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S WU ¥, 3R e e g 21 39 RUIE 4, v go faltre uRaiormeil 3 fdd fred wfire
fpy € g 9 @ & IRM gRIRT Goar x1s 1% off, SR I S=d UMg arel Jea TgHeT &l
HETIAT I & TAR YA BT A € |

B9 el WISl SR JMMaRIHaT ARG FFHeT, M1 bl FHI 3R FERar a1 & oy 9R < &,
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t gives me great pleasure to present the activities of the Science and Engineering Research Board
(SERB) in the year 2015-16 through this annual report. SERB’s mission is to develop an environment
that is conducive for undertaking fundamental research in its highest standard. In this aspect, 2015-
16 was a year of accomplishments, where SERB'’s initiatives have demonstrated success in every
level of its objectives.

SERB'’s policy intervention over the years through its funding mechanisms have played vital roles in the
progression of Indian research. Our flagship schemes and programmes continue to provide sustained
opportunities for researchers, and SERB’s reputation as a focal point for basic research funding has
enriched over the past year. In this report, we have also included the outcomes of some outstanding
projects that were funded during this period which showcase our efforts in supporting high impact
fundamental research.

Our emphasis to foster and support both exploratory innovation and need-based research were
strengthened by the introduction of two new schemes - High Risk High Reward and Industry Relevant
R&D. Keeping up with changing needs, the Young Scientist scheme was restructured into Early Career
Research Award and National Post-Doctoral Fellowship schemes. Our proactive approach in ensuring
enhanced participation of weaker sections of the society continued, with significant outreach achieved
in Empowerment and Equity Opportunities for Excellence in Science scheme.

SERB has undertaken significant measures to protect the integrity of the decision-making processes
by adopting a policy pertaining to Conflicts of Interest and Code of Conduct. SERB has expanded
its breadth of international collaborations through Newton-Bhabha, S.N. Bose Scholar and Overseas
Doctoral and Post-doctoral fellowship programmes. These collaborative programmes offer unique
opportunity for scientists to work with partners around the world, and at the same time offers avenues
to address some of the biggest scientific challenges of the country. SERB is also scheduled to host the
prestigious annual meeting of the Global Research Council, that will accentuate India’s raise as a global
scientific power.

| thank the Programme Advisory Committees and the Expert Committees for their efforts during what
| believe was a very productive year. On behalf of SERB, | would like to thank the officers and staff for
their continued hard work and dedicated effort.

The accomplishments accrued herein make clear the SERB’s commitment to support research
excellence in all forms. | encourage you to read this report and appreciate the progress that was made
in the past year. | envisage 2016-17 to be an even more productive year of achievements.

Dr. R. Brakaspathy
Secretary, SERB
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fIsm &R SoNfRRT srgda™ drs, fasma ok diefal H meryd gau R f[aard

@ UBQSll B AUS G W LN <7 BT YA IR &1 2| 39 T Bl I UThfad
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ST ARIRYT $I I8 MG o & b =TS
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PR, qHET B, vt o sik A fadRor
% forg W TR =T Bl 2
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s 7 Y BRIFHH B §H PR W VY ea e
2, Rrar RTeS & # g uRome B8R | 91
ERT JFgHIfeT WY &1 T <9 <1 g © -
Iftre wifem—aftre @R IgaeT @
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gftaa fa srar 2|

AHTET BT $SCdd SUAIT : HF 4D
BRIHH AeedNl AMfal (AIew) &1 gt
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2 oI Hdheur 8 iR SIRgH W) 8, IR
Ifs A%d <& g ar fasma ek wrenfirat
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# g d&ar g, S fase iR denfiar & Ay

gfshar § GuR BRI & U 20 I HTTAR 12
R far a2 |
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1. U FIfAd 9@ &1 e g9 e e
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2. BB ATORAD FIEE Afed AR
/Y 9, fogi oo auf # Sfeeve
B SN @ R A 2 &R 9 Frafa s
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% ATATR FEar: AT ATd gAHAT 3T,
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gl AR 918 B fafrsa srdwar |
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Uh ATAR Afgar sfiv fedl &1 faare”
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uTgHig @I faur # |erge BN |

i) SET Wa agEuE AR faera @MW - ¥
Th Yot Rermell (JteraT I YARTEIEal)
3R SN & 4 WEIr SgHT b faUAR
TS IR B | IT WO G URT SrE
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a1 ST A | ST DI ATTIDHATS Bl MRS
SITHYT & URVIMI BT HUIRYT HRAT §H WhIA
1 e ¢ |

dIS 7 01 IR, 2015 W THSSRE! & A= BRIl
H PRIRG a1 g Al B Aed 40,000 / —
AfHTE d@ 9gm B A o faar 2|

IS T ofUY IRUSS! YAl H IR Bl
B 9@ UMDl € B 9IS 1 IRAYD D
|1l Aa®dy A8 faoell H 2016 & UTHGBIA
7, "2016 dftad FgHer™ uRws” 1 arfyely
FRA BT ALATTT fHAT AR YT — HT¥T
fafer & wrgarfys faera iz gSfaad @
JTMNT T AR FAl & &8 § ARA-—YD IId
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fear) 91 9 wH.Ud. @19 d9fve FrdwA f
AT, S qEAtS AR gfowmrell W BTEr
o FrFaed & fau i gua 7 fowawady
ST fAerell T UgT BT SEHR TSI o 2 |
dIe 7T 2015—18 @ AR & oIy SS—JYUE THUSS
HY (QMEYUETECIUE) & AT | ufaay 50 WRA™
BTl 3R 30 JuE BEI & oy AT 9 1N
BRIHA SR T |

fasg @1 sradqq Rl SR S wvermel #, orEl
RIS U dsfe BRIRT €, § SideRd
I FRA B forg Al B ufafRgfe W o
% fau faemm aRges N7 &1 JFaERT *A
gY, dic ¥, dfaw ufderey, g, gHaRid
afw fafew @rdfaar (@), FeT iR Jud
JFafider, Ranre JHaie!, JHaRicr &fw
Ae DI, S fow JHaRiS, gHaRid
s dfemwiffar sfd, Wz gfafid ok we
JFERid oife gare, IfFERiS offe shdr &
1T FHSIAT S99 IR gWeR by € | 39 IHsiidr
AU @ A SlaeRe AU BT b oI, 4
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Afrpad 5 R BIEI BT ASRAT < SITQT |
S a1 AR <dl §, fwfderey s
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@Rd gar d91e M (AqISTHTH), THSSTRE!
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B I b AR 328352 BRIS P AR dTell A
1057 URATSTIRIT / FLAgRidl B FErIdm <1 T8
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SigeiRd reAagfy (Ti—dLIuw) 3R IRf®
BRI I REPR (SHIRY) B G FRAT
P TS| HA 613 IS B AN TI-HILIUS,
T WY H qAsd gl JJEhAIAl Pl Al T8,
IRUSE! URATTRI & HI H 1324 TRI§ B AT
el ST SHRMRY IRASHN fafr=T wvemel #
AT emar 9 SrRiRd a=iiel B & TR |

T UE SR IS U IreAdrgiy HRimH!
o1 fNy Ieorw fan S mawsd § — Mo
JATERT R S I JAAGRT | AT
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AT 3R Sig Sig T qAiERv) W A SR
R Tedel 9 soldgifed fAfxor eI ®
[T g9Td R US 3y IRA fhar r 7|
g 6.2 PRIS B AN DI &l GRATSTTRIT Bl
ol & TE |

WTe YHEHROT ST AT (THRNTUHHIRNE),
TISARAT & A1 AHERT #, W TR Jdex

H IagdhdT MR IRUSS! B BT b foIU
J=frel S ARHTT $U H FERIAT AGAE B WU

q TS| g8 W faqy # el oieRidg Jsnfea
IARIE (A /AR /dmsS / drdwrer) #
A DI AT B AT YT FIIIT ATHOT
o Al AFH UR R A & oy o<z
TETRIAT & el ® |

Ig WHF e e iR AfER /G
BT, IR H Y 3R IR TR )R AFAR /
JAMEY / Gferor BT H / STATAr] / aF R dd
IMRTT &= & fov, = emear wR erifvs

# fo<ia AeTadr ugdndm & | 39.93 RIS &l
qrell 22 IRUSS! URATSTAT Pl Wil & TS |

AETIAT e Bl B |

GORA (SUHSTR) 3R gar dsili+ies epHl & Sicid

e H Icpedl & oy AURKSHROT 3R AR
S AR’ WHIH D AT 2551 PRIS DI AW B
AR URATSIS & Aegd | ql 199 gl
HI & 5| Y B UAAT / QA IR D
Il BT FTHLTT FERIAT Jodl PRI ¢ |

"FRIER AT AT (NSSIYA)” FHIH & e
9 9Y & QR Hel 1373 APl DI HSTIT

IRTSS! UWTd 994 & I 3ATTAT3T www.
serbonline.in GIcdal TITAT AT & | JMSEIVE Y
fl 319 golael~e wy I IR &) o R 2|

ay & SRM, dIS 7 I651.81 BRIS B FY (b |
fafe=1 ol / BRIl W B T B =g o
3 # faar T 2| EB ScolE g UG HriwH,

FAGRAT SR o= Wb 2 3 30l TS 2 |

@ Core Extra Mural Research (EMR) Grants - 34 %

@ Start-up Grant for Young Scientists(YSS) - 36 %

@ Awards & Fellowships - 9 %

m Intensification of Research in High Priority Area
(IRHPA)- 10 %

@ Empowerment and Equity Opportunities for
Excellence in Science (EMEQ)- 4 %

[l Seminar symposia - 1%

W International Travel Support (ITS)- 2 %

i International Collaborations -1 %

1 National Partnerships - < 1%

|71 Other Schemes - < 1%

@ Administrative and Establishment Expenses - 2 %
m Salaries < 1%
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3. q1ed Igaer e

ey U MR (STHIR) W sifaagyul JgHEr B & oy d=ili<el I eaikhid
Tl JATHLT 3R UG &R © | I8 die I 3ol WA &, drs &l Uah fuge M 9

T @ folt SRATA BT 2 | JAFAGH B 3Fd & T 30 Uferd © |

31| TATIST TdsiTeT

EEl adfa e varae fasma

Y 20152016 ¥, H{I 231 UG U gU| 77
JFHT g=Tal bl PR & forg e faar i |
39 URANHRT | U §B U @iell Bl A
ey Soorg o T © —

B—STSHICI B Hh-TSA A

JRARTeHR Tcdh Ugpfa # UgR WEm W ®
IR I Sgd vomell & |gHed BRI BRI H
Heyol gHeT T €1 ot Ufdfshar dRe arel
Ay C-Sqis @ @rol 3R e wreifas =i
@ forg wofie 98 & B 2| p-sEdIeT Bl
AEhATS IR gARI W_T 2 Fifd ufcishar Are| H
IHISIeH & TSI f—SIgdIH BT RO Bl
2| IR A9 R, SR & srgaaSaie
9 o fEEsivhfcs gwe (@ISRN) oHifd &
ERT URIY AU W Or] Ih AR & Aqid
fSUdpIgere™ & 391 p—SEPICH BT AebATgAH
fear (R 4) 9fd e rgaHd aquie Pred
T B God Bl b oy ufdfdar swflE g g
gfafers zrafa ggfod! fasfia &= & Jormse 2 |
RO STel B 0,0-3raufoRefid  B—sTsdIC
3R UTRINIed 99 & forg v fhar S Adbar
2|

2—for—1,4—vfassa=g &1 <R
fafdrse Geayor

AR ol ffrear weer (Smamgangus) oy
H Il Ue U gRT IHid 3fehis~T & Ycde]
A §RI, C-C 9 gis A1 BT enfAe &R gY
2—fRI—1 4—vfeTga=a &1 IR fafdre Heeryor
% oI U <&r gifcad b o aiffeRor ced
Mebia faeRid fear a1 81 a8 usfy sorsd
ARG & AT B YA Ulihar gRT
B-RRly-@ITk- a,- B-3TJ S & UUH HeIyT
e W1 ge1z T3 o1 (= 5) | ufdfshan, HA: E sierar
ZMSAR & Ayl & forg =g+ Sferar &7 Ra=
P B oY Al e & o gives SR g9
I B STANT R AR Bl B |

Argde—anferm — (1>6) — p — S —
TBIAATS A — ATATRT S 3 ra—uRasa
gorferal W ma-—uRagH fear

AMSAEUHSAR, YOI H Agaall — 3iferr —
(156)—B—<SI—THIAAIST  BISQIhicld  didcr
afed sESwIde <o, & A fharftaa € @
ARFArSHeT & Ud fdbed & w9 H P& oy
MY, ST BIESIBIdd Hiacal & a1l GuUHiielgaR
yonferdt €1 Ashrasded @ MferARRIE qer
g <ol Bl oIl AR TAT BT dgcddbR s
ARHIBIeH & uRaes fhar @ uRenferd faar

Benzylation,
allylation and
Pyrazoles synthesis
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> Metal frea
> Stereoselective
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Rl ] | - | + & —— > Homol/Hetero
L ‘““r g~ BO°C,1Bh ‘= ~“~_ 80°C,1Bh " = coupling
',_.!} . = Mild/Open Flask
7-isomer Ry = Aryl or -OEt (using ethyl glyoxalate) . _ _~ ~ 28 Isomers
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g% fy T (R 6) | e uRasd fowar & weg
fofed @ el g8 oars & W gfg @1 |
foimd @1 e o= @ forg, uRags fhar @1
HeTT AT S U1 S &l Gl &l B fhar T |
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% T UlfeemIs & JAAd® SRS BT Riebd © | (@ IR & qa1 fawarg < %8 & g argeeriiga
qIferger e §) | : J. Phys. Chem. Lett. 2015, 6, 3688-3697




mﬂﬁaﬁﬁtﬁm-

3.2

B aiguvsoia fasma

39 SU-fawg & Ifdid dgAve UgEe 3iR
GRS Y0 & U &5 o | Bel IauIs]
P Sae ¥ fafe favel 9 W9 sew i
HT IFoA BT & ol HIfdd @l @ agHed
fafas H=ell €1 uoTE, BRAM SR SR Y_T @
AT H WAl H SN T BHA $ SFERIY AT
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BOREHOLE LITHOLOG
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Legend: Borehole & VES interpretation for Budge Budge
. Top soil (Clay mixed with silt and fine sand) . Top soil

l:l Brackish water zone
- Impermeable zone

l:l Brackish water zone (Fine to medium grained brown sand)

Impermeable zone (gray to brown clay)
- Fresh water aquifert (Fine to coarse grained sand with gravel) | Saine water zone
- Fresh water aquifer1
- Fresh water aquifer2

High resistive zone

- Fresh water aquifer2 (Fine to medium grained sand with sandy clay
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Legend: VES interpretation for Dum Dum
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025V OR 84x10 *API a4 <l @vc
Reprs fam T, Siox-In2-x03-y Wl I3 &1 gerl
H argfad Siox-In2-x03-y I3 & forg ~352 A
Aaffa gy et <l TS |
Sta—fafeia aafwra wieRT a1 @
fore &4 uraR &1 qul yalhd gradiex
T o BE AT 9 & oy Siosterar SiGe
BTSS! BT SRS B 8Y U YOI Udidhd ST
IC &1 feosd IR fhar mm| gigdier ure &t
fastell @ @U@ 10 mW TR & 1 &9 B | 39 Y0
T AR 99 &) graR Bk W AR Y 1T g |
Ie B FIAdr H, vh T4 VCO iR E o ureR
TRABRR MIRT giviex fAfia far ar @ik ECG
el & forg @ e fear ) 59 fAfda
SR @ U fF 29 (@) # <uis T8 ® 3R
SRR g & W & forw wnfid us g
T oeror Jea o 20 (@) #§ Tuln B A
TRTHIER &7 aRumHl WagH fos 30 & guiar M 2|
Ao H garn T g e AT giEiex 1 dBm @t
3MITYT <l & AR 12 mW @t fISTell @1 ua guidr
2| 9 URIGHT H Ud e e &1 a9 SR
Blee Alde, Afdd BRI BT T GUREC G iR
UWB T et S=a test Rerar &1, &1 Wt fmor
o |

i
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@I JTETRA rheocast AsEngan o1
faera

fUod aul & SRME oM™ fHy U orgeu™ yaml
A U et @ @e fRva] e o #
rheocast ufhamr IRMeR Iwa:  (ufies ST @Ol
o Ufed R IR T "@ oY, Ifd 9 W e
R Alcs AR ASAIEN) BT FETHIBROT 3R
far ) Mg-5% Sn 3R Mg-5% Sn-2% Mm  (Misch
eTg) ARSIl B rheocast we gRT Ufshad faar |
Misch &g us afRs1 e1g & o 50% (@Ra#), 25%
la (cferr), 15:Nb (Frarersfaam) &ik g afzd 10%
o9 gedl acd WA € | wiie @ e Misch emg aftast
RRe ogeRt &R gl yaR & I3 # gdAe (e
AT aren @ifiewid) 2 | rheocast & TAT H wfewd
T T H MeAdR -o0 Mg uRuaa gfiar # Aigg 21
rheocast AT & HORAT I AN & HieTd T
W 3% 515 2 | rheocast AT & forg Sioi B1f Sl
feareiionad, favwaret & o9 g8 &1 gear mRa
JMMETT &HdT, M & HRUT A fAwres sraaRa
SN & forq 9y fovrg € | 51 JBa” favwamsii & ame
TR R IR B R B Al BT TRATA BB GATA0
6 IR & &1 &1 & ot (& HAGd SMI=Hhdl &
MR R SEE TUINT & forg e afmsi &
Y 3R A  gig g8 €| 31 Az H@el drRe
Mg- fssti &7 TexTs ¥ Srgae fhar a1 foIaeT wanT
siferHIaTg i, argaT iR FFYCR & FH AN TTH
@ forg fasar S 2 | 39 aRarsrr # s Mg-Sn e
TIRT rheocast A wiewd Az sigenm Mg |f®s g, Sif
afear Sod A favydrg gufa 2|
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Sid gifer™R soldeldise dIR &RAT
U, 3gR YeAH fhde ORI drefe, I+
# ol e & @R fasres @1 9gm @ form,
faTgellsT FARIgS—EdITFRIUTYICi (PVDF-HFP),
S UH gl dsise § B SUART dRd ofdl
UIfePR Soldgiaisel & g8 SRl TR @ TS |
AIS SUIARVT B O UGam o, Feh Iy,
Ufdhele WUTRYT R TWRI geigel Ubloidss (tBA)
(ATRP) &T S&IHTT @< PVDF-HFP TR o] @l TS |
PVDF-HFP gefafad solagiase fafrm diferk
I8 guET @ fow S=q sl e quid
PVDF-HFP 3fR PEO-PU # 3miife garadar ik
giear aia Rerar 4, fAyg am Rl &1 gorem 4
JuR 3 2 AR FUIAT PVDF-HFP T PEO-PU
<is YuTTell 9 IIfad I8 4T fadiia gen fofad
97 forferm diferR 28 & foy e BR wfsse
BT |

A T wicivdals &1 A,
& GYEATHD 3R ATHfafq=r= warawor
SIS JaIg # IS SIRNINUT R CTgc A
~BIEITArS 9T FH & U Adel SuaR fdbar
T, e gRumRaRT |WR BIfeT e ITd
B Haed e g9rET AT @O AHIEON & Ar
CTSCAT—BIeITATS &l Hag-yleldl Yold Hddl IR
PIEHT3I (DSSCs) 1 WS Afde e Faar # gfg
YT B | A6 AIRT gelgieige srmar ad¥l 3
golagiellse, dRAl Soldgiased & o i e

TYY Y| 39 UHR YAdH Sodgldige dlidol &
1T STd eIl b Aol g4 | SUARY 819 &7 7T

fegrd & 9o uRumivawy Srdaifore fere

JeITg BT |

@ Jalrel 9 o Merl d& 9
gifcads gor- 3R uRds & forg Iaverh
gTah e geasiidia gfparerl &1 werma=n
SMEETERY, TR # W Srafieet & et et
TP 9RI eTfcad geTv 3R gRagd & folg ITRar)
TRfId FeTodra ufharali @l I &1 I
o | 5 g™ B & uRemd & WRd W
R—3rcllE o & @ AR PRIAT T H 9N

ATIETRS IIGIANT © | =gl dfar @ i (el ol
@), Aeliel Ws (g™ SR foIfics) sk Siar
A (Brgwm fafics) & el W i, dea
IR W Tt | T&T DAt SfgIgifhe Siam &
IR 3R = &1 BRI fhar T |

Ydquidl ga8dr ux egg-

AIGSHTICY AT MMHR & eTfcdd Tl o AifHDH!
foRIyaRl W MeR UHEl & IRl &1 faveryor
BT R TS @ foU e gEd Rifie QiR
faveryor exe & fory sreqae fasam 14T | MR ywTat
%7 fAffa wfeg ik EfT Aehl-eRivT /
ASHh-ss<yT  IF, Sl N yquIr g
(ThsTHsyH) Afed fhfae Yferic oe @ ik wa
TR0 R H FeH 8, W W faveryor fear T
IE WRATT Ui AR, SR § Aherdrgdd
AT ST & & | aifcas fafafdeal & S-ss<ua
H 39 Prs AMBHR ® YAl Bl SKIATA PRSP, BT
Tl 7 aTfcdd g T IR hdeR & AghI—HIfoeT
H 3MBR U, ST AFel MM, AT v Ts A1
2| GRUT B UH faga o1, erfeads iR dffemRa
T BT 3 TF TR TG0 fHar T ¥

fagrg  Nenfewd deremauss 9
frerfaan guf @ Saea & oy @
9g—aYvT G 910 Heldl gfhar ot
faera fear T

C-MET, gavrare # fayg Meifdem Ucwemaass
A Felifeam g0l & I & folw U qg—aRv
DI AT Bl Ufhar &l [der fbar 1ar | a8
gfhar wefl w9 9 ifidsfoua ik fAfifa & T8
21 39 uRASHT & oeflE, g@ 9 Heldl gRT
TR R I @ enfIad ot ok fsitariey
2800 ppm & HH IifRieE Bl B, HERA A
24000y F. V/g 3R D.C. frarat 0.0004pA/u F.V ofidst &t
D.C. <fiavst UTed @ | < YA & Saare feifess
gTRad Foi R S YHR &1 d19 T8 gifcad o
1 ufohar & QIR fBar S Addr 2
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341 REEEEIY

oy faem & faf=1 Su &=l § bs uRAToTel,
SR WG] S, I SilaT Bl AT, ARIGY
fasir, vell Sig fas, @ie it fasm, Fra e,
goi Sfia fasi, sfa: wra fasm, stefia s fasm,
3T S fa=, onfe @1 werar <1 T8 | {6y S
e IFHY & o faeraw aRemm 9 g 77 € -

qiRReIfa®) @ik 99 Sfiaq @ s+

THe Higal 84§ fereddl & e W &
SUANT R eI 3R URST DI BeTg HRd 8Y
DI S W IFIT B B foIg F{A 365 scats
TIHER, 2014 § HFE, 2015 UHA fHY MU AR 64
scats & f@Tel U SITAT & 9 FeIT & forg
WIRT fhar 1| 5 H 9 60 Ufiya fasreranl &1
HPRIHAD YT fHar &1 2 T fome # 3150
DT ¢U XAl Bl GRS fhar T ) e
USRI & oTefTal, &R U Scl, RATer drall
A1e], foTera =g, wids aret fRRor, anfe ot
dgan @l SuRefa guid €1 I8 ugell g3 & f&

gefl Shasfiaq

Jog], GUBI W IUACH Y & I 3R hR
$ YIId IR I R YA A A S ST
e (7= M) H SIoel B SURAT BT g
FRAT & 9 Ul gl 2 B Rued W Seg,
3ISH THI Tog], SHM Bid Iogf AR A BID
See], DI AR W SMRG BT /T I | R,
3fSAT dfF Jog] DI AWM ®U H qol fhar T
o | g B! IR ISl Bl gows &R P, o, P
3R g-fAfdra ot & ¥ off | 9 e BT
@ URME S ¥ U el © b qub B qold
Ao WagH TATGS iR Uflerll  uHd © |

Ths W Hefd gfoRem uomel (LAIS) &1 W®
IRl gdiATsed AR heterophils BT AN HReb
U6 R-IMHHS v@ H & BT ITIN B B
wWReY &I FPRFET & gRT ges= fhar war siiR
gema fear war € % ufert @ vem & fog afdat
% AWM & SR 9fedl & d9E 9 9ed 3Mfdd

fafeeral @& forv =9 dRE & STV quihH TMee
faceet FmAeRT fdeetl ok wifer dgen onfe & forw
IR fe 77| 39 ST & 39 & | ffeerat &
AT 1T $9D Afas & fRE & for AReror 3
AT 999 H A fAenfT |

99 (g g=8 dMR) g1 dIv 99

Ve (g geor gry) 99 TR WR I iR
TEAR B FEEHINGT G 3R SHR WRIUAT BT
g fbar T Y YT dFR Bl Y Chel
BT B HeIF 10 fodt @ forw SHaY dife T agel 9

G ofl| T /U gud, dSdTe #EEl b
SRM feererg arq a8 € fd o9 uell &1 v s
A ddfead & ATl & HAHHT B 8 | TARTHS
THTd BT T I B H Fhd <l 2 & Hearelf==
R TG BMM TJDIDICIDISS & d9F Th B
g Gdy whel 9 e IfReT iR I umuwt &
A ¥ Ao B | axe @ forg e
B W R, a1 991 "R, srifa uoi=q 3R
afoRe & g Fol Agerd & forg va Srel uel
T el Jed BT & | M R I8 Al Fard
2 & AACIFE iR a9E gME gdaIcDse B

¥ e B 95 el Bwsl A IS dfoRe 3R

SUIRT PR AER A a5 BT TS | 39 T
H Had foar w1 & {6 9g 4w 9 R #1 a9 B
(@7, e, Uit 3R &R ) T¥ig g 3R d 9w
T BT B W el AN | VIee (o7 geo ary) e
Tel Bl eh IUALIAl & SR, Bl & Qud §
NS TS BT I 8 | I Hd [y & |reT U
T D I U B & S M o U 1 |
BIET ST Adhal 8| 59 3gay 9 faffe deor oiR
SHB A VWY (7g geo drTR) SR Wdll & 4
B T 31 RO @1 w93 & vy w9 A-rar

aiftfe Ruid  2015-16

SHP UTIdhl & HIEgH 3§ Uoi=d dl fafafad e
% fog AR 2|

T Sfafasm=

3TeTTId 3R Al &I 3fid # Hige A= fhvaai &
faer g iR @IvM qem wIfad w@Re o & forw
SIed(shd URTgSd Bl UBdM BRI & (oY agdford
vyaf @ ded fafa= aiftiie USigHl &7 SUAINT axd
HIEH AICH BISgliee 3R UCEsd H 3
foam T | oI SIwRTT & forg, |1 Ysh Asme

7



-ma—:ﬁfﬂﬁﬁshu—rr

Tess USe RENIGR®! @& w9 # mannintol, Trehalose
IR AeeIeTafeT BT ST IR IR by TV |

dlc Sfafag =

IS SRl RRI IHIAR) & TH dic dAgdd
®I SrddIferd Nifedl &1 By fauradar fawermor &
T s fham T o1 | g 3R BrSeifa
P UIEH /oAl Uftess T (APN) &R e
BRMe (ALP) S wudl @ arer fhar axa ATP

2| AT, oocytes @1 cytoplasmic Heed H AR
3R BT B W9 quE AERd IR SIS B
T B | eI § ¥g N W fadm M
2 f 2fed (arRer woom) PIf@RI # Swa Srvay
@1 afd Bl © RO guR oiSreat =@spl @1 de
# gfg 8 oIl g1 ¥ gRemm, aafts W= smafda s
SIS ISl &1 GRe W I§0 Aedqol SIdI
< WHd T, oocytes B v, YOIl & AT B
&A1 AR fSTYY O M Adedie N # oy

qISfST HUC argd WHE C2 (ABCC2) UIEIT 3shavT
fepar wan| fay fdged & <R, APN SR BCC2 &1
JfdST WR & oy ofR fawrmor fasam mm 2
aRemrd gt € & faw diwor APAN @l sifdredorT
% fafees @1 qufar @ S 9 aER . qfAaT
IR TP Hg cifedd fay R & w9 § &g §
Ufiehel 99 A H HIS[E © | 3egaT H IR Hel T
2 f 24 ©t & faw faged ord Sumer § 4R afy
B & BRI BIAT B | SIVGIAT I gar gofar 3 &
I qEe 3R 7 ATScIte~d & 1T 31 gad
1 od fadrg < & | Brs, e Ay uRkmdl |
e Uevd & 919 aRd dR fear T, |l w5
A frfTa &3 arel SIf@rsil & 91 Hwar # a7id
IuGAT B Rpel & ee Foba fa@ QU 9
ey | I8 gema e © 6 g g
TH 3 UGl H HIG[E H DIVHIAT A IUDC]
PIBHIRI & FWIfAd JRjor &1 ual daerdl 2 | I8
eI, 41T SenRa Freuvll & JGUANT & fory
I IVHIRAT BT S8 TR A H WD
&I |

DIl Sifddl

RRPISTT Feife IR BIfarefes d3 @ da foear
SNIfhel FAHrReR § g iR dHEIcS Bl
| #xad € &R RRSISTT aHaR =R
AR i B g & RN & Th Hifdd IU—<
% 99 Ud 3@ I T RIS 9o &l 3hd
FRAT B | 3P AT, Hig 9 (M, SA4rfed wig @
AT AT I A e 9T b WY H R
gaTd JFTel feF R <@r Tar| gReme RRarfeas
FAlP 3R AM & FHY AR IO I TR B
qrell Afig BfaRee & 41 ¢ Wy HT 9gd Ua™
IRA 2|

PNEE
oocytes AR YOI H FRAATHD IR HrATHD Rac

S oSmEfia gR - SeIT @  SfegE Hudl J
foflg ¢ } & I8 HWha fedr ? 6 gu sieiet
SIRT TSI oocytes BT HEAT BT THIFAT 2] BHraT

gRac §9d § Il AR & g4 Adbd & Fhd & |
TEISE dferd SIffereil § S IS & s
SiRepad FRIFT § dhelld WgioM Reex-11
(NER—TII) &1 HTITHS HABT TR AL, Ig wIfua
P B oY 8 fF R YDl IRTAY drefaiRa
IU—Iet & TR nER—I1ERT nER—II phosphorylated
e frafafy & <RM daa fear 2 & 4
IRUAT Greid §1Y ffafyy veifSare aeadn)
Tfafafdy @ 4 $ivt & Aror e | 9GS T | T <@
T g f 1Y arelReT 11§19, nER—II 3R Sn RNP
A @1 Hise M &N 8, S nER—11 9 H8d§ © |
gRome I8 W1 Havd <d 2 & IRTAY dreiid |affis
ST nER—I1 gferdt €, § WS 8Id € | nER—I1, &I+
foT uep fovrg 2 |

IR/ DER Siafag=

TBE & I&T0T qUi T JeqIT STl HATTRTRER
DI U HiSel UUTell & ©Y H SHIHS B T 7Y
SR YHT S I(3) €1 |El UPfd, dop2 H RCYA
P IR 3AR I(3) TBE ¥ SHd HrATHD HeEd B
ATI—HT, I(3)TBE 3R Dcp2 & 1= homozygous V< e
3R MUIfad A1ex BT SUART B |(3) TBE 37X dep2
allelism g€ &=+ @& forg |(3) TBE ¥fd # Homozygus
IRadd I(3) TBE ¥fd 100 Ufsd omdt /U )
SiFIergy H <1 9 faer & | 94l IR Aqead /
R—TMemera dafaal a1 fadferd arRe g8 | o9
I(3) TBE # SwRadH, S dcp2 & &1 alleles
P Iole I SURTIT & a8 H o T 9, 34
@WE @ uRemd ur< fHy Y| piggyback ufafie &
1T, PBac{GT1}DCP200034, Ti¥ heterozygotes Yot
el Hdefl AR$ <9 & Sidfd diel el ARGar
JIISdar BT BH R4 ® v 81.6 ufawa off, 919 1(3)
# I@Rad= I(3) TBE P ufafie, P[GT1)Dcp2BG01766
o @ forw gi # fewmar| s19 0 ST Dep2,
PIGT1)Dcp2BG01766 3R PBac{GT1)DCP2600034, ot
P T Ufafe alleles, & URUTHRAISHY 100 Hfwd drer
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el ARG <Y Y | ARASH IR 3T imaginal fev®
# tumorous phenotype ¥ Ti¥T fawweht Rerfar # <
74T o, 59 f O Dep2, P[GT1)Dcp2BG01766 3iR
PBac{GT1)DCP2e00034 a1a® U ufafte welftar, 1(3)
TBE % ScaRads & ¢i\ § o | giv faww &
w0 H homozygous I(3) TBE ST SIAIfthell # SR ¥4

S @1 RICT H Hed Giaem [Aerarais e ®f
SR & | -l fshameil # fIer | amfde &g
IS &l 98k §HsH H Agq Mo |

Y] urcy fasm=

urey fa=E H giRreT iR Sruygeh STeTT A
BT gl f&dr TAT| 39 99 gl 123 UG W
80 o, 3R 21 URASHRI B HRI & T8 S
R aaefcr faerme, Q1 aafa e, eried
SR SR g Sitg fasm anfe & & 9 $rikd
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IUSl § Yo 3fdgfe

A (0) & URAY 3R Tea wWR & W A
AWM R HIgAYedr & ydl e & foy
T3 MIifeld &3 4 Teha g @ 18 &fY
SIS @ Uh RME Sffd @l g | Hd 3ol
Rl %@ O, fawiv® (HORIBA-APOA-370, HORIBA
fafics @arer, UM, (o 31) @ #eg | < auf
S WM B U $ Tg| T8 B gASHED AW B
aRM 0,% Sw WR P WANTHS e W Ui
3R Al geerd quRm M| RN ieER 9gd
yifad g8 (R 32)| 98 wueid Wugel, fafi
fawrd g@@id (RGR, NAR, SLA, RSR 3R AGR) 3iRR
iR fhoages ERifrise (Gifdad 3 @R thiol
) ffafe B S 0% Sl ywifad Rl

Seasonal mean
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| R 2015—9d 2016 & SR 3R P WE (8h 2 ARAH) B R B ol B S RIS w@rd
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antioxidative fuaep! ®T Je—PAGE (T7) guRaiTadss fSa=ICH, (
peroxidase, (§) Guiacol peroxidase | JeT—PAGE it & fafe=T @ & HAHD2987 uRaw 0, &1 wfiffa wvar &
HE HD2987 ST 0, T Hffiferca @xar & PA PBW502 aiRay 0,1 Hfafiferca, PE &1 wfafifeica PBW502 S+l
0, # KA ®T KHARCHIYAB5 afRay O,ufafifda ik KE &1 KE KHARCHIYAG5 S+ 0, &1 i &war &1

for= 33

&) peroxidase, (1) Catalase, (S1) Txplde

g1 fafr= gicerfodl S sidR HagTdTerdT
3R 0, & uf WRWET ®I homeostasis &R
S AUR Bl FHS & foly USIllRiTsied ufRar
fopanfafer &1+ srawor o ar (R 33) | A fohii
(@few],  siqHeRe  WdeTdld iR Hdgwdieran)
antioxidative GfcRe YoTell & Higes @l ufafshar

fy=Tar & St wrre 0,% Uit Sust # uRacH1a g1l &
foTq ke Hae=Tdierar # 3fdR T TR o7 | translocation
e & e JEaial & Aregd 9, {6y T s o
U1 T 2 b HIgTdIe HiySidoif HD2987 # HoTe
3T @& U photosynthates BT & SfROT o STafds T
AW BHA DI translocation Ye-i KHARCHIYABS R

A+BABC1

ff34A&B

FASI—319 § |

(@) X (@) : UT benthamiana ¥ RaLCB @ UIcIH BC1 ERT URd 3R BRI | &I Uel (A-D) ureq
phenotype 5T q1€ # &1 TRUT & Havd fed 21 28 S W 1@ forg @& IR Ry dava
@& IER AR HAGH & WieT | AR UMd (E-H) BT Wad S U @ 8 W) T & Tdars
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I JTd T8I TST o, Sy IUST # 3R 37fdd Bkl
HD2987 # uTg 7T off 3R &H | %H HHI KHARCHIYAGS
% UTg g | o PAGE H T %8 @I HgRy UIg TS S
spectrophotometric faseiyor # <&t 778 |

cqIe}y &l 9 gRTAl IRy Ao ®
dier C1 &1 qffer

Betasatellite ¥eTl &I 1% @l T (RaLCB) S THIC
DI U D Pol, T3 fQoell KA DNAAA) & T
casul Uoich # 9 U ¢ | I Aisel urey N benthamiana,
B URT U=l wfelT # t& (TLC—E fdeell DNA) &
A1Y FE—IPT $Hd & old BICT T4 W 14 dpi 74
e far T iR arg # TR veinal Feg Tt
IR TN ged B AT HRA B foy gl T
gRETT (o : 34 TR ) |

phenomenological <t IcaTRd Ui —  HasH
(ETO/CS ) & UIgUaiss HSH Seldgid URasd H
gfafsar dex affms o Afpaar @ o 9 &9
g off| R dwfaa ol § <@r man, SEfes
afhg 1 o9d (Qa BT FH Qa- dPh HH IR B
forg) wfaferar o=t # MfSpaar &9 & o 2 iR
TaTg ScATRd h—Hasd (I ol ey & forv)

(DI, FwETH)H (67 uferwd) @1 gfg g% o |

39 foparfafer # <1 chlorophyllase fvaal (aeiRifthal
Te W1t 3R Aoxygenase 1 pheophorbide) T€ T |
3R 39 fhvasdl A IR A+p Ashfad dial # Heaor
& 41 q8QUl SfcR &l 81 39 URVMl & g
firerar ® f5 C1 Betasatellite aRR™T FolRIfthel HEeIgU]

T BT pdl & SAfTY T AHIYIE <xdT T17 |

0.012

4o phytate-solubilizing Sfiarog
friel &1 SUgiT D, I I g A
phytate—di ST @ I9AT §RT p-
SUTEdl Bl g6 HI GHIGHAT

I 21 # phytate— ST BT IUART G p-
USRI BT S Y off | 6RE PpSM fawal &1
faer fasar T iR Eifya vd @ ded srerfe
BiEhe IMRAT B gt &R HT IRET AwFE H
phytate TIC®H ®I AT HRA B THEAT B AR
R AT B TE | Sifdd AR IETET SR IRARS
IETHEl ¥ AR PPSM fawal &1 gRaT AemE |
phytate ST T hydrolyze )= & fory S9T@T erAaT &
YR W I & 919 AR 81 o | 18 fawal 7 4, 10
I I=a phytate GeTiiet &F7dT B QIR (SRARTYTEAT
Rerfd & ded) A § Swifd @ 9| s amer &,
IR yaTdT fa9g, srifq PpSM #4, PpSM #5, PpSM #25
3R PpS M #45 BT A1 a1 @1 et # warT faean
T A1fh et § 91 g SATEHhdT 3R T d
BT AR HGU W IS YA DI ol B Sl
@ (o 35) |

ardd X arabidopsis # ®dlc Ii®
HR&bI 4 HSP100 y#iex wfafafer @
fafree &1 angaifi¥e faeayor

Iqraet H R Arabidopsis H HSP 100 THIER &
fafrae & ogaifs fasivor § w9 OsHsf w¥@
@ OsHsfABa, & aR H STH®RNI SNIAT & i HS URa
Jrfiefad iR OsVIpB-C &1 faffrafig &var & | uar
Tl 3R 3T USTTgH OsHsfB4b &1 w9 OsVIpB-C @r
IU—3MfI&HT IATIHT & w9 H OsVLpB-C & HT

0.020

—g— PpSM#1
PpSM #3
4 |7

0012 —— PpSM #4
—if— PpSM #5
—dt— PpSM #8

0.008
—g— PpSM#9

Inorganic Practices

0.006

Phosphate ion concentration (mg ml™)

-0.002

—a— PpSM #17
—p— PpSM#18
—m— PpSM #25
—g— PpSM #30
—i— PpSM #33
—&— PpSM #38
—ai— PpSM #39
—w PpSM #42
—g3— PpSM #45
—p— PpSM #46
—&— PpSM #49

Organic Practices

L]
- 0.016

- 0.012

- 0.008

0.004 ] I_ T 3
0.002 |
0.000

| 0.004

Phosphate ion concentration (mg ml™)

0.000

Days of incubation

Days of incubation

| P35

&3 | BIf~Ih 3R 3fBif~Ih Tgfadl § BIRBT AT JgoT |
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for= 36

OsCLpB-C &1 I AAGR RRATIHROT WIS
P BIad DI BIYHRIT BT 0sCLpB-C-GFP
et fafor § wuiaRor | U 394 (@)
GFP yfudifta, (@) ®&er fwel & =1 fawe @t DAPI
P AT UEA HRAT, (1) Souadt & R (F) A B 3R CH

faafd Bfd Tbe IR 50 ym ®I TEAT B |

THIRY 3 fIeyor iR &Sl & fdd &I BIverei
GFP ws fafor fasam 12 | 39 WaT 9§ uaT =el &
f& 0sCLpB-C, Nucleo-cytoplasmic JIT-IHROT Bl GHIdT

g Sl U U< g3 Hewyul @io ® |

dierad REARAT ugref § aRREd @
fag Rmier o 2R & fag oy
dFARAT cguB I deawerar uRad+

B RRar gonfaai te Apiciithd ITo-d & o

{,‘onl

BCM-29

TE FEdYl Bl B AHHAT BT B | Th T
fatel R & TBAH B A HAd oo b B
Id G BN BIR dIgRIEN U Ales T B
Uqe & oY Uah depfeuds FRi0T giteadior &
# Agg BRI | (ATMT) LBA4404 TRt &7 ST &7
BA 200 AAIBRIICH SRABFCH BT TAIFIRITH
& Aegd 9 o fRar T, aRE granied |
g0 P9 AR AW R AN & faeme &
forg S5 =9+ fdar war| 9 9 T-DNA &1 @I
UBHIHRY] & ST A7 a9 I8 uar g 7, &
Y A gIBRH ddhall I | T-DNA iy & Tdh
gfr BCM-20, 27, 29, 31, 36, 36, 50, 55 3IX BCM
- 59 gABIATE H <@ AT, ST§fdh BCM-60 7
SIF # T-DNA Sffer @1 <1 ufoat fewrg | o'
3T &Rar & f& ATMT, B- RARaT uerel & fa=r
T e 3R REIR Udhd ufaferfd &1 gatdwor
o 7| TAIL-PCR @R a1 S 37eIfq Nup 188¢
kinesin, o-acyl TIRIBNST &I WART A 8Y AR UH
gaiga gidH fafte & 6 RmRar uerf & fay
BIST PR Y QA UgaH d T & (o
37) 1 ¥ S @ RERAT ugrd &), I/ToHEAT § Uh
FTTId T 81 Fad! ¢ |

Glycyrrhiza glabra % @RI Sia
AWl &I ¥HSH @ fay e
SR gRewmlor

RIS WaeH 3R s9 fagr Ao argHl # faeta
B & fow s ToeaRT @ gonfaat o
@ &I 73 (3 38) | SHdd G dof uRudad ¥,

HATHS WSHTT 31X glycyrrhizin AT BT AHRIHD
A dedag fHar war| uRudd el (@7EE) @

BCM-29¢cc BCM-29D

fRAfd eAreR @ gl W 39 AT ATomdhar @1 Sfa | ST (19907 & A1 &1 &7 WAR STl fReT (W) @
o] e T.DNA wfafie ScaRactt (BCM-20)3TyR® e (beklp?) ST KLP-7 @1 = SeaRedt (Abcklp7)

—r



qred g frehas -

39 fagr uredi # glycyrrhizin (8.60 Yereht / fieiium)
D AfHan Fag o favvar &1 auis fdar T
Argeelfddd AT H, SERON BT YN HAIEd
IR PIBI Al (g & Udh U9a & forw
fhy U geuiea | dad A € 6 srAmwg da
TS (MIA-PaCa-2) & W4 digg gV oiid & Ufd
HIgTHI of | 39 A1 B Ud—d S &I IR fdd
I 3R SE-HHIHG eI W Ul gl g fd
AR AFIAfIT Glycyrrhizin STa=AwTyoT 3iR Glycyrrhiza
glabra T ¥ fafe= & amMorfae MER B AHSH
H SR 8|

BH w@rey fagm™

qTdSIfh ¥aRey & Hegd & I b 3 [AfdY e
W S 9 & AT ey g # s
Uq fder Tfafaferat & 9emr <9 @ TN SR /g

irect
ar_guawg-l_:ucm Explunt

Embryogencss

U | RIBIRY B TS {B URATSTTI3 B AR T
[ERIRIE IR

DU

T IR W Aferdr & daR |aifds grr e
qrell DR 8, IR AP Fa TET "edn] HRd
& II-gdl Tdt # gRa @ g E ) o
IMITRT Udh 10T 30 T & INTOI-hl bl qHSH
& fou aiRerar &R I ywfa wed & g% foar
TRAT| U 3T GRASTHT H 7 HeR el Fech! &1
faf=1 T=uif @ik 9% AgeR Wel R AR R e
ANfTDl & TR B & RIHIRY & T8 8| -3
UG el @ @I § R & SYAR H
9gd YosY © |  angiogenesis § IQGAP2 A& Y

Hiferaget @) et B THeH & fory ve uRaTeT
BT AERIEr & TE |

o Tl S ol i mmisisd s & drvpemeid s il prape
L e e T L]

. [
E ansdfl g filal |
B WU T {1 T S
E s
e =
sflgmr= s T = *
S = =
phatr bt ——d e

I AMRfaed Y@Rl # $H-Rg gRjo iR I Mwrsfelt S e &R witor o
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afrer dae T

IIfhAEd AT GHRT HIH 3 JMAAR WX Ui ST
e KRR MR PR &1 e, e RyAfeiT
U®% J8dR pharmacotherapy @ forg urfeass T #
Hbd URETH & Iuifad dF B WHSH @ forg
% fhar = 21 U@ o uRarer, fafde dfe
U Yomferal unTeras | GIfsd IRl & fog a1
ITIR W RN s9d He—<dy & d9 Gl B
93 @ Y g7 & TE B

sEIRTe gfarler

JFIRTS biofilms, VY wu ¥ Js feargd, ol 4
TR HepH0T 3R ISR Saeiie ufsharedi
S Uh TP BRU b ®Y H UgAN S E T
I8 IRASHT biofim ggiftha wefhar ik arg #

Colosr My

o I

HhTmoT §IRT apoptosis 3R phagocytosis @1 UfhaT @r
A B faw 3§ g% B TS T | VD 3 AT H
TEI UM FERIAD AR AGRIHAS UTH biofims H
JFRTe Favad iR biolilm fFReUvT W Aferd & &
AHIOREN & w9 H lipopeptides famRIa &= @
fawr % g faar 1 B

"D T

e 3R S SN Gdhme I MR
STREY ¥ 99 & WE BRI 2| I8 RIS,
Invitro 3TEMTRT i@ & ATH | iR AT & 1T
fPCaRT®! §RT WREAAS ARAT & AedH
A et deau & fou sfiwim del &
SWAN B g 0N HHSHI B Uga B
P fou & @ TS B TP A uRAISH, DY
SIS & AHMD Uga od FHI qdH GRel

Graph Level 2 Pie Chart [Biological Process]

[l Behavior
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{3 Biological Regulation
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[ Cellular process
| Development process (1,206)
[B Growth
[ Immune system process (%)
I Localization
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[& Signaling (85)
|5 Response to stimulus (67)
[l Reproductive process

= Reproduction (138)
ﬁ Multicellular organismal process
[ Multi-organism process

Metabolic process

Graph Level 2 Pie Chart [Biological Process]
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Biological Adhesion
Biological Regulation
=} Cellular component organization or biogenesis
[ Cellular process
Development process
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Immune system process
Localization
= Locomotion
Metabolic process
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— Response to stimulus
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for= 39

HARAT vector H giRAfhe T=hIRET WS anopleles stephensi
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YT R gU plasmodia Iad wR faftse ¢S @1
gfafhar ufiRenm ¥ &1 #igele a7 B GASH &
fou g% @1 8 2|

oIl

TAN I¥ H F{A QT BT 10 ufawd H 3f¥H
TN, TATH eI stephensi @1 o ¥ HelfRAT T A
g o, Sl fIvy wu ¥ wsd &3 H Uy Y|
HIch # HISE hemocytes WEBRI & & TRING 3R
yfererm aRomr & R oxa €| e s,
78R hemocytes faftse ufcRer rgafia! fe @1
HfTRITR SUGRYT Bl SUANT RSP HBRI § S
PG & Bl W BN ST & oIy TeHi o
3ToTfa Ui BT FHSH & oy BT T § | SFTen
Gl & STHAV (AT AFRE) BT STANT B g,
YE ISl UBA T e U Aldfad vel #
UEAM Bl g B (RUAT uTS A1 <) | S (R 39)
AIRAT daex H plasmodial el ufcframet o Fws@
# 3R @1fde oriem & I Wrer T | (e 39)

o fRar

HARYT ddex & AHA 3l ufafhar H miRNAs & rfiarfcs
P SRET H AE@Y R <@l T | WReidl
HHHUT HoTaE miRNA 3rferfts &1 wRomdl farit aiR
HHAT QT # gRafld &) Aad € | T8 <1 747 § b
ATgeh! ARTAV fAFIAT S99 UbR & WRoidl A1 &
frfecia e & fog ve wwifad @ea 21

