc to

aldehydes
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121 | Indigenous water National Conference | Lucknow University,| A.V.R. Reddy
purification on Safe and Affordable| Lucknow
technologies at Technologies for
CSMCRI Household Water
Purification and their
Management,
June 28-29, 2007
122 | Membrane National Seminar on Ahmedabad S.L. Daga,
desalination Crisis in Water S.V. Joshi,
as an option for Supply for Drinking A.V.R. Reddy,
providing safe and Domestic Use in A.P. Rao,
drinking water in coastal India, J.J. Trivedi,
coastal areas August 9-10, 2007 N. Pathak
K. Eswaran,
P. K. Ghosh
123 | Membrane Green chemistry NIPER, Chandigarh | A. Prakash Rao
separation-green workshop,
chemistry process September 3-4, 2007
for water purification
and desalination
124 | Characterization of 10th International Bangalore, India P. S. Singh,
physical structure of | Conference on V. K. Aswal
silica nano-particles Advanced Materials,
encapsulated in October 7-10, 2007
polymeric structure of
polyamide
nano-composite films
125 | Simple and Workshop on Research | Dept. of Drinking A. P.Rao
cost-effective & Development in Water Supply,
indigenous Rural Water Supply New Delhi
technologies for and Sanitation,
providing safe December 7-8, 2007
drinking water to
the rural people
126 | Photo-modification 9th DST sponsored M.D. University, Yogesh,

of membranes,
preparation,
characterization and
their performances
studies

national workshop on
immobilized enzyme
technology for sensors,
(2007)

Rohtak

A. Bhattacharya
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127 | Lipase immobilized on| Poster presentation in | Applied Chemistry | Renjith S. Pillai,
asymmetric 5" All Gujarat Department, Raksh V. Jasra
polysulfone and Research Scholars M.S. University,
polyether sulfone Meet, Vadodara
membranes: February 17, 2008
Characterization and
performances in olive
oil hydrolysis
128 | Immobilization of 44" Annual M. G. Institute of | S. Javiya, K. Singh,
alkaline serine convention of Applied Sciences, | A. Bhattacharya
endopeptidase from Chemists, Jaipur
bacillus licheniformis | (2007)
on SBA-15 and MCF
by surface covalent
binding
129 | Studies on Advances and Indian Institute of | S. Gupta, S. Javiya,
immobilization of Strategies in Toxicology K. Singh,
lipase from candida Biotechnology: Research, C.S. Pundir,
cylindracea on A global Perspective, | Lucknow A. Bhattacharya
asymmetric polymeric | 5Sth Annual conference
membranes of Biotechnology
Society of India,
(2007)
130 | Desalination and Indo-French Seminar | Ahmedabad A.V.R. Reddy
water purification for | on Water,
providing clean January 29-31, 2008
drinking water for
common man:
CSMCRI's experience
131 | Polysulphone ultra International Indian Institute Of | J.M. Gohil,
filtration membranes | conference on Technology and A. Bhattacharya,
using PVA solution as | Advances in Polymer | India Habitat P. Ray
gelling medium: Science and Centre,
Preparation and Technology, New Delhi
performance evaluation| January 28-31, 2008
132 | Preparation and use International Indian Institute of | G. Sakaram,
of nanofiltration conference on Technology and H. Brahmbhatt,
membranes in Advances in Polymer | India Habitat P. Ray

desalting of amino
acids

Science and
Technology,
January 28-31, 2008

Centre, New Delhi
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133 | Separation of Rose Asian Polymer IIT, New Delhi Yoges,
pigments through Association A. Bhattacharya
photo-modified International
membranes: a novel Conference on
approach Advances in Polymer
Science & Technology,
2008
134 | Lipase immobilization | 9" DST sponsored M.D. University, S. Gupta, K. Singh,
on asymmetric national workshop on | Rohtak C. S. Pundir,
membranes for olive | immobilized enzyme A. Bhattacharya
oil hydrolysis technology for sensors
135 | Probing polymer International Mumbeai, India P. S. Singh,
nanocomposite Symposium on VK. Aswal
morphology by small | Neutron Scattering,
angle neutron January 15-18, 2008
scattering
136 | Lipase immobilized 8" International CGCRI, Kolkata S. Gupta, S. Javiya,
bio - catalytic conference on catalysis K. Singh,
membrane for in membrane reactors C.S. Pundir,
modifying oils and fats A. Bhattacharya
137 | Synthesis of APA International Delhi, India G. L. Jadav,
silica-polyamide Conference H. Brahmbhatt,
nano-composite (Advances In Polymer S. Gothwal,
membrane of silica Science & P. S. Singh
nano-particles and Technology),
m-phenylene Jan. 28-31, 2008
diamine - trimesoyl
chloride based
polyamide
138 | Transport properties of | International Mumbali, India P.S. Singh,
water adsorbed in symposium on V.K. Sharma,
nonporous polyamide | Neutrn Scattering, S. Gautam,
RO membranes Jan. 15-18, 2008 R. Mukhopadhyay
139 | POU/POE technique | 95" Session of Indian | Vishakhapatnam P.S. Anand,
for removing arsenic | Science Congress, K.M. Popat,

species from ground
water at Maslandapur-
Ghoshpur villages of
24-Parganas(N) in
West Bengal

January 3-7, 2008

D. Gangadharan
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140 | Development of 8th Water Asia New Delhi S.K. Thampy,
domestic conference, B.S. Makwana
electrodialysis September, 2007
desalination unit
141 | Biopolymer's from International BITS Pilani Anupama Shrivastav,
alkaliphilic Spirulina | Symposium on Sanjiv K. Mishra,
spp. under salinity Applied Phycology Sandhya Mishra.
stress condition and Environmental
Biotechnology
(ISAPEB), BITS,
Pilani,
October 28-30, 2007
142 | A new approach to International Seminar | Assam K. Prasad,
functionalize agar and | on “Frontiers in Administrative R. Meena,
k-carrageenan based | Polymer Science and Staff college, A K. Siddhanta
thin films with Technology Khanapara,
improved barrier (POLY-2007), Guwahati,
properties November 1-3, 2007 | Assam, India
143 | Synthesis and Annual Convention of | Mahatma Gandhi | Gayatri Prasad,
characterization of Chemists, by Indian Institute of Applied | R. Meena,
PVP pendant seaweed | Chemical Society, Sciences, Jaipur K. Prasad,
polysaccharide December 23-27, 2007 A K. Siddhanta
hydrogel
144 | Polyacrylonitrile-graft-| Annual Convention of | Mahatma Gandhi | Mahesh Chhatbar,
Agar/sodium alginate, | Chemists, organized Institute of Applied | R. Meena,
a robust hydrogel by Indian Chemical Sciences, Jaipur K. Prasad,
system Society, A K. Siddhanta
December 23-27, 2007
145 | Chemical XXII Gujarat Science | Bhavnagar Sanjay Kumar,
characteristics of Congress, University, A K. Siddhanta
Indian seaweed March 8, 2008 Bhavnagar
polysaccharides
146 | Chemical modification | XXII Gujarat Science | Bhavnagar Gaurav K. Mehta,
of Indian seaweed Congress, University, K. Prasad,
polysaccharides March 8, 2008 Bhavnagar R. Meena,
A K. Siddhanta
147 | A poster entitled XXII Gujarat Science | Bhavnagar Mahesh Chhatbar,
“Isolation and Congress, University, R. Meena,
characterization of March 8, 2008 Bhavnagar K. Prasad,

alginate from Indian
brown seaweeds”

A. K. Siddhanta
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148 | Purification and “XXIInd Gujarat Bhavnagar Yasmin Khambhaty,
characterization of Science Congress”, University, K.H. Mody,
K -carrageenase from | March 9, 2008 Bhavnagar B. Jha
a marine
Pseudomonas elongata
149 | Characterization of XXII Gujarat Science | Bhavnagar Anupama Shrivastav,
polyhydroxyalkanoate | Congress, Bhavnagar Sanjiv K. Mishra,
(PHA) produced by University, Bhavnagar, Sandhya Mishra,
Spirulina spp.. March 9, 2008 B. Jha
150 | From wasteland to Biodiesel Forum, Jakarta, Indonesia M.R. Gandhi,
biodiesel in June 27, 2007 P.K. Ghosh,
automobiles J.S. Patolia,
Arup Ghosh,
D.R. Chaudhary,
M.P. Reddy,
S.N. Rao,
J. Chikara,
S. Mishra,
Adimurthy,
N. Vaghela,
A.R Prakash,
S.C. Upadhyay,
V. Balakrishnan
151 | Role of Jatropha National Conference Andhra University, | D.R. Chaudhary,
plantations on on: global temperature | Visakhapatnam, Arup Ghosh,
wasteland towards rise: An Indian effort Andhra Pradesh J. Chikara,
sequestration of towards mitigation of M.P. Reddy,
carbon dioxide carbon dioxide J.S. Patolia
emissions — A brain
storming session,
September 21-22, 2007
152 | Characterization of Annual convention of | Birsa Agricultural | D. R. Chaudhary,
salt affected coastal Indian Society of Soil | University, Ranchi, | Arup Ghosh,
soils of Paradip, Orissa| Science, Jharkhand Girish N. Boricha
November 2-5, 2007
153 | RAPD and AFLP International Rajasthan College | D.V.N. Sudheer
markers for Symposium on of Agriculture, Pamidimarri,
differentiation and Organic Farming and | Udaipur, Rajasthan | M.P. Reddy

identification of toxic
and nontoxic varieties
of Jatropha curcas L

Renewable Sources
of Energy for
Sustainable
Agriculture,
November 19-21, 2007
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154 | Preliminary International Rajasthan College | C.H.R. Prakash,
investigations on Symposium on of Agriculture, R.P. Aruna,
identification of elite | Organic Farming Udaipur, Rajasthan | M.P. Reddy
planting material for | and Renewable
large scale cultivation | Sources of Energy
of Jatropha curcas L. | for Sustainable
Agriculture,
November 19-21, 2007
155 | Differential response | International Rajasthan College | Nitish Kumar,
of calli and seedlings | Symposium on of Agriculture, D.V.N. Sudheer
of Jatropha curcas Organic Farming and | Udaipur, Rajasthan | Pamidimarri,
L. to salinity stress Renewable Sources of Meenakshi Kaur,
Energy for Sustainable Girish Boricha,
Agriculture, Muppala P. Reddy
November 19-21, 2007
156 | In vitro studies on International Rajasthan College | Nitish Kumar,
Jatropha curcas: Symposium on of Agriculture, D.V.N. Sudheer
Effect of Ca™ ions on | Organic Farming Udaipur, Rajasthan | Pamidimarri,
auxiliary shoot &Renewable Sources Meenakshi Kaur,
proliferation of Energy for Girish Boricha,
Sustainable Agriculture, Muppala P. Reddy
November 19-21, 2007
157 | “Poshtikta Se Bharpur | Seminar on Natural CIMAP, Lucknow | M.P. Reddy,
Vanaspatik Namak” Products, Aruna R. Prakash,
November 29-30, 2007. J.S. Patolia,
K.H. Mody,
P. K. Ghosh
158 | Flow cytometry studies| National Symposium on| Mohanlal Sukhadia | C.R. Prakash,
on ploidy and genome | “Plant Biotechnology | University, R.P. Aruna,
size of intact plants for Conservation, Udaipur, Rajasthan | J. Chikara,
and in vitro Characterization M.P. Reddy

regenerating tissues of
Jatropha curcas L

and Crop improvement”
February 8-10, 2008
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5. Inter Agency Linkages

2006 - 07
A. Grant-In-Aid Projects

Sr.

