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WELCOME MESSAGE

Dr. Supawadee Namuangr uk

President of Computational Scienc
(CSEA), Thail and

Dear FrCelinlde aque s ,

It is a great pleasure and honor to extend t
which will be held from July 30 to August 03,
Chul alongkorn University and t hAs sCocripauttiacdcn o(n@$ E /
computational met hods become increasingly i mpor
coll aborate and exchange ideas and experiences ¢«
being the major foremtifsestrscompoadommiooinadt e their
Over 27 years, we have seen many signs of progre
Recentl vy, the use of computational t e cohbnliegnuse s h
beyond science, such as attempts to understand
Specifically, in sustainable devel opment goal s
become i mportant tools to help us achieve our go

Thi s year, in addi tion t o t he ni ne mai n S
AComput ati onal Catalysis Sout-haiawWam &Asi aVo Flos uomp
Computati onal Science. 0 We expect t or ahta voen sf, r uaint
strengthen existing collaborations with many in

and presentations by many exciting researchers.
organizing team fr om eChwillal ohnagvkeo ran gUneiavte rasnidt yf,r uw
forward to seeing all the participants at ANSCSE

Best Wi shes,

Dr. Supawadee Namuangr uk

President of Computational Science and Engineer:i
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WELCOME MESSAGE

Associate Professor Dr. Supar

Department of Chemical Engineerin
Chul al ongkorn University, Th

I am truly honored to chair this prestigious

computational scientists and engineers6 communi
ANSCSE in 1997 at NECTEC. Alismcetthhese fyiemast ANMSCS|
at Chul al ongkorn University. This year 6s confer
Devel opment Goals or SDG, where all/l of wus, as o
will try owea tbhleesde tgo alch.i eLast! y, I hope that vyo

during the conference with your old and new coll
Bangkok or Krung Thep!

Associate Professor Dr. Supareak Praserthdam
Conference Chair

Department of Chemical Engineering, Faculty of E
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The need for a new class of computational tools to tackle the energsater-environment-food-
heal th nexusbo

Rafigul Gani
PSE for SPEED, Ordrup Jagtvej 42DK-2920 Charlottenlund, Denmark

rgani2018@gmail.com

The need for innovative and significantly bett
critical and urgent because of the grand chall er
we are facing. The waye weheaebhmeeddproudu ates otulrate sw
survival of our society is clearly not working
measured in terms of hectares per person. The sc
f frundament al advances in science and technol ogy
our solution approach where Wwaspdetomahaanhtdyeeft ©

or mbdeéd computer aided tgaahming ees. aWhielxe etrh ane
solution but does not guarantee that better soluwu
solution within a defined search space using
capabilTintatesi s, ability to find solutions beyond
This paper focuses -boars eids scwersp urteelra tag dd etdo tneccdhenli g u
to overcome them, al so conrsrnidreg i aamgd adommiwcteesr §.n A

The devel opment-calnlde di spr wode stshesismul at or has w
success. The petroleum and related industries ha
design, safer operation, uwptthi ofno ra nedx ahmpgl hee,r | porwoef
however, has |l ead to a negative tr emased hsaal uitsi,«¢
approach to the tbhraiseld a&amd udrromr apipmwlaathgr whi ch
opt However, does it |l ead to the innovatiwhe and s
currenpeuvatton based process simulators have an
capability to find new and innovative processing
i s, should we | ook froeg momtl uso osi mplpatoarc hepe ¢ ihfait
solve the current problems we are interested in
shoulwhiwe unt il the simulators have the needed c
solutions? A critical i ssue hereiis$ ic byddresian
tool to verify and noat ptroo cdeestse rnngi mreo utthee styhnet haecsti
operation design or sustainable process alterna
purpose they are developed for.