RIMNEIGRI

TATSPHIMICI AT proteophosphoglycans (PPGs)
promastigotes 3R amastigotes @1 A8 W, B3 UHR
@ mucin U1 BT & | 39 o oIt aRaresm #
Jg <@ a1 8 f& PPGs HIf$TH stibogluconate H
faf1 UBR & HdeTder 3R L.donovani SiT @R,
3MHAYT R UG & a6 $gT AR ARG &
foy Ayl € & 9RAT A1E e ufoReh
I faar T3 |

HeHE

sgfor Uik W B9 UM & forg wwifad aedl @t
UM PR D Y Ueb BT eI AT AT § |
GPR 119 & fofU pharmacoe HfSfeliT &1 WA &l
8U Sl I’ ®Y ¥ AN dieT pIfydeil iR arar
L oif¥preil # =gaa faar Siar 8 sk MD Rigerss

HuTfad TeRe BT SUANT HRAT, Igar SR 3T

qred g frehas -

v gl & oy Weifdd H_1 81 T 3R
wad aRAeHT § ged I & Ui gR S

Qe &Y edT B SUANT BT gy fhar T 2|
Terminaliaarjuna (Roxb) (TA) @& T« @1 BT W Ud
JEIIT F TAT IAT & §]A APl & I S alsl W
HIq U H el die erfde gt § (R 40) |

- P40

TS dIfedl I BT SUARIHSD HRATS

dfyeT uegaTH N T

A9raRfad forfde Donepzil 3fiR Curcumin |fdd ™
Uh I I H ool T & Ui JHTar
yege fe@rar ar| Duchenne dystrophy (DMD) 3R
IHR BT AEUE dystrophy (BMD) & HEI® Icafkad
e &1 g a_a @ forv e folas R
e fAPR &7 3egd= B+ & forv, U aRATSTT
TS B TS fET Ses orTel Wil @ IgHh &
IR W Thd oid f[AHRId &A1 & I 9 Bdod
fquer afed S@REdT &1 Ul & 4 IS a7
TR WR ®I 3R SHCgY BACIgd Asdae JaR+
% forg wRe w5l 31 ITafe Uhblse SRSl
BT W IARTAT HAT © | Th gRISHT | S
TAIRIUST &7 UgaE ® gHs™ © oy ity
3R R AEET H BI6 Pl S Fagod &
RNTGT®T BT e fhar T € | 31ead= SNP &
Jafd SiEl & JgEl W) fBar| omT feAratiiad
3R e aRad=i @ A1 Aedagar @ |

yared T

PIE T 3R R ST PIAZ T SN UaeD N
IO B AR H thiopurine TATTTT ® FHS @
fRer § us o= 3remId H thiopurine fafear #
AU BEPIGRACEH IR 3M0Tdd gedor & ATl
qedUl &l R S fBA1| v SR By o @

5
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9% Divad eFId ¥ fhApEEEeE § germline
IaARdT @I qfeT &, Sl Ud oW Sid: wTdl
FAT & | 75 IT W UH 3T AqIF | gal dell &
f& pro-fibrotic AT proliferative viterorethinopathy (PVR)

@ pathophysilolgy # Ayl JfAeT fvm 2 |

oa WA, o gifde), anfdas
SR ik qefie)

S &3 H [123.00 IR & Ioic & AT 46 GRITSTRI
®T SERB &1 werdl fell| ®o faq uifd ¢
gRaTSETRl & feeravd aRum 9 UaR € -

Skp1: &I I[ugeiq

Cullin-F-box (SCF) ligase Sificat &1 Ubiquitin @1 #eaer
RIS proteasomal WUl (UPS) # Ud wewayol
i@ 21 UPS, ad URIHE DNA @1 SIONgR, iR
PINGT T &1 forg=on, uforen wfaforar @1 IR,
gfcreras &1 faffRme, da ufafham, apoptosis, or
3R Yo7 e SR Sifdes wfshanat # wifiet & | Skp1 SCF
|RFs BT T Feaqul e &, wifh I8 h—diad
UIeH (FBP) & forw \arem wise & | foeearhe
eggd #, faft=r FBP <igi Skpt ¥ <ffida Yo ¥
HAPY T dfdd SHF & SIRIUT AffHST H Skpl I
Rl DI R fbar €1 ©lel 3fRem NMR g2 3iR
MD RFJeISs &T SUART axd §U 9 URATSHT 3 Skpf
T ARUUTHSD IR AIAIHD TOI HT egd b
AT 7 | " NMR e C e aftfell H7 ik HE &
AU @1 gfte BRaT & AR g ol =erdl @ & FBp
@ g # g aftall & gRifa wiior R @) SeRa
TE 8| A—<cfiFe affel & adielus ik MD wTorT
# T MY AR S F dfad S H WRETd
YRIGA &1 AT SR d8 H Hgcayul YHdT 81 dabdl
g1 WE 39 URANHT & IRV $ R R,
gere, 3R fafy=1 FBP @ wforderar Skpt gRT #=aar
(et 41) | FEF IqERABRY TID MR T SCF AfFAsT @
e A A DR B fY UHR o) gansli B fSormga
TR B ol U Y R Glel T |

\2B) |k -
Pl " e
HE ey,

Sk

iad Skpl MD
- Structure

Skpl Xray
structure

o 41 Skp IRT faffr=1 FBPs & g7 il wisel

a-actinin-4 & qfier

actin crosslinking WIS  a-actinin-4 &1 T&H IR
AUl isoform B | I dER & A uEgell &
IR # o 81 W9 dR B 8F 3R AR
H a-actinin-4 @ qHeT B wEIRE fear AT
a-actinin-4 (actnd) @1 Affs & WR, IR IAMHHD
MCF 7 ®If¥arail &I gor-T # mshAd MDA -MB-
231 WH HER DI HINGRN AR fafeor gfoReh
MCF-7 ®If¥@mii (MCF7-RR) S=1d wu ¥ fafyafaa
frar T o, g9 UWTEl BT e Il &l
TSl @ A 9 ffafia fear ) fafewor
YR CF-7 dIf¥arail #, Actnd & fIR=T & phenotype
JUYBAT BT mesenchymal phenotype H AT T |
|t |, A gRUmH a-actinin-4 ¥H HAR B AHAUT H
T Heayol e BT Had < I 8, 3R a-actinin-4
P @IS e FAafecaarg SFICdR & 9 § [HE-T
P gord 2 (o 42) |

feieif~gar # TOM40 @1 a1

Y AGeR Soll IR Pl ARS8, Sl WR &
faf=1 emawr® Bt & foly eawd 1 39 UBR
mitochondrial bio genesis T 3T HIZCIPHI =gl
& w9 # fH A [ e fem, ge ok
B © U mawd § 39 dig gaIed faeRi
3R g dIRAl @1 R fAfdpy & ar 21 u®
T, U ol WIS TOM40, ST ATSerapif=gar
H Yy o)A @ forg O OISl &1 Y99 §R B, NI
AZEIBI~gaT # WIS & T B THSH & HINY
PR V& 8| SHD ITATdl, UATd P, ITARTROT MIA40
ST U JRfSTeetl SidRel MR & €, &1 redox
T 3R TOM4O HASE H AT B ugad
PRAT & PIEHE 7 U {6 TOM40 s iR fareed!

L
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(a) (b)

MCF-7 RR (e)
(Radiation Resistant)

MDA-MB-231 N

shCTL #1  #2
shACTN4

MCF-7 RR
shACTN4

o-actinin4(Actn 4) T HR BT BINHRIT 7 rffefs 3R And RIRT &7 3R | (%) MDAMB-231 BT

# Actnd @1 Af s | (@) defaw Sta # gHeaR 0T QiR Abind BT RIRAT 3THAY @ trajectories

gfafafer | (1) Actnd fIRAT MDA-MS-231 BIRNBRIT @1 MpTHHTT BT JIdbar & (&) MCF-7 BIYBRIT &R
fafeseor gfRIeft MCF-7 @If¥@reii (MCF-7 RR) @ UfiReU STETY @ phenotypel (S) MCF-7 RR ®If¥aIif #
Actnd BT AIfY SIfeafts (@) Actnd FIRT | MCF-7 RR ®IY@Teil @ nasfay fasm Sefe omar 21

faRer S #, o R a1 W@ Brar © S8R
IE WIS MIA40 3R THGAT =Iad & ARgH
TOM40 HATSTH # U e T 38T € | aRaorn
@ gRomAl # urar T ® fF MIA 40 ATgSTai =g ar
U Fe-s @pl @ Fraid # wiffed = | MIA4O &1 &1
I AgCIRiRgaT H g BT g Bl © 3R BH
Agerifers dlie gad fhvas wifaftl o1 @
PRAT 21 3R 7 I8 A ud © fH MIAG0 g9 fagr

qifife Raid  2015-16

(@) fxeifafea weH & W R
synthase 8T (CMC) A el ASAT faweifer.
fePT trimer & WU # HIoE © SAT trimer &
T protomers Y Rrame ik wofer # fafa
fy g €| BdeT TP protomer & H—<fA.
e, PLP (dret 1 @1 ST ofk Red) 0ASS
R & 1] § 9 U& Wby wId R & A1X
TE—fordT | Y% SAT protomer & H—<fHeal
DWSI Y 3R Red &1 gl &l 8
(@) R symthase AfFAST § EhOASS &R
IRac! EnSAT1 &I JIu=fl |ael R aret
faamoT | SAT ) =fiF &R ARG ATt fhy
Y VY HBRIHD Aol b 7Y | OASS
AfhT e 3R T 1 el & [F 2|

3R g7 faar SET A i BT 9iedr 21 39 SreuIAl
I gdT geal & b MIA4D, ATSSIhif=gar &1 U Fe
frafae 9| 81 39 egaEl | ugell IR MIA40
P HE 3R IR fIreedt faRer # Fe foafa o3 &
IR ¥ AT AT 8| Pl & A9 7 Yg I HASD
S & A1 U FAfT & U BT YA B
TOM40 & o=t fAToT @1 Iu=T oY 31 |
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E.hitolytica RIedIM synthase |f#s1 (CSC)

JFIRAT Uil SR e IUSTol-d protozoans H CSC,
T RO B AT BT SUANT BRD O Helvd g,
dfe Ag=l § A€ BT B, SR gafey RREH
g T @ Fe Rifeer fasm @ v e
Iugad T © | decamieric RIC synthase AfFsT
(CSC) W—<fier e W9 URIeSd SRIBRST Bl
(SAT) 3N—uf¥Tersel 9 (0ASS) @ afthd wIid @
w9 ¥ 7o far T 8, S Anf &1 fafafia ae
H e qfer wmar €1 CSC Feunr &g srayal
% RS Sl9 A9y AR &1 S & S I8 '
(L.donavani, B. abortus 31X d1. &%) EZ-hitolytica § <
USTgH CMC <&l g & | STdfd SAT1 & C-terminal
&7 ¥ T RCYH Udh ReR R synthase AFsT
HT U0 g3 & | WRAATHD, ol MG 3R
g Hifda! remaHl & MR W, Ehitolytica ® CMC
@ U &1 wRara fhar R ' (R 43) |

o # RAD5SIC 3R XRCC2 Ui : SimH fafi=
UHR BT & 3R @i oI &l DNADT afy
A o A fQueE @ IRT wRA S dER B
PIVBIET &I U8 2| $9 UPR, SIHM RSl
% IEREE, Sifdd | IR TER &1 @ fog
| sredl & forg Ao w8 &1 & | gfdafa @
TRl W fued & fov dat &1 fawfia fear
2| RAD51 iR RAD51 paralog WIS U& UHT UICH
2 5 4T dic IR ST g AR, ReR <
# fafgd 2| RAD51 @I paralogs &aRelr # SiHM
RERYME 3R TYAR TAT W T8l o | JIT A
UdT @efal & fd XRCC2 3fR XRCC3, ATM 3R ATR
kinases §RT phosphorylated =1 U&R & e 2|
I U AT § f& XRCC2 S247, ATR HIg-ol gRT
YeRIgfd dAg &1 Ufcfshar H phosphorylated & 3R
9 BIBRIINT 48 Pic Bl GREl & oY Aagd
21 919 XRCC2 BRI F8l il 8, § IS,
DNA 91 'S 51 dT gold B & folg ge ST |
T aRRerfoal & sfasfa, XRCC3 $225, ATM-ATR ERT
phosphorylated faT ST 3R §H HRGRIYT <L
TR BIC BT AT H Ul BT g 3RY B
& U wmT o 2 | Uil geTen @1 Ig fharfafy

idu Aphidicolin
30min & hours
-

cidu
30min

Idu + Cldu

clau +DAPI

V798

irs1

CLV4B !
I . l Ia
[~

| \

irs1SF

RAD51C 3R XRCC3 dfeds XRCC2 &t
ISR g o aR & forg smawie
21 ufagfa aphidicolin @va ufdrafer
TG ISRV & 915 AT thymidine
analogs (IDU 3R CldU) gaRT H=eRiT
P oY (AT Te.37el AR.2015) |

fa= 44

PIBIN & ARAT B AEIAT W TS HRAT B |
3fd H, XRCC2 iR XRCC3 BRBRIEYT faffee wyu
A Ui HicT WReI0T iR We SIfvamei § g
AR R BI fafrafia a=ar & (R 44)

Yol o affuxn

R g A8t (NPCs), Rdeird f3reell &1 Haa!
H Af< B, g1 ARE NS R Ao & 44
ApHgageR & ol YR & IRdIET & AeIReT B
R 9 sfveafad, dearr, da wewa enfe o
T Wed AgeR ufsharell b1 fafafia s
2| s9® IfaRw, NPC iR Swa wHefd wmdm:
H gRace HeR dfie PR, gga aifgar I
3R IR I BT Bs AT ST A SIST AT B |
3 uRATST #, Pl < A19d nucleoporin AfFst &
e o v ugfa fAaRia o @ S S affsit
R EREATHS I B b oIy 8H HetH a+m
2l

P -
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R faee SR o, |iRe®!, Hared Jae™ iR Agifdd cbug\a |qa|ﬂzﬁﬂaﬁ3ﬁﬂaﬁaﬁ
AT BT © | ST, Hrafcrd fasiyor, a1 Rigid, TR e, e saedT 3iaR TR0,
e, TR AiefelT, WiepRed Tfhar Arsio, ARk, Fared JJauH, nfe S A= &= 4
Fe 17 T3 IIFHT URATSIRIT BT AT &1 g | 391 el aRaremeii &1 Wit / Sudfer $9 UaR

g

faeiy &rf figia @ik s Lie
dioriva @ wreaw 9§ 9g fafag fagiy
SR @ TDIepa Rigid &1 wmgHr

fNy ®rd 3R Lie dIomiiod & Aegw 9 agfafdy
favy & & vbrpa Righd ok favy & Rigld
& 99 Ud Bl BT A0 @I T 7 | A et
% gor & foy @l @1 fdRe—wwy, s
fav TR FERAT, Volterra 1= \¥aRon, Afga
ggual 3R $7 URVIMEl BT TahIpd A ygad I
Tt fomaT TR ¥ |

93 R sraver (Tisigw) &1 <&ar aisrn

g R oreRer (THRIvd) AT &1 qerdT, Udhd
HUfefT Ao &R arracdt Wi dwafeiT (RGS) Ara
S ST AIGIET AT AISTRI & 1T el B T
2 oIl 9Ige Siia 993 Aied &1 STANT IR & D
TS 2| FE o AT AT G (ASN) & WO
@I TS o] ASN BT AQL (R T[oraT wR) 3iR
LQL (erad wR &I Hffa) & F FAorl & forg
RGS AT &I oI 3 SIS UrT 147 |

38] Afae Tsme

wafaa ugref wifas! iy el fasm=

Hz?cnzm‘ &3, S8l foRig Herar uee @ IS, 9
B AESESH, JabI G, AR DIV,
AMSNITHAATHD, P =1 T &5 YT SIS,
JI—TT M golage ¥, ATehloSS ddicH
Sicd, DIATgSaT UUlTell, rgaRerd sifaared sk
ThT AT WagRDBUI, Bid dTelded, TJAR

I e I H{B Agayol fNYdN $9 UPR & -

HedqUl TR AR & YAIHd & fog

H&GTcHD HeH

e MR oo &3 d IuRIfT & Arer &
yefid fdhar ar 21 I8 <@ AT & B Taylor-
Couette 3R €9 warg aMi @ fory, wifdes o=
AT, &l gadbIa &3 B SURAT H HHAY qaerd!
g, 19 Riyefsx uRv=I1 &1 81 § |

HIV-TB 4919i& "gcHr & 912 4g—4apaol
@ forv v gfsa

HIV-TB 9% gl @& W1 A8—WHA & foly
TP AR O dfee JaR fhar a1 iR SHdT
fetwor faar AT | T 7 A ReR <wr T
Padl 5@ S TS IO W& Uh H HH © |
9 AW &7 gal o 3R HIV/AIDS & SYaR &
HHICIE%H'{%IICHCI’) 6¢NUIEb—fHd°i"I SUYT Cb%d_grq

forar T B

IR faeme Haeid, diddrr ¥ gga auar o
H 10Hz | 2 MHz &1 fibaa=dl 391 # LiF Sre forforam
HACTHBE P4 & Li+ions BT G TIdT BT 31ead4
fooar mar| ge el W) Rer amad (Cd2 +) &
UHTT BT MeJIT dRA b fo1q, bs CdI2 forferm
BRGT Ble BT AT AT 17 | =T Li,0-Bi,0,-
B,0, 3R Li,0-Te0,B,0, & weed @&l R
q,j;rrrn?»ﬁw{ﬁﬁa%n—s‘aﬁlAthrﬁaﬁ
FeToT Ag faefia ardt delelmreliese ff3a qd @ia

o« [



- qred g frehas

AT DI gadl BR AR AT & edd Jd U A
faeryor fépar T |

T Ueref, Bg AR & Th G A B W, Uhd
<IaR §8 BIe AHlcd IR dRa fheea & afrsit
TR T AGRT & WA H switchable AT HsdeR
@ ©Y H TS B AT <gd araddar Rafi,
SHIT Sd & ©Y § R fhecd @ Ha =1
TE,/ TRA fhed W fawqa sregae fear | wof
A1 BT/ e AR ARSI H DARIAIC] JFToT
A1 foar T | e arerehd, Sarels STAIgT iR

SIBY] & 378 & I g8 Udlld B, © b vaarsd
P D B eMe e, THrsd UieRied
I—3ME~ICH Hs~Iu+ (BEC) SN 3fa=ell & HTAT
T R A AT @ S dRe HI[aw
FerIaT ferft der I8 TerITseled SUBRe &
Tl faotell =T a1 qurefa RIS e R
JTTRT Y SFANT & ol A= ART o &R
AHaT B |

agasel, faeell H R-MX,YHR (S8 M = Pb, Sn 3R
X =1, Br,R = 3% AREN) & @@ # ®H3 AT 10

U AHIBUT @R TUh HHAGIR Yok HHIeH fhved
H ge haddl dg@d iR e dRd fheed wof
BT AR @1 faRa areedr @ 9y agfaea
FUN B TH Sl dcdd B gRI P TS | AreAdhdl
AOF 3R Us fafdas fvea (DFLC) &1 aRvmd
HeA AHed & fou (e 45) # g fear @ 2

ISER—YUI, goT # Tah =11 S<iofd w41 fagd afha
lasing STy BT 31T T ETSgelided Ulafhar
@ IMIRT IR AT SPE @il HT SUIRT B

BU fbar AT o7 | gesTsee B faotell @

~BEE

FL Interaity (au)  Wavelangin (nm)
§E & 3

\ ey i i |
0 200 00 B0
Length {jim)

PRI BT ABdgdD AT fhar war| et qoiF
T T IR IF BT UG Tl TegT udell el
% forg g Ao &1 ugfoal @aRerd 1 | @Il
T | M SSRBATYT VI, el ST 3R e
i3B! TUSeh | HAIY HIShIDIT B WATIAT 3R
HATS Yo Fiaar & rer far T difes are—areT,
yRyvT, gfafdd iR diver WagT &k e FuiRa e
TR UIge WAET Bl ATG BT B AhAdYdd [Har
T | ORI <& e (4D Ser \e) & divd wernfad
SRS @1 aRemm (R 46) W g U © |

B[] o L] 1] 50 100
Langh {gm] PL intensity

& oloR AU 10 Hax AaT & GNIfRId AIghIDld & A1 A9 HT IaTeRYT (&)
I 9 vdl 399 (ISR - 410nm); (W) TS 99 TR <8 @ YIve el Xl

fa= 46

b AFRET (1) URURE Svodel & ufafdq iR (8) frodd T T &1 & A
Yivet eap1iRyd (i) oRuRe Issad & Bid &R (i) Jegedl dIvd Te=ar i

~ (A,=518nm) 410nm W SR | Wdgd SFBN Fgl 8l fowrg T 2

fasm= IR sShif~=8 sgaa= 9
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AR, YIRS, e 3R Aicager wifaa!

Wfasr &7 g9 gRgr @ 9o & fava fefa
Hedqul fawa o Qe SRy &1 ATl 3/aveh (DF-
2DIR) WD, HHAGIR ATIA IR TR A
AT, STgclalisy  fdER+,  WIei+=Tad,
BRI, AN TIeATs ST B BB URATSTIBI H U
TIfr @ favvarg €

(i) 40.0 W, 1064 nm Tu €9 & e Bfegd BB
~14.8 W 19T (532 nm) T SI<IRS T 31gATG (RIS
fasm=, feror v Srgear Everm) g1 < faar
2| Tha—u fo=grg & 37 ufowd @ 39 waUd™
TETT BT Ieadq B I g o | g8l dd b U
Ied Areeey faoiell R 1 AT 11 ged M2 SH
9 @1 i H St du W | Aren ofte 7 (M2
<1.08) (i) SH UeraR @' org= fagyr 5 MHz A4
T | (iii) USER 99 &1 g ReRar ~ 5% 3iferedH
uy fagd o |

% fawqa ds siawra arrfl &1 fae

CaGa,0, ®T Eu /Na, & I fdellud uw Us
IR &1 R g fawfaened, armoRf &
Aiftep! fammT & #o U g8 | 39 9Tl @ g9
&3 H ol uRefidr (= 95%) off 3R FHudT &
AR Sfedr RIS fAfdRor sauifyd off | Th 3R Yb
IMIT—TE—{IAoT 3Tl Wil &1 AR PIVabraAf
% fog dWifdd STERT @ yttrium AferMm THe
nanophosphors &1 H&IY0T AT 17| U@ Jaad
&3 o SuRAT 3§ o yaia) fg—Rerar & 3
& I Gd(0.95-x) HoxYb ,, NbO, BWPR & <

WISH, Sod  Soll, b wiHAD],
W fagm= 3R @nd wifas! six
Nonlinear fasfierar

ITHI & &3 H, S — SIUeR WIgRBIYI, Hag!
goTell H AWE A gedn, ek IR,
ATHT e g f3reell 3fe & @o areedl qora

qrell STHET IRATSTRIT B Herar < T8 |

fiwel 9 @ AR S B TS SR AR B
WIT B Th RANHT § 9IRAT @ Hifaat
M, R, 4 5 fHH 4 25 5 T @1 FHaArs
R o ST AT AT | 3fibsi BT faseiyor fpar ar it
R W WEFERDU TR 3 Sl & AT
AT o | 711 gl 1 hell | argHSe H oxdT AT |
39 TN & v 9 faerd te et Pi Uhd
IS HRYCR IR Hag Ta1d AR ATIHM AR &
A1 WACTUTH DT IARTISSIh AT qIfet o |

BISIM® B SN 3R 9 11 24 §ev%d wWieh™
(B2TIP) # &t 03 et || ¥W1er CP Sociae & (3 B
e W Y 2| Sl YR IR SFUeR STe¥
q T el fear | sndensdga &
Gorg 3R Id WE T TAIREH &I f[adRd
HET 3R AT o @ foy 9ot [ dR AftedR
% forg InTe | u8 Seorw fbar w6 A
2015 H MSIMSCIVA H 4 Il fAwlvoT BRIV &1
TS T |

ES SISIAAG RIeyd &1 swHe faar Tar iR
BT e B ¥ ST | GuRAL]

AT AT | Y,Ti,0,:Er3,/Yb,, (EYYTO) BR®BR A Li 3T
& et faefiad fpar 1 SR S8 arIH Hde
fAwred &1 gfadifed dgar srgurd ddiie B
SUINT R Hedidh fdbar AT 7| lanthanide
faaifia vonferal & <1 QEE ST & folw wa
TS |

ariftfe Ruid  2015-16

warfeld & HRUT WY B g8 s fawaiRa am
A T B g9 W ANy eI ST gU 9 g
B UH IRATSHT H g A T 'R 9%
JMHTITIST & BIeHl & 3MIHRT & 3f¥ (Fesc)
P BC B AT B T3 AT 2D TaHAIRTARC®H
TSISTNAG RIgels &1 SUANT &_d gY, 3
Hel H FURAET DI JARAT BB g1 GUR JoAged
1 A1 Srea fhar 1T | U HaTfb g uad & e
% B H BH goIgel DI 9g ATl Giaersi 1
QIS &1 TS |

s [
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4. g41 4=l @ fag @™

gar deifel @& o SRR & e # wid—e ore™ e Afi Fed 2| 39 a9
YSS B qA WMl — UK Ule SiaeRel JAAGIA (N-PDF) 3R RfAd HRAR
I YRIBR (ECRA) ThIH & WU # JAWRMIT AT TAT| N-PDF W BT Iqas
gl PhD & foU <9 @1 Yerfore SReMall &R S/ ae WMVl d URe —SIdeRe

AT ALAAGRRAT UK BRA & AR Y& AT & | I§ YRIBR, AT IHLTADHAIS P,
R sl wR R Yefirs BRI H We—au 3™ TR U Wdd IJH & [T
BT WS T © | 9¥ B SRM, 1057 JaT AqaaHdisl o = fawdi # werar & 78 |

41] AR Tasie
412 RING AN KGRI ECE I
gs @ QIvTH AETIAT 9Tt gRITSATen @
TR ¥ INrafe e # yamie WagRkaerd &
qeEE ¥ Al § 9Hded fAudl & gRgs amd
2 |

faffa vea a9 os@icde Ulferrk &)
uvm — yfafsear fawerar

EIe 3 A1 A9 US <araron,  HigTed!
D T URIAGHT BT e ISl AifFp afcr o
SIOIGR SR B &HAT aTell TS ATHUT BT eI
FRAT 2| A W ERIBN AR, R SaTeRvT
P UIgad AR Follg gomferai § Uig ST A
2, o1 HifoldgeR IAAhaT & e H e
fpar | ¥ W@ SIigR BT BRI GuR«red
FHCHCAIGT  aERall & o b SER
IORV — AR IRV AHIT GRT AT S
Aol & O fhvad & IARS o BT AR B
ST\ | vy ggaT ok gAfT @ oy w@a:
WRIGR] A1 o, =1 g fafeedr # sy
P ARG S BRI GIfeTdRE A9IhT & fSolrsH,
e difeR d9 fawer 4, ®U R APR B
I3 @eron |fed, srgaem o s W |

rgdifizs grr fffa e @gsa
Il—yfafsarere

9 RIS BT IS fhvded UV Bl el
T & el B W vEidigd gRr AT e
AgEHd AA-ufifharere &1 e o B, foraH
e gfifharsti BT SR fhar o1 W © |

3o AfafR, 59 RIS &1 92w, VI HHcHel
P fSomed IR o)A 8, 8 @d: wRerary
AABHPT BT HSRUT fHar O Fb 3RMA] SIRD
ERT T AT ST A | 9fasg #, 39 A1—31f ]
PR AT H @I, ufoRell Aag! oRdl & @
RGN fdelos RN H W1 &1 ST Adhl &
TIfPH eROT — AR &fY Bl AbT o AD (=R 47) |
9 A ¥ IffHITTRIeR UifeRe A-r®bol H
UH Y YR e 3R ISR 3R W FaRIBRT
AR § 9SS STIVANT @ Sy | ga &
g1, 59 R § fAsfid RivTer o9 S=16v @1
I WIS IUANTT S ISRV-UfIThaTcHs 3iTwer
fEefiad) / wad: wRIeR) S AT 3iR orfar e
SIRG T UfAfehar &1 9 T IR S FehT B |

fomies—q® EAGIERE T
SEACISCC P o GO 1 o A
ey, gHrer Hifadl &R g@rer
Aifaal AR g1 sodagie AT

IISER YOI H YSS M & 3icild Yo el
g gRASHT B U8 IR Soldgi=id 3R
UBT SAdSID SUDBRON, O Bicidlecdd, Yb
IASh—SRISH (LEDs), UHT Wad iR G0
Y gAGCIDI, S dqaf § AHlshRed e &l
SolaeI=E oI IR R ST & T 39 TR AR
igad Mdcad! AHifdheed IR R &, gaieeor gaar
BRIAT 8 | AT, Pleilgsd Alfshicd, ATHERIAT Uh
ggfeT e Wa ¥ @ B & | IRvIARawy
G oI AT Aol AIEd BT AHYIT & HROT
A= fAftad ywrg iR Orer uftharHdar @ o &

s
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Catalyst

*

Product Substrate

BT IS

Ao # R o aifer R @1 O afd &R SARY @ ol AETi & guReIia a0 @ iR SOR®

SYINT eI fhaT ST el | 599 <& o1 i yepry
gl SUANT & oIy JANTh—Th AeaTeTdh
T fheedl @1 e fear 2 i Sa faere
% oIy SU—UHT Aihd Bl ISRS AR AR Jd
wIfHet 2 | forifs — Jwb PbS 3R PbSe wHifshecd #
P& A WR, ARFE! cade, & RIS dRD
3 3RAT B Uidfhar il 8, R &9 arrd
@ Sod AIOEM § SEaTdd hed 99d € | SR
RIS Hagd & fou dEfe g AAifhed
BT RIS 1 dad safav fear 6 fAwivs @rel
AAIfhed Adg W AN 9§ HEhAT B |
g feddl AHifheee, S AgInS, 3R Ag,S
AT fibRed & AEIH W UBIY Solagitid IgUANT
R BiEd BRI gY, 7 PN I [AYTArsi I Ferre
o 48 ¥ wfera w4 & aﬂn‘m AT 2 |

Phataocotalytic H;
Evolution

Solution
processad,
flaxible and
electronic
grade Mim at
RT

= | pfafie Ra At BT sRmEa B Y
| yr-gaagiie ST @ wRiE SeTeRer

affe Raid  2015-16

IEIg9 YRT a1 gRyoT

Aiferager foheedll # TdTi Seron ®I el I
% folt U M ®e & YSS WM & 3favid
wErfad Sf. gt b, CSIR—ITSY srafawd
fagm= @R Wrenfirar o= (CSIR-NIIST) &1 tdh
gRASHT 21 39 uRde # |mfl & Reg
BT IR B AT B TR Pl I B B
foru oiferafhod / aROT URYT & ST UR eI
ToAgfie & wu 4 @ Fifye gfafear &
qH R HT e 2 |

AifTlRIeR AT & 3N SaweI & IR Dldeic
¥ gN diferager Uf gRT Sdus devl &
Raa BT IR TIFT HIAT T 3MHYD T
21 I8 RO, O, B UH FeI el dgwul,
faemas deRr ufdwdl =Ror, w91 /g foeeal
DI U FRD AN D Afferaged o IUARCT B
9eMT WWd BT TAT ggacd  Yumfordi—fafie
TRIBR AR & w9 § o & olefo] i |
gfdh AF—Pldeic FRIHAY, S IgHUl AAal
JURHATIRIGR Al H TGRIBR  FaReril &
gy W@ﬂaﬁ % IR SABI A aﬁ? skl
3 ar<Ifdd BIAT &, 39 UBR, TR s
DI YT B ] FHTAT & 3R eIy areg—ded=
gffsparere ik Reg—arg  Hifager  ufada
A | 3 SeuTT H ARl — YHTd! AeTor
Jdel B IR H-A AR IRAIS T & MR H
P AT MR BRI R o foar a7 (R 49) |




)

56

Molecular
solids

Tfdeid w9 | g9 fey Ty, arfye qd-—
FAMTT HeRedd sfavivad, ufafhar daeq o
AEUl 3™ d8 Rl 7 iR dienfrera wu
| Aa Ay Ao & el GuR s
2| 39 98 W 999 9l @ e AR, A
JAAARTATHS 3 ®UTARYT ALl UR qAeqId
frar arfe argied! w9-aa afs 9 HHaR
AR fIB WR Te SN &F Sff | | ReR
Y & fhece SN AR & oHI—HIHE BT
fSgReT R =g ufafbar & fov ol =Ror #
HYIARET AR IYAR BT S Gdd SqHHROT BHRa,
I=N tH giRft ge frearsd wrer e faa, S
Co(ll) ¥H=g Tfafa # srchad | i
fafiAS d& gRiRaT @ acg 4, 98 7 I8
dre fFar & foed @ wag | 1 dWed g d
2| Aiforager feedl # yew ufifhar & wgeg
a8 YAERET "Rl bl Ale [HAr T uR=g)
adig uRd weTel & AJHU YA FHE
|ftasti & fory smuarfad 2 3R 3pdqd © | Fedae!
UIATU] A ATSHITHIY], ATIgSACYT eI
ERAFAIHS JM&T, YIS gIHd ard Nof &I a8
gaud | SR 91€ § URYY §RT 8 TS Adw
JIAREAT Fedmsl TR T8 SHeRl & T % |
e @@= (01-1), S fved ddg &1 e sedd
HIV IR UR HRAT 8, Fag—g: AHgE R
gaoid & oIy U SHolicid dg-d TS axdl &
(1 50) |

39 ORI H 39 9 W OWR fewr fa
diferagek  fheedl &1 AH-se<d, 3R

AifTageR AAABAS & YRS wU F 9h
B AT BT U A B IOy 7 AR WY AR
R A= fow o sar=afdbaRl o o oA
DI SIRY & |

AfRASF B sddeRA™IA deldl @
fore uifegaforr arwor arg aftas
Sl. PISERMT MM, YR G e,
AE B YSS THH @ I HERer < TS
Th URIANHT 21 39 URITSHT BT ST GIRYIT
gTg dEHS Aest /aifcad wEfe BHaas @
ST RIARIG JATARISTT DI Heldl dId Bl fohar
BT JedIdh BT & | A o1g A%, S=d A &
R &R R, solagieg gardadl a1 & oy
BT FERIAT, BT TR Soldgiallse HW+ Sed
el (PEFCs) # fRiIH & FHekdl & oy dors
P B9 H YANT fHAr SIQT | I SRS, HEW @ifeTH
IMETRT SARBI & fAdey & 1 39 @I PEFCs
P pATS § Y od & (R 51)

Sf. MM 3R 9> T 1 Ud Co(lll) &R &
TIT0T fhaT 3R $HG! IS AT BT U8
B 21 Co(lINfSHR/IC @ i ekt ufafshar
(ORR) fiham &7 sfiedisa |g< 0.1 KOH =1 #
YT faar AT | CV TeT ¥ Co*/Co? Refa™t g
P SuRfT TufE 13 B, Iy I=madan iaRie
BT AT fHar ST FHIT R ORR BT SIRT
foam S wa&wT | DFT fawsiwor, Co(lll) feiR w02
P YS—3i iR ATgS—eid IIfeIyor o F=ra=T
P gd wxar g goiF %6 solagrs (RDE),
DI PI—alfda (KL), 3R goE R s solagre
(RRDE), BT IS, IRIGATSS UTd gRT fTaRiToT
® Herd o fawr # fdgei w1 faswer wRar 2
Ig IRV, Tl e Wed emr iR afedr
afafy Rerar o7 yefid &xar &, gafoy goue
AT Su9 A IR UIfeR soldgiase AFH 3¢
™ Jall # Bl & ©U § B )1 & foQ Sugeh
2l

AAS g-C,N, A BB Ade! TTHIA Bl T Al
dde FaeS T (G-TZ-Co) 800 °C % TR Co(lll)
SR &1 ursRIeTsiiT B ute fhar AT 81210
°C ¥ $W, Co(lll) fomR & fheeal & 2,2’ 13U
ESH (Bpy) @1 Co(lll) f$fR & foheeali & fFEfRp
A PETeT IMETRT T—II UTa geAfofad crele
%7 fBUUT BRI | =10 AT9AE WR, Bpy STUECH &
ST & SR GeAosl § Hr-Igd 8 Sl & s
IR B ddg TTHIF §d 2 | $9d -

fasm= SR sShif~=8 sgaa=E 9
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[Co, (OH), (OOCCH,), (bpy),] NO.
SMENRT oTg ST aferst |

315 2

H,0, 0.1 NKOH ®ial # sifeiio el ufafshar & forw v Co(ll) fRemR

M, Bpy BEA—AISGIo RN ST el
Il A Igs O, S gTSols SR
W (g-CsN,), BT 2D easb, St §& welg AT
H sfdfase quid & | Sfcdrolisd ARIH H SRS
TSI ATSS 8 Co(lll) F$a &1 weldl &7
TERUT BRAT B, S SHoll Jurferdli, S o9 Aat 3R
aTg—ary e, # fafka ufoefharet # & e 2

T 9 g8 f <@ fF ursRiensss Co(lll) R @
JifaRfIo ®erdl ufifshar 1, EDTA @1 Hisa
% gfa Fagauid 98 ®, Sl SRS H Pldrec

T DI ORR SAUG WA &I dAaef 3R
foreuor wrd € iR sEH @IS e TE B
TERIdrss  Co(lll) "R (G-TZ-Co) W ORR &
forg off e fawa PYC & o 80 mV A &1
T, 0.84 V vs. RHE ¥ 9 G-TZ-Co @1 foan
PYC ¥ d8R ® (R 2)| sdfery, s SaRed W
Foll yuIferdl # ugw wifesd menRd SRS &
o fosg gforemoa & w9 § foor fear w2
(R 52) |

9 T | U] — PEe AfEsl /arg Bre®

AT & W T 8, U] CTSHTSH—MeRa
AR @ AT SHD 17-17 AR AT & BRI Bpy
BT AISE P AEdYel T ¥ G S bl o |
10 mM EDTA 3%1a1 10 mM Bpy daTel 0.1 N KOH
Ol § @I S arell 3ffaiio dweral ufafshar &

IR W, 39 & o 9draT b PIaTee memlRd

qiffe Raid  2015-16

HAgD D i werdl ufafhar wemar qen
Co(lll) fe/R @& ursRIamefoN ¥ ure iR @
grg SURBI I RIS A Y TIE — aRI
BISSIES 399 Ael &l 1 qul 7 |




O+ 2 H,0 & S0 4 0H {h]
l__l';:f
:% ’-":'.":"!' Triazine based molety
i) layer [ORR active site)

0,+1H,04+40

- - T T T —

°F(e)

0 - 1.0 g - - - -
R B — G.TZ-Ca ~f
L= | & =~ 22 mV dee-1 — PUC u
=T - "4
E 2 = .
g -3 - S =
a | £ o1 1 10 4100 :
; -4 |- Kinetic current density / maA em =2 =l
= 5L =

— G-TZ-CO
o . =— PUC = !
- T ¥ T i ¥
0.4 0.6 0.8 1.0

Potential / V vs RHE

(@) g-C3N4 &1 We WeaT 3R UHH ofdfde [@wRel swid §¢ G-TZ-Co dk SEM ufifda
() uRefeaa Afha TRemT 3R (1) O, AW 0.1 N KOH # G-TZ-Co & ORR RDE UIeNIdRYl I |

fasm= SR sShif~=8 sgaa= 9is
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2] gt 3R agFsay faga

(146 IR B ol AN DI ATl ds IRASTRT S Wgfa < T8 | 39 b waEl gR1 aRd™

J—IR & faadife! e, T4 gomell ik AgaIfas™, urhfde AR #9a g sue], aRgHsar A,
STefaryg, giRac, gRiEa=wafd, RURReIf®T iR -t fagd g™ & Sopd aFl & Af= uggell W fdar
far STe | o aRESHTR @ gE—g fayvarg FEER €

fusrawd o[, WRdE <f@or gdf de
$ TAMA Sdcsd Jd davel 9
3 aTd MY SR Sioary, uRad -
grgataftie fafqang

Ag AT seiRRes Afka semas &9 @ N
ufaftie fafdersil | Aeag, iR BT Sadry &
AT BT G TR & forg o e IRefes
r=Tarsll &R S5 iUl &l PRI fhar T |
RS aRadd gEdiad (CIA) & ara Joi
A gord FAear § b Sumefeddi & Sy [w
BT TH FTeAary STaerall & idid Fid UeR

YhH g — Iaxh » Fde — 3
gawe  faaiRa  ufafel Aacidid
(DRS) T ¥ HaI AR&adl Hquul &1
w@Rd gafgaE

39 3FT9 § ¥ GRIAT YUl B UAT S D
forg VisNIR, MIR 3R Sgwh T &7 SRIAT PR
8¢ DRS @ \eHdl &1 @i @l T8 8 | ATHHS
gfte ¥ MIR 3R |gh VisNIR &1 T 3 seliResd
d¢ — YoM @RI dfsd (R2=0.97, RPD=6.32,
RPIQ=7.33, RMSE=0.24 mg kg-1) & #rgq ¥
VisNIR ®agT §RT d8ak URYgdr 918 8| 39

BT TR NNTI-d 3r9efivE giar & Afi= daoce

g @I 3l gl ugfadl, OM, CaCO,, T4 3iR ¢4
T D Foll BT T8N b YRUTETERY TERTs |

IR W, dF - Wgd yd [SuERi SR
PLSR T9eld Ugfd & Halo & ax01 # JaT o1
DI AT BT MR FRA S U U TR AR FGfaer

affd gRad quid 8 | S Jofcl & A & SR
BN | Cr &7 ffd oI o & SHU Ufaess W
<@l T g1 Cr & =1 Fe 3R Mn fi=Tar
BT JFTHIAGAT & ©I H <@l 7T | gRomA
Tufd g f& d@sel § Cu, Zn 3R Pb SFf —god
3R IR q—gor fpamell & S B §1 S
TR fhved gl A AMfell 9 3ftid dlaree
I I8 gfud o ¢ & dawel 3 daee 3R
wiftem gega: foenfoma a0 9 Sa= 8 2
Vot fedpd w™iaaar ¥ SHoll &l geAel |
A = € Jor $Ha! gfe &R § o a¥ 1883
@ IR BB YHU AR Tasard FAH §IRT
3T &5 BT TIAT R & | HRS [T Fae
e quiar 2 o doecl & W IR iR ¢4 o1g
SiO,® eIdl §9 BREH W WAEd & oIl faseyoy,
B Ty W MRS Faed § yge il
DI AR B IR UGG RN SAarg Fedl geg
3FordT YTfcie BTN 8% B | T2F TR, Teg W
gTgell & Wered H /e gY YR B SN
3iR gemma f&m 12 € f aRig AnTe™ & ufd el
SMEHHT BT JHET BTl 2 |
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ST VisNIR DRS SR WieidTe uiam 137 2 |
gRoTH e &R © fb Mg IR Ox Yo & #Arsal
P BIEHR, TH HSAl BT 073 F 097 TH DI
feiRe IS & AEeedl B A1 Halyodd AT
foar 21 U1 Iwaaar SHe Wagel Afshd Fe
oxides, Ha&l WG, 3R HaT & We—HE drel
dsi |fed I W8 A=l & BRI g T |
39 fudd, Mg iR Ox W@l & forg &8 ddmyg
ety el el T |

Sigqy 9 ad Yrolld & dasce X
IgpH BI frfor

doee fa=r fawmor | ferdt fhanfafdr ok dwra
s WR & URdad @I glafbar § g1 |sad
3TIehH IRYeT |fRd &1 Il Fofdl & | aRgied
e fawiyor 4 99 gU 9 faqyor g8f as b §¥ &
3R WGl G ddb o+ Ued uRad+l &1 udr
JADT B | 39 YRAT WS It SHE H JB W
ST FRIad: IRAR F-gToidl 9 g8l & ey
B! ggell RUIc &I U M1 8 | o Hhed AT
foiwor, 39 &9 # fiRveR dexeq & forv S
@ QR PIA 3R RI-UATERY H AR Bl &Nl
28 8 B Wy H R fow H§ w™a uwia
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BISRIBET TGl &I gie ¥, 39 AT I Fol
R TS BEA @oll ® forv 9fasy § Agmar
ferfl | fRvreR de WA &id, S [JaRT ==
TR & HGE B, DI SIDHNI 59 AT I el
2| TR FE B IR AhA oI AT dA B
B BT Jedid fhar a1 ¥ St $fearaxe Sftarsit
YIS TSl B JoT H UgAE BIA B oY
fopar a1 SR A=y # |l e # @1 S |
SIaTSHl & SRt TAT oI ifderar sl &1 Aiorgr]
J AESIRINT B I8 Yol-d AR Iqua oy A=
fhe, ST ARIGAT 91 & UToild & QR S~ §U
B, & IR H A B AEradr Aot 8| wa—He
dfor STavell A1 IRMM® QRIS Bl & SD

RS RF — 44,266 (WIFT), SI9TS RF — 3594.
42 TR, He@d RF — 630.0 BICIX (WFT) HOR
fSTAT BT T8 T JATARVT 45 YiAwd & STafd Gl
g9 P 3T g9 ARV BT 55 UAYd 2| HBR
ot srfrpiva: Har gl 8, WReg 39 ol #
&% UgTs W1 Bl Y €| Wles Adervr 3R JHfAT
S oRd @R [ & § 1§ a1 § ydrd &I ol
I oY 21 @7 B | ) R, Su Afeat afgd, o,
IR, FYRT, WA, AR, Hedd AR g Al
9 Rtel @1 A arfeal  7ey & 98 ®1

ARd R 9 fdag & ol &1 fas

e & fARIa I=1ad: 915 & WTond g9 fogdl
IR GEASIA #e & HASM &l Ui Sidd &
faer &1 uar o W Aewgl e e e
Al B

gaiaifidfe Tl § 9’ g1g Al @
Jafd UgaE Hx1 AR Wded & fog
Hdehl & WU H YHIsA IR Yollss
FaREal & G fearae e
Hg2"3ma gRT URA GIn-His-Ag NPs & HH®T TR
JMEMRT 3! Tagerar iR HAdeg=fierar & AT
Hg?mas &1 Udl &9 & folt Udh FaiRiifed
daed & fdemm fdar ar| Hg? &1 |igor Gin-
His-Ag NPs @& \ff¥siol gIRT Sl & Udl o TTT
ST AHAT B, 91 fdl ¥ Sifed AueE ufshar | g6
2| I8 9T 98 @ Y-t & A g Ioid
IR BT AT § 3R Yol & AR 1 H gRacs
Goll 3T A T ST S bl 2 | @Il ol T
25.48 uM T& UTE T3 © | STRT T8 WIS RDIT
gl WK, W, oW 7 IR FHHA GIn-His-Ag
NPs TR 3MRd g Wl o1 3 Hg?* 3=
BT I @il & o sy @1 fawa qufar
HCERDL

94 fafqerar

<faror /e, SR YAl IR § a9 fafdudr iR o
I IUIRT /A ATERT Tchi BT b eI fhar
7 o RAre |RTT, GIS iR IRFERTTT TdTdh]
BT AN a1 | g [T SR g Yed &
faf=1 IREeRT &1 AR & T8 | BER e |
WG a7 & ofafd q{oT 86,284.54 TICIR BT &
AT B a1 Igolld IRV — 7,396.90 BICIR
(M), 3MR SIRI RF — 632624 zacR, fre SiNY
RF — 364298 BacdR, a¥1dh RF — 20,438 Bac,

ggddad RAlc ARMT SeT 1 SUINT HRd 8Y

& 3-D THE0dd I H WRd W 9y fdera &

o & fder BT FESEr W By MY sREgT |

ffaRad aRom <uig v # -

& 3RT AR (1 & WEN) W, KA AOD #
L gd R AFEg 9y faea &1 aifie
IS 16.6% (17.5%), 44.3% (37.6%) 3R
39.1% (44.9%) 2| @ femar fUed qus
% SR, AOD - Ag@yvl (2.3% ufdad), afg
CLIER

S 11 RAY TT BT SIHSA SR Y U ST
IS (Bfc Wic) & ygae &! T, S8l Td <H
#F PM2.5# >15 ug m® @1 gfg g8 R
JUARTET H ~23% TTara] JIfad g8 |

S I ERT g OIM & g 9y faed wies &

frgam Repad 7oy STRydt aRd § <l T8 |

AY—3MgHTO & HR, AOD # Ufd A9 3mIR

# 100 hPa @' gfg < 7T ¥ |

gy ’feq sfaven ¥ fafsrfaferd # fiRmae o o

agfaerd BT 90 URIYT ANTEN BT B |

o AR TS A HIddlelE AEl dd 2 fhar
Hrex 9 79 R [ftaa & 2

% ag f4aa DRF, Af¥sor g & wfa afd
HaeTfie Bd 2| argHed # argfaea uRa
qrae greell @1 HiSE § gfg 8 Sl ©
(STefia aTeel | 9% 31fda®) |