Amount received

Research project for development of Bio Diesel/Bio-
mass index

Extension Bureau,
Gandhinagar

No Title of the project Funding agency (Rs. In lac.)
l.| Development of novel sensing molecules and DST, 3.00
immobilization of the chemo sensors on to the surface New Delhi
comparative studies in solution state and bound state
2.| Pesticides removal from water using nano filtration/ | Natural Product & -
reverse osmosis membranes, preparation, | Water Resources
characterization and performance Area, Sweden
3.| Development of organic/inorganic composite proton DST, 2.50
exchange membrane for fuel cell applications New Delhi
4.| Fluorescent molecular sensors. Design, synthesis and DST, ' 3.00
cation recognition study New Delhi
5.| Studies on electron/energy transfer in multi component | Dept. of Atomic 2.70
donor acceptor systems derived from photoactive Energy, Pay &
Ru(II)-Trisbipyridly or porphyrin derivatives Accounts Office
Mumbai
6.| One step hydroxylation of benzene to phenol over DST, 3.00
transition metal containing hydrotalcites and their New Delhi
modified forms
7.| Synthesis of chiral hydrocyanins cyclic intermediates DST, 6.00
for industrially important bio-active compounds through New Delhi
chiral catalytic route
8.| Theoretical investigations of adsorption of additives DST, 2.50
onto the crystal surface of sodium chloride and on other New Delhi
alkyl halides
9.| Gelling out oil from a complex mixture using low Mir.liStrY of 2.00
molecular mass organic gelator. Towards containing oil Environment
spill, an environmental hazard & Forests,
New Delhi
10. | Genetic improvement of Jatropha curcas for adaptability - -
and oil yield
11. Industrial 5.00
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Amount received

No Title of the project Funding agency (Rs. In lac.)
12.| Centre of excellence for marine biotechnology Gujarat State 18.79
Biotechnology
Mission,
Gandhinagar
13.| Installation of community managed reverse osmosis DST, -
pilot plant for treatment of brackish/saline/hard water to New Delhi
provide safe drinking water
14.| Installation of community managed reverse osmosis DST, ‘ 714
pilot plant for treatment of brackish/saline/hard water to New Delhi
provide safe drinking water
15.] Photo-regulation of permeability across the membrane: | Dept. of Atomic -
Preparation, characterization and separation study Energy, Pay &
Accounts Office,
Mumbai
16.| Hydrophilic modified membranes for charge and size DBT, B,
based peptides / proteins separation under coupled New Delhi
driving forces
17.1 Sensors for fluoride, calcium and magnesium ions DST, 3.00
New Delhi
18.| Development of technology system for river water DST, - -
purification using MF/RO membrane for drinking water New Delhi
supply to Ghuni and Chakpatli, Hasnabad Block, West
Bengal"
19.1 Molecular polymorphism among different strains of DST, ‘ -
Dunaliella (Chlorophyeeae; chlamydomonadales) New Delhi
20.| Design, synthesis, characterization of single and double DST, -
stranded metallohelicates and molecular thread: A chiro- New Delhi
optical device for chiral recognition
21.| Supramolecular synthesis and characterization of DST, ' -
coordination polymers, from structural framework of New Delhi
functional framework
22.| Micropropagation and selection of improved germplasm DST, . 3.11
for cultivation of Gracilaria dura ( C. Agardh) J. Agardh New Delhi
producing quality agar/agarose for high and application
23.| Synthesis of bulk and nano structured magnesium oxide DST, 12.42
New Delhi

using natural brine/bittern as precursor:
Characterization and comparative studies on surface
morphology and chemical reactivity
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Sr.

Amount received

No Title of the project Funding agency (Rs. In lac)

24.| Structural property correlation studies of gelling DST, 7.38
biopolymer agar in aqueous media New Delhi

25.| Development of membrane bio-reactor for the synthesis DST, 23.77
of structured lipids from groundnut oil and long chain New Delhi
polyunsaturated fatty acid by inter-esterification using
lipase immobilized on membrane

26.| Pores and channels by assembly of cyclic peptides, DST, 1.10
design, molecular, modeling and synthesis New Delhi

27.| Installation of community managed 4000 LPH RO water DST, 38.44
purification plants for drinking water treatment at New Delhi
Rajampet Kadapa district and Kosur, Krishna district of
A.P.

28.| New synthesis and characterization of chiral inorganic DST, 17.94
metal complexes as active catalysis for enanio-selective New Delhi
synthesis of chiral f-amino alcohols via epoxide-ring
opening reaction

29.| Cloning and characterization of genes encoding Na'/H" DST, 19.13
antiporter and SOS-1 like protein from Salicornia New Delhi
brachiata.

30.| Synthesis of “nano-structured polymer composite” DST, 19.85
Pervaporation membrane: Characterization of physico- New Delhi
chemical properties and studies on the separation
properties for volatile organic compounds (VOCs)
removal from water

31.| Intergeneric protoplast fusion and molecular DST, 19.37
characterization of somatic hybrids of agarophytes New Delhi

32.| Synthesis of carbohydrate based natural surfactants and DST, 17.52
evaluation of their performance New Delhi

33.| Non-hazardous brominations with bromide/bromate DST, 15.98
couple obtained as intermediate of recovery plants: New Delhi
Exploratory studies on diverse applications

34.| Installation and commissioning of desalination plants Ministry of 27.00

Water Resources,
Faridabad

35.| Improving quality of salt produced by marginal agarias Industries 85.00

at Maliya and improving their income through bittern | Commissionerate,

value addition

Gandhinagar




S

B. Collaborative Projects

Sr.
No

Title of the project

Funding agency

Amount received
(Rs. In lac.)

1.

Development of seaweed polysaccharide based soft
gelatin capsule material

Strides Arcolab
Ltd.,
Bangalore

Development of adsorbents for the recovery of CO, from
power plant flue gas

Gujarat Narmada
Valley Fertilizers
Company Ltd.,
Bharuch

16.83

To prepare bio-diesel from Jatropha seeds of different
origin and carry out performance evaluation by various
users

M/s. Diamler
Chysler India
Pvt. Ltd., Pune

RSMML, Udaipur

Mabhindra &
Mabhindra, Nasik

Austrian Biofuel
Institute, Austria

9.82

Exploring catalytic routes for some specific reactions

Cadila
Pharmaceuticals
Ltd., Ahmedabad

Development of solvent resistance membrane for
separation of solvent from de-waxed oil

Indian Oil
Corporation
Ltd., Haryana

Chennai Petroleum
Corporation Ltd.,
Chennai

Biofuel from eroded soil in India (Germany)

M/s. Diamler
Chysler,
Germany

Establishment of model salt farm at Ganjam in Orissa

Office of the
Superintendent of
Salt, Ganjam,
Orissa

5.33

Feasibility studies on the development of carrageenan
based hard capsule material

Intas

Biopharmaceuticals
Ltd., Ahmedabad

2.69
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C. Sponsored Research Projects

unit designed by CSMCRI, Bhavnagar

Management
Institute, Anand

Sr. Title of the project Funding agency | Amount received
No (Rs. In lac.)
L. Development of ultra pure water from tap water Infusil India -
Pvt. Ltd.,
Banglore
2.| Preparation of chemical hydride based hydrogen storage | Korea Institute of 9.19
sorbets Energy Research,
Taejon
3.| Interlaboratory project for development of cost effective In'stitute of }
macro-porous ion exchange resins for improved Himalayan
stevioside recovery from stevia plant extract Bioresource
Technology,
Palampur
4. Supply of RO plants of different capacities to various | RSMML, CEERI, 71.21
parties Neha Global,
Social Work &
Research
Center etc.
5.| Reliance project on polyolefin NCL, Pune ,
6.| To provide method for removal of moisture from M’s. Tata 875
bromine and design of commercial unit for the same Chemicals
Ltd., Mithapur
7.| Separation of sodium formate from the mixture of | ~M/s. Kanoria i
pentaerythritol and sodium formate by electrodialysis- Chemicals &
using inter-polymer ion-exchange membrane Industries Ltd.,
Ankleshwar
8.| Know-how demonstration for various technologies | N M S Pharma, 12.47
transferred by CSMCRI to entrepreneur on charge basis Pepsico India
Holding Ltd.,
Eco Organics etc.
9.| Exploratory work on brominating reagent and Cherpcqn 1.00
manufacture of para nitro benzyl bromide thereof Speciality
Chemicals
Pvt. Ltd., Mumbai
10. | To test activated alumina in a defluoridation domestic | International Water 0.16
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Exploratory studies on the recovery of urea-base
material from leached runoff of wax pattern for reuse by
integrated/non-integrated membrane, solar and thermal
processes

Precision casting
Ltd., Bhavnagar

e Title of the project Funding agency | Amount received
No (Rs. In lac.)
11.| Exploratory study to develop suitable method for | Zed Brigh.t Bars 0.44
treatment of acidic effluent Manufacturing Co.,
Bhavnagar
12.| Exploratory work for separation of menthol and Ego-organic, 0.60
isomenthol Rampur.UP
13.| Preparation of Synthetic hydrotalcite - Halogen Honeywell 0.10
scavenger grade International
Pvt. Ltd., Haryana
14. Investment & 1.00
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D. Consultancy Projects

Sr.

Amount received

settingup a20 MLD desalination facility at Naguar

No Title of the project Funding agency (Rs. In lac.)
.| Environmental Audit Ambuja Ltd. 3.09
Hindalco 4.00
Industries Ltd.
GEB-Kutch -
TATA Ltd. 1.16
Veraval 2.41
Industries Ltd.
M/s Indian Rayon, 1.33
Veraval
Perfect Enviro -
Control System
Pvt. Ltd.
Atul Ltd. 1.27
R.L. Kalthia -
2.| Environmental Audit Ultratech Cement 1.17
Ltd.
Birla Copper 7.86
Gujarat Maritime 4.95
J H Kharawala 5.25
Pvt. Ltd.
Eco-Aqua 8.84
Infrastructure Ltd.
3.| Todine estimation kit Unicef, New Delhi 7.39
4.| To provide Jatropha plantation based on CSMCRI Phoenix 0.06
experience Enterprise UK Ltd.
5.| Preparation for pre-feasibility report on process for M/s. Indian 0.58
manufacturing SOP and Magnesia in Greater Rann of Potash Ltd.
Kutch
6.| Study on export potential of salt from Gujarat Price Water House 2.62
7.| Work order of providing consultancy services in IL&FS 2.83
Jatropha cultivation Ecosmart Ltd.
8.| Appointment of CSMCRI as advisor/consultant for RSMML 4.68
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2007 - 08
A. Grant-In-Aid Projects

Sr.

Amount received

Dunaliella (Chlorophyceae; chlamydomonadales)

No Title of the project Funding agency (Rs. In lac.)
.| Fluorescent molecular sensors design, synthesis and DST, 15.00
cation recognition study New Delhi
2.| One step hydroxylation of benzene to phenol over DST, _ 16.83
transition metal containing hydrotalcites and their New Delhi
modified forms
3.| Synthesis of chiral hydrocyanins cyclic intermediates DST, . 16.00
for industrially important bio-active compounds through New Delhi
chiral catalytic route
4.| Theoretical Investigations of adsorption of additives DST, ‘ 11.00
onto the crystal surface of sodium chloride and on other New Delhi
alkyl halides
5.| Improved process based on membrane for the recovery DST, _ 12.00
of'acid and organic compound from the reaction mixture New Delhi
6. | Installation of community managed reverse osmosis DST, ' 18.13
pilot plant for treatment of brackish/saline/hard water to New Delhi
provide safe drinking water
7.| Photo-regulation of permeability across the membrane: | Dept. of Atomic 8.28
Preparation, characterization and separation study Energy, Pay &
Accounts Office,
Mumbai
8.| Hydrophilic modified membranes for charge and size DBT, 533
based peptides / proteins separation under coupled New Delhi
driving forces
9.| Centre of excellence for marine biotechnology Gujarat State 89.50
Biotechnology
Mission,
Gandhinagar
10. | Sensors for fluoride, calcium and magnesium ions DST, 12.0
New Delhi
I1.| Development of technology system for river water DST, _ 40.00
purification using MF/RO membrane for drinking water New Delhi
supply to Ghuni and Chakpatli, Hasnadad Block, West
Bengal"
12.| Molecular polymorphism among different strains of DST, 4.25
New Delhi
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Sr.

