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CECERC e

T50 T TR ITARY & 9qrer, § 2016-2017 % Y HGHMAR-Hald TH 31Y FHa! THRA AT e
(CEERIaNes), JEaTR B e NOE IR @ @ g I Bl QAT we I UREEdT B i,
AHUHHITRSTE 7 e ol (31aM, SFRaer, SRre, Wi, S9-3E], s, JamER, T e i
YHETTSh F2AftheNul & g b w0 & i fbar 21

AT R FEeraT & A FReRitaReTs el T9d B qudr oK $EeR § gaR, Faiad dwie 9
T TR 1 UTTH, AR & S SR 6 foTd [ sreprefAe A 3iv Ioee @1 fAufor, Rfewr
PRI, TR TR SN T esTieT 3T 7Y 3/ ol e ¥ e 9fefa Ievel & Fmfor 3 fRAfeT o
BI T YEH PaT B AICTCRTIRETS 7 afefd STTHT STty a7el I Sef [etaufieson & s/
N/ SET A (SIS BT H ST T&a 913 5] T BI PSR ITH0T GEETa! (HITETR) BT 7 Sacl
T 2 Tol] Sfeeh AGIATEAR & qTe A WL H 41 d=Ti~ep Ferall & Hecayqol IFeM 2

FATH RATE 7 TrRiSINSTE 7 9ot war giaremrel TEamr 3N 57 giRaemrel & aed 14 T Al
AT 2 TR 7R eI 6 3/ IUATRET T B 78 A s © b Jeam & IedH § #aR gur
&l <&l &, il fob e Wienfifhal &l e, e fehe ¢ afe wdlabd foby 1w Uee iR ufcifed u-uf3mrad 4
UM St Qe 93T & &9 & URerfard 8T 8 39 Wi fed 99 &, 165 oM O 31 &3 [ A
SRISCI TehTaTehT & WTef UehTRIe 260 Y &1 2015-2017 5 SR, Pl 39 U2 Tl U M0, {9 F SAferapiar
(31) IR & TTeR &1 3P 2TeTET, 32 70 UCE 3MMIEA {19 NG & 9187) TR (BU Y B fasiia w2 aatis ot
FEN T ARG T T 379 9 SaTe-Hrad 8 e THa! darel Idve & folt UiT, TTRfer &
wergfel afferaige & 3cdre & folu Wizl 2-fha1get go-tel & ey wezfeid aiadize & grggla-lmeur
N IER T, TERGEN 1Y afele SeaTe & 112 BNe] TN e 9t 81 3 deirf~ra 3R Aeiires sHramear
GIRT (30 1Y ST YRS & e dieifieh! sicur eree & el ad &
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AU AR ATS & ATl =1 WS Usgy AaRisiy JRedR AR IR ITH 6 § 36! Iuafeed) & fo
7€ TS T 8] 2016-2017 B N IR HR § UIATST St 3fi¥ aerepdiai « Heyreiamsts &1 <R
eI TR = T, AART 7R BRI B U e bl Hl a1 B T TTe e & forn
ST IR 3 AT, FET F FH F 9l 14 BET ST 010=. . I Hem & 1 39 araar, fafe
FEAET ST et F 33 BET 7 T F 309 M.Sc./ M. Tech T4 W=y {3y sra=t wEiorar o1 aera—
B & ot AT & AN 7 FE-A R QAR afdrer wrimsT 7 o o

A TTRATE = G & (77 TET FaT UF 3, fAANHT UIp i a0l & T HHees Se
el SebIgUl bl ¥RAUAT b HIEdH 3 YRfald Gusiel Hal ch 3N GId Sief 218 Wullell 3 Y Hidised &4
TITT Y T BT U S (T 2l

H oo Hear AFas &R THH & ol W RATS Ay URYe & e il Fawl & uil A=
TeT Fefeta] @k Bl 8] H Feld-HUHSTETR 3N TR & =T HHAINAT 1 3P THefT 3R e
W farawy & U geaare a7 € 7 T &6 TET® HEHN & oft IRT e e & 1Y o it Term
e, Tae TREE TR - aRe! B TRIEAT & Wel T=a1e 9l gl J 59 e Hfede &1 gafouuf avis
Y A A o el Y2 Heell & STl el o A1sAT & g

SIFER =Tfes HIFY, STfERT e SUefRed] o 741 U@ bt Henfifahl Hi W@ fAeqd sgel &
HIef, 8 Ueh J1Hieie Hidsy & ferq SUR B

A
SR FRT
(AT T9)
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From the Director's Desk

With great pride and accomplishment, | present the Annual Report of CSIR-Central Salt and Marine
Chemicals Research Institute (CSMCRI), Bhavnagar, for 2016-2017. Following the commitment to
serve the nation, CSMCRI has developed itself as a hub of education, research, training, testing,
designing, planning, innovation, technology development and social empowerment.

CSMCRI with its proven expertise offers a variety of services in improving the guality and yield of
industrial salt, recovery of marine chemicals in an integrated manner, preparation of specialty
inorganic materials & catalysts for various green organic transformations, environment
monitoring, audit & impact assessment studies and preparation of value-added products from
solid{liguid wastes. CSMCRI has distinguished itself for designing the advanced water desalination/
purification RO/UF/ED membranes with enhanced life. Institute’s Central Instrumentation Facilities
(CIF) have significant contributions in scientific services not only for the institute but also to other
institutions outside CSIR.

The present report covers the details of projects/ collaborations going on in CSMCRI and results of
various investigations carried out under these projects and other achievements of the Institute. It
is gratifying that the performance of the institute has been continually improving, which is
reflected in the form of the number of technologies developed, patents filed and granted, and
scientific papers published in reputed journals. In this reported year, 165 research papers and
several book chapters were published with international publishers. During 2016-2017, a total of 39
patents were granted, a majority of which (31) outside India. Further, 32 new patent applications
(19 outside India) have been filed. Several technologies developed were transferred to industries.
These include Process for the liquid seaweed fertilizer from brown algae-Sargassum; Technology
for the production of Styrene Oxide from Styrene; Hydrogenation of styrene oxide to 2-phenyl
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ethanol and improved household solar still with easy operation, maintenance and enhanced
output. These testify the strong translational component of the research projects undertaken by
the scientists and scientific staffs.

Scientists of CSMCRI bagged reputed national/ international awards & fellowships. | congratulate
thern for their achievements. A large number of eminent scientists and researchers across the
world visited CSMCRI during 2016-2017. The institute also hosted a series of conferences, seminars
and workshops. With its commitment to Human resource development, 14 students working in the
institute were awarded Ph.D. degrees. Besides, many students from various institutes and
universities did their M.Sc./ M.Tech dissertations at the Institute. To update their proficiency the
scientists of the institute participated in various training programmers from time to time.

CSMCRI has distinguished itself by rendering commendable service to the society, especially at the
times of natural disasters by providing safe drinking water through establishing community water
purification units and sending the mobile bus equipped with advanced water purification systems.

| express my deepest gratitude to the Chairman and the members of CSMCRI research council for
their valuable guidance and support. | extend my sincere thanks to the DC-CSIR and other staffs
from the Headquarter for their support and confidence to us. | acknowledge with appreciation all
my staff members, management council and stakeholders to support me for the smooth
functioning of the institute. | also appreciate the efforts of the publishing team for bringing out
this annual report in an elegant manner.

With a huge pool of brilliant scientific minds, unique research achievements and a baskettul of a
wide range of innovative and affordable technologies, we are well poised for an exciting future.

b

{Amitava Das)
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fARIa=: eNds Aol
Theme: Bulk Chemicals

farsrTeT v &g

21z TET JUANTT T & ST TAM TAT ISR STl 1 QU B b 77 98 &g THH W FY
ST &1 TSI R-HTAUATRaTS ST & Sl Tl § ¥ U & S 796 3R q9gl 5
TR IeITal F Fe e AT SFeerT ofiR e afefafEm & forg ST S 81 R §
fermior gfehTall & & 7 IRTEART A9 Qo (A Fara 3N Hifofd AT i & ford I8 U
TR &1 30 T &, FICHUAHISTRSTS A S IMagqebe 131 bl Il 2 folq Iea S arel §R
THeR, S HICIPge THS (SIUHTH) 3iN TN v o IUTE B T THTE! Tehrileh (depiee
bl &1 15 3 gl vl W A1 o yaiawlly wu & dad ulbarall W de-didl Scprdr ua
& & fory, wer fafir Sl quT 3 ey Wil iR rebieffies w¥erl & Hrer Heler oM
YT B D 3N TG T & & H HEIH Pl g I 7Y SIeRISEIY Ue UTH BT & el debriiel
BT BRI &Y THe IETT Bl TR [T TIT & FHTNG AR & 78y & T8, T8 HE ™
THSD HepH! b eI B IUYh A P a0, <27 &b A~ foeal § Higet HD HepH I TATTHT 1R
THes FETaTe, Siefie ST S Gaie Tl o WS B3 & ol UfRTer BRI ST el
21 5 TEAH § WHRT AR R-GeRT TIRET S SEWA, ANANDI, AHAM, 311 & H1ef Aefas
THe TN T TR 0X Q91 R H 79 THE [ a2l

Thematic core competences

Bulk chemicals are the commodity chemicals that are made on a very large scale to satisfy
the local and national needs. CSIR-CSMCRI is one of the world’s leading institutes known
for various R&D activities related to salt and marine biochemical products. This is the only
institute in India to carry out commendable R&D innovations and fundamental studies in
the area of salt manufacturing processes. In its endeavor, CSMCRI has developed cost-
effective technologies for production of high purity solar salts, Double Fortified Salt (DFS)
and potassic fertilizer to meet the national need. The institute works closely with various
industries and other R&D and academic institutes to offer technological excellence on
economically and environmentally sustainable processes on salt and marine chemicals.
Several national and international patents have been granted to the institute in the area
of salt and marine chemicals and technologies have been developed and transferred to
salt industries. As a part of the social mission, this institute also works on the survey of
lands for suitability of development of salt works, establishing model salt works at various
parts of the country and conducts training programs for salt manufacturers, industrial
personnel to demonstrate the best practices of salt manufacturing. This institute has also
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developed salt cluster across the country on salt & marine chemicals with governmental
and Non-Governmental agencies like SEWA, ANANDI, AHAM, etc.

S RT NaCl faera § forcaw & gamefierar =aeR & wifas sreagT

Fundamental studies on the solubility behavior of gypsum in aqueous Nacl
solutions

foICHH (CaS0,.2H,0) &5 446 H YT JYEdr 4 4
T3 & oIl I FeiRIgS & H1ef 37T & ofR 39 e
$T gfichel Bl gHfelY, =9 &l a1l A9 I U
B & foly, Ufefced GRT (HerTdl sdeN A gaalid Uk
M TS B Sefl NaCl e 7 Sicsr™ dothe
egelzge (W™, CaS0,.2H,0) & Eeefiemar
IER BT FEITT et (KAI(SO,), 12H,0) (10
wi% Th) e diel  TYMtEE degs
([A{OH),CL], a & b, a >1.05; n~15) (6 wt% TH)
ST FATSReT Toie feTa] 35°C @0 WX 35T
CaS0,.2H,0 BN Heeiierr fhedel el & DR
ge g oiefh dielltey@iFm adivgs Hefq
faetaar 7509 o gRaaw & JA1, 9% T8I 35°C ¥
FIdAE yuell  (CaS0,.2H,0

PAC+H,0) & foy s-ed (p) 8fik &l &t 71fa (u) &7
ot FraTRa fasar o p @i u & 71T &1 Iua T fdera=
ARG FURRME (KS) R AR-EEge
(nh) TS &7 STHM T & fe1g fobm

+NaCl+alum/

Gypsum (£as50,.2H,0) is one of the major
impurities in common salt which comes along
with the sodium chloride and difficult to
separate. Therefore, altering the solubility
behavior by additives is a common interest to
obtain high purity salt. The effect of addition of
flocculating agents such as alum
(KAI{(50,)..12H,0) {up to 10 wt%) and poly
aluminum chloride ([AI{OH).Clb]n, 2 & b, a >1.05;
n-15) (up to 6 wt¥%) on the solubility (s) behavior
of calcium  sulfate  dihydrate  (Gypsumn,
€a30,.2H,0) in aqueous Nall solutions has been
examined at 35 °C. The solubility of Ca50,.2H,0
decreased with the addition of alum whereas it
increased with the addition of poly aluminum
chloride without any significant shift in the
solubility maximum. Density (p) and speed of
sound {u) have also been determined for the
guaternary systems {€aS0,4.2H,0 + NaCl + alum/
PAC+H,0) at 35°C. The measurements of pand u
have been used to estimate solution isentropic
compressibility (kS) and ion-hydration (nh)
characteristics.

J. Chem. Eng. Data 63 (2018) 2743-2752

CaCo, ¥ AN WX Ufsfee, araw = 3R pH &1 y91a

Effect of additives, temperature and pH on the morphology of CaCO;

Hico T BEMET (CaCO,) F IWIFFICH THET T
BN, Y6, Wliesd AN de Sal § o g9 &
BRI 3T h E AThET [T &1 SHHI FEHIA
HeIIYUT, IR gl A1 uN fHefe e 21 o
HTHING! HIH Foeaquf Heel § § U B CaCO, &

Al st fspeecell dielHit & Fedige, ariHge ailv

The biomimetic synthesis of calcium carbonate
(CaC0;) has received much attention for their
application in paper, rubber, plastics, and paint
industry. The application depends upon
morphology, structure, size, specific surface
area, brightness, oil adsorption, chemical purity
etc. The morphology is one of the most
important. CaCO; has three anhydrous
crystalline polymorphs: calcite, aragonite and
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JexI5T] hodrse SHNOH BT o o 2R &7 E,
IETHTEE 31F §EX5E X & ATTAM W SIRRR B/ &
3R Ui fReifer 7 Pedrge ¥ 5oa O ¥ N
AT Thaee CaCO, AHINGT 3R BT AMDHR Hr
T S O T &Y Td 8 5 SRINTH, 0.5 M
&1 Na,CO, Iz 80/40 UiefEe & Seliy e 5
STAT 7T 59 4@ 7 0.5 M CaCl, BT I 3ok U6
bl [Eeww &1 UL #id areel v Herrr 27
& CaCO, P SR |5 16 mM HTH 831 s
B 1 e & ToIT Rt o o7, 3R O ferm 31
ST o 3TET & T U A T Y UEel 6 T2 o6
fory Reer st o g9 Tfdhar @1 fAfiT Fign, pH,
A 3 SROT G TR SIS TN PXRD 3%
FTIR SRT UTCiH T (GoaTge, JFHEe 3N JeviEe)
I IuRerfey SF gft &t 1)

vaterite. The calcite is thermodynamically most
stable phase, Aragonite and vaterite are
unstable at room temperature and transform in
to calcite in natural condition. The non-ionic
surfactant can  effectively control the
morphology and particle size of CaCO;. In a
standard synthesis, a solution of 0.5 M Na,CO,
was injected into an aqueous solution of
polysorbate 80/40. A solution of 0.5 M CaCl, was
mixed with above solution under vigorous
stirring by using a magnetic stirrer. This gave a
final CaCO; concentration of 16 mM. The mixture
was stirred for 1 min, and then the splution was
kept under static conditions for 6h before the
product was collected for characterization. The
procedure was  repeated at  various
concentration, pH, temperature and aging time,
The presence of polymorphs {Calcite, Aragonite
and Vaterite) was confirmed by PXRD and FTIR,

TR 9 TRET & Ioarfied HiR 95 6T ATRNS FhIoT

lodization of solar salt produced at experimental salt farm

SIS U G UI¥eh H X ATER T & et o+
Uh T N WHT B SN & uE e gar A
mmmwwéaﬁ?wﬁm

EJCIEIHNCI '_‘@Qf ICIJ?-H NIGIE i
AT 39 7T $ el
B R e & T e
qET § 9@ $ ORI Ted
o NIl 2l
HITATHRATRINSTE 7 A,
W T dered off B, &
SEHE & forr uE
fpmradl  d¥ler  fefaa
fem &1 mRfis 99

lodine is a micronutrient and dietary mineral
whose deficiency is a major public health
problem such as goiter. As the natural level of

iodine in the soil are low and
not taken up by crops, it is
added to salt to provide
essential amount to meet
the human needs. CSMCRI
has developed an
economical method for
iodization of salt which is
also free flowing.
Approximately 2 ton of salt

afREH (GUATh) H ST Ry Hioaeg - HTaTEd SRS Al produced  at  ESF was
ST 2 T 99 BT, KIO, & e Hivauwdlsimans b engidlT oo  iodized utilizing KIO, as an

BT ARSI TIE F T <3575 7 Aoy
F I ERER Figure: Distribution

SRR T TR lodized salt among CSIR-CSMCRI! staff.

THE H Hisle FfeRE

AT & SRIE JET § HIfETq dEHe 61 SUART Bh
THE Bl Hh UAE AR SR N SH S @l
TR TATYAT (&0 P IUTeT N AITHTEaT-

iodizing agent. The salt was
of CSMCRI-made made free flowing utilizing
sodium carbonate in an
equivalent amount of
magnesium ions presents in salt. The salt was
distributed among CSIR-CSMCRI  staff and

invitees on the occasion of (IR Foundation Day.
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HCAUHETAN TS % HHaTRAT T ATHERT ST @l
ferafyer favar mam

TS SR AT a0 STl § I a1 & THS BT Iedred

High purity salt production from sea and subsoil brine

R e &I e IS iR e sFyam &
gRepIuT I TEeIqYl AaSS! W I UH B 34 feur A
T ERITRETS 7 T 1D DI AT BN TleR I W
2t e Suft A% B SeTeA & o AdiE abeidl
BT foT fasT &1 577 ST TRihT BT T e &
Ty, TTRITRISTRETE-SWS 7 Pef 875 wifesd o
T IeUTeA & 0 33 9 W O e T, R
200MT S 791 3R 675 MT ST w7eh &) a1
TR P A% A E TS 1| 795 F N W e
T30 T, ST {3 arferent 1 e T 71

Purity of solar salt is one of the important
parameters from the economic and industrial
application point of view. In this direction
CSMCRI has developed innovative technologies
to produce industrial grade salt at solar pan itself
by adopting the technologies. To revalidate the
innovative methods large scale experiments
were carried at CSMCRI-ESF to produce 875 MT
of total salt, out of which 200MT is sea salt and
675 MT are subsoil salt. Both the salts are
analyzed to of Industrial grade Il salt as shown in
the table.

HYTHY THD BT fAwor giRurs
Analysis results of Subsoil salt
A a0 | T[N S | S AP
(rSTETTeTen) (Srerfera) e | fafrer
foramor Subsoil Subsoil Industrial Salt
o {Unwashed) {Washed) Grade I
Description

Specifications

% (W/W) I3T TE G THS BI IR 1 HY
% {(wiw) - On Dry Basis

HETH FARES (NaCl & BT =), a9 Hier,
GG

Sodium chloride {as Nadl), percent by mass,
Min

§95.45 98.58 98.5

PiceH AT (Ca P T 7), ZeIH I Vo, STTEpaT

Calcium salts (as €a), percent by mass, Max

0.24 0.15 0.2

HHIGRA ofdm (Mg & ®©9 H), SdqM e,
IBELE

Magnesium salts (as Mg), percent by mass,
Max

0.80 0.20 0.1

Tehed (SO, P HU H), SaM gRT Yieerd, Jferhad
Sulphates {as 50,), percent by mass, Max

1.10 0.47 0.6
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T THS T frsor o
Analysis results of Sea salt
e ST 7 IS I
(arenfera fafeer
fereror Subsoil (Unwashed) | Industrial Salt Gradell
Description Specifications

% (W/W) T ORE G TS I TR °F 5
% {(whv) - On Dry Basis

AfeTT FANES (NaCl F & H), FeHqH Wfler,

Sodium chloride (as Na(l), percent by mass,
Min

98.54 98.5

BRI ofduT {Ca B U H), seH= Uiderd, siithad

Calcium salts (as Ca), percent by mass, Max

0.37 0.2

IR 9w (Mg @ ©9 ), SeHE Jfe,
AferpaH

Magnesium salts (as Mg), percent by mass,
Max

0.08 0.1

HetheH (S0, & wU 4), seuH A g1 Yicad, st
Sulphates (as 50,), percent by mass, Max

0.6

[N 79D WAPHT § G0 ST & RATT Y A

Percolation prevention of brine in solar salt works

[T (WReplela ) 9 09 el 4 4§ Us & ol 9N
T IeUTE P B BT 81 [T Ip™ F o1y,
THD ST AT 9 T T H W g4, ST w0 d
HI T T 3TR =g &7 T B RE1g &l e &
fore, divguadieeend 4 deM=e ok &N M b
QU HI0T ST ITT s U (41 faepf 1 &, ST
R Bl Pl 9 B ol 21 39 [ B e
T AFAR-I ARG YRS 96 TRae
o fopT T R fESIT TR (GERgye) Wt
RIS & T8 TN & AT § SR 99F & ar
Tt 7 7 TAF W wela fmr mm dermge ik
THAR T B FAIS 750 3 & TG0 5 (F757) B
fegTer & AT % oI arca e ST M7 FRpwhraedT arm
T

YR Tfered 2016-17 ANNUAL REPORT 2016-17

Percolation is one of the major factors which
decreases the yield of solar salt production.
Considering the cheap commodity like salt,
economically feasible methods has drawn
attraction to prevent percolation. To prevent
percolation, (SMCRI has developed a method
using an appropriate mixture of bentonite and
Gaur gum which reduces percolation drastically.
This method was tested in (SIR-CSMCRI
experimental salt farm and also performed at
large scales in two of the solar salt works at
Nawa, Rajasthan under a Hindustan Unilever
(HUL) sponsored project. The combination of
bentonite & guar gum was found highly suitable
and cost-effective means of brine percolation
reduction in salt pans.
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forst: viareer— @ 7idl A 0l Sl RE1d ol Wla & 1oy SIoauadianesind g [adiid (4G o ueel-)

Figure: Demonstration of CSMCRI developed method for prevention of brine percolation at Nawa,
Rajasthan

TR FHe afReyT § sref-aefeiewor nfafafirar
Semi-mechanization activities at experimental salt farm
Aftpizr ARG HN AH96 HEAT 5 UG B9 I Most of the Indian solar salt works were
ToTTer 519 91feh oNfret BIdT ¥el 1 =ifehd g< afiv 7wy involving huge labour work traditionally. But

e dlygangdae-dipaundlasig & urfie w50 wiH 5 siefHalflgd guswn
Figure: Semi-mechanization equipment at Experimental Salt Farm of CSIR-CSMCRL

T HepH, ST 2ramret =1 9Iftn foTH &, SUIRIaY S the large and medium salt works, where huge

AT T BT 3ilv =9 oIF T % R aleEY 9hEE Y labour work involved, most often found in loses
due to labour shortage and labour cost. To
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reduce the drudgery of labor involved in the
harvesting of salt, CSMCRI has adopted semi-
mechanization activities by adopting some
equipment such as Salt Ridger, Scraper, Loader,
and Ridger cum Loader and Washery. For the
operation of the equipment, the required
infrastructures like compacted salt pan beds, salt
staking platform with brick lining were prepared.
The salt washery was tested for upgradation of
quality of salt and losses of salt during washing
in mechanical salt washery was estimated.

THE qIIRT & 9N $ 15 THS BT ferAwor
Analysis of salt quality after washing in salt washery
AT féreor Caso, MgSO, Mgcl, Kel Nacl Aqar
Sample Details % (wiw) % (wiw) % (wiw) %Z(wiw) | %{wM) | Whiteness
STUETTeTT S
0.8 0.68 2. 0.22 6

Unwashed salt 4 w = i

o 0.53 Q.15 D.69 D.06 99 82
Washed salt ’ ) ) ’

3reef Hied 796 B & forg Ifare 2f=r &1 faer

Infrastructure development for Prototype Model Salt Farm

I fewg 3R I=ITae [hdT w1 Hihef 49e H&H &
foly Hecquuf AEsr 4 @ wE Bl gH fRar A,
AT TR = 9187 We e & 2 i 9wl & ESF
Y 99 FeH] H JsHP [Sol3d 3R <firee @l
SO Bl 3TTeel Jieet < fole, 2.5 Uhe oH I J faf=T
0SS 15 558 =R07 | 7R I, FEf=a =R07 1 9 1V ofR
-frracgord T foreogsR H AHS SodTe-T Wihar
& TR 90 9 & A= 9w ) 49T feeme
3R TS P AMES TN e 3T T -9 WAl o
¥ TAE b AT IedTe B UTH HT B (o7 arest
Higet THE & H, aTSIdeu & &l a5 % foIT Tehigd
SR BT o a7 T T § HE A J
T BT 9 P DY TFATDT PT ITAT IS Aed
A & < AT A fhaT I BUS- | W TR
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The proper design and layout is one of the
important parameters for any successful salt
work. In this direction, CSMCRI has adopted
scientific design and layout of salt work at the
ESF on various stages of the brine management.
For the prototype model, the criteria for
scientific design and layout at various stages of
brine during the salt production process in
various compartments such as reservoir stage |
and Il, condenser phase | to IV and pre-
crystallizers and crystallizers in 2.5 acres of land
were considered. An integrated approach to
enhance the evaporation rate has been
implemented in the prototype model salt farm
for getting a higher yield of salt in salt ponds
itself, following the convectional production
process. The technigues for reducing seepage
through bund of the ponds have been used for
the construction of the prototype model salt
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= HivgandaIn-HivaeEsiReng &
RCHF (eI

.‘h/:.u_

ESF § fafy= s/ae vd Aoy TiafkEen & o mielesy

Figure: Prototype Infrastructure development for various R&D activities gt ESF of CSIR-CSMCRI

Pl 3R Gl DI 39 dve § g4R:IT T b {47 o)
RIS 970 3 SYINT & Wi & R ==ur § Faur
Sfef ol § ydifed & Hedl 8] YA Hb
FETE o ol TeUes d1eTid 5 IR I Hidhree 9159 &
T H dhic & T W AN SEer 7 we fHy W)
HasT # areel gamen @ deay srefaraver & Ay
Wrfie THe TRET 3 T Sy Teiiehi Bl ot
RIS & TF] el H Hew e

farm. The slope towards reservoirl to
Crystallizer was achieved in such a manner that
brine at different stages of the process can flow
by gravity, without any additional force using
pumnping. The concrete outlets in the form of
RCC precast pipe are provided at each pond in
series feeding system for effective salt
production. The prototype practices in future
will help to implement modern techniques to
ESFin an effective manner with better economy.

A Wlee B & fory Werds gamet afa &1 fasr

Development of accessory infrastructure for Model Salt Farm

fepdl ot 5 Pl & fort, W I ereliae & Helldl,
721 707 SFRITET ST fwR! o e Fecaqy §
S [ A9 et (J134) W9 & Ty gl dwur 5
INTT, Tal TS, IR fhreaigon afN SUaur Was
@ fotu urfer Brow anifz) HivqudarRaE-swus o
THE HeprT B a1y & o1V, s B {30 791 9946 &
ATeld @ (o705 3R & (hecelise™ #l 3¢ d el &
AT TR 5T T 3R BT 25°Be & FE &0
ST (3T5+T) T RS A & dTcT THAT Bl HH FH B
ToTT CTRe e TSR T SUIRT 3T T

For any salt work, apart from a proper layout
work, the other accessory infrastructure is also
very important like the sufficient number of
borewell for brine feeding, proper road, proper
crystallizer, and parking shed for keeping the
equipment. To renovate the salt works at
CSMCRI-ESF, several works were conducted. The
large size crystallizers for the salt pond have
been developed with the brick flooring and
laying plastic inside to reduce any
percolation loses from valuable 25° Be

liner

concentrated brine.
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for: WO IS HR-HIGTOAISIRSATE TR e A U¥ [eepid 1131 HgRien gindre] e

Figure: Various accessory infrastructure developed at C5IR-CSMCRI Experimental Salt Farm.

AP 3237 TR THS IS P SN a0 foheeeT B
fpeeellevur ufsbar ofiN quig’ § YeR ol B, U8
THEH I TEHAT & SN ITSATd0T & Bl FG6H B
folu, 9 & el @f ifFe eNoeeY BT ST S
& o0 T g 2, 21N 59 ONE e & forw arfds
TS qT TASTRh oA Bl ¥ A Bl &l S0HTh
H aeef BTl 7H® 85 & UT 3% Tol el HpheH Heh
T, TG IeUTe, AT 5 SN 950K 5IeT WE e AN
HH ¥ FIET TR § HEES F oY, ST
Stet el axaeelt & e o gt T St AT
¥ /B % 1S dNe WENEE SRS @ B B
2 T aes 3 91, we, wiesl &t fobar anfeg & amer
AT Tl e T gidiers Tt 4re giaen
(IITHN 17 x 10 HE<) B 995 IUFRT AT 795
Bd¥ey, Soay, Clell, AAE oy, fAET dres, doe
Hrae g B OTfET, SftSeTEl 3 TSROT derr
Tfcreet I et Re2Afey & HToar el Uel & o ford
[EEARRREZIRIEI

The purpose is to improve the crystallization
process and quality of salt crystals during the
solar salt production, it makes possible to
harvest salt crop using mechanical harvester, to
enhance the evaporation rate during salt
producing process and this way, reduce the
annual maintenance cost towards renovation
and manpower. The new water bound macadam
road near prototype model salt farm at ESF
constructed with suitable drainage arrangement
for better water management and functioning
of salt-related activities during crop harvesting
season, which reduces the annual maintenance
cost after siltationferosion action due to
monsoon. The constructed rpoad found
satisfactory performance against flooding,
erosion, wave action etc. The parmanent nature
parking shed facility {size 17 x 10 m) was
developed for housing/parking the salt
eguipmnent i.e. Salt harvesters, Tractors, trolley,
Salt Loader, Mini Loader, Belt conveyor and
storage of materal/by-products and provide
protection against adverse weather conditions.
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Rrest et 3 forg gt gt

Infrastructure for bittern management

THE JeqTe & S T 53 e § oL s
AT BN 81 SR qFrer efe Y T % dH, STeER
e 595 & S B US Aied & B9 7, SWIUE 7
T e &b wTel yes & o1 St smes-
SUTE 7 U e TN a1l SR T Fie 9
H Y TEREE 7T B B B AN e F &

THH P HI THTE SHBRT P forT 515 thifeT dal
&l AT T 17 2N 8¢ AR weble B & @y

- ——

The left-out bittern after the common salt
production has huge commercial potential. Due
to lack of proper infrastructure, most often the
bittern gets wasted. As a model, a bittern
storage pond was created at CSMCRI-ESF for the
effective management of valuable bittern. The
brine feeding channels were renovated and lines
with brick and concrete flooring to reduce the
regular annual maintenance cost and effective
functioning with fewer percolation losses.

- - < - — —

= faee T % o7y ST90% B ofgtl 5T 90T Ueer 3N feen 9ol Jieid o] Fig R

Figure: The brine feeding channel & bittern storage pond renovations at ESF for bittern management.

AT, ST § HR THS BT T0rar § FIR

Improvement of quality of solar salt at Nawa, Rajasthan

SERITT 3 AT & ¥ S0 STel H e TIRSTH 3R
FANES, Tohed], PRMCT IR IBHEMT T
e, AR 3T 2T SHafle Sau Bl & b
WY H I 81 4P STelldl oAdul Slef A SidTet 4l 918 el
& 91 FAR-TN ST SN & Y 796 J a5
=2 8 U2 ol T [P T Tg e - 1aag
N fAafiT a9 Uihas & #read o ae!
Uil & NaCl @ febecelldpd fur off Hebdl 81 44
&I U § GUR $NA P A, IETH a0 Sef Bl
Ugel ddlel | GebRT YA o fofl sell i Yraey & |iey
TR fhaT 7T eI HrEHe 3R dIgHE e

The brine in Rajasthan (Nawa area) mainly
contain sodium ions in the form of their
chlorides, sulfates, carbonates, and
bicarbonates with minor amounts of calcium,
magnesium, and other insoluble salts. In
addition, algae are also found in brine which is
not desirable in the salt for use in chlor-alkali
industries. It was observed that good quality
Nall could be crystallized through scientific
processes developed by CSIR-CSMCRL. To
improve the guality of salt, unsaturated brine
was first treated with bleaching powder to get
rid of algae followed by the treating the
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fer=0: TR 79 &) TR GeR 5 1070 STl @ A 7 hlosee]

Figure: Fieldwork at Nawag, Rajusthan to improve the quality of solar salt.

T GEBRT T & 1670 ETgg el 3T o Hrel

TIH TG0 ST T T faT T U 4% -

T T oA 9 (AEReS q1e) B e
STfeTl, ST THE (e ¥ St $ forg RS &
T 7 P BT 2, BT IO & 7T T FeAIgpelien Toie
& Ter TR T | SR 3R I SE ST Bl
e O 9= =TS (3T T e o oA bl A we
SITRTA OR U a7 4T 3R I7e Hred 01 9 39
FEFETT BT TS AN gl o o Peererssl foba
7| 9 BT [II90T a7, BEME SR TEaEMe S
FeolG- BRI ®I <iaT & JAT 3890 § 75 &6l

T 7 S IS b P FATSTH HiDI (> 98.5
wt%) & FFTHN JHR 8Tl

saturated brine with hydrochloric acid to get rid
of carbonate and bicarbonate ions. A
flocculating agent was then mixed with acid-
treated saturated brine to settle the suspended
impurities which otherwise act as nuclei for
impurities in salt crystals. The neutralized
clarified brine was charged into the salt pans.
Salt samples were collected at different time
intervals and were characterized for purity and
removal of visible impurities such as black
particles. The analysis of salt shows a dramatic
reduction of algae, carbonates and bicarbonates
and the gquality of salt has been improved to
Industrial Grade Salt as per BIS standards {>98.5
wtZ).

THS & IeUTe A YUK 2 SIS HIETT WK arediaor

Dye assisted solar evaporation to improve the yield of salt production

ER 9% TF HIEET I &, 9 AMHaR W) RER §
o b HEIA A Iedifed gld 81 ¥g @l dvg | gl
¥ forv IR ot = R a7 31 gofem, &9 ol
(813) d1S1eR0T b ol SR Sl T 3ifEreped U
I & FIfd 89 59 %ol 9%q & ford fbedl e

Solar salt production is a seasonal crop which
generally produced from the month of
December to June. It solely depends on solar
energy for evaporation. 5o, it is desirable to
rmaxirmize the utilization of solar energy for brine
evaporation as we cannot afford any other

YR Tfered 2016-17 ANNUAL REPORT 2016-17
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T gy B 3T, BRI A8 Wre Wil BT IIII
TRh oAU Tl b TSR T SGHT off Wi 5% oRE i
witkaTa & fory Sugs 81 TR-fafe (@ ire), deur e
oI SR fare # feufiies geraiel, faeee avr 327
ST Y, FTF AT U7 Tl FTelt AT SR
g BRI & YR T AR @ 1 T Bl 98
Tl 7Tl 89 AHEEl & 3R U, 3URIh 3123 &
o B9 21 39Tet faiferee = (d15) offx Fideie a1
(L&) T T (BT BH AGANY0T HHT bl AfehaH
e & o 2 (@16 + FiEh) B A fRar ik
TSR S 2T LT AT 3N ITebl el U8l
fepu v are (i + i) e 18 wurelT 9 6
g <1 1T {3 9 HigdT {(1-2ppm) @1 &6l + didll)
A3 1 yumett 3157 6 ar~iievr & # > 30% d6
TG A F5d TWET & 3N Y6 o0 FEH ) T8 S350
L1 A i) i R | o o i e o s e )
WIS BHN STATE < OTH TR-3TRIS T
YETET ST & AT 1T BT IR AEgee waun
& foTT T8N S19- A porar ford! 81§99 oar =ferdr
2 1 O g e fader € ok @ Oy 81 T 81 R
Ufesd % 37-fAg! Sradia Uy fhe, Teer

Medium Scale

energy for the production of this cheap
commodity, which otherwise will increase the
cost of the salt. So, our goal was to enhance
brine evaporation by using edible dyes which are
suitable for this kind of processes. Various edible
grade dyes were selected based on several
factors such as non-toxic (edible grade), highly
soluble in brine and end bittern,
wavelength absorption range, high absorption
coefficient and cost-effectiveness. Based on
these criteria we selected two dyes Brilliant blue
(BB) and chocolate brown {CB) for the above
studies. We blended both {BB+CB) to maximize
the absorption range and studied the
evaporation rate and compared them with
earlier studied {(BB+FG) blended dye system. It
was observed that (BB+{B) blended dye system
is very effective in enhancing brine evaporation
rate {>30%) at lower concentration {1-2ppm) and
the salts obtained were colorless. It has been
observed that the cytotoxicity of salts obtained
from dye assisted evaporation are comparable
with non-iodized edible salts obtained from our
ESF and shows better biocompatibility to the
iodized salts. This shows that these salts are non-
toxic and can be edible. The cell viahility assay

wide

Large Scale

R 7Hep SeuTe & GYN & 7 $THTH TR Vol WIeTed AR ariael SIS R HeH W & w2

Figure: Smail & medium scale experiments at ESF by dye assisted solar evaporation to improve the

yield of salt production.
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ferfir== fiyfara <t 3 arer TR & w9 e & oRee T

Change in density of brine with different mixed dyes

S e (Rt are)
foet 1w Brine Density (degree Baume)
No of Days b Uil + T=T Uil + HieT HIET + |1 &1
Blank FG+ BB FG+CB CB+BB

0 7.5 7.5 7.5 75

6 8.0 8.5 8.5 8.5

13 9.5 10.0 10.0 10.2

19 12.4 13.1 13.0 14.0

28 16.4 16.8 17.0 19.4

30 17.5 17.8 18.0 25.0

35 20.1 20.3 20.5 25.0

42 25.5 25.5 25.6 26.0
JMATRT Feies 7- TOX-1 e F IUAT FF A was performed by using in vitro toxicology assay
HAERAT 99 FFO=T fahaT T kit, MTT based stock no.-TOX-1 kit from Sigma-

Aldrich.

ST I-SRITCTINIRT BT SUANT Bk GO FARISS W YIS A15¢e &
HUTARYT & 7Y Perer 3R AT THTa T

Efficient and Cost Effective Way for the Conversion of Potassium Nitrate from
Potassium Chloride Using Electro-dialysis

T Agee (KNO,) & U Ted! Bl gerdiiel |l
2 3R JMAR W HEST $ T F AT AEee i)
FERIES Jeh TICTRITH IR & /9 7 ST fabarm S
21 KNO, T ST 299 ©F F 39 R & arfisa &
el arAfEe gereilel 3l FeiRIgS g IR 6
3fTa2gahd] il 81 A15EE & w9 A Fquf A13eie, [T
el aTfran foba afiR M2t o seerg &, 919 3R
18U (U ST o fefu 3uetey &)l 81 o HI &4 ollg e
KNO, & HIeHT Scae &l &, 9 IRe & HIH
SUIT bt 1T 21 MefRRH A1gde S, aHdN U
ATgce AT % AT GIef3RH FARIES 6 aT™fEHaT Hid
ST ST 81 YIS FelRigs 9 giefRRm A18ee &
TN & ol JERINE SoidciSRielg (THEED)
U BRI T TS TN B 200 FHE & Tt
BTt & 7 10 SIS A & AR, IR WLl b Fodel-
BT IHE BT SUT Fh TT: URERT A1 §
AT TRIT| SEE AT & foTg IO fhT ST aTel
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Potassium nitrate (KNQj;) is a soluble source of
two nutrients and commonly used as a fertilizer
for crops that benefit from nitrate nutrition and
potassium that is free of chloride. Use of KNO; is
especially desirable in conditions where a highly
soluble and chloride-free potassium is reguired.
All of the nitrogen is immediately available for
plant uptake as nitrate, requiring no additional
action and transformation in the soil. About
1,000,000 tons of KNO; is produced annually,
which is used as a fertilizer. Potassium nitrate
fertilizer is typically made by reacting potassium
chloride with a nitrate source. Metathesis
electrodialysis {(MED) system for the conversion
of potassium nitrate from potassium chloride is
developed. The experiments are carried out in
recirculation mode using a four compartment
electro-conversion unit of 200 cm® effective
membrane area with 10 cell pairs. The cation
exchange membrane and anion exchange
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T A Ave iR sRoTEe A fse B
AT T, ToRMRRIE 3R U 3RT Uh
TENA-SIg TS elaa 1 JTETNT Sedict 9Y thed o
R fehaT TaT| Fes T T IRTI I, AT 37N efet
TOIT & ATEOH & TEUR-au BT T AR | T
drdl &R gife ReRdl S |2 e [efd VHafHe
TN T s féam diefiem igge & 9w I
AGl (99%) < = T 97% TURUl WM &b dT
¥ SR BT fiser T aR A= firaar (1.5, 2, 2.5,
AR 3 V) Hd WR) @l 9w AeRfEy
TAFEISII AN o UIRIT &b A== THE! 2 ERI el
w1, (59 4 qIefEme qigee & Sdied & (o, 83%
STRT GEIAT 5 79, 2 V / 8ol UIR 0.82 kwh-kg ™' &l &9
Sl T & H1e HAFEeh Falel &M ITel TR T

membrane used for the present study are
converted from a styrene-divinylbenzene based
interpolymer  film by sulfonation and
chloromethylation followed by amination,
respectively. Membranes are characterized by
means of chemical, mechanical, and thermal
properties.  Membranes show  excellent
electrochemical properties with adeguate
thermal and mechanical stability. About 97%
conversion of potassium nitrate is achieved
during the sets of experiments with high product
purity (99%). Four different applied potentials
(1.5, 2, 2.5, and 3 V/cell pair) are used during
different sets of experiments in metathesis
electrodialysis, out of which 2 V/cell pair is found
to be more efficient potential with lower energy
consumption of 0.82 kwh-kg™ for the production
of potassium nitrate with 83% current efficiency.

‘7
Na,SO, "
NacCl
Dil. NaNO, « /I
KNO3 —T
Dil. KCl claJclalcl a]c
Ew | <
2 31415 i o
@ <&l o, g
2 | K My K | |©
c =
< <= cCr j l T
NO5" . O
S
HO | T
+
KCl - T T ] 2
2 ’
NaNO, HZO_! 1 T
Na,SO,
=T TITR FAINTES T TICHRT TISCC & WHIaRyT 3 ofy HeTelRRT Sadg SRt (MED) Homreth

Figure: Metathesis electrodialysis (MED) system for the conversion of potassium nitrate from

potassium chloride.

ACS Sustain. Chem. Eng. 04 (2016) 3220-3227
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AR Seac ISR 3R Alfthege & Hao W $7 Jod & TICRie
e (KCI) & Iz Hod aTel UIfRIe Sdva (K,S0,) BT Scuted, 2fghior g
HTE0T

Production, Purification and concentration of high value potassic fertilizer (K.S0,)
from low value potassic fertilizer (KCl) using combination of metathesis
electrodialysis and nanofiltration

T8 B HRFMESR Aedd qRANHT (KTEN, XII-
Gty i) A oA e b1 &b Ub HFT b wHU # {11
T & U mED @18 (THTET S5thel 200 JH1) #
h wq2afl (dieigyigel devulellay arariRd) ol
SUON #d A SoeceSHfeli gRT &9
Hedl dTel G121 Sd¥a (KCI) 9 Ioef Hed aTel di2fiis
FRE (K,S0,) TR [T (FgH Yddh bR Dl 15
B AT 24 o) 3 AR ¥ IR K,50, §
HYET & BT H NaCl FHIX KCI T4 €11 & T,
K,S0, & IeUled, Afgsdur i g & foly mED
3 AT fihoeys™ (NF) &I Saae fihar =™m &g
IR SR 5 9 dlees], AMTBRST BT AU
{Na,S0, 31 KCI) 37k 377! A15aT B mED Wi &
AT Y T T b T Ul So Alsell 5
T K, S0, HTH B 3§ forw arqapfer b m@am mED
N7 UTH K80, %I 3 NF 7 el (URSa1Ee)
Uelell {thed BrITE Arsi &l SUURT 3 Hifdr fear
TR R IR U F CF 3R 985 AFEee HerA
Bl X {1 T Whie it 3R SREh <91g S G0
HITSST BT 98% i YEdT & H T K S0, F I=d
FIGAT YTH e < fofq ST fd5ar 39 Weblk
TE UGHIT 39 K,SO, & M iR AT wrEr
e SR AT & fofv e Sugmh ddlel e
B & W UhAT SRT 78000 fEeflumy eier &t
A Rieh ™ Hisicl] 1Rl Bl ) szl bl digdr Hl dgd
B oft (<1%)| GIRT UfT 27 25 ey Seded 92 fabg
1e]
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This work is carried out as a part of work
proposed in CSIR network project (KTEN, XlI-
five years plan). We prepared high value potassic
fertilizer {K.S0O,) from low value potassic
fertilizer (KCl) by metathesis electrodialysis
using indigenous {polyethylene interpolymer
based) mED unit {effective area 200 cm® and no
of each type of membrane used was 24). In this
process the produced K,50, contains Nadl and
KCl salt as impurity. Hence, combination of mED
and Nano filtration (NF) was employed for the
production, purification and concentration of
K.50,. Several parameter such as applied
voltage, ratio of reactants {Na,50, and Kcl) and
their concentration were optimized to obtain
K.50, with relatively high concentration along
with best purity via the mED process. The K,50,
obtained by mED was further subjected to NF
using poly{piperazineamide) thin film composite
membrane to concentrate and to eliminate the
I and associated monovalent cations in the
product streamn. The NF parameters such as feed
pH and applied pressure were adjusted to obtain
high concentration of aqueous K,50, with purity
as high as 98% This process thus provides a
suitable way for easy and cost-effective
production and recovery of solid K.S0, A
maximum concentration of 78000 mg/L was
achieved by the combined process. The
concentration of impurity was also very less {<
1%). The experiments were carried out at 25 It
production per day.

RSC Advances, 06 (2016) 71807-71817
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Theme: Fine Chemaicals
& Catalysis

ferserTeT Y@ &g

FH AT R-ENTHUAHIRATS T Z2Tehl & A7 S THY H “Ieh® T U IR0 hied Iy i
fafeer 3R STTHgeh SFHET N BRI BN 81 39 WX & (A @ § o3 deri-ie! 7 Ay Saifa
TREHT TR 3(TSE U B J Scferh ANTer b, foResT Hecd Scpe I, BHgCHe, D
TR UF & IR A 2 [ 99t v el Senfa aRadqr « manid ergsihiHiseta , SHid
oRadAl, TS TR, JMSHMRISe, &R0, [Iah Jifier & SN0 ThRea 3R
S C-H/ C-O F¥ HehRIcHeU HitIEharall ST 39 el ©7 ¥ RFer] SR TRad! & (el
e T2 IepE TR U IR AN & a7eria CO, BT Zeud it ST, SEER 8- BiNd 31,
ThRT HAMT IR T Feeaqul et sl § IREAT a2 TR Scd~ IHRMET & Jeade, SR
D YAE 2N sl A G 21 SiNfBl uibar/ Sedrs e, sidwndly wiR b ufifdd ylEars 4 qu-
quf YeprarT (500 & 3ifere) e a1 | afafdferl g1 geen i sfig,eqe Hell HbR § Heffetd
21 oo Uiy difge duar AfeR gR | & a1 I 9 9 $8 3 AR ST/ 136 HRSl ol
BEAOR fHTT T &1 Aeedqul 91 I8 & fh I ISR/ UEHATS § H $6 BT ATEARID ST fhar S
&1 8 3 AfaTH Aerclies & Tl 8 2016-17 &b SR Y TV $B SecRkar 1 BT Bl Fedd B ¥ 8l

Thematic core competences

CSIR-CSMCRI has been working in diverse and highly applied research areas based on the
central theme of “Fine Chemicals and Catalysis” for more than three decades. Numerous
scientists from various divisions of this institute have contributed immensely in gaining
insight of a variety of catalytic transformations that find potential significance in fine
chemicals, pharmaceutical, agrochemical and perfumery industries. These industrially viable
catalytic transformations have been developed relying on various homogeneous and
heterogeneous catalyst systems with an emphasis on hydroformylation, asymmetric
transformations,  selective  oxidation, isomerization, degradation, synthesis/
functionalization of heterocyclic compounds and inert (-H/ (-0 bond functionalization
reactions. Within the theme of “Fine Chemicals and Catalysis”, conversion of CO, to value-
added chemicals e.g. formic acid, cyclic carbonates and other important building blocks, and
value-addition to biomass-derived chemicals are some of our major ongoing research
endeavors. The institute’s output is well balanced by technology/ process/ product
developments, guality publications (more than 500) in internationally reputed journals and
various societal activities. IP rights protect some of those processes and a few of those are
transferred to various industries/ licensees. Importantly, a few of those catalystsf catalytic
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processes are being exploited commercially. With this concise overview, we are delighted
to present some of our noteworthy works that were carried out during 2016-17.