< BC 3R INSO fhsiur araeenn & Amqal A
WSOL faeivs & fou TOA due H srcafdred
gfg Bl B | (Avat ared fasor 9§ |afda)

% IR—TEPR gd 9 98 @1 AR @ iR
|ag! guelud ¥ gfg Bl &, Rraa argHsea

qIY= §¢ ST 2 |
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Voltage (V)

Tolag & Ffe TR e iR Ao Afhed & vy W fg widem|

g9 gfear 7, Nia's <fegdg I91 fpeedrn

AT B oiifs—fed A9ifhed &1 SHd

Y B PIATISIT IV Biel Hifdd eTor, gdoll
fooem afiv ot ergwer ufafspant & vy o
ARBY yRaTfad edt B g B foram 1T B |

|k dal &1 i
Uh 3 B (g, qAfaftie w9 A |-II-VI, il

7] gofiferrdt Ristrer

PP AR Tl BT AT FRAT 8 | SRR, TH
VT R A SeTdT § GUR & @ foly amasgas,
TeTaT Yade feaiuys &) & 1 A9RDa p-n
S 9T © | 59 e 4, AgInS,-Ag,S BIeRIfSR
el &1 srFdd fhar W SiEl solae @
Ffeyel 7eRey faerT qem AgInS,-Ag,S 3itRTS TR
% foog <w@r war (3 53) |

fe & fawdl # wxamdl &1 e &A1 7| e AHEIIe BRI Haell e aRarerel &1 1 e

IR HraTaI= fhar |

g{faa sul¥rel ¥ sgfas osla amian
ygpfae e R Uerge W &R 9IHd
g, PDGF & 9 AsHdNid wU ¥ TREH Sid
JIPRUMHSG Dlaloli — PDAGG wrefis fofad
s B IR vl qual # giad el wrd
TR TR AT s U difed degerR ufdfshar
URT B T G | AT Hddh HT g D
fasyor o urfTe &R fd=or @l & ga
# Wletroie — PDAGG - PDGF grgfas rs & foru
Y OIS, Bido, saaad R RIS o
HIAT T 31eH HIGOT TUAT & | ofg HIfddT JiR SR
eI AT | Ul Feil & | BictoT PDAGG
- PDGF grsfds uTs 3= ufth, SUdbdcddhdl 3iR

SR e &R d8cR 81 Sl | Scidb AT s
=Y d8aR Pietod — PDAGG - PDGF gTgfse
UTS IUATRT e ¥ 37cd UTEd aR & A1l A
HISAICARE RIS 3IR T4+ HafadT quid g,
ST gTsfds ure & PDGF @1 fifts wR dgifa® 2,
R AN 3@y & SR SRl & H Sifdd
ferafafdat @ 9Ra far Srar 21 57 oRemwt &
gea fear g % dremes PDAGG - PDGF
— gefis ure @RT Fa® TG aRd g 3R
SRH P S PR & [orad Fael o], ST 3iR
AT H UG & AR B SUAR & oy U g
JOITET 1 AT BT ST Febell © | I8 HIENfrabl, S
IR WHE ¥ Uld & fcHR, R SEAl § AT
A & foly BTEfie U6 IR &A1 & |1 3T
BRI W 2| 39D @, 39 aRAT H [AHRd
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EG IR Cu A-aval
& dfla dardedr &1
faera

MD feiRed Hfsd gRI
qaigAa ad arerdar |
qEdQUl Haed gRT SeTRd
EG 3mnRd Cu (8.20nm
JMPR) AR @ adg
gareal A fasfad e A3
deid, o A9eul @

YR & ©s AT & A1 G
gfg Bl ©| A cod9

| C/PDAGG ¥ SEM ufafaw

sefaefadt # gafgmfa afg
TR STeT & IgwY & | I8

SAUTE 3R THAIDT H SN & aTOrNIdmRT & forg
qIoTR @) F#Tae & (o 54) |

a1y IARVT gfg SR vt yars fageiyor

SR Ufthdg CNT iR =41 WRfed adg & U3
PR BY, BAR IY H el IR U URATSHT IR A8
faeras & AeTadT & g fhar a1 § | s
I SHIG Tebeilep DT YANT B BY BT Hege
|as fAfid dfer 9@ R $req AHegd faedH
fooar a7 R g9d ATU SARUT ATUN BT IEFIA
foar I dm wael digr dw WR g fAReT Aol
DI o1 H I UrT AT

s g faduw sk wfe
Jigarss fadus

T 3T URIATSHT H W UTgRIcgRI dh-ldl &l
JUANT BRI gU IS STAIAAT fderos, iRk |ftas
Jffearss faeod GaR fay v e v (i
55) TETAT ® :

Afed fdl S=Id dm™ 3faRvn

IFEANT & forw A1 TR &
fEomes & forg wamT fovam 1 Adar 21 g,
39 Aisd @ WA & A= Heedl &R 9RY
M & AT & g AHIwo Afed A9 a’al
% forg germ SQ | fayg dfEr AHee ardd
yfafshamiie 3R @Rd TRIeyTH §id 8Id & Safd
Y T R I & WD | N 2| S AiQl B
AT AT H ARSI & o8 gferell 8 @R
TADG AT AT MW ArAGAT & IR gafery o
JMERT ARe H AF—SRY & forg fava wR®
T 3G AT A, O MRT AHaRe ot
Cu-Ag 3TelTg AAIH0T BT e ot 8, W 398
I STUANTT # T YTl AT fART AIH
U H FAEEIST BT AU gY, BRI (HAT ST Hpal
2| IE I AR B AAIBON, T B AATH0N R
deT—Ndet 3Tt Adol &, Bl 3¢ I AReT0T
P AT STl A # e B BT ugha &
ERT §&IV0T & oy wRa g wecayul ugfodl &1

qyfar 81 UV-vis ®gT, XRD 3R HRTEM 3ega+
F Rer el & fhvee aRaer 3R Rer
ST @1 gfg @1 gite @ S B 1 SH IE W
TUTT T § fh FIur 991 kel ReR B, ok
I J8AR AU ATABAT U |

e} ufpar Irfiext &) X9 & gdareq
@ forg 98 dae

98 THe qrer Ufhar R & ¥ & gdre
P foIU 98 dhid B W Bl g 3R I8 9

TATE U T ARV F AT foIY WgH
RIS UG & TR

oIl & o s Sl iR doRdr W des ufshan
URMICRT BT T WNTd BT © | 9 S H Qe
TR @1 I SHET Hesid GMAW &1 RIS dXdh
FHORAT & T b A1 Gifcad a3l & Ford W 41
&I dfvsd fam T 7 |
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frs daifsia wlcidice®d Yool &1
YTl Yieiersy

firc UINid wIcdiced WOl &1 YARTHTeT
UIciersy  Uoell, Soll Ya=e_ ¥hb|  Wfed, @
HIIEI fhaT AT | BIeEeed Ul W STfSrddH
fag@ advr & forw U gfgas araemar ugfd
BT FANT fbdT AT 8| g UaRiS B A1 59
JUTTAl 1 AT REIRRT dRe Iz doid
@ ARIH W G forar T ¥ uRarfad gomel &
YA & IR dRIbT Bl SedIR GRUITHT & 7T

24V DC BUS

BATTERY STORAGE

DCDC
CONVERTER

1

ELECTRIC
VEHICLES

e fear Tar| aRemHl & g8 99 81 orar g 6
yTfad yomell AR SfafeRer wRi # fear ©
qravie Th ReR arScye fagd fSeflay o dehdl!
2| fire AT wiciaieed onforni—Yd AT Hiel
dlece YoTlell & foTy alex DC 3mseye fagd smyfd
P oY U TR drif=ae W faar fHar |

YAIITATAT YTelersy &1 Y¥drfdd dwyor

IR YO BT YARTYTeT H faerd fear
IR I o # <R T B | 5 FHUY & Hegd
P a1 vef ik wR Refadi & wrr wrifie

BOOST r
sl » 110V DC
DC-DC —
CONVERTIR LOAD

CONSUMER |
LOAD |

[
CONSIMER
LOAD

DC.DC PV MODULE

CONVERTER

wRafad faga & e |18 LVDC faga amyfid &1 argRien

AT B HeTH W, W fhar AT 2| o9 Yool

BY SOl g YoITell Afed PV YoIell &1 fasfrd

BT BRI AETeT YR 3R fae= § wRvreg gRad=i
& grer, ReR sraverr iR el ravenati gFl o
TR AT 2| I8 W © fb 98 &1 YA e
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NICEREEIG

gy & SR Bl 1363 Adad U gU, OFH & 491 U@l @1 foxig weraar & forg RawiRy &1 778 |

qrey fasiE, Uy s, A9 <aiaton iR Aval fasm difaager i e ok s Jifda) & &3 § =3

IRATSTTAT BT HSRI &1 T8 | HeTIdT U<l URATSISH &1 UHE @ioll &I ARIY I8l fear mar & —
OIcyq

2
L X4

X/
R4

K/
°e

X3

S

e

%

X/
£ %4

26 YRl SR 5 fhdl & 31 U_U TAl &
T I & GHTHROT IS &1 ggan &l T
IR ey fhar T |

g P yIRRfT @1, ufterdlt =1l # Arsdd
P 24.39 yfawd e Soft guld 21

FIRTH Al BRafe iR TghiaetraT
AT BT "D ol AR BT BiTaierd
aredl B T ST Yo & Ui oig FriEe
RS & foIQ ST fobar S e 2 |

T o AT g
deRfed e W 3Iftd Fag W & Bad
B B

Ufiplerse Taawlic S H BIie TRl e
IR AT & wreg | gHiar GaRTT®
fafecia RRURRET gonfadl &1 geaied iR
THRT |

WA § HHRAICH W R NcHfesd srad
fy Ty |

A IS DHaHe B qW FHY R g
fafdger & g &3 @1 127 Tsfe =N
gotTferat gufs TS |

Tfafed 3 sUd Asclendad YId &l
RIATTH IS §RT Jhg B & fordAd dae]
H el # g Aiforaged 9 9gdl gy slfadrsicd
afer gnf |

ay] fasm

X/
¢

*
L %4

s

IRT fH™ CanPl-7 & S & o0 @afaa
DI IR /AR & 9 goie arT
faafaa & & forg U o9 & w9 | T o
STRIT ST el ® |

afesifiad ok SIHIfed  gfiedior  gRi
Helicoverpa armigera # Azadirachtin @& @&
=YY { Ul el 7 & i dmat S AZA
IER R R B, sravg fae™s wemr | g9

gRumHT ¥ Wod fAear ® f& Azadirachtin
gRAuTel! @i ® O antifeedant 3iR faarT
H 9T ugar arel 7 © |

e Tfafr @ foU liposomes ¥ f3reedt
fHUTgdl BT Thdl, Ugell IR HARAT URoid!
AT BIRuRd & oy AF@Iga fd
SRR 1

EEIICEE RIS

R/
°

RIS el dier A4e Sifdd wu |
GG S @ g | il dad aRieTor
& forq srftrepa wrfafafdr e €1

St renfirer i ity fagm=

R/
L X4

AT AR WOt S. chinensis @ foru faswfyd
fear &R A= srawal # S Am
feiferen el 1 HISET @ T U< g |

a—Al, ithania somnifera ¥ TI& dic AR
Fesroidra amylases @ forg €1 fafse 9@ 19
3R 7 f w9 AR & forg ufferst g &Y 7% |
Apigenin (PPAR-y TWifA%<e) &R eplerenone
(fremT Pi3K / Akt e 1) ST fava gea
GRETHAD AULAT BT AT AT & |

NCES &1 3MMhR 3R FoideRe e Shif=iT #
SIET ST IMPDH-I| 31aRIE® & SMeR 0R &l
NCES 3R W&ol yfhurell Hiforagal &1 ugar
@ T |

Wi Ref # Sraaferar d_Ter & st g
T 5 Ufayd B, JIf YT HaEE # ST
87 Ufawd & R # ez o o | faerd
el & 9fESiia STuANT el & 3ROl
3R YT & fIarT ®T yvifad et 2|
Temozolomide V& mitomycin 3, YM-121,
quercetin, ifeTd a7d, Genistein, Apigenin
e & wU H g dAR ARl gar &1 gorr
# 39 fagr oik At smarRa g # Ha 1fd®
I IS P STV fddRS Toic & 9 H
T AT 3R gD S Bl TS |
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AifrRger shafas=

% GA ¥deqiidd dwarfing SiH &1 Afferager
HARA: S,/ QTL e &1 g @l i
BT BT I, coleoptile wars iR STl &
fAPHT HHd RIUAT & SeT0] 1 Mgafva &l
|9 H AeS BRI |

% guy aRer fafdear ik Rugid gug &
AfferRger ST @1 Pandanus  wemfodl -
2-Nonen-1-ol (#I3T AT, g & TRE ARG
IR BIcleRIe Jiedied (qW ) THE G
arsqeiet € |

% fiwed &k At & forn Ewifta sifde -
FRAYIRT R 2| wAreHdr iR ifmeddr snfe
R fewofi HRAT STeadrol Bl |

& TURENE  IARD  ATghIG  HifeldgerR

JAAALTOT BT e Y& by Y |

& Sifaan

% onfhferds JFRaT I WIS & ITe © Jud
9 ¥ goliftbferd faafira fsar a1 (3-4 M NaCl
D1 SURT # gig ~20 ufiwd) ol T aoiep
1 PR B, ofb e & forw s—10 fom &1
NMTIHAT B B |

S g D BAA H @I 3R AqUT IV HeIRL]
6 I & FHIAT Hied BT [JhrR: i
THE 3R T ARW] A o 33! A ©

Siseygc faufie adia @ yarefia six
ERCHIRCIRIU]

S fTRS ol & U iR Seldgiid
0T GaN:Bi IR GaAs:Bi WI@Rd UGN ddh-Idh
3R Terahertz WIS RBTYT TH-D] BT STANT HRD
g fhar Tar| GaAs:Bi # UHTER ®BIFIN &
AT @8R, AT BIHI AR H GaAs:Bi
B WIART ORI Bl SUAN R g T

T gfg 3 T

arfof fearfafsr v «féra AR wirsar
9d do
fohT fharfafy W oferg oo oA 9ues JF

Irot fhT U BUI & U AR Sifeed WIoHT gl
& Aifegd A &7 ega fear T 2| 9g
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difd 31ffp <Taor d=rg | W1 <=TI=d} BT S—Id
7= H, Oy ®U W ATsSIhRA 3R IAA BT
e fhar o 9 |

% §®O TABP cyanobacteria RT fa®RT
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tenue gN1 fIom 3R fafds Sdcd @
gedHiaRvl far T iR SHe 9 o
WMHIge Gol fhal 137 |

% HB Uoic] gouadl AR aRRS STl W)
T Sig TSI § IR : BHEBIBRACEH
ahTse JeTgAl W grd fhar mar © 6 yg
RTV &1 oI % TSI 99 SUaerdl # gfg @
gfte T8 |

% SPRIqhcHA AR Bl TINBCH AIHIS e

T MRed I A= B @I a1 T

% M86 Td & QX SHM A e | fawar rar
o 3R eI qRieror 9 fesrms+ & fory s
T 1T B | 77T gehH ST Sl O & Usel
ST @1 gl # Sl 98- g 8 & |

% ggoilvy  WicREN  (TASIR)  Pseudomonas
aeruginosa @ golial @ foly SiETORS &1
JIIIART BT e T =T |

% P-aeruginosa 3diad metallo B lactamase
P fder fear T ed dEnifies &
carbapenem g UfeRIY o 1|

45] IMVTd 3T Afde fasma

=TS A dagdl Hedgl, ponderomotive 3iR
WTd pondermotive nonlinearities @ I U®
T H U Seldeid AR T O bl JHD
fafeseor B fawor W frfvar o fbar o ¥ 1 s
3T, ery_ ug H quiar ® b selag=—amae
gAIIST STl R 3Afdd dfad 8T 2 3R gafay
U GRI I oA H g1 AT H Sl S
# Anre fawrdr 2

YU ooR gRT URT oia Ao &1 yarefia
Rafa

O WIECol W YU ook gRT IRT i@ ofoR B
JHTE RafeiT U0 ook e gRT erevd o
A7 | lamda & @) AT St FHIY yorel 9
qaT dfdl & b Ud I S-TcHd Wy f$u @t
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ST 2| S3MSET & Havd @ SU UIPad Nl B
TISTE BT T f1RIF0T 71 flhad<l amgfiy R 50MHz
TGN T 2| A AT ofoR 4| @1 |8 R
BN WP & E9UU B A1 §8 A ga
oY) §IY <% MU | &F P Uk A glg b A
soggrEfedmell URT Sy R ok gamset
DI Yh A UR A AT AT ARG @7 14T |

NiTiSMA &1 udell fheqt &1 A@ATHD,
faera sy At oI &1 IgHa

A fafdRor gRT NiTISMA &1 udell fhed @l
ey farar T | A QroHE ok det araEE H
qifdTarse iR IARSATse RO § TAUHY & 1T
1 3R ST ol MA@t fhanfafey &1 rawor
o a7 | Ffde ¥ IEEgd # SR JERIgd |
AIfdetTe =RT H [T, 1x10'231Ma-/cm?2 gHTg
R I iR RfSuRe et # <@ T, R
SR Y9 HARN] AR STGITd YT 7 |

I FHAT Bl §X A D fo¢ D
a9 Igod dD-ID

Uh a9 Sgold ddbAld B AP Sl Hedar
siaRer Haedl STel o @ forg ofdfRer Agsiaa
gl (ATHd) W SAME WHET Bl qX BT
fFar T UE o SrTIE W SmrA HHur &
R A D U UF 9 Igold ddbeld WD
Aot qoe AERE @ UE R BT AeHdT
% ARSI ARG UPpia & Rgid &1 ST
PR Y AT TR AT | WY Tbeits CMBPol,
EESISSKICIRC IS E IR RIS ECA I INES S ICRILY
g, WMAP 3R <ie &1 Jal § ®15] o9 Agad
&g+ gl |

oA @Rl (sfisswy) wial &)
AT ¥ 4 @ fIg STl oTelT ugfaal
IR qeried ugfa &1 fasra

3T 37T TRIBT AR TANNEH HIAAT [HcaThyol
T (STeeey) & AT iR 3iaRer Argsaa yo4fH
% IR FARREl iR A= geR &1 Twarayig
WAl (STiesey) Al &I &rd | Sfd & oy 37erTT
3T Ygfodl 3R T9Herd ugfa &1 e faar
S SfaRely ATgehldd gy Recarpyuiig axl
(Cresy) 4l iR IR 99 el & qeqdr 4
SE PR Ao | S =T Ve fwel &1 ysieror
PRDb AT §AD  STAEl, BT  FHRRATD
U & GG RS B IS Bl & | hless
TSI STeT A U<l TROTH Hless SIeT | U
ORoTE} F el Wifd A B | MBI H
TEl ERT I~ & T8 [ CIDIRSH [HcATHY]
gfth TR BT AN RN AT 8 | I§ <l AT §
o AiefelT MRT To@rpyor T BT Toh A
Aid 37T fasa, St Arsfel fea @l & forg wa
SferdT @It ®I IRT &RaT &, 4 39 oke & Wi gl
o goqf fRwE ¢ 9l 7|

3[& 3R Yasll PAHs & &4 3R sdagifid
AhHYT BT FIVHATHD JA

g @R Udgsll PAHs & @ud 3R soldgie
TAHAT B AOEHS I T BIATHD
RIgld &7 WA &R fbar 7 difds gerdeli—ie
ol @1 faferrail el wae S Web | Sl hasel
s @uwd) Sgifte dared § s
Hecaqul SUDHRYN YHIOMT B AP & YA PbRell ©
R HUHT WIFST DI T B B fol¢ ATID wY
I SWETA fhar AT B | SITUIGhAl H IMEUATH H
O HeI — AR &IVl & T DRI & wY H
TYIMCS YIYUE &7 IR fhar 2 |
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5. 3%d YrAfAedl & A=A d SE

CARGICIC ]

I8 PRIHH Iod URIAedr & &, 5 ds iR giaemsil &1 wemae &r1 1 wiAd 8, |
A BT & oy FRefiae avar 2 | Frfigd aRareel @ $o fdavor = g 71w 2

AERYd iR uyw fagm=l @ forg
AT IS giden

SR 37 o e & forg v wen~is
e T &1 T8 S <V H el Gl & faerd
AR Uged H FHRAMS AT S IGIANT DI
fg o & fog wnfid o 7€ | 59 aRasEr @

SERIESRINEISIGEINEE

% IfEERTT AP H wE e giaan
AT AR ® U MR WagHIex (IRMS)
S D/H, 180/®0, '5N/“N, 3C/'2C, 3S/%2S
® fau gged gar g1 N PEeue—uR
Aagrier (GC-MS) &1 yarT faver ik iR
fatel geo — PrafTdl o4 PAH, dream anfe
DI 199 & forg fhar Srar 2 | 3 s reTs
(IC) &1 WA uafaRell Tl § 93 omad 3iR
URYYT eTgRlt B Ao @ fog fmar S 2
Ted gl SHIH Agad (HPGe) &1 YANT
ygfafdfes Tl § AT IHoId ARGl Bl
qga dx T feharfierar Arae & forg fasan
SITAT €1 STehT WIgRGIUT YoTell &1 UANT
JTTPHT IASID  FHRATDGT BT Tl o 3MR
foramfrerar wigor Amoe & forg fear S 2
TRl ASEIS BT IATEH PR B (oY Y TR
ArsereE o= fAfrs JRTYTerell § s
& fore v o Sar 2

% 9Rd & A= 9l @, dafle Al |
Aelge e IR Braffad ®1 e,
SR Y §ICIT JATh CaHlaioll — FHoer,
YT SXCICYE 3T TaTeToll — AR, I
$EICYe 3% SaTdrol — difeidhe, STaTeR
AT Ew caaioihe garicl — gavmarg
afrd g URideere JAaRiS — dawEc,
ﬁﬁ?ﬂ’é IFAafRier — fogaw, g qﬁaﬁ%‘f
— drger, AR &ifs avd— foeadyRA,
MES ®iersl — Ur=T1, @&<al, CWRDM 1TSS
dfed AHRenf® BgSIaoll IR B IddIod
UfYEOT UIGIhH STRddl AR eHar fHfor w®
SRS by 7Y |

gRergdr AR e iy 7l o=
IR & A & Aedd 3 BN IATEDHA 9611 D
a1 3R AReT0T B B WA I & forg, g
H aRYgar 3R AReV Y AGR e wenfud
fopar T |

S b 7, WRd H @ i R # HioEr
AT BT WA & Iy 3 I=1d KN SULHRI B
e fovar | 8 9l & 97 SURART gRT W0l Hee
IATE @b i Hedl #1 Garg, gars /R,
JFAR—HN vaTel, IMAe sruan, R &k
PeTs $ forv aasrs W wETeHl & THT BRISE
D R BA & | 39 b= gRI [Aead drenfifear
@ uferari arforsifievor gaR & -

&= ufts &1 aRyE Mgt

T 9 dfth @1 uRYg dia—Rued faeiyd fdhar
T B, S My afesdl @ dioRmor iR HRd
I Ughodl & foy Suge © (R 57) | faeiid
B TS Tg drenfrer fFrefalRad @1 faRka @t 718 -
) A URESIT gSE, R

i) A Aol Yerursfa, ferRrer

i) ¥ gufod dueR segdic L fol foRR

faa 57 | = dft @1 aRyg de—uw

fasm= 3R sShif~=d sgaa= 9




Iod YIIfedr @ &3 § JqEE BT A IHRoT -

= ufp &1 Ifax ufp A By

N Ut @7 3fax Ufth e decidexr BT 3545 hp
eaex DI NS BT faer far | faalia & 18
grenfiel 794 7eR Rig 925 e 69, JOm o
I ISUART & forg ofaRa &1 18 (R 58)

RE58 @ R @ sioe R Wed Fedie

R arggas &1 fawr fear i 2 (RF 59) |
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sl ¥l & =
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fra59

gaqciefed Tvd

N uar & fou e selagefed Aad &
o fpar T 2| BEe gRem & forg dgaH 8k
If frmrdt e I\EtE gy 7| qnf,
TSR & AT H TAT AN B BRI, DI
BT YA SAfada) T ¥ fhar o v@ ' o
g TR 3R TATERYT YUTTell R FHUHTa U$ I8l
2| IY-HERIfad solagRefled Aad, fosaa &

fdg®d IR &= €, Sl WARFIT wU 4 fsadE
B I fdgdl B A1 H 100 AT A AfAD

BIC B 2| ¥ BIc-BIe figed ueu faam # &g
T @1 arg TRl | TERTE O O & | TR,
gesifld M IR-SodeRefe®, aHl [Osdm
Y3 B eI H, SHE SECr 2—3 S T8 dP
T B 21 9% faefad denfre aus seagw
g (1 e0) |

fa= 60 TH gAdgRSed Aot

golfdgd ared 4 UANT & fog farfdrasm
— Mg 4l &1 A

X URAGHT & U9 e & —

% TS solagre AMRAN BT SRIAA BRd §U
IR — e S & fAToT & forg U fires wa=
Jraem iR YRl &1 RTUET - |

% TP /8 goldels M IR B 3R S
Jart / JeRal &1 fomfr s & fow urfie
@ giaer § wagd w9 B fou weW
ey fAefid &= |

39 URASHT & Fdifa fbu v sraf § solagrs!
Peil (0.5 3R 30 ufwd IRYA) &1 fawrT wfia
BT TheITdeh G fbar T | Terangd) el /
JeRal & fElr & foau gfsaer Suever a1 IR
madrhd el § Rerd fhar w1 3R Aherdgdd
Y[RRIMA B TS | TRT AR IR+, eagls FHir o=,
HisR, IRA, AT HRA, Soldeiarse e
R AT FA & IR H ed WIETT fHy Y,
arfes gfshar &1 gedHiaRvT faar o1 9 3R derR
TAT TS & dARI IR FHH HIes & A (~ 150
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m TEY TR% ¥ IlfUd) selagrsl b1 fmir fean
ST 9@ | 39@ IR 5Ah Asfifdsied dd ®
foIT soldels SR fAeHeR Ml & IRFIeRl &f
SEHIHRY, dEfST, 29 fSoied, saldeiase A,
JregTie dfeeT, ofor AfeeT IR FHIRST &I q=1
PR foramr A1 ARCI 51 U 09, &H AR B
R AT wom W ursRIfafi (FSP)  wfshan
&1 faer fear 8, aifds & UAM & LiFePO,
BT AT fHAT ST | | TN ®R W Bl
ferga &1 fegrssyy Ferifad UiferRIgorys Ufhar
ERT UK &R forT 71 8, a1fh Selagi~e Farerddl
P g O AP | URMEG SoldeibHbd R
H g8 gena fgr € fb e fwres @ g
AT 3R C—a% & w9 # d1foiiad LTO & & ST
e

SN A GHA™ Hed dAasd (sT) fas
TIBISeR TSR

DA s &R Wenfay fawfdere (CUSAT)
205 MHz flhaeiRil R FelTy ST I8 1dd IR 3iR
o wU ¥ el FHag dsd — &rHsd (ST)
SR BT & & 3ff<H =RUT § 8| Ig IS 349
Rl TR T S
qren fas w1 ugen
JER 2| I8 DI &
Ted R R e
AT @ favwarai
BN AT IFRA D
forg  urifde  gHe
G & de I W)
ygar fds UwgerR
IER W1 B | 39 TSR
| IeT A !
R AIT B AU
AT ST | I8 TSR

CUSAT & 3faid
[~ qrHS AT

RARIATG fd€ UpgeRk SR 50 MHz, 400 MHz
Tqm 1000 MHz W Fag S 8 qfl, &=
SR, ST 205 MHz (ST St iR e stsaiiReT
3 forv fody w9 & amdfed o) W gemm
BT 8, 39 WERNT WSRI 9 AP d™MaRI B |
qE Adl 9 eafe, SN fefded Iear dikAd
&g 50-1000 MHz @ flbaa=fl &1 # Tely St %=
SR & foly U& #e@yel usg 21 50 MHz SR
@I gl H, 205 MHz TSR H1R¥6 e gRT B4
UHIfdd BT €, SR gAfery s\e HIGl bl e
Jfdh d8R BF B ARG © | 39 Iifaf<h, I8
S1d 3T & fb UHF ¥ § S R I8 TSR, a9
M @ Rfd # dqw g & Safes 0 &l &
205 MHz & flhaadRil & SR W U919 -Te} sl |
aqR<Id H, feifed ey, AT I9TEawRdr, UweAT BT
UcIeT 3B, JEAR AT FHI TIT IMfHe Bl
TE Hare, fAvydar 59 Sfdied Saus $ars 15
foretrier & 3T ST |l 81, & %9 § 50 3iR 400
MHz & dra &1 dures g ® (R 61) |

ST TSR STET P WRFRNT AT & 1T T

TSR fds Uhiged &1 defioxoT dAe—vefad GPS

RUSIREIECES b1 5 o
(ACARR) @ gR¥R #

- ST WSR BT 619 UferHe T=EHT d=er

enfid fear T ¥
619 T d@ "ARN—IST TreAT dTel SR, 315 HieX
¥ 20 fHeriey ¥ agHed &1 o H1 § qeH
2| UICIeRY TSR & ddH-al UgEq SR ARME
o IR AT dge Sl § ydId
HR1¢ 7Y | fafe= qatafdie sraxenel & dgq asnie
QAT BT BRI WA W R

fis A @1 WA B fear T B, R SR
@ X | o fhar T § | TSR fdT g, 315
Hrex ¥ 20 fhalier &) s Vo & v MITdre
fie wmal & A1 S wU W AR | SR
1 A A= i by U Arel # werferd fear

fasm= IR sShif~=d sgaa=E 9
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AT g8 | eFrS Al F oA a1 T (R 62) |

AIe IR R ST ISR waifaa faffdfedi & sgar
21 DBS #Is # 205 MHz WSR &1 fiel &1 T
ATE 350 Hiex ¥ 21.00 fheifier T <l 2|
SAM #HIs WIfTe g1 W ). <4, S fasgemes
T Sl U, Ul & ANfeYA ¥ SFRd, 2016 H
AITHS YL BT YK T | TSR ST Bl

JerT 8T8 YEIegye GPS fSAie ofifei T &1 v
ERT &1 ST <&l 2 |

IquANT - fFr=afaRed & srewes 7 ST SR &

FHEI—KR Bl IS, TEI—YHeR0T, HFG Al |
A ey uRad |
B, UleT ATV, Bl URTAR, BTSS —Solds el fquret] IedTed |

qiffe Raid  2015-16

faftre afwal &1 <ikr

HEE Sf. dl. &, URwEd, ged Afd i,
ARA WSR 7 8 A4 2016 Pl CUSAT # ST
MR ®7% BT T far | CUSAT # ST JIeR gfae
T &1 | & oy, Sf. ARwEd 7 ISR s § AR
Soll FIF AT B & folg MNRE, WRA WR&R A
TG PR Pl GeId (3T | I8, TgR SIeT HSRT,
IRIHe HiefolT sregddl, WM™ &F gargHd
anfe & forg ST ER &7 Bl Ioa e HFIYR
gorTell & oy g Ueifiasl #37e, IR WRaR
& AT I b IR UK B BT A1 gea e
Sl 9REd | g 6 e = H v d ST
TSR BT fSoigd, AT dxemu=r iR udefor fhar
ST g1 &, 31 I8 Q¥ & ol HMMT @l 91d & 3iR
5 W AR $ AP 39 3SAT SRADH & 3fcid
R fodar smom (R 63) |

. wA oied, w|fga, gedl famm HETem,
YRA PR, UL TE  AAHVME, IMSYATHY
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for= 63

S NP, IR, T, Iy AT BT # ST WreR aRIASHT <1 & 1T

fafe  dofe, o @@ @ (MST TR
gfaen, fowuld & WReUe Foyd) iR Sl S
fasgred (ISTRAC & 9dud Few®) 5 &= &1
SRT fhar (R 64) |

S-idrel ' ARIES ST ISR (ASTRAD)

Td @ & dRM, ARIES ST WSR (ASTRAD)
IRATSHT H U W A & wu d 73 SR

RIETal ufshaor (DSP) uomefl iR IR =&
(RC) @1 IO 3R 3RITS BT BRI AT =7 |
3P U] B dIao[E Yd YOMell TN e
U |8l PR U7 J@ IR TG FAadl b BRI
ASTRAD @ g%elTd # faer =1 &1 2| 7€ DSP

qullell ARG &R & Usaq, SR B e
ARIES & w:fl @™ (GC) gRT w1fdd U ared
afafa 7 well—wifay wRieor fsar ar (28 A 2015

fa= 64

. TH. TF. e, B dfed, gedl g #31e, 9RT AReR, 08 WRaN 2016 B HE b IR W
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JuTell 9§ T S STeT &1 defd SIel &1 gasll &
AT HY A & oy IRIa] | ST BT rasgdhal
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3R 1T B @& folg U dabeiant FHier |fif
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: i el gRT g Solfriad iR a9 wifva el (@rem) wideror

1 TS | 39 AT & IS SAMEER, s NARL
TeTH ¥ g Y| Ffu, AT 7 ASTRAD @1
FESITET IR &R 3R FRATUAT IR § Blg T
wHEC Bl Uy, W] 39 UMl & BRI fAre
IR HIgdIear § GUR B D g gorell & ol
fESre # oo A9 o &1 gena fear | afafy 3
CUSAT, &= 4 ASTRAD giifie uiftd dAfsga
(TRM) @ S &R @1 AT SIRGR RABIRY 1, d1fds
gD HI TG & S B ST W 3R AoIgd
dex g @ Al & Wv A gfter o gie
DS FD | A WA fHu 7y iR gRemEi & g7
g g% & U= & o § ASTRAD TRM &1 &g
ANTET 81 2 3R TRM &1 ffeT & W FhR
TAT| I URem TRC &1 O 8% (2—4 HRaw],

2016) ¥ U fHY Y |

ASTRAD # U& Iagf& ESD Wwold (form
66) @I IATTAT BT T dlfs RF SUBRIT 3R
gfthal, R sotagl wfew fewarsi (ESD) @t
af BRfl 8, & 1T ARINTA IRV 3R A
TfAfafrl B R g9 O Wh | SR W T
fde srer o 9y g9 & forg, fFafid emar w
doF g fear war| fard @ ave, 59 Ay o
fafr= SoNfeY @fael & oma faenffar =
YUITell &7 YT &R$ URASHT R Hrf fHar qon
Jed 3T AU USRI BT gRIATS R gy fds
WHISeR TSR 3R RF Afhe Iy & gare
& 91T gRfIa gu |
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Dbl fawafdemea § TSR glawmail
@ I Y—AIfaP) ddgd I sicdea
U SU—IW Hfeqdefla TRYr &5

AT Hed &M Heel (TS ISR @ gfaermait
BT TANT IWHfead & e W Red diadrr &
Tl UR AT Heaaue, [Racd A, e /
el TR SR S Heel E IR F & @
fFafadmel R d9 e e & & forg fasn
SITQT | YRTfad TSR H e 3—20 fhatiiier |
HH qIgHSd SR AR Heeld E R F &5
SfmfAamsll @1 S BT 1 e 2Rl | SR |

el 3G H 9 gcd—udd, Sder Wagd fasy
IR 7= argeied H qAT 3 Healy i rafiaarsii
P f$Te 97 3R 98 Wex R sl grfi | 450
Ul &1 3l H Ud Sl 9edh 2 fdhaiare
faSTell @ U 1T giTHIex gRT UIfvd g1, difds
TSR BT GEAT 919 TRIRT &\ar § e 81T |
TSR &1 Jarer fohadd) siad fasTell Sare @ 108
W.m2df2d T 50 MHz 8rfi| WPC 4, ST
JER & oy 52-54 MHz &1 fibaa™il ds smefea
B DI ARG DI Il & © | $9b AT B, Pl
P TH AT IATATST AT IS JUATS R Dl
T & g, R 91 # Fetn Sireen |
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6. 9Ne ®riHg

fas @ &= # Acdfbd, e UeM SR Gey Iifard gia & g8 dvensh, faur siR
ATl & 99 faf= gpR &1 9rfietRal & aegw I fhar o Aol & | 91 7 WTE TER6R0T

ST HATAT & T, STD] STH 3R fAHTH ThIH B T & ol awerr &l g | ars A
HAR 3R I Hefra #37erd & Tt 9 dd <R fafewor § H&fa s g% 6y 2

Pl 3RUSSI IDhIA

GTel JEWHRY] IR A (THINUHUIRTE) bl
ARTSS! WHIH IATE 3R Ufshar fasrd, SgHRol
P fooirsT IR Ao, S=d YR, 3% s®
R ISR anfe & foru wWrer wRivdRvr e &
&3 @ RSS! BRI Bl YR B 3R AT B G
P B fort WRBRY iR ol T &= a1 fafa=
verat, oI fREfd direHl iR ArFIar e
IRYSE! WARTRITARIT P ST AJaH & v H
forT AETIAT YoM &Ral ©

X O BT Y, ST e, OTa, SYHTHT
JRe, S WReY AR AR W &M dfad b
HEHIHRYT, IoTh AfAGHD, Dordfedl, dledrers
Rl oMt & ®U H WE UERDRU ST Bl
3ifer IcuTE /IRUSS! B & sy /uRomAl ¥
arifead BT R |

% I Aaer, dgeR Rl IR Aagd Bl
3 e arel goderiHfed fafdhvor W argwH
g% By O W 2| 39 EdH & faita Alasd
TRl 3R Bevel ¥ fdee arell sodeile®

fafaon &1 Sfraw (A9a, oha 3raadl, g=afa 3k

6.1] JTT UIBUT JeoT FATTT (THINUHUIIS)

Y & IR, Y URATSTT YAl BT JRTHT DA
T T off &/ PR Al 5 RIS
PO B T wRd d forw 5 faRg
Afffat /Tie 5@ AT &Y TS | T 66 Y
AT yEl W fER far @, R | 22
YATAl BT 9.5 FRIS Bl R AR 58 SRIRG @
HEIT U B g | FHdb URAGHG 8 : Sibhe
T e 99 e & oy waa drenfifdar o
D LI Jeg BT oI HRAT qAT ST e
TSH AT TTHITT feravell &I 98 & foy IHHT
gfshaor A, fhal & folt aoRT Sded AR
Sl FETIdT W YT BIw F qod Faftid Ieral
% faer &1 drenfifedd, esrss T YR oD
T B UM | DA S BT B gga
BT AT |

62| AT crar fafpor BRipH

fafexor @ eiftRe &1 <am @ forw == affws
JATDI BT fdpN, AodwE Rdd WX & a9
3MTHST fATATOT BT SHHTA BRI gY SelagiiCd
fafRor &1 FRIBR IIFAT,; AaTgel IUHRBIAT
BT VT YUl TR Soide] Aifed Widadl fafhvor
(STHTH) BT UWTG, AEGISA BIF SR era” fafewor

=T ST TAT YATIRVN) b AT THTE TR TRUSS)
gRITSERN &1 i faar T |

i o B arel &3 € ¢ dd eraR fafdw,
fafewor & Amal # dgAe afy iR gveRr @
3, agfa fagr, fharere Sia Tarfs iR

FITRIAD R HT—URC—3TAUH [AfHR0T, STHIH

fasm= 3R sShif~=8 sgaa= 9

HO9 T SIfde Aede; b iR HEH IRMeR)
R SUHUG UGAUIoR & wrd, Rrad @Rren #
SIdSTT ATSHIFDIUT BT Wh=T 3R URYUT gRT
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S osmfad ® | degaR, faxi ¥ 2015—-16 &
e e IR BT Y 3R oar wifeard fy g |
Y o UG € IR 3% 39 Ruid # Herwd fbar
TR

_
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foRa af 2015—16 & SRM, TRE ARSIRATS 3MMIEH
g g1 ST 9 Q1 I Aiduie uifdeRel |
3FART B TR UTa T o iR 7IRE WY AR W e
BU U | Wl TRE ATdad] Pl JUER ol SUAE
PN TS | 9§ & SR AT T 3MAET UK gl 3iR
BT IR D Bl Wl AT AT | IRE AMIGDHT
W YD b ®Y H T120/— B AR (@adt b 4l

aiftfe Rard

2015-16

AT BN YGRS, 2005 (IRS3MS)

99 ) THIT gU| Th IMdcd A 310/ — &
iR Yoob T &l g ISP ATdad T B
@1 A BT AT | I D B BIAT < B forg
3218 /— ($dc 3T ¥l JABRE ®UY) BT AfIRD Yo
A1 THf3T garm | 9y 2015—16 BI faATE wWTRer Rard
IR aiffe RdE N wemafre H@arew, fagm &k
OreNfra! 9T &1 9ol 7% |
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RGEICE!
31.03.2016 & TR fr gt &
I are], I a4
i / gofira Py sk Saamg | '
NEPPASIRNEEIE] ST 1 478,092,874.45| 211,885,993.33
STRIETT 3R ey SR 2 i -
fafde / aviva Fifrt S 3% e 3w | 42,800,721.00|  5,542,025.00
GRIAT 0T AT UR SR 4 i -
SITRIENT FE0T AT SER RN 5 - -
SIRSINCESICCURILY T 6 - -
], TIATY TAT YT ST 7 37,555,459.00| 35,169,493.00
Bl 558,449,054.45| 252,597,511.33
gReFfe
g aRgAfcat (Fae) T 8 27,496,749.00| 25,802,985.00
ey — ffde /g el & STRTAT 9 i -
ey — o= TR 10 - -
Te], uiRwrrIfeTar, ST, M anfe R 11 530,952,305.45| 226,794,526.33
fafaer =
(@ec @I # 7 STl Y 3fera
wEEINTT 9 6y I9 &1 A d6)
EX3) 558,449,054.45| 252,597,511.33
HEdYuT oikdm it I 26
MRS TAATG AR o fewfor TN 27

For Science and Engineering Research Board

Date : 20.06.2006
Place : New Delhi
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MY 3R I oIl
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31.03.2016 &I GHT a8 & foIg

¥ wgAr 7
RN ITe], I Ta a5
I
[EEQVASEISIRGRCIR] ST 12 = -
e /3l T STAT 13 6,585,781,760.00| 5,335,997,984.00
e /AT AT 14 - =
[REEIIGES IR ST 15 i -
IS, g1 offe I 3 SR 16 - -
SISCECI] ST 17 71,353,502.93 54,172,814.60
Keicin) STTAT 18 12,524,528.00 6,330.00
IR AT GfBAT a¥gell & id H gfg / (HH) SR 19 5 -
s (@) 6,669,659,790.93| 5,390,177,128.60
g

RUAT I T 20 40,914,100.00 23,939,814.00
I UNNS I ST 21 71,297,202.62 66,033,454.00
e, fde Hgm™ar fe W @ arg 22 | 6,351,887,862.00| 5,418,642,441.00
BN STl 23 T -
TouErd (vt ¥ fraer =) T 8 12,522,354.00|  11,150,005.00
Sirs (@) 6,476,621,518.62| 5,519,765,714.00
I AT M (F—) (@fiers ik frdiE ¥ o) 193,038,272.31 -
T W St @ (d—w) (didiers ik didE [ gd) -| (129,588,585.40)
sraftr qd ama SR 24 72,497,940.81 47,747,911.95
Jafy qd =3 I 25 1,025,218.00 2,368,003.00
Y W ARG A (F—@) (e R TqE & 913) 264,510,995.12 =
MY ¥ AP T (F—@) ([@diensg MR qiE & 91%) -] (84,208,676.45)
oy = # SfAR0T (IS BT Ioord I E )
AR GO H /| FANT - -
T/ golra R # o e e SRy (@) BT awr 264,510,995.12| (84,208,676.45)

Hewaqul i1 iferar IR 26

MM RHAS IIA] qAT ot fewfdrat AT 27

1], 9§ — I RN TSR §RT UTKT 26,600,000,000 &1 el AJITT WEIAT § & W TS 214,218,240 &1 WIS uRGARRN (T TeImg
IRERMT T 1 H AIR) B TerHx i 2

T T — I§ IRT THAZSRAT §RT WIS 5,350,000,000 BT Hl T FEMAAT H A WY TS 314,002,016 BT W5 IRTARMAT (7 I8
yREFafRmAT g 1 # ofalRa) &1 g gl 2|

For RAG & ASSOCIATES,

Charfered Accou

For Science and Engineering Research Board

Mo olia Jren
Direchar-Finance
SERB

M, N0 059757

Date : 20.06.2016
Place : Naw Delhi
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31.03.2016 &I GHT 98 & foIg

IR wuAT H

JqgA 1 — 9y / gohra ffer

faazor
Ty & YR ¥ gHrar gay Ay

geTg: foxig 2013—14 & U9 Us & U9 A1
IHIIT R U U e @1 wwifeg ufafe

e faxig 2013—14 & TF Us & w9 &
THRT R AU 7T 1ol &1 Guiftd ufafte

12"
Yerrs uRHRT famt faxi av 2015—16

SIS / (Ee19) © 3y 3R I ofal o
JJIRT Maa M/ (@) T 9HhrET

ayfa & @ar fafSr 9emrr (@)

a¥ @ g # 9o auy A (kend aRufoa)
SIS: T/ gotra Ry (zeng uReufrn) # siwer
o< o 2014—15

o<t o 2015—16

TH—12*

foia a9 2015—16 & foly SMRAfd o Jrga™

Torrs gRewafr faat fa<ia a9 2015—16

Sire : foxim a¥ 2013—14 # WRIT MU A-SF AT D)
A9 wfafte o orge™ = # forar mar @

ayfad # 997 (T yREuRmEn) semrr (@)
hy Y Ay (kg uREufrar) &1 sis: (@)+H(@)

Sed@ — IATYA! 26 — HeAYUl oGP Al H A< 4. 10

EIGECL
160,926,265.33

25,156,743.00
2,122.00

264,510,995.12

450,596,125.45
50,959,728.00

14,218,240.00
(25,156,743.00)
(12,522,354.00)

(2,122.00)

27,496,749.00
478,092,874.45

Td a9
247,247,393.78

(1,441,893.00)

(670,559.00)

(84,208,676.45)

160,926,265.33
33,019,494.00

14,002,016.00

3,938,218.00

50,959,728.00
211,885,993.33
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31.03.2016 & GHI a8 & foIu

ITA 2 — ARMEG dur IfeRly

faa=or EIGECL T ad

1. Yollird 999 :
fUoe oRam & SIER - -
Y B TR gl - -
HeT : Y & QR Bl - -
2. YT ATHA €AY -
fUoe oRaT & SIAR - -
Y B TR gig - -
HeT : Y & QR Bl - -
3. fagiy w93 -
fUoe oRal & SIAR - -
Y B TR gl - -
HeT : Y & QR Bl - =

4. MY 9499 -

fUoe oRam & SIER - -
¥ B IRM ghg . 3
HCT : Y & QR Bl - -
B

(VSRS

/ )

ot = ) J

AN A=)

N

qiftfe Raid  2015-16
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31.03.2016 &I GHTW 98 & foIg

ITYA 3% — Ffds /o At gagwdisns

faaor
®) et &1 s1er Ty
w) At ¥ 3fg
1) T/ g
FETIAT AT (THUHRSATS A1)
BT SFTET (THUHUIATE—37)
ii) Ffral @ fopg g frgei @ ama
iii) s gy
T IHIT U THESIARAT H 3T
TT a9 & e W A fa<ia 9§ 2012—13 (R 1 3R 1)
T a9 & e W A fa<ia a8 2013—14 (Y 2 iR 2%)
T 9Y b Igar A 9ol faxig 9y 2014—15 (e 3 3R 3P)
o (P+9)
) It @ dst @ fag suaEhT /ww
1) goiTa =g
coré SRR
o gt
AT AT (THUHUSE—GollTTer) (STgerTh—4 3R 4)
ii) YToRa Fg
I, ASIGY! AT Al IS
[Eapif
SEICLIKIE CleIp|
HEIAT e (TIUhUIaE—aHT) (TgeTh—5 MR 5P)
&a ()
ayfd W fAad Ay (F+@—)

—

qre], a9
3,700,091.00

61,823,508.00

253,879.00
135,393.00
127,693.00
171,399.00
66,211,963.00

38,833,251.00

18,753,036.00
57,586,287.00
8,625,676.00

< wuEt 7

Td s

53,500,000.00

326,646.00

53,826,646.00

29,030,099.00

21,096,456.00
50,126,555.00
3,700,091.00
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31.03.2016 &I GHTW 98 & foIg

R wuAt §

YAl 3@ — fafds /a3 FAiftr gagsdl arfea

faavor
&) et &1 Jrer o
Sire: foxir a9 2013—14 & TAUSE THRAT IHRIT
R Ry 1Y =1 @1 |Awifea ufafe
Sire: foxi 99 2013—14 & THUSE TS IR
wR Ry T @ @ deifta ufafe
o) At ¥ i
1) T / 31T
HERT e (TAVSSE PHRIHA—ING, i)
eI e (TAUSS! BRIHH—3T], SToIT)
ii) e & frg o fae & ema
iii) o gf
TOUSS! TOH—dd HhTAT IR USSRl I &Tof
TOUSS! TOEI—dad 1T TR TASSIRE] I &Tol
T qY B Aga I IR R a 2013—14 (TS 6 3R 6)
T A9 b Aga W IR R av 2013—14 (@Y 7 3R 7)
TEUSE — ¥l UR &Il — TRl
wd (H+F)
) At & dEal & fag suanr /=@y
i) gofira <o
oIS uRHufee
= g
ETIT g (TSI I SIfa—goiie)
(@1 ger a8 3R 8)
BTl Tgar (TAUSEI—3Tg¥fad STeifa—yoiid)
ii) 3o =g
A, AU qAT T AT
fep=mar
= gD FY
ETIT g (TSI SIf—HTHT)
(@1 ger a9 3R o)
TSI 3T (TATSEI—3TIRI2IT STITSII—HTH)

$ ()
ayfd R g A9 (F+@—)

o

are], ad
1,841,934.00

100,000,000.00

1,288,982.00
48,596.00
1,425,124.00
91,642.00
23,274.00
104,719,552.00

47,044,507.00

23,500,000.00

70,544,507.00
34,175,045.00

Tq s
9,654,441.00

1,441,893.00

670,559.00

173,577.00
11,638.00
5,729,656.00
1,200,170.00

18,881,934.00

7,393,200.00

9,646,800.00

17,040,000.00

1,841,934.00
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31.03.2016 &I GHIW a8 & foIg afT waat &

faavor qre], a9 DGEGL
1. % WHR c )
2. TR ARHR 1 1
3. facig <w=emd
%) IMafed FT 1 1
W) IUTfoid &areT qen <3 Iy ! 5 ) .
4. %
%) AMEfeH T T 7
IUTRTT =TT T < 1Y ] 1
) I RO i 7
IUTRTT =TT T < 1Y 1 T 1 3
5. g LAY AT AHHRT = -
6. VT U dAT die i r
7. 3 £ =
el i '

o

A 5 — YR %1 vd SER
faazor qre], RGECL
1. B8 PR . 1
2. 5T WRPR - )
3. facig v
4. 9%
EoRCICICE Ayl 1 1
&) 3 RO T v ; x
5. Vg ARRATY qAT MBI i 1
6. RUT U qT 9IS 1 5
7. IR ST i i
8. 3V £ =

&l i 3

o

faa=or CICECL T a
@) YOI SUHRY G 37 ARl B FRdl weR affofe wiepfrar 1 1
@) I 3 -
B : ¢
D
EL— )3




ﬁ?ﬁwﬁﬁ'\m-
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31.03.2016 &I |ATW a8 & ferg ot
fora=or are], T T a
@) 9], *IATY
1. gt - -
2. HTHR AR
®) a¥gal & forg y )
@ 3 U T ol geIRad - 48,863.00
ISUB RIS 51,590.00 42,294.00
TR Hoell AR HHIY Woall 54,000.00 54,000.00
$ReTT SRIIYE 3ih carairon, faeetl - 12,825.00
Tael e - 6,090.00
Afedr T HreT - 30,150.00
Y AfTd T8 BT 490,720.00 413,820.00
RS I AT e 1,080,145.00 1,080,145.00
AT M FAR TS HHAT 253,000.00 -
IRUSH TS TAIRNEH 368,000.00 -
1 4 3feues BRIfE Anorie ugde fofics 59,784.00 35,388.00
& 4 RyagRS yEae fafics 42,593.00 38,110.00
M HFgesd ur for 2,046.00 -
ARG SSREIA HRUNYA 2,350.00 2,350.00
T BI-MRfCT Hogas] Hevwd i e fafics - 37,897.00
ey cfRwe Sofl wfdw - 111,377.00
AR Urotaed W for. 100,560.00 216,373.00
IR ANl TS HFA fafies, 5 ool 172,367.00 186,458.00
Ay Rig R, =8 fRee 1,044.00 660.00
T grex-Tl 14,775.00 -
P TreRUTS ST 14,200.00 -
MM X US gacd, T8 facel 66,425.00 67,044.00
IRTH ¢acd Areqyd u fa 210,170.00 -
ATe 8,700.00 -
WFRR O ARR, RIS TR, Tade 16,992.00 14,355.00
Trel el wfdRyer forfics - 8,562.00
EESIEING S SIS ol 68,231.00 60,562.00
ISECSRSENEER S 22,442.00 22,023.00
TR 25,762.00 -
TR AT AT B (TS 78 faceh 45,235.00
TSNS § T SRR fol 1,139.00 -
- fufes Aigs e . fa. 40,560.00| 3,212,830.00 44,944.00] 2,534,290.00
3. 9T AR - -
4. SUIfa <91 WR=g, <*F e
%) QR 0T/ IR - -
@) SRR FT /SR - -
5. qifafre Iag
%) aAfey - -
W) I : AEPR R T AT 10,624.00 7,617.00
qae W ST 360,866.00 371,490.00 186,300.00 193,917.00
g (1) 3,584,320.00 2,728,207.00

aifife Rud  2015-16 115}'-
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31.03.2016 &I 9T a8 & forg

re], as

faa=or
6. Y dTe], QIATY
Y Y
T I
0% <F HIHS e
9U% < fReT SfTreE
TTHE < SfereH
S T TR
g oI WE Yedh
7 2fere e (wfergfd)

I IFAHT FHAIDBIT 3R Yo (SITAS—CY ARR)

]F peifoar

BISIERISIENECINSE))

HAoivaes (Ervwae)

PR A (S

STHIYE feeT (SITeeh)

Tadiy (SITEe))

@Y dle], *YATS — BIff®

IS WM (TercTH)

<. Sl 899 AR

Sl T T Bl

T AR T
am forg ¢ Frerdia A% (@i o 2011-12) @S 10 3R 10%)
g forg ¢ Frerdia 3% (feha o 2012-13) (@S 11 AR 13)
a forg ¢ Frerdia 4% (i o 2013-14) (@S 12 AR 129)
T forg ¢ Frardia 3% (el af 2014-15) @S 13 AR 135)
T (2)
T (@) = (1) + (2)

. yraE

1. IR TG

2. SUSH

3. Harfgfat / dw=

4. A IABIY AHSIHIT

5. MR gRfeAt /<1

6. 3T
B (@)
3d (B + @)

3,360,782.00
91,800.00
102,328.00
362,828.00

195,000.00
6,082.00

18,000.00
62,475.00

4,199,295.00

1,169.00
344,235.00
11,933,916.00
16,251,065.00
222,593.00
32,952,273.00
36,536,593.00

1,018,866.00

1,018,866.00
37,555,459.00

Iy wuar #
Tq I

1,904,504.00
82,800.00
93,909.00
122,418.00
9,000.00
155,000.00
5,570.00
1,156.00

-|  2,374,357.00
60.00
325.00
500.00
1,300.00

1,545.00 3,730.00
3,144.00
2,939.00

418.00 6,501.00

344,235.00

13,123,916.00

16,251,065.00

290,256.00

32,394,060.00

35,122,267.00

47,226.00

47,226.00

35,169,493.00
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31.03.2016 & U d9 @& foIy
R wuE &

SR 0 Pffe /e Akt @ fraw

faa=or EIGECL T as

1. WD yferfferal o 2 -
2. 3= JgHIted ufcniferarl # ! :
3. MR £ -

4. T U qAT 9is g i

5. WE® Td AIAT SUHH d -

6. A : 4
B [ 5
faazor qre], a9 RGEGL

1. WRHRT gferferar f 1

2. 3= JrgHIted ufcnferar # : .