Clearly, a new class of methlaskd armdnpad £0 c iad tde
needed, where predictive and innovative capabil]
needs, which may change, pralsitl ibtei essattic fdemnt h d&ir:
routes; to Hasiegnpchemicesl, sto imnttedr ztad iroesouroc e
new intensified operations; to generate sustain
rathemotwvhae parge, complex and rigid proeess si
made problem specific tools configured from a |
model s, dfelsd g, waom &l ysi s t odlos,t heo lnveeerdss, odt ct.h)e a
here, the process simulator is one of many compc
have predictive capabilitiesadkettobbsl dfbedipbssek
smoot hitornamMsiom one scale to the other for simile

and significance of -dihdesd nteavolcsl asrsd od s scoocn pautteedr
il lustrative examples achievimg s$ingoivihitcaet in @ v
sustainable solutions.



|l mproving the Accuracy of pDeasnit yg Falnaa rMaiadad n & h
Exact Exomhaed¢ea@ati on Functional

GuanHua Chen
Depart ment of Chemistry, The University of Hong
Al Lab Limited, Hong Kong, Chi na

Abstract

Densfiutnyct i onal theory (DFT) is a cornerstone of
Kohthham DFT greatly reduces compsfpatctieomdlect o®ihnhs
rat her t hbaond yt hwea vreafnuyn cdtii noennlsiisomaac ei. g Hemwever, the
exchaogeel ati on (XC)-SHaimcegaoaaali on ni sKobhnknown a
approxi mated. This | eads to the errors that are
t wo approacheiss tpor odmmeasani hg technigue to cal
conventional DFT, athdsmacKXiCnéulheai oinad . ( ML)

As approxi mated XC functional l eads to system:
ormation wil|l be capabl e for cal idlreaarimigng hies
s designed to | earnofhidatarr drurwiptitona es mabp!l
sed a framewor k, p-hod-taget haeumal snenpwer ka,s
mol ecul ar descr i plteowesl, riess uelntosu gtho feoxrp ecrail
2, aweedrc bhseumi mg DFT cal culation with a gr
ion -bévekpbeameat af orgelagaromi nq@ metahdd mas
to calibrate photopdfysl ict@aini prmettpcer i ess, o
solution to improve the accuracy of D
three hybrid parameters of B3LYP X
i nc he numblea mdmeente,ctkriomest,i cdi
i functional exhibits a rem
ensity tlheeao-bng snegdn a2 @9 t Wer
ies to the exact XC potent
e training and validation
actioonh ht siosgshewnchburteioer di
DFT functional fails.
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I nteraction between adsorbate adadsimey alumtt iognal
and machinébakedr nnngstigations

All an Abr aha'm B. Padama
'University of Btafffeo sRhilLloisp pBiarffeoss ,Ldsaguna, 4031
*abpadama@up.edu. ph

I ntroducti on

From ans @aloani ger specti ve, analyzing met al al |
thorough investigation of properties |ike stabil
i nvestigations become hat enappeduenteuthaceaes.act
compl ex syst-amem &l key s i-&qr§tArag p ya nal Ihadygsh ( HEA) , ac
these studies. Nonet hel ess, these advancements &
funct itoenrailalnsa f or a range of applications. I n th
mol ecule and various alloy systems, e.g., SAA ar
(DFFBased calcul ations and madhibredli szusiseg . ( Mhk
these interactions, as well as the associated ph
This wil/l of fer i nsights into thescappel iicnavte sothisg

standpoint.

Met hodol ogy

Al | DFT <calcul ations conducted in the invest
ESPRESSO 'pMec kmaogdee.| ed t he surfaces such that the
periodic system is minimized. Furthermore, we ir
the periodically repeated sl abseal ddgotpeidnr et
atoms and mol ecules was performed to deter mine f
applied to ptedsceantdheoensesgst in the analysis
DFT results (e.g., energetics and electronics pr
as input features for the modehts. MDepepdibaghes

empl oyed.

Results and Discussi on

Figures 1(a) and 1(b) show the top views of 1t
surfaces consi st of di fferent combinations of t
Pd, Pt , and Rh. On the othemnhamMd, atthé t HEAompd n@
surfaces, we fouwnmdudhad gdéagr €O0g atnidonOHener gi es ar ¢
en

ergy, metbaanld ccernatdeiruss ,ofd t he dopant, and the d
at oms .f alchtessres wer e obtained by performWaegalsal ys
observed that surface facet can influence the se

by varying coveéerages of adsorbates.
XF XF7RE X TS
AT AV AT AMPAT

o |
S
RO B

Fi gureTop vi ews -atfonm hael I(ocay) asnidhg(lbe) hi gh entro

On HEA, we calculated the adsorption of H ato
igure 2 shows -ptrheedipcltoetdsc adefc atblaet DNELTH adsorpti on
ol I ow -ramldl omc psi t es of CoCuFeMndNi ¢ 1bitpadur bage s
dsorption energies on the HEA surface. I signi
f i