ITFTAT SThRoT

Asymmetric Catalysis

39 Wl M & SN, FEAIET SR W FHNT A 5ET S0 9 AT Soheg- AT uiiRe @aEers
C-C 3R C- EgIuen v i UREAITAT IR BT JeT &, S B S &, Heeaqul webre Afsh ResT wiim
SRECICT BT 1 21 TR T ohT ol ol €I o BINUT, EH ST SNl I 90 Tep [&SiTge fohar € &1
TN H F ReR &1 3R T 03l ¥ IoT ShRI-UN T B T & 3R R w0 {5
| BB TEAIY U BT AT Seelid [ 7T 2l

During the period under review, our research on asymmetric catalysis has been primarily focused
on various enantio- andfor diastereoselective C—C and C-hetereoatom bond-forming reactions
furnishing synthetically important optically active building blocks. Owing to the high cost of optically
pure compounds, we have designed those catalysts in such ways that they are reasonably stable
and capable of imparting high enantic-induction in the target molecules and conceivably recyclable.
Some significant achievements have been illustrated here.

fremsd fiFTSeATSUIST & Ioohvd TIFTCHS SMHIITRINT & ATEIT W Mo
T A WIS B-UfAT-o-S3Sla (eex HT STAHfA IR 90T
Catalytic asymmetric syntheses of pharmaceutically relevant §-amino-a-
hydroxyesters via enantioselective aminolysis of methyl phenylglycidate

Sl vu & wiEfie diffel 7 p-uli-a-giggle™l  Given  the  abundance of  B-amino-a-
e T TRRAT T S BU & 210rel d W et hydroxyesters in pharmaceutically relevant

5 . compounds, the asymmetric synthesis of these
T I e & &l HIER SRY dFAA AN B molecules is fundamentally important. The chiral

TpNTsfded Cr(lll) Jom HFeldd A T WY,  macrocyclic Cr {111) salen complex A with a chiral
e R fhTT T 3R AR R % e collarlike backbone has been synthesized,

characterized and used as the catalyst for the

ST QRN Tl T % SRmfn 3 TR asymmetric aminolysis of aromatic epoxy ester
q IS & O¥E SUINT fhar T SRRt B-UfE-a-  with various anilines giving an expedient access

grzdiaed) urey & g der god SeieahdT (95% ) to f-amino-o-hydroxyesters in high yields (up to
i _ 95%) and excellent diastereo- and enantio-
4R eI WA T Sohe- T (96% selectivities (dr>g99/1, ee up to 96%). The

b dr>99/1 ee) Utd w3 {31 faedt fpunefictar ey macroeyclic €r (I)-complex A has been

TAIEAT & THEA S 37 SEREred o) recove]’ed anc?l recyc‘led for four_consecutlve
= catalytic reactions without appreciable loss of

el A T I HTH [T &R AR A g Afse reactivity and selectivity.
T
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T vyt OeeN 7 ISR Cr () -3HRT SohrI-aaAT S TSR]

Figure: Macrocyclic Cr(ill)-catalyzed enantioselective aminolysis of epoxy esters.

ChemCatChem o9 (2017) 322

PIHTTeh SCHUNhI & ATETT A ST A=A

Asymmetric cyanation by means of organocatalysts

Ul god A Iapy-Hu= GrEl AifTe & Safa
FRIYUT H Foolg1g ©Y W 79 e d [haT &, S
TR ¥aed et diel WigHl - i My 8 wadl
& RfoaT wiid B TWE B B 5l 55 a7 § 899
= IOINT AReeE WE AT et S
frTaRe RaforanT Hetford e RRAT-STATRT S -
IOND B & Toui TEHRIANI HISEE o
fAf=T 3RAFET ST N — Boc SfRHI & A
T & T BTl ST shvite Iedves & o = fahaT 7T,
S HIEcE Soedl #f 9=d WiH W9 g
FYATHDAT (92% Th ee) T Sl

PIBU
07Ny TMSCN
/ Catalyst B NC
' O DCM, —10°C, 72h
\

oA

\ _0 . S
N o catalyst B N°
\

In last two decades, the catalytic synthesis of
enantioenriched cyano compounds has received
remarkable attention as the resulting cyano-
compounds serve as simply amendable building
blocks. Along this direction, we have developed
various catalytic cyanation strategies. The
mesoporous silica supported thiourea-based
organocatalyst B was evaluated as an efficient
recyclable catalyst for the asymmetric addition
of trimethylsilyl cyanide to various isatin-derived
N-Boc ketimines giving the cyanated products in
high yields and enantioselectivities {up to 92%
ee)

OtBu

NH

80% yield, 92% ee

fear: R U1 N — Boc SICHINY &7 Galerd TINaT-SRT AR

Figure: Supported thiourea-catalyzed cyanation of isatin-derived N-Boc ketimines.
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CFs O J\
"0 HO
+

Catalyst C

F:C CNO J\
* 0

XCN 50% aq K,CO;

%,f_ﬁ ar
070 e
=

0" 0 Toluene
)\ # |
N
up to 9% yield catalyst C
65% ee
Feat: Ryl Vodhol Ve -aTenive T2 251 39T @vd BV SRTTR I Eeios Hige) TIIes! &1 SRTEiad Faisul

Figure: Asymmetric synthesis of trifluoromethylated cyano compounds using cinchona alkaloid-based

PTC.

WS FEAREEN BT B-FUH W ZRFARMH RIS
Wil g Y [T YewRldidTdde &
AT 7o o foTT R 1907 C 3T UTaeeT STaReT
Ione (fE9) F w7 7 S e mm e
T p—SHITEeY T8fec 6l Iope Wl §5 (99%
) oifdeT Foshrd FIATCHDAT ATETH Yt (65% )l
oo SEweeR AERe SWEl @ B
TEFAR S URRefiT 7T aeRa a7 &
givafda fegr <1 Aaar 8, ol =il Aifiel &
Heaqul T & & H BRf BT Bl

The guinine salt C was utilized as a phase transfer
catalyst (PTC) for asymmetric addition of
acetone cyanohydrine to various alkylidene-
malonates  containing  trifluoromethylated
prochiral center in the $-position. This afford the
corresponding P-diester nitriles in excellent
yield {up to 99%), however, with moderate
enantioselectivity {up to 65%). The resultant
diester nitrile products can be transformed into
chiral trifluoromethyl-  substituted y-amino
butyric acids, which act as important class of
pharmaceutical compounds.

ChemistrySelect 03 (2018) 4838-4843

N-HI3el THIH ATFATSS BT IeHRT TFHHT FHvor

Catalytic asymmetric synthesis of N-chiral amine oxides

BElel N-WEAIgS Bl S HIHAT & Fgamd
AT A (ol & &0 & I ggd SHANT Bl 2w gy
Rl qecd fHell 81 N-HE TiF afieass & w2m
AHAAT FHINU B FARAL D y-Eggiad qdiid
THI (91:9 er Th) & SRFMAE PBEAled NI &
ATeTd W BRI BT T O A ergelte
DI NTTITH BTG T -3 N-ATeretehur 7
QN1 S¥ & o U STfediy o o ATEId F erferd
BT E: U cIec T Hax aTHIM el Hedieg & SIgaidur
TherEIT BT SN TTSC T el & TR1e el H Tl
g, S N-OcX &f Jiediee Soprg Ta-edsdr e

Chiral N-oxides have received tremendous
significance given their increasing use as ligands
in the asymmetric synthesis of complex
molecules. The first asymmetric synthesis of N-
chiral amine oxides has been developed via
dynamic kinetic resolution of unsymmetrical -
hydroxy tertiary amines (up to gtg er). A
binuclear titanium complex operates through a
unique mechanism to accomplish the required
hydroxy-directed N-oxidation: one titanium
center holds the hydroxy function of the aminol
substrate to the close proximity of the other
titanium center, which supplies the oxidant
enantio-selectively to the N-center. The concept
was further expanded towards the kinetic
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PR | G SAURUT Bl Jd e BT g 9T resolution of racemic v-amino alcohols with a
frE “/‘Q"ﬂ:ﬁ JoPET F BEEH AT d6 preexisting stereocenter giving an important

! ° class of enantioenriched secondary {up to
oI fere : = 1= (9REE:0. 99.9:0.1 e.r.) and primary (up to 99.7: 0.3 er) -
erﬁ'cﬁ)%ﬁ?melﬁ'cﬁ (99.7:0.3 er d&) y-UfA Tehlsdd  amino alcohols that are otherwise difficult to

BT W TEAYT TE R &, St sFel TR wey | Synthesize.

et 1
Asymmetric N-Oxidation via Bimetallic Catalysis:
N,O-Ligand
Tij O
G tBu : f
N, OH H—_a oy *
R1 |\‘J)é oy \\l_ro _”R‘I N\"),OH
R2 N R2
R1™-
R? | N,O-Ligand, D

o fayTcdl S5l SN & H1eTH J 3IHET N-aliadia)

Figure: Asymmetric N-oxidation by means of a bimetallic titanium catalyst.

A 70% ag
TBHP (1.4 equiv)
A Ti{O-Pr)4 {10 mol%) ; Ty
VN DH D {5 mol%) OH '. N OH
S Bl
\/\I'-I’/h DCM,rt.,15h \/\I/ O\/\*I-L/h
up to up to
B 70% ag F=99.9:0.1 =97.7:2.3
TBHP (1.6 equiv) .. qoEnne
; : Ti{O-iPr), (10 mol%), ' E ' J
\.N/\:/\OH D (5 mol%) N/\/\OH -||:|c_) ﬁ/MOH
DCM, rt, 16 h
LE - -
up to up to
er=299.7.0.3 er=95.9:4.1

R A R-y-3H1] ebigeT BT BIGAICE RSilcgerl

Figure: Kinetic resolution of racemic y-amino alcohols.

Angew. Chem. Int. Ed. 2016, 55, 13043-13046

TSRS Cu (Il) FISTT Dol ITHRT ITp+T TIATHS AISeINeSle
srfufepaT

Binuclear Cu (ll) chiral complex catalyzed enantioselective nitroaldol reaction
(1R,2R)-(+)- Ud (15,25)(-)- SSRGS Enantiopure macrocyclic ligands  were

SISURA & T 3,3-fAenged (5-f wrergen)2-  Synthesized from (1R,2R)(+)- and (15,25)(-)-
’ # S diphenylethylenediamine with 3,3
SRGIARITSSERS 3 I TE St methylenebis(5-(tert-butyl)-2-
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=g BT WHMT HY I TUEU 50T 17 &S hydroxybenzaldehyde) and characterized. The
F Cu(ll) T g ¥ PR IR W o chirality transfer and chiral inversion from ligand

= : to copper{ll) metal centre were studied using
o] S NgelS SRl SUAERERI G ey dichroism spectroscopy. The

T Tl Seeh T 9T TarTHeh T Cu(ll) HIFAFT (AA  enantiopure binuclear Cu(ll) complexes (AA and

T AA) BT 90% T T 672 Iedrg aaIHadT /\./\) were usec! as catalysts for a.syrnrnetric
nitroaldol reaction to generate P-nitroalcohol

ML S HIE wNee AR F g P— with up to 9o¥% yield and 67% enantioselectivity.

ATECIVTHIETS S P (o7 SRD & B T SGI fawm

T

300 CT band i

Cuy-complex E o

. &
Lutidine HO. |/\Noz N © a )\©
THF, 45 °C, 48 h R YON ]
8 examples
{up to 90% yiald, O

57% 1Bu 1BU
eE) Cuy-complex E

'.’004‘
0
S+ CHyND,
R

100 4

200 4

. S,
300 400 500 600 700 800
Wavelength i (nm)

[ [n]
fem: i) Cu(CH.CO0),.H,0 BT THE (1x107 M) & TIST TUFgT 61 UM &V follls & HITE ST &7
HG3; 1] Cu,- Taeid SHRT remiHd A1EeiVesld i

Figure: [I] Titration of Cu(CH;C00)..H,0 against ligand performed using €D spectra recorded in THF
(1x107* M); [} Cu.-dimer catalyzed asymmetric nitroaldol reaction.

Appl. Organomet. Chem. 2016, 30, 95-101

fere=rhY FifirepY & WAoT 317 feparehierar #7 feem & Seuwor

Catalysis towards the synthesis and functionalization of heterocyclic compounds

farferey TR e dTel fawHaehiy Dfe 7 Fael S WTslis STTeA 4 end! &, 9ive 7 3iwf, $fy
WA SN FepE W I * AT e qut e M1 21 UTery 37 st & for smyoft Seive At 1
[T 3T I UpRITCHIehRUT BT HeTHel Hecd 51 A UHATSR-HICHURIIRaS 7 fafi= sfrfchar yunfory
BT [APHRIT 20T & AR st Thmiar® O- 3R N- [vwiAfes Jifie! o1 R w1, Toie 3R
s ARG A1YH omfitel & T fhar 513

Heterocyclic compounds with diverse structural patterns are not only omnipresent in myriad natural
products but also play a significant role in pharmaceutical, agrochemical and fine chemical
industries. Thus the development of catalytic methods leading to these molecules and their
functionalization are of fundamental importance. CSIR-CSMCRI has developed various reaction
systems that allow for the synthesis of highly functionalized O- or N-heteroaromatic compounds
including furan, azoles and fused pyridine nucleus.
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CF, Ith ASHIIATRIT PRI & 7T & o7 herers arfufepa

Cascade reaction for the construction of CF; containing tetra-substituted furans

B WPlad IRl IR EERIehT J CF .-
YeIicHpd WIT AT & HEed $ HRU, T Uh
SOR® Wl #f IO $f 8, 9l C-CF,
AR B3 DI 4N Teh TRt 3§ REA o
q e fH W1, 8-SR ERARd! [5.4.0]
ATSH-7-37 (S hHt IALD AR BT IqRkerfy F,
TRFMIE HICHE A= AHfHar aRfar 4
Sep¥ YITH P HIA CF-3eipd B @i &l UeH
A b felv Afhdpd TAEgRidfthy & def
SATc3IUee ThIAhur | o] &l

No2
Rt CF; UeRicrdd m=RA e B O)\Z Ph

RE=Lin)]

Figure: Synthesis of
CF; functionalized furan derivatives.

Owing to the importance of (F.-functionalized
furan moieties in many natural products and
pharmaceuticals, we have established a catalytic
protocol where a C-CF; stereogenic center was
incorporated in the furan framework under
metal-free conditions. In the presence of
catalytic quantity of 1,8-diazabicyclo [5.4.0]
undec-7-ene (DBU), trifluoromethyl ketones
underwent intramolecular cyclization  with
activated nitroolefins to fumish the CFs-
decorated furan framework in excellent vields
under mild reaction conditions.

HO‘
N
DBU 0%
—————=  FC
!nrrampleqular ; #Ph
(aclivated nltroolefm) cyclization &
FGT_/ T

No2 NO.,
Lo — L
Ph © Ph

reactive Nu-in
aza-MBH reaction

reactive Nu-
in this reaction

RSC Adv. 2016, 6, 104148-104153

FIwE N-faeTashiai &1 S#wur

Synthesis of fused N-heterocycles

T aR- T ORiTARaTE & W d ISRD
7 91 — b IR 7 Rwe N- wradh
ST $ TN SR Ferafeia=or ®1 s
g, I I [1,2-2) SRS, e [1,5-a]
UENEFY, WENel [1,5-a] TENSMY, I8 eitorT
T MfeTHSF- ve Uelalews =aT, afie 2 T+t
fdafid dep-lal & FrfelRad wiug &: () sad9riie
SIRAT ST ¥ IUeTed BT FHEIT 6B ITINT (ii)
fohTRIE T SeReR &1 YT AT €1 — Heh YR R,
(i) Ty st aRRfea @M am enf®), (iv)
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CSIR-CSMCRI has advanced the synthesis and
functionalization of a series of fused N-
heterocycles, such as imidazo [1,2-a] pyridines,
Imidazo [1, 5-a] pyridines, Pyrazolo [1, 5-a]
pyridines, Indolizines including zolimidine - an
antiulcer drug, either by using inexpensive
copper catalysts or under metal-free conditions.
All the developed technigues have the following
advantages: {i) use of commercially andlor
readily available starting materials, (i) use of
economical coper catalysts or under metal-free
conditions, (i) mild reaction conditions {room
temperature etc.), {iv) applicability for arange of
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TR T T el & fIT &) (v) TR frefrres
o7 faeae — Sk URREIaT &1 ST (vi) TS
TR Bl STl # [1Q HE FUAT Bl T JAF )
AT F WS e T S ST B AR
gl TR (T TRIT 2

functionalities, {v) use of benign solvents or
solvent-free conditions, (vi) some of the
molecules have been demonstrated at gram
scale  reactions to probe the synthetic
practicality. Asummary of those frameworks has
been presented herewith.

fea: wguis fAwrmbinl @1 wEEw SR

SEAR iGN

Figure: Synthesis and functionalisation of

Fused Heterocycles.

The Chemical Record 2017, 17, 1019-1038

fersrershiar AFTERY & WAWIT 3R WHRITcHIHRr % fov v fafyr

Simple method for synthesis and functionalization of heterocyclic compounds

I PIel e TR faei § usiiel Hecaqul HHer
Y &1 Soe 3R sy SrEs & forw i &t
AT 31y e TR Heeqqul 31 84 web fasHit
TARE UTel! e & & of | aRfefer F
Glled & C-2 Weplalgd Sisiiedriieny el C-2

CHITERRUT o FPLISUT BT STATRT < Bl

Azoles play an important role in synthetic
organic chemistry. Synthesis and
functionalization of azoles are important for
synthetic and medicinal chermnists. We have
developed a heterogeneous catalyst system that
allows synthesis of C-2-functionalized
benzoxazoles and C-2 amination of azoles under
mild conditions.
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NO, ey N
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D—H + H-N - | DN
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e TS BT TR 37N U e R

Figure: Synthesis and functionalization of azoles.

ChemistrySelect 2016, 1, 2542-2547

THS  IFAEl, AT 8-UHSH@alicty I % Furthermore, we have developed a simple
RATEETATHS 8aa1Ee0T (Cl, Br, 1) % fal0 |9et oxidative method for the regioselective
THEE o halogenation {Cl, Br, I) of 8-amidoguinoline

fafr Bl &l He ufvl: © systems.  Advantages  including  simple
Wﬂﬁo—g?ﬁuldlﬁlcﬂ, 6 Feee AR afR  operational  technique, transition-metal-free
97 FEIEFA] S Al S SRy 9 d69td protocol, broad substrate scope and high

selectivity have made the methodology
= 3 forq ameia wT ez attractive to the concerned community.

o) " o o X
RJLN * E:N_X / /\/\N:;Z-f\ - RJLN
H Nl { W O K2S205 H I

N~
Methanol { Acetonitrile

50-80°C,2-4h 29 examples
upto 98% yield

R s-vmeifaTTiforT @ eatioideTn

Figure: Hologenation of 8-umidoguinolines.

ChemistrySelect 2017, 2, 2745-2749

BT geTef & qTETT A IURT

Catalysis by means of inorganic materials

AT eh TaTel GRT STV U2 S1Tel & I, &0 i ofl¥ IHART ardiay, ventafia iR faelawrm e Surae
AT % T =8t TRE I RTINS ST SON® IR e UHaiens: IrT HT Jaei a7 3] ZEaTNG
afsRafergt 7 SoRe Tt & aregu & ) SaE SR do-id AN I~ Sl § §79 070 &9 &
AT, A Fe AT FHT & TR Iepe THRAT B AR FX H I Feives AT 6 JART R R £
S B Bl 2016-17 i 7MY % SRFT HH—T & IT91 B Tl T4 F Tedd 577 /= 2

The research on the catalysis by inorganic materials involves synthesis, characterization and

performance of well-defined solid catalysts and related functional materials for gas storage and
catalytic thermal, photo and electrochemical conversion processes. Apart from gaining knowledge
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in catalyst synthesis techniques and advanced spectroscopy for the study of catalyst materials
under working conditions, we focus on applying those catalyst materials in preparing various fine
chermnicals of high industrial dernand. Some achievermnents accomplished during the period 201617

are summarized herein.

31 YRS TR TR n- YT GRIIST BT HHTT

Synthesis of n-butyl acetate over solid acid catalysts

SIETRA WHEE (BuoAc) HT SUTNT I, ASHHT,
=1, ofiefer O, FRrfam 7, a7 R4 U s e Saarer
el & P TS o Y (T ST §1 I S,
TE FHH IR FEWT SN HEH T & Jeo-
T AT & U 5 ITART BT 17 8 WA
BT U BuoAc BT TFTT WD TRTS & n-sgLHTe B
T W 3l S H,S0, IT p-TSA &1 Jafkerfa
WEIthaeT ST fharT SITar 81 AT o] sffevss
3T I T 3 aFd SORT W BuoAc &
RASLTHOT <5 Y e H If¥ €% o qravefiee-amenia
FUH WO H BuoAc 100% TRHTHHT b HTel Iod
Afhar o odiTE afet (89%) & ¥9 7 90°C T,
1:1.5 Hlel SUId & edleld N ezt &
frergaretl fdas & WM & gu N ddmad
BYR <21iaT 1 SIS Ui uidishar 9! e afees
QTSI &7 i T fd

Fem: wlere srgre SR feeTae! &1 JHTl

Figure: Effect of molar ratio & solvents.

Butyl acetate (BuQAC) is used as a synthetic fruit
flavor in numerous food products such as candy,
ice cream, cheeses, soft drinks, chewing gums
and baked goods. In addition, it is often used by
the chemical industries as a high-boiling solvent
of moderate polarity. Traditionally BuDAc is
synthesized by the esterification of acetic acid
with n-butanol in the presence of protic acids
e.g., H;50, or p-TSA. Our study for the synthesis
of BuOAc over various metal oxides and resin
based solid acid catalysts confirmed that an
amberlyst-based catalyst system displayed
higher activity with 100% selectivity of BuDAc
and maximurn conversion in terms of acetic acid
{B9%) at 90°C using 1:1.5 molar ratio of acid to
alcohol and toluene as an azeotropic solvent.
The catalyst also exhibited good re-usability till
five reaction cycles.

90

= Ratio 1:1 (6h)
88

N Ratio 1:1.5(6h)

Conversion of aceticacid (%)

CcCla

Toluene

Benzene
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2-Ufrel TaiTel & W1l ETSNHIdd ATTP TTEISSISS (HPAN) BT TECIH0T

Esterification of hydrogenated phthalic anhydride (HPAR) with 2-ethyl hexanol

BIIA-ATHRT I Bl b S¥Fell JIR Bl T8 3R
gHeT Wi e srfufhar & wWiem &g eig-2-
Ufelelald el aalEggIgelc & 90 & foly fhar
1T, TSI YT UlellHR I & ues TRe e &
©T F {7 ST 81 99TcHS Ied1E & FHT0T $T 87R,
e IR IARD dI [harelieldr 1 Hehds
e Ufth 3ifraTge | (96%) > Fethcs Bled
(90%) > Ifh aiTTES (83%) TR M| <=7 faeft
foramefierar &1 % 3 Tothes B Ifthe JTaTse
RIFTT T =N ST =15PT Tes T AN fepar )

0

+ 2
S \/\/(/O
0

e 2-0f81eT BeraIHTet &5 W1 HPAR o1 Yeey ey

Figure: Esterification of HPAn with 2-ethy! hexanol.

A series of carbon-hased catalysts
prepared and tested for the title reaction to
synthesize di-2-ethylhexyl hexahydrophthalate,
which is used as a plasticizer in polymer industry.
Towards the selective product formation, the
reactivity trend of carbon-based catalysts was
found to be sulfated carbon-graphene oxide
composite (g96%) > sulfated carbon {g0%) >
graphene oxide (83%). The sulfated carbon-
graphene oxide compaosite catalyst was reused
up to four reaction runs without appreciable loss

were

of activity.

sulfated carbon- f\ﬁ\/\
graphene oxide O\);

96%

HIET HATSHIHRR FHRIT MoO,-Haftia MeifthT HT qaiaRiHRor

Carbon microsphere supported MoO;-promoted epoxidation of olefins

g9 Ghel U H HAG-2fcd= $lE- HAZHIEhlN

Hafera Aiferssa alTeraTss A1HUIT B A e
Sl- It 3 @ig Bl Bl A b B F IHART B
e I WR g Aftr 3RT 39 S9RE &1
AN febar i YaHeal oy 2idr & Bl @ld &
PEAAGIIT H URUH TEHT  IEHAH BEA
Higshlethlar &l FHiur gal, e el $idA
IHBNE A BT H MeflbR Bl FHRR S0 &
SEM 3flX STEM Welifee AFaw a8 fear 2 fo
B HIEPhITN Q¥ HifeleorH TeFA1ES A1 &I
Ueh I thelTd 81 21- oIt I UTH HId AT5emed Iy
W AT 1% MeO, Hlec % ®U H HeHb
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We have synthesized molybdenum oxide
nanoparticles (NPs) supported onto bio-derived
carbon microspheres  in one pot. The
aforementioned catalyst was synthesized by the
low temperature hydrothermal {LTH) method
using D-glucose and bagasse as the carbon
source. Microscopy analysis  showed the
carbonization of bagasse resulted in the
formation of non-uniform carbon microspheres,
whereas glucose carbon precursor produced
uniformly spherical carbon spheres. SEM and
STEM elemental mapping show the uniform
dispersion of molybdenum oxide NPs over
carbon microspheres. 1% MoO; supported on
carbon microspheres derived from D-glucose
showed excellent catalytic activity up to 100%
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Figure: Cyclooctene epoxidation.

ST TaTEHTRRuT 3 foIq Tl IaRe Sf IUR0
TR T Fearies (& 1M 79 & 9R T 80°C R
U@ ATFARST & w9 H TRHP & 9Ty fafi= IooNa &7
SUANT s ATFARITFCI 3 HTeT WicTiET bt 8| T
IS 7 FGHIAT ISRD TUTAT (1A-MoO,/GCMS) BT
A TS TeHee &I fEega Een e i 2,
UaaeleT™, TEFAsEed 1,2-Tdiass,
TWERA, ndedi=, 3 -2 offa R foAr
TRILE % Ol RS T iTERiiaor & forg
SR T, e S99 Wi $ o9 |dte
qreiiegs ueF

mo\ epoude velectvt

olefin conversion and 100% epoxide selectivity by
using organic tert-Butyl hydroperoxide as an
oxidant.

O MaO,-catalyst, Oxidant Q
o

The catalytic activity of the synthesized catalyst
was evaluated for olefin epoxidation. The model
reaction was carried out with cyclooctene using
different catalysts with TBHP as an oxidant at
80°C. We subsequently applied the optimized
catalyst system (1A-MoO,/GCMs) to a wide range
of olefinic substrates including cyclohexene,
cyclooctene 1, 2-epoxide, styrene, n-hexene, 3-
butene-2-ol, 3-butene-1-ol and limonene towards
the successful regioselective epoxidation giving
the corresponding epoxide in high yields.

FEfaCI6[aRe TR YafswrT: Sreftr wreaw & fafir= sroeaig uaafeas e
EIRESIREIERY]

Palladium on Cucurbit[6]uril: Hydrogenation of various reducible functional
groups in aqueous medium

Yelf ST BT HPRE[6IINT (CBI6]) (5% Pd =AIEST)
U¥ REer fohaT T affe STefty Az , arffssar ooy &
ERT T g, T ey eI HHEn 6
ERSNHIET ¥ o ST fHar WM 3 TN
TUTETTgS, eI, Tl, $HTS, 3Tl 3TaHis, d,
B-3rqy wEe, AIggIgel iR TogS yepnicte gl
% ETSGINIFAU BT Hhcladd By T, R
STTERTT AFTAT 7 99% FUTARYT 3TN TSl UaM
T T THE AT, T TORE 7 I TR
TRyfafer & et A7 ST & 39T g SresT g -1 0
(10% ¥R I 9a) Bf vedT f=m

Palladium was immobilized on cucurbit[6]uril
(CB[6]) (5 wt% Pd loading) and used for the
hydrogenation of various reducible functional
groups in agueous medium making the reaction
path greener. Thus, hydrogenation of epoxide,
carbonyl, azo, imine, alkene, alkyre, o,B3-
unsaturated ester, nitrile and azide functional
groups was successfully conducted providing up
to 99% conversion and selectivity for most of the
studied cases. Further, the solid catalyst showed
very good recyclability property (up to 10
reaction cycles) without any loss in its catalytic
activity.
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Figure: General scheme for the synthesis of cucurbit[6]uril (CB[6]) and Pd" on CB[5].

ChemistrySelect 2017, 2, 8911-9919

IUD & BT H H-p RT3NeTse T SUURT HR WAfeaT & Arer TR — e
AgferfT® ovel § WiHellod y—doRIciae ™ &1 A (a Rfvg=aaeas sxyor
Chemo- and regioselective synthesis of arylated y-valerolactones from biomass-
based levulinic acid with aromatics using H-§ zeolite as catalyst

& et Tk Reifel o SN o &9 7 [:=mHof
B-SI3lciTge &l SUIIT $ed gy oldlelles 3l (LA)
e omedlst o Wethe I geldgi—aqa
WRfded e 8 | Wigcldd  y-Teldlelde~H
(Agvls) & HHTD & forq sa AT Ueidre &l
Tl fapaT 21 STepfora Reerfer &, LA iR OFter 1 S1
—TTeReRITUT y—alerei =l 82% UIH & Qqrer Yead | &1
50% WYY Bl Uq {61 C-C 39 i & a
FTTRAMTde TEeRleor AT & R < [
AP Areafis T d RIS=Ters ol Tt
ST Bl H e BC NMR & gRT gt mm A
WHfed Tiftet & drer Aty & amadar &
srenad, s uid-dewily fassahly onfie 8, 39
2T ERTT & We 9 & Ty andead FaeT s
SNl T G Tl 81 AIERAT & SR HED
BT | & T3, 911 bl Ie=e e & forg
fSPAEN B, ol Uil @g e, ¥adFalits
AN gemedfy dediel F oATeEE § fEmr mm
el FRI g7 DldAghH HIT Pl - ¥ D $
RIERRINERIERERE
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We have demonstrated a green synthetic
protocol for the synthesis of arylated y-
valerolactones (Agvls) from levulinic acid {LA)
with oxygen or sulphur- containing electron-rich
aromatics using recyclable p-zeolite as the
catalyst under solvent-free condition. Under
optimized condition, LA and anisole render 9o%
conversion of former with 82% vield of para-
substituted y-lactone. C-C Bond formation
followed by intramolecular esterification is
witnessed in the course of the reaction. The
reaction is highly chemo- and regioselective as
evidenced by 'H and C NMR. Reaction scope
studies with various aromatic compounds
including five- membered heterocycles
unraveled the structural requirements necessary
in enabling this reaction. Formation of organic
carbonaceous moiety during the reaction,
responsible for catalyst deactivation,
ascertained through several physicochemical,
spectroscopic and microscopic technigues. The
removal of these carbonaceous moiety by
calcdination regenerated the activity of the
catalyst.

was
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Figure: Synthesis of y-valerolactone catalyzed by H-6 zeolite.

Indian Patent Office vide Application No. 201611023585; 2016

cic-1,4-9J¢-2- TSI ¥ 2,3-

SRIETS SN BT T

Synthesis of 2,3-dihydrofuran from cis-1,4-but-2-enediol
2,3-SBIESIFINA (2,3-DHF) 2 WA Widl §  2,3-dihydrofuran  (2,3-DHF) is  uwbiquitous in
Fdemdt &1 g9+ <1 99U & ATeTH ¥ 2,3-DHF & U humerous antitumor agents. We have described
e fRgul AT @y Ui 5T 21 Yer TN § cic1.4- 30 elegant synthesis of 2,3-DHF via two steps. In
;JE 5 °§ N N A ——— ﬁ’ﬁ:‘ first step dehydration of cis1,4-but-2-enediol

BT H 2,5- SAERGIRRA (2,5-DHF) U §31 3fR

furnishing 2,5-dihydrofuran (2,5-DHF) as an
intermediate and subsequent isomerization of

Iqadt WO H 25DHF @ 23-DHF 5 DHF to 2,3-DHF. In the dehydration step, the
AZEMIGAIA Hielleiu] TR H Isii9 ISR resin catalyst Amberlyst-15 was used as it
TRNGiNG-15 @ 99O AT WT Fafe og  showed good selectivity (88%) and conversion
ATEFATETE ATeaT ¥ AreeT FaTHEdT (88%) 3 (98%) in cyclohaxane medium. The isomerization

HUTRYT (98%) =TT 81 2,5-DHF ¥ 2,3-DHF o
HSUFRIGOA $ (e 7k Ry ¥

a

of 2,5-DHF to 2,3-DHF was achieved by means of

heterogeneous palladium catalyst, 0.5%

Pd/ALO; (up to 95% selectivity and go%

AT YIS IR, 0.5% Pd/AILO, (95% TH  conversion) under solvent free conditions.

FIATHDAT 31N 90% WU b HIETH & WY by

=T
OoH
HO /J

cis-1,4-but-2-
enediol

fa=r: 2,5-DHF @7 W45
Figure: Synthesis of 2,5-DHF.

Amberlyst-15 {j 0.5% Pd/Al, 04 U
Dehydration " |somerization

2,5-DHF

2,5-DHF
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Theme: Materials

fereraTer e &maTg

B¢ g W TE deer ueref Hefta fAfdg Ud e Irygd IHe &Hl W B HY E B
A CHASAR-AEARATS 7 A meref o9 & 7o, fefiersey, oq sEvss |
ESgICoISE, PIE, HIg-PE®H HHdD (MOFs), TPEIHd AHHE D g1 HFrauad AR T
BT & oI AAIE0 & T R Sooen g dred iR faevsmar ury $f 81 39 IvF & [
T < AT 3R I W, qered fsie IR ISRy SRIvTera, WUHaTEaR & 33 TEMT,
sherfore AT 3R S & Grel FAcTes HF B 2 8 YTl I U S & Icp THRMAT, Sarail
IR PIY TR A ATFETRS ATHIN TR e UTH e & (610 WY AT GHfde {1 /m e
B GNTEIT dPlehl/ T/ FeuTe [T, ASEIY T STRISERT Ui qferan § ureT dlel Hehrami
(400 ¥ 31freR) AR ST AT et SR HqfeTd Bl 3 WA diigeh HaT eI b T8
TR & I W P8 WshHl I [T~ FeriTl/ Sge GRebT Bl TR R (5T T B 3 T
uerelf T iR HU H IUTRT B &7 21 99 2016-17 F u<ref s 91 amenie oy S o1 |y
feremur = féam 51 <& 2

Thematic core competences

Over the years, this Institute has been working in miscellaneous and highly applied
research areas on the central theme “Materials”. CSIR-CSMCRI has gained remarkable
strengths and expertise on synthesis of various materials such as clays, zeolites, metal
oxides, hydrotalcites, carbons, metal-organic frameworks (MOFs), functionalized
inorganic metal complexes, and nano-particles for sustainable development. The scientists
and their groups from various disciplines of this institute are working in materials, and
collaborate with other national laboratories both inside and outside (SIR, academic
institutions and industries. Enormous contribution has been devoted in gaining insight of
arange of Materials and their practical applications in fine chemicals, pharmaceutical, and
agrochemical industries. The Institute’s output is well balanced by technology/ process/
product developments, quality publications (more than 400) in both national and
internationally reputed journals and varipus societal activities. IP rights protect some of
those processes and a few of those are transferred to various industries/licensees. Many
of those materials are being exploited commercially. In the following, some highlights on
theme “Materials” are described that were carried out during the year 2016-17.

YR Tfered 2016-17 ANNUAL REPORT 2016-17




USRS - U UHE ST

CSIR-CSMCRI

foreraRaTaT Ssoif Wswur F forg afthar uarert &1 fremy

Development of the active materials for electrochemical energy storage

TG H, SR 21N Ua St o TR 27N Aeteniy
Fll Wl PT SRAT HSRU 3N SRV A $ YgE
fawr &1 59 999 ¥ fga ToRfe JuiE @@ ) |9
YT I el gcd, o gh e siiR Jig 9rl-
fS¥arel fadmarell & BRO ArYHdsl B LA
TR 3T B TTh ATaags STRG el &
bl I AN, BT dretdhdl 3R [NTHaT & R
98 U4 W 194 SUANT T 2 Bl dgef
N Juledl, B W, AN S fAugd TERte
U & HRU Hifeles"H siadEs (MoO,/ 0,) W&
TR UeTe] 21 39 2, 91 C@MoO, HIeXd Iieh-

Presently, appropriate storage and utilization of
sustainable and renewable energy, such as solar
and wind energy, is one of the prime research
area. In this regards, so czalled electrochemical
capacitors (ECs), have received significant
attention due to their high energy density, long
cycle stability, and fast charge-discharge
characteristics. However, high <cost, poor
conductivity and toxicity of the developed oxide
based materials are the main obstacles for their
large scale commercial use. Owing to the
abundance, low-cost, and good electrochemical
performance, Oxides of Molybdenum (Mo0,/0O;)
are most promising candidates. In this line, we

y
1
3

1= -0~ C@Mo0,
‘0] —0-Mo0,
Sl
2150,
g 6‘\
$10] B
3 9 g
§ s O‘Eg-___‘__ﬁ
& —
® Q
[ H 10 15 20
Current density (Ag )
“Te [ e, e
e ©-0-0-0-0.0-0-0-0-00-0-0-00-00-000-0 =
o
Lo ot
i EE’D:'ﬂu"‘:c'liJ:::c:n—- “E
= S-0-0-.0000
[ ]
2 08
H H
é Pul 3 M KOHI C@MoO, 0=
L Current density: 5Ag" &
] @ 1000 2000 3000 4000 5000
_;g,- Cycle number

R howisms C@Mo0, Bl HR-TEM BId, &R t-cd & da+ o Wi 13198 e & siotid Ud 8T Ecd o]

bl gasil

Figure: HR-TEM image of the calcined C@Mo03, the varigtion in the specific capacity with the
increasing the current density and cycling performance at current density.

3ot E¥EAT b fol§ U Hg CHaele fafd uedd &l g,
MY HiFe eFueie & ®©U A 3R Fhiwl, CTAB,
aHIfTH sreMIellede SelRlget a1g Bid & WY 4,
N AT HEHT U Tl & ©Y § B ST Bl
dWRh C@Mo0, Plewild Tib-Ael Hal [Red
VNI GUTRA o o I7g yeref #1 94If¥d ¢ @
MoO, Bl -3l €391 0.5 Cg™' & 9N eed
TN 188 Cg' I fAfdre eniRer uefife &1, S 9g Moo,
(137.1 Cg") ¥ =g s ol T c@mMoo,

have introduced a simple synthetic strategy for
C(@MoO, hollow yolk—shell structure via a soft
template method using CTAB and sucrose as the
soft template, ammonium heptamolybdate

tetrahydrate as the metal source, and
ammonium carbonate as an additive. The
synthesized C@Mo0. hollow yolk- shell

structure showed a specific capacity of 188 Cg”
at the current density of 0.5 Ag", which was
much higher to that of pure Mo0: (137.1 Cg").
The synthesized C@MoO. structure showed
excellent cycling stability, with 78% retention of
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TEAT A, 5 Ag™ % IRT 59 TR 5000 gl % a1 +ff
TRINE ST BT 78% STNAT B el Iepe ahra
EERIAGEEIE]

initial capacity after 5000 cycles at the current
density of 5 A g™

Geg-HeTel Aitnd wTaeliel UhreT IciN® &I faar

Development of efficient visible-light active photocatalyst

et R T HAd Sl SHTE &5 HROT, AN Il
%l w5 N [Bhadl el Wid & B9 4 Hrthl
FUETY Bl SHfel, HR Sl & e ar I4if-s
Sl H WHIET 9Rgd wE/ 41 deE St g3 Wbl
UG IEE TR (T IR 3MaNHG &
3V fda v <1 2ol 9§ 21y & a9 321 31 39 fearm
4, 899 (001) e W Ti0, 3R »a-foes
IR Tel R gY ST (e 391 Uil 3§41 Fae=-1
HAIINTS Elggharet ST HITeT G%T WehTeT HidhT ThreT
FIIRE B e &1 S (001) FHis v
TiO, 7 T2 Uahrel § IR e Ulerthics/ Fehi
IoHET B I UoSEES! hied W THARD
ST 0T T U9l 353T) 377 TiO, SF10T 37 (001)

Owing to the only sustainable energy resource
on earth, solar energy has great potential as
clean and economical energy source. Hence,
efficient conversion and/or harvesting of solar
energy to electrical energy or chemical energy,
i.e., visible light driven chemical conversion
{photocatalysis) is promising and have been
triggered worldwide during last two decade. In
this direction, we have developed {(001) faceted
anatase TiO, and crosslinked biopolymer
stabilized exfoliated titanate nanosheet-
supported AgNPs, a green sustainable ternary
nanocomposite hydrogel, as an efficient visible
light active photocatalyst. (oo1) faceted anatase
TiO, showed selective oxidation of non-
activated aliphatic/eyclic
corresponding aldehyde/ ketone under visible

alecohol to

TFTHIAINCE Idrie -1l Al i (TUTolid}) SO Sgg el
Figure: In situ exfolisted titonate nonosheet-supported silver nanoparticles {(AgNPs) nanocomposite
hydrogel for environmental remediation via reduction of toxic 4nitrophenol and decolourgtion of

organic dyes.

YR Tfered 2016-17 ANNUAL REPORT 2016-17




oy

USRS - U UHE ST

CSIR-CSMCRI

TS UATCH TiO, Bl a1fes Sidae & gea = ua™
FATIET Bt DFT TTOHT 5RT 6T T8 | a1 98 4
AT & AR &R FEME WH &
faboflepeur 3 AT ralfSe T ST Tt 1t il o
U 3T ¥ Ul Alfeld Webral IR fehamafierar
<oifdl | @8l wg eqd oA Heay & b I 4
ATECIthelel B T 7 5 Feilam IaRs &
NaBH, @i Iuiterfcr 4 16 ddve d qui fdar 7727 |

light. First principal quantum chemical DFT
calculation was performed to identify the cause
of superior activity of (0o01) faceted anatase TiO,
over other TiO, nanoparticles. Whereas,
nanocomposite were utilized for reduction of
toxic 4-nitrophenol and decolouration of organic
dyes and showed excellent visible light driven
photocatalytic activity. It is important to note
that reduction of 4-NP was complete within 16 s
using 5 mg of catalyst in the presence of excess
NaBH.,.

IR TS P TATcHSD Ufchvd e WL &d Scp¥ HdgTeilerdr SR FATRed
gTel BIqTee HhTSe (CoFe,0,) BT

Cobalt ferrite (CoFe.0,) nanoparticles for selective non-enzymatic detection of
uric acid with excellent sensitivity and stability

STHATET U¥ 9T T dlel SNy & forw withue
vfed IND RS ST HIe-2fel U FT-TAD e U
T S 81 IReh TS o Hhud I Ao &g
HETeT ST (CoFe,0,) “FIDU Hf TaE e

CofFe,0,-L5A
Bmigh>10nm ol

Non-enzymatic detection of uric acid {UA) with
high selectivity and sensitivity is a challenging
task for researchers working on biosensors.
Little attention has been given to explore the
surface area dependent sensitivity of cobalt

CoFe,0,-HSA
235 m’g?; <10 nm

EN vs SCE

o Pidiee BNEe-EeRi AFaifoe | HeER o] Bi§ seigels (CoFe,0,-HSA / CT / GCE) RT
IR URFS Fela & TN Sotergi TRee o1 151 JARG!

Figure: Schematic diagram of electron transportation during uric acid sensing in cobalt ferrite-
chitosan nanocomposite modified glassy carban electrode (CoFe.0,-HSA/CT/GCE)

GaeRNeldl &) d¥th sgd PH g [UTIgT 81 g8l e
U & CoFe,0, =9I ®U (CoFe,0,-HAS) @1 39
e b WY A WG B 8 B oll @ldled hige

ferrite {CoFe,0,) nanoparticles for non-
enzymatic UA detection. Herein, we are
reporting a CoFe.0, nanoparticle (CoFe.0,-HSA)
based novel biosensor system consisting of a

ek UfaaeT 2016-17 ANNUAL REPORT 2016-17
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cobalt ferrite-chitosan nanocomposite modified
glassy carbon electrode (CoFe,0,-HSA/CT/CGCE).
Due to their high BET surface area (235 m* g™
particle size: ~10 nm), they are found sensitive
and selective for non-enzymatic detection of UA
even in the presence of different interferents
{urea, glucose, ascorbic acid, cholesterol, and a
mixture of these). CoFe,0, nanoparticles were
synthesized by a simple route under ambient
conditions. The proposed enzyme-free UA
sensor exhibited synergistic electrocatalytic
activity for UA and displayed a wide sensing
range {1.99-19.23 pM) with guite a low limit of
detection {LOD) (0.3 uM), and high sensitivity
{42.57 x 103 YA mM™ ¢m™) even between
temperatures of 30 and 70°C. Further, the
sensing  performance of the CoFe,0,
HSA/CT/GCE  biosensor was validated by
estimating UA concentration in a human urine
sample using the currently developed method
and the clinical procedure. The sensitivity,
selectivity and stability {(durability) of the
reported biosensor make it a suitable potential
candidate for biomedical applications.

SRR Jeraan o gq ARG A1garef U9 SPES/ STRIRIIG #FaIfue Asi

lonsieve Nanomaterial and SPES/lonsieve Composite Membrane for the
Separation of Lithium

S ZaTel & & 7 =e I B BRUT AR
T 7 49T Hegc &1 Sl 1 I fHRR o ot
TYepeRt SETEbT STer-1g WaRT & BRI T gHIqur PR
B AT Sres forfrem HirieT siferargs AR
SRS BT (107 726 T¥eT U SMMHThT ST T =T
AT XRD T TEM feperaur o5 gy g8t &t mi =few
AEEl T T Wi D el G Ayl P OET H
I HHIS 1SS @l gui & M o
HHATT fRI907 GRT 37 741 WS AT R
foIfire & srfereaNoT o faenwur qeu & qoiaT
fénTT Tam WEHeE AT (HMON) 3T St TR
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Lithium metal has tremendous importance
because of its wide applications in the fields of
lithium  ion  batteries, ceramics, high
performance lubricating greases and medicines.
The recovery of Li metal from an aqueous
solution is a challenging task because of its high
affinity towards water. Magnesium doped
lithium manganese oxide nanostructured
ionsieve materials are prepared through single
step solid state reaction and confirmed by XRD
and TEM analysis. The effect of doping metal
precursor concentration on lattice parameter
and the amount of manganese oxide formed as
impurity phase is described. The Li adsorption/
desorption characteristics of these
nanostructured ionsieves are evaluated using
Langmuir isotherm analysis. The surface area of
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increased by 95% from its initial surface area of

30 100
—s~Li Adsorption (mg g')
~+—Li Desorption (mg g*') | %0

28 o

'©
o
E 264 —+-% Recovery
=
2 244 80
5 22 ] ;
5 221 S O 2
& 20 470 8
L] 4
S 181 2
= -4 60
S 16 4
(=]
&l / —-——-__._____!
- pe 4 50
124 # 3 s SRS
L
10 T T T T T T 40
50 100 150 200 250 300

Sample Dose/ mg

RT: otf2Rm Ao SiieraIgs AARaRIET SHia gerf @1 UIoaasiRe] de 1 gWes 47 &l % Raar] &

Hae § S ayeiH|

Figure: PXRD pattern of lithium manganese oxide nanostructured fon sieve materials & its sample

dose study in regard to Z recovery.

