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It is my great pleasure and privilege to present the Annual Report for
2013-14, which highlights our scientific achievements for the year along with
information on the good progress we have made in areas such as infrastructure
development, external earnings, publications and patents. 1 am happy to note
that our Institute has continued its march towards improving interdisciplinary
interactions between the various Divisions of our Institute. This has enabled the
Institute to take up major programs in the chemistry/materials and chemistry/
biology interface and improve its interaction with various external agencies.
Some of the highlights for the last year include the commissioning of the 2G
Ethanol Pilot Plant, collaboration with Arya Vaidyasala, Kottakal for working
on Ayurvedic products and processes and signing of the MOU with SABIC,
Saudi Arabia to work on development of photochromic molecules. During the
year we also organized a number of conferences and workshops including a
major international conference on Advanced Functional Materials [ICAFM
2014]. As usual, several of our scientists have received awards and recognitions
the most notable of which being the TWAS-Prize received by Dr. Ajayaghosh. 1
congratulate all of them for having brought recognition to our Institute. 1 also
wish to thank our entire staff for their dedicated effort towards making all our
achievements for this period possible.] also wish to express my sincere thanks to
DG CSIR and other colleagues from Head Quarters for their continued support.

Suresh Das

Director
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Annual Report 2013 -14

SIGNIFICANT ACHIEVEMENTS

Annual Report 2013-14 captures the insights and reviews the tremendous new growth phase
CSIR-NIIST has entered. Several major tie ups with external industrial clientele, a significantly im-
proved average impact factor of publications along with installation and successful commissioning
of major facilities instilled new vim and vigor to the Institute activities. A revamped HR training
policy which gave a major thrust to the orientation and 360 degree evaluation of new scientific
manpower had started paying rich dividends in the area of applied and basic research. In applied
research the focus is on developing and commercializing technologies subsequently creating an in-
novative sustainable technology base through public private partnership generating new platforms
for technology applications. This is accomplished through active and effective project management
in an interdisciplinary environment. In basic research CSIR-NIIST along with its in house R&D
programs is also collaborating with universities and research institutions building nascent research
networks fostering new technology development. As we present the Annual Report 2013-14 the
success saga is unfolded before you.

1. Business Development and Contract Research

Eighteen agreements/MOUs were signed between Institute and external clientele for the
technology transfer and research collaborations. The year also witnessed earning of foreign ex-
chequer through research agreement with Saudi Basic Industries Corporation, Riyadh, Kingdom
of Saudi Arabia for a the project entitled “Synthesis and Development of Photochromic Materi-
als” at a total cost of US$ 245,000. The aim of the project is to synthesize new organic materials
showing photochromic behavior in the visible region of electromagnetic spectrum and tuning their
photochromic color, stability and reversibility in solution, solid-state and polymer matrix for their
use in various applications.
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The Institute also joined hands with the M/s M S Swaminathan Research Foundation’s Com-
munity Agro-biodiversity Centre at Puthoorvayal, Wayanad, (MSSRF-CAbC) for detailed scientific
analysis of different medicinal plants traditionally used by the tribal population for various ailments
and assisting the tribal community for conservation of endangered plants in the region and also
adding value to their products. CSIR-NIIST has signed NDAs with Reliance Industries, British Pe-
troleum (USA), Praj Industries, Pune, DSM India, Pune and Thermax India Ltd on different aspects
of activities related to biomass-based biorefineries.

The commercial release of AutoCAST X1, integrating the Virtual Casting software for the
simulation of solidification process of industrial casting developed by CSIR-NIIST, was made during
IFEX-2013. From April 2013 to March 2014, 3DFT has transferred around 12 licenses. In addition,
3DFT now has a reseller in China which is a Taiwan-based company, called Hyperinfo. AutoCAST
X1 is now available in Chinese and also has a website in Chinese (www.autocast.tw).

An improved anaerobic treatment system was developed by the Institute which works as
a complete treatment system for household biodegradable wastes and yielded higher quantity
of methane in the biogas. This development was licensed to M/s Carris and Pipes Pvt. Ltd., Er-
nakulam, Kerala and M/S. B.M. Industries, Paingattoor, Moovattupuzha, Kerala for mass produc-
tion and marketing.

2. Progress in R&D Programs

Technology Business Incubation Centre in agro processing continued offering technical ex-
pertise and consultancy to entrepreneurs for product development, scale up, test marketing etc. A
project for setting up of 7.5 tons per day fresh ginger and vegetable processing facility at Wyanad
to produce clean/waxed ginger, cleaned vegetables and dry ginger powder etc. by value addition
is in progress. Dehumidified and fluidized bed route for drying operations of agro products were
standardized and are in implementation stage in various manufacturing sectors.

Iron nanoparticles (FeNPs) were synthesized utilizing aqueous Centella asiatica extract.
These FeNPs synthesized were found to be non-cytotoxic with good cellular uptake and anti-
oxidant potential. Horner-Wadsworth-Emmons reaction was successfully utilized in synthesizing
B-C-glycosides using PB-keto phosphonate generated from a sugar and an aglycone aldehyde.
This methodology was employed in total synthesis of biologically relevant glycosphingolipid B-C-
galactosyl ceramide (GalCer) and its unprecedented variant aza-B-C-GalCer. Aza-substitution of a
sugar also opens a new diversity element which can be further functionalized to prepare a library
of therapeutically relevant molecules.

An 80kg/d capacity second generation lignocellulosic ethanol pilot plant was commissioned
on October 25, 2013, thereby making it one among the three operational biomass to ethanol
plants in the country. Operations have started from November 2013 using rice straw as raw material.

<< National Institute for Interdisciplinary Science & Technology, Thiruvananthapuram > >
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The biotechnology group was successful in identifying a novel bacterial genera Oryzibacter
plantistimulans gen. nov. sp. nov and three new bacterial species, including Arthrobacter pokkali
sp.nov, showing potential plant growth promoting activities. The biosurfactants produced by the
novel isolate of Pseudozyma sp. NIl 08165 facilitated the bioremediation of crude oil by Pseudo-
monas putida and maximum degradation of aliphatic hydrocarbons was observed on the supple-
mentation of 2.5 mg/l biosurfactants.

The photochemistry group synthesized various m-conjugated systems showing efficient su-
pramolecular gelation through chain folding, m-m interactions, physical cross linking, ultrasound
initiated nucleation or organization at the air-water interface. The group demonstrated the use of
multi-chromophoric systems of donor-acceptor assemblies for artificial photosynthesis, dyes hav-
ing panchromatic absorption for organic solar cell and bio based materials for ionic liquid crystal
applications.

The team working on probes and sensors successfully designed molecular probes/electrodes
for selective sensing of analytes such as Zn*, Cd* Hg*, Al**cations, NO, anions, methanol vapors,
catechols, ascorbic acid and for two photon and SERS based bioimaging for various applications.

Development of short reaction sequences, especially effective catalytic methods are ex-
pected to have large impact on the development of greener pharmaceutical industry. Significant
discoveries of new synthetic routes and nanoparticle based MOFs for catalysis have been made
such as; Rhodium catalyzed oxidative coupling of salicylaldehydes with azabicyclic olefins, Palla-
dium/Lewis acid mediated domino reaction of pentafulvene derived diazabicyclic olefins, rhodium
(1) catalyzed stereoselective C-N bond cleavage of diazabicyclic olefins, Nickel(Il) complexes of
tripodal 5N ligands as catalysts for alkane hydroxylation, Palladium-nanoparticle-linked organic
frameworks, etc.

The Chemical Sciences and Technology division is also actively involved in modelling homo-
geneous catalytic reactions, particularly focusing on the development of new functional models
for water splitting and CO, sequestration reactions. The infrastructure facilities were up-graded
and established state-of the-art instrumentation facilities like Single Crystal X-ray and DNA Syn-
thesizer.

The Material Sciences and Technology division developed a series of non-toxic intense
blue and yellow inorganic pigments with high solar reflectance for energy saving applications. A
mitochondria-specific visible-light sensitized europium B-diketonate complex with red emission
was designed with longer lifetime, good cell permeability and faster cellular uptake and specific
localization profile. AIPE-active green phosphorescent iridium(lIl) complex impregnated test strips
for the vapor-phase detection of 2,4,6-trinitrotoluene (TNT) was developed with detection limits
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in nano-grams. Super hydrophilic SiO,/PVA hybrid aerogel supports have been prepared using
economically cheap sodium silicate precursors via gel granulation technique and was surface func-
tionalized with three different amines for CO, adsorption at low temperatures.

A new NdFeAsO, F based superconductor was developed with remarkably high values of
critical temperature and critical field by varying the fluorine content at a relatively low tempera-
ture and ambient pressure. The superconducting properties exhibited by this material, processed
at a relatively low temperature, were at par with those prepared at higher temperatures or high
pressures.

NIIST developed a process flow-sheet to produce electric power, liquid fertilizer and boiler
solid fuel, in a common waste treatment facility for clusters of mango pulp units in mango grow-
ing areas that operate during the mango season. Economic analysis shows that the treatment
plant has a break even of less than 4 years. Perchlorate (CIO,) is the primary oxidizer of fuel in
rockets, missiles and explosives. NIIST provided analytical support to Kerala State Pollution Con-
trol Board, State Groundwater Department and State Health Services Department to assess the
magnitude of perchlorate contamination of ground water in Aluwa. The level of perchlorate in
this area was found to have elevated very high. Studies were also conducted to develop novel and
low cost adsorbents for removing perchlorate from water. A novel adsorbent was developed by
organo-functionalization of indigenous bentonite clay with a cationic surfactant. The adsorbent
removed around 80% of perchlorate at 50 ppm level in 10 min.

A semi-synthetic approach was tried for modifying pure violacein from the NIIST strain and
violacein was modified to tetramethyl violacein. Compared to pure violacein, the tetramethyl vio-
lacein exhibited better antibacterial activity.

The demonstration plant for the bio-separation of pineapple leaf fibre was established in
Maneed Pancahayat, Piravom and it was inaugurated on 25" February 2014.

3. Awards and Honours

Dr. Suresh Das, Director, has been conferred the J.C. Bose National Fellowship 2013 and
Sastra-CNR Rao Award for Excellence in Chemistry and Materials, 2014 for his outstanding con-
tributions in Chemistry. Prof. A. Ajayaghosh, CSIR Outstanding Scientist, has been awarded The
World Academy of Sciences (TWAS) Prize in Chemistry (2013), CRSI Sliver Medal, Honorary Fel-
low of Kerala Academy of Sciences (2013) and Fellow, Royal Society of Chemistry, London (2014).
Prof. Ashok Pandey received the Fellow Award from the International Society for Energy and
Environment Sustainability. Dr. P. Prabhakar Rao received the MRSI Medal and Dr. J.D. Sudha was
awarded Fellow of Kerala Academy of Sciences (2014). Life Time Achievement Award by Indian
Society for Analytical Chemistry and Sri Kishan Modi Memorial Award by Indian Ceramic Society
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were conferred to Dr. K.G.K. Warrier. Dr. S. Savithri was elected as the Inspiring Women Engineer/
Scientist for the year 2014 from Engineering Watch on International Women’s Day. Dr. E. Bhoje
Gowd and Dr. L. Ravi Shankar received the IUSSTF Research Fellowship by Indo-US Science and
Technology Forum and Kerala State Young Scientist Award (2013) respectively. YIM-Boston Young
Scientist Award and Distinquished Lectureship Award by Japan Chemical Society were awarded to
Dr. C.H. Suresh. The Institute also received the Rajbhasha Shield and Merit Certificate as the 3
Best Office in Implementing Official Language Policy of the Union Government during the year
2012-2013 by Dept. of Official Language, Govt. of India.

4, Other activities

The Institute continued the sustained contribution to science and technology human re-
source development. Several conferences, training programmes, lecture series, workshops, and
seminars were organized in the lab to develop and nourish multifaceted capabilities of the R&D
task force. Seventeen students were awarded Ph D degree during the reporting period.

CSIR Foundation Day Celebrations, National Technology Day, National Science Day, NIIST
Annual Day, Hindi awareness week, Vigilance awareness, World Environment day, Staff Club day,
Student Association day etc were the other functions held during the year. The Institute observed
open day on the occasion of foundation day celebrations of both CSIR and CSIR-NIIST. The Staff
Recreation Club celebrated the Onam festival with traditional cultural events and feast.
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SEGIESE

9 2013-14 ! a1 RUIC FTAANSIR-TARNEIATSUAC! Dl JAAgRe BT =0T q2a1 yaer fay
T & Y TROT BT FEHlET PR B | I8 SRS UD! AT Dy UHE <IN W g
DI TITGAT T FHel HHINT TAT YBRET $ HTHT I+1d 3iFd YA BRP o TRAT Bl Arefaferi &
fog 98 wfdk &R AT UsM &1 | g I SR & SRUCYM 3R Ih 360 f&lt Fedia
P YIE SIR SIarell AR Ad Srg URieor i o gegs SR el oifee & &F #
ST ¥ UG BRAT Yo B QAT o7 | U e & & 7 Urenfifhal & e ok 39
FARIBRUT AT g8 H UIRIRTT U & {7 T wiehi™ UsT &1 & g |resie Frof
IRMGRY & ATeIH | TS AT Wit 9renfiie! e & god IR & dfad g1 98, Ua fafdwht
IRl H AhT 3R GHE! URATSHT Yo & 7169 9 Q-1 2 | giFmal rjde™ # HIvdeigeiR-
TARNTSIATSUHC! =1 30 S1-8ISH IHY Ud A Hrishdl & el 95 Ureififeal & e o
Jerar <1 & ol ISTHAM ST Aeas & iy # fyvafdenerat oiR erjdu™ SR & e
HEANT ) &l &1 89 a9 2013-14 &} arffes RUIC & A1eq9 | AheAdT SHI AT 3MYS A TR
& B |

1. I faeTa SiR IdY He™

U SRICROT 3R SHU AR & oIy TR 3R 91T UTEah! & I 3BRE BRI /
FHASIT S9! R EWeR By 77 | 245,000 SFRS! SR &I Hol AN W) Tohal 9H §Siol
PRURNTA, R, fHTed it ASdl 3RIGAT & A1 " BickhHe Al & faerg dor Heeyor "
TS GRATSHT o oY JHYT AHSIA & A1 A ¥ & SR facell gerei ure ganm | aiRgrsr
B IeYT SAGCIATHICH JUIhH & 3T & # BIIDIHG AdeR fe@marel Y wEfe gl &
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HLCIUT 3R AN SIUART H I SUANT & oY fIeras, S srawen a1 uifer R dfgay § I
WIehIffe 31, Rerar ok YaRifaferdt &1 wavaRoT & |

AT WURFT wU 9 = iRl & forg sfeardt i gR1 swiHrer 6y 3= sivei
Ut & faRga d=Ttie faweiyour 9o 39 &5 & HaheIRd TSI uiel & HREvl § SoIki G &
BT 3R I7db IUTal b Hod Hadd & oy YeRaIe, aAre, (TAUAUHIRUG-HIUEl) & 43d

TH.9F WHAA R BreseH & AR $iY oig fafdedr o & @rer g1 e |

HITAINTS IR -THINTSATSUAST = IIIHTT MTRa o1g Rers=RAT & deferag afafaferat & fafy—=
sl IR Reri¥ ge&io, fafeer Ugifors (Juaw), urst S, gul, SIgHuH Sf3aT, gul 3iR o
sfear fafies & 91U TASIv IR sWeR fhar 2

JAMEUHSUFA-2013 & SR SR BIRST BT At UhAT & HRYT & [Ty HITHJAITR-
TARNTSATS YA ERT BRI agarel IS AITCdIR DI Ydbipd RS [ddbiid seidre X1 &
qiforiges Refist fopar mar | ailier 2013 & |re 2014 T 3 UGBS 5 g 12 Ssd4a] Bl gxdidaRd
I fea1 T | §9d 3@, 3 SWWS! Bl F A H BSWe-h! TS Udh YAfdshdl 8, S b 18
TR HuHl B 2ifeidre X1 o/ I # Iuetey ® 3iR @i+ # U dewrse Wt 8 (www.autocast.
tw) |

AT RT Teb I~ AATIARI SUAR YOl fAbRec 1 T S &R P Sd JqspAviig Ber &
1T T qui SU=R yomrell & wU H BH Rl & 3R A H HAT Bl ST A5 6l U gg | 59
[T Bl AAE SR Us g Ursde, UHigerd, brel 3R 399 4199, gewd, Hecy, Jaregyyl

Pl I3 THH W IdTed 3R fauoe & forv arsdw foear |

2. Y™ Ud e Hrishl | wfa
PV YATHRO H URIRIG] QTUR ST bg 1 IUTe [JHR, Thel 377 AR GRIer a9 &

o SefHAl o1 Th-ia! RIS 3R R < &1 B SR @M | Jod HaeT gRI W/ AIaR
3eR, A% ASHT 3R F 3fevd UrSe} AMfa Bl Iured & o ag+rs # ufifes 7.5 e aron
&R 3R AT B YRR FIAT HI AT & folg gRATST S Wi W 8 | By IA1&T &
$EIT SN & foly FRISIGT IR Sdigd d€ we BT AFD DR fBa1 731 3R fafd=r fafmior e
H A P AR H g1 STl Aot IRIUfEHdT & MdTa & sHATd | oig A-1dui (FeNPs)
&1 el fHar 7| A Hefdd FeNPs & 318 Ager ool 3R TieiiRiee &mar & A1 k-
ATgCIefdd Uil T Bl Udb Al 3R Udh Welgdi Ufesess ¥ S B-dicl BibHe &l
STINT HRb B-H TARPINES & HLN H BFR- geqad- AN URifhan &1 Ahadgdd SuI
foar T | 39 usfa &1 Sifde w9 uRifTe TersaiRdfafie B-H-iadaeiRia RRIFE (o)
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3R SEd IMARIT = wu AZA-B-C-GalCer & gol welwor # fFifora fovam | v = &t
Aza-yfoRemus Wi 3R Ues 1 ffderdn @ @ierdm &, Sl SUARIHS Ui 3703l & Uh A=y
TR & & forg frareite fosam S d@ar 2 |

25 3R, 2013 &1 gadt Uil & feraiiegaliie arardrd | g9siel Scdtad & forg ufafes
80 .71 &recmarett Ueh UrdIfTes W= =re] fohan T, R I8 araidrd &l g9iel wUiRoT & fery
<91 # gRerfera o W51 A U 99 AT | Hed Al b WY H Al b gA Pl SUAN DA gU TdaR
2013 9 e P& aR far g |

el @l GHIfad gl @1 gerar oF B ARl fwEare a9 JaiRId a9 ARSIy
CIEIRERIer 31 . Uaatdl. SRSl UHaiidl 3R ardidacy Uldarell TIeisl. gHeiidl |dfgd o9 Y
ST TSI b1 U= § qral-qepsieroll T8 Ahel 8l TAT AT | TSIolgar WiefisT UHaimgansg

08165 & I+ fagad | IU=~ Sfaahace] + M el gRT ded el & SIS Bl GiH

TR 3R 2.5 el / ofler Saawmacel & SR WR UThied BISgIdble & ATUdHaT Aahav]
ST TR AT |

TehTeT AR FH 1 B-UT §SRBA H 7 Bifeet], n-n J=Am=afhar, Wifie mrafefd,
JICTTATS S FHARINT YFTURA AT LT & HIeTH U FHIA JUISTUIIS STered fammare A= n
A yonferdi &1 HeAvoT fhar | $9 WE 7 P YD HLAT & I STell- Wbl A<l
H g8 qUHcID UUTell, Bl AR Tl P Y Uehrifce Sfauyol Jad Iofhl AT Aafd
forfdas fohvee SR & oy S oenRa ARl & SUANT &7 US2 fHhar| Uied iR FHRl o)
$T BT g 7 Zn?, Cd*, Hg®, AP emrr, NO, TR, #erHfel arw, diesie, Tbifad
TS S UATeTSe & IgcHe ddad & ol e fafi=T SIguaiT & foTg &1 ®ieH 3R THgsRed

MRS STagARHT & oY 3Mvifaes Uisdl/ gelagied & Aherdyad [Soirs b |

Tife rfifhar geat o1 e, favy ®u 9 yvrdl SaR® d)id, gRATE gd1 Sl & e W
AR YT STe™ &I FHIEAT | 77 RHdfed Ar iR deforiNg & fog A6 SmaRd THeliTw &l
feen # weaynt @t @ T o VoS ETsiaes sifaftr & wr dferfiefesargst & AfsH
SART sifRirefed I, Uit Ju~ SRUSERAsdad et~ & Taifeas / 84 s
R SIFAT SIfAfhal, SUSEsAsidadd dfafh~1 & Ifead () SART EIRAT TI-TTH
A-77 gie faured, Voh BESRIHR & fIU SaARS & wy § By 5 v forrst & ()
DT, Ueifead TAIau-foide dRfe aweny s |

RE faem ok drenfire! faur Iody SaRe arfyfhatett & Arefer ¥, fa9y wu & g
& eIV 3R B T3 AFarse JAFHRo URIharel & fog 9 Hriicis Afed & f[Jard 1R |y
WU W BRI BR e & | R foheeel UaRa-X 3iR €Uy FISATSSR S Jreatgfiies Segicer gfagrat
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DI AU & A1 gfaral Glaensit b1 I=1g+ fbar @ |

uare] A== derm Ul g9rT 5 3ol g9d U & oy Ieg AR wRiadedl & Qe IR
fater <fig el 8fiR diet 91 & Sfprai~e UHEH @ U SRaall f[aafid @ 8| Sraiaf, st Biftre
TRIRIAT 3R Tl AR dof iR AR wIigaxe Wiwsd Jad 91 dfd Soavid & 91 Udh
ATscIp~gar-faRre gvg ysTe ddeaefiia JQRITH B-Sreaicite dieidd &1 fesrg (&
T | A9 T TF B ELET G F A1 2,4,6-T8 s gIe g (SIU) & aTsy-STdw Tl STHy &
forg angdls Afhar &8 wprda sRSTH (Il) dicted § dafed wienr Rew e faar = |
e WU | AR HIfegH Rferde qaaiiidl &1 SUANT B Siel HUNDHRY Tl P AT H Guv
BTggIibierd SiO, / WIdIv Hhr TaRIsiel AHedel Bl TR fhar 77 & 3R B 0| 3 S 818
JiTeATSS 3TNl & fory < STelT-3TelT UHIF & A1 S2 \de fovareftar e |

3UATHT HH ATIATT MR YRILT TG H, TARI ARTUT & I&ATd |, hifcds qraAr iR Hifd
& P el ST Yo & 1 o 71 NdFeAsO, F smeRa sifcreners fasfia fabam |
3UATHd HH YA H GG 39 ARl §RT YSRIA Afrareeddr o, Sea o I1 I<d &1d
W IR AHRRT & a_ER o |

ARSI =1 3TH &I Wil & &3] # hdel HIFHA & AR AdTfeld 3 el SHIgal &
AHEl & oIy U AH= JURIE IUaR iAo § galldgd IR, el Idvd 3R digeiR 319 389 &
ITET B & forg v ufshan well e fafia @t 21 e faveryor & a8 uar gordn @ f5 &9 |
B9 4 WTell § SUAR WIS BT §b - $9 U € | Jibe, Framger iR favpied! § weeire (ClO,)
ST BT WS IATRATBRS © | TIRNSIATSUHC! - ATl H YOIl P URGAINT HGYUT Bl HATGEAT Bl
b PR & fTY R ST YguuT R0 916, 1T oTdl fIURT SR Iy w@eey Jar faumr &
forg faveryoncres @A Uer fham B | 59 &5 # WadNe & WR 9gd Sod Uil 7| Ul | WREdARe
Pl R B & (Y a9 AR BH AR faevd] Dl AR B & ol ega= SRy fopan |
faerT far | sraeniyd 7 10 fime # 50 didiuA & R IR WaeiRe & 80 Ui & AU
gal fear |

UARNTSISTHST & A U g IR bl HMET B b [y U gy Rjfedh gieano
B IR BT g AR AAAIT DI SEEIAA IRTATA | HeNAT Ha1 71| Pg IRATARIT B
I H, SIS Al F d8aR SiavRiE! Tfafafe w1 geeiE |

I Ul BIgaR Bl Sifdd-Slals & oY At uamrad, fiRaH # yae W= wnfua fear
T 3R 25 wRadt 2014 & sH9&T Igdred fHar 1T |
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qafaRTT 3R TS &1 e RIS & IRE A Bl REGR A T fHar T 2|
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A&l AAIRTA REPR IR ARG TAIACh S AR §RT 5% g JfdaHT JdTs |
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2014 &1 IRUIERIS Afgell JARRAT / =i~ O1f¥d B THI=d a1 T 8 | S $ 919 s iR
<1 el RfARBR Bl HH: WRA-FARDT e vd Urenfies! BiRA Rae BAIRY (S$guavacivg)
3R IRl 5T JaT I REHR (2013) | F#Ifa fovan o 21 F. A va GRY $I areemsed
-gRE AT Id REPR 3R S HiTde RARICT & URifted ofdaRY REBR H T
foar T 21 ERIM Bl YR IRBR & IO G0 3 99 2012-2013 & R &g WRIR &
DHrATAT # IS T & BT & Iy TRIRT Fa9 dRifad giivd f6ar a7 iR ToTHmT

Siies 3R JIAT G191 U5 YT gV |

4. 3= Tifcrfafer

G 1 A=, Uit 3R A /e e & &3 7 37U FRAOR IR SR @ |
A Td A BRI g1 DI IgHE! eFdRll & e 3R uIv & falyel § A | @y
FHAT, URIET HRIHH, AR G, BRI, AR ARFAR ST S [HA1 a7 | Fiees
Ay & SR FAE BrAl B digge! felt & e fear a2

HITHAIR AT fead FHRIE, T Urenfie! foaw, ey fasm faas, vasnsamsue:
¥ feaw, o) feasr/ AR, Iaadl SIRTeedT awrg, [9vd gaiaror fead, e w9 feas, B
g fead anfe ad & SRM AT 3= FaRIE 9 | FIUHAEIR 3R ATHATEIR THATS ST

T feg™, SF1 WURIET & 3TaaR 1)
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AGROPROCESSING & NATURAL
PRODUCTS DIVISION

Agroprocessing and natural products division activities emphasizes on the development of technologies
in the area of oil seeds, spices and agricultural produce of the region. The multidisciplinary team comprises
of Chemical Engineers, Food technologists, Microbiologists, Biologists and Chemists. Excellent analytical
and pilot plant facilities steer the programmes undertaken by the division. A technology business incubator
is operational under the division and it has taken up several programmes which were beneficial to the
MSME’s in the country.

Besides its technology related activities, the Biology - Chemistry interface programmes are also
contributing significantly in the natural products chemistry and biological areas. The programmes initiated
with the Kottakkal Aryavaidyasala are in progress.

The division has developed several linkages with various agencies during this period. They include
Spices Board, Cochin, DBT, DST and KSCSTE. The division was successful in getting projects worth Rs.
1.59 Crores from non CSIR sources and generated an external cash flow of Rs 77 lakhs during this period.

Highlights
* Dehumidified and fluidized bed drying of agro products were standardized and are in implementation

stage in various manufacturing sectors.

* A project for setting up of 7.5 tons per day fresh ginger and vegetable processing facility at Wyanad
to produce clean/waxed ginger, cleaned vegetables and dry ginger powder etc. for value addition is in
progress

* Horner-Wadsworth-Emmons reaction was successfully utilized in synthesizing B-C-glycosides using
B-keto phosphonate generated from a sugar and an aglycone aldehyde.

* A new derivative of Bis indolyl methanes (Biaryl BIM-B12) showed significant growth inhibitory effects
in breast cancer (MCF-7) cells.

The iron nanoparticles (FeNPs) synthesized using aqueous Centella asiatica extract proved to be non-
cytotoxic with good cellular uptake and antioxidant potential.

* The flavoured coconut oil (CNO) by incorporation of pepper essential oil showed good thermal stability
and oxidative stability.
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JqTE S~ BT H AHd 3T AT

e faRTarg
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> Bloll e & arRiel 9 & |qEhe | T et iR da (CNO) 7 arest gde Reran ok
sfrasfead Rerar feart |
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Technology Business Incubation Centre in
Agroprocessing

The objectives of the project was to create a Tech-
nology Business Incubation Centre in agro processing
wherein specialized infrastructure facilities, offering
technical expertise and consultancy to entrepreneurs
for product development, scale up, test marketing etc
are made available. M/s Hafed, Radaur, Haryana, was
the 1 incubatee of TBIC. NIIST offered the technical
expertise in modernization of the existing 14 TPD fresh
turmeric processing facility. The existing process which
was cumbersome and inefficient in terms of time and
energy consumption was modified based on the pilot
scale experiments conducted at NIIST TBIC facility. The
advantages of the modified process are drastic reduc-
tion in the process duration, substantial reduction in
energy consumption, improved product quality in terms
of colour, product free from aflatoxins and meet FS-
SAl standards, saving manpower cost and reducing the
drudgery of the people employed at the factory. CSIR
NIIST also extends technical support in other activities
such as the design and detailed engineering, project
documentation and scheduling, assistance in identifica-
tion and inspection of machineries, etc. The modernized
plant is expected to be commissioned in 2014.

As part of the programme the following studies were
also undertaken for other incubates during the year:

o Technical expertise offered for developing a modi-
fied cost effective process for drying of white onions
for value addition (M/s Prasans Solutions, Cochin)

e Process development studies for the recovery of
HCA from Garcinia cambogia and granulation of
curcuminoids (M/s Flora Naturals, Thrissur)

o Development of some formulated products from
Ayurveda based on new generation process tech-
niques (M/s KV G Ayurveda Medical College, Kar-
nataka)

o Product development studies for new entrepreneurs
for flavoured functional food / health care products
(M/s UCER India, Kottayam)

New Initiatives to boost agriculture
productivity through maximizing pre and
post-harvest yields

The project objective is to develop commercially
viable technologies in the processing of various agro
produces for shelf life enhancement and application of
dehumidified, fluid bed and ultrasonic drying method for
shelf life extension of selected food crops. Different agro
produces like turmeric, ginger and jack fruit were dried
using dehumidified and fluidized bed route. The drying
operations were standardized by studying the drying
kinetics, effect on physico-chemical changes and cost
evaluation for processing. The technologies developed
through the programme are in implementation stage
in various manufacturing sectors. (FBD drying in the
proposed unit of Hafed turmeric plant at Haryana and
dehumidified drying in the ginger processing unit at
Wyanadu, Kerala).

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

The project focuses on a need based research to
address some of the key issues for effective material
utilization and value addition in the area of Ayurvedic
processing sector. The technology development for the
isolation of extracts, active principles and functional
food products from selected single herb spent mate-
rials (such as cumin, pepper, turmeric etc) generated
from industry have been taken as one task. The process
development studies and optimization of process pa-
rameters were completed and the scale up studies are
in progress. The activities for the chemical fingerprinting
and biological screening of extracts and active fractions
from various parts (such as root, bark, fruit, leaves) of
Aegle marmelose tree also are ongoing to establish the
possibility of replacement of plant root with alternative
part of the same plant. The classical formulations were
also developed by replacing root by substitution with
other parts and the activities of the formulations were
also been studied using in vitro models.
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Setting up of fresh ginger / vegetable pro-
cessing facility at Wyanad

A project for setting up of a 7.5 tons per day fresh
ginger and vegetable processing facility has been ap-
proved by Govt of Kerala under 12 Year plan with
MRCMPU (MILMA) as implementing agency to produce
clean/waxed ginger, cleaned vegetables and dry ginger
powder etc. by value addition. A tripartite agreement
has been signed and the project is in implementation
stage. The role of CSIR NIIST is to provide technol-
ogy, detailed engineering, drawing the specifications
for plant machinery, identification of machineries, ex-
tending technical expertise in various stages of project
execution, assistance in erection and commissioning of
the unit, provide training to technical personnel in plant
operations, QC etc. The civil work for the unit is in
progress and the initiatives taken for tendering of the
plant machineries.

Purified Mulberry leaf lectin (MLL) induces
detachment induced cell death (anoikis) in
breast cancer cells

Lectins are proteins/glycoproteins, with specific car-
bohydrate specificity, purified from various plants and
other organisms. It is well documented that lectins have
antitumor effects. A cytotoxic lectin from Mulberry
(Morus alba, L) was purified using two step chromato-
graphic procedures. The purified lectin induced cell cycle
arrest and apoptosis in human breast cancer (MCF-7)
cells. Cell-cell and cell-ECM interactions provide critical
signaling information that control cell survival. Apopto-
sis induced by prevention of cell adhesion by inadequate
or inappropriate cell-matrix contacts is termed anoikis.

The effects of MLL on detachment induced cell death
in MCF-7 cells were studied. MCF-7 cells cultured on
dishes were treated with 10 pg/ml of MLL for 4, 8,
12 and 24 hrs and observed for the morphology. On
treatment with MLL, the cells started detaching from
the plates by 12 hrs. Most of the cells got detached

from the plates by 24 hrs (Figure A). The detached cells
didn't attach to the plates when separately seeded. To-
tal DNA was isolated from the detached cells and run
on agarose gel. The results in Figure B indicated DNA
fragmentation which confirmed the detachment induced
cell death. Matrix metalloproteinases (MMPs) are the
enzymes responsible for the breakdown of cell ECM
interactions and the effect of this enzyme under MLL
treated conditions were checked. There was a significant
increase in the production of MMP-9, but the MMP-
2 level expression remained same as that of control.
Increase in MMP-9 may be responsible for the detach-
ment of cells while treating with MLL. Further studies
to confirm this are in progress.

Fignrel B

1- control cells
2 detached cells

C
Control +MLL

MMP-9

NMNP-2

Biaryl BIM (B12) induces apoptosis in breast
cancer cells through alteration in mitochon-
rial membrane potential

Bis indolyl methanes (BIMs) are the metabolite of
indole 3-carbinol (13C), the phytochemical present in
cruciferous vegetables. These class of compounds have
number of biological applications as anticancer and im-
munomodulatory effects. BIMs and their substituted de-
rivatives have differential effects on cancer cells. The cell
death induced by these compounds lead to the modula-
tion of an array of genes and proteins, which included
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cyclin D1, cyclin dependent kinases, phosphor RBP and

many more.

A new derivative of BIM (Biaryl BIM-B12) synthe-
sized, which showed significant growth inhibitory ef-
fects in breast cancer (MCF-7) cells. The IC,, value was
found to be 12 uM. B12 induced significant morphologi-
cal changes like rounding up of cells in a concentration
dependent manner (Figure A). B12 treated cells showed
significant fragmentation of DNA shown by agarose gel
electrophoresis (Figure B) and DAPI staining (Figure C).
It was that B12 treatment caused loss in mitochondrial
membrane potential as indicated by JC1 staining. This
indicates the apoptosis may be through the mitochon-
drial pathway and a further test need to be done for
confirmation.
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Rutin and Quercetin enhance glucose uptake
in L6 myotubes under oxidative stress

The incidence of diabetes is rapidly increasing and by
2030 an expected 366 million individuals are projected
to be affected [WHO report]. Scientific evidence sug-
gests a strong link between the oxidative stress induced
pathways and onset of diabetes and its complications.
To suppress the oxidative stress mediated damage in
diabetic pathophysiology, a special focus has been shift-
ed towards naturally occurring antioxidants present in
food. The present study is a continuation of the previ-
ous investigation on the improvement of glucose up-
take in L6 myotubes under oxidative stress challenged
by tertiary butyl hydrogen peroxide (TBHP). The results
demonstrated that reactive oxygen species generated
by TBHP decreased markedly in the L6 cells on prein-
cubation with flavonoids in a dose dependent manner
on oxidative challenge. These flavonoids were found to
prevent lipid peroxidation in L6 myoblast. The flavo-
noid’s role in increasing glucose uptake in L6 myotubes
on chronic and acute pre-treatment in the presence of
oxidative stress was further confirmed using high reso-
lution confocal microscopy. Increased glucose uptake in
L6 myotubes was found to be attributed by GLUT 4
translocation, the most downstream factor in the insulin
signalling cascade, which increased two to three fold on
chronic pretreatment of Quercetin (10 uM) and Rutin
(100 pM).
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Cytotoxicity of TBHP, quercetin & rutin in cultured L6 myoblast.
Effect of TBHP (A), quercetin and rutin (24 h) (B), on cell vi-
ability was evaluated, based on concentration as well as period
of incubation. The results are represented in terms of means +

SD of three determinations.
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GLUT4 translocation on flavonoid pretreatment. (A) High resolu-
tion confocal images (40X) of L6 myotubes pretreated with fla-
vonoids (B) Immunofluorescence in different group of cells at low
magnification. (C) Fluorescence intensity analysis of immunofluo-

rescence by BD Image Data Explorer software in L6 myotubes.

Total synthesis of the structural analogues of
the natural product galactosyl ceramide
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Glycosphingolipids (GSLs) are essential components
of cellular membranes which play a critical role in a vari-
ety of biochemical functions. The carbohydrate portion
is present in the outer leaflet of the plasma membrane
serving as a receptor for various pathogens. An impor-
tant initial event behind HIV infection is interaction of
cell surface expressed B-GalCer with V3 loop region of
HIV gp120. This and other findings enabled exploration
of B-GalCer analogues as potential inhibitors for HIV
infection. A careful scrutiny of the reported B-GalCer
analogues, led to design a novel piperidine aza-sugar
coupled to phytosphingosine derived ceramide. This
novel design prompted to expeditiously set the goal to-
wards development of a methodology for synthesis of
aza-B-C-GalCer. In this pursuit, a general strategy was
designed towards synthesis of B-C-glycosides in a con-
vergent manner utilizing Horner-Wadsworth-Emmons
(HWE) reaction of B-keto phosphonate, derived from
D-galactose, and aglycone aldehyde. In the present work,
the HWE strategy was applied towards total synthesis
of B-C-galactosyl ceramide (B-C-GalCer) 1 and its un-
precedented variant aza-B-C-GalCer 2 from a common
intermediate derived from HWE reaction using phyto-
sphingosine-1-al as the aglycone component.
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Retrosynthetic analysis for B-C-glycosides

Synthesis of HWE precursor B-keto phosphonate 5
(Scheme 1) commenced from lactol 3 that was prepared
in three steps from p-galactose. Witting reaction of lac-
tol 3 produced the desired alkene which was protected
with MPM group followed by oxidative cleavage led to
aldehyde 4. Nucleophilic addition, generated from di-
methyl methylphosphonate and n-Buli, to aldehyde af-
forded the 2° alcohol which was subsequently oxidized
using Dess-Martin periodinane giving rise to galactosyl
B-keto phosphonate 5. In an attempt to develop a gen-
eralized HWE methodology for B-C-glycoside, B-keto
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phosphonate 5 was subjected to HWE conditions with
octanal to afford the HWE product 6. The HWE prod-
uct was then converted in three steps to produce B-C-

glycoside 7.
BnO _OBn BnO _OBn BnO _OBn
OMPM
D-Galactose M BnO. 3 Ssteps_ gno 3 Ssteps_ gpo OMPM
Bn OH PO(OMe)2

BnO _OBn AcO OAc

Octanal OMPM 4
. _CrHis 28t€Ps_ o
Base CgHy7

Scheme 1. Synthesis of B-C-glycoside 7 from d-galactose

Successful synthesis of B-C-glycoside 7 from keto-
phosphonate 5 and octanal utilizing HWE reaction led
to the generalized methodology towards total synthe-
sis of biologically relevant structures B-C-GalCer and its
unprecedented variant aza-B-C-GalCer from a common
intermediate. In a convergent approach, firstly, the ce-
ramide portion of the molecule was synthesized from
commercially available phytosphingosine (Scheme 2).
Primary alcohol 8 was oxidized with Dess-Martin pe-
riodinane in presence of excess NaHCO,, the resulting
crude phytosphingosine-1-al was dried in vacuo and
then reacted with keto phosphonate 5 under HWE
conditions. After successful synthesis of HWE adduct
9, the advanced intermediate 10 was synthesized in 4
steps. Finally, debenzylation using 10% Pd/C under H,
afforded B-C-GalCer 1 in a quantitative yield which was
subjected to global acetylation affording peracetylated

B-C-GalCer.
M
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Scheme 2. Synthesis of 3-C-GalCer 1

Synthesis of aza-B-C-GalCer was envisaged by utiliz-
ing reductive amination conditions from the HWE prod-
uct derived for synthesis of B-C-GalCer 1. As a result
the hemiketal product produced from deprotection of
compound 9 was oxidized with Dess-Martin periodin-
ane using excess NaHCO, which afforded diketone 11
(Scheme 3). Standard double reductive amination condi-
tions was utilized for facile cyclization to afford piperi-
dine aza-p-sugar 12. Deprotection step and amidation
with p-nitrophenyl decanoate in presence of K CO, in
DCM:DMF (5:2) affording piperidine aza-sugar linked
ceramide 13. Surprisingly, during the later amidation
conditions, only the sphingosine amine was affected
which was desired leaving the piperidine aza-sugar un-
altered, perhaps, due to steric hindrance. The indiffer-
ence of 2° amine of piperidine aza-sugar towards amide
bond formation was further substantiated by a previous
report for N-benzoylation utilizing Grignard reagent for
deprotonation. Finally, global debenzylation with 10%
Pd/C under H, afforded aza-B-C-GalCer 2 in a quan-
titative yield which was treated with Ac,O/pyridine to
produce peracetylated aza-B-C-GalCer.
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Scheme 3. Synthesis of aza-f3-C-GalCer 2

The Horner-Wadsworth-Emmons reaction was suc-
cessfully utilized in synthesizing B-C-glycosides using
B-keto phosphonate generated from a sugar and an
aglycone aldehyde. This methodology was employed in
total synthesis of biologically relevant glycosphingolipid
B-C-qgalactosyl ceramide (GalCer) and its unprecedented
variant aza—p-C-GalCer. Aza-substitution of a sugar also
opens a new diversity element which can be further
functionalized to prepare a library of therapeutically rel-

evant molecules.
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Antioxidant and prebiotic potential of fenu-
greek seeds in modulating colorectal cancer

Diet devoid of dietary fiber is one of the key reasons
for the development of colon cancer and fenugreek seed
is an excellent source of fiber. It is also reported that
the major part of plant bioactives are bound to the
fiber. Considering these factors, the present study was
undertaken to study the potential of fenugreek seeds
(Trigonella foenum-graceum) as a source of bioactive
compounds and prebiotic dietary fiber in the manage-

ment of colorectal cancer.

The seeds were sequentially extracted with hexane,
ethyl acetate, and methanol. Dietary fiber was extracted
from the seeds using standard protocols and evaluated
for its prebiotic efficacy. The antioxidant activity were
assessed in terms of TPC, TFC, CUPRAC, FRAP, metal
chelating activity and its ability to scavenge DPPH and
NO radicals. The polyphenols present in extracts were
identified by HPLC. MTT and scratch-wound assay were
performed in HT 29 cell lines to analyze the anticancer
potential of the extracts.

From various antioxidant assays it was found that
the methanol extract was more active and efficiently
scavenged free radicals, especially NO (IC,-56.54 pg/
ml). HPLC profiling proved that the methanol extract
was rich in poly phenols like syringic acid, p-coumaric
acid and ferulic acid. The methanol extract was toxic to
HT 29 cell lines (IC,-294.26 ug/ml) and reduced the
area of migration up to 72.26% at 250 pg/ml as com-
pared to the control.

It was also found that fenugreek seeds are very good
source of dietary fiber with a soluble dietary fiber (SDF)
content of 44.1+4.8 g/100g dry seeds. The morphology
of dietary fiber isolated from the seeds was determined
by SEM and its prebiotic efficacy was evaluated using
Lactobacillus casei and Bifidobacterium bifidus species. It
was found that the SDF isolated from fenugreek seeds
effectively promoted the growth of probiotic species se-
lected for the study as compared to the negative control

as well as the positive controls (inulin and oligo fructo
saccharides) used in the study. The short chain fatty
produced during fermentation was quantified by gas
chromatography. Therefore, it may be concluded that
fenugreek seeds are good source of antioxidant dietary
fiber which can lower the risk of developing colon cancer
and can maintain a healthy digestive system.

el Viahiey
syssstaned

Spent cumin- A potential source of bioactive

phytochemicals

Cumin cyminum is a herbaceous annual plant which
belongs to the umbelliferae family. Cumin is widely used
in traditional and Ayurvedic health care systems due to
its putative health promoting benefits. Spent cumin
residue from the processing of ayurvedic decoctions are
traditionally considered as an environmental problem.
These spent cumin seeds were chosen for the current
study based on the commercial potential as it under-
goes minimum thermal processing during preparation
and there by ascertaining the retention of bio actives
after processing. The experiments were planned to ob-
tain a comparison between fresh (FC) and spent cumin
(SO) seeds for its antioxidant and antidiabetic poten-
tial. FC and SC seeds of same batch were supplied by
Kottaykal Aryavaidyasala, Kerala. Powdered seeds were
defatted with hexane and extracted using ethyl acetate
and methanol.
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The TPC and TFC are higher for FC when compared
to SC extracts. Phenolic content is higher for the metha-
nol extract of FC. The flavanoid content is higher for the
ethyl acetate extract of FC. Among the two extracts
of SC, methanol extract showed higher phenolic and
flavanoid content. The phenolic acids in the extracts of
FC and SC were determined by HPLC. Thirteen stan-
dard polyphenolic compounds initially analysed -(1) gal-
lic acid, (2) catechol, (3) chlorogenic acid, (4) caffeic
acid, (5) syringic acid, (6) p-coumaric acid, (7) ferulic
acid, (8) ellagic acid, (9) myercetin, (10) cinnamic acid,
(11) quercetin, (12) kaemferol and (13) apigenin. Six
polyphenols were identified in the ethyl acetate extract
(5, 6, 8,9, 10 and 11) and five polyphenols were iden-
tified from methanol extract (3, 4, 5, 6 and 7) of FC.
In case of SC, seven polyphenols were identified in the
ethyl acetate extract and methanol extract (5, 6, 7, 8,
9, 10 and 11). The reducing potential of the ethyl ac-
etate and methanolic fractions of FC and SC showed
that the ethyl acetate fraction of FC was more active in
reducing copper ion and methanol extract of FC showed
maximum activity in reducing ferrous ion. A reasonable
activity was shown by the methanol fraction of FC (IC,-
26.33pg/ml) in the NO radical scavenging assay. For
DPPH assay, the methanol extract of SC showed high-
est activity. Only the methanol extract of FC showed
considerable metal chelating activity.

The extracts ability to inhibit a-amylase and
a-glucosidase - two important enzymes in carbohydrate
metabolism was analyzed. The methanol extract of SC
showed more activity against a-amylase (337.22 pg/ml).
In case of a-glucosidase, methanol extract of FC exhib-
ited higher activity. The antiglycation assay showed that
the ethyl acetate extract of both FC and SC have no
activity. However the methanol extracts of both FC and
SC exhibited antiglyaction potential. Glucose uptake by
the cells was analyzed by flow cytometry. The data anal-
ysis showed 34, 25.3, 32, 30.7 and 26.3% of 2-NBDG
uptake in cells treated with rosiglitazone, FC-100 pg,
FC-250 pg, SC- 10 pg and SC- 100 pg respectively. The
histogram representing the glucose uptake is shown in
the figure.

