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leis my great pleasure and privilege to present the Annual Report of the Institute for the
period 2012-2013. Our Institute has continued to excel in various spheres of its activities,
thanks to the coordinated efforts of all the members of the NIIST family. This year marks
the beginning of the twelfth five year plan period for which we have initiated several new
research programmes with the aim of improving both the quality of our basic research and
relevance of our work to society/industry. 1 am happy to state that our institute will be co-
ordinating fve major research programmes for the CSIR during this period, dealing with
molecular diagnostics (M2D), sustainable use of rare earths (SURE), organic light emit-
ting diodes (OLEDs), specialty materials based on engineered Clays (SPECS) and develop-
ment of functional foods and their formulations for the health benefits of the common
man (FUNHEALTH). Tn order to ensure the success of these projects, the Institute has also
initiated an ambitious program for improving its infrastructure, both in terms of built up
labovatory space and instrumental facilities. This year as usual, several of our scientists and
students have been recipients of numerous awards and recognitions, the most prestigious
of which being the 2012 Infosys Prize in the physical sciences category awarded to Dr. Ajay-
aghosh. 1 congratulate all of them for having brought recognition to our institute through
their endeavors. 1 also thank all the members of the NIIST family for having worked in a
dedicated and harmonious mannerwhich has contributed to sustaining the strong growth
momentum and improved national and international visibility of our institute.

Dr. Suresh Das
Director
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SIGNIFICANT ACHIEVEMENTS

The year 2012-13 was significant to CSIR-NIIST as the laboratory entered into the XII Five
Year Plan period. The projects devised were of interdisciplinary nature with multi laboratory
participation. For four projects, CSIR-NIIST isthe nodallaboratoryand the institute is participating
in 27 other network projects during the current plan period. The institute’s performance showed
a steady measurable performance growth with 187 publications having an average impact factor
of 2.927. According to the 2012 July report of NESTA, a UK based organization, CSIR-NIIST
publishes the highest proportion of world-class papers from any institute in India. To further
improve the quality and relevance of the research and to help to meet the goals outlined in the
CSIR vision document, the Institute has inducted a number of young scientists and brought
about significant improvements in the infrastructure. A brief report on significant achievements

accomplished during the reporting period is presented below:

1. Business Development and Contract Research

The Institute signed nineteen agreements with major industries, small scale industries,
government as well as societal organizations and entrepreneurs in connection with know-how
transfer and research collaborations. Eight of these agreements were for direct know-how transfer
and one agreement for setting up a Technology Business Incubation Centre. The Institute joined
hands with the international ceramic company Noritake Co. Limited, Nagoya, Japan in the
development of adsorbents for the separation, purification and storage of gas molecules. The
3-year collaborative research program titled “Rational design of materials, porous nanostructures
and surface chemistry” involves a direct research contribution of Rs. 33 lakhs from Noritake in
addition to the in-kind contributions worth more than Rs. 1.75 crore. The expertise of CSIR-
NIIST in the processing of a variety of ceramic nanomaterials will complement very well with
Noritake team’s expertise in gas and liquid separation using membranes. Virtual Casting, a
software package developed by NIIST for the simulation of solidification process of industrial
castings, was integrated with AutoCAST-X of 3D Foundry Tech and released as AutoCAST X1
which now has the capability to predict both flow related and solidification defects like misruns,
cold shuts and shrinkage porosity. This software was launched during IFEX -2013 at Kolkatta.
Virtual Casting won the second place in the Computer Society of India IT Excellence Awards for

2012 at Kolkata in the Engineering Solutions and Product Manufacturing Category.
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2. Progress in R&D Programs

Agro-processing and natural products division is offering engineering assistance in the setting
up of fresh Ginger processing facility on behalf of the Department of Agriculture, Government of
Kerala. The facility is for processing farm fresh ginger and makes value added products and the
unit will have a capacity to process 7.5 tonnes per day fresh ginger at a project cost of Rs.193.00
Lakhs. The Institute in association with Kottakkal Arya Vaidyasala has initiated a programme for
the recovery of bioactives from spent botanicals generated during the preparation of Ayurvedic
medicines. A process for palm neera based health drink has been developed. The product developed

maintains consistence in quality and there is a six percent increase in yield.

Studies on the molecular cloning, over-expression and biochemical characterization of
hypothetical betalactamases of M. tuberculosis (Rv2068c, Rv0406c and Rv3677c) revealed the
possibility of more than one gene in M. tuberculosis, encoding proteins having beta-lactamase
or beta-lactamase-like activity, giving wide spectrum of resistance against beta-lactams. Studies
on the mutation of cloned L-asparaginase II gene from E. coli by site-directed mutagenesis
and expression and purification of the mutants showed that compared to the wild enzyme and
positively charged control mutant, K139A and K139D had tolerance towards 70°C and 20% more
activity retention on thermal stability at 50°C. A novel super acid treatment using Nafion has
been developed, which selectively solubilized the cellulose and hemicelluloses of lignocellulosic
biomass and the hydrolyzate obtained after this treatment was devoid of fermentation inhibitors
such as HMF and furfural. Exploration of the microbial resources resulted in the isolation of
a new Gram-negative, aerobic, halophilic, non-motile and rod-shaped bacterial strain, P2E167,

from a mangrove rhizosphere and it has been named as Zunongwangia mangrovi sp.

Photoresponsive “smart” supramolecular assemblies of oligomers/polymers having light
and heat controlled helicity and switchable morphologies were developed. It was found that
the helicity of supramolecular assemblies associated with a specific chirality can be reversibly
switched to the opposite helical sense through a chiral-center-controlled photoisomerization of
the attached azobenzene moieties. Bismelamines-functionalized with oligo(phenylenevinylene)
is found to self-aggregate in nonpolar solvent to form short nanorods by helical n-m stacking.
This inherent self-aggregation can be guided to a supramolecular polymerization pathway by
complexing with a cyanurate, leading to gel-forming elongated nanotapes lacking helical sense

of the m-conjugated moieties.

EMI shielding materials were developed from composites of nano structured polyaniline-
polyhydroxy iron-clay (PPIC) and polycarbonate through solution blending process which can

also be used for encapsulation of electronic devices as an electrostatic dissipation material.

M 3 H
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Rapid, precise and reliable monitoring of traces of nitrite is very important in environmental
samples and food materials. Test strip sensor by the entrapment of rhodamine 6G for the
determination of nitrite in different types of environmental samples, silver nanocluster film
modified silver electrodes for trace level sensing of nitrate in aqueous media by potentiostatic
method, and virtually specific UV-molecular probe for nitrite sensing based on monotonous

increase in absorbance of rhodamine 6G were developed and demonstrated.

Photo active titanium oxide nano coatings were developed on solar cell glass covers to remove
the contaminants getting deposited from the environment. A demonstration set-up consists of
commercial solar cell panel assembly with glass covers coated with high photoactive nano TiO,
on the top was fabricated and installed. An online, computer control monitoring unit was also
integrated. Initial results indicated considerable improvement in efficiency on coated panels.

A novel and cost effective self healing Low-k silica based dielectric ink which is screen printable
on flexible substrates successfully was synthesized at lab scale for high frequency printed electronic
applications. Crystallographically oriented samarium based iron pnictide superconducting
material with high critical field was also developed. The results strongly indicate the scope for
development of SmFeAsO based practical conductors with higher current carrying capacity.

Al-12Si-Mg-Cu-Ni piston alloys having low thermal expansion coeflicient, high wear resistance,
high strength at room and elevated temperatures were developed. The mechanical properties of
the castings made by squeeze casting technique were found to be significantly higher due to the
faster solidification, fine structure and lesser casting defects.

Virtual Casting software developed by the Institute for the simulation of solidification process
of industrial castings integrated with AutoCAST-X software of 3D Foundry Tech Pvt. Ltd., and
released as AutoCAST X1. With the addition of Virtual Casting, AutoCAST XI has the capability
to predict both flow related and solidification defects like misruns, cold shuts and shrinkage

porosity.

The feasibility of continuous cultivation of autoflocculant, high-lipid content marine microalgae
in outdoor seawater raceway reactor was established. A consortium containing a species of lightly
silicified diatom and another shelled brown algae got selected under the conditions applied. A
biosorption tank was installed to supply nutrient only to suspended biomass which reduced the
attached algal growth.

The Institute carried out analysis of a large number of samples from Periyar to test for pesticide
and other contamination, as ordered by the Kerala High Court. Environmental impact assessment
studies for different agencies were also undertaken and CSIR-NIIST has been accredited by
Government of India for EIA studies in the mining sector.
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3. Awards and Honours

Prof. A. Ajayaghosh, CSIR outstanding Scientist, has been awarded the prestigious Infosys
Prize 2012 in the physical science category for his pioneering research in the construction of
supra molecular functional materials for photonic and electronic applications. He also received
the 26th Khwarizmi International Award of IROST, Tehran, Iran and the CRSI Silver Medal of
Chemical Research Society of India. Dr. Suresh Das, Director, has been conferred the Asian and
Oceanian Photochemistry Association (APA) Award 2012 for his distinguished contributions
to Photochemistry through investigations on photoresponsive materials. In addition, Dr Das
received the MRSI Distinguished Lectureship Award during the reporting period. Dr. M.L.P.
Reddy and Dr. C.H. Suresh received CRSI Bronze Medal and CRSI Young Scientist award of
Chemical Research Society of India respectively. Dr. Joshy Joseph and Dr. C. Vijayakumar were
awarded Ramanujam Fellowship of DST. Several research students received awards for Best Paper

and Best Oral presentaions.
4. Other Activities

The Institute continued to render instrumentation support for its in house R&D programmes
as well as to external clientele ranging from industries to academics. A series of lectures, seminars,
training programmes were organized giving an opportunity for the staff to improve their
understanding of the subjects concerned and to interact with other participants. As in the past, on
the CSIR Foundation Day, the NIIST Foundation Day the and National Science Day, the institute

observed Open Day and students from educational institutes were allowed to visit the laboratory.

On 4th October, 2012 a programme was organized to facilitate M.Sc. students who participated
in the OSDD Outreach programme. Prof. Samir K. Bramachari, DGSIR, who interacted with these
students, highlighted the importance and success stories of the OSDD programme. Workshops
on ‘National knowledge network’, ‘Patent searching and mapping using QPAT’, ‘Patinformatics
for research planning and commercialization’ and ‘How to get published in research journals’

were the important training-cum-workshop functions organized.

A pilot plant for the production of bioethanol from biomass has been set up and was inaugurated
by Dr. T. Ramasamy, Secretary, DST on 23rd April, 2012. A fully automated drinking water plant
with a capacity of 500 liter per hour was also installed in the Institute. The long cherished dream
of the staff to have an institutional dispensary was fulfilled on 21st December, 2012 by the opening
of a NIIST Dispensary.

10 |
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PERFORMANCE AT A GLANCE
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Ul SuIerii

IRES! Tadly Ao # Yae & w9 § g¥ 2012-13 HTAJATSINR - TAALINSUHS! & forq waeayuf
AT | gehfedd URATSHIY I8 YINTRITSAT HINGRT & 1 Ao Upfet ol off | aedr o afd &
SR IR URATSIRI & oy FTHMNEIAR - TASSINSYHC! ISl YANTRIAT § 3R HLIHT 27 3
Jcad gRATSHTS § 9N of I8 & 1 2.927 & 3iI9d YT HRE Ja< 187 THRE! & A1 HeIH &
freqre 9 e ReR sfid & a1 frwres faer uelRia fear | v, we foee snenRa wie ot
elTg 2012 B RUIE & AR, IRA # Bl W) Feae @l JoaT #  HTHANEAR -T3MS3MS T
ERT {499 WR & SRS & STIdH IIJUTd GHTRIA SR & | STHE &I quae AR Ul #
3T FIR DR b T 3R HATAANEIAR fao SRIrdst 7 IfeaiRad dedl dl qR1 w1 H #ag HR+ &
forg w71 gar Jsnfret @ enfrer fham ¥ iR g @ # Aecgel guR omar & | aHendE
37afd P SR YW FEaqul SuSferdl iR Us dfara Rurd e ud e
1. Iga e SR ey rgHa™

AW 1 @] SMGRT & SR AR ™ FdRT & el §  yq@ e, oy
IENN, WRGR, 1T & H1 FHINE FeA a7 IUFIT & A1 I~ FHei] IR SAER by |
S G H A ATS G UhE bl SMeRI & SRIaR0l & oy 3R g Urenfie! @R
FHIT b5 B WU & {77 f6d T o | G 7 19 $ AU B JaTs, MaT AR SR &
g sraenye & faerg & fov =y RRAe wust - Aikesd wu= fafics, A, SimaH
& I FHST S0 IR B fhU & | il & X feoisd, SReRT AARedd 3R Adg
RAT A" e A9 g FeANHD AL BRIHH D AT | AIRCH ¥ 33 ARG U Bl
Jeel IRTET B 37eArdl 1.75 RIS U I 3ifeh Jod & @ dRe d e 41 o & | Rvfire
TR B TS fHe & UHRIROT 7 AR~ TARMLINETA Bl farerweran, fireett H1 S
BP9 R TRl Jars d AIRCH <A B (ARSI & A1 376! aRe A Reb 81N | qYe BN,
SiI 3l BIRET & AfqUsST Ufhar & a0 & iy THemgamsudc! gRT [daiid |itediR
JBoT B, BT 3 S BRSS! <h. & ITHRS-X & AT TYhIgd a1 147 iR 39 39 sifciamre-XI AW
A SR fpar T 2 | g9l (A, S8 9w, Raged Rydl S ydTE Sdfed SR |ffgued |y g
@ Aaft A @ HdT ¥ | IMSUWSYRT 2013 & SR BlAdal # g9 TR BT YHRH
o T a1 | I # AT g 2012 B ARG R ANIIS! & ATgel Iepeddl JREBR
d gONRIRET |qErETE SR Iare fafmior s § ggerel Bk 7 GERT I Sfiar |
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2. Ig9e™ 3R fadr SRl § gmfa

P TR R UIHRIH I YA, IR AR & BN f[A9ET B RE F o] 36D
TRIEHRUT AT DT RATYAT § FSITIRT FSTIAT UG $R 8T & | GAeT o 101 W & qToM AR D
P YAEHR P U & R 8H Hog aftid Scural &1 fFHior 8Ia1 € SR gdrs &l yfiafes 7.5 e
TSI JTGRE DI YATHRUT &THAT BT 3R GRATSTT ART, 193.00 TR BUY & | FLRAH - PHIccahdl
3R IR & AEANT A Adfadh qarall o JART & SR 4T & Jad AY H I~ ST (s
Bl el & [T Tb BRIBH Yo (HAT 21 UM IR SAMETRT WReF U & Iy geb ufehar faafie
o T 2| i ITe T[urac § AR 99T G © iR U # B ufoerd ot 9fE g3 2

7. cgavgenie (Rv2068c, Rv0406C Td Rv3677¢) & UR&foId il ofde™ord & 3MoTdd
Fellf+, arfey arfdraafed ok Sia e aifieeror R 6 T qergs 3 vA. cgavgenliiv | T
3 31fd® S, el oiaemsl AT §iel ofde™sl & dRg @ A BFdTel T=hIfST WdH & gHra-T
P I fHar g, S el o= & Ryars uferiy & v ame Waen ¢ W § |

Trge IR SaRade T gRTE @lers | dallF b Tal- TRSs=4 || 519 & SaRadd W)
Y ST T RICT @l AR IR Wi 7 Grod f6an & 3 SiTelt Usirsd a2 |4 sffase fFrizor
IR B T H, B 1397 TAT & 1398T Bl 70° H. BT 3R ARWA 7 AR 50° H. offel Rerar
R 20% SgTET R UieRor €1 ABIsE &1 SUAN $Rd U o GuR YRS SUaR faafid
fepam wmar, Foae forclel ST IR | Hefellsl SR SHRIelsT Bl TaTcAD fdeiieror fhar
2 3R 39 IUAR & 918 YWl Sel-Jqees]  TauaU®, BRERe ¥ fdhude srariea] 3 fad o | gad
Sifdes FETEET & AT Yeh ARG JISSIRGAR W I T -71ed, I, AquRER, IR-T1ierefier
Td B & AMBR B JaciRId w P2E16", & 1erma d uRurd ga1 3R $9 JaNar~rar et
witeist 4 fear |

RIer 3R THT R gsardn iR Raeei saiRat o Ao/ difer Rl & yaremfhareia
" AAfenitad Al b1 e fhar| a8 uran = of 6 ve fAftne i & W 9y
3AfIaTivgs Tl &I Heeldl, Heltd Uslid=i Aisel bl U [hra-ha FAEd Biel ATgaHRaer
& A1 § Auia sfeldd daeT &1 IapHviy Raes faan S g 21 I8 uran T & Sfifer
& A YhRTGd ™, (GHfomarsiem) gsfer -1 BT 9 8ic =41 Bl & U U8
PR & U rgdl [Aems H W-UHATHR HRal 21 I8 FEd W- UHAIBR Bl Uh AT b
A1 Afs gRT Afaniad gaur & ArT & fog R fear s dedn &, rad n agiaa disc
® BfcThel Hdad I Jad Sicl & ol =41 ST BT 73 8l Dbl & |

foera aftrsor ufthar & Aresm & A9 WRfod dieieffer-ufel esgiadl- g fred (drdieng)
R Ulell BraFe & HUINTe W SuHRTS uRReor Il afid @ i, N e soaeRe s
3Uery ATl & wU H Seldgiie SUGRU & HYed & oy gwHTe fhar S e 2
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TR T iR @re el | Asgrge b dsll, 9 IR fAvaa iy FRRE sicid
Ayl | faft= wataror TE1 # Aggee & MuRer & fog W9 651 & w9 < Rgu
IR, ureferarefes fafy grRT Stefty Mif$ar # Asge & 99 WX Hded &l udl o+ & oI
RicaR TFiTderex fhen  ARlfed RieaR Seldagrs, 3R ISHIA 6 ST & @9Iol § UHwUd gig
& YR R ATSEISC Haad & [y aar fafkre gdt st Ui &1 faerd 3R usei= fhar |

qAfaRU | S B I2 g Useil @ g dRA & fU AR A B9 eRul W Bl |fhy
crg M 3ffaTgs =1 diferd [AeRId fhd T | 3N IR S gaTer Afthy 391 clgef~ad Sgeiiriss
AT e wad & |1 aiviigs W Al UFel sridell e Ud UM IT 37 Bl hisherd
3R AT BT T | U Aelg, deR A0 R gdbrs W1 Udbigpd & T off | URfYs
RO 7 JfUd U@l @ eFdT 7 HTH UR BT Hobd & |

Jed Agfedtdrel qfad Seldaii-id UANT & forg YANTemer TH W Ue Jaq b SifeT 3R
AT Al BH- & Raferdr SmerRd Srsgdfded WEl Ihedgdd Al o LS ddiel
fpaTeaRt R BpIH fic &1 A7y 2 | S=a Bildd &3 & Y, fhved ARa- bl S qHRIH
3METRT elier feifdes sifcrarete At fasfad @ T | aRum & Sea defd 918 &dl & a1
SmFeAsO 3MeRa @aeIR®G Hede & @™ & oy o &1 doa A © |

P oA IR IUTi, ST He Be URRY, HHR IR &Hd 19 1R S i Jad Al-12Si-
Mg-Cu-Ni firesT fiyst faef¥ia feam wm | don Affavss, ged RaHT 3R 9 HIRST qN - B
goT8 ¥ e SRS dbiid g1 AT SIRET & Fife ot 1ol gig urdl Y 2 |

ARYUST UTHAT & B0 & [Ty TSISINSYT! gRT f[AdmRid adare HIRST |ATedAR &l 3 S
BTSS! Ch. & TP RE-X P A YdblIdpd [hal T iR 54 39 sifcidbre-X| T/ A SR fbar T
2 | Iderel HIRST & Haem 9 Jifciarne X1 # g, de =, Migsd I¥udl o yare Hefdd
3R AfRgUed qN, QI & JiTsaol HRT B &Har © |

JAITSR FHa! STl el Ruaer H sffcivdiageie, Sed fdfte Al Jad dqal  geasard &
fFRER Wl ) Fagriar iU & 71| or] 2l & d8d gob RafeldIqd SRIeH &1 U TSI 3R
IR T P U 3 WiellaR dTel Jad HAIREH &1 =9I+ {1 1| dadl Fefdd s o1 uivs
qcdl B Mgt HRA & Y U Sraraenyer <o Wi fhar T, [ e aE & fdard
Bl HH BR[|

B ST ATTANT B IS & ATAR AR 7 BISATS 3R T HHHUT BT GIE0] H & fofg
URIR A AT B U I A1 BT faweiyor fear | = woifial & foly gaiaRor y9ra Jeaie
e ) fhy T I 3R FIUHINEIAR - TARNSISUAS! Bl YR IRDBR gRT W= &7 H ST
3 & g A & i 7

3. IR Td 9
1. U.3OTEN, HITHsSeR St deid ®I Hifkdd = &1 2ot & weie ok gogitie
AN & folq Ut 3Mvifdes wrafcre ARt & i # spoft ergie™ & foy, ufiafted v
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QREHR-2012 F TR {57 7 | D] SMMSIMRATYHC], TR, I b 26 d ARSH] RS
R 3R IR Sidhd REd AR &1 HRRTEes ek Aed 1 uid & | S R
qr, Feereh, 1 UhIel STfshareiiel ATl UR ST & A1egH | Bl Y9 a9 & &3 § 37U
faf¥re IrTem & forg TRMTS SR iR ywre I|IAfIs= TAIRgeN (T 1) RESR 2012 4
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AGROPROCESSING & NATURAL
PRODUCTS DIVISION

The focus of Agroprocessing and natural products division is in the development
of technologies in the area of oil seeds, spices and agricultural produce of the
region. TEAM AGRO consists of Chemical Engineers, Food technologists,
Microbiologists, Biologists and Chemists. Excellent analytical and pilot plant
facilities offer unique opportunities in developing technologies, scale up and its
transfer to the industry. A technology Business Incubator is operational under the
division and it has taken up programme to develop a process for the drying of
14 tons per day, fresh turmeric. The commercial facility at Radour, Haryana is
expected to go on stream during 2013- 14.

Besides its technology related activities, the Division is actively involved in
the Biology — Chemistry interface programmes contributing significantly in the
natural products chemistry and biological areas. The programmes initiated with
the Kottakkal Aryavaidyasala and the isolation of active ingredients using enzymes
are in progress. The highlight of the activities undertaken during this period are:

o [Initiated activities for setting up a 7.5 tons per day Fresh ginger processing
plant at Wynad

o Determination of new parameters for arriving at Indian specification for
value added products from North East ginger

o Process for Neera based health drink developed

o Studies on Acrylamide formation in fried foods and TFA in bakery food
products

+ Bioactives from plant sources

« Synthesis of novel compounds
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Technology Business Incubation Centre
in Agroprocessing (TBIC)

CSIR NIIST in
Department of Agriculture, Govt. of Kerala have

collaboration with the

launched a programme to develop and transfer
technologies for value addition of the agricultural
produce of the state. Sharing of specialized
infrastructure  facilities, offering  technical
expertise to prospective entrepreneurs for product
development, scale up, test marketing etc. and
providing consultancy services to industries, form
part of the venture, named as Technology Business
Incubator in Agroprocessing (TBIC-A). The
Institute is currently involved in the development
of certain processes for clients under TBIC
platform. Development of process to enhance the
colour of the turmeric powder and to facilitate the
modernization of the existing unit in Haryana are
being taken up as major programmes of TBIC - A

during 2013/14.

Funding

Entreprencurs
agency

Venture flinanci

| Start-up Companies | _______________

Egquipnient Lease

Exit Ventures |- c o o oo e e e m = ]

Fig 1. TBIC - A pictorial representation

Fresh ginger processing unit at Wyanad

A fresh Ginger processing facility is being
set on behalf of the Department of Agriculture,
Government of Kerala and the Division is offering
engineering assistance in the setting up of the
venture. The facility is for processing farm fresh
ginger and makes value added productslike cleaned/
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waxed ginger, ginger powder. Conventional
artificial drying of ginger powder results in loss of
aroma and the new facility employ state of the art
refrigeration dehumidification drying. The unit will
have a capacity to process 7.5 tonnes per day fresh
ginger at a project cost of Rs.193.00 Lakhs. Detailed
engineering, technical consultancy, wetting the
specifications for plant machinery, identification
of machineries, erection, commissioning, training
of plant personnel etc. form part of the assistance
offered by the division.

Development of Indian Standards for
North East Ginger

o R |

- =

Fig 2. Ginger cultivation in NE and
compounds from ginger extracts

The objective of this project is to develop a
database on oil content and physico-chemical
composition of various fresh ginger cultivars grown
in seven states of North East (NE) and to arrive
at a revised IS specification for NE ginger and its
value added products. The project taken up under
the sponsorship of the Bureau of Indian Standards
(BIS) aimed at collecting 3 sets of major cultivars of
fresh ginger samples at different stages of maturity
from seven North East states and to determine the
physico chemical characteristics of all the cultivar
samples. The study investigated the variation in
the essential oil composition and oleoresin and
[6]-gingerol content in different fresh ginger
cultivars harvested at 6- and 9-month maturity
from five different states of NE. Monoterpenes,
sesquiterpenes, and citral composition in the
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essential oil isolated were evaluated to ascertain
their variation during the stages of maturity.
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Fig 3. Typical GC-MS/GC profile of Ginger essential oil from NE

L.a-pinene; 2.Camphene; 3.3-pinene; 4.p-cymene; 5.D-Limonene;
6.3-Phelleandrene; 7.Cineole; 8.Linalool oxide; 9.Linalool;
10.Citranellol; 11.Borneol; 12.a-Terpeniol; 13.Neral; 14.Citranellal;
15.Geranial; 16.Undecanone; 17.Copaene; 18.5-Elemene;
19.Thuzopsene; 20.Caryophyllene; 21.allo-Aromadendrene;
22.ar-Curcumene; 23.Zingeberine; 24.-Bisabolene;
25.y-Caolinene; 26.[3-sesquiphellandrene; 27. Eudesmene;
28.Neroldiol; 29.Caryophyllene oxide; 30.Elemol

Except for Mizoram Thinglaidum, Mizoram
Thingria, Nagaland Nadia, and Tripura I ginger
cultivars, all other cultivars showed an increase
in the citral content during the maturity. HPLC
profiling of all the cultivars for screening major
bioactives like gingerols and shoagols were also
conducted. The
valuable information for farmers and entrepreneurs

database developed provide

in identifying superior varieties of ginger for
cultivation and processing, which will yield higher
volatile oil and oleoresin.
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Fig 4. Percentage composition of monoterpenes &
sesquiterpenes from NE Cultivars

o NEDI,2 3.... Etc represent various ginger cultivars from NE
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Fig 5. Clustering of Ginger genotypes with respect to
Gingerols & Shogaols

Comparitive evaluation of various samples from
NE states is graphically represented in the dendogram
shown above. This data have significant commercial
value because it helps the industry to source the right

raw material for processing for oil and oleoresin.

A study on optimizing the material
utilization in Ayurvedic industry by
replacing plant roots by benign herbal
parts and by developing new bio active
applications for herbal spent material

® okl

Beparirant ol Scence Twchsebogy
m:‘l ayueveda

Fig 6. The partners of the programme

The Institute in association with Kottakkal Arya
Vaidyasala initiated a programme for the recovery
of bioactives from spent botanicals generated
during the preparation of Ayurvedic medicines.
Since most of the Ayurvedic preparations are
either mechanical or aqueous extracts, substantial
quantities of bioactives are left behind in the spent
material. Currently, the spent plant materials are
discarded and the recovery of active phytochemicals
from them can lead to generation of substantial
revenue for the Ayurveda industry.

Another aspect of the studyis aimed at finding an
alternate to the current practice of using the roots of
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plants, which lead to the distruction of the species,
during the manufacture of Ayurvedic products.
The present effort is to explore the possibility of
replacement of herbal roots used in traditional
ayurvedic preparations by substituting it with
other plant parts. One such study was done in Aegle
marmelose which is one of the major raw materials
used by the industry for manufacturing more than
50 classical formulations including Dasamoola
preparations. The study involves detailed chemical
and biological evaluation of extracts isolated from
various parts of this plant. The picture below (Fig 7)
shows the HPTLC finger printing of extracts from
various parts of Aegle marmelose with umbeliferone
as the marker compound.

BARE ~ ROOT PEEL  LEAF FEED FULF

Fig 7. HPTLC plate views of different Aegle marmelose
extracts and umbeliferone at 254nm

Bioprocessing of botanicals for active
ingredient isolation: Enzymatic route

From the soil samples collected from the
different region of Kerala, 164 bacterial and 14
fungals strains were isolated. Nutrient agar, potato
dextrose agar, Actinomycete isolation agar and
Pseudomonas isolation agar were the media used
for isolation of the organisms. Bacterial strains and
fungal strains were maintained in nutrient agar and
potato dextrose agar slants respectively for further
studies.

All the fungal strains were screened for cellulase
enzyme and four of them found to be potential
cellulase producers. Sixty four bacterial strains
were also screened for amylase enzyme and 20 of
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them showed good amylase production. The ability
of the organisms to produce pectinase, lipase
and protease are under investigation. Selection
of organisms for active ingradient isolation is
also under progress. The efforts are directed
towards finding a commercial viable route for the
production of enzymes which will facilitate the
recovery of active ingredients from botanicals.

Development of value added products
from Neera of Palmyra

This project aims at developing a shelf stable,
crystal free palm syrup which has application as
a healthy sweetener. This Palm Neera Syrup is
a substitute for palm jaggery with all its natural
nutrients unlike the latter where processing is done
under extreme conditions. Another advantage of
the new product is that it dispenses the difficulties
in the melting and filtering operations. It also is a
substitute for table sugar, providing some of the
antioxidant, vitamin and mineral requirement
along with calories. The present product developed
also maintains consistence in quality. In addition,
there is a 6% increase in yield of the product
which is attractive from the commercial point
of view. Thus, the new product besides helping
the artisans in getting better returns, provide
the consumer with a healthy product with
superior quality. Physicochemical studies of palm
Neera, standardization of brix content (TSS),
microbiology studies, storage and stability studies,
physicochemical characteristics, total phenol
content, total flavanoid content and antioxidant
studies of palm syrup were also done under this

programme.

The studies brought out the potential antioxidant
activity of palm syrup owing to the presence of
polyphenolic compounds, flavanoids, maillard
reaction products and caramalization products.
The value added products from palm based
raw materials can help the sustenance of palm
industries which are otherwise uneconomical due
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to low returns and shortage of labour. An offshoot
of this study was the development of coconut neera
syrup and cane sugarcane juice syrup. The studies
carried out brought out the health benefits of these

products as well.

Production of trans fatty acids (TFA)
in hydrogenated vegetable oil products
and their health implications in the
context of Indian food habits

This project aims at assessing the trans fat
(TFA) content in Indian foods. TFA intake among
middle and upper income groups is on the increase
contributing to the high prevalence of diet - related
chronic disease. The foods selected for the study
were Kerala Parotta, Masala Dosa, Nan, Bhatura,
Poori, Biriyani, Bread, Bun, Burger, Rolls, Cakes,
Pastries, Cutlet, Puffs, Samosa, Noodles, Namkeen,
Biscuits, Chocobar, Ice Cream, Ladu, Jilebi, Jamun,
Peda and Choclates.

Elaidic acid was the major TFA seen in the food
products analyzed with high levels in pufts followed
by cakes and pastries. Most of the other food items
studied showed presence of TFA. Products with
low TFA content had higher SFA content which
is another risk factor to coronary heart disease.
The study brought out the significance of laying
regulation for controlling TFA content in products
sold in bakeries, hotels and kiosks. The study also
brought out the absence of quality control in these
products with respect to colour, oil quality, total
fat, TFA content, microbiological standards, etc. A
survey conducted as part of the study revealed that
most of the Indian consumers and vendors were
unaware about TFA and related health risk. Field
level dissemination of the findings was also carried
out as part of the programme. Attempts were
also made in formulating composite flour blends
to develop functional cakes using TFA free fat.

Composite flour was formulated by incorporating

%

Y)

e

foﬁ

banana powder/arrow root powder at an optimum
level to develop cakes with good textural properties.
The study revealed that high baking temperature
did not induce TFA formation in cakes.

Correlating fruit maturity and the
formation of acrylamide in deep fried
jack chips

Acrylamide is a toxic and potentially carcinogenic
industrial chemical. Presence of acrylamide has been
reported in foods subjected to very high temperature
processing such as frying and baking. The primary
means through which acrylamide is formed in
foods is by reaction between asparagine (an amino
acid) and reducing sugars at higher temperatures
(baking and frying) and in low moisture conditions,
via Maillard reaction. The levels of these precursors
are influenced by the maturity of raw materials,
which is very important as far as the formation of
acrylamide/mitigation strategies is concerned. India
with its diverse food habits, consumes a large variety
of deep fried and high temperature processed foods
(chips of different kind, puri, tandoori products etc).
Chips which are prepared by deep frying of different
vegetable crops such as tubers (potato, tapioca,
colocasia) and raw vegetables (plantain, jackfruit)
are some of the most popular snack items in India.
These chips are very important from the viewpoint
of acrylamide exposure assessment, either because
they may contain much higher levels of acrylamide
compared to other foods or they are a part of the
normal diet for the general population, thus have a
high consumption rate. No studies have been done
on the analytical quantification of acrylamide in deep
fried jack chips, which is a popular snack food, and
the variation of acrylamide content based on maturity
of the raw material. Therefore the present study was
undertaken to study the correlation between the
precursors and formation of acrylamide in chips
made from jackfruit at different stages of maturation.
A modified HPLC/DAD method was optimized
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and adopted for the quantification of acrylamide.
Four stages of fruit were identified based on the fruit
maturity cycle, ie. 45 (stage 1), 60 (stage 2), 75 (stage
3) and 90 (stage 4) days from the day the fruit is set.
The proximate composition and physio-chemical
properties of the raw materials were analyzed.

Fructose and glucose are reducing sugars, which
are important for Maillard reaction and formation
of acrylamide. Glucose and the fructose contents
in jack fruit were quantified by using the HPLC
technique by running standards. Asparagine
content in raw jackfruits was quantified by using
HPTLC technique. Both the reducing sugars
(glucose and fructose) and asparagine showed a
marked increase during maturation.

0.18
0.16
0.14 —a— glucose

0.12
0.1 —— fructose

0.08
0.06
0.04
0.02

0

Sugar (mol/kg)

180
160
140
120
100

Asparagine(pg/100g)

40 —+=—Qsparagine

0 2 1 &

Fig 8. Graphs showing the variation of reducing sugar and
the asparagine content at four different maturity stages of
jackfruit
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The frying experiments were conducted using an
electric fryer with 3 L of coconut oil. 500 gm of jackfruit
slices (all the four stages) were fried at a temperature
of 160°C for about 7 minutes. The jack chips were
air cooled for 5 min and was stored under vacuum
for extraction and quantification of acrylamide. The
acrylamide concentrations in four different maturity
stages of jack chips were 1348, 2680, 3318, 4245 g/
kg, respectively. Chips made from all the stages
contained significant level of acrylamide where the
chips prepared from stage 4 showed the highest level

of acrylamide.

STAGE 4

ST AL Y

STALT X

LIRLE N

\

stagel stage stage 3 staged
2

230 B Conc. of

220 acrylam...

-l

190

Conc. of acrylamide (mg/kg)

Fig 9. HPLC Chromatogram and level of acrylamide in
chips made from jackfruit at four at four
different maturity stages
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The correlations between acrylamide formation
and the precursors (sugars and asparagine)
during the maturation of jackfruit were examined
by using the correlation coefficient calculated
from the regression analysis of the plot of the
concentration of precursors against acrylamide
content. The increase in the level of reducing sugars
and asparagine correlated well with the formation
of acrylamide where correlation coeflicient for
glucose, fructose and asparagine with acrylamide
were 0.8, 0.82 and 0.989, respectively.

50040
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o
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Fig 10. Correlation of the precursors and acrylamide
formation in fried chips as on increasing fruit maturity

From a chemical point of view, glucose as an
aldohexose sugar was expected to generate more
acrylamide from asparagine monohydrate, due to
its higher chemical reactivity provided by the more
reactive aldehyde group compared to the ketohexose
fructose. However, results from the study indicated
that both similarly influenced the formation of
acrylamide. By means of labeling experiments it
has been shown that the entire carbon skeleton

of acrylamide originates from asparagine which is

2
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confirmed by the highest correlation between the
acrylamide formation and asparagine content in
the present study. The concentration of acrylamide
in jack chips was enhanced by the increase in the
concentration of the reducing sugars- glucose
and fructose- and asparagine with the increase
in the maturity stages of jackfruit. This finding
demonstrated that the acrylamide concentration
is strongly dependent on the concentration of
precursors in the case of jackfruit. Therefore, by
selecting the proper maturity stage during the
chip making process, the formation of acrylamide
can be effectively controlled. The study also helps
to increase the public awareness on the toxicity
of acrylamide and the importance of strategies to
minimize the formation as well as the exposure of

acrylamide.

Synthetic attempts towards aza-
galactosphingolipid

Glycolipids are carbohydrates conjugated to
lipids. They received prominence as adjuvants
which enhance body’s immune response. The
mechanism of action involves stimulation of NKT
cells which in turn release signaling peptides/
proteins called as cytokines which play a vital
role against cancers, autoimmune diseases, and
infectious diseases. Among the entire gamut of
carbohydrates D-galactose conjugates are well
studied as glycolipids. Structural modification
of these glycolipids in the carbohydrate portion
is less studied, so the division is attempting to
make an unnatural aza-glycolipid and study their
cytokine releasing ability. During the studies it
was serendipitiously discovered that an advanced
intermediate of a carbohydrate under basic
reaction conditions can undergo elimination
reaction to produce heteroaromatic structures.
Recently, an unusual synthesis of pyridone and
pyridine heteroaromatic compound formation
from an advanced intermediate of D-galactose
was reported. (Tetrahedron Lett. 2013, 54, 3230-
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3232). In the recent finding it was found that one
of the lipidated pyridine derivatives (pyridine
conjugated with lipid) was shown to inhibit matrix
metalloproteinases MMP2 and MMP9 which are

implicated in cancer.
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Fig 11. Synthesis of 3,5-dihydroxy pyridine derivatives with
lipid conjugation

Synthesis of 1,2-dihydropyridine from
dienaminodioate

Pyridines play a prominent role as important
moieties in several pharmaceutical drugs. Among
pyridines, 1,4-dihydropyridines (1,4-DHPs) are well
known scaffolds in pharmaceuticals as calcium
channel modulating agents viz. nifedipine,
lacidipine, amlodipine, etc. However, its structural
isomer 1,2-DHP is relatively unexplored for its
biological property. Therefore, there has been
huge interest as evident from recent publications
in synthesis of 1,2-DHP. A new method was
developed in synthesis of 1,2-DHP by a milder
approach in a one-pot cascade reaction. Using this
approach, a diverse array of 1,2-DHPs have been
synthesized and submitted to CDRI, Lucknow
for biological screening against tuberculosis and
malaria. (Tetrahedron Lett. 2013 DOI:10.1016/].

tetlet.2013.05.037).
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Fig 12. Synthesis of 1,2-dihydropyridines from
dienaminodioate

Structure elucidation of natural
products derived from Bacillus strain

Identification of a molecule from a natural

B 24

source is as challenging as finding a needle in the
haystack, using analytical tools such as NMR and
Mass Spectrometry. In this pursuit, several cyclic
dipeptides have been identified from Bacillus strain
associated with an entomopathogenic nematode
which were shown to have good antibacterial and
antifungal efficacy. The structure-activity relations
of cyclic dipeptides were elucidated by synthesizing
monopeptide and found that they lose their
antimicrobial potential in absence of peptide bond
which was recently communicated to Bioorganic
and Medicinal Chemistry Letters. Similarly, semi-
synthetic derivatives of abundantly available
natural products isolated from plant sources were
also synthesized to investigate their biological
efficacies. (World ] Microbiol Biotechnol. 2013, 29,
355-364, Nat. Prod. Res. 2013 DOI:10.1080/147864
19.2013.796466).
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Fig 13. Isolation of cyclic dipeptides from Bacillus strain

Antioxidant and antidiabetic activity of
Lichens (Parmotrema sp.)

Lichens, the combination of algae and fungi,
are abundantly available in different parts of
Kerala and they have not been much exploited for
medicinal purposes. Various lichen samples were
collected from Palode, Trivandrum and Wayanad.
The specimens were subjected to extraction
with hexane and ethyl acetate. In addition, two
alcoholic fractions of lichen-A1/12 and A2/12
were obtained from CSIR-CDRI Lucknow. The
antioxidant efficacy of all the extractions/fractions
were screened in terms of total phenolic content,
total flavonoid content, DPPH and ABTS radical

scavenging efficacy.
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Table 1. Total phenolic & flavonoid content of various
fractions of lichen

F-15 Al/12 A2/12
Total phenolic 3.489 4.388 1.749 mg
content mgGAE/g | mgGAE/g GAE/g

Total flavanoid
content

1.52 mgQE/g| 2.16 mgQE/g| 0.66 mgQE/g

Table 2. Antioxidant activities of various fractions of lichen

EF-15 Al/12 A2/12
DPPH radi-
cal scavenging
(1C50) 629 pg/ml | 569 pg/ml |  833ug/ml
ABTS radi-
cal scavenging 1.09 mg/ 1.04 mg/
(IC50) ml ml 1.42 mg/ml

Aldose reductase inhibitors as
an emerging target for diabetic
retinopathy

Aldose reductase (ALR2) is a multifunctional
enzyme that converts glucose into sorbitol through
polyol pathway and has been implicated in diabetic-
induced secondary complications such as diabetic
retinopathy. As of today, there is no drug available
in the market against aldose reductase. In this
regard, Parmotrema sp. collected from Wayanad
has shown 59.73% inhibition in comparison to
Zopolrestat as positive control (94.49%). The
preliminary results were interesting and further
studies on isolated molecules from the extract were

recommended.

Effect of punicic acid on lipid
accumulation in adipocytes and glucose
uptake

Punicic acid is reported to have PPARy
modulatory activity. The effect of punicic acid
on adipogenesis and glucose uptake in 3T3 L1
adipocytes were analyzed and was found that the
compound dose -dependently enhanced adipogenesis
and basal and insulin-stimulated glucose uptake.
Rosiglitazone was used as positive control. GW9662

was used as an inhibitor of PPARY.