Amount received

No Title of the project Funding agency (Rs. In lac)

13.| Design, synthesis, characterization of single and double DST, 7.38
stranded metallohelicates and molecular thread: A chiro- New Delhi
optical device for chiral recognition

14.| Supramolecular synthesis and characterization of DST, 4.00
coordination polymers: From structural framework to New Delhi
functional framework

15.| Genetic improvement of Jatropha curcas for TNBD, CSIR, 30.80
adaptability and oil yield New Delhi

16.| Micro-propagation and seclection of improved DBT, 3.11
germplasm for cultivation of Gracilaria dura New Delhi
(C. Agardh) J. Agardh producing quality agar/ agarose
for high and applications

17.| Synthesis of bulk and nano structured magnesium oxide DST, 6.50
using natural brine/bittern as precursor: New Delhi
Characterization and comparative studies on surface
morphology and chemical reactivity

18.| Structural property correlation studies of gelling DST, 2.50
biopolymer agar in aqueous media New Delhi

19. | Development of membrane bio-reactor for the synthesis DBT, 10.71
of structured lipids from groundnut oil and long chain New Delhi
polyunsaturated fatty acid by inter esterification using
lipase immobilized on membrane

20.| Pores and channels by assembly of cyclic peptides, DST, 0.75
design, molecular, modeling and synthesis New Delhi

21.| Installation of community managed 4000 LPH RO water DST, 24.00
purification plants for drinking water treatment at New Delhi
Rajampet Kadapa district and Kosur, Krishna district of
A.P.

22.| New synthesis and characterization of chiral inorganic DST, 6.00
metal complexes as active catalysts for enantio-selective New Delhi
synthesis of chiral f-amino alcohols via epoxide-ring
opening reaction

23.| Cloning and Characterization of genes encoding Na'/H" DST, 10.00
antiporter and SOS-1 like protein from Salicornia New Delhi
brachiata

24.| Synthesis of “nano-structured polymer composite” DST, 10.00
Pervaporation membrane: Characterization of physico- New Delhi

chemical properties and studies on the separation
properties for volatile organic compounds (VOCs)
removal from water
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Amount received

No Title of the project Funding agency (Rs. In lac.)

25.| Intergeneric protoplast fusion and molecular DST, _ 10.00
characterization of somatic hybrids of agarophytes New Delhi

26.| Synthesis of carbohydrate based natural surfactants and DST, 11.50
evaluation of their performance New Delhi

27.| Non-hazardous bromination with bromide/bromate DST, ‘ 4.00
couple obtained as intermediate of recovery plants: New Delhi
Exploratory studies on diverse applications

28.| Training on seaweed cultivation to fisher women in .Na‘Fiona! 1.50
Mandapam region Biodiversity

Authority, Chennai

29.| Studies on bioaccumulation / biosorption of heavy Ministry of 2.99

metals by marine algae of Gujarat coast Earth Science,
New Delhi

30.| Sea water RO desalination plant 6000 IPH capacity DST, _ 25.00
using hollow fibre module for pretreatment New Delhi

31.| Utilization of distiller waste (Aqueous CaCl,/NaCl) of Minigtry of 22.25
soda ash industry for production of muriate of potash Chen}lf:als &
from bittern generated as by-product of salt industry Fertilizer Ss

New Delhi

32. Design, synthesis and characterization of metal organic DST, ' 6.00
framework with rectangular topology and their New Delhi
application

33.| Acetylcholinesterase (AChE) Inhibitors: The neurotoxic Depaﬁment of 7.03
phosphotriesterase substrates and related nerve | Atomic Engrgy,
reagents-conformation, dynamics, hydrolysis and the Mumbai
therapeutic pharmacophores

34.| Development of enantio-selective polymer membrane DST, 280
for optical resolution of chiral compounds New Delhi

35.| Study of DREB and MYC/MYB transcription factors DST, . 4.00
from Salicornia brachiata for abiotic stress tolerance in New Delhi
plants

36.| Installation of RO membrane based hybrid plant in DST, 10.00
Andhra Pradesh for treatment of water containing excess New Delhi
fluorides: A solution for the production of pure drinking
water with safe concentrate disposal

37.| Disinfection of river/pond/ground waters by novel Ministry of 1.27

disinfecting polymers

Environment &
Forests, New Delhi
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Sr.

Amount received

No Title of the project Funding agency (Rs. In lac.)
38.| Two dimensional sheets and interlayers of hydrotalcite- Ministry of 2.85
like materials: Potential scope for environmental | Environment &
remediation Forests, New Delhi
39.| Effective removal of arsenic from ground water Ministry of 10.00
covering Maslandpur — Ghoshpur blocks of 24 — | Environment &
Paraganas (N) (II — Phase) By Ion — specific adsorbents |Forests, New Delhi
carrying sorbed ferric hydroxide
40.| Development of bipolar membrane technology for water Ministry of 1.70
purification and salt recovery as their corresponding acid | Environment &
and base from industrial effluent Forests, New Delhi
41.| Studies on the dynamics of the electron/energy transfer | Dept. of Atomic 12.64
in multicomponent Ru(Il)-trisbipyridyl or porphyrin Energy,
derivatives and interfacial electron transfer Mumbai
42.| Development of radiation-induced grafted composite | Dept. of Atomic 5.96
polyelectrolyte membrane for fuel cell and electro- Energy,
membrane application Mumbai
43.| To undertake a study on seaweeds diversity, abundance, | Gulf of Mannar 1.53
productivity/harvest and associate habitats, and their | Biosphere Reserve
conservation & sustainable present use & harvest pattern Trust,
in GOMBR/GOMNP area Ramanathapuram
B. Collaborative Projects
;‘; Title of the project Funding agency A“(‘;‘:’;ﬁ;s;ed
1. | Establishment of model salt farm at Ganjam in Orissa Office of the 211
Superintendent of
Salt, Ganjam, Orissa
2.| Feasibility studies on the development of carrageenan Intas -
based hard capsule material Biopharmaceuticals
Ltd., Ahmedabad
3.| Development of seaweed polysaccharide based soft Strides -
gelatin capsule material Arcolab Ltd.,
Bangalore
4.| Development of adsorbents for the recovery of CO, | Gujarat Narmada -
from power plant flue gas Valley Fertilizers
Company Ltd.,
Bharuch
5.| To prepare bio-diesel from Jatropha seeds of different Rolling Project 21.248

origin and carry out performance evaluation by
various users
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Sr. Title of the project Funding agency | Amount received
No (Rs. In lac.)
6.| Development of solvent resistance membrane for Indian Oil -
separation of solvent from de-waxed oil Corporation Ltd.,
Haryana
Chennai Petroleum -
Corporation Ltd.,
Chennai
7.| Development of adsorbents for the recovery of CO, NTPC, 11.38
from power plant flue gas Noida (UP)
8. Biofuel from eroded soil in India (Germany) Various parties 77.144
9.| Installation & commissioning of 1KL/day integrated 'DRDO, 110.35
bio-diesel plant at MG Secunderabad Pithoragarh,
Uttaranchal
10.| Study on storage of natural gas using nano-materials in Society for 25.00
collaboration with IISc in order to evaluate the Innovation &
theoretical study carried out in the project Development,
Bangalore
C. Sponsored Projects
Sr. Title of the project Funding agency | Amount received
No (Rs. In lac.)
.| Exploratory studies on the recovery of urea-based | Investment & 0.60
material from leached runoff of wax pattern for reuse by Precision
integrated/non-integrated membrane, solar and thermal Casting Ltd.,
processes Bhavnagar
2.| To provide method for removal of moisture from M/s. Tata 2.00
bromine and design of commercial unit for the same Chemicals Ltd.,
Mithapur
3.| Separation of sodium formate from the mixture of | M/s. Kanoria -
pentaerythritol and sodium formate by electrodialysis — Chemicals
using inter-polymer ion-exchange membrane & Industries Ltd.,
Ankleshwar
4.| Exploratory study to develop suitable method for | Zed Bright Bars 0.30
treatment of acidic effluent Manufacturing
Co., Bhavnagar
5.| Development of macro-porous ion exchangers for Institute of -

improved stevioside recovery from Stevia plant extract

Himalayan

Bioresource

Technology,
Palampur
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Sr.

Amount received

starting with fluoro-gypsum

International (I)
Pvt. Ltd., Gurgaon

No Title of the project Funding agency (Rs. In lac.)
6.| Development of cleaning method for contaminated | Shriram Vinyl & 4.877
membranes for chlor- alkali cell Chemical Industries,
Rajasthan
7.| Feasibility studies on concentration of aqueous acetic M/s. Reliance 4.43
acid solution from PTA-RIL plant effluent by RO & ED | Industries Ltd.,
techniques Surat
8.| To study proof of concept for the merseberg process Honeywell 3.54

D. Consultancy Projects

Work order of providing consultancy services in
Jatropha cultivation

Ltd., New Delhi

;‘; Title of the project Funding agency A“Zﬁ‘:’;;‘l’;ig'ed
.| Environmental Audit Ambuja Ltd. 0.22
Ambujanagar
Hindalco 8.79
Industries Ltd.
M/s Indian Rayon, 2.59
Veraval
Atul Ltd. 0.15
2.| Marine environmental monitoring work J H Kharawala 6.89
Pvt. Ltd.
Bharuch Eco-Aqua 6.12
Infrastructure Ltd.
M/s. Cargil India 1.04
Pvt. Ltd., Kutch
Indian Rayon, 10.84
Veraval
Gujarat 0.133
Construction Ltd.,
Ahmedabad
Cambay Chem 1.00
Ltd., Ahmedabad
3.| Appointment of CSMCRI as advisor/consultant for | Rajasthan State 0.103
setting up a 20 MLD desalination facility at Nagaur, Mines and
Rajasthan Minerals, Udaipur
4. IL&FS Ecosmart -
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p 7' CSIR NN

Sr. Title of the project Funding agency | Amount received
No (Rs. In lac.)
5.| Todine estimation kit UNICEF, 0.597
New Delhi
The Micronutrient 1.00
Initiative,
New Delhi
6. Feasibility study for manufacture of potassium chloride Uni\{ersal 2.66
from sea bittern in and around of Dahej Chemicals &
Industries Pvt.
Ltd., Mumbai
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6. Human Resources Development

1. Training Programmes Attended by CSMCRI Staff

Sr.