F
h
a t

o] the electronic properties due to the nt eract

N M



3 z s

z g ; 5““

B .

g R2=0.864 y 03 . e v R2=0.951
R?=0.840 . o ¥ R2=0.899
MAE =0.030 “{;’ > MAE=0.019
MAE =0.038 -051 go%% MAE =0.030

-06 -05 -04 -03 -02 -01 00 01 -06 -05 -04 -03 -02 -01 00 01
BEprr (eV) BEprr (eV)
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Fi gurePr2edi cted versus ¢
sites of CoCuFeMnNi (111)

B

|l ated H adsorption
faces. (R2: coeffic

Significance
This study examines tahd orye ascutrifvaicteys .a nvo sstt aobfi [t

used in the study are abundant and exploring th
as sensors would be vital in |l owering the costs
thaednentensive investigations. Determining th
applications in industries and would contribute
gener al

Ref erences

1. GiannozilJ,, MPhyet. aOdnlde MB9Y.55M02t t(e2r0 0 9) .

2. Hi polito, CéAmput. W82ael 112607 (2024) .
3. Pal mer o, PMyAs.DGbicral..1- 0886 14802f 88 (2024)
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Reactive force field simulations of catalytic
nanoclusters

Josep M. Ricart*, Jordi J. Carbo?, Gerard Bru?, Antoni Salom-Catala?,
Evgenii StrugovshchikoV, Jie Pad, Ka mi | a K a % and BanielQuauka -Ferré?
Universitat Rovira i Virgili, Departament de (
Tot al Energies OneTech Bel gi um, Fel uy,
*Josep.ricart@urv. cat

Il ntroducti on

Suppornadomebric metal olingtuéras @prheasecomdi dnan ¢ &
interesting properties that can be used in the
i nstance, met al sites on an oxide surface can e
andredased deactivation by wundesired products. H

consideration of a complex v-amhemgtpofcpbegséebl as
| arge number of accessi blte mpteamitawrcesnf i gur ati ons

The study of such a catalytic system, which is

can be performed by implementing specific React
simul ations.

In this talk, we present the development of 71 ec
of catalytic nrealkoriosnatisoarch( aisa COhe RWGS reactic
(PDH) on both met al surfaces and nanocl usters.

desctrhiebeDFT (density fannmdc tpieomalt tulseée oirgy Mod e wll tag

Met hodol ogy
We have used the ReaxFF nrealhloedd [Hdn dvhd rcche re nfpd ror
| ate bond formation/ breaking processes in sy
|l.atBaoms catalytic process requires an assess
, requiring extensive training -fdiaglad fmar am@ta
es on a |l arge tr ai n-tantga |lsyezte do fmeDcFhTa nciasl ntcsu,|l aitni col
mptirel ative energies of -wbeaakiag/iotmrmgdpa
|l erate and i mprove the optimization process
commercial opti-mouaee si mpvk enns@mhliaebarionmi nogf adlNgNor i t hm
Genetic Algorithm and Artificial Neur al Net wor
computational optimizati on cost and reduces t h
parametrization psotygesashwkivi @agsil owl eame@os. To ot
used DFT <calculations wusing the VASP pro
accelerated by i-lnpfle mempgli inQé dai asne ceofincdle x & S t 1
DFT calcul ations, to expand the training s
ReaxFF force fields, enabling more effecti

mu
mu
es
i
S @
e

gram. [
agul ts
et . Th
ve sin
Results and Discussion

As case studies, we present the computational

surf aces,upplowAtt@yda Rt -Sann de aFoto meltudtce he, reawvdsrase Wat €
Shift reaction (rWGS) on Ni and Ni Cu surfaces an
We demonstrate that the&O0d3t/aG/mdNIREGFEA P/alH a me
enabl esclagdegesi mul ati ons of Mol ecul ar Dynamics t

catalytic processes, see Figure 1.

