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sl [@eflel &, TadiTaud 87 & Hedd 3eold Segicdl Tieor faearey (Yereq), -
3% & ded TgUrl fAvcH gaye (TTdE-Tat) H Fldelca] fSTalAm & fow gaeremer
A FA & SR AEA S, A6 vd ARG # dUr A Algge gdeT
AT Il H 39T FI TEd W |

TANTETh # aRASEBT & AET Heauedh (HI3TES) & aerd A AT 3§ a¥ ¥ Td
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Ay §7T 39A9T & AU geaisd Ao qe W U 81 Wefd e & yHE H
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NATIONAL PARAM SUPERCOMPUTING FACILITY
Center for Development of Advanced Computing
Pune, India

INVOICE No.: NPSF/2018/01,/01 Date: 25-Jan-2018

Bill to: CPU Time*
A consumed
Chief Investigator of the Project: Project Guide
Institute: Institute name

Address : Institute Full Address

Project Name: Projoct-Namoe-PR

XXX
Bill Duration: 01/12/2017 w0 31/12/2017 {In CPU Hrs.)

Project Account Monthly Summary For December-2017T eMoney'

consumad
Chpenin, . Total CPU" | .. o Closing
.,l e Credited it CPU Time it &
CPU Time: . o= Time 3 CPU Time
CFU Time Consumed
Balance Amount. Balanee
ANHNNKX XRXX NRKXEKK XXHXX KXXXXXNK

M

Above figures are in CPU Hours e z
= Debit Poines?

No. of Jobs processed: xx

(This is & computer generated invoice and po signature is required. )
Authorized Signatory

*CPU Time = No. of CPU Cores x No. of Hours consurnad.
teMoney = CPU Time x INR 3.00/hkour.

HOme Debit Point is equivalent to 1000 INR.
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el HY aA1g 290 (221 ASFal WA , Il F + & WIET W =18) FR & A1 60 |
WH AT 1| & GAF HYC a5 A & Intel Xeon Phi 5110P TFHeRET @MU T ¢ |
T8 Tcdsh ToFhoRe] & 61 @Y R ¢ iR Ig 1 TF &1 & |

3N G 50T ITTHNI/ATSHRAT/STHOI Sl STt HIAT AT |

A T I

e IaX f@TeH R2000GZ & 221 A5 Folked Jum

Dual socket Intel Xeon E5 2670 (Sandy Bridge) IR 9fa =1
313 CPU &R 9fd d@he, 2.6 GHz

&I Intel Xeon Phi 5110P 9fd &8

Infiniband FDR ZcIahaide
fqamseT: TESTp, FDRp, BIGJOBp, SDSp

3qcFel¥el 1

FAFIEN 2 60+ nodes cluster of HP Proliant DL580 G5

Jur grr # Quad socket Intel Xeon X7350 HRER 9fd s
IR CPU &R 9fd ®rehe, 2.93 GHz

frccH sexdage: PARAMNet3, Infiniband DDR

fasTrsieT: DDRp

JaFeIET 3 Supermicro SuperServer 1027GR-TRF &T IR a8 Fol¥el ddT AT
# Dual socket Intel Xeon E5 2650 (Sandy Bridge) &R 9fd Al

3718 CPU X 9Td ITehe, 2.6 GHz
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ar NVIDIA GPU Tesla M2090 9fa aig,

Infiniband & FDR Sc{ahaide
faHTSTeT: GPUp

PFS based scratch space with10 GB/s write bandwidth
g TR 17878

3eRTsad : 400TB

IR RBECH: CentOS v6.2, Kernel v2.6.32-220
g Folke Tf3A XE 2013

gl ForEeY TEf3A XE 2015

GIefi3g ForeX fashra fohe

File formats, data bases 3iR math & faT aEsaRaAT 3R @FedzX
Aifder et / araicH FAES, 3nuifds Afsfeler, s =iy,
FolrsHe Aisfelar, Gffe A= 3R wRIEw sofaaier & @@
*E S oI 3Terey ¥ |

e ROrE 2017-18 n



3Hiehs

3

ay 2017-18 & : SN 1T 3UAETHAT : 96 ; AT IT JFEA: 16 ; AT JAT : 42 ,564

4.1 {eeA

RA¥ecH A Iqerstar

System availability (Period: Apr. 1, 2016 - Mar. 15, 2017)
[351 days]

System
Downtime, 0. 8%

System
Uptime, 99.20%

System availability: (Period: Mar. 16, 2017 -
Feb. 28, 2018) [350 Days]

System Downtime , 1.1%

System Uptime , 98 9%

ar¥e RO 2017-18 n



arfesr: ATed 3gastrar

3afer T T ST 2EH

16 A7 ¥ 28 350 fgeT (8400 | 3 feT,21 €8¢(93
HIa'18 Te) Te)

351feeT (8424 | 2fea,186¢ (66
1 318er'16-15 ATA'17 Te) Te)

RAFeH i 3gAfar

% cpu utilization
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CPU Time utilization vs no. of cores (2016-17)

16% \
34%

23%/'

10%%

17%%

ml-64 m6d-128 m129-256 m257-512 w>512

CPU Time utilization vs no. of cores (2017-18)

m%\

32%

21% —————

14%%

B1-64 MA5-128 W 129-256 W 257-512 ¢ 513-1024

FWR HT AH T S ¢ B H8 Jrdied WAy HT FAG, Sid & AR & & F gud

giar gl
arfeer: @iy @77 3TAREr a9 ST THR
WY F#@g 39T (@ehs H)
S 3TRR 2016-18 2017-18
1-64 40084868227 37931720605
65-128 12499978368 15937841856
129-256 19899317592 27205492336
257-512 27450739824 24952112240
>512 19464235056 12348922448
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ST & THR & TG A FATed T fAa0T (% H)

% Distribution of jobs w.r.t job sizes ( 2017-18)

3%

2%

8%

% Distribution of jobs w.r.t. job sizes (2016-17)

1%

m0-54  mA5-128 W129-254 257-512 #5132

WO0-64 W65-128 m120-256 m257-512 m»512

Sisd & AR & FU H % Sied & [GROT AT IR F A Tedd Rl & 5@ 85 %
Sied & 64 U1 IHY HH WNY SR & T 36y fFar § | T8 /el % FaR HeTaR
faaor & qRd &1 I e fam S aifew o 64 R A1 HF AR & el #H Voo av ¥
12%@&@@%’%3#1165-128 PR & SAled H 9% Hr HaT 3T § |

TIFT: FTed & HHR & FET H FAled I AaIor

] ﬁ - <

S 3TRR 2016-17 2017-18
1-64 23560 36345
65-128 5499 3181
129-256 837 663
257-512 972 1366
>512 1364 1009
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A/ & ar I

?) T el S Y 7T F OO Y o @ ¢ 3R
) [ATSera Stew St Fr fasuresr & fow 9T § U9 3rafed AATYAT T §doiR X | &

T gfdr &

afpa Jred
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Absolute wait time Vs Number of jobs (2016-17)
000
E000
Foon
G000
000
4000

Mumber of Jobs

3000
2000
oo

0 --I.