TR T f3pm M it & srfdenaur i sif
AT 10 g L' & AT S W 16.4853 mg g TS
TS| e SO BT JFaN SPES/ ARG
HEAITAC HeaT & e raieT g e i =t e
IR Jerspanxur &/FaT i S9TiaT 21 39 O¥E i Je
DN U AR ¥ § AIREE § wEErEs
Qorerehu o el fehTT Wil Habell 1

47.3967 m* g due to the etched pits formation
after acid treatment confirmed by BET and TEM
analysis. The maximum Li adsorption capacity
for the adsorbent dose of 10 g L™ is found to be
16.4853 mg g% The acid free separation of
lithium is carried out using SPES/lonsieve
composite membranes by electrodialysis, which
shows the higher lithium separation ability. Such
type of membranes can be used for the selective
recovery of lithium from used Li batteries.

AT UHTLT AHaT o AT TRl HIShIgHe

lonic liquid microemulsions for white light harvesting

SafifeEr, mrRaltesd N TEy SoNE Ss
SHUIITT A Ad-HepIl Iodvich Yari el SUNT dofl §
BIVET & 31 TR TN AT-UHIT Iwith [eH Ydhel I7
63 gl § F1 8161 & oIl WrRiHes 911 S ellef, 83 3flY
TeT T T G2 GUIRHRT IR I ] 5l 59 HY
¥, QDs iR $lef-e oepl U et yunferyi FaR
BITE & 3R IR AR HT 71 QD TR HUMRIT
& T At g5 IR H Glet Thel-Hed QDs $5

White-light-emitting materials are gaining
increasing attention in areas of biomedical,
photovoltaics  and  light-emitting  diodes
applications. Normally the white-light emitting
systems are composed of single or multiple
components that emit the primary colors red,
green, and blue covering the whole visible
spectral window. In this regard, the systems
based on QDs and organic dyes have been
prepared and elucidated. Even among QD based
systems the single-component QDs emitting
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multicolour are better suited than the
multicomponent QDs because of multiple
reasons. Therefore, it is important to find high-

Rt ST AT ARHIgHEIA B TG AR} 5T §IRT ReR CdS FaicH Sicy 9 AT 49-THre-3cidd

yarefl

Figure: White-light-emitting materiols developed from CdS quantum dots stabilized by binary mixture

of ionic liquids microemulsions.

Uehe! AR AT-0B1E IeHoid DT ol Hewaqy 2l
AT TS a9 uerell & foamar fismr &
AifeeIaRfS U & 59 (@ GHRy § 0 &
T Feudd U W TE 3T WT B fF o2-
HEEECIEC Rl e L T L L E G EMEC
TehEHAE UBHAIT  EaHUel Wed &l
fGTERT 0T, STEHISTaA & | ATSHhigAesH
ST & ST {5 A & 19 TR CdS &6 FFeH SIeH (QD)
T RIRRT 3T & 59 IXE & G Iaref i narer
S Mt B 5 W o) 1 o o L K 1 s G
AIEHIEHEA BT Jal 5 SNTHR DI FANIT T 43% B
FETCH FaTl & AT g Ad W FHRR fdaT S Hebel T
2l
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quality single source white light emitters
through cost-effective approaches. So, studies
were done to investigate and tune the
physicochemical properties of binary mixture of
ionic liguids. It has been observed that binary
mixture of 2-hydroxyethylammonium formate,
and dioctyl sulfosuccinate proliniumisopropyl
ester with isooctane forms the microemulsions
which can stabilize CdS Quantum Dots (QDs) at
room temp. Such hybrid materials exhibited
tunable  light  emission  wherein  the
photoluminescence chromaticity could be
precisely adjusted to pure white with a quantum
efficiency (QE) of ~43%, by adjusting the droplet
size of MEs.

Chem. Comm. 52 {2016) 6320-6323
Ind. J. Chem., 55A (2016) 544-553
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lonic liquids for thermal stability of biomolecules

ST Y T R U W fawy & S @y
IMeHAT3AT B O ERA GRHI HT g1 o & forg
TR Tebam 81 Mg et Terelt B gord el
gHdT 3l wdgl fhumileldl & @RU 3 Sgeiua &
TR AeTH iR TRl 9T 9l Sthace-HIdE
Pleiigee WHAHT F B A i gy # erdifs, 08
BlcTged eq & Al § &g smaw off 8 gufer,
AP Ref AHINT Dldigeet D ol [Py

o 95 I8
%vx
ﬁ‘*’"%ﬁ%

Thermal stability of biomolecules is an issue
which has drawn attraction of many researchers
to find out a greener approach. The rise of ionic
liquids as thermally stable green solvents liaising
with an accessible solvating ability and surface
activity has generated new opportunities to
utilize them as a medium for the preservation of
biomolecules and to develop thermally stable
surfactant-protein ~ colloidal  formulations.
However, there are several hurdles in the
formulation of such colloidal systems.

£
c‘#

Enzyme Acuvnly up to 180°C
Two fold Rise in Activity

e wigelm i i @i erer ReRdT S IRl AR 25 1370 STafads TRet JHTEIRE Bicliesc BrHceTT Bl

TSIl TR

Figure: Schematic diagram lonic liquid based colloidal formulation for thermal stobility and peroxidase

activity of cytochrome C.

fpar &y iR fafy e dve uerEd-uids
AGRATE & SETIREE @8R Pl JHay
SHIYA DA gRT ydferd ©U § s (Bl
TRITI 1§ T TRIT 26§ R b ATRIe Tvel AMmeTRa
PIATES HIETHT 7 HISCIPH Hl gl ST & 3R oo
ORI IR fafy (SIRIfee TR & ~2 A7 3R ety
IR A ~4 T ST B TReers € & wfbog 7 329
AT Ha-Se3ve R & w7 A R 6l Suhdl
BT e B g, L lelged [Herdl § 180°C 75
T TR AR Hrfes Tiafafar SF & 3mg

EsEll

Therefore, ionic liqguid based colloidal
formulations were developed and the
thermodynamic behavior of various ionic liquids-
proteins interactions were studied
systematically by isothermal titration
calorimetry. It has been observed that
Cytochrome c dissolved in such jonic liquid based
colloidal medium shows high peroxidase activity
{~2 times to that in neat IL and ~4 times to that
in an ag. buffer). Significantly, the enzyme
retained both structural stability and functional
activity in IL colloidal solns. up to 180°(,
demonstrating the suitability of the system as a
high temp. bio-catalytic reactor.

Biochimica et biophysica acta 1860(5) (2016) 1017-1025

Chem. Comm. 52 {2016) 497-500
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Fly ash based concrete blocks for better durability in prototype model salt farm

g § uftay 112 fer= = g v I BT £,
S d & hdel 38% @l SUANT fdbar oiell &1 g9l
I ST TR § B GahelT &, JaTev0 & 0N oY

The fly ash generation in India is 112 MT/vear
from which only 38 % utilized every year. This can
be utilized from various purposes for example,
can be utilized for construction of solar salt

o= v es Wioe v A wond ver 3 w2 e aniRa deble sefis @ 2 =1 [HEin
Figure: Construction of bunds from fly ash and stone grit based concrete blocks at Experimental Salt
Farm.

28 R e Sl UTET R Ie1ed Bl I8 a1 b
foTe st 2fie ST & & SR 7985 FAHH 3 A
T fipar ST AEar & e e g9gE § S
fEPRRTET STfSTe Uerel ST 10% TS UeT 3TN 16%
TeeR T & SUART § Seb/T siid BT MHIT HY a0
SUIRT MEIETSY Hisd Hiee B & aredl & Bai Bl
T e o folt foharT Tl FefTs T e Ud Terd
YT o T fie A emaiRd Sl s im B
HUIfEe |e HHeM: 8.5 Nimm? 31¥ 9.5 N/mm? 078
1Sl HES 3¢ Bl wHed (7.0 N/mm?) 9 dgd9 il
SO T =TT 6 9N & R W FATs U9 B 20%
SUIRT HHe 6l dreble $l 30% HUIEA died Bl hdel
7-28 &A1 Y 2y 7 977 <a7 8, 97 §HE gReeE ™
SeHRe T il Ferrd Qar & uisllelFe «ifihar &

works effectively and economical ways to
improve the quality and crop of Salt. The
economical waste material generated from
cement manufacturing plants, Dry Fly ash of 10%
by weight and stone grit of 16% weight were
used to construct the Concrete Blocks for
strengthening of the bunds of the ponds of
prototype model salt farm. The compressive
strength achieved using the fly ash based and
mixture of fly ash and stone grit based concrete
blocks were 8.5 N/mm*® and 9.5 N/mm2
respectively, which was better than the
standard brick strength (7.0 N/mm?). It has
shown that 20 % use of Fly ash by weight
increases the 30 % Compressive strength of
Concrete block with cement only in age of 7-28
days which is due to the progress of cement
hydration and pozzolanic reaction of the fly ash
with lime liberated from cement hydration. Fly

YR Tfered 2016-17 ANNUAL REPORT 2016-17
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HoaeT ST &1 Hibic § Fellg Vel Bl ITINT AN T
AT 3T AT & JeaN TR, ©F TR, WIC H
T, Tt WINE ARTGRAT3N & BN TR H HAT
31IR ey Ayl e Bt AET 7 B S wre
3Ry 1 AT T BT B

ash in concrete is used for the purpose of
economy and at the same time fly ash
contributes in  better durability, reduced
permeability, reduction in W/C ratio, reduction in
expansion due to alkali aggregate reaction, and
improved long term strength and most
importantly reduction in cement content.

T TeTdrg ¥ CO, ATTreanwor vef Sreftyr sreearr # frapRes ¢Rre & 9= srens
R HaeTeiel AHa &q ¥a¥-u3d MOF &1 frHfor
Construction of pillar-layer MOFs for CO. adsorption under humid climate, high
selectivity and sensitive detection of picric acid in aqueous phase

31 Reffd 7 O, 1 AR I8 Hecaqul & i
g 97 ¥ P & b A BN 8, dET TR ORa,
SATeIeTe faRredt TRt &) STl Sraer ¥ Alggl-
AT (NACs) e i aifiecaqur 81 it
T H  ARYedT & BRI GT-HH - ST (HATE)
I g SF T JElAl TR IR Gefw i gHTcfiguf 21

Quantity Adsorbed (cm'lg STP)

Adsorption of (0, under humid condition is
important as flue gas contains some degree of
moisture, while agueous phase nitro-aromatics
(NACs)  sensing is  crudal  concerning
environmental protection and anti-terrorism
activities. However, implementing both these
aspects in metal-organic frameworks {MOFs) is
rare and challenging due to their moisture

Larger and polar pore

2

Good CO, sorption but
less moisture stability

Smaller pore

%\ 3
S

Moderate CO, sorption
yet higher water stability

fRT: FHIATBING TTH-03d MOFs Slefidl 3Freel] & fspRa RIS % Tae! §ge & G1e ol wFIA®d] &

s 7 Reefaml 7§ co, sérer fowrdi &

Figure: Isostructural pillar-layer MOFs showing CO, gdsorption under moist conditions with high
selectivity in consort with sensitive detection of picric acid in aqueous phase.

95 PRTHS MOF & AT & forg fafd e 4
ETH-URe T Aot HeATRT bl fEsTig oo & fore
H¥ qhETd 3iR e Al § 9 0% &, 3R BHad
S0 Bl MR oedl 81 39 &, 854 Zn (1)
AT WX SRS dir SRS, TOH-0Rd MOF

instability. Among various strategies to
construct multifunctional MOFs, the ‘pillar-
layer’ method is one of the most rational and
effective ways to design robust structures, and
control framework interpenetration. To this
end, we prepared three isostructural, pillar-
layer MOFs based on Zn{ll) ions, where ¢riss-

ek UfaaeT 2016-17 ANNUAL REPORT 2016-17



fisg & geil vd foelfre ard@eor 5 adla ar ang
TN ot fAfEe fohar ST Hepar #1 Siafes SHdes, Tt
THE Bl [oio? (azp) F SIS+ 43 CO,/ N, TIHTHS
(>200) TN 8, bpy foldh Ieh TRET el 9759 &5 HHHT
& 10 &1 a9 CO, A&y fenyur & ==aq 21 &
TR dEN Egsclgled NeRdl NS &
Bltifds, diaxT giar, (e fasieldd bpe ooy 2nfier
3, afeR 21 Fecauul ®T F, FeltT w1eaw 7 UsRa
e (d) & Haedlia Se @ uieiy 9w &
qrerE | fT W, SE vel §Hg datta ol
JMATNT |G BT 9 ReRTE (3.11x10* M) bpy
for (1.53x10° M) & ST SIAT U7 e 2
Ui vg ety Heel srer &1 v SaeH 7w
AT & Top Tierefier afN Rer o1 9 arTe Sl
EXTONUT f THad! SURRIRT & HROT ST HHaD 7
Tog UTeld 9TH-TaT UTS TS| 395 3faTET, fUsis e
AR azp foer & Te-fived 7 Holgd R HedanTs
TR T T 5 edel 10T e el 8 3T
Ify 7 CO, RNy, Sz gameTaar iR SefiT
Tl ¥ eh e TS 6T 95 BF T & T S
TUTT = WA < el 7 MOF 1 ag3e iy gerel & %1
w1 & Bl
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cross pillaring by the linkers tune the pore
opening and pore electronic environment that in
turn modulate thermal and/or moisture
stabilities. While the framework, incorporating
azo group in the linker {azp) exhibits excellent
CO./N; selectivity (>200), bpy linker containing
structure displays superior hydrolytic stability
with  minimum loss in €O, adsorption-
desorption cycles up to 10 days of water vapour
exposure. However, the third framework,
involving largest bpe linker is wunstable.
Importantly, agueous phase sensitive detection
of picric acid (PA) has been achieved through
fluorescence quenching, where guenching
constant for azo moiety integrated linker-based
structure (3.11x10* M) is found almost double to
that of bpy linker based one {1.53x10* M"). A
combination of experimental and mechanistic
studies reveals that concurrent presence of
dynamic and static quenching as well as
resonance energy transfer (RET) are responsible
for such a high fluorescence quenching in both
the frameworks. Moreover, strong non-covalent
interactions, as observed in the co-crystal of PA
and azp linker, provide direct proof of evidence.
Together, (0. adsorption under humid
condition, high selectivity and very low limit of
PA detection in agueous phase manifest the
present MOFs as multipurpose materials for
sustainability.

ACS Sustainable Chem. Eng. 05 (2017) 11307-11315

Eu(lll) T O ST AT Ucfelt fieH BT W97 SR Tenter-Hifidh e o

Synthesis and photo-physical properties of Eu(lll) complexes and its luminescent
thin films

BTl & 9 A RIS WA HT WS 07 31N a5t
& T U1 2 TS =7 over & § S50 fer Uer &7
Bl T Rt H, TielifaATge Uedlaa (PVA) &I aTfiid
B T, 9o ST qhefddl P HI Iy [t

g i Ueph, ANTdh Fo1, TR, Sfde B9 F
afysied, Wl A fdetadr aflv F-fadell depla & sru
fthed & B ST A fordm STar 81 59 8] AAHR
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Combination of |uminescent properties of
lanthanide  complexes and  mechanical
properties of polymers generated huge interest
in the recent years. Among others, polyvinyl
alecohol (PVA) is considered as economically
cheap, high biocompatibility with excellent film-
forming properties, cohesive force,
emulsification, biodegradability, water solubility
and non-toxicity, which have attracted the
preparation of PVA based film materials. To this
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et TRIT| S T TIehie] et = A= qgeih
ST & TR A T & HeTge Tt UV |l
T AT B &7 Flored "lel Searsi oy &1 g7
ey SreTRe qgete T SR UNedl fhetll &
feqe HereT-+iifereh1T Uit 1 Fezre T3 T 5
RN T T2 T Eu(lll) TETr BT GighT & Farerd
W Iod ol WelY 2id Hl g 3 PAW ufzeg
TUeE RIS ardl Age-wWiHfes diffter & wrer
U YW eflel 1 &l 3ol o 8, el digar 4
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end, lumiphore {L) containing phenanthroline
and its respective Ln>* based complexes
incorporating europium (1) or terbium {III)
were synthesised. Both these luminescent
complexes were doped in a series of polymeric
matrix. This lanthanide complex emitting metal
centered “red emission” by absorbing UV
source. This PVA based polymeric matrix and
detailed photophysical properties of these
transparent films has been studied. In addition,
the luminescent Eu(lll) eomplex upon doping in
paper strips found to give strong red
luminescent. Since these strips are emitting red
colour, upon treating thern with picric acid {PA)
or nitro-aromatic compounds, a change in the
luminescent intensity has been used to detect
the presence of PA. Accordingly this

economically cheap, simple naked eye detection
method for the detection of PA has been
fabricated and demonstrated.

400

|
500 600 700
Excitation wavelength, (Lgye) nm

[0.1eapa ][ 0.25eapa |[0.5eq PA | [1eaPa || 20eqapa

= TTefig w5 AaRs TS (B1Y) & 98983 Gda7 & 1670 L (1) STEIRT HIF &7 Iodui= ¥4ae], T9-

Ry AT & Tredl

Figure: Emission spectra of Ln (ll) based probes for selective sensing of picric acid (PA) in aqueous

media along with paper-strip monitoring.

Sensor and Actuator B: Chemical 250 (2017) 215-223

Chemistry Select 01 (2016) 1943 - 1948
Optical Materials 2017, 70, 83-91
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Helicate as sensor for AMP recognition

Eu W Tb 3MERa IU-Heqdiel w9 ¥ 1&gy fagt
Bfofehe Tl T IO 3N TafuT o ferar T g
AT R TR TE-T1 1S B AT I ST FHOMIAT gRT
TR 5T ST Taar 21 W&, @ 3w sy
UL i IuRkerad § wwAdT ST g i E@ly
TIIfRTT BT T8 78 fAfeT < 9T Sal 6 At 7
TUHT 6T TR FAdr U@ Su-Head S 8 9 99
TE-2iTE el & Ui % Hereaw] Bt 8 T8f
ved] $ e EfEd wEid e udidt g
TR TATH ST ST Jui 3 Tam

vV I

hz"ﬁ
b 4
b

A series of coordinatively unsaturated double
stranded helicates comprising Eu and Tb were
synthesized and characterized. The labile
coligands at the metal ions can be easily
substituted by appropriate anions. A specific
luminescence response of AMP in presence of
ADP, ATP and other anions is observed. The
specificity is assigned to the perfect size match
of AMP to bridge the two metal centers and to
replace quenching coligands in the coordination
sphere. The unusual selectivity towards AMP
over highly charged ADP and ATP is illustrated.

5x10°

-

v
A
..

-
B
N

v

v

X
. AMP +ADP +ATP
[

2; == +AMP
2 4x10' )
»
< 3x10° v
[ =
=} p
) g 2x10 other
= anions
JE_, 1x10°
0 _ID
400 500 600 700

Wavelength, . nm

o= Teflr mraeen F T, U v 9 SROTRIA] &) SURYTT § Tyl & TS oA -3l 9eig niafde

@ [oft Iu-aadIol S 18] elctaea

Figure: Coordinatively unsaturated double-stranded helicates for selective “turn on” luminescence
response of AMP in presence of ADP, ATP, and other anions in agueous phase.

Angew Chem Int Ed. 55 (2016) 9625-9629

ZLT-UPTL ITHoIH SIS FATleTd TPTLT-SORD

Visible-light emitting diode driven photocatalysts

" " TTS IR AN T B W AT § 3 “Sun” is a source of clean and renewable energy
TWPIeT-SRD VIR & 270 TN Torer @ Sua and utilization of solar light for photocatalytic
_ reaction helps to reduce the electrical power
2 At 7 T P BT D AT B 8 G consumption. In view of this, development of
Gien| g, TN TPBIeT & 52T TIFET U& Sooll B 3 photocatalytic materials were focused in order
T FRE AT YT S SRE (Terdsh) A to utilize the visible spectrum of solar light or the
, ; energy efficient and low cost light emitting

HT B ST B & foIY Fene-SaRe et & - -

fehT W e e femm T S F HiSE ISl 5

diodes (LEDs) the irradiation sources. Bismuth
oxyhalide (Br, €I, and ) nanoplates were
synthesised by hydrothermal method for the use

YR Tfered 2016-17 ANNUAL REPORT 2016-17 043 N
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&RUT 2 faeer STRRaTEs (Br, CI 3N 1) AAreied
BT TSR AT ST WAINT (BT Tm St
THR-SaNE Sy aiflgengs Mieled ¥
UM & FWE B AR B T IoAeh SRS
fAfeRRur ST ORI 3R SeTEE HAT H aTe-ete
AT TR HeHIRT-Seu=T A S frafie farmr
| HdE S9hel dYUT IRE i Hdg W Il b
AN DT TG & T TISehEm F=1gge (e
BN § 11 22 Aecialel BIE A9120d MWCNT Hl
=T A3 BT e SIS el fafer gRr T fr
g1 HHNT 3D b SEM 3R TEM Bfai &l 3 3
feegmT T 81 WAINT UHIT-SoRE W ey o
WIS fehaT @7 ST 69l Iod N sedd
femrT T, &R um R F O SARE 9HE Ut 25
ST HepTel-Setie ¥ 98 B

of degradation of dyes present in water. The
photocatalytic activity of the synthesised
photocatalytic bismuth oxyhalide nanoplates
was determined by degradation of rhodamine B
dye under irradiation of light emitting diodes
which are having different wavelength of
irradiation in the ultraviolet and visible range. In
order to enhance the surface area and increase
in adsorption of dye pollutant on the catalytic
surface, multiwall carbon nanotube {MWCNT)
loaded with titanium nanotube (TNT)
composites were synthesised by hydrothermal
method by varying amount of MWCNT. The SEM
and TEM images of the synthesised catalyst are
shown in Fig.. The adsorption and photocatalytic
activity of the synthesised photocatalytic activity
was evaluated by using rhodamine-6G dye,
which were found better that standard P-25
Degussa photocatalyst.

Percentage adsorption of REB 6G dye

g
Porcentage degradation of RUB-6G dye

“Time (min)

fi: A) MWCNT-TNT FWe SEM 913 3N B) RhB-6G @ STIEITINTT 3TV &R0T & Torg SAeh) Serall
Figure: A) SEM images of MWCNT-TNT composites and B) their efficiency towards adsorption as well

as degradation RhB-6G.

Journal of Industrial and Engineering Chemistry 34 (2016) 146-156

BT ATTRE gaTef BT FLHTT

Synthesis of carbon-based materials

T Hiel B W0 H Tl AR A JATEge B
TN T TehFes Hla- IEMRT IJooRH TR fFr
T T ITFETES (SiTaT) & PXRD 5 10° 28 (001)
W US dig BRE fEmmn, S e dwEe ueel o
iTereteRor B R F=ar &, (9 26° 28 (002) W
T g PRI fHerar & ST Iwse Wl 7 aifedi= &
HHIRT & BRI g1 81 TEM BfEm] 9§ g6l €

Sulfonated carbon based catalysts using glucose
and graphene oxide as raw materials were
prepared and characterized. PXRD of graphene
oxide (GQ) showed a sharp peak at 10" 28 (001)
indicating the oxidation of graphite powder,
which has a sharp peak at 26° 20 {002), by
successful incorporation of oxygen species
between the graphite layers. TEM images
confimmed its layered structure, while PXRD of
carbon-graphene  oxide composite {CGO)
showed amorphous structure showing a broad
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(CGO) H PXRD = 25° 20 TR U& T4 IR fawamT,
ol [ po Wl & Hldy Al sliedige b I6H 3
ST h BRI BT &, W1 Gethe & aTe =Y 947 38
2l gEeiHel BIE9 (HTC) I SEM Bl 7 1 H1gshl
e SR dTel Yeb T GeHlel & &, Fafd CGOo
SUllvie & b alledigs Bl qidl bl odpd gl
AR AFIS-USR P el g2 del el
TIeTd 81 TR ISR BT eI Seie ey & T
&7 weRfhead Hipar & four T Hethes
ST T Y5010 $ 9% TR FAHAT 5l T
FedeH TR SR Srgguer HeeT fewrd)

)

fr: A siierares (divie) Afe Bl dierases] ded Sk SEM B

peak at 25° 20 caused by GO reduction to
graphene within a2 few layers, which remains
similar after sulfation. SEM of hydrothermal
carbon {HTC) shows uniform microspheres
within a range of 1 um, whereas (GO composite
shows agglomerated monolith-type spongy
mass of spheres covering the sheets of GO. The
prepared «catalysts were studied for the

esterification reaction for the synthesis of
phthalate ester. The sulfated composite showed
highest activity and intact structure after re-
cyclibility till four reaction cycles.

Figure: PXRD pattern and SEM images of carbon-graphene oxide (CGD) composite.

TS AaTe U RIS S ¥ S9-TaTRA Ufesarss & SN0 iR SiargT R4
Qoo i o 12T S¥0eht Tiifsmar

Synthesis of bio-based aldehyde from seaweed polysaccharide and its interaction
with bovine serum albumin

BEECIENIG] UfeeEss, SIEN T
HRATFITE WIS (SIHUEY) BT Thel TR
SHNEFEHAR TR (HIUHT) gRT fhar T
St eesgs Scdie 3 AifHihar tRrfle (@l
Hfepar de, dim iR amdfeie Higdn) Hqferd
7 1 FTIR, 'H NMR, XRD, SEM, AFM, TGA,
DSC, EA 3R GPC T&1®l §RT SHITAY % F%I90r
&I qfe 1 TS| Ceseigs &l veriHSdl Bl S 8,

Successful synthesis of bio-based aldehyde
namely dialdehyde-carboxymethylagarose
(DCMA) using carboxymethyagarose (CMA) is
demonstrated. Further reaction parameters {i.e.
reaction temperature, pH and periodate
concentration) were optimized to achieve
maximum aldehyde content and product yield.
The synthesis of DCMA was confirmed by
employing FTIR, '"H NMR, XRD, SEM, AFM, TGA,
DS, EA and GPC technigues. To investigate the
aldehyde functionality, DCMA was allowed to
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SIATCAY BT FGHY o Trer SRR e T8 3N v
oRu RIS Ufeeess (PHfeeeRe) & @Y
gerea® TR W Uvavis, FTIR, ToRRE
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interact with BSA and obtained results were
found to be comparable with that of synthetic
aldehyde (Formaldehyde). Further interaction of
DCMA with BSA was confirmed by using UV-vis,
FTIR, fluorescent spectroscopy, CD and DLS
analysis. Results of this study revealed that bio-
based aldehyde behaves like formaldehyde. This
study adds value to abundant marine
biopolymers and opens the new research area
for polymer researchers.
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0.25%, (1) 0.5%, (V=) 1% FHN (i) THY &1 Zl-f3s7 TergT
Figure: UV-vis spectra of (a) DCMA, (b) BSA, () BSA with DCMA 0.25%, (d) 0.5%, (e) 1%, and BSA with FA

(f) 0.25%, () 0.5%, (h) 1% and (i) FA.

Carbohydr Polym. 2016; 150: 278-85
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Seaweed polysaccharides based nanocomposites for rapid dye degradation

Tothe WG el darel Giel_idggd, S,
31T ST (K-), SISl (1) W6 orel\-) ¥ Hehy
3R TiO, TP ISR 7 PHEF ST & TN P 9 7
YT DY Wl T 7| Hethe WHg e Bl
IR F TiO, TR0 & SR 930 HY § Iafeid
SR BT 3R Hehe SIUT U AihT UHIe IoREG
& w9 ¥ gikor a7 31 A= vy Siar § Jefte
Tio, “FiHoe F ST I IH &R0 e @
Aol fohaTeiier seld-5, Tegel o ofi¥ fierse
SRS & ofld &R B 22077 81 G 6 T A 1 H 4

The direct use of sulphate rich seaweed
polysaccharides, carrageenans, namely kappa
{k-), iota {1-) and lambda (A-) as source of sulphur
and carbon doping in TiO. photocatalysts is
demonstrated. During TiO: synthesis in the
presence of sulphate rich carrageenan leave,
mainly residual carbon and sulphur doping
resulted in a highly active photocatalyst.
Evaluation of the dye degradation pattern shows
rapid degradation of reactive black-s, methylene
blue & methyl orange using modified TiO.
nanocomposites in different light sources.
Robust dye degradation was achieved between
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SeIveH 3 4 Adlel BRI B T I S
[EZARIb

1 and 4 h under daylight whereas, the use of a
solar concentrator reduced the degradation
time of MB and RB-5 to <5 min and MQ solution
was turned colourless within 20 min. The present
study elaborates the effect of seaweed
carrageenans in inducing heteroatoms like

sulphur  and  residual carbon for the
photodegradation of industrially important
dyes.

Time (min)

RIS Tl TPl B 37 Tohe S8 Ti0, THIRITHRIT & %S0T & AoiT afiY 2TNET -5, THET, THaft &f

RERIRERNUBIEAES]

Figure: Scheme of synthesis of carrageenan template carbon and sulfur doped TiO, photocatalyst, and

comparative degrodation profile of RB-5, MB, MO.

RSC Adv,, 2016, 6, 61716-51724
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fAwrazq: 3o
Theme: Energy

fasaTTe aqE &Hang:

foesel o TTeh! (H13 W I & S91h) &6 SR, AT TH. 3118 318- AL 0H . 0. HT.31R 37, FR iy Il
BT IR R Tt ST HENfifEar & SaaT AR Tery 7 omol 3871 81 O aeM, e,
Tafte, TN 09, HIERE, TefenT 3o, TN Fim oftte, Wik Sl 5T JMiie STel SR 3R 358 o
TB1BT BT HLATT e b b IeiT(+Tepl FINT BT 7T fiN g T 411 H ST fapam am aefe
fafir=T faehaied G qdiT STHul & Hea 3V 2alaT § GUR S 61 5f¥ &, T8l HT qheira o
- FFHI0T R ST SR I =it 8T &1 HraTgarR-HITayAwiarRans S | adi TfifafeT
Sl H gfFaT WR 7 BIhT Ui off SR o1t o 5% & H Hichy SeRisery Jeu Raasets § ETH
S, T H gFaRict 3l wraes S Uig Sl & el Hisje 21 a9 3 ER Sl Jhreme]
HT YR BT ECSR TR TR ey S WX Il 3R ST Tafu aui I a1, o gHo,
TFERMEMIER, =T SRl & URRIHIER, Jd HicY, TU-SsHMIUH, FEamierd JEH Wy,
RIS HICY, Thel WE & AT AHIH el G, Jlehsl T & | 617 FETE Hoaah, ANSYS,
ASAP 3T SR HFedar & G 8] 9 URKITET & ATef, 89 2016-17 & SR [Avgawg S &
e T 10 & R Uedd Hed 8l

Thematic core competences:

During the past few decades (sixties to eighties), CSIR-CSMCRI was a pioneer in research
and development of far-reaching technologies utilizing solar thermal energy. Solar ponds,
distillation, refrigeration, solar pumps, concentrators, sterling engines, solar passive
cooling, waste water treatment by solar energy and many other technologies were studiad
by numerous scientists of the Institute and many were executed on field. Research and
development are presently underway to build on the earlier successes, especially with a
view to improving the performance and efficiency of the various decentralized solar
thermal devices. Solar thermal activities of CSIR-CSMCRI were guite well known worldwide
in the past and even today active international collaboration in this area exists with
renowned institutes like ETH Zurich in Switzerland, University of Exeter in UK. At present
the solar energy laboratory houses all kind of outdoor solar testing facilities like solar cell
and module characterization set ups, thermal imager, spectroradiometer, different ranges
of pyranometers, UV meter, pyrheliometer, automatic weather station, reflectivity meter,
thermocouples with datalogging facility, heat flux sensor with datalogger, softwares like
ANSYS, ASAP etc. With this preamble, we present salient work carried out under the theme
ENERGY during 2016-17.
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Solar thermal desalination unit for potable water

WK e 3918 AT faet AR Jarelel YeMH & &
fefq arerfeics wordl wifad gv 81 srfdrarar qnfifvus
SteT 2IT¥ HUMTferdl ! faee ar o SiiarRe-23= arel
ol GidT $l AFRIBAT Bl 8, J9id HIR AFaT
TN o ferauiieeu deiel S8 & Qe
T dled Y 2 i) bl SedIe sl &; el Goll
G 3felT & AT el febar a1 W url el e
& [Ty [Eeet § STell SRl 81 Reel 91T & Hgid w
Tl &: AT AR HEA| Ree &1 Uelie gae 90
ST & &f g AT & d1e de e Y SAef Bl Bl
ST ST TEAT & 9 0% ool &l d19A1 oSl Tl &l
ST & = 3 SIS el Siel Bl Aldbet 3Tl [,
ST R el e Sfet ¥ bl ST &1 R R o W
Y SAFHa &1 @bl A ga &, S b ey
epTAAT iR USe | ¥ ¥ gHieT ¥, 9§ $F & Hel
A H Sl ge HTS[E B dE BHR (g w0E €l
fdoel U AT 815 T IedTe I 6 T gGRIT ST
TR, 3R 9 a1 el F folr Rae = B
deTdN, AR TRl & q1ead 4, TR § 9
19 ¥Rl ol < gU, Iedre #l 1 -2 ellewH IR ¥
3.5 -5.5 Wi/ ddb SEHT T4 20 ZhIZT 3
Higgee a1 &1 T B IR ¢ fddha gl TR Teh | TTue
T T bl &l WS TAYAT 5 BRI, HRE & o
A X &1 T4 81 HEATT F 315 b (&g Bl 18
Y 3l Zpl3 I cadr d1fte 3fEd P IR W
30% (el IR U gTel AR Iafl & IHIIT 6T 5E )
8 IcIe gl of € o 20 GIdI0 8, Sl 81
e THT 60,000 9ISH B 8l

AT oh! SaTel 7 YUR < o7 T STl deai 3
AMHA B,

1. T Reer F7 frry: it urt o1 g7t 22
fReffer et T B, 5 UBR I 55 A4S I8

Solar distillation units or stills have proven to be
highly effective to provide safe drinking water.
Most commercial water purification systems
reqguire electrical or other fossil-fueled energy
sources while solar distillation technology
produces the safe quality drinking water as
other desalination technologies; only the energy
source is different i.e. the sun. Brackish or saline
water is fed to the still for purification. The still
operates on the same principle as rainwater:
evaporation and condensation. The still is filled
each morning and it continues to produce
distillate after sundown until the water
temperature cools down. The total water
produced during the day is estimated from the
water collected at the same time, the next day.
World over solar thermal distillation have
undergone many developments as evident from
the numerous research publications and
patents. Unfortunately, very little truly exists on
the ground. It became apparent to us that the
per unit area output must be enhanced
substantially if it is to be made of interest to a
common man. Accordingly, through systematic
innovations, it was possible to enhance the
output from 1 -2 Ljm*/day to 3.5 -5.5 L/m*/day,
considering solar insolation levels in Gujarat. The
units are now made modular and can be set up
in a decentralized manner. Due to the segmental
installation, the maintenance problems have
been overcome by easily accessing the interior
of the units for cleaning. The efficiency of the
best unit so far designed at the Institute is 30%
(in terms of utilization of the solar energy falling
on the still), on average, over a year. The TDS of
the product water is about 20 ppm even if the
feed water is of 60,000 ppm.

The major design elements to improve efficency
of evaporation includes,

1. Development of stepped still: The steps allow
the water to be held in the tilted position, thus
maximizing the absorption of solar beam
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radiation by the tilted absorber surface. (SIR-
{SMCRI design focusses on triangular exposure
area, avoiding shadow effect.

2. Reflectors in V-trough alignment along the
North-South edges: This is the simplest of
concentrating technologies to enhance solar
intensity on collector.

AIHATE IR-FTHUIANRETE & URE 96 Wd ¥ FA1UT iR 9T

EEOER
Solar distillation units installed at experimental salt farm of CSIR-CSMCRI

HR H% WAl 7, 79 thi USaR & HH & SR, 75
AT B AgT W O ART OFT ST HET & RO
TISTET BT AT BT TS &1 O T U Foril ®r
q5a A g9 Bt § oK ER ardad yomelt ¥ I
g b oMY UgEEl Wahdl Bl HITHATEER-
FTH NS 7T ®R 796 Sal § 150 52 e
gorreal # fEed, fAefaT ok wnfig fEm 3
goTsaT U forT W % U 500 -600 feR der
i TR T ST SeTE B Hec] & THD Wl HForel
GIRT 37T ST SUIRT 3 foTe Ot 1 ST fsr e
21 ZHIET B FIE H Tl SeT H =To! (AT SR o
3R I A1y a1t yend febaT SITaT 21 3iR g2 o e
FToET GRT SUINT R ST om &7 SWITEhdiat
TR & STTeR T° 3R e &7 Foegrat &7 =T
W & foTy, Torgell & 918 5 327 77 o o7 uds
TROT B Hlel-UTSER ot ST O W7 T[T o 3R
qFT & R B FEET AT S 56 TR E 10 (30
H12) gaplgui ITN-af3ur d-eth Wiads & Hre g
o 73 off, TTeTfh, ¥ W S2d Ta-9R & HR,
ENERERRE N IR E LG Y
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In solar salt farms, during the salt harvesting
season, the salt workers face difficulties owing
to shortage of potable water at-site.
Nevertheless such locations are blessed with
plenty of sunshine and in-situ desalination for
potable water in solar distillation system or still,
can benefit the workers to a great extent. CSIR-
CSMCRI designed, developed and installed 150
m?* of solar distillation units in solar salt farms.
These units could produce 500 -600 L of fresh
potable water from seawaterin a day. The water
was used by the salt farm workers for their daily
use. The units were charged with seawaterin the
morning and potable water was collected and
used by the salt workers throughout the day.
Based on the feedback of end users and to take
care of leakage problems, the assembling was
altered later and each of the steps were placed
on the black-powdered coated basin and C-
clamp pattern was used for interlocking each
step, so as to restrain water leakage from joints
of the steps and the entire basin. Initially 10 (30
m?*) units were installed with North-South V-
trough reflectors, however, owing to the high
wind-load at site, the reflectors were detached
for safety reasons.
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Figure: Solar distillation units with V-trough
reflectors installed at experimental salt farm of
the Institute.

BT & Heawl 21T W 9N Red

Solar still at Kavaratti island of Lakshadweep

TIRET & PavT! &Y R T e 3 G A e
JIAH P P oy SR MHaT §H18 P U<
Hiogedsry divdiiemEud yRaleHr & dga far
TR IATSEHAT T 311N ER &I 9T UEM e &6 o
Ueh B 3PS Dl SULN DI UHIT 39 UK 2T:

« R & AT A R AT S B SR 3R ER Rea
DI HHFY T

« §251 § (48 V, 400 AH) o & ERm | diET (0.5
fepetlaTe =) & HTeTH & =TS &l ST 2

- 8t o gRT HeTferd ST EeY (Kanthal FeCrAl
57 a1 -18 AWG -100 @TE) BT ITANT N FeR
el &7 I T Icare SgET T

- S 95 T F Gl Fod / 9 (50 W) AT J
TR I 39T TS el 2l

Demonstration of a solar distillation unit to

provide potable water from seawater, at

Kavaratti island of Lakshadweep was carried out

under (SIR VACCIN project. The strategy to

enhance productivity, and use the same unit to
provide light to a home was as follows:

» Normal operation of the solar still using solar
thermal energy during day.

#Battery bank (48 V, 400 AH) gets charged
through solar PV (0.5 kW load) during day.

» Night output from still enhanced by DC heaters
{Kanthal FeCrAl alloy 18 AWG -100 Watt)
powered by the battery bank.

*The battery bank provides light to home
through LED bulbs/ tubes (50 W) at night.

et [A] Veblebct W 311a 3ebig bl 3Haeiiovly; [B) evavil § HiaelH ) aedl

Figure: [A] Concept of integrated solar distillation unit; [B] Demonstration photograph at Kavaratti.
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All of these resulted in enhanced water output
from the still {71.3 % than the earlier design) and
light up a house. The unit produced 17 liters of
water per day. Based on the user feedback,
Lakshadweep administration showed interest to
install 60 such units in Bitra Island, however, it
has not materialized till now.
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Thematic core competences:

CSIR-CSMCRI is working in the diverse and highly applied research areas based on the
central theme of “water” from last three decades. Scientists from various divisions of this
institute have contributed immensely for the synthesis of new polymer for membrane
development and other separation processes. We are actively working on the
development of RO, NF, UF, FO, MF, and ED membranes. Process of membrane
rejuvenation, removal of arsenic, fluoride and heavy metal ions, and indigenous EDI for
ultrapure water production are also the activity, we are involved for water. The institute’s
output is well balanced by technology/ process/ product developments, quality
publications in internationally reputed journals and various societal activities. IP rights
protect some of those processes and a few of them are transferred to various licensees.
With this concise overview, we are delighted to present some of our noteworthy works
that were carried out during 2016-17.

fafie Qeraramor ufiRaTen & forg Aifthec e fva
Nano-filtration membranes for different separations
qaelr e IS e UieIohie (JUI0H) 3TIR  Thin film composite membranes were prepared
W TR A TE S RIS @S ) a1 e On polysulfone (P5f) suppert by interfacial
: polymerization reaction of trimesoyl chloride
RS ST (IS V) a1 dRfE afik w-

separately with piperazine {(Membrane 1) or m-
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ATUAF IR THe-ATh AR &5 Hr-H1el GeioRmaTT
TISEHIES 9% (1) & Ty Soaad B0 Aag v ot
TS| HFT BT SYIRT TSl TS AR e &
TrcTauitaRsur e 3 a7 2/HHT TR & 596 Hsmr |
e &9 b o0 |7 fdpaT M TN A= § &, 5rad (1)
q I=aaq S Hare 3iN MgS0, 3R Nacl & s
Feic ARSIl AU 5.29:1 URIT R 59 A &
TolU TR 3R e TS B sredidic AT
48.5% 3R 92.6% & ofl NaCl bl aredieplcl $I Gef1d
22.1% 2R 66.2% <IfRF 8 T pH 6t SR
AR 31 539 e GRT elfe TRTS ST eEie &
T 50% IR ST B WTH HAT T4 ) GG
Tl LA GRT .U #7571 ERGIhiorer 3
3fY IO 35T T E T ST T 1% MR S
AIeTE A giE (105-150 pm) ToIT SIehE aTef & T
T gig I YR e FEE § RS JUR 5 F
Tt aRfRerfmT 7 dOaR IR Jiuees T @,
dfelifiFEe alemEe (W) SR ofta e o
U ST T SIRIT 7T & | I R B 125°C
ATTHM R Efeld TS (UielmR & 999 5 0.2% wiw)
& T HEfAE BT TN ST BT & YaTE iR
ST & T TRTE R FHTaT ST T8

phenylene diamine {Membrane IV) or mixture of
piperazine and m-phenylene diamine ($0:10 and
63:35 wiw for Membrane 1l and Ill respectively).
Among the four membranes the highest
hydrophilicity and molecular weight cut-off
values as well as highest negative surface
potential were observed for polypiperazine
trimesamide membrane (I). The membranes
were used for desalting of glutamic acid and
glycine and also for the separation of these two
amino acids from their mixture. Among the four
membranes, Membrane | possessed the highest
water flux and rejection ratio of 3.29:1 between
Mgs04 and Nall. For this membrane the
rejections of glycine and glutamic acid are
respectively 48.53% and 92.6% which are 22.1%
and 66.2% higher than the rejection of Nadl. By
proper monitoring of the solution pH it was
possible to achieve 50% rejection difference
between glutamic acid and glycine by this
membrane. Hydrophilicity of the NF membrane
was further improved by modification with PVA.
It was also observed that increase in support
membrane thickness (105-130 pm) and gelation
bath temperature results in  noticeable
improvement in the support membrane flux.
Porous PSf membranes prepared under
different preparation conditions were coated by
polyvinyl alcohol {PVA) solutions to achieve PVA
NF membrane. PVA layer was crosslinked with
maleic acid {0.2% wjw with respect to polymer)
at a curing temperature of 125°C. An appreciable
variation in flux and rejection performance of
the final membranes were observed.

Uil GAEFehxUT b feTq HeMferd Uy s

Modified NF membrane for polyphenol separation

AR TR, By 799 Tt gRT AR 95 F1ET
o SRR BT B e 8 I8 < T o i
Hege T & His 7 g & DR Eoid T ¥ diei R
STERERlT T HawT 81T 5, 91 Tl 319w+ & 918 o+ (5%
ATHINDT H IR a1 &, o TR ST 7418
HH BIdT 81 TEY, dici¥ethls bl 3od Hisdl 9 JUR

Generally, membrane porous supports prepared
by phase inversion technigue are asymmetric in
nature. It has been observed that an increase in
polymer solution concentration results in
enrichment of polymer phase in the polymeric
solution, which after phase inversion results in
dense pore morphology, consequently to lesser
flux. Secondly, the membranes prepared from
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higher concentration of polysulfone are more
hydrophobic as compared to membranes
prepared from lower concentration, which
implied that a densely packed pore prohibited
the penetration of water molecules. Considering
above, various attempts have been carried out
to prepare membrane supports with dense
morphology. The polysulfone membranes were
modified by incorporation of colloidal PYA-MA
cross-linked particles to impart hydrophilicity in
the membranes. The modified membranes
exhibited over 90 % rejection of polyethylene
glycol of 6000 MW implying that these
membranes can be useful for extraction of
valuable biomolecules such as tea polyphenols.
The unmodified polysulfone membranes had
rejection selectivity of tea polyphenol about 50
% only which was increased to about 83 % for the
modified membrane.

AT & FATST BT STANT HYh BT aveT A HIHITT B FSHT

Removal of Chromium from the chrome liquor using combination of membranes

T AWM H, TS & ST I W6 T3 BT & STIN
% {17 B8 UfHaT &1 2/a9ur fRar T, o coD
3-4 g/L, BOD 1-2 g/, BIfFTA A5 2-3 g/l iR I=g
AU TDS 50-60 g/L Bl 7 %19 TReT = COD, BOD
3R TDS & 970 W &1 &, §9olU 39 3R 31 ST
ST ATl oTa HFsT VizhaTall 5 e SUaRT &l ST Hehar
& TP Ieg T P BE(D Alfieal A T g0
TRAT SR ST 81 ST AT 1 X BT 2 ToTT, gl
YT IS BT FTHE AT H HH 25T JT 1T
Alfd SN 9REIY & AfGRE QU #1 geH &
forw et of faeed & e fpar 7 Wl fawed 7,
RIS 12T &1 IUTE T & oy U 3 T H
ST TRIT oI, SEfh IS TES UR o4 1 IR Pl q1E<T
Tiffee Sara T T Bl hiEaR AR Higde B
N ATNIRIE a0 Uaed @ W oS B A
FE 5 BOD/COD ¥R I 9 F3d] & 3iN 4= Hls
TR S BT AT W=a & Fog Pl bl Bl AFa
F DI aRATel & foIq ST TRURE >90%
REm g
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In this study, membrane process has been
explored for treatment of chrome liquor
received from leather industries which have COD
3-4 g/L, BOD 1-2 g/L, chromium concentration 2-3
g/L and high salinity with TDS 50 - 60 g/L. Since
the chrome liguor contains high levels of COD,
BOD and TDS, it cannot be directly fed to
pressure driven membrane processes like RO
since the high level of organic compounds
induced severe membrane fouling problem. To
overcome this problem, the organic content of
the effluent feed should be reduced first so that
the treated effluent can be passed to the RO
system for removal of the excess salinity. In the
system, the permeate line was connected to a
vacuum line for drawing the product while an
external positive pressure of about 1 bar was
applied on the feed side. Intermittently aeration
was applied inside the hollow fiber membrane
module which reduces the organic BOD/COD
level in the feed and prevents the accurnulation
of suspended particles or aggregates on the
membrane surizce. The membranes have shown
promising results for the Chromium rejection of
>00%.
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Hydrophilization of Polysulfone hollow fibre with poly (vinyl alcohol)-silica

TG BTl ThIgaY IaT TT ger AAr et
R Oy &1, Taarfee fen ST 7ef = anT 1
cm/min Ht X H 333 K T99H T, PifeT $HF 7=
OO S fe-FE e e Yafeld fvguh
BIAT BIga oIaT & 135, BT T & &A=
TAT5dT & BRY FEas Bl T W Fa9 T BT
?ﬁW~D.2pm@'1.1pmﬁ?Wﬁ9ﬁlﬂﬁ5&ﬁ%‘T
Taera U o e 8, 3id: DT $I & Feea ol
AT fBsfed IRa & o BT & s oRummEasy
g YA gedl Yeh HIHST thige¥ HIH gaiT |

PSf hollow fiber support was spun and coated
with nano silica dispersed PVA using automatic
dip coating machine with coating rate of 1
cm/min at 333 K. The resultant organic-inorganic
hybrid reinforced P5f hollow fibre shows that
topmost coating layer on the surface of the fibre
was in the range of ~ 0.2 pmto 1.1 ym due to the
different concentration of the coating solution.
Since the coating solution is a dilute system, a
significant amount of the coating was inside the
porous layer of the fibre resulting to composite
fiber with higher mechanical strength.