_.J I. X - .:! o o

Figure 1(f). HPLC chromatogram (280 nm) of (A) authentic
standards (B) ethyl acetate extract of FC; {C) methanol
exiract of FC (ii) (A) authentic standards (B) ethyl acetate
extract of 3C; (C) methanol extract of SC
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Figure 2. Flow cylometry analysis of 2-NBDG uptake. FACS
analysis of 2-MBDG uptake in differentiated L6 cells by
plotting cell count against FITC. The groups conimined
unireated cells (A-Blank), Rosiglitazone (B-Positive control,
100 nM), cells treated with methanol extract of fresh (C,D,- F-

100 and 250 pg/ml) and spent (EJF- 8-10 and 100 pg/ml)
clmin

Thus results from the study proved that SC residue
from the processing of ayurvedic decoctions can be tar-
geted as sources for obtaining high phenolic products
with antioxidant and antidiabetic activity. As some en-
couraging results are obtained from this study, further
studies are required to optimize the effective usage of
raw materials from ayurvedic industries for the better-
ment of human health.
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Physico-chemical change and heat stability of
coconut oil flavoured by pepper essential oil

Oils and fats, apart from providing nutrition, are
known to play functional roles during product prepara-
tion contributing to the palatability of processed foods.
Spices are ingredients that could be used for the pro-
duction of flavoured oils. They also play a role in extend-
ing the shelf life of the flavoured oils. The study aims
to develop flavoured oil from coconut oil (CNO) by in-
corporation of pepper essential oil at two different con-
centrations namely 0.1 % (CNO,) and 1% (CNO,). The
physico-chemical properties and fatty acid composition
of oils were evaluated on storage for 55 days at 60°C
which corresponds to 6 months at room temperature.
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The thermal stability was studied at 180°C for 1hr. Pure
CNO (CNO,) as control and CNO with 200ppm TBHQ
(CNO,) was kept as the positive control. Among the
oils studied CNO,,, was found to be the best with FFA
0.92%, peroxides (PV) 4.92meq/kg and para-anisidiene
value (p-av) 0.043 when compared with the control.
The flavoured oils need no further addition of synthetic
antioxidant as the study indicated good oxidative sta-
bility of CNO,, when compared with the TBHQ added
oil. The sensory analysis of the product was evaluated
for colour, taste and overall acceptability. As pepper es-
sential oil is reported to possess lot of health benefits,
flavoured oil also can be considered as functional oil.

1 % bedore heating alter heating
08
1"

06 | | ()

o4

0.2

i . i _i-_ >
CNOC CNOT CNOPO CNOPML

Figure 1: % Free fatly acid of oils during accelerated storage and heating at 180°C
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Symplocos cochinchinensis attenuates

streptozotocin-diabetes induced patho-

physiological alterations in rats

Hyperglycemia associated secondary complications
has been studied in streptozotocin induced diabetic
rat model. The beneficial effect hydroethanol extract
of Symplocos cochinchinensis (SCE) in the above ani-
mal model was explored. The experimental groups con-
sisted of normal control (NC), diabetic control (DC),
DC+metformin  100mg/kg-1bwd, DC+SCE 250 and
DC+SCE 500. SCEs and metformin were administered
daily for 21 days and sacrificed on day 22. Oral glucose
tolerance test, plasma insulin, % HbA1c, urea, creati-
nine, aspartate aminotransferase, alanine aminotransfer-
ase, albumin, total protein etc. were analysed. Aldose
reductase (AR) activity in the eye lens was also checked.
On day 21, DC rats showed significantly abnormal glu-
cose response, HOMA-IR, % HbA1c, decreased activity
of antioxidant enzymes and GSH, elevated AR activity,
hepatic and renal oxidative stress markers like malondi-
aldehyde, protein carbonyls compared to NC. DC rats
also exhibited increased level of plasma urea and cre-
atinine. Treatment with SCE protected from the delete-
rious alterations of biochemical parameters in a dose
dependent manner including histopathological altera-
tions in pancreas. SCE 500 exhibited 46.28% of glucose
lowering effect and decreased HOMA-IR , % HbA1c,
lens AR activity, and hepatic, renal oxidative stress and
function markers compared to DC group. Considerable
amount of liver and muscle glycogen was replenished by
SCE treatment in diabetic animals. The activity of SCE is
very much promising for further exploration.

Benificial effect of Boerhaavia diffusa
L. against angiotensin Il induced hypertro-
phy in H9¢2 cardiomyoblast cells with special

emphasis on mitochondria.

Mitochondrial dysfunction plays a critical role in the
development of cardiac hypertrophy and heart failure.
So mitochondria are emerging as one of the important
druggable targets in the management of cardiac hy-

pertrophy and other associated complications. The study
has been conducted to see the effects of ethanolic ex-
tract of Boerhaavia diffusa (BDE) against mitochondrial
dysfunction in angiotensin Il (Ang II) induced hypertrophy
in H9¢2 cardiomyoblasts. H9¢2 cells challenged with Ang
II' exhibited pathological hypertrophic responses and mito-
chondrial dysfunction which was evident from increment in
cell volume, protein content, LDH leakage, increased intra-
cellular ROS production, mitochondrial superoxide genera-
tion, alteration in mitochondrial transmembrane potential
(A¥m), opening of mitochondrial permeability transition
pore (MPTP) and mitochondrial swelling. In addition, ac-
tivities of mitochondrial respiratory chain complexes (I-V),
aconitase, NADPH oxidase, thioredoxin reductase, oxygen
consumption rate, and calcium homeostasis were evaluated.
Treatment with BDE significantly prevented the generation
of intracellular ROS and mitochondrial superoxide radicals
and protected the mitochondria by preventing dissipation
of A¥m, opening of mPTP, mitochondrial swelling and en-
hanced the activities of respiratory chain complexes and ox-
ygen consumption rate in H9¢2 cells. Activities of aconitase
and thioredoxin reductase, which lowered (33.77+0.68%
& 45.81+0.71% respectively) due to hypertrophy, were in-
creased in BDE treated cells (P<0.05). Moreover, BDE also
reduced the intracellular calcium overload in Ang Il treated
cells. Overall results revealed the protective effects of B.
diffusa against mitochondrial dysfunction in hypertrophy
in H9¢2 cells and the present findings may shed new light
on the therapeutic potential of B. diffusa in addition to its
nutraceutical potentials

Aerva lanata (L.) Juss. ex Schult is potent nu-
traceutical against secondary complications

of diabetes

Nutraceuticals are derived from natural products and
provide health benefits beyond their basic nutrition by
modulating a number of biochemical pathways. The aim of
the present study was to explore the nutraceutical poten-
tial of Aerva lanata for its therapeutic potential in strepto-
zotocin (STZ) diabetic rats. Treatment with 70% ethanolic
extract (ALE) at 500 mg/kg bw/day for 21 days signifi-
cantly improved the fasting blood glucose, insulin level,
HbA1c and glycogen content in liver and muscle compared
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to diabetic control. The extract also showed significant de-
crease in blood glucose by 47.29% towards the end of 2h
in oral glucose tolerance test on day 21. The presence of
flavonoids, tannins and terpenes (alpha amyrin, betulin and
beta sitosterol) along with micronutrients like potassium,
magnesium, calcium and zinc could be partly responsible
for its therapeutic potential.

An in vitro study reveals nutraceutical poten-
tial of punicic acid relevant to diabetes via
enhanced glut-4 expression, adiponectin se-
cretion and antioxidant potential

In the present study punicic acid (PA) a major bio-
active found in pomegranate seed was subjected for
biological characterisation with respect to peroxisome
proliferator-activated receptor gamma (PPARy) agonist
property in in vitro system. The adipogenic potential of
various concentrations (5, 10 and 30 uM) of PA was
evaluated by studying triglyceride accumulation and
glycerol-3-phosphate dehydrogenase (GPDH) activity
in adipocytes which was found to be increased moder-
ately compared with the positive control rosiglitazone
(RG). Glucose uptake activity, and prevention of reactive
oxygen species (ROS) generation in adipocytes with PA
were also evaluated. It was found that PA increased adi-
ponectin secretion and up requlated glut-4 expression
and translocation in adipocytes. Molecular modeling
study revealed high binding affinity of PA to the PPARy
ligand binding domain with a free energy of -5.91.

A

Effect of punicic acid on insulin stimulated glut-4 expression

and translocation in 3T3-L1 adipocytes (a)- control; (b)- pu-

nicic acid 5 pM; (c)- punicic acid 10 uM; (d)- punicic acid 30
LM; (e)- rosiglitazone 100 nM

Curcumin improves hypoxia induced dysfunc-
tions in 3T3 L1 adipocytes by down regulat-
ing oxidative stress, inflammation, and mito-
chondrial alterations

Excessive expansion of adipose tissue in obesity
leads to hypoxia. It is mainly responsible for inflamma-
tion, insulin resistance and other obesity related compli-
cations. There is a high demand for anti-obese phyto-
ceuticals to control and manage this complications. How
hypoxia affects the physiological functions of 3T3 L1 ad-
ipocytes was investigated and also evaluated protective
role of curcumin on hypoxia induced alterations. Results
revealed that hypoxia significantly altered all the vital
parameters like HIF1o expression, lactate and glycerol
release, ROS production, lipid and protein oxidation, re-
duction in antioxidant enzymes (superoxide dismutase
and catalase) status, secretion of inflammatory markers
(TNF o,IL 6, IL 1B,& IFN 7) and mitochondrial functions
(mitochondrial mass, membrane potential, permeability
transition pore integrity, superoxide generation). Cur-
cumin significantly protected adipocytes from adverse
effects of hypoxia in a dose dependent manner.

Phloretin attenuates arsenic trioxide-in-
duced toxicity in H9¢2 cardiomyoblasts via
modulating the innate antioxidant system
and calcium homeostasis

Arsenic trioxide (ATO) is a very effective drug for
the treatment of acute promyelocytic leukemia but it
leads to cardiotoxicity mediated through alterations
in various cardiac ion channels and by increasing the
intracellular calcium level and reactive oxygen species
(ROS). The present study aims to study the effect of
phloretin, a bioactive flavonoid found in apple, on ATO
induced toxicity in H9c2 cardiomyoblasts. The cells
exposed with ATO (5 pM) exhibited increased level of
ROS along with reduced activity of innate antioxidant
enzymes. Cytoskeletal alterations were also observed
in addition to change in the expression of troponin,
desmin, IGF1 and caveolin 3. Phloretin at 2.5 and 5 pM
concentrations prevented the alteration in antioxidant
status, intracellular calcium level, cytoskeleton and gene

<< National Institute for Interdisciplinary Science & Technology, Thiruvananthapuram > >




Annual Report 2013 -14

expression induced by ATO in H9c2 cells. Unexpectedly,
phloretin at higher concentration (10 uM) in presence
of ATO led to potentiation of toxic effect of ATO.

Alteration in integrity of cytoskeleton with ATO
Fluorescent microscopic images of H9¢c2 cells stained with
phalloidin. a: control cells; b: cells treated with ATO; c,

e: cells treated with 2.5 and 10 uM phloretin respectively;
d, f: cells treated with 2.5 and 10 phloretin and 5 M ATO
respectively.

Green synthesis of iron nanoparticles (FeNPs)
using Centella asiatica and evaluation of an-
tioxidant and cytoprotective potentials by in
vitro methods

The present study was carried out to synthesize,
characterize and evaluate the antioxidant, cellular up-
take and cytoprotective potential of FeNPs. Conven-
tional methods for synthesis of nanoparticles gener-
ate several byproducts which are toxic to ecosystems.
So, there is a need to develop a low-cost, ecofriendly
method for nanoparticle synthesis. In the present study,
the FeNPs were synthesized utilizing aqueous Centella
asiatica extract. FeNPs of size 97 nm and PDI value of
0.51 was synthesized successfully. TEM and SEM stud-
ies confirmed the spherical nature of FeNPs. 50-250ug

of FeNPs effectively scavenged reactive oxygen species
including DPPH, ABTS and superoxide anions with an
IC,, value of 145.99+0.869, 145.98+1.18, 122.540.353
respectively. The TRP of FeNPs was also found to be
high when compared to their macro counterparts. Since
in vitro antioxidant assays demonstrated good radical
scavenging activities for FeNPs, they were taken up for
cell culture studies utilizing H9c2 cell line to examine
their cellular uptake and cytotoxicity. Absence of cyto-
toxicity of FeNPs was evident from MTT assay and flow
cytometric observations revealed their cellular uptake.
Moreover, DHE incorporation in the cells exposed to
higher concentrations of FeNP showed less generation
of super oxide anions and were comparable to control.
Overall, the FeNPs synthesized using aqueous Centella
asiatica extract proved to be non-cytotoxic with good
cellular uptake and antioxidant potential. These prelimi-
nary observations provide a new insight into the ben-
efits of FeNPs in contrast to Fe, especially in oxidative
stress - induced diseases, particularly cardiovascular dis-
eases. More investigations are required to delineate the
molecular mechanisms underlying the antioxidant po-

tential of FeNP and the in vivo relevance of the findings.

Confocal images of H9c2 cells demonstrating red
fluorescence of ethidium. A.Antimycin(10uM)
B. Control C.FeNP(5uM) D. FeNP (10uM)

E. FeNP(20uM) F. FeNP(30uM).
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Selenium, guar gum and selenium incorporated guar gum

i "_J_,a-——'—-'; == 7 i
= f o™ / nanoparticle were evaluated for its protective property
— 1 '_r__"l against ischemia reperfusion for comparative evaluation.
, = & The study revealed that selenium incorporated guar
v S gt o A 5 B et ~  gum nanoparticle was the best to protect the cells from
T e ischemia reperfusion compared to selenium and guar
7 s af gum nanoparticle. The potent antioxidant capability

___ansf L Sy o
shown by the sample in in vitro assays may be the
= B . biochemical basis of its better biological activity. Further,

e e the nanodimension of the particle may be the additional
factor for its improved therapeutic property.

Flowcytometric data showing FeNP uptake by side scatter

analysis. Representative dot plots of A. control cells without
treatment B. FeNP (5uM) C. FeNP (10uM) D. FeNP (20uM)

E. FeNP (30uM). Population P1 represents the region of
increased cellular gra nularity due to nanoparticle uptake in B,
C, D and E when compared to A

Beneficial properties of selenium incorporat-
ed guar gum nanoparticle against ischemia
reperfusion in cardiomyoblast (H9¢2)

In the present study, selenium incorporated gquar

gum nanoparticle, prepared by nanoprecipitation, was
screened for antioxidant potential (metal chelation, total
reducing power and hydroxyl radical scavenging activity)

) ) - ] Flow cytometric analysis of intracellular ROS generation in dif-
and evaluated against cell line based cardiac ischemia-

. . . ' o ferent groups. (a) control cells; (b) ischemic cells; (c) ischemia
reperfusion model with special emphasis on oxidative reperfusion (d, €) cells treated with 5nM and 25 nM Se (. g)
stress and mitochondrial parameters. Cell based cardiac  cefis treated with 60 pg and 300 pg of GGN and (b, i) cells
ischemia model was employed using H9c2 cell lines. treated with 5 nM and 25 nM SGG.
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BIOTECHNOLOGY DIVISION

The Biotechnology Division undertakes R&D and industrial consultancy in the frontier areas of biotechnol-
ogy which include (a) bioprocess and product development, (b) energy and environment, and (c) health and
genomics. These activities are well aligned with the priority sectors of CSIR such as Affordable Health Care,
Energy and Environment. Under the energy sector, the main focus is on the production of bioethanol from
lignocellulose feedstocks. Noval microbes are being isolated from the Western Ghats in Kerala and deposited
in the NII Culture Collection under the environmental biodiversity programme. A summary of the achieve-

ments during the reporting period is given below.
Highlights:

¢ 2G Ethanol Pilot Plant commissioned: This is India’s first multi-feedstocks, multiple mode pretreatment

capable 80kg/d capacity pilot plant.

* A major international project (Indo-Australia) on integrated biorefineries involving five partners each from
India and Australia, has been undertaken. The project aims at developing integrated technologies for

economically sustainable bio-based energy.

+ A novel protein expression system developed for the expression of heterologous proteins in filamentous

fungal host.

¢ The biosurfactants produced by the novel isolate of Pseudozyma sp facilitated the degradation of crude
oil by Pseudomonas putida than the culture alone, which showed its potential in biosurfactants-assisted

bioremediation.

¢ |dentified one novel bacterial genera Oryzibacter plantistimulans gen. nov. sp. nov and three new bacte-

rial species, including Arthrobacter pokkali sp.nov, showing potential plant growth promoting activities.
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BIO-PROCESSES AND PRODUCTS
DEVELOPMENT

Industrial enzymes

Recombinant expression of L-asparaginase |l
from Escherichia sp. and property improve-
ments through amino acid substitutions: L-as-
paraginase is an enzyme that catalyzes the hydrolysis of
L-asparagine into L-aspartate and ammonia in two steps
via a beta-acyl-enzyme intermediate. In the present
study, the L-asparaginase Il gene was isolated from E.
coli and cloned and over-expressed from BL21DE3 cells.
The property improvement of the protein was achieved
through site- directed mutagenesis. The mutated puri-
fied protein was studied for properties such as thermal
tolerance and stability. The mutations based on altera-
tion of the surface charge proved promising and com-
pared to the wild enzyme and positively charged control
mutant, K139A and K139D showed tolerance towards
70°C and 20 % more activity retention on thermal sta-
bility at 50 °C. The surface electrostatic potential maps
of both wild and mutant proteins were analysed using
PyMOL, and alanine and asparatate substitution at po-
sition 139 resulted in localized negative charge density
surrounding the residue than the positive potential in
wild protein (Fig 1). The hydrogen bonds formed by
all these mutants were checked in PyMOL and swiss
PDB viewer and since there are no additional hydrogen
bonds formed in any of the improved mutants, it could
be concluded that it was the surface charge interac-
tion, which contributed to the stability of the mutants.
The study concluded the stabilization of surface charge-
charge interactions could contribute to overall stability
of the protein (Fig 2). Hence in future, the addition of
positive single mutations in a cumulative manner in a
single gene can be done for developing an improved
enzyme with stabilized surface charge interactions.
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Fig.1 : 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%).

Fig.2: Structural representation of wild type and selected mu-
tants. A) Surface electrostatic potential map of wild type en-
zyme (Lys 139) and mutant (Ala 139), view of mutational
sites. Positive, negative and neutral values of electrostatic
potentials are represented by shades of blue, red and white
color respectively. B) Structural representation of the hydrogen
bonds in mutation sites of Lys 139 (wild type enzyme), Ala
139 and Asp 139 (mutants). All the figures were constructed
using PyMOL

Surface display of Bacillus phytase on yeast:
Application in preparation of functional
foods and production of pharmacologically
relevant myoinositol phosphates: Present study
aimed the cloning and expression of beta propeller phy-
tase from Bacillus amyloliquifaciens on the surface of
yeast system. Phytase C gene was successfully isolated
from B. amyloliquifaciens and cloned in TA vector. Ex-
pression cassette containing phytase gene and anchor

<< National Institute for Interdisciplinary Science & Technology, Thiruvananthapuram > >



proteins were designed (Fig 3). Genes encoding cell wall
anchor proteins Flo1p and CWP2p were PCR amplified
from genomic DNA of Saccharomyces cerevaceae and
fused with phytase C gene (Fig 4). CWp2P —phyC fu-
sion was cloned in to yeast expression vector pKLACT
downstream to alpha mating factor secretory signal,
confirmed clone plasmid was linearized, and electropor-
ated in to Kluyveromyces lactis GG799 cells. Recombi-
nant yeast cells harboring expression cassette which was
integrated in to its genomic DNA was identified by PCR
(Fig 5). Since, in subsequent expression studies, intact
recombinant cells exhibited negligible phytase activity,
immuno blotting would be carried out to determine the

surface display and studies will be continued with the

other anchor FLO1p.

Lane 1,2,4 §5-PCR from clones
2 e . St Lane 3-PCR with K. lactis

Whol
- -
T — == Tty I’ Lane M- DNA ladder
Fig.5 Colony PCR from yeast transformants

Kan gite

Arginine 453 contributes to the substrate
specificity of aminopeptidase P from Stretomy-
ces lavendulae: To understand the structure-function
relationships of aminopeptidase P (APP) of Streptomyces

Fig.3 Design of fusion construct phyc-Flo1p

3 2 1 M

lavendulae, a conserved arginine residue was replaced
with lysine (R453K) by site-directed mutagenesis. The
overexpressed wild and mutant enzymes were of nearly
60 kDa and purified by nickel affinity chromatography.
Kinetic analysis of R453K variant using Gly-Pro-pNA as
the substrate revealed an increase in Km with a de-
crease in Vmax, leading to overall decrease in the cata-
lytic efficiency, indicating that the guanidinium group of
arginine plays an important role in substrate binding in
APP. The constructed three dimensional models for the
catalytic domains of wild and mutant enzyme revealed

an interaction in Arginine 453 of native enzyme through

hydrogen bonding with the adjacent residues making a
M - 1kb gene ruler plus DNA ladder

Lanes1 and 2- Amplicons (phyc-cwp2p) from ligation mix

Lanes 3- phyc amplicon ticipate in any hydrogen bonding (Fig 6). Hence, Arg453

substrate binding cavity whereas Lysine 453 did not par-

Fig. 4 Amplification of fusion construct from ligation mix in AP of 5. lavenduale must be playing a critical role in

the hydrolysis of the substrate.

<< National Institute for Interdisciplinary Science & Technology, Thiruvananthapuram > >




Annual Report 2013 -14
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Fig. 6 Comparison of the orientation of the hydrogen bond net-
work in the active site of APP formed by Asp305, Arg453 and
Tyr435. (A) The guanidinium group of Arg453 interacting with
the carboxylate of Asp305 and the hydroxyl group of Tyr435
in the wild-type APP (B) the modeled structure displaying the
relative position of R453K, showing the absence of hydrogen
bond interactions with two neighboring residues. The hydrogen
bonding interactions are shown as dashed yellow lines

Molecular cloning, expression, characteriza-
tion and production of novel xylanases: Two
xylanase genes (XynD and XynA) from Bacillus pumilus
MTCC 5015 were isolated. The industrially relevant xy-
lanase gene (XynA) was further cloned and expressed in
Kluyveromyces lactis. Recombinant enzyme purified from
the culture supernatant of multiple integrant was par-
tially purified and characterized for industrial properties.
Comparison of waste paper deinking as well as bleaching
efficiency of recombinant XynA was compared with that
of commercial enzyme and xylanase preparation from
native organism (Fig 7). The end-products of xylan hy-
drolysis by the action of recombinant xylanase on beech
wood xylan were xylobiose, xylotriose and xylose. These
results showed that this was an endo-xylanase. Xyla-

nase A was effectively expressed from K. lactis and the
enzyme was efficient in biological deinking. Biochemical
characteristics revealed that this enzyme could be highly
useful for industrial applications where stable xylanases
were indispensable. Studies involving media engineering
for the production of xylanase using B. pumilus using re-
sponse surface methodology resulted five-fold increase

in the production of the enzyme.

Fig. 7: Micrograph images of carton microfibrils (A) Control
(B) Xylanase (wild) (C) Xylanase (recombinant)

Development of a heterologous protein
expression system in filamentous fungus:
A protein expression system was developed for the expres-
sion of heterologous proteins in filamentous fungal host.

e [ v
Bl v

amds | Pasep | amds

— | GFP

(e

’ Transformation

A.unguis protoplasts transformed
with expression cassette

Transformed A.unguis hyphae
expressing GFP

Green fluorescent protein gene was introduced down-
stream of glyceraldehyde phosphate dehydrogenase
(GAPD) promoter and terminated using a bifunctional
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indole-3-glycerol phosphate synthase/ phosphoribosyl-
anthranilate isomerase (trpC) terminator sequence from
Aspergillus nidulans. This cassette was also coupled to
hygromycin resistance gene as a marker and linkers de-
rived from acetamidase (amds) gene for selection and
targeting respectively. Linearized cassette was intro-
duced into Aspergillus unguis to evaluate the efficacy of
the newly developed expression cassette. The system
developed was successful in expressing green fluores-
cent protein in the filamentous fungal host indicating
that the GFP expression system developed at the NIIST-
Centre for Biofuels is functional and can be further fine
tuned for expression of other heterologous proteins and
their secretion.

Stereo selective production of chiral alco-
hol using novel microbial oxidoreductase:
The study involves the production of ethyl (5)-4-chloro-
3-hydroxy butyrate and (5)-(-)-1-(1-napthyl) ethanol
through biotransformation using appropriate ketones.
Screening of 169 soil isolates were done, out of which
four cultures showed positive growth in ethyl 4-chlo-
roacetoacetate plates. Further screening resulted in a
strain, which showed highest conversion of ECHB to
and Ethyl S-4-chloro-3-hydroxybutyrate among the posi-
tive organisms. The strain was identified as Candida
tropicalis.

Production of chitinolytic enzymes from mi-
crobial cultures isolated from coastal environ-
ment samples: The optimization of process param-
eters for fermentative production of chitinase enzyme
was carried out using single parameter optimization
method and statistical optimization method using mul-
tiple parameters employing Streptomyces sp. The highest
production achieved using the optimum condition was
105 U/ml. The purification of chitinase enzyme by am-
monium sulfate precipitation, ion exchange chromatog-
raphy and gel permeation chromatography showed that
the molecular mass of the enzyme was estimated to be
about 80 kDa by SDS-PAGE (Fig 8).

Fig 8 SDS-PAGE analysis of chitinase enzyme

Characterisation of chitinase enzyme with respect
to the effect of pH, temperature, salinity, addition of
metal ions, solvents and denaturing agents showed
optimal pH 6.0 and temperature as 50°C, respective-
ly. The enzyme showed high stability in the acidic pH
range of 2.0-6.0 and temperature stability of up to
50°C. Mg? and Ca?, toluene and surfactants belong-
ing to the Tween series stimulated the chitinase activ-
ity. This enzyme exhibited antifungal activity against
phytopathogens such as C. gleosporoides, F. oxyspo-
rum, P. expansum and P. alphanidermatum, revealing a

potential biocontrol application in agriculture.

Biopolymers and Biosurfactants

Microbial consortium for biopolymer/plastic
degradation: Compatibility of a Microbial consor-
tium containing six different newly isolated strains was
tested for plastic/e-plastic degradation. The selected
cultures had either acidic protease, lipase/esterase or
depolymerase activity. Maximum degradation attained
for PVC film was 11% and for ASM01 14%. Similarly,
from more than 400 pure cultures screened, 21 formed
clearing zones in PLA, PHB biopolymer plates. Complete
degradation of PHB film (50 mgq) was attained in 15
days, which for PLA was 44% in 15 days (Fig 9).
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Fig 9. Microbial Degradation of e-Plastic. AMS 01 (HIPS with
decabromodiphenyl oxide or ether and antimony trioxide).
AMSO02 (HIPS with decabromodiphenyl ethane and antimony
trioxide)

Colloidal properties of biopolymer (PLA and
PHB) nanoparticles for biomedical applications: To
characterize the physico-chemical and biological stability of
nano-devices suitable for biomedical applications, poly-lactic
acid (PLA) nano-particles (NPs) of 112-128nm size and poly-
hydroxy butyrate (PHB) of 15-28 nm were prepared by stan-
dardizing the suitable method for each (Fig 10). Morphology
of NPs was studied by scanning and transmission electron
microscopy and temperature stability by thermo-gravimetric
analysis. Their stability in gastrointestinal, saliva stimulant flu-
ids and tolerance against 0.5 M NaCl were analyzed. PHB
NPs remained stable in all the fluids, while the PLA NPs
showed the beginning of disintegration in intestinal fluid af-
ter 24 h treatment. Apart from the mere polyethylene glycol
(PEG) surface coated NPs, PLA-PEG-PLA triblock copolymer
(MW ~7,366) was also chemically synthesised and character-
ized. Cytotoxicity of all forms of nano-particles was tested by

MTT assay and by annexin pi staining.
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Fig 10 Nano-particles (NPs) of poly-lactic acid (PLA)
and poly-hydroxy butyrate (PHB)

Potential applications of Pseudozyma bio-
surfactants for biosurfactants assisted bio-
remediation: Pseudozyma sp. NIl 08165 was used
to produce biosurfactants, mannosylerythritol lipids and
some other unknown glycolipids, which exhibited good
surface activity. The aim of this study was to evaluate
whether Pseudozyma biosurfactants could facilitate the
bioremediation of crude oil by a hydrocarbon degrad-
ing strain. For this, a model hydrocarbon degrading
strain Pseudomonas putida MTCC 1194 strain was used
and Pseudozyma biosurfactants was supplemented at
different concentration along with P putida to B.H.
medium containing crude oil as sole carbon source.
Results showed that the supplementation of Pseu-
dozyma biosurfactants facilitated the degradation of
crude oil than that of P. putida alone. Maximum deg-
radation of aliphatic hydrocarbons was observed on
the supplementation of 2.5 mg/l along with P. putida.
Pseudozyma sp. NIl 08165 was capable of degrad-
ing other hydrocarbon such as diesel and kerosene.
Studies using Pseudozyma culture broth containing
biosurfactants showed improved efficiency in the deg-
radation of crude oil (Fig 11).
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Fig 11. Degradation of alkanes by P. putida and P. putida with
supplementation of 2.5 mg/| biosurfactants

BIOFUELS AND BIOREFINERIES

Centre for Biofuels and Biofuels Research-
Commissioning of the bioethanol pilot

plant: Centre for Biofuels R&D aims to address dif-
ferent unit operations involved in lignocellulose to etha-
nol conversion. An 80kg/d capacity second generation
lignocellulosic ethanol pilot plant was commissioned on
October 25, 2013. This is one among the three opera-
tional biomass to ethanol plants in the country. Opera-
tions have started from November 2013 using rice straw
as raw material. R & D is aimed at developing bio-
ethanol from cellulose derived glucose (C6 sugar) and
production of high value chemicals from hemicellulose

derived pentose (C5) sugars- xylose and arabinose.

Biomass hydrolyzing enzymes: Centre has de-
veloped solid-state fermentation processes for the pro-
duction cellulase enzyme. The enzyme was produced us-
ing a filamentous fungus - Penicillum janthinellum. The
process has been evaluated successfully up to 1kg level
in tray fermentation. The enzyme is highly efficient in
hydrolysis of pretreated biomass, and the Centre is now
developing cocktails based on this enzyme for lignocel-
lulose saccharification. Cocktails developed using 8 -glu-
cosidase (BGL) enzyme addition into the cellulase prep-
aration enhances the efficiency of biomass hydrolysis.
The addition of 240U of BGL into cellulase preparation
increased the sugar yield from 257 mg/g to 426 mg/q
in 48h (1.65 fold/65% increase) on saccharification of
biomass. Bench marking of the enzyme with leading
commercial enzyme preparation for biomass hydrolysis
showed that the NIIST enzyme cocktail has equal or
better performance for the hydrolysis of certain biomass
feedstocks.
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Biomass hydrolysis using solid acid catalyst:
A solid acid catalyst developed by IICT, Hyderabad was
evaluated for the hydrolysis of alkali pretreated rice
straw and cotton stalk with sugar yields of 262 mg/q
and 219 mg/q, respectively (Fig 12). Fermentation of
the catalytic hydrolyzate was demonstrated with Sac-
charomyces cerevisiae for the production of alcohol,
which showed 53% efficiency, indicating the potential to
use the catalytic hydrolyzate for fermentation.

Fig 12 A-Catalytic biomass hydrolysis being performed in acid
digestion bombs, B-mixture of biomass and catalyst

Algal biorefinery

Cultivation of microalgae in dairy effluent for
oil production and removal of organic pollu-
tion load: Chlorococcum sp RAP-13, was evaluated for
growth and oil production in dairy effluent (DE) under
mixotrophic and heterotrophic modes. The alga grew
better and accumulated more lipids under heterotro-
phic cultivation. Supplementation of biodiesel industry
waste glycerol (BDWG) to DE enhanced the biomass
production as well as lipid accumulation. While the bio-
mass yield was 0.8g/L for mixotrophic cultivation, it was
1.48 and 1.94 g/|, respectively when cultivated with 4%
or 6% BDWC. The cells accumulated 31% lipid when
grown in mixotrophic mode; heterotrophic cultivation
with 4 or 6% BDWG resulted in a lipid accumulation
of 39 and 42% respectively. Saturated fatty acids pro-
duction was elevated in the DE, and the major fatty
acid components of the algal oil were palmitic (16:0),

oleic (18:1), stearic (18:0) linoleic (18:2) and linolenic
(18:3) acids. DE quality improved with reduction in
COD and BOD after algal cultivation.

A B o

Fig 13. A-Phototrophic, B-mixotrophic and C-heterotrophic
growth of Chlorococcum sp RAP-13 in Dairy effluent
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Fig 14 Growth and activity of Chlorococcum sp RAP-13 in
diary effluent

Biochemical and molecular investigation on
stress mediated lipid accumulation and bio-
mass productivity in microalgae: This study
aims to address the biochemical and molecular causes
for increased lipid content in microalgae. Basic bio-
chemical parameters under nitrogen deprived condition
showed that total carbohydrate was not much altered
in Scenedesmus in nitrogen rich or deprived condition.
However, there was enhanced lipid accumulation in ni-
trogen deprived condition and the enhancement was

around 2.21-fold (Fig 15).
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Fig 15 Growth and lipid accumulation by Scenedesmus in
nitrogen deprived condition

Scenedesmus cells transferred to nitrogen-free me-
dium showed that there was increased lipid droplet in
9 day nitrogen starved cells (Fig 16).

Bright Field Fluorescent Image Merge

Fig 16 Nilered stained Scenedesmus cells in
Nitrogen deprived condition

It was observed that the lipid yield was enhanced
in nitrogen-depleted condition (226 mg/L) when com-
pared to nitrogen rich condition (99.33 mg/L). The in-
crement of about 2.27-fold lipid increase was observed
in nitrogen depleted condition.There was not much dif-
ference observed for carbohydrate, which ranged from
12.67 + 1.53 to 29.83 + 2.36 mg/L in nitrogen depleted
condition. However, there was drastic change in protein
+ 0.50 mg/L)
when compared to nitrogen depleted condition (1.33
+ 0.76 mg/L). The total lipid profile as checked by thin
layer chromatography along with TAG and FAME stan-

level, in nitrogen-rich condition (27.00

dard reveled that there was more accumulation of TAG
in nitrogen depleted condition.

Alternative strategies for pretreat-
ment of lignocellulosic biomass for
bioethanol production

Ultrasound assisted hydrothermal pretreat-
ment of chili post harvest residue for bio-
ethanol production: A novel ultrasound-assisted
hydrothermal pretreatment was developed, which could
effectively remove hemicelluloses and lignin and im-
proved the reducing sugar yield from chili post harvest
residue. Operational parameters for pretreatment were
studied and optimized. Under optimal pretreatment
conditions, 0.436 g of reducing sugar was produced per
gram of pretreated biomass. The conditions of pretreat-
ment were 25% w/w of biomass loading, 10 min of
sonication time and 45 min of pretreatment time at
121°C (Table 1). The study revealed that major fermen-
tation inhibitors like furfural and hydroxymethyl furfural
were absent in all the samples. Organic acids like citric
acid, succinic acid and propionic acid were absent indi-
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cating that the hydrolyzate could be used for fermenta-
tion without any detoxification.

One of the most important advantages of this pretreat-
ment is that the pretreated biomass can be used for
hydrolysis without any washing, neutralization and dry-
ing and the hydrolyzate is devoid of major fermentation
inhibitors hence a detoxification step can be eliminated.

Table 1: Compositional analysis data of native and

USAHTP CPHR
Components Total (%)
Native USAHTP
CPHR
Cellulose 38.76 47.76
Hemicelluloses 14.62 11.11
Total lignin 27.55 19.87

Studies on the structural changes of native and pre-
treated biomass investigated by X-ray diffraction (XRD)
showed there was an increase in the crystallinity index
of the pretreated sample. The results indicated that
ultrasound-assisted hydrothermal pretreated chili post-
harvest residue could be used as a potential feed stock
for bioethanol production.

Surfactant-assisted hydrothermal pretreatment
of chili post harvest residue for bioethanol
production: A novel surfactant-assisted hydrothermal
pretreatment was developed which could effectively re-
move hemicelluloses and lignin and improved the reduc-
ing sugar yield from chili post harvest residue. Under
optimal operational parameters for the pretreatment
0.445 g of reducing sugar was produced per gram of
pretreated biomass (Fig 17). The conditions of pretreat-
ment were 30% w/w of biomass loading, surfactant
concentration of 1% (w/w) and 45 min of pretreatment
time at 121°C. The study revealed that major fermen-
tation inhibitors like furfural and hydroxymethylfurfural
were absent in all the samples. Organic acids like citric

acid, succinic acid, formic acid and propionic acid were

absent indicating that the hydrolyzate could be used for
fermentation without any detoxification.

One of the most important advantages of this pretreat-
ment is that the pretreated biomass can be used for hy-
drolysis without any washing, neutralization and drying and
the hydrolyzate is devoid of major fermentation inhibitors
hence a detoxification step can be eliminated.
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Fig 17 Optimization of surfactant-assisted hydrothermal
pretreatment of chili post-harvest residue
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Hydrotrope-assisted pretreatment of lignocel-
lulosic biomass and adsorptive removal of fer-
mentation inhibitors formed during pretreat-
ment: Hydrotropic solutions are aqueous salt solutions,
which improve the solubility of slightly soluble substanc-
es (e.g., lignin) in comparison with pure water at the
same temperature. Studies were carried out on the del-
ignification of rice straw using 30% solution of sodium
cumene sulfonate (NaCS). Results showed that with the
increase in the temperature of the treatment, there was
enhancement in the removal as well as the recovery of
lignin (Fig 18a). Characterization of the lignin using IR
and UV spectra suggested to be similar with reported
data (Fig 18b).

Effect of Temperature on %o extraction
and recovery of lignin
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Fig 18a Delignification of Rice straw using 30% solution of
Sodium Cumene Sulfonate (NaCS)
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Fig 18b Characterization of lignin recovered from Sodium
Cumene sulfonate (NaCS)

Sorghum stover-based biorefinery for fu-
els and chemicals - biomass pretreatment:
Pretreatment studies on sorghum were carried out.
Out of different acids tried, dilute sulphuric acid was
found to be the best. Three different statistical mod-
els were studied where acid concentration, solid load-
ing, residence time and pretreatment temperature were
optimised. With optimized pretreatment conditions as
0.37% (v/v) sulphuric acid, 16% (w/w) solid loading,
pretreatment temperature at 150°C for 15 minutes, fol-
lowed by enzymatic saccharification, about 66 % conver-
sion of sorghum biomass to free reducing sugars were
achieved. Various alternative pretreatment studies us-
ing microwave, percolation and sonication showed that
even though the sugar yield was less compared to high
pressure reactor (HPR) pretreatment, the inhibitor for-
mation was less. High pressure reactor pretreatment in
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presence of SDS showed best sugar yield among the
tested methods.

Table 2. Comparison of various pretreatment methods for
soghum stover

Pretreatment Sugaryield Hemicellylose Cellulose
Methed Conditions @) (
liquor) (in liquor)
HPR Acidconc- 0.37 % Acetic—4.32
9-16% Formic—2.46 o [
Time—15min 408mglg HMF-066 2863 % 067 %
Temp-150C
Sonication Acidconc—4.5% Aceticacid—4.9
S-10% 1433%  228%
Time—45 min 314mglg : i
Power —30 %
Frequency—80 KHz
Microwave Acidconc- 0.37 % Succinic-1.32
'Is'lhn:(:—ef:/omin 249mglg  Oxalic-0.02 4322 % 13.09 %
Power —550 Watts
Percolation  Acidconc- 6% Succinic-0.001
— 9 NiC—
%mezjz/r“u 170mglg  Formic—0.003 3648% 1036 %
Temp-85t090 C
Surfactant Acidconc- 0.37 %
(SDS)+ HPR  S.-16% 435mglg  Aceticacid—0.55 34.08 % 248 %
Time—15min Formic acid-
Temp-150C 0.038
DS-(0.5%) HMF-0.097

HEALTH AND GENOMICS

Probiotics and Nutraceuticals

Folate fortification of skim milk by a probiotic
Lactococcus lactis subsp. lactis and evaluation
of its stability in fermented milk on cold stor-

age: In order to enhance folate levels in fermented
foods, a folate producing probiotic lactic acid bacterium
isolated from cow’s milk and identified as Lactococcus
lactis subsp. lactis by 16S rRNA sequencing was used
to fortify skim milk. Optimization of medium additives
such as folate precursors, prebiotics and reducing agents
along with suitable culture conditions enhanced folate
levels in skim milk. Optimization resulted in a fourfold
increase in the extracellular folate (61.02 +1.3pg/L)
and after deconjugation the total folate detected was
129.53+ 1.2ug/L. The effect of refrigerated storage on
the viability of L. lactis, pH, titratable acidity (TA) in
terms of percentage lactic acid and finally on the stabil-
ity of folate was determined. Only a slight variation in
pH (4.74+0.02 to 4.415+0.007) and acidity (0.28+0.028
to 0.48+0.014%) was noted during folate fermenta-
tion (Fig 19). During storage, only less than a log unit

reduction was noted in the viable count of the probiotic
after 15 days and about 90% of the produced folate was
retained in an active state.
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Fig. 19 Folate levels quantified at optimized condition [FAA - Fo-
lic acid assay medium, Glu - glutamate, SA - Sodium ascorbate,
Total folate corresponds to extra and intracellular folate]

Control of spoilage fungi by protective lactic
acid bacteria displaying probiotic properties:
Lactic acid bacteria (LAB) belong to Lactococcus,
Lactobacillus, Enterococcus and  Pediococcus  were
isolated and the spectrum of antifungal activity was
verified aqainst Fusarium oxysporum (KACC 42109),
Aspergillus niger (KACC 42589), Fusarium moniliforme
(KACC 08141), Penicillium chrysogenum (NI 08137)
and the yeast Candida albicans (MTCC 3017). Three
isolates, identified as Pediococcus pentosaceus (TG2),
Lactobacillus casei (DY2) and Lactococcus (BSN) were
selected further and their antifungal compounds were
identified by ESI-MS and HPLC analysis as a range of
carboxylic acids along with some unidentified, higher
molecular weight compounds (Fig 20). An attempt to
check out the shelf life extension of wheat bread without
fungal spoilage was performed by fermenting the dough
with the Lactococcus isolate. Apart from growth in low
pH and tolerance to bile salts, probiotic potential of
these three isolates was further substantiated by in vitro
screening methods that include transit tolerance to the
conditions in the upper human gastrointestinal tract and

bacterial adhesion capacity to human intestinal cell lines.
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Fig. 20 Antifungal activity of preparatory TLC purified frac-
tions against F. oxysporum. Activity of different fractions from
BSN (b), TG2 (t) and DY2 (d)

Exopolysaccharides (EPS) for nutraceutical ap-
plication from lactic acid bacteria: Lactic acid bac-
teria capable of producing exopolysaccharides were ob-
tained. Shake flask production of EPS from two isolates,
a Lactobacillus plantarum and a Weissella cibaria were
optimized. EPS was extracted and purified for monosac-
charide analysis, mol wt determination, thermo gravi-
metric analysis, FT IR analysis, etc. The maximum yield
of purified EPS was 7.74 g/L from Weissella sp using
sucrose as carbon source (Fig 21). EPS from L. planta-
rum was found to have more antioxidant activity and by
using the 0.2% Weissella EPS, there was a considerable
decrease in the syneresis in wheat starch.

Fig 21 Purified EPS from Weissella sp

Polyunsaturated fatty acids from fungal
sources: This study aims to screen novel fungal
strains from Western Ghats regions of Kerala for the
production of poly unsaturated fatty acids (PUFA).

Primary screening of isolated strains were done by nile
red screening method and nineteen lipid producing cul-
tures were isolated (Figs 22, 23). The fatty acid profil-
ing of these positive strains were analyzed for gamma
linolenic acid (GLA) and docosahexaenoic acid (DHA).
Process optimization for enhanced production as well as
down-stream processing is going on.

Fig 23 Diversity of fungal cultures producing PUFA

Plant-Microbe Interaction

PGPR tools for improving crop productivity in
stressed agricultural systems: This work aimed on
the isolation of ACC deaminase producing PGPR from
different stressed soils especially from coastal agricultur-
al rhizosphere soils of Kerala and mangroves, which are
saline acidic soils. Screened around 380 bacterial isolates
from the above mentioned ecosystems and found that
65 isolates exhibited good growth on %2 Burk’s mini-

mal medium containing 0.5% sodium chloride and 3mM
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ACC as the sole nitrogen source indicating the presence
of ACC-deaminase activity. These isolates were quanti-
fied for ACC-deaminase activity. The results showed en-
zyme activity for only 32 isolates, ranging from 30-2uM
o-ketobutyrate h" mqg protein™ in the culture filtrates.
Furthermore these, thirty two ACC-deaminase produc-
ing bacteria were characterized based on 16S rRNA
gene sequencing. Based on the 16S rRNA analysis, the
isolates were found to belong to the following genera
of Burkholderia, Rhizobium, Acinetobacter, Mangrovi-
bacter, Methylobacterium, Asticcacaulis, Arthrobacter,
Roseateles, Novosphingobium, Sphingomonas, Microbac-
terium, Herbaspirillum, Pseudomonas, Labrys, Labrenzia
and Marinobacter. The first reports of taxa having ACC
deaminase activity and plant association are Asticcacau-
lis, Mangrovibacter, Labrys, Labrenzia and Marinobacter.
These results showed that the current screening meth-
odology yielded good diversity of ACC deaminase pro-
ducing strains. In addition, two potential novel strains
were identified based on the polyphasic taxonomy
(genotypic, phenotypic and chemotaxonomic) analysis,
which were named as Arthrobacter pokkali sp.nov and
a novel genera Oryzibacter plantistimulans gen. nov. sp.

nov.