001 00 01 035 1

2 3 4 24 48 72 96 120 144 168 =168
Absolute wait time {in hours)

Absolute wait time Vs Number of jobs (2017-18)
20000
15000
146000
14000
12000
10000
annn
g0aa
4000

2000
0 e ] I

.01 005 01 035

Mumber of Johs

120 144 148 =163

'
1 2 3 4 24 45 72 Eli]
Absolute wait time (in hours)

3W & IHH GATT § T 3R Siieq & qoT YollaTT AT H FHA HAT IR § | 3R H
T Sfed & MR & faar fFe Sar gl =i g

Aot ;. quT Ychell AT S Siled Sl H&ar

Sisq I g&aT
quT 9clieT AT (8¢ H) | 2016-17 2017-18
0.01 8703 17730
0.05 535 622
0.1 328 580

e ROrE 2017-18



0.5 1180 2136
1 733 1538
1284 2075
695 1310
637 951
24 5546 7628
48 2918 2518
72 1633 1238
96 1218 702
120 956 553
144 1001 517
168 713 474
>168 4215 2038

Seq F HHU JER SAla T FAT  TATT 3AFT forsdreer FHT FT FIYET 39T

Sed & 3R TaR ST YT TAT  JATH 3Tl TSIl THT & FTYeT 3UTT &l AT &

I gfafaftca a9 § |

3000
w 2500
=
2 2000
5
& 1500
E
& 1000
=

500

Jobs Queue Time : Execution Time Vs Number of Jobs (2016-17)
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fi
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10
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Mumber of jobs

Jobs Queue Time : Execution Time Vs Number of Jobs (2017-18)

Mumber of Small Jobs
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GUGEIRRGIER GIIRI LR forsaTesT FHa 1 U ST STeq HT &

2016-17 | 1 2 3 4 5 6 7 8 9 10 >10
1-64 8944 | 1788 [ 1011 |703 |[573 [417 [334 [284 [271 [201 | 9095
65-128 |940 |230 213 |[191 [198 [161 |151 [151 [153 [159 | 2950
129-256 | 302 |30 37 40 35 39 25 29 22 20 260
257-512 | 363 | 17 25 20 27 26 34 16 31 33 383
>512 1168 | 12 8 5 4 4 0 3 1 2 155

GUGEIRRGIER GIIRI LR ﬁ'sqmﬂwamﬁolqld IATH SATed Sl TEII

igﬂ' 1 2 3 4 5 6 7 8 9 10 >10

1-64 | 12752 | 2514 [185 [158 [160 [148 [137 |92 69 35 20123

65-

108 | 270 40 5 5 2 2 2 0 1 4 2861

129-

R - 11 1 1 2 1 1 1 1 0 593

257-

s1p | 242 61 3 4 6 3 0 2 0 4 1044

>512 | 285 56 10 6 6 3 4 8 5 7 619
3YANETHAT HEIdAT el

0

Apr'ld Day'lé Juwlé  Jul'lé  Aug'lé Sepld Octlé MNow'lé Dec'ld  Jaw'l?  Feb'l7

Support Calls 2016-17

m Support calls
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Support Calls2017-18

140

H Support calls
120

100
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(=l
[m]

(=33
[m

&

]
[}

4.2: 3AT 3R graa

SIS 3TER WY FHY ST
Domain wise CPU time utilization (2017-18)
Computational Bio
Sciences Selences
319«
Astronomy & 4 =
Astrophysics Atomic &
5% Molecular
Domain wise CPU time utilization (2016-17) Complex systems & Sc?lg:lf;lf&
Statistical Physics .
Computational Bio 1% a: £ &
Saemces rondinie Environment
/o 5%
S i3 . Chemica
mfi; Q,::m] P"'Ialwna-l — Sciences
M;J;T::l. - } Sc!:;;ccﬂ SCS].;D];!:E 3%
1% e 1ers
-~ Olll% ] Others
Magerinl 26/6

Science  —
41%

I & ATFH GG AT STAINAT b1 T et TICTehereT SIAeT H faeRoT g2id 8]
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dTfershT : S TR WY THT 39T

Y q7(Gehs #)

2016-17 2017-18
AR aga 46651494317 47088257133
TCi{He US Aol o’ HI5H 1778142694 8660588966
FIFCIFH TOECH US Ao fhioerd | 9151249044 906016828
HECGATS HISHST 34080912784 37525824164
CIRI RIS 8839738945 8722410029
FATSHT US UTdRAHT 7774204697 5546385762
FHiHTo AT 4628141946 3540023654
TECIATHY US TECI oty 0 5475440608
3T 1166849614 2008782612

vieadee S AR Siteqw T fassrer

Job distribution across application domains (2017-18)

" Geo Sciences
Computational 1%
Sciences
25%

Chemical
~ Sciences

13%
Structural/Engi Climate &
neering 7 Envnr(;nmem
RO ’ ' Mechanics 4%
Job distrib oss application d 016-17) .
3%
L'm:pummnal Geo ﬁ:“""“ Atomic &
Sciences 2%
%% Chemical ) X
7 Sciences Bio Sciences I‘;"Clie::::f
= g
Climste & 4% 80)/0
5 Environment
Structural Engi E
wimics \
Mechasics Al &
* - Molecuta CFD
Bio Sciences | - “";’: 3%
= v Material Others
R o Science 1%
Maerial 38%

Science
4%

FR & ATFH TICTH2IeT SAT TR TS Siieq Y HEAT T Ffaere Fewor geiid ¢ |
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AT : TCARAT SAT AR SAieH T [FeTeTet