TTEVTFCE BIENIH & o0 iR ey

Forward osmosis for direct fertigation

AT, Sl Teae 3R O Swiw, Frifa g Refi,
HATAHITH o ITIR e 377t 7 B I anT #
JeRe HYU-e & H9 F B 3N b § AR 5
ST 31 IETI 3 foTT W-STe 37 Slel YT e SudiT
iU 11 Heba &1 weanfad vishar Repel w2y @ ¥q0
R ST & HIR T B e Wl § hIeie & o
HIE JUANT AT ST FeaT Bl 89 vl Hl BT
TeeTa & ©9 A AT &, 511 Sl Bl 37 Il [0 &
fofq Uies dieed deiH Bl 8l o] Rad afiefifng
e e Bl U 7419 GEHI H hiRas ARHIT
Hrsl dcd | sl T AZ YRITTT & fb Yl d ©U
H YTH YaTe 3R Al w9 I A1 vdre ¥ gb
Heedqyui ajax &, (S el BIRul HEU] fdefd- & WRFde
UE H BI o BRUT ST Reb Higell gaia & |

Forward osmosis, being a low-pressure driven
process; has found numerous applications in
water treatment and reuse, controlled drug
release, emergency water treatment kit, etc. The
fertilizers can function as draw solution and be
employed for drawing water from the brackish
water for fertigation in arid areas. The proposed
process eliminates the recovery step and the
diluted draw solution can directly be utilized in
fields for fertigation. We have selected fertilizers
as a draw solution, which provides nutrients to
the crops for their basic growth. The domestic
reverse psmosis membrane element has been
converted to forward osmosis membrane
element in a novel approach. It has been found
that there is a significant difference in
experimentally obtained flux and theoretically
estimated flux because of internal concentration
polarization due to the presence of draw
solution on permeate side.

Desalination and Water Treatment, 34 (57) (2016) 15740-15747
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Reverse osmosis system coupled with solar photovoltaic panel

IR wreEfees (dHh §9e & fga e sus
RO ¥ iy o6 TTey Tt €1 AR et Ut <6t Saeeor
SEAT HIA 5-17 % T FIA, AT TR 0T Hr
ST ST S7HRh &l 2; Sl Oefet o 14 @l 81 weer
T Bl T SRT IR Uit 89 &l argq = A=,
Ol & 9Y v R4 e (3Ra]) & folv g&d
it 6 |1, G 496 & el 5 guN & Her oo
Froll BT Y-AUTH v FehelT 1l o AIUHT UR SN 3T b
TRUTHRTHT H5 & WdTe aeN 3 GUN g1l 396
e, FEET SN gRT 99T AeIiNar §
AT W STele1e] HeIg & T3 o BRUT Ja1g § FoR
&1 g7 <M1 gV & FTSi b IRUTHHHT Q8
AT TTeRTel & d8d J8aY SR WRHE Jdig &
31 1t St I A& &1 ITH g3l YRUTHETHY, 3N
3T T T oAl WU 5 ST 40% Dl FHT 3118 T
1 gEBIvT WR YT 3R 311 HEeH & fof q9 3ol
WS BT FH B b fofy I Gietal & |

The electrical efficiency of solar photovoltaic
{PV) panel decreases with increase in its

temperature. Solar PV panel has the conversion

efficiency of only 5-17%. Thus, the larger part of
incident solar radiation remains unutilized;
which heats up the panel. The temperature
control of solar PV panel by direct contact heat
exchange, with flowing feed water to reverse
osmosis (RO) on top of the panel, could recover
thermal energy together with improving the
performance of PV panel. The RO at higher
temperature resulted in the improvement in the
flow performance of the membrane. Further,
the modification in membrane morphology by
controlled oxidation resulted in improved flux
because of hydrophilic surface formation.
Combining these two approaches resulted in
win-win synergy of improved RO permeate flow
rate and better efficiency of PV panel. As aresult,
the overall energy consumption of RO has been
reduced hy about 40%. This novel approach
opens up the avenues for significantly reducing
the overall energy consumption for brackish
water RO systems.

Desalination and Water Treatment, 57(10), 4303-4312

DA SIYHWT AT P HIETH | HCDICT 3R ARYIHTET BT JAFHIOT

Separation of catechol and resorcinol through tailor-made TFC membrane

SfAeT Frpael RIGIT (SIUhel) & e & STl
fRIfErT iR aEfr ol $ dedien diiiaREs
ol B W HienH W AP W e "ET A
Howhlel AR HINRAIGT & g & folg Sl 31
HATHN dgeteh Al 2ery &l Uebler b WHTell el HH = ST
P TR 3N U150 o Bl &l Bh1e ddeh THETT
Tl PSf N PES W aWIRd TFC o HAlzaq ¥
Helet HIN WAl & JAFBRUT SLdEN HI Tel T4,
g Weleld fbaT R fd TFC (PSfWR) ehiel & d8a%
TUFP YeI (e AN SRdIBf) e H
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Hydrophobicity and binding energy from Density
Functional Theory (DFT) studies were
investigsated for catechol and resorcinol to
explain a greater degree separation through
polyamide TFC membranes. The effects of
nature of base polymer matrices were well
explained by casting the membranes from PSf
and PES having same viscosity. In a comparison
of the separation behavior of catechol and
resorcinol through TFC based on PSf and PES, it
was demonstrated that TFC {on P5f) is relatively
more effective in terms of hetter separation
performances (flux and rejection) of catechol.
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The effect of pH on the separation performance
due to variation of zeta potential was revealed
to be an important factor governing the
performances of the membrane. The presence
of di-cation (Mg*") in the water matrix changed
the nature of the membrane and showed
positive influence in the case of resorcinol
separation.

TSR IRad fafire IRT gRrT amRifee o Freesra

Removal of arsenic by specific resins coupled with ozoniser

0y Sief § 3T Heyur YRd & gl B | HiHd
T P PRI H Tede] gldl Bl arH dN uv e
TG gl 9 As(lIl) (@ BT 96% Te) BT U4 sl
B 37T TR RS As ([11) B e T As (V) B
o 31T T 21 gHfory, J8dY (Fehr &mdr
& ToTT As (1) I As(V) & B9 H 2T 60T S & fore
Td AT B ST T T HiraEiaeang
ERT RIS Toes IRM S 6 T 8l
FRATTE o FISETT & forg Sf¥e STt % 2 aferT-aferT
DT, (i) TITE TG (i) T T AHT-3TelT JI=TAT i
J

The arsenic contamination in potable water is a
major threat to mankind in eastern part of India
causing skin  diseases, disturbance of
cardiovascular and nervous systemns functions.
As-enriched  groundwater is  generally
dominated by As (II) {up to 96% of total). lon
exchange resins are more selective towards
As{V) compare to the As(lll). Hence, an ozonator
was used to oxidize As(lll) to As(V) for better
removal efficiency. The arsenic selective resin
was develogped by CSMCRI. For the removal of
arsenic the pretreatment of contaminated water
was done by two different methods (i) Iron salt
(ii) Lime and alurn of varying dose. The As”

o ST T ST R 5T 3R TIHD B0 H A BET % 1017 U TR 5751

Figure: Arsenic selective fon exchange resins and o domestic unit for selective arsenic removal.

fhed, ERT I8 T febarm T As™ AT Tefid
et 3T b H12f 15min/(10lit e Tef & foiv) (As'
100 iET 7el & STet § EEI0E: 350 Tiw) & forw
aiferelepel fbat 1N AlelIgel AHD b ofel bl
YN & HTEAH 5 BY/ €T i 9T U9TE & 11 a1

containing spiked water was oxidized with
ozone Tor 15min! (olit of arsenic feed waten
(As**:100 ppb in tap water TDS: 350 ppm). The
ozonized arsenic containing water was passed
through resin bed at a service flow rate of §
BVihour. It has been found that ~80-85% of
arsenic was removed after pretreatment,
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thereafter the water was passed through the
resin column for final polishing to get arsenic
free water. However, the arsenic removal
efficiency has been further improved 7-9% more
by using ozonation. Exhausted jon exchange
resin was regenerated with impregnation of iron
salt followed by alkali treatment.

Applied Water Science, 7 (2017) 1043-1067

IEclD ATNYD BT IUANT B Tl BT FARTSSEIT

Defluoridation of water using polymeric adsorbent

RRPIIH e TSl AR & TFefs Tgelsheey
ST pifeiae difediNe aifeiyed @ e har
TR T ¥ FARTES B &M F AT S a
TAET G ¥ ST 3T TAT AR B D
P FALNTR T BT & T FTRTNT I 5 S
I FATRIT [T AT FeIRTES i 2 AIET Bl X B
T e &, $ IR Ve & W o fory IRA a1t v
ST 1 T Gof==T UTBaT 3T STfereas &1 52 O
TRITRICT 59 1o w0 & 2rger] a7t & $iY T
TR WART W 9 & o0 WS IHTE e & S
Iod FARTSS WU & HRU BT 8

Crosslinked polymeric adsorbent has been
developed by suspension polymerization of
zirconium containing vinyl monomers. The
adsorbents were effectively used for fluoride
removal from water. The present work provides
highly efficient absorbents capable of removing
high concentrations of fluoride without
affecting pH of treated water, thus rendering
the safe water for direct consumption. The
simple regeneration process and high reusability
of the adsorbent makes it economically viable
and salubrious solution to safeguard against
severe health hazards which occurs due to high
fluoride consumption.

PCT, India 0095NF2016; 201711008762
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Development of indigenous electrodeionization unit of capacity 20 liters per hour

EERIERINEIE NN B0 L BN 3T BT
gole e e & Tl bl U G2yardul Hishal &l
ORI FeR UfehaT Bl IHRAT SRT QA 6
ST S Bld] 8l CSIR-CSMCRI = ¥ee3l =y |
[AepfaT dicisyEs 1 sedilciaY MHTRT 8-
Uil Arad @l SUYF e BIfd g ol
(IARTERET: 18.2 MO 3T, diva: 7.0) UTH T3 & o
SEINE daie 1 [ oY saadrie foar 3
SEI3MS S8 % IS UdIE S9eR axel Tl g
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Electrodeionization (EDI) is a separation process
combining ion-exchange and electrodialysis. The
resulting hybrid process does not reguire
regeneration by chemicals. CSIR-CSMCRI has
developed and commercialized EDI technology
for producing ultrapure water (resistivity: 18.2
MQ ¢m; pH: 7.0) using indigenously developed
polyethylene interpolymer based ion-exchange
membranes. Flow patterns inside the EDI unit
was stimulated by Fluid Dynamics to create high
turbulence  inside  the  compartments.
Indigenous ion exchange resins {MB 12) were




CSIR-CSMCRI

FoTT T TRIT A T 3 STeY 9od e Seae
B WP TIE IHIE T TS AT TEHT Yo
(TTEY 12) BT ST o T, SR ATRe gy S
@€ ~ 35 ps/ ¥ T B T @€ ~ 500
i) 31 g el Ie1ed o $ foiv thle o
SIS 35 el I urer anoiad MAuR & gerd &
i et 2, widld aireeye $idhl i 2l 39d
AT, EDI 915 &I d8d¥ e & A1 Fef
(IfcRTEaar: 10.0-18.2 MQ ) & SaTeT & fog
PTAT I I T I Hehal Bl

o CSMCRIH faepid waesfl EDI5%7E)
Figure: Indigenous ED! unit developed at CSMCRL

used in the EDI unit, and tap water (TDS ~500
ppm) processed by RO (TDS ~ 35 psfcm) was
feed for producing ultra-pure water. The quality
of the product ultra-pure water is comparable
with commercial Millipore’s unit, while out-put is
guite high. Further, EDI unit can be cleverly
tuned for producing water {resistivity: 10.0-18.2
MQ. cm) with improved output.

TTRITSE 3TN URITRUT & JIUTITE Hel | HIfed Nwast & fog
Foaereafal gfie

Electrodialysis unit for caustic recovery from the effluent slurry of bauxite ore
processing

VISR ITHHH RN 4 diddge 3d
TN F IURE o ¥ dited Rt § o
Tgeelt IR TS S it 80-100 U SIS aTelT
T IOFCISRIE M (60 F9T X 30 T #
TEMT, TETS AR AT S| T8 HRT PRIy T afex
e ugae S, PiddET gRT RIS o
RIS A (0.5 M NaDH) &t 9TH e w7 iR Tigar
1.5-3.0 M (IS NaOH HigdT % 3TN W) T derd!
TSI NaOH ST &1 & 2.2 kWhkg' % NaOH SRMe

CSIR-CSMCRI designed, fabricated and installed
an electrodialysis unit (60 ¢m X 30 cm) with 8o-
100 cell pairs of indigenous ion exchange
membranes for caustic recovery from the
effluent slurry of Bauxite ore processing. This
work was sponsored by M/S AQUATHERM
Water Treatment Pvt. Ltd., Kolkata. Fusion mass
{0.5 M NaOH) was recovered and concentration
was increased up to 1.5-3.0 M (depending on
feed NaQH concentration). Rate of NaOH
recovery was 0.7 Kgh' against 2.2 kwhkg"' of
NaOH recovered energy consumption. This

I IfeEET 2016-17 ANNUAL REPORT 2016-17
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Sl B WIT & AUF 0.7 Kgh' ot 397 wlhar o1
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RAeFehRUT 317 T o fo1q 7 T T HealT B

process can also be used for the separation and
concentration of salt, acid or other ionic
substances present in water.

e &N el F S 1 5 gt 481 e A
TRz

Figure: Photograph of ED unit used for alkali
recovery.

SIS ERT WdRHTH FelRIZS AR R+E M ®i 8T

Removal of hazardous fluoride and arsenic ions by electrodialysis

Fellvge v aidfiFe e a7 Hise & v
e 81 41 o T1T b HIEDH H &7 &1 GoRAb ARl
T Hiflgs Aa- TN TaRey T BT PN ST 2
Tacslt oicllsamga™ Sl Y SRS 3T
TN T GRT IS P i (EeTE 680
T F FARTSS TR (14.4 id0m) B 5e™ & forg
TOTCI SRR e & Jr-IRIE=0r JorTe! T
fapr T B IRINT Bl $T 3T (WHTE fetewt &
200 THF, TR TRIE VPR & a1 $I G 30) 7
2 T ST TR P HATH $ 30 e B 918 1t
TFARTSS I HigdT 1.45 Uiy &% o9 & 73 off, St
SeTEAT ST WEF (3 Y feam-rdel & o e 0
& O Bt IFTHT FHET 21 STIOMR ST ARH-
TRt A5 it STRFTE (As™) BT BCTT Pl &9 T BT
TS0 SoggIS Ao (800 HiET I As™ HigeT)
GRTTHITTT 1 ED 2R & 45-60 7778 & 915 As®™
Higar 10 didiEt a@ 79 & T

Fluoride and arsenic ions are the two major
contaminants present in water. The oral intake
of these two hazardous ions through drinking
water causes seripus health problem. The
removal of fluoride ion (14.4 ppm) from ground
water (TDS 680 ppm) of Rajasthan by
indigenously developed polyethylene
interpolymer based ion exchange membranes
by electrodialysis using recirculation mode of
operation has been carried out. The experiments
were carried out in domestic ED unit (effective
membrane area 200 ¢m’, number of each type of
membranes used were 30). The Final fluoride ion
concentration after 30 minutes of operation of
ED experiment was reduced to 1.45 ppm, which
is drinking water permissible limit as per
guidelines provided by WHO. Arsenate {As>)
removal efficacy of the interpolymer based ion-
exchange membranes have been tested by
electrodialysis (As®™ concentration upto 800
ppb). The As®* concentration was reduced to 10
ppb after 45-60 min of ED operation.

RSC Advances 2016. 6, 67118-67126
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Temperature resistant composite cation exchange membrane for water
desalination

o dAHHHA U el iel fderduilaun i ol
SUER & UIF & $ oy sicafee Rer gerthfies)
WARG  HehHee  didlEaige)  (gEdiens)-
BERINeTE ThH  ledEes  (deen)  emaiRd
AH WRRE g veEs AR (CEMs) JOR
T 1 HeeATcHD fAAYA ¥ effi-iel 3id gl b
i yferthie ATies, WAcS N7 W HehiFe s
THEI Bl TS A, Iefel Jgai Uedi oiR ReeRar
HEF 3 1 A Al 5 dieiisll BT gH1aer AifFs,
T ¢ afferdisfed HieRId! webier 1 ok Tirer <
2, Sidfds dg-alraf-er Wogl <l ufFaifer (-SOH & -
PO.H,) EESIthioId 3T UaeHh Iall & ford
RHRR 81 T9Y 9 SPI/ PGO-8 T CEM
(IEC: 2.37 m equivg ) 7 6.8 x 107 S 4T s+
TeAdar IN 096 t HF B wedH fEET @fiv
2edISRIfctl@n el fadctauilesur & ol afiansi-e
IHIGAN g7 1T 2HG A, Soliri S ol
(€S0 g1 M & fActauiiesRor & (o Hecaqul gur
afzeaT medl= (Sl & @Ua iR ¥ ga D) 999
ATIHT G STefT HIEAT & b Yrerehiur b el 51 b
SN gRT EIRT 3R ¥4d ([debed Y& e 2l

P

To achieve efficient water desalination/ waste
water treatment at high temperature, highly
stable  aliphatic/ aromatic  sulphonated
poly{imide) (5PI)-phosphorylated graphene
oxide (PGO) based temperature resistant cation
exchange membranes (CEMs) were prepared.
The structural features like aliphatic connector
between terminal end groups, direct grafting of
sulfonic acid groups on aromatic rings, were
responsible for their improved performance and
stabilities. Incorporation of PGO in  the
membrane  matrix  contributed towards
mechanical, thermal and oxidative resistant
nature, while presence of multi-ionic clusters (-
SO;H & —PO;H,) was responsible for hydrophilic
ion conducting channels. Most suitable SPI/PGO-
8 composite CEM (IEC: 2.37 m equivg ") exhibited
6.8x107 Scm™ ionic conductivity and o.96 t*
value and found to be promising candidate for
electrodialytic water desalination. Further,
significantly improved process performances
{energy consumption and current efficiency) for
water desalination by electrodialysis (ED)
provides sustainable and feasible altemative for
applying ED for salt separation in aqueous media
at high temperature.

SPI/PGO

° - @

U 00" -] ¢
. e 3 _‘O °
t |Re O °

o V1t

$ 0 ol [

et vadlangd-fian Wiy CEM o @v= @ fo7y a7 g

Figure: Schernatic representation for the preparation of SPI-GO composite CEM.

Journal of Membrane Science 2016, 520, 972-982
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Phosphorylated cellulose triacetate-silica composite adsorbent for recovery of
heavy metal ion

RIS Aefelle ZIURIee (CTA) Rferet |ifs
Afeenyh, RIS SR Hid-oe 9T 3T U6

apEFE TedR Ut oEsdfeaiacH

(APTEOQS)] &I Il &< R fHar T &=
TR 9T AT (Cu®, Ni**, Cd®* 3R Pb?) &7 o
qONiIl) & fetw RAIE fpu qu wiFs ifdeye A

oA & A Fed AT e Rl Nidll)

IfPrenyw, 99y, duH=, Nivg, AfeiYs 3T 3R
AfEreNys FigdT & W6 Hi S B 7S fAfET it
IS e BT qeTTa T 3T T ST ATies) 39
AG®, AH° 3R AS® @7 T afTder {51 T a2
AN ST FIN WhRisferd WHIY W @l Ul

oo fasfa If¥reny® o pH 6 9% oFIFT 78.8% Ni
(11 21fEreneur by weef fobar ail amafare el | Nifll)

AT BT BT H for Ih SugH SHflear AT A
HepdlT 31 565 2N, EDTA [Sel &l Sui & gl
AT Nigll) &7 T 65.5% RepasT & e
Tenu ar, il g2iidr & fos Webrafcdese Heiehl & grielzhur

-2
24

H FENT F N Sfef o STUR H SHebI ST o7 ST
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Phosphorylated cellulose triacetate (CTA)/ silica
composite adsorbent was prepared by acid
catalyzed sol-gel method using an inorganic
precursor  [3-aminopropyl triethoxysilane
(APTEOS)]. Reported composite adsorbent
showed comparatively high adsorption capacity
for Ni{ll) in comparison with different heavy
metal ions (Cu™, Ni**, {d* and Pb™). For Ni{ll)
adsorption, effect of time, temperature, pH,
adsorbent dose and adsorbate concentration
were investigated; different kinetic models were
also evaluated. Thermodynamic parameters
such as AG®, AH® and AS” were also estimated and
equilibrium adsorption obeyed Langmuir and
Freundlich isotherms. Developed adsorbent
exhibited about 78.8% Ni(ll) adsorption at pH 6
and can be considered a suitable candidate for
the removal of Ni(ll) ions from wastewater.
Further, about 65.5% recovery of adsorbed Ni{l1)
using EDTA solution was demonstrated, which
suggested  effective recyding of the
functionalized beads would enable it to be used
in the treatment of contaminated water in
industry.

Carbohydrate Polymers 2016, 136, 1315-1322

TNl TAY & T & foIy efiftesa Rag ot faer

Development of optical switch to monitor liquid level

afiftebel TRel R¥ad el H1 Ukl a1 sFufefa

(98 T7 28 AT Sfet ¥ Bl R & forg Suiil 21

el <l guferfer & srFuferfer a1 g4 faoia F sraeer
REd el U 92ai1d Pl (7R 3l & ol FRiFor

SFTIRINTT 3717 ey aTifSa g2 Hebd & folq Iudh &I

Tolesl THied eFdhd TUF TR W S 6

IR & TN H SR T Bl § do-
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Optical liquid switch is useful for the detection of
either absence or presence of water {clear or
turbid) or to monitor the waterlevel. The change
in state from presence to absence of water or
vice-a-versa triggers relay contact changeover
suitable for control application and also for
remote audiofvisual indication. The LED
illumninated cap provides information on the
absence of water locally; OFF — presence, ON -
absence. It is a self-contained small device and
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Uy, AT - Uk 7€ UF T@-MfRT BIET can be used in any application or process
ITRTT & FEdT ST SoT ST SafT e oft  directory employing water service.

STSTRITT T ST {3 ST Tepet 21

R 3ifftcarer avor Rag & aediel
Figure: Photograph of optical liquid switch.
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T TR AR Seide dhitider IR & fol0 T AMI-3297 Soidels e ot s i 21
T WA & URT el AT I3 & ol IR ST TUFEIHISHIER SR R areeen 3iiv
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TET FARHIEY ige-2iTh-ha STRINT & forT S 2]

Thematic core competences

There has been an ongoing effort at CSIR-CSMCRI in the development of highly selective
sensors for various disease linked biomarkers as well as complementary optical and
electrochemical devices. We have few sensors at various TRL in our pool that can be useful
for point-of-care application for quantification of important biomarkers in blood fluid. For
example, sensors for the analytes cysteine, homocysteine, glutathione, hypochlorous acid,
nitroxyl, Cr{lll) and spermine, which have established in the literature as markers for
various diseases particularly, cardiovascular disease {CVD), oxidative stress, cancer,
diabetes, etc. Additionally, the institute has bacterial detection kit for any water sample
and the technology has been transferred to an aquaculture company. The institute has
also developed several lanthanide-based nanoparticles for organelle (lysosome and
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mitochondria) specific imaging. These probes may be useful for image guided surgery. We

also have several polymeric nanocapsules for targeted drug delivery. The institute also
have developed a general-purpose electrode platform for various electrochemical sensors
based on Patented Plastic Chip Electrode (PCE). This institute housed a good number of
state-of-the-art spectrophotometers such as steady state and time dependent fluorimeter,
UV-vis-NIR spectrophotometer, and €D polarimeter to be useful for optical measurement

purpose. Moreover, a range of potentiostats including custom made low-cost version and

single excitation touch-screen cheap flugrimeter are ready Tor point-of-care application.

TR W A TEIGTST BT TATeHS Ug H9TET fFHeepyor

Selective an effective extraction of the antibody from Rabbit serum

T PUETT TN & 3T F RfdhoadhiT agmei &
JWET A WA % BN, -G GEEier
TRARAI S (1IgG) % T ST ol sy fsr
T ¥ET £ BT, 1% ¥ 1gG BT ATHaT Warel &
I 6 THE TiERt ) wiy e gE e
ST &1 IS TR (IL) - STeid [§-smaer
HuTefl (ABS) UeldiE] & SISl UHEDU ] d8d<
g1 & ol U FehfeTeh o WHIET S Hullell & wy
T IR TE B 31 a-3r@ierd IL 9TH B % fI,
IgG I RFeRET & ATer-HTeS (EHE F fT ARS T+
T TR A S I L BT U T B YA P
HeTehT TehaT TR 37 ILs H, Pleil= g-R aflR g 4
ST~ W Teid TFel 0TI & S b & 3 B et
&1 SHb 2AeTHN, ABS M P el Il ITTehal Bl
UTG¥T 8 Ueab| b w9 A UielWaIgel = eAlghic
(TSR 400) BT ST dves IAT STRIT TT| Feet @ 1y
®Y W, 1gG BT Tehel IO F q0F FISHHr 100% ST
OS2 T |L W MTerRT  OX7 féhaT T 3% 91
SFTHfeld FreeA BT Tmel & IRF 41T | I 1gG
& frsaor ofi 91 @ fore SuT fasaT T, Od ERe
AT 6T el 5 IgG Bl ca. 58% A=l 5 g & Trer
85% FTET ol Bl T3] T aTeTdT, U T T 6t IgG
- 1L gRT P arfiresrer ABS  oTuet Hef
AT DT I T, AT S-IL AaTRa ABS e
B HE TCTHTSI-3THTNG BT e & A1g 5

Due to the advances in using therapeutic drugs
in treating several ill-managed diseases, drugs
with the protein-based antibody
immunoglobulin G (IgC) are being developed.
However, reguirement of IgG in bulk puts
substantial economic pressure on the current
processes of production of the antibody. lonic
liquid {IL)-based aqueous biphasic systems {ABS)
are emerging as an alternative cost-effective
methodology to improve the downstream
processing of the antibody. In order to have
more bio-compatible ILs, the performance of a
series of new biocompatible ILs capable to form
ABS for the extraction as well stability of IgG was
evaluated. In these ILs, choline act as cation and
plant-derived natural acids act as source of
anion. Further, their suitability to form ABS was
explored using polypropylene glycol (PPG 400)
as phase forming components. Remarkably, the
complete extraction of 1gG in a single step was
accomplished in ILrich phase with 100% recovery
yield. The optimized systems were thereafter
applied to the extraction and purification of 18G
directly from rabbit serum samples and ca. 85%
recovery yield of IgG was recorded with ca. 58%
enhancement in purity in comparison to serum
sample. Further, 12G was found to retain its
native structure in most of the ABS formed by
bio-based ILs supporting the potential of the bio-
IL based ABS systems as remarkable platforms
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CHy

H+0)\+OH < %

for the purification of expensive antibody-based
biopharmaceuticals.

This work has been carried-out is collaboration
with University of Aveiro, Portugal.

Bioresources
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Figure: Selective extraction of 128G from rabbit serum using bio-derived ionic liquid-based aqueous

hiphasic systems.

Green Chemistry 18 (2016) 6071-5081

SNufer gTfdrg AFTSeICfFa® SIprUfedd A Jel BT AT

Preparation of a noncytotoxic hemocompatible ion gel with entrapped drug

&Y efded fdelizie (DESs) wiellddl adrail & oy
e Iep¥ TdergIenul el & SHRUT ZdT I[HI T &
AU YR fdeiries unfer] & ©Y H 99 ¥ 8 394,
2-EEelrEysem il (HEMA) DES H ¥o-
qgalicpel &Il & R alefH dellNigs ol Pl
SFAIHRITRA ol SURRIRT §1 39 R UTH TR Sidt &l
SERA 3 pH (GIF) W ReR am, @ik ameg ama
AR A9 (37 °C) W HET el a7d avef Tered ¥
Tad AT B AR St @ T gar o 2|y s
FHAY & ATIHE OF ol Ao & Hufed 6f o daba 2l
IR S B IN-AIEe Rl T:-1 T[T 3R I8 J9a
¥k ob HIId el

Deep eutectic solvents {DESs) are emerging as
new useful solvent systems in pharmaceutical
applications due to their excellent solubilization
ability for hydrophobic drugs. Herein, 2-
hydroxyethylmethacrylate (HEMA) was self-
polymerized in DES having choline chloride and
fructose in the presence of indomethacin. The
ion gel thus obtained was found to be stable in
gastrointestinal fluid pH (GIF), and sustained
release of the drug in simulated lower intestinal
fluid at normal human body temperature (37 °C)
was recorded. The drug could be stored in the
gel matrices at room temperature for long
durations. The ion gel was found to be non-
cytotoxic and was compatible to human blood.
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Figure: Synthesis of the DES and simultaneous polymerization and entrapment of drug.

Macromolecular Chemistry & Physics, 217 (2016) 1899-1906

ARIRAITN T TTaaRS Heavel WP WA 3R IToI-s spareiiel
U RIS S -UTe(E-FHIAFe ) SHIAHIET He-edd oiel & STIHIRT

Reactive compatibilizer mediated precise synthesis and application of stimuli-
responsive polysaccharides-poly(s-caprolactone) amphiphilic conetwork gels

DTS Teredd (APCN) il & 95T Tellgs
effHes UTeli(g-puldiael)(PCL) 3TN TP ST
therdl el WTRIST IT SPHE 3R g HA=T & diedl (2-
STEferTget UFAT UfeeT Herfihele) (PDMA) T PDMA-
b-UTeft (N-ITMSHI TS UfshelMI58) HIUlelAY &
HBHS MBI TfoeraT HHEhaT N N
35T TR PDMA I7 $5% HIUielR = AlehT ®9 F
I 39T, YT eyl Bl 7 [HIT ok Sl &
Tif3e o B Ferdn pH- I7 pH- 3R J9HH g
FfeaTeiicr =EER & Wl APCN el % PDMA 1
S I &l IThH HHT B I GRT T
far am EwdfErtel whHT heARMEe fosem,
ST HbfHee IS, G o Y Sof d
H¥gHT H YT defl fde PDMA 3T 34 dldfcH 3 PLA
FR Ui eRTSs % |1 727 53 oo e oiiv
SIeT % RN & SN O SRR SaenE &
T H BRI FAT 31 3T AT SR o 9TR ST Higal-
HIET 3R Ih-Har B TS99 H3d ol 39 UBR &
et TRy & Fad AR $TR Sad ARRTRE % forw
UG # pH HN TOEE- SfhaEier Syade]
He-edes B Bl AT 6 i o & e TR
[EIRIE

Amphiphilic conetwork {APCN) gels have been
prepared by the seguential nucleophilic
substitution reaction between activated halide
terminated poly({e-caprolactone) {PCL) and
tertiary amine functional agarose or dextran and
small amount of poly(2-dimethyl amino ethyl
methacrylate) (PDMA) or PDMA-b-poly(N-
isopropyl acrylamide) copolymer. PDMA or its
copolymer dramatically lowered the sol fraction,
phase separation and enhanced the mechanical
properties of the gels. APCN gels with pH- or
both pH- and termperature-responsive behavior
have been synthesized by the use of suitable
amount of PDMA or its copolymer. Differential
scanning  calorimetric  analysis,  dynamic
mechanical analysis, sol fraction and the
composition of the gels revealed that the PDMA
or its copolymer showed enhanced miscibility
with PCL and polysaccharides and acts as a
reactive compatibilizer during the synthesis of
the gels. These gels were degradable and
exhibited good cytocompatibility and blood
compatibility. These types of gels are suitable for
sustained release of drugs and tissue
engineering scaffold. pH and temperature-
responsive amphiphilic conetwork membranes
were prepared for controlled release of
therapeutics.

Polymer, 99 (2016) 470-479
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IufYr & Fad MR ¥ 0 URIS-UTeT (VI Te1g®ieT) — UTell(E-hHTeiaar)
i fthford Wericdd Avsi

Agarose-Poly (ethylene glycol)-Poly {(e-caprolactone) amphiphilic conetwork
membrane for sustained release of therapeutics

TRIS-ATl(e-FHeFer) (Agr-PCL) fgues @ik
Agr-UTeil(gegelH TIgHicl)-PCL (Agr-PEG-PCL)
Frees SHgHdel Hededs (APCN) Sl &l aFhHb
BT o= 1T & gRT Seresl Ud
SR STfem & o <R T AR & g
WHIH-Heprdfered Agr ailv |ithy Befige B did PCL
(PCL-b-PEG-b-PCL) HMMR FNT SHRT T
APCNs & 9813 T G SATEUST Bl SIUNT Heh
IR EZSINZIH &9 GRT Hi Tl 37 APCN Sief =1
23 o) ot Mg 1w o | A < ) s 1 R A o s =1 |
HECATN ST, 37 APCN ST = STeTeal U Sl Eere!
3 SRR % o0 SRR S2T FaF &Hal & el
R iR R FRaR &1 wefifa fm APCNs &
PEG & JUR=ITT UTa=IT JeierenvT whi &1 & &4

Agr-NMe,
o —
WL NS VVY
CI-PCL-b-PEG-b-PCL-Cl

=N
o
.
-

o

Agarose-poly(e-caprolactone) {Agr-PCL)
bicomponent and Agr-poly(ethylene
glycol)-PCL  (Agr-PEG-PCL)  tricomponent
amphiphilic conetwork (APCN) gels were
prepared by the sequential nucleophilic
substitution  reaction  between  amine-
functionalized Agr and activated halide
terminated PCL {PCL-b-PEG-b-PCL) copolymer
for the sustained and localized delivery of
hydrophilic and hydrophobic drugs. The
biodegradability of the APCNs was confirmed
using lipase and by hydrolytic degradation.

These APCN gels displayed good
cytocompatibility and  blood compatibility.
Importantly, these APCN gels exhibited

remarkably high drug loading capacity coupled
with sustained and triggered release of both
hydrophilic and hydrophobic drugs. PEG in the
APCNs lowered the degree of phase separation
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Figure: Formation of agarose-poly(ethylene glycol)-poly({e-caprolactore) amphiphilic conetwork
membrane and Injectability of water-swollen particles and release behaviour.
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ST & 31N APCN SieT ! I1fHe 07T &l 37T &1 &1
TS &AT AR FPRON iRt i PEG &t Suierf,
AR AT 6 Wt S ar @y & BT
TR o1 399 w9 o, APCN 3o ¥ PEG 7 5-
TeERRTET S &1 &l BhT JgRI SN e
R &3 3R Ui FER & &7 3R s
L NP K R o | R ESA G ISR
TataRreT sEMEe wite & Far Tk APCN
S & S Hor B W W R S §1 JEe-
AT Toh- WA 3N pH R TAEH-0R e\ &
HTe-FTel TAT BT FReR R T aitefer fa=r
AN Tk ARSI § 37 APCN Il 6
SIRT & folq T2 A1aT Yaf3id Hat &

and enhanced the mechanical property of the
APCN gels. The drug loading capacity and the
release kinetics were also strongly influenced by
the presence of PEG, the nature of release
medium and the nature of the drug. Particularly,
PEG in the APCN gels significantly enhanced the
5-fluorouracil loading capacity and lowered its
release rate and burst release. Release kinetics
of highly water-soluble gemcitabine
hydrochloride and hydrophobic prednisolone
acetate depended on the extent of water
swelling of the APCN gels. Cytocompatibility/
blood compatibility and pH and enzyme-
triggered degradation together with sustained
release of drugs show great promise for the use
of these APCN gels in localized drug delivery and
tissue engineering applications.

ACS Appl. Mater. Interfaces, 08 (2016) 3182-3192

TSIl (1,5-a) UTSRSTS—T BT THTT 3R Sig nfafafyr

Synthesis and bio-activity of pyrazolo(1,5-a) pyridines

3 I IS AP 70 H Fipel ATESIo AT
TRl & T & oy 70 TRt & g R S
TR £, AR T AW F AT ¥ ARG w0 §
Iyeley UERfEE wHieel iR IAEgEeT &
TWHRGRT & NI, TRl [1, 5-a] OREM-3-
HElfrgele S~ H TR0 & oIy U 73 WHifa
A &I &1 WRRT Ul ¥ Ugel AT HUR Aol
ST I A549 (FHS & TSAIDHIAAHAT T o3 ),
MCF-7 (T3 HIRAMT Tl o8 ), HCT-116 (Hia
Y Wl 77g) 3R PC-3 (WReE 4% ¥el a11g) &
SRB Y¥ gR7 5 fdg) |igelcliddiid, ddiesd qui
&l S 1 TE| et 24 RN DBl W Bl R I A
AR AT A Iz UEhER Ay ol fewrm difed
3] 1C-50 (1.54 WM BT IC50) TR Higeelfdaryd!
IS @1 e R A T, &R W e A
ATSCifed I aF W A SHAT Hecaqur AT A
G 3| T 1 3 T 247 T G1-9=07 T MCF-

Several research groups are working on the
development of new methods for the synthesis
of biologically active nitrogen-based
heterocycles, and we have developed a new
strategy for the synthesis of pyrazolo [1, 5-a]
pyridine-3-carboxylate derivatives, via copper
promoted cyclisation of commercially available
pyridyl The
synthesized molecules were initially screened
towards  anticancer  properties, in-vitro
cytotoxicity against Human Cancer Cell Lines
such as A549 (Lung adenocarcinoma cell line),
MCF-7 (Breast carcinoma cell line), HCT-116
{Colon cancer cellline) and PC-3 {Prostate cancer
cell line) as determined by SRB assay. Totally, 24
molecules have been screened out of them, four
molecules showed high anticancer activity. The
cytotoxicity profile was performed on desired
molecule |C-50 studies (IC50 of 1.54 LM), and one
molecule revealed its important role in mitotic
cell cycle progression. One of the compounds
247 led to accumnulation of MCF-7 cells in G-
phase and revealed its important role in mitotic

acetates and benzonitriles.

ek UfaaeT 2016-17 ANNUAL REPORT 2016-17



7 DIl &7 At T 3w ArgeifZe O 9%
TATIY  ER7hT TEe U ST I T (Tl 5T U
ST 3 AT Tbel FHT P forq fafer S 81 g9
HefrdT, difesd ST (& folq 39-faq sz 9 21

TS ST AU AT

CSIR-CSMCRI

cell cycle progression. The method is applicable
for gram scale synthesis of some of these
molecules. Further, in-vivo studies are under

investigation for the desired molecules.

R 7= 2o YReT TraRroTien {[1,5-a) TORSIH-3-@1alfavToie) BT ISWiE.
Figure: Design of novel hetero ary! pyrazolo {[1,5-0] pyridine-3-carboxylates}.

European Journal of Medicinal Chemistry, 126 (2017) 277-285.

Reretr et
Stimuli-responsive nanocapsules for control release of melatonin: protection
against gastric inflammation

AT THeRIe A T U HrE I & S Ah T
o @ AT e 81 7+t wffhaneier sTaie
OSTCRT & EIHeNG THmEl & Reelh s SoRid!
I TS e Ut 2 fTY *TeiT SR 3 ST ST 2
T STARS TAEHINGT T IR HA & fog,
e TTE-TTET e e & GIRT Ueh =0T THTRUT SRR
T o R SEi-srEEie g A
BRI T A BT e far T feeE-aes
AP (MNCs) T B3 (Rl BT 3778
ST Fearel Web 10+ N1 fehaT T, STafdh 37 MNCs
& IMBING! B wTeu-aui & oy A= geiag
TS ehIFEHIdT BT ST 52T 7171 57 MNCs & MR
T 80-120 nm & STl Tt I HIeTs 29411 nm
urft T AT R @ fTT Ieeel 38 T 350 nm
Ug 3249 b 9IS 305 nm (FEeH] o=y, O 350 =
0.13) W RV &1 3 AP ged & L &Y
HATEI AURAT 6T TF-99T TS MNCs & 35 O
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Melatonin is a secretory product of the pineal
gland that regulates circadian rhythm. It is also
well-known for its anti-inflammatory and
antioxidant properties against the damaging
influences of reactive oxygen species. To
improve its therapeutic efficacy, a new
formulation with melatonin loaded in a stimuli-
responsive polymeric nanocapsule has been
prepared tollowing an inverse mini-emulsion
technique. The colloidal stahility of the
melatonin-loaded nanocapsules (MNCs) s
studied using dynamic light scattering, while the
morphology of these MNCs is characterized
using various electron microscopies. These
MNCs have an inner diameter of 80-120 nm with
a cell wall thickness of 29 £ 11 nm. The emission
band maximum for melatonin appears at 350 nm
and following excitation at 305 nm (guantum
yield, ®350 = 0.13). The self-quenching nature of
the entrapped melatonin molecules inside the
nanocapsules attributes to a lower ©350 value
for the MNCs. The controlled release of
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350 A9 & oy foraR 7 W=l 37 g fefo F
MNCs & AellelfH @ FEfEd e, Wb el S2ia
& 7 H Up TR FHET pH (~2.0-4.0) BT FHT IEGH
& BN eI Feba1 & ge A U7 @l il 3R
TE I TR HEI A T Ageaquf 9fs & forg fmeR
21 H,K-ATPase, T S~ s W, WX A &
FEHAT o 5 AT pH 37 B F717 T4 81 T
STITERT 7 T ZaT ferawur Hidha &t R @ &b
T 397 TR BT SATATHT TN Tk HeATe = Bl T
T MNCs & Y {5-aaeee FTaiiees a9 6t
Rerfey 9§ AGS BN & IR § UF Heeaquf
TR ST 81 THE-0RT To¥ 3edR & U 7
A8l 9, MNCs = &d7 T9EHINGT & 9Fel 5 Th
TATCIFH I J8<) e fahaT Sov 3fedR g8 Bl
T ek Al A SR GRT ~30 3 ~15 &7 g 4
MNCs ¥ 30 I ~8 T HC TI1l 3 TNE BT AT
FH BT AARIF-ATT  Towielded e
TP et BT T2 ¥ SATell e BT Aeberl 2l

melatonin from MNCs in an in vitro condition is
achieved by inducing a rupture of the polymeric
backbone through maintaining a certain media
pH (~2.0-4.0) as an external stimulus, and this
accounts for a significant enhancement in its
characteristic luminescence. The H,K-ATPase, an
integral membrane protein, maintains this
specific pH range in the interior of the
gastrointestinal tract. This methodology is
adopted for developing an efficient drug
delivery process in the gastric environment. A
significant improvement in the AGS cell survival
under oxidative stress conditions is observed
during preincubation with MNCs compared to
free melatonin. In a murine model of the stress-
induced gastric ulcer, MNCs outperformed free
melatoninin terms of drug efficacy. The value for
the gastric ulcer index is reduced from ~30 to
~15 by free melatonin to ~30 to ~8 by MN(s
treatrment. Such formulation could be a step
forward for developing more efficient
melatonin-based gastroprotective supplements.

TR TR0 ATSH BT 3R BRI SR  folg & BIEH S<omg aThi
Farey Siew: arsaran fafirear sik Sae-fiv srie
Two photon excitable graphene quantum dots for structured illumination

microscopy and imaging applications: lysosome specificity and tissue-dependent
imaging

ATSANT Tahel HsM-aA1e TSI A BB £
R ST Tt THRIIEE DIfrenrat § Hiae BT 2l
A S OF BT T &Y Wue 3N
USHISfed BT # SifcH 121 Bl g 37 Her
el DIHIT AT bl G FTT ST 8l SISHA
wicRam wullell @Rl 9 ST 831 Bl 89 WK,
SATZEIE I D MM HXT ATelT g Sfad Himama
1 FHET A9 B, ST el FThT I o oo
Tl T 6 A 06 8 SHAY, AGT N Bl

Lysosomes are single membrane-bound
cytoplasmic organelles and are present in almost
all eukaryotic cells. Lysosomes are the major
degradative compartment of the endosomal
systern and the terminal path in the endocytic
pathway. Lysosomes also facilitate other
fundamental processes such as signaling, plasma
membrane repair and intracellular trafficking.

Lysosomal  dysfunction is  linked to
neurodegenerative disorders, dysfunction of
lipid and glucose metabolism, infectious

diseases and several immune system disorders.
Thus, it is essential to understand basic biological
processes involving lysosomes, ranging from
cellular clearance to the control of cellular
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Bl [P 37 SHeHAT Bl G931 N AZAHH
T IR H TR 7H R & o U wEeaquf
wIfeT 2l

TR FaTeH ST BT SRS T & w9 7 A 6HF
SE F qH B ITN P UH WA R g
TSI e & I & Wi T mm e
Yl R, 37y-ehraf afle AN ol 91 Ioefald
yegiH ovdl 81 g9-fe) WAk A udl delr @ b adhig
FaeA Sicd ARERM & Ui (P AR arefr
YeRid o &, seit [Senfther W U gv-E4) is
5 qfe &I 7 fob ahiT Fed ey i de &7 4
SEHHT: T $ed 2 g7 Ul 9§ Hebd
fetam & 2 3 aTh T araied SIed @1 SU T rEe aF
3 folu UfiEie BRI Toiet & w9 7 ST T
21 7% PR 3T B § T - A fafhadhr @ ar
ThI FETeT ey W WISl WET § - Sl ST
TG AT 2 0 & 37 wiemm & w5
32T ST 7T &, ST AaT, deiia ofiv e
BRIl B bl B Tl
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energy metabolism. Therefore, the
development of new probes and appropriate
methodologies for visualizing the dynamics of
lysosomes would be a significant advancement
in understanding their functionality and provide
insights into lysosome-related diseases.

Graphene guantum dots were synthesized
employing a simple and facile hydrothermal
method using neem root extracts as starting
materials. The  as-synthesized graphene
guantum dots exhibited excellent
biocompatibility, photo-stability, up-conversion
and continuous full-color emission. In vitro
experiments revealed that the graphene
guantum dots display a specific affinity towards
lysosomes, whilst in vivo imaging involving
zebrafish confirmed that graphene guantum
dots preferentially localize in the yolk sac region.
These studies indicate that these graphene
guantum dots can be used as fluorescence
imaging agents for the digestive system. This
work indicates that — if therapeutic functions are
added to the graphene gquantum dots - they
could be used as platforms for constructing
intelligent nanomedicines, which integrate
diagnostic, targeting, and therapeutic functions.
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fAwRIdzd: UATaur
Theme: Environment

TR v aFeTe

HICHATSR-HCHUTAT RS 3ell Wl & 37fdd J9T F THal WIERe & SH & ggi i Frsm
BT & Tl Wferaig 81 89RT HMHAT 8 T Woieruily yediq 3 GuR s el 8iar 8 3 s,
ST HIST BT SH1¥ g1 &ty FTaruTy gl B el # § Heg BT 9l &1 <1iied &
IO T 2 TTERT U TRIGT &1 &I X AN SR TN e H Sfel, FHT 3R IRt o &
GUR B3 P (oAU FHTET (DI BT ETRT I 27 21 BART G &R Pl AR AR &
T2 TTERUN dIsT P 7 DT AT JITER0T P ST Bl THIET BT BT TN HaT 8l T Py
TEcaTeh el TSR o FTT ofeh? oI 7 IR & AreI-Are HsiT Goiit 1 4 a1 w2 &1 &
TRl  faf~T TfaRufRT Seah! S a7y, QMY YoTe], JaT Afed i Tiaror iR Sid I Aes!
& T H TN STl JON fHaT 81 Tl @I $I WRET & Wref F1d el § 18 TTele & 39 el
T el TUreT SR ATHTeS ReIfd &1 STead =T H¥ g BedaN TRANSTHI BT T 2T oM Heer =
=T 7T et ORI IS DI AT JaTY Y& Hi &, Fleeh 3 Ao TRbRNT (bl S 3ATE Teel T
HERITT Ve ®f 81 59 Fef &, TeT 2016-2017 % SN g 70 9er o IRl fohar 7RI 8l

Thematic core competences

CSIR-CSMCRI has been committed to advancing and sharing knowledge of the marine
environment for over half a century. We believe that improvements in environmental
performance do not occur abruptly. Instead, it is an obligation of everyone to share
awareness and help solve the world’s key environmental challenges. Developing solutions
to improve water, marine and ecosystem is our major concern by maintaining our own
environmental footprints and constantly making efforts. Our institute thrives to limit
environmental burdens or impacts on the environment compliance with applicable laws
and regulations. We have rendered services to the Government as well as private agencies
in Gujarat by participating in many ambitious projects. The institute has generated baseline
data for various environmental components like air, noise, groundwater, soil including
coastal environment with respect to biological and physicochemical parameters. The
institute was a part of Kalpasar project by studying the environmental guality and social
status of 39 villages of 18 talukas under seven districts along the Gulf of Khambhat. The
institute has not only rendered its services to the Gujarat State but has also assisted other
state government bodies such as Andhra Pradesh Pollution Control Board and Karnataka
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State Industrial and Infrastructure Development Corporation for their projects. In context,
we are delighted to present research carried out during the 2016-2017.