&

Fig 14. Lipid accumulation in adipocytes: dose- dependent
effect of punicic acid
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Fig 15. Effect of Punicic acid on glucose uptake in adipocytes
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Antioxidant properties of apple peel
extract and its protective effect on
arsenic trioxide induced toxicity in
cardiomyocytes

Long term use of arsenic trioxide (ATO) for
the treatment of acute promyelocytic leukemia
(APL) leads to QT prolongation by increasing the
intracellular calcium level and reactive oxygen
species (ROS). To minimize the effects of ATO on
cardiac cells, it is important to treat the cells with
an antioxidant/calcium channel blocker to regulate
the intracellular calcium level. The study evaluated
the antioxidant activity of water extract of apple
peel (AWE) and methanolic extract of apple
peel (AME) in terms of TPC, TFC, DPPH, TRP,
superoxide anion and hydroxyl scavenging assays.
The effects of the extracts on ATO- stimulated
H9c2 cells were studied by evaluating glutathione
peroxidase, gluthathione, thioredoxin reductase,
caspase-3 activities, ROS
generation and intracellular calcium. AWE showed
greater antioxidant activity in in vitro biochemical
assays, whereas AME was more effective in in vitro
cell line based studies by reducing ROS and calcium
overload. Thus, apple peel extract has significant
protective effect on ATO induced cardiac toxicity.

xanthine oxidase,

Involvement of mitochondrial
superoxide in isoproterenol (ISO)-
induced cardiomyoblast hypertrophy

Involvement of mitochondrial ROS in ISO-
induced cardiomyoblast  hypertrophy  was
detected by dihydroethidium labeling of cells
in the presence of inhibitors of mitochondrial
uniporter and mitochondrial pore opening. The
flow chart given below shows the presumed
mechanism of hypertrophying in ISO-treated
cells.  Moreover,
production was measured using Mitosox red that
distinctly labels mitochondria alone. Antimycin A,
inhibitor of mitochondrial Complex III, increases
mitochondrial superoxide formation in H9¢2 cells

mitochondrial  superoxide

B 2%

and was used as the positive control. The relative
fluorescence in ISO - treated H9¢2 cells was found to
be higher than control and antimycin- treated cells.
This indicates the involvement of mitochondrial
ROS in ISO-induced hypertrophy. Pretreatment
with Desmodium gangeticum extract (DG) reduced
Mitosox fluorescence in ISO- treated cells.

Increased cytosolic Ca +*
on 1S0- stimulalion

mitochondrial {‘.ai*l
'1
w |
}
opening of PTP

superoiide ger‘-.c-ralml

¢

Hypartrophy in
ISO-stimulated celis

Fig 16. Flow chart showing the presumed mechanism of
hypertrophying in ISO-stimulated cells
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Fig 17. A: Mitosox red fluorescence: Statistical graph
showing relative fluorescence of control, antimycin (ANT),
ISO, DG and DG+ISO; B: Confocal images of Mitosox red

fluorescence
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Antioxidant potential of vanadium
encapsulated guar gum nanoparticle
(GVN)

Synthesis, characterization and cell line based
studies of GVN were carried out. The nanoparticles
were prepared by the method of nanoprecipitation.
In vitro antioxidant assays revealed the potent
antioxidant efficacy of GVN when compared to
guar gum nanoparticle and vanadium. GVN was
subjected to different characterization studies like
SEM, TEM and particle size analysis to confirm the
characteristics of nanoparticle and encapsulation
of vanadium. Physical characterization by particle
size analysis revealed that GVN possess a size of 239
nm which was approximately 148 nm larger than
guar gum nanoparticles, confirming vanadium
encapsulation. The antioxidant property of GVN
against tertiary butyl hydrogen peroxide- induced
oxidative stress in H9¢2 cell lines was carried out.
Treatment with GVN protected cardiomyoblasts
from the adverse effects of ROS generation,
especially at 5nM and 25nM. Taken as a whole,
GVN was found to be a potent ROS scavenger.
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Fig 18. Total Antioxidant Capacity of guar gum
nanoparticle, vanadium encapsulated guar gum
nanoparticle (GGN) and vanadium (V)

Evaluation of antihyperglycemic effect
of selected medicinal plant extracts in
in vivo diabetic models

Experiments in Sucrose loaded rat model
(SLM): Male albino rats of Sprague Dawley strain
were selected for the study. The blood glucose level

of each animal was checked using glucometer after
16 h starvation. Animals with blood glucose levels
<270mg/dl were selected for the study. Animals of
experimental group were administered suspension
of the Aerva lanata (ALE) and Symplocos
cochinchinensis (SCE) extracts made in 1.0% gum
acacia (100, 250 and 500 mg/kg body weight) or
1.0% gum acacia orally. A sucrose load (10.0 g/
kg) was given to each animal orally after 30 min
administration of the test sample/vehicle. Blood
glucose profile of each rat was again determined
at 30, 60, 90 and 120 min post-administration of
sucrose. Quantitative glucose tolerance of each
animal was calculated by area under curve (AUC)
method. AUC of experimental and control groups
determined the percentage of antihyperglycemic

activity.

ExperimentsinSucrose-challengedstreptozotocin-
induced diabetic rat model (STZ-S): Streptozotocin
was injected intraperitoneally to overnight fasted
Sprague Dawley rats (60mg/kg). Blood glucose
level was checked after 72 h and animals showing
blood glucose values >270mg/dl were selected and
termed diabetic. Sample administration was carried
out similar to that of the previous rat model. The
results confirmed the antihyperglycemic effect of
Aerva lanata (ALE) and Symplocos cochinchinensis
(SCE). ALE exhibited 13.6% and 17.5% decrease of
plasma glucose while SCE showed 12% and 23%
decrease in SLM & STZ models, respectively.
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Fig 19. Anti hyperglycemic effects of ALE and SCE.
A & B shows the OSTT data for ALE and SCE in SLM rat
model respectively. C & D depicts the
OSTT data in STZ-S rat model

Studies on therapeutic effects of
Syzygium cumini

The evergreen Syzygium cumini (Jamun) plant is
abundantly found in Indonesia and India. Syzygium
cumini is one of the widely used medicinal plants
in the treatment of various diseases, in particular,
diabetes. Due to the lack of strong scientific evidence,
there is a need for further investigation to isolate
active principles which confer the pharmacological
action. In addition, detailed analysis is required to
find out the mechanism through which these active
compounds act against various diseases. Therefore,
the present study evaluated the potential of Syzygium
cumini seeds in the management of lifestyle associated
diseases namely diabetes and CVD. Three wild
varieties of Syzygium cumini seeds were collected
from Trivandrum, Kerala, India (TVM variant),
Trichy, Tamilnadu, India (TCH variant) and from
Malampuzha, Kerala, India (MPA variant). Results
of the study revealed that all extracts of Syzygium
cumini seed showed potent anti oxidant capacity due
to their high phenolic content. Total phenolic content
increased in the following order for both the varients:
Hexane< Ethylacetate< Methanol<70% Methanol. All
these seed extracts showed significant a-glucosidase
inhibitory activity, a potent target for controlling
post prandial increase in glucose in diabetics. When
compared with standard, acarbose (IC50 45.2 pg),
all the varients showed potent antidiabetic activity.
Methanol-TCH and 70% Methanol TCH extract
showed significant antiglycating property when
compared with the standard, ascorbic acid. Efficacy

B 2
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against CVD was evaluated by LDL oxidation
inhibition assay. Except hexane extract, all other
extracts showed significant LDL oxidizing inhibitory

property.

Flavonoids stimulates glucose uptake
in L6 myotubes under oxidative stress
induced by teritary butyl hydrogen
peroxide

Oxidative stress plays a pivotal role in the
development of diabetes complications. Evidence
suggests that oxidative stress occurs in diabetes
and its prolonged exposure may cause insulin
resistance by triggering an alteration in cellular redox
balance. The present study evaluates the antidiabetic
potential of the flavonoids, Quercetin and Rutin
using L6 myotubes under oxidative stress induced
by teritary butyl hydrogen peroxide (tbhp). The
results demonstrated that ROS generated by tbhp
decreased markedly in the cells on preincubation with
flavonoids in a dose dependent manner. Pretreatment
of both compounds remarkably retrieved the GSH
level which was drastically decreased on oxidative
challenge. In addition, these flavonoids were found to
prevent lipid peroxidation in L6 myoblast. Flavonoids
increased glucose uptake in a dose dependent manner
following chronic and acute pretreatment in the
presence of oxidative stress induced by tbhp. GLUT4
expression was found to be upregulated significantly
after quercetin and rutin pretreatment. It is proposed
that in cellular model of skeletal muscle, chronic
treatment of flavonoids, quercetin and rutin, imparts
hypoglycemic effects by inducing GLUT4 expression
under the influence of oxidative stress.

.
.l
M

Fig 20. Glutathione concentration after preincubation of
quercetin and rutin (1uM, 10uM, 100uM) for 3 hours
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Fig 21. Glutathione concentration after preincubation of
quercetin and rutin (1nM, 10pM, 100pM) for 24 hours

Rm2

Fig 22. Confocal images of differentiated L6 myoblast
exposed to 2-NBDG: Control, Rozi, Rnl, Rn2, Rn3, Qnl,
Qn2, Qn3 represents untreated, rosiglitazone, Rutin (1

uM, 10 uM, 100 uM), Quercetin (1uM, 10 uM, 100 uM),
respectively.

These findings suggest that quercetin and rutin
posses the potential to reduce oxidative stress
associated with diabetes either directly or indirectly
by enhancing glutathione concentration. The results
from the present study suggests that flavonoids
in near future can be considered as an additional
strategy in the treatment of Type2 diabetes
imparting an optimal control in glucose level in

parallel to improve diabetes related impairments.

Anticancer and antioxidant potential of
rice and wheat bran extracts

Free radical-induced oxidative stress is the
basis of many of the chronic human diseases. Cell's
antioxidant mechanism fails to quench the excess
free radicals generated during diseased conditions.
Free radical damage to DNA may lead to cancer
owing to the unregulated cell division. Due to the
adverse effects of synthetic antioxidants, naturally
occurring antioxidant supplements from plants

are vital to counter the oxidative damage in cells.
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Bran is the hard outer layer of grain and is a rich
source of natural antioxidants which can be used
as free radical scavengers. The main objective of
the present study was to evaluate and compare the
antioxidant and anticancer potential of rice and
wheat bran. In the present study, the defatted bran
was extracted with ethyl acetate and methanol. The
rice bran extracts showed maximum yield when
compared to wheat bran extracts. The antioxidant
potential of the extracts was assessed in terms
of TPC, CUPRAC, DPPH and NO scavenging
activity assays. The phenolic content was higher for
methanolic extract of rice bran and wheat bran (6.5
and 4.7% respectively). The cupric ion reducing
capacity was higher for methanolic extracts of rice
bran and wheat bran (10.51 and 5.91in terms of
TEAG, respectively). In the case of DPPH radical
scavenging activity, the ethyl acetate extract of rice
bran was found to be more active (IC50- 249.97ug).
In the case of NO radical scavenging activity, the
ethyl acetate extract of rice bran extract exhibited
maximum activity (IC50- 349.35ug). The extracts
were further evaluated for their anticancer potential
intermsof MTT, LDH and Cometassaysusing HT29
colon cancer cell line. The cytotoxic effect of extracts
was evaluated using MTT assay. The result showed
that the toxicity is time and dosage dependent and
it was found that 99.16pug of RB ethyl extract was
sufficient to inhibit 50% cells at 24h incubation. The
effect of extracts on membrane integrity of HT29
cell line was evaluated using LDH assay. The LDH
release was maximum for ethyl acetate extract of
rice bran. Only ethyl acetate extract of rice bran and
wheat bran were studied for comet assay. The rice
bran extract was found to be more active. From the
present study it is clear that the rice bran and wheat
bran are rich in phytochemicals having antioxidant
and anticancer potential. These results form a good
basis for selection of the rice bran and wheat bran
for further phytochemical and pharmacological

investigation.

29 |

o
T
N
F
(=)
N
-
oc
o
o.
LLl
oc
—l
<T
— |
—
—_—
<




o
i)
N
F
(=)
N
-
oc
o
o.
LLl
(2 =
]
<L
—
—
—_—
<

Yo
m &

70

60 m Yield (img/ml)

50 BTPC (%)

40 CUPRAC (TEAC)

30

20

10

0 : L - |

RB ethyl RB WEB ethyl WB
acetate methanol acetate methanol

Fig 23. The yield, TPC and CUPRAC of different extracts of
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Fig 24. LDH release assay of the extracts
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Fig 25. Comet assay for rice bran and wheat bran ethyl
acetate extracts
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A comparative evaluation of
antioxidant and antidiabetic potential
of potato peels at different stages of
maturity

Antioxidant and antidiabetic potentials of
potato peels at two stages of maturity (young
and mature) were evaluated and compared in the
present study. The peels of young and matured
potatoes (YP and MP) were extracted sequentially
with hexane (HMP, HYP), ethyl acetate (EMP, EYP)
and methanol (MMP, MYP). Ethyl acetate extract
of the peels were found to possess highest total
phenolic content (TPC) (83.2 and 44.14 mg GAE/g
dry weight for EMP and EYP, respectively). Ethyl
acetate and methanol fractions of the peels showed
maximum radical scavenging efficacy for different
antioxidant assays performed. EYP demonstrated
better a-glucosidase inhibition activity (IC50-
197.13pg), intra cellular ROS scavenging and
also induced glucose uptake by the L6 rat skeletal
muscle cells indicating the presence of significant
antioxidant and antidiabetic potential. Presence
of phenolic compounds (gallic, caffeic, ferulic
and chlorogenic acids) in the active extracts were
established using HPLC. The study indicated that
YP exhibited better bioactive potential as compared
to MP, which could be a good source of bioactive
phytochemicals with antioxidant and antidiabetic
potential.

Fig 26. Confocal images of intracellular ROS scavenging by
ethyl acetate (EYP) and methanol (MYP) extracts of young
potato peel
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BIOTECHNOLOGY DIVISION

The Biotechnology Division is actively involved in research and technological development in the
focussed areas for bioprocesses and products development, exploring and exploiting the microbial
resources, isolated chiefly from the Western ghats in Kerala. The research is focussed on the fundamental
and applied aspects for the production of industrial enzymes, biofuels, amino acids, biopolymers,
biosurfactants, etc for industrial applications. The Division has undertaken several new projects under
the 12th Five Year Plan in collaboration with several other institutes of CSIR and also inter-divisional
collaboration in the institute in the areas of affordable health and energy. The Division is participating in
the projects under the Chemical Sciences Cluster as well as Biological Sciences Cluster of CSIR.

During 2012-13, two new scientists have joined the Division, who have expertise in the areas of
microbiology (microbial biodiversity and taxonomy) and biochemical engineering (bioreactor design and
operation). The Division has undertaken an important industrial project on ‘Bioprocesses Development
for Industrial Products’ in partnership with a leading industry in the country and another major project
on ‘Sorghum biomass based biorefinery” as a multi-institutional collaborative project supported by the
Ministry of New and Renewable Energy.

Followings are the highlights of Divisional R&D activities:

« Under the Centre for Biofuels, the pilot plant for the production of bioethanol from lignocellulosic
biomass has been put up.

+ Studies on the molecular cloning, over-expression and biochemical characterization of hypothetical
betalactamases of M. tuberculosis (Rv2068c, Rv0406¢ and Rv3677¢) revealed the possibility of more
than one gene in M. tuberculosis, encoding proteins having beta-lactamase or beta-lactamase-like
activity, giving wide spectrum of resistance against beta-lactams.

o Lactobacillus plantarum (NIIST isolate) produced an EPS with prominent characteristic groups
corresponding to polyhydric alcohols. The degradation temperature (Td) of the polysaccharide was
found to be 260°C, which consisted of a trisaccharide repeating unit of a-D-glucose, p-D-glucose
and a-D-mannose.

« Studies on the mutation of cloned L-asparaginase II gene by site-directed mutagenesis and expression
and purification of the mutants showed that compared to the wild enzyme and positively charged
control mutant, K139A and K139D had tolerance towards 70°C and 20% more activity retention on
thermal stability at 50°C.

o In order to develop thermo stable and low pH tolerant phytase from Aspergillus niger using
site-directed mutagenesis, phytase A from A. niger NII 08121 was recombinantly expressed in
Kluyveromyces lactis.

« A novel Streptomyces sp produced cellulase-free xylanase, which was optimally active at pH 8.0 and
temperature of 50°C. The enzyme was stable at high alkalinity (up to pH 12.0).

« A novel surfactant-assisted ultrasound pretreatment was developed, which could effectively remove
hemicelluloses and lignin and improve the reducing sugar yield from sugarcane tops.

« A novel super acid treatment using Nafion was developed, which selectively solubilized the cellulose
and hemicelluloses of lignocellulosic biomass, and the hydrolyzate obtained after this treatment was
devoid of fermentation inhibitors such as HMF and furfural.

» A novel ustilaginomycetes yeast, Pseudozyma sp. N1108165 produced exopolysaccharide which
had typical polymer structure of carbohydrate, with monomers of glucose, galactose and
mannose in the ratio of 2.4:5.0:2.6, respectively.

« AnewGram-negative,aerobic, halophilic,non-motileand rod-shapedbacterial strain,

P2E16T, isolated from a mangrove rhizosphere and named as Zunongwangia

mangrovi sp.
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BIOPROCESSES AND
PRODUCTS DEVELOPMENT

Industrial enzymes

Cloning and over-expression of aminopepti-
dase P gene from Streptomyces lavendulae: Stud-
ies were continued on the molecular cloning and
overexpression of aminopeptidase P (APP) gene
from Streptomyces lavendulae (ATCC 14162) in E.
coli, followed by its purification and biochemical
characterization. Based on the N-terminal amino
acid sequences, the gene corresponding to APP
(app) was amplified from S. lavendulae, was cloned
in pET 28 (a) and over-expressed as a His-tagged
protein in E. coli BL21DE3 using 1 mM IPTG.
Nucleotide sequencing of this gene revealed a 1464
bp open reading frame encoding a 488 amino acid
(NCBI Accession No: GenBank: KC292272.1).
The substrate specificity of the expressed amino-
peptidase P was analyzed by the hydrolysis of the
Xaa-Pro bond in Gly-Pro dipeptide and bradyki-
nin (Figure 1). Km and Vmax of the enzyme was
0.4793 mmol I and 0.6361, respectively. The APP
activity was enhanced in the presence of divalent
metal ions such as Co**, Mn*", Mg** and Cu?* ions
and got inhibited with 1, 10 phenanthroline, EDTA,
PMSF and DTT. The app gene of S. lavendulae
shared the identical features of the same gene from
other Streptomyces species. The enzyme was a sub-
strate specific metalloenzyme with an optimum pH
of 8.0 at 37°C. The presence of proline residues in
the second position of the N-terminus in peptides
restricts the usage of many aminopeptidases; how-
ever, aminopeptidase P, one of the coupled enzymes
for proline aminopeptidase activity, is capable of re-
moving this blockage.

Figure 1. TLC plate image showing substrate specificity of
APP. Plate A- Bradykinin (Arg-Pro-Pro-Gly-Phe-Ser-Pro-
Phe-Arg) degradation by APP 1- Arginine standard 2- Bra-
dykinin 3 and 4- Bradykinin plus APP. Plate B- Hydrolysis of
the substrate Gly-Pro-pNA by APP 1- Gly-Pro-pNA 2,3 and
4- Gly-Pro-pNA plus APP 5- Glycine standard

Cloning and production of a genetically im-
proved L-asparaginase from Escherichia coli: L-
asparaginase II is a widely used therapeutic enzyme
for the treatment of selected types of haematopoi-
etic diseases such as acute lymphoblastic leukemia
and non-Hodgkin lymphomas. Asparaginase hy-
drolyzes L-asparagine to L-aspartic acid and am-
monia in leukemic cells, resulting in the depletion
of asparagine, inhibition of protein synthesis, cell
cycle arrest in the G1 phase, and apoptosis in sus-
ceptible leukemic cell populations. The site-direct-
ed mutagenesis and chemical modifications can be
used to produce an enzyme with better half-life and
thermo stability. An enzyme with increased half
life will be stable in blood than the normal enzyme,
thus the frequent administration of the drug can be
avoided. This work aimed to over-express the E. coli
L-asparaginase in suitable expression systems such
as prokaryotic and yeast system and to improve
the characteristics by site-directed mutagenesis.
The ansB gene of E. coli MTCC 739 was isolated by
PCR amplification and cloned into pET20b expres-
sion vector and pPinkHCalpha (Pichia system). The
cloned gene in pET20b was expressed in BL21DE3
host cells and the expressed protein was purified
using Ni-NTA spin column by 6x His affinity tags
(Figure 2). The cloned gene in pPinkHCalpha was
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transformed to Pichia pink cells by electroporation
(Figure 3). The work is progressing towards confir-
mation of yeast clones and analysis of expressed gly-
cosylated proteins in yeast.

M I i 3 4 3

150
120

30
25

20
15

M — Molecular weight marker (Fermentas)
1 — Uninduced control

2-5 — samples induced with 10, 50,

100 and 400 uM IPTG

Figure 2. SDS PAGE analysis of expressed soluble fractions
Banding pattern of soluble cytosolic fractions of uninduced
and induced samples

M C 1 2 3

M - Gene ruler 1kb plus ladder

Lane C - PCR amplification from the control plasmid
Lane 1 - PCR amplification from the clone plasmid S8
Lane 2, 3 - PCR amplification from the clone plas-
mids T2 and T3

Figure.3. Yeast clone confirmation by PCR. The plasmids
which showed an up shift in electrophoretic mobility was
amplified with vector specific primers along with the control
plasmid pPinkHCa
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Recombinant expression of L-asparaginase
IT from Escherichia sp and property improve-
ments through amino acid substitutions: This
work aimed to study the mutation of cloned L-
asparaginase II gene by site-directed mutagenesis
and expression and purification of the mutants. The
mutated purified protein was studied for properties
such as thermal tolerance and stability. Compared to
the wild enzyme and positively charged control mu-
tant, K139A and K139D showed tolerance towards
70°C and 20% more activity retention on thermal
stability at 50°C (Figure 4). The surface electrostatic
potential maps of both wild and mutant proteins
analysed using PyMO showed that alanine and
asparatate substitution at position 139 resulted in
localized negative charge density surrounding the
residue than the positive potential in wild protein
(Figure 5). The hydrogen bonds formed by all these
mutants checked in PyMOL and swiss PDB viewer,
which showed the absence of any additional hydro-
gen bonds formed in any of the improved mutants.
Hence, it could be concluded that it was the surface
charge interaction which contribute to the stability
of the mutants.
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C 40 50 ] 70
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Figure.4. Thermal tolerance of mutants at position 139 :
themperature stability of wild and mutant proteins incubated
at 40 - 70 °C for 10 minutes and residual activity retention
compared to untreated control (C- 100%)



K139 A

Wild

Figure 5. Surface electrostatic potential map of mutant
K139A, K139D and wild protein: compared to the wild pro-
tein map, in both of the mutants a positive potential is distrib-
uted around the site of mutation

Development of thermostable and low pH tol-
erant phytase from Aspergillus niger using site-
directed mutagenesis: Phytase A from A. niger NII
08121 was recombinantly expressed in Kluyveromy-
ces lactis. Enzyme from culture supernatant was pu-
rified by hydrophobic interaction chromatography
and ion exchange chromatography. Heterologously
expressed enzyme showed an optimum activity at
temperature 55°C and temperature tolerance up
to 100°C. This enzyme possessed characteristic bi-
peak pH optima at 2.5 and 5.5. In order to deter-
mine the thermostability, enzyme was incubated

at 70, 80, 90 and 100°C for different time intervals
and residual activity was analyzed after refolding
the protein in ice for 30 minutes. Enzyme possessed
considerable thermo stability which is desirable for
its use in feed industry. Enzyme retained more than
40% activity after incubation at 90°C for 1h and re-
tained more than 20% activity after incubation at
100°C for 1h.

The pH profile of this enzyme showed re-
duced activity at pH range 3 to 3.5, which was the
pH prevalent in gut of monogastrics. Hence, site-
directed mutagenesis was carried out by substitut-
ing amino acid with charge alteration at targeted
sites. Constructed mutant plasmids were sequenced
to confirm base changes, restriction digested with
Sacll and transformed into yeast. One of the mu-
tants with histidine replacement in place of pro-
line at position 212 showed increased activities at
pH 3 to 3.5 compared to wild enzyme (Figure 6).
When analyzed in Swiss PDB viewer, residue 212
was positioned at 10A° distance to D362 and 14A°
distance from H82 which are the catalytic residues
(Figure 7). Change in pKa of catalytic residues in
homology modeled structures of wild and mutant
proteins were determined by pKa calculation soft-
ware package PROPKA. Proline substitution result-
ed in change in pKa of H82 from 0.61 to 0.64 while
pKa of catalytic residue D362 was changed to -0.14
from -0.12. In addition this substituted histidine re-
sulted in formation of three hydrogen bonds with
surrounding residues (Figure 8). Since amino acid
substitution near to active site resulted in shift in
pKa of acid/base catalyst and change in pH profile
of enzyme, five more mutants were constructed by
charge alteration in ionizable residues positioned
12A° distance to catalytic residues. Effect of this re-
placement on pKa change was studied, and effect
of this replacement on pH profile of enzyme is cur-
rently under study.
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Figure 7 Modeled structure of phyA showing residues 14A°
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Figure 8. Hydrogen bonds in wild and mutant:
A) wild and B) mutant P212H

Molecular cloning, expression, characteriza-
tion and production of novel xylanases: A novel
Streptomyces strain producing cellulase-free xy-
lanase was isolated from the soil samples collected
from the mangrove forest of Kadalundi, Kerala, In-
dia. The culture produced cellulase-free xylanase,
which was optimally active at pH 8.0 and tempera-
ture of 50°C. The enzyme was stable at high alkalini-
ty (up to pH 12.0). The enzyme retained almost 85%
activity up to 65°C. When the temperature was in-
creased to 70°C, a decrease in activity was observed
(65% of the activity retention). Partial gene amplifi-
cation as well as partial purification of enzyme was
carried out to characterize the enzyme (Figure 9).
Zymogram and protein staining of native PAGE gel
showed four different isoforms of xylanase detected
by congo red staining (Figure 10).

<—— %% TLane 1: The amplicon
—

Lane 2: 1Kb marker
— 10HH

Figure 9. Partial gene amplification and purification



Lane 1 - 4: Partially
purified protein

Figure 10. Native gel zymogram
showing isoforms of the xylanase

Microbial production of chitin degrading en-
zymes: The current work involved the isolation of
chitinase producing microbial cultures from the
soil and water samples collected from the coast-
al regions of south Kerala. Of the 160 cultures
screened for chitinase production, a Streptomy-
ces sp. showed the highest chitinase production.
Further optimization of the bioprocess parame-
ters including pH, temperature, nitrogen source,
media composition, etc. for maximum enzyme
production showed the highest level of chitinase
production (102 U) using 13g/1 colloidal chitin,
8g/l yeast extract, with initial pH of 6.5, at 30°C
and 200 rpm shaking for 72h of incubation.

Development of a heterologous protein ex-
pression system in filamentous fungus: A protein
expression system was developed for the expres-
sion of heterologous proteins in a fungal host. An
efficient inducible promoter and secretion signal of
a highly expressed gene from filamentous fungus
(cellobiohydrolase (CBH1) promoter & secretion
signal from Trichoderma reesei) was cloned and an
expression cassette was constructed with the gene
for Green Fluorescent Protein (GFP) ligated down
stream of the promoter and secretion signal; a ter-
mination signal was also attached. The expression
cassette was tested in Kluveromyces lactis after in-

:)
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corporating the cassette in a pKlac expression vec-
tor by knocking down its promoter system. Suc-
cessful expression of GFP proved the functionality
of the expression system developed. Expression of
cbhl promoter was analysed by SDS PAGE and
fluorescent intensity analysis. Efficiency of fungal
secretion signal for driving heterologous protein in
yeast system was also analysed and proved that the
signal is a promising candidate for driving heter-
ologous protein production. The fungal expression
cassette was linked to a selection marker cassette for
selection of transformants (Figure 11).

CBH1 promoter GFP Termination signal

580bp

T17bp

746bp

| o) -." ". e ]
' "-‘:?.:}-" ; S *rh‘_'d .
oy 7

PCR omplification of CBHI
promater from the pkloc

Lininduced

Q

Basal leve! GFP expression from Induced GFF expression from

the recombingnt pidoec harboring the recombinant pkloc

CBHI promater - GFP construct harbaring CBHI promoter -
GFP constrict

Figure 11. Functional validation of CBHI promoter in
Kluyveromyces lactis by GEP expression

Amino acids

Lysine production from biomass hydrolyzates
using Corynebacterium glutamicum: The prime
objective of this study was to utilize the locally
available agro- residual biomass for the production
of the lysine by Corynebacterium glutamicum. Sev-
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eral feedstocks, viz. cassava bagasse, jack fruit seed
powder, wheat bran, coconut oil cake, potato peel
and sorghum were hydrolyzed and fermented using
C. glutamicum DM1729. The Plackett-Burman ex-
perimental design studies revealed that among the
eleven variables studied, initial sugar concentration,
pH, ammonium sulphate concentration were cru-
cial variables for lysine fermentation.The shake flask
experiments gave a lysine yield of 0.14g/g reducing
sugar using jackfruit seed hydrolyzate. Experiments
in parallel fermenter (300 ml working volume, pO.:
90%) gave lysine yield of 0.13g/g reducing sugar.
From the fermentation broth, lysine was success-
fully purified using ion exchange chromatography
(with cation exchange resins such as Seralite SRC
120, Seralite WRC 50 and ammonia as the eluent).

Sugar and chiral alcohols

Biotransformation of agro-residual biomass
to sugar alcohols using genetically modified Co-
rynebacterium glutamicum: A new study has been
undertaken on the production of sugar alcohols us-
ing genetically engineered C. glutamicum. Hetero-
logus expression of xylose reductase (E. coli), arabi-
nose isomerase (E. coli), psicose 3 epimerase (A.
tumefaceans) and xylulose reductase (M. smegma-
tis) genes together in C. glutamicum can help in the
conversion of both arabinose and xylose to xylitol,
thus achieving a total conversion of both pentose
and hexose sugar to xylitol and mannitol, which has
not been achieved so far. Based on the sequences
available in NCBI, specific primers were designed
and targeted genes were amplified. The amplicons
sequenced using Sanger’s dideoxy termination
method and were confirmed by NCBI-BLAST.

Stereo selective production of chiral alcohol
using microbial oxidoreductase: This study aims
the production of ethyl (S)-4-chloro-3-hydroxy
butyrate, (S)-(-)-1-(1-napthyl) ethanol and ethyl S-
4-chloro-3-hydroxybutyrate through biotransfor-
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mation using appropriate ketones. Screening of 169
soil isolates were done, which resulted four cultures
showing positive growth in ethyl 4-chloroacetoac-
etate plates.

Biopolymers

Microbial degradation of the solid waste (poly-
lactide plastics): The concept of biodegradable
plastics is of considerable interest with respect to
solid waste accumulation and greater efforts have
been made in developing degradable biological
materials without any environmental pollution to
replace oil-based traditional plastics. In the fam-
ily of biodegradable synthetic polymers, poly
lactic acid (PLA), an aliphatic polyester and bio-
compatible thermoplastic, is currently the most
promising and it has become the 'green' environ-
mental friendly material with the brightest devel-
opment prospect because of its facile availabil-
ity, good biodegradability and good mechanical
properties. The aim of this study was to screen
diverse soil samples and to isolate microorgan-
isms capable of degrading PLA and to investigate
the biodegradability of PLA after discarding in
natural conditions and also in controlled labora-
tory conditions. Two actinomycetes (GA, DA),
two bacteria (strain 8 and 14) and three fungal
cultures were found to be potent degraders of
PLA. A consortium was developed for degrading
PLA. Composting studies were conducted with
single cultures as well as with the biocompatible
consortium (Figure 12). Initial studies were done
in Laboratory environment in conical flasks with
autoclaved soil samples and 100mg PLA film and
with potent isolates alone and in combinations.
The parameters used for the monitoring of degra-
dation include variation in Lactic acid concentra-
tion, pH, dry cell weight and residual PLA film
weight



Figure 12. Biodegradation of PLA film under compost-
ing after 20 days (A: PLA film before inoculation; B-E:
degradation by individual isolates F: using consortium)

Encapsulated microorganisms for environmental
protection

Phenol and its derivatives are common con-
stitutes of industrial wastewater and toxic to human
and the environment. Removal of phenolic waste
from the industrial effluents is of great concern and
biodegradation by microorganism can be envisaged
as a green alternative. This work aimed in isolating
microbial strains capable of degrading phenols and
phenolic compounds, which resulted 26 unidenti-
fied isolates in two different growth media. Out of
these, 10 isolates were able to degrade and grow
in the presence of phenol (300 mg/L) in 48 h. Five
potential phenol degrading microorganism were
co-cultured (in equal amounts of cells). The result-
ing consortia retained the phenol degrading ability
(Figures 13A & B). Experiments are in progress to
make use of phenol degrading consortia for its abil-
ity to degrade other phenol derivates from specific
industrial effluents.
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Figure 13. Phenol degrading consortia (A); phenol
degrading potential versus growth (B)

BIOFUELS & BIOREFINERY

Sorghum stover-based biorefinery for fuels
and chemicals

Sorghum is a highly productive, short rotation
agricultural crop with low water requirement, able
to produce large quantity biomass with high nutri-
tional content grains. Sorghum is also now proving
as a commercially feasible and sustainable feedstock
for renewable energy. A network project has been
undertaken by NIIST (as coordinator) for devel-
oping an integrated process on sorghum biomass-
based biorefinery involving IICT, Hyderabad; MN-
NIT, Allahabad and TERI, New Delhi.

Pretreatment of soghum biomass: The pre-
treatment studies on sorghum biomass using dif-
ferent acids showed dilute sulphuric acid as the
best. Three different statistical models using acid
concentration, solid loading, residence time and
pretreatment temperature as the key parameters
revealed following as the best pretreatment con-
ditions: 0.37% (v/v) sulphuric acid, 16% (w/w)
solid loading, pretreatment temperature at 150°C
for 15 minutes, followed by enzymatic sacchari-
fication, which resulted about 66% conversion
of sorghum biomass to free reducing sugars. The
compositional analysis of pretreated sorghum
showed efficient removal of hemicelluloses por-
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tion when compared with that of native one.

Alternative strategies for pretreatment of ligno-
cellulosic biomass for bioethanol production

Surfactant assisted ultrasound pretreatment of

sugarcane tops for bioethanol production: A nov-
el surfactant-assisted ultrasound pretreatment was
developed, which could effectively remove hemi-
celluloses and lignin and improve the reducing sug-
ar yield from sugarcane tops. Operational param-
eters for pretreatment and hydrolysis were studied
and optimized. Under optimal hydrolysis condi-
tions, 0.661 g of reducing sugar was produced per
gram of pretreated biomass. The structural changes
of native and pretreated biomass were investigated
by Scanning electron microscopy (SEM), X-ray
diffraction (XRD) and Fourier transform infrared
analysis (FTIR) (Figures 14 and 15). The results
indicated that surfactant-assisted ultrasound pre-
treated sugarcane tops could be used as a potential
feed stock for bioethanol production.

T - SALSE WA

&1 - SALISP WA
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Figure 15. SEM of native and pretreated biomass

Super acid treatment of rice straw for bioetha-
nol production: A novel super acid treatment using
Nafion was developed, which selectively solubilised
the cellulose and hemicelluloses of lignocellulosic
biomass and the hydrolyzate obtained after this
treatment was devoid of fermentation inhibitors
such as HMF and furfural. Fermentation without
any detoxification yielded 4% ethanol. The charac-
terization by XRD and FTIR revealed that the resi-
due formed after the treatment contained lignin as
the major component. One of the main advantages
of this method could be that the super acid were
recovered after the pretreatment, which retained 60
and 35% activity after second and third cycles, re-
spectively.

Hydrolysis of biomass

The conversion to ethanol was pursued actively
with emphasis on enzyme cocktail development
and hydrolysis. NIIST’s own enzyme blends with
Penicillium janthinellum cellulase and Aspergil-
lus niger (AN), or A.unguis (AU) beta glucosidase
(BGL) were tried for hydrolysis of pretreated bio-
mass and blends containing BGL supplementation
was found to be more efficient than the cellulase
used alone (Figure 16).
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Figure 16. Hydrolysis efficiency of enzymes from different
sources

Biomass hydrolysis using NIIST enzyme cock-
tail was efficient and at par with world’s best en-
zymes for biomass hydrolysis. Bench marking of
NIIST cocktail against world’s leading commercial
enzymes for biomass hydrolysis showed that while
NIIST cocktail supplemented with in-house BGL at
0.2 U /FPU could yield ~60 % efficiency, the maxi-
mum attained by the best commercial enzyme con-
taining 55.16 U BGL per FPU - (275 fold higher
than NIIST cocktail) was only 73%. The cocktail is
being developed further to enhance the efficiency
and also for determining the optimal formulation.

Table 1. Hydrolysis efficiency of enzyme blends

NIIST + Brand
' NIIST+BGL Brand GBGL | N_CT2 Brand
Time | (0.2 UBGL N_
(h) /EPU) (1.2UBGL/ (55.16 HT?
A FPU) U/FPU) D
B C
0 0 0 0 0
12 0.201 0.335 0.309 0.405
24 0.285 0.440 0.397 0.443
36 0.288 0.559 0.491 0.473
48 0.393 0.426 0.483 0.434
*Effi-
ciency 59.55 64.55 73.18 65.76
(%)

A: NIIST enzyme cocktail containing P janthinellum cellulase
and A.niger BGL, B : NIIST cellulase + Commercial BGL,
C: Commercial biomass hydrolyzing cocktail from worlds
leading enzyme brand, D: Commercial biomass hydrolyzing

cocktail from world’s leading enzyme brand- different cocktail

Solid acid catalyst for biomass hydrolysis

Control - While enzymatic hydrolysis is probably the most ef-

ficient method to do biomass hydrolysis, chemical
catalysis may also be feasible if the catalyst can be
repeatedly reused with fair amount of conversion
efficiencies. Studies done with Amberlyst 15, as
solid acid catalyst could yield 166 mg of sugar/g of
pretreated rice straw. Though the efficiencies were
low, it demonstrated the applicability of the meth-
od. New glycerol based carbon acid catalyst is being
tried now for the hydrolysis as part of a collabora-
tive project where NIIST is partner of a project on
catalyst development by IICT.

Production, characterization and applications of
biosurfactant from Pseudozyma sp. NII 08165

Studies on exopolysaccharide (EPS) production
from Pseudozyma sp. NII08165, novel ustilagino-
mycetes yeast revealed that EPS production was
maximum on 4" day of inoculation with 3.5 g/l
EPS yield. Structural elucidation by FTIR analyses
showed the typical polymer structure of carbohy-
drate. Size exclusion chromatography showed that
Pseudozyma EPS was a high molecular weight poly-
mer of 1.7 MDa. Sugar analysis by HPLC showed
that the monomers of this EPS were glucose, ga-
lactose and mannose in the ratio of 2.4:5.0:2.6,
respectively. The EPS exhibited high viscosifying
activity and pseudoplastic behavior, which could
make it suitable as a bio-thickener and gelatinizer
in different commercial products (Figure 17). The
compound was thermally stable up to 220°C. The
surface and microstructure of EPS were explored
by SEM and AFM, which indicated that the surface
of the EPS contained spike shaped lumps of vary-
ing size (Figures 18 & 19). SEM analysis suggested a
rigid film-like structure, which showed its potential
for preparing the plasticized films.

41

o
T
o™N
F
(=)
N
-
oc
o
o.
LLl
oc
]
<C
— |
—
—_—
<




o
i)
N
F
(=)
N
-
oc
o
o.
LLl
(2 =
]
<L
—
—
—_—
<

3 /
-

Figure 17. Rheological behaviour of aqueous solution of
Pseudozyma EPS

Figure 18. Scanning electron micrograph revealing the
compact, non-porous film like surface morphology of

Pseudozyma EPS

. um O 1]
Figure 19. Atomic force microscopy revealing the microstructure
of Pseudozyma EPS containing spike shaped lumps

Fermentative production of succinic acid

New activity was initiated at the Centre for Bio-
fuels for the value-addition of biomass hydrolyzates
and pentose rich acid pretreatment liquor. Fermen-
tative production of succinic acid was undertaken
using Aspergillus terreus and biomass hydrolyzates
as medium for fungal cultivation and production.
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The culture could produce 1.25% of succinic acid in
the fermentation broth, which was good consider-
ing that the best yields reported for microbial pro-
duction have been ~ 4% in the defined media with
glucose as carbon source and using recombinant E.
coli.

Production of oil from microalgae
using biofuel industry waste material

Microalgae capable of growth and oil produc-
tion both phototrophically (using sunlight & CO,)
and heterotrophically (using carbon compounds as
energy sources) were cultivated under phototrophic
cultivation with supplementation of CO, and het-
erotrophically with biodiesel industry waste glyc-
erol and using the pentose acid pretreatment liquor
(APL) generated during dilute acid pretreatment
of lignocellulosic biomass. The culture could grow
and accumulate about 38% of its dry cell weight as
oil when cultivated heterotrophically using waste
glycerol as C source (Figure 20). The oil yield was
5-times higher than what was obtained when the
algae was cultivated phototrophically with CO, and
10 times than when cultivated phototrophically
without any CO, supplementation, showing high
potential for biomass and oil production using this
algae (Table 2).

Table 2. Production of biomass and lipids by
Chlorococcum sp

Cultivation conditions | Biomass Yield of %
conc. lipids DCW
(Chlorococcum sp) (mg/1 of lipids
(mg/1)
Phototrophic w/o 152.5+0.7 | 31 £0.65 | 20.8+
Carbon 2.6
Phototrophic 301+0.3 725+04 | 240+
w/CO, 0.84
Heterotrophic w/ 1.008 £7.7 | 304+2.0 | 30.5+%
glucose 0.35
Heterotrophic w/waste | 850 =7 330+£1.0 | 389+
glycerol 1.9
Heterotrophic w/Black | 667.5+4.9 | 158.5+1.6 | 23.4+
liquor 2.0




Figure 20. Chlorococcum sp. isolated from silent valley
national park (A); Nile red stain showing lipid accumulation

when cultivated heterotrophically in waste glycerol (B)

Biobutanol Production

Organism isolated from the contaminated
cooked meat medium was demonstrated to produce
butanol without acetone formation. The culture was
identified as Clostridium sporogenes by 16s rDNA
sequencing (Figure 21). The culture produced bu-
tanol and ethanol using rice straw hydrolyzate in
the ratio of 6.52 and 3.48, respectively. The culture
utilized an average of 50% hexoses and pentoses
present in the hydrolyzates. Specific growth rate de-
creased with 4% and 6% glucose when compared to
2% glucose as substrate. Organism showed specific
growth of more than 50% in 1% butanol and growth
ceased completely with 2% butanol. Acetic acid and
formic acid were the major inhibitors found in the
hydrolyzate and both were found toxic to the organ-
ism at low concentrations. Maximum 5.5g/1 butanol
was obtained by detoxification of hydrolyzate with

anion exchange resin and media engineering.