Siied I T
UCellohelel SIHeT 2016-17 | 2017-18
AR A 13556 16114
CIRIRIES 1033 1594
TCFIWA/SAATRIT HAohfedFd | 758 1303
HFECGLATel HSHS 9442 10591
Si3T aEsaeT 554 449
HiHA S ST 2333 5222
FABHT US TIdTILAHT 2135 1539
TR U Aleage] A5d 1570 3534
HECGLATSl FolgS SIIITAFH | 480 1410
3T 371 287

TfadereT AT H e & NFR

Job sizes (cpu cores) across application domains (2016-17)

No. of jobs

~ i 5131024
129-256

Job sizes (cpu cores)

&
Application domains &

" |64 = 65-128 m 129-256 m 257-512 513-1024
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I & AFE, IR HRI A TN HJAR Silsd & fIoRoT 1 g § i Hr1-64, 65-
128, 129-256, 257-512, and 513 3R 3t & Ao @R Renfoa

Job sizes (cpu cores) across application domains (2017-18)
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& 9
X Application domains
m 1-64 m 65-128 m 129-256 m 257-512 513-1024
arfereT @ vfSaahere ST &7 Siisd & 3R 2016-17
2016-17 1-64 65-128 129-256 | 257-512 | 513-1024
TeIfAs U AlFgeRk @8y | 1156 | 314 97 3 0
FollsHC US ToIdrielHe 724 5 47 183 1176
AT Tgw 8407 | 4359 334 444 12
v o 99 0 0 0 120
[EISER:]
TECIATHT U TESIhfoterd 9 2 1 0 0
HEGLAT FoIgs SIUATAFE 462 | 13 3 1 0
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HiHT e TS 2294 |0 15 24 0
SRSFHIATCFT 117 13 10 0 0
CIR IR ESs ] 822 198 13 0 0
Sh3 aEast 299 103 79 45 28
3[CT  UsATTafeHd 0 0 0 0 0
FCFIA/SAATRIT HohfoAFd | 748 5 5 0 0
HEGLATT HISHS 8654 | 372 161 243 12

arfareT : TfSaeher SiAT H e & 3R 2017-18

2017-18 1-64 65-128 | 129-256 | 257-512 1501234
Ui U Aler] A5d | 3075 286 15 96 62
FISHC TS ToIdIIIHC 515 26 6 162 830
AT T 12828 2156 336 769 25
e U5 83 0 0 0 45
ArelergeR fhioterd
TECIATHT U3 e b ot 32 1 7 67 0
HECYLLATST FolgS
B 1199 197 13 0 1
FfAPe g 5199 9 1 4 9
TRSHIATCFT 45 6 1 0
CIR IR ESS ] 1557 11 1 25 0
ST AT 324 0 111 14 0
3CT  TATafeHT 0 0 0 0 0
FFERAeAReT 1239 62 1 1 0
Horfaaa
HEIATT A5 9741 414 171 228 37
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TEA TR Wiy F1 ga7 39AhT

Institurewise %o CFUTIme utilization (2016-17)
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Institute and job size wise job count (2017-18)
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Institute and job size wise job count (2017-18)
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Institute and job size wise job count (2017-18)

Joh count
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4.3 FdARX

Sed TEJT FIA A FAR

YT GaRT faffiest Segfear e & fav, fAffiest HAR FA GRTehdl & 3HTAR
{aT &1 AU F T TagH FARTd HT § |

aIfeT: TINTHTE W FART HT R

Queue Wall Time Limit tAthg:r}tr?[EgL(S) in the node in
batch 7 Days Xeon Phi

TESTq 2 Hours Xeon Phi

GPUq 7 Days GPU

SDSq 6 Hours Xeon Phi

BURSTq 17 Hours 55 Minutes Xeon Phi
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e TESTq: 3YARTHAR # aEdde Slied Toldl T Ugd, WU HAled &l Il & v o
AT e AR U foar H&EEsT 9red 81d § | adA #, TESTq HdR & v & Sie
Hr 31fedsd aler THIAAT 2 8¢ ¢§ |

e GPUg: GPU #AI3® / TaUHAUT A1 & A1 &1 & v Har |

e SDSQ: 3eeId 3RETUT & AT FATYAT W Sied & foIT &dR | Sfaeh IMUR 9 WsaiT SAied
Tl & fIT SDSq & HETT & HET &9 & Affee swaerhci3i & gfd ufdeegar &
R e R yafr & fow R w ¥

e BURSTQ: FdR ST &H diel TAT AT AR 981 AR T&IT Sieq & T § |

FARI & "o # % €@y sqahr F7 Faor

Queue wise CPU Time distribution (2017-18)

~ TESTq
Queue wise CPU Time distribution (2016-17) SDSq - 2%
% T~ : BIGIOBq
TESTq _ BIGIOBq - / 18%
SDSq_ 4% | T16%
6% \ ’C
\ /’ _ BURSTq ~ BURSTq
N ‘ e S
-

DDRq

75%

DDRq _—
73%

IW AP T HAR H Sied GaRT 39T U 70 AGY FAT & gfaerd & faeRor &
I §l
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drfersr: Siied SaRT 3udier U v @y §# & faawor

CPU Hours
Queue 2016-17 2017-18
BIGJOBq 27735366438 39607197720
BURSTq 1857597056 8902900224
DDRq 1.24652E+11 1.63083E+11
FDRq 47360 15204
GPUq 179382368 588302112
SDSq 9221228808 769674332
TESTq 6676972900 4124914568
WORKSHOPq 27735366438 946974

FART & TaT A % JAled  FT AT
Queue wise job count (2017-18)

BIGIOBq
WORKSHOP 6% _BURSTq

q N /,/ 3%

Queue wise job count (2016-17) 1%

___BIGIOBq TESTq
™ 29%

2% /" 3 DDR
. //'/ q
i , 55%
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A, fAsieeT Rt & Sifeq icRra faoRoT 1 geffar §1 Jg a@r I § fo sifeenier Siied
DDRq &I fA&fre gichr &, Siifeh el fosdrest &1 55% 8, fSeiehr  Sfiq 3R 65 CPU ®R &

HA AT |

aiferer : [AsuesT ARt & €I Jisq FT FaRoT

Job Count
Queue 2016-17 2017-18
BIGJOBq 2069 2390
BURST(q 628 1513
DDRq 16405 23370
FDRq 117 61
GPUq 354 1675
SDSq 2284 787
TESTq 10375 12477