YR U1 T+ (EIA) eI FRA & foq divwamdam-
HITHTHHIRSEITS $T a9y

Capabilities of CSIR-CSMCRI to undertake environmental impact assessment
(EIA) studies

OIS SR-UUARITSTRSTE % U Ui 3T 9w &t (IR & fofg RTaY s/we arer eeabalsi
Ueh - awaes S 21 & % a1 I TherdIgad EIA, STHRHT T3 3¥ (T TRt 3R sl Seit & forw
TR el & TRy Pl (FRFT BT B F W Bl EIA IRATSFTST &5 W TN AT sl st SRy
feReaerdl, T afdT gfie & wrer g IfpTare, U, 816, 9eb ey aTR ST & Hrearel SH1=T 3/4fIE TR
w1 (NI b e gnfaoiy H19<€l P g 3l Hedio-t U blsd 8 &4 ToId Ugyur (=0 1€ (GPCB)
AR JOTERT 2fN 99 1oy, TReR SRT A-0al WTT &1 EIA TiRIT 6T S99 Had AT & aTel gaiawor Temr
& TEAT T qHT BT MR U ST IUTAT 3 1 T D Gepipd Bl 2l

CSIR-CSMCRI has a multidisciplinary teamn of researchers with diverse experience to undertake
monitoring of quality and environment. We have been successfully undertaking E1A, baseline studies
and monitoring of the health of coastal waters for various Government and private parties since
many years. The predominant type of EIA projects is focused on the collection and assessment of
environmental parameters for different industrial sectors such as Distilleries, Ship breaking yards
including ship breaking units, Ports, harbors, break waters and dredging as well as common effluent
treatment plants (CETPs). We are recognized by the Gujarat Pollution Control Board {GPCB) and
Ministry of Environment & Forests, Govt. of Gujarat. The purpose of EIA process is to support the
goals of environmental protection with sustainable development and to integrate protection with
suitable mitigation measures.

TSTE FSTE & Y TIATT T TaRoT TorerT Reerfy 1 ammaretrT

Assessment of present environmental quality status of Tadadi Port region

Fich th HYaR AT dEE H §evE & e h Tl An additional study for environmental impact
TfeRuiT UTT affdhet o o0 U affdfvh aiegge, assessment for development of seaport at
SRS ANRATE, YexTETE el e :reradi, K-arwar, Karnataka was undertaken
ST S B T R T jointly  with CSIR-NI:ZERI, Hyderabad Zonal
= ) _ Laboratory. The project was sponsored by
FENIH SR SraeRa G 7 s, TR Karnataka State Industrial and Infrastructural
gRT g @ g eft HUHsEeR- Development Corporation Ltd., Bangalore. CSIR-
HirquAdtaTRams 5 ey 8 H Q:FiT;ﬁ'j ﬂgﬁr CSMCRIrendered its expertise in the assessment
AATERT oY CRRRRE Rl ¥ TeqidT § ATt of marine/  estuarine environment and
BraEET T R fe w=d) \_;a Frarit (7 ecological status in the study area. The ecology
' of surface water bodies {river, estuary and sea

g@maﬂ?qﬂaﬁmﬁq TREATCTRRT T ST T=T water) were assessed with respect to
TEd, Sy WEe,  dFedm HIUNEE SN phytoplankton, zooplankton, benthic fauna and
microbiological parameters. Further sea weed
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GEHSIFdT S UGSl b Hag H fhIr 797 $HS
ST § &5 o st Srerted fafelerar ot St fafererar
P eI [T A ATt b i b HIA-1
el wiRerfidt o amTe HeRar 1 ot e
fepar o RO1E & e oy, g &5 =i (~ 200
SFCIR &) W HIS[e AU goed (e B EC/ eI P
FHH R b [TY SR T eI U Ty T TR
Afifdfy & R §uld gl & S bl Hwug
el STl o rey SHIe & F H S e
o &N ATt/ A9 J B S aifeH TR 9, TerEr
qid & & ST b T2 & bl acfAT afaily
TUIERT AT 50 3 SR AT (]I areel o7
) & TR TE TR

fear: Terel 9 #isier siik gwarfad 95vE &7 S
Figure: Location of Existing and Proposed Port at
Tadadi.

diversity and mangrove diversity in the region
was studied. Statistics of fisheries as well as
social dependence on marine ecology were also
studied. Based on the report, suggestions were
made to the developer to minimize the removal/
loss of mangrove vegetation present at the
project area site {~200 ha area). Further the loss
of mangrove vegetation due to project activity
shall be compensated by planting double the
area/ amount of mangrove vegetation in the
adjacent area with denser vegetation.
Conclusively, the present environmental guality
of the study region surrounding Tadadi Port area
was in general found within the permissible
limits {of respective standards).

KARNATAKA

Capabilities of CSIR-CSMCRI to undertake environmental research

AT ATERA-HTATAHTARATS & T TeaRur siterehal Jaiaver & Wi s Taer Ud faem gRaa-ral 3 anfier
g, Toras Tgslt aTRfEIfeehl, T2 SIa-STe, aeig HeN S7eerr, SUTTE SR ofR Jer SrfEfRIa e
&l ATl « T TeRu SN % UTCHeD 3R AT STt~ B b [eTd Ho a1 SubHvl The PRI T
2l denfre Frepril 1 STTaegesaTa & e $ Y AT ugyel & Iemfie, Sfae areer # oy
S T 3 [oTq STERUIT ST 35T ST e 2
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Environmental researchers at C5IR-CSMCRI are involved in environmental related R&D projects that
includes marine ecology, coastal bioremediation, coastal pollution studies, waste reclamation and
valorisation. Researchers have developed some innovative tools/ kits for assessing environmental
pollutants, qualitatively and quantitatively. Exemplary researches are carried to analyse/ mitigate
the chemical, biological parameters of different pollutants for complying with the requirements of
statutory bodies.

TS BT SYANT IR HIEATADI B gEHT

Removal of pesticides using nanocellulose

ABHIRIR-HE ®U UIfibl eFagH S¥m, e removal of chlorpyrifos, a crystalline
.l Th I of chl f il

ﬂﬂé T Uy U & o0 @]E-]:\Fﬁ\_y[ (4 (aef aflv  organophosphate insecticide, was investigated
ANRT TT) F TG I FARTEAENE, UF using cotton nanocellulose (NC) (native and
e e EreRe £ > : modified form) procured from ICAR-Central
& . i ks > Institute for Research on Cotton Technology,

TS| T G AT 1.5 AAA T 20 Mumbai. It was found that 1.5 g/L NC could
IR 5.0 Trefams) & FellRUERINT 7 SRS HY adsorb 5.0 mg/L chlorpyritfos within 20 min. The

TedT Bl STl H IR B GAUH #x4 & U adsorbing material was recycled multiple times

FrfraTor ueTel 3T s IR T hUT R T to recover the pesticides from water.
~3
Nano-cellulose Chlorpyrifos
HOH
i i ci ci
g T o | b S _o CH
HO [4) e ,P/ —~ 3
H Ol 7o Cl N O \O
H H HOH _ \CH-;

|
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':: \ [ ¥ samesce
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Figure: Biosorption equilibria of chlorpyrifos using nanocellulose.

Cellulose 24 (2017) 1319-1332

st
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ST FATPeic ScaTe & foTg THHT TI9eh AT &6 WY N S{UfE Sel BT GTeb T

Recycling of wastewater as a sole nutrient source for the bioflocculant
production

Ueb SfldIU] SUNE FrdHver fulH] (3UH NJ-7) &l
S Feilpelc b Ieured b Y yorp fbar mr ok
Uelipelad & Hizad § w2 yeEse afeifis
TS el & SUAR % foly STl b T 354
HIRE Sel H HAM: 41% SN 90% VERIHD
alterelot | (il ot Befra= w1 b fhan dfd
werd e allEfie SulE oo aiElagsT o
T 7 W BT 2, Sa S99 A S Fw el B
IeUTed o foTY IS Teal & G AT 5 ®9 F 59
SN ¥ Bl dgHEl aHdl Bl HeTH [bar, ol
TRYN ITEH HTZH i T H FedTe Bl QAT Y
Eal

Bioflocculant

A bacterial strain; Klebsiells pneumonioe (strain
NJ-7) was isolated for the production of
bioflocculant and used for the treatment of
starch processing industrial wastewater through
flocculation. It reduced 41% and 9o% of chemical
oxygen demand (COD) and turbidity,
respectively from the wastewater. As the starch
processing industrial wastewater was rich in
carbohydrates and proteins, the strain also
exhibited versatile ability to utilize it as the sole
spurce of nutrients for the production of
bioflocculants, which doubled the vyield as
compared to the conventional production
medium.

Starch processing industry effluent

Untreated

Treled
R i Feiielc TCTe STUIETE Sict Wl FeliBeic v 2! Sreh! 4al o1 Heol!

Figure: Bacterial flocculants showing their ability to flocculate the starch wastewater.

Environmental Progress and Sustainable Energy 36 (2017) 1458-1465

I SENT TTTRTE & WifSIT Hothe AR AIfSAT FARISS & Sal

Recovery of sodium sulphate and sodium chloride from textile industry effluent

(DAT) 5 T2 T TR % dad, TSI FoNgs
2N HIf$TH Yethe & Yerlleldl edaer & ddi<ie
frrfear & STgR 92 AR SdlBR g ¥ g o
(HISTH Foivigs o WEud Hethe) bl g4:ufi P
o wep Wisha ey &l 34 Wik bl URiefe QT
TR Al fapa T 7R aTe T 52 ik P i fahar
TN SYE TETY % ATl W Tothe MR AfEg
TEINTSS T T:HT1H 5 folU IRaTiad ArSi TifierTg

CSIR-CSMCRI, under a project with Dyers
Association of Tirupur (DAT), developed a
process for recovery of pure salts (sodium
chloride & sodium sulphate) from a RO reject
streamn, exploiting differential temperature
dependency of solubility behavior of sodium
chloride and sodium sulphate. The process has
been demonstrated in pilot scale and
subsequently the process has scaledup.

Proposed scheme for recovery of sodium
input

sulphate and sodium chloride with
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SeT 9T 1 & FeuT & AR Higadt § Sver
(EfET Hothe: 660 fhamm/ Ter; AIfeds FlRgs:
300 TR/ E1CT) GRT BRI == & JAad 2l

treatment is underimplementation stage by DAT
{Sodium sulphate: 660 kg/hr; sodium chloride:
300 kg/hr) at Chinnakarai CETP, in association
with Tamil Nadu Water Investment Corporation.

I=Id ST STTHIAT 3 WTeT Yeb Henfer MarEIed aes &1 fasr

Development of a modified PVDF membrane with enhanced bacterial affinity

YHgl wiel & i Ssil ol el ST b 4l
TN 8, STelids Sel ! Ui SR U wWR Bl
ARSI & & (ol 9 Heeaqul 21 o1 fafer Aes
A PR 3N T &, ST 358 TR IRIITED 3N 5
TaeeTe 2FRRAT & fasrT Bl AP B T 20%
wlwmwmﬁﬁgﬁﬁﬁ—ﬁﬁ%ﬁgaﬁ?
AT P FFEINT & (010 U 9T g8 ATeA I T
1 STy FHET T 3 o7y, fey S0 F Taws qrrey
A, fafrer Srarorart & QIS 37N 966 918 SUg Siany
LT ATETH H W e & T8 Hal 950 &) Hlel SUHR
gl

Isolation of diversified bacteria from seawater is
a major challenge, although this is important to
predict water quality and pollution level
Common methods are filtration in membrane
and plating, which many times prevent the
growth of barophobic and some delicate
bacteria. We have developed a 20% w/w PVDF
membrane which is much hydrophobic and have
an enhanced affinity for surrounding bacteria.
Therefore, for marine sampling especially in
cleaner environment this membrane is very
efficient tool to concentrate diversified bacteria
and subsequent culture in suitable bacterial
culture media.

° °

o
. S
Nw/ Bom
® 00 4 >
@ P
CONVENTIONAL % °

° o ®

METHOD OF Bacterial damage Small sized bacteria
DIVERSITY during filtration escape through pores
STUDY

pressure

MEMBRANE BASED
DIVERSITY STUDY

/t'. %

=

T

- :'L‘\

PVDF membrane
dipped in sea water sample
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Direct Sea

water .
o e
inoculation : e
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low concentration
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—
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...........
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5]
High AWCD, Shannon Weaver
Index and Substrate richness

l
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= characteristics for =
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Selected for bacterial
diversity study

High Bacterial diversity

2. HiEltevs feieet! iR 9 fafae wafeanthia srwar) & dart

Figure: Preparation of PYDF membrane and their diverse environmental applications.

Environmental Science and Pollution Research 24 (2017) 5831-5840.
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AT &5 BT IS W Hele IBeil (FFIeT Wherv) BT HedihT

Evaluation of Mullet fish (Mugil cephalus) from Gulf of Khambat area

TAH FEIIT H ORI & TEHT T 9 @l [y 10
#ifdle wq & qecaql qele 9well (5t dwberd) §
i &l 7 9N °1g & FeNul 1) egH diud
{1 1211 165 rRNA 3fspHUI S SUIT b 0T
UEHF S WHEFRN @R, U g, U@ T
emear 3R & ericnies & 8 aFg IR-
RTSTeb erd] T & wrey Suferfe S qal fef afie afid
A P R @R geiTfer] bl I S g
SAIATGRA g SRT &Y T el IFIdhar 6 T,
T AT BT & G &0 ST FTel Afasifaes earait
& fareg TgAITey HfoRTy ey« Raie fEhar mm
U7 FthereT & AT ST ST 9 37 geiy wiera i
& r-are fet 7 9N a1q IS0 3 effehad Hedl
Pb (24.08+x4.40 mg/ kg), Cd (8.25+£3.04 myg/ kq),
2N Cu (33.67 + 5.34 mg/ kg) =21, S a3 &1
o e e

The present study focuses on bacterial and
selected heavy metal contaminations of
economically important mullet fish {Mugil
cephalus) collected from west coast of Gujarat.
Molecular identification using 165 TRNA
sequencing revealed the presence of Aeromonas
veronii, A. mollusorum, A. cavae, A. bivalvum and
V. alginolyticus in the gill and the intestine along
with some other non-pathogenic bacteria.
Pathogenicity of different Aeromonas species
was confirmed by hemolysin assay. Apart from
pathogenicity, multidrug resistance pattern was
also reported against some commonly used
antibiotics. Heavy metal analysis of different
parts such as ventral and dorsal muscles as well
as gills of M. cephalus revealed maximum
concentration of Pb (24.08+4.40 mglkg), Cd
(8.25 £ 3.04 mgfkg), and Cu {33.67 * 5.34 mg/kg),
which were higher than the permissible limit.

T DT B Frerehl A W AT B Hea

Concentration of heavy metals in wet fish tissues

No. Sampling | Body parts of fish | Concentration of Heavy metals mg/kg dry wet of fish tissues
locations (Mean + SD)
As Cd Cu Hg Ni Pb Zn

1 Diu Ventral ND* 6.50=0.25 10.17 £ 1.04 ND 0.67 =058 6.08 =1.67 60.75+3.03
Dorsal ND 6.33 =014 1.42 =080 ND 0.83 =0.88 500=0.75 11783771
Gill ND 633+0.14 708+144 ND 1.08 =147 367+138 12592 £ 831

2 Salaya Ventral ND 7.00=0.43 258=1.04 ND 1.17x0.63 6.33 =080 4925+1724
Dorsal ND 6.33=0.14 1.00£0.90 ND 0.08 =0.14 6.25=0.43 85.58 £ 15.58
Gill ND 8.25+3.04 558095 ND 025025 275+£1.52 57.08=1.67

3 Veraval Ventral ND 6.58=0.14 517142 ND 0.50 = 0.66 475239 53.50+3.31
Dorsal ND 6.33x0.14 1.58+1.23 ND 0.08 £ 0.14 5.25+2.84 89.75+2.00
Gill ND 825=025 542072 ND 1.00 = 0.87 24.08 = 4.40 8825+1228

4 Mahuva Ventral ND 6.83x0.14 333153 ND 1.67x2.08 8.50+3.25 61.08 = 15.69
Dorsal ND 683=0.14 15.75£17.78 ND 042072 1525=10.11 8250+ 789
Gill ND 6.50+0.25 33.67+5.34 ND 5422350 4.50+3.73 76.33+5.20

5 Jafrabad Ventral ND 6.83+0.29 19.42+13.90 ND 033+038 9.92+340 63.42 +36.17
Dorsal ND 7.00 = 0.00 513+135 ND ND 9.00+3.68 65.58=2.18
Gill ND 6.75+0.00 958+ 1.51 ND 2.00+0.43 750+ 1.95 8525+239

6 Ghogha Ventral ND ND 1.75+0.50 ND ND 425278 103.33 £6.29
Dorsal ND ND 584=440 ND ND 10.50=1.75 128.00 = 9.09
Gill ND ND 32.67+3.39 ND 1433+£1.18 | 433063 13583 + 1.76

Standard values from FDA, 2001 70-80
different agencies EC, 2001 0.05 0.5-1.0 0.2

FAO, 1983 30 40

*ND Not detected

Environmental Science and Pollution Research 24 (2017) 10833-10845.
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HTHITEIR-HITACHAISRSITE BT YT Tl e (ASTTS) ST T Feliet
I UeeE WenfiehT - qrereT, Iinffrey iR o
CSIR-CSMCRI’s Zero Liquid Discharge {ZLD) compliant spent wash management
technology - Potash, organics & Water

a3 H 4 thell g8 o1 AEIRd sfealdiel aiRie),
A 7y afR 989 I THiRT AT (@€,
HlafEl, el anfe) » |ier 18v ¥ & aufEy (delid
Hlg) IcU—~ Pl 21 34 Y48 Pl 3FR Hdd & glel/
TN A PR et B s &1 ol &, o givierfaeh
T DI THIR THET ST, TR geeafcrl aiR Sidl 1
TaTeT ot aTTireT 1 31T ST, 718 T SN e Bt
T &, 99T W0 F 499 oI B Tgar AN Bl
W U BTAND, FAM a7 IR (ca. 1-2%)
&t IRIEAT A= BT 2 S, TR sedlaie
STRTET ATATT 0.29 e e UreiiReT (K,0 & &9
) BT T Bl ol HITHATS MR- CHTAE T3S
T 7 AT e ¥ SUNE TS UICHRM 9 & arel-
Tl SFAfTE TR T GImiH 6 foly 21feies wu 4
=Rt Ui faefad 61 J9 & TR RResg .
TS (W', TSII) & | TR Hed i & 39 T
TNl e AFes & 3qUTer B &Y Felid &1 &
qelds & fIq 188 BT T Jf dqebeilehl THTe
Tehiehel fomam |

&30 b [Afy~ Hifots HI (@iesh, 48RS, Toid
SR TN we § Rer ama i ¥ et Ferd diaH
&1 He i il T WHEeIRET $T Hell = & fory
35T TR WY 2017 H, U @7 2.5 | 89 N
deb ST T AR IS AN-EICHTHHIREE,
W YR R 3R BFRST IR (3TaAT) 3 19 0
Fii-ugd $ qeaH 4, yriete T4 o uesid &l
SRS T2haIT TRIT) 35 BRI H 9N & AT & &
3 AT & FfRTRRT & 9R7 form

Molasses based alcohol distilleries, spread
across the country, generate dark coloured
effluent {spent wash) with unpleasant odour
and very high environmental loading {TDS, COD,
BOD etc). This effluent, if allowed to discharge
into surface water/ river untreated, will cause
severe damage to the ecosystem, incuding
destruction of flora & fauna. Going forward, this
problem is likely to worsen, particularly in view
of rising demand of fuel ethanol. However, spent
wash also contains appreciable amount of
potassium {ca. 1-2%). On an average, Indian
alcohol distilleries annually discharge about 0.29
million ton potassium (as K,O) through effluent.
CSIR-CSMCRI  team developed economically
viable process for the production of fertilizer
grade potassic salts from spent wash along with
recovery of residual organics. In course of
further collaboration with M/s. Chem Process
Systems Pvt. Ltd. {Sanand, Gujarat), the know-
how has been integrated into a complete
technological solution for valorization of spent
wash while complying with the statutory ‘Zero
Liquid Discharge’ norm.

The spent wash from diverse geographical
locations of the country (viz., distilleries located
in Kamataka, Maharashtra, Gujarat & Uttar
Pradesh) was evaluated to ascertain efficacy of
the process. In February 2017, the process was
scaled-up to 2.5 m¥ batch level & on-site pilot
scale demonstration was organised, through a
tri-partite  initiative between CSIR-CSMCRI,
Chemprocess Systems & Kamrej Sugar
(distillery). The event was attended by delegates
across several distilleries from different regions
of India.
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Theme: Agriculture

fere 2T S &

CSIR-CSMCRI T 31 W Sg-HaTe (T&0 B9 3§ TaUITEan) & ar ST THe 3R SUan e
< forq st daTel T Well <5 1T ST o el & i & oMl &, S fob urfsifiyes, Tiierur & ofeel
IR e 81 ATEAg I3 Y H 9Ty qATd @S] 3 A O, BrifcHs SHiHad, Hfesiifey,
T ot STIATe ST & FHE R $HfEd 8 TR I<UTedhar 3R Torer 95 & o St
ST % 1 & ITET I Uil o 9§ gaed W §EerE & FHaH R 7 F 8 Jfeg & 5SS
(RMATRIYA) H f¥erd uah thles w22 MARS (9481 dlaTel siae w2 o) |ichd o & wHg) daret Bl
Wl U T B VBT Bl TR W ATl bl il &b fofd HiRIaur Hl U Pl 81 47 JRe1a1 &b e,
B 2016-17 o SN Py faw b T T Y = B Tedd Y & &l

Thematic core competences:

CSIR-CSMCRI has been engaged in generating the knowledge and innovations in seaweed
cultivation to form an agriculture that is remunerative, eco-friendly, and sustainable, to
understand and utilize the potentials of coastal and marine bio-resource (mainly
halophytes). The studies focus mainly on understanding the molecular mechanisms of
plant stress tolerance, functional genomics, proteomics, metabolomics, biodiversity & bio-
conservation, plant tissue culture and Genetic engineering of crop plants for enhanced
abiotic stress tolerance. Nutritional management of plants by use of seaweed extracts for
increasing biomass productivity and quality is also among the research interest of the
institute. A field station MARS (marine algae research station) located at Mandapam
(Ramnathpuram) of Tamil Nadu is actively working on seaweed cultivation. The institute
is also involved in provides training for seaweed cultivation. With this preamble, we
present salient work carried out under the theme Agriculture during 2016-17.

QTRITTSE WHa! SiaTel Pl IUS AR gfg X IST 0T T 9=

Effect of raft alighment on yield and growth in agarophyte seaweed

AR H W it MR ﬁaﬁww#ﬁﬁﬁﬁm@%a The food grade agar in India has been almost
J T 3R 7T &, Sifch ailenfies Seqre wiepfee  exclusively obtained from Gracilaria edulis, but
e 3 ST T I Sle AT | e B the industrial production overwhelmingly relies

_ _ on exploitation of natural resources. United
¥ % T W SR P WIS P AT 4 TH Nations efforts through Food and Agriculture

Organization under Bay of Bengal Program
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5 & VAT F AHTRoTe-anfefe oy & fore wRdi
el de W g4 Uil bl 91f0fuen @l Bl arraeushdl
TR WIS ST 21 UrIfd-89m & O 7 dvar 327
faftr g1 &2 399 9 Wl fdier Gl Bl AT
ISR ¥ &l &1 TP Fgoe, THAT & HelA] &b
SEEEIINERIE RN ELIRNEES EIR I e S
HRHEAT FAIR 33y & SR Ius g2 A 4 Y
Yl & I HEl, Y8 HRd & <HU-gdl de W de &
HHYT P gacTd HAIERT [dhaT 1T 0 A1l S8 HRd
& ST TH T T¥ T HelT-37eTT Tl IR Gl J9%
ol FFfd & Fed Hel Aaiet & [pr i 3us 4 ger
ST Bl TR &l WISt 45 AT & I I J &ferst
3T U 3.08+0.61 Fpata %1 Ie Wi ST W B
1.87+0.63% URIET @ DGR &, $i i ¥Hd JeEr 118
T, S Sratee 32 W 13.76+3.86 M $Ir IT
Ui 497 91 &5 5.00£0.5% URIET @1 DGR &, 6l
et S UTd TSI led ) @) F Hd I Afrt
3T ¥ 2.98+0.52 fHeu e 9 Wiy I97 A F
1.38£0.42% YIS T DGR 8, Wal®h Healzr 43 4
13.02+¢6.06 fFaA™M o 92 Uiy 91 1 &
4.14+1.18% U BT DGR &, IR T ANOVA =
¥ W ¥ q17 {5 95 S RAURT 9™ 99 3fR
DGR PP = 0.001 T Iledh S @ (F = 75.77, F =
112.81) & |2 |1 AR &I el (F = 27.21; F =
59.16) # drthl wyrfad fbur edien wu 4 WIRgd
ST A B9 9T H 1.9-26% P I &5 B T
el dvel dfidl (Hiundl) anuia aiffeR
TS R 3 R $) & b Swafe e §
TS et Bl SAURTPT Teh TETES S Jaer ST &
fTTh BRYT 2/aTe 31W Ufihrsfed a1 ar &9 9 &4
& SIRT & AT THTT B SR &1 39 VK, I STERE &
AR Sl A 59 447 6T FRe Aaa e Wl &
e | e Hecayel [sey Fere 8 HaE @Y
Hhd 2

highlighted the necessity of undertaking
commercial farming of this species along Indian
coast for socio-economic benefits. The pilot-
scale experiments established viability of large-
scale cultivation by floating raft method.
Nevertheless, drastic reduction in yield and
quality during summer months due to enhanced
sedimentation and severe epiphytism is found to
be a major hindrance. Does orientation of raft
helps in augmenting yield during lean period this
was the question addressed by altering the raft
alignment along the south-eastern coast of
India. This has resulted into improved growth
and yield under open sea condition at two
different locations along south east coast of
India. The average yield in horizontal raft was
found to be 3.08+0.61 kg fresh weight per raft
with corresponding DGR of 1.87£0.63% day™,
while same in case of vertical rafts was
13.76%3.86 kg fresh weight per raft and
5.00+0.5% day™' in Gulf of Mannar under 45 days
growth cycle. The corresponding values along
Palk Bay were 2.98%0.52 kg fresh weight perraft
and 1.38x0.42% day” for horizontal raft and
13.02+6.06 kg fresh weight per raft and
4.14+1.18% day™' for vertical raft. ANOVA dlearly
indicated that raft position significantly
influenced the biomass yield and DGR at Palk Bay
(F =75.77; F = 112.81) as well as Gulf of Mannar (F
=27.21; F =59.168) at p = 0.001. The increment of
1.9-2.6% in fresh weight of individual frond was
reported in  vertically aligned rafts. The
computational fluid dynamics (CFD) based
unsteady numerical simulations have confirmed
that vertical alignment of raft facilitates
relatively free movement of water due to which
sedimentation and epiphytism are either
minimized or eliminated. Thus, these studies can
help us to deduce important conclusions
pertaining to management of sustained
commercial cultivation of this alga in Indian
waters.

Aquacultural Engineering, 74 (2016) 186-197
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Tube-net farming and device for efficient tissue segregation

el Ao i Ted ATYfe T SaTet % el TS

e 3 forg Agcauul 21 T e ueTef & HTe-ar
I TSNS AT B I WY T H-
ATYFT 3R T FIT &1 TE TE ¢ T, T darer &1
AR G, TH A Gl HSART & ATeiiasT §
fafadr @ & U Hrhr preHEe 81 Y o,
faraTerefter st & Sl 5 Rt ¥ fore 93 58 5
1Y U g & o4 A HgE bl &, Jei el

I R @Y 9gd B 8 gHH TEl SlElfle w0 F

Hgeqqul eflel Adlet IRAetRarr valere & fofd eyg-e
Wil 3R T SRATE & 17 Geb 72171 FSwiigT a7 ey
febalr 81 eyd-c [afer & folq 45 o &1 3ot 9

-

g RUid f 73 altgd s Que 11.93£2.55
febetiaT ther 9 ufey der oft: wfe oifdd 2 gig =

3.40+0.57% ufdfed ol %218 (Harvesting) &

Hecaqul e & i el Seure &I qurEr $i iR
TR Bl BT, TRING TP T 967 &7 DA 3R
IUE-TE (7 IR FEgEieigs) [H 4T &

The sustainable supply of raw material is a key
consideration for the successful industrial
exploitation of seaweeds. Recent trends in the
higher consumption of processed food as well as
emerging biotechnological applications, have
together contributed to amplify the supply
demand gap. It is evident that, seaweed
mariculture holds considerable promise for
diversifying the livelihood of low-income,
artisanal fishermen. Nevertheless, increased
labour constraints have been realized as a
bottleneck for the sustainability of farming in
developing countries, where spending on
infrastructure cost is meagre. We herein
developed a tube-net farming for industrially

forar: TAC deTer BTdweR: F fiT ¥ IUS JRM 6
T @ JRITEel B 1T U Tl

Figure:
segregate cultivated biomass from tube nets.

Seaweed harvester: A device to

important red alga Gracilario edulis and also a
new design for a harvester. The average
biomass yield reported for the tube-net method
over a 45-day growth cycle was 11.93+2.55 kg
fresh weight per raft; while the average daily
growth rate was 3.40£0.57% day'. Harvesting is
a critical step which determines the guality of a
product. However, traditional methods do not
allow segregation of product-rich (SAP and
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URIFERU GG Bl Ush &l TRUT & thelg & 3T 9
T Pl IR Bl 33.87-55.56% 3R faret &
I AT BT 35.95-65.02% BT HHAAYD AT
T TR, STh TR e & O Wt & forg O T
T A THET ¥ | U S BeTS Tar o el TE-
e HIFHT AR ST et Y e Wt 3 R
ST WY IR BT B F I F efl
BT, S B T SR PR Bl AT At DI
T & Ty ared &7 ST & iR 39 fRam o
JEERIE IR Y Feeblet F1T 8 I F, Th
AT BeE ST F AT B B TF &
JAEST BN W ATl B W BT AT bl
TAETA § GAN B Tl 2l TeT aia &y i
37T B 3TN 3H U fhe! foraTT ST T T WehaT
2 24 fafey ol fTRe & feld fbefl @AY dlerer o7
FSTETOT & ATTF2T T el 81 FeaTE bl 0T 5 FHR
b 1ol YHT 34 AT HH 81N 8 3z oflH bl AT
ST 81 UHT 71 TeheiTen! 2T fdeh ™ ERe] 191”30 &
el bl FB1GT SR AT ISl b sfier G FerA] HreT der
HRFHATE |

hydrocolloid) older thallus, from the growing
apical tips. A two-stage harvesting operation
successfully achieved segregation of 33.87-
55.56% of the clean apical biomass and 35.95-
65.02% of the basal portion of the alga, leaving
behind an empty tube for re-stocking. The tube-
net farming method, coupled with an improved
harvesting efficiency was aimed at developing
appropriate  management strategies for
commercial farming of seaweeds. However,
labour constraints and monotony of task poses
bottleneck for sustainability of farming and
remedial measures in this direction are urgently
sought. Tube-net farming, coupled with an
innovative harvesting device might improve the
prospects for adoption of seaweed cultivation
by small-scale growers. The method described
herein is non-cumbersome and could be
undertaken by an individual farmer. The
methods did not require specialized skills or
training for operation. Reduced labour costs
coupled with improved quality of the produce
would assure higher profit. Development of such
novel techniques will enhance the value of the
produce in the domestic market and could
inculcate an  enterprising spirit amongst a
younger generation.

US Patent; 973698482

HeUH dc & fhR IRraRTT fSfaforg i @t

Cultivation of Gracilaria debilis along Mandapam coast

ARz 3R & ol R & I & SUHaEl
(straing) T g AR R Ff FAITaran & 3raw &7 i
-16 ¥ REEY -16 & SNF IR HCg $ &1 [
T T o, e B e IS 7 IR S
7 =9 ¥edF Ranr o Ssfiem & e e
ST, 3R SO, ST I HSel, o1 diar 3N
Tothe TN &Y 91T & I9UE & G &f doo (41> 0.05)
IEREL|

Differences in growth and agar characteristics of
red and green strains of Gracilaria dehilis were
analysed for four harvests during April-16 to
Septemnber-16. Red strain of G. debilis showed
higher performance in biomass vyield and
showed similar pattern in DGR, agar yield, gel
strength, gelling  temperature, melting
temperature and sulphate content of green
strain (p>0.05).
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HRAIRTT fefaferT & Y 3N ATt 9T & IUNE &1 915 34N 7N oFamm

Growth and agar characters of green and red strain of Gracilaria debilis

tRTTeR ARERTT [ERferT o1 83T STAT IRATRTT R &7 A1 SU9E

Parameters Green strain of Gracilaria debilis Red strain of Gracilaria dehilis

AIITHTE i 3us]
.5 kg.fr.wtm? 12.55 kg.frowtm™

Biomass yield 95 REAT WAL 55 Kg.Tr.wim
e afg ==

. qi?g’ 3.3% 4.5%
Daily Growth rate
e 0.58 % o
Agar yield 30.56 % 33.73%
STel & A 5o aerm ; -
Gel strength 460 gem 00 gcm
ST AT o "
Gelling temp. 39 3
el YA

: 90°C 91°C
Melting Temp.
Hethe qHET
1.85%

Sulphate content

’

lCER a?.?%ﬁﬁwaﬂa;a Rk

Figure: Green and red strain of G. debilis.

Journal of Applied Phycology 28 (2016) 3479 - 3489

ORI <€ & | ARTINGT SF¥T D1 Well T a-arforfoad GRIaor

Pre-commercial trials of Gracilaria dura along the Gujarat coast

aNTRie SIRaH & 91991, 3% JTeRITET JLMGRT AU Despite perceived economic risk, the global
SUET 2ilv Faerl @ AT @A T T &1 afeT aquaculture industry continues to attract new

2 3 entrepreneurs and investors. But to sustain this
E'\]:l EE; T él} K (J_ﬂ Q 4
AT el IS X ® S cllel 4] trend innovative and cost-effective strategies

AN & STaeeRdl €1l 81 81ef & a1 § dd7el $1 are needed. Algal farming in recent years
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WAl Perg 7 Rerdr o1 9 G@™T B ole da7et 997
ARIRTT B T2 AT 114,110 S T T 931
2, S 7 2015 ¥ 3R IeUTE & folv affenfis v 9
THTET AT 67 91% 81 B WRa & ToTrd I I8
T 7T A $7 I AR ORI 999 S 9T
HfteTzT ST 1 it BT Q- ater faha
sffva &% 9fE & (DGR) 1.88+0.23% Ufdfes &
3.3040.25% "I a& off 3 UK, sftad Sua
0.6240.03 (bt U™ thal 92 |1 9 1.05£0.02 fhel R
herde 4 & dl7 el G ey 9 Yar a1 & (o
DGR 31N SN 99 & TT9H & 91 HHRHS
w4 4§ 4dg 2l DGR &1 dIigHeeily dI9qH (R = 0.9186;
P =0.01) 3R SET=RT IS &7 F5 Sfel HTel dTIH
(R = 0.986; P = 0.001) b | H8aqyf HPRIHD
Ty T Uy 99 TN HIE W TR e 50 el
e B I I U T & 15 SO BT e
$5577.51 T, S Il 3T &b forg faer $1797.2
o, T Tl & ToTT &P & 9 7T $1890.15 M 3
TR HRGRT Sel 7 g4 TSIy &7 dIorieTsd Wat dee
LGSR BT AT IDT T AT St 371 27g Taset
TR SETEH BT Tiefed S

showed sustainability pattern in harvesting. The
harvesting of red algal genus Gracilaria has
surged to over 114, 100 dry ton, which
constitutes  ca. 91%  industrially processed
biomass in 2015 for agar production. We
investigated pre-commercial farming trials of
agarose yielding Gracilaria dure using tube net
method along Gujarat coast, India. The average
daily growth rate (DGR) ranged from1.88+0.23%
day' to 3.30%0.25% day’. Similarly, the average
yield varied between 0.6220.03 kg freshwim™ to
1.0520.02 kg fresh wt m™. Pearson correlation
revegled that both DGR and biomass yield
positively correlated with temperature. DGR had
significant positive correlation with atmospheric
temperature {r = 0.916; p = 0.01) whereas

biomass  yield with surface  seawater
temperature {r = 0.986; p = o0.001). The
projections  for  economical  evaluation

considering four harvests per year revealed that
value of produce was $5577.51, while the
investment for infrastructure $17957.2 making
$1890.15 as profit to the farmers. Thus,
undertaking commercial farming of this species
in Indian waters would diversify the livelihood of
costal fishermen and further encourage
indigenous production of agarose.

NorfSTer vapvaT 6 |t

Cultivation of Gelidiella acerosa

IRd ¥ $HRERB ¥g PR b fAshi & AU
WASYAT Yl ed Hidd &1 W9 €Id &l
WIS ATR-HICHUFEI3IRag 7 fFefdad geer fafey
el i 2 o deidhl BU 9 =ded & 2 Rgie
fa TQ FHT TR bl Tl H ITH SHH Sl U
St 81 33 919 & del (2 e x 2 Hie¥ AER) W™
TEHRIT 2 |l &I 90T 30T 7 3N oINS, He R
qc 6T TEr F Wat & o7y AT TN HobNaT TeeRkl
&7 FRET AT ST S7R YR SN I 6T 9ge F &
HAhleu] e feldT T 21 39 94 90 31 & siaNre
WA BT & T3 TS B AT e 5.32+0.72
 6.03+0.72 et theT 9T UiT <87 @@ oM DGR

Celidiello acerosa is the principal source of raw
material for extraction of pharmaceutical grade
agar in India. CSIR-CSMCRI has developed
suspended stone method which is more
technically feasible and yielding higher biomass
than all previous methods reported. 33 bamboo
rafts {2 m x 2 m size) were seeded with G. acerosa
and placed at Thonithurzi, Gulf of Mannar coast.
Number of calcareous stones per raft and initial
seed material seeded have been standardized
already. Three harvests were done during this
year at the interval of 9o days. Average value of
biomass ranged from 5.32£0.72 to 6.03+0.72 kg
fresh wt./raft. DGR ranged from 0.6 + 0.1 to 1.3%



0.6 + 0.1 3 1.3+0.2% T 2IT| IFTSE I ToiT el
TR TR, T ST Py Ui & fofl Hafdfa o,
VeI & A Bl R BT RN BT 6 SR .
TRl Y WAl 7 Sarigd ST R F IheTs
IUTET & AFeS] Pl T BTN 8.8% hI IR ST,
780 T/ FHP I Al AT R 58 AhdAGH
efdfed) gf-ie $ efdfed) byl grT 9L 16l
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0.2%. Cultivated G. acerosa sample was validated
for agar quality by international agency M/s.
Hispan Agar, Spain. The company opined that
cultivated G. acerpsa fulfilled the criteria for
commercial production of bacteriological grade
agar. The agar yield of 8.8%; gel strength of 780
g/cm® and turbidity of 58 nephelometric turbidity
unit was reported by the company.

e AT FYerdidTer Godl RIS (FeRIBISE) & AT~ G- § fedT
Variation in proximate composition of edible marine macroalga Ulva rigida
(Chlorophyta)

I 9%, FEEEee, HeH iR fIfte 9t & sRo
T WET ATe Sedl (FeARIBIEe) Tl B $3
STferT mfefer w0 I weeaqut ¥ fhe A1, fadt ot Sfer
o RO I TETET AT 6 T w9 I g T2 Hr
TS 81 &9 RGO T T & T Tl 4 2. RiteT
& 109 A DT S BEEEGe, M FR fRIfTs &
AT & 170 T, A1fh SA6T aieia Sea1e TRt 91 Tl
FEEEGE, WeH 3 fofis Tt #er: 16.63 +
1.07 W 65.93 + 0.49% 55 WK, 4.14 + 0.45 7 26.0
+1.43% T IR AR 0.8 + 0.08 W3.1 £ 0.04% T
AR U T 9ET U AT (WY ST U
TEAEMT BT AT H Forid HET AMDNT & TF
RETHD el T e &, &7 Je 1 (FT
1) ¥ 7 38.7% 3 7T weH 2 (@ 2) F g
33.4% &7 1T & HrI, TdHE aridel F S oS
BUH 72.1% 1 el TRET 2 eTar Saridl 81 arezg= 4
Q¥ bl fob YT, T[oRIT 4§ Yer [T 107 Sue 3o
T HEEGSE WK & BRI itElfie SR & 977
&HTT ST 21 9 99 9N 39 STt &l 9UH | adig
IR & AT B-3NT3 A & AR Hed & Hebdl
El
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Several species of cosmopolitan marine
macroalgal genus Ulva (Chlorophyta) are
economically important due to high growth,
carbohydrate, protein and lipid content.
Nevertheless, analysis pertaining these traits of
any species has by no means been explicitly
investigated. We investigated 109 samples of U.
rigida from fifteen locations of Indian coast for
carbohydrate, protein and lipid content suitable
for further development of scaled-up
production. The carbohydrate, protein and lipid
content ranged from 16.63 + 1.07 to 65.93 % 0.49
% dry weight, 4.14 = 0.45 to 26.0 £ 1.43 % dry
weight and 0.8 £ 0.08 to 3.1 + 0.04 % dry weight
respectively. Principal component analysis (PCA)
that provides an interpretable overview of main
information enclosed in a multidimensional data
set, satisfactorily explained 72.1% of the total
variability in the present data, with Principal
component 1 (PC1) accounting for 38.7% and
Principal component 2 (PC2) for 33.4% of the
total variation. The study confirmed that the
strain  collected from  Gopnath, Gujarat
possesses  high potential for industrial
exploitation due to its high carbohydrate level.
Growing this alga on large-scale might pave the
ways Tor socio-economic development of
coastal populace.
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Stress genomics for salt tolerance

A TG diET F A 3R Iededdr af T
H AT U T AT BRE B ToNT J 1663
foherHiex o7 fJeneT a¢ &1 =TS TG IcaTe, B g7
HIR ATt Sl % Y o &1 AFEHEE S
TR & T A & § Uil 2R 9% aiaden §
i Bl BT B Bl & AU 85 $HF 8T &1 8 AR o
AT & [T SO 2l 1T 98 81 F10rdah Safder
R Sle el 44g A d-ld oI W M el
9% oI, Rt 32T TTd Hfeifeham ST 1 H1gf
3N 3P AHUT guiA A9 HeAellel dF bl SAHBRI
BRI &3 3 1oTQ FBAT 2Tl BleTali=a 81a0eT 3IFa

Cosely s Oopime dimlgen (dn) i

TAhIEE &, ST TSR SIgUTaT BT HHAT R T § 3N
T SIS e & for diee digt & w9 7 7+
U 2 39 SAhISE W U T igre i 92T 59 fas g

[A]

o Cellwall srwswes, 2.5

Salt stress is a major limiting factor influencing
plant growth and productivity. Gujarat has a vast
coastline of 1663 kilometers. Extensive salt
farming, scanty raintall and uncontrolled use of
ground water for industrial purposes are the
reasons leading to increase in salinity and salt
ingression along the entire coastal area of
Gujarat. The area under cultivation is getting
depleted and becoming unsuitable for
agricultural crops. Molecular Biology and
Biotechnology group started working on stress
genomics, with the aim of mining stress
responsive  genes and  their  further
characterization to get useful insight of salt
tolerant mechanism. Salicornia brachiata Roxb
{(Amaranthaceae) and Aeluropus lagopoides
{Poaceae) are annual halophytes, which can
withstand with coastal salinity and has been
selected as model plants for stress genomic
study. A transcriptome data base from this

Miscelhrizous, 8.2 Fneray, ||

Cymoskelstois, 0.9

Unknown aud
hypatheueal, 298

Cell Division, cyche and
Sirwth, 3.8

Mutabolism stesns,
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Defeise and cell resuue,
4.8
Stmallmg commumcnl, 4.3 . .
Protein nwstabolism and
e
Thitissynthesis, 109 pitalosd

G exprossion aml Membrane Bsporters,
RN A metabolism, 11,1 3.8

[B]

R [A] weret URRRARY § Sgo Wferplfar Jibver (31) iR YeRIad euigsd (@) & J19) [@] wicrsiiHar
sifebver d =Sy s Ji9 & SUEdT SEEd Bl diffdu

Figure: [A] Salicornia brachiata (Left) and Aeluropus lagopoides (Right) plants growing in the
field condition. [B] Classification of EST database of differentially expressed genes from

Salicornia brachiata.

Tt 7T % 3R IS ergsRT r AR fhar
T ST PITCHD S S11% 7R/ ST S 1 I& e &
TE| S ST T FaurT Fiesuer ¥ i B g B
& fore areaf2a-ama diRieR SR s 9ol

halophyte has been developed and cDNA library
was constructed. A number of known functional
genes and novel/ unknown genes were
identified. These genes were selected to study
their differential regulation by modem tools and
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technique like real-time PCR for confirming their
role in salinity tolerance.