Figure 21. Clostridium sporogenes BEOI

HEALTH & GENOMICS

Probiotics & Nutraceuticals

Folic acid production by probiotic lactic acid
bacteria: Folate production by Lactococcus lactis sub
sp. lactis (CM28) was studied. Fortification studies
were carried out in 4% skim milk medium because
folate binding proteins of milk improved its stability
and also enhanced the bioavailability of both 5 me-
thyltetrahydrofolate and folic acid. The influence of
various components on folate production including
folate precursors (PABA and glutamate), prebiotics
(fructose oligosaccharides, sorbitol and mannitol),
and reducing agents (sodium thioglycholate, so-
dium ascorbate and cysteine hydrochloride) were
studied individually. The production titers achieved
through the medium formulation studies are shown

in Figure 22.
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Figure 22. Folate production (after 8h fermentation) through
medium formulation using Lactococcus lactis sub sp. lactis

(FAA - folic acid assay medium; Glu - glutamate;
SA - sodium ascorbate)
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Isolation and characterization of antifungal
metabolites from lactic acid bacteria: Antifungal
lactic acid bacteria as bio-preservation organisms
are of particular interest since they greatly influ-
ence the nutritional, sensory and shelf-life charac-
teristics of fermented food products. In the present
study Pediococcus pentosaceus, Lactobacillus ca-
sei and Lactococcus garvieae with antifungal ac-
tivity (Figure 23) were used for the production of
antagonistic metabolites. The active fractions were
extracted in ethyl acetate and purified by silica col-
umn chromatography. Fractions from these bacteria
showed inhibitory activity against varying fungal
cultures such as A4. niger, P. chrysogenum, F. mo-
niliformis and F. oxysporum.

Figure 23. Antifungal activity of the bioactive fractions from
various Lactic acid bacteria
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BIODIVERSITY

Exploiting Western ghats biodiversity for an-
tifungal metabolites for plant disease control: The
antagonistic cultures belonging to Bacillus sp, Pseudo-
monas and Streptomyces sp from the Western ghats re-
gions of Kerala produced bioactive compounds, which
exhibited strong anti-fungal activities against the plant
pathogens such as Phytophthora capsici and Rhizocto-
nia solani. Field studies conducted with cow pea and
pepper plants infected with these pathogens showed
very effective protection from the pathogens (Figure
24). The bioactive compounds produced by two Strep-
tomyces sp strains were identified and characterized
(which had shown inhibition for both the pathogens).
One of the cultures showed 89 % inhibition of R. solani
and 63 % inhibition of P. capsici and the second strain
showed 74 and 53% inhibition, respectively. One of
the purified compounds was a highly conjugative fluo-
rescent molecule with a mass of ~ 271 Da with absor-
bance maxima at 275 nm and emission at 437 nm.

P, capsici after treated with antifungal metabolite

Figure 24. SEM picture showing the growth inhibitory ef-
fect on Phytophthora capsici using the bioactive fraction of
streptomyces species
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Screening, isolation & characterization of
anti-fungal metabolites from actinomycetes:
This study aimed to isolate actinomycetes cultures
from the soil samples collected from the Western
ghats and their evaluation of anti-fungal potential
followed by purification and characterization of
bioactive compounds. Based on the initial studies,
one culture, designated as NII 1006 was studied in
detail. The culture did not produce p-1,4-glucanase
but showed the production of chitinase activity
(0.05 U/ml on the fourth day of incubation). The in
vitro bio-compatibility studies to find out the pos-
sibility of using the cultures in consortia for bio-
control formulations showed good compatibility
with each other and exerted a synergistic biocontrol
effect on fungal pathogen. The organic solvent ex-
traction of the culture supernatant with hexane and
ethyl acetate on partial purification (column chro-
matograph) showed the presence of a relatively po-
lar bioactive compound in ethyl acetate extract. The
HPTLC profiling and proton NMR of the purified
active compound showed that it was highly fluores-
cent and UV active with Rf value 0.6.

PGPR tools for improving crop productivity
in stressed agricultural systems: A group of di-
verse bacteria isolated from the rhizosphere of the
members of family Graminaceae, grass and paddy
(Oryza sativa) growing in the acid sulphate soils of
Kuttanad region, Kerala, were screened for ACC
deaminase activity. The pH of the soil was 4.5 and
the type of soil was kari peat. The samples were col-
lected from post harvested paddy fields under dif-
ferent conditions of dry field and field submerged
in about two feet of sea water. A total of 158 isolates
were obtained from both samples - grass (100) and
paddy (58) isolates.

Diversity of Cobetia sp. in mangrove ecosys-
tem and its plant growth promoting attributes:
A group of 18 Gram-negative halotolerant bacte-
ria isolated from the mangrove rhizosphere of Pi-
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chavaram and Devipattinam mangrove ecosystem
was subjected to diversity studies and its biologi-
cal functions. On the basis of 16S rRNA sequence
analysis, the isolates belonged to the genus Cobetia.
Phenotypically, the isolates showed three different
morphotypes. The intraspecies genetic diversity as
assessed using primers BOX and (GTG),, showed
three genotypes among 18 strains and it collaborat-
ed the results of phenotypic data. The housekeeping
genes (gyrB) were used to determine whether these
isolates belonged to novel strains, which showed
highest similarity with Cobetia marina, showing
88% sequence similarity. The representatives from
each morphotypes were assayed for the biofilm
formation, ACC deaminase activity, IAA produc-
tion and growth in nitrogen-free medium. The iso-
lates showed good biofilm formation, weak ACC
deaminase and IAA production. Apart from this
other PGPR activities like siderophore production,
phosphate solubilisation, various enzyme hydroly-
sis (amylase, pectinase, xylanase, cellulase, protease,
and chitinase) were negative. The biochemical char-
acterization and antibiotic sensitivity of the isolates
showed that all the isolates could tolerate up to salt
concentration of 20 % and none grew in 0% NaCL
This is the first report showing the occurrence of
genera Cobetia on different mangrove rhizosphere.

Zunongwangia mangrovi sp. nov., a novel bac-
terium isolated from a mangrove rhizosphere,
Avicennia marina: A Gram-negative, aerobic,
halophilic, non-motile and rod-shaped bacterial
strain, P2E16", was isolated from a mangrove
rhizosphere, Avicennia marina, collected at de-
vipattinam mangroves, Tamil Nadu, India. Strain
P2E16" grew optimally at pH 7.0-8.0, at 25-
28 °C and in the presence of 2-3% (w/v) NaCl.
The 16S rRNA gene analysis showed that strain
was phylogenetically related to the genus Zunon-
gwangia, with Zunongwangia profunda SMA-
87" as the closest related type strain (98.2% 16S
rRNA gene sequence similarity) and less than
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93% to all other representatives of the genus of
the family Flavobacteriaceae. It contained phos-
phatidylethanolamine as the predominant polar
lipid and iso-C,_, (17.8%), iso-C, 3-OH (15.1%),
C,, (12.8%), iso-C .G (9.0%), iso-C, @9c

(9.8%) and summed Feature 3 (comprising C . w7¢c

and/or is0-C . 2-OH) (7.1%) as the major fatty ac-
ids. The DNA G+C content was 34.3 mol%. Dif-
ferential phenotypic properties, together with the
phylogenetic distinctiveness and low DNA-DNA
relatedness demonstrated that strain P2E167 is dis-
tinct from Zunongwangia profunda SMA-87". On
the basis of the data presented, strain P2E16" could
be considered to represent a novel species of the
genus Zunongwangia, for which the name Zunon-
gwangia mangrovi sp. nov. has been proposed.
The type strain is P2E16" (=DSM 24499 =KCTC
23496%).
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CHEMICAL SCIENCES AND TECHNOLOGY DIVISION

The main research activities of the Chemical Sciences and Technology Division (CSTD) during the
year 2012-2013 can be broadly classified under (i) self-assembly of organic molecules to form functional
materials (ii) design of probes and sensitizers for photodynamic therapy, (iii) sensors and probes for
metal ions and explosives, (iv) luminescent and composite materials, (v) organic catalysis and synthetic
methodologies, (vi) isolation of natural bioactive molecules and (vii) rationalization of prediction of
catalysts through theoretical calculations. The Division has also initiated new research activities for
the 12th Five Year Plan in the interdisciplinary areas with a focus on functional advanced materials for
affordable health, energy, imaging and diagnostic applications.

During this period, the Division has also been enriched by the joining of three new young scientists
having expertise in the synthesis, supramolecular chemistry and device fabrication, respectively. Two
new technical staft also joined to support the research activities of the Division. As in the earlier years,
the members of the Division have been quite successful in publishing 66 papers in high impact journals
with an average impact factor of 4.657. Given below are some of the research highlights of the Division
during the year 2012-2013, along with brief abstracts of the results published in various international peer
reviewed journals.

RESEARCH HIGHLIGHTS

« Photoresponsive “smart” supramolecular assemblies of oligomers/polymers having controlled
helicity and switchable morphologies developed.

« Prepared novel luminescent organogels and liquid crystals with tunable emission properties.

<« Highly luminescent lanthanide complexes, simpler processing methodology for CNTs and
electromagnetic interference shielding materials prepared.

<« Novel water soluble porphyrins synthesized and their potential as sensitizers for live cell nucleus
imaging and photodynamic therapeutical applications invstigated.

<« Designed novel zinc-porphyrin pincer systems as well as the aza-BODIPY derivatives for their
application in facile green photooxygenation reactions.

<« A biocompatible SERS based nanotag for ultra sensitive detection and imaging of human cancer
developed.

« Evidence for a new type of 1,3-metal-carbon bonding in organometallic chemistry discovered in
metallocyclobutadiene systems using DFT calculations.

<« Probes for selective detection of uric acid, nitrite and mercury ions developed.

Facile and simple strategies developed for the synthesis of novel fused benzofuran and

pyrazolidines as well as zerumbone derivatives.
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SELF-ASSEMBLY OF
OLIGOMERS / POLYMERS

Molecular self-assembly plays an important role
on the construction of biological macromolecular
assemblies in living organisms, and so is crucial
to the function of cells. It is equally important in
synthetic organic molecules also, particularly in
the case of m-conjugated systems, which could be
precisely organized through self-assembly, to make
them suitable for applications in the area of opto-
electronics, sensors and biology. In this context,
the division is actively involved in the development
of new functional organic materials through self-
assembly and light induced switching of supramo-
lecular handedness, tuning of optoelectronic prop-
erties, controlled dye release in oligomer/ polymer
materials etc.

Thermally assisted photonic inversion of su-
pramolecular handedness. Symmetry breaking,
leading to a specific handedness (either right or left)
of biological structures is one of the most fascinat-
ing phenomenon in nature. While several factors
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such as vortex motion, stirring, magnetic field and
redox forces may be involved, natural light may
have a key role in controlling the chirality and heli-
cal sense of biological helices. Light is undoubtedly
a versatile external stimulus to control the chemical
and physical properties of molecules, both natural
and synthetic. The role of light and heat on helicity at
a supramolecular level, has been demonstrated with
azobenzene linked phenyleneethynylene (OPE) de-
rivatives. It was found that the helicity of supramo-
lecular assemblies associated with a specific chiral-
ity can be reversibly switched to the opposite helical
sense through a chiral-center-controlled photoi-
somerization of the attached azobenzene moieties.
The study strengthens the general perception that
in combination with other forces, light may help to
determine the parity violation in the symmetry of
natural objects. Temperature-controlled photonic
switching of macroscopic handedness of n-systems
could be further used for the design of smart mate-
rials with switchable electronic properties, such as
conductivity and charge carrier mobility (Ajayag-
hosh et al., Angew. Chem. Int. Ed., 2012, 51, 10505
~09).

Oligo(p-phenylene-ethynylene)-derived
super-m-gelators with tunable emission and
self-assembled polymorphic structures. Linear
n-conjugated oligomers are known to form or-
ganogels through noncovalent interactions. The
effect of repeat units on the gelation and morpho-
logical properties of three different oligo(p-phen-
ylene-ethynylene)s: OPE3, OPE5, and OPE7 were
reported. All of these molecules form fluorescent
gels in nonpolar solvents at low critical gel concen-
trations, thereby resulting in a blue gel for OPE3,
a green gel for OPE5 and a greenish yellow gel for
OPE?7. The molecule-molecule and molecule-sub-
strate interactions in these OPEs are strongly influ-
enced by the conjugation length of the molecules.
Silicon wafer suppresses substrate-molecule interac-
tions whereas a mica surface facilitates such interac-
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tions. At lower concentrations, OPE3 formed ve-
sicular assemblies and OPES5 gave entangled fibers,
whereas OPE7 resulted in spiral assemblies on a
mica surface. At higher concentrations, OPE3 and
OPES resulted in super-bundles of fibers and flow-
erlike short-fiber agglomerates when different con-
ditions were applied. The number of polymorphic
structures increases on increasing the conjugation
length, as seen in the case of OPE7, which resulted
in a variety of exotic structures, the formation of
which could be controlled by varying the substrate,
concentration, and humidity (Ajayaghosh et al,
Chem. Asian J., 2012, 7, 2061-67).

Guided supramolecular polymerization of
oligo(p-phenylenevinylene) functionalized bi-
smelamines. Controlling self-assembled nano-
structures of functional m-conjugated molecules
using concerted action of various noncovalent
interactions, such as m-m stacking and hydrogen-
bonding, is an important research topic for the de-

Hitlical Columns
Helical Columns
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velopment of nanostructures based on organic
materials. In particular, the use of complementary
multiple hydrogen-bonding interactions is attrac-
tive because it would dramatically change self-
assembled structures of m-conjugated building
blocks in the absence and presence of com-
plementary guests. Bismelamines-functionalized
with oligo(pphenylenevinylene) is found to self-
aggregate in nonpolar solvent to form short
nanorods by helical m-m stacking. This inherent
self-aggregation can be guided to a supramolec-
ular polymerization pathway by complexing with a
cyanurate, leading to gel-forming elongated nano-
tapes lacking helical sense of the m-conjugated
moieties (Ajayaghosh et al., Chem. Commun., 2013,
49, 4941-43).

Chain folding controlled by an isomeric repeat
unit: helix formation versus random aggregation
in acetylene-bridged carbazole-bipyridine co-
oligomers. An unprecedented, positional effect of
the isomeric repeat unit on chain folding in donor-
acceptor-linked oligomers, which contain alternat-
ing bipyridine and carbazole moieties that are con-
nected through an acetylinic linkage, was observed.
4,4’-Linked oligomer 1 adopts an intrachain heli-
cal conformation (CD-active) in CHCI,/MeCN
(20:80 v/v), whereas oligomer 2, which contains an
isomeric 6,6 -linkage, forms interchain randomly
The substitution
position plays a significant role in controlling the

coiled aggregates (CD-inactive).

variations in electronic effects and dipole moments
around the bipyridyl moiety, which are responsible
for this observed phenomenon. Two model com-
pounds of oligomers 1 and 2 (3 and 4, respectively)
were prepared and their properties were compared.
A systematic investigation of the photophysical
and CD properties of these structures, as well as
theoretical studies, are in support of the proposed
mechanism (Ajayaghosh et al, Chem. Asian ],
2013, DOI: 10.1002/asia.201300132).
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Trigonal 1,3,4-oxadiazole-based blue emitting
liquid crystals and gels. Star-shaped molecules
consisting of a 1,3,4-oxadiazole core derivatized
with alkoxy-substituted phenyl ethynylenes, FD12
(dodecyl) and FD16 (hexadecyl) were synthesized.
These molecules exhibited enantiotropic columnar
mesophases over a wide temperature range, with
the liquid crystalline phases exhibiting strong blue
fluorescence. On cooling, FD12 transformed into
a transparent glass at room temperature and the
liquid crystalline texture was retained. The glassy
film remained stable over a period of one year

S
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and exhibited blue luminescence with an absolute
quantum yield of 26%. The oxadiazole derivatives
formed stable luminescent gels in decane and study
of their morphology by scanning electron micros-
copy (SEM) and transmission electron microscopy
(TEM) indicated formation of interlocked network
of self-assembled fibers. X-ray diffraction (XRD)
analysis of the xerogel of these derivatives indicated
oblique columnar ordering of the molecules within
the fibers. The length of the alkyl substituent was
observed to have a significant effect on the absorp-
tion and fluorescence properties of the gels, which
was attributable to the role of the alkyl substituents
in controlling the nature of the molecular packing
within the self -assembled fibers of the gels (Suresh
Das et al., ]. Phys. Chem. B, 2012, 116, 13071-80).

Photocleavable glycopolymer aggregates. A
novel water soluble diblock glycopolymer, poly
(spiropyran methacrylate) - block - poly (3-O-4-vi-
nylbenzoyl-D-glucopyranose) (PSP-b-PBG), was
synthesized by the conventional atom transfer radi-
cal polymerization (ATRP) technique. Irradiation
with UV light results in switching of the hydropho-
bic colourless spiropyran (SP) form to zwitterionic

purple coloured merocyanine (MC) increasing the

overall polarity of the glycopolymer, resulting in its
enhanced affinity towards water. The MC form re-
verts back to the SP form in the dark or under vis-
ible light irradiation, restoring the amphiphilic na-
ture of the polymer. Vesicular aggregates formed by
this diblock copolymer in water could be dissoci-
ated and reconstructed by alternate UV and visible
light irradiation. The ability of these polymersomes
to efficiently encapsulate, release and re-encapsu-
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late a hydrophobic dye was also explored (Suresh
Das et al., Polym. Chem. 2013, 4, 623-28).

A photoresponsive fluorescent glycopolymer.
A new photoresponsive amphiphilic glycopolymer,
poly (pyrenylmethyl methacrylate) - b - poly (3-O-
(PPy-b-PBG),
synthesized via atom transfer radical polymeriza-
tion (ATRP). The aggregation behaviour of PPy-b-
PBG was investigated in dilute aqueous solutions

4-vinylbenzoyl-D-glucopyranose)

by dynamic light scattering and fluorescence spec-
troscopy. Formation of spherical aggregates was ob-
served in solutions under controlled conditions due
to the amphiphilic nature of the polymer. The pres-
ence of strong pyrene excimer emission in aqueous
solution indicated the aggregation of pyrene units.
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Irradiation of these glycosomes with UV light re-
sulted in the photo-solvolysis of 1-pyrenylmethyl
esters accompanied by the disruption of the poly-
mer aggregates due to the hydrophilic nature of the
residual polymer. The morphology of the polymer
aggregates before and after UV irradiation was ex-
amined by AFM, SEM and TEM. Encapsulation of
hydrophobic Nile Red molecules by the glycosomes
resulted in successful fluorescence modulation and
UV irradiation resulted in the controlled release
of the entrapped dye into water (Suresh Das et al.,
Polym. Chem., 2012, 3, 2619-24).

Dye encapsulation and release by a zinc-por-
phyrin pincer system through morphological
transformations. With a view to develop organic
and supramolecular assemblies for biological appli-
cations, novel amphiphilic porphyrin systems con-
taining the pyridine pincer systems were designed

Bl 52

and investigated their photophysical and morpho-

logical transformations under different conditions.
Of these systems, the complex possessing five Zn**
ions in the core as well as pendant groups exhibited
vesicular structures in methanol, whereas in the
aqueous medium, it underwent a time-dependent
morphological transformation from nanofibers to
sheet-like structures as evidenced through various
photophysical and microscopic techniques such as
SEM, AFM, TEM and DLS. Uniquely, the vesicles
of the complex can encapsulate fluorescent, HPTS
dye molecule in methanol, which can be released
on demand into the aqueous medium through
morphological transformations induced by time
and solvent polarity. The effect of metal ions on
the stability and nature of the supramolecular as-
semblies and interactions of these assemblies with
biologically relevant molecules are currently being
explored for their potential applications (Ramaiah
et al, RSC Adv., 2013, 3, 3815-18).

Study of B-cyclodextrin-pyromellitic diimide
complexation. Conformational analysis of binary
and ternary complex structures by induced circu-

lar dichroism and 2D NMR spectroscopies. Com-
plexation of N-alkyl derivatives of PMDI with
B-CD was probed using a variety of techniques.
Although MALDI-TOF and CV experiments
suggested complex formation it was very evident
from UV-Vis and NMR experiments that these
complexes are different from regular inclusion

complexes. A clear understanding of the struc-



ture of the binary complex PMDI@-CD could
be obtained using ICD and NMR ROESY experi-
ments. ICD signals were negative which suggest
that the PMDI moiety is placed outside of the
cavity. ROESY experiments provide support for
this contention. When the alkyl group is #-butyl
or 2-propyl, the CH, protons exist very close to
the inner protons of B-CD, but the aromatic pro-
ton of PMDI is clearly outside the B-CD cavity.
Based on these results, a structure for PMDI@)-
CD with the PMDI moiety placed at the narrow
rim of B-CD and the N-alkyl group projecting
into the cavity was proposed and designated
these as ‘rim-binding’ complexes. Additional ex-
periments showed that B-CD can accommodate a
PMDI moiety at the narrow rim and an adaman-

tane moiety in its cavity simultaneously, resulting

'
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in the formation
of ternary com-
plexes PMDIof-
CDcADA. Struc-
ture of the ternary
complex was also
probed by RO-
ESY. The ternary

complex formation can be utilized for the design

of higher order functional materials such as CD-
based hydrogels (Gopidas et al., J. Phys. Chem.
C, 2012, 116, 25004-14).
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Optical investigation of self-aggregation of a
tetrazole substituted diphenylacetylene deriva-
tive: Steady and excited state dynamics in solid
and solution state. Slow crystallization and fast
precipitation of a tetrazole substituted diphenyl-
acetylene derivative (MPT), led to formation of
solids with significantly different photolumines-
cence efficiencies of 0.06 and 0.33 respectively.
Detailed study of the photophysical properties
of solutions of MPT as a function of concen-
tration and temperature indicated that extent of
formation of J- and H-aggregates played a sig-
nificant role in determining the luminescence
properties of these materials. Time resolved
emission spectroscopy showed that the lifetime
of emission arising from the aggregated species
was significantly higher than that of the mono-
mer species. The long lived emission might be
due to the formation of excimer arising from the
excitation of ground state J- and H-aggregates.
The higher quantum yield of fluorescence in the
solids obtained by fast precipitation could be at-
tributed to the presence of increased amounts of
J- aggregates similar to that observed in highly
concentrated solutions (> 4.2x10“M). The pho-
tophysical studies of MPT in various concentra-
tions indicated that J-aggregates are significantly
more fluorescent than that of the H-aggregates.
Transient absorption spectra measured by nano-
second laser flash photolysis indicated the forma-
tion of a triplet excited state with an absorption
maximum~490 nm and a quantum yield of 0.61
(Karunakaran et al., J. Phys. Chem. C, 2013, 117,
9404 — 15).
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PROBES AND SENSITIZERS FOR
PHOTOMEDICINE

Photobiology deals with the scientific study of in-
teraction of light with living organisms, and imparts
a crucial role in human life. It helps us to under-
stand the sensory and regulatory reactions of organ-
isms upon exposure to light such as photosynthesis,
vision, phototropism, photoperiodism, growth and
development of the organism. The much attracted
on-going researches in photobiology are the effect
of various kinds of radiation on the evolutionary
process, origin of life, maintenance of the ecological
balance and use of light as diagnostic and treatment
tool by photooxidation of proteins and photoinac-
tivation of diseased cells and tissues such as photo-
dynamic therapy for cancer and PUVA therapy for
psoriasis. The results related to the design of probes
and sensitizers for PDT are described below.

In vitro demonstration of apoptosis mediated
photodynamic activity and NIR nucleus imag-
ing through a novel porphyrin. Porphyrins have
attracted much attention as sensitizers due to their
higher cellular affinity and very low dark toxicity. In
this context, novel water soluble neutral porphyrin

derivatives were synthesized and investigated their
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photophysical and in vitro photobiological proper-
ties. These systems exhibited high triplet excited
state (@, = 0.66-0.94) and singlet oxygen genera-
tion efficiency (®,= 0.59-0.92). Investigation of the
in vitro photodynamic activity indicated that these
porphyrins exhibit high photocytotoxicity in can-
cer cell lines with negligible dark toxicity even at
higher concentrations. Interestingly, the porphyrin
derivative THPP showed about 2-3-fold higher in
vitro photodynamic activity than the clinically used
sensitizer Photofrin® under identical conditions.
The mechanism of the biological activity of these
systems was evaluated through DNA fragmenta-
tion, comet assay, PARP cleavage, CM-H,DCFDA
assay, flow cytometric analysis, fluorescence and
confocal microscopy, which confirmed the apop-
totic cell death. Importantly, THPP showed rapid
cellular uptake (< 10 min) and localized specifically
in the nucleus of the cells. These derivatives can act
as efficient sensitizers in photodynamic therapy
and for nucleus imaging applications (Ramaiah et
al., ACS Chem. Biol., 2013, 8, 127-32).

Squaraine dyes in PDT: From basic design
to in vivo demonstration. The high selectivity in
the destruction of tumour cells over normal cells
has made photodynamic therapy (PDT) an attrac-
tive alternative to the traditional cancer therapies.
The basic principle of PDT involves the genera-
tion of highly toxic and reactive oxygen species
upon excitation of a sensitizer. Several compounds
from simple aromatics to complex macrocycles
have been proposed as sensitizers in PDT includ-
ing porphyrins, phthalocyanins, chlorins, bacte-
riochlorins, methylene blue etc. The development
of novel squaraine dyes as sensitizers for photody-
namic therapy (PDT) has grown tremendously in
the last decade. The squaraine dyes which show
i) improved absorption properties, ii) improved



quantum yields of triplet excited state and singlet
oxygen generation iii) squaraines that exhibit two
photon-absorption iv) as carrier-based drug de-
livery systems and v) squaraines for in vitro and in
vivo investigations also got much attention during
the recent years (Ramaiah et al., Org. Biomol. Chem.
2012, 10, 911-20).

Meso-tetrakis(p-sulfonatophenyl)N-con-
fused porphyrin tetrasodium salt: A potential
sensitizer for photodynamic therapy. N-Confused
porphyrins (NCPs) are isomers of porphyrins with
an 18 7 electron conjugated pathway as a normal
porphyrin. A water-soluble derivative of N-confused
porphyrin, meso-tetrakis(p-sulfonatophenyl)-N-
confused porphyrin tetrasodium salt (NCPS) was
developed and its photodynamic activity was inves-
tigated. NCPS showed a triplet quantum yield of @,
= 0.70 with triplet life time of 1.2 ps. The singlet
oxygen generation efficiency of NCPS was found to
be @, = 0.70 in methanol. Cytotoxic studies over a
series of cell lines revealed that NCPS is essentially
non-toxic in the absence of light but interestingly
showed high photocytotoxicity toward adenocar-

cinomas over the other epithelial cancer cell lines
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studied. The mechanism of the biological activity
of NCPS was evaluated through PARP cleavage,
CM-H,DCFDA assay and flow cytometric analysis,
which confirmed the apoptotic cell death mediated
in a mitochondrial-dependent manner. The photo-
physical and in vitro studies ensure the potential can-
didacy of NCPS as a photodynamic therapeutic drug
(Ramaiah et al., ]. Med. Chem. 2012, 55, 5110-20).

Aza-BODIPY derivatives: enhanced quan-
tum vyields of triplet excited state and singlet
oxygen generation and their role as facile green
photooxygenation catalyst. Singlet oxygen can
mediate a wide range of reactions such as photoox-
ygenation of organic substrates, in addition to PDT
applications,. In this context, a new series of aza-
BODIPY dyes was developed and tuned their trip-
let excited state as well as the yield of singlet oxygen
generation, by substituting with heavy atoms such
as bromine and iodine. The effect of substitution
was studied by varying the position of halogena-
tion. The core-substituted dyes showed high yields
of the triplet excited state and high efficiencies of
singlet-oxygen generation when compared to the
peripheral-substituted systems. The aza-BODIPY
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dye having six iodine atoms on the core and periph-
eral phenyl ring, showed the highest quantum yields
of triplet excited state (O, = 0.86) and singlet-oxy-
gen generation (@, = 0.80). Interestingly, these dyes
were found to be highly efficient as photooxygen-
ation catalysts under normal sunlight conditions.
These aza-BODIPY systems exhibit high yields of
singlet-oxygen generation, and can act as efficient
and sustainable catalysts for photooxygenation re-
actions (D. Ramaiah et al., Chem. Eur. J. 2012, 18,
12655-62).

Surface-enhanced = Raman  scattering
(SERS) in cancer detection and imaging. Raman
scattering is a relatively weak optical process that
provides information about the unique vibrational
modes of molecules. SERS offers an excellent plat-
form for the development of diagnostic assays and
optical imaging tools. In addition to high sensitiv-
ity, SERS fingerprints of individual molecules per-
mit excellent multiplexing capabilities because of
the very narrow spectral width of Raman peaks
(typically 10-100 times narrower than fluorescence
peaks). The possibility of using a single excitation
source for multiple probes, minimal photo bleach-
ing, and low background from water are additional
advantages. In recent years technologies that use
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surface-enhanced Raman scattering (SERS) have
experienced significant growth in bio-medical re-
search. SERS is also used as a non-invasive tool for
cancer imaging with immuno-SERS microscopy,
histological analysis of biopsies, and in vivo de-
tection of tumors. A review article was published
summarizing the progress in SERS for cancer di-
agnostics, including multiplexed detection and
identification of new biomarkers, single-nucleotide
polymorphisms, and circulating tumor cells. This
also covers the Institute’s work on the development
of ultrasensitive SERS-nanotags for cancers detec-
tion viz., breast and head and neck both in vitro
through cell surface marker and in vivo xenograft
model of small animal. The future of SERS probes
compatible with multiple imaging modalities and
their potential for clinical translation (e.g., endo-
scope-based and intraoperative imaging as tools for
surgical guidance) are also discussed. In addition,
this review highlights the potential of SERS agents
for targeted drug delivery and photo-thermal ther-
apy (Maiti et al., Trends in Biotechnology, 2013, 31,
249-57).

PROBES / SENSORS FOR
EXPLOSIVES AND METAL IONS

A number of proteins, other molecules and ions
have been identified in the living system in the last
era. Most of them play an essential role in regulat-
ing cellular functions and therefore in the mainte-
nance of health and other activities. Understanding
the chemistry of these intracellular molecules and
ions, directly inside the cells is one of the biggest
challenges of the post genome era. Direct visualisa-
tion of cellular molecules, provides us direct infor-
mation clarifying their biological significance with-
out homogenizing the cells or dissecting the living
organism. Design and synthesis of a chemosensor,
which can convert a biological signal to a readable
chemical output is therefore of great significance.



A near-infrared fluorescent nanosensor
(AuC@Urease) for selective detection of blood
urea. Urea is a by-product of protein metabolism
that is formed in the liver, carried by the blood and
excreted through the kidney in urine. Therefore,
urea is an important marker for evaluating uremic
toxin levels and kidney and hepatocellular func-
tions. Urea detection is also important in the esti-
mation of non-protein nitrogen in food products
such as milk since it is known that urea adultera-
tion is utilized as an indicator of protein feeding ef-
ficiency. A gold cluster based nanosensor (AuC@
Urease) for the selective and direct detection of
urea in blood samples is reported. This method has
relevance in clinical diagnosis and health care. The
main advantage of the proposed sensing mecha-
nism is that, it works directly on the blood, whereas
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currently adopted clinical methods require serum
separation for the detection of urea and many of
them work on colorimetric assay which is often
hindered by the color of blood. Moreover, this
highly sensitive and direct sensing method has the
advantage of providing quick results as there is no
need of serum separation (Ajayaghosh et al., Small,
DOI: 10.1002/smll.201300213).

Colorimetric detection of copper ions in
sub-micromolar concentrations using a triaryl-
amine-linked resin bead. The triarylamine de-
rivative, ~methyl-4-(bis(4-methoxyphenyl)amino)
benzoate (ETPA) reacts with Cu®* to give deeply

colored, stable radical cations in acetonitrile solu-
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tion. ETPA was immobilized on to a tentagel resin
bead which was then used for the fabrication of a
simple device capable of colorimetric detection of
submicromolar concentration of Cu** ions in wa-
ter. The naked eye detection limit reported by this
method for Cu?* is one of the lowest ever reported
for small molecule sensors (Gopidas et al., Analyst,

2012, 137, 5358-62).

Highly selective and sensitive colouri-
metric detection of Hg** ions by unsymmetrical
squaraine dyes. A novel class of sulphonate group
containing unsymmetrical squaraine dyes has been
synthesized. These dyes showed a selective and sen-
sitive affinity towards Hg** in methanol and were
practically insensitive to most other environmen-
tally and biologically relevant metal ions. Isother-
mal titration calorimetric (ITC) studies and High
Resolution Mass Spectral (HRMS) analysis indicat-
ed a 1:1 binding mode. '"H and "C NMR of the iso-
lated dye Hg** adduct showed an unusual addition
reaction of Hg** along the phenyl-squarate carbon-

+ ?Gg
-@—?—\}"5 o —K’A{*‘W‘

carbon bond which was also supported by TD-DFT
calculations using PM6 level geometries (Suresh et
al., Dyes and Pigments, 2013, 96, 714-21).

n-Conjugated polymer-Eu’* complexes:
Versatile luminescent molecular probes for
temperature sensing. Carboxylic acid function-
alized segmented m-conjugated polymers hav-
ing oligophenylenevinylene chromophores in the

57 Il

o
i)
N
F
(=)
N
-
oc
o
o.
LLl
(2 =
]
<L
— |
—
—_—
<




o
i)
N
F
(=)
N
-
oc
o
o.
LLl
(2 =
]
<L
—
—
—_—
<

2
3
- NATIONAL INSTITUTE FOR INTERDISCIPLINARY SCIENCE & TECHNOLOGY, THIRUVANANTHAPURAM

poly(ethyleneoxide) or polymethylene backbones
were custom designed, synthesized and utilized
as efficient photosensitizers for Eu** ions. These
n-conjugated polymer-Eu** ion complexes were
found to be thermo-sensitive and behaved as re-
versible ‘turn-on’ or ‘turn-oft” luminescent switches
in solution and in solid state. Luminescent decay
studies revealed that the red-emission from the
Eu’* ion excited state was highly sensitive to tem-
perature which drove the functioning of optical
switches. The decay rate constants followed a typi-
cal Arrhenius trend over a wide temperature range
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having similar activation energies. Both the nature
as well as length of the segmented polymer chain
that tied the OPV optical chromophores in the
backbone determines the temperature range of the
luminescent on-oft process. The present strategy
opens up new concept and molecular design prin-
ciples for m-conjugated polymer-lanthanide ion
complexes as potential candidates for temperature
sensitive luminescent molecular probes (Reddy et
al., J. Mater. Chem. A, 2013, 1, 2256-66).

Construction of rhodamine 6G entrapped
sol-gel film test strip for virtually specific and
sensitive sensing of nitrite. A test strip sensor was
developed for nitrite by the entrapment of rho-
damine 6G in sol-gel film conformed by different
characterization techniques. The pink coloured
sol-gel films turns orange on treatment with nitrite
containing samples, acidified with sulphuric acid.
Linear calibration graph (R*>=0.9980) for nitrite
was obtained in the range 40-120 ppb with a limit
detection of 7 ppb and this method is by far the
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most selective amongst the existing ones. The test
strip also showed a reproducible result with RSD
of 6% for 40 ppb of nitrite with response time of 10
minutes. The method was applied for the determi-
nation of nitrite in different types of environmental
samples and the results obtained were in good cor-
relation with those obtained by a standard method
(Prasada Rao et al., Sensors ¢ Actuators B Chemi-
cal, 2012, 173510-16).

Synthesis of silver nanocluster film modi-
fied silver electrode for trace level sensing of ni-
trate in aqueous media. A simple potentiostatic
method was used in the synthesis of surfactant
stabilized silver nanoclusters onto a silver disc
electrode. Characterization of silver nanoclusters
was carried out by spectral, morphological and
electrochemical techniques. The silver nanocluster
film modified electrode was used for square wave
voltammetric sensing 1x10** to1x107 M of nitrate
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with a detection limit of 1.5x10"° M. The sensor
showed a good precision of 1.2 %( n=3) at 10*M
of nitrate. Electrocatalytic studies were undertaken
with AgNC modified electrode in 0.1M NaH,PO,
buffer solution (pH 4.5) containing 10°M NO, by
scan rate variation and single step chronoampero-
metric studies (Prasada Rao et. al., Indian J. Chem.
2012, 51B, 1607-12).

Virtually specific UV-molecular probe for
nitrite sensing. A highly sensitive and selective UV-
molecular probe has been developed for detection
of low concentrations of nitrite in aqueous solu-
tion based on monotonous increase in absorbance
of rhodamine 6G at 385 nm. Addition of nitrite (0
to 0.5 mgL"') resulted in a bathochromic shift in
UV absorption maximum of rhodamine 6G from
355 to 385 nm. The addition of other anions like
I, SCN;, ClO,, [Hgl,]* and [Zn(SCN),]* showed
a bathochromic shift from 525 (the visible range
absorption maximum) to 575 nm with no percep-
tible absorption at 385 nm. This enabled a virtually
specific UV-molecular probe for rapid, precise and
reliable monitoring of traces of nitrite in environ-
mental samples and food materials. (Prasada Rao et
al., Electrochim Acta, 102, 2013, 299-305).

Anthracene-oxyquinoline dyad as a che-
mosensor for Hg(II): Unfolding with Hg(II)
(sensors). The design and development of syntheti-
cally simple fluorescent reporters with inherent
properties of selective binding and sensing of envi-
ronmentally hazardous cations is considered as an
active area of research. Among the different tran-
sition metal ions, the detection of Hg?" is attract-
ing attention due to its neurotoxic, genotoxic, and
immunotoxic effects. As part of ongoing research
in the development of synthetically simple 8-hy-

:)
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droxyquinoline (8-HQ) derived chemosensors, the
synthesis and characterization of a new oxyquino-
line-anthracene dyad (HQ-AN) which behaves as a
selective chemosensor with excellent selectivity and
sufficient sensitivity for the detection of Hg** ions in
ACN-H20 system was successfully done. The dyad
which originally exists in a folded conformation
with the two anthracene moieties in close proxim-
ity opens up and the sensing event is characterized
by a color change from greenish-blue (excimer) to
blue fluorescence (monomer) ( Luxmi Varma et al.,
Tetrahedron Lett., 2012, 53, 3951-54).

LUMINESCENT AND COMPOSITE
MATERIALS

Invention of novel materials and develop-
ing low cost processing methodologies forms the
back bone of any technological progresses. Chem-
ists with their special ability to manipulate atoms,
bonds and composition have achieved the capac-
ity to develop materials with fine-tuned properties
suitable for a wide variety of applications. Carbon
nanotubes, with their peculiar mechano-electronic
properties, is shown to be a replacement candidate
for silicon based devices and their hybrid combi-
nation phosphorescent materials pave way to novel
light emitting devices. Results related to mate-
rial applications research from the division are de-
scribed below.

Azobenzene-based supramolecular poly-
mers for processing MWCNTs. Carbon nanotube
(CNT) based materials have found potential appli-
cations in a number of different areas such as opto
- and electronics devices, gas storage, sensing, solar
cells, biomedicine and therapeutics. However, pro-
cessing and purification of CNTs remains as one of
the major challenges. Among the various proposed
methodologies, processes utilizing non covalent
interactions are promising as this would lead to
minimum structural modifications of the carbon
framework, preserving its key electronic and struc-
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tural properties. The Institute team has synthesized
a molecule having photo and thermo responsive
azobenzene unit and H-bonding terminal groups.
This molecule forms supramolecular polymer
through H-bonding interaction and, in the trans
configuration, bind to the exosurface of the CNTs
resulting in efficient solubilisation. By controlling

the trans—cis isomerisation of the supramolecular
polymer, the investigators could modulate the in-
termolecular interactions between MWCNTs thus
reversibly affecting the suspensions of the MW-
CNTs, either favouring it (by heating, i.e. cis > trans
isomerisation) or inducing the CNTs' precipitation
(upon irradiation, trans - cis isomerisation). With
this methodology the processability of CNTs can be
made simpler by the application of one of the com-
mon external stimuli such as light and heat. Sche-
matic representation of the envisaged methodology
for controlling the dispersibility of CNTs by means
of stimuli-responsive molecule is shown in the fig-
ure (Yoosaf et al., Nanoscale, 2013, 5, 634-45).

Bright green luminescent molecular
terbium plastic materials derived from
3,5-bis(perfluorobenzyloxy)benzoate. This

work focuses on the development of bright green
luminescent molecular terbium plastic materials,
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which exhibits impressive quantum yields (65%)
and excited state life time values (1.49 ms).The
results demonstrated that the replacement of
high-energy C-H vibrations with fluorinated
phenyl groups in the 3,5-bis(benzyloxy)benzoate
effectively improves the luminescence intensity and
lifetimes of lanthanide complexes. It is interesting
to note that the designed fluorinated carboxylate
is well suited for the sensitization of Tb** emission
(@ = 52%), thanks to favourable position of the
triplet state of the ligand as investigated in the Gd’*
complex. On the other hand, the corresponding
Eu’* complex shows weak luminescence efficiency
(@ = 24%) due to poor match of the triplet state
of the ligand with the emissive excited states of
the metal ion. In the present work, efforts have
also been made to isolate luminescent molecular
terbium plastic materials by combining the
unique optical properties of lanthanides with
the mechanical characteristics, thermal stability,
flexibility and film-forming tendency of polymers
(PMMA). The photoluminescence quantum yields
of polymer-lanthanide hybrid materials were

&/

significantly enhanced (53-65%) as compared
to that of the Tb*'-3,5-bis(perfluorobenzyloxy)
benzoate complex (Reddy et al., J. Mater. Chem.,
2012, 22, 10852-59).




Highly luminescent and thermally stable lan-
thanide coordination polymers designed from
4-(dipyridin-2-yl)aminobenzoate. A new aro-
matic carboxylate ligand, namely, 4-(dipyridin-
2-yl)aminobenzoic acid (HL), was designed and
employed for the construction of a series of lantha-
nide complexes (Eu**,Tb** and Gd**). Complexes
of Eu’*and Tb** were structurally authenticated by
single-crystal and were found to exist as infinite 1D
coordination polymers with the general formulas
{[Eu(L),(H,0),]} and {[Tb(L),(H,0)].(H,0)} . The
photophysical properties demonstrated that the de-
veloped 4-(dipyridin-2-yl)aminobenzoate ligand
is well suited for the sensitization of Tb*" emission
(@
triplet state (*nm*) of the ligand [the energy differ-

= 64%) due to the favourable position of the

overall

ence between the triplet state of the ligand and the
excited state of Tb** (AE) =*nn* —°D, = 3197 cm™],
as investigated in the Gd** complex. The corre-
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sponding Eu’* complex showed weak luminescence

efficiency (¢ =7%) due to poor matching of the

overall

triplet state of the ligand with that of the emissive

5D =
0

6447 cm—1). Another noteworthy feature from the

excited states of the metal ion (AE = *nrt* —

current study is an efficient Tb**-to-Eu** energy
transferability in a heteronuclear lanthanide com-
plex, and hence it is a potential candidate for appli-
cations in the field of colour displays, luminescence
sensors, and structural probes (Reddy et al., Inorg.
Chem. 2012, 51, 8818-26).