Novel pokkali rice associated Sphingomonas
with plant beneficial activities isolated from
pokkali rice fields: Nine novel Sphingomonas isolates
were identified from the rhizosphere soil of pokkali rice
plants. The sampling was done during the period of
August-September (2013) from Chellanam and Kumbal-
angi pokkali rice fields of Ernakulam district, Kerala. All
the Sphingomonas isolates showed plant beneficial func-
tions such as auxin plant hormone production, growth
in ACC amended medium. A polyphasic approach was
carried out to characterize these nine yellow-pigment-
ed strains associated with pokkali rhizosphere soils. All

these nine strains were very closely related, with 99-

100% 16s rRNA gene sequence similarity, suggesting
that all these isolates represented a single species. 16s
rRNA gene sequence analysis identified Sphingomonas
pituitosa as the closest relative with 98.5% similarity to
the novel identified isolates and Sphingomonas trueperi,
Sphingomonas azotifigens as other closest relatives.
Even though, these isolates showed 99-100% similarity
among themselves, the phylogenetic tree devised from
the 16s rRNA gene sequences structured to form two
different tightly related clusters (Cluster | - 3aNB17
and L3B27; Cluster Il - 3CLB12, 3CNB20, 3CNB30,
3CNB27, 3CNBAF), both closely relating with the four
already identified Sphingomonas isolates (Fig 24). Based
on this, further genomic differentiation was done for
all the nine isolates with Rep PCR - (GTG), primers.
The banding patterns obtained from these fingerprint-
ing primers showed a very good intra-species diversity
among the very similar nine novel isolates. These in-
tra-species diversity was reflected from three different
banding patterns obtained which is clearly visible from

the fingerprinting gel profile (Fig 25).
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Fig 24 Neighbour-joining phylogenetic tree based on 165
rRNA gene sequences of Sphingomnasa strains and members
of related generae. Numbers at nodes indicate bootstrap
values (%). Bar, 0.05 substitutions per nucleotide position
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1-1 kb DNA ladder 2.0383T 3-LiAd, 4.LID23 5-3aNB1T B-3CLBIZ. 7 -ACNB2D
8-3CNB30, 9 ICNB2T, 10.3CHBAF

Fig 25 Genomic finger printing using rep-PCR showing intra-
species diversity among Sphingomonas isolates

NII Culture Collection: The Nil-Microbial culture
Collection and Gene Bank (NIICC), a national facil-
ity established in 2008 is a modern facility situated
at the National Institute for Interdisciplinary Sci-
ence and Technology (NIIST), Trivandrum. It is an
affiliate member of the World Federation for Cul-

ture Collections (WFCC) and is registered with the
World Data Centre for Microorganisms (WDCM,
registration number 961).The main objectives of
this national facility are to act as a depository es-
pecially for marine actinomycetes, agricultural and
industrial important microbes, novel taxa. Presently,
the NIICC holds collectively over one thousand cul-
tures, including Actinomycetes, Bacteria, Fungi and
Yeasts. Generally, cultures are preserved by 20%
glycerol stocks, either in ultra-deep freezer (-80°C)
or in liquid nitrogen container (-196°C). NIl also
holds a dedicated in- lab DNA Sequencing facility;
eight capillary DNA sequence machine (model 3500
ABI), mainly used in research programs relating to
microbial diversity, ecology and taxonomy. The facil-
ity also provides DNA sequencing services for stu-
dents and scientists of NIIST.
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CHEMICAL SCIENCES AND TECHNOLOGY DIVISION

The main research focus of the Chemical Sciences and Technology Division (CSTD) during the year 2013-2014
has been on the following themes; (i) self-assembly of oligomers and polymers (ii) artificial photosynthesis and
organic electronics, (jii) probes and sensors, (iv) organic catalysis and synthetic methodologies, (v) probes and sen-
sitizers for biology (vi) bioactive natural products (vii) computational chemistry and (viii) x-ray crystallography. The
Division has also ongoing research activities under the 12* Five Year Plan in interdisciplinary areas with an aim to
capitalize on the existing knowledge base. Under these programs, functional advanced materials are being devel-
oped to meet the challenges in affordable health, energy, imaging and diagnostic applications and strategic sector.

During this period, the Division has been enriched by the joining of one new scientist Dr. Karunakaran Venu-
gopal who has expertise in ultrafast spectroscopy. As in the earlier years, the members of the Division have been
quite successful in publishing 74 papers in high impact journals with an average impact factor of 4.1. Given below
are some of the research highlights of the Division during the year 2013-2014, along with brief abstracts of the
results published in various international peer reviewed journals.

Highlights

> Synthesized various m-conjugated systems showing efficient supramolecular gelation through chain fold-
ing, m-m interactions, physical crosslinking, ultrasound initiated nucleation or organization at the air-
water interface.

»  Demonstrated the use of multi-chromophoric systems of donor-acceptor assemblies for artificial photo-
synthesis, dyes having panchromatic absorption for organic solar cell and bio based materials for ionic
liquid crystal applications.

»  Designed molecular probes/electrodes for selective sensing of analytes such as Zn*, Cd* Hg*, Al*cations,
NO, anions, methanol vapors, catechols, ascorbic acid and for two photon and SERS based bioimaging.

»  lIsolation of bioactive natural products for therapeutics, development of new synthetic methodologies
and nanoparticle based MOFs for catalysis.

»  Theoretical approaches for design of new molecular receptors, ligands, catalysts and to study hydrogen,
halogen and dihydrogen bond formation.

»  Developed neutral and metalloporphyrins for photodynamic therapy and biosensing applications
> Established state-of the-art instrumentation facilities like Single Crystal X-ray, and DNA Synthesizer.
>  MOU signed with M/s SABIC, Kingdom of Saudi Arabia and Vinvish, Trivandrum for industrial collaboration.
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SELF-ASSEMBLY OF OLIGOMERS
& POLYMERS

Self-assembly of m-conjugated molecules has evolved
as a powerful strategy to produce new functional ma-
terials from individual components. In Nature, many of
the highly complex yet efficient devices are formed via
supramolecular molecular organization of many compo-
nents. Attempts to mimic nature and produce artificial
devices lead to the birth of the field “supramolecular
chemistry”. Optimizing different intermolecular interac-
tions is essential to have precise control over molecular
organization. It is a major challenge and the modulation
of this enables to produce materials with varying prop-
erties. Low molecular-weight components are gaining
much attention in recent times due to their ease of syn-
thesis, purification, substitution with suitable functional
groups and through optimizing conditions it is possi-
ble to generate novel functional nanomaterials. In this
context, the division is actively involved in the design
and synthesis of low molecular weight oligomers and
polymers as well as optimization of their intermolecular
interactions during self-assembly to generate a range
of organic nanomaterials including nanowires, nanorods,
gels and liquid crystals.

Chain folding controlled by an isomeric re-
peat unit: Helix formation versus random ag-
gregation in acetylene-bridged carbazole-bi-
pyridine co-oligomers.

An unprecedented, positional effect of the isomeric
repeat unit on chain folding in donor-acceptor linked
oligomers, which contain alternating bipyridine and car-
bazole moieties that are connected through an acetylin-
ic linkage, has been observed. 4,4-Linked oligomer 1
adopts an intrachain helical conformation (CD-active)
in CHCl,/MeCN (20:80 v/v), whereas the oligomer 2,
which contains an isomeric 6,6-linkage, forms interchain
randomly coiled aggregates (CD-inactive). The substitu-
tion position plays a significant role in controlling the
variations in electronic effects and dipole moments

around the bipyridyl moiety, which are responsible for
this observed phenomenon. Two model compounds of
oligomers 1 and 2 (3 and 4, respectively) were prepared
and their properties were compared. A systematic in-
vestigation of the photophysical and CD properties of
these structures, as well as theoretical studies, support
the conclusions. (A. Ajayaghosh et al.Chemistry - An
Asian Journal, 2013, 8, 1579-86).
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Ultrasound stimulated nucleation and growth
of a dye assembly into extended gel nano-
structures.

A squaraine dye functionalized with a bulky trialk-
oxy phenyl moiety through a flexible diamide linkage
(GA-SQ) capable of undergoing self-assembly has been
shown to form two types of nanostructures, rings and
ill-defined short fibers, upon rapid cooling of a hot solu-
tion to 0° C. The application of ultrasound modifies the
conditions for the super saturation mediated nucleation,
generating only one kind of nuclei and prompting the
formation of crystalline fibrous structures, inducing gela-

tion of solvent molecules.

The unique self-assembling behaviour of GA-SQ un-

der ultrasound stimulus has been investigated using
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absorption, emission, FT-IR, XRD, SEM, AFM and TEM
techniques. These studies revealed a nucleation growth
mechanism of the self-assembled material, an aspect
rarely scrutinized in the area of sonication-induced ge-
lation. Furthermore, in order to probe the effects of
nanoscale substrates on the sonication-induced self-
assembly, a minuscule amount of single-walled carbon
nanotubes was added, which leads to acceleration of
the self-assembly through a heterogeneous nucleation
process that ultimately affords a supramolecular gel with
nanotape-like morphology. This study demonstrates that
self-assembly of functional dyes can be judiciously ma-
nipulated by an external stimulus and can be further
controlled by the addition of carbon nanotubes (A. Ajay-
aghosh et al. Chemistry - A European Journal, 2013, 19,
12991-13001).
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Luminescent and conductive supramolecular
polymers obtained from an N-annulated per-
ylenedicarboxamide.

The synthesis, cooperative supramolecular polymer-
ization, photophysical and semiconducting properties of
an N-annulated perylenedicarboxamide (NPDC) (com-
pound 1) are reported. N-annulated perylene deriva-
tives are m-conjugated platforms very useful to attain
processable materials with highly anisotropic electronic
properties. The columnar aggregates formed upon the

self-assembly of 1 reported behave as a multifunctional

material exhibiting highly luminescent features and also
promising values of electric conductivity that makes this
compound an appealing candidate with potential ap-
plicability in the research field of soft electronics. (A.
Ajayaghosh et al. Chem. Commun., 2013, 49, 9278-80).

Aligned 1-D nanorods of a m-gelator exhibit
molecular orientation and excitation energy
transport different from entangled fiber net-
works.

Linear m-gelators self-assemble into entangled fibers in
which the molecules are arranged perpendicular to the fi-
ber long axis. However, orientation of gelator molecules in
a direction parallel to the long axes of the one-dimension-
al (1-D) structures remains challenging. Recently, it was
demonstrated that, at the air-water interface, an oligo
(p-phenylenevinylene)-derived  mi-gelator  forms  aligned
nanorods of 340 +120 nm length and 345 nm width,
in which the gelator molecules are reoriented parallel to
the long axis of the rods. The orientation change of the
molecules resulted in distinct excited-state properties upon
local photoexcitation, as evidenced by near-field scanning
optical microscopy. A detailed understanding of the mecha-
nism by which excitation energy migrates through these
1-D molecular assemblies might help in the design of su-
pramolecular structures with improved charge-transport
properties (A. Ajayaghosh et al. J. Am. Chem. Soc. dx.doi.
org/10.1021/ja504014k).
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Supergelation via purely aromatic m-m driven
self-assembly of pseudodiscotic oxadiazole
mesogens.

A series of highly luminescent oxadiazole-based stil-
bene molecules (OXD4, OXD8, OXD10, and OXD12)
exhibiting interesting enantiotropic liquid crystalline and
gelation properties have been synthesized and char-
acterized. The molecules possessing longer alkyl sub-
stituents, OXD10 and OXD12, possess a pseudo disc
shape and are capable of behaving as super gelators
in nonpolar solvents, forming self-standing gels with
very high thermal and mechanical stability. Notably the
self-assembly of these molecules, which do not possess
any hydrogen-bonding motifs normally observed in most
reported super gelators, is driven purely by m-stacking
interactions of the constituent molecules. The d-spacing
ratios estimated from XRD analysis of OXD derivatives
possessing longer alkyl chains showed that the mole-
cules are arranged in a columnar fashion in the meso-
gens and the self-assembled nanofibers formed in the
gelation process. (Suresh Das et al., J. Am. Chem. Soc.
2014, 136, 5416-23).

Robust polymeric hydrogel using rod-like
amidodiol as cross linker: Studies on ad-
sorption kinetics and mechanism using
dyes as adsorbate.

The preparation of robust polyacrylic acid hydrogel
using rod-like amidodiol as physical cross linker is be-
ing reported. PAG hydrogels were characterised for its
chemical structure, rheology, swelling, diffusion and ad-
sorption properties. Kinetics and mechanism of adsorp-
tion was investigated by UV-visible spectroscopy using
dyes such as rhodamine 6G and methylene blue as ad-
sorbate. Results suggested pseudo second order kinetics
of multilayer adsorption and hydrogel could retain its
shape even after swelling. Effect of amidodiol on the ad-
sorption of dyes was investigated. Extent of interaction
between adsorbate-adsorbate and adsorbent-adsorbate
was studied using Gile’s model. The generated results
may provide a low cost simple technology for develop-
ing robust polymeric hydrogel adsorbent. The adsorp-
tion characteristics results can be exploited for setting
up pilot plant adsorbent for the removal of such organic
toxic materials. Finally, its application for the removal
of dyes from waste water collected from textile and
paper industries was demonstrated. (Sudha and Prasada
Rao et al., J. Appl. Polym. Sci., 2014, DOI: 10.1002/
app.40908).
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ARTIFICIAL PHOTOSYNTHESIS
AND ORGANIC ELECTRONICS

Among the grand challenges facing the creation of
a sustainable society, the development of technologies
that use renewable sources of energy is one of the
major challenges. Artificial photosynthesis is the “Holy
Grail” for a sustainable energy generation which involves
routes using solar energy to produce H, and fuels, in
particular those based on the conversion of CO, to safe
and easily storable liquid fuels. Considerable research
effort has been devoted for developing efficient meth-
odologies for solar water splitting. In this context, the
efforts will be focused in developing simpler, less costly,
and more robust molecular devices that can efficiently
produce H, from H,O using sunlight in the absence
of sacrificial agents. This will be the first step towards
building up a solar fuel hub competitive to international
standards for artificial photosynthesis.

The research on organic electronics is maturing into
commercial realities in the form of displays, solar cell
modules and memories. There are still some perfor-
mance gaps in terms of efficiency, device lifetime, stabil-
ity of constituent materials and large area fabrication.
These challenges can only be addressed by integrating
the capabilities on synthesis of functional molecules and
device fabrication. Currently the institute is in the pro-
cess of setting up a full-fledged facility for fabrication
and characterization of organic electronic devices. White
light emitting diodes (WOLEDs), red, green and blue
emitting diodes, dye sensitized solar cells (dssc), organic
photovoltaic cells and organic thin film transistors will
be developed at component level and applying them
onto large panels will be a long term goal.

Cyclotriphosphazene appended porphyrins and
fulleropyrrolidine complexes as supramolecu-
lar multiple photosynthetic reaction centers:
Steady and excited states photophysical inves-
tigation.

New multiple photosynthetic reaction centers were
constructed from cyclophosphazene decorated multi-

porphyrin chromophores and a fulleropyrrolidine having
pyridine ligand (FPY). The excited state electron trans-
fer in the self-assembled donor-acceptor assembly was
investigated by using steady state absorption and emis-
sion, time-resolved emission spectroscopy and nanosec-
ond laser flash photolysis. The effect of metal (Zn*)
coordination to porphyrin units in the multiporphyrin
arrays on cyclophosphazine scaffold (P3N3Zn) was stud-
ied by comparing with metal free porphyrin assembly
on cyclophosphazene scaffold (P3N3). In P3N3Zn, the
decrease of absorption and fluorescence intensity and
lowering of amplitude of longer fluorescence lifetime
with increase of FPY concentration reflect the forma-
tion of ground state complex with association constant
of ~14,910 M". When compared to metal free complex
P3N3, the metal coordinated derivative P3N3Zn exhib-
ited shortening of the singlet and triplet state lifetimes
and lowering of singlet and triplet quantum yields. The
cause of decrease of triplet quantum yields by insertion
of zinc metal is discussed along with the possible non-
planarity of the porphyrin ring. From the fluorescence
lifetime measurements for the P3N3Zn/FPY mixture, it
is proposed that self-assembly of donor-acceptor com-
plex leads to charge separated species with rate con-
stant of 7.1x10° s™'. The decrease of triplet state inten-
sity and lifetime of the P3N3Zn in P3N3Zn/FPY complex
from the nanosecond transient absorption studies sup-
port the occurrence of intermolecular electron transfer
in the triplet state. (V. Karunakaran et al., Phys. Chem.
Chem. Phys., 2014, 16, 10149-56).
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A supramolecular photosynthetic model made
of a multiporphyrinic array constructed around
a C60 core and a C60-imidazole derivative.

CHEMISTRY

A Suimpeni Journal Mimicking natural

photosynthetic  sys-
tems is a challenge as
this would eventually
lead to technologies
and products for ef-
fective tapping and
conversion of  solar
energy into other use-
ful forms. It has been
identified that light

absorption and photo-induced electron transfer are the

two key processes occurring in natural photosynthetic
systems. The best modalities could be to improve the
efficiency of light harvesting and increase the stability
of the charge separated state. Porphyrin-fullerene con-
jugate pairs are one of the well exploited systems in
this context and are proposed to be promising mate-
rials for photovoltaic applications. The primary process
of energy and electron transfer in a supramolecular
nanoarchitecture was investigated. The present pho-
tosynthetic model system consists of a multi-porphyrin
array host constructed around C60 core and an imidaz-
ole appended fullerene guest system. The detailed pho-
tophysical investigations revealed that (i) in nonpolar
environments like toluene, the supramolecular ensemble
exhibits a charge transfer emission centered around 930
nm, suggesting the occurrence of intramolecular face-
to-face interactions of guest fullerene with neighbour-
ing metalloporphyrin moieties and (ii) in polar solvents
like benzonitrile, a very stable and long-lived charge-
separated state (as long as 0.3 ms) occured. One of the
interesting aspects about the present system is that ow-
ing to the large number of porphyrin subunits, the host
system serves as an antenna capable of harvesting more
light via absorption prior to the electron-transfer event.

In addition to this the possibility of exciton migration
among the different Zn(Il)porphyrins in the host system
stabilizes the charge transfer state and makes the pres-
ent artificial supramolecular nanoarchitecture more close
to a natural photosynthetic systems (K. Yoosaf et al.,
Chem. Eur. J., 2014, 20, 223-31).

Complementary co-sensitization of an aggre-
gating squaraine dye in solid-state dye-sensi-
tized solar cells.

In this study, the co-sensitization approach to reach
panchromatic light absorption in solid-state dye-sensitized
solar cells (SDSCs) was used. Two complementary absorb-
ing organic sensitizers were combined, viz. a blue-absorb-
ing triphenyldiamine dye (TPD-dye) and a red-absorbing
squaraine dye (SQ-dye). The aggregation behaviour of
SQ-dye was entirely investigated by steady-state UV/Vis
spectroscopy. The formation of H- and J-aggregates was
observed in both solution and the chemisorbed state on
mesoporous TiO,. On applying SQ-dye and TPD-dye in
single-dye and co-sensitized SDSCs, the external quantum
efficiency studies clearly indicated that TPD-dye, as well
as the monomer species and the H- and J- aggregates of
SQ-dye contribute to the current generation. The perfor-
mance of the co-sensitized SDSCs regarding the solvent
used for the chemisorption, the chemisorption time, and
the thickness of the mesoporous TiO, layer were opti-
mized. The best result was obtained for a co-sensitized
SDSC after chemisorption for 3 h from a tert-butanol/
acetonitrile 1:1 solution using a 1.4um thick mesoporous
TiO, layer (Suresh Das et al., Dyes and Pigments, 2013, 99,

1101-06).
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Asymmetric squaraine dyes:
and theoretical investigation.

Spectroscopic

A joint experimental and theoretical study of two
asymmetric squaraine dyes and their parent symmetric
dyes was undertaken. The definition of reliable essen-
tial-state models for asymmetric squaraines sheds light
on the intriguing spectroscopic behavior of this class
of molecules, showing inverted and normal solvatochro-
mism in absorption and emission, respectively. This be-
havior is related to charge redistribution in the excited
state, with important implications for optimal design of
asymmetric dyes for solar cell applications (Suresh Das
et al., J. Phys. Chem. B 2013, 117, 8536-46).
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Bio-based lonic liquid crystalline quater-
nary ammonium salts: Properties and ap-
plications.

In the present work, the preparation, properties and
applications of novel ionic liquid crystalline quaternary
ammonium salts of 3-pentadecylphenol, a bio-based low
cost material derived from cashew nut shell liquid, are
described. Amphotropic liquid crystalline phase forma-
tion in QSs were characterised using a combination of
techniques such as DSC, PLM, XRD, SEM, and rheology
which revealed the formation of one-, two- and three

dimensionally ordered mesophases in different length
scales. Based on the results, a plausible mechanism for
the formation of specific modes of packing in various
mesophases was proposed. Observation of anisotropic
ionic conductivity and electrochemical stability suggests
its applications as a solid electrolyte. Furthermore, its
application as a soft template for the preparation of
nano structured semiconducting materials such as zinc
oxide was demonstrated, which may find diverse appli-
cations. (T. P. Rao and Sudha et al., ACS Applied Materi-
als and Interfaces, 2014, 6 (6), 4126-33).
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Investigations of the low frequency modes of
ferric cytochrome using vibrational coherence
spectroscopy.

Femtosecond vibrational coherence spectroscopy is
used to investigate the low frequency vibrational dy-
namics of the electron transfer heme protein, cyto-
chrome ¢ (cyt ¢). The vibrational coherence spectra of
ferric cyt ¢ have been measured as a function of exci-
tation wavelength within the Soret band. Vibrational
coherence spectra obtained with excitation between
412-421 nm display a strong mode at ~ 44 cm™ that has
been assigned to have a significant contribution from
heme ruffling motion in the electronic ground state. This
assignment is based partially on the presence of a large
heme ruffling distortion in the normal coordinate struc-
tural decomposition (NSD) analysis of the x-ray crystal
structures. When the excitation wavelength was moved
into the ~421-435 nm region, the transient absorption
increased along with the relative intensity of two modes
near ~55 and 30 cm™. The intensity of the mode near
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44 ¢m™ appears to minimize in this region and then
recover (but with an opposite phase compared to the
blue excitation) when the laser was tuned to 443 nm.
These observations were consistent with the superposi-
tion of both ground and excited state coherence in the
421-435 nm region due to the excitation of a weak
porphyrin-to-iron charge transfer (CT) state, which has
a lifetime long enough to observe vibrational coherence.
The mode near 55 cm™ is suggested to arise from ruf-
fling in a transient CT state that has a less ruffled heme
due to its iron d® configuration (V. Karunakaran et al., J.
Phys. Chem. B, 2014, 118, DOI: 10.1021/jp501298¢).
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Metal-induced fluorescence lifetime enhance-
ment of quinaldine chromophore on gold
nanoparticle surface.

The decay engineering of chromophores on well-
defined metal surfaces and nanoparticles has been the
subject of intense research in the current decade and
has found a wide range of applications in diverse areas
of photonics, optoelectronics, material science, biology
and catalysis. In chromophore functionalized nanoma-
terials, the nanoparticles can activate or deactivate the
radiative and non-radiative processes taking place in the
chromophore, leading to fluorescence enhancement or
quenching, lifetime enhancement or shortening. The ex-
cited chromophores in the vicinity of the metal surface

are closely involved in most of the dynamic processes
and therefore their nature and mode of radiative and
non-radiative relaxation are subjects of strong interest.
Several reports have been presented in literature on
the fluorescence lifetime shortening of chromophores
placed in close proximity to the nanoparticles where-
as, lifetime enhancement of chromophores has seldom
been reported, especially in solution phase interactions.
The phenomenon of nanoparticle-induced fluorescence
lifetime enhancement of a protonated 8-propoxyquin-
aldine thiol (PQT) derivative covalently attached to the
surface of gold (Au) nanoparticles was studied. A dra-
matic decrease in the fluorescence decay rate was also
observed for protonated PQT on the Au nanoparticle
surface. These combined effects can be attributed to the
parallel orientation of the dipole moment of the chro-
mophore with respect to the metal surface. The parallel
orientation results in the coupling of the dipole moment
of the probe with its dipole image on the metal surface
and thus decreases the effective dipole strength of the
fluorophore (Luxmi Varma et al., New Journal of Chemis-
try, 2013, 37, 2426-32).
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PROBES AND SENSORS

Molecular probes that can selectively transform
chemical information into a detectable signal output
find use as essential tools in many research areas. A
number of proteins, other molecules and ions play es-
sential roles in requlating cellular functions and other
activities. Understanding the chemistry of these intra-
cellular molecules and ions, directly inside the cells is
one of the biggest challenges of the post genome era.
Direct visualisation of cellular molecules, provides us in-
formation clarifying their biological significance without
homogenizing the cells or dissecting the living organism.
Results related to the design of probes and sensors for
various applications are described below.

A fluorescent molecular probe for the identi-
fication of zinc and cadmium salts by excited
state charge transfer modulation.

A D-m-A-n-D type fluorophore with a bipyridine
moiety as the receptor site was synthesized, since
2,2-bipyridine is a versatile ligand in coordination chem-
istry. Particularly, bipyridine derivatives bind to different
transition metal ions and show changes in optical prop-
erties. Bipyridine conjugated to heterocyclic moieties
shows specific fluorescence response to zinc and cadmi-
um ions whereas other transition metal ions quench the
emission. This property has been successfully utilized for
the ratiometric sensing of zinc ions under various con-
ditions. It is known that bipyridine based fluorophores
show intramolecular charge transfer properties which
upon binding of cations will further enhance, allowing
considerable modification of the emission properties (A.
Ajayaghosh et al. Chem. Commun., 2014, 50, 6020-22).
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A bipyridine centered donor-acceptor- donor (D-1i-
A-m- D) type ratiometric fluorescent molecular probe
exhibited an
photon absorption (2PA) cross section upon Zn*

unprecedented enhancement in two-

binding. Moreover, owing to the excited state
charge-transfer of the fluorophore m-backbone, a sig-
nificant enhancement in the two-photon excited (A__=
820 nm) fluorescence intensity was observed upon Zn*

binding, resulting in a 13-fold enhancement in the 2PA
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cross section and 9-fold enhancement in fluorescence
brightness at 620 nm when compared to the cation free
fluorophore. The high 2PA cross section of 1433 GM
and 2P action cross section (860 GM) with excel-
lent 2P excited fluorescence variation at 620 and
517 nm upon Zn*binding facilitated a ratiometric
monitoring of free zinc ions in cells. The low cy-
totoxicity and good photostability of the fluorophore
allowed two-photon Zn* imaging of Hela cells. In ad-
dition, the in vivo two-photon imaging of Zn*ions
in hepatocytes of live mice illustrated the viability of
the probe in tissue imaging and monitoring of free zinc
ions in live cells (A. Ajayaghosh et al., Chem. Sci.2014
DOI: 10.1039/C4SC00736K).

Electrochemical synthesis of gold atomic
cluster-chitosan nanocomposite film modified
gold electrode for ultra-trace determination
of mercury.

In the present study chitosan stabilized gold atomic
cluster-chitosan nanocomposite was synthesised by a
simple electrochemical technique based on the anodic
dissolution of gold electrode in presence of a cationic
surfactant, cetyl trimethyl ammonium bromide (CTAB),
and a biopolymer chitosan on gold electrode. The gold
clusters formed were characterized by DLS, TEM, MAL-
DI-TOF- MS, XPS, Fluorescence and cyclic voltammetry.
The developed gold atomic cluster-chitosan (AuAC-Chit)
nanocomposite modified gold electrode was highly sen-
sitive and selective for the electrochemical detection of
Hg (1) ions. It offers wider calibration range of 10™-107
M with a limit of detection (LOD) of 0.8x10"* M and
limit of quantification (LOQ) of 6.6x10"* M, much be-
low the guideline value of 1x10® M stipulated by United
States Environmental Protection Agency (USEPA), ac-
companied with a good precision of 1.06% for 10" M of
Hg (I). The designed sensor is selective to Hg (II) ions
in the presence of other coexisting species (Prasada Rao
et al., Phys. Chem. Chem. Phys., 2014,16 8529-35).

Colorimetric detection of Al(lll) ions based
on triethylene glycol appended 8-propyloxy
quinoline ester.

Design and synthesis of small organic molecule
based chromophores as sensors/receptors for the sens-
ing of environmentally hazardous metal ions have been
an area of research of contemporary importance due to
its wide applications in ion transport, chemosensing and
imaging, metalloenzyme mimics, catalysis, nuclear waste
treatment etc. Chemosensors are especially attractive if
they can detect an analyte selectively by naked eye by
bringing about a bathochromic or hypsochromic shift
of absorption bands or a colour change upon analyte
binding. In this context, a triethylene glycol modified
quinoline ester (PQTEG) was synthesised which acts as
a colorimetric sensor for AP** ions with a detection limit
of 8x10-7 M in acetonitrile/water (95:5) solvent system.
The detection limit was lower than that of the permis-
sible level (7.4 pM) for drinking water as defined by
WHO. (Tetrahedron Letters, 2013, 54, 4232-36).

Interplay of monomer, intra- and intermolec-
ular excimer fluorescence in cyclophanes and
selective recognition of methanol vapours.

With an objective to develop simple organic sys-
tems for optoelectronic applications, the photophysical
properties of water soluble cyclophane derivatives 1,
2 and model compound 3 in solution and solid state
were investigated. All these systems exhibited charac-
teristic anthracene absorption and emission behaviour
in methanol while the symmetrical cyclophane 1 exhib-
ited an intramolecular excimer emission in the aque-
ous medium. Interestingly, in the solid state it showed
a high red-shifted emission maximum when compared
to those in the solution. The unsymmetrical cyclophane
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2, on the other hand, exhibited monomer emission in
both organic and aqueous media, while a dual emis-
sion (monomer and excimer) was observed in the solid
state. Insights into these unique fluorescence properties
were gained by studying the molecular packing of the
cyclophanes through single crystal X-ray structure analy-
sis. The symmetrical cyclophane 1 exhibited a unidirec-
tional sandwich-type packing pattern thereby resulting
in strong face-to-face m-m stacking interactions between
the anthracene chromophores, whereas 2 exhibited
both Herringbone and sandwich-type pattern, wherein
the interacting anthracene moieties were arranged in
an intermolecular T-shaped fashion. By virtue of differ-
ent molecular packing, the cyclophane 1 showed visible
fluorescence colour change from yellow to blue when
exposed to methanol vapours as compared to ethanol,
acetonitrile, hexane and water vapours. Uniquely, this
system can detect as low as 1% of methanol in ethanol
solution thereby demonstrating its usefulness as an op-
tical probe for the detection of methanol vapours (D.
Ramaiah et al., RSC Adv., 2013, 3, 5624-30).
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Efficient reaction based colorimetric probe for sen-
sitive detection, quantification, and on-site analy-
sis of nitrite ions in natural water resources.

Nitrite (NO,’) ions are considered to be type A inor-
ganic contaminants in drinking water and have proven
to be of a great threat to human health in many ways.
Therefore, a simple and sensitive test for the detection
of nitrite ions could greatly aid individuals in evaluat-
ing the quality of their drinking water source. In this

context, a novel aza-BODIPY probe for the sensitive
colorimetric detection of the nitrite ions in the aqueous
medium by a simple and direct method was developed.
This probe selectively recognizes the nitrite ions through
a distinct visual colour change from bright blue to in-
tense green with a sensitivity of 20 ppb. One of the
remarkable aspects of the present assay is the use of a
stable single molecule, which is highly selective and sen-
sitive, and uniquely, this phenomenon can be exploited
in the fabrication of a simple solid state dipstick device
that can be used for the visual detection of nitrite ions
in the presence of other competing ions in distilled as
well as natural water resources. Further, this probe can
be used for the sensitive detection of the nitrate ions
when coupled to a reduction step. The results demon-
strate that this probe not only can be used for the on-
site analysis and quantification but also can replace the
conventional spot test carried out for the nitrite ions in
the laboratory practical experiments (D. Ramaiah et al.,
Anal. Chem., 2013, 85, 10008-12).
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Ultrasensitive voltammetric determination of
catechol at gold atomic cluster/poly(3,4-ethyl-
enedioxythiophene) nanocomposite electrode.

A novel gold atomic cluster- poly(3,4- ethylenedioxy-
thiophene) (AUAC/PEDOT/Au) nanocomposite modi-
fied gold electrode has been designed for the trace level
sensing of catechol. The addition of copper(ll) enhanced
the electro-catalytic oxidation of catechol via the for-
mation of copper(l). The electrochemically synthesized
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PEDOT/Au and the AuUAC/PEDOT/Au hybrid films were
characterized by electrochemical and morphological
methods. Under optimal conditions the nanocomposite
modified electrode offers a wider calibration range of
1x10*to 10 pM with a lowest detection limit of 6.3
pM for catechol. Moreover, the developed electrochemi-
cal sensor exhibited good selectivity and acceptable re-
producibility (1.23% for 1 nM of catechol) and could
be used for the routine detection and quantification of
catechol in natural water samples (Prasada Rao et al.
Analyst, 2013, 138,5031-38).
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Design of a nanostructured electromagnetic
polyaniline-kegginiron-clay composite modi-
fied electrochemical sensor for the nanomolar
detection of ascorbic acid.

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 (PC) through
solution blending process was 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 ap-
plying Mott theory and was found to follow 3-D VRH
model. The presence of interaction between the host
matrix and nanofiller was studied by rheological prop-
erty measurement in combination with FTIR spectros-

copy. Films were further characterized for EMI shielding
efficiency and thermo-mechanical properties. Results
suggest that these transparent composite films can be
used for the fabrication of EMI shielding/ electrostatic
dissipation material for the encapsulation of electronic
devices and as electrostatic material for high technologi-
cal applications (Sudha et al., J. Appl. Polym. Sci. (2014),

DOI: 10.1002/APP.40936).
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Schematic representation of the proposed PPICS modified
platinum electrode and its electrochemical reaction with
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New insight of squaraine based bio-
compatible SERS nanotag for cancer cell
imaging.

Development of sensitive diagnostic probe especially
towards the aim of point of care treatment is a chal-
lenging task for early and accurate detection of diseases
which facilitates monitoring of therapeutic progression
to reduce mortality and morbidity. In this regard, optical
imaging technologies using nanomaterials such as gold
or silver nanoparticles, iron oxide nanocrystals and quan-
tum dots have been successfully applied for molecular
diagnosis, in vivo imaging and drug delivery. In recent
years, surface-enhanced Raman scattering (SERS) tech-
nology invented to be most sensitive techniques among
other optical imaging modalities as the signal intensity
of molecular vibration enhanced 108-10™ folds compare
to simple Raman spectra. The Raman scattering en-
hancement is due to the strong surface plasmon reso-
whenever Raman molecules

nance signature
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(RSM) come close proximity to the surface of metal
nanoparticles (Au/Ag/Cu). In bio-sensing and imaging
SERS nanoprobes were successfully tested as an alterna-
tive choice to fluorescence-probe within the complex
biological systems. However, the major bottleneck for
the development of sensitive SERS probe is the lack of
sensitive RSM whose excitation wavelength should be
closer to the laser source of Raman spectrometer as it
enhances the signal intensity by another two /three
folds by surface enhanced resonance Raman scattering
(SERRS). In this context, new set of RSM based on
squaraine dyes were designed. Squaraine dyes have
been studied extensively in the last few decades due to
their unique optical properties such as tuneable absorp-
tion and emission ranges from visible to NIR, high ex-
tension coefficient, and moderate fluorescence quantum
yield that enable applications in imaging technologies,
photo conducting devices, photovoltaics, non-linear op-
tics, sensing and photodynamic therapy. Squaraine dyes
as Raman signature molecules have been demonstrated
and utilized for biocompatible SERS nanotags construc-
tion. Further investigation has been successfully carried
with the best nanotag to detect human cancer proteins
from breast, lung, head and neck cancer cells by Raman
spectroscopic and imaging study (Maiti et al., Nano-
medicine, (2014), in press).
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Resonance enhancement via imidazole sub-
stitution predicts new cation receptors.

Using substituent resonance effect as a key electron-
ic factor, new cation-m receptors (TeesM* - 4e00M*; M* =
Li*, Na*, K*, NH,” and NMe,") have been proposed. DFT
calculations showed that using a strategy of resonance
donation from six nitrogen atoms via three substitut-
ed imidazole subunits, more than four-fold increase in
cation- interaction energy (EM®) can be achieved for
a single phenyl ring compared to benzene. EM* (M* =
NH,", NMe,") of 4eeeM°, wherein M* interacts with only
one phenyl ring is significantly higher than EM* of a
known cation host with several aromatic rings. The hy-
pothesis was verified using several m-systems containing
lone pair bearing six nitrogens and observed that nitro-
gen lone pair attached to a double bond was more ef-
fective for donation than the lone pair that was directly
attached to the benzenoid ring. Further, a convenient
strategy to design electron rich m-systems is provided
on the basis of topographical analysis of molecular elec-
trostatic potential (Suresh, C. H. et al. J. Phys. Chem. A
(2013), 117, 10455).
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Anion receptors based on highly fluorinated
aromatic scaffolds.

Mono, di, and tri pentafluorobenzyl substituted
hexafluorobenzene (HFB) scaffolds viz. R, R, and R,
are proposed as promising receptors for molecules of
chemical, biological and environmental relevance, viz.
N, 0, H,0, H,0,F, CI, BF,, NO, Clo;, Clo,, Clo,,
ClO, and SO,”. The receptor-guest complexes modelled
using MO6L/6-311++G(d,p) DFT showed a remarkable
increase in the complexation energy (E, ) with increase
in the number of fluorinated aromatic moieties in the
receptor. Electron density analysis showed that fluori-
nated aromatic moieties facilitated the formation of
large number of lone pair-m interactions around the
guest molecule. Lone pair strength of guest molecules
quantified in terms of the absolute minimum (V)
of molecular electrostatic potential showed that E
strongly depended on the electron deficient nature of
the receptor as well as strength of lone pairs in the
guest molecule. Compared to HFB, R exhibited 1.1 to
2.5-fold, R, showed 1.6 to 3.6-fold and the bowl-shaped
R, gave 1.8 to 4.7-fold increase in the magnitude of
E,. For instance, in the cases of HFB...F, R...F, R ...F
and R, ...F the E_ values were -21.1, -33.7, -38.1 and
-50.5 kcal/mol, respectively. The results strongly suggest
that tuning lone pair-m interaction provides a power-
ful strategy to design receptors for small molecules and
anions (Suresh, C. H. et al. |. Phys. Chem. A (2014),
118, 4315).

F

M

ORGANIC CATALYSIS AND SYN-
THETIC METHODOLOGIES

For the development of green processes in chemi-
cal industry, increasing attention is shifting towards
industrial production of active pharmaceutical ingredi-
ents (APIs) and the synthesis of advanced precursors.
Two highly effective methods of reducing waste are the
widespread use of catalytic processes and the reduction
in the number of synthetic steps, preferably through
sequential or domino type processes. Thus, the develop-
ment of short reaction sequences, especially effective
catalytic methods are expected to have a particularly
large impact on the development of greener pharma-
ceutical industry.

Among the catalytic technologies, transition metal
catalysis and organocatalysis are indispensable tools for
the efficient and environmentally benign production of
high value organic compounds. These are especially use-
ful in the field of carbon-carbon bond formation and
synthesis of heterocycles, where biocatalytic methods
can be employed only with difficulty. Typical procedures
for the synthesis of pharmaceutically important hetero-
cycles involve stepwise formation of individual bonds
in the target molecule, with attendant generation of
waste. The possibilities of utilizing the versatility of met-
al-catalyzed transformations are very appealing and the
catalytic methods developed towards various molecules
are discussed below.

Palladium-nanoparticle-linked organic frame-
works: Heterogeneous recyclable catalysts.

4,4-Biphenylene-bisdiazonium tetrafluoroborate and
a palladium salt were reduced simultaneously to result in
the formation of palladium atoms and 4,4-biphenylene
biradicals. The palladium atoms underwent clustering
forming palladium nanoparticles, whereas the 4,4"-bi-
phenylene biradicals underwent rapid addition reactions
to other radicals and also to nanoparticle surfaces. The
resulting product contained palladium nanoparticles
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covalently linked to an organic framework (PNOF). The
effects of different reaction conditions upon metal con-
tent as well as on the morphology of the PNOF were
studied. The PNOF structure was probed by different
experimental techniques. The PNOFs were evaluated as
heterogeneous recyclable catalyst in aqueous medium
for reduction of 4-nitrophenol and Suzuki coupling re-
actions. The rate constants obtained from the plots of
In(A/A,) versus t for the 4-nitrophenol reduction reac-
tions were k, .. ~12.44 x 107 s7, k, . ~11.56 x 10?
s'and k, .;,-5.88 x 107 s7. Rate constants obtained
for PNOF1 and PNOF2 catalysed reactions were compa-
rable to or higher than those previously reported by oth-
ers. The catalyst exhibited high reactivity even in Suzuki
couplings of aryl chlorides. TOFs obtained in this study
for the reaction between phenyl boronic acid and acti-
vated aryl chlorides were around 55 h™". For deactivated
aryl chlorides, values as high as 40 h™' were obtained
at higher temperatures (Gopidas et al. ChemCatChem 6
(2014) 1641 - 57).

@ Pd nanoparticie

Studies on deposition of gold atomic clusters on
to polycrystalline gold electrode from aqueous
cetyl trimethyl ammonium bromide solutions.

Atomic (molecular) clusters, with less than 50-100
atoms (size<1.5nm) are of special interest and exhibit
novel and interesting properties due to quantum con-
finement of electrons and holes. These properties are
quite different from those of gold nanoparticles and
hence, understanding of electrochemical phase forma-
tion of gold atomic clusters assumes importance. In the
present study, a detailed investigation of deposition of
gold atomic clusters onto polycrystalline gold electrode
from aqueous cationic surfactant solutions was under-

taken. The studies were conducted over a wide range
of potentials, covering both surface and bulk layer dis-
solution and deposition processes, by means of cyclic
voltammetric and chrono-amperometric techniques.
Gold atomic clusters were formed in both surface and
bulk layer dissolution and deposition processes as evi-
denced by AFM, MALDI-TOF, XPS and DLS. Electrocata-
lytic activity has been performed by the electrochemical
reduction of oxygen (O,) on AuAC modified gold elec-
trode in 0.1 M H,SO,. (Prasada Rao et al,. J. Electroandl.
Chem., 722-723(2014) 60-67).
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Rhodium catalyzed oxidative coupling of salicylal-
dehydes with azabicyclic olefins: A one pot strat-
egy involving aldehyde C-H cleavage and m-allyl
chemistry to access fused ring chromanones.

An efficient one pot strategy for the synthesis of
cyclopentene fused chromanone derivatives through the
direct oxidative coupling of salicylaldehydes with azabi-
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cyclic olefins in the presence of Rh/Cu catalyst system
was tried. This is the first report on the ring opening-
ring closing of azabicyclic olefins via a metal catalyzed
oxidative coupling reaction. The reaction afforded chro-
manone derivatives with potential biological activity. The
ability to use a simple salicylaldehyde and its derivatives
with achiral diazabicyclic olefins is noteworthy. Further
work to screen the synthesized compounds for bioactiv-
ity is in progress and will be reported in due course
(Radhakrishnal et al., Chem. Commun. 2013, 49, 7349).
RO
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Palladium/Lewis acid mediated domino reaction
of pentafulvene derived diazabicyclic olefins:

ey
CGHOAL)y Ml

A Lewis acid/palladium mediated strategy for the
synthesis of a new spiropentacyclic motif having in-
doline and pyrazolidine fused to the cyclopentene core
was demonstrated. The reaction involved multiple bond
formations. It also showed that the proper positioning
of “palladium active” functional groups in the diazabicy-
clic olefins helped in passing the palladium baton from
initial organopalladium addition to the strained olefin,
ultimately delivering complex polycycles in a one pot
transformation. (Radhakrishnal et al., Organic Letters,
2013, 15, 3338-41).
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Rhodium (lI)-catalyzed C-H activation of phenyl-
azoles toward C-N bond cleavage of diazabicyclic
olefins: A facile access to mono- and bis-cyclopen-
tenyl functionalized aza-heteroaromatics.

A rhodium (II) catalyzed stereoselective C-N bond
cleavage of diazabicyclic olefins through C-H bond acti-
vation of phenylazoles has been disclosed. The acetate

ion assisted ring opening of strained alkenes offers an
efficient approach for the preparation of biologically
relevant mono- and bis- cyclopentenyl and alkylidenecy-
clopentenyl functionalized aza-heteroaromatics. Further
studies to broaden the scope of the reaction and explo-

ration of synthetic applications are on-going.
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Role of base assisted proton transfer in N-
Heterocyclic carbene-catalyzed intermolecu-
lar Stetter reaction.

The mechanism of the NHC-catalyzed intermolecular
Stetter reaction between benzaldehyde and cyclopro-
pene has been investigated using the PCM-M062X/6-
311++G(3df,2p)//M062X/6-31+G(d,p) level of DFT.
Compared to the direct reaction, a substantial reduc-
tion in the activation free energy by 10.6-14.4 kcal/
mol was observed when the reaction was performed
in the presence of water, 1,5,7-triazabicyclo[4.4.0]dec-
5-ene (TBD), and 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU). The bases promote the proton transfer step of
the reaction to yield the Breslow intermediate. An early
concerted transition state has been located for the ste-
reo controlling C-C bond formation step (AG* = 26.6
kcal/mol) which was used to explain the diastereomeric

ratio observed in the experiment (Suresh C. H. et al.
Tetrahedron Letters, 2013, 54, 7144).
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Autotandem aromatization-dearomatization
pathways for PNP-Ru-‘catalyzed formation of
imine and hydrogen from alcohol and amine.

Mechanism of auto-tandem catalytic reactions in-
volving EtNH, and EtOH promoted by (PNP)Ru(CO)
H complex (1) has been investigated at the TPSS level
of density functional theory (PNP = C.H,N(CH,PBu,)
(CHPBu,) or C,H,N(CH,P*Pr)(CHP*Pr)). The reac-
tion was identified with three mechanically distinct cata-
lytic cycles. In cycle I, EtOH adduct of 1 undergoes O-H
proton transfer to the PNP ligand to yield the aromatic
(PN'P)Ru(CO)(OEt)H complex3. Subsequent dearoma-
tization of PN'P ligand leads to the formation of dihy-
drogen and (PNP)Ru(CO)(OEt) complex 5. However,
an outer sphere mechanism involving the formation of a
dihydrogen intermediate complex between 1 and EtOH
is more facile for dihydrogen elimination (AG* = 18.4
kcal/mol) than ligand aromatization-dearomatization
pathway (AG* = 23.9 kcal/mol). In 5, the migration of
a P-hydrogen from OEt ligand to the unsaturated P-
arm of PNP, forces removal of MeCHO and formation
of aromatic (PN'P)Ru(CO) complex. Regeneration of
the catalyst occurs by dearomatization of PN'P ligand
through proton migration from P-arm to the metal.
In cycle Il, aromatization of the amine adduct (PNP)
Ru(CO)(EtNHH leads to (PN'P)Ru(CO)(EtNH)H and
subsequent reaction with the MeCHO (formed in cy-
cle 1) yields the hemiaminal EtNHCH(CH,)OH. Direct
reaction between aldehyde and amine can also yield
hemiaminal. In cycle Ill, the hemiaminal-adduct of the
catalyst undergoes aromatization at the PNP ligand via
N-H proton migration which simultaneously activates
C-OH bond to produce imine (EtNCHMe) and (PN'P)
Ru(CO)(OH)H, 17. Removal of H,0 from 17 leads to
regeneration of 1. Aromatization steps are characterized
by the proton migration from the coordinated ligands,
viz. O-H bond of alcohol, C-H bond of alkoxide, N-H
bond of amine and N-H bond of hemiaminal to the un-
saturated P-arm of PNP and the respective AG* values
are 2.4, 15.7, 18.6, and 13.8 kcal/mol. The efficiency of

this auto-tandem catalytic reaction is mainly attributed
to metal-ligand cooperativity operating through several
facile “aromatization-dearomatization” steps (Suresh, C.
H. et al., Organometallics, 2013, 32, 2926-33).
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Nickel(Il) complexes of tripodal 5N ligands
as catalysts for alkane hydroxylation using
M-CPBA as oxidant.