DeRIT¥T eITISS¥ A 0T AT ST BT GoIaFehvuT 3R eTafur qui

Isolation and characterization of salt tolerant gene from Aeluropus lagopoides

AIHKT2;1, W BI8-ShHET K* guId (HKT) Sl
AN $Hb YHIER Bl VeRRIT Figed ¥ g fhar
W7 AT Sl EHR A 999 HeAilefdl UeH &dl 8l
AIHKT2;1 JHIET &5 T [N Se 42RO gRT
I g-amHe 3ragd (CREs) 6 Sulife @1
T AT T SHICY 89 W %% CREs 1 8o INIad
v e R wE-EFE TRReT & Jete 7
e B & Y usaE $ 161 At T v,
AT H SMe e TATAT B Pl T8 &l T3l
Farrte Refer, .87 Tge (MYB4), BRI, Feth &f
T, ETEUT-TACINGT WRIGEITaN, 69T STuTf 3fiv
S ST RS T Wil F oM %% CREs
T ft T SITET T RS aE =R S T
H fSTellde R O widfegret ® e MYB,
MYC, NAC &R HDZip WfteiaT &R (TF) & folw
TSFET FEcd AT A ACGT FHA, W erd
(Frofefiar & forg ofter srfshoreien) St & frfm-
R arfiyesfeh 3 He Hifcth & 9§ SHET S8, Jiee
o1l g4 AaATaT, UfeaRifies ufe (ABA) (ABRE) 3iY
fHeITgeA-SHIME & AEaT a1t swifad &R Sifde
A (R F fel CRE 4N T Ssed-gia,
ST ST el <5 AT RETerT 3 aTier 81T 8, THIER
H Sqfterd 1 M efshanallerar $ fely TRl
AfTFH BT TSaHT T TSl fhi, S, fagfem
3R HAfarfors s SRT 916 SMM ST FEeT
fAferRT 7 o CRE Y 7T Ay T
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The AIHKT2;1, a high-affinity K* transporter {HKT)
gene and its promoter were isolated from
Aeluropus lagopoides confer salt tolerance in
yeast. The AIHKT2;1 promoter region was
analyzed for the presence of putative cis-
regulatory elements {CREs) using Plant CARE
program. Several CREs involved in regulation of
light abiotic and biotic stress, and phyto-
hormone responses were identified in the
promoter region. Several potential motifs
involved in various developmental processes,
seed development, flower development, cell
differentiation and senescence were identified.
Many CREs involved in abiotic stress responses
like anaerobic conditions, UV light {(MYB4),
shade, sulphur deficiency, hypo osmolarity
responses, sugar starvation and cold were also
detected. Abiotic stress-inducible regulatory
elements consisted of binding sites for MYB,
MYC, NAC and HDZip transcription factors {TF)
involved in dehydration and drought responses.
The ACGT sequence known to be the core motif
involved in the etiolation-induced expression of
erdt {early responsive to dehydration) gene was
present. In addition, the CREs involved in abscisic
acid (ABA) (ABRE) and methyl-jasmonate
mediated abiotic and biotic stress signaling were
found. The W-Box, motifs reported to be
involved in plant defense signaling were present
in the promoter. Several motifs implicated in
hormone responsiveness were identified. The
CREs involved in transcriptional regulation
mediated by growth hormones like cytokinin,
auxin, gibberellin and salicylic acid were also
obtained.
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AN Fferpif-1a1 AfHACT A TAF MYBs ST 6T FaTeTE AT

Functional validation of MYBs gene isolated from the halophyte Salicornia
brachiate

MYB Sii=t qiell A &= =maae wisarsil oiv a9me
IIGRI & UG MM 81 89 s B
Afr-Tamfss SfemmiFar FfaTeT 9 W@ R2R3-TEHR
SbMYB15 TF T 3o e, ST Us gRIheea
fFaTas® & ©9 W S FaT 81 SbMYB15 7 GFN
BHIRTBIAT § NaCl T TSI s SRIimeee
TET90T I 97 I 36 SbMYB15 TR AT oo 7
FISET ¥ SONeTC BT & SN 37 o O off SR
BT E; TTAIh, SO STTHeaih ABA & el sfaRafdT
vEdl 8 dFd F SbMYB15 6 SATER-GRAWaE &
TR FR (ST TiESIar 7 Sh JUR g3
oI Ol H 93t g8 HESET Bl R,
AeiAifeesge (TH.E1.0.), WetH, Pl Herrallel 2Thv
2R pef @) URe H=T = URad— § gRHIRG b

fas: SbMYB15 TNl ®Rb &1 fharcis
HTTEHRU|

Figure: Functional
transcriptional factor.

validation of SbMYB15

MYBs genes are the master regulators of various
metabolic processes and stress responses in
plants. We functionally characterized a R2R3-
type SbMYB15 TF from the extreme halophyte
Sdlicornia  brachiate, which acts as a
transcriptional activator. The SbMYB15 showed
Nall stress tolerance in  yeast cells.
Transcriptional analysis showed that ShMYB15
transcript was strongly upregulated in red
shoots and was also induced by different
stresses; however, its expression remained
unchanged with ABA. Overexpression of
SbMYB15 in tobacco significantly improved
salinity and dehydration tolerance. The
enhanced tolerance of the transgenic plants was
defined by the changes in <chlorophyll,
malondialdehyde (MDA), proline, total soluble
sugar and total amino acid contents. The
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transgenic plants exhibited a higher membrane
stability and reduced electrolyte leakage, H,0,
and O content compared to the wild type {WT).
With ionic stress, transgenics showed a low Na*
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and a high K* content. To mimic natural incidence
of environmental stresses, imposition of stress
by gradual exposure to salinity and dehydration
was carried out. The transgenic showed
increased stomatal conductance, water use
efficiency, photosynthetic rate, photochemical
quenching and reduced transpiration rate. Thus,
SbMYB15 served as an important mediator of
stress responses regulating different stress
signaling pathways, leading to enhanced stress
tolerance.

SICIBT # INT AIESUIT 6T & foy steafers aRad=

Genetic transformation for enhancing disease tolerance in Jatropha

JoPR-10a T 3 aRafefe ot verrceiic = 30 &7 &
[T B F15 VA (18) B Tt F Truin AT N
AP Ffordl & Izg TG (36) @RI HPLC
fErreor & T ¥ b g § 924 ¢ 98 ssde
T g2 WSSl At & BN AT S Feha B
WIEHTHT 9T ATl H Ueb Hecaqut foenr frare
21 3% 2T, JePR-10a WITH % ST agdT
TE 7 F G’ % BAP & T 210 s9S Afhy
T W ATEg B Bl I I BT & & JePR-10a
I  BAP & Uy 3meTfh &, 7 gieiid arer 8
ITA BT Blerdl b JAw &1 BRU B Al Bl
JePR-10a MW A 99 &I He-elleldr & e,
oialg, |a gl 1 HET, Wit gereilel a6 aily
AT TS HET § WY B e 9 I8 B (%
g 4 Wiplie deR (Sseycl) bl e A

T TgeifeAT TR @ Ff Igm, o B
TV & T SR I8 T VT B BiD I8 &

G T T, U BT SUATT Z&IT, Tp1eT T
T A g% 3 T ATSuTeRTSi oF W BT 31TE1 b ST,
AT 7 HBIBIEAT hollferl % & R it
93T g1 UfeRre famar| ait Sta R+ I fh
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The leaf explants transformed with JcPR-10a
gene showed higher number (36) of shoot buds
on regeneration medium as compared to VA (18)
after 30 days of culture. The higher shoot bud
induction could be attributed to the increased
cytokinin content in the transgenics as evident
by HPLC analysis. The cytokinins play a pivotal
role in shoot organogenesis. Further, the
docking studies of JcPR-10a protein explicitly
showed that three molecules of BAP bind at its
active sites. This confirms that JcPR-10a protein
has affinity with BAP, which may be the cause of
high shoot regeneration in the transgenic lines.
JcPR-10a transgenics showed enhanced =zalt
tolerance, as was evident by increased
germination rate, shoot and root length, relative
water content, proline, soluble sugar and amino
acid content under salinity. Interestingly, the
transgenics also showed enhanced endogenous
cytokinin level as compared to wild type (WT),
which, further increased with salinity. Exposure
of gradual salinity resulted in increased stomatal
conductance, water use efficiency,
photosynthesis rate and reduced transpiration
rate. Furthermore, the transgenics also showed
enhanced resistance against Macrophoming
phaseoling fungus. The leaf bioassay revealed
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WT Ll L4 L6

[A] [B]
et (A) HBIBIEAT ool & W1 gHagdcs Seed, ol 3R JcPR-10a RIS (Tel1, Teld R UeT6) Uit
UR HhHUT bl TR (@) oo, 2l 3R gRae oligH] (Uelt, Veid 3R Uelg) Pl uxil & st 9 fafd= Him

(500 pL, 1000 L 37 5000 pL) o 12l ¥ ATe] STagIS HIREaT H HehIthifFT e ! RWIEE argl

Figure: (A) Severity of infection on WT and JcPR-10a transgenics (L1, L4 and L6) leaf incubated with
Macrophoming phaseoling. {B) Differential growth of Macrophomina fungus in potato dextrose
medium supplemented with different amount (500 pL, 1000 plL and 5000 pL) of leaf extract from

WT and transgenic lines {L1, L4 and L6&).

e Cl. AR H 7eT g He 3R & & Y v,
Gofiferdr glgper bl gAldT W, U<l & aHTeer
e R TF HHH0T & 1€ & 3 {7 (dpi) § ™R
HepwoT eI T, Safds, TRISTTET = ST o
AU fo@mm g A g0 fF JoPR-10a SfF §
TSI TG 31Tee IR Aty 1 v w2
BT &, Teed,<l. SN RIS o3 P AT
ot & ardh ot TieT Tad Fithaar ST e fobar T
ol & aTh § I H, TS Ul B orh $7 T84t
HigdT & T2l HIZHIARSRT e &7 diaar &rhl &5
B T &, ST T Pl 77 &7 HHT F TE 2| HIhIfEAT

& Frsara 9g & feaeT & gar 7. € % 500 L
RG] UY, ddel Yol1 BIthl $H USi- dig R &,

STfes 1500 UL HEET R Seezl @1 &l o 7 Tt
ZTESIERE & AT HIhT HH d15, ST 0.7-THT ST
T 39 WK, JcPR-10a T9ad: =T e~ HebaT
ARl @t [&fie S a T ORT o & o BT

that WT leaves challenged with M. phaseoling
inoculum along the detached midvein region
developed severe infection all along the midrib
region from the proximal to distal end of the leaf
as soon as 3 days post infection (dpi), whereas,
the transgenics showed almost negligible
infection. Anticipating that the tobacco
transgenics overexpressing JcPR-10a gene might
be exhibiting antimicrobial activity, the
antifungal activity of crude leaf extracts of WT
and transgenic lines was studied. In the leaf
extract assay, the intensity of microsporangia
formation is greatly reduced as is evident by the
decrease in the black colouration with increasing
concentration of the transgenic leaf extract. The
analysis of radial growth of Macrophomina
revealed that at 500 pL concentrations, only L1
shows significantly lower reproductive growth,
whereas at 1500 pL concentration significantly
lower growth of approx. 0.7-fold is observed
with all the transgenics as compared to WT.
Thus, JcPR-10a might be working in co-ordination
with cytokinin signaling in mitigating the stress
induced damage by regulating different stress
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signaling pathways, leading to enhanced stress

tolerance.

HTF TS IR-ATHTHAIRATE F frspfad T o= 2ofY qierer Idvey &
TYTHTRGT U TeqI+

Studies on efficacy of indigenous potassic fertilizers on sugarcane developed at
CSIR-CSMCRI

Herepl I SevTadl W ) Red-ag (wdddl)
AIgeiHIge 3 JielRrm sHIHTe Hethe $f 3did
ST BT Hed e &1 Tlfetl H191 3 fedT T GHeTel-
{31 SR 2 ST A SO # gfg fobr,

Fertilizer potential of three different sea hittern-
derived {SBD) potassium forms developed viz.,
potassium schoenite, potassium nitrate and

potassium

ammonium

sulfate

maize

productivity were evaluated in two cropping

seasons. The application of SBD-potassic

TH JRINT  fAfr=T TET fe-aeu=T QeI uive dedl & ITER A I HabT 6T i Ry

Economic analysis of maize as affected by different sea bittern-derived potassic nutrient
treatments in pot experiment

IUTR/ Treatments
TIHTR%
SOP* SBD*K
(Fefas) | T@FmEe | SBD™ SBD-
Comm. SBD*-K KNO, PAS*
SOP* schoenite

{control)
General cost of cultivation (T) ST & FHT AT (3) 30288 39288 39288 39288
Incremental invest (T) igaler (a9 (3) 4292 2997 4888 4269
Total cost of cultivation (¥) Wl Bl gef Al (3) 43580 42285 44176 43557
Grain yield (tha) 3T HT I99 (81 2FeIN) 3.64 4.25 4.80 4.31
Stone yield {ttha) T H1eg (T7/ 2diR) 146 1.55 1.83 1.46
Stalk yield {t/ha) Tie oS (T7/ TT9) 8.0 9.8 10.5 9.5
Total gross return (F) Fel Tehel TP (T) 59209 59412 77870 69758
Net return (3) ﬂ@ﬂﬁw £ 15629 27127 336594 26201
B:C ratio B:C 3fJ4rd 1.36 1.64 1.76 1.60
Incremental return (7) ggeiel aihet () 0 11499 18065 10573
Incremental return over control/  incremental
investment of N and K fertilizers.

_ : . 0.0 3.8 3.7 2.5

R uv gfgllel ylithet N 3l K 3deel U2 FHaFu
CIERIEREER]

* SOP = Sulphate of potash; SBD = Sea bittem-derived; PAS = Potassium ammonium sulphate.
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el &I JeTaehcl] 311N TUTET 11 32 YepraT {9,
TRp T7ed @ gl 3TN TTET T Ure & HIIe st 3 STest
TRE I TR B I AT TBR B e e
e~ 91Ty o T Pt GarER B el AN Gl B
TG H FHH: 22.3 3N 23.8% T TaT feam wEy
38T Heeie SBD-KNO, o & o1, f e 31
TR ST 1.76 T el TR Urefarr ot o
I AR T ST e T € SN SreerR 4 R
Ui SAH H B ITT B AT HE H HIS
GEI

fertilizers led to enhancement in growth,
productivity and quality of maize which related
well with higher photosynthesis, nutrient uptake
and soil guality parameters, On an average all the
three forms of sea bittern derived potash
enhanced yield of maize over control by 22.3 and
23.8% in pot and field trials respectively. The best
performance was under 3BD-KNO3, which also
recorded the highest benefit: cost ratio of 1.76.
Potassium is wholly imported in India and the
study would help validate the agricultural use of
the developed potassic fertilizers.

Frontiers in Plant Science 08 (2017) 1541 {12 pages)

*RIFIOT SfIR @RT ATATaR0T H eTaURITESu] ISl are AT X 4 q1g Hed

Halotolerant rhizobacteria and plant growth promotion under control and saline
environment

aulfae & Ude & A 316 [ /) U™ URy 9%
Had® U (PGPRs) B AU-F0H f3Har mam Siq
LRI 3R A1 feyor 9 udr =ell 8 fob et
3R TR PGPRs ¥ Yeel I ST PGPRs & el JHTT
2 9 diyr a1e FEe ofR &g WIS & forw arst
TNE W g AT & 21 37T T T PGPRs &1
UAESRINGT BT TRIe &9 & fofy, 1 SEgi®
YUt &7 SUATT T2 el 7 f& qRA Jhedt & a1
AECN & 9T IT AT oo muy, AmEm
LA Y T 3R SHE & 3 TR F AR
theles® H9T 6T U 4 PGPR RT 5!
SRIHIY 3 Hgcayui YU <@l 1011 s 3 21e fbur
TR FFERRT nifH S & fo BRI o1, Thed! &l
TS AR T ARSI HEET B AT T R
YR & o1 4 39 Re] 3yBal & 4 debiepd
AP A Pof Ao AT A FTH IR g8 A
SATY BTl & 58 B IUFENER &R 8, T8 S90far
& fob d 5 thed! & [T ol ST o H Haid A Hthed!
Y 9 thi FeeTefleld] 9ar & fory SR & - &t
Teh FAETNaT ol AT ORTaruT o T w4t 37T o
1 FFERAT A AFUIAT I D dB Hihed | b HHY

Five plant growth promoting rhizobia {PGPRs)
isolated from the rhizospehere of halophytes
were characterized. Biochemical and molecular
analysis showed that the isolated PGPRs have
similarity with previously known PGPRs having
well defined role in plant growth promotion and
stress tolerance. To test the efficacy of isolated
PGPRs, we have used hydroponic system where
7 days old Peanut seedlings were transferred
into hali M5 medium with or without Nitrogen
and phenotypic measurements were done after
3 weeks of The significant
improvement in the peanut biomass was
observed by all PGPR. Since all bacterial isolates
were positive for the nifH gene, nitrogen content
was measured in the root and shoot of peanut.
Total Nitrogen content was significantly
increased in the seedlings inoculated with
bacterial strains than non-inoculated treatment.
All bacterial isolates efficiently colonize the root,
indicated that they were capable of promoting
the growth of peanut. An efficacy of bacterial
strain to enhance the salt tolerance in peanut
was also tested. All isolates showed improved
overall growth of peanut under salinity stress.

inoculation.



ferpTT ™ eI TS| ST faereor & oy gelr § 1
TR AFIS ST o 1l JU=TT el & PRI
H RSP a0 ITTN BT Tel-TH T H B Na' /K’
IIUTE 2T TR A9 ATSHIAZH T Na*/K™ Bl TEl a8
e PRI STER 6 ol H Ca' AT &I gl
PGPR TWpTehd Pl T A [Emefel aiferefisT

T (ROS) & =g 591, S &I gk

TTERM.  (NBT) 3R 3,3 -SEamHe—<n
(DAB) 51 3R (ReiRa &5 mm wheifdese 57+
I TR WIS (APX), Hheond (CAT), 31N
quesiiaaEs f$ues (SoD) @ FfEafn &t
PGPR STIR gRT fEmefErmer e faar mm
PGPR TR & WATERIT 7 & a1el el & am i
AT TGS UTH BT & foTq, Add SHTRT 3R R-
IUETRT el PN & HeT FHAT T RNA AT
fAI9w fohaT TR T8 TN UG B SgR §
AT B geree Al Hadw dF 11 44T sl vam
Bl

37 PGPRs &I =0 SuaR & TTel woref ufferfmt
b 8 Hilthell 3 lebiepet AT 111 YofigH Aishudral
H, BiEhSS FiTdar PGPR ¥ SIth! UHIRT &8 ik
98 wure WIdFIRYH 3R Feld el 3u=iRd quiel
q adl 1 PGPRs dlddwu Rl SU™IRd Hal
YRSy EHERe WA FafEa & qemr J
(RIS 1 BISaR) BIth! §&e TN PLFA Higal
20.31 9 27.89 41 HieT UM ' da 9RARiT $I Rl sl
TR ST *Eel = 31T ST 6 gerer
FAT AEH PLFA Al (ARHISTA IR
T et PLFA TG o THI, WIS T2 IR
IR UlFeArTEHTE H Agdr o FhT Af¥E e
BT FRI0T SO bl Folell 7 30 PGPRs & TTef
A HHNTHS T4 SE@T T Fdd PLFA TRIHER
HigdT § DS Hedqul Toord T2 §AT PGPRs STERT
ST e el TTATER PLFA Sl Tl 98 TS|
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lon analysis showed that peanut seedlings
treated with four bacterial strains had lower
shoot Na'fK* ratio in comparison to non-
inoculated salt treatment. Four remaining
isolates did not change Na*fK" but had changed
in Ca* ion than the control treatment. The PGPR
inoculated seedlings accumulated less reactive
oxygen species (ROS) as determined by
nitroblue  tetrazolium  (NBT) and 3,3-
diaminobenzidine  (DAB)  staining.  The
expression of antioxidant genes such as
ascorbate peroxidase (APX), catalase (CAT), and
superoxide dismutase (SOD) were differentially
regulated by the PGPR treatments. To get a
molecular insight about the changes occurs in
response to PGPR treatment, RNA seguencing
analysis was performed with the root samples of
A44 treated and un-treated peanut seedlings.
This information will provide novel insights into
mechanisms of bacteria mediated growth
promotion of peanut seedlings.

These PGPRs were inoculated to groundnut
under field condition along with control
treatment. Among enzyme activities,
phosphatase activity was significantly influenced
by the PGPRs and highest being observed in
Agrobacterium and Klebseilla treated plots. Soil
microbial community structure was significantly
changed by PGPRs inoculation in comparison to
control treatment {except Pseudomonas). The
PLFA concentration was varied from 20.31 to
27.89 nmol g' and Agrobacterium treated plots
showed significantly highest PLFA concentration
{microbial biomass) in comparison to other
treatments. Similar to total PLFA concentration,
the concentration of Gram-positive, Gram-
negative, total bacteria and actinomycetes were
also significantly highest in  Agrobacterium
treated plots. However positive effect was also
observed with other PGPRs in comparison to
control treatment. There was no significant
change in fungal PLFA biomarker concentration.
Abundance of bacterial biomarker PLFAs was
increased by PGPRs treatments.
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3TN BTES o INTEATSS o faar TTRIE & foTU DAB 2R NBT Y| Td S9N & &0 3 W 4 2eFI-37enT
Gl cb ey U 9Tl (4-5) B SUURT fopy T afie gei uica e o<l & e S ag 81 (B) idlalifedee wilF,
TEBIdT WaATERITSS (APX), HeTela (CAT), 3N giRalfed1ES IS (SOD) Hi AT FfHefh &)
ARI g (*) g e Y&ur (P <0.05) g fereyur § Hecqyuf aav q2ifd 81 38 sffieufth R-grlrgdce 9%
TR T & | FaiRa g ot

Figure: Growth promotion of peanut by PGPR isolated from a halophyte plant species and ROS
accumulation and antioxidant gene expression analysis in PGPR inoculated or non-inoculated salt
treated peanut seedlings. {A) DAB and NBT staining for in vivo localization of superoxide and
hydrogen peroxide. The upper most leaves (4-5) from 3 to 4 different plants for each treatment
was used and the picture of representative leaf is shown here. (B) Quantitative expression analysis
of antioxidant genes, ascorbate peroxidase (APX), catalase (CAT), and superoxide dismutase (SOD).
Asterisks (*)indicate significant differences as analyzed by Dunnett’s test (P < 0.05). The expression
was gquantified relative to non-inoculated salt treated seedlings.

TS T T ST HRPB SICHAT HYBIT ATGHT 2T BT WieT

Rooting of Jatropha curcas micro shoots using grafting method

HICHUAHAREATS & 3resl T¥E § TATUT I HIE-r
U el gU SIg T by ATShIed ol Y& TatcaTd
% W H T Tt T Wi & fory fafseT oy
b & FdUeetd (6 § 18 HEM) 3R wetEieh (15 90
TR BT ST feoaT 1T et STeTT-aTerT Ja T o ¥,
18 HEM & AdUedld 31 60 a7 & BeweaH - 58.4%
Hhelal & & Fref AFe [Jafid by, F9ifs o &
50 4 1 0.05 1 ofl BAP (5-dfigetaHIHIg )

Jatropha curcas microshoots excised from well-
established multiple shoot cultures of (SMCRI
were used as microscions. Different age
microscion {6 to 18 months) and rootstock {15 to
90 day) were used for grafting. Among all the
different combinations, 18-month-old scions and
po-day-old rootstocks developed grafts with
58.4 % success rate as some of them died. The
grafting efficiency was further increased by
treating scion and rootstock with 0.05 mg/L BAP

s
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37} 0.05 I/ 21 ZN (RRITEA) & |1 Aavedd afiv
HeRE (P b IUAR A YTFET 281 1 2117 FaT &2 60-
T UM 31gpdl W AT T BAP ITFTRS AdUeerd $1
HalS Heal €0 gaiTl HAPH b AT P fofv
T T B 0.1% BTSN SR HHHAREE (CM-
75) 3fR 400 &t v lferaiifaT-adigate e
{1 g YR F F0e o wm SR A wree dier
T TR NI (97 %) i X H gfg | AT & He
H 97% HIFIRICH DI HAhera g o TRIT TRIT TTfFeT
= GYer BT gRIeheT i AGe oA 37 Swe i1 9T
TS Tt T 9 W1l e &% IR-IThes et &l
A1 71 Sy off mrwes it dt A Sue BT siiv
P BT AT H BTohT 31 off

(6-benzylaminopurine) and o0.05 mg/lL ZN
(zeatin). BAP treated scion grafted on 60 days
old seedlings established early union. Graft union
was dressed with tissue paper wetted with 0.1 %
Carbemedozo and Macrinite (CM-75) and 400
mg{L amoxicillin-clavulanic acid for infection free
graft. Dressing significantly increased the rate of
survival (97%) of the grafted plants. 97%
microshoots were successfully rooted via

grafting. Grafting altered the plant architecture
and made them dwarf. The net photosynthetic
rate of grafted plants was higher than non-
grafted plants. The seed yield of grafted plants
was significantly higher than cuttings and
seedling.

1 (A) FATE TS HISHRNS; (B) AT S HRU STaIR Faeerd I HId; (C) HehHWT Iah AT &
foTT AT R U H & I U (35T 0 I TIe; (D) 7aucerd 3N Be<ei® & ai S [

T, 31N (E) MFES AT T HeATl

Figure: (A) Cleft grafted micro shoot; {B) Death of untreated scion due to infection; {C) Graft union
dressed with fungicide and antibiotic for infection free grafting; (D) Perfect union formation
between scion and rootstock and (E) fruiting on grafted plant.
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faeIaaq: 2AmefSid Adar
Theme: Societal Services

ferermTeT v &raTe:

= X TET 81 T ¥ THIS o (olq ST IS S T i Ieles SRR 8 5 FaaT &1
JRINT BT, TR SR I GRT IR & TR 0% a7 ST Hedl 21 eellfes, BT 31
fepel ST 9[oeh R YTH RAIRIT UeTH @l STt 21 Sfef feeauitereor 3N Siel e & &7 3, Huesigar-
HITHUHHIARSATE F TN & Sh bl THIAT T Hrsi T ferauiiesor denfifear sy fawd
IR (3RS, goige! S i WieR Rea ST offet Wefifhdl & S T 36T o
egaigaAr-divguadlaras 3 qorid d 4y, (&R d1¢, ST "sbdrd, Arfed 4 g, aflv
Uf¥H et 9 ATSAT A1 SH] b WIdplcies AT & G AT HISTgel ITel e SIS & H1 Hdl
Ve 6T B HICHUAEITRATE 3fehaR Jod aitid Iedral & fFehuur & fof are Bl 9g UaF W) T,
THE JedTe Bl U 3R JHT H R, THH-SHB! (FERAT) $ ol S STarere § Fer R
HECHQUT &HT § SIS el YaT P % HT-HTel <l & e AT il Ry & Feam & fow
ATIIIT TR af wleret T HRish IaTar 31 337 GfEnT e RIsir & 972, €9 2016-17 &
SR HHTST o UfT ST 58 g I &1 74 I ¥difdhd F% 78 8

Thematic core competences:

CSIR-CSMCRI continuously providing Science and technology related services to various
industries and communities. The institute has opened its sophisticated instrument facility
for the society. The facility can be utilized by academia, laboratories and industries on
payment basis. Although, substantial concession is provided on the analysis charges to the
students. In the area of desalination and water purification, (SIR-CSMCRI has worked since
the early seventies on membrane-based desalination technologies such as Reverse
Osmosis {RO), electro dialysis and thermal technologies like solar still. CSIR-CSMCRI has
responded to many natural calamities like Earthquake in Gujarat, Bihar floods, Orissa
Cyclone, Tsunami in Nagapattinam, & Aila floods in West Bengal with its mobile water
purification unit. CSMCRI frequently undertakes outreach activities and skill development
program on mass cultivation of the microalgae for extraction of value-added products,
improving the quality and quantity of the salt production, improving the work
environments for the salt-workers {Agharias) and in other important fields to create
awareness as well as for uplifting socioeconomic status among people. With this brief
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introspection, we are proudly outlining some of our humble contributions toward the

society during 2016-17.

TRISATST-elTeY (TERTSE) & W WA &1 & Hel lel e Pl @l caivd
GEIGI

Quick deployment of mobile water purification unit to drought affected region of
Marathwada-Latur (Maharashtra)

e @i wee Y9 b IdEed $ et
Hvgengam-HivauEsEtameens gnT fAafhd deEge
Sfel Mg 3ol (Seeguaall el & ITER) &l
HERISE & HUSdRe] 84 &b cllg Asy § dAId sfie
VIR T T, S 5 I T 3 B SRE U &
QT T TR FHT BT AT B T AT TS ST
AR 978X 3 wea  fRerd "TTNauT STl & Wl DY H
TRt W T Y 7 SR e, et et o
TSI <6 IRV T o [T SUR AT&T el ST Aiarget
FAT TEE STRAT A5 et U o eff 5 fe
TR HUIT 1 415 SR AR ATE H 5 A=A

DepLoyMeNnT 0F MosiLe WATER PuriFicATION AND DesaLnanon Unm
ON WHEELS FOR MARATHWADA REGION

LATUR, MAHARASHTRA

28 May-4 June. 2016

-, ) F.
i =

The mobile water purification unit developed by
CSIR-CSMCRI for producing safe and clean
drinking water (as per WHO norms) was
deployed and demonstrated in Latur City, a dity
in the Marathwada region of Maharashtra and
facing severe scarcity of drinking water during
this drought period. The mobile unit was
stationed at the open well of “Gorakshan
sanstha”, a place in the heart of the Latur city.
The water was available in the well, although
was not suitable for consumption due to the
impurities and the contamination. The deployed
mobile unit was equipped with indigenously
developed RO membrane technology capable of

A TERTSE & QT Tied FRIGarsT 85 7 T So7 dN1E $aTg bl i) @) ST

Fig.: Glimpses of deployment of mobile water purification unit in the drought affected Marathwada

region of Mzharashtra.
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purifying and cleaning turbid/ suspended
particles as well as desalting dissolved
contaminant. Around 40,000-50,000 Liters per
day water was made available and was
distributed to the people in the city for 10 days.

OIS~ U b P A1 ScUTa &3] Al AA&T0T
Quality upgradation and survey of new salt production areas

HITHIMESTN - HITHH RS A T F9F e
SIgH! SR Hieel TS TET & HeTH § STTsilfdeT &b
I & oIT BIER W ReRT 99% e & s
AT (AT Sl Sod Y& R FH Hiefifbar 1
JEMET S & Iagg J o U drel 75 KA b
85 T YT TSR T I 2l oaiTe bl <o
T & D IJUah sl § Hisel 79% B It
TR BIC W@ SRR & T SUGH! D I+1d D
fRTUT TS T Sfrerr 3% Tedie 3 See 1 oot
T B A &N TURT Flel D BT IedTa W
e SForETE o & Seurel BT STeT GRT e AaHe B
AR T2 IR AT e Tl 5 JRRiT o AR 3
FIT3IY 3 e SR ol AT BT I3 A TR TG
SIS T T FH AT Uiy I ST &0 Tl
3N rfdren a1 &5 &1 T IeuTer] & dgd A 4
AT T F QSR AE i g5 8 3T I
TRITAT =1 ST ) T AH e IR a0 el &l i
TN | Ae $ N BIT U@ 8RN & TS Iedh!
&l Sllg I Ul § GEN B § Hee Well &

CSIR - CSMCRI embarked with their societal
mission activities in the area of high-quality salt
production with objectives of capacity building
and promotion of high purity solar salt
technologies among marginal salt producers for
upliftment of their livelihood through Salt
Cluster Development Programs and Model Salt
Farms. Training and demonstration of upgraded
salt manufacturing process to the marginal and
small salt producers by establishing model salt
farms in the salt producing states across the
country are the other objectives. Producing
better guality salt with enhanced yield and value
addition of bittern through the recovery of
downstream products in a cluster mode has
been demonstrated. Through these efforts
enhancing the income of marginal salt producers
on 3 mass scale has been tried. In addition
surveying the saline land and bringing more
potential areas under salt production thereby
increasing employment opportunities in the
rural areas has been carried out. All these efforts
helped in implementing the latest innovations
on salt at the grass root level which has helped
the marginal and small salt producers in
improvement of quality of life.

3T 2016 - AT 2017 F SR TS TET B AT % FoIq ST wferaror Hrefawe &7 fremor

Details of the training program conducted for the benefit of the salt clusters during April 2016 -

March 2017

SN Training Program Place Date Training staff
Dr. Arvind Kumar,
Mr. 5. C. Upadhyay,

] Training of small salt Didwana, April 27-30, | Mr. R. J. Sanghavi

) manufacturer Rajasthan 2016 Mr. Rakesh V. Dohariya

Mr. Jitendra Baldhiya
Mr. Maulik Gauswami
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Field training program on
good quality salt production

Mr. 5. C. Upadhyay

for small manufacturer {under Santalpur/ June 2016 pr. JL‘IgghU Bhatt

. ) . Adesar Mr. Jignesh Shukla
the collaborative project with Mr. Jitendra Baldhiya
AHRM) ‘
In-house mindset training
program on good quality salt August 04 Dr. Juggnu Bhatt,
production {under the Adesar, Gujarat S ' | Mr. Jignesh Shukla
collaborative project with Mr. Jitendra Baldhiya
AHRM)
Training of salt Vaidarayanayam, | August12, | Dr. Arvind Kumar
manufacturers/Lecture Tamilnadu 2016 Mr. S. C. Upadhyay

Training program on good
quality salt production (under

Adesar, Gujarat

October 10,

Mr. Jignesh Shukla

the collaborative project with 2016 Mr. Jitendra Baldhiya
AHRM)
Awareness/ <kill development
program on high purity salt Dr. Arvind Kumar
technologies amqng salt Nawa, Rajasthan October13, | Mr. 5. C. Upadhya.y
producers {organized by 2016 Mr. R. J. 5anghavi
Hindustan Unilever Ltd and Mr. Rakesh V. Dobariya
Rajasthan Government)
i =
raln'lng.prooram a.n.d' November | Dr. Juggnu Bhatt
monitoring the activities on -
: ; : 16,2016 & | Mr. Jignesh Shukla
good guality salt production Adesar, Gujarat ) .
. December | Mr. Jitendra Baldhiya
{(under the collaborative .
. ) 08, 2016 Mr. Krishnakanta Ghara
project with AHRM)
Dr. Arvind Kumar
Mr. 5. €. Upadhyay
Training program for salt Didwana, January 18, | Mr. R. J. Sanghavi
manufacturers Rajasthan 2017 Mr. Rakesh V. Dobariya
Mr. Sameer Bhatti
Ms. Krupali Lashkari
Talk during the training
program arranged‘by Salt Jambusar, February e T m—
Dept., Govt. of India for salt Bharuch 20,2017

manufacturers

adiT &3 & N I Ariifas § guR
Improvement of livelihood of coastal villagers
R &1 b B HART alel HEFHNT B Al dareT i
T GRT Ueel o™ deH &b forv 3flv 39 dvg bl
ST TdeT 5 UR Pt & foTy, TET 17 590 Aol
Adlel JFTEEA I, HeUH, dHS s sl

In order to get direct benefits of seaweed
farming to low-income fishermen of coastal
areas and thereby improving their livelihood,
training was imparted on seaweed cultivation by
the institute and its Marine Algal Research
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Station, Mandapam, Tamilnadu. The institute
has trained the costal farmers on the cultivation
of Gracilaria edulis, Gracilaria debilis, Gelidiella
acerosa and Kappaphycus alvarezii during the
reported period, CSMCRI  scientists
facilitated interactions of seaweed growers with
industries.

also

chlgpel TS ST fTeT (HISTSUh)

Centralized Sophisticated Instrument Facility (CIF)

SR e ¥R WE TERA SEEe SR
(FlouHElRang), Y= J faayoees WuRT 3k
SR BT T (T R Hramdym) A &R
fEPerauTe® SR a1 81 Tel 3R HIs1Eus a1
Fe e T SR fFafderemy, et ofix e
RER B 9 0T TH IRl )i et i
FHAT W& 3R AfEF FIYe B AT H, I &
IR T, FrawoneTs v ey wied Jarrar ueH
AT B I UE RS SRS SUE=0T & e
TS 7R HlerEus FreT quiseHR /I, /e frafior
TR IS TSRO S 7 Herd £ N0 S 6
TR W T ST Hendl B FeIferiEd aiferenn
SHelhd TREH U FfeT gRT %m0 6y 7w
THAT T U S YSH e B

The Analytical Division and Centralized
Instrument Facility (AD & CIF) at Central 5alt &
Marine Chemicals Research Institute (CSMCRI),
Bhavnagar is a well-equipped analytical
infrastructure operated and managed by
qualified and experienced personnel. AD & CIF
aims to provide support to educational institute
& universities, national & state government R&D
laboratories and industries through sample
testing and intellectual input including analytical
method development on payment basis. AD &
CIF facility with advanced wide range of
analytical instruments are capable of to carry out
the  spectral  measurements,  structure
determination and chemical analysis. The details
can be found on the website of the institute.
Following table provides a glimpse of samples
analyses by the Centralized Sophisticated
Instrument Facility.

STS¥eT 2016 - AT 2017 & SN ferfira AT w1 feawor

Details of the samples analysed during April 2016 - March 2017

ferseieror SUHT TepeIoT b 1T Ao AT bt T e AR

Analysis Instruments No. of samples analysed Total
Liquid: 'H = 2209; 3C = 1361; 3'P
=16;Li=15; "N = 1.

: 2D =16; DEPT = 12.
NMR FT-NMR {Bruker, 500 4689
MHz) Solid State: 'H = 58; 3C = 188;

P = 6; 7Al = 15; 98i = 56; N =
14; BNa=1.
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External Samples: 'H = 488; 5C
=186;7Al = 04; D,0=39;°D=

04.

FT-NMR (Bruker, 200

1 - P LY
MHz) H = 818; BL = 215. 1033
FT-IR spectrometer 2497
IRRASRRRS | 15 it ETed) (DRIFT - 12)
FT-IR, Carry 680 & Imaging 54
IR Imaging and ATR | Microscope Carry 620 ATR 1003
{Agilent Technology) Solid/Liquid 23
R Spect " LabRarm HR Evolution .
aman Spectrometer | |, oo, 424
. Analysed 137
XR I ] k A
D (single crystal) | Bruker Smart Apex CCD T i
Philips X’pert MFD
XRD (powder) e 2667
TEM Analysis JEOL, Model JEM 2100 514
FE-SEM analysis JSM-7100F 1425
AFM NT-MDT {Ntegra Aura) 661
Thermal NETZS5CH, Mettler TGA 1062
Toledo DSC & DMA 432
. Elermentar, Vario Micro
CHNS/O Analysis Cube 1352
ICP-OES Perkin Elmer, Optima Samples 4873
32000 Elements 15798
X-ray Fluorescence ;
(XRF) Bruker AXS, 54 Pioneer 18
Thermo Fisher {IC5-5000*
lon Chromatography DC—Dionex) 452
Surface area Analysis AR DS 108
Analyzer
Particle size Mastersizer Particlesize
distribution Analyser 33
LC (Waters),
LCMSI{(Q-TOEF) M5 (Micromass) <037
ABSCIEX,
MALDI-TOF/TOF Model:4800plus 324
Horiba Jobin (Fl - 18
Luminescence E;)'n ba Dh lln (t ED;D og) i
spectra inburgh Inst. {p
P 920H) 7574
Varian cary 500 3481
DV-VIS-NIR shimadzu, UV-3600 1802
Circular Dichroism e skl g8 8
{CD) Polarimeter ’ > 459
Shimadzu 2356
HPL
€ Waters 1841
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r]e Thermo, {Trace GC-Ultra) 60
Shimadzu (2010, MS
GC-MS E 1802
QP2010)
Elementar, Maodel Liquid
TOC TOC 654
JCSEE (T"T'e Edinburgh Instruments
Correlated Single (0B320) 381
Photon Counting)
Anton Paar, Mod.Physica-
Rheometer MCR-301 101
Rancimat Biodiesel Rancimat 59
Matrohm
Potentiostat {PARSAT 60 hrs
2273) (42 samples)
Potentiostat (Metrohm 831 hrs
Autolab) {307 samples)
Electrical and Bipotentiostat (Pine- 119 hrs
Electrochemical AFCBP1) (89 samples)
\ 306 hrs
SMU (Keithley 2635A) (289 samples)
89 hrs
LCZ meter {Hioki IM3570
meter {Hioki ) (76 samples)
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1. 9 U [Research Papers]

1. Revealing the mechanistic pathway of acid activation of proton punip inhibitors to
inhibit the gastric proton pump: A DFT study. Jana, Kalyanashis; Bandyopadhyay,
Tusar; Ganguly, Bishwajit. Journal of Physical Chemistry B, 2016, 120(51), 13031-
13038,

2. A fluorescent probe for bisulfite ions: its application to two-photon tissue imaging.
Agarwalla, Hridesh; Pal, Suman; Paul, Anirban; Jun, Yong Woong; Bae, Juryang;
Ahn, Kyo Han; Srivastava, Divesh N; Das, Amitava. Journal ot Materials Chemistry
B, 2016, 4(48), 7888-7894.

3. A cysteine-specific fluorescent switch for monitoring oxidative stress and
guantification of aminoacylase-1 in blood serum. Anila, H. A; Ali, Firoj; Kushwaha,
Shilpi; Taye, Nandaraj; Chattopadhyay, Samit; Das, Amitava. Analytical Chemistry,
2016, 88(24), 12161-12168.

4. Role of noncovalent interactions in designing inhibitors for H" K*-ATPase:
combimed QM and MD based investigations. Jana, Kalyanashis; Chandar, Nellore
Bhanu; Bandyopadhyay, Tusar; Ganguly, Bishwajit ChemistrySelect, 2016, 1{21),
6847-6854.

5.  Budding tends in integrated pest management using advanced micro- and nano-
materials: Challenges and perspectives. Khandelwal, Neha; Barbole, Ranjit S;
Banerjee, Shashwat 8; Chate, Govind P; Biradar, Ankush V; Khandare, Jayant I; Gir1,
Ashok P. Journal of Environmental Management, 2016, 184,157-169,

6. Temperature resistant phosphorylated graphene oxide-sulphonated polyimide
composite gation exchange membrane for water desalination with improved
performance. Shukla, Geetanjali; Pandey, Ravi P; Shahi, Vinod K. Journal of
Membrane Science, 2016, 520, 972-982.

7.  Fluorescence characteristics of carbon nanoemitters derived from sucrose by green
hydrothermal and microwave methods. Patidar, Rajesh, Rebary, Babulal; Bhadu,
Gopala  Ram.  Spectrochimica  Acta  Part  A-Molecular  and  Biomolecular
Spectroscopy, 2016,169, 25-29.

8.  Growth and biochemical characterization of green and red strains of the tropical
agarophytes Gracilaria debilis and Gracilaria edulis {Gracilariaceae, Rhodophyta).
Veeragurunathan, V; Prasad, Kamlesh; Singh, Nripat; Malarvizhi, J; Mandal, Subir
Kumar; Mantri, Vaibhav A. Journal of Applied Phycology, 2016, 28(6), 3479-34%9,

9. Non-isothermal pyrolysis of de-oiled microalgal biomass: Kmetics and evolved gas
analysis. Maurya, Rahulkumar; Ghosh, Tonmoy; Saravaia, Hitesh; Paliwal, Chetan,
Ghosh, Arup; Mishra, Sandhya. Bioresource Technology, 2016, 221, 251-261.
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10. Microalgal biomass generation by phycoremediation of dairy industry wastewater:
An integrated approach towards sustainable biofuel production. Chokshi, Kaumeel;
Pancha, Imran; Ghosh, Arup; Mishra, Sandhya. Bioresource Technology, 2016, 221,
455-460.

11.  Enhanced photocatalytic performance of morphologically tuned Bi:S3 NPs in the
degradation of organic pollutants under visible light irradiation. Sarka, Arpita, Ghosh,
Abhisek Brata, Saha, Namrata, Srivastava, Divesh N.; Paul, Parimal; Adhikary,
Bibhutosh. Journal of Colloid and Tnterface Science, 2016, 433, 49-59.

12. TIn situ manipulation of propertics and performance of  polyethylencimine
nanofiltration membranes by polyethyleniminedextran conjugate. Bera, Anupam;
Trivedi, Jaladhi §; Jewrajka, Suresh K; Ghosh, Pushpito K. Journal of Membrane
Science, 2016, 519, 64-76.

13. A Switch-On NIR Probe for Specific Detection of Hg?! Ton in Aqueous Medium and
in Mitochondria. Agarwalla, Hridesh; Mahajan, Pankaj S; Sahu, Debashis; Taye,
Nandaraj; Ganguly, Bishwajit; Mhaske, Santosh B; Chattopadhyay, Samit; Das,
Amitava. Inorganic Chemistry, 2016, 55(22), 12052-12060.

14. Preparation ot activated carbon incorporated polysulfone membranes tor dye
separation. Ingole, Pravin G.; Sawant, Sandesh Y; Ingole, Neha P.; Pawar,
Radheshyam R; Bajaj, Hari C; Singh, Kripal; Cho, Moo Hwan; Lee, Hyung Keun.
Membrane Water Treatment, 2016, 7(6), 477-493.

15. Enantiomeric separation of alpha-amino acids by imprinted terpolymer membrane.
Ingole, Pravin G; Bajaj, Hari C; Singh, Kripal. Arabian Journal ot Chemistry, 2016,
9, 5960-5965(2).

16. Palmyra mber pecl derived activated carbon and anatase TiO:z nanotube bascd
nanocomposites with enhanced photocatalytic performance in thodamine 6G dye
degradation. Natarajan, Thillai Sivakumar; Bajaj, Hari C; Tayade, Rajesh I. Process
Safety and Environmental Protection, 2016, 104, 346-357(A).

17. Visible-Light-Induced Efficient Sclective Oxidation of Nonactivated Alcohols over
{001} -Faccted TiO: with Molecular Oxygen. Vadakkckara, Raji; Biswas, Abul
Kalam; Sahoo, Tapan; Pal, Provas; Ganguly, Bishwajit; Ghosh, Subhash Chandra;
Panda, Asit Baran. Chemistry-An Asian Journal, 2016, 11(21); 3084-3089.

18. lodine mediated propargylic substitution/aza-Meyer-Schuster rearrangement:
stercosclective  synthesis of  conjugated  unsymmetrical  azines.  Muthusamy,
Sengodagounder; Selvaraj, Karuppu; Suresh, Eringathodi. Tetrahedron Letters, 2016,
57(43), 4829-4833.

19. Copper-Catalyzed  Three-Component  System  for  Arylsulfenylation  of
Imidazopyridines with Elemental Sulfur. Ravi, Chitrakar; Reddy, N. Naresh Kumar;
Pappula, Venkatanarayana; Samanta, Supravat; Adimurthy, Subbarayappa. Journal
of Organic Chemistry, 2016, 81(20), 9964-9972,
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Proton-Coupled Electron Transfer in a Hydrogen-Bonded Charge Transter Complex.
Verma, Sandeep; Aute, Sunil; Das, Amitava; Ghosh, Hirendra N. Journal of Physical
Chemistry B, 2016, 120(41), 10780-10785.

Agarosc functionalization: Synthesis of PEG-agarosc amino acid nano-conjugate - its
structural ramifications and interactions with BSA in a varying pH regime.
Chudasama, Nishith A; Prasad, Kamalesh; Siddhanta, Arup Kumar. Carbohydrate
Polymers, 2016, 151, 735-742.

A Potentiostatic approach of growing polyaniline nanofibers in fractal morphology
by interfacial clectropolymerization. Rajecy Gupta, Monika Singhal, Sanna
Kotrappanavar Nataraj, Divesh N. Srivastava. RSC Adv. 2016, 06, 110416-110421.

Ectopic expression of jewrky transcription factor confers salinity tolerance via
salicylic acid signalling. Agarwal, Parinita; Dabi, Mitali; Sapara, Komal K; Joshi,
Privanka 8; Agarwal, Pradeep K. Frontiers in Plant Science, 2016, 7, 1541 (16 pp).

Development of scasonally wracked auto-folding reflectors for damage control in V-
trough photovoltaic assembly. Vaniya, Sandip Kumar; Bapat, Pratap; Maiti, Subarna.
Solar Energy, 2016, 136, 254-259.

Basicity-bascd screening of aniline derivative for compositc proton exchange
membrancs. Sachan, Vinay K; Rajesh, A, Michael; Panday, Niharika, Nagaralc,
Rajaram K; Bhattacharya, Prashant K. Journal of Applied Polymer Science, 20186,
133(39), 4397%.

Halotolerant Rhizobacteria Promote Growth and Enhance Salinity Tolerance in
Pcanut.  Sharma, Sandeep; Kulkarni, Jayanr; Jha, Bhavanath. Fronticrs in
Microbiology, 2016, 7, 1600 (11 pp).

Catalytic Asymmetric Synthesis of N-Chiral Amine Oxides. Bhadra, Sukalyan;
Yamamoto, Hisashi. Angewandte Chemie-International Edition, 2016, 55(42),
13043-13046.

[2]Pscudorotaxane  Formation with FRET Bascd TLumincscence Responsc:
Demonstration of Boolean Operations through Self-Sorting on Solid Surface.
Gangopadhyay, Monalisa; Maity, Arunava; Dey, Ananta; Das, Amitava. Journal of
Organic Chemistry, 2016, 81(19), 8977-8987.

Lewis Acid-Catalyzed Denitrogenative Transannulation of Pyridotriazoles with
Niwiles: Synthesis of Tmidazopyridines. Joshi, Abhisck; Mohan, Darapancni
Chandra; Adimurthy, Subbarayappa. Journal of Organic Chemistry, 2016, 81(19),
9461-9469.

Synthesis of bio-based aldehyde from seaweed polysaccharide and its interaction
with bovine serum albumin Kholiva, Faisal; Chaudhary, Jai Prakash; Vadodariya,
Nilesh; Meena, Ramavatar. Carbohydrate Polymers, 2016, 150, 278-285.




USRS - U UHE ST

CSIR-CSMCRI

31. Enantio- and Diastereoselective Synthesis of beta-Nitroalcohol via Henry Reaction
Catalyzed by Cu(Il), Ni(II), Zn(1l) Complexes of Chiral BINIM Ligands. Chinnaraja,
E; Arunachalam, R; Subramanian, P. 8. Chemistryselect, 2016, 1(16), 5331-5338.

32. Proline Coordination with Fatty Acid Synthesis and Redox Metabolism  of
Chloroplast and Mitochondria Shinde, Suhas; Villamor, Joji Grace; Lin, Wendar;
Sharma, Sandeep; Verslues, Paul E. Plant Physiology, 2016, 172(2), 1074-1088.