For PDH on Pt , [ 3] the measured selectivity as
Pt (2112) > Pt(100) > Pt(21112). Simul at i obnusi ladki ndg f f
Arrhenius plot to determine comput atiwmiadh yi ¢ hel
to that determined expeDbmemjastuppbdbontetadhgeahambd
For r WGS on Ni |, the force field accurately r e
reaction, incluadaoyg pa&tdlox, aasd welnl as side react

Z
11



Significance

The present results and methodol ogy confirm a
of nanocatal ysts. Thi s -shcrail deg enso dtel d i guagp amealt wreeesno s
techniques, thus offeringfebtipessesbbal ysy. of des

a)

Ni(111) ——

H,CO,

Fi guraéSnla.pshot of a mol ecul ar dynannmincosmed irmwl actliuc
supporotAe@. &wol uti on of species on different Ni t

Ref erences

1.Senftl e, T. P. ; Hong,, SS.;B.;slamendg, Wd. SM.i;n,Ky¥. ¢
Engkdr bert , R. ; Jani k, M. J . ; Aktul ga, J. M. ; Ve
npj Compu2, Ma@1l1l (2016).

2. Kresse, G. ; and Furthmegll er, J. J . Phys Rev B.
okSal-6amt al ", A.; Strugovshchi kov-FeEr ®, KBmj | Ri Kafrt
J. M.n@ar b -, J. J. ; J. Phys. Chem. C. 128, 2844 (-
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Surface as a Playground f or & xFpduwmrdatgi dPrh yfsdarc aRe
Designer MateriaRsl atSedeCdlyedr Sgedi es

Wil son Agerico Difo
Dept. of Applied Physics,0®0%Zakdapanyersity
wilson@dyn.-apaenjgp osaka

I ntroducti on

no. . He who control s t hed sdpeicclearceodn tBraorl osn thhaer klbnninv
adaptation of Fr amkinde]lr ber Bdth,el®Bpa tcdmdtseanhd yout h.
prolong |ife.heighteaacaaaaleynwnd sit iytuesres tteol Ineark et rpaawvy
plastics. . .ltcloamsbe. anhyblersgspiwiVee hceawlyd . haweaetraec
pl atiamudn.na one wi || be any the wiser. Ear | Wa r
whoever controls complex mateildia&ls oemagerwiss] I i
dri wen. Compl ex materi al s exhibit startling pr oy
Devel opment of met hods and models to synthesi z
extremely wuseful . But, dond6t KkKaklrimenoat hantdr afpg
techniques becoming an end in itself: one bett e
Ockhamdés Razor ? Phil i p& Warsriemmp |Ainfdieerds omo d €3I] twhrroat
real workings of nature than any number of déab i
contain so much detail as to conceal rather tha
silmp reproduces nat uroeRi@ siotu rdcoeess anroet tehxép | epni énmyhesarf
Thomas Delavane in the 2012 CBS TV s#£aldode]s. a dptha
these in mind, werfake tkhachidnogena case stud)
introduce some s misded lat € dg aii medceff . moeke)l g .sitnu[déuers q u
Real i ze Designer Materials wutilizing Surface as
along the way. I n the foll owing, we mention two
Dynamical Quarftcdm, Fiel. ger,i m®] and references ther
Hydrogen plays an important r alad ailrysa swiachel wmar ia¢
occurs in two shdrfda havoeet hei fotme. proton nucl ea
Or t-Mkdhave their two proton nucl ear spins aligne
spontaneous conversion WNet wiéeabdavedhdbdlaeorttaomas pion i s

of 1/3, at room tempegsga@dtutrer.i nd/sfi iwlgt & hiemd.ameé diic & e
t o ethbrlmdi o to 4. 9moradad c 46t dr efdorai(®@®Od ) bh@&0]Sr Ti
Sr @O01)[110}awmd -Eda®miTm Os(e0D 1§r, Tirspectively [ 12
significant appbksStcatrageasamobtt roamdgpdmt H bu-t al so
determined characteristic properties.

rogen | s
terium (
ppm. T
an isoto
wever, a
drogen (o

otope eff

rge capit

th an H/D ®p.a6 adati oh5:0keitrewd lowbd yyt2s produced b
ocess and cryogenic distillation. D25ReatenG.lly5 \
d
m
e
a
0

tope Separatdcfon/ Felgeyring] vamd Tuehet
) occurs in natural water, hydr ogen,
e ratio in hydrogen varies somewhat
e of hydrogegn,ortdhematrwocbamhactl benett
umber of prior processes by which
d
c
I
s

ocCc o

o}
D
h
p
n
r i ndhehklrat mcadludwatders)t il |l ati on, el ec
ect and various chemical exchange pr
a expenditures or | argebD@maodurcthsmemft

room temperature [9]. We realized this by p
pi ngEQHPEM Lt hrough a heterogeneous el ectrode c
hydrogen isotompasomubhetcktbrapbgbnéeheaper du
ction. Application of a bias voltage enabl e
mi nant) regidndbedror iaerc| (asesmicrad nto)verregi me.
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Remar ks