N Title of the programme Organizer Date Name of the staff
0
1. | Interactive programme for HRDC, June 28-29, 2006 | Sanjiv K. Mishra
DFAs, COFAs & FAOs Ghaziabad CSIR
2. | Induction training programme HRDC, Dec. 19, 2005 to | Shrikant Sharma
(ITP) for Asst.(Gr) Ghaziabad CSIR | Jan. 6, 2006
3.| Research methodology & HRDC, July 18-21, 2006 | M.R. Gandhi,
statistical methods Ghaziabad CSIR N.K. Vaghela,
H.D. Raval
4.| Training programme on HRDC, Sept. 20-21, 2006 | R.K. Kashyap
service jurisprudence Ghaziabad CSIR
5.| Training programme on HRDC, Oct. 5-7, 2006 J.R. Chunawala
Right to Information Act, 2005 Ghaziabad CSIR
6.| Good laboratory practice & HRDC, Aug. 30-31, 2006 | D.B. Shukla,
regulatory issues Ghaziabad CSIR Rambabu
7.| Good laboratory practice & HRDC, Aug. 31 to Amitava Das,
regulatory issues Ghaziabad CSIR | Sept. 1, 2006 R.S. Somani
8.| Training programme on vigilance | HRDC, Oct.16-18, 2006 | Y- Ramakrishna
and related issues Ghaziabad CSIR
9.| Training programme on HRDC, Nov. 6-8, 2006 C. Badarinath
material management Ghaziabad CSIR
10.| Workshop on strategic IP IPMD, CSIR Nov. 18-19, 2006 | D.B. Shukla
management cum [P New Delhi
coordinator meet
11.| 2 day conclave of the Controller | HRDC, Dec. 1-2, 2006 Baljeet Singh
of Finance & Accounts and Ghaziabad CSIR
Finance & Accounts Officers
12.| Training programme for HRDC, Feb. 19-22,2007 | Y.R. Trivedi
Assistant (G) Ghaziabad CSIR
13.| Fourth technology led CLRI, Feb. 12 to Sanjiv K. Mishra
entrepreneurship programme Chennai CSIR Mar. 11, 2007
14.| Training programme on HRDC, Mar. 5-8, 2007 Baljeet Singh,
works and services Ghaziabad CSIR Kumar Rahul,
B.L. Raval,
M.V. Gopal,

L.M. Kachadia
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ir. Title of the programme Organizer Date Name of the staff
0
15.| Workshop on development of HRDC, Mar. 12-16, 2007 | Kamalesh Prasad
managerial efficiency for Ghaziabad CSIR
scientists
16.| Programme for project HRDC, Mar.19-21, 2007 | S.C. Upadhyay
management Ghaziabad CSIR
17.| Training programme on HRDC, April 16-17,2007| P.M. Solanki
service tax Ghaziabad CSIR
18.| Programme on advance finance HRDC, May 21-26, 2007 | Mrs. N.A. Trivedi,
& accounts procedures Ghaziabad CSIR R.H. Patel
19.| Awareness programme on NBRI, Lucknow | July 9-10,2007 | D.B. Shukla
Right to Information Act, 2005 & HRDC,
Ghaziabad CSIR
20.| Trainers training program on Informatics July 11-12,2007 | S. Kannan
CSIR E-consortium new products | (India) Limited,
Bangalore,
held at NIO, Goa
21.| Training programme on HRDC, July 12-13,2007 | Avanish Kumar,
service tax Ghaziabad CSIR Kumar Rahul
22.| Interactive meet of CSIR HRDC, July 19-20, 2007 | R.K. Barik
library heads Ghaziabad CSIR
23.| 3-TP: Tier I (Middle M, July 1-28, 2007 | B. Jha
Management Programme) Ahmedabad
24.| Programme on creativity & HRDC, Aug. 3-4, 2007 V. Mantri,
problem solving Ghaziabad CSIR D. Livingston
25.| Programme on leveraging IP HRDC, Aug. 6-8, 2007 R.V. Jasra,
for business development Ghaziabad CSIR A.S. Mehta
26.| Training programme on HRDC, Aug. 9-10, 2007 | Kumar Rahul,
reservation Ghaziabad CSIR C.B. Gohil
27.| Perspective and current trends CCMB, Sep. 12-18, 2007 | Pradeep K.
in bioinformatics Hyderabad, CSIR Agarwal
28.| Research methodology & HRDC, Sep. 17-20, 2007 | Arup Ghosh,
statistical methods Ghaziabad CSIR Mrs. A.R. Prakash
29.| Programme for project HRDC, Oct. 24-26, 2007 | A.V.R. Reddy
management Ghaziabad CSIR
30.| Workshop on US patent HRDC, Nov. 15-16, 2007 | D.B. Shukla
laws and practices Ghaziabad CSIR
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ir. Title of the programme Organizer Date Name of the staff
)}
31.| Laboratory quality HRDC, Dec. 27-29, 2007 | R.S. Shukla
management system Ghaziabad CSIR
32.| Leadership development program | HRDC, Jan. 21-23,2008 | H.C. Bajaj
Ghaziabad CSIR
33.| Programme on enhancement of HRDC, Feb. 4-8, 2008 R.S. Somani
managerial efficiency for Science | Ghaziabad CSIR
34.| Leadership development program | HRDC, Feb. 17-29, 2008 | P. Paul,
Ghaziabad CSIR Amitava Das
35.| Work life balance for women HRDC, Mar. 3-5, 2008 B. Tyagi
scientists Ghaziabad CSIR
2. M.Sc. / M. Tech. Thesis Submitted (2006-07)
Name of the Title of the thesis Name of Name of the
Research Fellow Supervisor University
Mr. Sumit Daga | Adsorbents for carbon dioxide | Dr.R.V.Jasra | Department of Chemical

sequestration (May, 2007)

Engineering, Nirma
University, Ahmedabad

Mr. Manoj A
Lazar

Photo-catalytic degradation of
nitro-aromatic compounds using
semiconductor photo-catalysts
(May, 2007)

Dr. R.V. Jasra

Cochin University of
Science & Technology,
Cochin

Mr. N. Sudheesh

Synthesis and characterization of
HRh(CO)(PPh,), complex
encapsulated in mesopores of
hexagonal mesoporous silica
(HMS) for hydroformylation of
olefins (May, 2007)

Dr. R.S. Shukla

Cochin University of
Science & Technology,
Cochin

Mr. C.M. Jinesh

Isomerization of alkenyl

Dr. S. Kannan

Cochin University of

aromatics using hydrotalcites and Science & Technology,
their modified forms as solid base Cochin
catalysts (May, 2007)

Mr. Rakesh Hydroxy]ation of benzene to Dr. S. Kannan | Devi Ahllya

Jadav phenol using copper containing Vishwavidyalaya,
ternary hydrotalcites (May, 2007) Indore




3. Ph.D. hesis Submitted (2006-07)
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Name of the
Research Fellow

Title of the thesis

Name of
Supervisor

Name of the
University

Nagarale
Rajaram Krishna

Studies on preparation and
characterization of composite
ionomer membrane for
electro-driven separations

Dr V.K. Shahi

Bhavnagar University

Girirajsinh Gohil

Studies on electro-driven
separations of mono and bi-
valent ions using ion
exchange membranes

Dr. R.V. Jasra

Cochin University of
Science & Technology,
Cochin

V. Veeraguranathan

Studies on uptake and
assimilation of nitrogen
sources in Indian agarophytes

Dr. M.
Ganesan

Madurai Kamraj
University

D. Krishna
Kumar

Supramolecular syntheses of
organic-inorganic hybrid
solids based on coordination
polymers and coordination
complexes

Dr. P. Dastidar

Bhavnagar University

Pragati
Agnihotri

Designing ligands for selective
interactions with alkali metal
ions

Dr. P. Paul

Bhavnagar University

Irshad Ahmed

Synthesis and characterization
of chiral metal complexes
covalently bonded to organic
and inorganic support:
Strategy to develop practical
heterogeneous chiral
epoxidation catalyst

Dr. (Mrs.)
R.I. Kureshy

Bhavnagar University

Dharmesh Bhatt

Removal of undesired toxic
ions from natural and
processed waters by reactive
polymers

Dr. P.S. Anand

Bhavnagar University

Darshak Trivedi

Supramolecular synthesis of
hydrogen bonded network in
organic solids: Structure
property correlation

Dr. P. Dastidar

Bhavnagar University




P TG G TR I e T

4. Ph.D. Thesis Submitted (2007-08)

Name of the Title of the thesis Name of Name of the

Research Fellow Supervisor University

Amilan Jose Donor-acceptor sensor systems | Dr. Amitava Das | Bhavnagar
incorporating redox/photoactive University
chromo-phoric unit: Synthesis,
physicochemical and computational
studies

Manish Kumar | Studies on synthesis, | Dr.R.V.Jasra Bhavnagar

Mishra characterization and catalytic University
activity of nano crystalline sulfated
zirconia

Ramavatar Chemical studies on the | Dr. AK. Bhavnagar

Meena polysaccharides of Indian seaweeds | Siddhanta University
with special reference to agar

Kavita Pathak | Heterogeneous and homogeneous | Dr. SSH.R Abdi, | Bhavnagar
chiral catalysts for synthesis of | Dr. R.V. Jasra University
chiral drugs intermediates

K. Suresh Kumar| Studies on cultivation and the | Dr. P.V.S. Rao Bhavnagar
biochemical constituents of University
Kappaphycus alvarezii (Doty)

Manish P. Joshi | Laboratory studies on the evaluation | Dr. G. Bhavnagar
of various methods for the recovery | Ramachandraiah | University
of chromium as dichromate from an
industrial acid effluent

Jaidevsinh M Studies on the use of polyvinyl | Dr. (Mrs.) Parmita| Bhavnagar

Gohil alcohol in pressure and potential | Ray University
driven membranes

Achyut Bhatt Chiral metal complexes as catalysts | Dr. R.V. Jasra, Bhavnagar
in the synthesis of the chiral | Dr. S.H.R. Abdi | University
pharmaceuticals under
homogeneous and heterogeneous
conditions

Hasmukh Patel | Synthesis and characterization of | Dr. R.V. Jasra, Bhavnagar
nano-clays for polymeric nano | Dr. H.C. Bajaj University

composites, paints and adsorption
applications
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5. International training under bilateral cooperation (2006-07)

Name and address of the trainee Supervisor Duration
Mr. Tingri Birdi, Mr. Mohamad Ayub, Mr. Mohamad Ehasan Mr. N. Pathak, 06/03/2007
Mr. Abdul Karim and Mrs. Shafiqa, The Norwegian Church | Dr. A.V.R. Reddy to
Aid (NCA), Kabul, Afghanistan 25/03/2007
Dr.(Ms.) Gry Synnevag, Director, The Norwegian Church | Mr. N. Pathak, 24/03/2007
Aid (NCA), Kabul. Afghanistan. To meet the trainees who | Dr. A.V.R. Reddy to
have come from Afghanistan 25/03/2007
International training under bilateral cooperation (2007-08)
Name and address of the trainee Supervisor Duration
Dr. Mohammad Hassan Hamid and Mr. Mohammad Ehsan | Mr. N. Pathak, 06/12/2007 to
The Norwegian Church Aid (NCA), Kabul, Afghanistan Dr. A.V.R. Reddy | 09/12/2007
. Short term training programme
Name and address of the trainee Duration
1000 LPH capacity RO desalination plants installed and Trainipg imparted in 5-6 days
commissioned at Dwarka housing colony, New Delhi operation and
maintenance of plants
5000 LPH capacity RO desalination plants at Abadkulia Trainil}g imparted in 5-6 days
Danga and 150 LPH capacity for barge installed and ope:ratlon and
commissioned in West Bengal maintenance of plants
2000 LPH brackish water RO desalination plants has been Trainigg imparted in 5-6 days
fabricated, installed and commissioned at Unn for Surat opgratlon and
Municipal Corporation, Surat, Gujarat maintenance of plants
One 2000 LPH capacity two stage RO desalination plant Trainir}g imparted in 5-6 days
installed and commissioned at Mombasa, Kenya ( E. Africa) | operation and
maintenance of plants
5000 LPH brackish water RO plant is being installed at CSIR Trainigg imparted in 5-6 days
Scientists Apartments & Guest House at Maharani Bagh, | operation and
New Delhi maintenance of plant
9 RO plants were commissioned at Andaman & Nicobar | Training imparted in 5-6 days
islands operation and
maintenance of plants
Farmer's training camps were organized at Gujarat and 1 week
Orissa to provide guidance regarding Jatropha cultivation
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7. Awards and Recognitions