Unique green luminescent solvent-free ter-
bium coordination polymer. A unique, green lumi-
nescent solvent-free terbium coordination polymer
based on the new 4-[4-(9H-carbazol-9-yl)-butoxy]
benzoate ligand synthesized and structurally au-
thenticated by single-crystal X-ray diffraction. The
polymer exhibited an unusually low coordination
number for a terbium cation (CN = 6). It is inter-
esting to note that each carboxylate group exhibits
only a bridging-bidentate mode, with a complete

lack of more complex connectivities that are com-
monly observed for extended lanthanide-contain-
ing solid-state structures. While the reason for this
rare coordination environment is unclear, it is pos-
sibly related to the steric influence that results from
the bulky nature of the ligand species. The presence
of bidentate nitrogen donor ligands significantly
enhanced the quantum yields of both the Eu’* and
Tb** benzoate complexes. This observation can be
explained on the basis of additional energy transfer
from the ancillary ligand to the carboxylate ligand
in the ternary complexes, which in turn enhances
the overall sensitization efficiency of the complex
molecule. This result may be further explained on
the basis of the minimization of non- radiative de-
cay rates in monomeric complexes in comparison
with those of polymeric species (Reddy et al., Dal-
ton Trans., 2012, 41, 14671-82).

Visible-light excited red emitting lu-
minescent nanocomposites derived from Eu-
ropium (III)-phenathrene-based fluorinated
B-diketonate complexes and multi-walled car-
bon nanotubes. A novel pB-diketone ligand,

4,4,5,5,5-pentafluoro-3-hydroxy-1-(phenanthren-
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3-yl)pent-2-en-1-one (Hpfppd), which contains a
polyfluorinated alkyl group, as well as a conjugated
phenanthrene unit, was synthesized and utilized
for the construction of two new europium coor-
dination compounds [Eu(pfppd),(H,0),]  and
[Eu(pfppd),(tpy)] , (where tpy = terpyridine). The
designed europium compounds were well charac-
terized and their solid-state photoluminescence
(PL) properties were examined. The introduction
of a highly conjugated phenanthrene moiety into
the 3-position of the p-diketonate ligand remark-
ably extended the excitation window of the corre-
sponding Eu** complexes towards the visible region
(up to 500 nm). The PL study demonstrated that the
replacement of high-energy oscillators O-H (wa-
ter molecules) with an ancillary ligand terpyridine
leads to an impressive enhancement in both over-
all quantum yield (from 31 to 75%) and °D, life-
time (from 0.51 to 1.04 ms) values. The solid-state
quantum yield of [Eu(pfppd),(tpy)], is found to be
the highest so far reported in the literature under

blue-light excitation (415 nm). To gain a wider ap-
plicability and also to overcome the poor thermal,
photochemical and mechanical stabilities of Eu**-
B-diketonate luminophores a nanocomposite ma-
terial (1@oxMWCNTs) also has been developed,
which exhibited high thermal stability and lumi-
nescence efficiency (Reddy et al., J. Mater. Chem. C,
2013, 1, 160-70).
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Development of electromagnetic inter-
ference shielding materials from the compos-
ite of nanostructured polyaniline-polyhydroxy
iron-clay and polycarbonate. Nanostructured
multifunctional electromagnetic composites have
attracted a great deal of attention for their poten-
tial applications in various fields. EMI shielding
essentially depends on the conductivity, dielectric
constant and magnetic property of the materi-
als for various applications. Materials having dual
property of conductivity and magnetic properties
are suitable for EMI shielding applications. In the
present work, the development of novel electro-
magnetic interference shielding material from the
composite of nanostructured polyaniline- polyhy-
droxy iron-clay (PPIC) and polycarbonate through
solution blending process is demonstrated. Onset
of percolation threshold has been manifested from
the morphological studies in combination with
electrical conductivity measurements. Temperature
dependent electrical conduction mechanism was
studied by applying Mott theory and was found to
follow 3-D VRH model. The presence of interac-
tion between the host matrix and nanofiller were
studied by rheological property measurement in
combination with FTIR spectroscopy. Films were
further characterized for EMI shielding efficiency
and thermo-mechanical properties. Results sug-
gest that these transparent composite films can be
used for the fabrication of EMI shielding/ electro-
static dissipation material for the encapsulation of
electronic devices and as electrostatic material for
high technological applications (Sudha et al, J.
Appl. Poly. Sci., 2013, 128, 1756-63).

Nanostructured polyaniline-polytitanate-
clay composite for photocatalytic applications:
Preparation and properties. Nanostructured multi-
functional polyaniline-polytitanate-clay composite
(PPTC) was prepared by the polymerization of ani-
linium hydrochloride in a dispersion of polytitanate
functionalized clay at room temperature. During



polymerisation, polyaniline form linkages between
these disorganized titanate modified clay layers and
may co-structure with the self-assembled polyani-
line layers. Later, they rolled up to form three di-

W e |

mensionally ordered nanotubes by the self-assem-
bly process which was confirmed by morphological
analysis, EDS and XRD. Photocatalytic efficiency
of this PPTC was demonstrated by performing the
photodegradation studies of methylene blue and
methyl orange at room temperature under natural
light irradiation. Studies revealed that this novel
PPTC nanocomposite can be used as a prospect-
able candidate for the disposal of pollutants present
in the environment (Sudha et al., RSC Adv., 2012,
2, 6228-36.

ORGANIC CATALYSIS AND
SYNTHETIC METHODOLOGIES

The quest for sustainable development in
chemistry has tempted both organic chemists and
environmental chemists to search for green and en-

S
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vironmentally friendly methodologies. For sustain-
able development, the methodologies should ad-
dress three main factors: 1) reduced consumption
of raw materials and energy, 2) maximum use of
renewable resources and 3) minimal use of harmful
chemicals. In the above context, catalysis is the key
technology to achieve these goals. New catalytic
methods need to be developed and known methods
must be improved for sustainable organic synthesis.
These new methods must be environment friendly
with minimum of waste, with high efficiency and
by utilizing processes with 100% atom economy.
The development of efficient methods to access
complex molecules with multiple stereogenic cen-
ters has become a substantial challenge in both
academic research and industrial applications. The
catalytic methods developed towards various mol-
ecules are discussed below.

Synthesis, characterization and catalytic ap-
plications of palladium nanoparticle-cored den-
drimers stabilized by metal-carbon bonds. Synthesis
and characterization of four generations of palla-
dium nanoparticle-cored Fréchet type dendrimers
(Pd-G,), possessing direct palladium-carbon bonds
were carried out. Synthesis of these core-shell mate-
rials were achieved by the simultaneous reduction
of different generation diazodendrons and Pd(II) in
an organic medium. The resulted organic-inorganic

o o T o NN
Ar-B{OH), [ Ar-SnMe, [ Ar-SI{OMa)y L
(Suzuki)  (Stile)  (Hiyame) ""T’:=T"_

hybrid materials were characterized by IR, NMR as
well as UV-visible spectroscopic techniques. For-
mation of nearly spherical particles of 2 - 4 nm
diameters was confirmed by TEM studies. The ef-
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ficiency of a member of this series, Pd-G, in cata-
lyzing important C-C bond forming reactions such
as Suzuki, Stille and Hiyama couplings was investi-
gated. The results clearly showed that Pd-G, can ef-
ficiently catalyze the cross coupling of aryl boronic
acids, aryl stannanes and organosilicon compounds
with differently substituted aryl halides in addition
to efficiently catalyzing hydrogenation reactions.
The catalyst exhibited good recovery and recy-
clability in Suzuki coupling reactions. The study
suggested that a single catalyst capable of catalyzing
several reactions can be designed (Gopidas et al.,
Eur. J. Org. Chem., 2012, 30447-58).

An exclusive approach to 3,4-disubstituted
cyclopentenes and alkylidene cyclopentenes via
palladium catalyzed ring opening of azabicyclic
olefins with aryl halides. A mild, simple and effi-
cient strategy for the exclusive synthesis of disubsti-
tuted cyclopentenes and alkylidene cyclopentenes
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has been developed. The generality of the method
was established by the reactions of various bicy-
clic hydrazines with aryl and heteroaryl iodides.
The products of the developed methodology can
be used as potential intermediates towards a num-
ber of biologically relevant molecules by utilizing
the multifunctionality. This was established by the
synthesis of antidepressant Cypenamine. Thus the
developed reaction can also be viewed as a practical
and rapid approach towards trans-disubstituted cy-
clopentyl amines (Radhakrishnan et al., RSC Adv.,
2013, 3, 7751-57).
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Palladium catalyzed skeletal rearrangement
of spirotricyclic olefins: A facile one pot strategy
for the synthesis of a novel motif with cyclopen-
tene fused to benzofuran and pyrazolidine. A facile
one pot catalytic tandem reaction for the synthesis
of tetracyclic skeleton consisting of densely func-
tionalized cyclopentene fused to a benzofuran and
pyrazolidine skeleton has been developed. This is
the first report on utilizing a cyclopropane bearing
spirotricyclic olefin in palladium catalyzed organic
transformations wherein complexity is generated
from two simple achiral molecules. The benzofu-
ran-cyclopentane core can be found in more than
200 biologically active molecules. The developed
strategy opens a route towards the development of
catalytic tandem reactions towards the synthesis of

}m@_,@i%
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polycyclic molecules with multiple stereocentres.
Proper functionalization of azabiyclic olefins can
carry forward the palladium relay from the initial
syn addition of organopalladium species leading to
highly functionalized molecules. The methodology
assumes significance because complexity is gener-
ated from simple and distinct achiral molecules
(Radhakrishnan et al., Chem. Eur. J., 2013, DOL:
10.1002/chem.201301475).

Transition metal catalyzed regio and stere-
oselective 1,4-conjugate addition of boronic acids
to zerumbone: A facile route towards novel zerum-
bone derivatives. An efficient, catalytic and gen-
eral method has been developed for the synthesis
of novel zerumbone derivatives, via rhodium(I)
catalyzed 1,4-conjugate addition of various boronic
acids. The addition across the enone of zerumbone
took place in a regio- and stereoselective manner.
A comparative study of the reactivity of organopal-
ladium and organorhodium reagents towards the
1,4-conjugate addition reaction was done and it led
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to the conclusion that, in most cases organopalladium
reagents showed inferior reactivity compared to that
of organorhodium reagents. The synthesized mol-
ecules have high synthetic utility and can be efficiently
utilized in the synthesis of a number of biologically re-
levant molecules (Radhakrishnan et al., Synthesis, In
Press, ID - §S-2013-04-0291-OPR1).

Synthesis of upper rim N-formamido and
isocyanocalix[4]arenes: Adaptation of Ugi-4-CR
on calix[4]arenes towards peptide-like architec-
tures. A multicomponent synthetic methodology
to access large diversities of multifunctionalized

calix[4]arenes via Ugi reaction of aminocalix[4]
arenes and novel isocyanocalix[4] arenes was de-
veloped. The reaction allows to make a variety of
a-acylaminocarboxamide derivatives of calix[4]
arene with considerable generality and simplicity.
This methodology enabled the synthesis of multi-
functionalized calixarenes bearing heteroaromatic
rings and also chromophoric groups like naphthyl
moeity in the peptoid chain. In contrast to many
other peptidocalixarenes reported, the compounds
obtained using this methodology has excellent sol-
ubility in non-polar solvents. During the course of
the present study, the conditions for attaining N-

:)
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formamido and diisocyanocalix[4]arenes were also
optimized successfully, which are of great synthetic
use (Luxmi Varma et al., Tetrahedron, 2012, 68,
6323-28).

BIOACTIVE NATURAL PRODUCTS

Natural products represent a rich source of
new molecules with pharmacological or biological
properties, which are lead compounds for the de-
velopment of new drugs. The inspiration for drug
discovery since the inception of penicillin till date
can be mainly attributed to natural products. The
Institute is actively involved in the isolation, char-
acterization and biological evaluation of natural
products from plants found in Kerala. The selec-
tion of plants is based on the literature available in
Ayurveda and other literature. The isolated com-
pounds are then subjected to detailed biological
evaluation for various activities such as anticancer,
antidiabetic, antihypertensive, anti-inflammatory
etc. The details of some of the activities undertaken
are listed below.

Studies on bioactive compounds of ‘Njavara,
the unique medicinal rice of Kerala. The three im-
portant antioxidant compounds namely, tricin and
two rare flavonolignans -tricin 4’-O-(erythro-f3-
guaiacylglyceryl) ether and tricin 4’-O-(threo-f-
guaiacylglyceryl) ether, found to occur in higher
proportions in Njavara(black-glumed) rice bran
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were further investigated for molecular mecha-
nisms of their anti-inflammatory and anti cancer
effects, in collaboration with Department of Bio-
chemistry, University of Kerala, Thiruvanantha-
puram and Rajiv Gandhi Centre for Biotechnoloy
(RGCB), Thiruvananthapuram, respectively. The
compounds substantially attenuated the levels of
various inflammatory enzymes like COX, 5-LOX,
NOS and oxidative stress, induced by LPS in cell
culture studies with human peripheral blood mono
nuclear cells (Jayalekshmi et al., International Im-
munopharmacology, 2012, 14, 32-38). The study
revealed that the inhibitory effects of these com-
pounds on cell signalling pathways are respon-
sible for its anti-inflammatory activity. Tricin is a
known anti-carcinogenic compound. In the stud-
ies conducted, it was found that the rare flavono-
lignans also induced apoptosis in multiple cancer
cells through mitochondrial membrane potential
loss and subsequent chromatin condensation and
significantly increased the Annexin V binding (Jay-
alekshmi et al., Journal of Natural Medicines, 2013,
DOI:10.1007/s11418-012-0710-7). The
dant, anti-inflammatory and anticancer effects of

antioxi-

the above bioactive compounds identified in Nja-
vara, confirm the medicinal properties of ‘Njavara’
used in Ayurveda and the findings corroborate with
its preferential use in indigenous medicine, over
staple varieties (Jayalekshmi et al., J. Food Biochem.
2012, doi:10.1111/j.1745-4514.2011.00646).

Nimbolide retards tumor cell migration, in-
vasion, and angiogenesis by down regulating MMP-
2/9 expression via inhibiting ERK1/2 and reducing
DNA-binding activity of NF-kB in colon cancer
cells. Neem (Azadirachta indica) is a traditional me-
dicinal plant, which is commonly used for treating
various human ailments. Nimbolide, a major con-
stituent of the neem leaf has been shown to exert
its antiproliferative effects in various cell lines. In
continuation of work on the anticancer activity of
nimbolide, it is further demonstrated that nimbo-
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lide effectively inhibits proliferation of WiDr colon
cancer cells through inhibition of cyclin A leading
to S phase arrest. It also caused activation of cas-
pase-mediated apoptosis through the inhibition of
ERK1/2 and activation of p38 and JNK1/2. Further
nimbolide effectively retarded tumor cell migration
and invasion through inhibition of metalloprotein-
ase-2/9 (MMP-2/9) expression, both at the mRNA
and protein level. It was also a strong inhibitor of
VEGF expression, promoter activity, and in vitro
angiogenesis. Nimbolide suppressed the nuclear
translocation of p65/p50 and DNA binding of NF-
kB, which is an important transcription factor for
controlling MMP- 2/9 and VEGF gene expression
(Mangalam S Nair et al., Molecular Carcinogenesis
2012, 51, 475-90).

Sesquiterpene lactones isolated from EI-
ephantopus scaber L. inhibits human lymphocyte
proliferation and the growth of tumour cell lines
and induces apoptosis in vitro. Bioassay-guided
isolation of the whole plant of chloroform extract
of South Indian Elephantopus scaber afforded the
known sesquiterpene lactone, deoxyelephantopin,
and isodeoxyelephantopin whose structures were
determined by spectroscopic methods. These com-
pounds caused a dose dependent reduction in the
viability of L-929 tumour cells in 72 h culture (IC_,
value of 2.7 ug/mL and 3.3 pg/mL) by the cell vi-
ability assay. Both the compounds act selectively
on quiescent and PHA-stimulated proliferating hu-
man lymphocytes and inhibited tritiated thymidine
incorporation into cellular DNA of DLA tumour
cells. The compound deoxyelephantopin at a con-
centration of 3 ug/mL caused maximum apoptotic
cells. It also exhibited significant in vivo antitumour
efficacy against DLA tumour cells. The results,
therefore, indicate that the antiproliferative prop-
erty of deoxyelephantopin and isodeoxyelephanto-
pin could be used in regimens for treating tumors
with extensive proliferative potencies. (Mangalam
S. Nair et al., ] Biomed. Biotechnol., 2012, 721285.
doi: 10.1155/2012/721285).



THEORETICAL CHEMISTRY

In applied theoretical chemistry area, the
state-of-the-art high accuracy computational quan-
tum chemistry methods have been used to study
structure and reactivity of molecular systems to
provide understanding of the theoretical and ex-
perimental results. The structural, energetic and
bonding data obtained from theoretical calcula-
tions are used to predict new functional molecules
and also to predict the outcome of a reaction. The
main focus lies in the transition metal-mediated
homogeneous catalytic reactions. Recent work has
been carried out on N-heterocyclic carbene medi-
ated reactions, CC-bond alkene and alkyne metath-
esis reactions, ruthenium-mediated water splitting
reactions and CO, sequestration reactions.

1,3-Metal-carbon bonded metallacyclobuta-
dienes. Alkyne metathesis provides an important
homogeneous catalytic procedure for the creation
of CC triple bonds. The metathesis reaction of-
ten passes through stable metallacyclobutadiene
(MCB) intermediates. DFT studies on the forma-
tion of MCBs from chloro-ligated alkylidyne com-
plexes of group 4, 5, and 6 transition metals revealed
that a new type of 1,3-metal-carbon bonding exists

M o= Ti, v, HE
V. Kb, Ta

-

between the metal and the p-carbon which render
planar tetra-coordinate character to the B-carbon.
On the basis of this bonding, a new mechanism for
metathesis is proposed which is different from the
well-established Katz's mechanism. This mecha-
nism suggested that stable MCB complexes can
act as metathesis catalyst by reacting with alkyne
to form a bicyclic intermediate which subsequently
disproportionate to yield alkyne and the catalyst
(Suresh et al., Organometallics, 2012, 31, 7171-80).

NATIONAL INSTITUTE FOR INTERDISCIPLINARY SCIENCE & TECHNOLOGY, THIRUVANANTHAPURAM EO.,;‘E,?%

Mechanism of water-assisted dihydrogen
elimination in group 6 octahedral metal hydride
complexes. Metal hydride complexes of transition
metals have been widely investigated for their po-
tential use in producing hydrogen from hydrogen-
rich molecules. In many water-splitting reactions,
hydrogen evolution is thought to be preceded by di-
hydrogen bonding, a noncovalent interaction of the
type H...H between the hydride ligand and the hy-
drogen of the incoming molecule. DFT studies have
been conducted to unravel possible mechanisms
(associative, dissociative and migratory insertion
mechanisms) of dihydrogen elimination from
phosphine based octahedral bis-, tris- and tetrakis-
phosphine hydride complexes of group 6 transition
metals (Cr, Mo and W) in the presence of water. In
many cases, the migratory insertion mechanism si-
multaneously operated with the dissociative mech-
anism as a minor pathway, whereas associative
mechanism was found to be inactive in the reaction.
However, irre-
spective of the
mechanisms,
dihydrogen
elimination in-
variably occurs
with the forma-

tion of a dihy-
drogen bonded
transition state.
The mechanistic
studies  clearly
suggested  that
group 6 octahe-
dral metal hy-
dride complexes
are attractive
targets for the
design of water
splitting ~ reac-
(Suresh
et al, Dalton
Trans., 2012, 41,

11018-25).

tions
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MATERIAL SCIENCES AND
TECHNOLOGY DIVISION

The Material Sciences and Technology Division has been actively engaged

in R & D of advanced functional materials. The major research areas of the

division during 2012-13 were (i) nanoceramics (ii) electronic materials (iii)

polymer based materials (iv) superconducting and magnetic materials (v)

light alloys and composites (vi) mineral based value added products. The

division has initiated several major projects under the 12 th five year plan in

the area of advanced functional materials for energy, strategic, automobile,

etc. The Division has published 61 papers in SCI journals, two book chapters

and was granted two foreign patents. Given below are the highlights of the
Division for the period 2012-13.

Highlights:

1.

As part of the self cleaning TiO2 coatings for solar cell covers project, a
demonstration set-up consisting commercial solar cell panel assembly
with glass covers coated with high photoactive nano TiO2 on the top
was fabricated and installed. The online, computer control monitoring
unit was also integrated.

Low-k silica dielectric ink was successfully synthesized at lab scale.

Crystallographically oriented iron pnictide superconducting material
with high critical field developed.

Developed Al-12Si-Mg-Cu-Ni piston alloy.

Fabricated low pressure cast Al alloy (LM25) compressor cover and
triple clamp components for automotive applications.

Developed electroless Ni-B-AI203/SiC composite coating on
aluminium substrates.
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FUNCTIONAL MATERIALS

Silica Dielectric Ink for Printed Electronic
Applications

Printed electronics is all set to revolution-
ize the electronics world by fabricating electronic
devices on polymeric substrate materials such as
plastic, textiles etc. using electrically functional
inks employing standard printing processes such
as screen printing, and ink-jet printing. The use
of functional materials and nanoparticles in inks
has broaden the scope of applications to low cost
electronics. Presently, one of the biggest challenges
facing printed electronics is the lack of qualified
material solutions usable for printing with low cur-
ing temperature. Over the last several years focus of
industry has been on the development of metallic
inks like silver and copper and less care has been
given to high K functional dielectric inks.

B

Fig. 1(a) CSIR-emblem printed using of silica ink, on Mylar
substrate (b) Comparison of silica ink (white) with commer-
cial yellow pigment ink on Mylar substrate

B
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As a first step towards realizing a printed
electronic circuit, the Institute took up the chal-
lenge to develop a low loss, low €_dielectric ink and
suitably optimized their rheological characteristics
for screen printing, by varying the sedimentation,
surface tension and viscosity. The novel and cost ef-
fective self healing ink is silica based which is screen
printable on flexible substrates like Mylar sheet for
high frequency printed electronic applications (Fig.
1). The colloidal ink comprises of silica as the ma-
jor filler with suitable organic vehicles. Thixotropic
behaviour of the colloidal silica ink is optimized
based on screen printing technique. Solvent mix-
ture, natural dispersant, polymer binder etc. played
a key role in controlling the colloidal stability of the
ink. The radio and microwave dielectric properties
were investigated for the optimized silica ink.

Demonstration set-up for self-cleaning tita-
nia coated glass for solar cells. Self cleaning
titania coatings on solar panels for increased
efficiency

Photo active titanium oxide nano coatings
were developed on solar cell glass covers to remove
the contaminants getting deposited from the envi-
ronment, thus decreasing the efficiencies of panels
considerably. This problem is reported as severe,
for urban areas, remote and difficult to reach loca-
tions. Periodic cleaning calls for additional energy
and expenditure. A specific composition of sun
light active, partly hydrophobic, nano titanium ox-
ide developed was applied to glass surface on solar
panel and was integrated with an automated data
acquisition system to measure voltage and current
uninterruptedly at specific intervals from coated
and uncoated panels. The titanium oxide is char-
acterized by particle size <50 nm, crystallite size <
10 nm, specific surface area 140 m*/g, and contact
angle >80°. The NIIST titania composition exhib-
ited very high photocatalytic activity (~94%) when
compared with that of pure titania. The coated glass
has transmittance >98% compared to the uncoated
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glass. Initial results indicated considerable improve-
ment in efficiency on coated panels. The experimen-
tal station installed in NIIST is provided in Fig. 2.

Uni Coated

ComputerInterfaced
Elactronic Manisoring Unit

I

Fig. 2. Demonstration set up installed in NIIST

Facile synthesis of “Quench-Free Glass” and
ceramic - glass composite for LTCC applica-
tions

The main difficulty in using glasses for low-
ering the sintering temperature of ceramic is that
it requires additional process step like preparation
of glass through quenching and grinding into fine
powder. Usually glass quenching requires ultra
fast cooling rate to preclude crystal nucleation and
growth. The qualification of a suitable quench-free
glass could avoid the cumbersome cooling and tem-
pering steps in melt quench synthesis. Moreover,
in LTCC technology, casting of ceramic into thin
tapes is one of the crucial procedures. The presence
of glassy phase in the LTCC composition makes the
tape casting process more complex and tedious.

Only very few glasses could avoid the long
procedures of quenching in their synthesis. The
novel glass developed in CSIR-NIIST with com-
position 10 mol% ZnO - 2 mol% B,O, - 8 mol%
P,O, - 80 mol% TeO, (ZBPT) was found to be a
typical ‘quench free’ glass which can be prepared

by quenching as well as slow cooling the melt.The
ZBPT glass prepared by both methods showed sim-
ilar microwave dielectric properties. ZBPT glass
has an ¢ of 22.5 (at 7 GHz), Q x f of 1500 GHz
and 7, of -100 ppm/ °C. These glass compositions
are ideal for reducing the sintering temperature of a
double perovskite tellurate Sr,ZnTeO, (SZT), which
can be a potential candidate for LTCC applications.
The ceramic - glass composites of SZT and ZBPT
are prepared through two convenient methods :
(a) conventional way of co-firing the ceramic with
ZBPT glass powder and (b) a non conventional fac-
ile route by co-firing the ceramic with precursor
oxide mixture of ZBPT glass at 950 °C. In the for-
mer route, SZT + 5 wt% ZBPT composite sintered
at 950 °C showed moderately good microwave di-
electric properties (¢ =13.4, Q x f=4500 GHz and

(a)

Intensity (arb. unit)

(" "“ Quenched

: g (b)
2
a3
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L2
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£ e
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L] | L] L] L] L]
L] i k] L] =0 (1] ™ 1]

Angle, 20 (Degree)

Fig. 3. XRD patterns of (a) ZBPT glass prepared by
quenching and slow cooling
(b) ZBPT glass annealed at 560 °C and 950 °C.
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1, = -52 ppm/ °C). Though the SZT + 5 wt% ZBPT
composite prepared through the non conventional
method also showed similar microwave dielectric
properties (e, = 13.8, Q x f = 5300 GHz and 1, = -50
ppm/ °C), the synthesis procedure is much simpli-
fied in the latter case. The composites are found to
be chemically compatible with Ag. The composite
containing 5 wt% ZBPT prepared through conven-
tional and non conventional ways showed linear
coefficients of thermal expansion of 7.0 ppm/ °C
and 7.1 ppm/ °C respectively. Both the composites
have a room temperature thermal conductivity of
21Wm'K.

SmFeAsO Superconductor with preferred
crystallographic orientation and enhanced
critical current density

Samarium based iron pnictide (SmFeAsO)
is a promising superconductor because of its high
critical temperature and large critical field. How-
ever, the transport critical current of the material

Fig. 4. Microstructural change due to binary doping
(Sm0 - undoped, SmCa2 - binary doped)
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is not adequate for practical application due to its
random crystallographic orientation. In a recent in-
vestigation, it was found that simultaneous doping
of F at O*site (electron doping) and Ca** at Sm**
site (hole doping) causes considerable structural as
well as microstructural modification in the system
wherein the crystallographic (00]) planes are orient-
ed preferentially. In addition, the critical tempera-
ture is also found to increase remarkably from 40.5
K to 53.8 K. Consequent to the dramatic change in
the crystallographic orientation and the significant
enhancement in critical temperature, the transport
critical current of the binary doped superconduc-
tor has increased remarkably (by two fold). The re-
sults strongly indicate the scope for development of
SmFeAsO based practical conductors with higher
current carrying capacity by properly aligning the
preferentially oriented planes along a single axis
by methods such as powder-in-tube technique as
done in the case of bismuth based superconducting
based tapes.

Magneto-dielectric effect and re-entrant spin
glass behavior in insulating Sm_NiMnO_ dou-
ble perovskite

The structure and magneto-dielectric
properties of Sm NiMnO, double perovskite have
been studied. The pure monoclinic bulk phase of
Sm,NiMnO, is an intrinsic B-site disordered fer-
romagnet showing a second order magnetic phase
transition ~ 157 K, along with a low temperature
re-entrant spin glass-like transition (~ 20 K) due to
the inherent coupling of Ni-Mn network with Sm’*
ion. Moreover, it is an insulator with room temper-
ature dc resistivity ~10® Q2 cm. Further, the high di-
electric permittivity (~10°) coupled with a shift in
dielectric maxima towards higher temperature
with frequency, analysis of the phenomenological
parameters (T , T, y, AT ), and the validity of
non-linear Vogel-Fulcher relation, this ferromag-
netic insulator is defined as a relaxor-type dielec-
tric material. Importantly, it exhibits a positive in-
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Fig. 5. (a) Real part of the dielectric permittivity (¢') of
Sm,NiMnO,as a function of temperature at several frequen-
cies. Inset expanded view of low temperature relaxation, (b)
Dielectric loss as a function of temperature at several fre-
quencies, (c¢) Temperature variation of the reciprocal dielec-
tric constant (1/¢') fitted with Curie-Weiss law at 500 kHz.
Inset log (1/¢'~1/¢' ) as function of log (T-T, ) at 500 kHz,
(d) Non linear Vogel Fulcher fitting.

trinsic magnetodielectric (MD) response ~2 % at
100 kHz under a low magnetic field of 0.5 T close to
150 K. The intrinsic MD effect indicates a connec-
tion between spin orientations on the two magnetic
sublattices (Ni and Mn) and the magneto-dielectric
coupling in the ferromagnetic regime. This insulat-
ing ferromagnetic behavior coupled with MD effect
make Sm NiMnO, an attractive spintronics mate-
rial.

Co-existence of magnetocaloric effect and
magnetoresistance in Co-substituted LSMO

Magnetization, Magnetocaloric  effect
(MCE) and Magnetoresistance (MR) in Co-substi-
tuted La, Sr ,.Mn, Co O, (x=0.03, 0.05 and 0.1)
samples have been studied. All the studied samples
were crystallized into a single phase rhombohedral
structure with R3c space group. The Curie tem-
perature was found to decrease with the increase
of Co-content and for the composition x=0.1, a
cluster glass-like nature was observed. Tempera-
ture variation of magnetic entropy change (AS,)
showed a positive peak at T for the composition
x=0.1 with AS =3.1 J/kgK and relative cooling
power, RCP=155 J/kg at a magnetic field of 50 kOe.
Again, the critical analysis of the paramagnetic to
ferromagnetic transition and the scaling behaviour
of field dependence of MCE for x=0.1 composition
was also studied. The temperature dependence of
electrical resistivity under the magnetic fields up
to 50 kOe was investigated along with the values of
20% enhancement in MR at the room temperature
for the Co-substituted samples.
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Fig. 6. Temperature dependence of electrical resistiv-

ity of La, Sr, ,Mn, Co O, under different magnetic

fields (a) x=0.03 and (b) x=0.1. Inset of each figure
shows the MR% vs. T at different fields.

Development of novel functional ceramic ox-
ides for electrical and electro-optical applica-
tions:

(a) Improvement of morphology and lumi-
nescence properties of powellite type red phos-
phors CaGd,_ NbMoO: xEw’* synthesized via

citrate gel route

Powellite type molybdate-based red phos-
phors CaGd, NbMoO,: xEu** (x = 0.05, 0.1, 0.15,
0.20, 0.25, and 0.30) were synthesized by a solid-
state reaction (SSR) route, and a citrate gel (CG)
route. The solid solution formation of the phosphor
took place at a lower temperature by the CG route
than the SSR route. Particle morphology of the
phosphors prepared by the CG route revealed that
they were less agglomerated, more spherical, and
homogenous in nature with uniform particle size.
Investigations on photoluminescence properties
showed that these phosphors emit strong red light
(614 nm) under both near UV (395 nm), and blue
(465 nm) excitations. The morphological variation
of the developed phosphors with respect to synthe-
sis method and heat treatment played an important
role in their luminescence enhancement. The red
phosphors prepared via CG route were character-
ized by enhanced and sharper red emission with
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longer life time compared to that of phosphors syn-
thesized via SSR route. The CIE color coordinates
of the developed red phosphors were (0.65, 0.34)
that are closer to NTSC standard red phosphor.
Thus, these phosphors could be a promising red
candidate for the phosphor converted white light
emitting diode applications.
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Fig.7. The excitation spectra of (a) CaGd, NbMoO,
Eu’* (x=0.05, 0.1, 0.15, 0.2, 0.25, 0.30) (SSR) and (b)
CaGd, , ,NbMoO0.25Eu’" (CG) samples for

an emission at 614 nm.

(b) Enhanced Eu’* red luminescence in schee-
lite based oxides, CaLaSb WO,

Scheelite type tungstate based red phosphors,
CaLa, SbWO_:xEu™ (x = 0.05, 0.10, 0.15, 0.20 0.25,
0.50 and 1) were synthesized by the conventional
solid state method. These phosphors exhibited
intense Eu** red luminescence (613 nm) under
both near UV (394 nm), and blue (465 nm)
excitations which corresponds to the °D -F, forced
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electric dipole transition of Eu’". The analysis of
XRD patterns and luminescence data points out
that the distribution of Eu** is in highly ordered
state with some aperiodicity which attributes for
intense luminescence. The emission intensity of
Cala SbWO,:0.5Eu** was one and half times
stronger than that of commercial red phosphor,
Y,0,:Eu’*. These phosphors are characterized by
sharp red emission with shorter lifetimes and strong
absorption strength at near UV (394 nm). The CIE
color coordinates of the developed phosphors are
(0.65, 0.34) comparable to the NTSC standard red
phosphors.
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Fig.8. Variation of Emission Intensity of Cala, SbWO,
:xEu®*(x = 0.05, 0.10, 0.15, 0.20, 0.25, 0.50, 1) under 394 nm
and 465 nm with Eu3+ doping concentration

c) Influence of Ce doping on the order-to-disor-
der structural transition and electrical proper-
tiesin Sm Zr, Ce O, system

Cerium doped rare earth zirconates of the
form Sm Zr, Ce O,(x=0,0.1,0.2,0.3,0.4,0.5) were
synthesized via solid state reaction route. Addition
of Ce ions into the crystal induced structural disor-
der to both cationic and anionic sublattices, gradu-
ally transforming the unit cell from an ordered
pyrochlore to a defect fluorite structure. Substitu-
tion of bigger Ce ions to the Zr sites also expanded
the lattice parameter. The ionic disorder led to de-
creased energy barrier for the thermally activated

conduction process thereby increasing the overall
conductivity of the materials. Beyond x=0.4, the
ion-ion interaction in the disordered lattice began
to dominate, leading to increased activation energy
and decreased total conductivity.
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Fig. 9. Arrhenius plots of Sm Zr, Ce O, compositions and
their linear fit

(d) Impedance spectroscopic investigation on
the electrical transport properties of manga-
nese double substituted pyrochlore type semi-
conducting oxides: (CaCe, , Mn, )(Sn, Mn Nb)
O, , for high temperature NTC thermistor ap-
plications

The effect of simultaneous substitution of Mn
in both A and B site of the pyrochlore structured
semiconducting oxides: (CaCe, , Mn, )(Sn, M-
n Nb)O, ; (x =0, 0.1, 0.2, 0.3 and 0.4) was studied
by employing X-ray diftfraction, Raman spectros-
copy, scanning electron microscopy and impedance
analysis. In addition to the structural confirmation,
Raman spectroscopy studies revealed the increased
local disordering in the structure with progres-
sive Mn substitution which was not observable in
X- ray diffraction studies. The conductivity mea-
surements confirmed the Negative Temperature
Coeflicient of Resistance (NTCR) behaviour of the
samples. Grain boundary dominant electrical char-
acteristics have been shown by the compounds with
higher Mn concentration. Thermistor constant was
calculated in the temperature range from 300°C to
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600°C. 3 value of the system was in the range 5700K
- 8500K and the sensitivity values were in the range
-1to - 2%. Thermistor properties can be tuned with
Mn concentration. All the compositions showed
better thermistor properties compared with many
of the spinel and pyrochlore based systems and may
find application in devices like high-temperature
thermistors. Correlated barrier hopping model was
successfully applied for explaining the conduction
mechanism within the compounds. The presence of
grain boundary and localization of electrons asso-
ciated with Mn** ions play an important role in the
variation of barrier height and hopping distance in
the materials.

(e) Brilliant yellow color and enhanced NIR re-
flectance of monoclinic BiVO , through distor-
tion in VO * tetrahedra

Bright yellow coloration and enhanced
NIR reflectance of monoclinic bismuth vanadate
were obtained by the substitution of Ta/P into the
vanadium sites of BiVO,. Pentavalent metal ion
substitution in bismuth vanadate blue shifted the
absorption edge leading to bright yellow coloration
and the color properties were comparable to that of
commercially used praseodymium yellow. Lattice
distortion and reduced crystallite size imposed by
pentavalent metal ion substitution were responsible
for the special optical properties. The synthesized
pigments with improved yellow coloration exhib-
ited good NIR reflectance making them potential
candidates for cool colorants to reduce the heat
build-up.
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Fig.10. powder XRD patterns of CaCe, , Mn, )(Sn, Mn Nb)
O, ; (left), Arrhe minus plots of conductivity (right)
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Fig. 11. NIR reflectance of (a) BiV, Ta O, and (b) BiV
P O,. NIR reflectance is enhanced significantly from 46 %
to 90 % for Ta’*/P*substituted BiVO,.

(f) Yttrium and Lanthanum Doped multiferro-
ic bismuth ferrite as reddish brown pigments:
Synthesis and optical properties for coating ap-

plications

Reddish brown pigments were synthesized
by doping Yttrium and Lanthanum at Bismuth site
of BiFeO, system using solid state route. Though its
multiferroic properties are well established, its op-
tical properties and color performance are not ex-
plored. UV-Vis-NIR analysis of the samples showed
that the incorporation of Y, and La,, exhibit a sig-
nificant enhancement of color characteristics. The
typical pigment Bi ,Y FeO, was comparable with

097 0.1
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the commercially available brown pigment (BR
300) of Kawamura Chemicals Co. Ltd., Japan. A
systematic enhancement of redness (a*) and yel-
lowness (b*) was seen with La doping, exhibiting a
bright reddish brown hue. The influence of dopants
on the optical properties and color performance of
BiFeO, positions them in the class of lead free inor-
ganic pigments for coating applications.

p-lat e AL P A L el 3l

Fig.12. Typical photography of pigment powders Bi, M__
Fe O,(M=La,Y)

MAX phase ceramic nano laminates for func-
tional nano composites

Titanium silicium carbide (Ti,SiC,) is a nano
laminate, ‘metallic-ceramic’ material belongs to 312
MAX phase, extensively used as soft-interface for
fabricating high-tough, damage tolerant ceramics
and composites.Ti,SiC, nano laminate structure
was successfully processed by displacement reac-
tions under pressure less sintering conditions using
TiC, Si and CNT raw materials. The nano laminate
Ti,SiC, was reinforced in Al O, matrix to fabricate
ultra low friction AL O, ceramic solid lubricants
and thermally stable PEAK-Ti,SiC, ceramic nano
composites. When the Ti,SiC, nano laminates were
introduced in epoxy polymers, the flow property
increased due to increase in viscosity. Phase pure
Ti,SiC, has thermal conductivity close 57 W.m/k.
Addition of Ti,SiC, in epoxy polymer increased the
bulk thermal conductivity and thermal dissipation

properties. A high thermal conductivity value of 1.7
W.m/k was achieved by reinforcing 5 wt% Ti,SiC,
as co-fillers with conventional SiO, and Al O, fill-
ers. The SEM images of Ti,SiC, ceramic nano lami-
nates and multifunctional Ti,SiC, ceramic/PEAK
polymer nano composites are shown in Fig.13.
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Fig.13. MAX phase nanolaminates and its functional
properties (a) Co-filler for rheology control (b) SEM image
of Ti,SiC, nanosheets (c) Machined Ti SiC,-Al,O, composite

(d) Ti,SiC, reinforced high thermal conducting epoxy plate
Ti SiC,

METALS AND MINERALS

Aluminium-Silicon Piston Alloy

Automotive engines operate at higher tem-
peratures and pressures. Components like pistons
must be able to withstand these increasingly chal-
lenging conditions. Due to environmental require-
ments, a stronger aluminium piston alloy is re-
quired in order to reduce the HC emission in the
automotives. Al-Si casting alloys having low ther-
mal expansion coefficient, high wear resistance,
high strength at room and elevated temperature are
being developed at NIIST for piston applications in
advanced internal combustion engines for strategic
sector. The required properties are achieved by al-
loy additions using copper, magnesium and nickel
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Fig. 14. Mzcrostructures Al 1281 -Mg-Cu-Ni alloy made by
die casting and squeeze casting

and processing by squeeze casting (SQ) techniques.
Nickel is the most effective element in improving
the elevated-temperature properties of Al-Si piston
alloys. It also reduces the coefficient of thermal ex-
pansion. Magnesium can strengthen the material
through precipitation of fine Mg,Si in the matrix.
Copper can additionally strengthen the alloy by
precipitation of Al,Cu phase. Copper also improves
the corrosion resistance of the Al-Si alloy. The
ALNi, ALLCuNi and Al CuNi phases which form
in the alloy have much bigger contributions to the
elevated-temperature properties owing to their bet-
ter thermal stability.

Al-Si alloy melt was prepared and the alloy-
ing elements (Cu, Mg, Ni) were added using mas-
ter alloys. The melt was degassed and casting bil-
lets were made in gravity die (with an inner cavity
100mm x 100mm x 100mm) and squeeze casting
by applying 110MPa pressure onto the casting for 2
minutes. The cut samples were heat treated for T6
conditions. The tensile properties were evaluated
at room and elevated temperature. The mechanical
properties of the castings made by squeeze casting
technique were found to be significantly higher due
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to the faster solidification, fine structure and lesser
casting defects.

Table.1. The effect of casting processes and heat treatment
on the mechanical properties of Al-12Si-Mg-Cu-Ni alloy
piston alloy

YS (MPa) 190 | 245 285 | 315
UTS (MPa) 170 | 280 240 | 350
Elongation,% | 0.5-1 | 1-15 | 1-1.5 ;tho
Hardness(BHN) | 90 125 110 140

The results showed that the squeeze casting
followed by heat-treatment causes spheroidiza-
tion of eutectic silicon and precipitation of the fine
precipitates which resulted in the improvement of
strength, hardness and ductility.

Low pressure casting of non ferrous alloys

An indigenously designed and developed
low pressure casting (LPC) setup at the Institute has
been used to carry out preliminary works on the
development of high quality castings of aluminum
and magnesium alloys. Using the prototype setup it
has been demonstrated, in collaboration with HAL,
Bangalore, that LPC is capable of producing high
quality castings of various aerospace components
of weighing around 400 to 1000 grams. In order to
demonstrate to the auto industries about the pro-
cess capability of LPC machine to produce many of
the auto components, which is now being produced
using gravity castings, a sophisticated LPC setup,
which includes computer controlled mould filling,
air tight crucible, high capacity melting furnace and
crucible, automatic mould clamping system, mould
lifting and positioning system, casting ejection sys-
tem, etc., was procured. During the installation and
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commissioning of the machine a few trails of LM25
Al alloy automobile components were made.