The combined experimental and computational stud-
ies have been performed to investigate the catalytic ac-
tivity of nickel(Il) complexes of the type [Ni(L)(CH,CN)]
(BPh,), 1-5. The complexes 1-5 catalyze the oxidation of
cyclohexane in the presence of m-CPBA as oxidant up
to 530 turn over numbers with good alcohol selectivity
(A/K, 7.1-10.6). It is also demonstrated that by replac-
ing the pyridylmethyl arm in [Ni(LT)(CH,CN)](BPh,),]
(1) by the strongly o-bonding but weakly m-bonding
imidazolylmethyl arm as in [Ni(L5)(CH,CN)](BPh,), (5).
both the catalytic activity and selectivity decreases. The
Density Functional Theory (DFT) studies performed on
cyclohexane oxidation by 1 and 5 show that the high-
spin (S =3/2) [(5N)Ni"-O*]* species was found to be the
ground state with the low-spin (S=1/2) excited state
located close to it. The cyclohexane hydroxylation oc-
curs through a major pathway involving the high-spin
[(5N)Ni"-O*]* species and two transition states ts1,_
and ts2
species but with a low-spin state and two transition
states ts1, and ts2
the high-spin and low-spin [(5N)Ni"-O*]* species coexist

souberr TTOWever, a minor pathway for the same
oublet

soubier MY also operate because both

with a small energy gap for the spin cross over. Overall,
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a two spin-state reactivity is predicted for [(5N)Ni'-O*]*
catalysed cyclohexane hydroxylation reactions wherein
the rate-determining step is the H-abstraction. The lower
catalytic activity of 5 is mainly due to the formation of
thermodynamically less accessible m-CPBA coordinated
precursor of [Ni"(L5)(OOCOCH,CN)]* (5a). (Prabha Vad-
ivelu et al. 2014, Chemistry A European Journal, in press).
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Effect of supporting ligand in determining
the catalytic activity of Ni(ii) complexes.

The DFT calculations have been used to verify the
minimum energy possessing geometries of mixed ligand
nickel(ll) complexes of the type [Ni(PA)(L)(CH,CN) ]
BPh, 1 -5, where n = 1,2, PA'is 2-picolinic acid and L =
N,N"-tetramethylethylenediamine (L1) 1, N,N’,N’-penta-
methyldiethylenetriamine (L2) 2, 2,2-bipyridine (L3) 3,
1,10-phenanthroline (L4) 4 and 2,9-dimethyl-1,10-phen-
anthroline (L5) 5 and also to determine the effect of
various ligand environment to the coordination geometry.
All these observations illustrate the importance of ligand
denticity, Lewis acidity of Ni(ll) center and n-back bond-
ing in determining the catalytic activity. (Prabha Vadivelu
et al. Inorganica Chimica Acta, 2013, 407, 98).

SENSITIZERS AND PROBES
FOR BIOLOGY

Photodynamic therapy (PDT) uses light and small
molecule based sensitizers for site specific and light-trig-
gered destruction of malignant cells. Being an effective
alternative for non-specific chemotherapeutic agents,
PDT sensitizers have high potential in photo-medicine.
The research in this direction focuses both on the design
of new sensitizers and on understanding the chemistry
behind the biological activity of PDT sensitizers. The de-
sign of probes targeting various biomolecular analytes
and understanding the interaction of these probes with
biological molecules is also being undertaken. The fol-
lowing section highlights some of the recent achieve-
ments from the lab in these aspects.

Photomorphogenesis of y-globulin: Effect on
sequential ordering and knock out of gold
nanoparticles array.

The synthesized monodisperse protein-gold nanopar-
ticles (AuNPs), using y-globulin, a blood plasma protein,
which acts as a capping, reducing, as well as a templat-
ing agent. As analysed through various photophysical,
biophysical and microscopic techniques such as TEM,
AFM, C-AFM, SEM, DLS, OPM, CD, and FTIR, it was
observed that the initial photoactivation of y-globulin at
pH 12 for 3 h resulted in small protein fibres of ca. 20
+ 5 nm in size. Subsequently, these fibres found to as-
sist in the alignment of the colloidal gold nanoparticles
of average diameter of ca. 2-2.5 nm on the surface of
protein. At this particular irradiation time, the nano-
bioconjugate thus formed exhibited negligible surface
plasmon resonance absorption but showed an intense
photoluminescence at 680 nm. Further irradiation for
24 h, led to the formation of self-assembled long fibres
of the protein of ca. 2 + 0.5 mm in diameter and ca.
18 mm in length. Interestingly, such a morphological
transformation led to the sequential knock out of the
anchored gold nanoparticles resulting in the clustering
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of the nanoparticles of size ca. 5-6 nm and observation
of surface plasmon resonance band at around 520 nm
with the concomitant quenching of luminescence inten-
sity at 680 nm. The observation of light triggered self-
assembly of protein and its effect on ordering and knock
out of metal nanoparticles offers an approach for the
design of novel nanobiohybrid materials for medicinal
and optoelectronic applications (D. Ramaiah et al., RSC
Adv., 2013, 3, 13463-69).

Study of the mode and efficiency of DNA
binding in the damage induced by photoacti-
vated water soluble porphyrins.

The neutral porphyrins, which are believed to be the
ideal candidates as sensitizers for PDT applications, have
received less attention with regard to their interactions
with DNA. These porphyrin derivatives are known to un-
dergo groove binding interactions with or without self-
stacking on the surface of DNA. The systematic investi-
gation of interactions of the neutral porphyrins TTHPP,
Zn-TTHPP and the model compound, hematoporphyrin
(Hp) with DNA through various photophysical and bio-
physical techniques are being reported. These porphyrin
derivatives exhibited high affinity toward DNA through
groove binding interactions as evidenced through the
UV-vis absorption, emission, circular dichroism spec-
tral and viscosity changes. Interestingly, the free base
porphyrin derivative, TTHPP generated efficient singlet
oxygen mediated DNA damage sensitive to formamido-
pyrimidine- DNA glycosylase (Fpg protein), when com-
pared with its metal derivative and to the well-known
photosensitizer, hematoporphyrin. These results provide
direct evidence for the role of DNA binding mode as
well as extent of interactions with DNA in the efficiency

of photoactivated DNA damage induced by the neutral
porphyrins, which are believed to be the ideal candidates
for photodynamic therapeutic applications (D. Ramaiah
et al.. Photochem. Photobiol.. 2013. 89. 1100-05).
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Optimization of triplet excited state and sin-
glet oxygen quantum yields of picolylamine-
porphyrin conjugates through zinc insertion.
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With an objective to investigate the effect of zinc at-
oms on the intersystem crossing efficiency of porphyrins,
a new class of picolylamine-porphyrin derivatives and
their zinc complexes were synthesized and characterised
by various spectroscopic techniques. By incorporating
zinc ions in the core as well as periphery positions of the
porphyrin ring, their triplet excited state quantum yields
and their efficiency to generate singlet oxygen were op-
timized. Uniquely, the picolylamine-porphyrin conjugate

<< National Institute for Interdisciplinary Science & Technology, Thiruvananthapuram > >




Annual Report 2013 -14

having five zinc ions exhibited a triplet excited state
quantum yield of ca. 0.97 and a sensitized singlet oxy-
gen generation yield of ca. 0.92. In contrast, the free
base porphyrin derivative exhibited ca. 0.64 and 0.5 of
the triplet excited state and singlet oxygen quantum
yields, respectively. The results demonstrate that the in-
sertion of zinc metal ions in the picolylamine-porphyrin
conjugates not only quantitatively enhances the triplet
excited state and singlet oxygen yields but also imparts
hydrophilicity, thereby their potential use as sensitizers
in photodynamic therapy and green photooxygenation
reactions (D. Ramaiah et al. J. Phys. Chem. B, 2013,
117, 13515-22).

Synthesis and characterization of near-infra-
red absorbing water soluble squaraines and
study of their photodynamic effects in DLA
live cells.

The synthesis, photophysical properties and photody-
namic effects in DLA live cells of three water soluble squara-
ine dyes, viz. bisbenzothiazolium squaraine dyes SQMI and
SQDI with iodine in one and both benzothiazolium units,
respectively, and an unsymmetrical squaraine dye ASQI
containing iodinated benzothiazolium and aniline sub-
stituents were studied. The diiodinated SQDI showed an
anomalous trend in both fluorescence and triplet quantum
yields over the monoiodinated SQMI, with SQDI show-
ing higher fluorescence and lower triplet quantum yields
compared to SQMI. Nanosecond laser flash photolysis of

SQDI and SQMI indicated the formation of triplet excited
states with quantum yield of 0.19 and 0.26, respectively.
On photoirradiation, both the SQDI and SQMI generate
singlet oxygen and it was observed that both dyes under-
going oxidation reactions with the singlet oxygen gener-
ated. ASQI which exhibited a lower triplet quantum yield
of 0.06 was, however, stable and did not react with the
singlet oxygen generated. In vitro cytotoxicity studies of
these dyes in DLA live cells were performed using Trypan
blue dye exclusion method and it reflected an order of cy-
totoxicity of SQDI>SQMI>ASQI. Intracellular generation of
the ROS was confirmed by dichlorofluorescein assay after
the in vitro PDT. (Suresh Das et al., Photochemistry and
Photobiology, 2014, 90, 585-95).

BIOACTIVE NATURAL PRODUCTS

Plants have been well documented for their medici-
nal uses for thousands of years. They have evolved and
adapted over millions of years to withstand bacteria,
insects, fungi and weather to produce unique, structur-
ally diverse secondary metabolites. Terpenoids, phytos-
terols, alkaloids, lectins, natural phenols and polyphe-
nols are the main classes of compounds found in plants.
Many of such natural products are found to be useful
as drugs for the treatment of various fatal diseases.
Identification and synthetic modification of the active
principles of these plant extracts may help to define
safer and more efficient treatment for various ailments.
The institute is actively involved in the isolation, charac-
terization and biological evaluation of natural products
from plants found in Kerala. The selection of plants is
based on the literature available in Ayurveda and other
literature. The isolated compounds are then subjected
to detailed biological evaluation for various activities
such as anticancer, antidiabetic, antihypertensive, anti-
inflammatory etc. The details of some of our activities
are listed below.
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Biologically active natural products from
neem and Elephantopus scaber.

The neem tree (Azadirachta indica) is one plant
which contains many bioactive compounds. The efforts
for some years now has been aimed at unravelling the
bioactivity potential of medicinal plants used in “Ayurve-
da”. Two compounds isolated from A. indica, viz., nim-
bolide and azadirone have been found to be useful in
cancer chemotherapy. Nimbolide, a limonoid triterpene,
inhibits growth of human colorectal cancer xenografts
by suppressing the proinflammatory microenvironment
(Mangalam S Nair et al. Clinical Cancer Research, 2013,
19, 4465-76) whereas, Azadirone, a limonoid tetranor-
triterpene, induces death receptors and sensitizes hu-
man cancer cells to TRAIL through a p53-independent
mechanism with evidence for the role of the ROS-ERK-
CHOP-death receptor pathway (Mangalam S. Nair et
al., J. Biol. Chem., 2013, 288, 32343-56).

'Azadirone Nimbolide

Deoxyelephantopin and Isodeoxyelephantopin are
two naturally occurring lactones isolated from the
medicinal plant Elephantopus scaber which have also
been found to possess very good anticancer activ-
ity. Studies indicate that isodeoxyelephantopin leads
to apoptosis mediated cytotoxicity on nasopharyngeal
carcinoma cells (Asian J Pharm Clin Res, 2013, Vol 6,
Suppl 2, , 51-56) in addition to cell cycle arrest and
caspase-3-mediated apoptosis in breast carcinoma T47D
cells and lung carcinoma A549 cells (Chinese Medi-
cine 2014, 9:14  doi:10.1186/1749-8546-9-14). De-
oxyelephantopin showed antineoplastic effects on lung
adenocarcinoma (A549) cells (Mangalam S. Nair et al.
Journal of Integrative Medicine, 2013, 11(4), 269-77).

Synthesis and biolgical evaluation of carbohy-
drate appended hydrazinocyclopentene with
potent glycation and a-glucosidase inhibition.

A series of novel carbohydrate hybrids showing
good biological activities were synthesized. Out of the
six compounds, four compounds were screened against
a-glucosidase, a-amylase and protein glycation reac-
tion inhibition assays. From the results, it was found
that compound galactose appended molecule is good
a-glucosidase inhibitor and a potent anti-glycating
agent. Also, the MTT assay proved that the active com-
pound shows that it is non-cyototoxic against normal
cell lines up to 40 pM/mL. Further in vitro as well as
the in vivo studies of the active molecule are in progress
with a hope to come up with an active molecule which
can handle the diabetes mellitus type II.
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COMPUTATIONAL CHEMISTRY

In recent years, the rapid development of compu-
tational hardware and quantum chemical simulation
methods have made it possible to construct remarkably
accurate computer models of complicated chemical pro-
cesses providing valuable scientific insights at an unprec-
edented level of detail. With the growing availability
of cheap and fast computing resources, computational
chemistry become an inevitable tool for chemical re-
search to foresee the reaction behaviour. Thus, a reliable
computational prediction from a computer aided mo-
lecular design (CAMD) strategy could deliver significant
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gains in terms of economy, efficiency and sustainability,
potentially replacing extensive screening and reaction
optimization with fewer, more targeted experiments. In
this context, the institute is actively involved in model-
ling homogeneous catalytic reactions, particularly focus-
ing on the development of new functional models for
water splitting and CO, sequestration reactions.

DFT prediction of multitopic N-heterocyclic
carbenes using Clar’s aromatic sextet theory.

Existence of several multitopic N-heterocyclic car-
bene (NHQO) ligands with up to four carbene centers
have been predicted on the basis of Clar's aromatic
sextet theory. Assessment on stability and reactivity
of NHCs was made by quantifying aromaticity, aro-
matic stabilization energy (E,_ ), strength of carbene
lone pair, proton affinity, and CuCl binding energy. On
NICS(0) and HOMA scales of aromaticity, several NHCs
(17.2-19.4 keal/
mol) indicated substantial stability for the N-heterocy-

showed high aromaticity, while E_
cle. Homodesmotic reactions suggested that heat of
formation of most of the newly designed carbenes is
very close to that of the existing bis-NHCs. Design-
ing a multitopic ligand through branching via C_, link-
age was very effective as it improved the stability of
the carbene. Electrostatic potential minimum (V_) at
the carbene lone pair suggested that annelation of
heterocycle to a benzenoid ring or branching through
C,; linkage can only marginally influence the electron
donating power of the ligand. Hence, all multitopic
NHCs showed proton affinity (252.3-267.4 kcal/mol)
and CuCl binding energy (62.9-66.6 kcal/mol) very close
to those of 1,3-dimethylimidazolidine-2-ylidene (1). It
has also been demonstrated that branched multitopic
3-dimensional NHCs are attractive for designing metal-
organic framework with narrow (1-1.5 nm) cage/
pore size (Suresh C. H. et al. J. Org. Chem., 2013, 78,
3918-24).

Molecular electrostatics for probing lone
pair-m interactions

An electrostatics-based approach has been proposed
for probing the weak interactions between lone pair
containing molecules and 1 deficient molecular systems.
For electron-rich molecules, the negative minima in mo-
lecular electrostatic potential (MESP) topography give
the location of electron localization and the MESP value
at the minimum (V_ ) quantifies the electron rich char-
acter of that region. Interactive behavior of a lone pair
bearing molecule with electron deficient m-systems, such
as hexafluorobenzene 1,3,5-trinitrobenzene, 2,4,6-tri-
fluoro-1,3,5-triazine and 1,2,4,5-tetracyanobenzene, ex-
plored within DFT brings out good correlation of the
lone pair-m interaction energy (E_) with the V__value
of the electron rich system. Such interaction is found
to be portrayed well with the electrostatic potential for
intermolecular complexation (EPIC) model. EPIC model
confirms the dominance of electrostatic effects in con-
trolling the orientation of lone pair bearing molecule in
the host system as well as the interaction energy of the
lone pair-m systems. On the basis of the precise location
of MESP minimum, a prediction on the orientation of
a lone pair bearing molecule with an electron deficient
m-system is possible in majority of the cases studied.
It was also noted that the ability of electron deficient
aromatic rings to effectively sense a variety of lone pair
bearing species was remarkable and hence highly fluori-
nated aromatic hydrocarbon moieties could be utilized
as synthons in the design of sensors for lone pairs as well
as volatile organic compounds in the atmosphere (Suresh,
C. H et al., Phys. Chem. Chem. Phys. 2013, 15, 18401).
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Lone pairs: An electrostatic viewpoint.

A clear-cut definition of lone pairs has been offered
in terms of characteristics of minima in molecular elec-
trostatic potential (MESP). The largest eigenvalue and
corresponding eigenvector of the Hessian at the minima
are shown to distinguish lone pair regions from the
other types of electron localization (such as m bonds). It
has been proposed that magnitude of eigenvalue at the
CP that corresponds to lone pair, is numerically greater
than 0.025 a.u. and the eigenvector associated to it
nearly points in the direction (angle < 5°) of the atom
on which it is localized. A comparative study of lone
pairs as depicted by various other scalar fields such as
Laplacian of electron density and electron localization
function was made. Further, an attempt has been made
to generalize the definition of lone pairs to the case of
cations (Suresh, C. H. et al. J. Phys. Chem. A, 2014, 118,
526).
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A molecular electrostatic potential analysis of
hydrogen, halogen, and dihydrogen bonds.

Hydrogen, halogen and dihydrogen bonds in weak,
medium and strong regimes (<1 to ~60 kcal/mol) have
been investigated for several intermolecular D-A com-
plexes at ab initio MP4//MP2 method coupled with at-
oms-in-molecules (AIM) and molecular electrostatic po-
tential (MESP) approaches. Electron density p at bond
critical point correlates well with interaction energy (E )
for each homogenous sample of complexes, but its ap-
plicability to the entire set of complexes was not satis-
factory. Analysis of MESP minimum (V) and MESP at
the nuclei (V) showed that in all D-A complexes, MESP
of A becomes more negative and that of D becomes less
negative suggesting donation of electrons from D to

A leading to electron donor-acceptor (eDA) interaction
between A and D. MESP based parameter AAV mea-
sures donor-acceptor strength of the eDA interactions
as it shows a good linear correlation with E  for all
D-A complexes (R? = 0.976) except the strongly-bound
bridged structures. The bridged structures are classified
as donor-acceptor-donor complexes. MESP provides a
clear evidence for hydrogen-, halogen- and dihydrogen
bond formation and defines them as eDA interactions in
which hydrogen acts as electron acceptor in hydrogen-
and dihydrogen bonds while halogen acts as electron
acceptor in halogen bonds (Suresh, C. H. et al. J. Phys.
Chem. A 2014, 118, 1697).
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Accurate binding energies of hydrogen, halo-
gen and dihydrogen bonded complexes and
cation enhanced binding strengths.

Interaction energy (E, ) values of a variety of hydro-
gen, halogen and dihydrogen bonded complexes in the
weak, medium and strong regimes have been computed
using W1BD, MP2, MO6L DFT and hybrid methods
MP4//MP2, MP4//M06L and CCSD(T)//MP2. W1BD
level E,, and CCSD(T) results reported in the literature
show very good agreement (MAD = 0.19 kcal/mol).
MP2 underestimates E_ while MO6L shows accurate
behaviour for all except halogen and charge-assisted hy-
drogen bonds. MP4//MP2, MP4//M06L and CCSD(T)//
MP2 yield E_ very close to those obtained from W1BD.
The high accuracy energy data at MP4/MP2 is used to
study the effect of a cation (Li", NH,?) on the E_. The
cation enhances electron donation from the donor to
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noncovalent bonding region leading to substantial en-
hancement in E_ (~141 -566 % for Li* and ~105 - 539
% for NH,") and promotes a noncovalent bond in the
weak regime to medium regime and that in the medium
regime to strong regime (Suresh, C. H. et al., Int. J.
Quant. Chem. 2014, 114, 885).
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X-RAY CRYSTALLOGRAPHY

X-ray crystallography is a gold standard for the un-
ambiguous determination of internal structure of matter
at an atomic level. Though the basic theory of diffraction
was developed more than a century ago, constant evolu-
tion in data collection instrumentation and data reduc-
tion methods, together with the availability of powerful
computational resources have evoked deep-seated con-
sequences in chemistry, materials and biology, making it
truly interdisciplinary. In this technique, integrated in-
tensities of the diffraction peaks are used to reconstruct
the electron density map within the unit cell in the crys-
tal, while the symmetry and periodicity factors are used
to draw the information on molecular arrangements in
three-dimension. The division houses a Rigaku Saturn
724+ single crystal diffractometer and is being actively
employed to study diverse compound-types that vary
from metal-organic frameworks to natural products.
Apart from the structural studies, this technique is used
in tandem with Cambridge Structural Database (CSD),
spectroscopy, thermal and computational methods to

derive a holistic understanding of crystal packing and
bonding characteristics, thereby to deduce structure-
property relationships in molecular crystals.

Structural landscape of flexible functional-
ities: Boronic acid hydrates as archetypal ex-
amples.

Crystal structure prediction of conformationally flex-
ible molecules is a demanding task since searches where
the conformational energy term favours the wrong con-
formations could generate structures that are unrealistic.
To circumscribe this paucity, surveys of related molecular
fragments within their crystal structures are generally
good quides to conformational preferences in crystal
phases and hence could be useful as starting points for
further refinement. Traversing the crystal energy land-
scape, each unique structure could be visualized as a
trough which corresponds to a specific stationary point
associated with an energy minimum. Since each unique
structure/pattern represents a stationary point on the
crystal energy landscape, their identification and rank-
ing based on recurrence can be an effective route to
ascertain the structural remnants that are kinetically and
statistically more probable under certain set of condi-
tions; such structural fragments can be a guidepost to
landmark putative structures in the vast structural land-
scape. Increasing frequency of a specific structure pat-
tern or motif reasonably represents a stable structural
pattern, at least in terms of a given set of conditions.
Such motifs and their recurrence can be systematically
classified and ranked to obtain an understanding of
the process of crystallization. Crystal motifs, generally
termed as supramolecular synthons, being the kinetic
units can be considered as the primary interactions that
are present in the solution. Hence their structural analy-
sis could provide a hint to the crystallization mecha-
nisms. High-throughput crystallography was combined
with the structural information from Cambridge Struc-
tural Database (CSD) to draw a probable landscape of
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the crystal motifs possible in hydrated assemblies of
boronic acids (Sunil Varghese et al. Cryst. Growth. Des.
2014, 14, in press).

Non-covalent routes to tune the optical prop-
erties of molecular materials.

Switching and tuning solid state luminescence prop-
erties of molecular materials by modulating molecular

packing through non-covalent routes is an attractive
prospect. This strateqy further makes it feasible to ex-
pand the utility of molecules of interest by obtaining a
large array of solids-polymorphs, solvates, amorphous
phase, nano/micro-crystals and as multi-component sys-
tems-with distinct fluorophore arrangement and hence
emission characteristics. Because non-covalent interac-
tions that determine the fluorophore arrangements in
polymorphs or supramolecular complexes are weak and
flexible, their making and breaking become more realis-
tic under ambient conditions, thus to achieve reversible
transformations and hence external-stimuli-responsive
and switchable molecular fluorescent materials. Recent
advances, in this context, were reviewed with the aid
of illustrative examples and further emphasized the
scope and relevance of interdisciplinary and multi-
technique approaches to unravel the structure-optical
property relationships and to augment the founda-
tions of factual knowledge (Sunil Varghese J. Mater.
Chem. C, 2014, 2, 3499).

Molecular
solids

Nano
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MATERIAL SCIENCES AND TECHNOLOGY DIVISION

The main research activities of the Material Sciences and Technology Division (MSTD) during the year 2013-14
can be broadly classified under (i) rare earth based non-toxic inorganic multifunctional pigments for energy saving
paints/coatings (i) luminescent materials for solid-state lighting, bioimaging and sensors for the detection of explo-
sives (iii) porous ceramic materials for environmental applications (iv) superconducting and magnetic materials for
strategic and automobile industries (v) polymers and polymer matrix nanocomposites for flame retardant applica-
tions (vi) low k dielectric materials for electronic packaging (vii) metallic materials for aerospace and automobile
industries and (viii) mineral based value added products. The Division has also initiated the following new industrial
oriented R&D activities for the 12* Five year plan: i) Sustainable Technologies for Utilization of Rare Earths (SURE),
(i) Specialty Materials Based on Engineered Clays (SPECS), (iii) Novel Energy Effective Metallic Materials for Auto-
motive and General Engineering Applications and (v) Intelligent Coatings (INTELCOAT).

As in the earlier years, the members of the Division have been quite successful in publishing 89 publications in
SCl journals. Four foreign and Indian patents were also granted to the Division members for innovations developed.
The Division has organized a major international conference on Advanced Functional Materials [ICAFM 2014] during
February 19-21, 2014. Given below are some of the research highlights of the Division during the year 2013-14,
along with brief abstracts of the results published in various international journals.

Highlights

» A series of non-toxic intense blue and yellow inorganic pigments were developed with high solar reflectance
for energy saving applications.

»  Designed non-wetting lanthanum phosphate crucibles for strategic applications.

»  White-light emitting materials developed based on mixed-lanthanide (Eu*, Gd*, Tb*) coordination polymers.

»  Designed iridium based phosphorescent compound as a molecular probe for the detection of TNT in vapor
and solid phases.

»  Designed mitochondria-specific visible-light sensitized europium coordination compound.

»  New red phosphor materials were developed for use in LEDs.

»  Porous ceramic sorbents were designed for CO, adsorption.

> Anew NdFeAsO, F based superconductor developed with remarkably high values of critical temperature and
critical field.

»  Developed flame retardant materials based on polymers and layer double hydroxides.

»  Developed Mg-Gd based alloys for high temperature applications.

»  Developed autocatalytic copper coated boron carbide for neutron shielding.
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MULTIFUNCTIONAL INORGANIC
PIGMENTS

Intense blue inorganic pigment with high so-
lar reflectance

This work focuses on the development of novel non-
toxic intense blue infrared reflecting inorganic pigments
La Cu, LiSi,0, (x =y

1% x

having the general formula Sr
ranges from O to 0.5) as viable aIternatlves to existing
toxic cobalt based blue colorants. The developed pig-
ment powders were characterized by XRD, UV-vis-NIR
diffuse reflectance spectroscopy and CIE-L*a*b* 1976
color scales. The substitution of La* for Sr** and Li* for
Cu” in SrCuSi,0,, gently changes the color of the pig-
ment from sky-blue to intense blue and as a result the
band gap of the pigment powders increases from 2.59
to 2.68 eV. The coloring mechanism is based on the
crystal field splitting of the Cu® d-orbitals in a square
planar environment. Finally the ability of the pigments
to transfer the color as well as IR reflectance properties
was demonstrated by coating on to concrete cement
block and PMMA. The developed pigments exhibited
intense blue color with impressive IR solar reflectance
(67%) and were thermally stable. These pigments have
potential applications in energy saving paints/coatings
(MLP Reddy et al. Dyes Pigments 2013, 98, 540-46).

4 Y

Reflectance, R* =65%

Concrete
coment

NIR reflecting I
blua pigment
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Reflectance, R*= GT‘A
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YGa, Mn O.: A novel purple inorganic pigment

This work explains the synthesis of a purple inor-
ganic pigment, YGa, Mn O, (0 < x < 0.10), based on
hexagonal YGaO,. The meta stable series of oxides were
prepared by a sol-gel technique where the dried gels,
obtained from aqueous solutions of metal nitrate—citric
acid mixtures, were calcined for a short duration in a
preheated furnace around 850°C. The synthesized pig-
ments were well characterized by XRD, Rietveld analy-
sis, UV-VIS diffuse reflectance spectroscopy, and CIE-
L*a*b* 1976 color scales. The purple color of the oxides
arises from the specific trigonal bipyramidal ligand field
around Mn* in a YGaO, host. Other hexagonal RGaO,
hosts for R = Lu, Tm and Ho substituted with Mn** also
produce similar purple colored materials (MLP Reddy et
al. RSC Adv.2013, 3, 3199-202).

Novel non-toxic yellow pigments: Sr,Ce, Tb O,

Novel yellow inorganic pigments: Sr,.Ce, Tb O, (x =
0, 0.2, 0.4, 0.6, 0.8, 1.0) were synthesized by the con-
ventional solid-state route. The structure and morpholo-
gy of the developed pigments were characterized using
powder X-ray diffractometer (XRD) and scanning elec-
tron microscope (SEM), respectively. UV-vis NIR spec-
trophotometer was employed to investigate the optical
properties and the color characteristics were evaluated
by CIE 1976 L'a’b’color scales. The terbium substitution
extends the absorption edge to longer wavelengths by
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introducing an additional electronic level between the
valence band and conduction band. Consequently, the
prepared pigments exhibit various yellow colors by fine
tuning of the band gap from 3.03 eV (white) to 2.52
eV (reddish/greenish yellow). Doping of terbium into
Sr,CeO, enhances the NIR reflectance at 1100 nm from
87% to 91%. The coloring performance of the synthe-
sized pigments was investigated in polymer matrix for
plastic coloring applications. The exhibition of high NIR
reflectance with comparable color properties of these
pigments with commercial counter parts makes them
potential candidate as cool colorants to reduce the heat
buildup on building surfaces. ( Prabhakar Rao et. al.
Dyes and Pigments 104, 2014 41-47).

~ Reflects 91% solar radiation \ l /

~ Reduces heat penetration
= Lessens cooling costs

ok 4L
COOLROOF

Sr,Ce0, Sr,Ce,  TH,0,

L*=T6 a*=6,46 b *=63.65
SryCey  Th 0‘+PM“\

L

A new series of yellow pigments of the formula
[(Ui,.La,). Bi, JIMoV, ]O, (x = 0, 0.1, 0.2, 0.3, 0.4,
0.5) were prepared via a solid state method. The struc-

tural, morphological and colour characteristics of tetrag-
onal scheelite pigments were analyzed. Various shades
of toxic metal free pigments were obtained ranging
from reddish to greenish yellow as a result of a blue
shift of the absorption edge with substitution. The ad-
dition of various mineralizers significantly enhances the
yellow colour hue and as well as improves the NIR re-
flectance. The colouring applications of prepared pig-
ments in poly(methyl methacrylate) and asbestos ce-
ment sheet demonstrate their potential application as
environmentally benign yellow colorants (P. Prabhakar
Rao et al. Chem. Lett. 43 (7) 2014.

ashestos cement
sheet

{LiLa},;Mag,

e—»

BiVO,

b=E2
NIR R= 51

=76
NRA=88 T2 , 5
1% Nacl # '
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LUMINESCENT MATERIALS

Brilliant photoluminescence and tribolumi-
nescence from ternary Dy(lll) and Tb(lll)
complexes

Three new lanthanide heterocyclic B-diketonate
complexes [Dy(PPI),(EtOH),], [Dy(PPI),(DPEPO)], and
[Tb(PPI),(DPEPO)] [where HPPI = 3-phenyl-4-propanoyl-
5-isoxazolone and DPEPO = bis(2-(diphenylphosphino)
phenyl)ether oxide] were synthesized, characterized and
evaluated their photophysical properties. The room tem-
perature lifetime (33 + 1 ps) and overall quantum yield
(12 + 1%) obtained for Dy(lll) complex was found to
be the highest values reported so far for Dy(ll)-tris-
B-diketonates. The crystals of both Tb(lIl) and Dy(lIl)
complexes showed efficient triboluminescence. Because
their high thermal stability, this could be exploited in ap-
plications for damage detection of civil, aerospace, and
military structures or biomedical materials as well as for
impact sensors (M. L. P. Reddy et al. Inorg. Chem. 2013,
52, 8750 -58).

E
5
=
B
B
=
e
i

=
(=]
-

<< National Institute for Interdisciplinary Science & Technology, Thiruvananthapuram > >




Annual Report 2013 -14

AIPE-active green phosphorescent iridium(l11)
complex impregnated test strips for the va-
por-phase detection of 2,4,6-trinitrotoluene
(TN)

Detection of explosives especially, trinitrotoluene
(TNT) is of utmost importance due to its highly ex-
plosive nature and environmental hazard. Therefore,
detection of TNT has been a matter of great concern
worldwide to the scientific community. A new aggre-
gation-induced phosphorescent emission (AIPE)-active
iridium(lll) ~ bis(2-(2,4-difluorophenyl)pyridinato-N,C2)
(2-(2-pyridyl)benzimidazolato-N,N) complex [FIrPyBiz]
was developed and used as a molecular probe for the
detection of TNT in the vapor phase, the solid phase,
and aqueous media. In addition, phosphorescent test
strips were constructed by impregnated the Whatman
filter paper with aggregates of FIrPyBiz for trace detec-
tion of TNT in contact mode with detection limits in
nano-grams by taking advantage of excited state inter-
action of AlPE-active phosphorescent iridium(ll) com-
plex with that of TNT and the associated photophysical
properties.(MLP Reddy et al., J. Mater. Chem. C, 2014,
2, 515-23).

A mitochondria-specific visible-light sensi-
tized europium (-diketonate complex with
red emission

The Eu* coordination compound developed,
Eu(pfppd),(tpy) [where Hpfppd = 4,4,5,5,5-pentafluoro-

3-hydroxy-1-(phenanthren-3-yl)pentanedione and tpy =

2,2":6,6"-terpyridine] exhibits significant quantum yield
(@, = 41%) and long °D, lifetime (880 ps) values un-
der biologically relevant pH conditions (pH = 7.4) when
excited with visible light. Hence, the Eu* luminescent
complex was examined for live cell imaging using the rat
embryonic heart cell line, H9¢2. The ternary Eu* com-
plex permeates into the H9c2 cells and co-localises with
the mitochondria, as demonstrated by counterstain-
ing experiments. The designed Eu® bioprobe remained
undissociated in the cell medium, showed a good cell
permeability and a fast cellular uptake with a specific
localization profile. Thus it has the potential to become
a time-resolved imaging probe that is excitable in the
visible-light range. (Reddy et al. Dalton Trans. 2013, 42,
12317-23).

Tunable white-light emission from a mixed
lanthanide (Eu®, Gd*, Tb*) coordination
polymers derived from 4-(dipyridin-2-yl)ami-
nobenzoate

A series of isostructural mixed Ln**-4-(dipyridin-2-yl)
aminobenzoate coordination polymers [Ln* = Eu** (1),
Tb* (2), and Gd* (3)], was characterized and inves-
tigated for their photophysical properties. The results
demonstrated that by gently tuning the excitation
wavelength of these mixed lanthanide complexes, white
light emission can be realized with the Commission In-
ternationale del’Eclairage coordinates (0.32, 0.34). By
changing the concentration profiles of lanthanide ions
stoichiometrically in mixed-lanthanide complexes and
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exciting at particular wavelengths, various emission
colours can also be successfully obtained. The antenna
ligand, 4-(dipyridin-2-yl)aminobenzoic acid, provides an
efficient energy transfer for the sensitization of Eu* and
Tb* complexes and exhibits red and green emissions,
respectively. The corresponding Gd** complex displays
ligand - centred visible emission in the blue light region
and acts as a blue emitter. Therefore, Eu* and Tb* com-
plexes in conjunction with a Gd* complex is a suitable
choice to obtain tuneable white-light-emission from Ln**
coordination polymers. The morphological analyses of
the mixed lanthanide coordination polymers by trans-
mission electron microscopy (TEM) disclosed that these
compounds exist as unique crystalline nanorods with an
average diameter of 200 nm. The mixed lanthanide com-
plexes developed also exhibited high thermal stability
(420 °C). By precisely tuning the white-light emission of
RGB-color systems will lead to promising applications in
color displays, sensing and labeling. (Reddy et al. Dalton
Trans. 2014, DOI: 10.1039/c4dt0087 Te).

l A_=355-375nm

Structural influence on the photolumines-
cence properties of Eu** doped Gd,MO, (M =
Nb, Sb, Ta) red phosphors

New red phosphor materials of general formula
Gd, MO,:xEu* (M = Nb, Sb, Ta) were prepared using
a high temperature solid state reaction route. Detailed
structural studies using XRD, FT-IR and Raman spec-
troscopy techniques showed that niobate and tantalate
crystallized in the weberite type structure whereas the

antimonate was in the fluorite structure. Photolumines-
cence properties of the samples were correlated with
their crystal structures. It was observed that more order-
ing occurred in the lattice when M site was doped from
Sb to Nb to Ta. Although niobate and tantalate samples
possess similar structures, more distortions were noticed
in the tantalate sample increasing the radiative transi-
tion probabilities. Due to the more ordered structure
of Gd,Ta0, host lattice resulting in the more uniform
distribution of Eu’ ions, tantalate system showed bet-
ter luminescence properties. The variation in the lumi-
nescence intensity with various Eu®* concentrations in
Gd,TaO, host lattice was also studied to calculate the
optimum doping concentration (Prabhakar Rao et al.
Phy. Chem. Chem. Phys. in press)
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A series of intense red emitting phosphors,
Ca,, Zr Mo, SiO,: 0.2Eu* (x = 0.025, 0.05, 0.075, 0.1)
that could be effectively excited in the UV region was
prepared and well characterized. The incorporation of
Zr* and Si* ions in CaMoO, lattice maintained the
powellite crystal structure. The improvement in emission
intensity and quantum efficiency (~ 39%) as compared
to CaMoO,: Eu* can be explained in terms of the lo-
cal distortion around the Eu* ions. The CIE colour co-
ordinates of the red emissions were in good agreement
with the values of the standard red phosphors, indicat-
ing the potential utility in white LEDs. (Prabhakar Rao
et al. | Mater Sci: Mater Electron 2014, 25:2387-93)

POROUS CERAMIC MATERIALS:
ENVIRONMENTAL APPLICATIONS

Super hydrophilic SiO_/PVA hybrid aerogels
for CO, adsorption

SiO, aerogel supports have been prepared using
economically cheap sodium silicate precursors via gel
granulation technique and was surface functionalized
with three different amines such as 3-aminopropyltri-
methoxy silane (APTMS), polyethylenamine (PEI) and
diethanolamine for CO, adsorption at low temperatures
(<100°C). A facile solvent exchange at ambient pressure
drying condition was used to prepare physically stable
porous SiO, aerogels. Since CO, has enhanced solubility
in hydrophilic substrates, the SiO, aerogel was further
modified with polyvinyl alcohol (PVA) hydrogels and
then treated with APTMS. The CO, adsorption on SiO,/
APTMS/PVA hybrids was compared with amine modified
Si0, aerogels. Unmodified SiO, aerogel had the surface
areas of 283 and 149 m?/gm when it was prepared with
APTMS and PEI functional groups. It has increased to
the value 360 m?/gm in SiO,-PVA hybrids. SiO, aerogel

without any amine modification showed 8 mg/g of CO,

uptake at 80°C. Further, it was significantly enhanced to
26 and 28 mg/q, respectively, in APTMS and PEI modi-
fied SiO, aerogel. The PEI-APTMS admixtures showed
superior CO, uptake as 48 mg/qg. This has been again
improved to three times (122 mg/q) in SiO,/PVA hybrid
aerogels.

EWT= 2000 Ky Signal A w SE1 Mag= Z00KX Diste & Mary 2014 ZEIX
WO= 00mm PholoMo = 4838 Time 142724  NIST-SEMZ |

10 prm” EWT = 2000 kv Signal & = SE1 Mag= 2D0KX Dtn & May 2014 FEI%K
— WO 80mm  PhoinNa w4838 Time 142724 NIST-SEM2

Enhanced CO, absorption kinetics in lithium
silicate platelets

Carbon dioxide emission to the atmosphere is an
increasingly important concern owing to its perceived
influence over the elevation in atmospheric tempera-
ture. Platelet shaped lithium orthosilicate particles were
synthesized by a sol gel approach. It was found to dis-
play enhanced absorption kinetics for CO, compared to
the powders prepared by a solid-state reaction process
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involving Li,CO, and silica. The sol-gel samples showed
CO, absorption capacity of 350 mg/g at an absorption
rate of 22.5 mg/g/min; a value 70% higher than the
rate of 13.2 mg/g/min measured with the solid state
samples under similar conditions. The higher sorption
kinetics of CO, by the sol-gel derived lithium ortho-
silicate could be attributed to the unique platelet mor-
phology of the particles with a very small thickness. A
porous carbon mesh coated with the sol-gel based par-
ticles exhibited CO, absorption capacity of 150 mg/q at
an absorption rate of 37.5 mg/g/min. This supported
absorbent also showed stable absorption and desorp-
tion performance for the 8 cycles examined. The excel-
lent absorption characteristics of the sol-gel prepared
powders, more specifically the coated strips provide a
successful pathway for the commercialization of these
materials (Hareesh et al. Journal of Materials Chemistry
A, in press).
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Bi-functional lanthanum phosphate adsor-
bents and bio catalyst supports for perchlo-
rate removal

Perchlorate is known to interfere with the function-
ing of thyroid glands by reducing the level of thyroid
gland hormones triiodothyronine (T3) and thyroxine
(T4) responsible for regulation of metabolism in human
beings. Attempt was made to explore the suitability of
lanthanum phosphate porous substrates for the adsorp-
tion of perchlorate from water. The intrinsic hydropho-
bic nature of lanthanum phosphate can, in addition, fa-
cilitate biofilm growth of perchlorate reducing microbes
owing to the better adherence of the bacteria on the
hydrophobic substrates. Porous lanthanum phosphate
substrates, obtained by an environmentally benign col-
loidal forming process employing methyl cellulose, was
found to be an excellent adsorbent of perchlorate with
>98% efficiency and with 100% reusability. The effective-
ness of such substrates as bio catalyst is that it facili-
tates biofilm formation of perchlorate reducing microbes
(Serratia marcescens NIIST5). The adsorption of perchlo-
rate ions is attributed to the pore structure of lantha-
num phosphate substrate and the microbial attachment
is primarily ascribed to its intrinsic hydrophobic property.
Lanthanum phosphate thus emerges as a dual functional
material that possesses an integrated adsorption/biore-
mediation property for the effective removal of ClO,.
(Hareesh et al. Journal of Hazardous Materials, 2014,
275, 222-29).
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Anti fungal property of nanosized ZnS par-
ticles synthesized by sono-chemical precipita-
tion

Control of microbial growth has become increasingly
difficult owing to the resistance offered by microbes
against conventional anti microbial agents. The use of
nanoparticles such as TiO,, ZnO, Aqg for anti-microbial
activity has been successfully demonstrated in recent
times. zinc sulphide (ZnS) nanoparticles, synthesized
by sono-chemical route employing zinc chloride and so-
dium sulphide, displayed significant anti-fungal property
aqainst the pathogenic yeast Candida albicans (MTCC
227) at a minimum fungicidal concentration of 300 g/
ml. The sonochemical synthetic route produced n-ZnS
particles with S vacancies that lead to the generation
of hydrogen peroxide in aqueous suspensions. The
generation of ROS as the dominating mechanism was
confirmed by the observation that the fungicidal activ-
ity of n-ZnS particles was inhibited by 4mM addition
of histidine, a scavenger of hydroxyl radical and singlet
oxygen. Additionally, elemental mapping studies carried
out along the radius of the zone of inhibition area re-
vealed the presence of Zn in decreasing concentrations.
This efflux mechanism releasing Zn? ions also contribute
towards disruption of fungi cell membrane inducing ir-
reversible damage and cell death. (Hareesh et al., RSC
advances 2014, 4, 8439).
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Magnetic dye adsorbent based on TiO,-fly-
ash nanocomposite

Novel flyash-based composite materials such as the
hydrogen titanate nanosheets-flyash composite, flyash-
hydrogen titanate nanotubes composite, and flyash-
metal nanoparticles composite were developed via in-
novative approaches. These flyash-based composites
find potential application in the removal of harmful
organic-synthetic-dyes from the aqueous solutions. Typi-
cally, these novel composites can decompose the harm-
ful organic-synthetic-dyes in the Dark-Condition via the
“One-Step” method of newly developed “Dark-Catalysis”
process. To ease the separation of flyash-based com-
posites from the treated aqueous solutions using an
external magnetic field, flyash-based magnetic compos-
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ites have been developed. The dye-decomposition takes
place in relatively less time and the non-magnetic as well
as magnetic flyash-based composites can be recycled as
catalyst for the successive cycles.

Catalyst-Posnder VignrousBeadion  Comparison of Initzl
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Industrial Dye-Removal via "one-stop"
Dark Catalysis Mechanism using novel
Flyash-based composites

SUPERCONDUCTING AND
MAGNETIC MATERIALS

NdFeAsO, F Superconductor: Impact of
fluorine variation

NdFeAsO, F compound is one of the most promis-
ing candidates among the iron based superconductor
systems due to its remarkably high values of critical tem-
perature (T.) and critical field (H). It is imperative to
understand the electromagnetic properties of this po-
tential superconductor with varying F content in order
to achieve the maximum T_and critical current density
(). CSIR-NIIST has successfully synthesized the com-
pound by varying the fluorine content (x=0, 0.1, 0.2, 0.3
and 0.4) at a relatively low temperature of 1000°C and
ambient pressure. A maximum transition temperature
of 52.0 K and a transport critical current density
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higher than 1000 A/cm? at 12 K were achieved for the
samples with x = 0.3 and 0.4 respectively. The transport
and magnetic properties observed for each stoichiome-
try were found to have remarkable correlation with their
corresponding structural and microstructural features.
Moreover, the super conducting properties exhibited in
this material, processed at a relatively low temperature,
were at par with those prepared at higher temperatures
(1150°C) or high pressures (6 GPa) [Syamaprasad et al.
J. Am. Ceram. Soc., 2013, 96, 1176-80].