FART F FIT H % Aleq Y gaT a9

Queue wise job waittime (2016-17)

~ TESTq
GPUq | 5%

5% . [
% / _ BIGIOBq
7 29%

DDRq
Sy BURSTq ol

I STied & STHT gl & a1g 3R R{eq & [vuea

Queue wise job waittime (2017-18)

GPUq _ TESTq
29 \ 7“ Ly

&0

- BIGJDBq

37%

% BURSTq

H ST & ugdl, [9ard 1w g7 & faaror

wfderd @ gfdfftic ar § | el & 3R Siisd & v 3iftehds daid @#a & giday

e ROrE 2017-18



@ & FROT, TESTq & 31T S¥dd T a0 @l Sffeq FF § FH YNaT &Y | DDRq #
Sieq & T daled TG & YllaTl Fod 997 § | 91 &1 &, 3y v aiw Ay &R
TATeTT T VAT H HIs qFaed T8l ¢ |

aIfFT : ASUIET FdRT & ST SATeq I Jalemr 39 1 Faor

Job Wait Time

Queue 2016-17 2017-18

BIGJOBq 75387.96611 450482.0942
BURSTq 1701836.04 97860.94333
DDRq 122.1055556 548202.7439
FDRq 150904.5736 11.82888889
GPUq 4496.0275 19122.91639
SDSq 144643.11 352.0522222
TESTq 75387.96611 83236.03667

4.4 TR

Tsh T JOTTCl §ARMT U IT Teh F Tk TS&h TR vonferat & Ay o9y Wl § | 0
TN FoeeA & AR e F 2T gV, TANTHUS #, a7 0 TRl qunierar werre &
IS § 1) | TRAT and 2) B TRAT | FE ST TR TRAT POSIX & 38T faaRa
AR AR Bsd A & @Y &R § (85 dsfasy ol-oddr safhiades deas faawor
& 1Y) | g 3T g e e & T 819, Uk IRT $SRUT Yoell U MR Sh3Td HT
39T fRAT ST ¥ |

1 3R 2 gt TereT 3ifaser 3ivaRe 3uater & fow Afaat & aga foear ar § | &g oRar
Fad Siieg fasurea & SieT 3uctetr gidt &, 819 tRAr & AT yds 39A9ehdl Sl Bhlee
100GB el & WY 3HTaesT g @1 ¢ | 81 URAT & 3iiehst 1) Fol TUHIET PR 3R Hrsel
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Research Challenge: Density functional theory based calculations are highly computationally intensive
and demanding. Therefore, the challenge lies in studying large systems and running some calculations for
a long duration of time (say, more than 72 hrs).

Approach: Density functional theory based methods.
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Results (Graphs etc.):

Nano-structured hybrid molybdenum carbides/nitrides
generated /n situ for hydrogen evolution reaction

J. Mater. Chem. A, 2017, §, 7764-7768

Strain and pH facilitated artificial photosynthesis in
monolayer MoS,nanosheets

J. Mater. Chem. A, 2017, §, 22265-22276

Protea "

waer ﬂé;P—ﬂé ﬁ\ ﬁ&;,
wn.d po2e \ § g{

- ""D"

'W,/ A porous, crystalline truxene-based covalent organic
First Chemsguiieee? X s
Laser ’_9"' framework and its application in humidity sensing
= g
— Derotey Bonding twa water

Impact:

Our computational findings have significantly advanced the current understanding on energy
conversion/harvesting in 2D Materials. Our results provide very useful pointers and guidance to
experimentalists and technologists. Besides our independent pursuit of research projects, we provide strong
theoretical support to experimentalists.

Synergistic effects have been found in combining molybdenum carbide with molybdenum nitride
nanoparticles, if synthesized in situ via a controlled solid-state reaction; thereby leading to an excellent
hydrogen evolution reaction (HER) activity. Theoretical studies corroborate the experimental findings. An
appreciable charge transfer at the interface of Mo,C and MoN nanoparticles facilitate the HER. This is
further substantiated by the calculations of Gibbs free energy, which reaches very close to that of the
commercially available Pt/C catalyst.

Photoconversion of carbon dioxide with water into renewable solar fuels using a single integrated system
is the primary goal of artificial photosynthesis. The ease of applying mechanical strain reversibly in low
dimensional materials can be exploited in optimizing their artificial photosynthetic or photocatalytic
properties. Strain effects on the concerted interplay of all the factors controlling the photocatalytic ability
have been comprehensively studied on monolayer MoS; nanosheets and calibrated, using density functional
theory, to ascertain the type and magnitude of strain under which the artificial photosynthetic properties are
optimally utilizable. Additionally, the role of pH has been carefully addressed.
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The first example has been demonstrated in which truxene has been used as a building block to successfully
synthesize novel covalent organic frameworks (COFs). DFT calculations have shown a good agreement
between the experimental and simulated powder X-ray diffraction (PXRD) patterns and pore size
distribution of this framework. COFs have shown great potential in emerging sensing applications.

I have been invited to present my research group’s work at National and International Conferences. Our
paper published in Journal of Physics: Condensed Matter 29 (2017) 225501 (7pp) has been selected for the
2017 Journal highlights. My Ph.D. students have presented their work in the form of Poster in Conferences.

How this research work is benefited using NPSF

PARAM Yuva Il has helped me immensely in guiding my Ph.D. students and Postdoc on these research
problems. Without the strong support of PARAM Yuva I, coming up with such good Publications would
not have been possible.

Experiences using NPSF (system, support etc.)

The helpdesk has responded with great promptitude in installing different programs & modules required by
us from time to time. In short, helpdesk has been remarkably supportive. We owe the deepest debt of
gratitude to CDAC-Pune and the support team of PARAM Yuva Il. We have mainly been using VASP
software.

Any other information

CDAC, Pune has been doing a wonderful job for many years in helping Computational Scientists in their
active pursuit of research, across India. The strong computational support provided by CDAC-Pune enables
us to pursue good quality research. | would like to appeal to the Govt. of India to allocate substantial funds
to CDAC-Pune to support the latter in their future endeavors, which includes upgrading their HPC systems.
Any HPC system gets outdated in five years. Moreover, the usage of Param Yuva Il is really high, as it
caters to users from all over India. CDAC-Pune is in dire need of a strong funding support from the Govt.
of India. Integration of the latest computational resources into the current HPC system is the crying need
of the hour.
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Research Challenge: Photoisomerization of molecules directly adsorbed on substrates is found to be either
suppressed or enhanced depending upon the type of the substrate. A major goal, relevant to the development
of future applications, is therefore to understand and control structural changes of molecular switches such

as azobenzene (AZO) and its derivatives when adsorbed on suitable substrates.