3. WK 4 J
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31.03.2016 &I ATW a8 & ferg <R wuat §
faa=or EICL Td a9
@) dre], uRgHferam
1. 91 A

®) YR oI 3ifcriRet ATl
(GECRESIEDTICSIN

136,893.00 25,925.00

%) B HelH ¥ 31f¥® @y & forg
FHTIT IR

o) Y :
3. WA Hs 96T (AP / gTU4S
IR ey afa)
Hea] Adbs ddl 20,000.00 20,000.00
sfi ND. srrara & TH< AU 25,000.00 45,000.00 25,000.00 45,000.00
4. 9% IHIT :
®) Iggfaa dai H
EIGREIRIRH
ST Tl W) - -
od @ral W (I 9 &ifw gfean)| 513,710,026.45 216,451,690.33
UHSIIRE! SUTTHall TTdT (Ja1erTs) -| 513,710,026.45 -| 216,451,690.33
Q) IR—3rfId dal H
EIGREIRIRH
ST Tl W)
ad @rdl R
5. SIHER — §9d @Td -
&l (P) 513,891,919.45 216,522,615.33
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) I
2. AHQ AAAT X3 AAAT oI H YTwd
B arelt ayelt Mg afyrw qen s R
EORSINGIRCINEA
@) g g
IR Yo 51,525.00 !
oAl dewTse 51,525.00 6,730.00 6,730.00
) GRIErT S
AT TRISTH TR S[hER GRIETT STAT 50,000.00 50,000.00
SISTARIvATA— fSfed Tt (gRferd o7m) 20,000.00 20,000.00
fSfSee TadRi (gRfard o) 10,000.00 10,000.00
HritaR AR AR fhvmm (GRfd o) a6d ot 60,000.00 60,000.00
R (gRIET o) g |t 60,000.00 60,000.00
AR ([RIETT TT) WwheRSiT Uwheld 200,000.00f  110,000.00  310,000.00
) 3 —
JeeH Aiegw uT for 165,000.00
Jgal BicoT eIl HRURYA 3 e fafics 93,000.00
THIARUA TS T US HdhicT diegu fifics 302,624.00 i
Sf. AR, gehufal 11,529.00
Sf. S 899 HAR - 173,369.00
<. faFe gAR 4,086.00
Sf. Uffer JeT 15,900.00 I
THEARET ERT UGS &Y 9,652,135.00 5,828,058.00
Idiag (avgen A1) 308,000.00| 10,540,745.00  308,600.00| 6,321,556.00
3. Surisfa ama
%) fAfase /avia fAfeoat & ot w®
@) 9y R — =y
M) T AT A W
") 3 (ST URg 7 IGell TS I AHSA ) : -
Fod d G H gHrET W SUIId @Tef 6,268,116.00| 6,268,116.00| 3,633,625.00| 3,633,625.00
4. 9TWd — I IrET - -
B = (@) 17,060,386.00 10,271,911.00
Bl (P) + (@) 530,952,305.45 226,794,526.33
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2. 9qral | Im
®) 2 U4 Yishaor g9R - -
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) QoI BT HHINA T elrel! - !
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1. o WWHR @ '
@) AET I () 4,101,500,000.00 5,300,000,000.00
w7y / fAftad oRewRT (FRaEl 1 & ofaRa)|  (14,218,240.00)|  4,087,281,760.00 | (14,002,016.00)|  5,285,997,984.00
Q) AERIAr g (gSiTa) 2,208,500,000.00 -
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) WEI e (B Seii—yui)
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2. T WRHRE)
. WA /[T
. RIS e+
I
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i, s

38,518,936.00

31,921,576.00

912,990.93
71,353,502.93

R wuAT H

Ta s

35,955,187.00

17,715,990.00

501,637.60
54,172,814.60
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1,964.00
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36,176,808.00
3,454.00
1,139,246.00
1,413,940.00

110,134.00
113,692.00
14,187.00
210,635.00
126,422.00
485,100.00
80,000.00
990,921.00
45,361.00

4,200.00
40,914,100.00

Taq a9y
21,680,942.00
3,454.00
836,652.00
358,355.00

63,074.00
15,050.00

4,159.00
48,412.00

691,800.00
51,613.00
86,303.00

100,000.00
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qre], a8
28,352.62
2,567,202.00
811,256.00
1,205,217.00

856,000.00
1,208,881.00
2,347,555.00

47,422,150.00

316,696.00

9,000.00
1,057.00
1,315,109.00

570,329.00

690,746.00

512,937.00
6,659,167.00

839,485.00

661,000.00

345,896.00

459,738.00

6,375.00
1,011,491.00
10,202.00
221,417.00
281,826.00
74,727.00
3,870.00
4,000.00

242,933.00

204,688.00

407,900.00

71,297,202.62

I wuAt |7

T q
639.00
2,033,374.00
700,156.00
1,174,534.00
177,917.00
31,464.00
668,000.00
949,708.00
1,390,932.00
46,783,704.00
341,047.00
300.00
8,607.00
790,089.00
839,459.00
287,397.00
671,742.00
4,890,306.00
2,110,111.00
40,000.00
132,954.00
156,509.00
(570.00)
825,748.00
8,154.00
220,037.00
5,626.00
287,383.00
59,500.00

167,605.00
281,022.00
66,033,454.00
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4,027,642,711.00

48,406,000.00

174,953,542.00
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faazor are, T
$) Td 99 & IJIEI B I YT g3 AR
%) gRATSRI ¥ amad = (goira) fa<ia auf 1,943.196.00 600,000.00
2011—12 (I -H—20 3IR 20%)
@) gRATeHReT | arod [ () faxia af 3195.965.00 2821.709.02
201112 (gerd—21 3R 21%) il it
) aRATRl F A Y (i) i 17,931.00
Y 2011—12 (ST TdH—22 3R 22%) —
T) gRATeIel | arod [ (Gofira) faxfr o 3.064.296.00 95.247.00
2012—13 (AJH—23 3IR 23%) . o
) uRare Rl | amoy Y (Fmr) fa<ia af 6.962,472.36 9,343,348.00
201213 (RTIe-Th—24 31X 24%)
9) gRArSRl | au| e (o) o< ay 1,845,819.00 2.935,000.00
2013—14 (e -1H—25 3MR 25)
©) aRASTeT & Ao A (@) fada ad 15,625,221.62 26,346/625.93
2013—14 (I -Th—26 31X 26%)
W) gRaErerel | arge A (Tei—guira) fach 4,800,000.00
Ty 2013—14 (SeTTH—27 3R 27%) —
7) gRAroTel & arre B (i) R 500,000.00
Y 2013—14 (RIgeT=Th—28 3R 28%) at
31) gRATSTel & auw [ (i) facia af 2 447 652.00
2014—15 (3TeT=b—29 3MR 29%) |
T) RIS 9§ aay [ (@rr=) o< oy 97 775.128.83
2014—15 (FTAH—30 3R 30%) =,
3) gRATSRIT & amw A (Tafi—arr=) fa<ia 5.351.00
Y 2014—15 (STl dH—31 3R 31%) e
<) AR & ava S (FAr=) TagemR 8 424.908.00 305,982.00
2014—15 (R -h—32 3IR 32%)
@) JIEIUTEN | 999 YT gy Brrdia dd
aIeehia et weerr, Sy (¢ee) 1:190:000.00
Tl 72,497,940.81 47,747,911.95
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ENEEIRINCRE

1) RIS odb
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e s
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EIGRCL

190,599.00

384,405.00
1,071.00
468.00
1,786,963.00
169,090.00

301.00
17,850.00
(207,258.00)
(153,771.00)
(1,164,500.00)
1,025,218.00

R wuAT H

UGECL
3,076.00
3,863.00

(92,521.00)
(7,700.00)
6,500.00
2,362,931.00

6,371.00
59,397.00
26,086.00

2,368,003.00
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- Organization

1. Organization

The Science and Engineering Research Board (SERB) is a statutory body established
through an Act of Parliament, SERB 2008. Supporting basic research in emerging areas
of science & engineering is the primary mandate of the Board. The SERB structure
comprises of the Board and Oversight Committee. While the Board steer and direct
the organisation in fulfiling it's mandate in the dynamic, ever changing research
scenario, the Oversight committee advice and assist the board in it's endeavour.
The Board meets at least four fimes a year, whereas the Oversight Committee meets
twice a year for fransaction of its business.

1.1 MANDATE

Supporting basic research in emerging areas of science & engineering.

1.2 OBJECTIVES

<> Serves as a premier agency for planning, promoting X Enables synergy between academic institutions,
and funding internationally competitive research in research and development laboratories and
emerging areas. industry for promoting basic research in science
<> |dentifies major inter-disciplinary research areas, UG )
and individuals, groups or institutions and funds X Evolves a management system to speedily provide
them for research. research funds, including monitoring and evaluation,

> Assists in setting up infrastructure and environment by adopling modern management practices.

for scientific pursuit.

144 Science and Engineering Research Board



Organization

1.3 Organization Chart

Science & Engineering Oversight
Research Board Committee

Secretary, SERB

Programme Advisors

¥

Schemes & Partnership Awards &
Programmes Programmes Fellowships

Extramural High Risk ol Intensification Empowerment |
Research Uiy ndustry I e esearchin | . @nd Equity nternationa

Funding High Reward i Relevant Opportunities for Travel

High Priority Wl Fycellence in Sc
Emr) [ (HRAR) PRED (RRDI rer (RHPA) | “TEMEQ) - JPUPPO (TS

Seminar /
Symposia

Cell Tower Food RS Vil International

Radiation Processing FellowsRh;;s)g:;CEr)]octoral Linkages

National Post lEarly Céreef Ovefse® Ovetscae SERB SERB
JC Bose Ramanujan Doctoral Research k. Post Doctoral Woman Distinguished

Fellowship Fellowship Fellowship Award Excellence

(N-PDF) (ECRA) Fellowship Fellowship Award Fellowship

. SERB Newton Partnerships for
India US i SN Bose
- Bhabha International
Grand ) Scholars
International Research and
Challenge Programme

Fellowship Education (PIRE)

*Restructured as N-PDF and ECRA
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1.4 SCIENCE AND ENGINEERING RESEARCH BOARD

In exercise of the powers conferred by the Science and Engineering Research Board Act, 2008 the Government of India has
constituted the Science and Engineering Research Board (SERB). The composition of the Board is given below:

Secretary
Department of Science and Technology

Shri. Amitab Kant (Member) Prof. K. VijayRaghavan  Dr. Girish Sahni (Member) Dr. Madhavan Nair Rajeevan

CEO Secretary Secretary Secretary
NITI Aayog Department of Biotechnology DSIR Ministry of Earth Sciences

bl

Shri Rata P Watal Dr. Sumya Swaminathan Prof. Anurag Kumar Prof. S. K. Jain
Secretary Secretary Secretary Secretgry
Department of Expenditure, MoF Department of Health Research 11ISc Bangalore IIT, Gandhinagar

Prof. K. Murlidhar Dr. Chandrima Shaha Prof. S. K. Acharya Prof. Arup K. Raychaudhuri
South Asian University, Director, National Institute of Professor & Head S.N. Bose National Centre for
New Delhi Immunology, New Delhi Dep. of Gastroenterology, AIIMS ~ Basic Sciences, Bangalore

Dr. Kanury Venkata Subba Rao Prof. G. Sundararajan Prof. Rakesh Sinha Dr. C. V. Natraj

National Chair & Head, DDRC Department of Metallurgical ~ Associate Professor, Delhi  Former Sr. Vice-President,
Translational Health Science and and Materials Engineering, University & Honorary Director,  Unilever Research, UK
Technology Institute, Faridabad IIT, Madras Indian Policy Foundation, Delhi

Science and Engineering Research Board
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1.5 OVERSIGHT COMMITTEE

The SERB Act has made a provision of an Oversight Committee to serve as the Advisory Council of the SERB. The Board has
constituted the following Oversight Committee.

Dr. T. Ramasami
Chairperson of Oversight Committee
Former Secretary, DST

Prof. Ashutosh Sharma Dr. R. Brakaspathy Prof. R. Gadagkar

Secretary Secretary President
Department of Science and Technology Science and Engineering Research Board Indian National Science Academy

[

Prof. Ramakrishna Ramaswamy Dr. B. N. Suresh Prof. . . Bhan

President President Former Secretary
Indian Academy of Sciences Indian National Academy of Engineering Department of Biotechnology

Prof. D. D. Sarma Dr. Anil Kakodkar
Solid State & Structural Chemistry Unit, Former Chairman, Atomic Energy
11ISc. Bangalore Commission, Mumbai
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2. 0verview

The Science and Engineering Research Board has been striving to address a wide range of
basicR&Dissuesinscienceandtechnology. The objective ofthisendeavouristoimproveour
understanding of the mechanisms and processes in natural sciences as wellaschannelize
the research capabilities of the nation into tangible outcomes. The Board met three times
duringtheyearandtookseveraldecisions. Thesedecisionsculminatedinfonewschemesand

improving the process of implementation.

Afew of the features, that have been set in are:

.

*

%

EFFICIENCY: R&D proposals are invited through
“Call for Proposals” twice a year for two of the major
schemes - the core grant Extra Mural Research (EMR)
and Fast Track Young Scientist Scheme (YSS), with
clear timelines announced for submission, review,
decision and fund disbursal.

TIMELINESS: No funding commitments are carried
forward to the next funding cycle, strictly ensuring
achieving of goals and tasks.

OPTIMAL RESOURCE UTILISATION:
Number of Programme Advisory Committees (PACs)
have been restructured, realigned and brought down
from 20 to 12 to improve the operation process.

INNOVATION: The start-up grant programme is
divided into two parts:

() One-time research grant to regular faculty who
are starting their research career (Early Career
Research Award -ECRA)

(i) Fellowship amount with some contingency grant
to those who have completed doctorate degree
in recent years and are not in regular position
(National Postdoctoral Fellowship - NPDF).

CODE OF CONDUCT : A “Code of Conduct’
& “Conflict of Interest" has been enforced for grant
applicants  (including  collaborators),  reviewers,
committee members and officers dealing with various
programmes of the Board. All the stakeholders are
required to sign an undertaking to adhere to the policy
on conflict of interest. This policy aims to bring more
transparency, increased accountability in funding
mechanisms and provide assurance to the general
public that processes followed are fair and non-
discriminatory.

The Board has given special attention to initiate new
programmes which have far reaching consequences in the
R&D sector. Two such schemes approved by the Board are
given below:

(i) Scheme for Funding High Risk - High Reward

- 150 Science and Engineering Research Board

Research: The scheme aims at supporting proposals

(i)

that are conceptually new and risky, and if successful,
expected to have a paradigm influence on S&T. This
may be in terms of formulating new hypothesis, or
breakthroughs, which aids towards emergence of new
science and technologies.

Scheme for Industry Relevant R&D : The scheme
provides an opportunity for collaborative research
between academic institutions (or national laboratories)
and industry. The scheme seeks to target solution
driven research to address industry specific problems.
Translation of outcomes of basic research to industry
driven needs is the objective of this scheme.

The Board approved increase in honorarium of retired
scientists working in various programmes of SERB to Rs.
40,000/- pm w.e.f. 1st August, 2015.

The Board has given international affairs a top priority in its
R&D endeavours. It approved hosting of the 2016 Global
Research Council in the summer of 2016 in New Delhi,
along with co-host RC UK; and also organization of India-UK
Advanced Training Schools (IUATS) Programme in the area
of water and energy under the Professional Development
and Engineering strand of Newton-Bhabha fund. The Board
had been operating S.N. Bose Scholar Programme which
provides an opportunity to the best and brightest Indian
students to gain exposure and access to the world-class
research facilities in U.S. The Board approved a proposal
for the continuation of the S.N. Bose Scholar Programme
for 50 Indian students and 30 US students every year for the
period 2015-18, to be implemented through Indo-US S&T
Forum (IUSSTF).

Taking cue of the prevailing global policy to depute students
to undertake doctoral research in top institutions around
the world and also to institutions where internationally
acclaimed scientists are working, the Board has signed
Memorandum of Understanding with Cambridge University,

UK;

The University of British Columbia (UBC), Canada;

and US Universities-Stanford University, University of
Southern California, Carnegie Mellon University, University
of California Irvine, Rice University, State University of New
York, University at Buffalo. Under the MoU, a maximum of
5 Indian students per university (10 students for Stanford)
will be supported for 4 years to undertake doctoral research.



While Board provides the fellowship, the University pays
Composition Fee / Tuition fee.

Programme Advisory Committees continue to play a decisive
role in providing core research support (EMR) to scientists.
633 new projects were supported costing Rs. 258.46 crore.
The subject wise distribution is given in Figure1.
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Fast Track Young Scientist Scheme (YSS) has been
a popular scheme of SERB. A total of 1057 Projects/
Fellowships costing Rs. 283.52 crore were supported
during the year (Figure 2).
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LS : Life Sciences, PS & MS : Physical and Mathematical Sciences,
CS : Chemical Sciences, EAS : Earth and Atmospheric sciences,
ES : Engineering Sciences

TOTAL NO OF SANCTION-2902 AND TOTAL AMOUNT RELEASED 237.31 CR.

: : . New projects in fast track young
IFlgure ; | scientist scheme

The YSS scheme was restructured into two new schemes,
namely National Postdoctoral Fellowship (N-PDF) and Early
Career Research Award (ECRA). A total of Rs. 5.13 crore
has been awarded among Twenty-seven young researchers
as N-PDF. Thirty-eight ECRA costing Rs. 13.24 crore in the

form of R&D projects have been given to scientists working
in regular capacity in various institutions.

The two prominent and much sought prestigious fellowship
programmes deserve special mention — “Ramanujan
Fellowship and J.C. Bose Fellowships”. The Ramanujan
Fellowship is for brilliant scientists and engineers from all
over the world to take up scientific research positions in
India and is open to persons below the age of 55 years.
64 scientists received the Ramanujan Fellowship during
the year. The J.C. Bose National Fellowship is meant
to recognize performing scientists for their outstanding
contributions. A total of 52 scientists received the J.C. Bose
Fellowship.

Studies on the possible impact of electromagnetic radiation
exposure from cell towers and handsets on life (humans,
living organisms, flora & fauna and environment) has been
undertaken jointly with Department of Telecommunication,
Ministry of Telecommunication and Information Technology.
Ten projects were sanctioned at a total cost of Rs. 5.2 crore.

Ministry of Food Processing Industries (MoFPI) in
partnership with SERB extends financial assistance as
grant-in-aid to individual scientists to undertake demand
driven R&D work in the field of Food Processing. 22 R&D
projects worth Rs. 9.93 crore were sanctioned.

A total of 199 scientists were supported through projects
worth Rs. 25.51 crore under the "Empowerment and Equity
Opportunities for Excellence in Science" Scheme. The
scheme provides research support to scientists belonging
to SC/ST community.

A total of 1373 scientists were supported during the year
under the International Travel Support (ITS) scheme. This
scheme provides financial assistance for presenting a
research paper or chairing a session or delivering a keynote
address in an international scientific event (conference/
seminar/ symposium/ workshop) abroad.

Assistance to Professional Bodies & Seminar/ Symposia
Scheme extends partial support on a selective basis,
for organizing seminar/ symposia/ training programmes/
workshops/ conferences at national as well as international
level, held in India. Over 750 events were supported.

The online portal www.serbonline.in has been made
operational for submission of R&D proposals under the
Extra Mural Research and the Fast Track Young Scientist
Schemes. The ITS Scheme is also now being managed
electronically.

The Board incurred expenditure of Rs. 651.81 crore
during the year. Total expenditure on various schemes/
programmes is given in Figure 3.
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H Core Extra Mural Research (EMR) Grants - 34%
I Start-up Grant for Young Scientists (YSS) - 36%
[ Awards & Fellowships - 9%

I Intensification of Research in High Priority Area
(IRHPA) - 10%

B Empowerment & Equity Opportunities for
Ecellence in Science (EMEQ) - 4%

B Seminar symposia - 1%

[ International Travel Support (ITS) - 2 %

¥ International Collaborations -1 %

& National Partnerships - < 1%

= Other Schemes - < 1%

B Administrative and Establishment Expenses - 2 %
i Salaries < 1%

: Total expenditure of SERB
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3. Extramural Research Funding

Extramural Research Funding (EMR) scheme provides core research grant to individual
scientists to undertake cutting edge research. This is the flagship scheme of the Board,
one-third of the funding of the Board is used for this scheme. The average rate of

approval is about 30%.

3.1| CHEMICAL SCIENCES

ORGANIC CHEMISTRY

In the year 2015-2016, a total of 231 proposals were
received. 77 research proposals were recommended for
funding. Some of the key findings that came out from the
projects are highlighted below:

Sulfenylation of -diketones

Organosulfur compounds are abundant in nature, and
they play a prominent role in the efficient functioning of the
living system. Therefore, the discovery and development
of new C-S bond forming reactions is of prime importance
for organic chemists. Sulfenylation of [-diketones is
challenging as pB-diketones undergo deacylation after
sulfenylation in the reaction medium. The researchers
from Indian Institute of Science, Bangalore have carried
out sulfenylation of -diketones without deacylation under
metal-free conditions at ambient temperature via a cross

dehydrogenative coupling (CDC) strategy (Figure 4). Since
the reaction has been shown to generate an asymmetric
quaternary carbon centre, there is scope for developing
enantioselective methods. The resultant products can be
further manipulated to form a,a-disubstituted B-diketones
and pyrazoles.

Stereospecific Synthesis of 2-Thio-1,4-Enediones

At Indian Institute of Integrative Medicine (IlIM), Jammu,
an efficient metal free self-sorting tandem protocol for
stereospecific synthesis of 2-thio-1,4-enediones involving
C-C double bond formation via direct coupling of terminal
alkynes has been developed by Shalala et al. The method
was also extended to the first synthesis of p-thio-y-keto-a,
R-unsaturated esters via cross coupling reaction with ethyl
glyoxylate (Figure 5). The reaction relies on a first of its kind
use of Bronsted and Lewis acid to switch selectivity for the
synthesis of E or Z-isomer, respectively.
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| ar | =5 HTMR" 1] S—o .ﬂ’f -~ N allylation and
e _. ¥ K:.IS:DE - i ¥ = —_—— o :'. lP}fFEZﬂlES S?nlh'ﬂﬂlﬁ
Nitrogen is the  aq HCIO, Applications
driving force! h.n 26 examples
= 3 Sulfenylation of B-diketones using C-H Functionalization Strategy
Figure 4
is (Ref: Org. Lett. 2015, 17, 2944-2947)
R,
|
" o~y = Melal free
Y | > Stereoselective
| =] = . 0 -
N S Iy BRyERO ¢ o Iy, TMSOTf "8~ £ ar £-somar
Rt o ] | - | || ¥ 4 — = = Homo/Hetero
b A ~ ‘-“5 ~ B0 G, 18 h = . 80 BCI 18 h -.-_'.'-:""-.I_I coup"ng
& LM TR > mildiopen Flask
F-isomer Ry = Aryl or -OEt {(using ethyl glyoxalate) E:I..'.".:::lmer > 28 Isomers
= ~ C-H functionalization of terminal alkynes towards stereospecific synthesis of (E)
Figure 5 or (Z) 2-methylthio-1,4-enediones
I (Ref : Chem. Commun. 2015, 51, 5013)
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Figure 6

Trimodal Control of lon-Transport Activity on Cyclo-oligo-(1—6)--D-glucosamine-
based Artificial lon-Transport Systems

(Ref : Chem. Eur. J. 2015, 21, 17445-17452)

lon-Transport Activity on Cyclo-oligo-(1—6)-8-D-
glucosamine-based Artificial lon-Transport Systems

At IISER, Pune Cyclo-oligo-(1—6)-B-D-glucosamines
functionalized with hydrophobic tails with hydrophilic
cavities were introduced as an alternative to cyclodextrins,
supramolecular systems with hydrophobic cavities. The
transport activities of glycoconjugates were manipulated
by altering the oligomericity of macrocycles, as well as the
length and number of attached tails. Hydrophobic tails of
3 different sizes were synthesized and coupled with each
glucosamine scaffold through amide linkage to obtain 18
derivatives. The ion-transport activity increased from di- to
tetrameric glucosamine macrocycles, but decreased when
flexible pentameric glucosamine was introduced (Figure 6).
The ion-transport activity also increased with increasing
length of attached linkers. For a fixed length of linkers, the
transport activity decreased when the number of such tails
was reduced. All glycoconjugates displayed a uniform anion-
selectivity sequence: Cl->Br->|-. From theoretical studies,
hydrogen bonding between the macrocycle backbone and
the anion bridged through water molecules was observed.

Sialic Acid Specific Peptidomimics on
Cantilever Array Sensors

Researchers at IISER, Pune synthesized a new class
of peptidomimics based on short hexapeptide model
(SPYGRC), reported to bind Sias containing glycoconjugates

OH

Direct Assembly of Sialic acid
Specific Peptidomimics on
Cantilever Array Sensors for

Detecting Cancer Biomarkers
(Ref : Chem Commun 2015, 51(38): 8112-5.)

Figure 7

by incorporating phenylboronic acid (meta or para-
orientation) residues on EYGR tetrapeptide. Molecular
modelling studies have revealed boronic acid and arginine
groups in close proximity. They hypothesized that such close
proximity could allow selective binding of phenylboronic acid
with germinal diol function at C8 and C9 of Sia as well as
electrostatic interactions between positively charged arginine
and carboxylic acid residues of Sia. In addition, tyrosine
amino acid residue was expected to provide H-bonding and
CH-m interaction to stabilize the pyranoside ring of Sia. The
binding affinity with different monosaccharides was achieved
by microarray. Confocal imaging of cancer cell lines - HelLa
(cervix) and MDA-MB-231 (breast) and normal cell line -
NIH-3T3 (fibroblast) revealed the correlation of the binding
pattern of peptidomimics and Sambucus Nigra Lectin (SNA),
a commercial sialic acid binding lectin (Figure 7).

Cis-trans Conformational
6-Azaproline in Peptides

Cis - trans isomerisation in proline is regarded as one of
the most important biophysical phenomena, responsible
for protein folding and/or misfolding. To understand the cis-
trans isomerisation and conformer specificity of 8-azaproline
and its carbamate protected form in peptides, a series of
linear and cyclic peptides have been synthesized at IACS,
Kolkata. 1-D and 2-D NMR coupled with a-chymotrypsin
assay (developed by Fisher) were used as tools for the said
investigation (Figure 8). Chemical shift value of a - hydrogen
in each case of d - azaproline-containing both linear and cyclic
peptides was assigned by NMR spectroscopy. Comparisons
with conformer specific locked diketopiperazines reveal that
an upfield chemical shift value corresponds to cis conformer
and a downfield value corresponds to a trans conformer.
d - Azaproline shows cis-conformation up to tripeptide and
trans-conformation when its 8-N is protected with Cbz. In the
case of longer peptides including cyclic peptide, vice-versa
results are obtained. Crystal structure of the cyclic peptide
is also in agreement with the result. Interestingly, in all these
peptides exclusively one conformer either cis or trans is
stabilized. Such cis-trans isomerisation is independent on
both temperature and solvents (CDCI,, DMSO-d6, CD,0D
and D,0), only the & - nitrogen protecting group plays key

Analysis  of
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- Cis-Trans Conformational Analysis of
‘Figure 8 &-Azaproline in Peptides
i (Ref : J. Org. Chem. 2015, 80, 10585-10604)

role in the isomerization. 8-Azaproline is conformer specific in
either of its protected or deprotected forms, which is a unique
property of this proline. Unlike other covalently modified
d-substituted proline, this isomerization of 6 - azaproline can
be tuned easily by a protecting group. Mechanism of cis-
trans isomerisation of & - azaproline during deprotection and
reprotection is supported by theoretical calculations.

IEXF] INORGANIC & PHYSICAL
CHEMISTRY

A total of 211 proposals in frontier areas of Inorganic
& Physical Chemistry were considered and 138 were
recommended for funding. Some significant outcomes of
the funded projects are given below:

Chemical Detoxification of Organomercurials via
Efficient Desulfurization and Deselenization Pathways

Organomercurials including methylmercury are ubiquitous
environmental pollutants and highly toxic to humans.
To address this issue, research group at Shiv Nadar
University has demonstrated that N-methylimidazole-based
thiones/selones having N-CH,CH,OH substituent exhibit
remarkable effect in detoxifying various organomercurials
to produce less toxic HQE (E = S, Se) nanoparticles.
Compounds lacking the N-CH,CH,OH substituent failed
to produce HQE nanoparticles upon treatment with
organomercurials, suggesting that the N-CH,CH,OH moiety
plays a crucial role in the detoxification by facilitating the
desulfurization and deselenization processes. Herein,
their group has reported that the N-methylimidazole-
based thione (1) and its selenium analogue (2) having a
2-hydroxyethyl substituent exhibit remarkable effect in the
detoxification of various organomercurials such as RHgOH
(R = Me, Ar, Ar = -C,H,CO,Na) and RHgCl (R = Me, Et)
by producing insoluble HgS and HgSe nanoparticles as the
end products at 35°C (Figure 9). Compounds 3-8 that lack
the N-CH,CH,OH group failed to produce the corresponding
HgE nanoparticles under identical reaction conditions. This
novel way of detoxifying organomercurials may lead to
the discovery of a new potential molecule to treat patients
suffering from methyl-mercury poisoning.
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Figure 9

(A) Chemical structures of imidazole-based thiones and selones. (B & C) Formation of
HgS and HgSe nanoparticles in the reactions of various organomercurials including
MeHgOH with compound 1 & 2 at 35 °C

(Ref : Angew. Chem., Int. Ed. Engl. 2015, 54, 9323-9327 (Highlighted cover page))
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Bending the Rigid - Unique Bimetallic
Porphycene with Metal-Metal Interaction

Porphyrin or its isomers complexing with two interacting
metal ions on the same side of the macrocyclic core, are
yet to be envisaged, despite the importance of bimetallic
complexes. Research group at University of Hyderabad
has demonstrated an unprecedented cis-bimetallic
complex of dinaphthoporphycene (DNP), namely [Pd,(u-
DNP) (u-OAc),] where two Pd ions coordinate to the
macrocycle on the same side and are closely held
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Fluorescence "Switch-on" Probe for Detection
of Amyloid Fibrillation and Polymer Coated
Nanoparticle for Inhibition of Amyloid
Fibrillation

At IACS, Kolkata a ‘switch-on’ fluorescent probe for detection
and monitoring of amyloid fibrils has been developed. The
probe consists of a peptide component for binding with amyloid
structure and a color component with aggregation induced
green emission property. Proposed new probe can be used
for detection/monitoring of amyloid fibrils produced by wide
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Figure 10 dinaphthoporphycene

" Molecular structure of mono and bimetallic Palladium complexes of

(Ref: Angew. Chem., Int. Ed. Engl. 2015, 54, 14835—14839)

together (Pd-Pd: 2.67 A) by two bridging acetate ligands,
exhibiting significant metal-metal bonding interaction (Bond
order 0.18) evaluated by Natural bond orbital analysis.
Interestingly, replacing acetate with acetylacetonato (acac)
could stabilize an unusual mono-palladium complex,
where Pd coordinates to two ring nitrogens above the
macrocyclic plane besides coordinating with two oxygens
of the acac ligand. Interestingly, the rigid DNP core displays
enhanced complexation induced aromaticity (as per
nucleus-independent chemical shift (NICS) and Hormonic
Oscillator model of aromaticity (HOMA) analysis), in spite
of undergoing severe core deformation during complexation
with metal ion(s) (Figure 10). The macrocyclic distortions are
clearly noticed in their reduced HOMO-LUMO energy gap
and hence, large red-shifted absorption. While porphycene
co-ordination chemistry is so far limited to examples that are
seen for porphyrins, these examples provide insights in to
the potential of porphycenes to form complexes that have
no precedence in porphyrin chemistry.

variety of amyloid protein/peptides and can be extended for in
vitro diagnostic applications. In addition, they have developed
histidine-based polymer coating on nanoparticle surface that
can inhibit amyloid fibrillation (Figure 11).

Chemically Functionalized Nanoparticle has been
Developed that Enters into Cell via Lipid Raft-
Endocytosis and Inhibits Protein Aggregation
Inside Cell

The nanoparticles with appropriate surface chemistry
have been developed so that in can enter into cell via
lipid raft mediated endocytosis.

The exclusive lipid raft-mediated entry traffics them
to perinuclear region, excluding their trafficking to
lysozome. This surface chemistry principle has been
used for nanoparticle-based control of polyglutamine
aggregation inside cell (Figure 12).
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a) Working principle of fluorescence “switch-on” probe for detection of amyloid
fibrillation. b) Inhibition of amyloid fibrillation by nanoparticle coated with histidine-

(Ref : ACS Appl. Mater. Interfaces 2015, 7, 2581 3—25820)

N

‘nanoparticle |

polyglutamine)

a) Cell uptake mechanism of nanoparticle depending on surface chemistry, showing
that zwitterionic-lipophilic nanoparticle enters via lipid-raft endocytosis. b) Result
of designed nanoparticle that blocks the high expression of GFP tagged mutant
polyglutamine in HD150Q cells. (green dots shown as red arrow are aggregated

(Ref : J. Phys. Chem. Lett. 2015, 6, 3688-3697)

ATMOSPHERIC SCIENCES

The atmospheric pollutants and aerosols were the major
areas of investigations under this sub-discipline. Burning
of crop residues leads to emission of various toxic
gases, greenhouse gases and particulate matter into
the atmosphere. The amount of crop residues burnt on
farm in the states of Punjab, Haryana and Uttar Pradesh
was estimated at 52 Mt per annum. Burning of rice straw
contribute maximum aerosols (51%) followed by wheat
(30.4%) and sugarcane (15.3%). The concentration of
all the gaseous pollutants (CO,, CH,, N,O, CO, NO, NH,,
SO, and TVOC) due to on-farm burning of rice and wheat
residues increased many folds during the burning phase
compared to ambient concentrations. On an average 77.8
% of carbon is lost as CO,, 7.4% as CO; 21% of nitrogen
as NOx and 17% of S as SOx on burning of crop residues.
Burning of paddy straw caused a loss of about 0.16 Mt of
nitrogen, 0.006 Mt of potassium and 0.13 Mt of phosphorus.
The experiments on alternate options for the use of rice

3.2 EARTH & ATMOSPHERIC SCIENCES

residue instead of burning it, suggest practicing zero tillage
in wheat with rice-residue incorporation reduced the global
warming potential of wheat soils by 11.8 % in rice—wheat
cropping system.

Receptor modelling of residential-indoor PM2.5 of slum
areas, row-houses and high rise buildings has been carried
out at Raipur to address particulate matter (PM) mass and
associated species source apportionment. Results have
shown that local sources are mainly affecting ground floor,
where as industrial emissions penetrating more deeply into
the indoor of 8™ floor. Chemical mass balance receptor
model (PMF5.0) indicates that fossil fuel combustion
activities have shown 53 to 79% contribution to residential
indoors, where as local biomass burning has contributed
20 to 37%. Additionally, contribution from other major
source categories were due to construction related dusts
(9 to 23%). Findings of this study underscore the need for
detailed microphysical characterization of aerosols and
their subsequent inclusion in radiative transfer models.
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[E¥¥] EARTH SCIENCES

Some of the interesting results
emanated out of ongoing projects are
given below:

Setting Up of a National
Facility on Electron Probe
Micro Analyser at BHU,
Varanasi

As a part of this mega-project a
CAMECA SX Five (France) Electron
probe Micro Analyser (EPMA) has
been procured and its installation,
calibration and testing is in progress.
It would serve as a National facility
and contribute towards the cutting-

edge research related to mantle-
petrology in the country. A clean-lab

Figure 13  Electro Probe Micro Analyser at BHU

to house the instrument has been
established and ancillary equipment
such as optical microscope, carbon coater etc. have also
been procured (Figure 13).

Palaeoclimatic Investigations in the Ganga Basin

The carbon isotope composition (5"C) of modern vegetation
and occluded carbon in phytoliths for the first time were
characterized from three locations of the middle (26.5°N,
80.3°E) and lower (22.3°N, 87.3°E and 22.9°N, 88.5°E)
reaches of Gangetic plains, India. The average 6'°C value
of C, plants (=29.6+1.9%, n=76, 10) is lower compared to
the high and mid-latitude areas of the world, whereas the
average 5"C value of C, plants (-12.7£1.4%, n=45, 1 0)
is in agreement with published records. The 6™°C values of
C, plants showed a decreasing trend with the increase in
rainfall amount, whereas C, plants responded in opposite
manner. The 8"™C values in C, plants are controlled by
stomatal conductance and for C, plants /eakiness of carbon
from bundle sheath cell played important role. Recalculation
of past vegetation in Indian Siwalik with the present dataset
showed early appearance of C, plants at 11 Ma.

Interpretation of Spectral Reflectance Data for
Rapid Assessment of Soil Properties

Rigorous validation of developed spectral algorithms
for different soil samples collected from 153 different
locations of Odisha and West Bengal suggested that soil
textural components such as sand, silt and clay fractions
and SOC contents may be best predicted using MIR
reflectance data whereas VNIR data is best suited for
micro-nutrients. An interesting result of this study is that
the elemental composition of soils may be well estimated
using the combination of VNIR and MIR reflectance data.
The success of estimating elemental constituents opens
opportunity to replace expensive X-ray Fluoroscence
technology with hyperspectral approach as a rapid and non-

invasive method of soil analysis.

Sedimentary Investigation of Vindhyan and
Chhatishgarh Basin

Process-based paleo-environmental analysis of shale
units revealed their deposition in marine shelf, varying in
bathymetry between inner shelf and distal shelf, often
beyond storm wave base. Vindhyan shelf, irrespective of
time, was storm infested and operations of both storm-
generated return flow and Coriolis force guided geostrophic
current are documented from the Vindhyan shelf deposits.
Appreciating roles of weathering in the provenance (CIA
values), hydrological sorting and mineralogical constitution
of shale units, a differentiated felsic source is inferred for
the Vindhyan sediments that had good (CIA value ~80)
to intense (CIA value ~90) weathering history. Only in
the Sirbu time of Upper Vindhyan mixing of supply from
a mafic source is predicted from major, frace and REE
geochemistry. Corroboration for this contention is drawn
from factor analyses (from major element data) and XRD
analyses of shale samples. Taking into consideration the
overwhelming north-westward paleocurrent in the Vindhyan
succession, irrespective of any stratigraphic level, it was
predicted that provenance was in the south-southeast of the
basin; whereas Chhottanagpur Gneissic Complex (CGC)
and Mahakoshals are probable source terrains.

Arc-Specific  Deformation  Studies Along
Myanmar-Andaman-Sumatra Subduction Margin

The compiled earthquake data from US Geological Survey
were categorized into two parts, occurring prior to 26
December 2004 Mw 9.3 off-Sumatra mega-event and
following its incidence, and fall under pre- and post-seismic
deformations of the lithosphere. Analysis under pre-seismic
domain shows that area near Sumatra records highest
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Depth wise distribution of culturable (MOB) and non-culturable methanotrophs
(ANME-1, ANME-2) in mangrove sediment

seismicity, which largely drops in the area past the north
Andaman, and further increases towards north. Shallowest
depth and minimum dip of the subducting lithosphere is
recorded at the central segment where the arc transformed
into concave shape. The annual moment energy release
during earthquake decreases to more than two orders of
magnitude past the north Andaman towards north under
post-seismic deformation phase. Higher depths of continuity
of events are presumably associated with more dipping
Benioff zones in both the Indo-Myanmar and Andaman-
Nicobar convex arcs. These observations obviously account
for tectonic subdivision of the margin near concave shape
arc around the central part. Absence of volcanism, presence
of splay faults in the back-arc, sharp reduction in seismicity
near central segment are interpreted to be caused by
major tectonic impact of the NNE-ward converging buoyant
Ninety-east Ridge against the Asian plate. Shallowest dip,
small elastic thickness, weak converging Indian lithosphere,
and evidence of series of en-echelon blocks off the eastern
side of the broken northern Ninety-east Ridge might be
incapable of generating great earthquake in this area.

Functional Role of Methanotrophs in Diffusing
the Green House Gas Methane in Mangroves

The mangrove region is a dominant and productive
ecosystem along most of the world tropical coastlines and
a source of methane emissions. As part of this ongoing
work the influence of season on depth wise distribution of
culturable and non-culturable methanotrophs (ANME-1,
ANME-2) in mangrove sediments was found to be in the
order: monsoon> post-monsoon> pre-monsoon. The non-
culturable methanotrophs were highest during the post-
monsoon season and lowest during the pre-monsoon.
Along the depth, the methanotrophic population and its
activity were highest in the subsurface sediments. There
was a spatial influence on the environmental parameters
that governed the net methane production and methane
oxidation rates in the study area (Figure 14).

Vertical Electrical Studies Geoelectrical Investi-
gations to Delineate Arsenic Contamination Zones
in North 24 Praganas District

26 Vertical electrical soundings (VES) with electrode spacing
of 1400m have delineated four to six layers consisting of top
soils, the brackish water zone, clay layer, first fresh water
zone, another clay layer and the bottom-most (sixth layer)
second fresh water bearing promising zone in most of these
areas.

In case of Budge-Budge, the first fresh water zone is located
at depth of 128m with thickness of 43m having resistivity
range of 32ohmm to 37chmm for some VES locations.
The resistivity of the deeper second promising fresh water
bearing zone is varying from 47ohmm to 51ohmm. The
interpreted VES results significantly correspond with the
borehole litholog of Budge Budge area. Similar VES results
are also obtained for Dum Dum area showing promising
potential aquifer zone (Figure 15). A litho resistivity relation
is also determined for the area of investigation.

[EZE] HIMALAYAN GLACIOLOGY

Monitoring of various aspects of glaciological processes are
being continued at benchmark glaciers viz., Chhota Shigri,
Phuche, Hamtah, Naradu, Dokriani, Chorabari, Patsio,
Satopanth Bhagirath and East Rathong covering various
facets of Himalayan glaciers.