Effect of Cobalt substitution on magetocalo-
ric properties of La _Te ,MnO,

La,,Te,,MnO;, is a material reported to have high
magnetocaloric effect of AS _=12.5 J/kgK at 280K when
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it is in its nano form with a particle size of ~ 50 nm.
Hence this material was further studied to understand
the effect of Co substitution in Mn site on its Curie
Temperature Tc and magnetocaloric effect. Co substi-
tuted LTMO with composition La, ,Te ;Mn, Co O,
(x=0,0.1, 0.3 and 0.5) was synthesized by solid state ce-
ramic route. The phase purity of the samples was studied
using X-ray diffraction with Rietveld refinement. It was
observed that with Co substitution the crystal structure
transforms from rhombohedral (R-3c space group) to
orthorhombic (Pbnm space group) for Co composition
x = 0.3. It was also observed that Tc has increased with
Co substitution with increase of AS_ from 2.11 J/kgK
to 2.4 /kgK.
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Temperature dependent exchange biased
magnetic vortices

The magnetization reversal of vortex structures in Fe
as well as in IrMn/Fe magnetic caps at elevated temper-
atures up to 450 K was investigated. The cap structures
were formed by film deposition onto self-assembled
silica particles of 900 nm diameter. In the investigated
temperature range, the magnetization reversal in Fe
caps evolves via nucleation and annihilation of a mag-
netic vortex state. However, in IrMn/Fe nanocaps, the
magnetic vortex vanishes as temperature approaches
the blocking temperature of IrMn. This was accompa-
nied by an increase in coercivity. Increase in tempera-
ture, approaching the Néel temperature of IrMn, results
in a reduction of coercivity as well as remanence indicat-
ing the re-stabilization of vortex state.
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self-assembling of SiO,, nano spheres
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ELECTRO-CERAMIC MATERIALS

Mineral Zircon for HTCC substrate applica-
tions

The rapid emergence of touch screen phones de-
mands high volume efficiency of the microelectronic
devices without degradation of their electrical perfor-
mance. A novel HTCC substrate was developed based
on mineral zircon that is a co-product of the mining
and processing of heavy mineral beach sands in Kerala.
Process includes preparation of zircon mineral powder
via milling followed by dispersion in ethanol/Xylene sol-
vent (1:1) with fish oil as the binder. The colloidal slurry
of ZrSiO, with typical pseudoplastic behaviour has been
casted in to thin tape of thickness in the range 0.7-0.1
um. The thermo-laminated multilayered tape (4 layers)
sintered at 1400-1700 °C/2h showed excellent micro-
wave dielectric properties with & ranging from 8-10, and
tand around 4x10* which is better than alumina. The Zr-
SiO, has an ultra low coefficient of thermal expansion of
+2 ppm/°C and has a thermal conductivity in the range
10-16 W/m K. The average root mean square (RMS)
surface roughness of a typical HTCC zircon substrate
was 140 nm. It showed tensile strength of 14-20 MPa
and has flexural strength of 130-150 MPa. This HTCC
zircon substrate is advantageous over currently available
HTCC substrates in terms of production cost, dielectric
and thermal and mechanical properties.

Pyrochlore type CaCe, ,Mn_ ,Sn _Fe NbO_
semiconducting oxides for high temperature
NTC thermistor applications

Pyrochlore  structured  semiconducting  oxides
CaCe, Mn,, Sn, Fe NbO,  (x=0,0.2, 0.4 and 0.6) were
prepared by solid state reaction method. The effect of
B-site substitution was studied by employing X-ray dif-
fraction, Raman spectroscopy, scanning electron micros-
copy and impedance analysis. Microstructural analysis
showed an increase in grain size with progressive iron
substitution. Conductivity measurements exhibit the
negative temperature coefficient of resistance (NTCR)
behavior of the samples for a wide range of tempera-
ture from room temperature to 600°C. The impedance
study of the system provides insight to the bulk or grain
contribution in the electrical properties of the system.
The activation energy for conduction was decreased by
Fe substitution and the sensitivity values were enhanced
without affecting the thermistor constant considerably.
The conductivity variation with temperature follows the
Arrhenius relation. Correlated barrier hopping model
was successfully applied for explaining the conduction

mechanism within the compounds.
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CaZrO,-RE,Zr,0, (RE: Y, Sm) solid ionic
conductors
CazrO,(Y,Sm),Zr,0, system where the solid so-

lutions contained x mol% of CazrO, in (Y,Sm), Zr,O,
(x =0, 10, 20, 33.3) along with pure (Y,Sm),Zr,O, were

| m CSZ0
B Yy ° CSZ10
*m
2 & n
s m
-4 s "W
£ 5 g =
‘_'C'_ L
S . <
10 L
-12 o L]
-14 T T T T T T T
o8 10 1.2 14 1.8 1.8 20 22
1000,/ T
2
4 . CYZO
04 _“ e CYZ10
LR 4 CYZ20
sda
-2 )
« b,
-4 [ ] e Y
] L
- &
o Lo
L3 a
£ 3 - o
L "
10 4
424 . ¢
14 < n
T T T T T T g
08 1.0 1.2 14 16 1.8 20 22
1000/T

prepared (being labeled as CYZ 0, CYZ 10, CYZ 20, CYZ
33, CSZ 0, CSZ 10, CSZ 20, CSZ 33 respectively). CYZ 0
and CSZ O crystallized in two different crystal structures.
CYZ 0 forms a defect fluorite type cubic structure with
Fm3m space group whereas CSZ 0 forms an ideal cubic
pyrochlore structure with Fd3m space group. This is at-
tributed to the ionic size difference between Y and Sm.
Y,Zr,0, lattice can accommodate up to 20% of CaZrO,
in its lattice without secondary phase formation. How-
ever in CSZ series, it can be seen that x = 20 and 33.3
show impurity peaks of CaZrO,. The super lattice peaks

show a progressive decrease in intensity as x increases
as an indication of induced disorder caused by the addi-
tion of CaZrO,. The ionic conductivity was studied by
impedance spectroscopy. The Arrhenius plot of the CYZ
series showed an increase in conductivity with increase
the fraction of CaZrO,. While in CSZ system, the con-
ductivity decreased slightly by the addition of CaZrO.,.
The addition of divalent Ca to the disordered Y, Zr O,
lattice can create oxygen vacancies. This increases the
amount of charge carriers in the lattice thereby increas-
ing the conductivity. In the case of Sm Zr,O,, Ca addi-

tion disrupts the lattice order leading to enhanced ion-
ion interaction and hence to decreased conductivity.

POLYMERS AND POLYMER
MATRIX NANOCOMPOSITES

Influence of host preparation method on the
structural phase transitions of syndiotactic
polystyrene upon the guest exchange with n-
alkanes

Syndiotactic polystyrene (sPS) has a tendency to
form polymer-solvent complexes (co-crystals) with a
large number of guest molecules. The starting mor-
phology used for the preparation of the sPS/solvent
complex, has a significant role in facilitating the phase
transitions of the host structure upon guest exchange
process. This effect was studied on the structural chang-
es of sPS, using guest exchange process, with a series
of n-alkanes. SPS-solvent complexes (monoclinic & form)
were prepared with different starting morphologies i.e.
amorphous, a and y forms using toluene and chloroform
as guests. Upon guest exchange process (performed by
dipping the samples in a series of n-alkanes viz. n-octane
to n-decane), toluene treated amorphous and a form
samples (i.e. monoclinic & form) transformed into the
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triclinic & form irrespective of the starting morphology.
However, the toluene treated y form transformed back
to the y form in presence of n-alkanes. Chloroform treat-
ed amorphous sample (i.e. monoclinic & form), however,
converted to a mixture of & form (triclinic) and € form,
while chloroform treated o and y forms transformed
into triclinic & form and & form, respectively. (Bhoje
Gowd et al. Polymer, 2013, 54, 6617-27).
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Polymer/ layer double hydroxide nanocom-
posites as flame retardant materials

New nanocomposites were prepared using syndiotac-
tic polystyrene (sPS) and surfactant free layered double
hydroxides (SF-LDH). This method involves wash treat-
ment of prepared SF-LDH in appropriate organic solvent
followed by gel formation in a nonpolar solvent. This gel
was directly used to make highly dispersed polymer nano-
composites using solvent mixing method. The influence of
highly dispersed SF-LDH platelets on the crystallization,
polymorphism, thermal stability and flame retardancy of
sPS were examined with differential scanning calorimetry,
wide-angle X-ray diffraction, themogravimetric analysis
and microscale combustion calorimetry. It was shown
that SF-LDH significantly enhances the crystallization rate
of sPS and favours the formation of thermodynamically
stable B form along with the o form of sPS. Moreover,
highly dispersed SF-LDH significantly decreases the heat
release rate and total heat release of sPS indicating the
enhancement of flame retardant properties of sPS. In this
way, it was found that the dispersed SF-LDH platelets act
as multifunctional nanofiller for sPS.
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Poly-vinylidene fluoride (PVDF)/
La,Sr,.CoO, , (LSCO) composites

Dielectric composites composed of poly-vinylidene
fluoride (PVDF) and La,Sr,.CoO,  (LSCO) were devel-
oped. The effects of particle size of LSCO (fine (~250
nm) and coarse (~3um)) on the phase crystallization of
PVDF were studied. The inclusion of fine LSCO into
PVDF readily favours the formation of polar crystals (B
and y-phases), which makes the composite suitable for
both electromechanical and high charge storage embed-
ded capacitor applications. Addition of fine LSCO not
only favours the polar crystals but also increase the over-
all crystallization rate and melting point of PVDF con-
siderably (Bhoje Gowd et al. Phys. Chem. Chem. Phys.
2014, In press).
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Organo-modified kaolin rubber nano-com-
posites

Natural rubber (NR) and its blends with butadiene
rubber (BR) or nitrile rubber (NBR) containing very low
amounts of kaolin modified with either sodium salt of
rubber seed oil (SRSO) or phosphorylated cashew nut
shell liquid prepolymer (PCNSL) showed improvements
in cure characteristics, filler dispersion and physico-
mechanical properties such as tensile modulus, tensile
strength, elongation at break, thermal stability and dy-

namic mechanical characteristics.
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METALLIC MATERIALS

Al-Mg-Zr alloys for aerospace applications

Light weight aluminium alloys which provides high
strength, good formability and good weldability is being
developed to increase the fuel efficiency in automobile
and aerospace applications. Addition of transition ele-
ments such as Zr to Al-Mgq alloy provides high strength
at room temperature and microstructural stability at
high temperatures by forming fine and stable disper-
soids such as Al.Zr. In order to find the suitability of Zr
addition as a substitute for Scandium in Al-Mgq alloys
0.2% Zr additions were made and compared with the
alloys made without Zr addition. The as-cast microstruc-
ture given below reveals presence of Al,Mg, intermetal-
lic compounds distributed in the Al-matrix. The size and

volume of Al,Mg, increased with increase in Mg content.

Addition of Zr lead to the formation of Al Zr-dispersoids
which enabled super plastic deformations. By hot rolling
and annealing the grain size of the alloys were reduced
significantly. The grain size of the alloys found to de-
crease with increase in Mg content. The tensile proper-
ties of the alloys in the rolled and annealed condition
revealed an increase in strength with increase in Mg
content as influenced by the precipitates and reduction
in the grain size contributed by Zr addition. However,
at higher Mg content (8%) and Zr addition, the percent-
age elongation gets lowered (16-20%) compared to the
4%Mg containing alloy (20-30%). The tensile fractured
surface revealed a large proportion of the fracture being
intergranular. Dimples which are an indication of tensile
ductility and secondary phase particles could be seen on
the fractured surface. In some locations cleavage facets
perpendicular to the tensile axis were also noticed. The
formability studies on these alloys and role of rare earth
additions are under progress.

Rare earth modified Mg-Si based alloys

Mg-Si alloys are potential candidate for high tem-
perature applications in automobile industries. The pre-
liminary results indicated that the eutectic Mg,Si in the
hyper eutectic Mg-Si alloys (Si=0.5, 0.7 and 1.15 wt.%)
appeared 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.%) solidified as a coarse den-
drites. These features reduced the tensile properties.
The previous work indicated that addition of MM, Nd,
modifies these morphologies. In the present work, ten-
sile properties of Mg-Si alloys and effect of modification
on the tensile properties were studied. The properties
of Mg-Si alloys (a) and typical properties of Nd modi-
fied Mg-6Si alloys (b) are shown below (UTS Pillai et al.
Proceedia Engineering 55 (2013) 103-08).
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Development of high creep resistant Mg-Gd-
Zn Alloys

Recently, magnesium alloys with heavy and high
solubility rare earth elements (RE) such as Gd, Dy are
subjects of scientific investigations as RE additions are
very effective alloying elements for strengthening. Gd
is one such rare earth elements being investigated
for the possibility of developing new magnesium al-
loys with a good combination of mechanical and cor-
rosion properties. In the present work, microstructure
and mechanical properties of four alloys, Mg-2Gd-2Zn,
Mg-2Gd-6Zn, Mg-10Gd-2Zn and Mg-10Gd-6Zn (all are

in weight percentages), prepared by gravity permanent

mould casting were investigated. The results indicated
that the intermetallic phases in the Mg-2Gd-2Zn al-
loy consisted mainly of (Mg, Zn),Gd phase whereas
the Mg-2Gd-6Zn alloy consisted of both | (Mg,Zn,Gd)
and (Mg, Zn),Gd phases. Lamellar LPSO phase was
observed in alloys containing high concentrations of Gd
(Mg-10Gd-2Zn and Mg-10Gd-6Zn alloys) in addition to
the continuously distributed (Mg,Zn),Gd phase along
the interdendritic regions and grain boundaries. Mg-
10Gd-xZn alloys (x=2,6) exhibited higher yield strength
due to the higher solutes contents and the presence
of long period stacking ordered (LPSO) phase in the
matrix, but showed poor elongation due to the coarse
continuous second phase at the boundary. Low Gd con-
taining alloys showed better elongation to failure and
moderate strength due to the lower volume fraction of
fine scale second phases (A. Srinivasan et al. Mater. Sci.
Eng. A 595 (2014) 224-34).
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Hot tearing characteristics of Mg-RE alloy
castings

Many solidification defects during casting still occur
and lead to production loss in cast shops. Hot tearing
is one such defect, which represents a formation of an
irreversible crack in the final stage of solidification of a
casting. In the present work, hot tearing characteristics
of Mg-xGd (x = 1, 2, 5 and 10 wt.%) binary alloys have
been studied in an constrained rod casting (CRC) ap-
paratus attached with a load cell and data acquisition
system. The results indicated that the susceptibility (de-
fined by the volume of crack) increased with increase
in Gd content to reach a maximum at 2 %, and then
reduced with further increase in Gd to reach a minimum
with 10% Gd. The high susceptibility observed in Mg-2%
Gd was attributed to its cellular or columnar grain struc-
ture, which facilitated easy tear propagation, high strain
at the onset with little amount of remaining liquid. In
contrast, the lowest susceptibility of Mg-10% Gd was
related to its equiaxed grain structure, which effectively
accommodated the strain during solidification by reori-
enting themselves and the ability of the Gd rich liquid
to partially or completely refill the tear at the end of
solidification. (A. Srinivasan et al.Metall. Mater. Trans. A
44/ (2013) 2285-98).

Autocatalytic copper coating on boron
carbide particles

The functional and structural applications of boron
carbide (B,Q) for neutron shielding and engineering
sectors are limited due to brittleness and low tem-
perature oxidation; however its use is enhanced by
the synthesis of its composites. The interfacial com-
patibility of boron carbide with the matrices can be
improved by the formation of metallic coatings. Auto-
catalytic copper coating over surface treated B,C par-
ticles with varying bath parameters and its influence
on coating morphology and uniformity were evaluat-
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ed. An effective coating of copper over boron carbide
was obtained at pH12 and a bath temperature of 30
°C. Above pH 12 as well as higher bath temperatures
of 50 and 75 °C led to predominant co-deposition
of metallic copper clusters within the reaction bath.
SEM observations showed copper clusters in the size
range of 200-400 nm and the Debye-Scherrer crystal
size calculation showed that copper crystallite size in
each clusters vary from 17 to 25 nm. The morphology
of Cu coating changed from cauliflower-like structure
to anqular shape with increase in bath temperature
and pH. (TPD Rajan et al. Surface Coating and Tech-
nology, 214 (2013) 77-85)

MINERALS

Investigations on Orissa grade ilmenite in
the preparation of synthetic rutile

In view of the non availability of Chavara (Kerala)
grade ilmenite for the preparation of synthetic ru-
tile for private mineral industries, efforts were made
to explore the possibility of employing abundantly
available Orissa grade ilmenite for the same. After a
detailed chemical and physical characterization, the
Orissa grade ilmenite was subjected to metallization

using commercial grade coal. Physical characterization
such as XRD had revealed that the ilmenite was the
least weathered among the important commercial
ilmenite resources of the country. The chemical analy-
sis of ilmenite reported 51.56% TiO, and the total
iron content at 35.35%.

Commercial grade B grade coal having fixed car-
bon content of 46% was used as the reductant for
the metallization of ilmenite. Reduction experiments
were carried out in a SS tubular reactor. Thoroughly
mixed ilmenite and coal were loaded into the reac-
tor tube and the tube was introduced into a muffle
furnace preheated at 1050 ° C. The reduction was
carried out a temperature of 1050°C for duration of
4 hours. Metalized ilmenite after separation from ex-
cess coal, ash and unreduced ilmenite using magnetic
separation was subjected to chemical analysis of me-
tallic and total iron for the elucidation of percent-
age metallization. Metalized ilmenite having more
than 85% metallization was subsequently subjected
to aeration rusting in presence of a suitable cata-
lyst for the removal of metallic iron in the form of
rust. Aeration rusting was carried out in PVC beaker
fitted with baffles. The pH of the aqueous solution
was adjusted to 4 immediately after the addition of
metalized ilmenite. The contents were kept in agi-
tation using a stirrer and the solution was purged
with air continuously. Rusting was carried out for 12
hours after which the slurry containing iron oxide and
beneficiated ilmenite was separated by dilution and
decanting. Beneficiated ilmenite free from iron oxide
was analyzed for the residual iron content. Benefici-
ated product with residual iron ranging from 9-13%
was obtained in a series of experiments. The pressure
leaching of this product is planned using an autoclave
for the preparation of synthetic rutile of about 96-
97% TiO,,

Utilization of waste iron oxide from tita-
nium mineral industries

M/s. Kerala Minerals and Metals Limited, Kollam,
Kerala produces tonnage quantities of iron oxide dur-
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ing the product of TiO, pigment by chloride route.
Intense colour, fine size and huge quantity of this by
product is a major challenge for the industry in terms
of environment and air/water pollution. A system-
atic physical and chemical characterization of waste
iron oxide received from M/s. KMML was carried out
for utilization of waste iron oxide for pigment ap-
plications by suitably converting them into saleable
pigments. Physical characterization include, XRD, par-
ticle size distribution, TG-DTA and FTIR. The analysis
revealed that the product is very fine with average
size of 1.68 micron. FTIR spectra confirmed the pres-
ence of Fe,O, with vibration bands at lower frequen-
cies. XRD further revealed that the major phase is
Fe,0, with impurity phases such as TiO,and SiO,,

Specialty materials based on engineered
clays

Under the above 12th FYP Network Program, NI-
IST has received about 9 clay samples. Mineralogical
studies of 2 samples from Kerala, 2 from Gujarat and
1 from Andhra Pradesh using optical microscopy, XRD,
TG/DTA, SEM and TEM studies were completed. Kerala
clays in general showed kaolinite as the major phase
with minor impurity phases such as anatase, haematite,
rutile and quartz. The clay samples from Gujarat showed
again kaolinite as the major phase with quartz and na-
crite as the impurity phases. However, the clay sample
from Andhra Pradesh showed quartz as the major phase
and hence had to be rejected and not considered for
further beneficiation. Four new organic molecules were
designed and hybrid clays based on them were synthe-
sized as adsorbents. These clay based adsorbents were
subsequently used at concentration of 2.5g/L as a ma-
trix in the bioremediation of perchlorate ions in water.
The results were very encouraging with the complete
conversion of perchlorate ion to chloride ion in bioreac-
tors. Blends of natural rubber (NR)/ butadiene rubber
and NR/nitrile rubber containing 4 phr of sodium salt
of rubber seed oil modified kaolin with improved curing

characteristics, filler dispersion, chemical crosslink den-
sity index, tensile properties, and dynamic mechanical
properties were prepared for tyre side walls. Modified
kaolins were used as the fillers in the place of toxic sili-
cious fibres.

Studies on exfoliation of kaolinite clay with in situ
incorporation of polyhedral oligomeric silsesquioxane
(POSS) as the guest species was carried out. SEM/
TEM studies revealed the formation of uniformly
distributed vesicles. These vesicles could be used for
storage and control release of paints and cosmet-
ics. Highly exfoliated sPS (Syndiotactic Polystyrene)
nanocomposite by simple solution blending method
was prepared using highly dispersed unmodified
LDH. Thermal stability and flammability properties as
a function of LDH loading were studied. Heat re-
lease rate showed decreasing trend with the increase
in LDH loading.

Investigation on the potential beach placer
deposits along Thiruchendur Coast, Tam-
ilnadu, India

Granulometric studies of samples from all the sec-
tors showed a single source deposition. Sands of all
the sectors mostly fall in medium grade. Low tide line
samples in some cases showed irreqular coarse grains
due to the action of wave motion. The deposition
of sediments showed the Aeolian action of wind by
the result of linear discriminative function and CM
pattern revealed that all the samples fall in shallow
agitated Aeolian deposits and were deposited by the
process of graded suspension and beach environment.
The heavy mineral distributions in the two sectors in
southern sectors showed higher concentration than
other sectors in northern part of study area. The total
heavy mineral percentage is high in berm samples
of the last two sectors Periyathalai and Ovari. The
optical microscopic studies of heavy mineral count
percentage showed domination of garnet, ilmenite,
sillimanite. While in medium fraction the garnet was
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dominated (Avg.53.17%), whereas in fine fraction
sillimanite (42.33%) and garnet (avq.28.76%) were
dominated. However, the very fine fraction was more
dominated by ilmenite followed by sillimanite. The
surface morphological studies of quartz and garnet
by scanning electron microscope revealed physical
/ mechanical and chemical weathering / alteration,
solution activities on its surface. Placer deposits of
northern sector (Thiruchendur, Kallamozhi, Kulasek-
arapattinam, Manapad) dominated by mechanical
weathering and southern sector (Periyathalai,Ovari)
dominated by the chemical weathering.
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PROCESS ENGINEERING AND
ENVIRONMENTAL TECHNOLOGY DIVISION

The Process Engineering and Environmental Technology Division develops processes and technologies for
value addition to the region’s resources and for the management of the region’s environment. The environmental
management services are used by industry and government for statutory environmental impact assessment studies
and clearances of new projects in mining, infrastructure and process industry. The division’s computational model-
ling services provides computational tools and services for investigating natural phenomena and for designing engi-
neering processes. The multi-disciplinary team comprising engineers, chemists, physicists, mathematicians, biologists
and computer scientists addresses real problems such as:

Municipal and household waste treatment

Industrial effluent treatment

Odour control

Dioxins and persistent organic pollutants in the environment
Environmental impact analysis

Water quality analysis

Groundwater pollution from industrial waste disposal

Anaerobic technology: retting for extraction of plant fibres
Anaerobic technology application in production of white pepper
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:

Developing technology for the production of microalgae for biofuel

Development of Agent Based Simulations for understanding behavior of biological systems

The activities of the Division are under four sections namely Chemical Process Engineering, Environmental
Technology, Computational Modeling and Simulation and Dioxin Research. Some of the research highlights
for the year are:

AutoCast XI commercial software upgrades
Detected and mapped groundwater contamination from perchlorate at Aluva
Detected and mapped spread of contaminants from industrial waste disposal ponds at Chavara

Completed of Phase | of NMITLI project ‘Biofuel from marine microalgae’. Engineered natural
selection process developed for cultivation of microalgae for biofuel.

Demonstration Plant commissioned for banana and pineapple fibre extraction
Gas biofilter commissioned for fish meal factory, Palghat
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ENVIRONMENTAL TECHNOLOGY

The Environmental Technology programme at NIIST
has the objective of developing innovative technology
for environmental pollution control for problems specific
to the region and providing engineering and manage-
ment consultancy services for environmental manage-
ment.

Biofuel from marine microalgae

The Phase | of the project has been completed. In
Phase I, a new approach to microalgae production for
biofuel- ‘Engineered Natural Selection” - was developed.
The new approach enables the production of high lipid
yield phototrophic consortia that are perpetual, while
being easy to harvest. It overcomes all the known tech-
nical issues of microalgae cultivation for biofuel. Engi-
neered natural selection is more competitive than other
technologies for microalgae cultivation. But microalgae
oil is not competitive against mineral oil because of the
capital costs for establishing even low-cost open race-
way ponds. Project Phase Il was proposed, for field scale
development and demonstration of microalgae cultiva-
tion by the method of engineered natural selection.

Mango waste treatment

Mango is available in a short season of less than 60
days. There are clusters of mango pulp units in mango
growing areas that operate during the mango season to
produce mango pulp. The waste generated is dumped
on land, mostly illegally. NIIST developed a process flow-
sheet to produce electric power, liquid fertilizer and
boiler solid fuel, in a common waste treatment facil-
ity for these clusters. The concept plant will operate
throughout the year with preserved mango waste.
Preservation is by ensilation technology. The preserved
waste is separated to pulp and stone. The stone is dried
to separate kernel and shell. The pulp is anaerobically
digested to biogas and the digestate is a good liquid
fertilizer for mango plantations.

Laboratory studies were conducted with the waste
from the 2013 mango season. Anaerobic treatability
studies showed that methane can be produced. Ensila-
tion studies showed rapid formation lactic acid is re-
sponsible for preservation. Data on leachate generation
and volume reduction during ensilation was obtained.
Sizing design of silage system and biomethanation plant
was completed. The flow-sheet was refined. Economic
analysis shows that the treatment plant has a break
even of less than 4 years. A call for expressions of in-
terest for this project was issued by GIZ, New Delhi
in Europe and a company is evaluating possible project
development.

Ensiled mango waste after 110 d retains colour and
mango flavour

Gas biofilter for fish meal factory

A Gas biofilter 28m x 12 m as per NIIST design
installed and commissioned at M/s Herald Marine Prod-

<< National Institute for Interdisciplinary Science & Technology, Thiruvananthapuram > >



Annual Report 2013 -14

ucts, Ltd. Chittoor, Palghat District. It uses the patented
biofilter media developed at NIIST.

Gas biofilter installed at M/s Herald Marine Products,
Led. Chittoor, Palghat District.

Perchlorate contamination of ground water

Perchlorate (ClO,) is the primary oxidizer of fuel
in rockets, missiles and explosives. It is also used
in industries such as electroplating, dye, fireworks,
matchbox manufacture. Perchlorate ion is known to
interfere with the functioning of thyroid gland caus-
ing hypothyroidism.
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Map showing heavy perchlorate

contaminated area in Kerala

The previous studies revealed high level of perchlo-
rate in ground water samples from Aluva (Ernakulam
Dist.) and Thumba (Thiruvananthapuram Dist.). Rigor-
ous screening of ground water was conducted during

December 2013 at Aluva in EKM dist. Compared to the
observation in 2012, the level of perchlorate in this area
was found have elevated very high. In a few public wells,
the concentration was found to be approx. 40,000 ppb.
This may be viewed against USEPAs permissible level
of 15 ppb in drinking water. Severe contamination was
observed around 2-3Km? area in Keezhmad (Kulakkad
colony) and Edathala Panchayats in Aluwa.

To monitor the incidence of hypothyroidism, a social
survey was conducted in Keezhmad panchayat during
Jan 2014 with the help of Kerala State Health Depart-
ment and many people in the area found were to have
symptoms of hypothyroidism. NIIST provided analytical
support to Kerala State Pollution Control Board, State
Groundwater Department and State Health Services De-
partment to assess the magnitude of perchlorate con-
tamination of ground water in Aluwa.

Table: Average and maximum value of perchlorate in
drinking water samples from different States/TUs

Patchiodate [ug/L)

HNo.  SeatefUT (place] LR

simahes Wi rFrum AVErEEE
1 immeny & Kxsheir (Cangil) 5 0L BOL
| Pt Dalhi 16 118 BDL

£ Maharashira [Nagpar] 53 14 11458
L] Latar Prades® {Eucknaw) hiv] BDL BDL
L] Assam | Guwahat!] 10 43 B
-] Gos EL] am i3
7 Karada Ak, EXMI 149 41,730 6337
{Thusnba, TVM) a3 00 Bis

BDL = Below detection bmit (¥ ppbl; Method assd DIONEN IC vilh AS1E/AG 16 colren for perchlorste

Development of low cost adsorbents for remov-
ing perchlorate

Studies were conducted to develop novel and low
cost adsorbents for removing perchlorate from water. A
novel adsorbent was developed by organo-functionaliza-
tion of indigenous bentonite clay with a cationic surfac-
tant, hexadecyl triethyl ammonium bromide (HDTAB).
The adsorbent removed around 80% of perchlorate at
50 ppm level in 10 min. The adsorption followed a pseu-
do-second order kinetic model. Langmuir and Freundlich
adsorption isotherms were applicable to the adsorption
process and their constants were evaluated. The ther-
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modynamic parameters (AH?, AS°andAG®) calculated
from the temperature dependent adsorption isotherms
suggests that the adsorption of ClO,was exothermic
and a spontaneous process. Studies are continuing for
simultaneous adsorption and degradation of traces (ppb
level) of perchlorate in bulk water using the adsorbent

and perchlorate reducing enrichment consortium.

16 -

12 4

time, t (min.)

Psuedo-second-order kinetic plot for the adsorption of
ClO, on HDTAB-GB

Bioremediation of perchlorate and micro-
bial ecology of the reactor sludge

Bioremediation of perchlorate is a continuing activity
of the environmental technology lab. During the past
year, the microbial ecology of a perchlorate reducing
reactor sludge was studied through metagenomic ap-
proach. Denaturing Gradient Gel Electrophoresis (DGGE)
targeting bacteria (primers EUB 341f-GC & 907r) and
Archaea (primers ARCH 344f-GC & 958r) communities
in the sludge was done and the dominant populations
were identified. It was found that Thauera sp., a known
nitrate reducer and acetate utilizing bacteria as a domi-
nant species in the perchlorate reducing sludge. Among
the Archaea, the prominent bands were represented
by the methane producing Methanosaeta sp. The se-
quences were submitted to Genbank (KF193874-883
and KF241453-458). Efforts are in progress for a pilot
scale reactor study for removing perchlorate from water.

Usnbared Thaser ip holae DUGE basd §KF193874)
Unrwlivend Thawera sp, balaie DOGE bawsl (KF19575
= Unawlimred Thamers sp balate DGGE baml i F 190576
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L} fwrwil Harkhakleris ap DHOCE sl (RFRALET)
U wlwird Arsiroes wp. belaic BEGE il (hF §91880)
Apsmrom i NECH
L ncultmivd Declilorsmminas wp bolate DUGE Lamd (KFIRSET)
Umarabinred Divblsrumanss sp. s larl GG E baad (RF 192531
Bechlersmanis o | SFHES

Vseulinrrd Baie rebdoivs s bealaie DGGE bawd (RF 1738055
Banberekline baosories 4180

Umgnltursd Iip i it bocimi o maluty UG Buad | R 957N
—r: 1w s i
Sy e rgideies bisrh Finmn rarihmeel cubarr
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Uncubtured Synergisietes on balatel oG E band (KF 2414840

Ll

Neighbor-joining phylogenetic tree based on bacterial
16S rDNA sequences derived from DGGE result of sludge

from the perchlorate reducing sludge.

Several new strains of halophilic perchlorate reduc-
ing bacteria were isolated and identified. Micrococcus
sp. NIIST1, Bacillus sp. NIIST2, Bacillus pumilus NIIST6
and Halomonas NIIST3 are the novel strains. A bacte-
rial cocktail was formulated with these strains and it
is under testing for reducing (degrading) perchlorate
adsorbed on surface modified clay and other matrices
developed in NIIST.

In a separate study, Serratia sp. NIIST5 was found
to form a biofilm and effective to reduce perchlorate
adsorbed on to porous lanthanum phosphate developed
by NIIST Material science division. The phyto-remedia-
tion of perchlorate using locally available floating macro-
phyte, Pistia was established. This may find application
for removing perchlorate contaminated surface water

sources.

Semi-synthetic approach for novel bio-molecules
from natural microbial populations

The study with Chromobacterium sp NIIST, produc-
ing the purple blue bioactive compound, violacein (US
20130074735, EP 2545181A1, WO 2011110932A1) was
continued from last year. A semi-synthetic approach was
tried for modifying pure violacein from the NIIST strain
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and the novel compounds formed was analyzed for their
potential activity. In one of the approaches, Violacein
was modified to tetramethyl violacein. The synthesized
compound was characterized (H NMR and LCMS) and
its antibacterial activity was evaluated aqainst different
pathogenic strains. Compared to pure violacein, the
tetramethyl violacein exhibited better activity against
Staph epidermis, Pseudomonas mirabilis, Vibrio cholera
and Klebsiella pneumonia. The activity against Klebsiella
pneumonia was comparable to commercial ciprofloxacin.

MIC (pg/ml)
Test bacteria Violacein Tell:ramet‘hyl Ciprofloxacin
violacein
Bacillus subtilis 16 64 2
Staphylococcus aureus 8 32 2
Escherichia coli 4 16 1
Fseudomonas aeruginosa 32 32 2
Staph epidermis 16 64 2
Pseudomonas mirabilis 64 16 4
Vibrio cholerae 32 8 2
Klebsiella pneumonia 8 2 2
Staphylococcus. simulans 64 64 4
Salmonella tvphi 125 250 4

Activity of Violacein & Tetramethyl violacein against

different pathogenic bacterial strains

Commercialization of compact anaerobic digester
cum biogas plant

An improved anaerobic treatment system was de-
veloped by NIIST for the management of household
biodegradable wastes (Patent application No. PCT/
IN2013/000140). The major advantages of NIIST an-
aerobic digester include: works as a complete treatment
system for household biodegradable wastes, compact
and versatile, yields higher quantity of methane in the
biogas, composted wastes requires no further process-
ing to use as organic fertiliser and operation of the
system requires no electricity. This development was li-
censed to M/s Carris and Pipes Pvt. Ltd., Ernakulam,
Kerala and M/S. B.M. Industries, Paingattoor, Moovat-
tupuzha, Kerala for mass production and marketing of
the biogas plant.

Photograph of the commercial anaerobic treatment system

cum biogas plant for household biodegradable wastes

Demonstration plants for bioextraction of pine-
apple leaf fibre, banana fibre and coir fibre

The potential of coir fibre, banana fibres and pine-
apple leaf fibres are well known. However, the current
methods of extraction of these fibres are inappropriate
to produce quality fibres in reasonable scale. An anaero-
bic extraction was developed in the institute for plant fi-
bres, which facilitates to make good quality fibres with-
out pollution and enables process water recycle. The
process was taken up to demonstrate in the field for
the production of coir fibre, banana fibres and pineapple
leaf fibres with the financial support of KSCSTE, Govt.
of Kerala and DST, Govt. of India. NGOs and self-help
groups are involved in this programme for developing
skills to utilize such resources through this technology
and building up livelihood opportunities.

The demonstration plant for the bio-separation of
pineapple leaf fibre was established in Maneed Panca-
hayat, Piravom and it was inaugurated on 25% February
2014 by Shri. Anoop Jacob, the honourable Minister for
Food and Civil Supplies, Consumer Protection & Regis-
tration, Govt. of Kerala in a meeting presided by Shri.
Jose K Mani, Honourable Member of Parliament.
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Agreement signed with Kudumbashree of Kerala State in pres-
ence of the Honourable Minister Dr M.K. Muneer, Panchayat
and Social Welfare for setting up demonstration plants for the

bioextraction of banana fibre and pineapple leaf fibre

Demonstration plant for pine apple leaf fibre bioextraction

plant in Piravom, Ernakulam, Kerala
Coir fibre composite for furniture

“Polycoir”, is composite material made from needle-
felt coir fibre and polymer. This thermoset mouldable
natural fibre polymer composite has potential as substi-
tute for wood-based or alternative products. The mate-
rial can be engineered as per requirement with prop-
erties like fire resistance, termite resistance and water
resistance.

The technology for polycoir was developed in this in-
stitute during 1994-1997 but could not be transferred.
New efforts were made to make products from poly-

coir. The surface finish was improved for better market
acceptability. This technology was transferred to Kerala
Furniture Consortium Pvt. Ltd, Ernakulam District, Kera-
la, as an initiative under the National Innovation Coun-

cil, Government of India.

Photograph of stool top prepared from coir composites

Studies on estimation of heat of degradation of
fish: a calorimetric study

Wastewater dripping from insulated trucks transport-
ing fish on to roads and parking lots is a complaint re-
ferred to the institue by the Kerala State Pollution Con-
trol Board. The wastewater is generated from melting
of ice used for packing the fish. Some locations receive
reqular spillage on daily basis and these places start to
smell badly of putrid fish. The sources of heat for melt-
ing of ice are: the sensible heat which cools the fish
from room temperature to ice temperature, heat con-
ducted through the insulation walls of the transporting
vehicle and the heat generated due to the degradation
of fish at its storage temperature. Micro calorimetric
studies were conducted to estimate the heat gener-
ated due to the degradation of the fish Indian Mackerel
(Rastrelliger kanagurta) at various storage tempera-
tures. The exponential variation of heat generation as a
function of temperature, shown in the figure, confirms
that fish degradation is very sensitive to the storage
temperature. Storing Indian Mackerel at ice tempera-
ture (273 K) generates nearly 3.0 mW/kg of heat due
to degradation as computed using the Arrhenius rela-
tionship.
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Figure: Exponential variation of heat generation due to

degradation with temperature.

Conceptual design of a waste water treatment
system for NIIST

For facilitating the treatment of waste water gener-
ated from various R&D laboratories and the Canteen
of NIIST, a conceptual design of a treatment system
was carried out. Employing a custom-constructed flow
measurement system, the effluent from NIIST was quan-
tified, which was to the tune of 50,000 litres/day. The
conventional biological treatment in combination with
membrane technology is identified as the appropriate
treatment method. Two parallel membrane bio reac-
tor (MBR) modules are required for the treatment, in
which one operates at a time and the other is standby
for dismantling and cleaning. The MBR modules will be
housed in a tank having an anoxic zone and an aerobic
zone. These zones enable the nitrogen removal by the
nitrification-denitrification process. The flow sheet for
the proposed treatment process was prepared.

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

The Kerala Minerals and Metals Limited (KMML) is
manufacturer of rutile grade titanium dioxide by chlo-
ride process. The spent acid generated during the ben-
eficiation process is further processed to regenerate the
acid. During the acid generation process, iron oxide is
produced as a by-product. The common effluent neu-
tralization unit produces sludge. The iron oxide and ETP

sludge are stored separately in secured ponds. The ob-
jective of the study is to carry out the Environmental
Impact Assessment (EIA) of the sludge storage ponds.
The study includes survey of groundwater and soil pol-
lution in the surrounding area, material balances and
recommendations.

The environmental 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
linings, leading to water and soil contamination. The
study covers and an area of 2 km radius keeping the

sludge ponds in the centre.

The hydrological survey of the wells surrounding the
pond was conducted. 99 well water samples and 69
samples of soils/sediments were collected. Groundwa-
ter flow direction is predominantly towards Northwest,
South West and to the western side of KMML. Prelimi-
nary results indicate groundwater contamination from
ponds currently used for storing wastes.

CLAY AND CLAY MINERALS
PROCESSING

Clay is one of the most important mined minerals
in Kerala. NIIST is India’s leading laboratory in charac-
terizing clay resources, and developing technology for
the processing of china clay into value added products.
Kaolin (Al,0,.25i0,.2H,0) or china clay is a versatile
industrial mineral. The raw clay is to be processed and
refined to suit the required specifications for end use.
Iron minerals are important among the deleterious im-
purities in kaolin, because it imparts colour to the white
kaolin. Efforts have been continued on process develop-
ment for the beneficiation of kaolin from various loca-
tions in the country.

Specialty Products based on Engineered Clays

The PEET division is identifying suitable clay deposits
from across the country that can be developed into cos-
metic and pharmaceutical grade clay, and specialty clays
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for water clean-up operations with special emphasis to
industrial wastewaters. Seven samples from 3 states
were evaluated. Detailed characterization, impurity min-
eral identification, selection and optimization of suitable
processing techniques for the value addition of indig-
enous clays are in progress to obtain material specifica-
tion suitable for production of specialty materials such
as matrix clay for formulations in cosmetics, medicines
and also as adsorbents for removal of toxic colors/met-
als/organics from waste streams.

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

Beneficiation of a clay from Erikulam, Kasaragod Dis-
trict, Kerala was undertaken during the period. Min-
eralogical analysis indicated that kaolinitie is the pre-
dominant mineral and contaminated with mica, quartz,
anatase, and other ferruginous impurities. Total iron
content was 1.5% of which 70% could be attributed
to the presence of extra framework ferruginous impuri-
ties. Sieve analysis indicated the bulk clay recovery to
be around 63%. The material has been subjected to
removal of > 45pm fraction or de-gritting using 2" stub
cyclone. The < 45um slurry was further size classified for
enriching the fines.

The < 2 micron size fraction in the case of ROM clay
is only 45.9%. Conventional hydros bleaching did not
improve the brightness. However, the maximum bright-
ness was achieved through a combination of size separa-
tion, wet high intensity magnetic separation (WHIMS)
and calcination which resulted in an overall increase in
brightness by 15 units ie. 80.2%. Beneficiation flow-
sheet is under preparation.

Brightness improvement studies on China clays

Work related to ‘clay beneficiation studies” was con-
tinued at NIIST on two china clays supplied by the
sponsoring agency. A clay from Bhuj was found to
contain kaolinite as the major mineral constituent con-
taminated with ancillary minerals such as anatase, hae-

matitie, psuedorutile etc. and exhibited a brightness of
80.8% (ISO) against 0.32% Fe,O, and 0.9% TiO, con-
tents. After suitable beneficiation via a combination of
hydrocyclone separations, WHIMS and chemical bleach-
ing under optimized conditions , a hydrated product
with 89% brightness and a calcined product of bright-
ness 93.2% could be obtained with potential applica-
tion in paper, paints etc.

Sheer floc-flotation is a specialized form of froth flo-
tation in which the ultrafine particles to be floated are
made to flocculate under high shear energy so as to
form flocs of particles suitable for normal flocculation.
This technique has been employed for the removal of
ultrafine graphitic impurities from another clay sample
supplied by the sponsor.

Fahrenwald Flotation Cell
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Coated paper. top: clay before flotation; below:

clay after flotation; bar 0.1 mm;

COMPUTATIONAL MODELLING
AND SIMULATION

Computational Modeling and Simulation Section has
an inter-disciplinary team and undertakes modeling of
physical and biological systems. It supports technology
development and new knowledge generation.

Commercial status of Virtual Casting Technology
and development of new modules

In 2011, the Virtual Casting Solver technology was
transferred to 3D Foundry Tech Pvt. Ltd., (3DFT). Dur-
ing 2012-13, Virtual Casting solver code was completely
redesigned for efficient memory management and a bet-
ter shrinkage prediction algorithm and was integrated
into the upgraded version AutoCAST X1 as FLOW+
module. The front-end GUI of this new module in Auto-
CAST X1 environment is shown in Figure.

Frontend GUI of AutoCAST X1 with
FLOW+ module

The FLOW+ module takes as input the thermo-phys-
ical properties of the metal and the mold along with the
geometry of the casting and meshing from AutoCAST
platform, calculates the flow pattern in the mold cav-
ity during filling, temperature changes in the metal and
predicts the defects that could occur in the solidified
casting. This code was benchmarked and validated for
various industrial castings and with commercial software
codes available in the market like FLOW 3D and Nova-
CAST. Some benchmarking results for shrinkage predic-
tion results with industrial castings are shown below.
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Shrinkage defects as precited by FLOW+
module of AutoCAST X1

The commercial release of AutoCAST X1 was made
during IFEX-2013. From April 2013 to March 2014,
3DFT has transferred around 12 licenses. In addition,
3DFT now has a reseller in China which is a Taiwan-
based company, called Hyperinfo. In April 2014, they
got the first order for AutoCAST X1 from Taiwan
Control Valves, Taiwan. AutoCAST X1 is now available
in Chinese and also has a website in Chinese www.
autocast.tw.

wiww. autocast.iw

Reseller in China for AutoCASt X1 -
Hyperinfo Corporation

A new gas and venting module which can predict
the occurrence of blowholes during filling of the casting
has been developed and transferred to 3DFT in January
2014 in a separate MOU. This module was showcased
during IFEX 2014.

CFD Simulation of Micro Structured Reactors
(MSRs)

CFD is used as an enabling technology for simula-
tion of fluid dynamic parameters like pressure drop,
mass transfer and heat transfer coefficient values for
various combinations of micro channels. The commer-
cial CFD simulation software FLOW-3D® was used
to simulate chaotic advection in droplet based micro-
fluidic devices. Chaotic advection can occur in time-
periodic 2D flow or 3D flow and a chaotic mixer can
be either an active or a passive one. Passive chaotic
mixers are time-independent and they use specially
designed 3D channel geometry to generate chaotic
advection. Droplets travelling through a micro chan-
nel experience internal recirculation, which has been
used to enhance mixing in plugs and slugs. In straight
channels, two symmetric vortices form on the left and
right halves of a plug. The mixing occurs by convec-
tion within each half and mainly by diffusion between
the two halves of the plug. In winding channels the
interface between the two halves of the plug is re-
oriented from the direction of plug movement and is
stretched and folded by recirculation. This technique
greatly enhances mixing. The extent of mixing is de-
pendent on the number of winding turns. The micro
channel geometry used for the current simulation is
shown in the figure. The central stream acts as a
separator between the two reagent streams prevent-
ing mixing of reagents until they reach the T-junction

el

Computational domain used for the CFD simulation

For the simulation, water was taken as the disperse
phase and a perfluorocarbon, PFD was taken as the con-
tinuous phase. Two reagents A and B were added to
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the stream of water. The following flow conditions were
used. Incompressible fluid flow with sharp interface
model was chosen for simulation type and 3D simula-
tion was carried out using FLOW-3D.

Flow conditions: (i) continuous inlet of PFD with
volume rate = 3.6 micro liters per minute, (ii) reagent
A, water and reagent B, parallel inlet in 1:1:1 ratio with
no intermixing before the junction and net volume flow
rate = 3.9 micro liters per minute, and (ji) outlets open
to atmosphere.

Fluid properties :Water: viscosity = 0.001 Pa-s, den-
sity = 1000 kg/m?, surface tension coefficient = 0.073
Kg/s? contact angle 60°. PFD: viscosity = 0.0051 Pa-s,
density = 1900 kg/m’.

Some typical contour plots of concentration of re-
agent A are shown in the following figure for various
inlet conditions.

Contour plot of concentration of reagent A

Contour plot of concentration of reagent A along

with the experimental results

The contour plot shows that the fluid undergoes cha-
otic advection and results in almost complete mixing of
the two reagents by the time it reaches the end of the
micro channel as observed experimentally and reported
in literature.