(b)
Fig.15. Al alloy (LM25) LP cast components (a) Compres-
sor cover (b) Triple clam

Microstructural modification of Mg-Si based
alloys

Mg-Si alloys are potential candidate for
high temperature applications in automobile in-
dustries. Various Mg Si (x=0.5, 0.7, 1.15, 2,4,6,8
and 10 wt.% Si) alloys prepared and its microstruc-
ture, tensile and wear behavior were investigated.
The preliminary results indicated that the eutectic
Mg Si in the hyper eutectic Mg-Si alloys (Si=0.5, 0.7
and 1.15 wt.%) appears as a coarse Chinese script
morphology. Also, the primary Mg Si particles in
the hyper eutectic alloys (Si=2,4, 6,8 and 10 wt.%)
solidifies as a coarse dendrites. These features re-
duce the tensile properties. In order to modify the
morphology of the Mg Si, Nd and misch metal
(MM) of various percentages (0.3, 0.6, 0.9 and 1.2
wt %) were added and the results indicated that ad-
dition of these elements modify the morphology of
the Mg Si significantly. The typical microstructures
of Mg-Si alloys with and without modification of
primary Mg Si phase are shown in Fig.16.

Fig.16. Microstructures of (a) Mg-6Si (b) Mg-6Si-0.3MM (c)
Mg-6Si-0.6MM alloys

Electroless Ni-B-AL, O /SiC composite coat-
ing on aluminium substrates

Electroless Ni-B alloy and Ni-B-Al O,/SiC
composite coating over aluminium substrate were
successfully formed. Zinc and palladium activa-
tion prior to coating improves the adherence and
uniformity of the Ni-B coating over the aluminium
substrate. The introduction of 350nm alumina par-
ticles leads to the formation of bimodal coating
morphology of micron size clusters and nano size
metal rods (50nm) / platelets. Electroless composite
coating improves the applicability of aluminium for
making wear resistance engineering components
working under various extreme environmental
conditions.
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Fig.17. SEM micrographs of Electroless (a) Ni-B((l;lzoy and
(b) Ni-B-Zn-Al,O, composite coating

Powder metallurgical processing of alumini-
um-alumina nano composites

Al-ALO, nano composites with 5 and10
wt% of AL O, of 100 nm particle size were success-
fully prepared by powder metallurgy technique.
Distribution of reinforcement was uniform in 5
wt% composite and the particles were mostly dis-
tributed in the grain boundaries. The 10 wt% Al O,
dispersed aluminum nano composites showed seg-
regated distribution of particles in the grain bound-
ary. The well dispersed nano composites provided
better strength, hardness and wear resistance.

(a)

(b)
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Fig.18. SEM micrograph of Al-Alumina nano composites (a)
5 and (b) 10 wt% of ALO,
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Micro patterned polystyrene composite
membranes induced by silane modified nano
alumina particles

Micro patterned polymer composite mem-
branes have received considerable attention due to
their applicability in various fields such as separa-
tion, filtration, sensors cell patterning etc. A facile
fabrication technique was used for the synthesis of
micro patterned polystyrene membranes with the
aid of silane [3-(amino propyl) triethoxysilane and
vinyl trimethoxysilane] modified nano alumina
particles. The micro patterns obtained on the poly-
styrene surface is shown in following SEM micro-
graphs. Two dimensional array of concavities were
formed in the range of 2 to 10 um size at 5 wt % of
alumina solid loading.
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Fig.19. SEM images of top surface on micro patterned poly-
styrene membrane at different magnification
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MAJOR INSTRUMENT FACILITIES

Electron Microscopy and Micro Chemical
Analysis

The section maintains two Scanning Electron
Microscopes (SEM) that find important applica-
tions in material characterization and morphologi-
cal study for different divisions and other institu-
tions. More than 2,300 Samples were investigated.
Different types of materials such as aluminum al-
loys, various types of ceramics, superconductive
materials, polyaniline nanomaterials, clays and bio-
logical samples were handled.

Liquid Nitrogen Plant

A 10 I/h capacity liquid nitrogen plant has
been well maintained. LN2 requirements for the up
keep of the sophisticated instruments like NMR,

TEM, SEM, EDS were met in addition to super-
conductivity research as well as other R&D require-
ments of NIIST. This facility produced about 20,000
liters of LN2 during the year of which 9,600 litres
were supplied within the institute and the remain-
ing to outside customers.

Powder X-Ray Diffractometer

PANalyticalX’pert Pro X-Ray diffractome-
ter has been maintained in the department. Neces-
sary expertise in the analysis and interpretation of
the powder diffraction pattern was built up in the
department and the facility is also extended to all
the R&D activities of the institute. A large number
of samples (1200) have been studied for their struc-
tural characterization.
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PROCESS ENGINEERING AND ENVIRONMENTAL
TECHNOLOGY DIVISION

The Process Engineering and Environmental Technology Division develops innovative
processes and technologies for value addition to the region’s resources and for the management

of the region’s environment. The Division has a computational modelling section that provides

computational tools and services for investigating natural phenomena and for designing engineering

processes. PEET comprises engineers, chemists, physicists, mathematicians, biologists and computer

scientists. These multi-disciplinary skills help to address real problems. Some of the issues that are being

addressed are:

Municipal and household waste treatment

Industrial effluent treatment

Odour Control

Dioxins and persistent organic pollutants in the environment
Environmental impact analysis

Water quality analysis

Analysis and remediation of perchlorate in water,

Anaerobic technology application in retting for extraction of plant fibres
Anaerobic technology application in production of white pepper from black
Beneficiation and value addition of clay minerals

Enhancing industrial profitability through affordable indigenous software
Computational fluid dynamics applications in process industry

While technology goals for local problems are the priority, the division also carries out R&D on
with longer term goals on global issues, in the following areas and actively participating in four
networked XII Five Year Plan projects sanctioned.

Developing technology for the production of microalgae for biofuel

Development of Agent Based Simulations for understanding behavior of biological systems

Highlights :

Commercial release of AutoCast XI with Virtual Casting module

The feasibility of continuous cultivation of autoflocculant, high-lipid content marine microalgae in
outdoor seawater raceway reactor established.

Transferred technology for family size biogas digester for kitchen wastes
Licensing of the technology for white pepper production
Licensing of banana and pineapple fibre extraction

Carried out analysis of large number of sample from Periyar to test the pesticide and other
contamination, as ordered by the Kerala High Court

The activities of the Division are under four sections namely Chemical Process Engineering,
Environmental Technology, Computational Modeling and Simulation, and Dioxin Research.
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ENVIRONMENTAL
TECHNOLOGY

The Environmental Technology programme
atNIISThastheobjective of (i) developinginnovative
technology for environmental pollution control
for problems specific to the region and providing
engineering as well as management consultancy
services for environmental management.

The work done during the year are summarized
below:

Biofuel from marine microalgae

Biodiesel, produced from vegetable oil, is a
substitute for fossil diesel. However diverting agri-
cultural resources for production of vegetable oils
for fuel, puts unacceptable pressure on agricultural
production. Microalgae, a potential oil source, can
be cultivated in large scale without impacting food
agriculture. The technological challenge is to pro-
duce microalgae at oil yields at costs comparable
to vegetable oil. NIIST is a partner in CSIRs New
Millenium Indian Technology Initiative (NMITLI)
project on ‘Biofuel from marine microalgae’. The
Phase I of the project was completed this year. In
this project, NIIST has developed a new approach
- ‘natural selection engineering’ for producing mi-
croalgae in outdoor scaleable seawater reactors.
The natural selection approach allows selection
of algae that are easily harvested and have good
growth rate and lipid yield.

In previous reports, working with fresh
water, using the natural selection engineering ap-
proach, it was shown that auto-flocculating algal
cultures (perpetual) can be selected by recycling of
biomass, essentially controlling hydraulic retention
time and mean cell retention time. It was demon-
strated that energy accumulation can be selected by
control of nutrient loading. Algae that accumulate
energy as lipid was shown to be selected by control
of carbon dioxide partial pressure.

84

Yo
[ | %(}..,cg,,@ NATIONAL INSTITUTE FOR INTERDISCIPLINARY SCIENCE & TECHNOLOGY, THIRUVANANTHAPURAM B

Seawater experiments were conducted dur-
ing 2012-2013. A seawater raceway pond reactor
was set up and seawater was supplied by tankers
to NIIST. In freshwater experiments it was seen
that diatoms are selected under process conditions
favourable for auto-flocculation and lipid accu-
mulation. Analysis of diatoms showed more than
20% silica. Seawater has less than 2mg-SiO /1, and
therefore, it is not possible to produce large quan-
tities of diatoms. In the seawater raceway pond, a
consortium containing a species of lightly silicified
diatom, Cylindrotheca, and another shelled brown
algae got selected under the conditions applied for
lipid.

In order to select for auto-flocculation, the
hydraulic retention time for the raceway pond was
maintained at 1 d and mean cell retention time of
suspended cells was maintained as 2 d. Under these
conditions, it was found that attached growth algae
start to dominate the culture. The main attached
growth species was Enteromorpha. Wall attached
growth cannot be harvested efficiently and needs
to be controlled. Besides Enteromorpha has poor
lipid content. It was observed that Enteromorpha
periodically (once in 8 days, if nutrient loads are
adequate) produces spores — each cell producing
8, 16 or 32 zoospores that move rapidly and attach
to surfaces. This allows the species to outcompete
suspended growth algae, even when having overall
lower vegetative growth rates. Since the mechani-
cal cleaning of walls is not economically feasible at
large scale, the concept of natural selection engi-
neering was applied to control the rate of growth
of wall attached species. A biosorption tank was
installed so that nutrient was supplied only to sus-
pended biomass. This method allowed reduction in
attached growth.

Seawater has excess of calcium and magne-
sium, and is supersaturated with calcite, aragonite
and dolomite. The best production was obtained
when brown algae with shell structure became
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dominant. Overall, the raceway pond performance with algal consortium can be summarized as: for ir-
radiance > 20 M]/m?*/d: biomass production rate: 15 to 20 g/m: lipid content 15 to 20%.
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Figure 2. Algal flocs formed in outdoor seawater raceway reactor. The consortium contains diatoms (Cylindrotheca), brown
algae, and green algae. The same field in autofluorescence under UV illumination shows chlorophyll activity.

Bl Y ﬂ )
Figure 3. Brown algae, (from morphology, close to Chaetoceros sp.). The biomass consortium in outdoor seawater raceway
reactor became enriched in these algae, without the addition of silica.
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Figure 4. Underwater photographs show wall growth of Enteromorpha sp. in the raceway pond.
If the wall attached growth is not removed, it overruns the consortium,
by producing motile zoospores that stick to surfaces and start forming filaments.

o
i)
N
F
(=)
N
-
oc
=
o.
LLl
(2 =
]
=T
— |
—_—
—_—
<<

Figure 5. Brown algae showing promiment transparent shell. Brown algae can be selected in the seawater outdoor raceway
pond through control of process conditions.
The same field in epifluorescence (Y3 filter) shows lipid drops (yellow).
The sample is stained with Nile Red.
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Figure 6. Outdoor 1m? area seawater raceway pond with
brown algae. The pond is dark brown and measured light
absorption exceeds 90%.

A techno-economic analysis showed that
cost of algal biomass production dominates the cost
of algal biodiesel. The main item in the cost of bio-
mass production is capital expenditure. Low cost
construction such as clay lined ponds can substan-
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tially reduce overall cost. The technical feasibility of
clay lined ponds needs to be established.

Mango waste treatment

CSIR and National Innovation Council
has started a scheme for innovative technologies
for making the nation’s small and medium scale
(MSME) industries more competitive. The mango
processing cluster at Krishnagiri was identified as
one of the MSME clusters where CSIR can provide
inputs. About 70 pulp factories in this area pro-
cess 300,000 tonnes of mangoes and the quantity of
waste generated per year is 150,000 tonnes. At pres-
ent, the waste is dumped on land, mostly illegally.
NIIST has examined the problem of mango waste
to develop a treatment process. One of the main
issues affecting the cost of treatment is the seasonal
nature of the waste.

NIIST has proposed biomethanation for
the treatment of mango waste, producing electric
power, liquid fertilizer and boiler solid fuel, in a

mEAMEL FOR MANGO
e o e e 3 T St
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' O METIT, £ OF W ECCAL Y 0T | 0H0G Fiounhest For Cotraized Manga waste Plant
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Figure 7. Proposed flowsheet for mango waste treatment common facility
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common treatment facility for the entire cluster,
covering a region of radius 20 km. The plant will
run throughout the year. Mango waste will be pre-
served and stored by ensilation for year round avail-
ability to the power station. The preserved waste is
separated to pulp and stone. The stone is dried as
biofuel. The pulp is anaerobically digested to bio-
gas and a liquid fertilizer that is ideal for mango
plantations. Laboratory studies showed the feasibil-
ity of the process. Economic analysis showed that
the treatment plant has a break even of less than 4
years.

Assessment and remediation of perchlorate
(rocket fuel)

Perchlorate isa toxic oxy-anion known to in-
terfere with the functioning of thyroid gland lead-
ing to hypothyroidism. It was reported that around
15% of population in Kerala are suffering from
hypothyroidism. The institute has been assessing
perchlorate (ClO,) contamination and develop-
ing perchlorate remediation technology for the last
four years. The detailed assessment of perchlorate
in ground water from regions around Ernakulum
and Thiruvananthapuram was carried out. The
samples were analyzed using ion chromatograph
equipped with perchlorate specific column (US
EPA method). 54 samples from around Aluva (Er-
nakulam Dist.) were tested. The maximum concen-
tration, 7426 ppb, was found in a well water sample.
In comparison, WHO and US EPA permitted level
in drinking water is 24.5 ppb. 45 samples were
tested from Veli (Thiruvananthapuram Dist.). The
maximum perchlorate concentration was 300 ppb
in a well water sample.

The study of perchlorate reducing bacteria
was continued this year. A few novel perchlorate
reducing bacteria tolerating high salt and perchlo-
rate concentrations were isolated from the enrich-
ment culture. These include Halomonas sp. NI-
IST3 (Genbank-JN935775) and Bacillus sp. NIIST2
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(Genbank-JN935774). All isolates were found posi-
tive for the functional genes pcrA and cld involved
in the perchlorate reduction pathway.

A phytoremediation approach for removal
of perchlorate from water was tested this year. In
this study, locally available floating macrophytes
such as Eicchornia, Pistia, Azolla and Lemna were
screened for their efficiency to remediate perchlo-
rate. Among the plants tested, Pistia (water lettuce)
showed the highest uptake of the compound (from
ppb to ppm range). The study revealed that phyto-
accumulation and rhizo-degradation (involving
root associated micro-flora) were involved in per-
chlorate remediation process in Pistia. A new per-
chlorate reducing bacteria, Acinetobacter sp. NIIST
(Genbank-]JX467695) was isolated from the plant
root enrichment culture.

Fg: mmmwluﬂum
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Functional importance of protozoa in anaer-
obic digestion of ligno-cellulose

Studies to understand the microbial ecol-
ogy of waste treating anaerobic reactors were con-
tinued this year. It supports process design and
maintenance of anaerobic reactors. One of the sig-
nificant finding in this area is the functional im-
portance of anaerobic protozoa in complex waste
water and anaerobic digestion systems. In an on-
going study for biomethanation of water hyacinth
biomass, the community dynamics and niche of
protozoa in a digester were studied. It was found
that the protozoa number has a weak positive cor-
relation with the major hydrolytic enzyme activity
(cellulose, amylase, pectinase and xylanase), in the
digestion process (figure 9).
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Figure9. Weak dependence of enzyme activity
on protozoa cell count

Among the protozoa, there are specific or-
ganisms that exhibited stronger correlation with
certain enzyme activity (eg. Menoidium and Pectin-
ase activity) (figure 10 & 11). These findings under-
line the importance of higher trophic organisms in
addition to Bacteria and Archaea in waste treating
engineered biological systems.
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Figure 11. Stronger dependence of enzyme
activity on Menoidium

Bioactive compounds from environmental
microorganisms

Continuing the study on microbial bioactive
compounds, Chromobacterium sp NIIST, isolated
from clay mine pit water, was used to produce vi-
olacein in a 3 liter fermenter. The compound was
purified by column chromatography. The purified
compound was screened for anti tumor property
using three different cancer cell lines such as A549
(lung cancer cell line), DLD1 (Colon cancer cell
line) and MCF7 (Human breast cancer cell line).
The compound showed anticancer activity against
all the cell lines tested. As shown in the following
image, compared to control (diffused chromatin),
the treated cells chromatin was highly condensed
indicating cyto-toxicity.
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Fig 12. Anti tumor screening in different cell lines
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A novel strain of Serratia sp., producing dif-
ferent bioactive compounds including Prodigiosin
(a high value bioactive compound) was studied.
The bacterium was isolated from one of the lab
scale bioreactors for perchlorate remediation. The
prodigiosin produced was purified and character-
ized by different spectrometric techniques. Char-
acterization of novel compounds from the strain is

currently in progress.
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Fig. 13. Prodigiosin from Serratia sp.
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Clay and clay minerals processing

Clay is one of the most important mined min-
erals in Kerala. Kaolin (Al O,.28i0,.2H,0) or china
clay is a versatile industrial mineral. The identifi-
cation and quantification of the impurity mineral
phases plays a crucial role in the selection of ben-
eficiation processes and the sequence in which the
processes are to be carried out. Iron minerals are
important among the deleterious impurities in ka-
olin, because it imparts colour to the white kaolin.
The work on process development for the beneficia-
tion of kaolin from various locations in the coun-
try has been continued. Since process flow sheets
and optimum conditions change depending on the
characteristics of the deposits being mined, existing
clay industries need R&D support on a continuing
basis. Many of the better grade clay deposits used
by the major clay producers have been mined out,
and there is a need to have greater number of pro-
cessing operations to maintain quality.

Speciality products based on engineered clays

Among the 12" Plan projects of CSIR, NIIST
is co-ordinating a network project involving 6 labo-
ratories on the development of speciality products
from engineered clays. Under this project, work
has been initiated to develop speciality materials
based on indigenous clays. The rich deposits of clay
available within the country shall be explored to de-
velop (i) state of the art processing of selected clay
samples for getting pharmaceutical and cosmetic
clays for standardized formulations and validation
studies, and (ii) inorgano-organo hybrid clays for
environmental clean-up operations. The division is
entrusted with the work of identifying suitable clay
deposits from across the country that can be devel-
oped into high value products such as cosmetic and
pharmaceutical grade clay, and speciality clays for
water clean-up operations with special emphasis to
industrial wastewaters. The responsibility includes
detailed characterization, impurity mineral iden-
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tification, selection and optimization of suitable
processing techniques for the value addition of in-
digenous clays. The objective is to obtain material
specification suitable for production of speciality
materials such as matrix clay for formulations in
cosmetics, medicines and also as adsorbents for re-
moval of toxic colors/metals/organics from waste
streams.

Modern and eco-friendly process and flow
sheet development for Kasargode and Kan-
nur China clays

Detailed characterization of china clay
from Madai district, Kannur indicated that the
kaolinitic mineral was contaminated with mica,
quartz, anatase, goethite and other ferruginous im-
purities. Bulk clay content was around 34% indicat-
ing poor recovery. However, it was felt pertinent to
beneficiate the clay since there is scarcity of good
quality china clay deposits in the State. Total iron
content was 2.1% of which 70% could be attributed
to the presence of extra framework ferruginous im-
purities. By employing a series of hydrocyclones,
< 2 micron size fraction clay content could be en-
hanced to 85% from an initial 14%. Further, by
magnetic separation the ferruginous impurities as
well as titania content could be reduced to 1.07%
and 0.58% respectively. Hydros bleaching improved
the brightness to 74.5%. However, a maximum of
78.1% brightness was achieved through a combina-
tion of size separation and calcination steps corre-
sponding to an overall increase in brightness by 18
units. The product meets the specification require-
ment for ceramic industry (Grade II). Fine tuning
including multiple pass WHIMS studies are under
progress.

Brightness improvement studies on China clays

In continuation of the clay beneficiation
studies being carried out at NIIST, two china clays
supplied by the sponsoring agency could be up-
graded to products having significant brightness
values with potential application in paper, paints

etc. Granulometric, mineralogical, chemical and
physical characterization of China clays established
the level and nature of impurities present based on
which the beneficiation steps were designed. Ben-
eficiation included a series of successive techniques
such as hydrocloning, wet high intensity magnet-
ic separation (WHIMS), chemical bleaching and
calcination under optimized conditions. WHIMS
could effectively remove magnetic particles such as
oxides of iron, titanoferrous and micaceous com-
pounds etc. down to ultra fine sizes.

I

Figure 14. Wet High Intensity Magnetic Separator
(WHIMS)

A yellow clay matrix with initial brightness
value of 71% (ISO) could be beneficiated to give a
hydrated product of 80.44 % brightness after hy-
drocyclone size separation and WHIMS followed
by reductive bleaching which on calcination gave
89.5% (ISO) brightness.
brightness value of the clay from Bhuj could be en-
hanced by 9 units to 80.44 % brightness in hydrated
clay. Enhancement by 18 units was achieved for cal-

On similar lines, the

cined product to 89 %.

Dust abatement studies in China clay mines
Fugitive emissions are traffic-generated

dust and are the main problem associated with

clay mines and also from mining operations. Water
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sprinkling and green belt development are usually
suggested to contain dust emissions in mines. As
per USEPA, dust particles below particle size 10 p
are inhalable as it leads to occupational respiratory
diseases. NIIST has therefore developed a method
for suppression of dust pollution by spraying of
CaCl, solution and topping it with a cover of water
absorbent coir pith.

Extended pilot trials of the study were
conducted in the China clay mine owned by M/s.
English Indian Clays Ltd., Veli, and Thiruvanantha-
puram. The haul road had an average traffic density
of 25-30 trucks per hour. Total dust emission was
found to be significantly higher than the stipulated
SPM and RSPM concentrations in the mine site.
Effect of calcium chloride (CaCl,) and magnesium
chloride (MgCl,) commonly used as dust suppres-
sants were evaluated in lab/field experiments along
a 400 m stretch to evaluate their effectiveness in
suppressing china clay mine dust. The effectiveness
of the dust suppressant was quantitatively mea-
sured in the field using gravimetric devices. Results
indicated reduction in dust at dosage of 33% CaCl,
which performed better than MgCl, at an applica-
tion rate of 6L/m? A blanket of water absorbent
coir pith enhanced the efficiency of the dust stabi-
lizers. Laying coarse aggregate above this provided
better grip to plying vehicles.
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Fig 15. A comparison of the ambient air quality at the mine
site before and after
the dust suppression by NIIST developed method
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With around 75-80% water retention capacity, coir
pith provided a humid cover to the stabilizer thus
preventing the loss of moisture from the treated
surface. This evidently increased the longevity of
the treatment efficiency. Laying of coarse aggregate
of around 3.8 cm size over the pith blanket provid-
ed better grip to the plying vehicles. The respirable
particulate matter remained below the limit of 100
pg/m? upto 10 -15 days after treatment resulting in
an overall reduction in cost of dust control by water
sprinkling by around 60%.

Color removal from paddy parboiling effluent

Parboiled rice is staple food in Kerala and
many other parts of the country. NIIST had devel-
oped an anaerobic treatment for reducing the COD
levels of the effluent to a significant extent so that
the treated eftluent is reusable for consecutive cycles
of parboiling with 20% fresh water addition. NIIST
had found that the anaerobic treated effluent is suit-
able for reuse in parboiling and rice quality is not
affected. However, there is need for a economically
viable secondary treatment process for the removal
of residual COD and color from the parboil efflu-
ent. Biological secondary treatment by activated
sludge (aerobic) treatment reduces residual COD
and ammonia, but increases color (from 300 to 600
Pt-Co unit). Rice mill effluent is also characterized
by high dissolved silica content (>200 mg SiO,/ ).
Biological oxidation in algal pond was tested and
found to increase color.
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Figure 16. Anaerobic reactors for the treatment of rice
mill effluent. Picture 1 shows plant under construction.
Picture 2 show heat exchangers for cooling parboil mill
effluent. Picture 3 shows gas driven backwash system
in new generation anaerobic reactor.

Color removal by chemical treatment was
tested using H O,, alum and lime. Hydrogen per-
oxide was effective but the consumption of perox-
ide is too high and therefore not economical. Lime
addition (3 g/l ) reduced COD by 70% and color
by 90% reduction. Alum reduced COD by 42% and
color by 80%. Lime treated effluent has high pH.
It is neutralized by biogas absorption. Thus further
chemical consumption is avoided. The lime treat-
ment process is currently the most economical
option for the secondary treatment of rice mill ef-
fluent. Process and plant design for the secondary
treatment of rice mill effluent are in progress.

Regional environmental impact assessment
study in China clay mining areas of Mangala-
puram, Thiruvananthapuram

The objective of the study was to identify
the environmental impacts on the area due to the
prevalent mining activity for china clay. The present
study identified the existing environmental and so-
cial conditions of around 42 mines, determined the
extent to which mining had contributed to actual
and perceived environmental and social problems
and suggested mitigation measures. Final report,
which included (i) a concise documentation of re-
connaissance survey of clay mines (ii) significant
baseline data generation (iii) dust emission model-

ing (iv) environmental impacts and their mitigation
(v) hydrological survey and management measures
(vi) operation and reclamation status of clay mines,
and (vii) social impact assessment, was submitted
to the sponsor.

Environmental impact assessment of beach
washing & mineral separation plant of Kerala
Minerals & Metals Ltd, Chavara, Kollam

The Form-1 for finalization of TOR has been
submitted to the Ministry of Environment and For-
ests. New Delhi. The hydro geological survey of
the mine leases has been completed. Other base-
line data studies of the four leases are ongoing. The
significant findings include sea erosion due to sea
washing, R&R issues due to displacement of people

from the mine leases and minor dust emissions.

Fig 17. Hydrology survey for groundwater contour mapping

Preliminary environmental impact assess-
ment for the proposed cement based precast

unit at KINFRA, Kakkanad, Cochin
The objective of the study is to identify the

various environmental impacts on the project area
and its surroundings due to the precast factory. The
preliminary EIA was based on the reconnaissance
survey, study of proposed process and activity and
identification of significant environmental issues.
The study evaluates the existing environmental con-
ditions, superimpose the proposed project activity
and suggest environmental management measures
to mitigate or minimize the impacts. During this
period reconnaissance survey of the proposed site

93

o
i)
N
F
(=)
N
-
oc
=
o.
LLl
(2 =
]
<C
— |
—_—
—_—
<




o
i)
N
F
(=)
N
-
oc
=
o.
LLl
(2 =
]
=T
— |
—_—
—_—
<<

b
]
and its surroundings was crried out. Collection of
secondary data included air quality, noise, water,
study of various process proposed, technical de-
tails, support services, identification of source of
pollution, management measures proposed by the

company / manufacturer etc.

Fig 18. Snapshot view of the area proposed for the Pre-Cast
Factory Plan in GIS

Environmental impact assessment (EIA) study
for the old sludge ponds of Kerala Minerals &
Metals Ltd (KMML), Chavara , Kollam

The objective of the study is to carry out the
Environmental Impact Assessment (EIA) of old
ponds, used for storing iron oxide and ETP sludge
as per the norms of State Pollution Control Board,
on the environment. The study includes literature
survey, collection of secondary data from KMML
which includes plant production data, quantum of
waste (iron oxide) disposal to pond, waste chemical
characteristics, identification of impacts and delin-
eation of environmental management plan (EMP)
including options for reuse. The expected environ-
mental impact of the old ponds is mainly due to the
seepage of sludge into nearby water bodies owing
to the damage to the pond walls and the LDPE lin-
ings, leading to water and soil contamination. The
study covers and an area of 2 km radius keeping the
sludge ponds in the centre.

The reconnaissance survey of KMML
Ponds was carried out this year. This includes pre-
liminary identification of nearby affected villages,
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assessment of process details, technical examina-
tion of the existing records, hydrological survey
of the wells surrounding the pond, water and soil
sampling, digitization of the data and preparation
of water contour maps and identification of con-
taminated sites.

NABET Accreditation of NIIST as
EIA consultant Organigation .

CSIR-NIIST havbeenw accredited by
Government of Indiow for EIA
NIIST isthe ondy

Kerala for undertaking EIA
studies.

COMPUTATIONAL MODEL-
LING AND SIMULATION

The Computational Modeling and Simula-
tion Section develops computational models for a
wide range of phenomena and processes like metal
casting, chemical reactors and biological systems.

Commercial release of AutoCAST-XI with
Virtual Casting Technology

Virtual Casting is a software package devel-
oped by NIIST for the simulation of solidification
process of industrial castings. In 2011, the Virtual
Casting Solver technology was transferred to 3D
Foundry Tech Pvt. Ltd., (3DFT) a company which
maintains and markets AutoCAST-X, an integrat-
ed easy-to-use environment for casting method
design, solid modeling, and simulation. This year,
the teams from CSIR-NIIST and 3D Foundry Tech
worked closely in integrating these two software
codes in NET environment with new GUIs and
visualization tools to release AutoCAST X1 which
couples the quick fluid flow simulation, heat trans-
fer and solidification simulation of Virtual casting
into the AUTOCAST-X environment. With the



addition of Virtual Casting, AutoCAST XI has the
capability to predict both flow related and solidifi-
cation defects like misruns, cold shuts and shrink-
age porosity. The integrated code was benchmarked
with the experimental results generated by IIT-
Mumbeai. It was further validated with industrial
scale castings. Some typical results of benchmark-
ing are shown in Figures 19 and 20.

Figure 19. Misrun prediction by AutoCAST X1.
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Figure 20. Shrinkage defects as predicted by AutoCAST X1
for two industrial castings

This software was given to 4 Indian found-
ries for beta testing. After testing, this module was
launched during IFEX -2013 at Kolkatta and the
first purchase order for AutoCAST X1 was received
from Titagarh Wagons Limited (TWL), Kolkata.
Virtual Casting won the second place in the Com-
puter Society of India IT Excellence Awards for
2012 at Kolkata in the Engineering Solutions and
Product Manufacturing Category.

CFD simulation of pneumatic coal injection
process in a rotary kiln

The pneumatic coal injection and combus-
tion process in a commercial rotary kiln is mod-
eled using a two phase flow theory approach. The
physical and chemical phenomena of the turbu-
lent reacting flow is simulated using a multiphase
Eulerian-Lagrangian CFD approach where the gas
phase is treated as a continuous phase and the pul-
verized coal particles are tracked in the flow field in
a Lagrangian way. Three-dimensional, steady-state
Reynolds averaged Navier-Stokes equations closed
by the k-¢ turbulence model are solved for the tur-
bulent gas flow, including mass, momentum, tur-
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bulence kinetic energy, turbulent dissipation rate,
enthalpy, and a number of gaseous species mass
fractions. All the relevant phenomena like coal de-
volatilization, homogeneous volatile combustion,
heterogeneous char reaction, particle dispersion
and radiation are included in the mathematical
model proposed in this work and the commercial
CFD code ANSYS-CFX 11.0 is used to obtain the
numerical results.

After these validation tests, the results of
CFD simulation of pneumatic coal injection pro-
cess in a direct reduction rotary kiln of inner di-
ameter 2.6 m and length 40 m is presented in terms
of particle trajectories, particle and gas temperature
profiles and mass fraction profiles of various gas
components. Two different size distributions as
depicted in Figure 21 were chosen for the current

simulation.

0.45
0.4 4
0.35 +

g 03
E 0.25
0.2
0.15
0.1

0.05
0

u Particle size distribution |

u Partiche size distribution Il

05 15 25 4 65 10

Particle diameter (mm)

Figure 21. Particle size distribution used for simulation

In particle size distribution I, the mass fraction
of 0.5 mm particles was around 38% whereas in
particle size distribution II it was around 3%. The
initial particle velocity chosen for both the distribu-
tions is 40 m/s and the particles are injected from
the same location. The kiln wall temperature was
kept at 1000 °C.

The gas temperature and species mass frac-
tion contours on a plane perpendicular to the solid
bed surface along the axis of the kiln is shown in
Figures 22(a) and (b) for particle size distribution I
and particle size distribution II respectively. It can
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be seen clearly from Figure 22(a), that for the par-
ticle size distribution I, where the mass fraction of
particles of size 0.5 mm is around 38%, the maxi-
mum gas temperature reaches around 1680 K and
this occurs near the solid bed where the smaller size
particles burn off just before reaching the solid bed.
This was also confirmed by the CO, and O, profiles.
Since smaller size particles get burned off easily,
volatile and CO, release was also higher for this size

distribution.
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Figure 22. Distribution of gas temperature, CO, mass fraction.,
O, mass fraction and volatile mass fraction in a plain perpen-
dicular to the solid bed surface, along kiln axis for (a) particle
size distribution I and (b) particle size distribution I

Similar type of results is presented in Fig-
ure 22 (b) for particle size distribution II, where the
mass fraction of particles of size 2.5 mm is 50%. It
can be observed from Figure 22(b), that for particle
size distribution II, the maximum gas temperature
reaches around 1600 K in a very small region and
the temperature reaches around 1200 K in other
parts of the freeboard region. It can also be ob-
served that CO, and volatile mass fractions are less
compared to particle size distribution I. From these
results it can be concluded that particle size distri-
bution plays a major role in the distribution of heat
load and volatile release and combustion of coal
particles.

A Programmable - Meta Search Engine

A Meta Search Engine (MSE) appears much
like a regular search engine (SE). MSE, unlike an
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SE does not have an index. Instead, by dynamically
querying multiple search engines, it extracts fuses
and re-ranks their results. Users can enter search
criteria once and access several search engines si-
multaneously. Vertical MSEs like NanoSpider were
developed for domain specific information retriev-
al in the area of nanotechnology. It helps the area
specific information seeker to focus on his domain
without having to surf through the general web.
Developing a vertical MSE from scratch requires
collaboration between computational scientists and
the domain expert. A customizable MSE can save
much time spent for such specialized engines to be
designed. It can also be used for conducting experi-
ments on the real web.

The programmable - Meta Search Engine
(P-MSE) is a MSE which can be programmed with
scripts to create custom fusion (search) services.
The P-MSE is designed to be a standalone web
server. It can handle HTTP request from any other
program and work as a typical Unix daemon. So,
it does not need C++/CGI based web servers like
apache. It uses an embedded scripting language
interpreter called T!, to provide programming ca-
pability. Multiple independent T! scripts, one cor-
responding to each search source, run in parallel
queries and collect the results.

The P-MSE developed in C++, with T!
scripts for communication with SEs has been used
to implement a general MSE called SSIR. The MSE
named SSIR, recursive acronym: SSIR for the Savvy
Information Retriever, searches the popular SEs.
Specific scripts for each search source page have
been written. Engines like MS-Bing provide free
API to get results in the form of XML. For other
sources, raw HTML result pages are parsed. The
live implementation can be accessed at http://ssir.
in. Figure 23 is a screenshot of SSIR. It searches
Yahoo, Bing, Google, Yandex and ODP taking a
maximum of 10 phrases connected by boolean op-
eratrors AND, OR or NOT. After fusion, duplicate

S=TR iy )

- e i

Figure 23. SSIR Website

Computational Biology

Agent Based Modeling (ABM) is a natural
way for describing and simulating a system com-
posed of large number entities that behave differ-
ently. Agent-based models for biological systems
can be perceived at different scales to model cell
behaviour and interaction, functioning of the im-
mune system, tissue growth, and disease processes.
An agent based model for the colon crypt was de-
veloped with cells of the crypt epithelium as agents.

Figure24. Development of a crypt from stem cells. Cell states
represented by different colors Purple - “Quiescent”, Red -
GI”, Brown “S+G2”, Dark Brown - “Mitosis”, Black shows
the gaps where there are no cells.

This model was used to investigate the role of het-
erozygous APC mutation in niche succession and
initiation of colorectal cancer. Mutations in the ad-
enomatous polyposis coli (APC) gene are found in
most colorectal cancers. They cause constitutive ac-
tivation of proliferative pathways when both alleles
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of the gene are mutated. However studies on indi-
viduals with familial adenomatous polyposis (FAP)
have shown that a single mutated APC allele can
also create changes in the precancerous colon crypt,
like increased number of stem cells, increased crypt
fission, greater variability of DNA methylation pat-

terns, and higher somatic mutation rates.

The crypt is represented as a simple 2D grid,
as if the crypt is slit open and rolled out flat (Figure
24). The epithelial cells are anchored to the grid and
can move on it. Each cell is an agent, characterized
by attributes like cell cycle stage, position on the
grid, ancestry and age. There are rules for insertion
of daughter cells inside the crypt, differentiation on
division, migration and death. Simulations are
carried out to study the effect of heterozygous APC
mutation on individual cell behaviour that would
collectively lead to the kind of crypt level changes
that have been indicated by different experimental

studies.
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Based on previous reports and the results
from the ABM for colon crypt dynamics, the hy-
pothesis was proposed that heterozygous APC mu-
tation has the effect of increasing the chances for
a stem cell to divide symmetrically, producing two
stem cell daughters. This hypothesis was incorpo-
rated into the model and performed simulation
experiments to investigate the consequences of
the hypothesis. Mutations show that this hypoth-
esis links together all the changes in FAP crypts
observed in previous studies. It is also seen that an
APC*" stem cell gets selective advantages for domi-
nating the crypt and progressing to cancer. This ex-
plains why most colon cancers are initiated by APC
mutation. The results could have implications for
preventing or retarding the onset of colon cancer in
people with inherited or acquired mutation of one
APC allele.
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PLANNING AND PERFORMANCE & BUSINESS DEVELOPMENT
TECHNOLOGY LICENSING & TRANSFER AGREEMENTS / MOUs SIGNED

Sl :
No Title Name of the firm / agency
A for licensi f know-how fi
1 s rigr:rfziglt)icoi ;z:;afl:)% t(;eatirrio‘,\l,los:;,ho(l); Shri. Mathews George, Pichappillil House, Kasdavoor P.O.,
. 8 8 PIN - 686 671
organic wastes
5 Agreement for licensing of know-how for an anaerobic | Shri. Sunil Kumar T.S., M/s K A Enterprises (Reg.No: MSME 5495/12),
digester for treating household organic wastes Estate Road, Pappanamcode, Thiruvananthapuram 695 019
Agreement for licensing of know-how for/ ., proie prpEs AND TUBES (PVT) LTD, PB. No2,
3 |an anaerobic digester for treating household :
. Koovappady, Cochin - 683 544
organic wastes
4 Agreement for licensing of know-how for|Shri. Hitesh Khanna, M/s Khanna Brothers, 512, Katra Ishwar
producing white pepper Bhawan, Khari Baoli, Delhi - 110006
5 Agreement for licensing of know-how for|Shri. Moidutty E.K., “Baithul Aysha’, Old Road Junction,
producing white pepper Putakkulam, Koothuparamba, Kannur - 670 643
Agreement for licensing of know-how for |Shri. B.M. Ibrahim, Proprietor, M/s SPICES OF COORG, Shop No.
6 . . . .
producing white pepper SGP 131, Muncipality Complex, Sunticoppa, Karnataka
L Shri M.S Prasad, M/s Innovative Bio products,
A for 1 f know-how fi
7 b agrfzfl?gﬁzr :;tr;:ir(l)s;ng © OW-ROW 20T | Blat No:304,Plot No:135,Green park residency,
RajeevNagar, Amberpet, Hyderabad, Andhra Pradesh-500045
Kerala Furniture Consortium Pvt. Ltd, a registered MSME
8 | MoU for commercialization of POLYCOIR having its registered office at Kurichilakkode, Kodanaad PO,
Perumbavoor, Ernakulam Dist
Agreement for executing the project ‘A study on
imizine th . lization in A .
9 ?E;E?tlrmll)g :e elaﬁi[er}i:ibz?ri)zsz%n ll)tni };u}rl:glacl DST & Arya Vaidya Sala, Kottakkal, a Charitable Trust having
¥ Dy Tep g . Y g L its Head office at Kottakkal, Kerala - 676 503
parts and by developing new bio active applications
for herbal spent material’
Agreement for Collaboration in the area
for Method development for Screening and|. o ochnologies India Pvt. Ltd2, Unit Nos. 105 - 116,
quantification of dioxins and furans in Indian | _. L
10 ) First Floor, Splendor Forum,Plot No - 3, District Center
food matrices for Gas Chromatography Jasola, New Delhi - 110025
coupled with Triple Quadrupole Mass ’
spectrometer
Acreement for setting up inteerated spice Director of Agriculture, Directorate of Agriculture,
11 rgo cessine facilitv at V\i aga d & P Dept of Agriculture, Govt of Kerala,Vikas Bhavan,
b & Y Y Trivandrum-695033
1 i\gtoti[rjl V:;ltha ,Il?el zlelilt(c))lr:te lg)lfsilr?egsrslclunl zllilt‘)eatit;?r: Directorate of Agriculture, Department of Agriculture, Govt.
& up 8y of Kerala, Vikas Bhavan, Thiruvananthapuram - 695 033
Centre
100 L]
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Agreement for “Setting up of demonstration

Kudumbashree- State Poverty Eradication Mission, Trida

13 | plants for pineapple leaf fibre and banana |buildings, Opposite Medical College, Thiruvananthapuram
fibre using anaerobic extraction” District, Kerala- 695 011
14 | Agreement for consultancy project KINFRA, KINFRA House,31/2312, Sasthamangalam, Trivandrum-695010
Agreement for consultancy services for conducting
15 EIA for the old ponds of KMML chavara, kollam M/s KMML, Chavara ,Kollam-691 583
Agreement for collaborative research work |M/s NORITAKE CO LTD,
16 |titled” Development of ceramic adsorbants |1-36 Noritake shinmachi 3 chrome, Nishi-ku, Nagoya
for gas and vapour molecules 4518501, Aichi, Japan
MoU in connection with the project ©
17 Development and pilot scale production of | M/s ANTS ceramics (p) Ltd
microwave ceramic substrates and LTTC|W-50(A), Near Mahindra sona, Nasik-422007
green tapes suitable for microwave circuits”
M/s Thermax Ltd, D13,MIDC Industrial Area,
18 | MoU for sponsored Research RD Aga Road,Chinchuwad,Pune-411009
. M/s Mahindra Hinoday Industries Ltd, Bhosari Industrial
19 | Mutual Non Disclosure Agreement Estate, Bhosari , Pune-411026
SI . . . .
No Client Project Title Project Leader
AGRO PROCESSING DIVISION
| |DsT Eva1}1:<1t10n and 'control of acrylamide formation in Dr. (Mrs) P. Nisha
traditional deep fried snack products
Synthesis of iminosugar variants of alphagalactosyl
2 |DST ceramide for tuning of selective cytikine release from |Dr. L. RaviShankar
natural killer T(NKT) cells
A study on optimizing the material utilization in ayurvedic
3 |DST industry by replacing herbal roots by benign herbal parts | Dr. Sunderesan
and by developing new bioactive application
Phenolic compounds from Centalla asiatica, Boerhavia
4 |ICMR diffusa & Desmodium gangeticum as protectors against | Dr. K. R. Raghu
arsenic trioxide induced cardio toxicity
. s Evaluation of trans fatty acids in hydrogenated vegetables
5 D1r.Vana§p athi,Min. oil products and their health implication in the context of | Mrs. M.V. Reshma
Con.Affairs . .
Indian food habits
Studies on improving storage stability of refined and
Dir.Vanaspathi,Min. unrefined vegetable oils by the addition of micronutrients .
6 Con.Affairs and antioxidant phytochemicals and the development of a Dr. (Mrs) . Nisha
functional vegetable
Bureau of Indian Stan- | Development of Indian Standards for North East Ginger
7 dards and its value added products Mr. V.V. Venugopal
8 | KSCSTE De\zelopmep"c' and standardization of value added products Dr. (Mrs) P. Nisha
for "Jackfruit
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9 Dept of Agriculture, Setting up a technology business incubation centre for Mr. V V. Venugopal
GOK agroprocessing
10 23312 of Agriculture, Setting up a ginger processing plant in Wayanad Mr. V .V. Venugopal
BIOTECHNOLOGY DIVISION
Development of a bioprocess for the production of
11 |DBT polyhydroxybutyrate(PHB) from biodiesel industry|Dr. Ashok Pandey
generated glycerol
Cost effectlve productuon of lactic acid fo.r pf)lylactlde Dr. K. Madhavan
12 |DBT synthesis and studies on PLA application and ..
: . Nampoothiri
biodegradation,
Exploiting western ghat biodiversity for antifungal|Dr. K. Madhavan
13 | DBT . : .
metabolites for plant disease control Nampoothiri
14 | DBT Clomng ad productlon‘ of a genetlcally improved L Dr. Ashok Pandey
asparaginase from Escherichia coli
15 | DST Centre for bio fuels Dr. Ashok Pandey
Glycerol based carbon acid catalyst for the production of
16 | DST ethanol and value added chemicals from biomass Dr. Ashok Pandey
17 | MNRE, New Delhi Sorghum stover based biorefinery for feuls and chemicals | Dr. Ashok Pandey
18 | Thermax Ltd. Blf)process development for the production of L-lactic Dr. Ashok Pandey
acid, PGA and cellulase enzymes
CHEMICAL SCIENCES & TECHNOLOGY DIVISION
Novel synthetic protocol for carbon-carbon and
19 | DST carbon-heteroatom bond forming reactions employing |Dr. Vijayan Nair
nucleophilic heterocyclic carbene catalysis
20 |DST Photodynamic therapy against the tumor vascular system | Dr. D. Ramaiah
21 | DST Cucurbit[n] wuril homologues and their .derlvatlves 3| b Rakesh K. Misra
receptors for a few Ionic and neutral analysis
22 | DST Development of n.o.vel cyclophanes as probes for Dr. D. Ramaiah
biomolecular recognition
23 | DST The controlled carbopalladation of heterobicylic olefins: A novel | Dr. K. V. Radhakrish-
stereo selective route to functionalized cyclopentanoids nan
24 |DST Environmentally secure inorganic colorants Dr. M.L.P. Reddy
Organic and organic - inorganic hybrid solar cells:
55 | DST optimization of materials properties, bulk heterojunction Dr. K. R. Gobidas
morphology and device efficiencies (OISC/LARGE| "~ "~ p
CELLS)
Green methods towards pharmaceutically important|Dr. K. V. Radhakrish-
26 | DST .
heterocycles and cyclopentanoids nan
Investigation of conformational sub-states and low frequency | Dr. Karunakaran
27 |DST g . . . .
vibrational dynamics of native and non native heme proteins | Venugopal
102 ]
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Design and synthesis of multifunctional organic - DNA

28 | DST conjugates for biomolecular application Dr. Joshy Joseph
Development of bulk heterojunction solar cell based

29 |ISRO demo structure conducting polymer in organic hybrid | Dr. J.D. Sudha
composite for broad band solar spectrum
Development of fulvene based Zr(II) and Ti(I) chemistry: | Dr. K. V. Radhakrish-

30 [IFCPAR . - o . .
organometallics,reactivity and applications in organic synthesis | nan

31 | MNRE Dye. .sensmzed solar cell(DSSC)/quantum dot dye Dr. Joshy Joseph
sensitized solar cell

MATERIAL SCIENCES & TECHNOLOGY DIVISION

3 | DST th1m1zat1on of aging parameters and alloy corTlp051tlon for Dr. A. Sreenivasan
improved age hardening response of AZ91 magnesium alloy

33 | DST Development of' Mg antimony based alloy for high Dr.U TS Pillai
temperature applications

34 | DST Synthesis and characterisation of in-situ Magnesium | Dr. (Mrs) Sreeja Ku-
matrix composites mari

35 | DST An 1nve.st1gat10n on the pote-ntlal beach placer deposits Dr. M. Sunderarajan
along Tiruchendur coast, Tamilnadu
Development of novel powellite based red phosphor materials:

36 |DST ARMMoOEu*(A=Mg, Ca, Sr and Ba, R=Y, La and Gd: M=Nb | Dr. P. Prabhakar Rao
and Ta) for white light emitting diodes (WLED's)

37 | DST Supramolec.ular polymeric nanomaterials with hierarchical Dr. Boje Goud
morphologies

38 | DST Preparajuon (?f M3AX2 phtase ternary carbides and Dr. S. Ananthakumar
fabrication of its nanocomposites through novel methods

39 |DST Nanostructured double perovskites for spintronic applications, | Dr. Manoj Rama Verma

40 DST Dc?velopr.nent o.f na.nostructured spinel oxide materials for Dr. Savitha Pilla
spintronic applications

41 DST Low. temperature healing photo catalytic self cleaning Dr. K. G. K. Warrier
coatings for solar cell covers and glass surfaces

4 DST Developmgnt of functlonahlly graded. porous ceramic preform DET. P. D. Rajan
and ceramic metal composites for engineering applications
Nanostructured Ni-based Heusler alloys for magentic .