The major scientific issues covered under these new
projects are: Paleoclimate and glacial chronology of
Tapovan, Satopant Tal and Thangu Valley; Use of advanced
remote sensing technologies to study glacier dynamics,
retrieval of snow water equivalent, glacier stored water in
Karakoram and Eastern Himalaya; mass balance of Naradu
glacier, Facies mapping of Gangotri Galcier; estimating
ice thickness and surface velocity at Satopant glacier; and
estimation of mass balance and dynamics of Chhota Shigri
glacier in the Himalaya. Some interesting results from the
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2013. In the ablation season of 2013,
the maximum surface velocity was
8.57 my”'and during 2014 season it
was 5.82 my'. The mean monthly
contribution of this Glacier discharge
to stream flow during June to
September 2013 and 2014 was 5.09
m’s® and 4.8m’", respectively.
Average sediment load carried by
the glacier stream was 49.9 and 37.1
td" during ablation period of 2013
and 2014, respectively. However,
due to very steep accumulation
zone and highly crevassed terrain,
direct glaciological method of mass
balance is found impossible in East
Rathong glacier.
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ongoing projects are given below:

Analysis of Remote Sensing on the Pastio Glacier

Analysis of remote sensing observations during the past
40-year period over the Pastio glacier indicated decreasing
trend in the glaciated area and upward shift in equilibrium
line altitude. When compared to the nearby Baralacha-la
and Panchi-nala glaciers, Pastio glacier was found to be
faster retreating glacier at the rate of 22.5 ma™, whereas
others showed slower rate (9.2 to 10.0 ma). The high rate
of retreat of Pastio glacier was attributed to large slope
variations with less debris cover. Non-climatic factors such
as size of the glacier, variation in slope and debris cover
may be possible drivers.

Understanding the Glacier in Sikkim Himalaya

Since 2010, various activities undertaken to understand
glaciers in the Sikkim region; like snow cover, glacier
inventory using remote sensing and field monitoring of snout,
glacier movement, discharge measurements at Rathong
Chu (river), etc. have been carried out. Geomorphological
map at a contour interval of 1 meter for the East Rathong
glacier based on detailed field survey has been prepared.
The results indicate that the snout has retreated at 4.85 m
between Sept. 2013 and Sept. 2014. On an average, about
1.97 m surface thinning was noted from Sept. 2012 to June
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these glaciers, and are important

contributors to the glacial mass
balance. Years which experienced extended snowfall well
into the month of June tend to have lesser glacial melt and
thereby more positive mass balance. Further, glacier mass
balance variability is found to be essentially driven by the
lower temperature and precipitation during May and June
period. The negative mass balance years are capable of
obliterating number of years of positive mass balance.
Further, Khardung glacier experience more than three
times higher mass wastage as compared to Phuche glacier.
Thus, mass balance response of these two glaciers clearly
indicates that the glaciers of Ladakh mountain range is
under mass loss regime and mass gain trend of Karakoram
glaciers did not extend to the Ladakh range. Based on
the gauge measurements, it is estimated that the glacier
contribution to the catchment runoff is as low as 4.2 to 7.3
% during the study period. Isotopic studies indicate during
2010 experienced highest rainfall confribution (~29%)
and the rest of 71% contributed essentially by snow melt.
Subsequent observations suggest rainfall contributed only
7-9% of the annual runoff of the catchment.

Long-term Annual Mass Balance at Chhota
Shigri Glacier

Long-term annual mass balance studies at Chhota Shigri
glacier indicated inter-annual variations and not accelerating
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Fiqure 16 Annual mass balance (Loss (Red) and Gain (Green)) and cumulative mass balance
_ g ks (Blue) studies at Chhota Shigri glacier, Himachal Pradesh during 2002 to 2014.
as projected by the global circulation models (Figure 16). Synthetic Aperture Radar (SAR) images from 5 satellites
These studies are being extended to winter mass balance. during 1991 to 2011 have been utilized to investigate the
Study of suspended sediment concentrations in the temporal and spatial changes in the velocity of the Gangotri
meltwater of this glacier indicates that the concentration glacier. The results indicate intra- as well as inter-annual
is maximum in July and air temperature regulate the fluctuations in surface velocity: a significant increase in the
magnitude of glacier discharge (Figure 16). summer compared to winter. The movement of this glacier

. o . during summer months occur predominantly by basal
Glacier monitoring through Synthetic Aperture  jiging and provides insight into the dynamical processes at

Radar (SAR) work within the Gangotri glacier.

3.3] ENGINEERING SCIENCES

x5 CHEMICAL & ENVIRONMENTAL
ENGINEERING

Few highlights of the output generated from the ongoing
projects are presented below:

Characterization of Pyrolysate Corporation
Compositions

A rigorous methodology to characterize the pyrolysate
composition and function groups via two dimensional GC/MS =
and FT-IR spectroscopy by interactions between biomass and Figure 17

polymers species during fast co-pyrolysis using experiments L
and DFT calculations has been developed (Figure 17).

Time Evolution Studies in Fast Co-
Pyrolysis of Biomass with Polymers

Synthesis of Ag-Nanoparticles

Ag-Nanoparticles were synthesized using three different
methods, namely UV reduction, UV reduction in presence of
ammonia and thermal reduction, in order to identify the first
route as the best mode, in terms of particle size distribution
with improve wettability of the AC granules for superior
contact with E. coli in water, plasma treatment was carried
out under a pure oxygen atmosphere. Due to plasma
treatment of AC granules under a pure oxygen atmosphere,
the polar functional groups like, carboxyl, ketones on the
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outer surface of AC increases, which hence resulted in Ag
impregnation mostly on the outer surface of AC, instead of
the pore-interiors of AC, during the wet-impregnation step
(Figure 18 and 19).
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showing complete growth inhibition of
Figure 18 bacteria in presence of drug (norfloxacin)

1 coated iron oxide nanoparticles compared

only free norfloxacin or no drug (control)
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iron oxide nanoparticles in complete
inhibition of bacterial cell growth, due to
enhanced influx/reduced efflux of drug.

Figure 19

|‘ ~ Mechanistic action of drug coated
I

Antibacterial Membranes for Water Purification

Aunique method for preparation of antibacterial membranes
for water purification was developed using thermally induced
phase separation and electrospinning technique. Results
indicated that porous membrane with microgrooved PS
fibres with silver nanoparticles showed better antibacterial
properties compared to PS/ PVME-MAH fibres with silver
particles which has effected the surface characteristics on
rendering antifouling behaviour due to flexibility in design by
varying the polymer and nanoparticles used for preparing

Annual Report  2015-16 '

the fibre (Figure 20).

-.'hi nii

~ TEM image showing the synthesis
| of Ag nanoparticles

" Figure 20

Locomotion & Chemotaxis of C. Elegans

A simple and efficient model for describing the locomotion
and chemotaxis of C. elegans by two chemosensation
signals: transverse and longitudinal, which together
represent the full processed information about the
chemoattractant gradient around the nematode to employ
random biased walk as a chemotactic strategy. It is a
modification of frequency of sharp random directional
changes based on chemotactic stimuli in which C. elegans
perform pirouettes, sharp turns using omega shapes and
abrupt reversals followed by a new directional orientation, in
order to produce large directional reorientations (Figure 21).

| Locomotion & Chemotaxis of

RSSrEE - C. elegans

Development of Novel Material and Enhanced
Stability

Development of novel material and enhance stability of
superhydropbic  surfaces using nanoparticle dispersion
mechanism which effect the interfacial tension of oil-water
systems, depending on the nature of the surfactant present
in the systems in which anionic and cationic surfactants have
opposite effect on the interfacial tension of the oil-water system.
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[EEE CIVIL & MECHANICAL ENGINEERING

A total of 170 new research proposals were considered, out
of which 18 proposals were approved for support. Summer
School on Tribology was also conducted.

Few highlights of the output accrued from the research
efforts initiated during preceding years are presented below:

Influence of Geometry and Size Effects in Micro EDM

Research work has been carried out to understand the
influence of geometry and size effects in micro EDM
discharge characteristics, scaling effects (geometry &
size) in multi scale micro EDM machining, electrode wear,
dimensional accuracy, metallurgical effect on crack formation
and tolerance modeling which would enable micro EDM to
use as production oriented and user friendly technology.

Thermally Coupled Three Stage Pulse Tube Cryocooler

A thermally coupled three stage pulse tube cryocooler was
developed which reached a no-load temperature of 19 K.
Isothermal Models and SAGE Models were also developed for
various configurations as well as multi-staging of Pulse Tube
Cryocooler. This helped in optimization of design and operating
parameters before the actual fabrication of any cryocooler.

Hot End Exchangers

An integrated cooling arrangement for the Hot End
Exchangers and Aftercoolers of the three stages was
developed for efficient cooling and hence better performance
of the Pulse Tube Cryocooler.

Surface-Piercing Baffle

A series of experiments have been conducted on shake
table to study the behavior of liquid sloshing in a partially
filled tank with and without baffles. From the experimental
studies, the surface surface-piercing baffle is found to
be more efficient in providing higher damping than other
configurations. Hence, the use of surface-piercing baffle
is recommended in a situation where sloshing is a matter
of great concern as encountered in many engineering
disciplines. The novelty of the present research work lies
in the development of an improved particle method and
its application in the study of violent sloshing inside the
TLD attached with a structural system undergoing seismic
excitations with varying frequency contents.

Generic Finite Element Code

A generic finite element code is developed for analysis of an
electromagnetic device. This finite element code is capable
of modelling special winding scheme such as stator winding
installed as Wheatstone bridge. A coupled rotor dynamic
code has been developed for studying the coupled dynamics
including electrical dynamics and mechanical dynamics.

Atomic Force Microscopy

For the high-speed Atomic Force Microscopy (AFM) probe
and its associated actuation system, a novel design has
been developed at Indian Institute of Science, Bangalore.

River Water Dynamics

To understand near shore or tide influenced river water dynamics
for designing harbour sheltering and coastal structure and also for
restoring these structures from severe wave induced damages,
a detailed study on evaluation of wave-current in connection
through an experimental study carried out in laboratory flume.
The main goal of the project is to advancement of fundamental
knowledge of rough-bed open channel flow structure within the
rigorous theoretical frame work offered by spatial-averaging.
More precisely to study the effect of roughness spacing on the
double averaged turbulence parameters like mean velocity,
turbulence intensities, Reynolds stress, form induced stress and
evaluation of dominant bursting events.

ELECTRICAL, ELECTRONICS &

COMPUTER ENGINEERING

A total of 209 new research proposals were considered, out
of which only 19 proposals were recommended for financial
support. Some interesting results from the completed
projects are given below:

Design & Fabrication of AlGaN/GaN MISHEMT and
Field-Plated HEMT for RF Power Amplifier Applications

The study describes the development of a model to describe
gate leakage current in GaN based HEMT devices. It depicts
a reduction in gate leakage current upon RTO of AIGaN/GaN
HEMT layers and by reactive ion sputtering (RIS) of Alin O,
ambient. A positive shift in VTh has been reported for the
first time in RIS-AI,O,/AllnN/GaN MIS-HEMTs (Figure 22).
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Figure 22 characteristics showing a positive

shift in Vth for MIS-HEMTs with
reactive sputtered Al,O,.
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It is observed that while PF emission is the dominant
leakage mechanism for the structure with lower mole
fraction, contribution from the FN tunnelling component is
also significant for the structures with higher mole fractions.
Expression for a critical temperature below which FN
tunnelling is visible was developed in present study.

Effect of AlGaN barrier layer thickness on gate leakage
reveals that the maximum reverse leakage current is higher
for the devices with higher barrier thickness.

Gate leakage mechanisms in AlGaN/GaN and AlinN/GaN
and its dependence on layer structure, bias, temperature,
Al mole fraction and barrier layer thickness has also been
studied and modelled (Figure 23 and 24). A positive shift
in VTh has been reported for the first time in reactive
sputtered Al,O, MIS-HEMTs, opening up the possibility
of realizing enhancement type device. MISHEMTs with
the gate dielectric realized by RTO of the barrier layer
have been fabricated. While there is no degradation of
the transconductance, the lon/loff ratio has increased
significantly for the MISHEMTs.
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Synthesis of In,0, Nano-Wire Assembly and
UV Detector

The In2_x03_y and SiO-In, O, heterostructure nanocolumn
arrays were fabricated by using GLAD technique inside the
chamber of e-beam evaporator on various substrates such
as ITO coated glass, p-type Si and n-type Si substrate.
As deposited films were used as UV detector. Figure 25
(@) and (b) shows the top and cross-sectional FEG-SEM
images of the Inz_xos_y nanocolumns on the ITO coated glass
substrate. The high band gap at ~3.75 eV (Figure 25(c))
and near band gap PL emission (Figure 25(c) inset) in the
ultraviolet region was observed from the In,0, columnar
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Gate characteristics of HEMT and
MIS - HEMTs prepared with RTO at

Figure 24 600 °C for 60 s. The drain and source
terminals were shorted during gate
current measurement.

i.

structure. The In, O, nanocolumns diameter increases
from 50 -100 nm with decrease deposition rate from 1.5
A°/S to that of 0.5 A°S. Figure 26 (a) and (b) represents the
I-V characteristics of In/In,O, TF/Si and In/GLAD- Inz_xo&y/
Si under dark and light illumination and photosensitivity of
TF and GLAD- Inz_xoa_y film based detectors respectively.
Averagely 1.5 fold enhanced photoresponsivity (bias voltage
3-6.75 V) was observed from Si/GLAD- Inz_xoa_y compared
to Si/In, O, vy TF detector. An extremely low leakage current
of 8.4x10 < A was recorded at -0.25 V for the Si0,n,,0,

heterostructure nanocolumnar arrays based detector WhICh
is very much necessary for reducing the short noise and
sensitive light detection. The grown In, O, nanocolumns
are n-type in nature, which formed N-P junction with P-type
Si substrate. The Indium (In) metal formed Ohmic contact
with the Inz_xoa_y layer, whereas the Silver (Ag) and gold (Au)
were made Schottky. A maximum ~352 times enhanced
photo efficiency has been observed for the annealed
SiOx-In,, O, device as compared to as deposited
SiOX-Inz_XOJ_y device through Ag Schottky contact. No
significant effect of temperature (10K-300K) on Au/lnz_xos_y
nanocolumnar based Schottky detector (I-V) was observed.
Maximum photoresponsivity 15 A/W was observed at
380 nm for In, O, NWs and 199 A/W at 375 nm for
SiO-In, O dewce

2x 3y

Two times enlarged photon absorption has been observed
for the annealed SiOX-Inz_XO&y compared to as deposited
SiO-In,,0,,, nanocolumns [Figure 27(a)] The main band
gap transmon at 3.8 eV for In, O, and sub band gap
transition at 2.7 eV was observed for SiO, nanostructures
(Figure 27 (b)). Figure 28(a) shows the I- V characteristics
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of SiO,In, O, heterostructure nanocolumnar devices
(annealed and as-deposited) with device schematic, (b) Ln
J versus voltage (V) curve and (c) Photosensitivity of the
SiO-In, O, heterostructure nanocolumnar based devices.
Extremely, low leakage current of 8.4x10-° A was recorded
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at-0.25 V for the annealed device. A maximum ~352 times
enhanced photo efficiency has been observed for the
annealed SiO,-In, O, device as compared to as deposited
SiOyIn, O dewce
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Figure 29

(a) Fabricated transmitter (b) Complete Test setup for the transmitter chip.
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Figure 30 Output spectrum of the transmitter.

Low Power Fully Integrated Transmitter for Bio-
Medical Personal Monitoring Devices

A fully integrated transmitter IC using Si or SiGe foundries
for novel heart monitoring devices with the transmitter part
consuming less than 10 mW of power was designed. This
will have a significant impact on the power reduction of the
complete monitoring device. In relevance to objective, a new
VCO and Class E Power Amplifier based Transmitter was
built and tested for ECG signals. The layout of fabricated
transmitter is shown in Figure 29 (a) and Complete Test
setup for testing the transmitter chip is shown in Figure 29
(b). The output spectrum of the fabricated transmitter is
shown in Figure 30. The measurement concludes that built
transmitter gives an output of 1 dBm and consumes 12 mW
of power. A low distortion sample and hold circuit, high gain
novel superstrate antennas and UWB antennas with high
pattern stability was also fabricated in this project.

XX MATERIAL, MINING & MINERAL
ENGINEERING

Few highlights of the output accrued from the research
efforts initiated during preceding years are presented below:

Development of Magnesium Based Rheocast Alloys

Optimization of rheocasting process parameters (viz shear
rate and time volume fraction of primary solid particles,
melt superheating, and mould temperature variations) were
initially done. The Mg-5% Sn and Mg-5% Sn-2% Mm (Misch
metal) alloys were processed through rheocast route. Misch
metal is alloy consisting of about 50% Ce(cerium), 25% La
(lanthanum), 15% Nb (Neodynium) and 10% other rare
earth elements with iron. Misch metal alloyed with iron is the
flint (spark producing agent) in cigarette lighters and similar
devices. Rheocast sample showed presence of globular
shaped-a. Mg ripened dendrities found in conventional
cast sample. Hardness of Rheocast sample was superior
to conventional cast sample of same alloy. Tribological
properties like wear loss decreases for Rheocast samples.
Magnesium-based alloys have enormous potential for
high performance structural applications due to their light
weight combining with high specific strength, superior
damping capacity, etc. Based on these superior properties
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and a combinative requirement for reducing environmental
burdens by using light weighted structures, R&D of
magnesium alloys for industrial application have increased.
Therefore, AZ series cast Mg-alloys have been extensively
studied to be used for some structural components of
automobiles, aircraft, and computers. Mg-Sn based
rheocast alloys developed in this project showed superior
high temperature properties to conventional AZ series Mg
alloys, which shows poor high temperature properties.

Preparation of Gel Polymer Electrolytes

A few classes of Gel Polymer electrolytes were prepared
using Vinylidene fluoride-Hexafluoropropylene (PVDF-
HFP), a promising candidate for enhancing the performance
of Lithium Batteries at B.S. Abdur Rahman Crescent
Engineering College, Chennai. Three methods of chemical
modification such as Sulphonation, Acrylate modification
and Grafting of tertiary butyl acrylamide (tBA) using Atom
Transfer Radical Polymerization (ATRP) was done on
PVDF-HFP. The PVDF-HFP microporous electrolytes
show improved performance for lithium polymer battery
application. The starting materials PVDF-HFP and PEO-PU
have improved ionic conductivity and good thermal stability
compared to that of virgin materials and the newly developed
micro-porous fibre produced from modified PVDF-HFP and
PEO-PU blend system will be a better candidate for lithium
polymer batteries.

Chemical, Microstructural and Morphological
Modifications of the Nano Titania Photoanode

Surface treatment of titania-photoanodes was carried out
at IIT, Mumbai to understand the impact of titania surface
characteristics on dye adsorption and resulting dye
sensitized solar cell performance. Sensitization of titania-
photoanode with gold nanoparticles showed enhancement
in short circuit current density of the Dye Sensitized Solar
Cells (DSSCs). Nanoparticle loaded electrolytes or quashi
solid electrolytes demonstrated performance close to that of
liquid electrolytes. Thus they show promise of being useful
in making high efficiency cells with minimal leakage of
electrolyte resulting in stable long term performance.

Establishment of Natural Microbial Processes
Responsible for Heavy Metal Dissolution and
Transport from Mine Wastes to Water Bodies

Establishment of natural microbial processes responsible
for heavy metal dissolution and transport from mine wastes
to water bodies has been developed at 11Sc, Bangalore.
The result of this research work has tremendous practical
application to the non-ferrous metal mining as well as
coal mining in India. Isolation and selection of efficient
chemolithoautotrophic bacteria from tailing, ore and mine
waters at the site of Chitradurga copper mines (Hutti Gold
Mine), Malanjkhand mines (Hindustan Copper Limited) and
Zawar mines (Hindustan Zinc Limited) has been carried out.



A Study on Gradient Plasticity

Astudy toconduct comprehensive experimental and numerical
analysis to characterize and understand the genesis of size
effects on mechanical properties of micrometre dimension
size metallic samples. This size effects were also analysed
on fabricated, tested and calibrated micro compression /
micro — indentation device capable of performing a test
inside a Finite Element Code and incorporating Strain
Gradient Plasticity (FESEM). It is running successfully in
Indian Institute of Technology, Kanpur. Using this code
size effects in nano-indentation of metallic specimens, size
effects in micro-molding of metallic substrates and fracture in
small samples where sample dimensions are comparable to
the material length scale problems have been solved. A wide
range of configurations, both metallic and polymeric, have
been tested with the device.

34| LIFE SCIENCES
EXZE ANIMAL SCIENCES

Several projects were supported in various sub areas of
animal sciences such as mammalian studies, wildlife studies,
herpetology, avian biology, insect biology, chronobiology,
reproduction biology, endocrinology, crustacean biology,
neurobiology, etc. Some of the interesting results from the
ongoing research are given below:

Ecology & Wildlife Studies

A study on habitat usage of fields in the Eaglenest area
and examined its relation to morphology to test the
ecological species sorting hypothesis. A total of 365 scats
were collected from November, 2014 to March, 2015 and
extracted DNA from 64 scats were used for the study. Out
of these 60% have tested positive for fields. A total of 3150
camera trap nights have been captured to cover 2 sampling
design. Camera trap data showed the presence of leopard
cat, golden cat, marbled cat and clouded leopard apart
from several other species such as Himalayan black bear,
Himalayan marten, barking deer, etc. This is the first time
in India that DNA sequences for cats such as the golden
cat, marbled cat and clouded leopard will be generated. The
study would help in conservation planning for cats in the
region as well as their future monitoring exercise.

Seed Dispersal by Rhesus Macaque

Study on seed dispersal by Rhesus macaques to
examine the effectiveness of dispersal, in terms of distance
and seedling establishment was carried out. A troop of
macaques was followed for 10 days in every month from
their walking sites to their sleeping trees and recorded
dietary activity by using scan sampling. The study indicated
that macaques prefered large fruits (black, red, yellow,
and green colors) and they did not feed on white colored
fruits. Rhesus macaques were found to be more selective
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Development of a Multi-Step Magnesium
Vapour Reduction Process Has Been
Developed for Production of Niobium Powder
from Pure Niobium Pentaoxide

A multi-step magnesium vapour reduction process has
been developed for production of niobium powder from pure
niobium pentaoxide at C-MET, Hyderabad. This process
has been designed and fabricated indigenously. This
capacitor grade niobium powder prepared under the project
by magnesium vapour reduction and de-oxidation has
oxygen as low as 2800 ppm, Capacitance value of 24000
F. V/g and with a DC leakage of 0.0004 uA/u F.V has been
achieved. Large-scale production niobium metal powder
and similar refractory metal powders can be processed by
similar process.

in their fruit consumption during high fruit availability. They
preferred single seeded species with fruit coat which could
be easily pierced by a fingernail. The study would help in
understanding the consistency of interactions between
Rhesus macaques and fruits with specific traits and hence
to determine the degree of selective pressure (if any)
exerted by the former on fruit trait.

Bird Biology

Studies on the effect of isolation and size of offshore island
on owl assemblages; and habitat co-variate that influence
owl occupancy in North Andaman (main island) revealed
that Oriental Scops Owl, Andaman Scops Owl, Andaman
hawk Owl and Hume's Hawk Owl were observed to be
common to uncommon. However, Andaman Barm Owl was
recorded as uncommon. Encounter rate of four species of
owl was higher in agriculture, forest, and agriculture—forest
mixed habitats. Preliminary studies of Barn Owl pellets
showed that food spectrum is dominated by bats and birds
rather than rodents.

Lung associated immune system (LAIS) was performed
by monitoring the health of the bird using the number of
circulatory leukocytes and heterophils in a non-invasive
approach which suggest that the highest number occurred
during winter month to protect the birds from winter stress.
The H/L ratio presented interestingly a high value during the
summer month when there is a tendency of the bird to get
infected by spores of A. alternate. The effect of experimental
stress clearly suggest that a trade-off relationship between
melatonin and stress hormone glucocorticoid exist to
regulate lung associated immunity and reproduction via
their receptors. Such a relationship is of high adaptive value
for a wild bird for energy balance between two mega events,
i.e. reproduction and immunity. The results further suggest
that a trade off relationship between melatonin and stress
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hormone glucocorticoid exist to regulate lung associated
immunity and reproduction via their receptors.

Fish Biology

Isolation and characterization of different enzymes present
in fish viscera and to identify the bioactive peptides for
the potential health benefit, squid protein hydrolysate and
peptides were studied using different commercial enzymes
under optimized conditions. For commercial application,
spray dried squid peptide powders were prepared using
mannitol, trehalose, and maltodextrin as stabilizers.

Insect Biology

An insect culture of Achaea Janata (castor semilooper)
was used for long term generations wise toxicity analysis.
The cloning and sequencing of Cry toxin interacting
proteins/receptors like amino peptidase N (APN) and
alkaline phosphatase (ALP) and also ATP-binding cassette
transporter subfamily C2 (ABCC2) proteins have been
done. Further analysis for expression level of APN, ALP and
ABCC2 during toxin exposure has been carried out. The
results suggest that toxin feeding showed down regulation
of expression of APN which is present in the apical brush
border in normal dietary role and act as a Cry toxin receptor.
The study further suggests that 24h toxin exposure causes
significant damage in gut epithelium; the cells show sign of
degeneration with condensed nuclei and low cytoplasm. The
insects which were transferred after Bt exposure to normal
leaves showed good sign of recovery of the gut epithelium
with large number of actively dividing cells. This finding
suggests the probable regeneration of epithelial cells from
basic regenerative stem cells present in the crypts of the gut
epithelium. The study would help designing apt strategies
for application of Bt based formulations.

Chronobiology

Theinteractions between the circadian clock and homeostatic
mechanisms regulating sleep and arousal in Drosophila
melanogaster indicates a hitherto unknown inhibitory path
between a critical subset of circadian pacemaker neurons
and sleep promoting neurons. Furthermore, a time-of-day
dependent effect of sleep deprivation as estimated by the
amount of sleep rebound was achieved on the following day.
The results provide evidence for the intricate connections
between circadian clock and the sleep homeostat in
governing sleep timing and quality.

Reproduction

Structural and functional changes in oocytes and embryos
derived from mice subjected to repeated super ovulation
indicate that super ovulation does not affect the number
of the ovulated oocytes. However, there is a marginal
difference in the cytoplasmic organization of the oocytes
when the mice are subjected to repeated super ovulation.
The study also indicated that the somatic (bone marrow)
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cells had higher DNA damage which increased with
number of super ovulation cycles. The results would give
very important information on the safety of the repeated
super ovulation protocol on the individual, the quality of
the oocytes, developmental potential of the embryos and
also possible changes in the hormone sensitive organs like
ovary which can indicate the predisposition to cancer.

Study on the functional role of nuclear estrogen receptor-II
(nER-I) in post transcriptional control of gene expression in
estrogen target cells to establish whether the nuclear RNA
polymerase subunits phosphorylated by nER-Il move along
with nER-Il during the regulatory mechanism indicated
that the 4 RNA polymerase activity peaks were closely
associated with 4 peaks of estradiol binding activity. It was
observed that the RNA polymerase Il peak displayed the
presence of nER-Il and Sn RNP proteins, which binds to
nER-Il. The results also indicate that there are proteins in
the RNA polymerase complex which binds nER-Il. nER-II,
is a potential for controlling estrogen action in malignancies
like breast cancer.

Tumor/ Cancer Biology

The study of characterization a new tumor suppressor
gene I(3)tb using Drosophila melanogaster as a model
system. The exact nature and behavior of mutations in
Dcp2 along with their functional significance in the 1(3)
tbe homozygous mutants to substantiate the allelism
between |(3)tb and Dcp2 using molecular evidence was
investigated. Homozygus mutation in I(3)tbe stock resulted
in 100% larval/pupal lethality of all non balancer/non-tubby
progenies with delayed development in all such genotypes.
Similar results were obtained when the mutation in I(3)
tbe was brought in trans to the mutation caused by lethal
alleles of gene Dcp2. With piggyback insertion, PBac{GT1}
DCP2e00034, the trans heterozygotes showed absolute
pupal lethality whereas pupal lethality percentage was
lower to 81.6% when the mutation in I(3)tb was in trans
to P insertion, P[GT1}Dcp2BG01766. When both P
insertion alleles of genes Dcp2, P[GT1}Dcp2BG01766
and PBac{GT1}DCP2e00034, complemented, the result
showed 100% pupal lethality. Tumorous phenotype in
brain and wing imaginal disc was also observed in trans
heterozygous condition when lethal P-insertion allele
of gene Dcp2, P[GT1}Dcp2BG01766 and PBac{GT1}
DCP2e00034, were brought in trans to the mutation in 1(3)
th. The trans heterozygote exhibits developmental delay
as homozygous I(3)tbe which is the fundamental feature in
the mutants of tumor suppressor gene in Drosophila. The
gene—gene interactions would help in better understanding
of the molecular etiology of the disorder.

[EX¥1 PLANT SCIENCES

Basic and applied research were promoted in plant sciences.
Atotal of 123 proposals were received, and 21 projects were



sanctioned in the year in the area of systematic botany,
paleo botany, functional genomics and stress biology, etc.
Some of highlights of results are given below:

Response of Indian Wheat Cultivars to
Tropospheric Ozone - an Insight Into
Metabolism and Yield

Apreliminary screeningin 18 wheat cultivars collected from
different geographical regions to detect their tolerance
and sensitivity towards ambient and elevated levels of
ozone (O,) was carried out. Continuous ozone monitoring
was done for the two years of experiment with the help
of automatic O, analyzer (HORIBA-APOA-370, HORIBA
Limited, Kyoto, Japan (Figure 31). Diurnal and seasonal
variations at the experimental site showing higher levels
of O, during reproductive phase of wheat thus greatly
affecting the yield (Figure 32). This also affects the
morphological parameters, various growth indices (RGR,
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Variation in mean concentrations of O, at the experimental site during growth period
of wheat (8 h daily mean) during December 2015-March 2016.
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NAR, SLA, RSR and AGR) and non-enzymatic antioxidants
(ascorbic acid and thiol content) activity under elevated O,
Antioxidative defense mechanism was also investigated
to understand the basis of homeostasis maintenance in
different cultivars displaying differential sensitivity and
tolerance towards O, (Figure 33) The three cultivars
(tolerant, intermediately sensitive and sensitive) differed
in their response of modulation of antioxidative defense
system which was perhaps the basis of their differential
sensitivity towards O, leading to variable losses in yield.
The translocation pattern studied through growth indices
showed that there was lesser transfer of photosynthates
towards the reproductive organs in sensitive cultivar
HD2987 while the translocation pattern of tolerant
cultivar KHARCHIYAG65 was not affected significantly
hence more reductions in yield was found in HD2987 and
least reduction was detected in KHARCHIYAG5. Native-
PAGE followed the similar trend that was found in the
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spectrophotometric analysis. on turned to severe veinal chlorosis affecting the mid-veins
. . \ and leaf lamina at 28 dpi was observed (Figure 34 A & B).
Role of BetaC1in Tomato Leaf Curl Virus Pathogenesis P (Fig )
Betasatellite is a major causal agent of leaf curl disease of
radish (RaLCB) which interacts with Tomato leaf curl New
Delhi virus DNAA (A). When co-inoculated with A (TLC-New
Delhi DNA) in model plant N. benthamiana, { initiated leaf
curling and vein clearing at 14 dpi on minor veins which later

The phenomenological leaf pipeline model electron
transport per excited cross-section (ETo/CS ) was
decreased because of the inactivation of reaction centre
complex was observed in infected leaves while inactivation
decreases the density of active (Q, to Q,reducing) reaction

A A+BABC1

Venial chlorosis induced by protein BC1 of RaLCB in N. benthamiana. Upper panel
(A-D) indicating plant phenotype following inoculation with respective combina-
tions as indicated above each photograph at 28 dpi. Lower panel (E-H) indicat-
ing close up view of symptomatic upper leaves of same plants.

Figure 34 A & B
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centres and flux for the energy dissipation per excited cross-
section (DI /CS ) was increased (67%).

In this mechanism two chlorophyllase enzymes (chlorophyll
breakdown pathway and  pheophorbide A oxygenase
1) were breakdown. And these enzymes have not
significant difference between the transcripts in A and
A+B infected plants at the 0.05. These results suggested
that C1 Betasatellite virus stops the chlorophyll synthesis
mechanism hence vein clearing was observed.

Possibility of Using Native Phytate-Solubilizing
Bacterial Strains to Enhance P Availability by
Utilizing Phytate-P Reservoir in Tea Soil

The P availability by utilizing phytate-P reservoir in tea soil
was investigated. Eighteen PpSM strains were isolated and
compared on the basis of their potentials to degrade phytate
compound in broth medium to release inorganic phosphate
ions under controlled condition. The PpSM strains isolated
from organic tea gardens and conventional gardens did not
differ among them on the basis of their ability to hydrolyze
phytate salt in broth medium. Among 18 strains,10 strains
having higher phytate solubilizing ability and were incubated
in soil (under laboratory condition). Simultaneously, field rial
of four effective strains namely PpSM #4, PpSM #5, PpSM
#25 and PpSM #45 were applied in the soil of tea garden to
compare their effects on tea shoot productivity and inorganic
phosphate ion concentration in soil (Figure 35).

Genetic Analysis of the Regulation of HSP100
Promoter Activity by Heat Shock Factors in
Rice and Arabidopsis

In the genetic analysis of regulation of HSP100 promoter in
rice and Arabidopsis showed information about OsHsfA6a
of the entire OsHsf family, which regulates the HS-induced

0.012
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expression of OsCIpB-C and other enzyme OsHsfB4b
as subcellular localization of OsClpB-C was analyzed by
particle bombardment of OsClpB-C: GFP fusion construct
in onion peel cells. This experiment showed nucleo-
cytoplasmic localization of OsClpB-C (Figure 36) which is
a significant finding.

Agrobacterium Tumefaciens  Mediated
Transformation  for  Tagging  Genes
Responsible for Virulence in Botrytis Cinerea

The species B. cinerea is a necrotrophic pathogen that
infects many important crops. Identification of novel
virulence factor, will lead to an enhanced understanding

Sub-cellular localization of

OsClIpB-C. Onion peel cells
transformed with OsClpB-C-

GFP fusion construct. Sub-panels represent (a)

GFP fluorescence, (b) cells stained with DAPI to

identify the nucleus, (c) bright field and (d) merged

image of a, b and c. Scale bar denotes 50 pm.

Figure 36
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of fungal pathogenesis, and assist in the development of
alternative control approaches for the management of
Botrytis grey mould disease. A total of 200 monokaryotic
transformants were generated through Agrobacterium
tumefaciens mediated transformation (ATMT) using LBA
4404. Following this, 13 transformants that showed highly
reduced virulence were selected for further analysis. Three
transformants showed no integration of T-DNA, indicating
that these three transformants were spurious. A single
copy T-DNA insert was observed in BCM-20, 27, 29, 31,
36, 36, 50, 55 and BCM-59 transformants, while BCM-60
showed two copies of T-DNA insertions in the genome.
This indicates that ATMT resulted in random and mostly
single copy integration in B. cinerea. Using TAIL-PCR four
novel genes namely- Nup 188, kinesin, O-acyl transferase
and encoding a predicted protein unique to B. cinerea
have been identified (Figure 37). These genes may have a
potential role in pathogenicity of B. cinerea.

Functional Genomics Approach to Understand
Glycyrrhizin Biosynthesis in Glycyrrhiza Glabra

The species Glycyrrhiza glabra has been investigated to
develop chemical spectrum and in vitro cell lines (Figure
38). In tissue culture cell maturation, morphological
differentiation and glycyrrhizin accumulation were positively
correlated. Mature stolons (4 months) were characterized
by the maximum accumulation of glycyrrhizin (8.60 Ig/mg)
in in vitro plantlets. In cytotoxic study, effect of the extracts
evaluated against a panel of human cancer cell lines (in
vitro) indicated that the pancreatic cell line (MIA-PaCa-2)
were sensitive to all the fourteen extracts investigated.
Simultaneously real time and semi quantitative studies of
the pathway genes showed differential expression will be
useful in understanding the molecular basis of Glycyrrhizin
biosynthesis and its regulation in Glycyrrhiza glabra plant.

HEALTH SCIENCES

The effort to promote R & D activities in Health Sciences
with a focus on interdisciplinary areas on diseases of public
health importance continued. The significance of a few
recommended projects are given below:

Cancer

Oral and esophageal cancers are the most common
cancers and their highest incidence has been reported in
north-eastern states of India. A population-based study
has been initiated to understand the pathogenesis of this
disease in context to chromosomal instability and disease
progression. Another project has been recommended
towards synthesize of newer anti-cancer compounds
capable of targeting cancer at different stages and multiple
cellular sites. Discovering of new angiogenic regulators
have immense scope in cancer therapy. A project has been
supported to understand the role of novel molecule called
IQGAP2 in angiogenesis.

174

Neurological Disease

Parkinson’s disease is second most common Neuro-
degenerative disorder. A study has been initiated to
understand the molecular mechanism of signal transduction
in Parkinson’s disease through STAT signalling pathway
and for a better pharmacotherapy for age-related diseases.
Another project has been initiated to understand the
relationship between diverse neural subsystems and its
correlation with novel treatment targets for the patients
suffering from Schizophrenia.

Bacterial Resistance

Bacterial biofilms, especially device associated, are
increasingly recognized as a major cause of persistent
infection and destructive inflammatory processes. The
project has been initiated towards understanding the
process of biofilm neutrophil interaction and subsequent
apoptosis and phagocytosis by macrophages. Another
study has been initiated towards developing lipopeptides
as anti-infective to target bacterial signalling and biofilm
formation in both Gram positive and Gram negative biofilms.

Infectious Disease

Infectious disease like chikungunya and Dengue are
the major cause of mortality in Indian subcontinent. The
project has been initiated to identify lead compounds using
medicinal plants against chikungunya infection through
invitro based assay and as well as through structural
interpretation by crystallography. Another project has
been initiated to understand the how infectious nature of
sporozoite modulates immune cell responses to plasmodia
liver stage specific antigens conferring long-lived protection.

Parasitology

In our country more than 10% of the total population,
was affected by malarial disease caused by Anopheles
stephensi, particularly found in urban areas. The hemocytes
present in the insects control several physiological and
immunological consequences of mosquitoes. A study has
been done to understand the molecular nature of mosquito
hemocytes specific immune components using tools of
molecular genetics, to throw light on the functions of these
cells in mosquitoes. Using next-generation sequencing
(heat map) it has been identified several unique transcripts
that encode proteins (please see the pie chart). which
opens up further research avenues in understanding the
anti-plasmodial responses in malarial vectors (Figure 39).

Malaria

A significant alteration in the expression profile of miRNAs
in response to the infection of the malaria vector has
been observed. Parasite infection can alter host miRNA
expression that can favour both parasite clearance and
infection. It has been observed that Micro-RNA regulated
genes are thus a potential target for the therapeutic control
of parasite diseases.
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BCM-29D

In vitro pathogenicity assay on detached tomato leaves. Drop inoculated with Water-
Control; spore suspension of wild type (WT); T-DNA insertion mutant (BCM-29);
Complemented clone (bckip7); deletion mutant (Abcklp7) of gene KLP-7.
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Invitro regeneration and chemical profiling of the in vitro raised morphogenetic
lines has given insight to the understanding of correlation between cell differ-
entiation and secondary metabolite spectrum
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Figure 39 Transcript encoding proteins in malarial vector- Anopleles stephensi
Leishmania In the funded project it has been observed that PPGs are

differentially expressed in sodium stibogluconate sensitive
and resistant of Indian Clinical isolates of L donovani, which
is important for transmission, invasion and subsequent intra
cellular survival of parasites.

Leishmania produce several
glycoproteins  called Proteophosphoglycans

types of mucin like
(PPGs)

found on the surface of promastigotes and amastigotes.

Diabetes

A thorough study has been done to identify potential targets
for overcoming the insulin-resistance. Using pharmacore
modelling and MD simulations potential agonist for GPR
119, which is predominantly expressed in pancreatic
beta cells and intestinal L-cells, have been identified
and synthesied for further pharmacological evaluation.
In another sanctioned project the potential usage of our
medicinal plants against cardiovascular disease has been
studied. A study on stem bark of Terminalia arjuna (Roxb)
(TA) has shown that medicinal plants are more effective in
overcoming the cardiovascular disease burden (Figure 40).

Therapeutic action against
cardiovascular diseases

Figure 40
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Neurodegenerative Diseases

Another study on nanostructured lipid carriers containing
Donepzil and Curcumin showed effective management
towards Alzheimer's disease. To study exact mutation
pattern of Duchenne Muscular Dystrophy (DMD) and
Becker's muscular dystrophy (BMD) "X’ linked recessive
inherited disorders, a project was initiated with an aim to
develop Single Assay based on next generation sequencing
that detect not only aberration but also mutation to the base
level and document the genetic profile of the Indian patients
with a view to improve genotype phenotype correlations.
Identification of gene association to understand etiology
and pathophysiology of Lumbar disc degeneration in
Indian population has been studied. Study addressed
the association of SNP’s of selected genes and further
correlated with radiological and clinical variables.

Inflammatory Diseases

Another study towards understanding of thiopurine
metabolism in patients of Inflammatory Bowel Disease such
as Crohn’s disease and ulcerative colitis has addressed the
key issues in thiopurine therapy with newer pharmacokinetic
and molecular perspectives on thiopurine metabolite profile.
Another ongoing multi-centric study revealed the role of
germline mutation in pheochromocytoma, which is a rare
endocrine tumor originating from medulla of adrenal glands.
Another study on eye disease showed that the pro-fibrotic
pathways plays important role in the pathophysiology of
Proliferative viteroretinopathy (PVR).

BIOCHEMISTRY, BIOPHYSICS,
MOLECULAR BIOLOGY AND
MICROBIOLOGY

The SERB supported 46 projects in this area with a budget
of Rs.23.00 crore. Some highlights of interesting outcome
from a few funded projects are as follows:

Characterization of Skp1

Cullin-F-box (SCF) ligase complex has a crucial role in
ubiquitin meditated Ubiquitin Proteasomal System (UPS).
UPS is involved in biological processes such as signal
transduction, DNA repair, and control of cell division,
induction of immune response, regulation of transcription,
stress response, apoptosis, inflammation, and embryonic
development. Skp1 is a key player in the SCF complex
as it is the attachment site for the F-box proteins (FBP).
Crystallographic studies have presented the structure of
Skp1 in complex with various FBP’s where C-terminus
helices of Skp1 tightly wrap around the F-box domain. Using
solution-state NMR relaxation and MD simulations, the
project studies the conformational and structural properties
of Skp1. Solution NMR data confirm the flexibility of
C-terminus helices H7 and H8 and reveal that these helices
in absence of the FBP do not have a defined secondary
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structure. The flexibility of the C-terminal helices and their
structural re-organization as shown in the MD calculation
can have significant role in F-box domain recognition and
binding. Based on this project results. The group proposed
a “hand-wrestling” model for recognition, binding, and
modulating dynamics of various FBP’s by Skp1 (Figure 41).
Understanding of precise binding mode and the surface of
a SCF complex will open a new avenue for designing drugs
against specific type of cancer.
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Role of a-actinin-4

It is @ non-muscle isoform of the actin crosslinking protein
o-actinin, that has been implicated in different aspects of
cancer. The role of a-actinin-4 in breast cancer invasion
and metastasis has been provided. Expression levels of
a-actinin-4 (Actn4) was upregulated in invasive MDA-
MB-231 breast cancer cells compared to non-invasive
MCF-7 cells, and also in radiation resistant MCF-7
cells (MCF-7 RR). In MDA-MB-231 cells, knockdown of
Actnd suppressed cell motility, proteolytic capability and
invasiveness. These effects were enacted via perturbation
of adhesion dynamics. In radiation-resistant MCF-7 cells,
Actn4 knockdown reversed the mesenchymal phenotype to
epithelial phenotype. Together, these results are indicative
of a key role for a-actinin-4 in breast cancer invasion, and
raise the possibility of exploring a-actinin-4 as a therapeutic
candidate (Figure 42).

Role of TOM40 in Mitochondria

These are the sites of cellular energy production which
is required for various essential functions of body. Thus,
it is essential to study mitochondrial biogenesis as any
dysfunction of mitochondria that leads to neurological,
cardiological, iron metabolism disorders and other diseases.
This study is trying to understand the import of proteins into
mitochondria by major channel protein TOM40, which is
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Figure 42

a-actinin-4 (Actn4) expression in breast cancer cells and effect of Atn4
knockdown. (a) Actn4 overexpressed in MDA-MB-231 cells. (b) Representative
trajectories of invasion of control and Actn4 knockdown cells invading in
sandwich gels. (c) Actn4 knockdown inhibits invasiveness of MDA-MB-231
cells. (d) Phenotype of clonal population of MCF-7 cells and radiation resistant
MCF-7 cells (MCF-7 RR). (e) Actn4 overexpressed in MCF-7 RR cells. (f) Actn4
knockdown reverses morphology of MCF-7 RR cells.

the entry gate for all proteins entering into the mitochondria.
Further, the concept of the proposal is to identify the role
of MIA40, an intermembrane space import receptor, in
redox metabolism and TOM40 assembly. PI group found
that TOM40 contains a cysteine motif in its inter membrane
space domain and it's probably playing a role in TOM40
assembly via MIA40 and redox metabolism.

The project results found that MIA40 is involved in the
export of Fe-S clusters from the mitochondria. Depletion
of MIA40 leads to accumulation of iron in the mitochondria
and reduced cytosolic iron containing enzyme activities.
And also they find that MIA40 binds iron both in vitro and
in vivo. These studies show that MIA40 is a Fe exporting
protein of mitochondria. These studies show for the first
time the importance of MIA40 and clue about the Fe export
mechanism in the inter membrane space. The PI's group
also established the channel formation of TOM40 by using
patch clamping studies with purified recombinant protein.

Cysteine Synthase Complex (CSC)in E. hitolytica

The CSC is biosynthesized using a two-step pathway in
bacteria, plants and most pathogenic protozoans, but not
in humans, and the machinery of cysteine biosynthesis is
hence an opportune target for therapeutics. The decameric
cysteine synthase complex (CSC) is formed as the
C-terminal tail of serine acetyl transferase (SAT) that binds
to the active site of O-acetyl serine sulfydrylase (OASS),
and plays a role in regulating this pathway. To understand
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CSC formation, cysteine biosynthetic pathway of several
organisms is being investigated (L. donavani, B. abortus
and V. cholera) . In E. hitolytica, the native enzymes do
not form CSC, while two mutations in the C-termianl region
of SAT1 resulted into a stable cysteine synthase complex
formation. On the basis of structural, biochemical, and
biophysical studies CSC formation in E. hitolytica has been
proposed. (Figure 43).

RADSIC & XRCC2 Protein in Cell

Genome is susceptible to various types of damage, and
replication across such damaged DNA leads to chromosomal
aberrations which are hallmarks of cancer cells. Thus,
maintenance of genome integrity is of fundamental
importance to all organisms in order to survive and
propagate. Cells have evolved with dedicated repair proteins
to deal with replication problems. RAD51 and RADS1
paralog proteins are one such proteins that are implicated in
stabilizing the stalled forks and its restart. The mechanism
of RADS1 paralogs in the genome maintenance and tumour
suppression is unclear. The study shows that XRCC2 and
XRCC3 differentially get phosphorylated by ATM and ATR
kinases to take care of faithful replication. It is found that
XRCC2 S247 is phosphorylated in response to replication
stress by ATR kinase and this phosphorylation is required for
the protection of stalled forks. When XRCC2 phosphorylation
doesn't occur, stalled forks will be broken to generate DNA
double-strand breaks. Under such conditions XRCC3 5225
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will be phosphorylated by ATM-ATR and this phosphorylation
participate in the repair of broken replication forks to restart
the replication. This mechanism of replication resumption also
provides survival support to the cells. In conclusion, XRCC2
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RAD51C and XRCC3 but not
XRCC2 is required for replication
restart. Replication was monitored
by the modified thymidine analogs
(IdU and CldU) after inducing
replication stress by aphidicolin.
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Figure 43

The cysteine synthase complex (CSC)
model with E. histolytica proteins.A SAT
exists as trimer in E. histolytica. Three
protomers of SAT trimer are depicted in
greencyan and magenta. The C-terminal of
only one protomer interacts with the PLP at
the active site of one of the molecule in the
OASS dimer. The C-terminal DWSI of each
SAT protomer is represented by balls and
sticks. B Charge distribution on interacting
surfaces of ENOASS and mutant EhSAT1

in the cysteine synthase complex. The
negatively charged residues at the SAT
C-terminus are complementary to the
positively charged OASS active site and
two other sites.

and XRCC3 phosphorylation distinctly regulate replication
fork protection and restart in mammalian cells (Figure 44).