Computational Biology

Agent Based Modeling (ABM) is a computational
paradigm to study the dynamics of complex systems
that self - organize and create an emergent order. The
ability of ABMs to cater to multiple scales of biologi-
cal processes, taking into account spatial and temporal
aspects, makes it well-suited for Systems Biology. ABMs
in the past used cell level tissue modeling with cells as
primary agents to study tumour growth, morphogenesis
and wound healing. Moving to the intracellular scale,
ABMs can provide a means by which mechanistic infor-
mation generated by experimentation can be integrated
to find phenomenological behaviours of the system as
a whole.

An ABM to study the ErbB signal transduction
within the cell has been developed. The ErbB family
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of receptor tyrosine kinases reqgulates a wide range of
biological phenomena, including physiological roles in
development and maintenance of tissues by generating
cell proliferation, adhesion, survival, differentiation and
migration signals. The aberrant activity of these recep-
tors, particularly ErbB1 and ErbB2, are also linked to the
initiation and malignancy of numerous types of human
cancers.

In-silico experiments of EGFR-HER2 receptor ac-
tivation and trafficking

The ErbB signaling pathway is one of the most docu-
mented networks because of the prolific activity in both
experiments and modeling in the last two decades. Ex-
periments coupled with model-based analysis can obtain
trends, patterns and emergent characteristics of net-
works whose combinatorial complexity does not permit
precise quantification of signaling outcomes.

ErbB signaling is characterized by multiple ex-
tracellular ligands, four trans-membrane receptors -
ErbB1(EGFR)-ErbB4 or HER1-4, cytoplasmic adapters,
scaffolds, enzymes and small molecules. Signal initiation
occurs on ligand binding to the receptor, leading to
homo or hetero-dimerization of receptors, followed by
the activation of multiple downstream effectors.
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Schematic of ErbB Signaling

The model assumes molecular agents dispersed in
sub-cellular compartments whose combined actions and

interactions are studied by simulations. Parameter val-
ues for receptor activation and dimerization affinities,
trafficking rates and phosphorylation levels are available
from mathematical models that fit experimental data
from cell lines. These rates were used to drive the agent
behaviors over space and time. The in-silico experiments
were able to quantitatively predict dimerization patterns
and extent of phosphorylation of EGFR and HER2 when
activated by ligand EGF. The phosphorylation levels of
17L cell line, a low expressor of HER2 were much less
than that of A11H which expresses ten times more
HER2. Both homo and hetero-dimers contribute to the
phosphorylation.
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Receptor phosphorylation levels of ErbB1 and HER2
in 17L and A11H cell lines

The software code was developed on a generic ABM
framework earlier by NIIST. The model is being extend-
ed to include other receptors, ligands and downstream
signaling events.
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PLANNING & PERFORMANCE AND BUSINESS DEVELOPMENT

CONTRACT RESEARCH PROGRAMMES - 2013-14

Agro Processing Division

Project Title

Project Leader

Study on the mechanism of anoikis in human mammary cancer ,
! DSt cell, induced by a purified lectin from Morus Alba L Dr> Priya
Haryana State Co- . 4
9 Operative Supply & Process development for blanching & drying of fresh Dr V V Venugopal
. . turmeric
Marketing Federation
3 DBT Fluorescent probes for biosensing applications Dr P Jayamoorthy
. Development of functional food products from spices .
4 | Spices Board and botanicals for better health management Dr P Nisha
Synthesis utility of dien aminodioate for synthesis of
1,2- Dihydropyridines and its resulting derivatives for .
> KSCTE evaluational of their anti microbial, anti tuberculosis & Dr L Ravi Shankar
anti malarial potential
Endophytic bacterial flora of the rice plants from the
6 KSCSTE acidic soil of Kuttanad and their exploitation in improved | Dr B S Dileep Kumar
paddy

Biotechnology Division

DST

Biochemical and molecular investigation on stress
mediated lipid accumulation and biomass productivity
in microalgae

Dr M Arumugham

DBT

Stereo selective synthesis of chiral alcohols of
pharmaceutical importance via microbial oxidoreductases:
Process development and scale-up

Dr P Binod

DBT

Waste to wealth: Development of green process for
the production of second generation biofuel from crop
wastes

Dr R Sindhu

Chemical Sciences & Technology Division

Design a smart drug delivery system using activatable

Dr Kaustabh Kumar

10 | DST cell penetrating peptides scaffold based non peptide Maiti
carriers for targeting human cancer
1 | DBT Detection of Zinc in epileptic condition using ratiometric Dr Ajayaghosh

fluorescent molecular probes
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Development of novel organic materials for photovoltaic

12 | DST o Dr C Vijayakumar
applications

13| DsT Developmgnt of semi conducting push pull polymers for Dr B Bijitha
photovoltaic applications
Utilization and activation of CO, via transitions metal

1| D37 mediated insertion reactions- A computational study Dr V' Prabha

15 | KSCSTE Sll.ver §tarch hydroge.l hybrld. nano composite for anti Dr | D Sudha
microbial wound healing applications

Material Sciences & Technology Division

16 | KSCSTE Development of rare earth based double peroskites A, | Dr Manoj Rama

Fe ReO,(A=Sr, Ba, Ca, Ce, La, Nd) Verma
NORITAKE Co. Ltd | Adsorbants for gas & vapour molecules: Rational

17 | Japan design of materials, porous nano structures and surface | Dr S Ananthakumar
chemistry
Development of photocatalytic reactor based on wide

18 | BRNS spectrum nano titania- organic hybrids fgr decomp05|t|9n Dr Saju. Pilli
of dyes and recovery of precious additive / solvent in
spent laser dye solutions
Tailoring of magneto- structural phase transitions near

19 | BRNS the room temperatures in intermetallic Heusler alloys for | Dr M Vasundhara
the magnetic refrigeration applications
Development and pilot scale production of microwave

20 | DST ceramic substrates and LTCC green tapes suitable for | Dr K P Surendran
microwave circuits
Multicaloric effects in certain systems with magneto | Dr Manoj Rama

21 BRNS .
structural transistors Verma
Development of high value ceramics and functional

22 | Binani Zinc Ltd nanomaterials from Zn metal and zarosite resources | Dr S Ananthakumar
produced by Binani Zinc Pvt. Ltd

23 | DST Exchange biased magnetic heterostructures Dr Sinoy Thomas

24 | DST Dielectric ink for printed electronics: Materials to Devices | Dr K P Surendran

2% | DsT Aluminium -Silicon piston alloy development by squeeze Dr M Ravi

casting process for strategic application

Process Engineering & Envi

ronmental Technology Division

26 | KSCSTE Bioremediation of soil contaminated with perchlorate Mr Prajeesh
27 | DST Study of driven non equilibrium systems and biological Dr Mamata Sahoo
processes
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CONSULTANCY PROGRAMMES

Project Title Project Leader

1 Spices Board, Cochin Technical evaluation .Of project propo§a|s for Mr M M Sreekumar
technology upgradation process modification
M/s Vinvish Design and development of confoal microscope
2 | Technologies Pvt Ltd, N “op . P Dr K Yoosaf
: with super continuum white laser source
Trivandrum
3 Collagen Marine Fish meal factory odour control and effluent Mr Ajith Haridas
Products, Malappuram | treatment
4 KMML EIA for KMML pond Mr Ansari
5 Galaxy Environ, Ice cream factory ETP for Papai ice cream, Mr Ajith Haridas
Malappuram Palghat
6 M/s 3D Foundary Tech | Additional module for flow+ for air blowhole Dr Savithri
Pvt Ltd, Mumbai identification during filling in casting
Marine study for 3 ports .
7| WAPCOS (Beypore, Cochin Naval Base & Ratnagiri) Mr Ansari
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List of MoU/Agreements

Date of
Signing

Nature of
the MolU

Name of the irm/fArms
with whom the MoU/
Agreement is entered

into

Project Leader

Agreement for licensing

Shri Anoop M A, M/s
Galaxy Environ, Airport

of know how for UASB | 23.5.2013 Technology Road, Mattor Junc- Mr Ajith Haridas
Transfer .
reactor tion, Kalady, Ernakulam,
Kerala 683574
Agreement for spon-
sore'd resear.ch for con- 3.7.2013 Agreement | M/s Binani Zinc Ltd Dr Ananthakumar
version of Zinc metal
nano Zinc oxide
Disclosure of infor- British American Tobac-
mation agreement co, Marketing futures,
with British American 472013 Agreement Regents Park Road, Mill Dr Ashok PAndey
Tobacco Brook
BP Biofuels North
- America LLC (BP),
aCorneﬁe?lne:;Lallty 13.8.2013 | Agreement | Company with offices Dr Ashok Pandey
9 at 4955 Director’s place
San Diego, CA 92121
Honeywell Technology
NDA -Magnesium alloys Solution Lab Pvt Ltd,
and polymers for Turbo | 28.8.2013 | Agreement | 151/1, Porasisanipalya | Dr U T S Pillai
charger applications Bannerghatta Road,
Banglore - 560226
Mutual confidential-
ity agreement for
collaboration relating to Merck KGaA, Frankfurt-
chemical and physical 01.9.2013 | Agreement | er, StraBe 250, 64293 Dr M L P Reddy
research with focus on Darmstadt, Germany
OLED materials and
pigments
Agreement for EIA &
EMP study for mining
area IREL Block- IV and INDIAN RARE EARTH .
IV EE and obtaining 30.9.2013 | Agreement LTD, Chavara, Kollam Mr] Ansari
clearance from MoEF
for enhanced excavation
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Confidentiality agree-
ment for collaboration
in the area of bioen-

DSM India Pvt Ltd,
#401-402, 4™ floor NSG

Dr Ashok Pandey

8 ergy from biomass and 03.102013 | Agreement IT Park, Aundh, Pune
phytochemicals from 411007
agricultural residues
Agreement for research .
9 | collaboration between | 25.10.2013 | Agreement ECL)JCSQ;]I',_T;;kkakkara, Dr. Ajit Haridas
CUSAT and CSIR-NIIST
Technology Marketing l(\:lsCllF_{_IEic:v;cvignth’ikaO, Business Develop-
10 | Agreement with CSIR- | 26.11.2013 | Agreement . ' ment Division initia-
Tech Dr. Homi Bhabha Road, five
Pune - 411008
Agreement for spon- Saudi Basic Industries
11 | sored research for 03.12.2013 | Agreement Corpora.tlon, PO. Box Dr. Mangalam Nair
SABIC 5101, Riyadh 11422,
: Kingdom of Saudi Arabia
Agreement with Spices Spices Board, NH By-
Board for development Pacs “Suqandha Bha-
of functional food prod- | 24.12.2013 | Agreement |g : Dr. P. Nisha
12| ucts from spices and van’, Palarivattom P O,
botanicals Cochin - 682025
MoU with RCC, Thiru-
vananthapuram for the
research project titled
3 ‘Significance of Surface- 06.01.2014 | MoU Regional Cancer Centre, Dr KK. Maiti
Enhanced Raman o Thiruvananthapuram T
scattering techniques in
Diagnostic
Cytopathology *
Agreement for Consul- 3D Foundry Tech Pvt.
tancy for air blowholes Ltd, CM-05, SINE, e
14 identification in 06.01.2014 | Agreement CSRE, IIT-B, Powai, Dr. S. Savithri
castings. Mumbai 400 076,
MOU. \.Nith ESSONIOT The Earth System Sci-
for joint research on L
pilot scale outdoor ences Organization
Tass culture of marine - National Institute of
microalgae to revalidate Ocean Technology NIOT y .
15 21.01.2014 | MoU Campus, Velachery - Dr . Ajit Haridas

the techno-commercial
feasibility of commercial
scale mass culture of
marine microalgae for
bio fuel production

Tambaram Main Road,
Narayanapuram, Pal-
likaranai, Chennai - 600
100, Tamil Nadu
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Amendment to Tech-
nology Marketing

CSIR-Tech Pvt. Ltd., 100,
NCL Innovation Park,

Business Develop-

16 | Agreement sgned on 29.01.2014 | Agreement Dr. Homi Bhabha Road, | ment Division
26.11.2013 with CSIR-
Pune - 411008
Tech
Vinvish Technologies Pvt.
Einsuét:;cyn Agéeeir:lgﬂf Ltd., C-16, Thejaswini
17 gn,  CEVEIOP 1 04.02.2014 Agreement | Building, Technopark, Dr. K. Yoosaf
ment and fabrication of .
Confocal Microscope Trivandrum, Kerala PIN -
' 695581
Malabar Regional Co-
operative Milk Produc-
Tripartite Agreement ers Union of MILMA,
with MILMA and Direc- Peringulam, Kun-
tor of Agriculture for Technolo namangalam  (PO.),
18 | establishment of a 29.03.2014 Transfergy Kozhikode - 673 571 & | Mr. VV. Venugopal

Ginger Processing Unit
at Wayanad District,
Kerala

Director of Agriculture,
Directorate of Agri-
culture, Vikas Bhavan,
Thiruvananthapuram -
695 033
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PATENTS
Filed in India

SEMICONDUCTOR OXIDE
NANOTUBES-FLYASH AND | SHUKLA SATYA-
SEMICONDUCTOR OXIDE | JIT VISHNU,
NANOTUBES-METAL OXIDE | PADINHAT-
COMPOSITE PARTICLES, TAYIL HAREESH,
0022NF2013/IN | THEIR PROCESSING VIA NARAYANI 24/05/2013 | 1563DEL2013
ION-EXCHANGE MECHA- HARSHA, JOSE
NISM, AND METHODS FOR | MANU, KA-
THEIR RECYCLING IN THE RUNAKARAN
DYE-REMOVAL APPLICA- REMYA
TION THEREOF
A SQUARAINE BASED
FLUORESCENT PROBE
FOR SELECTIVE LABELING AYYAPPANPILLAI
AND SENSING OF SERUM AJAYAGHOSH
0180NF2012/IN | ALBUMIN PROTEINS, PH PALAPPURAVP,\N 30/08/2013 | 2564DEL2013
MONITORING AND THIOL ANEES
IMAGING IN CELLS AND A
PROCESS FOR THE PREPA-
RATION THEREOF
KUZHICHALIL
PEETHAMB-
SELF HEALING SILICA HARAN
BASED LOW K DIELECTRIC | SURENDRAN,
0082NF2013/IN INK FOR PRINTED ELEC- MAILADIL 12/12/2013 | 3620DEL2013
TRONIC APPLICATIONS THOMAS SE-
BASTIAN, JOBIN
VARGHESE
SEMICONDUCTOR OXIDE
NANOTUBES-FLYASH AND | SHUKLA SATYA-
SEMICONDUCTOR OXIDE | JIT VISHNU,
NANOTUBES-METAL OXIDE | PADINHAT-
COMPOSITE PARTICLES, TAYIL HAREESH,
0022NF2013/IN | THEIR PROCESSING VIA NARAYANI 24/05/2013 | 1563DEL2013
ION-EXCHANGE MECHA- HARSHA, JOSE
NISM, AND METHODS FOR | MANU, KA-
THEIR RECYCLING IN THE RUNAKARAN
DYE-REMOVAL APPLICA- REMYA
TION THEREOF
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Filed in Foreign Countries

0009NF2012/WO

BLUE COLORED INORGANIC
PIGMENTS, HAVING NEAR IN-
FRARED REFLECTANCE, BASED
ON MIXTURES OF LANTHA-
NUM, STRONTIUM, COPPER
AND LITHIUM SILICATE AND
PROCESS THEREOF

MUNDLAPUDI LAK-
SHMIPATHI REDDY,
SHEETHU JOSE

02/05/2013

PCT/
IN2013/000292

0102NF2012/WO

A PROCESS FOR DECOMPOSI-
TION OF ORGANIC SYNTHETIC
DYES USING SEMICONDUC-
TOR-OXIDES NANOTUBES VIA
DARK CATALYSIS.

SHUKLA SATYAJIT VISH-
NU, WARRIER KRISHNA
GOPAKUMAR, BABU
BABITHA KUNNATHU-
PARAMBIL

17/05/2013

PCT/
IN2013/000319

0169NF2010/US

METAL OXIDE MODIFIED AND
UNMODIFIED MOLECULARLY
IMPRINTED CONDUCTING
POLYMER FILM BASED AQUE-
OUS AMINOACID SENSORS

VARGHESE SAUMYA,
KRISHNA PILLAI PADMA-
JA KUMARI PRATHISH,
TALASILA PRASADA RAO

01/08/2013

13/983229

0169NF2010/JP

METAL OXIDE MODIFIED AND
UNMODIFIED MOLECULARLY
IMPRINTED CONDUCTING
POLYMER FILM BASED AQUE-
OUS AMINOACID SENSORS

VARGHESE SAUMYA,
KRISHNA PILLAI PADMA-
JA KUMARI PRATHISH,
TALASILA PRASADA RAO

04/08/2013

2013-552325

0170NF2010/US

MOLECULAR PROBES WITH
HIGH FLUORESCENCE FOR
SOLID-STATE LIGHTING, SELEC-
TIVE DISCRIMINATION OF
COUNTERIONS OF ZINC, TWO
PHOTON IMAGING

AYYAPPANPILLAI AJAY-
AGHOSH, KIZHUMURI
P. DIVYA, SAMPATH
SRINIVASAN

13/08/2013

13/985085

0170NF2010/EP

MOLECULAR PROBES WITH
HIGH FLUORESCENCE FOR
SOLID-STATE LIGHTING, SELEC-
TIVE DISCRIMINATION OF
COUNTERIONS OF ZINC, TWO
PHOTON IMAGING

AYYAPPANPILLAI AJAY-
AGHOSH, KIZHUMURI
P. DIVYA, SAMPATH
SRINIVASAN

13/08/2013

12719447.0
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METAL OXIDE MODIFIED AND
UNMODIFIED MOLECULARLY

VARGHESE SAUMYA,
KRISHNA PILLAI PADMA-

0169NF2010/EP  |IMPRINTED CONDUCTING | \" o fopariicy, | 14/08/2013 12708168.5
POLYMER FILM BASED AQUE- 1 1 s boac A RAG
OUS AMINOACID SENSORS
METAL OXIDE MODIFIED AND |\ o cece o iviva
UNMODIFIED MOLECULARLY | o i\ 0 n baD A
0169NF2010/EP  |[IMPRINTED CONDUCTING 16/08/2013 |13180706.7
JA KUMARI PRATHISH,
POLYMER FILM BASED AQUE- -\ e 4 oo nc At n RO
OUS AMINOACID SENSORS
PREPARATION OF GREEN COL-
ORANT FROM MIXED RARE
EARTH AND MOLYBDENUM  |MUNDLAPUDI LAKSH-
0069NF2008/DE | S 1001 1N DS AND PROCESS | MIPATH! REDDY 25/09/2013 |602010010543.1
THEREOF AS SURFACE COAT-
INGS
MOLECULAR PROBES WITH
HIGH FLUORESCENCE FOR  |AYYAPPANPILLAI AJAY-
SOLID-STATE LIGHTING, SELEC-| AGHOSH, KIZHUMURI
OT7ONF20T0/IP iy E DISCRIMINATION OF [P, DIVYA, SAMPATH | 1>/ 10/2013 JAWAITED
COUNTERIONS OF ZINC, TWO |SRINIVASAN
PHOTON IMAGING
A SQUARAINE BASED FLUO-
RESCENT PROBE FOR SELEC-
e SEING RO SN g |
OT8ONF2012/WO g5, PH MONITORING AND C/fnam'EzALAPPURA' 09/12/2013 \2013/000757
THIOL IMAGING IN CELLS AND
A PROCESS FOR THE PREPA-
RATION THEREOF
AL BASED TEST STRI sen SANTHAKUMAR DHAN.
0138NF20T1/GB | oo c0o" ot Ave o ;AA,OTALASILA PRASADA |13/12/2013 |1322114.8
PROCESS THEREOF
A NOVEL AZA BODIPY DE-
RIVATIVE FOR THE SELECTIVE |DANABOYINA RA-
DETECTION OF NITRITE IONS |MAIAH, NAGAPPANPIL- PCT/
OT83NF2012/WO |\ WATER: A PROCESS THERE- |LAI ADARSH, MADHESH |2/ 01201 1N2014/000067

OF AND ITS APPLICATION IN
WASTE WATER MANAGEMENT

SHANMUGASUNDARAM
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GRANTED IN INDIA

GRANT PATENT
TITLE INVENTORS DATE

SYAMAPRASAD UPENDRAN,
ABHILASH KUMAR RAVEENDRAN
NAIR GIRIRAJKUMARI AMMA,

A PROCESS FOR CONTINUOUS PRODUC- | VINOD KRISHNAN KUTTY,

TION OF MAGNESIUM DIBORIDE BASED | ALOYSIUS RAJAPPAN 21/10/2013 257615
SUPERCONDUCTORS PADMAVATHY, SARUN PALLIAN
MURIKOLI, THENNAVARAJAN
SUBRAMANIAN GURUSWAMY
PERUMAL

THAZHAVILAI PONNU DEEVARA]
RAJAN, RAMAN MARIMUTHU
PILLAI, BALLAMBETTU
CHANDRASEKHARA PA|

A METHOD FOR FABRICATING FUNC-
TIONALLY GRADED HYBRID METAL
COMPOSITES

05/12/2013 258123

A PROCESS FOR PREPARATION OF ION
IMPRINTEDPOLYMER PARTICLES FOR
PRECONCENTRATIVE SEPERATION OF
PALLADIUM (I1) IONS VIA SOLID PHASE
EXTRACTION

SOBHI DANIEL,

TALASILA PRASADA RAO 27/02/2014 | 259147
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GRANTED IN FOREIGN COUNTRIES

GRANT PATENT
TITLE INVENTORS DATE

MULTIFUNCTUINAL ALCOHOLS FROM
CARDANOL, ITS MULTIFUNCTIONAL

VADAKKETHONIPPURATHU SIV-
ANKUTTY NAIR PRASAD, CHEN-

ACRYLIC CROSS-LINKER AND HIGHLY 28/06/2013 | 5302008
PENDANT PHOSPHORUS FLAME RETAR- l;llﬁLKAK;ATTU KRISHNA SADASIVAN
DANT DERIVATIVES
TELECHELIC URETHANE ACRYLATE Ly | SPAMAKUMAR! ASHA, CHEN
CURBLE PRE POLYMER MATERIALS :/ELKAKlA'ITU KRISHNA SADASIVAN 09/08/2013 | 5335436
FROM RENEWABLE RESOURCES
AJAYAGHOSH; AYYAPPANPILLAI
WHITE LIGHT EMITTING ORCANOGEL (KERALA, IN), VIJAYAKUMAR,;
AND PROCESS THEREOF CHAKKOOTH (KERALA, IN), 10/09/2013 | 8529790
PRAVEEN; VAKAYIL K. (KERALA, IN)
PREPARATION OF GREEN COLORANT
FROM MIXED RARE EARTH AND MO- MUNDLAPUDI LAKSHMIPATHI
LYBDENUM COMPOUNDS AND PRO- REDDY 25/09/2013 | 2411333
CESS THEREOF AS SURFACE COATINGS
PREPARATION OF GREEN COLORANT
FROM MIXED RARE EARTH AND MO- MUNDLAPUDI LAKSHMIPATHI
LYBDENUM COMPOUNDS AND PRO- REDDY 25/09/2013 | 2411333
CESS THEREOF AS SURFACE COATINGS
A PROCESS FOR THE PREPARATION OF
NOVEL NON-TOXIC YELLOW INOR-
GANIC COLORANT/PIGMENT FROM ,QAEL[J)I\[I)BMPUDl LAIKGHMIPATHI 08/11/2013 | 5404905
SAMARIUM AND MOLYBDENUM COM-
POUNDS
TRANSPARENT XYLOGLUCAN/CHITO- THOLATH; EMILIA ABRAHAM
SAN GEL AND A PROCESS FOR THE (TRIVANDRUM, IN), GHANDROTH; | 07/01/2014 | 8623336
PREPARATION THEREOF KALYAD SIMI (TRIVANDRUM, IN)
A PROCESS FOR THE PREPARATION OF
NOVEL NON-TOXIC YELLOW INOR-
GANIC COLORANT/PIGMENT FROM QAE%%QLAPUM LAKSHMIPATHI 12/02/2014 gggzgg(g)g:m
SAMARIUM AND MOLYBDENUM COM- '
POUNDS
<< National Institute for Interdisciplinary Science & Technology, Thiruvananthapuram > >
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KNOWLEDGE RESOURCE CENTRE

The Knowledge Resource Centre with its rich collec-
tion of information resources, well equipped technol-
ogy infrastructure and high quality services continued to
maintain its unique position in NIIST as a centre of ex-
cellence which supports the research and development
activities of the parent organization. KRC continued to
offer technical expertise, knowledge dissemination, in-
formation resources and a variety of services to the S &
T personnel of the Institute during 2013-14 and made
rapid strides.

The information resources including Books, Periodi-
cals, CD-ROM databases, PhD Thesis and access to a
host of electronic journals and databases are maintained
and updated. A high speed network through dedicated
leased lines on OFC link with Ethernet connectivity is
provided to all researchers 24X7 with 100% throughput
and >99% network uptime to cater the bandwidth for
critical applications and internet browsing, data upload/
download, emails, video conferencing etc.

The in-house library operations are computerized us-
ing Libsuite, the integrated information management
system which provides access to Online Public Access
Catalogue (OPAC). Libsuite is shortly to be replaced
with KOHA, the open source software and, groundwork
and data migration for this has already started. New In-
stitutional ID cards are designed and issued to all staff,
research scholars, students and pensioners. Around 350
new wired net connections had been proposed for the
state-of-art Silver Jubilee and Biotechnology buildings.
KRC has taken extensive initiatives in implementing

the CSIR-ERP system. The section could strengthen the
infrastructure and resources and thereby provide value
added services to the staff

RESOURCES:

Print collection: KRC currently houses a total print
collection of 45000 plus documents which includes
13,130 Books, 10947 Standards and 11387 Bound Vol-
umes of Periodicals. During 2013-14, 59 books were
added to the collection and 67 foreign and 80 Indian
periodicals were subscribed including 45 titles in online
version. 11 periodicals were received gratis.

e-Resources: Online access to more than 4000
premier journals of major publishers and 6 prominent
Science & Technology bibliographic and full text data-
bases were provided to NIIST researchers during 2013-
14, and these were fully utilized by the research com-
munity. Promotional programmes were carried out for
enhancing the level of usage and this included regular
announcements and broadcasting of messages of new
facilities/ services initiated and hosting in the intranet
with search links to each item. Trial access to various
e-resources were also enabled for researchers through
NKRC (National Knowledge Resource Consortia). The
information and knowledge support offered by KRC
contributes to augmenting the status of NIIST as an
institute of highest caliber.

Full text journal databases of various publishers
such as American Chemical Society, Elsevier, Institute of
Electrical and Electronics Engineers, Nature Publishing
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Group, Royal Society of Chemistry, Science Magazine,
Springer, Taylor & Francis and Wiley - Blackwell were
made accessible. Researchers enjoy the unlimited access
to the world’s largest and most reliable collection of
chemistry and related science information through SCI-
Finder database. Bibliographic and citation database,
Web of Science - Science Citation Index Expanded was
heavily used by the scholars. KRC also offered full sup-
port to the patent information requirements of the
laboratory by making available patent databases viz.
Derwent Innovations Index and Qpat. The ASTM Stan-
dards were subscribed to improve product quality and
enhance safety and these were referred profusely by the
scientific fraternity.

Information Technology Infrastructure: KRC con-
tributes to the NIIST's success as a leader in R&D by
bringing together information, knowledge, tools and
systems for informed decision making for research and
management. A high speed network through dedicated
leased lines on OFC link with Ethernet connectivity is
provided to all researchers. These 24X7 services with
100% throughput and >99% network uptime cater to the
bandwidth of critical applications and internet browsing,
data upload/download, emails, video conferencing etc.
The section made significant progress both in strength-
ening the infrastructure, resources and in rendering ser-
vices. This year the internet bandwidth enhanced from
10 Mbps to 14 Mbps on dedicated leased line to fulfill
all the Internet requirements of the lab in addition to
the 100mbps leased line from National Knowledge Net-
work. Both the links are reqularly monitored using web
based tool that enables to gain a real-time, end-to-end
view with respect to system and network performance.

All the buildings in the campus are interconnected
through gigabit fiber optic backbone. Separate VLANs
have been created to connect a large no of High end
personal computers to the campus network. A state-of-
the-art data center maintains high end servers, storage
devices, UTM devices and core switches. Around 500+
internet connections are provided through wired and

wireless network. Also, 350 new wired connections had
been proposed for the state-of-art Silver Jubilee and Bio-
technology buildings. Secured VPN connectivity to con-
nect to NIIST network from outside office is provided to
scientists. Procured licenses for deploying server grade
antivirus software which provides virus-free network
environment. Procured additional operating system and
Microsoft office licenses. Provided assistance in ensuring
Quality assurance in the acquisition of IT products and
devices.

SERVICES

Library services: During the period, the in-house da-
tabases of Books, Periodicals, PhDTheses, Publications
of NIIST Scientists, etc were updated regularly and made
available through NIIST website and as well as through
Intranet. Our resource facilities and services were ex-
tended to external users, primarily from research, in-
dustrial and academic sectors. Nearly 450 persons from
institutes and universities in and around Kerala visited
NIIST KRC and availed the services. Conducted regular
searches from electronic databases including from Stan-
dards and Patents for scientists, scholars and students.
Initiation of new members to services of KRC were done
regularly. Creation of Institutional Repository of Theses
and Research papers produced from NIIST is in progress.
During the period 600 journal articles, 60 PhD Theses
and 80 News items were added to our IR. 781 volumes
of periodicals were bound during the period. Rendered
Reprographic and Photographic services as a general
Laboratory facility

Scientometric service: Continued the Bibliometric/
Scientometric/Impact Factor Analysis of NIIST Publica-
tions using Journal Citation Report and Web of Science
- Science Citation Index Expanded. Offered necessary
assistance for publishing in journals with high Impact
Factor. The total number of papers published by NIIST
during 2013 is 209, of which 188 are SCI Papers with
an average IF value of 3.03. A few of the SCI papers
are without IF.
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Information Technology services: All scientist, staff
and research students are provided with institutional
e-mail id through open source Zimbra E-mailing system
for powerful and speedy means of communication. The
mail server is well equipped with adequate anti-virus,
anti-spam and intrusion prevention systems. The institu-
tional websites are developed, hosted, maintained and
updated regularly in bilingual format. All the internal
information, guidelines and announcements are hosted
reqularly on intranet website. A Conference site is de-
veloped specially for International Conference on Ad-
vanced Functional Materials (ICAFM-2014).

The smooth functioning of all desktops, laptops and
other computer peripherals is ensured through an annu-
al maintenance contract with a local agency. A help desk
is maintained to help users in solving issues related to
software installations, reinstallations, repairs, software
updates, network and IT related issues. The lab also
manages various applications like Stores and Purchase
Software, D-Space for Institutional Repository, Libsuite,
Chemdraw, Sigmaplot and Origin. A backup solution
is also installed for generating periodic backup of the
applications and also backup for mails and website con-

tents. The unit provides printing and scanning facility
through a wide variety of printers such as Heavy Duty
Color Multi-Function Laser Printers and A3/A4 Scanners

to all researchers.

Designed and issued Institutional ID cards to all the
staff, research scholars, project students and pension-
ers. KRC has taken extensive initiatives in implementing
the CSIR-ERP system. As a part of Official language
implementation, institutional website and uploading of
notices and circulars are posted in bilingual format.

Trainings organized by KRC

o Workshop-cum- training on "SCI-Finder database”,
12th April 2013. Resource person Miss Sherin
Samji, M/s Sci-Edge Information, Pune.

¢ Training session on Web of Science, EndNote Web
and Researcher ID, 9t May 2013. Resource person
Mr. Alok Poundrik from Thomson Reuters.

o Conducted Sci-Finder Users Meet on 23" Oct
2013. Resource Person Miss Sherin Samji of Sci-
Edge Information, Pune
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LIST OF PUBLICATIONS: 2013

1 SUNEESH (C K), SANEESH BABU (P S), MADHURI (B), BETSY (M), ALBISH (K P), ASHA S NAIR,
RAO (K S), SRINIVASAN (A), CHANDRASHEKAR (T K), RAO (C M), PILLAI (R) and RAMAIAH (D)
In vitro demonstration of apoptosis mediated photodynamic activity and NIR nucleus imaging through a
novel porphyrin
ACS Chemical Biology 8(1):127-132;Jan 2013

2 HARSHA (N), SHYAMA (P K) and SHUKLA (S)
Effect of solution-pH on Methylene blue dye adsorption on hydrogen titanate nanotubes processed via

hydrothermal method.
Advanced Science, Engineering and Medicine 5(2):63-72;Feb 2013

3 SINDHU (R N), ANEESH (P K) and PRASADA RAO (T)
Ultrasensitive voltammetric determination of catechol at a gold atomic cluster/poly (3,4-ethylenedioxythiophene)

nanocomposite electrode
Analyst 138(17):5031-5038;2013

4 ADARSH (N), SHANMUGASUNDARAM (M) and RAMAIAH (D)
Efficient reaction based colorimetric probe for sensitive detection, quantification, and on-site analysis of
nitrite ions in natural water resources
Analytical Chemistry 85(21):10008-10012;05 Nov 2013

5 NISHA (V R), SINDHU (R), BINOD (P) and PANDEY (A)
Development of a novel solid-state fermentation strategy for the production of poly-3-hydroxybutyrate using
polyurethane foams by Bacillus sphaericus NII 0838
Annals of Microbiology 63(4):1265-1274;Dec 2013

6  AGGELOPOULOS (T), BEKATOROU (A), PANDEY (A), KANELLAKI (M) and KOUTINAS (A A)
Discarded oranges and brewer’s spent grains as promoting ingredients for microbial growth by submerged
and solid state fermentation of Agro-industrial waste mixtures.
Applied Biochemistry and Biotechnology 170(8):1885-1895;Aug 2013

7 SINGH (S K) and PANDEY (A)
Emerging approaches in fermentative production of statins
Applied Biochemistry and Biotechnology 171(4):927-938;0ct 2013
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SUCHITHRA (P S), SHADIYA (C P), PEER MOHAMED (A), VELUSAMY (P) and ANANTHAKUMAR (S)
One-pot microwave mediated growth of heterostructured ZnO@AISi as a potential dual-function eco-catalyst
for treating hazardous pollutants in water resources

Applied Catalysis B: Environmental 130:44-53;07 Feb 2013

MANIKANDAN (D), MANGALARAJA (R V), AVILA (R E), SIDDHESWARAN (R) and
ANANTHAKUMAR (S)

Montmorillonite-carbon nanotube nanofillers by acetylene decomposition using catalytic CVD
Applied Clay Science 71:37-41;Jan 2013

RAJGANAPATHI (V ©), JITHESHKUMAR (N), SUNDARARAJAN (M), HARIKRISHNA BHAT and
VELUSAMY ()

Grain size analysis and characterization of sedimentary environment along

Thiruchendur coast, Tamilnadu, India

Arabian Journal of Geosciences 6(12):4717-4728;Dec 2013

FARHA (A K), GEETHA (B S), MANGALAM S NAIR, DHANYA (S R), LATHA (P G) and REMANI (P)
Apoptosis mediated cytotoxicity induced by isodeoxyelephantopin on Nasopharyngeal carcinoma cells
Asian Journal of Pharmaceutical and Clinical Research 6(Suppl.2):51-56;2013

SINDHU (R), SILVIYA (N), BINOD (P) and PANDEY (A)

Pentose-rich hydrolysate from acid pretreated rice straw as a carbon source for the production of poly-3-
hydroxybutyrate

Biochemical Engineering Journal 78 Spl Iss $1:67-72;15 Sep 2013

SAINA (K'V), RAJEEV K SUKUMARAN, JAYAMURTHY (H), REDDY (K K), SANJIT (K), PRASAD (R B
N) and PANDEY (A)

Studies on biosurfactants from pseudozyma sp.NII 08165 and their potential application as laundry
detergent additives

Biochemical Engineering Journal 78 Spl Issue 51:85-92;15 Sep 2013

LEYA THOMAS (L), LARROCHE (C) and PANDEY (A)
Current developments in solid-state fermentation
Biochemical Engineering Journal 81:146-161;15 Dec 2013

PANDEY (A) and SINGH (R S)
Preface
Biologia 68(6):1015-1015;Dec 2013

LEYA THOMAS, SINDHU (R) and PANDEY (A)

Identification and characterization of a highly alkaline and thermotolerant novel xylanase from
streptomyces sp.

Biologia 68(6):1022-1027;Dec 2013
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17 BINDHUMOL (i) and NAMPOOTHITI (K M)
Exposition of antitumour activity of a chemically characterized exopolysaccharide from a probiotic lactobacillus
plantarum MTCC 9510
Biologia 68(6):1041-1047;Dec 2013

18 KUTTIRAJA (M), SINDHU (R), PREETI (E V), SANDHYA (5 V),
BINOD (P), VANI (S), PANDEY (A) and RAJEEV K SUKUMARAN
Biothanol production from bamboo (Dendrocalamus sp.) process waste
Biomass and Bioenergy 59:142-150;Dec 2013

19 SINGHANIA (R R), PATEL (A K), RAJEEV K SUKUMARAN, LARROCHE (C) and PANDEY (A)
Role and significance of beta-glucosidases in the hydrolysis of cellulose for bioethanol production
Bioresource Technology 127:500-507;Jan 2013

20 ARUMUGAM (M), AGARWAL (A), ARYA (M C) and AHMED (2)
Influence of nitrogen sources on biomass productivity of microalgae scenedesmus bijugatus
Bioresource Technology 131:246-249;Mar 2013

21 SINDHU (R), KUTTIRAJA (M), ELIZABETH PREETI (V), VANI (S), RAJEEV K SUKUMARAN and BINOD (P)
A novel surfactant-assisted ultrasound pretreatment of sugarcane tops for improved
enzymatic release of sugars
Bioresource Technology 135:67-72;May 2013

22 LALITHA DEVI (G), BINOD (P), SAJNA (K V), KUTTIRAJA (M), PANDEY (A) and RAJEEV K SUKUMARAN
Biobutanol production from rice straw by a non acetone producing clostridium sporogenes BEQ1
Bioresource Technology 145:182-187;0ct 2013

23 ALTHURI (A), JINCY (M), SINDHU (R), RINTU BANERJEE, PANDEY (A) and BINOD (P)
Microbial synthesis of poly-3-hydroxybutyrate and its application as targeted drug delivery vehicle
Bioresource Technology 145:290-296,;0ct 2013

24 STERGIOU (P-Y), FOUKIS (A), FILIPPOU (M), KOUKOURITAKI (M), PARAPOULI (M),
THEODOROU (L G), HATZILOUKAS (E), AFENDRA (A), PANDEY (A) and PAPAMICHAEL (E M)
Advances in lipase-catalyzed esterification reactions
Biotechnology Advances 31(8):1846-1859;2013

25 PRATHAPAN (A), VINEETHA (V P), ABHILASH (P A) and RAGHU (K G)
Boerhaavia diffusa L. Attenuates angiotensin Il-induced hypertrophy in H9¢2 cardiac myoblast cells via
modulating oxidative stress and down-regulating NF-kBeta and transforming growth factor Beta 1
British Journal of Nutrition 110(7):1201-1210;14 Oct 2013
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VINEETHA (V P), PRATHAPAN (A), SOUMYA (R S) and RAGHU (K G)

Arsenic trioxide toxicity in H9c¢2 Myoblasts - Damage to cell organelles and possible amelioration with
Boerhavia diffusa

Cardiovascular Toxicology 13(2);123-137:Jun 2013

HARSHA (N), HAJARA (A) and SHUKLA (S)

Using Fenton-reaction as a novel approach to enhance the photocatalytic activity of TiO2-y-Fe2 O3 magnetic
photocatalyst undergoing photo-dissolution process without silica interlayer.

Catalysis Letters 143(8):807-816,Aug 2013

CHAMESWARY ()) and SEBASTIAN (M T)
Butyl rubber-Ba 0.75r0.3TiO3 composites for flexible microwave electronic applications
Ceramics International 39(3):2795-2802;Apr 2013

MANU (K M), ANANTHAKUMAR (S) and SEBASTIAN (M T)
Electrical and thermal properties of low permittivity Sr2AI2SiO7 ceramic filled HDPE composites
Ceramics International 39(5):4945-4951;Jul 2013

NAMITHA (L K), CHAMESWARY (j), ANANTHAKUMAR (S) and SEBASTIAN (M T)
Effect of micro and nano fillers on the properties of silicone rubber alumina flexible microwave substrate
Ceramics International 39(6):7077-7087;Aug 2013

BISWAS (P), KUMAR (M K), RAJEASWARI (K), JOHNSON (R) and HAREESH (U S)
Transparent sub-micrometre alumina from lanthanum oxide doped common grade alumina powder
Ceramics International 39(8):9415-9419;Dec 2013

BALAMURUGAN (A), GUPTA (A K), BOOMISHANKAR (R), REDDY (M L P) and JAYAKANNAN (M)
Heavy atom effect driven organic phosphors and their luminescent Lanthanide metal-organic frameworks
ChemPlusChem 78(7):737-745;Jul 2013

SALINI (P S), HOLADAY (M G D), REDDY (M L P), SURESH (C H) and SRINIVASAN (A)

Fluorine interaction controlled AIEE phenomenon in an expanded calixbenzophyrin and its vapoluminescent
response: turn on emission with volatile ketones and esters

Chemical Communications 49(22):2213-2215;2013

JOSEPH (J), JAROSCHIK (F), RADHAKRISHNAN (K V), VASSE (J L) and SZYMONIAK ())
Pentafulvene-derived eta(3)- allyltitanocenes as intermediates for stereoselective functionalization of

5-membered carbocycles
Chemical Communications 49(40):4549-4551;2013

YAMUCHI (M), KUBOTA (5), KARATSU (T), KITAMURA (A), AJAYAGHOSH (A) and YAGAI ()
Guided supramolecular polymerization of oligo(p-phenylenevinylene) functionalized bismelamines
Chemical Communications 49(43):4941-4943;2013
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36 SALINI (P'S), ANJU (K S), REDDY (M L P) and SRINIVASAN (A)
Syntheses of normal, expanded, strapped and N-confused calixbenzophyrins from a single starting material
Chemical Communications 49(51):5769-5771;2013

37 JIJY (E), PRAVEEN (P), SHIMI (M), PIHKO (P M), NAYANA JOSEPH and RADHAKRISHNAN (K V)
Rdodium catalyzed oxidative coupling of salicylaldehydes with diazabicyclic olefins: A one pot strategy
involving aldehyde C-H cleavage and pi-allyl chemistry towards the synthesis of fused ring chromanones
Chemical Communications 49(66):7349-7351;2013

38 GARCIA (F), BUENDIA (), GHOSH (S), AIAYAGHOSH (A) and SANCHEZ (L)
Luminescent and conductive supramolecular polymers obtained from an N-annulated perylenedicarboxamide
Chemical Communications 49(81):9278-9280;2013

39 ANANTHAKRISHNAN (S J), VARATHAN (E), RAVINDRAN (E), SOMANATHAN (N), SUBRAMANIAN (V),
MANDAL (A B), SUDHA (] D) and RAMAKRISHNAN (R)
A solution processable fluorene-fluorenone oligomer with aggregation induced emission enhancement
Chemical Communications 49(91):10742-10744,;2013

40 SANJU (K S) and RAMAIAH (D)
White photoluminescence and electroluminescence from a ternary system in solution and a polymer matrix
Chemical Communications 49(99):11626-11628;2013

41 LINSHA (V), SUCHITHRA (P S), PEER MOHAMED (A) and ANANTHAKUMAR (S)
Amine-grafted alumino-siloxane hybrid porous granular media:
A potential sol-gel sorbent for treating hazardous cr(VI) in aqueous environment
Chemical Engineering Journal 220:244-253;15 Mar 2013

42 PRAKASH (P), JIJY (E), PREETHANU]J (P), PIHKO (P M), SARATHCHAND () and RADHAKRISHNAN (K V)
Palladium-catalyzed skeletal rearrangement of spirotricyclic olefins: A facile one-pot strategy for the synthesis
of a novel motif with cyclopentene fused to Benzofuran and Pyrazolidine
Chemistry - A European Journal 19(32):10473-10477,05 Aug 2013

43 MALICKA (] M), SANDEEP (A), MONTI (F), BANDINI (E), GAZZANO (M), RANJITH (C), PRAVEEN (V K),
AJAYAGHOSH (A) and ARMAROLI N)
Ultrasound stimulated nucleation and growth of a dye assembly into extended gel nanostructures
Chemistry - A European Journal 19(39):12991-13001,23 Sep 2013

44 KARTHIK (G), LIM (J M), SRINIVASAN (A), SURESH (C H), KIM (D) and CHANDRASHEKAR (T K)
Conformational change from a twisted figure-eight to an open extended structure in doubly fused 36 pi
core-modified octaphyrins triggered by protonation: Implication on photodynamics and aromaticity
Chemistry - A European Journal 19(50):17011-17020;09 Dec 2013
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DIVYA (K P), SREEJITH (S), SURESH (C H), PHILIPS (D S) and AJAYAGHOSH (A)

Chain folding controlled by an Isomeric repeat unit. Helix formation versus random aggregation in Acetylene-
bridged Carbazole-Bipyridine co-oligomers.