2006 — 2007
§r. Awards and Recognition Awardee(s)

0

1.| CLRI Padmabhushan Dr Y Nayudamma Chemcon Distinguished Dr. PK. Ghosh
Speaker Award

2.| Daimler Chrysler Environment Award 2005 on “Bio-diesel from | Dr. PK. Ghosh
eroded soils of India” and team

3.| Chemical Research Society of India (CRSI) Bronze Medal in | Dr.R.V.Jasra
recognition of his contributions to research in chemistry

4.| Executive Member of the Catalysis Society of India for the second | Dr. S. Kannan
consecutive term

5.| Dr. Vikram Sarabhai Award, New products and processes in the area of DT.- P. K Ghosh and
salt: From concept to commercialization. Govt. of Gujarat scientists of Salt &

Marine Chemicals
Division

6. | Selected foraresearch award under UK-India Education and Research | Dr. Amitava Das
Initiative - 2007

7.| CSIR Young Scientist Award in Earth, Atmosphere, Ocean & Planetary | Dr. S.K.
Sciences Mukhopadhyay

8.| CHEMTECH + PHARMABIO Award for the year 2007 for the | Dr. PK. Ghosh
outstanding achievements in research and development

2007 — 2008
1§1r. Awards and Recognition Awardee(s)

0

1. | Fellow of the Indian National Academy of Engineering (INAE) Dr. R.V. Jasra
January, 2008

2.| The Grand Prize of the Best Discovery Quiz conducted for CSIR | Dr. S. Kannan
professionals by Thomson Scientific, India/Singapore/USA
September, 2007
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8. Deputation abroad: CSMCRI Scientists

2006 — 2007
Sr. Name Programme Duration
No
1.| Dr. Sandhya Mishra | Under DAAD Re-invitation Programme-2006 01/06/2006 to
31/07/2006
2.| Dr. (Mrs.) Beena Under CSMCRI-KIER, for discussions and 18/06/2006
Tyagi progress review of the complex metal hydride for to
hydrogen storage under a joint research project 12/07/2006
between CSMCRI-KIER, Korea
3.| Dr. Puyam S. Singh | For participation and make a presentation on | 09/07/2006
“Complexity of inorganic  silicate / to
aluminosilicate polymerization: Some insights 13/07/2006
using small angle X-ray scattering study” at the
XII International Conference on Small Angle
Scattering (SAS2006) held atKyoto, Japan
4.| Dr. B. Jha Under CSIR-DAAD Exchange Programme- | 01/09/2006
2006. To carry out research work on to
“Characterization of the N-acyl homoserine 30/11/2006
lactone mimic substances in a wide diversity of
marine algae” at GSF National Research Centre
for Environment and Health, Neuherberg,
Germany
5.| Dr. PK. Ghosh To participate and to give a Special Guest Address 18/09/2006
in the plenary session on the topic “Biofuels in the to
Transport and Auto Industry” at the Asia Pacific 19/09/2006
Automotive Forum (APAF) -2006 held at Crowne
Plazsa Hotel Pudong, Shanghai, China
6.| Dr.R.V. Jasra To attend the MCC 2006 International Conference 19/09/2006
& Exhibition on Green Chemistry and to present a to
keynote paper on “Achieving Clean Chemical | 21/09/2006
Transformation through Catalysis” held at
Sunway Pyramid Convention Centre, Malaysia
7.| Dr. A.S. Mehta To participate in 5" European Motor BioFuels 11/09/2006
Forum as an invited speaker held at Hilton, to
Newcastle Gateshead, United Kingdom 13/09/2006
8.| Mr. M.R. Gandhi Participation in the Energy Research & 18/09/2006
Innovation Workshop at Brazil, Organized by to
Ministry of Mines and Energy, Brazil 20/09/2006
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Sr.

Name Programme Duration
No
9.1 Dr. A.Das To carry out project work entitled “Dye-sensitised 13/11/2006

solar cells based on metal complexes with pendant to
catecholate anchoring groups” under EPRSC | 28/06/2007
visiting fellowship /award

10.| Dr. P.K. Ghosh Participating  in CSMCRI-ADM-Bayer-DC- 15/01/2007
Meeting for an important discussion on Jatropha, to
held at Daimler Chrysler, Stuttgart, Germany 16/01/2007

11.| Dr.].S. Patolia Participation in FACT Expert Seminar “Jatropha | 26/03/2007
curcas, agronomy and genetics’® held at to
Wageningen-The Netherlands 28/03/2007

12.| Dr. S. Adimurthy Under the award of BOYSCAST Fellowship to 26/03/2007
carryout advanced research/undergoing to
specialized training in the area of Chemical | 25/03/2008
Sciences/Modern Organic Chemistry at
Department of Chemistry, University of
Hohenheim, Stuttgart, Germany

13.| Dr. C.R.K. Reddy For participation and to deliver a lecture on “Algal | 26/03/2007
micropropogation techniques” and also to act as to
convener for one of the sessions at the XIX | 31/03/2007
International Seaweed Symposium (19" ISS) held
at the International Conference Centre in Kobe,
Japan

14.| Dr. Vaibhav A. Mantri| For participation and to make a poster | 26/03/2007
presentation on survival strategies of Seaweeds at to
the XIX International Seaweed Symposium (19" | 31/03/2007
ISS) held at the International Conference Centre
in Kobe, Japan

15.| Dr. Rajesh Tayade For pursuing post doctoral training in developing 01/06/2006
noble photo catalyst under the guidance of Prof. to
D.L.Key, at S.A. Institute for Advanced Materials 18/05/2007

Chemistry, University of the Western Cape, South
Africa.
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2007-2008
Sr. Name Programme Duration
No
1.| Mr. M.R. Gandhi Participation and deliver an invited talk on 23/04/2007
“Biofuels business asia 2007 on prospects of to
biodiesel”’, Kuala Lumpur, Malaysia 24/04/2007
2.| Dr. S.D. Bhatt International fellow for pursuing research on 23/04/2007
“Development of new materials for fusion to
technology of NT& BT” Korea Research Institute 22/03/2008
of Chemical Technology (KRICT), Korea
3.| Dr. J.S. Patolia To attend the Daimler Chrysler Jatropha project 14/05/2007
review meeting at the University of Hohenheim to
Stuttgart, Germany and to discuss the progress 16/05/2007
and future programme of work of the project with
project partners from the University of
Hohenheim, DC, AG, Germany
4.| Mr. M.R. Gandhi To attend the “Daimler Chrysler Jatropha project 14/05/2007
review meeting and to discuss the progress made to
in engineering aspects and future plan of work 16/05/2007
5.| Dr. Bishwajit To carryout research on “Orotidine 01/10/2007
Ganguly monophosphate  decarboxylase: The to
mechanism of nature's most proficient enzyme is 30/04/2008
under debate” University of California, USA
6.| Dr. PX. Ghosh To participate in the 3" meeting of the Indo- | 28/05/2007
Brazilian Scientific Committee as coordinator of to
the main areas of cooperation and also to attend 31/05/2007
for preparatory meeting consultations for
formulating the programme on “Bio-resources for
Energy”
7.| Dr.R.V. Jasra To review collaborative project entitled 24/06/2007
“Preparation of chemical hydrides based to
hydrogen storage solid sorbents” between 04/07/2007
CSMCRIand KIER, Korea
8.| Dr. Arup Ghosh To participate in “Biodiesel Forum 2007 held at 26/06/2007
Jakarta, Indonesia to
28/06/2007
9.| Dr. Amitava Das To carry out ultrafast kinetic studies on the TiO, 19/08/2007
metal complex based hybrid system RAL, to
Oxford, United Kingdom 31/08/2007
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Sr.

No Name Programme Duration

10.| Dr. Kamlesh Prasad | To carryout research at Kagoshima University, 5/1/2007
Japan under the award of an INOUE Fellowship to
offered by INOUE Foundation for Science (IFS), 4/1/2008
Japan

11.| Dr. C.R.K. Reddy To conduct joint search with University of 25/9/2007
Malaysia, Algae Research Laboratory in the area to
of seaweed micro-propagation through seaweed | 23/10/2007
callus, tissue and protoplast culture and
regeneration, University of Malaya, KL Malaysia

12.| Dr. R.V. Jasra To attend the 2nd Joint Workshop on “Designing | 24/12/2007
materials through nano-technology” organized at to
Beijing, China under the CSIR-NSFC S&T | 29/12/2007

Cooperation
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9. Visitors from abroad to CSMCRI

2006 — 2007
;‘; Name / Organization Purpose of visit Duration
1.| Dr. Biol Mario Manuel The specific purpose is to know the 17/04/2007
Romero cultivation conditions of Jatropha aspects of
Dr. M.C. Ruben Lazos the harvest and industrialization, technology
Valencia, Mexico of CSMCRI production and industrialization
of the crops, prespective of the production
and commercialization and the possibilities
of formalize and exchange of experts in the
matter and in the investigation on oils and
production of biodiesel
2.| Mr. Dane Muldoo Explore collaboration opportunities in the 25/04/2007
Mrs. Erin Alyse Muldoon | development of biodiesel in India and to
R&D, Biodiesel Fuels, Australia 26/04/2007
Australia
3.| Mr. Jun Jae Wook To carry out work on the preparation of the 12/04/2006
Korea Institute of Energy | most promising hydrogen storage material to
Research, Korea and to check reversible material under the 29/06/2006
research contract between CSMCRI and
KIER for the project entitled “Preparation of
chemical hydrides based hydrogen storage
solid sorbents”
4.| Mr. Philip Nuss To develop a tool for harvesting fruits of 25/06/2006
University of Hohenheim, | Jatropha curcasunder collaboration between to
Germany CSMCRI and DC, Germany 29/06/2006
5.| Prof. Dr. Pierre Terech Delivering seminar on self-assembled 10/09/2006
Head of CAE-CNRS nanotubes to
Research Laboratory, 12/09/2006
University of Grenoble,
France
6.| Prof. Prakash H. Bhutta | To carry out work on metagenomics of 18/09/2006
Professor of Eastern marine microalgae at CSMCRI to
Washington University, 17/02/2007
Cheney, USA
7.| Dr. Ogunwole Joshua Under the award of CSIR-TWAS Fellowship 10/11/2006
Olalekan for postdoctoral research at CSIR to
Ahmadu Bello University, | laboratories in India pursuing research on 09/05/2007

Zaria, Nigeria

“Amelioration of saline soils and the role of
organic soil amendments”
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1%:; Name / Organization Purpose of visit Duration
8.| Prof. Dr. Peter Eilbracht | To discuss on new methods and synthetic 15/01/2007
University of Dortmund, |applications of homogeneous/ to

Dortmund, Germany heterogeneous catalysts especially for 10/02/2007
hydroformylation and tandem reactions,
immobilization of homogeneous catalysts
and ligands by using micro/ mesoporous
inorganic supports and new chiral ligands
for asymmetric catalysis with CSMCRI
9.| Dr. Ik Soo Choi To have discussion on collaborative project 28/01/2007
Dr. Jong-Nam KIM entitled “ Preparation of chemical hydrides to
Korea Institute of Energy | based hydrogen storage solid sorbents” 29/01/2007
Research, Korea
10.| Dr. Guido A Reinhardt Discussion on plantation, transesterification 04/02/2007
IFEU-Institute for Energy | issues and system boundary issues to
and Environmental 05/02/2007
Research Heidelberg,
Germany
11.| Mr. Tingri Birdi To undergo training in fabrication, 06/03/2007
Mr. Mohamad Ayub installation, repair and maintenance of RO to
Mr. Mohamad Ehasan plants using three different power sources- 25/03/2007
Mr. Abdul Karim animal, solar and grid
Mrs. Shafiga
The Norwegian Church
Aid (NCA), Kabul,
Afghanistan
12.| Prof. Woonsup Shin For exploring the possibilities for having 09/03/2007
Sogang University, collaborative projects between CSMCRI and to
Seoul, Korea Sogang University and deliver a lecture on 10/03/2007