Approach: Employing electronic structure calculations, we probe structures, energetics, kinetics and
reaction pathways of thermal cis-trans isomerization of AZO and disperse orange 3 (DO3) adsorbed on the
surfaces of graphyne (GY) and graphdiyne (GDY), newbies in the family of two-dimensional carbon

networks and compared our results with those of graphene.

Results (Graphs etc.): Initially, we considered the adsorption of cis- and trans- forms of AZO and DO3
on the carbon networks. Our studies reveal that the trans isomers form most stable complexes due to n-n
stacking. Additionally, the presence of substituent groups in DO3 contributes to the formation of more
stable complexes than in case of AZO. The computed adsorption energies of molecular switches on the
carbon networks lie between the range of physisorption and chemisorption energies, suggesting that the
carbon networks can be excellent substrates on which the switches can undergo facile isomerization.
Therefore, we investigated the thermodynamics, kinetics and reaction pathways of the isomerization

process on the carbon networks and compared the results with those obtained for isolated molecular
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switches. The minimal change in the computed activation barriers and high thermal storage capacity on
adsorption indicate that GY and GDY could be used as substrates in conjunction with graphene in real

devices.

Graphdiyne

Lza

cis 2896 keal mol ! |

E (keal mol’)
«

(
16.60 keal mol't [

Reaction Path

Impact: The current work represents the first attempt, theoretical or experimental, in probing molecular
switching on GY and GDY, which can have potential impact in the areas of solar thermal fuels and data
storage devices. We also believe that our study motivates further theoretical and experimental studies to
probe isomerization involving various other derivatives of AZO. Ultimate objective of such studies is to

guide in the realization of various photoswitching molecules for real devices.
How this research work is benefited using NPSF:

The carbon networks (graphene, GY and GDY) studied in the current work are represented by cluster-based
model systems. However, to study the effect of the size of the model systems representing the carbon
networks, we need to consider larger cluster models, which are computationally very demanding. With the
help of PARAM Yuva Il, we were able to consider the molecules such as CssHig, CesHig and CgoH1s as
representatives for graphene, GY and GDY, respectively and could calculate the energetics,
thermodynamics and kinetics. Our study on photoswitching of two diverse azo-based systems, AZO and
DO3 on carbon nanostructures is an interesting step forward along these lines. In our studies, for the first
time, we obtained the TSs for the cis-trans isomerization of AZO and DOS3 on the surfaces of GY and GDY.
Such an analysis has not been so far carried out, even on graphene surface and would not have been possible
without the excellent resources from PARAM Yuva Il. Thus, using the facility, our computations
demonstrated that GY and GDY can render excellent platforms for the isomerization of azo-based

compounds.
Experiences using NPSF (system, support etc.)

PARAM Yuva Il provided us easy access, less waiting time to run the jobs, and good technical support.
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Research Challenge/s: Studying large systems, which can be highly computationally intensive and
demanding & also running some calculations for a long duration of time (say, more than 72 hrs)

Work carried / Milestone/Achievements: Presented Invited talks, Published papers, Our paper published

in the Journal of Physics: Condensed Matter 29 (2017) 225501 (7pp) has been selected for the 2017 Journal
highlights, Students have presented posters in Conferences

Publications / Articles etc. (If any):

Dimple, Nityasagar Jena, Ashima Rawat, Abir De Sarkar*, "Strain and pH facilitated artificial
photosynthesis in monolayer MoS; nanosheet”, Journal of Materials Chemistry A, 5 (2017) 22265-
22276

Harpreet Singh, Vijay K. Tomer, Nityasagar Jena, Indu Bala, Nidhi Sharma, Devadutta Nepak, Abir
De Sarkar*, Kamalakannan Kailasam*, Santanu Pal*, "Truxene based Porous, Crystalline Covalent
Organic Frameworks and it’s Applications in Humidity Sensing”, Journal of Materials Chemistry A, 5
(2017) 21820-21827

Nityasagar Jena, Dimple, Shounak Dhananjay Behere, Abir De Sarkar*, "Strain Induced Optimization
of Nanoelectromechanical Energy Harvesting and Nanopiezotronic Response in MoS; Monolayer
Nanosheet", Journal of Physical Chemistry C 121 (2017) 9181-9190

Dimple, Nityasagar Jena, Abir De Sarkar*, "Compressive strain induced enhancement in
thermoelectric-power-factor in monolayer MoS; nanosheet", Journal of Physics: Condensed Matter 29
(2017) 225501 (7pp) (Selected for 2017 Journal highlights)

Rajinder Kumar, Ritu Rai, Seema Gautam, Abir De Sarkar, N. Tiwari, Shambhu Nath
Jha, Dibyendu Bhattacharyya, Ashok K Ganguli and Vivek Bagchi, “Nano-structured hybrid
Molybdenum Carbides/Nitrides generated in-situ for HER Applications”, Journal of Materials
Chemistry A 5 (2017) 7764-7768

Neha Wadehra, Ruchi Tomar, Soumyadip Halder, Minaxi Sharma, Inderjit Singh, Nityasagar Jena,
Bhanu Prakash, Abir De Sarkar, Chandan Bera, Ananth Venkatesan, S Chakraverty, "Electronic
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structure modification of the KTaOs single-crystal surface by Ar* bombardment”, Physical Review B,
96 (2017) 115423

Appreciation / Recognition (if any): Have been invited to present my work at both National and
International levels

Benefits & experience of using NPSF:

PARAM Yuva Il has helped me immensely in guiding my Ph.D. students and my Postdoc on a wide range
of research problems. The helpdesk has responded with great promptitude in installing different programs
& modules required by us from time to time. In short, helpdesk has been remarkably supportive. We owe
the deepest debt of gratitude to CDAC-Pune and the support team of PARAM Yuva II.