. . o . . .| Dr. Manoj Rama
43 | DST refrigeration applications. Part I synthesis and physical
- . o Verma

characterization. Part II magnetic characterization

44 |DST Development of iron based superconductors Dr. U. Syamprasad
Development of low loss low temperature co-fired ceramic glass .

45 |DRDO composite (LTCC) tapes for future MIC device applications Dr. M. T Sebastian
Design and development of environmentally friendly

46 |DRDO rare earth based NIR reflecting camouflague pigments for | Dr. P. Prabhakar Rao

defence applications
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Development of mono and hybrid discontinuously
47 |DRDO reinforced magnesium metal matrix composites for|Dr. U.T.S. Pillai
engineering applications
Development of photocatalytic reactor based on wide
48 |BRNS spectrum nanotitania-organ.ic hybri(%s. for decoml?osition Dr. Saju Pillai
of dyes and recovery of precious additive/solvent in spent
laser dye solution
Tailoring of magneto-structural phase transitions near the
49 | BRNS room temperatures in intermaetallic Heusler alloys for the | Dr. M. Vasundara
magnetic refrigeration applications
50 | BRNS, Mumbai Synthesis and spray gran?llation .of lanthanum phosphate Dr. U. S. Hareesh
powders for thermal barrier coatings
51 GTRE (Gas Turbine Res. DeV?lop.ment of metal matrix composites for aeroengine DeT. P. D. Rajan
Estt) applications
Development of self lubricating AL,O,/ZrO, ceramic
52 |BARC composites for journal bearing applications in acid/|Dr. S. Ananthakumar
radiation environment
The village community network: Technology development
53 | MHRD and pilot rollout plan for low cost opportunistic|Dr. M. T. Sebastian
communication networks for rural areas of India
54 |KSCSTE Development of biodegradable composites Dr. V. S. Prasad
55 Institute of Plasma D.evelopment of long ‘ﬁlamentary MgB, superconducting Dr. U. Syamaprasad
Research wires and tapes for fusion grade magnets and current leads
56 |1CDD Generation. of experime'ntal powder diftraction data of Dr. P Prabhakar Rao
new ceramic complex oxides
57 M/s.Schneider Electric N'an.o c'eramlc smart fillers for 1mpr0Ylng tbe thermal Dr.S. Ananthakumar
DRC dissipation property of epoxy polymer dielectrics,
PROCESS ENGINEERING & ENVIRONMENTAL TECHNOLOGY DIVISION
58 |NMITLI Biofuel from marine microalgae Mr. Ajit Haridas
i f ion plants for pi le leaf fi
59 | DST Setting up o demor.lstratlon p a%nts or p1.neapp e leaf fibre Dr. V. B. Manilal
and banana fibre using anaerobic extraction
60 | MNRE Anaerobic techn(.)l(')gy for ‘.biogas recovery and stabilization Dt V. B. Manilal
of unsorted municipal solid wastes
Bioremediation of percholate containing waste water
61 | KSCSTE under high saline conditions using chemotropic mixed | Dr. Krishnakumar
microbial system
Development of modern and eco friendly beneficiation
62 |KSCSTE process and flow sheet for Kasaragod and Kannur China | Dr. P. Raghavan
clays
Kinetics of respiratory enzymes involved in perchorate
63 | KSCSTE . Mrs. V. N. Anupama
reduction
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64 | KSCSTE

Setting up of a demonstration plant for quality coir fibre
production and bioenergy recovery by closed retting

Dr. V. B. Manilal

65 |KSIDC

Development of a suitable method to control fungal
growth in screwpine leaf products

Dr. V. B. Manilal

Kerala State Pollution

Dr. Rugmini Sukuma-

66 Control Dust suppression: Field study in China clay mine ran

67 |EICL Brightness improvement studies on EICL China clays Dr. P. Raghavan

68 Kalady Rlce Millers Secondary and tertiary treatment of rice mill effluent Mr. Ajith Haridas
Consortium

M/s. Associated Soap-

Beneficiation process development flow sheet design for

69 stone Dist china clay of Guda mines of M/s. Associated soapstone|Dr. P. Raghavan
distn. Co. Pvt. Ltd
SINo Client Project Title Project Leader
Setti : ine facility |
1 | Dept of agriculture, GOK cHHng up a giuger processing AU I vk v v, Venugopal
Wayanad
2 KMML EIA for KMML project Mr. J. Ansari
Herald Marine Products Pvt.
3 era ?rme rocucts Fish meal factory odour control Mr. Ajit Haridas
Ltd, Cochin
4 M/s.Pavizham treatment plant, | Augmentation of rice mill anaerobic treat- M. Ajit Haridas
Koovappady,Perumbavur ment plant
1 i 1
5 |vssC Structura. anfi micro structura . Dr. Prabhakar Rao
characterisation of aerospace materials
Fabrication of prototype aluminium alloy
6 |WAPCO India Ltd and composite cylinder liners for automo- | Dr. T.P.D. Rajan
tive air compressor applications
7 Environmental Resources Re- Taxonor'ny of species thfough morphologi- Dr. Prabhakar Rao
search Centre, TVM cal studies of pollen grain
Creation of medicinal plant extraction fa-
8 | M/s. Kinfra, Trivandrum cility at Biotechnology Incubation Centre, |Dr. Sundaresan
Kinfra Hi Tech Park. Kalamasssery
tha fish meal and oil prod-
9 Janatha fis ) rcatanc ofipro Fish meal factory odour control Mr. Ajit Haridas
ucts, Udupi
Prelimi EIA f t fact t
10 | KEE Chelebra, Malappuram ercg?rinary of precast factory @ Mr. J. Ansari
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PATENTS FILED (FOREIGN)
NFNO Title Inventors Filing Date |Application No.
NOVEL IMPRINTED POLYMER MA-
TERIALS FOR SELECTIVE DETOXIFI- Karamala Prasad
0052NF2009/HK %ﬁ&iﬁggg&%&f%ﬁg&w Joseph Mary Gladis, | 09/05/2012 | 12104562.6
AND PROCESS FOR PREPARATION | Lalasila Prasada Rao
THEEREOF
Shukla Satyajit Vish-
nu, Warrier Krishna
Gopakumar, Manoj
NOVEL MAGNETIC DYE-ADSOR- Raama Varma,
0091NF2009/US BENT CATALYST Madadhin Thazhe 11/07/2012 13/521641
Lajina, Narayani
Harsha, Chalappu-
rath Pattelath
Danoboyina Ra-
maiah, Suneesh C
Karunakaran, Vadak-
NOVEL PORPHYRIN DERIVATIVES ~ ancheril SJisha,
FOR PHOTODYNAMIC THERAPY drashekhar. Alagar
(PDT): A PROCESS FOR THE PREPA- Srinivasan )Ma d%la—
0147NF2009/EP |\RATION THEREOF AND THEIR USE van Radha’krishna 19/07/2012 11711133.6
AS PDT AGENTS AND FLUORES- Pillai. Sivak .
CENCE PROBES FOR BIOLOGICAL Al ha" lvaxumarl
APPLICATIONS sha Nair, Saneesh
Babu P Saras, Chin-
talagiri Mohan Rao,
Kunchala Sridhar
Rao
Danoboyina Ra-
maiah, Suneesh C
Karunakaran, Vadak-
NOVEL PORPHYRIN DERIVATIVES %Sﬁeﬁlrf Ilésgﬁ; o
FOR PHOTODYNAMIC THERAPY drashekhar Alagar
(PDT): A PROCESS FOR THE PREPA- Srinivasan )Ma d%la-
0147NF2009/JP |RATION THEREOF AND THEIR USE an Ra dha’krishna 20/07/2012 | 2012-549434
AS PDT AGENTS AND FLUORES- ‘1;.11 + Sivekumar
CENCE PROBES FOR BIOLOGICAL A‘ al, stvakumart
APPLICATIONS sha Nair, Saneesh
Babu P Saras, Chin-
talagiri Mohan Rao,
Kunchala Sridhar
Rao
Danoboyina Ramaiah,
Suneesh C Karunak-
NOVEL PORPHYRIN DERIVATIVES E‘rﬁ?ﬁf%‘iaiﬁﬁiieiél
FOR PHOTODYNAMIC THERAPY Chan d)ras}‘iekhar Al
(PDT): A PROCESS FOR THE PREPA- agar Srinivasan i\/[a d-
0147NF2009/CN |RATION THEREOF AND THEIR USE hgavan Ra dhakrishna 20/07/2012 [01180006844.1
AS PDT AGENTS AND FLUORES- Pillai. Sivakumari Asha
CENCE PROBES FOR BIOLOGICAL Nair, )Saneesh Babu
APPLICATIONS P Saras, Chintalagiri
Mohan Rao, Kunchala
Sridhar Rao
106 N
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|
Danoboyina Ra-
maiah, Suneesh C
Karunakaran, Vadak-
NOVEL PORPHYRIN DERIVATIVES 1;233’:;& S IISS(}:IEQ N
FOR PHOTODYNAMIC THERAPY | 75 s & - 2o
(PDT): A PROCESS FOR THE PREPA- | 220" C o0 dgha_
0147NF2009/US |RATION THEREOF AND THEIR USE Radhalcrioh 20/07/2012 | 13/574512
AS PDT AGENTS AND FLUORES- V‘i‘lrll ; "‘S ak 1shna
CENCE PROBES FOR BIOLOGICAL  |Fihai, Sivakumari
APPLICATIONS Asha Nair, Sanee§h
Babu P Saras, Chin-
talagiri Mohan Rao,
Kunchala Sridhar
Rao
FLUORESCENT MATERIAL AND Ayyappanpillai Ajay-
0139NF2011/US |PROCESS FOR THE PREPARATION  |aghosh, Rajasekaran | 10/08/2012 13/571763
THEREOF Thirumalai Kumaran
DYE ENTRAPPED SOL-GEL FILM Santhakumar Dhan- PCT/
0138NF2011/WO BASED TEST STRIP SENSOR FOR NI- |ya, Talasila Prasada | 27/08/2012 | [po0omo 0 oo
TRITE AND A PROCESS THEREOF  |Rao
PROCESS FOR THE PRODUCTION
OF VIOLACEIN AND ITS DERIVA- (o0 o
0033NF2010/BR |TIVES CONTAINING BIOACTIVE Karan 30/08/2012 1120120218468
PIGMENT FROM CHROMOBACTE-
RIUM SP. NTIST-CKK-01
PROCESS FOR THE PRODUCTION
OF VIOLACEIN AND ITS DERIVA- | o0 0o
0033NF2010/EP |TIVES CONTAINING BIOACTIVE Karan 11/09/2012 | 11718485.3
PIGMENT FROM CHROMOBACTE-
RIUM SP. NTIST-CKK-01
Shukla Satyajit Vish-
NOVEL SURFACE-MODIFICATION |2 “{("‘mer Ké?“ﬁnﬁ
0109NF2008/AU PROCESSES FOR FLYASH AND IN- | ‘l’lf “({na.rl’ B 203K 1 11/09/2012 | 2010348068
DUSTRIAL APPLICATIONS THEREOF | (¢, 00¢ayt Bayu
Vijayan, Thachan
Shijitha
Shukla Satyajit Vish-
NOVEL SURFACE-MODIFICATION | V‘L"‘mer Ké!sﬁ“ﬁ
0109NF2008/US |PROCESSES FOR FLYASH AND IN- - ‘fl’l’f “(ina.rl’ B 203K | 19109/2012 | 13/612363
DUSTRIAL APPLICATIONS THEREOF [<¢,x00dayLt baiju
Vijayan, Thachan
Shijitha
PROCESS FOR THE PRODUCTION
OF VIOLACEIN AND ITS DERIVA- (oo
0033NF2010/US | TIVES CONTAINING BIOACTIVE | M0 12/09/2012 | 13/634329
PIGMENT FROM CHROMOBACTE-
RIUM SP. NTIST-CKK-01
Shukla Satyajit Vish-
NOVEL SURFACE-MODIFICATION |\ “ﬁ‘mer Kgﬁ“ﬁ
0109NF2008/CN |PROCESSES FOR FLYASH AND IN- |- ‘l’.lf “(ina.rl’ B 120K 02/11/2012 | 01080066578.7
DUSTRIAL APPLICATIONS THEREOF | ¢, <00¢ayt Bayu
Vijayan, Thachan
Shijitha
ANOVEL METHOD OF DEVELOPING  |Panampillil Vijay-
NANO-STRUCTURED SILVER OXIDE ammma Subha, PCT/
0188NF2011/WO |1\ BASED AQUEOUS VOLTAMMETRIC | Varghese Saumya, | -1/1/2013 11N2013/000064
PESTICIDE SENSOR Talasila Prasada Rao
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PATENTS FILED (INDIA)
NENO Title Inventors Filing Date Ap P;f)atlon
FLUORESCENT MATERIAL FOR
SELF-ERASABLE WRITING, AU- Ayyappanpillai
THENTIC SECURITY LABELING, Ajayaghosh, Ra-
0139NE2011/IN CURRENCY COUNTEREFEIT PRE- jasekaran Thirum- 13/08/2012 | 2294DEL2011
VENTION AND PROCESSES FOR alai Kumaran
THE PREPARATION THEREOF
DYE ENTRAPPED SOL-GEL FILM Santhakumar
0138NF2011/IN | BASED TEST STRIP SENSOR FOR Dhanya, Talasila 27/08/2012 | 2419DEL2011
NITRITE AND A PROCESS THEREOF | Prasada Rao
A NOVEL METHOD OF DEVELOP- Panampillil Vijay-
ING NANO-STRUCTURED SILVER ammma Subha,
0188NF2011/IN | OXIDE FILM BASED AQUEOUS Varghese Saumya, | 30/01/2013 | 0264DEL2012
VOLTAMMETRIC PESTICIDE SEN- | Talasila Prasada
SOR Rao
A PROCESS FOR THE PREPARA-
TION OF AUTOFLOCCULANT .. .
0010NF2012/IN ALGAL CUITURES WITH HIGH Ajit Haridas 02/04/2012 1016DEL2012
LIPID CONTENT
A PROCESS FOR DECOMPOSITION OF f,?;ﬁiss\z i‘Jrllter
ORGANIC SYNTHETIC DYES USING L
0102NF2012/IN SEMICONDUCTOR-OXIDES NANO.- KrIShgabG%pi,l?}; 17/08/2012 | 2555DEL2012
TUBES VIA DARK CATALYSIS. mman, badt babia
Kunnathuparambil
BLUE COLORED INORGANIC PIG-
MENTS, HAVING NEAR INFRARED Mundlapudi Lak
REFLECTANCE, BASED ON MIX- . . i
0009NF2012/IN TURES OF LANTHANUM, STRON- ztlllmlglatl}l Reddy, 30/08/2012 | 2686DEL2012
TIUM, COPPER AND LITHIUM cetiin jose
SILICATE AND PROCESS THEREOF
A NOVEL AZA BODIPY DERIVA- Danabovi
TIVE FOR THE SELECTIVE DETEC- R:;ii;’g“;\?agap
TION OF NITRITE IONS IN WATER: L )
0183NF2012/IN A PROCESS THEREOE AND ITS i/e{ing}l}lla;?ﬁa;sh, 28/01/2013 0206DEL2013
APPLICATION IN WASTE WATER adhes 1 an-
MANAGEMENT mugasundaram
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PATENTS GRANTED (FOREIGN)

Title Inventors Grant Date Patent No.
AMPHIPHILIC SQUARAINE
DYES, A PROCESS FOR THE
PREPARATION THEREOF AND Danaboyina Ramaiah
THEIR USE AS NEAR INFRA- . - .
RED FLUORESCENCE PROBES Ea{[lkllatn Th?lilllathveetll Arun, Jyotish 23/05/2012 | Z1.200580052408.2
FOR BIOLOGICAL BIOCHEMI- | - anap
CAL AND INDUSTRIAL APPLI-
CATIONS
NANOCOMPOSITE MATERIAL
USEFUL FOR THE PREPARA-
TION SUPERHYDROPHOBIC Ayyappanpillai Ajayaghosh, Sampath
COATING AND A PROCESS Srinivasan, Vakayil K Pravin 04/12/2012 8323732
FOR THE PREPARATION
THEREOF
PATENTS GRANTED (INDIAN)
Title Inventors Grant Date | Patent No.
PROCESS FOR THE SYNTHESIS
OF TELECHELIC URETHANE AC- | Syamakumari Asha, Chennakkattu
RYLATE UV CURBLE PRE POLY- Krishna Sadasivan Pillai 12/04/2012 251853
MER MATERIALS
A NOVEL CYCLIC DONOR-AC-
CEPTOR CONJUGATE, PROCESS | Danaboyina Ramaiah, Prakash P 31/08/2012 253901
AND A SUPRAMOLECULAR FLU- | Neelakandan, Mahesh Hariharan
ORESCENT MARKER THEREOF
NOVEL CHOLESTERIC LIQUID
CRYSTAL CONTAINING PHOTO- | Suresh Das, Shibu Abraham, From
RESPONSIVE BUTADIENE CHRO- | RRL(T) Mobuyuki Tamoaki, Viswanath 21/11/2012 254577
MOPHORE AND A PROCESS FOR | Ajay Mallia, From AIST, Japan
THE PREPARATION THEREOF
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KNOWLEDGE RESOURCE CENTRE

The Knowledge Resource Centre (KRC)
plays a prominent role in supporting the R & D ac-
tivities of NIIST by providing the required informa-
tion resources, services and knowledge dissemina-
tion. KRC continued to offer its services extensively
to the S & T personnel of the institute during 2012-
13 also and made significant progress. KRC is hold-
ing an excellent collection of documents including
books, periodicals, CD-ROM databases etc., and
providing access to electronic journals and data-
bases. KRC is providing the high speed network
through dedicated leased lines on OFC link with
Ethernet connectivity to all researchers. These 24X7
services with 100% throughput and >99% network
uptime cater to the bandwidth critical applications
and internet browsing, data upload/download,
emails, video conferencing etc. The section made
significant progress both in strengthening the in-
frastructure, resources and in rendering services.

Resources:

Print collection: As on March 2013, the to-
tal print collection is 43,107 plus documents which
include 13,087 books, 10947 standards and 10877
bound volumes of periodicals. During 2012-13, 107
books were purchased and 83 foreign and 77 In-
dian periodicals were subscribed including 35 titles
in online version. 10 periodicals were received as
gratis.

e-Resources: Access to more than 4000
journals and 6 database were provided to NIIST

researchers. These resources were utilized by NI-

110

IST researchers. Regular promotional programmes
such as regular message broadcasting of new facili-
ties/ services initiated, hosting in the intranet with
search links to each item have enhanced the level of
usage. Trail access to various e-resources were also
enabled for researcher through NKRC (National
Knowledge Resource Consortia). Access to these
information resources contributes to the success of
NIIST as a leader in R&D.

Full text journal database from various
publishers such as American Chemical Society, An-
nual Reviews, American Society of Civil Engineers,
American Society of Mechanical Engineers, Ameri-
can Society of Microbiology, American Institute
of Physics, Association for Computing Machinery,
Cambridge University Press, Elsevier, Emerald, In-
stitute of Electrical and Electronics Engineers, Na-
ture Publishing Group, Oxford University Press,
Royal Society of Chemistry, Science Magazine,
Springer, Taylor & Francis, Wiley - Blackwell, In-
dian Journals.com and journals and Theime jour-
nals are accessible. Bibliometric databses such as
REAXYS Web of Science - Science Citation Index
Expanded, SCOPUS were heavily used in addition
to the available patent databases viz. Derwent Inno-
vations Index and Qpat. The ASTM Standards also
referred by NIIST.

Library services
During the period, the in-house databases

of books, periodicals, Ph.D. theses, publications of
NIIST scientists, etc were updated regularly and
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made available through NIIST website and as well
as through intranet. The division conducted regular
database searches including Standards and Patents
for scientists, scholars and students. The resource fa-
cilities and services were extended to external users,
primarily from research, industrial and academic
sectors. About 400 persons from institutes and uni-
versities in and around Kerala visited NIIST-KRC
and availed the services. Initiation of new members
to services of KRC was done regularly. Creation of
Institutional Repository of theses & research papers
produced from NIIST are in progress. During the
period 190 records were added to the IR. 302 vol-
umes of periodicals were bound during the period.
Rendered reprographic and photographic services

as a general laboratory facility.

Scientometric service: Carried out Bib-
liometric/Scientometric/Impact Factor analysis of
NIIST publications using Journal Citation Report,
Web of Science - Science Citation Index Expanded
and SCOPUS. Provided support service for publish-
ing in journals with high Impact Factor. The total
number of papers published by NIIST during 2012
is 169, of which 157 are SCI papers with an average
IF value of 2.927.

IT and Network Administration: The
IT Lab acts as the main hub of the communica-
tion network and bringing together information,
knowledge tools and systems for research and man-
agement. All the buildings in the campus are inter-
connected through gigabit fibre optic backbone.
Separate VLANs have been created to connect a
large number of high end personal computers to the
campus network. IT lab maintains around 500+ in-
ternet connections through wired and wireless net-
work. A state-of-the-art data centre has been set up
to maintain high end servers, storage devices, UTM

devices and core switches.

IT lab upgraded its existing internet band-
width from 9 mbps to 10 mbps of BSNL during the
reporting year in addition to the 100 mbps leased
line from National Knowledge Network to fulfill the
internet requirement of the lab. The network up-
time has been maintained at 99%. IT lab has imple-
mented Wi-Fi facilities covering all areas of NIIST
with a secured wireless network. The lab also main-
tains state-of-the-art server/storage hardware con-
sisting of latest technology to manage the network
and application resources. It also maintains UTM
device for routing, load balancing, fail-over and se-
cured data access. The lab also manages network

switches deployed in various locations in the lab.

E-mail system has become a powerful and
speedy means of communication and NIIST had
implemented Zimbra e-mailing system. All sci-
entist, staff and research students are provided
with institutional e-mail id. The mail server is well
equipped with adequate anti-virus, anti-spam and
intrusion prevention systems. The deployment of
this system has brought down SPAM control rate
to a great extent. The lab has also developed and
hosted its own institutional website in bilingual for-
mat and also an intranet website that provides all
the related information, guidelines and announce-
ments. The sites are maintained by regular updat-
ing of the contents. The lab is also involved in the
development of websites for conferences organized
by NIIST.

The lab has procured license for deploying
server grade antivirus software which provides vi-
rus-free network environment at NIIST. The lab ini-
tiates an Annual Maintenance Contract for all the
desktop, laptop as well as other computer periph-
erals in the lab. IT lab maintains a help desk that
helps users solving issues related to installations,

reinstallations, repairs, software updation, virus is-
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sues etc. The lab also manages various applications
like Stores and Purchase Software, D-Space for In-
stitutional Repository, Libsuite, Chemdraw, Sigma-
plot and Origin. A backup solution is also installed
for generating periodic backup of the applications

and also backup for mails and website contents.

The lab has taken extensive initiatives in
implementing the CSIR-ERP system. The lab also
provides assistance in ensuring Quality assurance

in the acquisition of IT products and devices of the

lab.

The division organized following training
programmes during 2012-13:
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Patent searching & mapping using Questel
Orbit (QPAT), 16 May 2012.

Workshop on Patinformatics for research
planning and commercialization, 23-24
August, 2012.

How to get published in research journals,
30 November, 2012.

Emerging Trends in Open Access: Lecture
on scholarly communications and impact
measures in the open knowledge environ-
ment by Prof. Leslie Chan and Prof. Subbiah
Arunachalam, 17 December, 2012.
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LIST OF PUBLICATIONS: 2012

SINGH (K), BHATTI (H S), BAIJU (K V), SHUKLA (S), KUMAR(S), CHOUBEY (R K)
Study of size dependent photo-induced exciton life-time and photocatalytic activity of nanocrystalline
CdZnS$

Advanced Science Letters

16(1):237-243; Sep 2012

YAHAYA (L E), ADEBOWALE (K O), MENON (A R R) and OLU-OWOLABI (B I)
Natural rubber/ organoclay nanocomposite from Tea (Camellia Sinensis) seed oil derivative.
American Journal of Materials Science

2(2):1-5; 2012

THOMAS (T G), SREENATH (K) and GOPIDAS (K R)

Colorimetric detection of copper ions in sub-micromolar Concentrations using a triarylamine- linked
resin bead

Analyst

137(22):5358-5362; 2012

SAUMYA (V) and PRASADA RAO (T)

Copper quantum cluster-polypyrrole composite film based zero current chronopotentiometric sensor for
glutathione

Analytical Methods

4(7):1976-1982; Jul 2012

SANTHOSH BABU (S), AIMI (J), OZAWA (H), SHIRAHATA (N),SAEKI (A), SEKI (S), AJAYAG-
HOSH

(A), MOHWALD (H) and NAKANISHI (T)

Solvent-free luminescent organic liquids

Angewandte Chemie - International Edition

51(14):3391-3395; 2012

ANESH GOPAL, HIFSUDHEEN (M), FURUMI (S), TAKEUCHI (M) and AJAYAGHOSH (A)
Thermally assisted photonic inversion of supramolecular handedness

Angewandte Chemie - International Edition

51(42):10505-10509; 2012

SANTHOSH BABU (S), PRASANTHKUMAR (S) and AJAYAGHOSH (A)
Self-assembled gelators for Organic Electronics

Angewandte Chemie - International Edition

51(8):1766-1776; 2012

VINOD KRISHNAN,RAVIKUMAR (K K), SUKUMARAN (K) and JYOTHINDRA KUMAR (K)
In vitro evaluation of physical vapor deposition coated beta titanium orthodontic archwires

Angle Orthodontist

82(1):22-29; Jan 2012
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FERNANDES (N L M), ZANATA (S M), RONNAU (M), SOCCOL (C R), PANDEY (A) and THOM
AZ-SOCCOL (V)

Production of potential vaccine against dermatobia hominis for cattle

Applied Biochemistry and Biotechnology

167(3):412-424; Jun 2012

ANGELIS (S), NOVAK (A C), SYDNEY (E B), SOCCOL (V T), CARVALHO (J C), PANDEY (A),
NOSEDA

(M D), THOLOZAN (J L), LORQUIN (J) and SOCCOL (C R)

Co-culture of microalgae, cyanobacteria, and macromycetes for exopolysaccharides production: Process
prliminary optimization and partial characterization

Applied Biochemistry and Biotechnology

167(5):1092-1106; Jul 2012

DIVYA (J B), VARSHA (K K) and NAMPOOTHIRI (K M)

Newly isolated lactic acid bacteria with probiotic features for potential application in food industry
Applied Biochemistry and Biotechnology

167(5):1314-1324; Jul 2012

PANDEY (A), LARROCHE (C), LEE (D J) and SOCCOL (C R)
New horizons in Biotechnology - Preface

Applied Biochemistry and Biotechnology

167(5):929-930; Jul 2012

VIDYA (J) and PANDEY (A)

Recombinant expression and characterization of L-Asparaginase II from a moderately thermotolerant
bacterial isolate

Applied Biochemistry and Biotechnology

167(5):973-980; Jul2012

USHASREE (M V), GUNASEKARAN (P) and PANDEY (A)

Single-step purification and immobilization of MBP-phytase fusion on starch agar beads: Application in
dephytination of soy milk

Applied Biochemistry and Biotechnology

167(5):981-990; Jul2012

PREETI (V E), SANDHYA (S V), KUTTIRAJA (M), SINDHU (R), VANI (S), RAJEEV K SUKUMA-
RAN, PANDEY (A), and BINOD PARAMESHWARAN

An evaluation of chemical pretreatment methods for improving enzymatic saccharification of hili post-
harvest residue

Applied Biochemistry and Biotechnology

167(6):1489-1500; Jul 2012

SINDHU (R), KUTTIRAJA (M), BINOD PARAMESWARAN, PREETI (V E), SANDHYA (S V), VANI
(S), RAJEEV K SUKUMARAN and PANDEY (A)

Surfactant-assisted acid pretreatment of sugarcane tops for bioethanol production

Applied Biochemistry and Biotechnology

167(6):1513-1526; Jul 2012

PRAJEESH GANGADHARAN (P V), ANUPAMA (V N), ARYA BHASI, KHAN (S) and KRISHNA-
KUMAR (B)

Degradation of triclosan under aerobic, anoxic, and anaerobic conditions

Applied Biochemistry and Biotechnology

167(6):1603-1612; Jul 2012
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SOWMYA (P M), SITA (R), SUMI (J M), GAYATHRI (S), SAI SHYAM (N), HEMARA] (N) and NAM-
POOTHIRI (K M)

Bioactives of microbes isolated from western ghat belt of Kerala show lactamase inhibition along with
wide spectrum antimicrobial activity.

Applied Biochemistry and Biotechnology

167(6):1753-1762; Jul 2012

VIPIN GOPINATH, ANUSREE (M), DHAR (K S) and NAMPOOTHIRI (K M)

Corynebacterium glutamicum as a potent biocatalyst for the bioconversion of pentose sugars to value-
added products.

Applied Microbiology and Biotechnology

93(1):95-106; Jan 2012

MANIKANDAN (D), MANGALARAJA (R V), SIDDHESWARAN (R), AVILA (R E) and ANANTHA-
KUMAR (S)

Fabrication of nanostructured clay-carbon nanotube hybrid nanofiller by chemical vapour deposition
Applied Surface Science

258(10):4460-4466; 01 Mar 2012

JEYAKUMAR (T), KODISUNDARAM (P), RAJAVEL (A), KUMAR (R), ANBU (M), LATHA (P) and
ROSELET (P)

Triclosan residues in estuarine sediments from Valliyar estuary, Kanyakumari district, Tamil Nadu, India
Asian Journal of Water, Environment and Pollution

9(1):53-58; 2012

PRIYA (R), PRATHAPAN (A), RAGHU (K G) and MENON (A N)

Chemical composition and in vitro antioxidative potential of essential oil isolated from Curcuma longa L.
leaves

Asian Pacific Journal of Tropical Biomedicine

2(2 Suppl.2):5695-5699; Feb 2012

PRATHAPAN (A), MAHESH (S K), LEKSHMI (P C), RAGHU (K G) and NIRMALA MENON (A)
Modulation of adipogenesis and glucose uptake by curcuma longa extract in 3T3LI and L6 cell lines - An
in vitro study

Asian Pacific Journal of Tropical Disease

2(Suppl.1):S163-S165;2012

NAMPOOTHIRI (S V), LEKSHMI (P C), VENUGOPALAN (V V) andNIRMALA MENON (A)
Antidiabetic and antioxidant potentials of spent turmeric oleoresin, a by-product from curcumin pro-
duction industry

Asian Pacific Journal of Tropical Disease
2(Suppl.1):8169-S172; 2012

ALAN SHEEJA (D B) and MANGALAM S NAIR
Phytochemical constituents of Curcuma amada
Biochemical Systematics and Ecology

44:264-266; Oct 2012

VANI (S), BINOD PARAMESWARAN, KUTTIRAJA (M), SINDHU (R), SANDHYA (S V), PREETI
(V E), RAJEEV K SUKUMARAN and PANDEY (A)

Energy requirement for alkali assisted microwave and high pressure reactor pretreatments of cotton plant
residue and its hydrolysis for fermentable sugar production for biofuel application

Bioresource Technology

112:300-307; May 2012
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KARP (S G), FARACO (V), AMORE (A), BIROLO (L), GIANGRANDE (C), SOCCOL (V T), PAN-
DEY (A) and SOCCOL (CR)

Characterization of laccase isoforms produced by Pleurotus ostreatus in solid state fermentation of sugar-
cane bagasse

Bioresource Technology

114:735-739; Jun 2012

NIMISHA (R N), NAMPOOTHIRI (K M) and PANDEY (A)

Preparation of poly (l-lactide) blends and biodegradation by Lentzea waywayandensis
Biotechnology Letters

34(11):2031-2035; Nov 2012

CHRISTOPHE (G), KUMAR (V), NOUAILLE (R), GAUDET (G), FONTANILLE (P), PANDEY (A),
SOCCOL (CR) and LARROCHE (C)

Recent developments in microbial oils production: A possible alternative to vegetable oils for biodiesel
without competition with human food?