Nuclear Pore Complexes

The nuclear Pore Complexes (NPCs) embedded in nuclear
membrane bilayer solely mediate transport of all kind of
macromolecules between nucleus and cytoplasm, and
regulate nearly most cellular processes such as gene
expression, mitosis, cell differentiation, etc. Additionally,
alternations in NPC and its associated proteins have been
linked to several human diseases, such as cancer, genetic
disorders, cardiovascular diseases and viral diseases. In
this project, Pl has developed a method to isolate native
human nucleoporin complexes that has enabled us to
undertake structural studies on sub-complexes.
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3.5 MATHEMATICAL SCIENCES

The Mathematical Sciences Programme encourages research in the areas of Mathematics, Statistics, Operations Research
and Theoretical Computer Science. A total of 17 new research projects were supported in various areas such as Algebra,
Functional Analysis, Graph theory, Wavelet Analysis, Fractional Calculus, Differential Equations, Cryptography, Mathematical
Modelling, Stochastic Process Modelling, Statistics, Operations Research, etc The highlights of the progress/achievements

from the funded projects are as follows:

Establishment of the Theory of Special
Functions and Unified Theory of Multivariable
Special Functions Via Lie Algebra

Alink between the theory of special functions and unified theory
of multivariable special functions via Lie algebra has been
established. Various classes of generating functions have
been derived from space-time fractional anomalous diffusion
problem, Volterra integral equations, matrix polynomials and
from other identities unifying these consequences.

Efficiency of the Multiple Dependent State (MDS) Plan

Efficiency of the multiple dependent state (MDS) plan has been
compared with the existing sampling plans such as Single
Sampling Plan and the Repetitive Group Sampling (RGS) Plan
using Weibull life time model. The comparison was made in
terms of average sample number (ASN). The ASN is observed
to be smaller than RGS plan for all combinations of AQL
(Acceptable quality levels) and LQL (Limiting Quality Level).

3.6] PHYSICAL SCIENCES

Condensed Matter Physics and Materials Science

Important areas, where financial support was provided
were carbon nitrides, magnetic nanoparticles, solar cells,
nanopiezoceramic, carbon nano tubes field effect transistor,
quasi-two dimensional electron gas, chalcogenide quantum
dots, colloidal systems, disordered superconductors,
scanning tunneling spectroscopy, conducting glasses,
heusler alloy, etc. Some important highlights are as follows:

The relaxation dynamics of Li+ ions of LiF doped lithium
metaphosphate glasses had been studied in the frequency
range 10Hz to 2 MHz in wide temperature range at Indian
Association for Cultivation of Science, Kolkata. In order to
study the effect of immobile ion (Cd?) on the relaxation
dynamics, several Cdl, lithium phosphate glasses had been
synthesized. Mixed glass former system of composition Li,O-
Bi,0,-B,0, and Li,0-Te0,-B,0, had been synthesized. Ag+
ion transport property of Agl doped silver selenomolybdate
mixed former glass had been analyzed by changing content
as well as network former ratio.

A group at Centre of Soft Matter, Bangalore, had done
elaborative studies on composites of single walled carbon
nanotubes and liquid crystals as switchable conductors,
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Numerical Computation for the Evaluation of
Critical Wave Number

The numerical computation for the evaluation of critical wave
number, Taylor and Dean number have been performed
in presence of axial as well as circular magnetic field for
porous cylinders. It has been observed that for both Taylor-
Couette and Dean flow, the critical wavenumber changes
respectively in presence of axial magnetic field, when the
cylinders are not permeable.

Mathematical Model for HIV-TB Co-Infection
with Standard Incidence

A simple mathematical model for HIV-TB co-infection
with standard incidence is formulated and analyzed. The
disease free equilibrium has been observed to be stable
only when both the basic reproduction numbers are less
than one. The effect of case-detection and treatment of
HIV/IAIDS have been demonstrated using numerical
simulations.

dual frequency conductivity switching in a carbon nanotube/
liquid crystal composite. The calorimetric investigations
were also carried out in gold nano particle/ nematic liquid
crystal composites. Enhancement of electrical conductivity,
dielectric anisotropy and director relaxation frequency in
composites of gold nanoparticle and a weakly polar nematic
crystals and enhancement of electrical conductivity of a
liquid crystal-gold nanoparticle composite by a gel network
of aerosol particles was also done. Result of conductivity
measurement performed on a composite of carbon
nanotubes and a liquid crystal (DFLC) has been reproduced
in Figure 45.

A new, all-electrical study of excitonic physics using
frequency & time domain investigation of dynamic dielectric
response of the active lasing junction had been carried out
at IISER-Pune, Pune. This seemingly untouched area of
all-electrical manipulation of excitons could certainly help
to probe many body physics of excitons, exciton-polaritonic
Bose-Einstein Condensation (BEC) in solid state quantum
structures and related phenomena as well as it could pave
the way for innovative applications based on efficient
electrical control of excitonic devices or the so called
“Exictronics”.



Conductivity (5/'m)

T(C)

Result of conductivity
measurement on a composite

of carbon nanotubes and a
liquid crystal (DFLC) possessing
dual frequency switching
characteristics. The conductivity
increases by two orders of
magnitude with respect to that
for the host liquid crystal, and
achieves negligible temperature
dependence.

Figure 45

Several new |0 hybrids in the frame work of R -MX, type
(where M =Pb, Sn and X =1, Br, R = organic moiety) were
successfully fabricated and characterized at IIT Delhi. New
fabrication methodologies for device-quality ultra thin films
were systematically investigated viz., Intercalation strategy,
direct deposition and micromechanical exfoliation. Setting
up and assembly of confocal microscope integrated with a
facility to measure simultaneously transmission, reflection
and PL spectra and PL spectra over a specified area had
been successfully taken-up. Result of the PL spatial imaging
of wavelength-intensity (4D data set) has been reproduced
in Figure 46.

Lasers, Optics, Atomic and Molecular Physics

Important themes funded under the category of this branch
of physics were: dual frequency two dimensional infrared
(DF-2DIR) spectroscopy, weak measurement and classical
entanglement, nanoplasmonics, brillouin  scattering,
photonics, holography. Highlights of progress achieved in
some of the ongoing projects are:

(i) Generation of ~14.8 W of green (532 nm) cw power by
optimally focusing the of 40.0 W, 1064 nm pump beam
is approved (National Institute of Science Education &

Extramural Research Funding

Research). This SH efficiency of 37% in a single-pass
configuration was the highest reported. Even at such high
cw power, the measured M2 was < 1.10 for the SH beam
which was marginally greater than pump beam (M2 < 1.08).
(ii) The linewidth of SH output was measured to be 5 MHz.
(iii) the power stability of the output beam was ~ 5% at the
maximum pump power.

Development of a Wide Band Gap Material

CaGa,0, co-doped with Eu, /Na, was achieved in a project
sanctioned in Department of Physics, Banaras Hindu
University, Varanasi. The material had good transparency
(= 95%) in the visible region and efficiently absorbed solar
blind UV radiation. Tb and Yb-ion-co-doped yttrium gallium
garnet nanophosphors of potential use for next generation
solar cells had been synthesized. In the presence of a
magnetic field optical bi-stability had been observed in
a green emitting Gd(0.95-x) HoxYb ;. NbO, phosphor.
Y,Ti,0,:Er3 /Yb,, (EYYTO) phosphors co-doped with Li,
ions had been developed and their temperature-sensing
performance was evaluated using the fluorescence intensity
ratio technique. A new approach for colour temperature
tuning in lanthanide doped systems to get a warm white
light had been investigated.

Plasma, High Energy, Nuclear Physics, Astronomy
& Astrophysics and Nonlinear Dynamics

Some good quality research projects were supported in
research areas, such as- doppler spectroscopy, nonlinear
oscillatory phenomena in sensory systems, pulsar
monitoring, plasma modified bio-membrane. etc.

Some interesting outcome from funded projects are:

Several balloon flights were made over the last year and
had taken spectra of the atmosphere at altitudes from 5 km
to 25 km in one project sanctioned in Indian Institute of
Astrophysics, Bangalore. The data were analyzed and were
combined with data from the Far Ultraviolet Spectroscopic
Explorer which observed the atmosphere from low Earth orbit.
Instrument development for this effort included interfacing the
spectrograph with a Raspberry Pi single board computer and
associated pressure and temperature monitors.

Belle @3, Belle Il direct CP violation in hadronic B decays and
the @3 working group of the Belle Il Theory Interface Platform
(B2TIP) have been observed. The data packer and unpacker
database related work had been developed. The Pl and his
group from IITM also contributed to Belle Il core software
in developing and validating the continuum suppression
algorithms. It was mentioned that 4th Belle Analysis Workshop
atIITM in March 2015 has been organized.

Hydrodynamic simulations were used and the mass loss
due to supernova-driven outflows from Miky Way type
disk galaxies, paying particular attention to the effect of the
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(i) conventional bright field image and (ii) corresponding PL intensity map (
A, =518nm) excited at 410nm. Spectral details are not shown here.

extended hot halo gas were studied in a projectin Department
of Physics, Indian Institute of Science, Bangalore. The escape
fraction (fesc) of ionizing photons from starburst galaxies had
been calculated. Using 2-D axisymmetric hydrodynamic

simulations, super bubbles created by overlapping
supernovae in OB associations had also been studied. Multi-
wavelength features of Fermi Bubbles as signatures of a
Galactic Wind were also investigated.
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4. Scheme for Young Scientists

The Start-up Grant is an important element in the career of a young scientist. This
year the Young Scientist Scheme was restructured info two schemes — National Post-
Doctoral Fellowship (N-PDF) and the Early Career Research Award (ECRA). The N-PDF
scheme aims to provide opportunities for young PhDs to avail post-doctoral research
fellowships in academic institutions and research laboratories of the country. The ECRA
provides start up research grants to young researchers in regular positions. During the
year, 1057 young researchers have been supported in different disciplines.

4.1

IXEl EARLY CAREER
RESEARCH AWARD

The projects supported over the year encompass wide
spectrum of contemporary topics in Chemical Sciences.

Stimuli-responsive Collapse of Tailored Single
Chain Functional Polymer

At Institute of Nano Science & Technology, Mohali, the
project aims to study smart materials with the capability to
repair mechanical damage on their own. These self-healing
materials, examples of which can be found in many natural
and living systems, are studied with respect to the molecular
interactions. The self-repair may be driven by stimuli-
mediated catalyst activation within the core of well-defined
compartmentalized architectures thereby mimicking the
catalytic core of enzyme. Design of polymeric nanoparticles
with controlled characteristics of shape and size from single
polymer chain collapse is an emerging and appealing
research area due to possible applications in self-healing nano
capsules, nano biomedicine for drug delivery and imaging.

A Miniaturized Nano-Reactor Formed by SCPNs

This project aims to deliver a miniaturized nano-reactor
formed by SCPNs, where chemical reactions can be
catalyzed with a goal to mimic the enzyme catalysis.

—

CHEMICAL SCIENCES

Further, the project aims to design compartments where
self-healing agents can be stored or generated by catalyst.
In future, these nano-reactors can be potentially explored
in self-healing coating application of the protective surface
layers to prevent corrosion-mediated damage (Figure 47).

The research is expected to create a new paradigm in
the supramolecular polymeric nanoparticles and their
applications in catalysis and self-healing materials.
Furthermore, the developed single chain nanoparticles in
this project can be explored for other smart applications
such as stimuli-responsive drug delivery/self-healed
biomaterials and highly efficient catalytic nano-reactors.

Ligand-Free Colloidal All-Inorganic Semiconductor
Nanocrystals

Synthesis, Photophysics and Optoelectronic Application is
a project supported under the YSS Scheme at IISER Pune.
The project provides for the integration of nanocrystals in
electronic and optoelectronic devices like photovoltaics,
light-emitting-diodes (LEDs), photodetectors and printable
electronics, which in turn depends on the electronic property
of the nanocrystal film, and thus on the interconnect
between adjacent nanocrystals. However, colloidal
nanocrystals are generally capped with an insulating
organic layer. Consequently, the benefits of quantum

Catalyst

*

vl

Product Substrate

Figure 47

Chains collapse of single chain polymer in nanoparticles and grafting of catalyst
inside well-defined core of nanoparticle for catalysis.
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confinement effect and solution processibility cannot be
utilized because of inefficient injection or extraction of
charge carriers. The group has developed organic-free
semiconductor nanocrystals for various optoelectronic
applications including visible-light active photocatalyst
for water splitting and solar cell. The ligand-free PbS and
PbSe nanocrystals undergoes solid state reaction at room
temperature employing oriented attachment, forming
low-cost high temperature semiconductor films. Also,
they employed organic-free nanocrystals for chemical
sensing simply because the analyte can interact easily
with the bare nanocrystal surface, therefore, increasing
sensitive. Focusing on optoelectronic applications using
environmentally benign nanocrystals, like AgInS, and Ag,S
nanocrystals, the highlights of these works have been
shown schematically in the appended Figure 48.

Photacatalytic H,
Evolution

Solution
processed,
flexible and
electronic
grade film at
RT

FTO TI0,

Schematic illustration of Optoelectronic
Figure 48| applications using environmentally
benign nanocrystals

Stimuli Induced Phase Transition

A facile route to modulate optical properties in molecular
crystals is a project supported under the YSS scheme to Dr.
Sunil Varughese, CSIR-National Institute for Interdisciplinary
Science and Technology (CSIR-NIIST). The project intends
to study utilization of polymorphism/phase transition to
switch and tune solid state luminescence of materials and to
quantitatively assess the mechanical response of molecular
materials, especially in terms of triboluminescence and
mechanoluminescence.

Switching and tuning solid state luminescence properties
of molecular materials by modulating molecular packing
through non-covalent routes is an attractive prospect.
This strategy further makes it feasible to expand the
utility of molecules of interest by obtaining a large array of
solids—polymorphs, solvates, amorphous phase, nano/
micro-crystals and as multicomponent systems—with

distinct fluorophore arrangement and hence emission
characteristics. Because noncovalent interactions that
determine the fluorophore arrangements in polymorphs
or supramolecular complexes are weak and flexible, their
making and breaking become more realistic under ambient
conditions, thus having potential to achieve reversible
transformations and hence external-stimuli-responsive
and switchable molecular fluorescent materials. The study
emphasizes the scope and relevance of interdisciplinary and
multitechnique approaches to unravel the structure—optical
property relationships and to augment the foundations of
factual knowledge (Figure 49).

Emission switching by non-covalent synthesis S

5 S

A schematic representation of tuning
solid state luminescence properties of
molecular materials.

Figure 49

Kinetically trapped, partially pre-assembled metastable
structures afford vital inputs on the reaction progression
and the formation mechanism of technologically relevant
coordination assemblies. The group studied the structural
and transformation relations in a series of coordination
complexes, to provide insights on sequential structure
evolution in an archetypal coordination complex. Crystals
of the stable complex undergo solid-state thermo-
chromic transformation to a glassy phase consequent to
dehydration and anation reaction. With carefully optimized
thermal treatment, they obtained a transient crystalline
phase, which unambiguously proves a restructuring in the
Co(ll) coordination geometry from octahedral to trigonal
bipyramidal. By virtue of this solid-state transformation,
the group noted that the crystal surface undergoes drastic
modification. Surface reconstruction events associated
with photoreactions in the molecular crystals are noted
but analogous observations for thermal-induced events
are exceptional, and unprecedented for coordination
complexes.  Correlative  atomic  force  microscopy,
nanoindentation and structural inputs provide insights on the
surface reconstruction events brought about by anisotropic

Annual Report 2015-16



Scheme for Young Scientists

long-range layer migration subsequent to the transition. The
slip plane (01-1) that crosses the crystal face (010) at an
optimal angle offers an energetically viable route for layer
re-orientation and migration (Figure 50).
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Structural snapshots of transient
intermediates revealing sequential
growth progression in the formation of
an archetypal coordination complex

Energy

Figure 50

The project emphasizes that Nano-indentation of molecular
crystals offers the scope to quantify the strengths of
intermolecular interactions experimentally and to compare
different types of interactions in a direct way.

Polynuclear Transition Metal Complexes for
Electrochemical Reduction of Oxygen

Aprojectsupported under Y SS scheme to Dr. Kodandaraman
Ramanujam of Indian Institute of Technology, Madras on
Polynuclear Transition Metal Complexes for Electrochemical
Reduction of Oxygen. The project aims to evaluate
electrochemical oxygen reduction activity of transition metal
organic complexes/metalorganic-frameworks. These metal
complexes, upon dispersing on high surface area carbon
support for imparting electronic conductivity, will be used
as cathode, for oxygen reduction reaction, in polymer
electrolyte membrane fuel cells (PEFCs). These catalysts
are alternative to expensive platinum based catalysts
that are currently employed in the cathode of PEFCs
(Figure 51).

Dr. Ramanujam and his group synthesized a Co(lll)
dimer and identified its chemical structure. Oxygen
reduction reaction (ORR) activity of the Co(lll)dimer/C was
demonstrated in oxygen saturated 0.1 N KOH solution. CV
data indicated presence of Co*/Co?* redox couple, which
could possibly adsorb oxygen and catalyze the ORR. DFT
analysis indicates possibility of both the end-on and side-
on adsorption of O, onto the Co(ll)dimer. Combination of
rotating disk electrode (RDE), Koutecky-Levich (KL) and
rotating ring disk electrode (RRDE) analysis points towards
the reduction of oxygen via peroxide pathway. This catalyst,
exhibited complete methanol tolerance ability and good
long-term stability, hence suitable to act as cathode in
direct methanol fuel cell and polymer electrolyte membrane
fuel cells.

the compound g-C,N, intercalated few layer graphene is
derived by pyrolyzing Co(lll) dimer at 800°C in a sealed
quartz ampule (G-TZ-Co). Above 210°C, release of 2,2’
bipyridine (Bpy) from the crystals of Co(lll) dimer lead to
the formation of cobalt based in-situ derived microporous
template. At elevated temperature, Bpy decomposes
and carbonizes into those micropores resulting few layer
graphene. Simultaneously, Bpy condenses into carbon-
nitrogen based heterocyclic material such as 2D network of
triazine-based moiety (g-C,N,), which present intercalated
into the few layer graphene. The pyrolyzed Co(lll) dimer
catalyse electrochemical reduction of oxygen in alkaline
medium, which is one of the reactions involved in energy
systems such as fuel cells and metal-air batteries.
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The group found that oxygen reduction reaction activity of
the pyrolyzed Co(lll) dimer is not sensitive to the presence
of EDTA, which could ligate with cobalt ion in the catalyst,
but can be suppressed considerably in presence of Bpy due
to its -1 interaction with triazine-based moieties. Based
on the oxygen reduction reaction conducted in 0.1 N KOH
solution consisting 10 mM EDTA or 10 mM Bpy, the group
surmised that cobalt based template is only promoting the
formation of ORR catalytic site and does not take part in
the ORR. The onset potential for ORR on pyrolyzed Co(lll)
dimer (G-TZ-Co) is about 80 mV lower than Pt/C. However,
below 0.84 V vs. RHE, the activity of the G-TZ-Co is better
than Pt/C. Hence, this catalyst is envisioned as potential
replacement for the platinum based catalysts used in the
energy systems (Figure 52).

The group have demonstrated oxygen reduction reaction
capability of metal-organic complexes/metalorganic frameworks
and direct-borohydride fuel cell employing non-precious metal
catalysts derived from the pyrolyzis of Co(lll) dimer.
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4.2

EARTH & ATMOSPHERIC SCIENCES

Forty-four new projects were sanctioned at total cost of Rs. 4.6 crore. The funded proposals address various issues in the thrust
areas of Tectonic evolution of Indian landmass, River System and Oceanography, Natural and Anthropogenic Disaster, Atmospheric
Sciences, Climate Change, Palaeobotany, Palaeoecology and Geohydrology. The following are the highlight of some projects:

Climatic Variability as Deciphered from

Holocene Deltaic Core Sediments of
Pichavaram Lagoon, SE Coast of India
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Figure 52

(a) SEM image of G-TZ-Co showing the layer structure of g-C,N, and
graphene intercalated structure (b) hypothesised active structure and
(c) ORR RDE polarization curves of G-TZ-Co in O, saturated 0.1 N KOH.

environmental implications of the study area comprising of
mangrove ecosystem. Moderate values of the Chemical
Index of Alteration (CIA) suggest intermediate chemical
weathering of the source rock under tropical to subtropical
climatic conditions. The down core trends of various
sediment texture, OM, CaCO,, major and trace elements
show that abrupt change in the depth resulting from
high energy events that would have occurred during the
deposition of the sediments. High values of Cr are observed
at the upper intersect of the core. Variation of Cr is observed
to be asynchronous to that of Fe and Mn variation. Results
indicate that Cu, Zn and Pb in sediments would have
originated from both geogenic and as well as by non-
geogenic activities. Slightly higher values of Cobalt than the

average continental crustal values indicate that cobalt and
strontium in sediments would have originated mainly from
lithogenous origin. The shell dating possibly matches and
confirms the high energy event that hit the study area during
the year 1883 Krakatoa earthquake followed by a tsunami.
Loading pattern of factor analysis shows that the major
ions and trace metals of the sediments belong to this factor
except SiO,. The factor analysis illustrates major variations
in chemical composition at certain depths indicating that
major paleo climatic events or natural events would have
occurred during the period of sedimentary depositions.
Factor score indicate sudden accretion in the composition of
metals at depth suggesting dominance of marine incursion
against terrestrial contribution.
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Rapid Prediction of Urban Soil Arsenic
Contamination by Combined Visible-Near
Infrared-Mid Infrared Diffuse Reflectance
Spectroscopy (DRS)

The study explored the capability of DRS, utilizing the
VisNIR, MIR, and combined spectra for detecting soil
Arsenic pollution. Quantitatively, better accuracy was
produced by VisNIR spectra via the Elastic Net-first
derivative model (R?=0.97, RPD=6.32, RPIQ=7.33,
RMSE=0.24 mg kg™") than MIR and combined Vis-MIR.
This study demonstrated an easy and convenient VisNIR
DRS based protocol for quantifying soil solid as phases
in conjunction with three different spectral pretreatments
and PLSR algorithm. Results indicated that all models
except those for Mg and Ox pools produced satisfactory
calibrations, with coefficients of determination ranging from
0.7310 0.97, possibly due to their covariation with spectrally
active Fe oxides, clay minerals, and humic fractions of soil.
Conversely, no satisfactory agreements were observed for
Mg and Ox pools.

Sedimentation and Sequence Building of the
Neoproterozoic in Jodhpur

The sedimentological analysis reveals depositional
mechanism and paleogeography with concomitant
sequence architecture in response to relative sea level
change. Architectural element analysis reveals the
channel pattern changes from braided to meandering,
even anastomosed towards top. Estuarine deposits
overlying this anastomosed channel deposits probably
represents first report of estuarine formation from the
Indian Neoproterozoic. High-resolution facies analysis
reveals varied paleogeography and paleo environment of
deposition for the Girbhakar Sandstone in this area. In view
of possible Proterozoic hydrocarbon explorations in recent
times all over the world, this study may provide immense
help for future mineral and hydrocarbon exploration.
The Girbhakar Sandstone time equivalent with the Bilara
Limestone has been revealed by this study. The occurrence
of Ediacaran like impressions within the Jodhpur Group
has been evaluated in comparison with modern settings
and caution has been made for future study in identifying
Ediacaran fossils. The occurrence of excellent trace fossils
and bioturbations supports speculation that the progenitors
of cnidarians, and annelid kinds of organisms possibly
originated during the late Proterozoic. The sub-mat benthic
lifestyle also possibly originated during the late Proterozoic,
in contrast to the early Palaeozoic age for their onset. The
association of these trace makers and microbial mat may
play significant role in ascertaining evolution of early life.

Functionalized Nanoparticles with Amine and Azide
Derivatives as Sensors for Selective Recognition and
Sensing of Heavy Metal lons in Environmental Samples

Afacile colorimetric sensor was developed for the detection
of Hg?* ion with good selectivity and sensitivity based on the
aggregation of GIn-His-Ag NPs induced by Hg? ion. The
concentration of Hg?* is easily detected by mixing Gln-His-
Ag NPs which was free from any complicated modifying
procedure. It exhibits sharp colour change with red-shift of
the absorption band and the change in color from yellow
to orange can be detected by naked eye. The detection
limit is found to be 25.48 uM. The Gln-His-Ag NPs-based
UV-visible spectroscopic method is economic, simple,
convenient and has shown potential application for the
colorimetric detection of Hg? ion and other heavy metal
ions based on the aggregation GIn-His-Ag NPs.

Forest Diversity

A study of forest diversity and other land use/ land cover
components in south Assam, North east India using
Remote Sensing, GIS and conventional techniques was
carried out. The various parameters of land use and land
pattern were monitored. The Cachar district has a total area
of 86,284.54 ha under protected forests. The Barail wildlife
sanctuary — 7,386.90 ha (part), Upper jiri RF — 6326.24 ha,
Lower jiri RF — 3642.98 ha, Barak RF — 20,438 ha, Innerline
RF — 44,266 (part), Sonai RF — 3594.42ha, Katakhal RF —
630.0 ha (part). The dense forest cover of Cachar district
is 45 percent while 55 percent of the forest cover is under
open forest. Cachar district is mostly made up of plains,
but there are a number of hills spread across the district.
Field survey and sampling shows that most of the forests
within Cachar district are of secondary forest and disturbed
forest types. Habitat destruction is rapidly increasing within
these forests. The river Barak, along with the tributaries,
Jiri, Chiri, Madhura, Jatinga, Sonai, Katakhal and others are
flowing through the center of the plain valley of the district.

Evolution of Aerosol Properties over India

Studies on “Understanding the evolution of aerosol
properties over India in a 3-D observational framework
using multi-sensor remote sensing data” shows the
following results:

7

«+ Annually, maritme dust and anthropogenic aerosols
contribute 16.6% (17.5%), 44.3% (37.6%) and 39.1%
(44.9%) to the total AOD over the Arabian Sea (Bay
of Bengal). Overall, AOD shows significant (2.3% per
year) rise during last decade.

>

% Five hotspots covering 11 Indian states are identified,
where PM2.5 has increased by >15 ug m* in the past
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decade affecting ~23% population in the subcontinent. ++ Non-spherical dust enhances back scattering and surface

¢+ Fastest recovery of aerosol field after washout by rain dimming, thereby enhancing the atmospheric warming.

is observed in the Central Northeast India. Due to In this process, majority of the proposed goals in terms of
cloud-scavenging, 16% decrease in AOD is observed colloidal synthesis of ligand-free nanocrystals, photo physical
per 100 hPa rise of cloud base. properties, thin films and solid state reactions are achieved.

¢ Aerosols contribute 90% to the visibility degradation in

” Fabricating Solar Cells
non-foggy condition.

Another focus is on fabricating solar cells using

% Aerosols are mostly confined below 2 km in the post- environmentally benign ligand-free nanocrystals of I-llI-V,
monsoon to winter seasons. compound semiconductor. Forexample, one of the strategies

% Aerosol DRF is highly sensitive to mixing state. Aerosol is to make a nanoscale p-n junction with efficient exciton
induced warming in the atmosphere is enhanced in dissociation rate, required to improve solar cell efficiency.
presence of clouds (more for ice than water clouds). In this regard, AgInS,-Ag,S heterodimer nanocrystals are

. . studied, where defect mediated separation of electron and

* Largest enhancement in TOA warming occurs for hole was observed at the AgInS -Ag,S interface (Figure 53).

WSOL coating over BC and INSO mixing state cases
(relative to simple external mixing).

h+

Ag,S-AginsS,
Hetero Dimer NCs Voltage (V)

0.00 0.25 0.50

Observation of defect mediated separation of electron and hole at the interface of

Figure 53 heterodimer AginS,-Ag,S nano crystals.
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4.3|ENGINEERING SCIENCES

The proposals were granted in the disciplines of Civil Engineering, Material Sciences, Mechanical Engineering, Aeronautics,
Computer Science & Technology and Information Technology etc. Few socially relevant action research projects were also

executed.

Hybrid Biomaterials from Collagenous Wastes

Biomimetic collagen-PDAGG hybrid porous scaffolds
covalently immobilized with PDGF were employed on
the wound site created in Wistar albino rats to stimulate
a desired cellular response. Biochemical analysis of
granulation tissue shows high concentration of total
protein, collagen, hexosamine and uronic acid contents
for the collagen-PDAGG-PDGF hybrid scaffolds when
compared to the other experimental and control groups.
Biophysical and wound assessment studies reveal
that the collagen-PDAGG-PDGF hybrid scaffolds lead
to better tensile strength, epithelialization and wound
contraction rate. Histopathological investigation shows
better fibroblast proliferation and neovascularization
coupled with short inflammatory phase in the collagen-
PDAGG-PDGF hybrid scaffold treated group, which is
hypothesized on the release of PDGF from the hybrid
scaffolds thereby stimulating the biological activities
in the wound region throughout the application period.
These results suggested that the collagen-PDAGG-PDGF
hybrid scaffolds provide rapid tissue regeneration and
wound repair thereby promising as an effective system
for the treatment of surface wounds, burns and diabetic
foot ulcers. This technology has been proceeding with
the prepared hybrid scaffold for the clinical research in
burns and diabetic foot ulcers chronic wounds. Further,
the product and techniques developed in this project has
market potential for commercialization to the industries
(Figure 54).

Heat Transfer Enhancement and Fluid Flow
Analysis

A project using vertically aligned CNT and
nanostructured surface, for the first time in our country,
with the help of surface coatings has been studied.
Carbon nanotube coatings are coated on the diamond
intermediate layer coated copper substrate using
chemical vapour deposition technique and its heat
transfer characteristics have been studied and found
excellent compared to heat transfer characteristics of
the bare copper substrate.

Stable Alumina Coatings and Composite Oxide
Coatings
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Schematic of the experimental
Figure 55 apparatus used for investigation

flow boiling heat transfer

Stable alumina coatings, and composite oxide coatings have
been prepared using spray pyrolysis technique in another
project (Figure 55):

Development of Thermal

a

Conductivity of EG Based
Cu Nano Fluid

A new technique developed from
thermal conductivity of EG based
Cu (8-20 nm size) nano fluid by
the MD stochastic model predicts
a significant enhancement in
the thermal conductivity, which
increases linearly with volume
fraction loading of nanoparticles.
The predicted enhancement in
thermal conductivity is well in
agreement with the experimental
data. This model can be used

Figure 54 SEM images from C/PDAGG

for the design of nano fluids
for any advanced heat transfer

applications.  Subsequently this
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model can be extended for nano fluids containing alloy
nanoparticles of varying compositions and volume fraction
loading. Pure copper nanoparticles are very reactive and
rapidly oxidize while they come into contact of moisture and
air. Its alloy with silver has good resistance to oxidation and
at the same time good conductivity and so is a potential
candidate for nano-dispersoid in water based nanofluids.
Further, the water based nanofluids containing Cu-Ag alloy
nanoparticles dispersion can be taken up presuming its
potential as an effective heat transfer medium in advanced
applications. The study demonstrates simple yet significant
methods for the synthesis of silver nanoparticles, copper
nanoparticles and copper-nickel alloy nanoparticles through
chemical reduction method in aqueous medium without any
inert gas protection. UV-vis spectra, XRD and HRTEM
study confirm crystalline structure and growth of stable
nanoparticles. It also shows that synthesized nano fluids
are stable, reflect superior thermal conductivity.

New Technique for Operating Range of
Process Parameters for Twin

The new technique explains the operating range of process
parameters for twin and understanding that the effect of
weld process parameters on bead geometry and hardness
is the same. This study also focused on creating metallic
objects with a hardness gradient using GMAW of twin wire
weld deposition setup.

24V DC BUS

BATTERY STORAGE

DC-DC
CONVERTER

Pl

The Laboratory Prototype of a Grid Connected
Photovoltaic System

The laboratory prototype of a grid connected photovoltaic
system with the energy management scheme is
implemented. Incremental conductance method has been
utilized for extracting maximum power from photovoltaic
panels. Synchronization of the system with main power grid
is achieved through hysteresis current control technique.
Four modes of operation of the proposed system have
been explained with hardware results. The results validate
that the proposed system can deliver a stable output power
irrespective of the variations in solar irradiation levels.
The Grid connected photovoltaic systems - a hardware
implementation for dual DC output power supply for a
stand-alone photo voltaic system has been realized.

Proposed Configuration of Laboratory Prototype

The proposed configuration has been developed in the
laboratory and shown in the block diagram. The significance
of the configuration has been illustrated through the
experimental studies with the different shading and loading
conditions. The performance of the system with step changes
in load and insolation has also been illustrated both in steady-
state and dynamic conditions. It is evident that the developed
laboratory prototype of PV system with energy management
system using batteries has enhanced reliability under both
the grid connected and stand-alone mode (Figure 56).

BOOST :
110V DC
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Loap
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| consuMER
: LOAD

ELECTRIC
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Figure 56  Architecture of dual LVDC power supply with the proposed power
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4.4 LIFE SCIENCES

During the year 1363 applications were received, of which 491 were recommended for financial support. Salient findings of the

supported projects are summarized here:

Plant Sciences

R/

++ Taxonomical classification of Poaceae was revised
with 31 plant samples of 26 species and 5 varieties
were identified and studied.

«+ Ecology of lichens showed - 24.39% endemic category
of Lichen in western ghats.

++ Biological control of Fusarium solani f. sp. phaseoli and
Rhizoctonia solani Kuhn: Mycorrhiza and PGPR can
be used for biocontrol agent against root rot pathogen
in Phaseolus plants.

+ Cytotaxonomical studies in Flemingia: Flemingia gracilis,
Flemingia sp. 1. and F. rollae are tuberous and grows
only at high altitude (above 1000 m) on lateritic plateaus.

+¢+ Evaluation and Propagation of selected endangered
medicinal Ceropegia species through somatic
embyogeneis and organogenesis in C. media from
epicotyl explants.

% Systematic studies carried out on Cucurbitaceae family in India.

+«» Floristic vegetation and species diversity in Mulshi
watershade catchment area showed 127 endemic
grass species from Mulshi region.

«+ Palmitic acid exerts its cytotoxic effects by increasing
ROS production which in turn leads to increased
oxidative damage to biomolecules in cells was studied.

Animal Sciences

«+  Sorghum variety CanPI-7 as one of the genes that can
be taken up further to develop transgenic sorghum
with the selected insect resistance / tolerance.

¢+ Exploration of Azadirachtin targets in Helicoverpa
armigera by proteomics and genomics approach showed
that all the larvae fed on AZA diet, showed stunted
growth. These results indicate that azadirachtin is potent
insect antifeedant and has growth disrupting properties.
Integration of membrane enzymes in liposomes for
testing activity, is being standardized for the malaria
parasite Plasmodium falciparum for the first time.

Nanotechnology

®

+¢+ Chemically synthesized copper nanoparticles showed
maximum activity against all the test fungi as compared
to biologically synthesized nanoparticle.

Biotechnology and Pharmacology

¢+ Micro propagation system has been developed for S.
chinensis and the presence of bioactive phenolic acid

in various organs has been reported..

« a-Alisolated from Withania somnifera was observed to
be specific for insect and microbial amylases only and
not to human salivary amylase.

«+ Apigenin (PPAR-y agonist) and eplerenone (modulate
Pi3K/ Akt signalling pathway) were found to be potent
cardio protective molecules.

++ The shape- and electrostatics screening of NCEs
based on known IMPDH Il inhibitors led to identification
of two NCEs and moderately potent molecules.

«» The seed germination of Boswellia serrata in natural
condition is about 5%, however in embryo culture it
is about 87%. The exogenous application of growth
regulators influences the germination and development
of embryo in to plantlets was also investigated.

% Temozolomide was found as most active single strand
break DNA damaging agent in vitro and cell based assay
in comparison to other anticancer drug such as mitomycin
C, YM-121, quercetin, gallic acid, Genistein, Apigenin, etc.

Molecular Biology

¢+ Molecular mapping of GA-sensitive dwarfing genes:
The knowledge of Genes/QTL controlling plant height,
coleoptile length and root development will be of help
in understanding genetics of crop establishment traits.

« Assessing aroma volatile diversity and molecular tagging
of principle aroma: Pandanus species: 2-Nonen-1-ol
(sweet fatty, melon like odor) and Phenylethyl alcohol
(floral odor) are major aroma volatiles.

«» Biodiesel producing microalgae and there Molecular
characterization was investigated for identification of
elite genotypes.

Microbiology

«»  Production of protease from halophilic bacteria: Isolate
UN 9 was halophilic (grow in the presence of 3.4 M
NaCl; ~20%) produces red color pigment but required
8-10 days for growth.

+«» Development of likelihood model of microbes mediated
drought and salt alleviation in wheat crop: extremely
salt and drought tolerant isolates have unique ability to
produce elevated quantities of metabolites, especially
siderophores and IAA even at higher salt stress

+«+  Optimization of growth and lipid production by some
halophilic cyanobacteria: Optimized the growth and lipid
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production by halophilic cyanophyceae, Lyngbya and
Phormidium tenue and recorded its fatty acid profile.

¢+ Improvement of solubility and bioavailability of some
agents targeting viral species: The pharmacokinetic
profile reported in the studies confirmed the enhancement
in bioavailability of SD compared to pure RTV.

«+ Transcriptome Profiling of Ochrobactrum Intermedium
Isolated from Gastric Niche was investigated

Optical and Electronic Properties of the Dilute
Bismide Alloys

Optical and electronic properties of the dilute bismide alloys,
GaN:Bi and GaAs:Bi have been studied using ultrafast
optical technique and Terahertz spectroscopy techniques.
Anharmonic behaviour of optical phonons in GaAsBi
revealed a large enhancement in the coherent phonon
amplitude, using ultrafast laser excitation of GaAs:Bi.

Laser Plasma Interaction Aiming at Charging
Mechanisms

Laser plasma interaction aiming at charging mechanisms,
charged particle interaction and statistical mechanics of
the complex plasma constituents has been studied. The
dependence of electron and ion densities on the irradiance of
an electromagnetic beam in a plasma with multiple charged
ions, corresponding collisional, ponderomotive and relativistic-
ponderomotive nonlinearities have been formulated. Also
the study illustrates the fact that electron-ion recombination
enhances the focusing of the pulses and hence may contribute
in large energy deposition in a tunnel ionized plasma.

Optical Switching of the Probe Laser Induced
by the Pump Laser

Optical switching of the probe laser induced by the pump
laser was studied by modulating the pump laser at few
MHz. The measured probe absorption signal for the lamda
type system showed that the electromagnetically induced
transparency (EIT) in the background of a velocity selective
absorption dip. The sub natural line width of the EIT signal
has been observed at a control Rabi frequency of 50
MHz. With increase in the power of the control field, the
electromagnetically induced absorption signal and EIT were
observed simultaneously superimposing on each other.

Tailoring the Structural, Electrical and
Mechanical Properties of Thin Film of NiTiSMA

Tailoring the structural, electrical and mechanical properties
of thin film of NiTiSMA by ion irradiation has been studied.
The transformation from cubic to rhombohedral and from
rhombohedral to monoclinic phase was observed in pristine

%+ The M86 strain’s whole genome was re-sequenced
and the reads were used for microarray chip design.
The new sequence data appears to be much better
than earlier genome of the same strain.

% Application of Bacteriophage for Treating Multidrug Resistant
(MDR) Pseudomonas Aeruginosa was studied.

% Metallo § Lactamase producing Paeruginosa was isolated
which showed resistance towards carbapenem group of
antibiotics.

4.5 MATHEMATICS AND PHYSICAL SCIENCES

and irradiated films at fluence 1x10'2 ions/cm?, above which
shape memory behaviour is found to degrade.

A novel perturbative technique to remove the
foreground contamination

A novel perturbative technique has been developed to
remove the foreground contamination from the Cosmic
Microwave Background (CMB) to extract valuable
cosmological information. A foreground of cleaned CMB
temperature map has been estimated using the principle
of statistically isotropic nature of CMB. Such technique
has potential application on future CMB experiments like
CMBPol, Pixie which will have significantly less detector
noise than WMAP and Planck.

Development of Different Methods and Algorithms
for Efficiently Probe Different Types of Gravitational
Waves (GW) Sources and Anisotropies of the
Cosmic Microwave Background

Different methods and algorithms have been developed
to efficiently probe different types of gravitational waves
(GW) sources and anisotropies of the cosmic microwave
background. The results obtained from the unfolded
LIGO data match the same obtained from the folded data
extremely well. Further, the total stochastic gravitational
wave strength generated by all the planets in the Milky Way
Galaxy has been estimated. It was observed that a localized
source of un-modelled gravitational waves can be visible in
the background of all such sources in the different universe
which motivates a targeted search for un-modelled sources.

Computational Study of Vibrational and Electronic
Transitions of Pure and Substituted PAHs

Computational study of vibrational and electronic transitions
of pure and substituted PAHs using Density Functional
Theory to understand the electronic properties in implication
to Diffuse Interstellar Band. Density Functional Theory
(DFT) has proved to be an important tool in theoretical
spectroscopy and has been widely used for calculating
vibrational spectra of PAHs. The investigator has proposed
Deuteronated PAHs as a possible carrier of some of the
mid-IR features in the ISM.
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5. Intensification of Research in High

Priority Areas

This programme provides funding to undertake research in high priority areas, including
setting up of centres and facilities. Some interesting outcomes of the funded projects

are given below:

Stable Isotope Facility for Basic and Applied
Sciences

A Stable Isotope Facility for Basic and Applied Sciences
has been established to intensify the application of Isotope
geochemistry in the development and management of water
resources in the country. Following are the accomplishments
of the project:

¢ Infrastructure development includes major analytical
facilities namely Isotope Ratio Mass Spectrometer
(IRMS) used for the measurement of isotope ratios
like D/H. 0[O0, "N/“N, ®C/'2C, %S/*S. Gas
Chromatograph-Mass Spectrometer (GC-MS) is used
for the measurement of toxic and non-toxic micro-
organics like PAH, Pesticides etc. lon Chromatograph
(IC) is used for the measurement of major ions and
transition metals in environmental samples. High Purity
Germanium detector (HPGe) is used for identification
and activity measurement of gamma emitting isotopes
in environmental samples. Alpha Spectroscopy
System is used to detect and measure the activity
concentration of alpha emitting isotopes. Mini Liquid
Nitrogen Generator is used for the production of liquid
nitrogen for various laboratory use.

« Satellite research projects were implemented at
academic institutions at different parts of India viz.
National Institute of Technology-Kurukshetra; National
Institute of Technology-Warangal; National Institute of
Technology-Calicut; Jawaharlal Nehru Technological
University- Hyderabad; Tamil Nadu Agricultural
University-Coimbatore; ~ Annamalai  University-
Chidambaram; Amity University-Noida; University of
Kerala- Thiruvananthapuram; MES College-Ponnani,
Kerala along with CWRDM, Kozhikode. Number
of short-term training courses were conducted on
Isotope Hydrology for awareness & capacity building.

Centre for Precision & Conservation Farming
Machinery

To accelerate R&D efforts, to enhance agricultural
productivity through development of agricultural machinery
in selected areas, to bridge the existing mechanization

gaps, to facilitate precision & conservation farming “Centre
for Precision & Conservation Farming Machinery” was
established at CSIR-CMERI, Ludhiana.

The Centre developed several advanced agricultural
equipment to address and fill the gaps existing in the
agricultural mechanization scenario in India. This new
generation equipment caters to whole spectrum of farm
operations needed to complete a crop production cycle, i.e.
from soil working, seeding/planting, intercultural operations,
chemical applications, irrigation and harvesting. The
technologies developed by the Centre, commercialization
of which are in process are as follows:

Three-row Precision Planter

Athree-row Precision Planter is developed which is suitable
for majority of vegetable seeds and Indian production
practices (Figure 57). The developed technology has been
transferred to,

i) M/s Parmjot Industries, Ludhiana.
i) M/s CJ Enterprises, Ludhiana.
i) M/s Ashlyn Chemunnoor Instruments Pvt. Ltd., Thrissur.

Three-row Precision Planter

Figure 57

Three-Row Inter Row Rotary Cultivator
Athree-row Inter row Rotary Cultivator has been developed
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for 35-45 hp tractor range. The developed technology has
been transferred to M/s Maghar Singh Matharoo & Sons,
Ludhiana for commercialization. (Figure 58).

Three row inter row Rotary

Figure 58 Cultivator

Programmable Irrigation Scheduler

A programmable irrigation scheduler is developed for small
and marginal farmers (Figure 59).

[ I . = .

'

= Nk
| - L T
w—— B =
" ] ¥ [ @& [E B ey
e | @EEE] e

o] [ewi) i o]

| = 8 o & |10

Figure 59 Programmable Irrigation

Scheduler

An Electrostatic Nozzle

An electrostatic nozzle has been developed for agricultural
applications. Chemical intervention is the fastest and most
economical way for crop protection. However, due to lack
of awareness and ignorance, pesticides are being used
indiscriminately leading to side effects on human health and
ecosystem. Air-assisted Electrostatic Nozzle produce spray
droplets which are more than 100 times smaller than those
produced by conventional sprayers. These tiny droplets
are carried deep into the plant canopy in a high-speed air
stream. The result is more than 2-3-fold high deposition

efficiency compared to both hydraulic & non-electrostatic
sprayers. Developed technology has been transferred to
M/s Jagatsukh Industries, Ludhiana for commercialization
(Figure 60).

Figure 60  An Electrostatic Nozzle

Development of Lithium-lon Batteries for
Electric Vehicle Application

The main objectives of this project are:

+»+ To set up pilot plant facility and establish technology for
fabrication of Li-ion battery using standard electrode
materials.

«» To develop indigenous technology for producing
standard/ new electrode materials and integrate them
in the pilot plant facility to fabricate cells/ batteries.

The work carried out under this project includes the
development of dehumidified rooms (0.5 and 30% RH) for
the fabrication of electrodes and LIB cells were successfully
established. The processing equipment for the fabrication
of LIB cells/batteries have been positioned inside the
dehumidified rooms and commissioned successfully.
Several ftrials have been made on slurry preparation,
electrode fabrication, calendaring, slitting, winding,
electrolyte filling and welding in order to optimize the process
parameters and fabrication of electrodes (~ 150 m double
side coated) with uniform thickness across width and length
has been attained. In addition, optimization parameters of
electrode and separator dimensions, winding, tab-design,
electrolyte content, ultrasonic welding, laser welding and
casting for 5Ah cylindrical cell has been completed. ARCI
has developed a novel, low cost and scalable Flame Spray
Pyrolysis (FSP) process to synthesize large scale LiFePO*.
Carbon coating at laboratory scale has been achieved by
dehydration assisted polymerization process to increase
the electronic conductivity. Preliminary electrochemical
results suggest that the performance is comparable to the
commercial LTO in terms of capacity and C-rate.
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noise, cost effectiveness,
physical size of antenna,
better vertical resolution,
and height coverage,
especially  when the
tropical tropopause
height could go beyond
15 km (Figure 61).

Comparison of ST Radar
Data with Conventional
Measurements

The radar wind profiles
have been validated
using co-located GPS
wind measurements
launched  from  the
radar’s location.  The

- The 619 element antenna arrangement of ST radar

radar wind profiles are
in excellent agreement

Stratosphere Troposphere (ST) Wind Profiler
Radar at Cochin

The Cochin University of Science and Technology (CUSAT)
is in the final stage of installing the most sophisticated and
indigenously developed Stratosphere-Troposphere (ST)
radar being operated at 205 MHz frequency. Perhaps being
the first radar in the World operating at this frequency, it is
also the first wind profiler radar in the near equatorial site set
up primarily to study the characteristics of Indian summer
monsoon right at its Gateway at Cochin. The data from
this radar is envisioned to add a new dimension to studies
on monsoon dynamics. The Radar has been positioned in
the campus of Advanced Centre for Atmospheric Radar
Research (ACARR) under CUSAT. The ST radar bears
619 three element Yagi-Uda antennae capable of probing
atmosphere from 315 m to 20 km. The technical aspects
and initial results of the prototype Radar were published in
peer reviewed scientific journals. Scientific validation under
different environmental condition is in progress.

The conventional wind profiler Radars operate at 50 MHz,
400 MHz and 1000 MHz frequency bands. However, the
Cochin Radar operating at 205 MHz (which was typically
allocated for TV and Radio broadcasting) has got several
advantages over those conventional radars. The noise from
external sources such as galactic or cosmic noise is an
important issue for radars operating in the frequency range
of 50-1000 MHz. Compared to the 50 MHz radar, the 205
MHz radar is less affected by cosmic noise, and hence the
accuracy of its measurements is expected to be much better.
Moreover, radars operating in UHF ranges are known to get
saturated under rainy conditions, while such issues do not
affect radar at a frequency of 205 MHz. In fact, it is a trade-
off between the 50 and 400 MHz radars in terms of galactic

with the radiosonde wind

measurements for the
altitude range of 315 m to 20 km. The radar was operated
under three different coded modes having baud rates of
0.3, 1.2 and 2.4 us and then compared against radiosonde
measurements (Figure 62).

The ST Radar is by and large providing data as per the
specifications proposed. The height coverage of the 205
MHz Radar gives from 350 m to 21.00 km in DBS Mode.
SAM mode is on experimentation. lonospheric observation
is planned in August 2016 with the guidance of Prof. P. B
Rao, G. Viswanathan and Dr A K Patra. Validation of the
Radar data is carried out by using high resolution GPS
Radiosonde launching.

Applications: The ST Radar has immense applications in
the study of:
++ Monsoon characteristics and variability

+«» Heavy rainfall events, severe droughts, landslides and
floods

¢+ Thunderstorm, Lightning, Scorching Winds and Heat
Burst, etc.