As in all é problems the pto0opArn& nygetpr iwecisplid |i sn
wh Dty namioaud d Arsuwiflftiici ently advanced technol ogy
[ 1HencelTlheé Queostunder st and Gdiret IMaBgesc of Natur e)
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Machine Lea®QonanguMebeshanics in Catalyst

James P:*Bewis

Y"nstitute of Coal Chemi stry, Chinese Academy
’Hong Kong Quantum Al Laboratory, Science Pz
Synfuels China Bechmolgogy CAona)lLtd.,
*James.p.l ewis.phd@gmail . com

Il ntroducti on

With increases in computational speed, -the ag
l earning algorithms to all aspects of Iife. Rec
understand and control nerstendwhegr eltby mad er mpt o
new material s. Machine | earning, a conmput étaison al
it 2

Met hodol ogy
OQur research group has endeavored to participa

l earning tools to sever al p hfywsn carhe ncthaelmi rsda g g7a racnl
including catalysts. With maabioneal edensngycomhbi
(FI REBALL2020 developed by our research group),
as predicting gl obal reaction mechanisms and un
have al socamputi attidomalr density functional met hod
mac hliemer ni ng potentials in a much more efficient

Fast and efficient computational chemistry and
accumul ation of data from which machine | earni
predictions. The applicatsbons D mathasestearghtf
anticipate, and we will di scuss our journey wh.

catalysis.

Results and Discussi on

We wi | | di scuss two prominent examples of our
example i-searmhonbgi approach to evaluate gl obal re
reaction coordinate (cotnot atihnoirnogu gahllly idnetsecrrni able ctoho
mechanism for azobenzene photoi somerization. The
mechanism in catalysis. the role of other propos
machliemaer ni tdh appmpaoadi ct adsorbate interactions o
machliemeer ni ng model ,-fbasesd oetthlbed, r awmdemedi ct CO
pr ot echtaecsde dAunanocl uster s. @neea randivnagn tdamper a apa ho @ilrsa mi
in defined features disentangle relationships an
|l earning adsorbate model is easily extended to o

Significance
I n addition to our previous results using machi

we are using machine |l earning to recognize patte
a time series convol tbrenabtoetwacki appyoachi ¢ oc:
determine the factors at the quantum | evel for
energy flow in materials will enabl e r es déarecsher s
patterns at the quantum |l evel wild.l enabl e us to
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Discovering New Molecules and Material#Jsing Machine Learning Methods

Jialu Chen, Wenjun Xu and Ruigin Zhang*
Department of Physics, City University of Hong Kong, Hong Kong SAR 996aif&)
i GlomtRa! 2 MII 2 HO6 t

Introduction

Optimizing reaction conditions and designing new molecules or materials are crucial in solving
energy and environmental challenges in human society. Experimentally testing different reaction
conditions or synthesizing new molecules and materials costs & tome and resources. High
throughput screening based on theoretical calculations is a practical strategy for making experiments
costeffective. The screening is usually combined with machine learning (ML) methods, which can
reduce the costs of theorl calculations and directly predict experimental results. A key point is
constructing descriptors for ML models to recognize molecules and materials.

Methodology

We used various machine learning methods in the discovery of molecules and materials in
conjunction with the density functional theory (DFT) calculations which are indispensable in the
constructions of descriptors.

Results and Discussion

In our recent work, harmonic vibrational frequencies of several semiempirical methods (the PM6,
PM7,andGFNX TB met hods) wer e used as -ntahceh ifnree g-ueeanrcnyi nd
ML) to reduce the cost in predicting the properties of molecelsmaterials [1]. The FD generated
by the GFN2XTB method has excellent performance among several semiempirical methods. The
chemical accuracy can be achieved with a small training set size according to the combination of single
point calculations at deitg functional theory levels. In addition, we further included infrared intensities
to the FD, namely the FD. The chemical accuracy of energies can be achieved with a small training
set size (3%).