Brazilian Archives of Biology and Technology

55(1):29-46; Jan-Feb 2012

MANU KRISHNAN, SEEMA (S), SUKUMARAN (K) and PAWAR (V)

Phase transitions in coated nickel titanium arch wires: A differential scanning calorimetric and X-ray dif-
fraction analysis

Bulletin of Materials Science

35(5):905-911; Oct 2012

MANIKANDAN (D), MANGALARAJA (R V), ANANTHAKUMAR (S) and SIVAKUMAR (T)
Synthesis of metal intercalated clay catalysts for selective hydrogenation reactions

Catalysis in Industry

4(4):215-230; 2012

MAN]JUSHA (C), DASGUPTA (S), SENGUPTA (S), CHAKRABORTY (J), GHOSH (S K), GHOSH
(J), MITRA (M K), MISHRA (A), MANDAL (T K) and BASU (D)

A facile synthetic strategy for Mg-Al layered double hydroxide material as nanocarrier for methotrexate
Ceramics International

38(2):941-949; Mar 2012

SREEREMYA (T S), ASHA KRISHNAN, SREEVIDHYA (J I) and GHOSH (S K)
Ultra-thin cerium oxide nanostructures through a facile aqueous synthetic strategy
Ceramics International

38(4):3023-3028; May 2012

SANDHYA KUMARI (L), PRABHAKAR RAO (P), SAMEERA (S) and PETER KOSHY

Synthesis and optical properties of Ce0.95 Pr0.05-x MxO2 (M= Mn, Si) as potential ecological red pig-
ments for coloration of plastics

Ceramics International

38(5):4009-4016; Jul 2012

SAM SOLOMON, SURESH (M K), THOMAS (J K), PRASAD (V S), WARIAR (PR S)

Synthesis, structural analysis and dielectric properties of Ba-8(Mgl-xZnx) Nb6024 hexagonal perovskites
Ceramics International

38(8):6487-6494; Dec 2012
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SUCHITHRA (P S), LINSHA (V), PEER MOHAMED (A) and ANANTHAKUMAR (S)

Mesoporous organic-inorganic hybrid aerogels through ultrasonic assisted sol-gel intercalation of silica-
PEG in bentonite for effective removal of dyes, volatile organic pollutants and petroleum products from
aqueous solution

Chemical Engineering Journal

200:589-600; 15 Aug 2012

SAYYED (F B) and SURESH (C H)

NMR characterization of substituent effects in cation-pi interactions
Chemical Physics Letters

523():11-14; 27 Jan 2012

VIJAY NAIR (G), RAJEEV S MENON, BIJU (A T) and ABHILASH (K G)

1,2-Benzoquinones in diels-alder reactions, dipolar cycloadditions, nucleophilic additions, multicompo-
nent reactions and more

Chemical Society Reviews

41(3):1050-1059; 2012

ADARSH (N), SHANMUGASUNDARAM (M), REKHA (R A) and RAMAIAH (D)

Aza-BODIPY derivatives: Enhanced quantum yields of triplet excited states and the generation of singlet
oxygen and their role as facile sustainable photooxygenation catalysts

Chemistry - A European Journal

18(40):12655-12662; Oct 2012

ANESH GOPAL, REJI VARGHESE and AJAYAGHOSH (A)
Oligo(p-phenylene-ethynylene)-derived super-p-gelators with tunable emission and self-assembled poly-
morphic structures

Chemistry - An Asian Journal
7(9):2061-2067; Sep 2012

SYJU THOMAS, NESON VARGHESE, RAHUL (S), DEVADAS (K M), VINOD (K) and SYA-
MAPRASAD (U)

Enhancement of bending strain tolerance and current carrying property of MgB2 based multifilamen-
tary wires

Cryogenics

52(12)Sp.issue S1:767-770;2012

RESHMI THOMAS, JATISH KUMAR, SWATHI (R S) and GEORGE THOMAS (K)
Optical effects near metal nanostructures: Towards surface-enhanced spectroscopy.
Current Science

102(1):85-96; 10 Jan 2012

JAIMY (K B), SAFEENA (V P), GHOSH (S K), HEBALKAR (N Y) and WARRIER (K G K)
Photocatalytic activity enhancement in doped titanium dioxide by crystal defects

Dalton Transactions

41(16):4824-4832; 2012

SANDHYA (K S) and SURESH (C H)

DFT study on the mechanism of water-assisted dihydrogen elimination in group 6 octahedral metal hy-
dride complexes

Dalton Transactions

41(36):11018-11025; 2012

117

o
i)
N
F
(=)
N
-
oc
=
o.
LLl
(2 =
]
<C
— |
—_—
—_—
<




o
i)
N
F
(=)
N
-
oc
=
o.
LLl
(2 =
]
=T
— |
—_—
—_—
<<

(=

oy

118

NATIONAL INSTITUTE FOR INTERDISCIPLINARY SCIENCE & TECHNOLOGY, THIRUVANANTHAPURAM B

SHYNI (R), REDDY (M L P), VASUDEVAN (K V) and COWLEY (A H)

Synthesis, crystal structure and photophysical properties of lanthanide coordination of polymers of
4-[4-(9H-carbazol-9-yl) butoxy] benzoate: The effect of bidentate nitrogen donors on luminescence
Dalton Transactions

41(48):14671-14682; 2012

DHANYA JAMES and PRASADA RAO (T)

Potentiometric sensing of iodide using polymeric membranes of microwave stabilized beta- Agl
Electrochimica Acta

66:340-346; I Apr 2012

DIVYA (J B), VARSHA (K K), NAMPOOTHIRI (K M), ISMAIL (B) and PANDEY (A)
Probiotic fermented foods for health benefits

Engineering in Life Sciences

12(4) Sp.Iss S1:377- 390; Aug 2012

SMITHA (V S), BA[JU (K V), PERUMAL (P), GHOSH (S K) and WARRIER (K G K)

Hydrophobic, photoactive Tiatania-Alumina nanocrystallites and coatings by an aqueous sol-gel process
European Journal of Inorganic Chemistry

2:226-233; Jan 2012

RATHEESH KUMAR (V K), SREEDEVI (K) and GOPIDAS (K R)

Synthesis, characterization and catalytic applications of palladium nanoparticle-cored dendrimers stabi-
lized by metal-carbon bonds

European Journal of Organic Chemistry

18:3447-3458; Jun 2012

PRATHAPAN (A), NAMPOOTHIRI (S V), MINI (S) and RAGHU (K G)

Antioxidant, antiglycation and inhibitory potential of Saraca ashoka flowers against the enzymes linked to
type 2 diabetes and LDL oxidation

European Review for Medical and Pharmacological Sciences

16(1):57-65; Jan 2012

PRATHAPAN (A), MAHESH (S K), NISHA (V M), SUNDARESAN (A) and RAGHU (K G)
Polyphenol rich fruit pulp of Aegle marmelos (L.) Correa exhibits nutraceutical properties to down regu-
late diabetic complications - An in vitro study

Food Research International

48(2):690-695; Oct 2012

JANU (C), PADMAKUMARI AMMA (K P), NIRMALA MENON, JAYAMURTHY (P) & NISHA (P)
Effect of enzyme assisted extraction on quality and yield of volatile oil from black pepper and cardamom
Food Science and Biotechnology

21(6):1611-1617; 2012

ZHANG (Z), Lv (G Y), GUOYING (L V), PAN (H), FAN (L),SOCCOL (C R) & PANDEY (A)
Production of powerful antioxidant supplements via solid-state fermentation of wheat (Triticum aestivum
Linn.) by Cordyceps militaris

Food Technology and Biotechnology

50(1):32-39; Jan-Mar 2012
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54 MAN]JU (M S) and SAVITHRI (S)
Three dimensional CFD simulation of pneumatic coal injection in a direct reduction rotary kiln
Fuel
102(1):54-64; Dec 2012

55 BINOD PARAMESHWARAN, KUTTIRAJA (M), ARCHANA (M), JANU (K U), SINDHU (R), RA-
JEEV K SUKUMARAN and PANDEY (A)
High temperature pretreatment and hydrolysis of cotton stalk for producing sugars for bioethanol produc-
tion
Fuel
92(1):340-345; Feb 2012

56 SHARON (H), JAYAPRAKASH (R), SELVAN (M K), SOBAN KUMA (D R), SUNDARESAN (A) and
KARUPPASAMY (K)
Biodiesal production and prediction of engine performance using SIMULINK model of trained neural
network.
Fuel
99:197-203; Sep 2012

57 VINEETHA (S), CHANDRASHEKARA BHAT (C) and SUMAM MARY IDICULA
Gene regulatory network from microarray data of colon cancer patients using TSK-type recurrent neural
fuzzy network
Gene
506(2):408-416; 15 Sep 2012

58 SREEJITH (S) and AJAYAGHOSH (A)
Molecular logic gates: Recent advances and perspectives.
Indian Journal of Chemistry Section A: Inorganic,
Bio-inorganic, Physical, Theoretical & Analytical Chemistry
51(1-2):47-56; Jan-Feb 2012

o
i)
N
F
(=)
N
-
oc
=
o.
LLl
(2 =
]
<C
— |
—_—
—_—
<

59 DHANYA (S), VINEETHA NAIR (V P), MILJA (T E), KALA (R) and PRASADA RAO (T)
Virtually specific UV-molecular probe for nitrite sensing
Indian Journal of Chemistry Section B: Organic Chemistry including Medicinal Chemistry
51(11):1607-1612; Nov 2012

60 AJITHABHAI (M D), RAMESHKUMAR (B), JAYAKUMAR (G), LUXMI VARMA (R), MANGALAM
S NAIR, AJAIKUMAR and GAYATHRI P NAIR
Decipic acid and 12-acetyl apetalic acid from Calophyllum decipiens.Wight
Indian Journal of Chemistry Section B: Organic Chemistry including Medicinal Chemistry
51(2):393-397; Feb 2012

61 SREEREMYA (T S), THULASI (K M), ASHA KRISHNAN and GHOSH (S K)
A novel aqueous route to fabricate ultrasmall monodisperse lipophilic cerium oxide nanoparticles
Industrial & Engineering Chemistry Research
51(1):318-326; 11 Jan 2012

62 ANIRUDHAN (T S), SUCHITHRA (P S), SENAN (P) and THARUN (A R)
Kinetic and equilibrium profiles of adsorptive recovery of Thorium (IV) from aqueous solutions using
poly(methacrylicacid) grafted cellulose/ Bentonite superabsorbent composite
Industrial & Engineering Chemistry Research 51(13):4825-4836; 04 Apr 2012
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RAMYA (A R), SHARMA (D), NATARAJAN (S) and REDDY (M L P)

Highly luminescent and thermally stable lanthanide coordination polymers designed from 4-(Dipyridin-
2-yl)aminobenzoate: Efficient energy transfer from Tb3+ to Eu3+ in a mixed lanthanide coordination
compound

Inorganic Chemistry

51(16):8818-8826; 20 Aug 2012

SAJITH (P K) and SURESH (C H)

Quantification of the trans influence in hypervalent iodine complexes
Inorganic Chemistry

51(2):967-977; 16 Jan 2012

RADHAKRISHNAN (A N), PRABHAKAR RAO (P), MAHESH (S K), VAISAKHAN THAMPI (D S)
and PETER KOSHY

Role of bond strength on the lattice thermal expansion and oxide ion conductivity in quaternary pyro-
chlore solid solutions

Inorganic Chemistry

51(4):2409-2419; 20 Feb 2012

RESHMA (M V), RAVI KIRAN (C), NISHA (P), SOBANKUMAR (D R), SUNDARESAN (A) and
JAYAMURTHY (P)

Trans fat content in labelled and unlabelled Indian bakery products including fried snacks

International Food Research Journal

19(4):1609-1614; 2012

SHALINI (V), SHOBHA (B), KAVITHA (S K), SMITHA (M), JAYALEKSHMY (A), HELEN (A)
Molecular mechanisms of anti-inflammatory action of the flavonoid, tricin from Njavara rice (Oryza sa-
tiva L.) in human peripheral blood mononuclear cells: Possible role in the inflammatory signaling
International Immunopharmacology

14(1):32-38; Sep 2012

ZHANG (Z F), Lv (G Y), PAN (H J), PANDEY (A), HE (W Q) and FAN (L F)

Antioxidant and hepatoprotective potential of endo-polysaccharides from Hericium erinaceus grown on
tofu whey

International Journal of Biological Macromolecules

51(5):1140-1146; Dec 2012

RAJMOHAN (S), SINGARASUBRAMANIAN (S R), SUGANRAJ (K), SUNDARARAJAN (M) and
RAJGANAPATHI (V C)

Textural characterization of Vellar River along the East Coast of India

International Journal of Current Research

4(07):169-173; Jul 2012

NAGARAJAN (V A), SUNDARAM (S), THYAGARAJAN (K), RAJADURAI (J S) and RAJAN (T P D)
Refined delamination factor failure characterization of composite wind turbine blade

International Journal of Damage Mechanics

21(8):1227-1244; Nov 2012

NAMPOOTHIRI (S V), PRASEETHA (E K), VENUGOPALAN (V V) & NIRMALA MENON (A)
Process development for the enrichment of curcuminoids in turmeric spent oleoresin and its inhibitory
potential against LDL oxidation and angiotensin-converting enzyme

International Journal of Food Sciences and Nutrition

63(6):696-702; Sep 2012



72

73

74

75

76

77

78

79

80

SR
NATIONAL INSTITUTE FOR INTERDISCIPLINARY SCIENCE & TECHNOLOGY, THIRUVANANTHAPURAM B

RAN]JITH (A) and ARUMUGHAN (C)

HPLC-DAD-MS/MS profiling of antioxidant flavonoid glycosides in sea buckthorn (Hippophae rhamnoi-
des L.) seeds

International Journal of Food Sciences and Nutrition

63(6):730-738; Sep 2012

LEKSHMI (P C), RANJITH (A), INDULEKHA (P S) and NIRMALA MENON (A)
Turmeric (Curcuma longa L.) volatile oil inhibits key enzymes linked to type 2 diabetes
International Journal of Food Sciences and Nutrition

63(7):832-834; Nov 2012

SHANAWAZ (A M), SUNDARAM (S), PILLAI (U T S) and AUTHERSON (P B)

An experimental study on 15% SiCp reinforced 2124 aluminum composite material by electrolytic in-
process dressing grinding

Iranian Journal of Science and Technology - Transactions of Mechanical Engineering

36(M2):181-192; Oct 2012

AJITHA (M J), SMITHA (M), SURESH (C H) and JAYALEKSHMY (A)

DPPH radical scavenging activity of tricin and its conjugates isolated from "Njavara" rice bran: A density
functional theory study.

Journal of Agricultural and Food Chemistry

60(14):3693-3699; 11 Apr 2012

MANGALARAJA (R V), ANANTHAKUMAR (S), PAULRAJ (M), PESENTI (H), LOPEZ (M),
CAMURRI (C P), BARCOS (L A) and AVILA (RE)

Electrical and thermal characterization of Sm3+ doped ceria electrolytes synthesized by combustion technique
Journal of Alloys and Compounds

510(1):134-140; 05 Jan 2012

ANOOJA (J B), ASWATHY (P M), SARUN (P M) and SYAMAPRASAD (U)

A novel low temperature synthesis route for SmFeAsO1-xFx bulk superconductor with improved trans-
port properties.

Journal of Alloys and Compounds

514(1-5); 15 Feb 2012

NEENU LEKSHMI, SAVITHA PILLAI (S), SURESH (K G), SANTHOSH (P N) and MANOJ RAAMA
VARMA

Room temperature relaxor ferroelectricity and spin glass behavior in Sr2FeTiO6 double perovskite
Journal of Alloys and Compounds

522(90-95); 05 May 2012

AKBARI- FAKHRABADI (A), AVILA (R E), CARRASCO (H E), ANANTHAKUMAR (S) and MAN-
GALARAJA (RV)

Combustion synthesis of NiO-Ce0.9Gd0.101.95 nanocomposite anode and its electrical characteristics of
semi-cell configured SOFC assembly

Journal of Alloys and Compounds

541(1-5); 15 Nov 2012

CHAMESWARY (J), THOMAS (D), SUBODH (G), SOUMYA (H), PHILIP (J) and SEBASTIAN (M T)
Microwave dielectric properties of flexible Butyl Rubber-Strontium Cerium Titanate Composites
Journal of Applied Polymer Science

124(4):3426-3433; 15 May 2012
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PRIYANKA (B), JISHA (U), SUDHA (J D) and PRADHAN (S)
Cure kinetics studies of cyanate ester and bisphenol-F epoxy blend
Journal of Applied Polymer Science

125(2):1068-1076; 15 Jul 2012

SANOOP (P K), MAHESH (K V), NAMPOOTHIRI (K M), MANGALARAJA (R V) and ANANTHA-
KUMAR (S)

Multifunctional ZnO-biopolymer nanocomposite coatings for health-care polymer foams and fabrics
Journal of Applied Polymer Science 126 Sp. Iss: S1

(SUPPL.1):E233-E244; 25 Oct 2012

BENABBAS (A), VENUGOPAL (K), YOUN (H), POULOS (T L) and CHAMPION (P M)

Effect of DNA binding on geminate CO recombination kinetics in CO-sensing transcription factor CooA
Journal of Biological Chemistry

287(26):21729-21740; 22 Jun 2012

GEETHA (B S), MANGALAM S NAIR, LATHA (P G) and REMANI (P)

Sesquiterpene lactones isolated from Elephantopus scaber L.Inhibits human lymphocyte proliferation and
the growth of tumour cell lines and induces apoptosis in vitro

Journal of Biomedicine and Biotechnology.

Article No.721285; 2012

MANGALARAJA (R V), ANANTHAKUMAR (S), UMA (K), JIMENEZ (R M), UTHAYAKUMAR (S),
LOPEZ (M), CAMURRI (C P)

Synthesis and characterization of Gd3+ and Sm3+ ion doped ceria electrolytes through an in-situ sul-
phated combustion technique

Journal of Ceramic Processing Research

13(1):15-22; Feb 2012

SIDDHESWARAN (R), MANGALARAJA (R V), AVILA (R E), MANIKANDAN (D), LOPEZ (M),
JEYANTHI (C E) and ANANTHAKUMAR (S)

Combustion synthesis of nanocrystalline co and al co-doped ZnO (Znl-x-y Cox AlyO) and its powder
characteristics

Journal of Ceramic Processing Research

13(5):651-656; Oct 2012

SIDDHESWARAN (R), MANGALARAJA (R V), AVILA (R E), GOMEZ (M E), MANIKANDAN (D),
LOPEZ (M), ESTHER JEYANTHI (C) and ANANTHAKUMAR (S)

Fabrication and characterization of Co, Al:ZnO thin films by a sol-gel spin coating technique for ferro-
magnetic applications

Journal of Ceramic Processing Research

13(6):801-805; 2012

PRIYA RANI (M) and PADMAKUMARI (K P)

HPTLC and reverse phase HPLC methods for the simultaneous quantification and in vitro screening of
antioxidant potential of isolated sesquiterpenoids from the rhizomes of Cyperus rotundus

Journal of Chromatography B: Analytical Technologies in the Biomedical and Life Sciences
904(22-28); 01 Sep 2012
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NAGARAJAN (V A), SUNDARAM (S), THYAGARAJAN (K), RAJADURAI (J S) and RAJAN (T P D)
Refined delamination characterization for composite laminates using digital means

Journal of Composite Materials

46(13):1535-1547; Jun 2012

INDU SASIDHARAN, SUNDARESAN (A), NISHA (V M), MAHESH (S K), RAGHU (K G) and JAY-
AMURTHY (P)

Inhibitory effect of Terminalia chebula Retz. fruit extracts on digestive enzyme related to diabetes and
oxidative stress

Journal of Enzyme Inhibition and Medicinal Chemistry

27(4):578-586; Aug 2012

RAJI (V), JATISH KUMAR, REJIYA (CS), VIBIN (M), ANNIE JOHN and ANNIE ABRAHAM
Synthesis, characterisation and biocompatibility of surface-functionalised gold nanoparticles
Journal of Experimental Nanoscience

7(2):174-188; 2012

RANJITH (A) and ARUMUGHAN (C)

Effect of Polymerization on Antioxidant and Xanthine Oxidase Inhibitory Potential of Sea Buckthorn (H.
rhamnoides) Proanthocyanidins

Journal of Food Science

77(10):C1036-C1041; Oct 2012

RAJI (R), DHAR (K S), NAMPOOTHIRI (K M) and PANDEY (A)

Aminopeptidase from Streptomyces gedanensis as a useful tool for protein hydrolysate preparations with
improved functional properties

Journal of Food Science

77(7):C791-C797; 2012

HAREESH (P), BABITHA (K B) and SHUKLA (S)

Processing fly ash stabilized hydrogen titanate nano-sheets for industrial dye-removal application
Journal of Hazardous Materials

229(177-182); 30 Aug 2012

CHAKRABORTY (J), SENGUPTA (S), DASGUPTA (S), MANJUSHA (C), GHOSH (S K), MALLIK
(S), DAS (K L) and BASU (D)

Determination of trace level carbonate ion in Mg-Al layered double hydroxide: Its significance on the
anion exchange behaviour

Journal of Industrial and Engineering Chemistry

18(6):2211-2216; 25 Nov 2012

NISHA (P), SAVITHA PILLAI (S), SURESH (K G) and MANOJ RAAMA VARMA
Influence of Dy addition on the magnetocaloric effect of La0.67Ca0.33Mn0.9V0.103 ceramics
Journal of Magnetism and Magnetic Materials

324(1):37-43; Jan 2012

RESHMI (C P), SAVITHA PILLAI (S), SURESH (K G) and MANOJ RAAMA VARMA
Magnetic and magnetocaloric properties of Gd3-xTbxGa5012 (x=0, 1, 2, 3) garnets
Journal of Magnetism and Magnetic Materials

324(12):1962-1966; Jun 2012
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SARIKA (S) and REDDY (M L P)

Bright green luminescent molecular terbium plastic materials derived from 3,5-bis(perfluorobenzyloxy)
benzoate

Journal of Materials Chemistry

22(21):10852-10859; 2012

JOSEPH (T), UMA (S), PHILIP (J) and SEBASTIAN (M T)

Dielectric, thermal and mechanical properties of Sr2ZnSi207 based polymer/ceramic composites.
Journal of Materials Science: Materials in Electronics

23(6):1243-1254; Jun 2012

DHANESH (T), RETHIKA (K T) and SEBASTIAN (M T)

Microwave dielectric properties BaNb(2-x)Tax P2011 (x =0, 0.5, 1, 1.5 and 2) ceramics
Journal of Materials Science: Materials in Electronics

23(6):1268-1271; Jun 2012

MAHESH (S K), PRABHAKAR RAO (P), MARIYAM THOMAS, RADHAKRISHNAN (A N) and PE-
TER KOSHY

Photoluminescence characteristics of new stannate pyrochlore based red phosphors: CaLaSnNbO7: Eu3+
Journal of Materials Science: Materials in Electronics

23(9):1605-1609; Sep 2012

AJESH P THOMAS, SANEESH BABU (P S), ASHA NAIR (S), RAMAKRISHNAN (S), RAMAIAH
(D), CHANDRASHEKAR (T K), SRINIVASAN (A) and RADHAKRISHNA PILLAI (M)
Meso-tetrakis(p-sulfonatophenyl)N-confused porphyrin tetrasodium salt: A potential sensitizer for pho-
todynamic therapy

Journal of Medicinal Chemistry

55(11):5110-5120; 14 Jun 2012

DANIEL (G P), KUMAR (D D), JUSTINVICTOR (V B), PRABITHA B NAIR, JOY (K), PETER KO-
SHY and THOMAS (P V)

Indium doped ZnO films prepared by RF magnetron sputtering: Effect of substrate temperature on the
strain-induced band gap

Journal of Nanoscience and Nanotechnology

12(3):2503-2508; Mar 2012

AFINISHA DEEPAM (L S) and ARUMUGHAN (C)

Effect of saponification on composition of unsaponifiable matter in rice bran oil
Journal of Oleo Science

61(5):241-247; May 2012

AJITHA (M J) and SURESH (C H)

Assessment of stereoelectronic factors that influence the CO2 fixation ability of N-heterocyclic carbenes:
A DFT study

Journal of Organic Chemistry

77(2):1087-1094; 20 Jan 2012

SAYYED (F B) and SURESH (C H)

Accurate prediction of cation-pi interaction energy using substituent effects
Journal of Physical Chemistry A

116(23):5723-5732; 14 Jun 2012
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PRASANTHKUMAR (K P), SURESH (C H) and ARAVINDAKUMAR (C T)
Oxidation reactions of 2-thiouracil: A theoretical and pulse radiolysis study
Journal of Physical Chemistry A

116(44):10712-10720; 08 Nov 2012

DEEPAK D PRABHU, SALEESH KUMAR (N S), ANEESH (P S), SHINTO VARGHESE and SURESH
DAS

Trigonal 1, 3, 4-oxadiazole-based blue emitting liquid crystals and gels

Journal of Physical Chemistry B

116(43):13071-13080; 01 Nov 2012

RATHEESH (K), RAKHI (A M) and GOPIDAS (K R)

Study of Beta-cyclodextrin-pyromellitic diimide complexation.Conformational analysis of binary and ter-
nary complex structures by induced circular dichroism and 2D NMR spectroscopies.

Journal of Physical Chemistry C

116(47):25004-25014; 29 Nov 2012

SHANTHIL (M), RESHMI THOMAS, SWATHI (R S) and GEORGE THOMAS (K)

Ag@SiO2 core-shell nanostructures: Distance-dependent plasmon coupling and SERS investigation
Journal of Physical Chemistry Letters

3(11):1459-1464; 07 Jun 2012

AKBARI-FAKHRABADI (A), MANGALARAJA (R V), SANHUEZA (F A), AVILA (R E), ANAN-
THAKUMAR (S) and CHAN (S H)

Nanostructured Gd-CeO2 electrolyte for solid oxide fuel cell by aqueous tape casting

Journal of Power Sources

218:307-312; 15 Nov 2012

JAIMY (K B), BAIJU (K V), GHOSH (S K) and WARRIER (K G K)

A novel approach for enhanced visible light activity in doped nanosize titanium dioxide through the
excitons trapping

Journal of Solid State Chemistry

186(149-157); Feb 2012

JAIMY (K B), GHOSH (S K) and WARRIER (K G K)

Enhanced visible light activity of nano-titanium dioxide doped with multiple ions: Effect of crystal defects.
Journal of Solid State Chemistry

196(465-470); Dec 2012

MARIYAM THOMAS, PRABHAKAR RAO (P), MAHESH (S P K), RESHMI (V R), LINDA FRANCIS
(T) and PETER KOSHY

Improvement of morphology and luminescence properties of powellite type red phosphors CaGd 1-x
NbMoO8: xEu (3+) synthesized via citrate gel route

Journal of the American Ceramic Society

95(7):2260-2265; Jul 2012

KARTHA (K K), BABU (S S), SRINIVASAN (S) and AJAYAGHOSH (A)
Attogram sensing of trinitrotoluene with a self-assembled molecular gelator
Journal of the American Chemical Society

134(10):4834-4841; 14 Mar 2012
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MAHESH (S), ANESH GOPAL, RAJASEKARAN (T) and AJAYAGHOSH (A)
Light-induced ostwald ripening of organic nanodots to rods

Journal of the American Chemical Society

134(17):7227-7230; 02 May 2012

DHANESH (T) and SEBASTIAN (M T)

Effect of Zn2+ substitution on the microwave dielectric properties of LiMgPO4 and the development of a
new temperature stable glass free LTCC

Journal of the European Ceramic Society

32(10):2359-2364; Aug 2012

PRIYA RANI (M), MAHESH (S K), PADMAKUMARI (K P), RAGHU (K G) and SUNDARESAN (A)
Zingiber officinale extract exhibits antidiabetic potential via modulating glucose uptake, protein glycation
and inhibiting adipocyte differentiation: an in vitro study

Journal of the Science of Food and Agriculture

92(9):1948-1955; Jul 2012

SASIKALA (T S), BINDU (P N), PAVITHRAN (C) and SEBASTIAN (M T)

Improved dielectric and mechanical properties of polystyrene-hybrid silica sphere composite induced
through bifunctionalization at the interface

Langmuir

28(25):9742-9747; 26 Jun 2012

RAJ KUMAR ROY, BHOJE GOWD (E) and RAMAKRISHNAN (S)
Periodically grafted amphiphilic copolymers: Nonionic analogues of ionenes
Macromolecules

45(7):3063-3069; 10 Apr 2012

MANU (K M), JOSEPH (T) and SEBASTIAN (M T)

Temperature compensated Sr2A12Si07 ceramic for microwave applications
Materials Chemistry and Physics

133(1):21-23; 15 Mar 2012

ANAS (S), MAHESH (K V), AMBILY (K J), CHANDRAN (M R), UMA (K), WARRIER (K G K) and
ANANTHAKUMAR (S)

New insights on physico-chemical transformations of ZnO: From clustered multipods to single crystalline
nanoplates

Materials Chemistry and Physics

134(1):435-442; 15 May 2012

NISHA (P), SAVITHA PILLAI (S), DARBANDI (A), MANOJ RAAMA VARMA, SURESH (K G) and
HAHN (H)

Critical behaviour and magnetocaloric effect of nano crystalline La 0.67Ca 0.33Mn1-xFexO3 (x = 0.05,
0.2) synthesized by nebulized spray pyrolysis

Materials Chemistry and Physics

136(1):66-74; 14 Sep 2012

LINDA (T F), PRABHAKAR RAO (P), MARIAM THOMAS, MAHESH (S K), RESHMI (V R) and
VAISAKHAN THAMPI (D S)

New orange-red emitting phosphor La3NbO7:Eu3+ under blue excitation

Materials Letters

81:142-144; 15 Aug 2012
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SUMI (S), PRABHAKAR RAO (P), MAHESH (S K) and PETER KOSHY

Electrical transport properties of manganese containing pyrochlore type semiconducting oxides using
impedance analyses

Materials Research Bulletin

47(12):4365-4375;2012

SANKAR (S), ATHIRA (N R), JYOTHI (C K), WARRIER (K G K) and PADMANABHAN (P V A)
Room temperature synthesis of high temperature stable lanthanum phosphate-yttria nano composite
Materials Research Bulletin

47(7):1835-1837; Jul 2012

SIDDHESWARAN (R), MANGALARAJA (R V), AVILA (R E), MANIKANDAN (D), ESTHER JEY-
ANTHI (C) and ANANTHAKUMAR (S)

Evaluation of mechanical hardness and fracture toughness of Co and Al co-doped ZnO

Materials Science and Engineering A - Structural Materials:

Properties, Microstructure and Processing

558:456-461; 15 Dec 2012

MANIKANDAN (D), MANGALARAJA (RV), AVILA (R E), SIDDHESWARAN (R) and ANANTHA-
KUMAR (S)

Carbon nanotubes rooted montmorillonite (CNT-MM) reinforced nanocomposite membrane for PEM
fuel cells

Materials Science and Engineering B - Advanced Functional Solid-State Materials

177(8):614-618; 15 May 2012

SUBOJ (B), PRIYA (P S), NANDINI (R J) SURESH KUMAR (M A), MANGALAM S NAIR, PRIYA (S)
and SRINIVAS (G)

Nimbolide retards tumor cell migration, invasion, and angiogenesis by downregulating MMP-2/9 expres-
sion via inhibiting ERK1/2 and reducing DNA-binding activity of NF-kappa B in colon cancer cells
Molecular Carcinogenesis

51(6):475-490; Jun 2012

SAI SHYAM (N) and NAMPOOTHIRI (K M)

Biochemical characterization of recombinant methionine aminopeptidases (MAPs) from Mycobacterium
tuberculosis H37Rv

Molecular and Cellular Biochemistry

365(1-2):191-202; Jun 2012

SINDHU R NAMBIAR, ANEESH (P K), SUKUMAR (C) and PRASADA RAO (T)
Mixed monolayer protected gold atom-oxide cluster synthesis and characterization
Nanoscale

4(14):4130-4137; 2012

LEKSHMI (P C), RANJITH ARIMBOOR, RAGHU (K G) and NIRMALA MENON (A)

Turmerin, the antioxidant protein from turmeric (Curcuma longa) exhibits antihyperglycaemic effects
Natural Product Research

26(17):1654-1658; 2012

INDU SASIDHARAN, VENUGOPALAN (V V) and NIRMALA MENON (A)

Essential oil composition of two unique ginger (Zingiber officinale Roscoe) cultivars from Sikkim
Natural Product Research

26(19):1759-1764; 2012
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EZEMA (I C), MENON (A R R), EDELUGO (S O), OMAH (A D) and AGBO (I1U)

Ply tensile properties of banana stem and banana bunch fibres reinforced natural rubber composite
Nigerian Journal of Technology (NIJOTECH)

31(1):25-30; Mar 2012

GOWRI SREEDEVI (K C), AJESH P THOMAS, RAMAKRISHNAN (S), SALINI (P S), HOLADAY (M
G D), REDDY (M L P) and SRINIVASAN (A)

4, 4,9, 9-Tetraphenyl pyrroloindolizine: A structural analogue of calix[2]pyrrole

Organic & Biomolecular Chemistry

10(18):3600-3605; 2012

VIJAY NAIR (G), ANU JOSE, SEETHA LAKSHMI (K C), REJITHAMOL (R) &S URESH (E)
A facile four component protocol for the synthesis of dihydropyridine derivatives

Organic & Biomolecular Chemistry

10(38):7747-7752; 2012

REKHA (R A), DHANYA (J T), ADARSH (N) and RAMAIAH (D)
Squaraine dyes in PDT: From basic design to in vivo demonstration
Organic & Biomolecular Chemistry

10(5):911-920; 2012

RAJAGANESH (R), ANESH GOPAL, MOHAN DAS (T) and AJAYAGHOSH (A)
Synthesis and properties of amphiphilic photoresponsive gelators for aromatic solvents
Organic Letters

14(3):748-751; 03 Feb 2012

RAMAKRISHNAN (S), ANJU (K S), AJESH P THOMAS, SREEDEVI (K C G), SALINI (P S), HOLA-
DAY (M G D), SURESH (E) and SRINIVASAN (A)

ansa-Ferrocene-incorporated calixpyrroles and calixphyrins: Syntheses and spectral /structural character-
ization.

Organometallics

31(11):4166-4173; 11 Jun 2012

SURESH (C H) and FRENKING (G)

1,3-metal-carbon bonding and alkyne metathesis: DFT investigations on model complexes of group 4, 5,
and 6 transition metals

Organometallics

31(20):7171-7180; 22 Oct 2012

PRIYA RANI (M) and PADMAKUMARI (K P)

In vitro studies to assess the antidiabetic, antiperoxidative, and radical scavenging potential of Stereosper-
mum colais

Pharmaceutical Biology

50(10):1254-1260; Oct 2012

REJIYA (CS), JATISH KUMAR, RAJI (V), VIBIN (M) and ANNIE ABRAHAM
Laser immunotherapy with gold nanorods causes selective killing of tumour cells
Pharmacological Research

65(2):261-269; Feb 2012
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143 SREEJITH (S), DIVYA (K P), JAYAMURTHY (P), MATHEW (J), ANUPAMA (V N), DIVYA SU-
SANA (P), ANEES (P) and AJAYAGHOSH (A)
Heteroaromatic donors in donor-acceptor-donor based fluorophores facilitate zinc ion sensing and cell
imaging
Photochemical and Photobiological Sciences
11(11):1715-1723; 2012

144 SMITHA (S L), GOPCHANDRAN (K G), NIMISHA R NAIR, NAMPOOTHIRI (K M) and RAVIN-
DRAN (T R)
SERS and antibacterial active green synthesized gold nanoparticles
Plasmonics
7(3):515-524; Sep 2012

145 SAJITH MENON and SURESH DAS
A photoresponsive fluorescent glycopolymer
Polymer Chemistry
3(9):2619-2624; 2012

146 NAIK (B), PRASAD (V S) and GHOSH (N N)
Preparation of Ag nanoparticle loaded mesoporous gamma-alumina catalyst and its catalytic activity for
reduction of 4-nitrophenol
Powder Technology
232:1-6; Dec 2012

147 RAJI (R), DHAR (K S), NAMPOOTHIRI (K M) and PANDEY (A)
Characterization of leucine amino peptidase from Streptomyces gedanensis and its applications for pro-
tein hydrolysis
Process Biochemistry
47(2):234-242; Feb 2012

148 RAMAKRISHNAN (R), SUDHA (J D) and REENA (VL)
Nanostructured polyaniline-polytitanate-clay composite for photocatalytic applications: Preparation and
properties
RSC Advances
2(15):6228-6236; 2012
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149 PRASANTHKUMAR (K P), SURESH (C H) and ARAVINDAKUMAR (C T)
Theoretical study of the addition and abstraction reactions of hydroxyl radical with uracil
Radiation Physics and Chemistry
81(3):267-272; Mar 2012

150 BINOD PARAMESWARAN, SATYANAGALAKSHMI (K), SINDHU (R), JANU (K U), RAJEEV K
SUKUMARAN and PANDEY (A)
Short duration microwave assisted pretreatment enhances the enzymatic saccharification and fermentable
sugar yield from sugarcane bagasse.
Renewable Energy
37(1):109-116; Jan 2012

151 SHARON (H), KARUPPASAMY (K), SOBAN KUMAR (D R) and SUNDARESAN (A)
A test on DI diesel engine fueled with methyl esters of used palm oil
Renewable Energy
47:160-166; Nov 2012
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130

BHEEMESWAR (D)

Science behind - Natural methods
Science India

36-37; Jan 2012

DHANYA (S), JAISY JOY and PRASADA RAO (T)

Fabrication and characterization of rhodamine 6G entrapped sol-gel film test strip for virtually specific
and sensitive sensing of nitrite

Sensors and Actuators B: Chemical

173:510-516; Oct 2012

DASGUPTA (D), THIERRY (A), ROCHAS (C), AJAYAGHOSH (A) and GUENET (J M)
Key role of solvent type in organogelation

Soft Matter

8(33):8714-8721; 2012

NISHA (P), SAVITHA PILLAI (S), MANOJ RAAMA VARMA and SURESH (K G)
Critical behavior and magnetocaloric effect in La0.67Ca0.33Mn1-xCrXO3 (x=0.1, 0.25)
Solid State Sciences

14(1):40-47; Jan 2012

LINGAM (K A P), SHANMUGAM (P) and SELVAKUMAR (K)

Stereoselective synthesis of geometrically strained Oxindole-appended Vinyl cyclopropanes and highly
substituted cyclopentenes via sulfur ylide cyclopropanation and vinyl cyclopropane rearrangement
Synlett

(2):278-284; Jan 2012

PAUL (RR)

Mercuric triflate

Synlett
23(13):1997-1998; 2012

REJITHAMOL (R), BABU (B P), AMIT KUMAR, PAUL (R R), SINU (C R), SURESH (E) and VIJAY
NAIR (G)

A facile multicomponent reaction involving isoquinoline, dimethyl allenedicarboxylate, and 2- oxo-1H-
indol-3-ylidenes

Synthesis -Stuttgart

44(3):417-422; Feb 2012

ANUPRIYA (S), SREEJA (T) and LUXMI VARMA (R)

Synthesis of upper rim N-formamido and isocyanocalix [4]arenes: Adaptation of Ugi-4-CR on
calix[4]arenes towards peptide-like architectures

Tetrahedron

68(31):6323-6328; 05 Aug 2012

PRAVEEN (L), BABU (J), REDDY (M L P) and LUXMI VARMA (R)

Unfolding with mercury: Anthracene-oxyquinoline dyad as a fluorescent indicator for Hg(II)
Tetrahedron Letters

53(31):3951-3954; 01 Aug 2012
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HARIDAS (V), SANDHYA (S), GEETHA (H) and SURESH (C H)

1, 3-Phenyl linked urea-based receptors for anions and themfacile cyclization to imidazolidinedione
Tetrahedron Letters

53(41):5523-5527; 10 Oct 2012

RAJAN (T P D), JAYAKUMAR (E) and PAI (B C)

Developments in Solidification processing of functionally graded Aluminium Alloys and Composites by
Centrifugal Casting Technique

Transactions of the Indian Institute of Metals

65(6)Spl Iss $1:531-537; Dec 2012

PAI (B C), PILLAI (U T S), MANIKANDAN (P) and SRINIVASAN (A)
Modification of AZ91 Mg Alloys for High Temperature Applications
Transactions of the Indian Institute of Metals

65(6) Spl Iss S1:601-606; Dec 2012

JAYAKUMAR (E), RAJAN (T P D) and PAI (B C)

Effect of Mg on solidification microstructures of homogenous and functionally graded A390 aluminum
alloys

Transactions of the Indian Institute of Metals

65(6) Spl Iss S1:677-681; Dec 2012

AJITH KUMAR (K K), ABHILASH (V), PILLAI (U T S), PAI (B C) &CHAKRABORTY (M)
Changes in Solidification morphology of Mg-Si Alloys by Ca Additions

Transactions of the Indian Institute of Metals

65(6)Spl Iss S$1:695-699; Dec 2012

SRINIVASAN (A), WANG (Z), HUANG (Y D), BECKMANN (F), KAINER (K U& HORT (N)
Hot Tearing Susceptibility of Magnesium-Gadolinium Binary Alloys

Transactions of the Indian Institute of Metals

65(6)Spl Iss S1:701-706; Dec 2012

MANU (K M S), RESMI (V G), BRAHMAKUMAR (M), NARAYANASAMY (P), RAJAN (T P D),
PAVITHRAN (C) and PAI (B C)

Squeeze infiltration processing of functionally graded Aluminum-SiC metal ceramic composites
Transactions of the Indian Institute of Metals

65(6)Spl Iss S1:747-751;Dec 2012

ANUPAMA (V N), KANNAN (K), PRAJEESH (P V G), RUGMINI SUKUMAR and KRISHNAKU-
MAR (B)

Perchlorate, chlorate and bromate in water samples from the South-West coast of India

Water Science and Technology: Water Supply

12(5):595-603; 2012

SINDHU (R), BINOD PARAMESWARAN, JANU (K U), RAJEEV K SUKUMARAN and PANDEY (A)
Organosolvent pretreatment and enzymatic hydrolysis of rice straw for the production of bioethanol

World Journal of Microbiology and Biotechnology
28(2):473-483; Feb 2012
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GENERAL INFORMATION
VISITS ABROAD

Country
Name Visited From To Purpose
Slovienia Material Research laboratory, University of Nova
Gorica - Indo-Slovenia joint project
Erfut, Germany - Chair the session and invited
Dr. M.T. Sebastian 10.04.2012 | 25.04.2012 |talk in international conference, CICMT 2012
Germany Germany
Technical University of Illmenau, Germany - Vis-
it to Ilmenau Technical University
Dr. Raieev K Sukuma- UNICAMP, Campinas,Sau Paulo - Workshop to
raﬁ ) Brazil 18.04.2012 | 20.04.2012 |forge research collaborations between India and
Brazil
Dr. K .V. Radhakrish- France 10.05.2012 | 24.05.2012 University Of Reims - Indo French collaborative
nan T T project
University Blaise Pascal (UBP), Clermony Fer-
France 04.06.2012 | 29.06.2012 rand - UBP fellowship
Daegu, Korea - Invited speaker for 15" interna-
South Korea 16.09.2012 | 21.09.2012 tional symposium on Biotechnology ( IBS 2012)
Dr. Ashok Pandey ymp gy
National Taiwan University of Science and Tech-
Taiwan | 07.102012 | 10.10.2012 nology - Invited as General Chair of the inter-
o o national conference on bioprocess conducted by
IFIBIOP
. GKSS, research Center, Geesthacht- Extension of]
Dr. A. Srinivasan Germany | 01.07.2012 | 31.08.2012 FHumboldt fellowship visit
Dr. C. H. Suresh Germany | 01.07.2012 | 30.09.2012 \Marburg University- Humboldt Fellowship
National Taiwan University of Science and Tech-
. . nology - To attend the international conference
Dr. P. Binod Taiwan | 07.10.2012 | 10.10.2012 on bioprocess conducted by IFIBIOP and to re-
ceive young scientist award
AIST, Takamatsu & NIMS, Tsukuba - Indo Japan
Japan 15.10.2012 | 26.10.2012 |bilateral seminar on supramolecular nanomate-
rials for energy innovation
University of Namur - Member of the PhD ex-
Dr. A. Ajayaghosh Belgium | 25.11.2012 | 30.11.2012 |amination board and also to give special depart-
mental lecture.
Tehran To receive 26™ Khwarizmi International award
IRAN’ 03.02.2013 | 09.02.2013 |(KIA) of Iranian research organization for sci-
ence and technology (IROST)
Qingdao Qingdao, China - To attend the 2™ annual
Dr. Satyajith Shukla C}igina > | 26.10.2012 | 28.10.2012 |world congress of nanosciences and technologies
(Nano S&T 2012)
Osaka University - To receive Asian and Oceani-
nan Photochemistry Association (APA) award
Dr. Suresh Das Japan 11.11.2012 | 20.11.2012 |2012 and invited talk during the 7" Asian photo-

chemistry conference; Visit to Tokyo Metropoli-
tan University, Tokyo, Japan
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HONOURS AND AWARDS

Dr Suresh Das

MRSI Distinguished Lectureship Award

Asian and Oceanian Photochemical Society Award

Chair Person-Chemistry, DST-INSPIRE Faculty Scheme

Dr A Ajayaghosh

Infosys Science Foundation Award

Fellow, Indian National Science Academy, New Delhi

Associate Editor, Physical Chemistry Chemical Physics, Royal Society of Chemistry

26" Khwarizmi International Award, Iranian Research Organization for Science and
Technology (IROST), Tehran, Iran

CRSI Silver Medal, Chemical Research Society of India

Dr D Ramaiah

Prof. C. V. Asokan Memorial Lecture Award

Member, Subject Expert Committee (2013-2015), Women Scientists Scheme,
Department of Science and Technology, Government of India

Dr MLP Reddy

CRSI Bronze Medal, Chemical Research Society of India

Dr C H Suresh CRSI Young Scientist, Chemical Research Society of India

Dr Joshy Joseph Ramanujan Fellowship, DST, India

Dr C Vijayakumar Ramanujan Fellowship, DST, India

Mr Shajan S Best Research Paper Award, 13th National Conference on Technological Trends held

at College of Engineering, Trivandrum during 10-11, August, 2012.

Ms Smitha V S

Best Poster (3rd prize) Second International Conference on Advanced oxidation
Processes (AOP-2012) held at Mahatma Gandhi University, Kottayam, Kerala during
5-8t of October, 2012.

Ms Jaimy K B

Best Poster (3rd prize) Second International Conference on Advanced oxidation
Processes (AOP-2012) held at Mahatma Gandhi University, Kottayam, Kerala during
5-8™ of October, 2012.

Mr Shajesh P

Best Poster (3rd prize) Second International Conference on Advanced oxidation
Processes (AOP-2012) held at Mahatma Gandhi University, Kottayam, Kerala during
5-8" of October, 2012.

Ms Jeena ] K

Best Poster (3rd prize) Second International Conference on Advanced oxidation
Processes (AOP-2012) held at Mahatma Gandhi University, Kottayam, Kerala during
5-8% of October, 2012.