Any other relevant information (if any):

CDAC, Pune has been doing a wonderful job for many years in helping Computational Scientists across
India in their active pursuit of research. The strong computational support provided by CDAC-Pune enables
us to pursue good quality research. I would like to appeal to the Govt. of India to allocate substantial funds
to CDAC-Pune to support the latter in their future endeavors, which includes upgrading their HPC systems.
Any HPC system gets outdated in five years. Moreover, the usage of Param Yuva Il is really high. Param
Yuva Il caters to users from all over India. CDAC-Pune is in dire need of a strong funding support from
the Govt. of India. Integration of the latest computational resources into the current HPC system is the
crying need of the hour.
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Work carried / Milestone/Achievements: is submitted to Journal of Physics and Chemistry of Solids,
Elsevier (Under Review)

Publications / Articles etc. (If any): This work is submitted to Journal of Physics and Chemistry of
Solids, Elsevier (Under Review)

Awards (If any): Received outstanding Reviewer award for 2017 from Material Research Express (IOP).

Appreciation / Recognition (if any): Received outstanding Reviewer award for 2017 from Material
Research Express (I0P).

Benefits & experience of using NPSF:

It is beneficial. But [ don’t know why most of the time when I submit the job it goes in queue. It takes long
time to complete the job. Please kindly look into the matter.
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Research Challenge/s: Predict phase behavior of oxygen-containing compounds present in biofuels, such
as glycerol, levulinic acid and their mixtures using molecular simulation techniques.

Work carried / Milestone/Achievements: Extended GC-TMMC code for mixtures of simple model fluids
to investigate behavior of complex molecules

Publications / Articles etc. (If any):

Phase Equilibria and Critical Point Predictions of Mixtures of Molecular Fluids Using Grand Canonical
Transition Matrix Monte Carlo

Tamaghna Chakraborti and Jhumpa Adhikari
Industrial & Engineering Chemistry Research 2017 56 (22), 6520-6534
DOI: 10.1021/acs.iecr.7b01114

Benefits & experience of using NPSF:

The cluster is well-maintained and has UPS facilities which allow us uninterrupted use of computational
facilities. We are grateful for the facilities made available to us.
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SEEICYL: SIS R

Research Challenge/s: The technology we use in our research group is called “Direct Dynamics
Simulations” which we employ to study organic reaction mechanisms, decomposition pathways, branching
ratios, etc, for interesting chemical and biochemical reactions. This technique requires integration of
Newton’s equations and the required potentials and forces for the integration are computed on-the-fly using
a chosen level of electronic structure theory (quantum chemistry). In general, one requires to generate
atleast 100 classical trajectories in a simulation. Assuming integration to be carried out till 3 picosecond
(3000 femtosecond) and an integration stepsize of 1 femtosecond, we need to perform 3000 single point
electronic structure calculations for one trajectory. For 100 trajectories, we need to perform 3000*100 =
300000 single point electronic structure calculations. Please note that the values reported here are bare
minimum requirements for classical trajectory simulations and only with increase in number of trajectories,
the accuracy of the results improve. To carry out such an enormous amount of calculations, we utilized the
CDAC PARAM Yuva Il facility.

Work carried / Milestone/Achievements: Between the period 16/03/2017 to 28/02/2018, we computed
direct dynamics trajectories for two systems (1) Perbenzoate anion which contains 15 atoms (71 electrons)
and (2) formamide which contains 6 atoms (24 electrons). We generated 40 (out of 100 total) trajectories
and 150 (out of total 300) trajectories using the PARAM Yuva Il facility during the mentioned period.
These calculations were carried out using the B3LYP functional with a medium sized basis set. Without
the PARAM Yuva Il facility, it is possible that these calculations would have taken much longer periods of
time with the small facility we have in IIT Jodhpur.

Publications / Articles etc.

We have published two nice papers in high quality research journals reporting the results partially

generated using the PARAN yuva Il facility.

1. Y. Kirishnan, P. Rajbhangshi, and M. Paranjothy, Theoretical study of perbenzoate anion
decomposition pathways in the gas phase, Int. J. Mass Spectrom. 428, 8 (2018).

2. A. Gaulaut and M. Paranjothy, Unimolecular decomposition of formamide via direct chemical
dynamics simulations, Phys. Chem. Chem. Phys. (In press).
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References:

Benefits & experience of using PARAM Yuva Il: As mentioned above, our simulations are memory and
processor intensive which we could smoothly carry out in the PARAM Yuva Il facility. Many different
compilers are available in the facility and we could select the right compiler for our codes. We definitely
look forward to using the facility continuously.
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Research Challenge/s:

Our area of research is Material Simulation using Density Functional Theory (DFT) and Monte Carlo
simulation methods. This work is a intense work requiring a good computational facility with parallel
environment. Presently, we do not have such facility in our institute. However, due to invaluable help of
CDAC we are able to overcome this challenge.

Work carried / Milestone/Achievements:
Using computational facility of CDAC we have carried out following work.

We have studied the graphatic phase formation in few layer ultrathin ZnO thin films using DFT.
Also, we have studied effects of doping of elements like Al, Cu, and Mn in graphitic thin films. Now, we
are analyzing the data and preparing manuscript.

Also, we have studied magnetic properties of Ising thin films using Computer Simulation.
Publications / Articles etc. (If any):

1.Magnetic properties of patterned thin ising films, communicated to Journal of Modern Physics B
(world Scientific Publishers, Singapore)

2.Dynamics of Random Sequential Adsorption (RSA) of linear chains consisting of n circular discs -
Role of aspect ratio and departure from convexity, Pradip B. Shelke, A.V. Limaye, Surface Science 637-
638 (2015) 1-4.

3.Random sequential adsorption of coupled three-circle objects for various radius ratios, Pradip B.
Shelke and A. V. Limaye , Physical Review E 83, 061607 (2011).

4.Blocking effects in irreversible adsorption of linear macromolecules,Pradip B. Shelke, A.G. Banpurka,
S.B. Ogale, A.V. Limaye, Surface Science 601 (2007) 274-279.
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5.Simulation studies of Cooperative Sequential Adsorption (CSA) of binary mixture, Pradip B. Shelke,
NCANAP2013 PROCEEDING (Feb.2013) 149 - 150

Awards (If any):

Received Bhaskar Raye award for best senior college Physics teacher from Indian Physics Association Pune
Chapter on 4th September 2017 at Department of Physics, Savitribai Phule Pune University.

References:

Dr. A. V. Limaye, Department of Physics, Savitribai Phule Pune University

Benefits & experience of using NPSF:

PARAM Yuva Il facility is really beneficial for us. Especially, we like the facility of submitting test run
without queue.