+ Sea-level Rise, Coastal Erosion, Monsoon surges, etc.
Monsoonal climate change

Agriculture, Plantation, Crop yields, Hydro-Electrical
Power Generation

X3

*

>
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*

Visit of Distinguished Persons

Dr. V K Saraswat, Hon’ble Member of NITI
Aayog, Government of India, visited the ST Radar
Centre at CUSAT on 8™ March 2016. For the sustainability
of the ST Radar Facility at CUSAT, Dr Saraswat suggested
to approach MNRE, Govt of India for getting a Solar Power
plant to the Radar Centre. He also suggested to submit
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Figure 62 Comparison of radar and radiosonde wind profiles for 15th July 2016

a proposal through Ministry of Information Technology,
Govt of India for a High Performing Computer System
to the ST Radar centre for the voluminous data storage,
quality control, data archival & distribution, atmospheric
modelling studies, local area prediction, etc. Dr. Saraswat
indicated that since the ST Radar at Cochin is proposed to
be indigenously designed, developed, installed and tested,
therefore it becomes prestigious to the Country and shall
be considered under the Make in India programme of the
government (Figure 63).

Dr. M. Rajeevan, Secretary to the Ministry of Earth Sciences,
Govt of India, Prof. S. Ananthakrishnan, INSA distinguished
Scientist, Prof. P.B. Rao (Founder Director of MST Radar
Facility, Tirupati) and Dr. G. Viswanathan (Former Director
of ISTRAC) visited the Centre. (Figure 64).

ARIES ST Radar (ASTRAD) Project at Nainital

Installation and interfacing of new Digital Signal Processing
(DSP) system and Radar Controller (RC) was carried out as
a major activity in the ARIES ST Radar (ASTRAD) project,
during the last year. Despite several modifications, earlier
system was not achieving intended performance and its
instability had been causing a delay in commissioning

the ASTRAD. After installing the new DSP system, the
performance of radar was critically examined by an external
committee (review meetings on 28™ May 2015) formed by
the Governing Council (GC) of ARIES. M/s ECIL, Hyderabad
has installed new Digital Signal Processing (DSP) system
& Radar Controller (RC) and interfaced them with active
aperture of ASTRAD in July 2015. The new setup was
operated with three and sometime seven clusters and it
was noted that wind data obtained from new DSP system
required fine tuning to match with winds from balloon data.
A sample wind profile using three clusters operated on
September 2015 is shown in Figure 65.

To strengthen and to monitor the work being carried out by
ARIES and ECIL, a Technical Review Committee (TRC)
was formed where Shri Ranga Rao (Sci/Engg-H, Retd
Deputy Director, ISRO), was nominated as its chairman,
following a meeting at SERB, DST, New Delhi, on 28
October, 2015. The members of the committee were chosen
from SAMEER, Mumbai and NARL, Gadanki. Though the
committee did not notice any major technical hitch in the
design and installation of the ASTRAD but suggested few
modifications in original design of the system for improving
the performance and sensitivity of the system. The
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Figure 63

Dr V K Saraswat (Member-NITlI Aayog) with ST Radar Project Team at Cochin
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Figure 64

Dr. M. N. Rajeevan, Union Secretary to the Ministry of Earth Sciences, Govt. of
India, visited the Centre on February 08, 2016.

committee also strongly recommended performing a test
of ASTRAD Transmit Receive Module (TRM) at CUSAT,
Cochin for verifying its performance and confirming any role
behind the appearance of the strong centre patch. The tests
were conducted and results confirm that the ASTRAD TRM
has not been contributing anything in generating the patch
and role of TRM can be ruled out. The result was presented
in the second meeting of TRC (2-4 Feb, 2016).

A state of art ESD safe lab (Figure 66) was installed
at ASTRAD to facilitate in-house maintenance and
development activities with RF instrument and devices
prone to Electro Static Discharge (ESD) damage. To

validate the wind data obtained from the radar, balloon
lunch was carried out on regular basis. Like past, this year
also several students from different engineering colleges
did project using ASTRAD system and became familiar
with basic operation of the wind profiler radar and RF circuit
troubleshooting using high end measuring instruments.

Geophysically Sensitive Tropical to Sub-
Tropical Transition Region Studies with ST
Radar Facilities at Calcutta University

The facilities of Stratosphere Troposphere (ST) Radar

will be used to carry out scientific studies on tropopause
convection, gravity waves, equatorial/planetary waves and
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Figure 66

Electro Static Discharge (ESD) safe lab at ASTRAD facility

ionospheric E and F region irregularities at the location of
Kolkata located at the verge of the tropics. The proposed
radar will have the capability to probe the lower atmosphere
from about 3-20 km and also ionospheric E and F region
irregularities. The data products from the radar will be three
component wind, Doppler spectral width and signal strength
in the lower atmosphere and irregularity drift velocity and
backscatter signal strength of ionospheric irregularities.
Each antenna element in the array of 450 antennas will be

fed by a separate transmitter with 2 kW power so that the
radar will have flexible antenna beam steering capability.
The frequency of operation of the radar will be around 50
MHz with an average power aperture product of 108 W.m2,
WPC conveyed the possibility of allocating the frequency
band 52-54 MHz for the ST Radar. Further, Pl was advised
to upload another application online afresh which was
carried out subsequently.
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6. Partnership Programmes

Networking, exchange and linkages are essential for the pursuit of science. This is
achieved through various partnerships between institutions, departments and ministries.
The Board has an arrangement with the Ministry of Food Processing Industries to operate
their R&D scheme. The Board has also undertaken study related to cell tower radiations
in collaboration with Ministry of Communications and Information Technology.

Ministry of Food Processing Industries (MoFPI) extends
financial assistance as grant-in-aid to various institutions/
universities, Public funded organizations and recognized
R&D laboratories both in public and private sector, to
promote and undertake demand driven R&D work in the
field of Food Processing Sector for product and process
development, design and development of equipment,
improved storage, shelf-life and packaging etc.

Objective of the scheme is that the end product/ outcome/
findings of R&D work should benefit Food Processing
Industry in terms of product and process development,
improved preservation, packaging, storage and distribution
technologies, value addition, standardization of additives,
colouring agents, preservatives, pesticide residues, efc.
with focus on enhancement of production, quality, consumer
safety, public health and trade.

Studies on Electromagnetic radiation emanating from
cellular towers and mobile phones are being undertaken
jointly with Department of Telecommunication, Ministry of
Communications and Information Technology. R&D projects
on the possible impact of electromagnetic radiation exposure
from mobile towers and handsets on life (Humans, living
organisms, flora & fauna and environment) were funded
under this programme.

Some of the areas received funding are: Cell Tower
radiation - psychosocial implications; molecular genetic
correlates of DNA damage and repair and of circadian
rhythm dysfunction in humans from non-ionizing radiation
exposure; morphological, functional, biochemical and

Impacting Research innovation and Technology (IMPRINT),
the first-of-its-kind Pan-IIT and lISc joint initiative, is a
Ministry of Human Resource Development (MHRD) initiative
to address major engineering challenges that the country
must address and champion to enable, empower and

6.1 | R&D SCHEME OF MINISTRY OF FOOD PROCESSING INDUSTRIES (MOFPI)

During the year, 5 Expert Committee / Review meetings
were conducted to evaluate new project proposals and to
monitor the progress of ongoing / completed projects. In
total 66 new research proposals have been considered, out
of which 22 proposals were sanctioned for a total amount of
Rs. 9.5 Crore and 58 Manpower were supported. Some of
the projects are: Identification of sustainable technologies for
value chain development of Jackfruit, Evaluation of nutritive
values of wild and cultivated edible insects of Assam and
their processing for boosting shelf life and rural economy,
Solar Energy Assisted On-Farm Thresher Cum Winnower,
Processing Gadgets For Millet Farmers, Technologies for
Development of Value Added Products from Green Coffee,
Intensified Recovery of Valuable Products from Whey using
Ultrasound, etc.

6.2 | CELL TOWER RADIATION PROGRAMME

behavioural evaluation post - emf radiation; development of
nano composite absorbers for suppression of excess EMF
radiation; statistical estimation of electromagnetic radiation
using large data analysis of cellphone signal levels; effect
of electro magnetic frequency radiation (EMF) on auditory
system of mobile users; mobile phone and tower exposure
measurements and biological correlations; effects of EMF
exposure on the blood and semen parameters including
sperm morphological changes by scaning and transmission
electron microscopy in rabbits; effect of mobile phones on
well-being, sleep and cognitive function; impact of EMF
radiation on animal development at cellular and molecular
levels, etc.

6.3 | IMPACTING RESEARCH INNOVATION AND TECHNOLOGY

embolden the nation for inclusive growth and self-reliance.
The board is partnering with MHRD in implementing this
programme and funding research proposals mainly related
to two domains namely nanotechnology and advanced
materials.
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1. Special Programmes

Science and Technology Policy-2003 stated that “Special emphasis will be placed on
equity in development, so that the benefits of technological growth reach the majority
of the population, particularly the disadvantaged sections, leading to an improved
quality of life for every citizen of the country.” Keeping this in view, SERB has taken
some initiatives in Capacity Building and Human Resources Development for specific
segments of the society. This has laid the foundations for the scheme "Empowerment
And Equity Opportunities for Excellence In Science (EMEQ) for Schedule Castes (SC)
and Schedule Tribes (ST). Another programme named Ayurvedic Biology Programme
has been launched in the current year.

7.1] EMPOWERMENT AND EQUITY OPPORTUNITIES FOR
EXCELLENCE IN SCIENCE (EMEQ)

In its endeavour of ensuring enhanced participation of weaker sections of the society in research and development. SERB has
launched a special scheme "Empowerment and Equity Opportunities for Excellence in Science” for SC/ST category. During
the year 199 new projects worth 38 crore were sanctioned (Figure 67). 46% of the projects were pertaining to Life Sciences,
23% to Engineering Sciences, 18% to Chemical Sciences and 7% to Earth & Atmospheric Sciences and 6% to Physical &
Mathematical Sciences.

Some of the new projects funded are as follows:

Role of Fluorescence Emission of Carbon Dots green window). Novelty associated with this study is to use

in Long Wavelength Region of Spectrum to
Study the Drug Delivery for Cancer Treatment

Till now fluorescence emissions of carbon dots are majorly
restricted in the middle region of the visible domain (Blue-

long wavelength region of spectrum, means towards red
region or towards near infrared (NIR) with the expectations
to perform the deep in vivo/ in vitro optical labelling for cell/
tissue imaging. As wavelength ranges from red to infrared
constitute the best suitable region with minimum absorption,

11, 5%

2,1%

0,
36, 18% B Chemical Sciences

M Earth & Atmospheric

Sciences
13, 7% M Engineering Sciences
H Life Science
B Mathematical Sciences
 Physical Sciences
92, 46% 45, 23%
Figure 67 Area-wise Projects Funded
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consequently they are much more proficient to penetrate
deeper inside the biological systems. Deeper penetration
of soluble fluorescent probe could directly relate to the
excellence of instructive image analysis.

Effect of Processing and Storage Conditions
on Stability of Oils

The purpose of this research is to study processing
properties and frying changes in oils and to present the
evolving technologies and the novel methods that the food
and edible oil industries can use to produce fried food
products having no adverse health effects and aims at
developing a protocol which could be used by various food
industries for the evaluation of oil quality.

The practice of Ayurveda, an age-old traditional system of
medicine in India is based on the three major constitutional
types (Vata, Pitta and Kapha) defined as Prakriti. The basic
research which employs modern biology, immunology,
molecular biology to investigate the concepts, procedures
and products of ayurvedic system of Medicine has received
little attention. The genesis of the programme is to delineate
three doshas and applying modern biology approach.
The investigative work in this programme will necessarily
involve full participation of scientists and ayurvedic experts
and the programme is designed as synergy between work
of modern biologists and ayurvedic experts.

Following projects were funded:

Inheritance Patterns of Phenotypes and
Human Dosha Prakritis

To assess the prakritis and inheritance pattern in
endogamous families at least three generation using
qualitative and quantitative approaches.

Correlations Between Human Gut-Micro Flora
and Dosha Prakriti

To explore the correlation between Dosha-Prakriti and gut
micro flora in humans.

Exploration of Specific Rasayanans in Context
of Stem Cell Rejuvenation

To explore the regenerative potential of Rasayanas on
proliferation and differentiation of Mesenchymal stem cells.

Impact of Various Ayurvedic Rasayanas on
Innate Immunity System

The study has been initiated to explore the effect of various
Rasayanas like Amalaki Rasayana, Rasa-sindoor, Guduchi
and Yashtimadhu on innate immune signalling using
Drosophila melanogaster model.

Synthesis of Hybrid Nanomaterial for Optical
and Electrochemical Sensors

The graphene hybrid with metal nanoparticles based
electrochemical as well as optical sensors have more
advantages compared to sensors using carbon nanotube,
metal nanoparticles, etc. There is an extensive research on
conducting polymer doped with CNT for their applications
in electronic and chemical sensors and metal nanoparticles
based optical sensors. In this study, efforts are made
in developing the hybrid nanostructure which are bio-
compatible, fast responding and less cost effective.

7.2] AYURVEDIC BIOLOGY PROGRAMME

Potential of Ayurvedic Amalaki Rasayana and Rasa-
Sindoor on Neuro-Degenerative Disease Model

The study has been supported to investigate the potential of
Amalaki-Rasayana (AR) and Rasa-Sindoor (RS) to alleviate
the cognitive and metabolic functions in the mouse model
of Alzheimer’s and Parkinson’s Disease. Another study has
been initiated towards understanding the specific changes
in transcriptomes and proteomes in different stages of
development towards dietary supplement of AR and RS in
wild type and in the neurodegenerative disease models.

Identification and Characterization of Allium
Sativum Microbiome

To understand the structure and diversity of the microbial
communities associated with different parts of Allium
sativum (garlic) cultivated at diverse geographical locations.
Further the project also will aim to delineate the role of
associate microorganisms in the production of secondary
metabolites and therapeutics option.

Physio-Chemical properties of Bhasma and Kajjali

To understand the physio-chemical characteristics of Bhasma
and Kajjali, commonly used ingredient in Ayurveda, and its
effects on various parts of the body using animal models.

Amalaki Rasayana

A project on Amalaki rasayana has been completed.
The result of the study on the effect of Amalaki rasayana
towards understanding the biochemical mechanism in
attenuation of cardiac dysfunction associated with cardiac
failure and aging models showed that Amalaki Rasayana
fed rats improved the cardiac function in aging rats. The
proteomic profile also exhibited that the beneficial effect of
Amalaki Rasayana in cardiac function is mediated through
increased mitochondrial biogenesis, antioxidant defence
enzymes and also through increased muscle contraction
regulatory proteins (Figure 68).
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8. International Linkages

Solutions to societal problems in current times requires collaboration across disciplines
and institutional/political boundaries. SERB proactively facilitates opportunities for
scientists and researchers to collaborate with their peers to not only address issues in

a coordinated manner but also 1o widen their skills and perspectives in the process.

8.1

Hypertension diagnosis and management is a critical
healthcare issue. But, the approach for measuring Blood
Pressure has remained the same for the past several
decades and therefore this area is now ready for disruptive
innovation. SERB has partnered with the National Institute of
Biomedical Imaging and Bioengineering (NIBIB, NIH), USA
to announce the Indo-U.S. Grand Challenge Initiative on
Affordable Blood Pressure Measurement Technologies for
Low-Resource Settings in India and the U.S. The purpose
of the initiative is to encourage collaborative research within
and between both the countries to propose new approaches
to the measurement of Blood Pressure that are unobtrusive
or passive, low cost and which can automatically provide
frequent data recording and reporting to healthcare workers
as well as feedback to the patients.

SERB and NIBIB have launched two separate and parallel,
but fully coordinated, funding opportunity announcements
in India and the U.S. respectively to promote research in
this area and generate alternate scientific approaches and
technological options. It is expected that this partnership
between the two countries will leverage knowledge and
material resources to develop new technologies which are
relevant for low resource settings not only in their respective
political domain but other similar settings all over the world.
The programme is administered in India through the binational
Indo-U.S. Science and Technology Forum (IUSSTF).

The following are the details of the implemented projects:

Development of a Low Cost Arterial Tonometry
Based Blood Pressure Monitoring Device

The project aims at building a low cost arterial tonometry
based blood pressure monitoring device. The team has
envisioned the end product to be used as a cost effective
and precise alternative to the existing solutions. The solution
is expected to be used primarily in the rural areas and public
health centres for ambulatory blood pressure monitoring as
well as for clinical blood pressure measurement in hospitals
by integrating it with the patient monitoring systems. They
are exploring an option of building a wearable version of the
device. The major constraints to be addressed being accuracy,
cost, simplicity and robustness, time for measurement, and
also the size and complexity of the instrument.

The team has also collaborated with contacts via the
Healthcare Research Consortium at IIT Bombay for helping

INDO-US GRAND CHALLENGE

them to clinically validate the device. They also plan to
work towards getting CE marking for the product so that
the device meets international standards. Once the clinical
trials are successfully completed they plan to launch the
device for clinicians, post which it would be launched as a
personalized diagnostic device.

Arterial Compliance Probe for Cuff-Less Blood
Pressure Measurement

Healthcare Technology Innovation Centre (HTIC) of IT Madras
has developed and tested a novel method for calibration free,
cuff-less BP in controlled laboratory settings. The work was
done as part of the project titled “Arterial compliance probe for
cuff-less BP measurement”. This method eliminates the need
of any calibration coefficients. Following the development of a
set of mathematical models for blood pressure computation,
design of custom probes that measure local PTT, and
development of essential electronics experimental hardware,
a proof of principle of the proposed method has been
demonstrated in laboratory settings.

Building on the successful ‘proof-of-principle’ results of
phase-1 of the project, the team has proposed a detailed
plan for phase-2 to deliver a full-fledged technology and
pre-commercial device for calibration-free, cuff-less BP
measurement that is verified as per technical standards and
validated in various healthcare settings.

Rapid Real Time Blood Pressure Measurement and
Hypertensive Predisposition Diagnostics Using
Pulse Transit Time and Blood Pressure Variability

This project is aimed at the development of wearable, mass
deployable device capable of real time continuous monitoring
of hypertension based on pulse transit time. The project is
divided into three main categories: hardware development,
software development, algorithm development, testing and
validation. As a part of hardware development, the team
has realized three wearable prototypes based on high
performance ARM processors. An algorithm to obtain the
systolic and diastolic blood pressure from Pulse transit time
has been developed. In addition the team has also come up
with an android application capable of communication with
the wearable device. The algorithm was tested on various
subjects by employing Dynamic exertion and Static exertion.
The model developed show that both Systolic and Diastolic
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Figure 69

Figure 70

The Prototype

Blood Pressures can be predicted accurately (Figure 69
and 70) The team remains to show that the results achieved
is suitable for mass deployment in low resource settings.

A Low Cost and Easy to Use Cuff-Less Blood
Pressure Measuring Device Using Pulse
Transit Time and Pre-Ejection Period

Non-invasive and cuffless measurement of arterial blood
pressure (BP) is desirable for continuous patient monitoring.
Among the various possible techniques Pulse Transit Time
(PTT) based approach for estimation of BP is the most
promising one. But change in BP is reflected both in PTT and
Pre-Ejection Period (PEP). The Goals of the project are to:

«+ Design and development of portable equipment
which can monitor single lead ECG and Multiple PPG

Signals simultaneously in a cost effective manner.

+ Investigate and study the techniques to measure PTT
from simultaneously recorded PPG and ECG signals
and propose implement and validate automatic BP
measurement technique.

This approach can help in finding an appropriate BP
calibration methodology since true PTT can be measured
by this technique. The proposed BP monitoring device will
be low cost, wearable and easy to use for both regular
monitoring at home environment and small health-care
centres. (Figure 71).

Blood Pressure Measurement Device Based
on Flexible Organic Thin Film Transistors

The project aims to demonstrate a proof of concept for using

Figure 71

Preliminary hardware prototype for cuff less BP monitoring
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organic thin film transistors (OTFT) as pressure sensor
useful for measuring blood pressures.Towards these goals
the problem is approached in such a way that it measures
even a small pressure fluctuation and reflects it in significant
signal amplification. At present, three such problems have
been worked upon. The first and foremost problem is
developing highly stretchable substrate onto which OTFT
devices can be put upon. The scientists are working towards
embedding stiffer islands into these substrates so that they
do not detach (Figure 72).

The second problem was addressed for developing low
voltage OTFTs to reduce
the power consumption. In
this part, identification of a
new dielectric material, and
fabricated OTFTs was done.
The devices exhibit excellent
performance  characterized
by a low threshold voltage.

Embspdded aloctronics
for digital signal

Cuffless Non invasive
Blood Pressure
Measure-ment  Using
Radial Arterial Pressure

Patch

To measure the fluid pressure - (T
from tissue embedded blood ] e

vessels, the team uses tactile sensing or touch sensing
mechanism, which works on a “arterial tonometry” based
principle. Sensor selection, calibration, reading electronics
development, and system integration are the major parts of
the project. During the first phase of the project, they have
successfully identified the right tactile sensors in the market
that are sensitive enough in the expected blood pressure
range. They have also designed, optimized the reading
electronics, and printed the optimized PCB. The first
working prototype has been fabricated from a 3D printed
housing casing. Device and its components are shown in
Figure 73.

- Showing the device and its underlying components
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Ajoint proposal of The Royal Society of the United Kingdom
and SERB to encourage and support increased research
capacity in the area of research and innovation was under
discussion between the two bodies. AMoU has been signed
between The Royal Society and SERB to institute the
Newton - Bhabha International Fellowships for the Indian
research community, covering fields of Science, Technology,
Engineering and Mathematics (STEM).

As per the MoU, the Royal Society has agreed to contribute
a level of funding to the partnership that is equivalent to

EDUCATION (PIRE)

Partnerships for International Research and Education
(PIRE) is a programme supported by the National Science
Foundation (NSF), USA, and promotes international
activities across all NSF-supported disciplines. PIRE seeks
to catalyse a higher level of international engagement in the
U.S. science and engineering community which is essential
to addressing critical science and engineering problems.
With this background, in 2014, the SERB entered into
a formal understanding with NSF to partner for the PIRE
programme. The primary goal of PIRE is to support high
quality projects in which advances in research and education
could not occur without international collaboration. In the
global context, U.S. researchers and educators must be
able to operate effectively in teams with partners from
different nations and cultural backgrounds. PIRE promotes
excellence in science and engineering through international
collaboration and facilitates development of a diverse,
globally-engaged science and engineering workforce. The

S.N. Bose Scholars Programme is a dynamic student
exchange programme developed in partnership with
IUSSTF and WINStep Forward, USA. It provides an
opportunity to Indian and U.S. students (enrolled in
Bachelors and Masters programme in Atmospheric and
Earth Sciences; Chemical Sciences; Engineering Sciences;
Mathematical and Computational Sciences; and, Physical

8.2] SERB NEWTON - BHABHA INTERNATIONAL FELLOWSHIPS

10 Royal Society Newton International Fellowships per
year and SERB has agreed to match the Royal Society
by contributing a level of funding to the partnership that is
equivalent to 10 SERB Overseas Post-Doctoral Fellowships
per year. The cost of the SERB Overseas doctoral
fellowship is approximately half of the Newton Fellowship.
By combining both the fellowships, 15 fellowships are
offered per year.

14 students have been selected for the fellowship in the
reporting period.

8.3] PARTNERSHIPS FOR INTERNATIONAL RESEARCH AND

programme is administered through the binational IUSSTF.

Subsequent to the NSF-SERB joint review of the proposals
received under the 2014 call; “GROWTH - Global Relay
of Observatories Watching Transients Happen”, an
international collaborative network of astronomers and
telescopes dedicated to the study of short lived cosmic
transients was selected for award. GROWTH is poised to
discover many fast transients with the advent of the next
generation of wide-field synoptic imaging with the Zwicky
Transient Facility (2017) and Large Synoptic Survey
Telescope (2022). The timely characterization provided
by GROWTH will be vital to realising the scientific value
provided by these discoveries. The GROWTH network
will provide students and postdocs with an excellent
environment for collaboration with international partners
as well as for acquiring valuable skills in observational
astronomy and data science.

8.4] S.N. BOSE SCHOLARS PROGRAMME

Sciences) to undertake a research internship. The internship
programme is conducted for 50 Indian students to intern at
partner Universities in the U.S. for a period of 10-12 weeks
beginning each summer. The programme also supports 30
U.S. students to intern at a recognized Indian educational
institution for a similar duration. A total of 56 students have
availed the Internship in the reporting year.
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9. Fellowships & Awards

To motivate scientists to undertake innovative research and development and achieve
excellence, the Board has also instituted a number of awards and fellowships. They

are given below:

9.1]J. C. BOSE FELLOWSHIP

The J. C. Bose National Fellowship is meant to recognize
active, performing scientists for their outstanding
performance and contribution. The fellowships are scientist
specific and very selective. The J. C. Bose Fellows are
provided with a fellowship of Rs. 25,000/- per month and a
research grant of of Rs. 10 lakh per annum. During this FY-

9.2 | RAMANUJAN FELLOWSHIP

Ramanujan Fellowshipis for brilliant scientists and engineers
from all over the world to take up scientific research positions
in India. This fellowship is open to scientists and engineers
below the age of 60 years. The value of the fellowship is Rs.
85,000/~ per month for the duration of 5 years. Each Fellow,

Many active senior scientists who are passionate in
research find it extremely difficult to continue their research
after superannuation, and are forced to stop doing research
against their choice. Recognizing the need for utilizing
the expertise of exceptionally meritorious superannuated
scientists who are active in research, the scheme for “SERB

SERB Women excellence award scheme was launched
in 2013-14 to honour young women scientists (below 40
years) who have excelled in science. The scheme offers
a research grant of Rs. 5 lakh per annum for a period of
3 years who have received recognition such as Young

The Board launched an Overseas Doctoral Fellowship
Programme to build national capacity where the talent
supply of researchers in areas of interest to the country
is sub-critical. The applicant should be an Indian and
have completed eligible degree in India (Bachelor/Post
graduate) in Science or Engineering (including Medicine,
Pharma, Agriculture and related S&T areas) not earlier
than preceding two years. The applicant should have got
admission into doctoral research programme in specified
areas in overseas top ranking universities. Selected fellows
are provided US $24,000 per annum for a period of 4 years.

9.3 | SERB DISTINGUISHED FELLOW

2015-16, 23 fellows were awarded the J. C. Bose fellowship
and 77 who have completed the term were given extension
for another term of five years. A total of 309 J. C. Bose
fellowships have been awarded so far. Nearly 2000 journal
publications of international repute have come out and 280
Ph.D are being produced per year by the J. C. Bose fellows.

in addition, they receive a research grant of Rs. 7.00 lakh
per annum. During the period, 49 fellows were awarded the
Ramanujan fellowships. Till date, a total of 366 Ramanujan
fellowships have been offered in different subject areas.

Distinguished Fellow” was launched during the financial
year 2014-15. A research grant of Rs. 5 lakh per annum
and a fellowship amount of Rs. 60,000 p.m is given to
each fellow. During the year 2015-16 seven distinguished
scientists were awarded under the scheme.

9.4 | SERB WOMEN EXCELLENCE AWARD

Scientist Medal, Young Associate, etc. from any one or
more of the national academies, (viz, NASI, IASc, INSA,
INAE, NAAS, NAMS) of the country.

During the financial year, 25 ongoing projects received
continued support.

9.5 | SERB OVERSEAS DOCTORAL FELLOWSHIP

In exceptional cases, the fellowship can be extended for one
more year. In addition, one-time Contingency/Preparatory
allowance of Rs. 60,000/- to & fro Airfare (Economy) is
given to the fellows.

SERB has entered MoU with Cambridge University, United
Kingdom and The University of British Columbia, Canada
in 2014-15. In the reporting year, the Board has entered
MoU with many US University, namely, Stanford University,
University of Southern California, Carnegie Mellon
University, University of California, Rice University and
University at Buffalo, The State University of New York. The

Science and Engineering Research Board



Fellowships & Awards

hallmark of the alliance is that through the MoU it is ensured
that each and every SERB Overseas Doctoral Fellow will
be getting tuition fee waiver from the University concerned.

The selected candidate is required to execute a bond on a

This fellowship aims to build national capacity in frontier
areas of Science and Engineering, which are of interest
to India by providing postdoctoral fellowship for a period
of one year extendable to one more year subject to good
performance. The applicant should have completed Ph.D.
degree in science and engineering not earlier than the
preceding two years from recognized institutions in India.
For researchers who are in regular employment, the 2 years’
period may be relaxed. The Programme admits candidates
in identified areas and sends them to top institutions

The Prime Minister's Fellowship Scheme for Doctoral
Research is a public-private partnership (PPP) between
SERB and Confedaration of Indian Industry (ClI).

This scheme aims to attract talent for doctoral research,
nurture leadership qualities in scholars and encourage
industrial research in academic institutions. The scheme
has the provision to award up to 100 new scholarships
every year with a double fellowship. The scholarship is
given for a maximum period of four years, 50 per cent of
which comes from the government and 50 per cent from the
partner company.

In 2015-16, 11 scholars were awarded the fellowship.
Fellowships have been conferred to 66 PM Fellows in
the first 3 years in association with 31 institutes and 49
industries coming together to support the scheme. In

non-judicial stamp paper of Rs.100/- before a notary-public/
Oath of Commissioner as per specimen bond of SERB. The
candidates are required to return to India after completion
of their Ph.D. Two students had been enrolled for Ph.D. in
Cambridge University.

9.6 | SERB OVERSEAS POSTDOCTORAL FELLOWSHIP

around the globe, other than USA and also to institutions
where internationally acclaimed scientists are working.
The applicant should himself/herself correspond with the
proposed host institution abroad for their postdoctoral
work. He/she is required to produce evidence, in the form
of a letter of acceptance from the host institution along with
merits/uniqueness of the host institute in the proposed area.

A call for applications were made and 1200 applications
have been received.

9.7 | PRIME MINISTER’S FELLOWSHIP SCHEME FOR DOCTORAL RESEARCH

addition, the following outreach activities were conducted
during the year:

(@) Two outreach workshops were held both at Guwahati
and Coimbatore. These outreach workshops were
organized at IIT Guwahati and PSG College of
Technology, Coimbatore, to popularize the PM
Fellowship Scheme.

(b) A press conference was organized at Cll Headquarters
in Delhi to create awareness about the workshop
through media.

(c) Atwo-day workshop was organized at Scope Complex,
Lodhi Road, New Delhi, for Prime Minister’s Fellows on
topic ‘Maximising Your Potential as a Researcher’, with
specially invited trainers from the UK.
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10. Support Systems

Expandingtheunderstandingofscientificissuesandchallengesrequireconsistentandfocused
inferactionamongmultidiscipline multi-institutionallandscape ofthecountryandtheworld.
In additionfo providing fravel grant fo scientists to attend knowledge events relevantto their
researchworkinindiaandabroad, SERBsupportsorganisationofscientificseminars, symposia,
conference and training programmes in India.

10.1

It provides a platform to academicians, scientists,
professionals from various industries, R&D organizations
and young scientists to exchange thoughts, and develop
an understanding of new technological developments of
national and international importance. It extends support
to Professional Bodies / Institutes / Societies for publishing
Scientific Journals / Periodicals / Bulletins etc.

10.2

The International Travel Support (ITS) Scheme provides
opportunities to Indian young and senior scientists to
interact with their counterparts across the world. As
many as 1198 Young Scientists & 537 Senior Scientists
were selected (out of 5576 applicants) for presenting their
scientific and technical findings in conferences abroad.
Top ten destination countries were USA (540), UK (85),
Germany (81), Spain (74), China (71), Singapore (61), Italy
(99), France (58), Canada (58), Japan (53) and Australia
(46).

SEMINARS/SYMPOSIA/ CONFERENCES

During the period under report, 2041 proposals were
received (Table 1), out of which 754 were supported. In
addition, partial financial support was extended to twenty
four professional bodies for publication of journals. Average
expenditure supported for each event was around Rs. 1
Lac while the average cost of each journal was around Rs.
90,000/-.

INTERNATIONAL TRAVEL SUPPORT SCHEME

Important events attended by scientists through the
scheme are: Institute of Electrical and Electronics
Engineers International Conferences (84), Gordon Research
Conferences & Seminar (36), MRS Spring Meeting & Exhibit
(19), 15th Tetrahedron Symposium (12), IEEE TENCON 2015
(7), 4th Asian PGPR Conference (5), 2015 ARVO Annual
Meeting (4), 3rd Int. Symposium on Green Chemistry 2015(4),
EMN Spain Meeting in Energy, Materials and Nanotechnology
(3), 6th Int. Conf. on Hydrogen Production 2015 (3), Annual
Meeting Asia Oceania Geoscience Society (2).

Table 1 Assistance to Professional Bodies & Seminars/Symposia during 2015-16
Items Seminar / Symposia Professional Bodies
Total applications received 2041 26
Total recommended applications 754 24
Total expenditure (In INR) %8.17 crore 70 lakh
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11.Training Programmes

Board supports organisation of schools and training programmes for the upcoming

researchers and students.

About 20 to 25 participants from all over the country were selected for each school for
duration of fifteen days. Best faculties from different parts of the country were involved
in the schools. Each school was organized in an academic environment under the
supervision of a planning committee which formulated the curriculum, planned the
course and faculty, ensured selection of heterogeneous group of participants from
all over the country and provided direction with respect to scheduling, structuring,
monitoring and reviewing the conduct of each school.

11.1] LIFE SCIENCES

SERB schools were organized in bird biology, herpetology
and insect biology to foster the sub areas. The long term
goals of the programmes are to modernize the study of animal
sciences and to build long term scientific human resource with
sound technical base for teaching and research and to initiate
and strengthen research programmes, relevant to current
needs of Indian science. The following schools were held:

11.2) MATHEMATICAL SCIENCES

a. National Programme on Differential Equations:
Theory, Computation & Applications

The main objective of this programme has been
to develop manpower and create well-trained
mathematicians. During the year an undergraduate
training programme was organized at MANIT, Bhopal
in which nearly 55 participants were exposed to
differential equations and its allied areas. A post-
graduate training programme was also held at IIT
Guwahati during the year and the main objective
were to provide linkage between theory and practice
of differential equations through real life problems.
Training components included dynamical systems,
classical PDEs, multivariate analysis, PDE modelling
and scientific computing.

Eight advanced level workshops were held to train
post graduate and research students in the areas:
Finite element methods for Navier-stocks equations,
variational analysis and optimization, Computational
methods for control problems, Finite difference
methods for differential equations, Mimetic spectral
element methods, Biomathematics, Theoretical and
numerical aspects of inverse problems and Hyperbolic
PDEs: Theory, Numerics and Applications.

Science and Engineering Research Board

SERB School on Insect Biology (7th to 21st December
2015) at Hyderabad University, Hyderabad.

SERB School on Herpetology (1st-15th October, 2015)
at Wildlife Institute of India, Dehradun.

SERB School on Avian Biology (27 September to
11th October, 2015) at Department of Zoology, North
Eastern Hill University, Shillong, Meghalaya.

National Network of Mathematical and
Computational Biology

The programme had been evolved to foster
interdisciplinary  training and human resource
development and develop the field of mathematical
and computational biology in the country through
a national network consisting of 7 nodes distributed
across the country. These nodes are located at
Bangalore (principal node), Chennai, Delhi, Kanpur,
Kolkata, Mohali and Pune. During the year Instructional
School on Mathematical and Computational Biology
was organized at [ISER Mohali for 11 days. The
main objective was to disseminate the concepts,
methods and research in the area of Mathematical
and Computational Biology to students from different
backgrounds in Science and Engineering. 32 students
and three teachers were exposed to various areas
of Differential equations and its applications, Graph
Theory and its applications in biological networks,
Stochastic Processes and Time series analysis. A
three-day programme on Mathematical modelling and
data analysis in Biology was also held at IIT Mandi to
expose nearly 55 students to the topics; Modelling of
data in Biology, Biological networks and applications,
Introduction to differential equations, ODE models in
mathematical ecology and data mining.



Training Programmes

¢. National Mathematical Initiative

+ A thematic programme on Machine Learning
and Data Mining was organized to understand
foundational, algorithmic and applied aspects of
Machine Learning. Six Workshops/Symposium
were held at IIT's and 1ISc in the topics:

11.3] PHYSICAL SCIENCES

a. Condensed Matter Physics and Materials Science

+ SERB School on “Single Crystals of
Functional Materials and their Applications”
was held in SSN College of Engineering,
Chennai (September 2-22, 2015.

+  SERB School on “Topology and Condensed
Matter Physics” was held in Ramkrishna
Mission Vivekananda University, West Bengal
(November 23 - December 12, 2015).

Two SERB Schools on (i) "Oceanic Processes and
Modelling’ (i) *Computational Meteorology’ and one training
programme on "Agrometeorological Techniques for Risk
Assessment and Management of Extreme Events’ were
organized in which about 80 young scientists participated
as part of human resource development in Atmospheric
Sciences.

SERB sponsored one-week training programme on
‘Earthquake Hazard: Basic Approaches, Field Investigations
and Modeling’ was organized by the Shri Mata Vaishno Devi
University (SMVDU), Katra, J&K from 10 to 16 November
2015 in association with the Seismological Observatory,
Department of Earth Sciences, Indian Institute of

11.5]| BRAINSTORMING MEETING

Stochastic Systems and applications, Algorithms
and Complexity, Sparse representations for
signal processing, Complex networks, Advances
in Reinforcement and Non-convex optimization
for machine leaming. Nearly 100 local and
outstation students were exposed to these areas
in each programme.

b. Plasma, High Energy, Nuclear Physics, Astronomy
& Astrophysics and Nonlinear Dynamics

*  Preparatory School on "Theoretical High Energy
Physics” was held at Indian Institute of Science and
Research (IISER)-Bhopal (June 29-July 25, 2015).

+ Main School on "Theoretical High Energy
Physics” was held at BITS Pilani, Rajasthan
(Nov.16-Dec.5, 2015).

« SERB School on “Nonlinear Dynamics” at
Department of Physics, Manipur University,
Imphal (Nov.30-Dec.18, 2015).

11.4]| EARTH AND ATMOSPHERIC SCIENCES

Science Education & Research (IISER) Kolkata. Eminent
academicians and scientists from India and abroad
mentored the participants (Figure 74).

The topics covered during the training programme included
Continental Tectonics, Seismology, GPS Geodesy and
its application, to study continental deformation, Active
tectonics of the Himalaya, Earthquake hazard and its impact
on society, Geo-politics. A special focus was given on the
recent Nepal Earthquake as a case study to understand
the current state of knowledge. Professor James Jackson
summarized the training programme through his final
lecture on “Building resilience to earthquakes along the
Alpine Himalayan Belt’.

SERB funded CDRI, Lucknow to conduct a Brainstorming meeting entitled “Renewing the tradition of natural product research
in India” at CDRI, Lucknow. The main aim of the meeting was to bring out ways and means to support natural product research
which is of importance to the nation. The aspects discussed were discovery of new natural products from bacteria fungi, plants
and marine organisms, biotechnology of natural products and synthetic biology, chemical ecology, natural product synthesis,
cell biology of natural products.

Figure 74 Investigations and Modelling

Participants in the SERB School - Earthquake Hazard: Basic Approaches, Field
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12. Patents & Publications

Several projects have been funded by the board. The endeavour has been to capture
the outcome of the funded projects. The following list illustrates patents and publications
that have come out of some of the funded projects.

PATENTS

L
1.

10.

Science and Engineering Research Board

Chemistry

Nitin Patil, N C-chelate four-coordinate organoborons
with full colour tunability, IN, 1844/DEL/2015, date of
filing: 6/22/2015

S. K. Asha, Senthil Kumar, Novel chiral polymer for
simple enantioselective separation and sensing, IN,
0875/DEL/2015, date of filing: 3/30/2015

S. K. Asha, Senthil Kumar, Water soluble polyfluorene
functionalized with glucuronic acid useful in sensing
bilirubin in aqueous medium, US, 14/908482, date of
filing: 1/28/2016

S. K. Asha, Senthil Kumar, Water soluble polyfluorene
functionalized with glucuronic acid useful in sensing
bilirubin in aqueous medium, EP, 14786368.3, date of
filing: 2/3/2016

Srinivasa Reddy Dumbala, Komirishetty Kashinath
Natarajan Vasudevan, Solomonamide analogue
compounds, pharmaceuticals containing
solomonamide analogue compounds, and processes
for the preparation thereof, US 20150291659 A1,
publication date: 10/15/ 2015

Srinivasa Reddy Dumbala, Komirishetty Kashinath
Natarajan Vasudevan, A process for the preparation of
solomonamide analogues, EP 2925771 A1, publication
date: 10/7/2015

Ravindra Dattatray Aher, Senthil Kumar B., Arumugam
Sudalai; One step process for synthesis of cyclic
carbonates, US 9,266,854, date of grant: 2/23/2016.

Sunita Khanderao Gadakh, Reddy Santhosh Rekula,
Arumugam Sudalai, Process for synthesis of syn azido
epdxide and its use as intermediate for the synthesis
of amprenavir and saquinavir, US 9,233,943, date of
grant 1/12/2016.

Santhosh Rekula Reddy, Kishore Prasad Pragati,
Brij Bhushan Ahuja, Arumugam Sudalai, Cu-
mediated annulation for the production of 1-amino-2-
naphthalenecarboxylic acid derivatives, US 9,233,911,
date of grant 1/12/2016.

Varun Rawat, Soumen Dey, Arumugam Sudalai,
Process for the preparation of oseltamivir and methyl
3-epi-shikimate, US 9,150,498, date of grant 10/ 6/2015.

1.

12.

13.

Varun Rawat, Senthil Kumar B., Arumugam Sudalai,
Process for synthesis of chiral 3-substituted
tetrahydroquinoline  derivatives, US 9,163,038,
10/20/2015.

Vilasrao ~ Chouthaiwale  Pandurang, Ambadas
Devalankar Dattatray, Arumugam Sudalai, Process
for the production of 4-substituted chromanes via gold
catalysis, US 9,102,646, 8/11/2015.

Senthil Kumar B., Subramanian Vaithiyanathan
Venkatarama, Arumugam Sudalai, Organocatalytic
synthesis of chiral pyrazolidines and their analogues,
US 9,145,368, 9/29/2015

Engineering

Priyanka Padwal, Rajdip Bandyopadhyaya, Sarika
Mehra, Coated iron oxide nanoparticles to enhance
antibiotic efficacy by blocking effluxin Mycobacterium
smegmatis. Indian patent application no. 3393/
MUM/2013 filed on 28 October 2013, published in July
17,2015 in Journal No. 29/2015

R. Chepyala and S. Panda, “A Portable Microfluidic
Chip Holder’, Indian Patent Application 3643/
DEL/2015.

R. Chepyala and S. Panda, “Microvalve for Fluidic
Applications”, Indian Patent Application 3565/
DEL/2015. And Patent Application No 0144NF2014.
Title: Star Telechelic Poly Lactic Acid lonomers and
Process for Synthesis Thereof

Ghatak, A., Singh, N., Adhesive surface and its process
of fabrication, Indian Patent Application Number: 26/
DEL/2015.

Raghavan Subasri, Manasa Samavedam, An improved
composition to provide prolonged corrosion protection
to anodizable metal surfaces and a process of coating
the same, filed as 3082/DEL/2015 dtd 28-09-15.

“Molecular ~ and  Device  Engineering  for
Electroluminescence Using Organic Semiconductors’,
Provisional Indian Patent Filed. Application
No0.201621001280

Food Processing & Life Sciences

Shilpi Sharma, Subhash Chand (2015), Date of filing
23rd Nov 2015, Application no. 3825/DEL/2015 (Indian
Patent Office) "A method of enhancing growth of a



Patents & Publications -

probiotic bacterial strain, reagents, compositions and 3. Bimlesh Mann, Rajan Sharma, Rajesh Bajaj, Pooja
uses thereof” Waghmode, Ramesh Pothuraju, Application No.
201611018434 "QOil in water curcumin nanoemulsion
and method of preparation thereof".

2. Rentala, Satyanarayana, Komarraju, Aruna Lakshmi
Chintala, Ramakrishna (2016), Date of filling 29th April,
2016, Application No. 201641015021 (Indian patent
Journal) "3-D Scaffold Matrix For Meat Production".

PUBLICATIONS

Approximately 10000 publications in cited journals are coimg out every year from the SERB funded projects.
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13. Administration

The administration for any organization plays a vital role in meeting its objectives.
All efforts are made to ensure that SERB gets the institutionalized environment for

producing the desired results and targets.

13.1] APPOINTMENT AND RECRUITMENT

Prof. TK. Chandrashekar, Secretary relinquished the
charge of the post of Secretary, SERB w.e.f 31.12.2015.
Dr. R. Brakaspathy, Scientist 'G' (from DST) has been given
additional charge of the post of Secretary w.e.f. 01.01.2016.

In anticipation that the post of Secretary, SERB would be
falling vacant w.e.f 01.01.2016, the advertisement for filling
up of the post of Secretary, SERB was published in two
leading National Daily Newspaper and Employment News
on 15.08.2015 and 22.08.2015.The meeting of Search-
cum-Selection Committee (SSC) was held on 07.03.2016.
The SSC recommended for the increase of maximum age
and modification/revision of R/R's.

On the basis of the interviews held in 2014, all the selected

SERB since its inception has been implementing the
guidelines issued by the Department of Official Language,
Ministry of Home Affairs. Hindi Fortnight was celebrated
in the organisation from 14.09.2015 to 30.09.2015.
Various activities were organized for the staff/officers
both Hindi speaking and Non-Hindi speaking to promote
the official language. The winners were awarded cash

As per the provisions laid down in Section 13 of the SERB
Act, 2008, the Annual Accounts of the Board are required
to be maintained in the prescribed formats and audited
by the Comptroller and Auditor General of India (C&AG)

Thirteen RTl applications were received during the Financial
Year 2015-16. Out of which two were received as transfer
from other Public Authorities and eleven were received
directly. The requisite information was provided to all the
thirteen applicants. One appeal was also received during
the year and reply was furnished to the applicant. A sum of
Rs.120/- (Rupees one hundred twenty only) was collected
from 12 applicants as fees. The prescribed fee of Rs.10/-

candidates for the post of Scientist 'C' and Scientist
'E' joined the posts in the current year. Thus all the nine
Scientist 'C' positions and three Scientist 'E' positions out
of six were filled.

Another advertisement for filling up five posts of Scientist'G',
remaining three posts of Scientist 'E' and one post of Under
Secretary in Science and Engineering Research Board was
published in national dailies (All India Publication) and in
Employment News on 11.08.2015. Taking into consideration
the large number of applications, five screening committees
were constituted (discipline-wise) to evaluate applications
and recommend names of the candidates to be called for
interview. Selected candidates have joined thereby filling
three positions each of Scientist 'G' and Scientist 'E'.

13.2| IMPLEMENTATION OF OFFICIAL LANGUAGE

prizes, certificates, Hindi administrative glossary and Hindi
books. Two Hindi workshops were also conducted on
16.09.2015 and 15.03.2016, to enhance the knowledge of
the staff/officers for the maximum use of Hindi language
in official work. Quarterly meetings of Official Language
Implementation Committee were held regularly and the
quarterly reports were sent to DST as per schedule.

13.3] AUDITED ANNUAL STATEMENT OF ACCOUNTS

or by their appointed auditors annually. Accordingly, the
Annual Accounts for the Financial Year 2015-16 have been
prepared and audited. The same is produced and annexed
here in the report.

13.4| RIGHT TO INFORMATION ACT, 2005 (RTI)

was not received from one of the applicants, as he was
below poverty line. An additional fee of Rs. 218/- (Rupees
two hundred eighteen only) was also collected for supplying
the hard copies of the information. The quarterly reports and
the Annual Report for the Year 2015-16 were also submitted
to Administrative Ministry, the Department of Science and
Technology.

Science and Engineering Research Board
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Financial Statements

Balance Sheet
as at 31.03.2016

CORPUS / CAPITAL FUND & LIABILITIES

Corpus / Capital Fund
Reserves and Surplus

Earmarked / Endowment Funds
Secured Loans / Borrowings
Unsecurred Loans /Borrowings
Deferred Credit Liabilites

Current Liabilites and Provisions
Total

Assets
Fixed Assets (Net)

Investments-From Earmarked / Endowment
Funds

Investments-Others
Current Assets, Loans, Advances etc.

Miscellaneous Expenditure
(to the extent not written off or adjusted)

Total

Significant Accounting Policies

Contingent Liabilities and Notes to Accounts

For Science and Engineering Research Board

-

SERB

Date : 20.06.2016
Place : New Delhi

Schedule

Schedule 1
Schedule 2

Schedule 3A & 3B
Schedule 4
Schedule 5
Schedule 6
Schedule 7

Schedule 8

Schedule 9

Schedule 10
Schedule 11

Schedule 26

Schedule 27

Director-Finance

SERE

Current Year

478,092,874.45

42,800,721.00

37,555,459.00
558,449,054.45

27,496,749.00

530,952,305.45

558,449,054.45

AMOUNT IN RS.
Previous Year

211,885,993.33

5,542,025.00

35,169,493.00
252,597,511.33

25,802,985.00

226,794,526.33

252,597,511.33

For RAG & ASSOCIATES.