“Applications of electro-catalysis in
bioconversion and bio sensing”
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2007-2008
;‘; Name / Organization Purpose of visit Duration

1. | Dr. Nikola Basari To carryout R&D work on “Design and | 07/05/2007
Institute Ruder Boskovi¢ | synthesis of new molecules that could be used to
Division of Organic as building blocks for the microporous | 15/05/2007
Chemistry and material”

Biochemistry, Laboratory
of Synthetic Organic
Chemistry, Zagreb, Croatia

2.| HH Sheikh Saud Bin To know more about the R&D activities in the 12/05/2007
Saqr Al- Qasismi, UAE area of salt & marine chemicals, specialty
Prof. Cheetham Anthony | chemicals, membranes and water desalination
Kevin (RO and ED), molecular biology and seaweeds,

Mr. Sawaqed Ismat wasteland development, Jatropha biodiesel,
Mr. Naser Thafer vegetable salt and other basic research

Husni Al Bustami,

Dr. Peter Stuart

Watson

The Rasal Khaimah Center

for Advanced Materials

(RAK-CAM), UAE

3.| Ms. Katja Berberich To carry out data collection for Jatropha project 27/06/2007
Daimler Chrysler “Biofuels from eroded soils in India” to
Stuttgart, Germany 17/07/2007

4. | Ms. Hannah Biittner Visit to CSMCRI under Daimler Chrysler-AG, 13/08/2007
Consultant, Bensheim, Germany collaborative project on Jatropha as a to
Germany part of the India case study for the KAS/IFOK 14/08/2007

Project on “ New Partnerships”

5. | Mr. Willibald Dressel To have discussion with CSMCRI scientists on | 20/08/2007
SymbOil AG, Kranzberg, | Jatropha plantations. Development under to
Germany CSMCRI-Daimler Chrysler collaborative | 21/08/2007

project

6.| Dr. Mohammad Testing of desalination plant purchased from | 06/12/2007
Hassan Hamid CSMCRI, Bhavnagar to
Mr. Mohamad Ehsan 09/12/2007
Norwegian Church Aid
(NCA), Kabul, Afghanistan

7.| Dr. Steven Howard Cadle;| General Motors Corporation, Detroit, | 04/02/2008
Mr. Jayant Shamrao Michigan, USA
Majumdar

8.| Mr. Hans Jiirgen Klein For discussions on Jatropha plantation and bio- 05/02/2008

University G.A.Goéttingen
Germany

diesel production
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Membership of Scientific Societies and Committees

Sr.
No

Name of the scientist

Membership Details

1.

Dr. S. Kannan

. Negotiation Committee & Task Force Committee for E- journals

Consortium (CSIR) - Member

. National Executive Committee, Catalysis Society of India - Member

Dr. R.S. Shukla

. Life Member of National Academy of Science, India, Allahabad from

January 1991

Life Member of Catalysis Society of India, Madras, from January, 1996
Member, Inorganic Chemicals Sectional Committee CHD

1 of Bureau of Indian Standards, New Delhi, from 2001

Dr. K. Eswaran

. Member, Research Advisory committee, Gulf of

Mannar, Biosphere Reserve Trust

. Joint secretary, Seaweed Research and Utilization Association

Dr. A K.
Siddhanta

. Member on the editorial board (2008-2012) of Indian

Journal of Marine Sciences, NISCAIR, CSIR, New Delhi

. Member of the Bhavnagar University Court (Senate)

(October 2008 - October 2013)

Fellow of the Indian Chemical Society (Life Member) 1989
Life Member (1995) of Seaweed Research and

Utilization Association, Chennai

. Life Member (1998) of Indian Society of Chemists and

Biologists, Lucknow

Dr. P.K. Ghosh

10.
I1.
12.
13.
14.

15.

Chairman, Programme Advisory Committee (Water Technology),
Department of Science & Technology, Govt. of India

Chairman, Inorganic Chemical Sectional Committee, Bureau of
Indian Standards (BIS), New Delhi

Chairman, Programme Advisory Committee (Inorganic Chemistry),
Department of Science & Technology, Govt. of India

Member, High Level Expert Committee, Ministry of New and
Renewable Energy, Govt. of India

Coordinator, Bioresource-based energy, Indo-Brazil Science Council
Member, Research, Design & Development Appraisal Committee,
Ministry of New and Renewable Energy, Govt. of India

Member, Task Force in Green Chemistry, Department of Science &
Technology, Govt. of India

Member, Expert Committee, Petroleum, Chemicals and
Petrochemical Investment Region, Haldia, West Bengal

Member, Task Force for Reinvigorating Indian Agriculture through
S&T, Ministry of Science & Technology, Govt. of India

Member, Board of Directors, Hindustan Salts & Sambhar Salts Ltd., Jaipur
Member of Board of Governors, Gujarat Institute of Desert Ecology, Bhuj
Member, Advisory Board, GSFC Science Foundation

Member, Gujarat Council of Biotechnology, Govt. of Gujarat
Member, Board of the School of Chemistry, University of Hyderabad,
Hyderabad

Member, Management Board of OASTC, Bhavnagar University, MOES




10. Distinguished Visitors & Lectures

Central Salt & Marine Chemicals Research Institute

2006 — 2007
Speaker
25-09-2006 | Ultrafine fibers of conducting Prof. T.S. Natarajan_ _
composites by electro-spinning Department of Physics, Indian
Institute of Technology, Chennai
04-10-2006 | Ion-solid interactions with applications Dr. V. Venugopal
to microelectronics University of Waterloo, Canada
7-11-2006 Synthesis, characterization and Dr. Asit B. Panda o
decoration of  semiconductor-quantum Virginia Commonwealth University,
dots, rods and wires Richmond, Virginia, USA
15-11-2006 | Recent advances in the development of Prof. Nittala Sarma
forensic tools-based on sediment School of Chemistry,
chemistry Andhra University, Visakhapatnam
17-11-2006 | Challenges of managing a brand Ms. Chandana Ghosh
Divisional Manager,
Marketing HR, ITC Ltd.
Visiting Faculty, I[IM, Kolkata
7-12-2006 Fueling future cars Prof. A K. Shukla
Director, Central Electrochemical
Research Institute (CECRI), Karaikug
23-01-2007 | Herbo-print: A tool for validation of Dr. D. Vijaya Kumar
traditional philosophies Reaction Engineering Lab, IICT,
Hyderabad
23-01-2007 | Multiple CC-bond formations under Prof. Peter Eilbracht
hydroformylation conditions Organic Chemistry,
Universitat Dortmund, Germany
31-01-2007 | "eeeenens of mice, bacteria, & fungi.” Prof. P.H. Bhuta
Eastern Washington University,
Cheney, WA, USA
21-02-2007 | Applied bio-catalysis Prof. M.N. Gupta
Department of Chemistry,
IIT, New Delhi
9-03-2007 Applications of electro-catalysis in Prof.Shin Woonsup
bioconversion & bio-sensing Sogang University, Seoul, Korea
12-03-2007 | Reactions avoiding hazardous organic Prof. B.C. Ranu
solvent & toxic catalyst without TACS, Kolkata
sacrificing efficiency
23-03-2007 | Nano DNA: Emergence of the genetic Prof. K.N. Ganesh

material as generic material

Director, Indian Institute of Science
Education & Research, Pune

i

—_
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2007-08
Date Topic
08-05-2007 | Development of direct methanol fuel cell | Prof. Anil Kumar .
and special proton exchange membranes Depgrtme;nt of Chemical
impervious to methanol Engineering, IIT, Kanpur
09-05-2007 | Adamantane amino and hydroxy acids: | Dr. Nikola Basari¢
Incorporation into cyclic peptides and | Institute Ruder BoSkovi¢, Croatia
depsipeptides for the formation of new
lipophilic tubular materials
10-05-2007 | Pyrrole: The building block for chemical | Dr. Nikola Basari¢
Sensors Institute Ruder Boskovi¢, Croatia
01-08-2007 | Basicsinrheology & its applications Dr. Fritz Soergel, Haake, Germany
04-08-2007 | Climate analysis and modeling Dr. Vikram M.Mehta
The Center for Research on the
Changing Earth System (CRCES),
Columbia, Maryland, USA
15-09-2007 | Environment impact assessment on the | Prof. R. Rengasamy .
cultivation of Kappaphycus alvarezeii | Centre for Adyancc?d Studies
along Mandapam coast, Tamilnadu in Botany, University of Madras,
Chennai
29-10-2007 | Understanding sulfur metabolism in red | Prof. Subhash Minocha
algae with the target of its genetic | Durham, UK
manipulation
14-01-2008 | Saline water solar green house Dr. Phillip Davies, UK
14-01-2008 | Biomass based trigeneration Prof. Padma Vasudevan Sen &
Prof. PK. Sen, IIT, New Delhi
01-02-2008 | Mixed lineage leukemia protein: A | Dr. Anamika Pate.:l
transcriptional regulator & potential target | Department of Biology,
1n cancer therapy Life Science Complex,
Syracuse University, NY, USA
08-02-2008 | Classical & intelligent descriptions of non- | Dr. Pratap R. Patnaik

1deal bioreactors

IMTech, Chandigarh
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11. Invited Talks / Lectures Delivered By CSMCRI Scientists

Sr. Title of the paper Name of the Seminar / Venue Presenter(s)
No Conference / Institute
1.| Recent advances and Invited lecture: International| Nirma University, | P.K. Ghosh
concepts in industrial Conference on Salt. Ahmedabad
and edible salts January 20, 2006
2.| Carbon and carbon-silica | Invited lecture: State level | Science College | S.H.R. Abdi
nano-particles seminar on semiconductor | of Mahatma Phule
materials. University, Pune
January 27-28, 2006
3.| Clean chemical synthesis | Plenary lecture: Workshop | Bangalore Institute| R.V. Jasra
through catalysis on “Current Opportunities | of Technology,
and New Directions in Bangalore
Catalysis”.
February 8-10, 2007
4.| Floral biology and | Invited lecture: Botany Aruna R.
reproductive aspects of | “Reproductive Biology of | Department, Prakash
some under exploited | Angiosperms” in a National | Smt. S.M.Panchal
plant species Seminar held from Science College,
February 27-28, 2007 Talod, Gujarat
5.| Innovations in marketing: | Invited lecture: CSIR R&D | New Delhi P. K. Ghosh
The CSMCRI approach Management Conference.
March 3-4, 2006
6.| Mechanism of salt | Invited lecture: For staff Berhampur M.P. Reddy
tolerance in halophytes and students on University,
July 24, 2006 Berhampur, Orissa
7.0 Strategies for| Invited lecture for staff and | Berhampur M.P. Reddy
improvement of salt | students on July 25, 2006 University,
tolerance in plant species Berhampur, Orissa
8.| Prospects of bio diesel | Invited lecture: For staff and| Berhampur M.P. Reddy
production on eroded | students on July 25,2006 University,
soils: Jatropha curcas a Berhampur, Orissa
case study
9.| Thejoy ofinventing Popular Science Lecture Gujarat Science P.K. Ghosh
Series City, Ahmedabad
September 2, 2006
10.| Biofuels in the transport | Keynote address: Asia Shanghai, China | P.K. Ghosh