Moreover, a screening framework was implemented for discovering promising photovoltaic
materials from double hybrid organritorganic perovskites (DHOIPs) [2]. DHOIPs are promising in
photovoltaic applications due to their excellent optoelectronic prepeaind low production costs.
Accelerated discovery of DHOIPs has been realized by combining ML techniqueshrtuigbhput
screening, and density functional theory calculations. Different from the previous works, the anisotropy
of organic cationsof DHOIRga s f i r st c-Mbhwab usedrindigithroughput of GHOIPS
to improve the accuracy of ML models further. 19 promising DHOIPs with appropriate bandgaps for
solar cells were screened out from 78400 DHOIPs and verified by performing HSEO6 caisulati

Further, we combined the steric and electronic effects into a descriptor to construct volcano plots
of reaction yields in crossoupling catalysis [3]. More experiments with other metal catalysts are
required to verify the performance of the proposed dfgser % @ 6(fin)-3 A HIQMO gap
(eV). It has grasped fundamental factors, steric and electronic effects, which influence reaction
outcomes together. It is also straightforward with precise physical meanings.

In addition, to allow efficient and reliable transition state (TS) search on a potential energy surface
(PES) and thus effectively determine the kinetics and thermodynamics of chemical reactions, we
propose a TS search method in accordance with treai@ng algorithm [4]. Appropriate reward
functions are set for a given PES to optimize the reaction pathway through continuous trial and error,
and then the TS can be obtained from the optimized reaction pathway. It is demonstrated that the Q
learning methodatan predict consistent TS and reaction pathway with those by ab initio calculations,
offering a simple and reliable-f@arning method to search for all possible TS and reaction pathway of
a chemical reaction.

Significance

Machine learning methods are popular and influential in predicting the properties of molecules and
materials. Developing effective descriptors plays a critical role in the performance of models. Our work
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demonstrates that it is possible to accelerate various property predictions with our approach in the
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Excess proton/deuteron in light/heavy water solvent using path integral molecular dynamics
simulation

Kazuki Tatenuma, Makito Takagi, Tomomi Shimazaki, and Masanori Tachikawa*
Graduate School of NanoBioScience, Yokohama City University,
22-2 Seto, Kanazawhu, Yokohama 236027 (Japan)
Mg c B6 Rt Y 6 & ¢ HIOT G

Introduction

Proton in aqueous solution plays a fundamental role in chemical and biolegictibns/materials,
and isotope effects have also been reported. However, to our best knowledge, the discussion of the
difference between a proton in light water and a deuteron in heavy water is limited. A calculation for
deuteron in heavy water basedtbe firstprinciples calculations, including NQEs, has not yet been
carried out. Significant nuclear quantum effects (NQES) play a vital role in systems including hydrogen
and deuteron due to their light masses. Path integral molecular dynamics {RbHzg) of the methods
that can be considered the NQEs. In this study, thus, we have analyzed the H/D isotope effect between
proton/deuteron in light water and heavy water based on thepfirstiples calculations, including
NQEs using the PIMD methdd.

Methodology

We constructed the two computational models of an excess protoni® 32k an excess deuteron
in 32D:0 in the unit cell with the periodic boundary conditions (PB@s)shown in Fig. XCell sizes
are adjusted for the reasonable density of light water (0.997 f)ggomh heavy water (1.1044 g/&m
To consider the nuclear qguantum effect, we have carried out path integral molecular dynamics (PIMD)
simulations of 100,000 steps, including an initial equilibration process of 5,000 steps. The parameter
settingis below; the temperature of this calculation is set to 300 K with Massive fa®éer chain
thermostats. Time step size is set to 0.1 fs/step, and the number of beads is 16. The PIMD simulations
were performed using a previously improved house cétiectronic structure calculations were
performed using density functional theory (DFT) with the PerBewke-Ernzerhof (PBE) functional
and PAW pseudopotential s. Gri mmeds di spersion
calculations were performeding the Vienna Ab initio Simulation Package (VASP) 5.4.4 program.

Results and Discussion

The radial distribution functions (RDFs) of the@distances for the entire system are shown in
Fig. 2(a), while the RDFs of GO distances around the ions are in Ridp), where O* represents the
oxygen atom in ED*/D:0*. We found no significant difference in the@RDFs in the entire systems
of H-body and Bbody. Conversely, we found the H/D isotope effect at the second peak@RIDFs
(Fig. 2(b)). The main reason would be the difference in the ratio appearing Zundel structudgofdy H
and Dbody.