TFartner

M.No.Os9T57

Science and Engineering Research Board



Financial Statements

Income & Expenditure Account
as at 31.03.2016

AMOUNT IN RS.
Schedule Current Year Previous Year
INCOME
Income from Sales / Services Schedule 12 - -
Grants / Subsidies * Schedule 13 6,585,781,760.00 |  5,335,997,984.00
Fees / Subscriptions Schedule 14 -
Income from Investments Schedule 15 - -
Income from Royalty, Publication etc Schedule 16 - -
Interest Earned Schedule 17 71,353,502.93 54,172,814.60
Other Income Schedule 18 12,524,528.00 6,330.00
(rsssliereosn SockolFited | soveae 19 - -
Total (A) 6,669,659,790.93| 5,390,177,128.60
Expenditure
Establishment Expenses Schedule 20 40,914,100.00 23,939,814.00
Other Administrative Expenses Schedule 21 71,297,202.62 66,033,454.00
Expenditure on Grant, Subsidies etc Schedule 22 6,351,887,862.00 | 5,418,642,441.00
Interest Schedule 23 - -
Depreciation (Net Total at the Year end) Schedule 8 12,522,354.00 11,150,005.00
Total (B) 6,476,621,518.62| 5,519,765,714.00
Excess of Income over Expenditure (A-B) (Before PPI & PPE) 193,038,272.31 -
Excess of Expenditure over Income (A-B) (Before PPI & PPE) - (129,588,585.40)
Prior Period Income Schedule 24 72,497,940.81 47,747,911.95
Prior period Expenditure Schedule 25 1,025,218.00 2,368,003.00
Excess of Income over Expenditure (A-B) (After PPI & PPE) 264,510,995.12 -
Excess of Expenditure over Income (A-B) (After PPl & PPE) (84,208,676.45)
Transfer to Special Reserve (Specity each) - -
Transfer to / from General Reserve - -
Balance Being Surplus (Deficit) carried to Corpus/Capital Fund 264,510,995.12 (84,208,676.45)
Significant Accounting Policies Schedule 26
Contingent Liabilities and Notes to Accounts Schedule 27

* CY- This amount reflect total grant received by SERB of Rs. 6,600,000,000/- less Fixed Assets purchased of Rs. 14,218,240/- (transferred to Corpus Fixed Assets Sch. 1)
* PY- This amount reflect total grant received by SERB of Rs. 5,350,000,000/- less Fixed Assets purchased of Rs. 14,002,016/- (transferred to Corpus Fixed Assets Sch. 1)

For BAG & ASSOCIATES.

Chartered Aoco

For Science and Engineering Research Board

o olina ien

Director-Finance CA Raghven
SEREB Fartner
M. NoOITST

Date : 20.06.2016
Place : New Delhi
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Financial Statements

Schedules Forming Part of Balance Sheet

as at 31.03.2016

AMOUNT IN RS.

SCHEDULE 1 - CORPUS / CAPITAL FUND

PARTICULARS

Corpus Balance at the beginning of the year

Less: Corrective entry for Interest given on S & T SC Balance of FY 2013-
14

Less: Corrective entry for Interest given on S & T ST Balance of FY 2013-
14

Prior Period Adjustment as per As-12*
Fixed Asset Sale FY 2015-16

Add/(Deduct) : Balance of net income/(Expenditure) transferred from the
Income & Expenditure Account

Corpus Balance at the end of the year (A)
Corpus (Fixed Assets) Balance at the beginning of the year
Add: Contributions towards Corpus/Capital Fund (Fixed Assets)
FY 2014-15
FY 2015-16
Prior Period Adjustment as per As-12*
Deferred Revenue Grant for FY 2015-16
Fixed Asset Sale FY 2015-16

Add: Corrective entry for CDAC software purchase in FY 2013-14 but taken

in Grant Expenditure
Corpus (Fixed Assets) Balance at the end of the year (B)
Total of Corpus & Corpus (Fixed Assets) (A) + (B)
Refer Point No. 10 In Schedule 26 Significant Accounting Policies

Current Year
160,926,265.33

25,156,743.00
2,122.00

264,510,995.12

450,596,125.45
50,959,728.00

14,218,240.00
(25,156,743.00)
(12,522,354.00)

(2,122.00)

27,496,749.00
478,092,874.45

Previous Year
247,247,393.78

(1,441,893.00)

(670,559.00)

(84,208,676.45)

160,926,265.33
33,019,494.00

14,002,016.00

3,938,218.00

50,959,728.00
211,885,993.33

Science and Engineering Research Board



Financial Statements

Schedules Forming Part of Balance Sheet
as at 31.03.2016

AMOUNT IN RS.

SCHEDULE 2 - RESERVE AND SURPLUS
PARTICULARS Current Year Previous Year
1. Capital Reserves :
As Per Last Account = -
Addition during the year - -
Less : Deductions during the year - -

2. Revaluation Reserves :
As Per Last Account = -
Addition during the year - -
Less : Deductions during the year - -

3. Special Reserve :
As Per Last Account - -
Addition during the year - -
Less : Deductions during the year - -

4. General Reserve :
As Per Last Account = -
Addition during the year - -
Less : Deductions during the year - -
TOTAL

Annual Report 2015-16



Financial Statements

Schedules Forming Part of Balance Sheet

as at 31.03.2016

AMOUNT IN RS.

SCHEDULE 3A - EARMARKED/ENDOWMENT FUNDS MFPI

PARTICULARS
A) OPENING BALANCE OF THE FUNDS
B) ADDITIONS TO THE FUNDS
I) DONATIONS / GRANTS
GRANT IN AID (MFPI- GENERAL)
GRANT IN AID (MFPI- OTHERS)

II) INCOME FROM INVESTMENTS MADE ON
ACCOUNT OF FUNDS

) OTHER ADDITIONS

INTEREST FROM SERB ON SAVING BALANCE

REFUND FROM PREVIOUS YEAR GRANT FY
2012-13 (ANNEXURE 1 & 1A)

REFUND FROM PREVIOUS YEAR GRANT FY
2013-14 (ANNEXURE 2 & 2A)

REFUND FROM PREVIOUS YEAR GRANT FY
2014-15 (ANNEXURE 3 & 3A)

TOTAL (A+B)
C) UTILIZATION / EXPENDITURE TOWARDS
OBJECTIVES OF FUNDS
) CAPITAL EXPENDITURE
FIXED ASSETS

OTHER ADDITIONS

GRANT-IN-AID (MFPI- CAPITAL)
(ANNEXURE 4 & 4A)

Il) REVENUE EXPENDITURE
SALARY, WAGES AND ALLOWANCE ETC
RENT
OTHER ADMINISTRATIVE EXPENDITURE

GRANT-IN-AID (MFPI- GENERAL)  (ANNEXURE
5 & 5A)

TOTAL (C)

NET BALANCE AS AT THE YEAR END (A+B-C)

Current Year

3,700,091.00

61,823,508.00

253,879.00

135,393.00
127,693.00

171,399.00

66,211,963.00

38,833,251.00

18,753,036.00

57,586,287.00
8,625,676.00

Previous Year

53,500,000.00

326,646.00

53,826,646.00

29,030,099.00

21,096,456.00

50,126,555.00
3,700,091.00

Science and Engineering Research Board



Financial Statements

Schedules Forming Part of Balance Sheet
as at 31.03.2016

AMOUNT IN RS.
PARTICULARS Current Year Previous Year
a) Opening Balance of the Funds 1,841,934.00 9,654,441.00
Add: Corrective entry for Interest given on S & T SC Balance of FY 2013-14 - 1,441,893.00
Add: Corrective entry for Interest given on S & T ST Balance of FY 2013-14 - 670,559.00
b) Additions to the funds
i) Donations / Grants - -
Grant in Aid (S & T Programme - Schedule Castes) 100,000,000.00 -
Grant in Aid (S & T Programme - Schedule Tribe) - -
ii) Income from Investments made on account of Funds - -
iii) Other Additions - -
S & T SC-Interest from SERB on Saving Balance 1,288,982.00 173,577.00
S & T ST-Interest from SERB on Saving Balance 48,596.00 11,638.00
S & T SC- Refund from previous year Grant FY 2013-14 (Annexure 6 & 6A ) 1,425,124.00 5,729,656.00
S & T ST- Refund from previous year Grant FY 2013-14 (Annexure 7 & 7A) 91,642.00 1,200,170.00
S &T - Interest on Refund -SC 23,274.00 -
Total (a+b) 104,719,552.00 18,881,934.00
c) Utilization / Expenditure towards objectives of funds
i) Capital Expenditure - -
Fixed Assets - -
Other Additions - -
Grant-in-aid (S & T- Schedule Castes - Capital) (Annexure 8 & 8A) 47,044,507.00 7,393,200.00
Grant-in-aid (S & T- Schedule Tribe - Capital) - -
ii) Revenue Expenditure
Salary, Wages and allowance etc - -
Rent - -
Other Administrative Expenditure
Grant-in-aid (S & T- Schedule Castes - General) (Annexure 9 & 9A) 23,500,000.00 9,646,800.00
Grant-in-aid (S & T- Schedule Tribe - General) - -
ii) Refund to S & T from SERB - -
Total (c) 70,544,507.00 17,040,000.00
Net Balance as at the year end (a+b-c) 34,175,045.00 1,841,934.00
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Schedules Forming Part of Balance Sheet
as at 31.03.2016
AMOUNT IN RS.

SCHEDULE 4 - SECURED LOANS AND BORROWINGS

PARTICULARS Current Year Previous Year
1. Central Government -
2. State Government = S
3. Financial Institutions

a) Term Loans - -
b) Interest accrued & dues - - -

4. Banks :
a) Term Loans - -
Interest accrued and due - -

b) Other Loans - -
Interest accrued and due - - - -

5. Other Institutions and Agencies - -
6. Debentures and Bonds - -
7. Others - -
TOTAL - -

SCHEDULE 5 - UNSECURED LOANS AND BORROWINGS

PARTICULARS Current Year Previous Year
1. Central Government - -
2. State Government - -
3. Financial Institutions
4. Banks :
a) Term Loans - -
b) Other Loans - - - -
5. Other Institutions and Agencies - -
6. Debentures and Bonds - -
7. Fixed Deposites - -
8. Others - -
Total - -

SCHEDULE 6 - DEFERRED CREDIT LIABILITES

PARTICULARS CURRENT YEAR PREVIOUS YEAR

a) Acceptances secured by Hypothecation of Capital Equipment &
other assets

b) Others - -
Total . -

Science and Engineering Research Board
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Schedules Forming Part of Balance Sheet
as at 31.03.2016
AMOUNT IN RS.

SCHEDULE 7 - CURRENT LIABILITIES AND PROVISIONS

Particulars Current Year Previous Year
A) Current Liabilities
1. Acceptances = =
2. Sundry Creditors
a) For Goods - -
b) Others: Ato Z Interiors - 48,863.00
Dignus Services 51,590.00 42,294.00
Ghandhari Bhalla & Kamlesh Bhalla 54,000.00 54,000.00
Indian Institute of Technology, Delhi - 12,825.00
Lovely Printers - 6,090.00
Setika Trading Co. - 30,150.00
Suresh Malik & Co. 490,720.00 413,820.00
National Mission on Bamboo Application 1,080,145.00 1,080,145.00
Anil Ram Kumar & Co. 253,000.00
RAG & Associates 368,000.00 -
B4 Integrated Facility Management PVT. LTD 59,784.00 35,388.00
B4 Security Private Limited 42,593.00 38,110.00
Gobind Computers Private Limited 2,046.00 -
Mansarover Industrial Corporation 2,350.00 2,350.00
National Co-operative Consumers Federation of India LTD - 37,897.00
Himanshu Tourist Taxi Service - 111,377.00
Suncity Projects Private Limited 100,560.00 216,373.00
Balmer Lawrie & Co. Ltd., New Delhi 172,367.00 186,458.00
Dinesh Singh Tomer, New Delhi 1,044.00 660.00
J S International 14,775.00 -
K B Enterprises 14,200.00 -
Shalu Tour And Travels, New Delhi 66,425.00 67,044.00
R S Travels Solution Private Limited 210,170.00
Sonpal 8,700.00 -
Sr. Post Master Sarojini Nagar, H.P.O. 16,992.00 14,355.00
Tata Teleservices Limited - 8,562.00
Deldsl-Digital NTC 68,231.00 60,562.00
Digital NTC-New Delhi 22,442.00 22,023.00
Airtel 25,762.00 -
National Informatics Centre Service INC., New Delhi 45,235.00
NSDL E Governanace Infrastructure Limited 1,139.00 -
Net Creative Mind Solutions Private Limited 40,560.00 | 3,212,830.00 44,944.00 | 2,534,290.00
3. Advances Received - -
4. Interest accrued but not due on :
a) Secured Loans / Borrowings - -
b) UnSecured Loans / Borrowings - -
5. Statutory Liabilities
a) Over Due - -
b) Others : TDS on Contractor 10,624.00 7,617.00
TDS on Salary 360,866.00 371,490.00 186,300.00 193,917.00
TOTAL (1) 3,584,320.00 2,728,207.00
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Financial Statements

Schedules Forming Part of Balance Sheet
as at 31.03.2016

AMOUNT IN RS.
PARTICULARS Current Year Previous Year
6. Other Current Liabilities
Expenses Payable
Salary Payable 3,360,782.00 1,904,504.00
EPF Payable Employee Contribution 91,800.00 82,800.00
EPF Payable Employer Contribution 102,328.00 93,909.00
NPS Contribution Payable 362,828.00 122,418.00
Labour Charges Payable - 9,000.00
Audit Fee Payable 195,000.00 155,000.00
Telephone Expenses Payable (Reimbursement) 6,082.00 5,570.00
Newspaper Expenses Payable (Reimbursement) - 1,156.00
School Fee Reimbursement Payable 18,000.00 -
Leave Encashment & Pension Payable (DST-Satish Marar) 62,475.00 | 4,199,295.00 -|  2,374,357.00
Deductions Payable
CGEGIS (DST) - 60.00
CGHS (DST) - 325.00
Computer Advance (DST) - 500.00
GPF Contribution (DST) - 1,300.00
HBA (DST) - - 1,545.00 3,730.00
Expenses Current Liabilities Staff
Mustaque Khan (LTC) - 3,144.00
Dr. G. Harish Kumar 751.00 -
Dr. S S Konhli - 2,939.00
Praveen Kumar S 418.00 1,169.00 418.00 6,501.00
Time barred cheques taken back (F.Y. 2011-2012) 344,235.00 344,235.00
Time barred cheques taken back (F.Y. 2012-2013) 11,933,916.00 13,123,916.00
Time barred cheques taken back (F.Y. 2013-2014) 16,251,065.00 16,251,065.00
Time barred cheques taken back (F.Y. 2014-2015) 222,593.00 290,256.00
Total (2) 32,952,273.00 32,394,060.00
Total (A) =(1) + (2) 36,536,593.00 35,122,267.00
B. Provision - -
1. For Taxation - -
2. Gratuity - -
3. Superannuation / Pension - -
4. Accumulated Leave Encashment 1,018,866.00 47,226.00
5. Trade Warranties / Claims - -
6. Others - -
Total (B) 1,018,866.00 47,226.00
Total (A+B) 37,555,459.00 35,169,493.00
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Financial Statements

Schedules Forming Part of Balance Sheet
as at 31.03.2016

AMOUNT IN RS.

SCHEDULE 9 - INVESTMENTS FROM EARMARKED/ENDOWMENT FUNDS

PARTICULARS Current Year Previous Year
1. In Government Securities -
2. Other approved Securities = =
3. Shares -
4. Debentures and Bonds = -
5. Subsidiaries and Joint Ventures -

6. Others (to be Specified) = .

Total - .

SCHEDULE 10 - INVESTMENTS - OTHERS

PARTICULARS Current Year Previous Year

1. In Government Securities - -
2. Other approved Securities - -
3. Shares - -
4. Debentures and Bonds - -
5. Subsidiaries and Joint Ventures - -
6. Others - -

Total - -
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Schedules Forming Part of Balance Sheet
as at 31.03.2016

AMOUNT IN RS.

SCHEDULE 11 - CURRENT ASSETS, LOANS, ADVANCES ETC

PARTICULARS

Current Year

Previous Year

A) Current Assets
1. Inventories :
a) Stores and Spares (Stationery Stock)
b) Loose Tools
c) Stock-in-Trade
Finished Goods
Work-in-Progress
Raw Material
2. Sundry Debtors :

a) Debts outstanding for a period
exceeding six months

b) others:

3. Cash Balances in Hand (including
Cheques / Drafts and Imprest)

Petty Cash Account
Cash Advance- V K Agarwal
4, Bank Balances :
a) With Scheduled Banks :
On Current Accounts
On Deposit Accounts
On Savings Accounts (UBI)
SERB EPFO Account (UBI)
b) With non-Scheduled Banks
On Current Accounts
On Deposite Accounts
On Savings Accounts
5. Post Office Savings Accounts
TOTAL (A)

Science and Engineering Research Board

20,000.00
25,000.00

513,710,026.45

136,893.00

45,000.00

513,710,026.45

513,891,919.45

20,000.00
25,000.00

216,451,690.33

25,925.00

45,000.00

216,451,690.33

216,522,615.33



Financial Statements

Schedules Forming Part of Balance Sheet
as at 31.03.2016

AMOUNT IN RS.
Particulars Current Year Previous Year
B) Loans, Advancees & Other Assets
1. Loans:
a) Staff Loan - -
b) Other entities engaged in activities/objectives similar to that - -
c) Others - -
2. Advances and other amounts recoverable in cash or
in kind or for value to be received:
a) On Capital Account
b) Prepayments
Membership Fee 51,525.00 -
AMC Website - 51,525.00 6,730.00 6,730.00
c) Security Deposit
BNPL Sarojini Nagar PO 50,000.00 50,000.00
Deldsl-Digital NTC) 20,000.00 20,000.00
Digital NTC 10,000.00 10,000.00
Furniture & Fixtures Rent (Security Deposit)- Vasant Kunj 60,000.00 60,000.00
Rent (Security Deposit)-Vasant Kunj 60,000.00 60,000.00
Rent (Security Deposit) Safdarjung Enclave - 200,000.00 110,000.00 310,000.00
d) Others-
Adeptech Solutions PVT. LTD. 165,000.00 -
Central Cottage Industries Corp. of India Ltd. 93,000.00 -
MRM End to End Marketing Solutions LTD. 302,624.00 -
Dr. R Brakaspathy - 11,529.00
Dr. G. Harish Kumar - 173,369.00
Dr. Vinod Kumar 4,086.00 -
Dr. Premila Mohan 15,900.00 -
MFPI Expenditure by SERB 9,652,135.00 5,828,058.00
UBI (Recoverable) 308,000.00 | 10,540,745.00 308,600.00| 6,321,556.00
3. Income Accrued:
a) On Investments from Earmarked/ Endowment Funds - -
b) On Investment — Others - -
c) On Loans and Advances - -
d) Others (includes income due unrealized) - -
Interest accrued on Saving A/c Balance 6,268,116.00 6,268,116.00 | 3,633,625.00 3,633,625.00
4. Claim Receivable = -
Total = (B) 17,060,386.00 10,271,911.00
Total (A) + (B) 530,952,305.45 226,794,526.33
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Schedules Forming Part of Income & Expenditure
as at 31.03.2016

AMOUNT IN RS.

SCHEDULE 12 - INCOME FROM SALES / SERVICES

PARTICULARS Current Year Previous Year
1. Income from Sales

a) Sale of finished Goods - -

b) Sale of Raw Material - -

c) Sale of Scraps - -

2. Income from Services

a) Labour and Processing Charges - =

b) Professional / Consultancy Services - -
Agency Commission & Brokerage = =

Maintenance Services - -

)
)
)
)

SCHEDULE 13 - GRANTS / SUBSIDIES

PARTICULARS Current Year Previous Year
1. From Central Government
a) Grant in Aid (General) 4,101,500,000.00 5,300,000,000.00
Transferred to Corpus/Fixed Assets (Schedule 1) (14,218,240.00) 4,087,281,760.00 (14,002,016.00) 5,285,997,984.00

b) Grant in Aid (Capital) 2,208,500,000.00 - -

c) Grant in Aid (Scheduled Castes - General) 200,000,000.00 50,000,000.00 50,000,000.00

D) Grant in Aid (Scheduled Castes - Capital) 50,000,000.00 - -

E) Grant in Aid (Scheduled Tribe - General) - - -
F) Grant in Aid (Scheduled Tribe - Capital) - - -

G) Grant in Aid (Salaries) 40,000,000.00 - -

2. State Government(s) - -

3. Government Agencies - -

4. Institutions/ Organisations - -

5. IntL. Organisations - -

6. Other - -
TOTAL 6,585,781,760.00 5,335,997,984.00
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Schedules Forming Part of Income & Expenditure
as at 31.03.2016

AMOUNT IN RS.
SCHEDULE 14 - FEES / SUBSCRIPTIONS

PARTICULARS Current Year Previous Year
1. Entrance Fees - -
2. Annual Fees / Subscriptions - -
3. Seminar / Programme Fees - -
4. Consultancy Fee - -
5. Others - -
TOTAL - -

SCHEDULE 15 - INCOME FROM INVESTMENTS (INCOME ON INVEST. FROM EARMARKED/ENDOWMENT
FUNDS TRANSFERRED TO FUNDS)

PARTICULARS Investment from Investment -Others
Earmarked Funds

Current Year | Previous Year | Current Year | Previous Year
1. Interest

a) On Govt. Securities

b) Other Bonds/Debentures
2. Dividends

a) On shares

b) On Mutual Fund Securities

3.Rents - -

4. Others : Interest on MFPI Balance in Saving Account 253,879.00 326,646.00
Interest on S & T SC Balance in Saving Account 1,288,982.00 173,577.00
Interest on S & T ST Balance in Saving Account 48,596.00 11,638.00

Total 1,591,457.00 511,861.00
Transferred to Earmarked/Endowment Funds 1,591,457.00 511,861.00

SCHEDULE 16 - INCOME FROM ROYALTY, PUBLICATION ETC.
PARTICULARS CURRENT YEAR PREVIOUS YEAR
1) Income from Royalty - -

2) Income from Publications - -
3) Other - -
TOTAL 3 .
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Schedules Forming Part of Income & Expenditure
as at 31.03.2016

AMOUNT IN RS.

PARTICULARS Current Year Previous Year
1. On Term Deposits
a) With Scheduled Banks 38,518,936.00 35,955,187.00
b)With Non-Scheduled Banks -
c) With Institutions - -
d) Others -
2. On Savings Accounts
a) With Scheduled Banks 31,921,576.00 17,715,990.00
b)With Non-Scheduled Banks - -
¢) Post Office Savings Accounts - -
d) Others (Project Interest) - -
3.0nLoans:
a) Employees / Staff - -
b) Others - -
4. Interest on Debtors & Other Receivables - -
5. Interest on Refund 912,990.93 501,637.60
Total 71,353,502.93 54,172,814.60

SCHEDULE 18 - OTHER INCOME

PARTICULARS Current Year Previous Year
1. Profit on sale / disposal of Assets
a) Owned assets - -

b) Assets acquired out of grants, or received free of cost 1,964.00 -

2. Export Incentives realized - -
3. Fees for Miscellaneous Services = =
4. Deferred Revenue Grant (AS-12) 12,522,354.00 -
5. .Miscellaneous Income- Other Income RTI Receipts 210.00 50.00
Scrap Sale - 6,280.00

TOTAL 12,524,528.00 6,330.00
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Financial Statements

Schedules Forming Part of Income & Expenditure
as at 31.03.2016
AMOUNT IN RS.
SCHEDULE 19 - INCREASE / (DECREASE) IN STOCK OF FINISHED GOODS & WORK IN PROGRESS

PARTICULARS CURRENT YEAR PREVIOUS YEAR
a) Closing Stock
Finished Goods - -
Work-in-Progress - -

b) Less : Opening Stock

Finished Goods - -

Work-in-Progress - -

TOTAL - -
PARTICULARS Current Year Previous Year

a) Salaries and Wages 36,176,808.00 21,680,942.00

b) Allowances and Bonus 3,454.00 3,454.00

c) Contribution to Provident Fund- Employer 1,139,246.00 836,652.00

d) Contribution to Other Fund (NPS Employer Contribution) 1,413,940.00 358,355.00

e) Staff Welfare Expenses - -

f) Expenses on Employee’s Retirement & Terminal Benefits - -

g) Others - -

Telephone Expenses Reimbursement 110,134.00 63,074.00

School Fee Reimbursement 113,692.00 15,050.00

Newspaper Reimbursement 14,187.00 4,159.00

Medical Reimbursement 210,635.00 48,412.00

Transfer Expenses Reimbursement 126,422.00 -

Secretary Accommodation Expenses 485,100.00 691,800.00

Transfer Grant 80,000.00 -

Leave Encashment 990,921.00 51,613.00

Leave Travel Concession 45,361.00 86,303.00

Honorarium Expenses (Official) - 100,000.00

Pension Contribution 4,200.00 -

TOTAL 40,914,100.00 23,939,814.00
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Schedules Forming Part of Income & Expenditure
as at 31.03.2016

AMOUNT IN RS.
PARTICULARS Current Year Previous Year

a) Bank Charges 28,352.62 639.00
b) Car Hire Charges 2,567,202.00 2,033,374.00
c) Drafting/Professional Fees 811,256.00 700,156.00
d) Electricity Charges 1,205,217.00 1,174,534.00
€) Membership fee 177,917.00
f) Hiring & Installation Charges - 31,464.00
g) Honorarium Expenses (Non- Official) 856,000.00 668,000.00
h) Hospitality Expenses 1,208,881.00 949,708.00
i) Printing & Stationery 2,347,555.00 1,390,932.00
j) Rent- Building 47,422,150.00 46,783,704.00
k) Advertisement/Publication 316,696.00 341,047.00
[) Conference Expenses 9,000.00 -
m) Conveyance Expenses 1,057.00 300.00
n) Courier Expenses - 8,607.00
0) Housekeeping Expenses 1,315,109.00 790,089.00
p) International Conference 570,329.00 839,459.00
q) Repair & Maintenance 690,746.00 287,397.00
r) Security Expenses 512,937.00 671,742.00
s) Travelling Expenses (Domestic) 6,659,167.00 4,890,306.00
t) Travelling Expenses (International) 839,485.00 2,110,111.00
u) Audit Fee 661,000.00 40,000.00
v) Accommodation Expenses 345,896.00 132,954.00
w) Computer hardware & Software 459,738.00 156,509.00
x) Foreign Exchange Difference 6,375.00 (570.00)
y) Internet Charges 1,011,491.00 825,748.00
z) Newspaper & Periodicals 10,202.00 8,154.00
aa) Postage Expenses 221,417.00 220,037.00
ab) Rent of Tea/Coffee Machine - 5,626.00
ac) Telephone Expenses 281,826.00 287,383.00
ad) Staff Welfare 74,727.00 59,500.00
ae) NSDL E Governance Charges 3,870.00 -
af) Training Exenses 4,000.00 -
ag) AMC 242,933.00 167,605.00
ah) RPF Penalty & Interest 204,688.00 -
ai) Miscellaneous Expenses 407,900.00 281,022.00
Total 71,297,202.62 66,033,454.00

0
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Financial Statements

Schedules Forming Part of Income & Expenditure

as at 31.03.2016

SCHEDULE 22 - EXPENDITURE ON GRANTS, SUBSIDIES ETC

AMOUNT IN RS.

PARTICULARS

Grants given to Institutions/Organisations
a) Grants in Aid (Capital Assets) (Annexure -14 & 14A)
b) Grant in Aid (General) (Annexure -15 & 15A)
c) Grant in Aid (Scheduled Castes - Capital) (Annexure -16 & 16A)
d) Grant in Aid (Scheduled Castes - General) (Annexure -17 & 17A)
e) Grant in Aid (Scheduled Tribe - Capital) (Annexure -18 & 18A)
f) Grant in Aid (Scheduled Tribe - General) (Annexure -19 & 19A)
Total

Current Year

2,077,139,790.00
4,027,642,711.00
48,406,000.00
174,953,542.00
23,745,819.00
6,351,887,862.00

Previous Year

1,659,780,915.00
3,630,107,746.00
36,230,000.00
22,660,000.00
32,553,780.00
37,310,000.00
5,418,642,441.00

SCHEDULE 23 - INTEREST
PARTICULARS

a) On Fixed Loans (Including Bank Charges)
b) On Other Loans (Including Bank Charges)
c) Others

TOTAL

Current Year

Previous Year
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Financial Statements

Schedules Forming Part of Income & Expenditure
as at 31.03.2016

AMOUNT IN RS.
PARTICULARS Current Year Previous Year
A) Refund received against previous year grants
a) Refund from Projects (Capital) FY 2011-12 (Annexure-20 & 20A) 1,943,196.00 600,000.00
b) Refund from Projects (General) FY 2011-12 (Annexure -21 & 21A) 3,195,965.00 2,821,709.02
c) Refund from Projects (SC-General) FY 2011-12 (Annexure -22 & 22A) 17,931.00 -
d) Refund from Projects (Capital) FY 2012-13 (Annexure -23 & 23A) 3,064,296.00 95,247.00
e) Refund from Projects (General) FY 2012-13 (Annexure -24 & 24A) 6,962,472.36 9,343,348.00
f) Refund from Projects (Capital) FY 2013-14 (Annexure -25 & 25A) 1,845,819.00 2,935,000.00
g) Refund from Projects (General) FY 2013-14 (Annexure -26 & 26A) 15,625,221.62 26,346,625.93
h) Refund from Projects (SC-Capital) FY 2013-14 (Annexure 27 & 27A) - 4,800,000.00
i) Refund from Projects (SC-General) FY 2013-14 (Annexure 28 & 28A) - 500,000.00
j) Refund from Projects (Capital) FY 2014-15 (Annexure -29 & 29A) 2,447,652.00
k) Refund from Projects (General) FY 2014-15 (Annexure -30 & 30A) 27,775,128.83 -
[) Refund from Projects (SC-General) FY 2014-15 (Annexure 31 & 31A) 5,351.00
m) Refund from Projects (General) SERC (Annexure -32 & 32A) 8,424,908.00 305,982.00
B)Time barred cheque$S recd. back from grantee (FY 2012-13)
Indian Institute Of Technology, Kanpur (Cl) 1,190,000.00 -
TOTAL 72,497,940.81 47,747,911.95
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Schedules Forming Part of Income & Expenditure

SCHEDULE 25 - PRIOR PERIOD EXPENDITURE

PARTICULARS

a) Accomodation Expenses

b) AMC Website

c) International Conference

d) Licence Fee

e) Miscellaneous Expense

f) Depreciation PPE

g) Leave Encashment

h) Newspaper Reimbursement

i) Salary Arrear

j) Professional Fees

k) Travelling Expenses (Domestic)
) Travelling Expenses (International)
m) NSDL E Governance Charges
n) Pension Contribution

0) Car Hire Charges

p) Printing & Stationery

q) Salary (Contract Employees)

TOTAL

as at 31.03.2016

Current Year

190,599.00

384,405.00
1,071.00
468.00
1,786,963.00
169,090.00
301.00
17,850.00
(207,258.00)
(153,771.00)
(1,164,500.00)
1,025,218.00

AMOUNT IN RS.

Previous Year

3,076.00
3,863.00
(92,521.00)
(7,700.00)
6,500.00
2,362,931.00

6,371.00
59,397.00
26,086.00

2,368,003.00
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SCHEDULE FORMING PART OF THE ACCOUNTS FOR THE
YEAR ENDED 31.03.2016

SCHEDULE 26

SIGNIFICANT ACCOUNTING POLICIES

1. Basis of Preparation of Financial Statements
These financial statements have been prepared on the accrual basis of accounting, under
historical cost convention, in accordance with the accounting principles generally accepted
in India.

2. Fixed Assets
Fixed assets are stated at cost of acquisition less accumulated depreciation and impairment
losses, if any. Cost of fixed assets comprises purchase price, duties, levies and other directly
attributable costs of bringing the assets to its working conditions for the intended use.

3. Depreciation
Depreciation on fixed assets is computed on the written down value (WDV) method at the
rates and in the manner prescribed under the Provisions of Income Tax Act.

In respect of additions to/deductions from fixed assets during the year, depreciation is
considered on pro-rata basis. Assets costing Rs.5,000/- each or less are fully provided.

4. Grant/ Subsidies Received
Grants, subsidies or similar assistance received for the general purposes and objectives of
the Entity, on an irrevocable basis, be treated as income on receipt basis.

5. Expenditure on Grants, Subsidies etc.
Grants, subsidies or other similar assistance given to the Institutions/Organisations for
general purposes and objectives of the Entity, on an irrevocable basis, be treated as
expenditure when they are released.

6. Interest Income of SERB
Besides the grant-in-aid received from Central Government SERB also generates income
from:-
a. Interest on Short term FD’s of the Grant-in Aid
b. Interest on the Saving A/c Balance
c. and Interest on Refund

Further the above income generated is applied for meeting the expenses as indicated in
para 10(2) of the SERB Act 2008.

Science and Engineering Research Board
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7. Prior period Income/Expenditure
Income/expenditure relating to previous Financial Years has been booked as Prior Period
Income/Expenditure in the Income and Expenditure Account.

8. Refund from beneficiaries:
a) Refund/repayment of grant/assistance received by SERB from the beneficiaries as per
the conditions stipulated in the sanction document is accounted for on receipt basis.

b) Refund/repayment of grant/assistance given and received back in the same financial
year has been netted off with Grant-in-Aid (expenditure) in the Income and Expenditure
Account.

c) Refund/repayment of grant/assistance given in previous years and received back in
later years (i.e not in same financial year) has been shown as “Refund received against
Previous Year Grant’ in the Income and Expenditure Account under “Prior Period
Income”.

9. Unspent balances of Grants received from DST:
The unspent balances of Grants are not to be refunded to DST as grants released by the
Government are credited for Science and Engineering Research Board in terms of Section
10(1) of SERB Act, 2008.

10. Time barred cheques
a. Cheques issued towards grants/assistance & become time barred during the year
have been reversed on 31.03.2016 and transferred to “Time Barred Cheques
Taken Back” under Current Liabilities.

b. Cheques issued towards grants/assistance & not become time barred on
31.03.2016 will be reversed on 30.06.2016 as per the advice of CAG Auditors.

11. Government Grant for Fixed assets of SERB
In order to comply with AS-12 Accounting for Government Grants under direction of C&AG,
amount equivalent to cost of acquisition of fixed assets out of Grants in Aid (General)
has been shown as Corpus Fixed Assets. Prior period depreciation charged to Income &
Expenditure A/c has been debited to Corpus (Fixed Assets) Account & credited to Corpus
Account. Depreciation for the year amounting Rs. 1,25,22,354/- is being credited to Income
& Expenditure A/c as Deferred Revenue Grant as per para 8 of AS 12.

12. Surplus/Deficit in Income & Expenditure A/c
Surplus/Deficit in Income & Expenditure Account at the year-end has been transferred to
Corpus/Capital Account.

For Science and Engineering Research Board

p
Secretary Director-Finance Date: 20.06.2016
SERB SERB f’f_ '-_“_““.\ Place: New Delhi
.'//z . \
i = )
= ;'l
\‘-\:_‘\ . ..__;_-_.
OALE
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SCHEDULE FORMING PART OF THE ACCOUNTS FOR THE
YEAR ENDED 31.03.2016

SHCEDULE- 27 CONTINGENT LIABILITIES AND NOTES TO ACCOUNTS

1. CONTINGENT LIABILITIES
1.1 Claims against the Entity not acknowledge as debts Rs. NIL (Previous year Rs. NIL)

1.2 In respect of
- Bank Guarantees given by/on behalf of the Entity Rs. NIL (Previous year Rs. NIL)

- Letters of Credit opened by Bank on behalf of the Entity Rs. NIL (Previous year Rs. NIL)
- Bills discounted with banks Rs. NIL (Previous year Rs. NIL)

1.3 Disputed demands in respect of:
- Income tax Rs. NIL (Previous year Rs. NIL)
- Sales Tax Rs. NIL (Previous year Rs. NIL)
- Municipal Taxes Rs. NIL (Previous year Rs. NIL)

- Inrespect of claims from parties for non-execution of orders, but contested by the Entity Rs. NIL
(Previous year Rs. NIL)

1.4 Income Tax (Refer Para 7 below)

- Current Year - Rs 21,11,96,149/- Previous year — Rs 12,12,88,862/-
FY 2011-12 Rs. 9,43,38,079/-
FY 2012-13 Rs. 2,69,50,783/-
FY 2013-14 Nil
FY 2014-15 Nil
FY 2015-16 Rs. 8,99,07,287/-
Total Rs. 21,11,96,149/-

2. CAPITAL COMMITMENTS
- Estimated value of contracts remaining to be executed on capital account and not provided for (net of
advances) Rs. NIL (Previous year Rs. NIL)
3. LEASE OBLIGATIONS
- Future obligations for rentals under finance lease arrangements for plant and machinery amount to Rs.
NIL (Previous year Rs. NIL)
4. CURRENT ASSETS, LOANS AND ADVANCES

- In the opinion of the Management, the current assets, loans and advances have a value on realization

in the ordinary course of business, at least equal to the amount at which they are stated in the Balance
Sheet.

Science and Engineering Research Board
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5. Gross Profit in Current FY 2015-16

Total Income of Current FY 2015-16 is Rs. 6,66,96,59,790.93 whereas Total Expenditure of Current FY
is Rs. 6,47,66,21,518.62/-

Inlncome & Expenditure A/cexcess of Income over Expenditure shows adifference ofRs.19,30,38,272.31
as Gross Income.

6. TAXATION

Application for claiming Income Tax Exemption under section 10(46) of Income Tax Act, 1961 has
been filed on 25" April 2013 with Ministry of Finance. Even reply against the letter dated 14" May 2013
received from Ministry of Finance has been filed of 29" May 2013. In such a situation we have shown
Contingent Liability for Income Tax at point 1.4.

While exemption for Income Tax was being sought from Income Tax Department, it was pointed out by
Directorate of Income Tax (E) in its letter no. F. No. DCIT(E)/Cir2(1)/2015-16/704 dated 02.03.2016 that
Income Tax returns need to be filed. Income Tax returns were then filed for the year 2013-14 and 2014-
15. On filing the same, details of the Chartered Accountant who had audited the accounts was asked
for. Under the circumstances CAG empanelled Chartered Accountants were identified to audit the
Annual Accounts for FY 2013-14 and 2014-15 to comply with the requirements of Income Tax returns,
with the approval of Financial Advisor, DST. After the Audit of 2015-16 and the years prior to 2013-14,
Income Tax authorities will be approached for IT Exemption.

7. FOREIGN CURRENCY TRANSACTIONS

(Amount Rs.)
7.1 Value of Imports Calculated on C.IL.F. Basis: Current Year Previous Year
Purchase of finished Goods Nil Nil
Raw Materials & Components (Including in transit) Nil Nil
Capital Goods Nil Nil
Stores, Spares & Consumables
7.2 Expenditure in foreign currency:
a) Travel Rs. 7,60,928/- Rs. 8,39,459/-
b) Remittances and Interest Payment to Financial Nil Nil
Institutions/ Banks in Foreign Currency
c) Other expenditure:
- Commission on Sale Nil Nil
- Legal and Professional Expenses Nil Nil
- Miscellaneous Expenses Nil Nil

Annual Report 2015-16
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7.3 Earning:
Value of Exports on FOB basis Nil Nil

7.4 Remuneration to Auditors:
- Auditors Fee (CAG) Rs. 40,000/- Rs. 40,000/-

- Auditors Fee (CA) (FY 2011-12 to FY 2015-16) Rs. 6,21,000/-
- Taxation matters ..

- For management services ...

- Forcertificate

- Others

8. Previous Year figures have been regrouped /recast wherever found necessary.

9. Schedules 1 to 27 are annexed to and form an integral part of the Balance Sheet as at 31.03.2016 and the
Income and Expenditure Account for the year ended on that date.

For Science and Engineering Research Board For RAG & ASSOCIATES.
Chartered Accountants
& Mrsaddia ran
Director-Finance
SERB SERB

Partner
M.No.089757

Science and Engineering Research Board
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Separate Audif Report on Accounts of Science and Engineering Research
Board, Vasant Square Mall, Vasant Kunj, New Delhi for the Year 2015-16

We have audited the attached Balance Sheet of Science & Engineering Research Board
(SERB). New Delhi as at 315t March 2016 the Income & Expenditure Account and Receipts &
Payments Account for the year ended on that date under Section 19 (2) of the Comptroller &
Auditor General's (Duties. Powers & Conditions of Service) Act, 1971 read with Section 13 (3)
of the SERB Act, 2008. These financial statements are the responsibility of the Board's
management. Our responsibility 1s 1o express an opinion on these financial statements based on
our audit.

2. This Separate Audit Reporl contains the comments ol the Comptroller & Auditor General of
India (CAG) on the secounting treatment only with regard 10 classificstion, eonformity with the
best accounting practices, accounting standards and disclosure norms, ete. Audit observations on
financial transactions with regard 10 compliance with the Law, Rules & Regulations (Propriety
and Regularity) and efficiency-cum-performance aspects. ete.. if any. are reported through
Inspection Reports/ CAG's Audit Reports separately.,

3. We have conducted our audit in accordance with auditing standards generally accepted
assurance about whether the financial statements are free from material misstatements. An audit
includes examining. on a test basis, evidences supporting the amounts and disclosures in the
financial statements, An audit also includes assessing the accounting principles used and
significant estimates made by management, as well as evaluating the overall presentation o
financial statements, We believe that our audit provides a reasonable basis for our opinion.

4. Based on our audit, we report that:

1) We have obtained all the information and explanations, which 1o the best of our knowledge
and belief were necessary for the purpose of our audit:

i) The Balance Sheet. Income & Expenditure Account and Receipis & Payments Account dealt
with by this report have been drmwa up in the Common [ormat of Accounis approved by the
Government of India, Ministry of Finance.

1ii) In our opinion, proper hooks of accounts and other relevant records have been maintained by
the SERB. New Delhi as required under Section 13(1) of the SERB Act. 2008, in so far s it
appears from our examination ol such books,

iv) We further report that:

Annual Report 2015-16
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V]

vi)

aj

b)

Dated: // mﬁ..é; 2,/

Place: New Delhi

Subject to our observation in the preceding paragraphs, we report that the Balance Sheet,
Income & Expenditure Account and Recsipt & Pavments Accounts deall with by this
report are in agreement with the books of accounts,

In our opinion and te the best of our information and according to the explanations given
to us, these financial statements read together with the Accounting Policies and Notes on
Accounts and subject w the significant matter sttted above and pther matter mentioned in
Annexure to this Audit Report gives a true and fair view in confarmity with accountmg
principles generally accepted in India.

In so far as it relates 1o the Balance Sheer of the state of Affairs of the SERE as w31
march 2016 and

I so far as 1t relates o Income & Expenditure Account of the surplus for the year ended
on that date.

For and on behalf of CAG of India

Pring, cctor of Auadit
(Seientifid, Depurtments)

Science and Engineering Research Board
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(A)  Balance Sheet

1. Liabilities

1.1 Current liabilities

LLI  Time barred cheques taken back

The board has been showing Rs. 3.44.235: Rs. 1.19.33.916 and Rs, 1.62.51.065 under the
head time barred cheques taken back in the financial vears 2001-120 2012443 and 20413-14
respectively. The time barred cheque should reversed backed in respective head.

2. Assels
2.1 Fixed Assets— Rs. 2.75 crore (Schedule 8)

211 As seen from the Stock Register maintained by the board. assets amounting o 3.53 lakl
purchased during 2015-16 were not included in Schedule 8 of Fixed assets The assets were
therefore understated by the same amount.

2.1.2 Furniture and Fixtures

Furniture and Fixtures (others) also included .G LED LCD (Rs. 25,150y, Marvello RO
System (Rs. 12,046) and Frost Free Refrigerator (Rs. 35.559) all of which was needed 1o he
booked under Office Equipment™. Thus, there was an overstatement of “Furniture and Fixtures
cluster in the fixed assets hy Rs. 72,755 while the Office Equipment cluster was undersiated by
the same ameunt.

This also implies that the these items were being annually depreciated at the rate of 10%
applicable to “Fumniture and Fixtures” cluster while it should actually have been depreciated at
the rate of 15% applicable to the Office Equipment ¢lusier.

2.1.3  Office Equipment

Safe, purchased in 2012-13 was booked under *Office Equipment” while it should have
been booked under *Fumniture and Fixtures® cluster. Apart {rom understatement of the Furniture
and Fixtures™ and simultaneous overstatement of *Office Equipment” by Rs. 11,040, The safe
was depreciated at higher rate of 15% applicable 10 "Office Equipment” instead of 10%
applicable to "Fummture and Fixiures” resulting in undervaluation of assets of the organization.

Annual Report 2015-16
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(B)  Income and Expenditure Account
. Expenditure
.1 Understatement of Travelling Expenses (International)

In Schedule — 21 *Other Administrative Expenses’ an expenditure of Rs. 830 kikh was
booked on account of international 1ours and travels undertaken by the officials of SERB. The
board has been depicting the travelling expenses by excluding the costs incidental 1w travelling
such as food bills, boarding charges, telephone charges and honoraria paid in their mavelling
expenses accounts. This figure as per the vouchers provided to audit was Rs, 2111 lakh.
Therefore there was an undersiatement of the Travel Expenditure (International) by Rs. 12.72
lakh.

1.2 Understatement of Travelling Expenses (Domestic)

In Schedule — 21 *Other Administrative Expenses” an expenditure of Rs. 66.59 lakh was
booked on account of international tours and travels undertaken by the official of SERB. The
board has been depicting the travelling expenses by excluding the costs incidental 1o travelling
such as food bills. boarding charges, telephone charges and honoraria paid in their ravelling
expenses accounts. This figure as per the vouchers provided to audit was Rs. 103,49 lakh, This
has resulted in an understatement of the domestic travel expenditure by Rs. 36.90 lakh.

(Cy  General

Accounting policy in regard to post employment benefivretirement benefit e.g. gratuity
and pension and other benefit has neither provided nor disclosed in the notes to account in
pursuance with accounting standard 15 of ICAL

(D} Grants—in—zaid

Out of Rs. 696.69 crore (including opening balance of Rs. 20,31 crore and an amount of
Rs. 676.18 crore received as grant/MPFIS&T earmarked receipts) received during the vear, the
organization could wilize a sum of Rs. 662.66 crore leaving a balance of Rs. 34.03 erore as
unutilized balance as on 317 March 2016 which lormed an integral part of the “Fund for Science
& Engineering Research’.

(E) Management Letter: Deficiencics which have not been included in the Audit Report
have been brought to the notice of the SERB through a management letter issued separately for
remedial/corrective action,

Science and Engineering Research Board
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Annexure — I to Audit Repori

1. Adequacy of Internal Audit System

Internal Audit of SERB upto March 2014 has been conducted by the Principal
Pay & Accounts Office of Department of Science & Technology. New Delhi.

2. Adequacy of Internal Control Systems —
Following deficiencies in relation to internal control system were observed:
(A) Non-disclosure of information relating to grantee bodies on SERB website

The details of projects/programme  implemented by the institutions o
organizations, getting Grants-in-aid from SERB were neither uploaded on the website of
the SERB as per the provisions GFR 209(1) nor the Grants-in-aid Register in Form 39 as
per GFR 212(4) was maintained.

(B) Non maintenance of record of assets ereated out of Grants for creation of
Capital Assets

Assets ereated out of Grants for creation of Capital Assets are required 1o be
returned to the board alter completion of the project. The grantee institutes can also keep
them after secking proper approval lor the same from the board. In such cases the
disposal of such assets require prior approval of SERB when thev become obsolete or
unserviceable. However, the board has not maintained any records of the Assets created
out of Grants for creation of Capital Assets released by it to various grantee bodies

The utilization certificates in 6136 cases amounting to Rs. 458.82 crore were
outstanding as of 31st March 2016,

() Physieal Verification of Assets

SERB had not conducted the physical verification of fixed assets lor the year
2015-16 as per the rules. Simple one liner certificates were produced 1o audit stating that
“assets have been verified on the basis of records made available and entries made in the
register’, clearly indicating that actually no physical verification of assets was performed
by the board.
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3. Statutory dues

Although the board has applied for claiming income tax exemption under seetion
10(46) of the Income Tax Act, 1961 and the same is vet to be granted by the Income Tax

Department, it did not file returns for income tux for the years 2011-12 and 2012-13
which was irregular.

irector (Insp.)

Science and Engineering Research Board
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ABOUT SERB

SetupthroughanActofParliament,viz.the ScienceandEngineeringResearchBoardAct,
2008, SERBservesasthenational premierfundingagencyforplanning, promotingand
steeringinternationally competitive researchinscienceandengineering. Themandate
is to promote basic research in frontier areas of Science and Engineering and provide
financialassistancetopersonsengagedinsuchresearch,academicinstitutions,research
and development laboratories, and other agencies. This is achieved through various
schemeslikeextramuralresearchfundingfellowships,grants,awards,scholarshipsand
joint industrial relevant collaborations.

For more details, please visit :
www.serb.gov.in

Science and Engineering Research Board
(A Statutory Body under Department of Science and Technology, Government of India)
Submit R&D proposals online at: www.serbonline.in
5 & 5A, Lower Ground Floor, Vasant Square Mall, Sector-B, Pocket-5,
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