and auto industry

Pacific Automotive
Forum 2006
September 18-19, 2006
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Sr. Title of the paper Name of the Seminar / Venue Presenter(s)
No Conference / Institute
11.| (i) Achieving clean | Keynote lecture: Sunway Pyramid | R.V. Jasra
¢c h e mic al | Malaysian Chemical Convention Centre,
transformation | Congress (MCC) 2006 and | Petaling Jaya,
through catalysis International Conference Selangor, Malaysia
(i1) Single step, solvent | and Exhibition on
free, green catalytic | Green Chemistry,
route for coumarin | September 19-21, 2006
synthesis using nano-
crystalline sulfated
zirconia
12.| On seaweeds: A | Invited lecture: Sathyabama A K.
renewable bioresource - | International Conference on | University, Siddhanta
bioactive compounds | Applied Bioengineering Chennai
and biomaterials derived | 2007 (1ICAB-07)
thereform December 5-7, 2007
13.| Inventing in mature | Invited lecture: CHEMCON 2006 | P.K. Ghosh
technologies Chemcon Distinguished GNFC, Bharuch
Speaker Award Lecture Gujarat
14.| Experiencesinoperating | Invited lecture: Trombay BARC, Mumbai | P.K. Ghosh
reverse osmosis | Symposium on Desalination
desalination plants in | and Water Reuse.
rural areas Feb. 7-9, 2007
15.| Bio-Fuels: Indian | Invited lecture: DRDO, Metcalfe | P.K. Ghosh
perspective Science Day Oration House, Delhi
Feb. 28, 2007
16.| Recent innovations in | Invited lecture: TIFR, Mumbai P.K. Ghosh
salt & marine chemicals Tata Institute of
Fundamental Research,
Mumbai.
Sept. 19, 2007
17.| Water treatment and | Keynote lecture : CGCRI, Kolkata | P.K. Ghosh
membrane technologies | Brainstorming Session on
- Indian scenario and | Water Technology
scope of R&D Initiative under
International Conference
on Catalysis in Membrane
Reactors Dec. 21, 2007
18.| Indo-U.S. Workshop on | Plenary lecture: New Delhi P.K. Ghosh

Green Chemistry

Indo-US S&T Forum
Jan. 9, 2008
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Sr. Title of the paper Name of the Seminar / Venue Presenter(s)
No Conference / Institute
19.| The joy of invention: | Invited lecture: Research Mumbai P.K. Ghosh
Recent case studies from | Scholars' Forum,
CSMCRI, Bhavnagar [IT Bombay. Jan.22, 2008
20.| Leveraging talent and | Invited lecture: Leadership | Ghaziabad P.K. Ghosh
resources across CSIR Programme, Human
Resource Development
Group, CSIR,
Ghaziabad. Feb 28, 2008
21.| Inventing in seemingly | Plenary lecture: Seminar Dept of Chemistry, | P.K. Ghosh
mature technologies: | on recent development in Delhi University,
Recent advances insalt & | chemistry. March 18,2008 | Delhi
marine chemicals
22.| The Biodiesel alternative | Theme talk: Workshop on | Cochin P.K. Ghosh
Climate Security: India's
Options, Association of
British Scholars, Kochi
Chapter. March 29, 2008
23.| New Concepts, Keynote lecture: Bangalore P.K. Ghosh
Inventions and “Science, Technology and
Technology Business for Social
Implementation Transformation”,
for Social Good: Case Hindustan Unilever Limited,
Studies from CSMCRI April 27, 2008
24.| Inventing in mature Keynote lecture: UICT, Mumbai P.K. Ghosh
technologies: Recent case | Dr. K K.G. Menon
studies from CSMCRI Memorial Lecture
Sep. 19, 2008
25| Inventing in Mature Invited lecture: Vadodara P.K. Ghosh
Technologies: Recent Technology Centre,
case studies from Reliance Industries Limited
CSMCRI Oct. 15, 2008
26.| CSMCRI's engagement Invited lecture: New Delhi P.K. Ghosh
in energy from bio- 74t1} Annul Meeting of
reSOUrces Indlan Academy of'
Sciences, IIT, Delhi
Nov. 1, 2008
27.| The CSMCRI Jatropha Plenary lecture: New Delhi P.K. Ghosh
experience and its Jatropha International
impact Conference-2008,

Singapore Dec. 12, 2008
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12. Library & Information System

The CSMCRI Library is considered to be premier one in this region having rich collections of books,
periodicals, reference materials etc., in the areas of R & D being carried out in the institute. Besides
catering to the information needs of R&D staff of the institute, the library also extends facilities to the
visiting research scholars, university staff, R&D staff of the industries, government officials and others.

Abriefaccount of library collection, facilities, services are as under:

COLLECTION OF LIBRARY
Sr. Particulars Available as on Addition during Collection as on
No 31-3-2005 2006-08 31.3.2008
1 Books 11777 116 11893
2 Back Volumes 26301 250 26551
3 Translation 429 - 429
4 Photocopy 2149 - 2149
5 Patents 340 - 340
6 Standards 761 - 761
7 Micro-cards 67 - 67
8 Microfilms 1326 - 1326
9 Maps/Charts 265 - 265
10 Reprints 2697 1 2698
Total 46112 367 46479

JOURNALS/DATABASES/E-JOURNALS SUBSCRIPTION

International Journals
National Journals

70
76

Bibliographic Databases 05

Apart from the above, library has received the access of online journals through CSIR-E-Journals
Consortium from the Elsevier, Springer, ACS, RSC, Wiley Blackwell, Oxford University Press
publishers. The library is having specialized collection of International Abstracting and Indexing
Services viz. Chemical Abstracts, Biological Abstracts, Current Contents/FTP/2005, back volumes of
journals in chemistry, chemical technology, biological sciences and general sciences.

INFORMATION SERVICES

For easy and quick access to current and latest information by the R & D staff, library renders various
information services to its users. Through these services, scientific and technical staff is kept well
informed about the current trends in the field of their interest. The services rendered are as follows:
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1. Inter-Library loan services

2. Reader's queries

3. Document delivery service

4. Bibliographic search through databases
5. Reference service

6. Literature search facility to outsider

The external members from corporate sectors, universities are also granted permission to consult the
documents in the library. This fulfills the aim of maximum utilization of library documents.

WORKSHOP
The library has organized one day workshop on the theme “Building Institutional Repositories using
Open Source Software” for library professionals. About 45 participant including librarians, students

attended the workshop and got benefited by the workshop for managing electronic collections
effectively.

13. Dateline CSMCRI

Date Salient Details

March 22, 2006 World Water Day celebrated. RO mobile bus carrying the RO and ED
plants gave demonstration in Civil hospital, local industries, and to the
people of nearby villages.

April 10, 2006 53" CSMCRI Foundation Day Function and lecture on “Evolution,
Challenges and Joy of Organic Synthesis” by Prof. Goverdhan Mehta, CSIR

April 27, 2006 Get together on the usage of low dust writing chalk. District Education
Officer, Bhavnagar district and teachers of various schools of Bhavnagar

attended the meeting.

July 21, 2006 Agreement signed between CSMCRI, Bhavnagar and M/s Archean
Chemical Industries, Chennai for transfer of seven technologies at
Gandhinagar.

August 10,2006 | DSIR- CSIR review meeting arranged in CSMCRI by planning commission.
Prof. VL. Chopra and Dr. R.A. Mashelkar DG, CSIR & Secretary, DSIR
and the other officials from DSIR and CSIR attended.

September 14, Hindi day celebrations

2006

September 26, 64" CSIR Foundation Day Function and address given by Mr. Arvind
2006 Agarwal, IAS, Commissioner, Industrial Commissionerate, Govt. of Gujarat.

288
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Date

Salient Details

November 2-3,
2006

CSIR programme on “Youth for leadership in science” (CPYLS) program
arranged. Prof. Partha Ghosh was the Chief Guest. 87 students from various
boards attended the programme. Two days counselling session for Std X
meritorious students.

December 15,
2006

Workshop on Building Institutional Repositories using Open Source
Software. Prof. H.C. Trivedi, VC, Bhavnagar University, Bhavnagar was
the Chief Guest.

March 4, 2007

Safety Day Function: Demonstration of first aid fire fighting appliances.
Competition on best slogan and drawing on safety. Distribution of prizes.

April 10, 2007

54" CSMCRI Foundation Day Function and lecture on “Societal Impact of
DRDO: Spin-off Technologies” by Dr. W Selvamurthy, Chief Controller
(R&D) DRDO, New Delhi.

May 12,2007

Crown Prince Sheik Saud Bin Saqr Al Qasimi of Ras Al Khaimah visited
along with the eminent scientist, Professor Anthony K. Cheetham, FRS.

September 14,
2007

Hindi day celebrations

September 26,
2007

66" CSIR Foundation Day Function and lecture on “The Challenges of
Sustainable Development” address by Dr S.K. Chopra, Former Senior
Advisor & Special Secretary, Ministry of New and Renewable Energy,
Government of India.

November 2-3,
2007

CSIR programme on “Youth for leadership in science” (CPYLS) program
arranged. Prof. N. Periasamy TIFR, Mumbai, was the Chief Guest. 55
students from various boards attended the programme. Two days counseling
session for Std X meritorious students.

January 11-12,
2008

Steering committee meeting on national project on development of potential
drugs from ocean.

February
21-22,2008

National Workshop on Water Desalination Technologies

April 10, 2008

55" CSMCRI Foundation Day Function and lecture by Prof. H.C. Trivedi,
VC, Bhavnagar University and Prof. R. V. Mehta, Ramanna Fellow (DST),
Head, Dept. of Physics, Bhavnagar University.

September 26,
2008

67" CSIR Foundation Day Function and lecture on “The Salt of Earth: Few
Stories of Minds on Margins” address by Prof. Anil Gupta, Executive Vice
Chair, National Innovation Foundation Professor, IM Ahmedabad.
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14. Seminars / Workshops / Events / Meetings Organized

65" CSIR Foundation Day Celebrations: Dr. Arvind Agarwal, IAS, Commissioner, Industries
Commissionerate, Government of Gujarat, was the Chief Guest and delivered the foundation day

address on 26 September, 2006.

66" CSIR Foundation Day Celebrations: Dr. S.K. Chopra, Executive Director, Chair for Sustainable
Development, IGNOU and Former Senior Advisor, Ministry of New & Renewable Energy, New Delhi
was the Chief Guest and delivered the foundation day address on “The Challenges of Sustainable

Development ”on 26 September, 2007.
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53" CSMCRI Foundation
Day Celebrations: Prof.
Goverdhan Mehta, FNA,
FRS, CSIR Bhatnagar
Fellow and Former
Director, IISc Bangalore.
He delivered the foundation
day lecture on “Evolution,
Challenges and Joy of
Organics Synthesis "on 10
April, 2006

54" CSMCRI Foundation Day
Celebrations: Dr. W
Selvamurthy, Chief Controller
(R&D) Defense Research &
Development Organization,
New Delhi was the Chief Guest
and delivered the foundation
day address on  “Societal
Impact of DRDO: Spin 0ff
Technologies” on 10 April,
2007. Dr. Selvamurthy is seen
inaugurating the 500 MHzNMR

Steering committee meeting
on ‘‘National project on
development of potential
drugs from ocean” 11-12
January, 2008

Building institutional repositories using open source software - 15 December, 2006
National workshop on water desalination technologies - 21-22 February, 2008
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15. Appointments

Name and date of joining Area and Qualifications

Security Officer

® Bachelor of Arts
® Diploma in Electrical Engineering
® Master in Business Administration

Kakulavarapu Jagannatha Rao

\ (11 Sep. 2006)

Junior Stenographer

® Bachelor of Arts
® (ertificate in Computer

Ms. Sarla K. Sosa
K (3 July 2007)

Helper

® Upkeep of laboratory
® Maintenance of routine equipment

Mrs. Geeta A. Pandey
k (12 Nov. 2007)

Chemical sciences

® Ph.D in Chemical Sciences, JNVUniversity, Jodhpur

e Method development based on different instruments,
ion chromatography, TGA and XRF

Dr. Babulal Rebary e Methods for determination of iodide,

K (19 Dec. 2007) fluoride and bromide in salt matrix

Biotechnology and Molecular Biology

e Ph.D in Plant Stress Physiology, Utkal University,
Bhubaneswar, Orissa

® Plant proteomics and metabolomics
® Mechanisms of abiotic stress tolerance in plants
Dr. Asish Kumar Parida ® Antioxidativedefense system in plants
(19 Dec. 2007) ® Functional validation of stress tolerance
k efficacy of transgenic plants

Chemical Sciences

® Ph.D, Chemistry, IIT, Kharagpur
e Synthesis of nanostructure materials (nanoparticles
and mesoporous materials) and their applications

Dr. Asit Baran Panda
(1 Jan. 2008)




.