Chemistry - An Asian Journal 8(7):1579-1586;Jul 2013

SAMEERA (S F), PRABHAKAR RAO (P), SANDHYA KUMARI (L), VINEETHA () and DIVYA (5)
Potential NIR reflecting yellow pigments in (BiV)1? x(YNb)xO4 solutions
Chemistry Letters 42(5):521-523,;05 May 2013

KARTHA (K K), MUKHOPADHYAY (R D) and AJAYAGHOSH (A)
Supramolecular gels and functional materials research in India
Chimia 67(1-2):51-63;2013

GUPTA (S ©), PRASAD (S), DHANYA (R S), MANGALAM S NAIR, MO (Y-Y) and AGGARWAL (B B)
Nimbolide, a limonoid triterpene, inhibits growth of human colorectal cancer xenografts by suppressing the
proinflammatory microenvironment

Clinical Cancer Research 19(16):4465-4476;15 Aug 2013

THANKAM (F G), MUTHU (J), VANDANA (S) and RAGHU (K G)
Growth and survival of cells in biosynthetic poly vinyl alcohol-alginate IPN hydrogels for cardiac applications
Colloids and Surfaces B: Biointerfaces 107:137-145;01 Jul 2013

DEEPA (K S), GOPIKA (M S) and JOSE JAMES

Influence of matrix conductivity and Coulomb blockade effect on the percolation threshold of insulator-
conductor composites

Composites Science and Technology 78:18-23;01 Apr 2013

GANGAN PRATHAP
Benchmarking research performance of the IITs using Web of Science and Scopus bibliometric databases
Current Science 105(8):1134-1138;25 Oct 2013

SMITHA (V'S), JYOTHI (C K), PEER MOHAMED (A), SAJU PILLAI and WARRIER (K G K)

Novel multifunctional titania-silica-lanthanum phosphate nanocomposite coatings through an all aqueous
sol-gel process

Dalton Transactions 42(13):4602-4612;2013

DIVYA (V), VANDANA (S), RAGHU (K G) and REDDY (M L P)
A mitochondria-specific visible-light sensitized europium Beta-diketonate complex with red emission
Dalton Transactions 42(34):12317-12323;2013

REDDY (M L P) and SARIKA (5)
Lanthanide benzoates: A versatile building block for the construction of efficient light emitting materials
Dalton Transactions 42(8):2663-2678;2013
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55  REDDY (M L P), DIVYA (V) and RANI PAVITHRAN
Visible-light sensitized luminescent europium(lI)-Beta diketonate complexes:
Bioprobes for cellular imaging
Dalton Transactions 42:15249-15262;2013

56 SHAFEEKH (K M), RAHIM (M K A), BASHEER (M C), SURESH (C H) and SURESH DAS
Highly selective and sensitive colourimetric detection of Hg2+ ions by unsymmetrical squaraine dyes
Dyes and Pigments 96(3):714-721;Mar 2013

57  SHEETHU JOSE and REDDY (M L P)
Lanthanum-strontium copper silicates as intense blue inorganic pigments with high near-infrared reflectance
Dyes and Pigments 98(3):540-546,Sep 2013

58 GRAF (K), RAHIM (M A), SURESH DAS and MUKUNDAN (T)
Complementary co-sensitization of an aggregating squaraine dye in solid-state dye-sensitized solar cells
Dyes and Pigments 99(3):1101-1106;Dec 2013

59 RESHMI (V R), PRABHAKAR RAO (P), MARIAM THOMAS, MAHESH (S K) and LINDA (T F)
Enhanced Eu3+ red luminescence in Scheelite based oxides, CalLaSb WO8
ECS Journal of Solid State Science and Technology 2(3):R44-R48;2013

60  DHANYA (S), SAUMYA (V) and PRASADA RAO (T)
Synthesis of silver nanoclusters, characterization and application to trace level sensing of nitrate in

aqueous media.
Electrochimica Acta 102:299-305;15 Jul 2013

61  ANUPAMA (V N), PRAJEESH (G P V), ATHIRA (V) and KRISHNAKUMAR (B)
Kinetics of chlorite dismutase in a perchlorate degrading reactor sludge.
Environmental Technology 34(16):2353-2359;2013

62 AGARAJAN (V A), SUNDARAM (S), THYAGARAJAN (K), RAJADURAI (S J) and RAJAN (T P D)
Measuring delamination severity of glass fiber-reinforced epoxy composites during drilling process
Experimental Techniques 37(2):66-73;Mar-Apr 2013

63 ANUPAMA (V N), PRAJEESH (G P V) and KRISHNA KUMAR (B)
Perchlorate reduction by an isolated serratia marcescens strain under high salt and extreme pH
FEMS Microbiology Letters 339(2):117-121;Feb 2013

64  NISHANTH KUMAR (S), BALA NAMBISAN, MOHANDAS (C) and SUNDARESAN (A)
In vitro synergistic activity of diketopiperazines alone and in combination with amphotericin
B or clotrimazole against Candida albicans
Folia Microbiologia 58(6):475-482;Nov 2013
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DE LEON (M A), SAENZ (A), FASSO-CANTU (D), RODRIGUEZ (R), PANDEY (A) and AGUILAR (C N)
Fermented flourensia cernua extracts and their in vitro assay against penicillium

expansum and fusarium oxysporum

Food Technology and Biotechnology 51(2):Spl. Iss.SI 233-239;Apr-Jun 2013

SAWABE (T), OGURA (Y), MATSUMURA (Y), FENG (G), ROHUL AMIN (A K M), MINO (5),
NAKAGAWA (S), SAWABE (T), RAMESH KUMAR, FUKUI (Y), SATOMI (M), MATSUSHIMA (R),
THOMPSON (F L), GOMEZ-GIL (B), CHRISTEN (R), MARUYAMA (F),

KUROKAWA (K) and HAYASHI (T)

Updating the Vibrio clades defined by multilocus sequence phylogeny:

Proposal of eight new clades, and the description of vibrio tritonius sp.nov.

Frontiers in Microbiology. 4:Art No.414 Dec 2013

AKBARI-FAKHRABADI (A), MANGALARAJA (R V), JAMSHIDIJAM (M),

ANANTHAKUMAR (S) and CHAN (5 H)

Mechanical properties of Gd-CeO2 electrolyte for SOFC prepared by aqueous tape casting.
Fuel Cells 13(5):682-688;0ct 2013

VINEETHA (), BHAT (C S) and IDICULA (S M)
MicroRNA-mRNA interaction network using TSK-type recurrent neural fuzzy network
Gene 515(2):385-390;25 Feb 2013

RAVI KIRAN (C), RESHMA (M V) and SUNDARESAN (A)
Separation of cis/trans fatty acid isomers on gas chromatography compared to the Ag-TLC method.
Grasas Y Aceites 64(1):95-102;Jan-Mar 2013

ELIZABETH JACOB, CHINIWAR (D S), SAVITHRI (5), MANOJ (M) and ROSCHEN SASIKUMAR
Simulation-based Feeder Design for Metal Castings
Indian Foundry Journal 59(12):39-44;2013

KRISHNAN (M), SEEMA (5), SUKUMARAN (K) and ABRAHAM (K M)
Effect of ion-implantation on surface characteristics of nickel titanium and titanium molybdenum alloy

arch wires
Indian Journal of Dental Research 24(4):411-417;2013

SANDHYA (S V), KIRAN (K), KUTTIRAJA (M), ELIZABETH PREETI (V),

SINDHU (R), VANI (S), RAJEEV K SUKUMARAN, PANDEY (A) and BINOD (P)

Evaluation of polymeric adsorbent resins for efficient detoxification of liquor generated during acid
pretreatment of lignocellulosic biomass

Indian Journal of Experimental Biology 51(11)Sp Iss $1:1012-1017;Nov 2013
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73 LEYA THOMAS. ABHILASH JOSEPH, ARUMUGAM (M) and PANDEY (A)
Production, purification, characterization and over-expression of xylanases from actinomycetes
Indian Journal of Experimental Biology 51(11)Sp Iss S1:875-884;Nov 2013

74 SINGH (R S), PANDEY (A), DUSSAP (C G), PIERGIOVANNI (L)
Special Issue on New developments in Biotechnology Preface
Indian Journal of Experimental Biology 51(11)Sp Iss $1;869-870;Nov 2013

75  VIVEGANANDAN (S), LAKSHUMANAN (C), SUNDARARAJAN (M), ESWARAMOORTHI (S) and USHA
NATESAN
Depositional environment of sediments along the Cuddalore coast of Tamil Nadu, India
Indian Journal of Geo-Marine Sciences 42(3):375-382;Jun 2013

76 MANIGANDA (5), VANDANA (S), RAGHU (K G) and MAITI (K K)
Sorbitol-based drug delivery vector conjugated with Cathepsin B peptide sequence targeting to Lysosome
Indian Journal of Pharmacology 45:533-534 Suppl.1;Dec 2013

77 SAIITH (P K) and SURESH (C H)
Trans and Cis influences in hypervalent iodine (II) complexes: A DFT study
Inorganic Chemistry 52(10):6046-6054,20 May 2013

78 BIJU (S), GOPAKUMAR (N), BUNZLI (j C G), SCOPELLITI (R), KIM (H K) and REDDY (M L P)
Brilliant photoluminescence and triboluminescence from Ternary complexes of Dylll and Tblll with 3-phenyl-
4-propanoyl-5-isoxazolonate and a Bidentate phosphine oxide coligand
Inorganic Chemistry 52(15):8750-8758;05 Aug 2013

79 MAHESH (S K), PRABHAKAR RAO (P), MARIAM THOMAS, LINDA FRANCIS (T)
and PETER KOSHY
Influence of cation substitution and activator site exchange on the photoluminescence properties of Eu3+-

doped quaternary pyrochlore oxides
Inorganic Chemistry 52(23):13304-13313;02 Dec 2013

80  SANKARALINGAM (M), PRABHA VADIVELU, SURESH (E) and PALANIANDAVAR (M)
Mixed ligand Nickel(Il) complexes as catalysts for alkane hydroxylation using m-chloroperbenzoic acid as
oxidant
Inorganica Chimica Acta 407:98-107;01 Oct 2013

81  BABITHA (K B), JEENA (V P), HAREESH (P), SHUKLA (S) and WARRIER (K G K)
Silica-based NTPC-Fly Ash for dye-removal application and effect of its modification.
International Journal of Applied Ceramic Technology 10(1):186-201;Jan/Feb 2013
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SAINA (K V), RAJEEV K SUKUMARAN, LALITHA DEVI (G), JAYAMURTHY (H),

DHAR (K S) and PANDEY (A)

Studies on structural and physical characteristics of a novel exopolysaccharide from pseudozyma sp.
NII 08165

International Journal of Biological Macromolecules 59:84-89;Aug 2013

MANO]J (M) and ELIZABETH JACOB
Design and Development of a Programmable Meta Search Engine
International Journal of Computer Applications 74(5):6-11;July 2013

RACHANA (C R), SURENDRA NATH (B), RESHMA (M V) and ARMUGHAN (C)
Variation in grainy texture of commercial ghee in relation to laboratory ghee and its blends
International Journal of Dairy Technology 66(1):90-97;Feb 2013

RAIMOHAN (5), SINGARASUBRAMAINIAN (5 R), SUJATHA (K), SUGANRAJ (K) and SUNDARARAJAN (M)
Granulometric studies of beach sediments between Ponnaiyar and Gadilam rivers,

Cuddalore, East Coast of India

International Journal of Earth Sciences and Engineering 6(2):361-368;2013

NALLUSAMY (B), PREM KUMAR (D), SRINIVAS (R), BABU (S) and SURESH BABU (D S)
Production of synthetic rutile from three grades of ilmenites and their characterization
from southwest coast of India

International Journal of Earth Sciences and Engineering 6(3):468-474;2013

MGBEMENA (C O), MGBEMENA (C E), RUGMINI SUKUMAR and MENON (A R R)

Determination of the contact angles of kaolin intercalates of oleochemicals derived from rubber seed
(Heveabrasiliensis) and tea seed (Cameliasinensis) oils by the capillary rise method.

International Journal of Materials Science and Applications 2(3):99-103;2013

NARAYANAN UNNI (K N), MAJUMDAR (H S), NAMBUTHIRY (M A G)
Organic Electronics
International Journal of Photoenergy Article No.364857;2013

DIVAKARAN (S A), HEMA (P S), MANGALAM S NAIR and NAIR (C K K)

Antioxidant capacity and radioprotective properties of the flavonoids galangin and kaempferide isolated from
Alpinia galanga L. (Zingiberaceae) against radiation induced cellular DNA damage

International Journal of Radiation Research 11(2):81-89;Apr 2013

SUGANRAJ (K), SINGARASUBRAMAINIAN (S R), RAJIMOHAN (5), SATHYA (A) and SUNDARARAJAN (M)
Grain size statistical parameters of coastal sediments at Kameswaram, Nagapattinam district, East Coast of
Tamil Nadu, India

International Journal of Recent Scientific Research 4(2):102-106;Feb 2013
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91 ELIZABETH JACOB, MANQ]J (M) and ROSCHEN SASIKUMAR
Volume segmentation by post-processing data from simulation of solidification in the metal casting process
International Journal of Modeling, Simulation and Scientific Computing 4 Suppl.1 Art
No.1341005:14pp;2013

92 RANJITH (A), SALINI () and ARUMUGHAN (C)
HPTLC estimation of oroxylin A in Oroxylum indicum herbal formulations JPC-Journal of Planar
Chromatography - Modern TLC 26(3):274-278;Jun 2013

93  KIRAN (CR), ASHOK KUMAR (C), PADMAKUMARI AMMA (K P),
NIRMALA MENON (A), SREEKUMAR (M M)
Influence of cultivar and maturity at harvest on the essential oil composition, oleoresin and [6]-gingerol

contents in fresh ginger from Northeast India
Journal of Agricultural and Food Chemistry 61(17):4145-4154;01 May 2013

94  DHANESH (T), ABHILASH (P) and SEBASTIAN (M T)
Effect of isovalent substitutions on the microwave dielectric properties of Ca4La6(Si04)4(P0O4)2 O2 apatite
Journal of Alloys and Compounds 546:72-76;05 Jan 2013

95  ANNROSE (S), LAZER (K A), MANU (K M), SURENDRAN (K P) and SEBASTIAN (M T)
Effect of glass fluxing on densification and microwave dielectric properties of LilSiO4 ceramics
Journal of Alloys and Compounds 552:83-87;05 Mar 2013

96  ANOOJA (J B), ASWATHY (P M), NESON VARGHESE, VINOD (K), BHARATHI (A)
and SYAMAPRASAD (U)
Transport and magnetic properties of yttrium doped ndFeAs(O,F) superconductor
Journal of Alloys and Compounds 566:43-49;25 Jul 2013

97  ALOYSIUS (R P), MEENA (D), KOTNALA (R K)
Enhanced low field magnetoresistance in Sr2 Fe1-x AgxMoO6 double perovskite system.
Journal of Alloys and Compounds 574:335-339;15 Oct 2013

98  RESHMI (C P), SAVITHA PILLAI (S), VASUNDHARA (M), RAJI (G R),
SURESH (K G) and MANOJ RAAMA VARMA
Co-existence of magnetocaloric effect and magnetoresistance in Co substituted La0.675r0.33MnO3 at room

temperature
Journal of Applied Physics 114(3):Article No.033904;21 Jul 2013

99  REENA (V L), SUDHA ( D), and RAMAKRISHNAN (R)
Development of electromagnetic interference shielding
materials from the composite of nanostructured polyaniline-polyhydroxy iron-clay and polycarbonate
Journal of Applied Polymer Science 128(3):1756-1763;05 May 2013
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GUPTA (S ©), FRANCIS (S K), MANGALAM S NAIR, MO (YY) and AGGARWAL (B B)

Azadirone, a limonoid tetranortriterpene, induces death receptors and sensitizes human cancer cells to tumour
necrosis factor-related apoptosis-inducing ligand (TRAIL) through a p53 protein-independent mechanism;
Evidence for the role of the ROS-ERK

Journal of Biological Chemistry 288(45):32343-32356,08 Nov 2013

VANDANA (5), PANGAYARSELVI (B), PRATHAPAN (A) and RAGHU (K G)

Desmodium gangeticum (Linn.) DC. Exhibits antihypertrophic effect in isoproterenol-induced cardiomyoblasts
via amelioration of oxidative stress and mitochondrial alterations.

Journal of Cardiovascular Pharmacology 61(1):23-34;Jan 2013

ASHA KRISHNAN, SREEREMYA (T S), MURRAY (E) and GHOSH (S K)
One-pot synthesis of ultra-small cerium oxide nanodots exhibiting multi-colored fluorescence
Journal of Colloid and Interface Science 389(1):16-22;01 Jan 2013

REMYA (K) and SURESH (C H)

Which density functional is close to CCSD accuracy to describe geometry and interaction energy of small
non-covalent dimers? A benchmark study using gaussian 09

Journal of Computational Chemistry 34(15):1341-1353;05 Jun 2013

RAVI KIRAN (), CHAKKA (A K), PADMAKUMARI AMMA (K P), NIRMALA MENON (A), SREEKUMAR (M
M) and VENUGOPALAN (V V)

Essential oil composition of fresh ginger cultivars from North-East India

Journal of Essential Oil Research 25(5):380-387;01 Oct 2013

NAIK (B), MANORATNE (C H), CHANDRASHEKAR (A), IYER (A), PRASAD (V S) and GHOSH (N N)
Preparation of TiO2, Ag-doped TiO2 nanoparticle and TiO2-SBA-15 nanocomposites using simple aqueous
solution-based chemical method and study of their photocatalytical activity

Journal of Experimental Nanoscience 8(4):462-479;01 May 2013

JAYAMURTHY (P), APARNA (B), GAYATHRI (G) and NISHA (P)
Evaluation of antioxidant potential of inflorescence and stalk of plantain (Musa Sapientum)
Journal of Food Biochemistry 37(1):2-7;Feb 2013

SMITHA MOHANLAL, PARVATHY (R), SHALINI (V), MOHANAN (R), HELEN (A) and JAYALEKSHMY (A)
Chemical indices, antioxidant activity and anti-inflammatory effect of extracts of the medicinal rice njavara
and staple varieties: A comparative study.

Journal of Food Biochemistry 37(3):369-380;Jun 2013

RESHMA (M V), NAMITHA (L K), SUNDARESAN (A) and RAVI KIRAN (C)
Total phenol content, antioxidant activities and alpha glucosidase inhibition of sesame cake extracts
Journal of Food Biochemistry 37(6):723-731;Dec 2013
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109 KRISHNAKUMAR (B), ANUPAMA (V N), SOUMYA (T), L)l (B S) and PRAJEESH GANGADHARAN (P V)
Phytoremediation of perchlorate by free floating macrophytes
Journal of Hazardous Materials 260:901-906;15 Sep 2013

110 RAJASREE (K P), GINCY (M M), PANDEY (A) and RAJEEV K SUKUMARAN
Highly glucose tolerant Beta-glucosidase from Aspergillus unguis:
NII 08123 for enhanced hydrolysis of biomass.
Journal of Industrial Microbiology and Biotechnology 40(9):967-975;Sep 2013

111 FARHA (A K), GEETHA (B S), MANGALAM S NAIR, DHANYA (S R), LATHA (P G),
SUJATHAN (K) and REMANI (P)
Antineoplastic effects of deoxyelephantopin, a sesquiterpene lactone from Elephantopus scaber, on lung
adenocarcinoma (A549) cells
Journal of Integrative Medicine 11(4):269-277;2013

112 MGBEMENA (C 0), IBEKWE (N O), RUGMINI SUKUMAR and MENON (A R R)
Characterization of Kaolin intercalates of oleochemicals derived from rubber seed (Hevea brasiliensis) and
tea seed (Camelia sinensis) oils
Journal of King Saud University - Science 25:149-155;Apr 2013

113 NISHA (P), SAVITHA PILLAI (S), MANOJ RAAMA VARMA and SURESH (K G)
Influence of cobalt on the structural, magnetic and magnetocaloric properties of La0.67Ca0.33MnO3
Journal of Magnetism and Magnetic Materials 327:189-195;Feb 2013

114 SMITHA (V S), FRANCOIS (P), SARASWATHY HAREESH (U N) and WARRIER (K G K)
Effect of precursor particle size distribution on the morphology and low wetting behavior of photocatalytic
nanocoatings on glass surfaces
Journal of Materials Chemistry A 1(39):12178-12187;2013

115 SMITHA (V'S), JAIMY (K B), SHAJESH (P), JEENA ( K) and WARRIER (K G K)
UV curable hydrophobic inorganic-organic hybrid coating on solar cell covers for photocatalytic self cleaning
application.
Journal of Materials Chemistry A 1(40):12641-12649;2013

116 BALAMURUGAN (A), REDDY (M L P) and JAYAKANNAN (M)
pi-Conjugated polymer-Eu3+ complexes: versatile luminescent molecular probes for temperature sensing
Journal of Materials Chemistry A 1(6):2256-2266;2013

117 DIVYA (V) and REDDY (M L P)
Visible-light excited red emitting luminescent nanocomposites derived from Eu3+- phenathrene-based
fluorinated beta-diketonate complexes and multi-walled carbon nanotubes
Journal of Materials Chemistry C 1(1):160-170;2013
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ANAS (S), MAHESH (K V), JOBIN (V), PRASANTH (S) and ANANTHAKUMAR (5)
Nanofillers in ZnO based materials: a ‘smart’ technique for developing miniaturized high energy field varistors
Journal of Materials Chemistry C 1(39):6455-6462;2013

NEENU LEKSHMI (P), RAJI (G R), VASUNDHARA (M), MANOJ RAAMA VARMA, SAVITHA PILLAI (S) and
VALANT (M)

Re-entrant spin glass behaviour and magneto-dielectric effect in insulating Sm2NiMnO8 double perovskite
Journal of Materials Chemistry C 1(40):6565-6574,2013

CHAMESWARY () and SEBASTIAN (M T)
Effect of Ba(Zn1/3Ta2/3) O3 and SiO2 ceramic fillers on the microwave dielectric properties of butyl rubber

composites
Journal of Materials Science: Materials in Electronics 24(11):4351-4360;Nov 2013

MAHESH (K V), ANAS (S), RAHUL (S) and ANANTHAKUMAR (S)

Effect of two-step sintering on rare earth (RE = Y203, Pr6011) doped ZnO-Bi203 varistors processed from
“nano-precursor’ powders

Journal of Materials Science: Materials in Electronics 24(5):1495-1504:May 2013

MANU (K M), SONI (S), MURTHY (V R K) and SEBASTIAN (M T) Ba(Zn1/3 Ta2/3)03
ceramics reinforced high density polyethylene for microwave applications
Journal of Materials Science: Materials in Electronics 24(6):2098-2105;Jun 2013

ABHILASH VISWANATH, AJITH KUMAR (K K), PILLAI (U T S) and PAI (B C)
Processing and properties of in situ synthesized reinforcements in molten magnesium
Journal of Materials and Metallurgical Engineering 3(1):25-33;2013

HAREESH (P), AUGUSTINE (R) and SHUKLA (S)

Dye-adsorption capacity of high surface-area hydrogen

titanate nanosheets processed via modified hydrothermal method.

Journal of Nanoscience and Nanotechnology 13(4)Sp Iss $1:3035-3045;Apr 2013

SMITHA MOHANILAL, SATHISH (K M), SANTHOSHKUMAR (T R) and JAYALEKSHMY (A)
Tricin 4-O-(erythro-Beta-quaiacylglyceryl) ether and tricin 4'O-(threo-Beta-quaiacylglyceryl) isolated
from Njavara (Oryza sativa Lvar.Njavara), induce apoptosis in multiple tumor cells by mitochondrial

pathway.
Journal of Natural Medicines 67(3):528-533:Jul 2013

SURESH (C H) and AJITHA (M ) DFT
prediction of multitopic N-heterocyclic carbenes using Clar’s aromatic sextet theory
Journal of Organic Chemistry 78(8):3918-3924;19 Apr 2013

<< National Institute for Interdisciplinary Science & Technology, Thiruvananthapuram > >




=(jc Annual Report 2013 -14

127 SURESH (C H) and SAYYED (F B)
Resonance enhancement via Imidazole substitution predicts new cation receptors
Journal of Physical Chemistry A 117(40):10455-10461;10 Oct 2013

128 SHAFEEKH (K M), SURESH DAS, SISSA (C) and PAINELLI (A)
Asymmetric squaraine dyes: Spectroscopic and theoretical investigation
Journal of Physical Chemistry B 117(28):8536-8546,18 Jul 2013

129 BETSY (M), AKHIL K NAIR and RAMAIAH (D)
Optimization of triplet excited state and singlet oxygen quantum yields of Picolylamine-porphyrin conjugates
through Zinc insertion
Journal of Physical Chemistry B 117(43):13515-13522;31 Oct 2013

130 VENUGOPAL (K), PRABHU (D D) and SURESH DAS
Optical investigation of self-aggregation of a Tetrazole-substituted diphenylacetylene derivative: Steady and
excited state dynamics in solid and solution state.
Journal of Physical Chemistry C 117(18):9404-9415;09 May 2013

131 PRASANTHKUMAR (K P), SURESH (C H) and ARAVINDAKUMAR (C T)
Dimer radical cation of 4-thiouracil: A pulse radiolysis and theoretical study
Journal of Physical Organic Chemistry 26(6):510-516,013

132 MORANG (P), DUTTA (B K), RANJITA (1) and DILEEP KUMAR (B S)
Antagonistic potential of some isolated soil fungi against Brown Root rot disease of tea in Barak Valley
of Assam
Journal of Pure and Applied Microbiology 7(1):711-716;Mar 2013

133 BINOD (P), PALKHIWALA (P), GAIKAIWARI (R), NAMPOOTHIRI (K M), DUGGAL (A), DEY (K) and
PANDEY (A)
Industrial enzymes- present status and future perspectives for India
Journal of Scientific and Industrial Research 72(5):271-286;May 2013

134 ARYA NANDAN and NAMPOOTHIRI (K M)
Extracellular proline aminopepeptidase production by streptomyces lavendulae ATCC14162 under solid-state
fermentation
Journal of Scientific and Industrial Research 72(9-10):591-595;Sep-Oct 2013

135 JINCY (M), SINDHU (R), PANDEY (A) and BINOD (P)
Bioprocess development for utilizing biodiesel industry generated crude glycerol for production of poly-3-
hydroxybutyrate
Journal of Scientific and Industrial Research 72(9-10):596-602;Sep-Oct 2013
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NAMPOOTHIRI (K M), RAMKUMAR (B) and PANDEY (A)
Western Ghats of India: Rich source of microbial biodiversity
Journal of Scientific and Industrial Research 72(9-10):617-623;Sep-Oct 2013

SUJAYAKUMAR (P), ABHILASH VISWANATH, AJITH KUMAR (K K), RAJAN (T P D),
PILLAI (U TS) and PAI (B O

Sliding wear behavior of stir cast AZ91/ SiCp composites

Journal of Solid Mechanics and Materials Engineering 7(2):169-175;2013

ARUN BOBY, PILLAI (U T S) and PAI (B C)

Investigation on Lead and Yttrium addition on the microstructure and mechanical properties of AZ91
Magnesium alloy

Journal of Solid Mechanics and Materials Engineering 7(2):273-280;2013

MGBEMENA (C 0), IBEKWE (N O), PEER MOHAMED (A A),

RUGMINI SUKUMAR and MENON (A R R)

Thermal behavior and UV properties of Organomodified Kaolin Oleochemically derived from Rubber seed oils
(Hevea brasiliensis) and Tea seed oils (Camellia sinensis)

Journal of Surface Engineered Materials and Advanced Technology 3(3):163-168;Jul 2013

MANU (K M), KARTHIK (C), UBIC (R) and SEBASTIAN (M T)

Effect of Ca2+ substitution on the structure, microstructure,

and microwave dielectric properties of Sr2AI2SiO 7 ceramic

Journal of the American Ceramic Society 96(12):3842-3848;Dec 2013

ASWATHY (P M), ANOOJA (J B) and SYAMAPRASAD (U)
NdFeAsO1-xF x superconductor - Impact of Fluorine variation on
microstructure and transport properties

Journal of the American Ceramic Society 96(4):1176-1180;Apr 2013

MANU (K M), KARTHIK (C), LEU (L-C), LAZAR (K A), UBIC (R) and SEBASTIAN (M T)
Crystal structure and microwave dielectric properties of LIRE9(SiO4)6 O2 ceramics
(RE= La, Pr, Nd, Sm, Eu, Gd, and Er)

Journal of the American Ceramic Society 96(5):1504-1511;May 2013

ABHILASH (P), DHANESH THOMAS, SURENDRAN (K P) and SEBASTIAN (M T)
Facile synthesis of “Quench-Free Glass” and ceramic-glass composite for LTCC applications
Journal of the American Ceramic Society 96(5):1533-1537;May 2013

DHANESH THOMAS, ABHILASH (P) and SEBASTIAN (M T)
Casting and characterization of LiMgPO4 glass free LTCC tape for microwave applications.
Journal of the European Ceramic Society 33(1):87-93;Jan 2013
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145 JOBIN (V), SUMESH (G) and SEBASTIAN (M T)
Effect of glass fillers in Cu2ZnNb208 ceramics for advanced microwave applications
Materials Chemistry and Physics 137(3):811-815;15 Jan 2013

146 NINA JOSEPH and SEBASTIAN (M T)
Electromagnetic interference shielding nature of PVDF-carbonyl iron composites
Materials Letters 90:64-67;1 Jan 2013

147 NAMITHA (L K) and SEBASTIAN (M T)
Microwave dielectric properties of flexible silicone rubber - Ba(Zn1/3 Ta2/3) O3 composite substrates
Materials Research Bulletin 48(11):4911-4916;Nov 2013

148  RESHMI (C P), SAVITHA PILLAI (S), SURESH (K G) and MANOJ RAAMA VARMA
Near room temperature magnetocaloric properties of Fe substituted La 0.675r0.33Mn0O3
Materials Research Bulletin 48(2):889-894;Feb 2013

149 NINA JOSEPH, SINGH (S K), SIRUGUDU (R K), MURTHY (V R K),
ANANTHAKUMAR (S) and SEBASTIAN (M T)
Effect of silver incorporation into PVDF - barium titanate composites for EMI shielding applications
Materials Research Bulletin 48(4):1681-1687;Apr 2013

150 SHAJI (M ©), RAVIKUMAR (K K), RAVI (M) and SUKUMARAN (K)
Development of high strength cast aluminium alloy for possible automotive applications
Materials Science Forum 765:54-58;2013

151  SRINIVASAN (A), WANG (2), HUANG (Y D), BECKMANN (F), KAINER (K U) and HORT (N)
Hot tearing characteristics of binary Mg-Gd alloy castings
Metallurgical and Materials Transactions A - Physical Metallurgy and Materials Science 44A(5):
2285-2298;May 2013

152 AJITH KUMAR (K K), PILLAI (U T'S), PAI (B ©) and CHAKRABORTY (M)
Microstructural evolution and mechanical properties of misch metal added Mg-Si alloys
Metals and Materials International 19(6):1167-1172;Nov 2013

153 TOBIAS (M M), VIPIN GOPINATH, LINDNER (SN), NAMPOOTHIRI (K M) and WENDISCH (V F) Accelerated
pentose utilization by corynebacterium glutamicum for accelerated production of lysine, glutamate, ornithine
and putrescine
Microbial Biotechnology 6(2)Sp Iss $1:131-140;Mar 2013

154 MANU (J), JATISH KUMAR and SHUKLA (5)
Highest photocatalytic activity observed for nanocrystalline anatase-titania having lowest crystallinity
Nano Bulletin 2(1):Article No.130104;Apr 2013
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ZHOU (X), ZHANG (Y), ZHANG (F), SAJU PILLAI, LIU ()), LI (R), DAI (B),
LI (B) and ZHANG (Y I) Hierarchical ordering of amyloid fibrils on the mica surface
Nanoscale 5(11):4816-4822;2013

MAGGINI (L), MARANGONI (T), GEORGES (B), MALICKA (] M), YOOSAF (K),
MINOIA (A), LAZZARONI (R), ARMAROLI (N) and BONIFAZI (D)

Azobenzene-based supramolecular polymers for processing MWCNTs
Nanoscale 5(2):634-645;2013

NISHANTH KUMAR, GORANTLA (] N), MOHANDAS (C), BALA NAMBISAN and RAVI S LANKALAPALLI
Isolation and antifungal properties of cyclo(D-Tyr-L-Leu)

diketopiperazine isolated from Bacillus sp.associated with rhabditid entomopathogenic nematode

Natural Product Research 27(23):2168-2172;01 Dec 2013

PADMAKUMARI AMMA (K P), RANI (M P), INDU (S) and SREEKUMAR (M M)

Comparative chemical composition and in vitro antioxidant activities of essential oil isolated from the leaves
of cinnamomum tamala and pimenta dioica

Natural Product Research 27(3):290-294;1 Feb 2013

CHIDAMBARAM (S), SINGARAJA (C), PRASANNA (M V), GANESAN (M)
and SUNDARARAJAN (M)

Chemistry of tender coconut water from the Cuddalore coastal region in Tamil Nadu, India
Natural Resources Research 22(2):91-101;Jun 2013

JISHA (B), JINO GEORGE and LUXMI VARMA (R)
Metal-induced fluorescence lifetime enhancement of quinaldine chromophore on gold nanoparticle surface.
New Journal of Chemistry 37(8):2426-2432;2013

RAMESH (G), MANGALARAJA (R V), ANANTHAKUMAR (S) and MANOHAR(P)

Sintering, microstructure and dielectric properties of MgO doped alumina ceramics co-doped with Gd302,
and Pr602

Optoelectronics and Advanced Materials, Rapid Communications 7(11-12):965-975;Nov-Dec 2013

SINU (C R), PADMAJA (D V M), RANJINI (U P), LAKSHMI (K C S), SURESH (E) and VIJAY NAIR (G)

A cascade reaction actuated by nucleophilic heterocyclic carbene catalyzed intramolecular addition of enals
via homoenolate to alpha, beta-unsaturated esters: Efficient synthesis of coumarin derivatives

Organic Letters 15(1):68-71;04 Jan 2013

CHAND (S S), JIJY (E), PRAKASH (P), SZYMONIAK ()),
PREETHANUJ (P), DHANYA (B P) and RADHAKRISHNAN (K V)
Palladium/Lewis acid mediated Domino reaction of Pentafulvene derived Diazabicyclic olefins: Efficient

access to Spiropentacyclic motif with an lodine and Pyrazolidine fused to cyclopentene.
Organic Letters 15(13):3338-3341,05 Jul 2013
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164 SINU (C R), SURESH (E) and VIJAY NAIR (G)
N-heterocyclic carbene catalyzed reaction of cinnamils leading to the formation of 2,3,8-triaryl vinyl fulvenes:
An uncommon transformation
Organic Letters 15(24):6230-6233;20 Dec 2013

165 ANU JOSE, SEETHA LAKSHMI (K €), SURESH (E) and VIJAY NAIR (G)
Phosphine-mediated reaction of 3-alkyl allenoates and diaryl 1,2 - diones: Efficient diastereoselective synthesis
of fully substituted cyclopentenones
Organic Letters 15(8):1858-1861;19 Apr 2013

166 SANDHYA (K S) and SURESH (C H)
Autotandem aromatization-dearomatization pathways for PNP-Rull- catalyzed formation of imine and
hydrogen from alcohol and amine
Organometallics 32(10):2926-2933;27 May 2013

167 SURESH (C H) and GERNOT (F)
1,3-Metal-carbon bonding predicts rich chemistry at the edges of aromatic hydrocarbons
Organometallics 32(6):1531-1536,;25 Mar 2013

168  SOUMYA (R S), VINEETHA (V P), RESHMA (P L) and RAGHU (K G)
Preparation and characterization of selenium incorporated guar gum nanoparticle and its interaction with
H9¢2 cells
PLoS ONE 8(9) Art.No. e74411;30 Sep 2013

169 SUNEESH (C K), RAMAIAH (D), SCHULZ (1) and EPE (B)
Study of the mode and efficiency of DNA binding in the damage induced by photoactivated water soluble
porphyrins
Photochemistry and Photobiology 89(5):1100-1105;Sep 2013

170 JATISH KUMAR, WEI (X Z), BARROW (S), FUNSTON (A M), GEORGE THOMAS (K) and MULVANEY (P)
Surface palsmon coupling in end-to-end linked gold nanorod dimers and trimers.
Physical Chemistry Chemical Physics 15(12):4258-4264,2013

171 HANSA (K), KUMAR (5 S), MANOJ (K), MANOJ RAAMA VARMA,
JAYARAJ (M K) and KUMAR (K R)
Synthesis of chemically pure, luminescent Eu3+ doped HAp nanoparticles: A promising fluorescent probe for
in vivo imaging applications
Physical Chemistry Chemical Physics 15(21):8106-8111;2013

172 NEETHA (M), SURESH (C H), KUMAR (A) and GADRE (5 R)
Molecular electrostatics for probing lone pair-pi interactions
Physical Chemistry Chemical Physics 15(42):18401-18409;2013
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JOSE (R ©), SHAJU (P), NAGENDRA (B) and BHOJE GOWD (E)

Influence of host preparation method on the structural phase transitions of syndiotactic polystyrene upon the
guest exchange with n-alkanes

Polymer 54(24):6617-6627;14 Nov 2013

SAJITH MENON, RAHUL (M O) and SURESH DAS
Photocleavable glycopolymer aggregates
Polymer Chemistry 4(3):623-628;2013

AJITH KUMAR (K K), ABHILASH (V), PILLAI (U T S),

PAI (B C) and CHAKRABORTY (M)

Influence of Neodymium addition on the microstructure, mechanical

and thermal properties of Mg-Si alloys.

Procedia Engineering. Sp Issue on 6th International Conference on Creep,
Fatigue and Creep-Fatique interaction 55(103-108):2013

SRINIVASAN (A), AJITHKUMAR (K K), SWAMINATHAN (J), PILLAI (U T S) and PAI (B O

Creep behavior of AZ91 Magnesium alloy.

Procedia Engineering. Sp Issue on 6th International Conference on Creep, Fatigue and Creep-Fatigue
interaction 55(109-113):2013

SURESH (M), SRINIVASAN (A), PILLAI (U T S) and PAI (B ©)

Mechanism for grain refinement and mechanical properties of AZ91 Mg Alloy by carbon inoculation
Procedia Engineering. Sp Issue on 6th International Conference on Creep, Fatigue and Creep-Fatigue
interaction 55(93-97):2013

ARUN BOBY, RAVIKUMAR (K K), PILLAI (U T S) and PAI (B O

Effect of antimony and yttrium addition on the high temperature properties of AZ91 Magnesium alloy.
Procedia Engineering. Sp Issue on 6th International Conference on Creep, Fatigue and Creep-Fatigue
interaction 55(98-102):2013

TAMILARASAN (S), SARMA (D), REDDY (M L P), NATARAJAN (5) and GOPALAKRISHNAN ()
YGa1-xMnxO3: A novel purple inorganic pigment.
RSC Advances 3(10):3199-3202;2013

BETSY (M), AKHIL (K N) and RAMAIAH (D)
Dye encapsulation and release by a zinc-porphyrin pincer system through morphological transformations
RSC Advances 3(12):3815-3818;2013

NANDAJAN (P C), NEELAKANDAN (P P) and RAMAIAH (D)
Interplay of monomer, intra - and intermolecular excimer fluorescence in cyclophanes and selective recognition

of methanol vapours
RSC Advances 3(16):5624-5630;2013
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182 NAYANA JOSEPH, RANI (R), JUBI JOHN, DEVIKA (N V), SARATH CHAND (S), SURESH (E), PIHKO (P M)
and RADHAKRISHNAN (K V)
An exclusive approach to 3,4- disubstituted cyclopentenes and alkylidene cyclopentenes via the palladium

catalyzed ring opening of azabicyclic olefins with aryl halides
RSC Advances 3(21):7751-7757:2013

183 JAYARAM (D T), SHANKAR (B H) and RAMAIAH (D)
Photomorphogenesis of y-globulin: Effect on sequential ordering and knock out of gold nanoparticles array
RSC Advances 3(32):13463-13469;2013

184 THOMAS (A P), SREEDEVI (K C G), ADINARAYANA (B),
RAMAKRISHNAN (S) and SRINIVASAN (A)
Meso-Tetrakis(3.5-dihydroxyphenyl)N-confused porphyrin: Influence of polar protic and aprotic solvents in
tautomeric existence, exchange and morphology
RSC Advances 3(38):16967-16972;2013

185  MANJUMOL (K A), MINI (L), MOHAMED (A P), HAREESH (U S) and WARRIER (K G K)
A hybrid sol-gel approach for novel photoactive and hydrophobic titania coatings on aluminium metal surfaces
RSC Advances 3(39):18062-18070;2013

186 PRAKASH (P), JI)Y (E), SHIMI (M), APARNA (P S), SURESH (E) and
RADHAKRISHNAN (K V) Mild Rhodium())
catalyzed ring opening of cyclopropane appended spirotricyclic olefins through C-H

activation of arylboronic acids
RSC Advances 3(43):19933-19936;2013

187 MENON (A R R)
Value added products from renewable natural resources and agricultural/industrial wastes for societal/
industrial applications Part |
Science India :20-26;Sep 2013

188 MENON (A R R)
Value added products from renewable natural resources and agricultural/industrial wastes for societal/
industrial applications Part Il
Science India :29-35;0ct 2013

189 HARSHA NARAYANI, HAJARA ARAYAPURATH and SHUKLA (5)
Significance of silica interlayer in magnetic photocatalyst having y-Fe2 O3 as a magnetic ceramic core
Science of Advanced Materials 5(8):1060-1073;Aug 2013

190  LAKSHMI (V N), DIVYA (S P), JAYASREE (R S) and AJAYAGHOSH (A)
A near-infrared fluorescent nanosensor (AuC@Urease) for the selective detection of blood urea
Small 9(16):2673-2677;26 Aug 2013
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191

192

193

194

195

196

197

198

SANDHYA KUMARI (L), PRABHAKAR RAO (P), RADHAKRISHNAN (A N),

VINEETHA (J), SAMEERA (S) and PETER KOSHY

Brilliant yellow color and enhanced NIR reflectance of monoclinic BiVO4 through distortion in VO43
Solar Energy Materials and Solar Cells 112:134-143;May 2013

RESHMI (C P), SAVITHA PILLAI (S), SURESH (K G) and MANOJ RAAMA VARMA
Room temperature magnetocaloric properties of Ni substituted La 0.67 Sr 0.33 MnO3
Solid State Sciences 19:130-135;May 2013

DEEPA () P), RAJAN (T P D), PAVITHRAN (C) and PAI (B )

Influence od autocatalytic coating bath parameters on the formation of copper over surface treated boron
carbide particles

Surface and Coatings Technology 214:77-85;15 Jan 2013

SINU (C R), PADMAJA (D V M), JINI (P), SEETHA LAKSHMI (K C) and VIJAY NAIR (G)

NHC-catalyzed annulation of enals to 2,4-Dien-1-ones: Efficient diastereoselective synthesis of 1,3-Diaryl-4-
styrenyl cyclopentenes

Synlett 24(13):1671-1674,Aug 2013

AJISH (K R), NAYANA JOSEPH and RADHAKRISHNAN (K V)

Transition-metal-catalyzed regio- and diastereoselective 1,4-conjugate addition of Zerumbone using boronic
acids: A simple route toward novel Zerumbone derivatives

Synthesis-Stuttgart 45(16):2316-2322;16 Aug 2013

JIY (E), PRAKASH (P), SARANYA (S), SURESH (E) and RADHAKRISHNAN (K V)

Synthesis of functionalized Indanes via Palladium-catalyzed carboannulation of diazabicyclic olefins with
o-lodostyrenes

Synthesis-Stuttgart 45(18):2583-2592;17 Sep 2013

JUBI JOHN, RANI RAJAN, SARATH CHAND (S), PRAVEEN (P),
NAYANA JOSEPH, SURESH (E) and RADHAKRISHNAN (K V)
Palladium catalyzed reaction of ortho-functionalized aryl iodides with bicyclic hydrazines: Facile route toward

heteroannulated cyclopentenes and azabicycles
Tetrahedron 69(1):152-159;07 Jan 2013

JINESH (M K), NIJAMUDHEEN (A), NAYANA JOSEPH, PRAVEEN (P),
SURESH (E), AYAN DATTA and RADHAKRISHNAN (K V)
Cycloaddition profile of pentafulvenes with 3-oxidopyrylium betaine: Experimental and theoretical

investigations
Tetrahedron 69(46):9751-9760;18 Nov 2013
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199 PAUL (R R), SEETHA LAKSHMI (K ©), SURESH (E) and VIJAY NAIR (G)
NHC - catalysed annulation of enals to ene-1, 4 - diones:
Stereoselective synthesis of 1,3-diaryl-4-acyl cyclopentenes
Tetrahedron Letters 54(16):2046-2049;17 Apr 2013

200 GORANTLA (J N), DIVYA (K) and RAVI S LANKALAPALLI
An unusual synthesis of 2-pyridone and 3,5-dihydroxypyridine from a carbohydrate
Tetrahedron Letters 54(25):3230-3232;19 Jun 2013

201 CHALLA (C), MANJU JOHN and RAVI S LANKALAPALLI
Cascade synthesis of 1,2 dihydropyridine from dienaminodioate and an imine: A three-component approach
Tetrahedron Letters 54(29):3810-3812;17 Jul 2013

202 JISHA (B), RESMI (M R), MAYA (R J) and LUXMI VARMA (R)
Colorimetric detection of Al(lll) ions based on triethylene glycol appended 8-propyloxy quinoline ester
Tetrahedron Letters 54(32):4232-4236,07 Aug 2013

203  AJISH (K R), NAYANA JOSEPH, PRIYA RANI (M), RAGHU (K G),
VINEETHA (V P) and RADHAKRISHNAN (K V)
Synthesis and biological evaluation of carbohydrate appended hydrazinocyclopentenes with potent glycation

and alpha-glucosidase inhibition activities
Tetrahedron Letters 54(42):5682-5685;16 Oct 2013

204 )Y (E), PRAVEEN (P), SHIMI (M), SARANYA (S), PREETHANU] (P),
PIHKO (P M), SUNIL (V) and RADHAKRISHNAN (K V)
Rhodium (I1l)-catalyzed ring opening of strained olefins through C-H activation of O-acetyl ketoximes: An
efficient synthesis of trans-functionalized cyclopentenes and spiro[2.4] heptenes
Tetrahedron Letters 54(52):7127-7131;25 Dec 2013

205 AJITHA (M J) and SURESH (C H)
Role of base assisted proton transfer in N-heterocyclic carbene-catalyzed intermolecular stetter reaction
Tetrahedron Letters 54(52):7144-7146;25 Dec 2013

206 BOBY (A), PILLAI (U T'S) and PAI (B )
Effect of Pb addition on the discontinuous and continuous Mg17AI-12 beta precipitate during solidification
of AZ91 Magnesium Alloy
Transactions of the Indian Institute of Metals 66(2):105-108;Apr 2013
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207 VENDRELL (M), MAITI (K K), DHALIWAL (K) and CHANG (Y T)

208

209

Surface-enhanced Raman scattering in cancer detection and imaging
Trends in Biotechnology 31(4):249-257;Apr 2013

AJITH KUMAR (K K), PILLAI (U T'S), PAI (B C) and CHAKRABORTY (M)
Dry sliding wear behaviour of Mg-Si alloys
Wear 303(1-2):56-64;15 Jun 2013

NISHANTH KUMAR, MOHANDAS (C), BALA NAMBISAN, SOBAN KUMAR (DR)
and RAVI S LANKALA PALLI
Isolation of proline-based cyclic dipeptides from Bacillus sp. N strain associated with rhabitid entomopathogenic

nematode and its antimicrobial properties
World Journal of Microbiology and Biotechnology 29(2):355-364;Feb 2013
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COUNTRY
NAME VISITED PERIOD PURPOSE

Dr. A. Ajayaghosh
Outstanding Scientist

GENERAL INFORMATION

France

VISITS ABROAD

10/05/2013 - 14/05/2013

To attend Scientific meeting & 22nd
Industrial Research Committee meet-
ings at Autrans & Grenable, France.

Taiwan

28/07/2013 - 02/08/2013

To attend and deliver a lecture at the
15t International Symposium on Novel
Aromatic Compounds "ISAN-15" in
Taipei, Taiwan.

Japan

16/10/2013 - 30/10/2013

As a Guest Scientist to the
National Institute for Materials Science
(NIMS), Tsukuba, Japan.

Japan

07/12/2013 - 09/12/2013

As an invited speaker at 10th
Green Element Research Symposium.