33. Highly specific "sensing" of tryptophan by a luminescent europium (II1) complex.
Stubecnrauch, Jan A:; Mgvissen, Christian; Schulte, Maric F; Bochenck, Steffen:
Albrecht, Markus; Subramanian, Palani 8 Zeitschrift Fur Naturforschung Scetion B-
A Journal of Chemical Sciences, 2016, 71{10)SI, 1025-102%.

34.  Antibacterial and antifouling activities of chitosan/TiOx/Ag NPsg nanocomposite
films against packaged drinking water bacterial isolates. Natarajan, Saravanan;
Bhuvaneshwari, M; Lakshmi, D. Shanthana; Mrmdula, P; Chandrasekaran, N;
Mukherjee, Amitava. Environmental Science and Pollution Research, 2016,
23(19),19529-19540.

35. Cultivation of Nannochloropsis oceanica biomass rich in eicosapentacnoic acid
utilizing wastewater as nutrient resource. Mitra, Madhusree; Shah, Freny; Bharadwaj,
S. V. Vamsi; Patidar, Shailesh Kumar; Mishra, Sandhya. Bioresource Technology,
2016, 218, 1178-1186.

36. Growth medium standardization and thermotolerance study of the freshwater
microalga Acutodesmus dimorphus-a potential strain for biofuel production.
Chokshi, Kaumeel; Pancha, Imran; Maurya, Rahulkumar; Paliwal, Chetan; Ghosh,
Tonmoy; Ghosh, Arup; Mishra, Sandhya. Journal of Applied Phycology, 2016, 28(5),
2687-26940.

37. Development of zygote for sced production of Sargassum swartzii in India. Kavale,
Monica Gajanan; Veeragurunathan, V. Journal of Applied Phycology, 2016, 28,
2875.

38. [In-situ mnable pP heterojunction based on organic conducting polymers. Gupta,
Rajcev; Paul, Anirban; Chaudhari, Jayesh C; Srivastava, Divesh N. Synthetic Metals,
2016, 220, 95-101.

39. Counteranion Driven Homochiral Assembly of a Cationic C-3-Symmetric Gelator
through lon-Pair Assisted Hydrogen Bond. Maity, Arunava; Gangopadhyay,
Monalisa; Basu, Arghya; Aute, Sunil; Babu, Sukumaran Santhosh; Das, Amitava,
Journal of the American Chemical Society, 2016, 138(35), 11113-11116.

40. Nano-crystalline, mesoporous aerogel sulfated zirconia as an efficient catalyst for
esterification of stearic acid with methanol. Saravanan, K; Tyagi, Beena; Bajaj, Hari
C. Applied Catalysis B-Environmental, 2016, 92, 161-170.
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Reactive compatibilizer mediated precise synthesis and application of stimuli
responsive polysaccharides-polycaprolactone amphiphilic co-network gels. Chandel,
Arvind K. Singh; Bera, Anupam; Nutan, Bhingaradiya; Jewrajka, Suresh K. Polymer,
2016, 99, 470-479.

Preparation of a Noncytotoxic Hemocompatible Ton Gel by Sclf-Polymerization of
HEMA in a Green Deep Eutectic Solvent. Mukesh, Chandrakant; Upadhyay, Kapil
K; Devkar, Ranjitsinh V; Chudasama, Nishith A; Raol, Gopalkumar G; Prasad,
Kamalesh. Macromolecular Chemistry and Physics, 2016, 217(17), 1899-1904,

Doces orientation of raft helps in augmenting yicld during lean period? A casc study
of Gracilaria edulis cultivation in open sea by vertical raft alignment along the south-
gastern coast of India. Ashok, K. 5; Harikrishna, P; Krishnan, M. Gobala;
Saminathan, K. R; Monisha, N; Malarvizhi, J; Veeragurunathan, V; Mantri, Vaibhav
A: Rajasankar, Journal of Aquacultural Engineering, 2016, 74, 186-197.

In Vitro Inhibition ot Cholera Toxin Production in Vibrio cholerae by Methanol
Extract of Sweet Fennel Sceds and Tts Components. Chatterjee, Shruti; Zahid, M.
Shamim Hasan; Awasthi, Sharda Prasad; Chowdhury, Nityananda; Asakura,
Masahiro; Hinenoya, Atsushi; Ramamurthy, T; Iwaoka, Emiko; Aocki, Shunji;
Yamasaki, Shinji. Japanese Journal of Infectious Diseases, 2016, 69(5), 384-389.

GSH Tnduced Controlled Release of Levofloxacin from a Purposc-Built Prodrug:
Lumincscence Response for Probing the Drug Release in Escherichia coli and
Staphylococcus aurcus. Pal, Suman; Ramu, Vaddce; Taye, Nandaraj; Mogare, Devraj
G; Yeware, Amar M; Sarkar, Dhiman; Reddy, D. Srinivasa; Chattopadhyay, Samit;
Das, Amitava. Bioconjugate Chemistry, 2016, 27(9), 2062-2070.

Bioprospecting ot Halotolerant Bacterial [solates tor Potassium Recovery from K-
Feldspar. Bachani, Pooja; Bhattacharya, Sourish; Jain, Deepti; Patidar, Shailesh
Kumar; Soundarya, Rajapitamahuni; Tirkcy, Sushma Rani; Ranawat, Bablcsh;
Bharadwaj, S. V. Vamsi; Mishra Chemical Engincering & Technoloyy, 2016, 39(9)
ST, 1645-1652.

Ammonium Bicarbonate as Nutrient Substitute tor Improving Biomass Productivity
of Chlorella variabilis. Bhattacharya, Sourish; Soundarya, Ramya; Mishra, Sandhya.
Chemical Engincering & Technology, 2016, 39(9) ST, 1738-1742.

Stoichiometry Controlled Structural Variation in Three-Dimensional Zn(Il)-
Frameworks: Single-Crystal to Single-Crystal Transmetalation and Selective CO2
Adsorption. De, Dinesh; Neogi, Subhadip; Bharadwaj, Parimal K. Crystal Growth &
Design, 2016, 16(9), 5238-5246.

Histo-chemical and biochemical analysis reveals association of ¢rl mediated
powdery mildew resistance and redox balance in pea. Mohapatra, Chinmayee;
Chand, Ramesh; Navathe, Sudhir; Sharma, Sandeep. Plant Physiology and
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1,4-diene molecules. Si, Mrinal Kanti; Ganguly, Bishwajit. New Journal of
Chemistry, 2017, 41(4), 1425-1429.
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Pollution Research, 2017, 24(6), 5831-5840.
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Sustainable Chemistry & Engineering, 2017, 5(1), 904-910.
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177. Prewrcatment of agriculture ficld water for improving membrane flux during pesticide
removal. R, Mchta, N. K. Saha, A. Bhattacharya. Applicd Water Scicnee, 2017, 7
3281-90.
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An  account  of  commercially  important

Title of the chapter polysaccharide derivatives and their industrial
applicanons.

Authors Kamalesh Prasad and A.K. Siddhanta

Title of the Book Green .Poly‘mer Composites & Technology:
Properties and Application

Editor Inamuddin Siddigui

Publisher CRC Press

Book identifier number (ISBN,

ISSN, DOI ete.) ISBN 9781498715461
Publishing year 2016
Page numbers 403-412

Title of the chapter

Marine bacterial extracellular polymeric
substances: characteristics and applications

Authors Singh VK, Mishra Avinash and Tha B

Title of the Book Marn_le Glycoblology: Principles and
Applications

Editor Kim §

Publisher Taylor & Francis Group, CRC Press, Florida,

USA

Book identifier number (ISBN,
ISSN, DOI ete.)

Print ISBN: 9781498709613;
Onlme TSBN: 9781498709620

Publishing year
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Page numbers
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Gibberellic acid signalling and abiotic stress
tolerance: Past and present

Authors

Ghosh, A., Trivedi, K., Kumar, A., Kubavat, D.
and Agarwal, P.K.

Title of the Book

Mechanism Behind Phytohormonal Signalling
and Crop Abiotic Swress Tolerance

Editor

V.P. Singh, §. Singh and SH Prasad

Publisher

Nova Publications

Book identifier number (ISBN,
ISSN, DOI ete.)

ISBN: 9781536106954

Publishing year
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Page numbers

189-208

Title of the chapter

Untargeted metabolomics of halophytes

Authors

Patel MK, Mishra Avinash and Jha B

Title of the Book

Marie Omics: Principles and Applications
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ISSN, DOI ete.)
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Publishing year

2016

Page numbers

305-325

Title of the chapter

Gene targeted metagenomics for the study of
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Authors Yousuf B, Mishra Avinash and Jha B

Title of the Book Marine Omics: Principles and Applications
Editor Kim 8

Publisher Taylor & Francis Group, CRC Press, Florida,
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Book identifier number (ISBN, | ISBN 9781482258202;
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Publishing year 2016

Page numbers 195-215
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Authors
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Page numbers 283298
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Publisher Elsevier Lid
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Publishing year
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Title of the chapter gxﬂg\ngle Scattering  Techniques {SAXS/

Authors P.S. Singh
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10.1016/B978-0-444-63776-5.00006-1

Publishing year

2017

Page numbers

95-111

Title of the chapter

Authors Amit Bhattacharya and Joyee Mitra
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SN Title Inventors Feitent pplicatinh
Number
Solar device for high Subama Maiti, Nirav
1 |temperature chemical Vinodray Gadhiya, Sumit 201611016058
reactions Kishanlal Sahitya
An opta-electric switch for | Shobhit Singh Chauhan,
detecting presence or Mahesh Laxmanbhai
- absence of Tiquid and ligquid | Sanghani, Pradip Vinubhai 201611018308
level. Parmar
S i valge added. Kannan Srinivasan, Sreedhar o o
3 |products by cataytic organic : 201611023585
. . "y Gundekari
transformations of biomass
133 )
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derived levulinic acid with
aromatics

A device for layer wise

4 |surface liquid sample Subir Kumar Mandal 201611029036
collection
Hari Chand Bajaj, Noor-Ul
Process for the recovery of | Hasan Khan, Arvindkumar
5 [lithium from lithium ion Balvantrai Boricha, 201611030993
batteries using acetic acid | Subramanian Natarajan,
Krishnan Muthukumar
Aming functional polymers
and copolymers treated . - e )
PVDE/PMMA_co-PCMSt bﬂunesh .Kllmdl Jewr djkd,- Uma
6 . |Chatterjee, Anupam Bera, 201611033412
hlend membrane useful for . .
) Vaibhavee Bhadja
water treatment and
preparation thereof
Novel process for the
synthesis of polyethylene | Suresh Kumar Jewrajka,
7 glyc0‘l gnd po]y&_:aprplactonc Arvind Kmnar S]_ngh Chandel, 201611033416
contaimng multiblock Nutan Bhingaradiya, Anupam
copolymers for sustained Bera
release application
water sl 0 concenrage | 1l Binod Kumar, Soumnya
g |Vatersample to cone Haldar, Amit Bhattacharya, 201611033417
diversified bacteria trom S N
different water depth ar anna
l?:gfa;looi Z;Et?ﬁes;?ée Pabitra Baran Chatterjee, Raju
g [Meeropi S Mudhulkar, Ratish Rajgopalan| 201711002061
coupled iron nanoparticles -
Nair
and uses thereof
iogclotfgjdriif;;;?ggff Pabitra Baran Chatterjee,
10 P ! " |Ratish Rajgopalan Nair, Raju | 201711004360
cyanide and its method ot -
: : Mudhulkar
preparation thereot
A process for the
: preparation of potassic Pratyush Mait, Soumya L1
11 fernliser from alcohol Haldar, Subarma Mait 201711006780
distillery effluent
Process tor extraction and
precipitation ot potassium | Bishwajit Ganguly, Parimal
(3 chloride trom agqueous Paul, Pabitra Baran 201711007872

potagsium chloride solution
using sodium tetraphenyl
borate

Chatterjee, Tapasya Janakbhai
Patel
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Polymeric adsorbents for
fluroide removal from water

13 : Saroj Sharma, Huma Khan 201711008762
and process tor the
preparation thergot
HRART Uce Felpd: (08 U ATaT)
[Indian Patent Granted: (08 Patent Applications)]
SN Title Inventors Patent Application
Number
Raksh Vir Jasra, Rajesh
Barium and potassium Shantilal Somani, Beena
exchanged zeolite-x Tyagi, Sunil Adavanal Peter,
1 |adsorbents for co2 removal | Renjith Sasimohanan Pillai, 274895
from a gas or gas mixture | Ulka Sharma, Prakash
and preparation thereot Dulhadinomal Hirani,
Rabishankar Mukhopadhyay
Pushpito Kumar Ghosh,
An improved 10dised salt SatlShbhal. ey
3 |and a process for its Mehta,Jatin Rameshchandra 275024
" algtfggbb oris Chunawala,Mrunal Vinodray
RREpEi Sheth,Mahesh Ramniklal
Gand
Pushpito Kumar Ghaosh,
. Haresh Mahipatlal Mody,
Integrated process of . ; .
roduction of potssiun Jatin Rameshchandra
I_J {]J ]:llct Un? poﬂ;h:j 0 Chunawala, Maheshkumar
3 [Ptphate, magnesim Ramniklal Gandhi, Hari 275067
hydroxide and ammonium | ey s
v & o ; Chand Bajaj, Pratyush Maiti,
sulfate from kainite mixed . .
alt and ammonic Himanshu Labhshanker Joshi,
Pk g i Hagsina Hajibhai Deraiya,
Upendra Padmakant Saraiya
A iptocess:foi the Raksh Vir Jasra,_RaJtsh
B — Shantilal Somani, Beena
p'nIia*ilt  oeolite for th Tyagi, Adavanal Peter Sunil,
4 |Pemtasitiype zeollic Torihe Renjith Sasimohanan Pillai, 275863
selective adsorption of {ica Shag hadi Al
arbon dioxide from flue Ulka Sharma, Dulhadinoma
La., ) Hiram Prakash, Rabishankar
ases Mukhopadhyay
A method of preparation of | Kripal Singh, Hari Chand
3 |enantioselective composite | Bajaj, Pravin Ganeshrao 276940
membrane Ingole
. o Sayed Hasan Razi Abdi,
6 Eigz?éi?ﬁgtgohfféi‘ Rukhsana Tlyas Kureshy, 277664
& i Noor=Ul Hasan Khan, Han
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catalyst tor asymmetric Chand Bajaj, Vishal
nitroaldol reaction Jitendrabhai Mayani, Arpan

Kiritbhai Shah

Nanocrystalline and

mesoporous Htanium Asit Baran Panda, Hari Chand

7 |dioxide and its preparation | Bajaj, Narottam Sutradhar, 277962
from ntantum carbonate Apurba Sinhamahapatra
source

Pushpito Kumar Ghosh, Arup

Bigdepradablg films based Kumar Siddhanta, Kamalesh

8 Lj':]i{;m] ;Zf:lmd KApRA Prasad, Ramavatar Meena, 2zt
calridgee Amit Bhattacharya
el Ude SRR: (11 NfashRI & 7T 19 Ude 3maem)
[Foreign Patent filed: (19 Filed for 11 Inventions)]
Patent
SN Title Inventors Country Application
Number
Gold coated narral Pus}l}]j]w I.(ur‘nar
fibre as electrode and IS, Duvesh
1 rocess for Narayan Srivastava, 14805680.7 EP
pre aration thereot Liibpendu Mordal,
PTEp Mosarrat Perween
A facile synthesis of I ,
—— Ramavatar Meena, 1606366, 1 GB
L harides based Naresh
POLYSACCRATIAES BASEC | 1y o rmashibhai
hydrophabic Sanandiya, Jai
2 |biocompatible tnanciya, 2016-524140 P
: .| Prakash Chaudhary,
crosslinked composite | ..
) TV Dibyendu Mondal,
porous materials for Nitass Sania
energy—.eﬂlclent T 15/029.962 us
separation
Chennur
Radhakrishna 14841413.9 EP
An mtegrated process | Reddy, Ravi Singh
to valorize seaweed | Baghel, Nitin
3 |biomass for a Trivedi, Puja 2014374908 AU
specorum of Kumari, Vishal
bioproducts Gupta, Kamlesh -
Prasad, Ramavatar 15/109,232 us
Mgena
S_ustama?le Pari {nal Paul, -banna POT/IN
4 |biomaterial Kotrappanavai : WO
S i ) 2016/050216
nanocomposites for Natara], Anshu

ek UfaaeT 2016-17 ANNUAL REPORT 2016-17




TS ST AU AT

CSIR-CSMCRI

water treatment in tea- | Kumar, Pradeep
bag-like pouches and | Kumar Prajapati
process for

preparation thereot

Hari Chand Bajaj,
Rajesh Shantilal
Somani, Phani Bs
Rallapalli, Dinesh
Paul, KP Prasanth,

Preparation of
ac@mot composite

5 |with enhanced : ; 15/229566 USA
) Mangj C Raj,
methane storage i
capacity Rajendra Singh
Thakur, Bharat L
Newalkar, NV
Chaudhary
Integrated process for | Pratyush Maiti,
potash recovery from | Krishna Kanta PCT/IN WO
biomethanated spent | Ghara, Soumya 2016/050298
6 wash with Haldar, Neha Pratap
concomitant Patel, Subarna Mairi,
environmental Prasanta Das,
remediation of Charola Samirkumar 549/2016 PK
effluent Kanjibhai
An eco-friendly
process for
hydrogenation of e
7 |mzanie moleculss Kannan Srinivasan, PCT/IN WO

: ) Sreedhar Gundekari 2016/050340
using hydrous

ruthenium oxide

catalyst
A novel process for | Alamwu Venkata
sustainable Rami Reddy, Nataraj
desalination of Sanna
brackish and sea Kotrappanavar, L3tz Us
water through forward | Kamalesh Prasad,
. |osmosis (fo) using Dibyendu Mondal,
8 : S
environmentally Polisetti Veera
benign solvents as Babu, Jitkumar
draw sfolutlon _Wlth | Bhatt, Ashesh Mahto (57811571 EP
and without dispersed
magnelic
nanoparticles
9 Robust, bulk Divesh Narayan 15/309327 Us

conducting moulded | Snivastava, Mosarrat
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polymer composite -

Perween, Rajeev

the polymer chip Gupta, Dilip 16187023 GB
electrode - an Bhimjibhai Parmar
improved next
generaﬁon off- 2017-510794 JP
laboratory electrode
A novel mc':_thod for Kamlesh Prasad,
the production of )
) R Mukesh Sharma,
i, (giEPhclesliost With \o o o Nondsl, 15/330852 Us
mmnable funcrionahities P
, . Arka Saha, Nripat
form seaweeds using | ..
_ 5 Singh
deep eutectic solvents
Preparation of
functionalized castor |Kannan Srinivasan,
11 |oil derivatives using | Sivashunmugam 15/327876 Us
solid acid and base Sankaranarayanan
catalysts
fardeft Ode T (21 snfeseRI & fory 31 9de smae)
[Foreign Patent Granted: (31 Granted for 21 Inventions)]
Patent
SN Title Inventors Country Application
Number
Pushpito Kumar
Ghosh, Sandhya
Chandrika Prasad EP
Mishra, Mahesh
Rammiklal Gandhi,
A process for the Sumesh Chandra
production ot ail Upadhyay, Sanjiv GB 2619303
bearing chlorella sp. | Kumar Mishra,
1| utilizing by-products | Irnran Pancha,
of Jatropha methyl Anupama
ester production Vijaykumar DE
from whole seeds Shrivastav, Deepti
Jain, Bhumi
Shethia, Subarna
Maiti, FEy
Krushnadevsinh 1F 0
Sukhdevsingh Zala
Improved process for | Pushpito Kumar
the preparation of Ghosh, Mahesh
- iodate-exchanged Ramaniklal Gandbhi, CA ATLZ31
synthetic Satish Hariray
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hydrotalcite as
indizing agent with
zero effluent

Mehta, Gadde
Ramachandraiah,
Jatin

discharge Rameshchandra
Chunawala, Mrinal
Vinodhbhai Sheth,
Girirajsinh
Sabalsinh Gohil
Pushpito Kumar
Ghosh, Sumesh s
Production of high Chandra Upadhyay, SIS M
3 purity salt with Vadakke Puthoor
reduced levels of Mohandas, Rahul
impurities Jasvantrai A A s
Sanghavi, Babulal Z1201380018356.1 CN
Rebary
Improved process for
the preparation of Kannan Srinivasan, | 71.201280008%24.2 CN
fatty acid alkyl esters | Sivashunmugam
4 | (Biodiesel) from Sankaranarayanan,
triglyceride oils Churchil Angel
using eco-friendly Antonyraj 5964327 P
salid base catalysts
Alamuru
Venktarami Reddy,
High flux hollow Paramita Ray, . 5933557 JP
fiber ultratiltration ngam SobRIrG
= N Singh, Kallem
3 | membranes and
process for the Paraghuram,
preparation thereot Sandlpkurpar
Maurya, Jitendra 93604797 us
Jaydevprasad
Trivedi
Pushpito Kumar
Ghosh, Dibyendu
Process for improved | Mondal, Pratyush 2013303760 AU
seaweed biomass Maiti, Kamalesh
6 | conversion for fuel Prasad, Subarna
intermediates and Maiti, Bharti
fernlizer Gunvantray Shah, 9452993 Us
Arup Kumar
Siddhanta
Double fortified salt | Jatin
7 | compaosition Rameshchandra 2819527 EP
containing iron and | Chunawala,
AT Wfer=e 2016-17 ANNUAL REPORT 2016-17 €D X
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iodine and process of | Pushpito Kumar
preparation thereot (Ghosh,
Maheshkumar
Ramniklal Gandhi,
Satish Hariray
Mehta, Mrunalben
Vinodray Sheth
Improved k- Yasmin Najmuddin
carrageenase Khambhaty,

8 | production and a Kalpana Haresh 15128 LK
method of Mody, Bhavanath
preparation thereof | JTha
Standalong Pushpito Kumar
laboratory scale Ghosh, Supratim
device for Chakraborty, Milan
conducting solar- Dinda, Subarna
driven organic Maiti, Chitrangi

? reactions promoted Bhatt, Jitendra 2P L
by elevated Narsibhai Bharadia,
temiperature, light Pankaj Arvindbhai
and agitation and Patel, Pratap
process thereof Shashikant Bapat

Hari Chand Bajaj,
Rajesh Shantilal
) ; ’ Somani, Pham BS
Preparation of it
g . Rallapalli, Dinesh
aci@mof composite Patil. KP Prasanth
10 | with enhanced i 9433919 US
o Mangj C Ra,
methane storage " .
I Rajendra Singh
ek Thalkur, Bharat L.
Newalkar, NV
Chaudhary
Pushpito Kumar
Ghosh, Sumesh
Chandra Upadhyay,
Cost-eftective Sandh)i.a .
——— Chandrikaprasad
. . . Mishra, Vadakke
formulations for Puthoor Mohandas
11 | seawater UEIGOLGOIANGas: | 71 2012800525117 CN
o . Divesh Narayan
substitution, mineral ; :
S Srivastava, Vinod
fortification and ) .
rocesses thereof Faumed taehi;
P Rahul Jasvantrai
Sanghavi,
Sreekumaran
Thampy, Babulal
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Surabhai Makwana,
Imran Pancha,
Ruma Pal,
Ramkrishna Sen

Process for enging
worthy tatty acid
methyl ester
(biodiesel) from
naturally oceurring
and cultured
microalgal mat

Sandhya Chandrika
Prasad Mishra,
Pushpito Kumar
Ghosh, Mahesh
Ramniklal Gandhi,
Sourish
Bhattacharya,
Subarna Maiti,
Sumesh Chandra
Upadhyay, Sanjiv
Kumar Mishra,
Anupama
Vijayakumar
Shrivastav, Imran
Pancha, Chetan
Paliwal, Tonmoy
(Ghosh, Rahul
Maurya, Deepti
Jain, Prabuddha
(Gupta, Shailesh
Kumar Patidar,
Aditi Shah,
Abhishek Sahu,
Vijay Vekariya,
Kirtan Dave, Hetal
Bosamiya,
Krushnadevsinh
Zala

ZL201280025675.0

CN

6002756

JP

342908

MX

2603748

RU

An improved solar
dryer with enhanced
efficiency of drying

Pushpito Kumar
(Ghosh, Subama
Maiu, Pankaj
Arvindbhai Patel,
Jitendra
Narsinhbhai
Bharadia, Shobhit
Singh Chauhan,
Mahesh
Laxmanbhai
Sanghani, Pradip
Vinubhai Parmar,
Kruthika Eswaran,

ZL201180071899.0

CN
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Paraskumar
Vivekbabu Agravat
Process for the
BIEparanon.of @ Raksh Vir Jasra
molecular sieve Jince Sebastian ’
14 | adsorbent for the ; ; ? 1689521 EP
: Chintansinh D
o Chudasama
dehydration of
alcohols
Manoj Kunjabihari
Agrawal, Pushpito
Kumar Ghaosh,
Maheshkumar
Ramniklal Gandhi,
2 . Sumesh Chandra
An improved process
tor the preparation of Lipadhyay,
15 aaraitigbenzy] Subbarayappa 10-1670527 KR
brsiide Adimurthy, G_adde
Ramachandraiah,
Paresh U Patoliya,
Girdhar Joshi,
Harshad
Brahmbhatt, Rahul
Jasvantrai Sanghavi
Tntey ‘at?d Pigeeas o Pushpito Kumar
production of i .
e Ghosh, Pratyush
i, | Pomssium sulghate | gq o 9517943 US
and ammonium ’
: - . .| Maheshkumar
:,u.] Phate regm.leimig Rammiklal Gandhi
mixed salt
Pushpito Kumar
Ghosh, Saroj
Sharma, Milan
Dinda,
Chiragkumar
Rameshbhai
Anion exchange Sharma, Uma
17 | membrane and Chatterjee, Vaibhav 9527073 us
preparation thereof Kulshreshtha,
Soumyadeb Ghosh,
Bahulal Surabhai
Makwana,
Sreekumaran
Thampy, Girish
Rajanikant Desale
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Pushpito Kumar
A device tor etficient | Ghosh, Vaibhav
and cost-effective Ajit Mantri, Jayanta
seaweed harvesting | Kumar Pothal,
18 for large-scale Veeraprakasam BOHT4R I
commercial Veeragurunathan,
application Sangaiya
Thiruppathi
i Pratyush Mait,
PI_OCESS.tOI " Pushpito Kumar
proAEhon of Ghosh, Mahesh
19 | sulphate of potash g, il 1) Gand, 9540248 Us
from bittern through . .
L S Jignesh Solank,
selective extraction
Basrrpradir Harshad Raman
Ot potlasit Rahmbhatt
Ramavatar Meena,
Pushpito Kumar
Biodegradable g:‘{;ji:;Dharmesh
hydrophaobic ’
20 | composite materials E;‘\‘;‘i‘;i“iup 9536328 US
and process tor the s
preparation thereot Eﬁisﬁdﬁf ;1:{311,
Jai Prakash
Chaudhary
A brocess for Maheshkumar
) . ! ;):;t_'bnm ¢ Ramniklal Gandhi,
21 | Symithetic 3L 9567233 US
syn ) e S Rameshchandra ’
hydrotaleite using Chiisswals. Satidi
mdustrial waste iy McTh i

4. WNRTHT SFATaT [Technology Transfer]

SN Name of Technology
) FaTI-THY a3 daT 34 F o
TR AR | R A *
. : PIET T
Date of Transter . .. o, .
24-05-2016 Process for the liquid seaweed fertilizer from brown
1 algae-Sargassum.

HEITH § AgATEd ¥ I 92 AHEr A A4 F Gearmgq 2, aianrT
FIZST AT T 33 RFEH a3 THal 9T qrad ST7-3<eth (TATEdiEl)
HE-9T A=A/ AR+ 3077ed F o uw se-aee [REea uhn
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TrRITRRT 7 s F697 21 9T FU-T19F 928 °§ 995 T4 9947 437 7=
TASTF ITeT FAFTE TIeETEF £ =T H SUGRIT 31 T8 THRAT a9 S&T F saawi
T ITART To0TE 9 TF7C FAT 1 THRT ASF AT FTE g, T AHET STt
TET AF-I7 9% & =T T 60-80 FFemH a2 FFm9 Teags i 237 I
AT ST/ T 481 TTH FJIIIHIL 5 TFeAT ooF AHET ST FTH F 9T 20
3| SHATEATF I - ™0 93d § F2 A0 (Had #6228 qiadrg,
HHH A TR e o, forfies, amaenTe) it w=iRehr #7 g2/ Arsad
T T 21 SifEw fase § sy v wiEE T ¥ e demarteare
THIE WA T 2016 W OTH ARAE ¥ v dumarder-
HTUHUHHTATTATS % TATART T 24T T37)

The institute has invented a zero-liquid discharge process technology for
production of liquid seaweed plant bio-stimulant (LSPB) from the abundantly
available brown secaweeds such as Sarsassum wighiii, Sargassum swarizii and
Sarpassum tenerrimum along with a residue that yields cellulose/ biochar.
Obtained agro-nutrient rich liquid seaweed bio-stimulant is useful as a plant
arowth promoter. The process also produces multiple useful products from the
seaweed residue. Its economic benefit is obvious, as much as 60-80 Kg of plant
arowth promoter in the form of liquid seaweed plant bio-stimulant and 237 g
cellulose and/or 481 g biochar are obtained from 5 kg of dry seaweed biomass.
The technology has already been licensed/ wansferred to several industries (M/s
Seaferte Industries Tamil Nadu, M/s Mahek Agro Mineral Pvt. Lid., Bhavnagar)
m India for commercial production. CSIR Best Technology Award 2016 for S&T
Innovations n biological sciences was bestowed to CSTR-CSMCRIT Scientists for
this technology.

T T T | w=EdE ¥ wEde ATEs F SodrEd & O e
Date of Transfer | Technology for the production of Styrene Oxide from
18-07-2016 Styrene.

TeATZH F =9 § TRIT FT STTRT F g0 FHL F ATTHI T2 F2T220 TTHFIH0
iR 350 T =177 =T F Sg T (98-99%) #iT s divETEE v
TAATHFAT 99% FTTerT T T ATFHTAT <% TIATTHHRAT F TFATT F 37T THTF
(4 FTT) F TTAF FT A1 g2 T 7= m)

Styrene epoxidation were conducted at room temperature using Urea as promoter.
The overall high conversion (98-99%) and selectivity of styrene oxide 99% have
been achieved. The recycling of catalyst (4 times) without of loss of activity and
selectivity was also demonstrated.

) BTN AR | o st 77 2-Remmeer gt 3 ez

Date of Transter )
11-11-2016 Hydrogenation of styrene oxide to 2-phenyl ethanol.

o]
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T SAFETES (ST ZT4T T&T 93.3%, 96.5% FT) FTES o0 S0 HT
Pd/ F9TT 3TTH (2% Pd =TTET) T STTRT Fh HAT A (#4471 7471 2-PEA
0 ATEZRF =T 4 T IATHHAT + A7F =TTF 35 FTaT (> 99.8%)
FAT > 92-98% (TTHT/ TITIA F MTT T7) FT AHAaATLaF T2o= FBrm wam
TEFAAT S FAATHFAT F TFATT F 34T TSUF (2 1) F TTEF7 F1 A7 w=efT
[ERIRIDN

Styrene oxide (93.3%, 96.5% crude supplied by Industry) hydrogenation
experiments were conducted using Pd/ supported catalyst (2% Pd loading). The
overall high conversion (>99.8%) with pracucally total selectivity to 2-PEA
around >92-98% (based on water/methanol) was demonsirated successfully. The
recyching of catalyst (2 times) without any loss of activity and selectivity was also

demonsirated.
. AT FAT, TELETA A7 IgdL Ar3TYE & HI1T 9ga%
L IEIEEVIEINEIR) : :
Date of Transfer I \Ei;ﬁ_{ fEza|
07-02-2017 Improved household solar still with easy operation,
maintenance and enhanced output.

TF =raddt arm Feaefimar a6, B J GE F = w1 31
ST T SAAIAFRAT A5l AT 2

=g fForuar o= 2

 TTATTATE H THAT, HETAT G AFTATTF 1o e A8 BT 3 987
el

4. | » ITE-EIE AT F AT -9 FeEm #

» STARTHAT F AeFer (257124 - T A0 A Fafag zazama =+ o o= &
AT [T AT AHAT 2

Thermal desalination techmgue which 1s standalone, requiring no external energy
other than the incident solar radiation.

Salient features melude:

s Single basin stepped tilted absorber with triangular higher exposure area,
avoiding shadow effect.

» Reflectors in V-trough alignment along the North-South edges.

s User friendly design - each step can be locked and unlocked for regular
maintenance.
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5. A H HIRge / IReR UNT [Oral/ Poster presentation in conferences]

Title of the Conference ,

SN Presentation Details e Authars
Tailoring the
Particle Size
]Sjlﬁmlzqur n International C. R. Sharma,

I Pu']:. I?]:] b_‘;‘;. i BF Conference  on | Jaipur R. S. Thakur,

' pg]; {ﬁM‘;\_‘;O_" Soft  Materials | 9-16 December,2016 | H. Khan, S.
EGDMA): Role of (ICSM 2016), Sharma
Stabilizer and
Agitation Rate.

National

Conference on
Elevated CO; leads éﬂ;ﬁﬁg: 1 Yadav S,
to enhanced CO> ; ’ Meera Girl’s College, | Mishra A.,

5 ¢y Environmental ;

2. | sequestration in and Biological Udaipur Rathore
Suaeda monoica and T g 10 September 2016 Mangal S.
Suaeda fruticosa RELENEES, and B. Jha

: challenges In 21% '

Century.
(ACEBS-2016)

Metabolomics,

ionomics,

antioxidant activity | International

and proximate Conterence on Kumari A

analysis of the fruit | Functional & New Delhi, India . :

. . - Parida A. K.,

3. | extract of the Interaction 13-17 December, Rangani J

halophyte Salvadora | Proteomics: 2016 £ ”
ST Panda A.
persica L., untangle | Application in
a potential source of | Food & Health
non-conventional
plant food
Senescence induced
modulations of .
. . International
mineral 1ons, P ————
betalains, proteins, o Anand Agriculture Parida AK,
_ _ Nutraceuticals L .
sugars and other . University, Anand, Kuman A,

4. - and Functional . . )
metabolites Guyarat. 6-8 Rangani ],
2 _ Foods — The _ ;
mproves the . December 2016 Agarwal PK

L Challenges and
antioxidant and .

) : Opportunities
nutraceutical
potential of the
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halophyte Salicornia
brachiata
International
Conference on
Conventional and Sustainable Agarwal, P.
molecular approach | Energy and K., Aruna
5 for improvement of | Environmental Mohali Prakash,
Jatropha curcas: a Challenges, at 26-28 February 2017 | Agarwal, P,
promising bio-fuel Centre of (7hosh, A.,
crop. Innovative and Singh, A.
Applied
Bioprocessing
International
Jatropha curcas COI‘I'['?I'BI’IC& on A, B,
pathogenesis Sustainable ]
, More, P.,
related-10a protein Energy and ;
; . ) ) Dabi. M.,
6. | improves fungal Environmental Muohali Patel. K
| resistance, salinity Challenges, at 26-28 February 2017 o
: Jana, K.,
tolerance and shoot | Centre ot
; : 3 ; Agarwal,
bud induction via Innovative and
. . . P.K.
cytokinin signalling. | Applied
Bioprocessing
TATS T T H L ETE BT B ﬁ El # T
7. | AuEaATEeT- Hromarsa 1 T UASTAT T, ® 341—;
SR ECKIEIEEIE T ¥EIATE, 25-27 W, b
2016
. ST HUEAEA- | AR O Z“iaf" 3 ﬁ_q T qOST A4T f
U RS | e & Ay | AT R, 0, | e 9w
HTAF SFTHETT 26-27 ®TAT, 2017 | AT
6. ST SATEIM [Invited Talks]
Title of the Conference
SN Presentation Details Venue Speaker
National
7 Sc‘anmng Electron | workshop on Cer)tr-al Umvers-lty of_ Dr. Divesh
1. | Microscopy: A advance Gujarat, Gandhinagar. N. Srivastava
Versatile Tool instrumentation 17, September 2016 ) s
{(NWAI)
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Journey of
Analyt.lcal ; Sardar Vallabhbhai
Electron Techniques in National Tnstitute of Dr. Divesh
2. | Microscopy: A Chemical and :

Versatile Tool

Biological
Sciences.
{(JATCBS-2016)

Technology, Surat.
21 December 2016

N. Srivastava

Charotar University of

Electron . .
3. | Microscopy: A Invited talk Suf:m,c aid, DR P“th
Versatile Tool Technology, Changa. | N. Srivastava
01, October 2016
Plastic Chip . EhIR-Nanone Dr. Divesh
4, Flectrodes Invited talk Chemical Laboratory. N. Srivastava
23, February 2017 )
Creating
Sea weed f;llasfz}lfljbli bz:[ljlain International  Crops
cultivation — fo 1‘&":['1; Drl; yo“e d Research Institute for
5 meeting 2G Lieno cilh?lolic the Semi-arid Tropics | Dr. Pradeep
| feedstock 2 {ICRISAT), K. Agarwal
. (2G) Ethanol
requirements and rotets Hyderabad
Bio fertilizer proJ . | 15-16 November 2016
undertaken by Oil
PSU’s
Utilisation of
growing hafophyte orkshop on, Junagadh Agriculture | Dr. Pradeep

6. | for phyto- Coastal Salinity o
) - . University Junagadh K. Agarwal
remediation of Management

e ) 9-10 February 2017
salinity and other Strategies
benefits.
Dissolution and
processing of Journees
: B : Dr.
natural polymers in | scientifiques des | Paris, France _

p A I T _ Kamalesh
ionic liquids and adr lips et 7-8 Nov 2016 Prasad
their structural symbiose 2
analogues
Tonic liguids and
their analogues as
?f11;CI:1n_t :Dl];?nt University of’ Aveiro, Dr.

3. b)izcees:ino u T‘}:B)ig- Invited talk Porugal Kamalesh
P 5 18 Nov 2016 Prasad

mass/polymers as
well as preparation
of functional
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materials or

chemicals.

New solvent Institut National Des

systems: Their Sciences  Appliquees Dr.

9. | application in Invited talk (INSA)-Lyon, France. Kamalesh
dissolution and 234 Nov 2016 Prasad
biomass processing
Studies on the
suitability of new
solvent systems for NATUREX SA, Dr.

10. | biomass and Invited talk Avignon, France Kamalesh
natural polymer 24% Nov 2016 Prasad
processing and
their derivatization.

Regulation of
Erythrocyte
Membrane International VIT University, . ,

, Transporters by Conference on Vellore, Tamil Nadu, .y Kflntl

11. . . Bhooshan
Resveratral: Current Trends in | India, Pande
Implications for Biotechnology. 08-10 Dec. 2016 Y
Healthy Human
Adgimyg,

Novel
Homogeneous . i
12. | Bimetallic Catalyst | Invited talk LSER Pune, 10 br. Sgkdlyan
N January 2017 Bhadra
Systems in Organic
Chemistry
2nd International | Northwestern

N New B}I’{’H.:taﬂlc Confe-ren-ce on Pol.y’[ec-l-mlcalw Dr. Sukalyan

13. | Catalysts in Materials University, Xi’an, Bhadra
Organic Synthesis | Chemistry China

Frontiers, 2017 13-15 January 2017
Novel Bimetallic Ruhr University Dr. Sukalvan
14. | Catalyst Systems in | Invited talk Bochum, Germany Bh.a dra y
Organic Synthesis 31 October 2016
TS AT
15 | TR AR T | T AT, AEATE 0T | g e
| FEeTfEE yrEa | FeeTen/ vt | &, AT, 20 A IO
SHaT, 2017
The Influence of Tnternational
Plant Polyphenols | Conference on UPRTO University, Dr. Kanti

16. | in Health in Biological Allahabad, 09-10 Bhooshan
Protection: Promise | Sciences and March 2017 Pandey
and Challenues. Biostatics.
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7. AFd TATYA fIB™ [Human Resource Development]
YT ST EIRT TRT&T0T HrfehHt § wrfiar:
[Training Programmes Attended by Staff Members]

Title of the Organizer Date Name of the
SN| Programme Staff
Workshop on | CSIR-National Environmental
Hazardous Engineering Research Institute
1 Waste {(Nagpur), Gujarat Pollution Tune-2016 Dr. Anil
© | Management: |Control Board & Centre for Kumar M
Turning Waste | Environment Education
to Wealth {Ahmedabad)
qivast werd o
[PhD Conferred]
Name of the | Conferment . S Name of .
SN Student date Title of thesis Speryisor University
: Dr. P. K.
Improved methpdo_lo gies | o Dy
for clean Bromination, S
1. |Milan Dinda | 09-05-2016 |their apphcatlnnsf and study Adimurthy AcSIR
of Some solar driven (Co-
chemical processes O
SUPLIVISor)
g Asymmetric C-C bond )
2. Pld[lb]ld 14-06-2016 |forming reaction using Dr- N H. AcSIR
Kumari . Khan
chiral catalysts
Exploration of the
Rawi Singh : potentials of agarophytic | Dr. CRK )
o Baghel 13062010 seaweeds for chemicals Reddy 3l
and fuel
Development of Catalytic
Methods for C-N Bond
Ramachandea Forming Reactions and Prof. Dr. S
4. |Reddy 12-07-2016 & 1L S ACSIR
; iz Copper-Catalyzed Adimurthy
Donthiri ; ; ,
Synthesis of Nitrogen
Heterocycles
Highly Conducting and
Ravi Prakash Stable lon-Exchange Dr. Vinod K. )
S Pandey 2-07-2016 Membranes tor Electro Shahi ABSIR
Membrane Processes
Amab Kanti | . Zmc based nanostructured | Dr. Hari )
b Giri 24082015 materials: Chand Bajay/ ek
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Synthesis,Characterisations | Dr. Asit
and their Applications Baran Panda
{Co-
Supervisor)
Studies on the role of
Nl neoteric solvent.s for the Dr.
7. 30-08-2016 |processing of biopolymers | Kamalesh A¢SIR
Sharma )
and preparation of new Prasad
functional materials
Application of
Computational
ptodologs ovars oy
8. |chandar 05-10-201¢ |- FEAIAAS TS BENE | pighwajit AcSIR
Naliote and Reactivation Processes Ganguly
ot AChE-Toxic E
Organophosphorus
Compounds
Development of L. S H. k.
Ahdi
Venkata Homogeneous and Erssticos
9. |Subba Rao 21-10-2016 |Heterogeneous catalysts ) PEISOL) | mosTR
. Dr. N. H.
Ganga for Carbon-Carbon bond
L . Khan (co-
forming reactions ) .y
SUpPEIvisor)
Semiconductor
Nanomaterials: synthesis,
10. [Kalithasan N | 21-10-201¢ |Characterizationand its —1Dr. Hari €. g
photocatalytic application | Bajaj
using Light Emitting Diode
{LED) irradiation
Innovative tailored
1L Mosarrat 17-11-2016 elect_rodfes to.r the Dr. Dlvesh AcSIR
Perween applications in N Srivastava
electroanalysis
s R |
12, | Kumar 23-01-2017 |CT cALYSES 10 B AeSIR
asymmetric C-C bond Kureshy
Choudhary SN
formation reaction
Luminescent Lanthanide
Complexes: Studies on
Sensing of Nucleoside )
(3.|12shobanta 55 5o 5617 |Phosphates, Nitro DLEBS. | aeim
Sahoo Subramanian

Compounds and
Development of
Luminescent Materials
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Synthesis of Biopolymer Dr
Jai Prakash , Based Sustainable ) ) .
L Chaudhary o207 Materials For Advanced ANV ek
L Meena
Applications
Isolation and
characterization of anti- :
= | Vijay Kumar . quorum sensing L0l MK
15.| .. April 2016 _ Bhavanath | Bhavnagar
Singh compounds from o
o . . Jha University
rhizosphene bactena of
coastal saline ecosystem
. . . Proft, MK
16. Mg May 2016 Mttabohc profilingior Bhavanath | Bhavnagar
Kumar Patel isabgol(Plantago ovata). e
Jha University
Production, MK
(7 Nidhibahen May 2016 characterization and Dr. Kalpana | Bhavnagar
"|K. Joshi - application of polymeric  |Mody University
bacterial hioflocculants.
8. JAN iR ¥ [Awards and Honors]
SN Name of the Awards and recognition Awardee
External member for Board of Studies (BOS),
1. |Deparment of Chemistry, Faculty of Science, Dr. Kamalesh Prasad
Marwadi University, Rajkot, INDIA. June 2017
Member for Board of Studies (BOS) in
Chemical Sciences of Academy of Scientific & ) .
2. Inmovative Research  (AcSIR), New Delhi. Dr. Kamalesh Prasad
December 2017
Featuwred in Chemical  Communications
3. |Emerging Investigators lssue, 2016 (Chem. Dr. Kamalesh Prasad
Commun., 2016, 52, 8897-8905). July 2016
Awarded Fellow of Royal Society of Chemistry, B A R
| Barnbridae, UK (Fng). Augu:ty 2016 v Dr Kamalesh-Prasad
Organizing Committee Member and Theme
Chair (Self-healing material) of the 10® Indo-
5. |German Frontiers of Enginegering Symposium Dr. Kamalesh Prasad
(INDOGFOE 2018)- Potsdam-Germany. January
2017
Outstanding Reviewer Award-2017:
6. |Carbohydrate Polymers (Elsevier, Amsterdam). Dr. Kamalesh Prasad
February, 2017
Elected Member-The National Academy of .
7. Sciences, Allahabad, India, 2016. g Dr. Kanti Bhooshan Pandcy
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Gorakh Prasad Young Scientist Writer Award
by Vigyan Parishad-Pravag-Allahabad, 2017

Dr. Kanti Bhooshan Pandey

Bharat Vikas Award by the Institute of Self
Reliance, Bhubaneswar, Odisha, 2017

Dr. Amit Bhattacharya

9, YR ST 6T AT [Membership of Professional Bodies]

SN |Name of the Staff Name of the Society/ Body/ Committee
1. |Dr. Amit Bhattacharya Life  Member Gujarat  Science
Academy
10. T # Elﬁlﬁ'{lgﬁ-ﬁ [Deputation Abroad]
SN | Name ‘ Date (From) | Date (To) | Country Visited
Staft Member:
University of
_ Dr. Kamalesh 0 , . Leicester, UK
k Prasad 22T 210712015 {Raman Research
Fellowship)
2. |Dr. M Ganesan 19/06/2016 26/06/2016 | Copenbagen.
Denmark
3. |Dr. CRK Reddy 05/11/2016 15/11/2016 Viemam
4. |Dr. NK. Saha 03/11/2016 06/11/2016 Riga, Latvia
5. |Dr. 8. Haldar 03/11/2016 06/11/2016 Riga, Latvia
g, |B& amalesh 02/11/2016 02/12/2016  |Lyon, France
Prasad
Dr. Sukalyan 5 5 o
T Bhadra 26/10/2016 01/11/2016 Germany
g, (D SHKElER 11/01/2017 17/01/2017  |P. R. China
Bhadra
Students:
9. |Dr. P. Arul Jose 23/05/2017 27/03/2017 JEJU, South Korea
10. | Mr. Arka Saha 24/09/2017 27/09/2017 Budapest, Hungary

11. "I STFide iR 2T [Distinguished Visitors & Lectures]

SN | Date and Occasion mew & Affiliation Topic of talk
Designation
CSIR-National
1. [19.042016 Dr. Pradecp Chefnical
Kumar, Laboratory,
Pung
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Chiet” Scientist &
Head
Organic Chemistry
Division
26.04.2016

atiomal Sent Dr. Raksh Vir Reliance Role of Catalysis
ag\l&ma x elmmar Jasra, Senior Vice | Technology in World’s
on at‘_ﬂ ials & President, Group, Vadodara |Mobility
Catalysis
& ‘ o Exploring
rpor;
26.04.2016 Dr. Bharat L. CO [;0 A Biiarat adsorbed natural
. . Wl Chis entre, 1AMt 935 (ANG) option
National Seminar | NeWwalkar, L.hie Petroleum for gas transport
. Manager ati
on M‘Elvtl.:l ials & g¢T, Cplpolatlon ‘ |and distribution -
Catalysis Lm.lclited, Greater Opportunities and
Noida Challenges
26.04.2016 Dr. Darbha
Nafional Sy Srmivas, CSIR-National Selective oxidation
attonal SeMIAr | ;o Seientist & | Chemical over supported

on Materials &

i old catalysts
Catalysis Hfaa-d,. Catalysis Laboratory, Pune |8 ¥s
Division,
Tnorganic
26.04.2016 Materials &
National . Mr. I V Bhatt, Credo Mingral | Catalysis Division
agf;"ta .Se]m:g':ar Director, Industries  Ltd., | contribution for
o laY erials Ahmedabad encouragement of
Catalysis mineral-based
mdustries
Syntheses of
26.04.2016 Prot. (Dr.) Parimal ‘nagtic.ryf‘,tjd]]h.n'el
A. Parikh, Y, National and hierarchical
National Seminar T | zeolite beta and its
Former Dean, Institute ot

on Materials &

applications in n-

. Research & Technology, Surat
Catalysis D 2 hexane
Consultancy, isomerization
reaction
26.04.2016 L HLGuBaal;

. ] {(Superannuation) o S
National Seminar |~ CSIR-CSMCRI, |Scientific Journey
on Materials & {ﬁh'ef ?T‘\:/'Ief“bt & | Bhavnagar at CSIR-CSMCRI
Catalysis ‘_:d.d’. L

Division,
Environment and . .
04.05.2016 Dr. Tapas Mallick, | Sustainability White Butterflies
; as Solar
Institute,
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Protessor and University ot Photovoltaic
Chair in Clean Exeter, Cornwall  |Concentrators
Technologies
{Renewable
Energy).
Mr. Mahendra Recent
Chaudbhari, Deputy | .. . developments in
£ } . A ~
9. |12.05.2016 Geners Manapee | madzu Asia. (Sepapi
; . A Pacific, Singapore o
for Scientific applications.
Instruments
: ; Nano-scale s EcmE
T:)r el MateriaLl Analysis AEEl PRSI
08.06.2016 Sales and Thermo Fisher | Surface Analysis
10. Y. M.arketmg Sc]fe n‘;iif)ic sher with X-ray
Director photoelectron
spectroscopy.
Global Ventures & ;
i Accelerating
. . Dr. Chedarampet | Business X a
11. |20.06.2016 $. Karthikeyan development at Dow’s Tnnovation
Dow ,Chemicals Agenda
India
Yoga teacher,
12. |21.06.2016 Mr. Vinod Kumar | Bhavnagar Yoga
University
Structural basis of
Department of th{:. aﬂtlb}{.JU{:
Biophysics, All BEHOR (.)T IDETE,
13, |22.06.2016 Prof, T. P. Singh | India Institute of |1ty proteins
. o and their
Medical Sciences, therabeiific
New Delhi el
applications as
protein-antibiotics.
i g Organic Chemistry | Agplication
28.06.2016 E' . 'j- SURVASE | 1yivision, o g,.gamc
cady T :

14, National Seminar | gp .4 Swarup CSIR'_NJdt‘O”d] Sﬂynthesm“:‘ Our
on Asymmetric Bhatnagar Chemical Group Efforts
Catalysis Avratdes 2015 Laboratory towards Societal

Pune, 411 008 Importance
28.06.2016 Chemistry
National Seminar Department, Multitaceted Calix

15. \ Prot. V. K. Jain School of Protected Metal
on Asymmetric . . .

o Sciences, Gujarat |Nanoparticles
Catalysis Uiversity
5 3
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Ahmedabad

28.06.2016

National Seminar

Dr. Debabrata

Department of

Selective C-H

16. Asv . Maiti, Associate | Chemistry, Functionalization
o syrflmetrlc Professor IIT Bombay Reaction
Catalysis

Enzymeuc
D Sankosh Dynamic Kinetic
28.06.2016 Krpsveal Reliance Resolutons of
=)
National Seminar Technology group, | Secondary

17. on Asymmetric Sr.‘Rc?.c:al'ch Reliance Industries | Alcohols

Catalysis Screnust, Ltd. Vadodara Catalyzed by
R &D, Ruthenium
complexes
28.06.2016 Dr. Sukalyan _ .
. . Bhadra, New Bimetallic

18. National Seml.nar DST-INSPIRE CSIR- CSMCRI | Catalysts in
un Asymmetric Faculty Organic Synthesis
Catalysis
I
28.06.2016 Dr. S.H.R. Abdi, .