We also found double4@*/Ds0O* in some configurations. These differences in the cations between
the Hbody and Bbody might also affect the mobility of the proton/deuteron.
Significance

We have analyzed the structural H/D isotope effect between an excess proton in light water (H
body) and an excess deuteron in heavy watdod@ly), including the nuclear quantum effect by path
integral molecular dynamics simulation. We found that the skpeak of the Fbody is shorter than
that of the Bbody in the radial distribution function of @D, where O is the oxygen atom of
Hs;0*/D3;O" fragment. The main reason for this would be the difference in the ratio of the Zundel
structure with the Sgike configuration, where the Zundel structure irbbidy (14.0%) is greater than
that in Dbody (12.0%). We also found rare occurrences of doulE/B:O" configurations, mainly
including the ZundeFZundellike structures such as;8:"/D-03" and HO4s"/DyOs4*. The ratios of such
configurations appearing in our simulations are 0.89% and 0.20% for hedyd and Bbody,
respectively.
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(a) H-body (b) D-body

Figure 1. The two computational models of (a) excess proton in,32fH-body) and (b) excess
deuteron in 32BD (D-body) in the unit cell with the periodic boundary conditions (PBCs).
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Figure 2. (a) TheO-O RDFs for the entire system and (¢ O-O" RDFs arounddsO*/D3O".
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Deep Reinforcement Learning in Chemistry

U. Deva Privakumar*
'Center for Computational Natural Sciences and Bioinformatics, International Institute of
InformationTechnology, Hyderabad 500 032 (India)
Wl W2¢o0RRRqtOC AIORU

Introduction

Deep Learning enjoyed great success in problems like the prediction of molecular properties, where we
explicitly provide supervision in the form of inpatitput pairs, obtained from experimentation or
simulation, and use deep learning to generalize thatterps to a set of unseen examples. A few
instances of these tasks are predicting the binding affinity, solubility, spectra, etc., given molecular
structure. However, in tasks where no such explicit supervision exists, we cannot use these deep
learning nethods. Furthermore, when the problem cannot be phrased as approximating a function from
input-output pairs, deep learning cannot be used. Exploring molecules that have hifiketreigs and

low toxicity is one such task. Reinforcement Learning (RL) heenlapplied to various domains in
computational chemistry and has found wigeead success. In this talk we will take few case studies

of using RL in chemistry related tasks such as energy prediction, generative modeling and geometry
optimization.

Methodology

RL, an increasingly prevalent category of machine learning algorithms, generally involves two main
elements: an agent that takes actions on states present in &patg and a critic in the form of an
"environmento that a s ssefeedback to tthh agem thraugh iewards or a n d
puni shment s. We can indirectly provide supervis
answero by rewarding the model b a dikedessomoutguth e pr o
molecules and the diversity of the molecules generated. RL's primary strength lies in handling multi

step decision tasks, where the reward is determined after certain intervals rather than immediately
following each decision. This reward is not necessarily directhnected to the last decision made but

is, instead, the culmination of decisions made throughout the entire episode.

In each state of our simulation, our agent is tasked with choosing an action. This action choice is
represented by the policy function, which gives the probability of each action for a given state. The
policy can be deterministic, where the probabilitydoe action in each state will be 1 and for all others,

it will be 0; alternatively, it can be stochastic, where all the actions have some probability and we choose
actions by sampling from the probability distribution. Now that we know what actions weselab

each state, we can estimate the fgrgn reward that will be generated under such action choice starting

from the given state.

Results and Discussion
We will discuss three main applications of RL in chemistry.

Figure 1. Visualization of any search in a parametrized molecule space being equivalent to ascending
a reward function in that space.



(i) Molecular generation: We show that RL along with RNN or GPT can be effectively used to generate
molecules de novo that have desired properties such as solubility, QED values, binding affinity, etc.
(i) Metal cluster generation: We have developed a machine learning potential for gallium metal clusters
that will discussed. Followed by this, we will discuss the use of RL for generatingdihteasional
structures of low energy gallium clusters. Wewshbat RL makes this more efficient in terms of
computational expense and also identifying more clusters than the traditional methods.