Mr Jayakumar E

Best Research Paper Award, International Symposium for Research Scholars on
Metallurgy, Materials Science and Engineering (ISRS-2012), December 13-15, IIT-
Madras, Chennai

Ms Manjumol K A

Best Poster Award , 76™ Annual Session of The Indian Ceramic Society (ICS), on 18-
19 January, 2013 held at Ahmadabad

Mrs Priyanka A

Poster presentation award, International conference on “Phytochemicals in Health and
Disease: Challenges and Future Opportunities (ICPHD-2013)”, Annamalai University
on January 23-25, 2013

Best paper award, Environmental science, forestry and wild life in the 25th Kerala

Mr Prajeesh GP V
J Science Congress on January 29-February 1,2013
Best paper award, Environmental science, forestry and wild life in the 25th Kerala
Ms Soumya B .
Science Congress on January 29-February 1,2013
Best Poster Award at the National Conference on Emerging Technologies for Processing
Mr Sankar S I - -
and Utilization of Beach sand Minerals. 1-2 March 2013, Kochi, Kerala
Mrs Dhanya R Best paper award, TKM Institute of Technology , Kollam in association with Association

of Food Scientists and Technologies (AFST) Kollam chapter on 8-9 March, 2013
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PH.D. DEGREE AWARDED

Student

Thesis title

Supervisor

University

Sai Shyam N

Molecular Studies on Peptide Deformylase
and Methionine Aminopeptidase from
Mycobacterium tuberculosis

Dr. K.Madhavan Nam-

poothiri

University of Kerala

Smitha Mohanlal

Phytochemical  investigation on black-
glumed njavara, the medicinal rice as
compared to staple varieties and evaluation
of their antioxidant, antiinflammatory and
anticancer effects

Dr. A.Jayalekshmy

CUSAT

Pratheesh V Nair

Synthesis and photophysical properties of II-
VI semiconductor nanostructures

Dr. K.George
Thomas

University of Kerala

Divya K P

Donor-Acceptor-Donor (D-A-D) type Small
Molecules and Oligomers: PhotoPhysical
Properties,  Analyte = Responses  and
Conformational Changes

Dr. A. Ajayaghosh

University of Kerala

Nisha P

Structure,
studies of some La 0
perovskites

magnetic and magnetocaloric
~Ca, ,MnO, based

Dr. Manoj Rama
Varma

University of Kerala

Sajith PK

Development of Quantitative Structure
Property Relationship for predicting mutual
transinfluence and ligand bond dissociation
energies in Pa(II)Pt(II) and hypervalent
iodine complexes

Dr. C.H.Suresh

University of Kerala

Neson Varghese

Studies on Transport and Magnetic properties
of nanoparticle doped MgB, superconductor
for technological applications

Dr. U.Syamaprasad

CUSAT

Balamurughan A

Conjugated polymer -Lanthanide hybrid
materials for lumniscence applications

Dr. M.L.PReddy

University of Kerala

Sajith Menon

Design, synthesis and study of the self-
assembly and photochemical properties of
some light responsive amphiphilic block
copolymers

Dr. Suresh Das

University of Kerala

Selvakumar K

Synthesis of functionalized 2-oxindoles and
3- spirocyclic 2- oxinoles from Morita-Daylis-
Hillman abduct of isatin

Dr. P. Shanmugham

University of Kerala

Bindhumol I

Studies on Exopolysaccharide production by
probiotic Lactic acid bacteria

Dr. K.Madhavan Nam-

poothiri

CUSAT

Suresh M

Grain refinement studies on Mg and Ma-Al
based alloys

Dr. U.T.S.Pillai

CUSAT
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MEMBERS OF THE RESEARCH COUNCIL

CHAIRMAN

Dr. Dipankar Banerjee

Department of Materials Engineering
Indian Institute of Science
Bengaluru-560 012

MEMBERS

Shri. S. Vasudevan

Professor

IPC Department, Indian Institute of Sci-
ence

Bengaluru-560 012

Prof. M.K.Mathew

Laboratory of Membrane Biophysics
National Centre for Biological Sciences
Tata Institute of Fundamental Research

GKVK, Bellary Road, Bengaluru-560 065

Prof. Y.N. Mohapatra

Department of Physics

Indian Institute of Technology Kanpur
Kanpur-208 016

Dr. L.S. Shashidhara

Indian Institute of Science Education and
Research

Professor and Coordinator- Biology

First Floor, Central Tower, Sai Trinity
Building, Garware Circle, Sultarwadi,
Pashan, Pune-411 021

Prof. A .Bhattacharya
Professor

School of Life Sciences
Jawaharlal Nehru University,
New Delhi-110 067

Dr. M. Sastry

Chief Scientific Officer

Tata Chemicals Innovation Centre
Ghotavde Phata, Urawde Road,

Pirangut Industrial Area, Gate No 1139/1
Mulshi, Pune- 412 108

Dr. M.R.Pillai

Director

Rajiv Gandhi entre for Biotechnology,
Jagathy, Trivandrum-695 014

AGENCY REPRESENTATIVE

Dr. Arvind Duggal

Adviser

Department of Biotechnology
Block No.2, 7*Floor,

CGO Complex, Lodi Road
New Delhi-110 003

DG NOMINEE
Dr.Vijayamohanan K Pillai
Director
Central Electrochemical Research Institute
Karaikudi-630 006
Tamil Nadu

SISTER LABORATORY

Dr. Pushpito.K.Ghosh

Director

Central Salt & Marine Chemicals
Research Institute

Gijubhai Badheka Marg, Bhavnagar-364 002

CLUSTER DIRECTOR
Dr. M.O.GARG
Director
Indian Institute of Petroleum (IIP)
P.O.IIP, Mohkampur, Dehradun-248 005

DIRECTOR

Dr. Suresh Das

Director

National Institute for Interdisciplinary
Science & Technology
Thiruvananthapuram-695 019

PERMANENT INVITEE
Head or His Nominee
Planning & Performance Division (PPD)
Council of Scientific & Industrial Research
Anusandhan Bhawan, 2, Rafi Marg, New
Delhi-110 001

SECRETARY
Dr. A.Sundaresan
Chief Scientist
National Institute for Interdisciplinary
Science & Technology
Thiruvananthapuram-695 019
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MEMBERS OF THE MANAGEMENT COUNCIL
PERIOD 01/01/2012 TO 31/12/2013

CHAIRMAN
Director, NIIST

MEMBERS

Dr. K.R.Gopidas, Scientist, NIIST

Dr. Vijayamohanan K Pillai, Director, CECRI, Karaikudi
Dr. A. Ajayaghosh, Scientist, NIIST

Dr. M.T. Sebastian, Scientist, NIIST

102 Dr. (Mrs). S.Savithri, Scientist, NIIST
o Dr. TPD. Rajan, Scientist, NIIST

5 Dr. B.Krishnakumar, Scientist, NIIST
N Sri. S.Veluswamy, NIIST

E COFA, NIIST

E Head, PPD, NIIST

E MEMBER SECRETARY

i AO, NIIST
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BUDGET 2012-2013

(Rs. Lakh)
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STAFF - New Recruitments

Kaustabh Kumar Maiti, Sr. Scientist - 23 April 2012

Kaustabh Kumar Maiti obtained M.Sc. in organic chemistry and Ph.D. from Cal-
cutta University in the year 2000. He started his professional carrier in leading
pharmaceutical R&D’s in India, 2000-2003 (Alembic Ltd. and Sun Pharmaceuti-
cals Industries Ltd.) where he worked in process development and drug discovery
program. He joined postdoctoral research at Pohang University of Science and
Technology (POSTECH, 2003-2007), South Korea and in Complex Cabohydrate
Research Center (CCRC), The University of Georgia, USA to continue second
postdoctoral research. Before joining CSIR-NIIST, he worked at Singapore Bioim-
aging Consortium (under Biomedical Sciences Institute, A*STAR) as a research
scientist (2009 May-2012 March). His current research interest is focused on the
area of synthesis and biological evaluation of peptide and non-peptide scaffold
based drug-delivery system for targeted delivery of small molecular drugs, pro-
teins, nucleic acids and plasmid DNA. Also interested on the development of di-
agnostic probe for infectious diseases as well as cancer detection by ultrasensitive
biocompatible surface enhanced Raman scattering (SERS) nanotags.
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Dr. Biswapriya Deb, Sr. Scientist - 25 May 2012

Before joining the Institute, Dr. Biswyapriya Deb has worked as Post Doctoral
Researcher at Dept. of Chemical Eng and Materials Sc (CEMS), University of
Minnesota, USA during 2003- 2004 and as Research Associate, Dept. of Chemi-
cal Eng. , University of Louisville, USA during 2004- 2007 and as Research Scien-
tist (Industrial), Institute for Advanced Material & Renewable Energy (IAMRE),
University of Louisville, USA during 2007- 2009 and as Post Doctoral Asscoci-
ate, National Institute for Materials Science (NIMS), Japan during 2010-2012. His
research interest are focused on growth of functional nano materials for energy
efficient devices, thin films, thermoelectricity and nano scale transport.
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Ms. M. Vasundhara, Scientist June 21 - 2012

Dr (Ms.) M Vasundhara obtained her Ph.D. on Physics from Indian Institute
of Technology Kharagpur, India in the year 2009. Before joining as scientist at
National Institute for Interdisciplinary Science and Technology, she worked as
an Invited Researcher at Korea Advanced Institute of Science and Technology,
Korea, (September 2008-March 2009), as Post doc. at Korea Advanced Institute
of Science and Technology , Korea (March 2009 - June 2011) Post doc. at Riso
National Laboratary for Sustainable Energy, Denmark, (July 2011 - June 2012)

Her research interest are focused on magnetism: intermetallics, magnetic thin
films, magnetic oxides, tunnel junctions and permanent magnets and advanced
functional materials (such as spintronic, ferromagnetic, magneto caloric and
thermoelectric) and nanostructural formation mechanism in rapidly solidified
amorphous materials.

Dr. R. Vijayanath, Medical Officer- 4 October 2012

Consequent on setting up of NIIST Dispensary at the Institute's premises, Dr.
Vijayanath joined as Medical Officer of the Institute on 4.10.2012. He obtained
his Degree in Bachelor of Medicine & Surgery from Kerala University in the year
2009. Prior to his joining the Institute, he was working as Medical Officer in
ART Unit, Govt. Medical college, Kottayam, which functions as treatment Centre
for persons affected with HIV.
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Dr. B.S. Sasidhar, Scientist- 17 October 2012

Dr. Sasidhar obtained Ph.D. in Organic Chemistry from Gulbarga University, In-
dia during 2012. He is a recipient of UGC- Research Fellowship in Science for
Meritorious Students (RFSMS) University Merit Fellowship for Research, and
Young Scientist Award (Best Oral Presenter) from University of Mysore. Synthe-
| sis and bio-applications of “Drug-Like” molecules, development of small molecu-
| lar conjugates (SMC’s) as DNA binding and DNA cleavage agents, green chemis-
try- rapid, economic and environmentally benign techniques for various organic
transformations, synthesis of heterocyclic derived exotic materials for electronic
applications are his areas of research interest.
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Shri K.Rishi Aravind, Scientist - 17 October 2012

Shri K. Rishi Aravind obtained Master of Technology (CSE -Bioinformatics) from
IIIT-Hyderabad in 2006 and Post Graduate Diploma (Project Management) from
Centennial College in 2010. Before joining CSIR- NIIST, he has worked as Re-
search Engineer in he Bioinformatics Division, of Philips Research. He also pos-
sess academic and management experiences in various capacities. Bioinformat-
ics, High performance computing, GPU computing, Health Informatics, Agent
based modelling and simulation are his areas of research interest.

Dr. Muthu Arumugham, Scientist- 25 October 2012

Dr. Muthu Arumugham obtained Ph.D. in Microbiology and Cell Biology from
Indian Institute of Science (IISc), Bangalore in 2010. Infectious diseases, Indus-
trial enzymes and bioenergy are his areas of research interest.

Dr. S. Priya, Scientist — 29 October 2012

Dr. Priya obtained her Ph.D in Biochemistry form University of Kerala. She was
awarded Postdoctoral fellowship at Dept. of Biochemistry, Hebrew University of
Jerusalem, Israel during the year 2008 and DST-Fast track Young Scientist Award
in 2012. Before joining as Scientist at CSIR- NIIST she has worked as Scientist at
the Centre for Bio-Separation Technology (CBST), VIT University, Vellore, Tamil
Nadu. Purification of biologically active compounds from natural sources, their
cell based screening for therapeutic uses against various disorders, detailed study
on the molecular mechanism of action using various cell based assay systems are
her areas of research interest.
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Mr. M. Kiran Kumar, Scientist - 31 October 2012

Mr. Kiran Kumar obtained M.Tech Chemical Engineering (II'T Kharagpur), 2009.
Before joining NIIST he has worked as Project Scientist at Centre for Bio-Fuels,
CSIR(NIIST), Thiruvananthapuram and as Assistant Professor, Chemical Engi-
neering Division, VIT University, Vellore. He is a recipient of MHRD Scholar-
ship during 2007-2009. Bio-Fuels, Chemical Kinetics, Process Plant Design are
his areas of research interest.

Shri. S. Pushkin, Technical Officer - 3 October 2012

An engineering graduate in Electronics & Communication with Certificate in
CCNA, IT Network designing and IT Security are his areas of Interest.

Dr. C. Vijayakumar, Scientist - 1 January 2013
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Dr. Vijayakumar received his PhD in Chemistry from University of Kerala in Jan-
uary 2008 based on the work done in the area of ‘Functional Supramolecular Ma-
terials’ under the guidance of Prof. A. Ajayaghosh at CSIR-NIIST, Trivandrum.
Subsequently, he worked as a Postdoctoral Research Fellow (January 2008- De-
cember 2010) at the Organic Materials Group, National Institute for Materials
Science (NIMS), Tsukuba, Japan. Later he worked as an Assistant Professor (Janu-
ary 2011- December 2012) at the Department of Applied Chemistry, Graduate
School of Engineering, Osaka University, Japan. In January 2013, he joined at
the Chemical Sciences and Technology Division of CSIR-NIIST, Trivandrum as
a Scientist. His current research interests includes supramolecular chemistry, or-
ganic smart materials and sensors, organic semiconducting materials, organic-
inorganic hybrid thermoelectric materials, photovoltaic devices, and light emit-
ting diodes.
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Mr. Kiran Mohan, Technical Officer - 1 January 2013

Mr.Kiran Mohan completed his Bachelor’s Degree (B-Tech) in Instrumentation
and Control Engineering from NSS College of Engineering, Palakkad under the
University of Calicut. He was with Icon Analytical Equipment Pvt. Ltd, Mumbai
as a Senior Executive-Application Support. In January 2013, he joined in Chemi-
cal Science and Technology Division of CSIR-NIIST, Trivandrum as a Techni-
cal Officer. His area of interest includes various electron microscopic techniques,
sample preparation techniques, EDS (Energy Dispersive Spectroscopy) analysis
(Spectrum and mapping), EDS interpretation of images, analytical works with
EDS, STEM (HAADF) IMAGING, interpretation of images and Troubleshooting.

Mr. J.S. Kiran, Technical Assistant - 26 March 2013

Mr. Kiran holds a Diploma in Computer Engineering. He is a Cisco Certified Net-
work Associate and a certified 3D Max and Photoshop Designer. In March 2013,
he joined in Chemical Science and Technology Division of CSIR-NIIST, Trivan-
drum as a Technical Assistant. His areas of interest are computer aided design of
molecular architecture and animation of chemical processes.
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STAFF LIST as on 31/03/2013

DIRECTOR'S OFFICE

DR SURESH DAS DIRECTOR
MR S SURESHKUMAR CHIEF SCIENTIST
MR G K NAIR SR STENO(ACP) ( Retired on 31/3/2013)
MR A KRISHNANKUTTY TECH GR 1-4
MR P B VIJAYAKUMAR TECH GR 1-4

R & D DIVISIONS
AGROPROCESSING & NATURAL PRODUCTS DIVISION
DR A SUNDARESAN CHIEF SCIENTIST & HEAD, ADMINISTRATIVE

SERVICES

MR M M SREEKUMAR CHIEF SCIENTIST & HEAD
MRS A NIRMALA MENON SR PRINCIPAL SCIENTIST ( Retired on 30/6/2012)
MRS OMANAKUTTY AMMA PRINCIPAL SCIENTIST
DR DILEEPKUMAR B S PRINCIPAL SCIENTIST

DR (MRS) K P PADMAKUMARI AMMA
DR K G RAGHU

MR V V VENUGOPALAN
MRS M V RESHMA

DR (MRS) P NISHA

MR P JAYAMURTHY

DR RAVI SHANKAR L

DR PRIYA S

DR (MRS) BEENA JOY

MRS L PRASANNA KUMARI
MR D R SOBAN KUMAR
MRS ANNAMMA MATHEW

BIOTECHNOLOGY DIVISION

DR ASHOK PANDEY

DR K MADHAVAN NAMPOOTHIRI
DR RAJEEVKUMAR SUKUMARAN
DR N RAMESH KUMAR

DR P BINOD

DR MUTHU ARUMUGAM

MR KIRAN KUMAR M

MR KM PRAKASH

PRINCIPAL SCIENTIST(Retired on 31/1/2013)
PRINCIPAL SCIENTIST

SR SCIENTIST

SCIENTIST

SCIENTIST

SCIENTIST

SCIENTIST

SCIENTIST

PRINCIPAL TECH OFF

SR TECH OFF-3 (Retired on 31/3/2013)
TECH OFF

SR STENO(ACP) (Retired on 31/5/2012)

CHIEF SCIENTIST & HEAD
PRINCIPAL SCIENTIST
SCIENTIST

SCIENTIST

SCIENTIST

SCIENTIST

SCIENTIST

SR TECHNICIAN (2)
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CHEMICAL SCIENCES & TECHNOLOGY DIVISION

DR AJAYAGHOSH SCIENTIST H
DR D RAMAIAH CHIEF SCIENTIST & HEAD
DR T PRASADA RAO CHIEF SCIENTIST
DR (MRS) MANGALAM S NAIR CHIEF SCIENTIST
DR (MRS) A JAYALAKSHMI CHIEF SCIENTIST
DR K R GOPIDAS CHIEF SCIENTIST
DR M LAKSHMIPATHY REDDY CHIEF SCIENTIST
DR (MRS) R LUXMI VARMA SR PRINCIPAL SCIENTIST
DR KV RADHAKRISHNAN SR SCIENTIST
DR C H SURESH SR SCIENTIST
DR BISWAPRIYA DEB SR SCIENTIST
DR KAUSTABH KUMAR MAITI SR SCIENTIST
o DR YOOSAF KARUVATH SCIENTIST
1l_ DRJOSHY JOSEPH SCIENTIST
ﬁ DR B S SASIDHAR SCIENTIST
g DR VIJAYAKUMAR C SCIENTIST
[ DR (MRS) ] D SUDHA PRINCIPAL TECH OFF
g MRS S VIJI TECH OFF
& MRS SAUMINI MATHEW TECH OFF
(a ' MR ROBERT PHILLIP TECH OFF
El MR KIRAN MOHAN TECH OFF
| MR KIRANJ S TECH ASST
E MR T S SASI KUMAR PRIVATE SECRETARY
<
MATERIAL SCIENCES AND TECHNOLOGY DIVISION
DR M T SEBASTIAN CHIEF SCIENTIST & HEAD
DR U SYAMAPRASAD CHIEF SCIENTIST
DR P PRABHAKAR RAO CHIEF SCIENTIST
MR K HARIKRISHNA BHAT CHIEF SCIENTIST
DR JOSE JAMES CHIEF SCIENTIST
DR A RR MENON SR PRINCIPAL SCIENTIST
MR M C SHAJI SR PRINCIPAL SCIENTIST
DR U T S PILLAI SR PRINCIPAL SCIENTIST
DR M RAVI SR PRINCIPAL SCIENTIST
MR SWAPAN KUMAR GHOSH SR PRINCIPAL SCIENTIST (Transferred on 24/8/2012)
DR MANOJ RAAMA VARMA SR PRINCIPAL SCIENTIST
MR S ANANTHAKUMAR PRINCIPAL SCIENTIST
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DRTPDRAJAN SR SCIENTIST

DR HAREESHU § SR SCIENTIST

DR E BHOJE GOWD SR SCIENTIST

DR R P ALOYSIUS SR SCIENTIST (On temporary transfer from 20/11/2012)

MR M SUNDARARAJAN SCIENTIST

DR SV SHUKLA SCIENTIST

DR A SRINIVASAN SCIENTIST

DR K P SURENDRAN SCIENTIST

DR SAJU PILLAI SCIENTIST

DR (MISS) M VASUNDHARA SCIENTIST

MR S VELUSAMY PRINCIPAL TECH OFF

MR M BRAHMA KUMAR PRINCIPAL TECH OFF

DRV S PRASAD PRINCIPAL TECH OFF

MR K K RAVIKUMAR SR TECH OFF-3

MRS LUCY PAUL SR TECH OFF-3 5‘2

MR P PERUMAL SR TECH OFE-2 ﬁll

MR P GURUSAMI SR TECH OFEFE-2 5

MR M R CHANDRAN SR TECH OFF-2 CI:

MR PEER MOHAMED A TECH OFF g

MR S SASIBHUSHANAN TECH GR 2-4 o.

MR T SOMAN TECH GR 2-4 E

MRV ANTONY TECH GR 2-3 -

MR V SREEKANTAN TECH GR 1-4 g

=

PROCESS ENGINEERING & ENVIRONMENTAL TECHNOLOGY <C
DIVISION

MR P RAGHAVAN CHIEF SCIENTIST & HEAD( Retired on 31/5/2012)

DR (MRS) ROSCHEN SASIKUMAR CHIEF SCIENTIST & HEAD

MR AJIT HARIDAS CHIEF SCIENTIST

DR (MRS) S SAVITHRI SR PRINCIPAL SCIENTIST

DR (MRS) ELIZABETH JACOB SR PRINCIPAL SCIENTIST

MR ] ANSARI SR PRINCIPAL SCIENTIST

DRV B MANILAL PRINCIPAL SCIENTIST

DR (MRS) RUGMINI SUKUMAR PRINCIPAL SCIENTIST

DR M ANBU PRINCIPAL SCIENTIST

DR B KRISHNAKUMAR SCIENTIST

MR ABDUL HALEEM B SCIENTIST

MR K RISHI ARVIND SCIENTIST

MRS VIJAYA PRASAD SR TECH OFEFE-2
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MR V K SHAJIKUMAR SR TECH OFF
DR S RAMASWAMY TECH OFF
MR T P PAULOSE TECH GR 2-4
MRS SAHARUBA P M JTA
S & T SERVICES DIVISIONS

ENGINEERING & SERVICES DIVISION

MR P J VARGHESE

MR R RAJEEV

MR KV OONNIKRISHNAN
MR K PRASAD

MR G CHANDRA BABU
MR B KARTHIK

MR P ARUMUGAM

MR BASHEER T H

MR N SUDHILAL

MR S HARIDASAN PILLAI
MR P M RAGHAVAN
MR PV THAMPY

MR N]JJACOB

MR M JAYADEEP

MR K S PRAMOD

MR K SURESH KANNAN
MR U DHARANIPATHY
MR B VIKRAMAN

MR C P NARAYANAN
MR P SOMAN

MR R SUKUMARAN

MR T V SATHEESH

KNOWLEDGE RESOURCE CENTRE
MRS P NISHY
MRS SANTOSH BABU
MR V MONI
MR RIBIN JONES S B
MRS S MINI
MR M RAMASAMY PILLAI
MR S PUSHKIN
MR G SUDHAKARAN
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SR SUPER ENGR (Transferred on 30/4/2012)
SUP ENGG

SUP ENGG (Retired on 31/12/2012)
AEE (ELEC)

AEE (CIVIL)

JR ENGR (CIVIL)

JRENGR (CIVIL)

SR TECHNICIAN

TECH GR 2-5

TECH GR 2-4

TECH GR 2-4

TECH GR 2-4

TECH GR 2-4 ( Retired on 28/2/2013)
TECH GR 2-2

TECH GR 2-1

TECH GR 2-1

TECH GR 2-1

TECH GR 1-4

TECH GR 1-4

TECH GR 1-4

TECH GR 1-4

GR C NON-TECH (MACP)

SR PRINCIPAL SCIENTIST & HEAD

PRINCIPAL SCIENTIST & HEAD (Retired on 31/8/2012)
SCIENTIST

SCIENTIST

PRINCIPAL TECH OFF

PRINCIPAL TECH OFF

TECHNICAL OFFICER

TECH GR 2-4
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MR G NAGASRINIVASU
MRS T S LATHA

MR PUSHPAKUMAR K R NAIR

DRV G MOHANAN NAIR

DR C CHANDRASEKARA BHAT

MR D BHEEMESWAR
MR C K CHANDRAKANTH
MR R S PRAVEEN RA]J

DR M SANKARANARAYANAN

MRS V J SAROJAKUMARI
MR K C CHACKO

MR N S RAJU

MRS S SOBHANA

MR K F JOSEPH

MRS K S LATHIDEVI

MR T ] BABU

DR VIJAYNATH R

MR M K SIVADASAN

MRS SISILY POULOSE
MRV MOHANAN NAIR
MRS JYOTHI R THAMPI
MR G RAMABHADRAN
MRS MERCY JOSEPH

MR R K RAMESH KUMAR
MRS SUSAN MATHEW
MISS PARVATHI RAJEEVAN
MR D JAYAPRASAD

MRS K SARASWATHY
MRS PADMINI P §

MRS ELIZABETH THOMAS
MRS SREELETHA NAIR
MR B VENUGOPAL

MR P SURENDRAN

MR P N SIVANKUTTY NAIR
MR PRAVEEN KANNAL

SR TECHNICIAN (2)
AST(G)GR1I
GR C NON-TECH

PLANNING AND BUSINESS DEVELOPMENT

CHIEF SCIENTIST

SR PRINCIPAL SCIENTIST
PRINCIPAL SCIENTIST
SR SCIENTIST

SCIENTIST

PRINCIPAL TECH OFF

SR STENO(MACP)

GR C NON-TECH

ADMINISTRATION

AO

AO

SO (G)

HINDI OFFICER
SECU OFFICER
MEDICAL OFFICER
AST(G)GR1
AST(G)GR1
AST(G)GR1
AST(G)GRII
AST(G)GR1I
AST(G)GR I
AST(G)GR I
AST(G)GRII (Retired on 31/10/2012)
ASSISTANT
AST(G)GR II (MACP)
AST(G)GR II(ACP)
SR STENO (MACP)
SR STENO(ACP)

SR STENO(MACP)
TECH GR 2-4

TECH GR 2-4

TECH GR 2-4

TECH GR 2-2
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MR B RADHAKRISHNAN
MR M P VARKEY

MRS M GEETHA

MR SASIDHARAN

MR K MADHU

MR A SREEKUMARAN
MRS S LEELA DEVI AMMA
MR K UNNIKRISHNAN
MR B SATHEESH KUMAR

MR T V SANKARAN

MRS PV VIJI

MR KRISHNA KUMAR M

MR SANJEEV SADANANDAN
MR K G PILLAI

MRS REMANI DEVARA]J

MRS G GEETHA

MRS KOMALA SOMAN

MR S RAJU

MR P PARAMESWARAN PILLAI

MRS R REMADEVI

MR M R DEVASIS

MR SANJAY SUMAN

MR K SATHEESAN NAIR
MR C M KRISHNADAS
MR M ANILKUMAR
MRS LLATHA

MR B AJAYAKUMAR
MR T R SURESH KUMAR
MRT K GOPI

MR T K GHOSH

MR G BHAKTHAVALSALAM
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TECH GR 2-1
TECH GR 1-4
TECH GR 1-3
BEARER(ACP)
DRIVER
WASHBOY(ACP)
GR C NON-TECH
GR C NON-TECH
GR C NON-TECH

FINANCE & ACCOUNTS

COFA
SO(F&A)

SO(F&A)

ASSISTANT GR(G) I
AST(F&A)GR I (MACP)
AST(F&A)GR I
AST(F&A)GR I
AST(F&A)GR II

SR STENO (ACP)

GR C NON-TECH
RECORD KEEPER

STORES & PURCHASE

SPO

SEC OFFICER
AST(S&P)GR I (Retired on 31/3/2013)
AST(S&P)GR I
AST(S&P)GR I1
TECH GR 2-4

TECH GR 2-3

SR TECHNICIAN (2)
GR C NON-TECH
GR C NON-TECH
GR C NON-TECH
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CELEBRATIONS & OTHER ACTIVITIES

NATIONAL TECHNOLOGY DAY
CELEBRATION

The National Technology Day was celebrated
at CSIR NIIST on May 11, 2012. Shri. Narayana
Murthy, Sr Director, VSSC,
Thiruvananthapuram was the chief guest.
Shri. Narayana Murthy delivered the National
Technology Day Lecture on the topic “Risk
Management” within the prestigious GSLV and
PSLV Projects of ISRO. He highlighted in his talk
the standard operational procedures to be adopted
in the event of any exigency in an organization.
The lecture was attended by the Research Fraternity
and students of CSIR NIIST.

Advisor to

Shri. Narayana Murthy, Sr Advisor to Director, VSSC,

delivering lecture on the topic “Risk Management”

CSIR FOUNDATION DAY
CELEBRATION

Dr. K.V. Raghavan, INAE Distinguished
Professor and Former Director of CSIR-IICT, was
the chief guest for the foundation day celebrations
at CSIR-NIIST. In his foundation day lecture,
Dr. K.V. Raghavan heralded the contributions
of CSIR in the past 70 years. Highlighting CSIR’s
contributions to society and Indian industry, he
reminded the audience that CSIR had partnered
with almost 50,000 companies and it had more

than 4500 patents to its credit. He also pointed out
the role played by CSIR in achieving the targets of
various five year plans. The major objective of 12th
five year plan viz. ‘Promoting innovations’ could
only be achieved if CSIR changed its focus from
process-oriented research to products. He said he
is concerned about low number of patent filings
from our country. He urged the scientists of NIIST
to identify the niche areas where the laboratory
could take leadership in interdisciplinary research.
He also emphasized the need to generate more
intellectual property products from the laboratory.
26th September 2012 was observed as open day
and laboratory visits of students from educational

institutes were arranged.

Dr. K.V. Raghavan, INAE Distinguished Professor and
Former Director of
CSIR-IICT delivering the CSIR Foundation day lecture

NIIST FOUNDATION DAY
CELEBRATED

Prof. Samir K. Brahmachari, Director General,
CSIR was the chief guest for NIIST foundation
day celebrations. Addressing the CSIR-NIIST
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family, Prof. Brahmachari said many of the
CSIR laboratories, including CSIR-NIIST, had
grown over the years to the status of centres of
excellence. It is high time that CSIR laboratories,
which are situated near the coast, focused
research on technology development for utilizing
marine resources such as algae as a potential
source for food, energy and as raw materials for
products. Prof. Brahmachari released the Hindi
and Malayalam versions of the CSIR Vision 2022
document. He also inaugurated a state-of-the-art
photonics and photoscience laboratory at NIIST.
In his foundation day lecture, he congratulated the
laboratory for its commendable achievements in
terms of international publications and delivering
social goods. The Outreach programs of CSIR
NIIST have tapped the immense potential of
the best brains of the state for tackling health
hazards affecting the developing nations including
our country through OSDD platform. He also
appreciated large proportion of women scientist at
NIIST.

A
Prof. Samir K. Brahmachari, DG, CSIR inaugurating
a state-of-the-art photonics and photoscience laboratory

at NIIST

Prof. Samir K. Brahmachari, DG, CSIR handing over
the Hindi and Malayalam versions of the CSIR Vision
-2022 documents to Dr. Suresh Das, Director- NIIST
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OPEN SOURCE DRUG DISCOVERY
PROGRAMME

OSDD is a CSIR led team India Consortium
with global
affordable healthcare to the developing world by

partnership aimed to provide
rendering a global platform where the best minds
can collaborate and collectively endeavour to solve
the complex problems associated with discovering
novel therapies for neglected tropical diseases
like Malaria, Tuberculosis, Leshmaniasis, etc. The
project is based on a portal that provides an open
source platform for scientists, doctors, technocrats,

software professionals, and students to share

knowledge.

According to Prof. Samir K. Brahmachari,
the trial of a drug molecule for treatment of
tuberculosis synthesized under the Open Source
Drug Discovery (OSDD) programme was expected
to take place in 2012 itself. Speaking at a function
organized by NIIST on 4th October 2012 for
felicitating M.Sc students, who are part of OSDD
Outreach programme, He said “The Council of
Scientific and Industrial Research (CSIR) is moving
ahead with its plans to conduct clinical trials of
molecules synthesized under OSDD over the next
five years.’

Prof. Samir K. Brahmachari, DG, CSIR speaking on the
OSDD Programme

CSIR-NIIST collaborated with the Academy
of Chemistry Teachers, Kerala, for the outreach
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programme. Students were trained by NIIST
scientists in latest techniques in drug research
and usage of sophisticated analytical instruments.
Dr. Suresh Das, Director, NIIST; Dr. Zakir
Thomas, Project Director, OSDD; and Dr. K.V.
Radhakrishnan, coordinator of the student outreach
programme also spoke during the function.

VISIT OF DR. KASTURI RANGAN,
MEMBER, PLANNING COMMISSION,

GOVERNMENT OF INDIA

Dr. Kasturi Rangan, Member(S&T) Planning
Commission visited the Institute on 18.08.2012.
A discussion meeting with senior scientists and
functionarieswasarranged ontheoccasion. Director
made a brief presentation on the various activities
of the Institute highlighting the achievements of
Institute's scientists. Dr.Kasturi Rangan explained
in detail the importance given to science and
technology by Government of India and the
increase in budget for science and technology. He
stressed the need to be innovative and competitive
to enable us to be in the fore front of science and
technology and societal development.

Dr. Kasturi Rangan, Member (S¢»T) Planning Commission,
discussing with Institutate Scientists and functionaries

CENTRE FOR BIOFUELS
INAUGURATED

The biotechnology division has set up a
Centre for Biofuels. The pilot plant is the first public
sector initiative of its kind in India and has been

installed on the CSIR-NIIST campus to produce
bioethanol from biomass. This facility comes up
as research project funded jointly by Technology
Information, Forecasting and Analysis (TIFAC),
Department of Science and Technology and the
Council of Scientific and Industrial Research
(CSIR) to develop technology for production of
bioethanol as an alternative fuel for transportation.
The pilot plant was inaugurated by Dr. T.
Ramasamy, Secretary, Department of Science &
Technology (DST), New Delhi on 23rd April 2012.
CSIR-NIIST Director, Dr. Suresh Das, presided
over the inaugural function. The plant set up has
80-kg/batch capacity for ethanol production from
lignocellulosic biomass including agro-residues
and forestry by-products and has an efficiency of
70 per cent in the conversion of biomass to ethanol.
The process of production goes through three basic
stages - pre-treatment, enzymatic hydrolysis to
produce free sugars, and fermentation of sugars
to ethanol. Centre for Biofuels has also initiated
activities on biomass-based butanol production
and on algal biofuels. NIIST CFB also undertook
a study for the International Energy Agency
(IEA), France to develop the biofuels policy by
the IEA country-wise. The Centre is initiating
collaborations with international universities and
institutions for advanced studies on biomass-
based fuels and energy and on the life cycle and on
techno-economic analyses. The Centre would also
serve to impart knowledge and training for skilled
manpower development in the field of biofuels and
bioenergy.

TECHNICAL WORKSHOP ON
‘NATIONAL KNOWLEDGE NETWORK’

The Institute hosted a two-day workshop
on ‘National Knowledge Network (NKN)’ during
9 - 10 May 2012. The technical workshop was
organized by National Informatics Centre (NIC) to
educate the participants about National Knowledge
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Network, which is a state-of —the-art Multi-Gigabit-
Pan-India network for providing unified High
Speed Network backbone for all knowledge related
institutions in the country. The workshop was
meant to illustrate the methodology for integration
of NKN with internal network of institutions and
discuss other network related topics through a
series of technical sessions to enable the institutions
in using the NKN services in a more effective and
enhanced manner.

Shri. P.H. Kurian IAS, Principal Secretary, IT
Department, Govt. of Kerala and former Controller

General of Patents, India delivering the inaugural address.

The workshop was inaugurated by Shri. P.H.
Kurian IAS, Principal Secretary, IT Department,
Govt. of Kerala and former Controller General of
Patents, India. Addressing the inaugural function
over a video conference network from New Delhi,
R. Chidambaram, Principal Scientific Advisor to
the Government of India and Chairman, High
level committee on NKN, said NKN was designed
to provide a platform for knowledge exchange and
to promote collaboration between scientists within
the country and abroad. Prof. S.V. Raghavan,
Chairman of the technical advisory committee,
NKN, Dr. B.K. Gairola, Director General, National
Informatics Centre (NIC), Dr. Suresh Das, Director,
CSIR-NIIST and Dr. K.S. Raman, State Informatics
Officer, NIC also spoke in the inaugural function.
There were two technical sessions held on the
opening day of the workshop and another two
technical sessions on the following day.
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TRAINING PROGRAMME ON "PATENT
SEARCHING & MAPPING USING
QUESTEL ORBIT(QPAT)

This programme was conducted on 11th
May 2012 for the benefit of Scientists, researchers
and students. Mr. Roshan Aggarwal, Managing
Director of Siddhast IP in Innovation, New Delhi
was the invited speaker of the training programme.
With his vast experience and knowledge in the field
of intellectual property (IPR), Mr. Roshan Aggarwal
gave the training on Questal QPAT databases and
Orbit platform with special emphasis on chemical

and biological sciences searches.

Mr. Roshan Aggarwal, Managing Director,Siddhast IP in
Innovation, New Delhi speaking on
Patents & Its importance

WORKSHOP ON PATINFORMATICS
FOR RESEARCH PLANNING AND
COMMERCIALIZATION

A workshop on patinformatics, a newly
emerging science, which involves analyzing set of
patent data to discover relationship and trends was
conducted during 23-24th August 2012. . Eminent
scientists from CSIR-URDIP Dr. R R Hirwani,
Ms. Sivakami Dhulap and Mr. Nishad Deshpande
were invited speakers in the workshop. Scientists,
research fellows and students from CSIR-NIIST
attended the workshop.
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HEALTH AWARENESS LECTURE
AND FREE MEDICAL CHECK-UP
ORGANISED

NIIST Staff Recreation Club organized
a Health awareness lecture and Free Medical
Check-up on 26th September, 2012 in association
with Kerala Institute of Medical Sciences (KIMS)
Hospital, Thiruvananthapuram. Dr. Praveen
Sreekumar from KIMS Hospital delivered a
very informative lecture on ‘Causes, Prevention,
Symptoms and Treatment of Heart Diseases’. The
prevalence of cardiac disease in Kerala is 10 - 12%
and that of diabetes is 20%. He also mentioned that
the cardiac diseases account for 40-50% of deaths in
Kerala. The talk was followed by a lively interactive
session. Free Medical Check-up was arranged in the
afternoon. Blood Sugar, Blood Pressure and Body

Mass Index (BMI) of 154 persons were checked.

Dr. Praveen Sreekumar from KIMS Hospital delivering
lecture on ‘Causes, Prevention, Symptoms and Treatment

of Heart Diseases’

WORKSHOP ON “HOW TO GET
PUBLISHED IN RESEARCH JOURNALS"

A publishing connect workshop was
conducted in collaboration with M/s Elsevier
Science, to train and inform the researchers on
various aspects of scholarly communication process
on 30th November 2012. Faculty and students from
various research organizations in Trivandrum also

attended the workshop apart from scientists and

student from NIIST. Dr. Suresh Das, Director,
NIIST inaugurated the workshop. Mr. David
Sleeman, publisher of Analytical chemistry &
sensor journals talked about scholarly publication
and Ms. Priyanka Neogi, sales manager, Elsevier,
covered the session on ORCID and Scopus.

OBSERVANCE OF HINDI DAY/HINDI
WEEK

CSIR - NIIST observed September 14, 2012
as the Hindi Day and the week succeeding as the
Hindi Week. The formal inauguration of the Hindi
Day was held on September 14 and the programme
started with the welcome address of Dr Ashok
Pandey, Chairman of the Organizing Committee.

: . frmer / Tt wenE HE
| 3l pY / HINDI WEEK CELEBRS

T

Director Dr Suresh Das delivering the Hindi Day
message and inaugural address

Dr. A. Ajayaghosh delivering the presidential address

Institute Director Dr. Suresh Das delivered
his Hindi Day message to the participants and
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later on he formally inaugurated the ceremony
by lighting the lamp. In his speech he said that
Hindi is the largest link language of our country
and is used by the majority of the people for their
interpersonal communication. Mr. Sanjay Suman,
Section Officer (stores and purchase) and Member,
Organizing Committee delivered a talk on the topic
“Official Language Hindi - simple and useful".
During the entire week, various competitions like
Hindi Essay writing, Noting/ Drafting, Technical
report writing, Hindi translation, Hindi quiz, Hindi
antakshari, Hindi song etc. were organized for the
staff members of the Institute including research
students, project staff and their school children.
Valedictory function and prize distribution was held
on 21.9.2012. Dr. P.]. Sivakumar, former Professor
and Head, Hindi department, University College,
Thiruvananthapuram and Principal, Graduate
and Research Centre, Kerala Hindi Prachar Sabha
Thiruvananthapuram was the chief guest for the
function.

OBSERVANCE OF VIGILANCE
AWARENESS WEEK

Shri A. Hemachandran, IPS, Director General, Police
Headquarters delivering the Valedictory

The Vigilance Awareness Week was observed
in this institute from 29th October to 4th November
2012. The week started with administration of
pledge in Hindi and English. Various competitions
such as Essay writing, Elocution, Cartoon drawing
and Slogan writing were conducted for staff
members and students during the week. The
valedictory function and prize distribution were
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held on 2nd November, 2012. Dr. A. Ajayaghosh,
Director-in-Charge presided over the function.
Shri A. Hemachandran, IPS, Director General,
Police Headquarters delivered the Valedictory
Lecture and gave away the prizes to the winners of

various competitions.

“NIIST NEER”-PROJECT
INAUGURATED

The Institute installed a fully automated
drinking water plant on 24th August 2012. The
plant provides purified drinking water which is
christened “NIIST NEER”. It uses the reverse
osmosis and UV treatment technology. The quality
of drinking water provided adheres to WHO
standards. The plant has a capacity of 500 liter per
hour with an efficiency of 50%. With the addition
of this facility the Institute now makes substantial
savings on public exchequer by getting rid of the
external agency for drinking water supply.

Director, NIIST, inaugurating the Drinking Water Plant
NIIST DISPENSARY INAUGURATION

The long cherished dream of the staff
members and pensioners in opening a dispensary at
the Institute's premises came true on 21st December
2012. Prof. Dipankar Banerjee, Chairman, Research
Council of the Institute formally inaugurated the
Dispensary on 21st December 2012. Recruitment
of the Medical Officer was made before the opening
of the dispensary. The dispensary's facilities are
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open to research scholars, staff members as well as

pensioners and their families.

ONAM CELEBRATIONS AT NIIST
As in the previous years Onam, the most activities such as Athapookkalam, Onapattukal,

popular festival of Kerala, was celebrated in the Vanchipattukal, Tug-of war, etc were organized in

Institute with great enthusiasm. Onam marks the the Institute. Pulikali, in which performers dress

homecoming of King Mahabali, a legendary king, UP 3 tigers, was the most attractive item of the

who ruled Kerala in ancient times. A number of function. A delicious feast was also offered to all

staff members in the canteen.
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A glimpse of various activities on the occasion of the Onam Festival
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