19, National Seminar | Chief Scientist, CSIR-CSMCRI My Journey with
onh Asymmetric (Buperannnation) CSIR-CSMCRI
Catalysis P

Physical and
) Materials Crystalline Porous
50, |01.07.2016 IB);'ISE:I Chemistry Covalent-Organic-
L Division, CSIR- | Nanostructures
NCL, Pune.
CSIR-Ir}stitute of | Interfering with
, Dr. Souvik Maiti, SIENBies & Interference: .
21. |U8.0B.2016 Principal Scientist Integrative targeting the RNAI
Biology (CSIR- | pathway using
1GIB), Delhi. small molecules.
CSIR-Institute of | I8 vitamin B12
Dr. Shantanu Genomics & deficiency a
22, |08.08.2016 Sengupla, Integrative TISSINg hnk‘ in the
Principal Scientist | Biology (CSTR- | actiology of
IGTB), Delhi. cardiovascular
diseases in India?
Dr. Mangj B. Regional Centre of | Advanced
3. [10.08.2016 Gawande, Senior [ Advanced Nanomaterials —

Researcher and
Head of

Technologies and
Materialg, Faculty

Synthesis and
Applications in
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Nanogcatalysis ot Science, Catalysis and
research group, Palacky Organic Chemistry
University,
Olomouc, Czech
Republic.
Porous framework
23.08.2016 materials as on-
. . Prof. Sourav Pal, | Department of board hydrogen
24. National Seminar | pomer Director, Chemistry TTT storage:
ohi Porluus CSTIR-NCL Pune | Bombay Computational
Materials .
first-principle
prediction
Chemistry at the
23.08.2016 _ o coordination space
Nafona] Seni Dr. Sl_.lbhadll‘p IMC Division, of metal-organic
25, r?t];ul:a ‘emmar Ne‘0g1,- Senior CSIR-CSMCRL | framewaorks: From
on FoTuus Scientist Bhavnagar versatile tailoring
Materials : ;
to their potential
applications
Adsorbents f:
23.08.2016 PR
. ) Dr. Prakash ey
2. National Seminar Kumar, Asst, Vice | RIL. Vadodara pu@hcatl?n?‘ mn
on Porous Brieg et Indian refining and
Materials petrochemical
Industry
23.08.2016 imd;es N
. . Dr. B N Patnaik, ENE opnnlsnt ¢ d
gz, |Natiofitll Semiimar Fr e el EETaRE pe g (0 =enie R e
on Porous Maraser separation ot by-
Materials £eT product for ethyl
acetate process
23.08.2016 Aiyabosd Porous materals
National Seminar DOE i Seciid, | Afalytcdl for energy and
28. on Porous Senior Research | Science, Reliance ?1\:1 (;]iyn (al
Matorials Scientist, R&D Centre, RIL, z ]i‘_)a g ‘;
Mumbai PPICAtions
23.03.2016 Dr. R S Somani, o Glimpses of
National Seminar |Senior Principal M DS Technology
29, e CSIR-CSMCRI,
on Porous Scientist, Bhavnacar Developed at
Materials (Superannuation) = CSIR-CSMCRI
Dr. Thallada Strategic planning
_ Bhaskar, Principal |Bio-Fuels for Sustainable
30. |02.09.2016 Scienust & Head, |Division, CSTR-|Biomass Energy in
Thermo-catalytic  |TTP, Dehradun. India:
processes Ared, Opportumnes for
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integrated thermo-
catalytic/bio-
chemical processes
Innovations for
DI T, 11\111?11;(1)‘\)/1;.?1'1011 i{i:fowfnent' role
31. |02.09.2016 Director and Chief . (= ARICT
Innovation Officer Foundation (NTF)- |of institutions,
?| India, Ahmedabad |inmibaoves and
Incentives
1?/[21?3::22; ;: d Thermochemical
Mr, Fabian Miiller, | Process ;Ol.qj\’tm].img]()fa- "
32, |06.09.2016 Research Scholar, |Engineering, ETH asl L}l ura’ waste .
Zurich. 8093 nto synthetic fuels
Zurich’ using concentrated
Switzerland aularknerey
Dr. Manoj
ggﬁiﬁé;iﬁmr Shalby Hospitals,
33. |08.09.2016 Nep;n'ology il Ahmedabad Live beyond Life
Renal
Transplantation
Dr. Magesh Creatng spmoffs
34, |15.09.2016 Nandagopal, CSIR-NCL, Pune. |and takmg science

Scientist - NCL
Innovations,

from lab to the
market

26.09.2016 Dr. Bharat
. |Bhargava ONGC Energy R&D and Energy
33 ](;SI'R-Fuundatlun Director General, |Centre, New Delhi | Security
y {Chief Guest)
Microporous
Dr.Santanu Karan, | Department of carbon and
Former Chem. Eng,, polymer nanofilms
36. [28.09.2016 Postdoctoral Imperial College | with ultrafast
Research London. solvent transport
Associate for molecular
separation
g::opbd}::;?ntt[;)f Mechanisms for
) o STy, . s -
37. |06.12.2016 Dr. G. Naresh Faculty of Science, Mam.tau.nng L
Kumar, N Quality in
M. 8. University Research
of Baroda
_ Dr. Satyanarayana Ease of Doing
38. [21.12.2016 V. Nandury, Chief ESER;lLiE Business- -
Sciennst & Head, yae Hamessing
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Business Excellence
Deavelopment & through
Technology Technology
Qutreach Divigion, Transters
Department of it th.e
) Chemical Nonbondmg
Dr. Swadhin K. . . Orbital of
.. |Sciences, Indian - )
39, [03.01.2017 Man_d.a.l, Associate Tastitits 5E S amee Phenalenyl:
Professor, Education and Tovxi'anlls
Yy Desi gniny Novc]
(IISER), Kolkata mgzgg‘;“”“d‘
Scanning
Prof. 8. Nagarajan, | Central University |Tunneling
40, |20.01.2017 Head, Dept of ot Tamil Nadu, Microscopy based
Chemistry Thiravarur Single Molecule
Experiments
. . Algal cultivation
Prof. Ira Levine, = .
USIEF Nehru University of and B.d“‘;a“‘m for
41. |24.02.2017 Fulbright Southern Maine, ;us;amla lbe feeds
Distinguished USA bjg T';ng dlg dee &
Chair hiotechnology
RMERCK [Merdk: |00 0%
e |program to display
42, [15.03.2017 Mr. Nirmal Tyer Xlllfllh.p_;”e’ SIgha their products in
rich) auditorium (10:00
AM- 3:30 PM)

12. SI91-9Tf*F WRILT [Manpower Summary]

Category GEBip Person on Roll as Person on Roll as
on 01-04-2016 on 31-03-2017
Regular Manpower

Scientists Group IV 80 75
Group II1 3 3

Technical Group IT 53 51
Group | 10 10
Total Technical 99 95

Non-Technical
Group A 03 02
Group B 20 19
Group C 16 19
Group D 00 00
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| Total Non-Technical 39 40

Total Regsular Manpower (A) 218 210

Fellows/ Ad-hoc/ Project Staffs

Scientist Fellow 5
(QHS) 02 01
DST INSPIRE 02 03
Faculty
Project Advisor 00 00
Emeritus Scientist 01 02
Woman Scientist 01 01
CSIR-TWAS Fellow 00 00
Senior Research
Associate (CSIR 01 01
Pool)
CSIR N¢hru PDF 01 01
DST Young Scientist 01 01
Research Associate
(CSIR) 00 02
Rcsc_arch Associale 01 03
{Project)
Senior Research
Fellow (CSTR/UGC 31 31
NET)
Senior Research
Fellow (DST/DBT/ 02 05
BANREF)
Sentor Research
Fellow (Project) ki 0
Junior Research
Fellow (CSIR/UGC 21 19
NET)
Junior Research
Fellow (DST/DBT/ 06 06
BANRF)
Junior Research
Fellow (Project) 14 14
Project Associate 00 00
Tt:chmcal Assistant 00 00
{Project)
Project Assistant 11, 113 127
I, 1
Assistant Engineer 00 00
Project Technician 03 03
Shift Tncharge 00 00
Electrician 00 00
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Plant Supervisor 00 00
Data Entry Opertor 00 00
Technical Consultant 00 00
Summer Research 00 00
Fellow
Executive Assistant _
(AcSIR) 01 o1
Apprentice 26 31
Total Temporary Manpower (B) 231 253
Total Manpower {A+B) 449 463
13. fraferar [Appointments]
~2
Date of
Joining
SN Name Designation CSIR- Remarks
CSMCRI,
Bhavnagar
1. Dr. Pramod B Sr. Scientist | 13-04-2016
Shinde
Resigned with
2. Dr. T Rajesh Scientist 21-04-2016 effect of 23-06-
2016
Ms. Kajalben M
3. Dhameliya JSA (S&P) | 21-12-2016
) | Administrative Joined on transter
4. Mr. Alok Kumai Officer 04-01-2017 i CSIR Hgrs
3, Mr. Rajdeep JSA (F&A) 12-01-2017
Assumed the
M S Additional Charge
6 Ch;m(.h'aha‘ Sr. COFA 17-01-2017 of Sr. CoFA in
> CSIR-CSMCRYI,
Bhavnagar
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Mr. Rakeshkumar
M Patel

TSA (S&P)

13-01-2017

Mr. Jiten Mahto

JSA (G)

24-01-2017

14. Qarfagf wfeos Aarf+gin Famiaeon ge=gfd/ cammas

[Superannuation/ Voluntary retirement/ Transfer/ Dismissal/

Resignation]
Date of
SN Name Designation | Retirement/ Remarks
Relief
1. Dr. H C Bajaj | Chief Scientist | 30-04-2016 |Retirement
2 Mr. MR Chief Scientist | 31-05-2016  |Retirement
Gandhi
3. Dr. SHR Abdi |Chief Scientist | 30-06-2016  [Retirement
4. Dr. T Rajesh Scientist 23-06-2016 |Resignation
5. Mr. D B Solanki | Sr. Tech. (2) | 13-07-2016 |Yoluntary
Retirement
6. Dr. R S Somani |0 P8 | 3) 052016 |Retirement
Scigntist
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7 Dr. D J Naiya é:s;stant ) 31-08-2016 |Retirement
8. Mr ML Bhae | S5 Teehnieal |0 09 5016 | Retirement
Officer (3)
9. Mr. P N Rao Sr. Tech. (2) 30-09-2016 |Retrement
10. Dr. K M Popat |Frincipal 30-11-2016 | Retirement
Scientist
— Transferred to
1. A K, ACINGAING 500172008 [STR-SERC:
Sridhar Officer .
Chennai
Finance & Transterred to
Mr. JK -
12, i Accounts 16-12-2016 |CSIR-CRRI,
tatirasta Officer Roorkee
Transterred to
, Mr. Pardeep Principal S5 1 5 Directorate
1 Kumar Scientist A-L4-2016 (HRDC)
Ghaziabad
ST
14. Mr. B L Raval |Superintending| 28-02-2017 |Retirement
Engineer

15, Hﬁ-ﬁ'ﬂ' [Always in Memories]
e F s uF FHE 99 AR EAT F g Ay I a2 O = w30 2

The Director and the staffs of the institute deeply mourn the sad demise of their colleagues.

SN — Designatim:l at the time of
Retirement
1. |Mr. Fateh Singh Tech Jul 1930 — Jul 2016
2. |Mr S G Chauhan Tech Jun1939 — Aug 2016
3. |Mr. M U Sheikh Dy. SPO Jun1938 —Dec 2016
4. |Dr. K K Bokil Scientist BE-1T Decl1929 — Dec 2016
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5. | Mr. Sukumaran Driver {Non Tech) Oct 1962 — Jan 2017
6. |MrM C Rao Lab Attendant Jun1932 — Jan 2017
7. |Mr D M Baraiya Farash Jun1938 — Mar 2017
8. |Mr. B M Boricha Agsistant (G) Gr. T Apr1944 — Feb 2017

JTTATAT HY [Interagency Linkages]

Proiect Amount

SN NO‘LBC Projeet Title Funding Ageney| Name of PI | received in

) 2016-17 D

Grant-in-Aid Projects
Enantiomeric Separation

1 GAP- |of catalytically important| SERB, New- Dr. P. S. Nil

’ 1081 |metallohelicates and their Delhi Subramanian
apphications,
Synthesis and biological
evolution of :

2. (1}(/;\82 functionalized imidazo SER];?;’”T:?W_ A d]i?;ﬁfth 4.,00,000/-
[1,2-A] pyridine and [, 8 / Y
—naphthyridine scattolds.

Remediation of
~ap. |pesticides  from  water| i ) .
3. | O louth  wior made| Do bew Dr. Amit 1y 46 000/
1085 . Delhi Bhattacharya
membranes: factors and
strategies.
Synthesis  of  relevant
biomaterials from _ Dr.
4. GAP._ scaweed denved SERS, NCW_ Ramavatar | 4,00,000/-
1086 ; Delhi
polysacchandes for Meena
potential application.
GAP- Modeﬂmg bu?- ISRO, Dr. Subir ]
5. P geochemical cycles in Kumar 5,60,000/-
1084 Ahmedahad
coastal Oceans. Mandal
Synthesis and
characterization of chiral
transaction mental
: GAP- |complexes/organo- SERB, New- Dr. N. H.

6 1092 |catalysts for Delhi Khan 0000
hydrocyanation of
functonalized and non-
functonaled alkenes

- Investagations on lonic| o
7. | 9P lliquids induced structural| Srrb: New- | Dr Arvind | 60 600,
1095 ; i Delhi Kumat
changegs  in  protines:
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Binding behavior and

colloidal formulation.

GAP-
2001

Study of NAC family of
transcription factors from
halophyte Aeluropus
logopoids for multiple
stress tolerance 1n plants.,

SERB, New-
Delhi

Dr. Pradeep
K. Agarwal

7,00,000/-

GAP-
2002

Improving quality of salt
(below edible grade) to
edible grade salt, through
sciegntific intervention, in
Deewana region of the
proposed site at
Rajasthan.

SEED Division,
DST, New-Delhi

Dr. Arvind
Kumar

5,00,000/-

140.

(GAP-
2007

INSPIRE Faculty award
for Dr. Joyee Mitra [IF
A13/CH-129]

DST, New-Delhi

DrRI1
Kureshy/ Dr.
Joyee Mitra

17,13,832/-

11.

(GAP-
2008

INSPIRE Faculty award
for Dr Jugun Prakash
Chinta [TF A 13-CH-117]

DST, New-Delhi

Dr. P. Paul/
Dr. Jugun P.
Chmta

17,03,581/-

12.

GAP-
2009

Characterization &
testing of nanocelloloses,
a class of nonmaterial’ s,
In model & real waters.

DST, New-Delhi

Dr. R. B.
Thaorat

6,94,800/-

13.

GAP-

2012

INSPIRE Faculty award
to Dr Animesh Das [IFA
14-CH-135] at CSMCRI
Bhavnagar.

DST, New-Delhi

Prof. B. Jha/
Dr. Animesh
Das

7,90,840/-

14.

GAP-
2013

Clonal propagation of
elite female genotype of
date  palm  (Phoneix
dactylitera L.).

SERB, New-
Delhi

Dr. Mangal
S. Rathore

2,50,000/-

(GAP-
2018

Integrated protemomic,
metabolomic and
1onomic approach m the
xero-halophyte

Haloxylon saliconicum to
understand its  Tesponse
towards salmty  and
drought stress.

SERB, New-
Delhi

Dr Ashish K.
Panda

¥,50,000/-

16.

GAP-
2019

In vivo functional
characterization of
WRKY transcription
factor and its promoter
from Jatropha curcas tor

DST, New-Delhi

Dr. Parinita
Agarwal

10,00,000/-
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ehhanced Dbiotic  stress

tolerance.

Copolymer-based novel

17 GAP- |hydrophobic/hydrophilic/| SERB, New- | Dr Suresh K. 5.00.000/-
"| 2024 |amphiphilic membranes Delhi Jewrajka I
and their applications.
[solation and screening of
fatty acids derived from
maring  microalgae  for
their  potential  anti- _ ) ;
18. (;Jé\;; virulence activiFy SER&;&ECW_ gﬁdi];:ﬁ:: 2,00,000/-
towards enter pathogenic
bacteria. [Start-Up
Research  Grant-Young
Scientist-Life Science].
Amphiphilic copolymer-
19. (EAP- based mt?mbranes f{‘)r SERB, New— Dr. Un.la 12,44,000/-
2029 |pervaporation and electro Delhi Chartterjee
dialysis Applications.
Quick development of
5 Mobile Walter
20.] UAP ourification  unit  on|DST, New-Delhi| 0N | 550 000/-
2033 N p Pathak
wheels in Marathwada
region
Development of organic-
mnorganic beaded e
21. (_?A,P polymeric network for| DST, New-Delhi b Satoj 9,30,940/-
2034 S . Sharma
the defluoridation  of
water
GAD- INSPTRE faculty award DST, Inspire Dr. Sukalyan
22| S35 | favour Dr. Sukalyan| Faculry, New- Bhadra 19,00,000/-
Bhadra [TF A15/CH-199] Delhi
Design and synthesis ot
functionalized metal-
21, &?A’P- m‘ganic ’r'ramewo_rk? :ﬂ)l‘ SERB, New Dr. Subha.idip 17.31,000/-
2036  |selective gas adsorption Delhi Neogi
and heterogeneous
catalysis
. L“é;‘;‘:)‘ﬁ‘]‘;;f - TP Dehradun, | Prof. B. Tha/
2k 2037 |renewable and advanced DB, NI Dt Milngdl, | 8,580,000
: I-CRAFT S. Rathod
fuel echnologics
GAP- |Value Creation  from .| Dr. Hiren "
£ak 2038 [solid waste: Digcarded DS, New Delhi Raval/ Dr. 526,285,282
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Reverse OSMosis
membrane elements

Arvind
Kumar

26.

GAP-
2039

Synthesis of ceria based
core shell nano structured
materials

SERB, New
Delhi

Dr. Ankush
V. Biradar

3,00,000/-

27.

GAP-
2040

Nanocarriers for targeted
drug  delivery  and
controlled release

SERB, New
Delhi

Dr. Sumit K.
Pramanik

9,60,000/-

28.

GAP-
2041

Development of electro-
deionization unit  for
contimuous  production
demineralized water
{resistivity: 1-10 M/cm)
with  zero  discharge
without any resin
regeneration.

DST, New Delhi

Dr. V. K.
Shahi

17,63,000/-

29.

(GAP-
2043

Ramanujan Fellowship in
the financial year 2016-
17 for Dr Santanu Karan

SERB, New
Delhi

Dr. Santanu
Karan

17,80,000/-

30.

GAP-
2044

Copper-catalyzed
denitrogenation of 1,2,3-
triazoles and
pyridotriazoles for the
syntheses of fused N-
heterocycles.

SERB, New
Delhi

Dr. 5
Adimurthy

19,14,000/-

31.

GAP-
2046

Designed synthesis of
fluorogenic task-specitic
ionic liquids For
transition  and  heavy
metal 1on sensting and
remove/extractions.

SERB, New
Delhi

Dr. Alok
Ranjan
Palital

14,21,700/-

32.

(AP-
2047

New high temperature
nanostructured ion
conducting membranes
{ICMs) for sustainable
snergy conversation and
slectro- membrane
applications.

SERB, New
Delhi

Dr. Vaibhav
Kulshreshtra

8,24.900/-

33.

(GAP-
2048

Development of selective
hydrogeration for
perfumery fine
chemicals

and

SERB, New
Delhi

Dr.HC
Bajay

34,

GAP-
2049

Genetic  engineering  of
groundnut {Arachis
hypogea L) using a novel

SERB, New
Delhi

Dr. Avinash
Mishra

8,36,350/-
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salt and drought
responsive  gene  for
enhanced abiotic stress
tolerance.

(GAP-
2050

Antitubercular
merabolites from
endophytic microbes of
Salicorma brachitata - a
halophyte of Gujarat
Coast.

SERB, New
Delhi

Dr. Pramod
Shinde

24,49,783/-

GAP-

361 5051

Development ot label-
free  optical  biosensor
based on nanostructured
porous silicon for cancer
detection (under SERB
National  Post-Doctoral
Fellowship)

SERB, New
Delhi

Dr. Divesh
N.
Srivastava/
Dr. Maniya
Nalin Hirgji

3,45,000/-

GAP-

- 2052

Molecular  recognition
receptors for biomarkers
and probing Bio-
chemicals & molecular
Processes.

SERB, New
Delhi

Dr. Amitava
Das

33,00,000/-

(GAP-

35 2053

Lanthanide complex with
iming based higands for
catalysis (under SERB
National  Post-Doctoral
Fellowship N-PDF-
Chemical Sciences)

SERB, New
Delhi

Dr. Jijo

Johnsion/ Dr.

Joyee Mitra

2,25,000/-

GAP-

32 2054

Directing- Group-
Assisted C  (sp3)-H
activation and
functionalization.

SERB, New
Delhi

Dr. Subhash
C Ghosh

26,00,000/-

GAP-

40. 2055

Design and synthesis of a
new Class of nixed-metal
Ruthentum (IT)- Platinum
(TN Tris(2,2 -bipyridin)
complexes that can act as
potential anti-cancer
agent  {under SERB
National  Post-Doctoral
Fellowship N-PDF-
Chemical Sciences)

SERB, New
Delhi (NPDF)

Dr, Tufan
Mahapatra /
Dr. Amitava

Das

]
N

2
3

,000/-

Consultancy

Projects

I CNP-
) 1205

Consultancy services of
setting up of M/s

NFL, Noida

Mr. Pratyush
Main

17,25,000/-
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National tertilizer
Limited proposed 8000
ton per annum {tpa)
Murate of Potas{MoP)

project.
Scale-up and validation
CNP- ). Chem Process Mzt. Pratyush
2. 1422 of CSTR-CSMCRT’s Systems Pvt. Ltd |Mait 17,25,000/-

process for management.

Assessment  of  present

CNP-  |environmental gualicy : ) ) e

3. (001 |status of Tadadi port NEERI, Nagpur |Dr. S. Haldar| 9,00,000/-

study region.

Study the marine EIA

and water quality
modelling with relation = ;

4. CNP- to proposged expansion of At U.wmlcalb Dr. S. Haldar| 5,94,000 /-

1424 Ltd. Mithapur

soda ash, cement and

captive cogeneration

power plant.

Marine environmental

gvaluation at Chhara

port, Diu, Gujarat for Kadam

CNP-  |ecological studies at the | Environmental

3. 1423 |proposed LPG and POL | Consulation, D 5. Haldae) 19,62,000/-
import-export plant for | Vadodara
West coast Terminal pvt
Itd.
Sponsored Projects
To derive and
demonsmate  on pilot
SSP-  [scale the feasibility of : Mr. M. R.
11 1205 |production of 2vop|NF L Noida Garghi | Seo000k
from bitterm available n
Kharaghoda region.
Farming of Gelidiella
2 acerosa in  the Sea:|SNAP  alginate
2. ,SbF,_ gvaluation ot techno-|Ltd. Ranipsat D . 3,24.902/-
1431 A : ; Ganesan
sconomic feasibility of| Tamilnadu
newly developed method.
ssp. |Feastbility smdy off g s Research| M. M. R. .
3. Beneficiation of . . 4.10,670/-
1434 : Mumbai Gandhi
Glauconitne Sandstone
i SSP-  |Feasibility study  for|M/s Eastern| Dr. R. 1. 3.00,656/-

1436 | developing Zeolite-A | Minerals, Jhansi Kureshy
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from mineral
pyrophyllite
Collaborative Projects

Scale-up of -5,
EED&ED based

CLP- |membrane processes for |OECT, New| Dr. V. K.
1205 |production and Delhi Shahi
concentration of HT as
hydrogen sowrce
CLP- |Biowaste and  algae|University of| Dr. C. R. K.
1302 | generation biofuel Rome Reddy
Development of
polymeric charged
CLP- |membranes for . Dr. V.K.
3. 1204 | thermochemical OECT, Delhi Shahi
hydrogen generation
process

68,52,127/-

9,19,628/-

21,10,000/-

17. ISIC WRTeT [Budget Summary]

| (Zin Lakhs)
CSIR Alloeation

A. Revenue (National Labs.)
Total Salaries 1947.730
Budget (Including PO4/P05/POG/P-70-Staft Qtr.) 368.847
P-07 Chemicals/Consumable & Other Rescarch 380.477
{A) Total Revenue Budget 2697.054

B. Capital (National Labs.)
Budget (Including W & S/ Staff Qus. Capital) ALL:213
P-50 Land Cost 0
P-50 {App. & Equipment/Computer Equipment/Office Equipment) 791.000
P-50 (Furniture & Fittings/ Workshop Machinery) 0.000
P-50 (Library Books/Library Journals) 131.000
P-50 Vehicles 0.983
P-26 (ICT) (Infrastructure/ Facilities) 0.000
{B) Total Capital 1234.196
Total Rev. + Cap. (A+B) 3931.250
C. Total Networking & RSP Projects 1212.823
Total National Lab. (A+B+C) 5144.073
P-61 NMITLI 5.030
Revenue other than CSIR Allocation

Sponsored R &D 12,962
Collaborative/Cooperative R &D 87.832
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Grant-in-Aid R &D 654.392
R &D Consultancy 56.580
SMM/TSP 23.174
SUB TOTAL (ECF) 834.939
Analytical/Tech Services 32.408
Knowhow Transfer/ Rovalty 14.744
Sale ot Lab Products 0.052
Conference/Seminar/Workshop 1.816
SUB TOTAL {Credited to CSIR/ Lab Reserve) 49.021
Amaount collected as service tax {Repaid to Government) 31.997
GRAND TOTAL 915.956

Laboratory Reserve
Opening Cash Balange 582.180
Receipt during the year -486.667
Investment encashment on maturity 934.000
Total Receipt {(A) 1029.513
Expenditure during the year 97.512
Reinvestment 474.990
Total Expenditure {B) 572.502
*Closing Cash Balance (A-B) 457.011

18. 37U IRYE [Research Council]

SN Name and Affiliation

1. |Prof. G. D, Yadav, Vice Chancellor, [CT, Mumbai Chairperson
Prof. G. Subramanian, Founder Director, National

2. |Facility for Marine Cyanobacteria, Bharathidasan Member
University, Trichy

3. |Dr. Anuradda Ganesh, Cummins R&D Centre, Pune Member

" Dr. Vijayamohanan K Pillai, Director, CSIR-CECRI, Member
Karaikudi Cluster Divector

5. |Prof. Alok Bhattacharya, INU_ New Delhi Member

6 Dr. 8. W. A. Nagqvi, Director, CSIR-National Tnstitute Member
ot Oceanography, Goa Sister Laboratory
Dr. Prashant Puri, President (R&D), Aditya Birla

% Nuvo Ltd., Mumbai : : ’ Wbt

8. |Dr. 8. K. Deshpande. Scientist 'G', DSIR, New Delhi Nl

Invitee
9. |Mr. Gaurav Dave, NMCC, New Delhi Iember :
Agency Representative
Member
10. |Dr. Ambarish Sanyal, CSIR Hq, New Delhi Nominee from RBPD,
CSIR HO
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Dr. R. R. Hirwani, Head, CSIR-Unit for R&D of R .
11 [ntformation Products {URDIP), Pune Membei;, D Nomines
, Dr. Amitava Das, Director, CSIR-CSMCRI,
12. Member
Bhavnagar
13 Dr. P. K. Ghosh, Former Director, CSIR-CSMCRI, Member
" |Bhavnagar Special Invitee
14 Dr. Sourav Pal, Former Director, CSIR-CSMCRI, Member
" |Bhavnagar Special Invitee
Dr. S. H. R. Abdi, Head, BDIM, CSIR-CSMCRI,
15. ) Secretary, RC
Bhavnagar

19. "€ 9RYE [ Management Council]

SN Name and Affiliation
Dr. Amitava Das, Director, CSIR- CSMCRI, :
1. Chairperson
Bhavnagar.
Dr. (Mrs) R. I. Kureshy, Senior Principal )
2. |Scientist, CSTR-CSMCRT, Bhavnagar. Mgmig
3 Dr. Kamalesh Prasad, Principal Scientist, CSIR- Mistihet
* |CSMCRI, Bhavnagar. “mbet
4 Dr. Rajaram K Nagarale, Senior Scientist, CSIR- Member
" |CSMCRI, Bhavnagar. cmbe
Dr. Alok Ranjan Paital, Scientist, CSIR-CSMCRI,
5. Member
Bhavnagar.
" Mr. P. A, Patel, Principal Technical Officer, CSIR- Sofstilses
* |CSMCRI, Bhavnagar. cmbet
- Prof, Ashwini Kumar Nangia, Director, CSIR- Member
© |National Chemical Laboratory, Pune SIS
Dr. Ankkur Goel, Principal Scientist, CSIR-
. CSMCRI, Bhavnagar Member
Controller of Finance & Accounts/ Finance &
9. - Member
Accounts Otficer, CSIR-CSMCRI, Bhavnagar.
10 Controller of Administration/ Administrative Officer, .
© |CSIR-CSMCRI, Bhavnagar. SImber secretary

20. derfr AT [ Statutory Committees]
THHT / guel & forg freraa framur wfif

[Grievance Redressal Committee for SCs{STs]

SN Name and Designation
1. |Liaison Officer for SCs/S8Ts Ex-Officio Chairman
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2.  |Mr. Bhupendra Kumar Markam, Scientist Member

3. |Mr. B. S. Makwana, Sr. Tech. Officer (2) Member

4. |Mr. M. M. Rathod, Sr. Technician {2) Member

S. |Mr. H. M. Tadvi, Sr. Technician (1) Member

6 | Mrs. Sarla M Solanki, Technician (1) Member

7. |[COA/AQ Member-Secretary
FRATT fRrhrara |ffer

[Local Grievance Committee]

SN Name and Designation

1. |Dr. C. R. K. Reddy, Chief Scientist Chairman

2. |Mr. 8. C. Upadhyay, Senior Scientist Member

3. |Dr.(Mrs.) Anjani K. Bhatt, Sr. Tech. Officer (3) |Member

4. |Mr. Pramod Makwana, Technician (2) Member

5. |Mr. Niraj Kumar, Section Officer (F&A) Member

6. |Dr. D. R. Chaudhary, Senior Scientist Member

7. |Mr. Mayank S. Roongta, Technical Officer Member

8. |Mr. D. R. Parmar, Senior Technician (2) Member

9. |Mr, L. S. Vaghela, Lab Assistant Member

10. |Mr. Nripendra Chandalia, Assistant Gr. T Member

11. |Section Officer (Establishment) Member-Secretary
12. | Liaison Officer [SC/ST] Ex-Officio Member
13. | Liaison Officer [OB(C] Ex-Officio Member

3@ farare aftfer

[Internal Complaints Committee]

SN Name and Designation Remarks
Dr. (Mrs.) Paramita Ray B

k Sr. Principal Scientist Ereing Orireer

2 Prof. Dr. Kairavi Desai Professor, Metihar

© | Government Medical College, Bhavnagar

3. Mb H H. D‘c Taya Member
Principal Scientist
Dr. I. R. Chunawala )

A (St.) Principal Scientist Migmiger

5. Dr.. A_rvmd K”“?a“' Member
Pringipal Scientist
Dr. (Mrs.) Anjani K Bhatt _

& Sr. Technical Otticer (3) Menbe
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Dr. (Mrs.) Aruna Raviprakash
Sr. Technical Officer (2)

8. |AO/SO (Vigilance)
ISTHINT HRI~aa affa

[Official Language Implementation Committee]

7. Member

Convener-(Ex-Officio)

21,

SN Name and Designation

1. | Dr. Amitava Das, Director Chairperson

2. | Dr. Kanti Bhushan Pandey, Scientist Loofdlnﬁltor # Rayjbhashd
Adhikari

3. |Dr. Vinod Kumar Shahi, Principal Scientist Member

4. |Dr. Divesh N. Srivastava, Senior Scientist Member

5. | Dr. Ankkur Goel, Principal Scientist Member

6. | Mr. Sandip Vaniya, Scientist Member

7. | Mr. Rajesh Patidar, Junior Scigntist Member

8.  |Mr. Arvind Sharma, Senior Technical Officer (1) |Member

8. |Mr. K. M. Sridhar (AO) Member

9. | Mr, Sudhanshu Choudhary (SPO) Member

10. |Mr. V. Hartknishnan {SO, Finance and Accounts) | Member

11, |Mr. T. Rambabu, SO Member

12. [Mrs. Deena Bhatt, Senior Hindi Translator Member-convenor

STRETT T HIIf=aa [Reservation Policy Implementation]

As on 01 January 2016

Category!Level of “Tutal No. of N“mb:ﬂ' of Number of Number of
Posts filled up posts §C § STs OBC’s
(Percentage) | (Percentage) | (Percentage)
Scientists Gr IV 54 05 05 07
(Pay band 3 & 4) (9.25%) (9.25%) (12.96%)
Techmeal GrTTT 38 09 03 06
(Pay band 2,3 & 4) {23.68%) (7.89%) {15.78%)
Technical GrII 54 08 06 08
(Pay band 1 & 2) (14.81%) (11.11%) {14.81%)
Technical Gr 1 11 03 00 00
(Pay band 1) (27.27%) (0.0%) (0.0%)
Administration
Group-A 03 00 00 00
(Pay band 3 & 4) (0.0%) (0.0%) (0.0%)
Group-B 22 01 04 04
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{Pay band 2) (4.54%) {18.18%) {18.18%)
Group-C 13 02 01 03
(Pay band 1) (15.38%) (7.69%) (23.07%)
Safaiwala 03 03 00 00
(Pay band 1) {100%) (0.0%) (0.0%)
As on 01 January 2017
Category/ Level of Total No. of Numb::r of Number of Number of
Posts filled up posts SC’s ST’s | OBC’s
(Percentage) | (Percentage) | (Percentage)
Sciennists Gr TV 49 5 5 8
{Pay band 3 & 4) (10.20%) (10.20%) {16.32%)
Technical Gr II1 nr 9 3 6
(Pay band 2,3 & 4) >0 (25.71%) (8.57%) (17.14%)
Technical Gr 1T 3 ] 6 8
(Pay band 1 & 2) {15.68%) (11.76%) {15.68%)
Technical Gr 1 10 3 0 0
{Pay band 1) {30%) {0.0%) {0.0%)
Administration
Group-A I 0 0 0
(Pay band 3 & 4) (0.0%) {0.0%) {0.0%)
Group-B 19 0 3 3
{Pay band 2) (0.0%) (15.78%) (15.78%)
Group-C 14 3 1 1
(Pay band 1) (21.42%) {(7.14%) (7.14%)
Sataiwala 3 3 0 0
{Pay band 1) {100%) {0.0%) {0.0%)
22. AREI3ATE 3e(UTer [RTI Compliance]
. Opening | Receipts | Receivedin | . Closin )
Bt Bglance Underl(]S(S) the quarter iispnsl Ba]ancge s
One
Apr—Tun| 0 1 7 6 j | Mendemen
to another
PA
Jul — Sept 1 1 10 10 2 -—
Oct — Dec 2 2 2 2 4 -—
Jan — Mar 4 0 9 10 3 -—
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23. &9 1Y [Knowledge Resources]

Available as on Total Collection
SN Particulars . : Addition as on 31 March
i1 April 2016
2017
#irg/ Collections
| Books (English) 12285 6 123438
© | Books (Hiudi) 602 18 692
2. |Back Vols. 27446 - 27446
3. |Translation 427 - 427
4. |Photocopy 2149 - 2149
5. |Patents 3440 - 340
6. | Standards 761 - 761
7.  |Micro-cards 67 - 67
8. |Microtilms 1326 - 1326
9. |Maps/Charts 265 - 265
10 |Reprints 2698 - 2698
Total 48366 24 48519
RIEE R Wi R EE AR e R L
Journals/ Database/ E-Journals Subscriptions
SN. 2016-17
1. |Intermational Journals 537
2. |National Journals 12
3 e-journals (Through Knowledgze 4500
" |Resources Consortium)
04
I.  Sci-Finder,
4. |Bibliographic Dambases Iﬁ éi:wh:nt Innovation,
[V. Web ot Science,
V. Cambridge Structural Database,
VI ACS Journals (Full-text)

24. ISTYTNT TR [Official Language Dissemination]

ERGRE R EIGIIE e KR B E AN L CER e A E AN I EEACIE LI R EACRIIECS
Ue TeheiToh] S 481 3T ST Sl 91T H Bl A S fewt i 3w o gt et
% 95T % =T H T F ET H TEER fFE T ) degs i dirauasismemg 7
HTeR T e 3 ST o AT ST U AR et i e 5 e
T HITEET ST STHSIAT 75 TE e 3T ST {3 ST 31 e =i femdt fovmm wrehmt st
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¥ Tewdl 79T =1 Wi, Ue Wes ST o H19 I06T SATHAA  Hoeh 9191 5 &9 H Feg Tid
o ST H R 215 2016-2017 % S fewe s grr Ffafiad #r o e

ISTHTET TR-THTY

o T&=t HEf=ET % IR | TEHATd TSI e 30 99 2016-2017 F T i wriwn
ot fermmrerart qen T A i % geen w5 fve T mn ef awded
FTEA 2 G4 fF )

o = fRag = sTamr =y AT 05/09/2016 T 14/09/201 6 F SUH el GHTE H3w e TR
T Tt BuTE o SR fafir faaifirareal <Sie amemm ST shem, shiaar uie, aeeiv sy e
27, Frearael, HFg W fewdl 2 (fie o) qur amfet S s fHn
Tdfed g g STAersT St =1 i AT fera o, fres shw=iia 4 ScaTeqas wiT
ferm|

o |4 Tider, ferel foam oA H e Al & T H WA & AU tof Yoo Td A TSTATI
FT=TT Giufd, TR & 3759e, A ST YT 9ISy i S R T v e auEE
¥ T2t B Te = SN0 ST SieidrsT = fostarsit i ook form |

o TLFHMA YT UV, IFEF A« A o wg, AN srERs gw fawe oA
TR, TR fawdt o = AT I W T e 3 anfes fa )

o Tidfe TEAH % Wil FHANE! 1 322 T TRATT (Feeei-Si2isit) <3711 i1 giem=m ue wree”
ST T

&=t uforegor

® 3| A 2016 T T GEIM = FHATE! o Taret I Heiel Tt sTera fehan T=m

o TEHATE % ATCRITHN W01 STH Fr=m /ATt i 39 79 & forl Jaftra 31w st
IEZRIEI

o Tt farym gro S O vy fe=2h = shrai—aa =l SIera < a9 K= i ot § Frf
= gl =R S % 32 wIEA, o v s, 2R 9w e, Tafee R waniat s
ToIw fAfR 06/06/2016 | 10/06/2016 T Tfdf2A TS fewdt 2t gfbreon w1 smise
ERIRIRI
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o — gy wfSraror T | Sierd s v g o ufasr

Tt SrivTTeT

o ol T B0T e = FH=TEL TR 1 ferdl § 1 i o forg gheaed # 8q
HAY-HHT T FETATAT T ST = =)

o TEATF 05/092016 T 12/09/2016 F St fafeq fedt gumg wfeafansty = ufaafrt =1
Terdt syrT, e+t deeft Amiesle 3o STTTe ST |

o AT 5 HHEN] T FHget H fe=l # Fr 0 H AT H S g F: % for Antesi
24 8 fedish 28/11/2016 1 T SRR =1 HARSH T T

o Tedi 27/03/2017 1 UEAH 3 UATerd H Ueh Sl FoH3ITT hT STRASH fHa1 7]
I
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T — HTRITeTT H TSTHTT SIS H 3T T Ha=TAl W == ud AFiesi
EERICIRC R NIEIEE AL

TET % el Sfdaed 2014-2016 71 fe=d AT Tz 1)

YOI & 9T oy gurie 9w aiee v feew game & faru 9y e, s, S
TS 3712 Temal § a4 = =T 619 f3am )

g 1 Aig, I, Aifed, TH.AT, B, Tl ®E, i faam = geitoa/aiatda
WIHT <Rl STTEAHATIEAN 3T G901 Z691 Ff feham 1|

AT ST TerdmT = qH HeITE Hedl U9 SR o 90l 99 =1 el § S7are
eIl

THF T w1 WA fadr 4 e # e e e e § daw fean mn e
SATTRETAT =1 ATIESiA B SR e &= H dum <1 1)

Tt v vE it fae

Tei o =T goed Wi & I et © 99 3779 AT9I=T 5 TE F I el § aryay R o
BERIBY

el TauiEl | g & g4l fawpn @ S+ unlEa aun deidd ek yifa e a6
7§ I TSI T e &5, HeTg 1 HTes 91 HuaHIEAN, Jered i Wil 18] 971
TISTTNT ST e T TS, YT hi TTHANT W 3 ot fad 9si s |

Y & 0 AR fadt FEfarer=i 1 fOe qar T wRi=EE afufd S S5 w5
e HHATRHAT Fl 91 THIRITAT T TR TSN S = HiHfd, e & 68
TR =T U T3 )
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Te=dt o5k

o o0 F N I0 FomE e e giufe i Sed e qeiew i stz § 9
=T IS T B TN A TTETIT ShE T ST, YT g ST STk Sae § 5
ARG EIPrE RETIRIDI

Treror

o T92016-2017 F T LI T TSHNT FHRIT-==H FAT 207 Sfeam Geam & uh-usF faam
I TN R Hsteft saiaier femn fokam mem ferga starta, fawm | faedt amon o
T F H 7 A F FHIE = Q1 TSI <k TOHT TE0 T Sere < vy e
T T2 TR T 3T | A=A HT S, T, Terer vt e Hedt femet 3T
=21 T S0 39T 01 T

TredTsT

o TEH H TR féeel H SATrHes T il SGre o  FH § Uia=y STfeha feel 2sel =
SR T ST 66 o FHATNE] 1 TERR 6 TR $6eh AT el | | 12 74 fo=t fome
¥ G 3fh T FLA=Te HHETE ]+ S| ] EEhd 61 7

® 2016-2017 H &=l i ¥ g o fomry v 2 % fou €7 9. 91 . @9, 9=
AT ATTHAT (o W i), 2t SATfaa AR, 90T AR (FER U 57) 9947 20 a=
TSI, SATRT SATTRT (FITIAT) 0 FHEATHA o 7|

&= o fogm =1 Tem-uam

o fadie 250 27 73, 2016 % S0 830ETE 7 fowdl & Hah 39 Sfean-iuaAsn i Jfirr
T QTS WS i1 ST (R o7 T S o S97+ <1, TF. 9. 39T, 2. 789
e, 0Tl 0T WU qA1 SN, {7 ST § FEAW h TfreeT B g deu
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25. U/ BIATATG/ BRI/ dSDT BT AT

[Seminars/ Workshops/ Events/ Meetings Organized]

Hroguwstsmesre a7 299/ CSMCRI Foundation Day
10 =191/ April 2016
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e UF ST 9% TP T8t
National Seminar on Materials & Catalysis
26 4=/ April 2016

CATALYSIS (NSMC-2016)

S T e T et e, ST - 364 002 (37)

Hfrewamfam-aafta
CSIR-Cantral Salt & Marine Chemicals Research Institute, Bhovnagar - 364 002 (india)

=f g, A F g e o wenfE st gt famm |+ i
AT AL F IUTETT FT 31T
Visit of Dr. Harshvardhan, Hon'ble Union Minister for Science &
Technology and Earth Sciences and Vice president of CSIR
25 5/ June 2016
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AT ISh [F9T 9% g |@argt

National Seminar on Asymmetric Catalysis
28 91/ June 2016

wqrefiar f2aa/ Indepandance Day
15 3;MTE/ August 2016

k.

e
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2T f2a9/ Hindi Day
14 a7/ September 2016

| ot weerm cw

Y o o . .- ,-- S ¢ N
MR LA D TR TOFPR L

HrogsrEare w9t f259/ CSIR Foundation Day
26 a7/ September 2016
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LA AU fAs1 921794/ India International Science Festival

10 79/ November 2016

rura s fE9d/ Republic Day
26 AL/ January 2017
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LT T2as 7 ARemHF AT A2 q=2ele
Fire Extinguisher Operation Live Demonstration on Safety Day
07 A=/ March 2017
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26. HIFSIT HareT [Media Coverage]
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