Any other relevant information (if any):

Under my guidance two students are working for their Ph.D. and two students for their M.Phil. degrees.
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Research Challenge/s: Our cost-effective and less time consuming strategy proposed in this work will
assist in improving the realistic functional design of photovoltaic materials in the laboratory towards the
next stage.

Work carried / Milestone/Achievements:

During the time period from 16th March, 2017 to 28th February, 2018, we have completed three major

projects.

1.

First, we have systematically investigated the electronic and optical properties of single-layer
arsenene with two types of functionalized organic molecules; an electrophilic molecule
[tetracyanoquinodimethane (TCNQ)] and a nucleophilic molecule [tetrathiafulvalene (TTF)], as
an electron acceptor and electron donor, respectively. The interfacial charge transfer between the
arsenene monolayer and TCNQ/TTF molecules extensively reduces the band gap of arsenene and
accordingly resulted in a p- or n-type semiconducting behavior, respectively. We have also
performed the interfacial charge transfer from organic molecules to monolayer arsenene and vice
versa. The interfacial surface molecular modification has established an efficient way to develop
the light harvesting of arsenene in different polarization directions. Our theoretical investigation
suggests that such n- and p-type arsenene semiconductors would broaden the applications in the
field of nanoelectronic and optoelectronic devices such as photodiodes and it is also useful for
constructing functional electronic systems.

Secondly, we have presented a thorough study of electronic and optical properties and interface
charge dynamics, that revealed CaMnOs as a better candidate for the electron transport material
in thin film hole transporting material free hybrid perovskite solar cells with the planar architecture
than the most common anatase TiO.. The interfacial charge transfer between the arsenene
monolayer and TCNQ/TTF molecules extensively reduces the band gap of arsenene and
accordingly resulted in a p- or n-type semiconducting behavior, respectively. We have also
performed the interfacial charge transfer from organic molecules to monolayer arsenene and vice
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versa. The interfacial surface molecular modification has established an efficient way to develop
the light harvesting of arsenene in different polarization directions. Our theoretical investigation
suggests that such n- and p-type arsenene semiconductors would broaden the applications in the
field of nanoelectronic and optoelectronic devices such as photodiodes and it is also useful for
constructing functional electronic systems.

And recently, we have studied the structural, electronic and optical properties of single-layer
carbon phosphide (CP) allotropes (a-, b- and c-phases) based on density functional theory. The
thermoelectric properties like electrical conductivity, thermal conductivity, thermoelectric power,
figure of merit (ZT) and compatibility factor as a function of temperature are calculated by using
BoltzTrap code. The electronic band structures reveal the direct band gap of a- and b-CP
monolayer (i.e., semiconducting nature), while c-CP monolayer is semimetallic with Dirac
fermions. The significant absorption is observed in a-, b- and c-CP monolayer, which can be used
as an ultraviolet— optical-nanodevice, and all three phases of monolayer of CP are directionally
transparent. The transmission spectrum of monolayer of b- and c-phase in the visible region is
much higher; therefore, it is used in an anti-reflecting layer in solar cell also. The a-phase of CP
monolayer in the ZT increases linearly up to 1500 K, and beyond it reached maximum values as
compared to other phases. The results show that below 550 K, CP allotropes (both n- and p-types)
are hitherto the best-promising thermoelectric materials. These theoretical investigations suggest
that the different phases of semiconducting materials of CP are better candidate for potential
application in micro-/nanoscale device, photovoltaic and optoelectronics.

Publications / Articles etc. (If any):

1.

2.

Singh, D., Kansara, S., Gupta, S.K. and Sonvane, Y., Single layer of carbon phosphide as an
efficient material for optoelectronic devices. Journal of Materials Science, pp.1-14.

Pandey, K., Singh, D., Gupta, S.K., Yadav, P., Sonvane, Y., Lukaéevi¢, I., Kumar, M., Kumar,
M. and Ahuja, R., 2018. Improving electron transport in the hybrid perovskite solar cells using
CaMnOs-based buffer layer. Nano Energy.

Singh, D., Gupta, S.K., Sonvane, Y. and Sahoo, S., 2017. Modulating the electronic and optical
properties of monolayer arsenene phases by organic molecular doping. Nanotechnology, 28(49),
p.495202.

Appreciation / Recognition (if any): Received award and citation "Researcher of the year 2017", for the
outstanding contribution in the field of physics, St. Xavier's College, Ahmedabad, Gujarat

References:

1. Singh, D., Kansara, S., Gupta, S.K. and Sonvane, Y., Single layer of carbon phosphide as an

2.

efficient material for optoelectronic devices. Journal of Materials Science, pp.1-14.

Pandey, K., Singh, D., Gupta, S.K., Yadav, P., Sonvane, Y., Lukacevi¢, ., Kumar, M., Kumar, M.
and Ahuja, R., 2018. Improving electron transport in the hybrid perovskite solar cells using CaMnO
3-based buffer layer. Nano Energy.
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3. Singh, D., Gupta, S.K., Sonvane, Y. and Sahoo, S., 2017. Modulating the electronic and optical
properties of monolayer arsenene phases by organic molecular doping. Nanotechnology, 28(49),
p.495202.

Benefits & experience of using PARAM Yuva Il:

The proposed work is one of the important directions both in the fundamental and applied sciences. In
addition, the outcome will be beneficial for the research students participating in the projects giving them
opportunity to perform scientific investigation at national/international level and to meet and discuss
with scientist and students from other international laboratory. This supercomputing collaboration can
also be extended for the future. It is expected that the studies performed will lead to publications in
refereed international journals and will be suitable for presentation at local and international conferences.

Any other relevant information (if any):
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Research Challenge/s: DFT/ TDDFT calculations which need high computational resources.

Work carried / Milestone/Achievements: Optical properties were determined using DFT, TDDFT
calculations.

Benefits & experience of using NPSF:
I have been using this facility for 3 years or so, and | can undoubtedly rate it the best facility due to its

computational power and most importantly the superb support team where people are always ready to assist
you in case of any difficulty. | never faced any problems ever.
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Research Challenge/s:

1. Shocks and contact discontinuities are two basic kinds of noncontinuous features encountered in
astrophysical flows. Treatment of shocks in compressible turbulent flows are challenging as they involve
discontinuous changes in the density, pressure, temperature and velocities. Unless preventive measures are
taken, shocks can trigger self-amplifying instabilities which can kill the simulation. In our work, we have
simulated fluctuation dynamos in high Mach number turbulent flows (as occurs in galaxies) with the help
of Riemann solvers in the publicly available FLASH code.