Name and date of joining

Mr. Rajesh Patidar
(9 Jan. 2008)

.

Pratyush Maiti
(17 Jan. 2008)

.

Dr. (Mrs.) Saroj Sharma
(25 Jan. 2008)

.

Dr. Pratap S. Bapat
(29 Feb. 2008)

.

Mr. Arvind Sharma
(17 Mar. 2008)

Dr.(Mrs.) SubarnaMaiti
(17 Mar. 2008)
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Area and Qualifications

Analytical Chemistry
® M Sc in Chemistry from DAV University, Indore
® Instrumental method development
e Supramolecular chemistry & extraction of metal ions

Chemical Engineering Science

® B. Tech. (Chemical Technology)
® Process development & scale-up in marine
chemicals and bio-ethanol

Polymer Sciences

® Ph.D, Polymer Chemistry
® Polymer Chemistry & Ion Exchange Technology

Chemical Engineering Science

® Bachelor in Chemical Engineering

® Master in Chemical Engineering

® Ph.D in Chemical Engineering, Institute of Chemical
Technology (Formerly UDCT), University of Mumbai,
Mumbai

Library and Information Science
e Bachelor in Science

e Master in Library & Information Science and
cleared UGC-NET examination

Chemical Engineering Science

® B.Tech, Chemical Technology
® M.Tech, Energy Science & Technology
e Ph.D, Renewable Energy
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Retirement / Voluntary / Transfer - 2006-08

Sr. No Name Designation Date of retirement
1 Mr. M.G. Parmar Jr. Security Guard 31-01-2006
2 Mr. S.L. Purohit Tech. Gr. 11 03-01-2006 (VRS)
3 Mr. U.R. Patel Tech. Gr. I (3) 23-03-2006 (VRS)
4 Mr. P. Balakrishnan Private Secretary 30-06-2006
5 Mr. B.R. Sharma Section Officer (S&P) 21-07-2006 (Transfer)
6 Mr. V.R. Patil Section Officer (S&P) 17-07-2006 (Transfer)
7 Mr. A.A. Padhiyar Assistant (S&P) I 31-10-2006
8 Dr. (Ms.) S.V. Joshi Scientist Gr.IV(4) 31-10-2006
9 Mr. Y. Ramakrishna Controller of Administration | 07-08-2007 (Transfer)
10 Mr. Rakesh Singh Bisen Tech. Gr. 111(4) 05-04-2007 (Transfer)
11 Dr. J.S. Patolia Scientist Gr.IV(5) 30-06-2007
12 Mr. Baljeet Singh FAO 30-06-2007 (Transfer)
13 Mr. M.V. Gopal Gr. V(A)(4) 13-07-2007 (Transfer)
14 Dr. B.K. Ramavat Scientist Gr.IV(3) 31-07-2007
15 Mr. C. Badarinath CO(S&P) 20-07-2007 (Transfer)
16 Mr. V. Ranga Tech. Gr.I(4) 31-12-2007
17 Dr. A.U. Hamidani Scientist Gr. IV(3) 11-01-2007 (VRS)
18 Dr. S.H. Mehta Scientist Gr.IV(5) 31-01-2008
19 Mr. N.K. Waghani Tech. Gr. 11(5) 29-02-2008
20 Mr. G.S. Krishnan FAO 22-02-2008 (Transfer)
21 Mr. S.A. Chauhan Tech. Officer Gr III(5) 02-05-2008 (Death )
22 Dr. P.S. Anand Scientist Gr.IV(5) 31-03-2008
23 Mr. P. Bhattacharjee Assistant (G) Gr 1 31-03-2008
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16. Research Council
(April 2007 to March 2010)

Prof. V Krishnan

Hindustan Lever Research Professor & Head,
Chemical Biology Unit, INCASR, Jakur Campus P O,
Bangalore 560 064

Chairman

Prof. G Subramanian

Ex-Director

National Facility for Marine Cyanobacteria, Member
BharatidasanUniversity, E-204, Vasanth Vihar Apartments,

Cross West Extension, Thillai Nagar, Tiruchirapalli 620 018

Dr. Devang Vipin Khakhar
Professor & Head, Department of Chemical Engineering Member
Indian Institute of Technology, Mumbai, Powai, Mumbai 400 076

Prof. K.C.Upadhyay

School of Life Sciences, Jawaharlal Nehru University, Member
New Delhi 110 067 Res. 24 Dakshinapuram,

JNU New Campus, New Delhi 110 067

Dr. Sumit Bhaduri
Head, Research & Development, Reliance Industries Ltd., Member

Swastik Mill Compound, Corporate Park, V.N. PuravMarg,
Chembur, Mumbai 400 071

Shri. V.M. Naik

Deputy Head of Laboratory, Unilever Research India Member
Hindustan Lever Research Centre, No. 64, Main Road,

Whitefield, Bangalore 560 066

Prof. M.Ravindran Member
“Vigna Raja', Pondicherry Road, Kottur, Chennai 600 085

Dr. S. Sivaram

Director, National Chemical Laboratory, Member
Pune 411 008
Dr.P.S.Ahuja

Member

Director, Institute of Himalayan Bioresource Technology
Post Box No. 6, Palampur 176 001

Dr. Pushpito K. Ghosh
Director, Central Salt & Marine Chemicals Member
Research Institute, G. B. Marg, Bhavnagar 364 002

Dr.A.S. Mehta, Secretary
Scientist, Central Salt & Marine Chemicals Member
Research Institute, G. B. Marg, Bhavnagar 364 002
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17. Resources - Staff and Budgetary Details

Staff Details
Category Particulars Persons on Roll Persons on Roll
31.3.2007 31.3.2008

Scientific Group IV 88 92

Technical Group IIT 44 40
Group II 71 72
Group I 20 20
Total (Technical) 135 132

Non — Technical Group A 4 4
Group B 32 34
Group C 29 27
Group D 0 0
Total (Non - Technical) 65 65
Total 'A’ 288 289
Ad-hoc Scientist
Scientist Fellow (QHS) 1 5
EMR and Project related
temporary personnel
Research Associate (RA/Sr. RA) 3 4
Senior Research Fellows (SRF) 11 12
Junior Research Fellows (JRF) 30 37
Project Assistants 56 87
Other (Project Related) 32 12
Apprentice 18 20
Total 'B’ 151 177
Total A+ B 439 466
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CSIR Allocation
Financial Year 2006-07 2007-08
Rs. in Lakhs Rs. in Lakhs
A. Revenue (National Labs.)
Total Salaries 690.423 722.952
Budget (Including P04/P05/P06/P70-Staff Qtr. 159.000 160.000
P-07 Chemical/Consum. & Other Res. 74.716 201.000
Total Revenue Budget 924.139 1083.952
B. Capital (National Labs.)
Budget (Including W & S/ Staff Qtrs. Capital) 100.260 98.763
P-50 Land Cost 0.000 18.833
P-50 (App. & Equipment/Computer Equipment/Off. Eqpt.) 460.000 314.000
P-50 (Furniture & Fittings/Workshop Machinery) 2.500 4.500
P-50 (Library Books/Library Journals) 90.000 95.000
P-50 Vehicles 32.000 8.356
P-26 (ICT) (Infrastructure/Facilities) 68.060 29.576
Total Capital 752.820 569.028
Total REV.+CAP. (A+B) 1676.959 1652.980
C. Total Network & RSP Projects 73.910 374.183
Total National Lab. (A+B+C) 1750.869 2027.163
P-61 NMITLI 24.100 23.080
Revenue other than CSIR Allocation
Financial Year 2006-07 2007-08
Rs. in Lakhs Rs. in Lakhs
Sponsored R&D 111.704 143.430
Collaborative/ Cooperative R&D 139.458 248.930
Grant-in-Aid R&D 226.502 184.224
R&D Consultancy 61.660 44.484
SMM 11.786 0.000
SUB TOTAL (ECF) 551.110 621.068
Analytical/Tech services 3.497 4.323
Knowhow transfer/Royalty 2.455 3.973
Sale of lab products 38.931 4.757
Conference/ Seminar/Workshop
SUB TOTAL (credited to CSIR/lab Reserve) 44.883 13.053
Amount collected as service tax (Repaid to government) 43.044 46.092
GRAND TOTAL 639.037 680.213
Laboratory Reserve
Financial Year 2(,)06'07 2907'08
Rs. in Lakhs Rs. in Lakhs
Opening case balance 51.712 3.447
Receipt during the year 2008-2009 154.121 272.598
Investment encashment on maturity 367.000 650.000
Total Receipt (A) 572.833 926.045
Expenditure during the year 2008-2009 169.386 14.402
Reinvestment 400.000 650.000
Total Expenditure (B) 569.386 664.402
Closing balance at the end of the Fin.Year (31/03) (A-B) 3.447 261.643
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18. Management Council

(01 June 2005 to 30 June 2007)

Dr Pushpito K Ghosh Chairman
Director, CSMCRI Bhavnagar
Shri M.R. Gandhi, Scientist Gr. IV(5) Member
Dr. Parimal Paul, Scientist Gr. [V (4) Member
Dr. D.B. Shukla, Scientist Gr. IV(4) Member
Dr. (Ms.) R.I. Kureshi, Scientist Gr. IV(3) Member
Dr. Puyam Singh, Scientist Gr. IV(2) Member
Shri B.L. Raval, Executive Engg. IV(A)-5 Member
Dr. M.D. Zingde, Scientist Gr. IV(6) Member
NIO Regional Research Centre, Mumbai
Sr. F&AO (SG)/ Sr. F&AO / F&AO Member
Sr. COA /COA/AO Member
(01 July 2007 to 30 June 2009)
Dr Pushpito K Ghosh Chairman
Director, CSMCRI Bhavnagar
Dr. R.V. Jasra, Scientist Gr. IV(6) Member
Dr. H.C. Bajaj, Scientist Gr. IV(5) Member
Dr. (Mrs.) Parmita Ray, Scientist Gr. IV(3) Member
Shri J.R. Chunawala, Scientist Gr. IV(3) Member
Shri Shobhit Singh Chauhan, Scientist Gr. IV(1)  Member
Shri E. Suresh, Tech. Gr. I11(6) Member
Dr. A.S. Mehta, Scientist Gr. IV(5) Member
Sr. F&AO (SG)/ Sr. F&AO / F&AO Member

Sr. COA /COA/AO

Member
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