Japan

28/02/2014 - 01/03/2014

To attend 4% Phoemics International
Symposium as an invited speaker.

Dr. Ajith Haridas
Chief Scientist

Germany

01/09/2013 - 09/09/2013

To visit Germany at the Institute of
Sanitary Engg & Waste Management,
as expert on Anaerobic Technology.

Dr. Ashok Pandey
Chief Scientist

Hong Kong

05/05/2013 - 09/05/2013

To participate in Captioned Internation-
al Conference in Hong Kong Baptist
University, Hong Kong.

France

03/06/2013 - 28/06/2013

To work in the Blaise Pascal University
under UBP fellowship.

China

05/09/2013 - 08/09/2013

To visit China to attend Biotechnology
workshop.

Korea

29/10/2013 - 02/11/2013

To attend 6th International
Conference on Environmental Science
& Engg. (CESE 2013).

Dr. E.Bhoje Gowd
Sr. Scientist

USA

01/03/2014 - 31/05/2014

To visit USA under IUSSTF Research
Fellowship under Indo-US Science and
Technology Forum Research Fellowship.
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To visit Italy as part of collaborative

Dr. P. Binod : -
o Italy 01/10/2013 - 20/10/2013 project between University of Naples
Scientist
and CSIR-NIIST.
To visit University of Bielefeld, Ger-
Dr. Madhavan Nam- )
o many under Indo -German bilateral
poothiri Germany | 15/04/2013 - 30/04/2013 .
o o Personnel visit programme sponsored
Principal Scientist
by DST-DADD.
Dr. V.B.Manilal To attend 1st International Conference
Coeree Portugal | 09/06/2013 - 11/06/2013 _
Principal Scientist of 1 2013 at Guimaraes, Portugal.
, To attend 15th Asian Chemical Con-
Dr. KV.Radhakrishnan ) )
L o Singapore | 18/08/2013 - 24/08/2013 gress at Resort World Sentosa, Singa-
Principal Scientist
pore.
Dr. T.PD.Rajan To visit UK under UKERI exchange
o UK 16/01/2014 - 26/01/2014
Sr. Scientist programme as Honorary Researcher.
To attend meeting of Investors for the
Australia | 15/09/2013 - 16/09/2013 project integrated technologies for eco-
Dr. Rajeev Kumar nomically sustainable biobased energy.
Sukumaran < 23/09/2013 - 26/09/2013 | To attend KORANET Bio-fuels Work-
orea
Sr. Scientist shop.
01/10/2013 - 20/10/2013 To \./iSit Italy as par’F of c-ollaborative
Italy project between University of Naples
and CSIR-NIIST.
Dr. D.Ramaiah To visit Spain under Collaborative Proj-
. o _ 10/09/2013 - 20/09/2013
Chief Scientist Spain ect sponsored by DST & CSIC-ICCC,
Spanish Research Council.
To attend 2" Annual Conference on
Dr. Satyajit Shukl Ad d Materials (AM-2013) at
" oeryayt Shuida China | 16/05/2013 - 19/05/2013 vanced Materials ( )t
Scientist Conference Center, Jiangsu University,
Zhenjiang, China.
USA 27/09/ 2013 - 29/09/2013 | To attend Young Investigators
(YIM) Award ceremony.
Dr. C H.Suresh To visit Japan for attending seminars
- N and discussions and for participating in
Principal Scientist , .
Japan 18/03/2014 - 30/03/2014 | the 94™ Annual Meeting of the Chemi-

cal Society of Japan at Nagoya Univer-
sity as an invited lecturer.
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HONOURS & AWARDS

Dr Suresh Das

Sastra- CNR Rao Award for Excellence in Chemistry & Materials, 2014

J C Bose National Fellowship, 2013

Dr A Ajayghosh

TWAS (The World Academy of Sciences) Prize in Chemistry,2013

CRSI Silver Medal, Chemical Research Society of India

Honorary Fellow of Kerala Academy of Sciences, 2013

Fellow, Royal Society of Chemistry, London, 2014

Prof Ashok Pandey

Fellow Award by the International Society for Energy and Environmental
Sustainability

Dr D Ramaiah

Appointed as the Director of CSIR- NEIST, Jorhat

Dr | D Sudha

Fellow of Kerala Academy of Sciences, 2014

Dr P Prabhakar Rao

MRSI Medal

Dr E Bhoje Gowd

IUSSTF Research Fellowship by Indo- US Science and Technology Forum

Dr K G K Warrier

Life Time Achievement Award by Indian Society for Analytical Chemistry

Sri Kishan Modi Memorial Award by Indian Ceramic Society

Dr C H Suresh

YIM-Boston Young Scientist Award

Distinguished Lectureship Award by Japan Chemical Society in the Asian Internation-
al symposium for Outstanding Young Chemists, Nagoya University, Japan, 2014

Dr C Vijayakumar

Ramanujan Fellowship

Dr S Savithri

Inspiring Women Engineer/ Scientist for the year 2014 from Engineering
Watch on International Women’s Day

Dr L Ravi Shankar

Kerala State Young Scientist Award, 2013

CSIR-NIIST

Rajbhasha Shield and Merit Certificate as the 3 Best Office in Implementing
Official Language Policy of the Union Government during the year 2012-2013 by
Dept. of Official Language, Govt. of India

Ms Leya Thomas

Best Paper Award in the International Conference on Advances in Biotechnology
and Bioinformatics
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Ph.D. AWARDED

STUDENT TITLE OF THE THESIS SUPERVISOR UNIVERSITY

Density functional theory studies on (5)
Ajitha M | Proline and N-heterocyclic carbine (NHC) Dr C H Suresh University of Kerala
mediated organocatalytic reactions

Design, synthesis and study of p-Phenyle-
Anesh G neethynylene based linear ™ -conjugated Dr A Ajayaghosh | University of Kerala
organogelators

Design and property correlations in high
Deepa K S permittivity insulator - conductor percolative | Dr Jose James CUSAT
composites

Phosphate based dielectric ceramics and com-

Dhanesh Thomas i ) L
posites for microwave applications

Dr M T Sebastian | University of Kerala

Optical and electrochemical sensors for
Dhanya S detection and quantification of selected inor- | Dr T Prasada Rao | University of Kerala
ganic anions in aqueous media

Fareed Bhasha Quantification and prediction of substituent
Sayyed Meerasaheb | effects in aromatic molecules and cation-™ com- | Dr C H Suresh University of Kerala
plexes using molecular electrostatic potential

Meso-Diaryl dipyrrolic systems: Syntheses,
Gowri Sreedevi K C | characterization and application as a molecu- | Dr A Srinivasan | University of Kerala
lar keypad lock

Studies on luminescent properties of Eu3+-
Mariyam Thomas activated molybdate and tungstate based Dr Peter Koshy University of Kerala
novel red phosphors

Studies on structure, lattice thermal expan-
Radhakrishnan A N | sion and oxide ion conducting properties of | Dr Peter Koshy University of Kerala
some rare earth based Zirconate Pyrochlores

Structure, magnetic and magnetocaloric stud-
Reshmi C P ies of some Lanthanum strontium manga-
nites and rare earth garnets

Dr Manoj Raama

University of Kerala
Varma Y

Rim-binding interaction of N-alkylpyromellitic
diimides with B-Cyclodextrin. A detailed
study of the novel complexation and its
utilization in the design of B-CD based
ternary complexes for photo induced electron
transfer and hydrogels

Retheesh K Dr K R Gopidas | University of Kerala
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Rony Rajan Paul

Novel C-C and C-Heteroatom bond forming
reactions involving homoenolate generated
by organocatalysis and related chemistry

Dr G Vijay Nair
and Dr A Jay-
alekshmy

University of Kerala

Sandhya Kumari L

Synthesis, characterization and optical prop-
erties of rare earth - transition metal based
environmentally friendly red and yellow pig-
ments

Dr P Prabhakar
Rao

University of Kerala

Sanju K'S

Synthesis of organic systems and study of
their light emitting properties in solution and
polymer matrix

Dr D Ramaiah

University of Kerala

Shyni Raphael M

Synthesis, characterization and photophysical
properties of lanthanide carboxylates

Dr M LP Reddy

University of Kerala

Suchithra M V

Synthesis and applications of classical and
Aza-morita-Baylis-hillman adducts of ferro-
cene carboxaldehydes

Dr R Luxmi Varma

University of Kerala

Design of novel sensitizers for photodynamic
therapy: Synthesis, photophysical and pho-

Suneesh C K - ) . . Dr D Ramaiah University of Kerala
tobiological studies of substituted porphyrin
systems
<< National Institute for Interdisciplinary Science & Technology, Thiruvananthapuram > >
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MEMBERS OF THE RESEARCH COUNCIL

CHAIRMAN AGENCY REPRESENTATIVE
Dr Dipankar Banerjee Dr R Brakaspathy
Department of Materials Engineering Scientist G

Indian Institute of Science
Bengaluru-560 012

MEMBERS

Prof G D Yadav

Vice- Chancellor and RT Mody
Distinguished Professor
Institute of Chemical Technology
Matunga, Mumbai- 400019

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 Vikram Jayaram

Department of Materials Engineering
Indian Institute of Science
Bengaluru- 560012

Prof Gunasekaran

Vice Chancellor
Thiruvalluvar University
Serkkadu, Vellore- 632115

Dr P G Rao

Technical Consultant and Former Director,
CSIR- NEIST

Jorhat- 785006

Shri A C Shroff
Chairman & MD

Excel Industries Limited
184-87, S V Road,
Jogeshwari (West)
Mumbai- 400102

Dr K 'S Dasqupta

Director

Indian Institute of Space Science
Valiamala P O
Thiruvananthapuram- 695547

Science and Engineering Research Board,
5 & 5A, Lower Ground Floor,

Vasant Square Mall, Sector- B,

Pocket-5, Vasant Kunj,

New Delhi- 110 070

DG NOMINEE
Dr Vivek V Rande
Head, Catalysis, Reactors & Seperators Unit
CSIR- National Chemical Laboratory
Pune- 411008

SISTER LABORATORY
Dr Vijayamohanan K Pillai
Director
Central Electrochemical Research Institute
Karaikudi-630 006, Tamil Nadu

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

<< National Institute for Interdisciplinary Science & Technology, Thiruvananthapuram > >



A%
ey

Annual Report 2013 -14 (¢

’

3

MEMBERS OF THE MANAGEMENT COUNCIL
Period 01/01/2012 to 31/12/2013

CHAIRMAN
Director, NIIST

MEMBERS
Dr. Vijayamohanan K. Pillai, Director, CECRI, Karaikudi
Dr. Ajayaghosh, Outstanding Scientist, NIIST
Dr. K.R. Gopidas, Chief Scientist, NIST
Dr. MT. Sebastain, Chief Scientist, NIIST
Dr. (Mrs) S. Savithri, Senior Principal Scientist, NIIST
Dr. T.PD. Rajan, Senior Scientist, NIIST
Dr. B. Krishnakumar, Senior Scientist, NIIST
Sri. S. Veluswamy, Principal Technical Officer, NIIST
COFA, NIIST
Head, PPD, NIIST

MEMBER SECRETARY
AO, NIIST

Period 01/01/2014 to 31/12/2015

CHAIRMAN
Director, NIIST

MEMBERS
Dr. Vijayamohanan K. Pillai, Director, CECRI, Karaikudi
Dr. Ajayaghosh, Outstanding Scientist, NIIST (Special Invitee)
Dr. Gangan Prathap, Outstanding Scientist, NIIST (Special Invitee)
Dr .C. Chandrasekhara Bhat, Senior Principal Scientist, NIIST
Dr. Vasundhara Mutta, Scientist, NIIST
Dr. E. Bhoje Gowd, Senior Scientist, NIIST
Dr. K. Madhavan Nampoothiri, Principal Scientist, NIIST
Sri. M. Brahmakumar, Principal Technical Officer, NIIST
Mr. M.M. Sreekumar, Head, RPBD, NIIST
Sri. TV. Sankaran, CoFA, NIIST

MEMBER SECRETARY
AO, NIIST
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BUDGET 2013-2014 (Rs. LAKH)
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STAFF - NEW RECRUITMENTS

Dr. Narayanan Unni K. N., Principal Scientist
(April 08, 2013)

Dr. Narayanan Unni K. N. received M Sc degree in Physics from School

of Pure & Applied Physics, Mahatma Gandhi University with special-
ization in Materials Science. His Ph D work on organic semiconduct-
ing thin films was done under the guidance of Prof C. S. Menon at
the same department and the degree was awarded in 2001. Then he
worked with the department of Physics, Indian Institute of Technology
Bombay as a post-doctoral research associate on fabrication of diamond
thin films and carbon nanotubes by microwave plasma chemical vapor
deposition. In 2002, he joined Prof Jean-Michel Nunzi's group as a
post-doctoral fellow in LaboratoirePropriétésOptiques des Matériaux
et Applications (CNRS) at University of Angers, France and worked
towards developing organic field-effect transistor based memory ele-
ments and small molecule based solar cells. In 2005, he joined Samtel
Color Ltd, New Delhi and was posted in Indian Institute of Technol-
ogy Kanpur as a visiting Research Engineer on deputation. His group
developed organic light emitting diode (OLED) based displays for the
first time in India. From 2008, he was the team leader and by 2012 the
group developed commercial quality prototypes. In July 2012, he joined
Indian Institute of Technology Kanpur as Principal Research Engineer. In
April 2013, he joined National Institute of Interdisciplinary Science and
Technology as Principal Scientist in the Photosciences and Photonics
group. His current research interests are efficient lighting using OLEDs,
sensors using OLED and OFETS. He is also interested in organic pho-
tovoltaic cells with new device structures with plasmonic and quantum

dot technologies.

<< National Institute for Interdisciplinary Science & Technology, Thiruvananthapuram > >




Annual Report 2013 -14

Dr. V. Karunakaran, Senior Scientist (March 11, 2014)

Prior to his joining the Institute, he has worked as a quality control chemist
at Ms. Tetrahedron public limited, Ambattur industrial estate, Chennai. On
May 1998 he joined as a project assistant at the National Centre for Ul-
trafast Processes, University of Madras and continued for about five years
until March 2003. During April 2003 he moved to the Humboldt Uni-
versitat zu Berlin, Berlin, Germany, as a scientific co-worker and obtained
Ph.D in Physical Chemistry and further continued there as a post doc until
July 2007. Subsequently in August 2007 he went to the North Eastern
University, Boston, USA, for carrying out his postdoctoral research work. In
May 2011 he came back to India and joined at NIIST with his DST-SERB
fast track scheme. He joined as a senior scientist at NIIST in the Photosci-
ences and Photonics section, CSTD on 11" March 2014. His current area
of interest include femtosecond solvation dynamics, excited state dynamics
of DNA bases, low frequency vibrational dynamics of heme proteins, ultra-
fast dynamics involved in dye sensitized solar cell and bulk hetero-junction,
polymorphism, photo responsive materials and photophysical characteriza-

tion of self-aggregated molecules.

Mrs. Shana S. Nair, Staff Nurse Gr.II(1) (April 04, 2013)

Mrs. Shana S. Nair obtained her diploma in General nursing and Midwifery
from Cosmopolitan School of Nursing, Thiruvananthapuram in the year
2004. Prior to joining in the Institute, she was working as a staff nurse
in Cosmopolitan Hospital (2004-2013). She joined in NIIST Dispensary on
22/04/2013.
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STAFF LIST AS ON 31/3/2014

DIRECTOR'S OFFICE

DR SURESH DAS

DIRECTOR

MR S SURESHKUMAR

CHIEF SCIENTIST

MR T S SASI KUMAR

PRIVATE SECRETARY

MR A KRISHNANKUTTY

TECH GR 1-4

MR P B VIJAYAKUMAR

TECH GR 1-4

AGROPROCES

SING & NATURAL PRODUCTS DIVISION

DR A SUNDERESAN

CHIEF SCIENTIST & HEAD, ADMINISTRATIVE SERVICES

MR M M SREEKUMAR

CHIEF SCIENTIST & HEAD

DR DILEEPKUMAR B S

PRINCIPAL SCIENTIST

MRS OMANAKUTTY AMMA

PRINCIPAL SCIENTIST(Retired on 31/10/2013)

DR K G RAGHU PRINCIPAL SCIENTIST
MR V V VENUGOPALAN SR SCIENTIST

MRS M V RESHMA SR SCIENTIST

DR (MRS) P NISHA SCIENTIST

MR P JAYAMURTHY SCIENTIST

DR RAVI SHANKAR L SCIENTIST

DR PRIYA S SCIENTIST

DR (MRS) BEENA JOY PRINCIPAL TECH OFF
MR D R SOBAN KUMAR TECH OFF

IOTECHNOLOGY DIVISION

DR ASHOK PANDEY

CHIEF SCIENTIST & HEAD

DR K MADHAVAN NAMPOOTHIRI

PRINCIPAL SCIENTIST

DR RAJEEVKUMAR SUKUMARAN SR SCIENTIST
DR P BINOD SCIENTIST
DR N RAMESH KUMAR SCIENTIST
DR MUTHU ARUMUGAM SCIENTIST
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MR KIRAN KUMAR M

SCIENTIST

MR K M PRAKASH

SR TECHNICIAN (2)

CHEMICAL SCIENCES & TECHNOLOGY DIVISION

DR AJAYAGHOSH

OUTSTANDING SCIENTIST

DR K R GOPIDAS

CHIEF SCIENTIST & HEAD

DR T PRASADA RAO

CHIEF SCIENTIST

DR (MRS) MANGALAM S NAIR

CHIEF SCIENTIST

DR D RAMAIAH

CHIEF SCIENTIST(Transfered on 04/10/2013)

DR (MRS) A JAYALAKSHMI

CHIEF SCIENTIST

DR (MRS) R LUXMI VARMA

SR PRINCIPAL SCIENTIST

DR K'V RADHAKRISHNAN

PRINCIPAL SCIENTIST

DR C H SURESH

PRINCIPAL SCIENTIST

DR NARAYANAN UNNI K'N

PRINCIPAL SCIENTIST

DR KAUSTABH KUMAR MAITI SR SCIENTIST
DR BISWAPRIYA DEB SR SCIENTIST
DR KARUNAKARAN VENUGOPAL SR SCIENTIST
DR YOOSAF KARUVATH SCIENTIST
DR JOSHY JOSEPH SCIENTIST
DR B S SASIDHAR SCIENTIST
DR VIJAYAKUMAR C SCIENTIST
DR (MRS) J D SUDHA PRINCIPAL TECH OFF
MRS S VIJI TECH OFF
MRS SAUMINI MATHEW TECH OFF
MR ROBERT PHILLIP TECH OFF
MR KIRAN MOHAN TECH OFF
MR KIRAN | S TECH ASST

MATERIAL SCIENCES & TECHNOLOGY DIVISION

DR M T SEBASTIAN

CHIEF SCIENTIST & HEAD

DR U SYAMAPRASAD

CHIEF SCIENTIST

DR M LAKSHMIPATHY REDDY

CHIEF SCIENTIST

DR P PRABHAKAR RAO

CHIEF SCIENTIST
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DR JOSE JAMES

CHIEF SCIENTIST

MR K HARIKRISHNA BHAT

CHIEF SCIENTIST

MR M C SHAJI

SR PRINCIPAL SCIENTIST

DR U T S PILLAI

SR PRINCIPAL SCIENTIST

DR AR R MENON

SR PRINCIPAL SCIENTIST

DR MANOJ RAAMA VARMA

SR PRINCIPAL SCIENTIST

MR SWAPAN KUMAR GHOSH

SR PRINCIPAL SCIENTIST

DR M RAVI

SR PRINCIPAL SCIENTIST

MR'S ANANTHAKUMAR

PRINCIPAL SCIENTIST

DR T P D RAJAN SR SCIENTIST
DR S V SHUKLA SR SCIENTIST
DR HAREESH U S SR SCIENTIST
DR E BHOJE GOWD SR SCIENTIST
DR A SRINIVASAN SCIENTIST
MR M SUNDARARAJAN SCIENTIST
DR K P SURENDRAN SCIENTIST
DR SAJU PILLAI SCIENTIST
DR (MISS) M VASUNDHARA SCIENTIST

MR S VELUSAMY

PRINCIPAL TECH OFF

DRV S PRASAD

PRINCIPAL TECH OFF

MR M BRAHMA KUMAR

PRINCIPAL TECH OFF

MR K K RAVIKUMAR

PRINCIPAL TECH OFF

MR P PERUMAL

SR TECH OFF-2

MRS LUCY PAUL

SR TECH OFF

MR P GURUSAMI

SR TECH OFF-2(Retired on 31/07/2013)

MR M R CHANDRAN

SR TECH OFF-2

MR PEER MOHAMED A TECH OFF

MR'S SASIBHUSHANAN TECH GR 2-4
MR T SOMAN TECH GR 2-4
MRV ANTONY TECH GR 2-3
MRV SREEKANTAN TECH CR 1-4
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PROCESS ENGINEERING & ENVIRONMENTAL TECHNOLOGY

DR (MRS) ROSCHEN SASIKUMAR

CHIEF SCIENTIST(Retired on 31/05/2013)

MR AJIT HARIDAS

CHIEF SCIENTIST & HEAD

MRS ELIZABETH JACOB

SR PRINCIPAL SCIENTIST

DR (MRS) S SAVITHR

SR PRINCIPAL SCIENTIST

DRV B MANILAL SR PRINCIPAL SCIENTIST
MR J ANSARI SR PRINCIPAL SCIENTIST
DR (MRS) RUGMINI SUKUMAR PRINCIPAL SCIENTIST
DR M ANBU PRINCIPAL SCIENTIST
DR B KRISHNAKUMAR SR SCIENTIST

MR ABDUL HALEEM B SCIENTIST

MR K RISHI ARVIND SCIENTIST

MRS VIJAYA PRASAD SR TECH OFF-2

MRV K SHAJIKUMAR SR TECH OFF

DR S RAMASWAMY TECH OFF

MR T P PAULOSE SR TECHNICIAN-3

MRS SAHARUBA P M JTA

S & T SERVICES

ENGINEERING & SERVICES DIVISION

MR R RAJEEV SUP ENGG
MR K PRASAD ASST ENGR
MR G CHANDRA BABU AEE (CIVID)
MR B KARTHIK JR ENGR (CIVIL)

MR P ARUMUGAM

JR ENGR (CIVIL)

MR BASHEER T H

SR TECHNICIAN

MR N SUDHILAL TECH CR 2-5
MRS HARIDASAN PILLAI TECH GR 2-4
MR P M RACGHAVAN TECH GR 2-4(Retired on 30/11/2013)
MR PV THAMPY TECH GR 2-4
MR M JAYADEEP TECH GR 2-2
MR K'S PRAMOD TECH CR 2-1
MR K SURESH KANNAN TECH GR 2-1
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MR U DHARANIPATHY TECH GR 2-1

MR B VIKRAMAN TECH GR 1-4(Voluntary Retired on 04/04/2013)
MR R SUKUMARAN TECH GR 1-4

MR C P NARAYANAN TECH GR 1-4

MR P SOMAN TECH GR 1-4

MR TV SATHEESH GR C NON-TECH (MACP)

KNOWLEDGE RESOURCE CENTRE

DR GANCGAN PRATHAP

OUTSTANDING SCIENTIST

MRS P NISHY SR PRINCIPAL SCIENTIST& HEAD
MRV MONI SCIENTIST

MR RIBIN JONES S B SCIENTIST

MRS S MINI PRINCIPAL TECH OFF

MR M RAMASAMY PILLAI PRINCIPAL TECH OFF

MR'S PUSHKIN TECH OFF

MR G SUDHAKARAN

TECH GR 2-4(Retired on 30/11/2013)

MR G NAGASRINIVASU

SR TECHNICIAN -2

MISS T S LATHA

AST(G)GR I

MR PUSHPAKUMAR K R NAIR

GR C NON-TECH (MACP)

PLANNING & BUSINESS DEVELOPMENT

DR V G MOHANAN NAIR

CHIEF SCIENTIST

DR C CHANDRASEKARA BHAT

SR PRINCIPAL SCIENTIST

MR D BHEEMESWAR

PRINCIPAL SCIENTIST

MR CHANDRAKANTH C K

SR SCIENTIST

MR R'S PRAVEEN RA)J

SR SCIENTIST

DR M SANKARANARAYANAN

PRINCIPAL TECH OFF

MRS V | SAROJAKUMARI

SR STENO(ACP)

MR K C CHACKO

GR C NON-TECH

ADMINISTRATION

MR N S RAJU

AO

MRS S SOBHANA

AO
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MR T ) BABU

SECU OFFICER

DR VIJAYNATH R

MEDICAL OFFICER

MRS K S LATHI DEVI HINDI OFFICER
MR K F JOSEPH SO (G)
MR M K SIVADASAN AST(G)GR |

MR D JAYAPRASAD

AST(G)GR I(Retired on 31/10/2013)

MRS SISILY POULOSE

AST(G)GR I(Retired on 30/11/2013)

MR K P KRISHNAN AST(G)GR |

MR V MOHANAN NAIR AST(G)GR |

MRS JYOTHI R THAMPI AST(G)GR i

MR G RAMABHADRAN AST(G)GR Il (Retired on 30/11/2013)
MRS MERCY JOSEPH AST(G)GR i

MRS K SARASWATHY AST(G)GR 1I(ACP) (Retired on 31/07/2013)
MR R K RAMESH KUMAR AST(G)GR I

MRS PARVATHI RAJEEVAN ASSISTANT

MRS ELIZABETH THOMAS

SR STENO(ACP)

MRS PADMINI P S

SR STENO (MACP)

MRS SREELETHA NAIR

SR STENO(MACP)

MR B VENUGOPAL TECH GR 2-4
MR P N SIVANKUTTY NAIR TECH GR 2-4
MR PRAVEEN KANNAL TECH CR 2-2
MR B RADHAKRISHNAN TECH GR 2-1
MRS SHANA S NAIR STAFF NURSE
MR M P VARKEY TECH GR 1-4
MRS M GEETHA TECH CR 1-3
MR SASIDHARAN BEARER(ACP)
MR K MADHU DRIVER

MR A SREEKUMARAN WASHBOY(ACP)

MRS S LEELA DEVI AMMA

GR C NON-TECH(Retired on 30/11/2013)

MR K UNNIKRISHNAN

GR C NON-TECH

MR B SATHEESH KUMAR

GR C NON-TECH
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FINANCE & ACCOUNTS

MR T V SANKARAN COFA
MRS PV VI SO(F&A)
MR KRISHNA KUMAR M SO(F&A)

MR SANJEEV SADANANDAN

AST (FRA)GR |

MRS REMANI DEVARA|

AST(F&A)GR | (MACP)

MR K G PILLAI

AST(F&A)GR | (MACP)

MRS G GEETHA

AST(F&A)GR |

MRS KOMALA SOMAN

AST(F&A)GR II

MR S RAJU

SR STENO (ACP)

MR P PARAMESWARAN PILLAI

GR C NON-TECH (MACP)

MRS R REMADEVI

RECORD KEEPER

STORES & PURCHASE

MR M R DEVASIS SPO
MR SANJAY SUMAN SO

MR C M KRISHNADAS AST(S&P)CR |
MR M ANILKUMAR AST(S&P)CR |
MRS L LATHA TECH GR 2-4
MR B AJAYAKUMAR TECH GR 2-3

MR T R SURESH KUMAR

SR TECHNICIAN -2

MR T K GOPI

GR C NON-TECH

MR T K GHOSH

GR C NON-TECH

MR G BHAKTHAVALSALAM

GR C NON-TECH
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MAJOR FACILITIES CREATED

X-RAY FACILITIES

Single Crystal X-ray Diffractometer and 2-Dimension-
al X-ray Diffractometer were inaugurated by the Direc-
tor on 19th June 2013.

(@ 2-Dimensional X-ray Diffractometer
(WAXS/SAXS)

2-Dimensional X-ray Diffractometer (WAXS/SAXS)
with variable temperature attachment is a good addi-
tion for a laboratory like CSIR-NIIST, where the research
activities are mainly focused in the areas of rare earths,
nanomaterials, liquid crystalline materials, polymers, bio-
logical materials and metals. It covers an angular range
corresponding to 0.3 to 50 nm lattice dimension, with
an anqular resolution of 0.01° and the large area detec-
tors allow the user to increase the amount of scattered
X-rays to obtain the complete Debye diffraction rings.

®)

Single crystal X-ray Diffractometer

The single crystal X-ray diffractometer is of
Rigaku origin, Saturn version, with Saturn 724 HG de-
tector that enables high-throughput data collection,
with a 4-fold increase in readout speed (to 8 MHz total)
and improved signal-to-noise and dynamic range. The
four circle goniometer with k-geometry allows a crystal
to be placed and angled in the path of an X-ray beam
with extreme precision. The X-ray source employed in
this instrument is of sealed tube-type, with Mo K (A
= 0.71073 A) as the wavelength used for the experi-
ments. Variable X-ray collimator allows for characterizing
crystals with variable sizes, ranging from 0.1 to larger
dimensions, though 0.2x0.2x0.2 is the standard size
recommended. The installed Oxford cryosystem enables
the data collection at reduced temperature, up to 77K,

making it possible to acquire data for unstable crystals.
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CELEBRATIONS AND OTHER
ACTIVITIES

NATIONAL TECHNOLOGY DAY CELEBRATIONS
AT NIIST

The National Technology Day was celebrated in CSIR-
NIIST on 10 May 2013. The lab observed open day during
the morning session with students and faculty visits
from various educational institutes. The main highlight
of afternoon session was the National Technology Day
Lecture, delivered by Chief Guest for the day, Shri. D.S.
Nagesh, Scientist G and Scientist in Charge, Modeling
and Prototyping Laboratory, Bio Medical Technology
Wing, Shri Chitra Thirunal Institute for Medical Science
and Technology (SCTIMST), Thiruvananthapuram. Shri
Nagesh highlighted the transcend of SCTIMST in the
area of Bio Medical Technology with the introduction
of indigenously developed biomedical devices like
centrifugal blood pumps, hemoconcentrator, membrane
oxygenator, bubble oxygenator etc. The development in
this area paved the way for bringing down the cost of
imported similar biomedical devices significantly.

A glimpse of National Technology Day Celebrations-

on the stage Dr. Manoj Raama Verma, Dr. Suresh Das,
Chief Guest Shri. DS Nagesh.

CSIR FOUNDATION DAY CELEBRATIONS

The Institute celebrated the CSIR Foundation Day
on 26t September 2013. The laboratory observed open
day. The lab showcased its R & D achievements and
instrumentation capabilities to the visitors who came in
large numbers. The highlight of the day was the CSIR
Foundation Day lecture by the renowned technocrat,
academician and policy maker Prof. J.B. Joshi, ICT,
Mumbai, who gave the lecture on “Wealth Generation
through Research Industry partnership”. He highlighted
the development of entrepreneurship while imparting
the training research

through and development

programs at ICT.

—_— _- - 'q’nfi}
f oY (NIST)

Prof. |.B. Joshi, ICT, Mumbai, giving lecture on “Wealth

Generation through Research- Industry partnership”

CSIR- NIIST FOUNDATION DAY CELEBRATIONS

The CSIR -NIIST Foundation Day was celebrated on
7% October 2013. The Chief Guest on this auspicious
occasion was Dr. Chandra Sekhar, Director, CEERI, Pilani.
He gave the Foundation Day Lecture entitled “Advances
in Electronic Systems Enabled by Physic, Chemistry
and Instrumentation”, highlighting the success story of
interdisciplinary research. The audience comprising of
the scientific and technical staff of NIIST, researchers
and students from various academic institutions were
enthralled while the story of developing the Country’s
first dedicated full custom LSI processor chip, the
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Nation’s first general purpose microprocessor chip the
Motorola 68010 and the development of state of the
art hardware description language based VLSI. Earlier
during the day, there was a huge inflow of students
and general public to visit the R&D and instrumentation
prowess of CSIR- NIIST.

Dr. Chandrasekhar, Director, CEERI, Pilani delivering the
Foundation Day Lecture

NATIONAL SCIENCE DAY CELEBRATIONS

The National Science Day was celebrated in the In-
stitute on 28™ February 2014. The chief guest for the
function was Shri. CV. Muraleedharan, Scientist/Engi-
neer G, Division of Artificial Organs, Biomedical Wing,
Shri Chitra Thirunal Institute for Medical Science and
Technology, Poojappura, Trivandrum. The fascinating
science of human circulatory system and management
of its defects and deficiencies through advances in bio-
medical research in India was demonstrated by the chief
guest during his lecture entitled “Advances in Cardio

Vascular Implants”.

There was overwhelming response to the open day
visit from various educational institutes. More than
350 students and faculty from science and engineering
stream visited the Institute and had interactions with
scientific and technical personnel while carrying their

tour inside the laboratory.

Shri. CV. Muraleedharan Scientist/Engineer G, SCTIMST deliv-

ering the Science Day Lecture

Students from other education institutions
visiting the TEM facility

WORLD ENVIRONMENTAL DAY
CELEBRATIONS

Unveiling of technology products developed by
the Institute by Union Minister Of State For Hu-
man Resources

Dr. Shashi Tharoor. Minister of State for Human
Resource Development visited CSIR-NIIST, Thiruvanan-
thapuram on June 5, 2013. While addressing the NIIST
staff, he lauded the world class research carried out by
CSIR-NIIST scientists. He added ‘India is constantly criti-
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cized as being inhospitable to cutting edge science. But
I'm proud and delighted that a research organization
from my own constituency does quality research in fron-
tier areas of high relevance. It is also commendable that
the research conducted at CSIR-NIIST is anchored locally
and oriented at finding immediate applications.” Social
consciousness is the main factor which distinguishes In-
dian research institutes from their foreign counter parts.

Later, he unveiled the technology products devel-
oped by CSIR-NIIST under the CSIR-800 programme,
an initiative of CSIR for income augmentation and im-
provement in quality of life of 800 million fellow Indians
through interventions of science and technology. The
minister expressed his happiness to launch the envi-
ronment friendly products developed by CSIR-NIIST on
World environment day.

Dr. Shashi Tharoor, Minister of State for Human Resource

Development, Govt. of India unveiling the technology products
developed by CSIR-NIIST

As a step towards making the Institute campus
green, the Students Association of NIIST celebrated
World Environmental Day on 5th June 2013. Students
planted tree saplings in campus and scholars hostel
and organised Intercollegiate Quiz Competition, 'Green
Quizzard - 2013". Later on, prizes were distributed to
the winners of the Quiz Competition

Director Dr. Suresh Das planting tree sapling as part of World

Environmental Day Celebrations

INTERNATIONAL CONFERENCE ON ADVANCED
FUNCTIONAL MATERIALS (ICAFM - 2014)

International Conference on advanced Functional Ma-
terials (ICAFM - 2014), organized by CSIR-NIIST jointly
with leading scientific societies like Indian Institute of
Metals (IIM) - Trivandrum chapter, Materials Research
Society of India (MRSI)- Trivandrum chapter, Indian Ce-
ramic Society (InCerS) - Kerala Chapter and The Society
for Polymer Science (India) - Trivandrum Chapter, was
held from 19th to 21st Feburary, 2014 at Mascot Hotel,
Thiruvananthapuram. The Conference was inaugurated
by Prof. Manfred Stamm, Leibniz Institute of Polymer
Research, Dresden, Germany.

After lighting the traditional lamp to formally inaugu-
rate the 3 - day conference, Prof. Manfred emphasized
the importance of materials in modern life. Conferences
of this kind can create a platform for active interac-
tion and exchange of ideas among scientific community.
Dr. Suresh Das, Director, CSIR-NIIST, who chaired the
meeting highlighted the necessity of developing novel
functional materials to cater to the needs of energy,
food health sectors. Felicitating on the occasion, Prof.
lan M. Reaney, University of Sheffield, UK said that the
conference provided an opportunity for young research-
ers from different parts of the world to learn the trends
in the field.
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Dr Suresh Das Director NIIST, welcoming dignitaries for
ICAFM 2014

COMPUTATIONAL MODELING:
TRANSCENDING DISCIPLINES

A symposium on "Computational Modeling: Tran-
scending Disciplines” was held on May 21, 2013 from
09.30-13.00hrs. The symposium started wih the wel-
come address by Shri. Ajit Haridas, Head, Process En-
gineering and Environmental Technology, NIIST. The
Symposium stared with Dr. Roschen Sasikumar, Head,
Computational Modeling & Simulation Group's talk on
"Down the Memory lane". Prof. Achuthsankar S. Nair,
Director, Centre for Bioinformatics, University of Kerala,
Thiruvananthapuram spoke on "Computational Biology:
Bird's eye view. DrV. V. Ranade, Outstanding Scientist,
CSIR-NCL, and Pune spoke on Hydrodynamics and Pro-
cess Performance: Technology status & future trends.
Prof. Pradip Dutta, Head, Mechanical Engineering De-
partment, Indian Institute of Science, Bangalore's topic
of discussion was Solidification Studies: Towards process
development for light weighting. The symposium con-
cluded with the concluding remarks of Dr. A.D. Damo-
daran, Former Director, NIIST and Thiruvananthapuram.

5TH INDIA-KOREA JOINT WORKSHOP ON
BIOENERGY INCORPORATING BIOFUELS AND
BIOREFINERIES

The 5% India-Korea Joint Workshop on Bioenergy
Incorporating Biofuels and Biorefineries was held at

CSIR-National Institute for Interdisciplinary Science
and Technology, Trivandrum during September 9-10,
2013. It was organized and supported by the Depart-
ment of Science and Technology (MoST), Govt. of
India, Ministry of Science, ICT and Future Planning
(MSIP), Govt. of Korea, Asian Research Network,
Seoul, Korea Institute of Science and Technology,
Seoul and hosted by the CSIR-National Institute for
Interdisciplinary Science and Technology, Trivandrum.
There were about 90 delegates from Korea and India
who attended the workshop. The workshop had its
aim to improve the relations in science and technol-
ogy between the two countries through their mutual
interest in chosen themes such as bioenergy.

The workshop was inaugurated by Prof Haiwon Lee,
Hanyang University, Seoul, Korea and Dr Suresh Das,
Director, CSIR-NIIST. The scientific program of the work-
shop was divided in five technical sessions, viz. Algal
Biofuels & Biorefinery, Microbial fuel cells, Biohydrogen,
Biomass to fuels, and Lignocellulosic biomass conver-
sion and value addition. and Advanced Biofuels and
chemicals. A total of 22 lectures were presented by the
eminent speakers from both the countries. A panel
discussion was held to identify and recommend R&D
areas/topics of mutual interest for both the countries

for future collaboration in the area of bioenergy.
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OBSERVANCE OF HINDI DAY/HINDI WEEK-
2013

Institute celebrated September 05, 2013 as the
Hindi Day and the week succeeding as Hindi Week with
great zeal and enthusiasm. The formal inauguration of
the Hindi Day was held on September 05, 2013. Insti-
tute Director Dr. Suresh Das presided over the function.
In his Hindi Day message he told that Hindi Day is a
day of pride in the history of India and Hindi is a sym-
bol of social and cultural unity. He said that language
establishes governance and accountability relations and
cooperation between people. Hence, it is essential to
promote Official Language Hindi in governance.

During the entire week, many competitions were or-
ganized for the staff members of the Institute including
research students, project staff and their school children.

Director Dr. Suresh Das delivering the Hindi Day message.
On the stage Shri N.S.Raju, AO

Valedictory function and prize distribution was held
on 12.9.2013 at 4.30 PM. Hon'ble Justice M.R. Hari-
haran Nair, Former Justice, Kerala High Court was the
Chief Guest. After the Valedictory address by the Chief
Guest, Dr(Ms.) M. Vasundhara, Scientist & Member,
Organising Committee made technical presentation in
Hindi on " Global Warming- Greatest Threat". Later,
the Chief Guest distributed prizes and certificates to
the successful participants of various competitions held
during the Hindi Week.

Hon'ble Justice M.R. Hariharan Nair distributed prizes and

certificates to the successful participants

OBSERVANCE OF VIGILANCE AWARENESS
WEEK

wrTErE, T i
RETTRN

Vigilance Awareness Week- valedictory function- on the stage
from left- Dr. Ajayaghosh, Shri. Nandakumaran Nair
& Shri N.S. Raju

The Vigilance Awareness Week 2013 was observed
in this institute from 28" October to 1% November
2013. The week started with administration of pledge
in Hindi and English by the Director at 11.00 a.m on
28™ October 2013. Various competitions on Elocution,
Essay writing and Debate were conducted for staff
members and students inclusive of project students dur-
ing 28™ October to 1 November 2013. The valedictory
function and prize distribution were held on 1 Novem-
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ber 2013. Dr. Ajayaghosh, Director-In-Charge presidled ONAM CELEBRATION

over the function. Shri. Nandakumaran Nair, Additional On September 13, 2013 under the auspices of the

Superintendant of Police, CBI, Thiruvananthapuram de- L . )
P P Institute's Staff Recreation Club, Onam festival was

livered the Valedictory Lecture and gave away the prize . . .
3 E yhep celebrated with various entertainment programs.

to the winners of various competitions.
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W - A3 fgfdat

€l &. TF. AR 3o, ftifRige Jsifere
(ariYeT 08, 2013)

Sf. b. T, AR Sfur 9 9§ 1993 & @@l fasme &
faerysTar & e weTe i favafaeney & Wifae! § vaua
o f& g &1 9 2001 F oy divas) | GHEIfa 5
TR Y Hifd! A9RT, ARG Wil W, gEs |
qTShIdd WITSHT I1Ifh 9] S99 & 8RR & Udell fhodt
3R HIE AHIegd & T IR URe Sfaeve Mg FEart &
U # B B3| 98 2002 # 3y v faafqernery, i #
JdRe Uiflsfed Siftere s AR se aiftuferhera
(FTTRYH) # URT Sfdexe TAIRRIE & w0 § U1, RN ddhd
T b FHE H AIHS 81 Y 3R BT &3 g1 Zifoer
JMETRT FRT deal 3R BIC MY JAMETRT AR BIRIBRIT Bl
fIpRIa &= @1 faen § & fed | a9 2005 # 8 R # <l
MU 3R AT dor foafies, T3 fooel & wnfirer 8 v 3R
are # gfafgfea w fafifén Rad iR & w9 & 9Rd
U] AR, HMYR H YS! Tk g8 | adh T8
QBRSO Wl B SENE H AR H ygall IR BIeTH
U IS SIS (AUeTsS]) ARG (S faRrd féar |
Iy 2008 # TH & W & WU H 3MMUd! UG gg 3R ay
2012 & 3id T 3MMUd FHE o dI0SId U Uleiersy
e frar| Spemg 2012 # fiifte Rad SRR & wu
#F R WeNfet W, HER # omg i 8 1Y SR
3fiiet 2013 H TR & BICITRT 3R BICASH FHE H T
e & wU H WA B MY IANASS! Bl IUAN B
B THTe FILT 3R FTASS! AR ATTHSITH BT IUINT
B AR BT [ABRT 370 qoH e o faai # omfivet € |
ISP 3R FicH Sic dh-id & A1 T fSargd Gxaait
& 1 BrETH BIcidifocd HIRTHRI & WY My Sfer T 2|
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. 4. HeUNHRA, aR< Jsf=e (At 11, 2014)

IR # BRIVEY BRA W Ugel AT A CglegH ufedd
fafics, sfaqR e wee, o=k # IuEwr R
Re F wU § oM fHA| 95 1998 B T A3+ Hex
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2007 &I U Sfderel WY BRI TR BRI b folg, IR gl
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MY YR a9 I 3R SITIS-THIIRET BRE b AT B
d8d UARgagyac! H enfiet 8 9| 11 |1 2014 &1 a1y
THIITS3NEUNC! & BhleNsad 3R Bl 9T § aRs
e & wu H# Wi gYl omud adH e Ra & aF #
BreRibe Alede Tfaeiierd, SUav 99 & Swiford Jravel
GUEIPd AR el 3R dodb JHCIND Sige d e
TeIHIRE TRIEMerdT, IgHUdl, WIel Haa-Teie At 3R
TR ITRIT &Y YHTT-Hifad sifieerr nfie 2|

St o T AR

S 2T U AR A 99 2004 # SRS AR Ure frsars ey
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FfTa g gfaemd

TR gfaen

19 S 2013 & e gRT TaRi-X gfaermsif
(Rivret fopveet TaRI-Y fSmhaeIFeR 3R &1 ST
- fSwpaciHIeR) &1 Iqared fhar |

®) G- THA-Y fSWpaeRiley
(S<YUURITH / TAYTGRIT)
HTHIMEANR-TAANSATETHLS!, ST YT
&P Qg =R YA el & A1 QI -ATIRT T -
R fSwpFIHIER (SYUURITH / THUTRITH) Udh
3reel URaET &, T8l uuT Rifafel e wu
A VR A, T A, TRl fohveely A,
Uife™R, Sifde ARl SiR a1g & &1 3 $fad R
& &1 98 0.01 f&h & ity TAIges & a1,
0.3 9§ 50 TgH oifeq ™ Hgeg HIviig ¥
1 M BT € SR gAferd I8 &1 f$eexi &
SUANTH Bl YR {Sa18 g™ g e a1
b forg R gY vad-X & |4 | ghg R B
forg argafer o<t 2|

(@) Ritret fbvea Ta-Y femmeRiier

RiTer fopeeet gaa-X fSwpaeriier Ramey et
B 2 SR 724 Tooh fecaer & @y ded o=
g, S U B AR AT &I (8 WESH %
Hol) AR REe-¢ -Alss Us SRAMHG o 4
[eH 8 | b-SIIART &b A1 AR <eh MR
R YRYET & AP Udh Yad-X o1 I 18 4
U fohvedl I @ S & oY iR BIMER &
& fog orgfar <<t & | want & o s
TETRHT & w9 3 Mo Ko (A = 0.71073 §) &
AT 3 SYBRU H ARG va-v 9d dies
<Y UBR Bl & | BTelifes FAwIRer fear 711 A
3R 0.2 x 0.2 x 0.2 g, IR Ud-Y Plelbcy

0.1 9 oIdhx d< M dF IR AMBR & fheed
e & forg oAl < 21
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THRIE 3R 3= fafafer
THIMEIAMSTHS! ¥ IS Urenfire! feaw
THRIE BT TS

G # 10 |8, 2013 &1 Uy wrenfiast
e F9rn 7| gaw F 99 b aRE A
ferd v | B IR ABTT & YINTRITT
P IR & A GeAT-faT AT AT | QISR B FH
D1 Y ATHYVT FARIS & J&F AR 27 S v
qRe, d=e Sft 3R gt dsmfee, Hrefer
IR UIeIesy YN, 9 fafecar wenfiet
faw, s fon foreeal smgfdsma den denfiet
AR (TERAICIEUATAL)), ST dyRd & g
e T i drenfiet G amens ol sh
e o i fafecar denfer & a9 7 <o &
7 faefia Sia e IueRvl S AT
YR UU, SHIGNFeR, A AlfdaoHcer, d9d
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