2. Short time steps (~0.1 ms) due to field aligned Spitzer conductivity and time step constraints due to
numerical solution of detailed radiative transfer equation at low opacity using long characteristics method.
Grid size of ~25 km required near the transition region of the sun where the temperature rises steeply from
8000 K t040000K.

Work carried / Milestone/Achievements:
a) Fluctuation dynamo action in compressible turbulence
1) Simulating fluctuation dynamos in high Mach number turbulent flows.

2) Probing the degree of coherence of the generated field and the Faraday rotation measure (RM) obtained
from such fields.

3) Extent to which the computed RM compares with observational estimates from Mgll absorption systems.
b) Heating of the solar atmosphere

1) Development of a 3-dimensional realistic solar atmosphere using the pencil code.
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2) Non uniform grid and radiative transfer.

3) Non local mean field stellar dynamos

Publications / Articles etc. (If any):

1) “Strong nonlocality variations in a spherical mean-field dynamo”, Brandenburg A. & Chatterjee, P. 2018,
to appear in Astron Nachr (eprint arXiv:1802.04231)

2) Applying the weighted horizontal magnetic gradient method to a simulated flaring Active Region,
Korsos, M., Chatterjee, P. & Erdelyi, R. 2018 (under review/revision in ApJ)

3) “Faraday rotation signatures of fluctuation dynamos in young galaxies”, Sharanya Sur, Pallavi Bhat &
Kandaswamy Subramanian, 2018, MNRAS Letters, 475, L72 - L76 (eprint arXiv:1711.08865).

Any other relevant information (if any):

1. Quick availability of a debugging queue using about 128 cores for at least 2 hours without having to wait
too long in the queue will be of great help.

2. Long waiting time in the queue (usually 14 days, sometimes up to 21 days) when running jobs using
more than 512 cores. This implies, that only 1-2 such high resolution simulations can be performed in a
month. It will be beneficial if the wall clock time limit in the ‘BURSTq’ mode is increased to at least 72
hrs from the current limit of 17:55.

3. Segregate jobs which use less than 1 - 128 cores to run on a separate machine and reserve 2500 cores for
running jobs which require 512 - 2048 cores.
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Research Challenge/s:

Nanocomposite models are in the scale of Nano-meters, it’s merely impossible to carry out the experimental
study on Nano-level. We have chosen Molecular Dynamics as our soft-experiment tool to analyze the
Nanocomposites. Molecular Dynamics study involves the interactions of each and every particle present in
the system, so it leads high computational cost.

Work carried / Milestone/Achievements:

We have carried out our research study on the Nanocomposite comprises of Carbon Nanotube and
Polymer matrix.

References:

1. Zhu, R, Pan, E., Roy, a. K. K., & a.K. Roy. (2007). Molecular dynamics study of the stress—strain
behavior of carbon-nanotube reinforced Epon 862 composites. Materials Science and Engineering:
A, 447(1-2), 51-57.

2. Kim, B.-H,, Lee, K.-R., Chung, Y.-C., & Gunn Lee, J. (2012). Effects of interfacial bonding in the
Si-carbon nanotube nanocomposite: A molecular dynamics approach. Journal of Applied Physics,
112(4), 44312.

3. Adnan, A, Sun, C. T., & Mahfuz, H. (2007). A molecular dynamics simulation study to investigate
the effect of filler size on elastic properties of polymer nanocomposites. Composites Science and
Technology, 67(3-4), 348-356.

4. Rahman, R. (2012). Molecular Dynamics Modeling and Characterization of Graphene/Polymer
Nanocomposites, 120.

5. Rahman, R., & Haque, A. (2011). Molecular Dynamics Simulation of Cross-linked Graphene-
Epoxy Nanocomposites, (Md), 34.
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6. Yu, S, Yang,S., & Cho, M. (2009). Multi-scale modeling of cross-linked epoxy nanocomposites.
Polymer, 50(3), 945-952.

7. Arash, B., Wang, Q., & Varadan, V. K. (2014). Mechanical properties of carbon nanotube/polymer
composites. Scientific Reports, 4, 6479.

Benefits & experience of using NPSF:

The PARAM Yuva II facility was very useful and robust. We didn’t find any difficulty to access the
facility. The maintenance of job queues was very comfortable. Also the helpdesk support was flawless.
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éﬁ?—l’ : richar@cdac.in

SECICYRNST: G WHRAT FgRaT —AERfhd U5 ohfaRer volieers

q9  (HPC-S&EA), His®h

Work carried / Milestone/Achievements:

Aim of this activity was to carry out Local time frequency decomposition (LTFD) of seismic 2D and 3D
data sets. This spectral decomposition methods gives time-frequency images of input data which are in
time-space domain. ISO-frequency sections are calculated for each input data set which are used to analyze
amplitude variations of seismic data. LTFD technique is a compute intensive method.

We have written a parallel application for LTFD (SeisLTFD) using distributed computing environment of
PARAM YUVA II. The developed application uses “sfltft” an open source program from Madagascar
package and Message Passing Interface (MPI) for input data distribution among nodes. OpenMP APIs are
also used for taking advantage of shared memory environment within each nodes. MPI-10 is utilized for
enabling parallel io in the program.

This application was used to analyze amplitude variation in 1ISO-frequency sections of real field seismic
data from Krishna Godavari basin, Blake ridge region and Netherland offshore region.

References:

Liu, Y. and Fomel, S., 2013, Seismic data analysis using local time-frequency decomposition; Geophysical
Prospecting, 61, 516-525. doi:10.1111/j.1365-2478.2012.01062.x

Benefits & experience of using NPSF:
Performing a LTFD of seismic trace is a compute intensive task. For a 2D sparker data (consisting of

approximately 2000 traces) collected in Krishna Godavari basin, India, estimated execution time on single
processor was approximately 2.5 days. However actual execution time with parallel program was 130 min
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using 2 node with 16 OpenMP threads per node. Analysis of sixteen 2D sparker data from Krishna Godavari
basin was performed using parallel program. This reduction of execution time helped in completion of the
project within specified time frame.

Any other relevant information (if any):

The parallel program will be provided under GNU General Public License.
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