(iif) Geometry optimization: One of the primary task in all molecular/material modeling exercises is
geometry optimization. We show how medigent RL could be used to perform geometry optimization

by designing reward functions based on the forces.

Significance

Focused and efficient searching of chemical space is essential to identify molecules and materials that
exhibit desired properties and functions. We show that machine learning, specifically, deep
reinforcement learning, is efficient in tackling the lardemical space problem effectively making
material/molecular design faster and cheaper.
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Machine Learning (ML) for Simulating Compl

Nongnuch™Artrith
'Materials Chemistry and Catalysis, Debye 1In
Ut recht Univer siEmaji | Mhar Net hbB@uandb

Abstract

Many materials with applications inmonegystagy!l mat
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Computational Materials and Process Development for a CleaBnergy Future

A. Urban
Department of Chemical Engineering, Columbia University, New York, NY 10027.

Abstract

I owi || di scuss-cthhewi wea |-a cisedy cdearnmaetmhods t o advan
understanding of-idemghbadatiromsi mnildi meitam extract.i
recovering critical met al s.

The electrification of transport and industry requires batteries made from abundant materials.
Unfortunately, designing cobditee cathodes for highnergydensity Liion batteries remains
challenging due to the strong dependence of battery lifetimeaa@ctapability on material stability
and atomiescale structural order. Moreover, extracting battery metals such as Cu, Co, Ni, and Li from
ores has a significant carbon footprint. Therefore, we urgently need to developl&stiper batteries
from more dundant materials and carboeutral metakxtraction processes.

Toward these objectives, we developed a surface phase diagram methodology that provides
insights into cathode degradation via oxygen release and explains stability differences between cathode
materials with different compositions. We initiated steps towagineering battery recycling processes
using machindearningaugmented firsprinciples calculations, achieving accurate metal oxide
reduction and melting temperature predictions.
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An Integrative Modeling & Multiscale Simulation Approach to Targeting Host Innate
Immunity

Peter J. Bond-*
Bioinformatics Institute (Bll), Agency for Science, Technology and Research (A*STAR), 30 Biopolis
Street, #0701 Matrix, Singapore 138671 (Republic of Singapore)
’Department of Biological Sciences, National University of Singapore, 14 Science Drive 4, Singapore
117543 (Republic of Singapore)

*peter j-bt@brn .iedu. sg

Introduction

Infectious diseases are a significant threat to human health. The interaction of pathogens with host
cells is critical to infection, the immunological response, and therapeutic interventions. Some bacterial
pathogens release toxins from their membraneshwb@n make us ill through interactions with our
immune system. We are interested in the mechanisms by which such endotoxic molecules excessively
stimulate innate immune receptors, which can lead to sepsis, a condition that kills millions of people
globally each year.

Methodology

We build computational models that contribute to our understanding of the mechanisms of disease
and host immune responses, with a particular focus on infective pathogens. Our main method of choice
is molecular simulation, using multiscale approaches tHatvaus to access a broad range of
spatiotemporal scales, from atomicadlgtailed systems to highly simplified coagained resolutions.
We integrate diverse structural, biophysical, and biochemical data into models that ultimately enable us
to work towards novel therapeutic strategies.

Results and Discussion

To better understand the process of bacterial pathogen infection and the host response, we have
developed computational models to trace in molecular detail the cascades and intermediates associated
with transfer of endotoxins from bacterial surfaces t@ianmmune receptors. We have subsequently
leveraged thesmodelsto establish previously undisclosed modes of action of endogenous peptides
with antrinflammatory and antimicrobial activities. Working closely with our experimental
collaborators, we havengineered more stable and specific drugs targeting inmateinity andhave
also shown how such technologies might be adapted for reducing surgical site infections.

Significance

Collectively, this work hasunraveled key determinants governing interactions between bacterial
pathogens, endotoxins, and host immunity. Furthermore, it is helping towards the development of novel
therapeutics to tackle ongoing issues of infectious disease and antimicrobial cesistan
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Lexicographic (Robustness) Method for (Uncertain) Multiobjective Optimization of Problems

Petrot N.
Naresuan University, Phitsanulok, 65000 (Thailand)
narinp@nhu. ac. th

Introduction

We will focus on (uncertain) muttbjective optimization modgroblems and the solution concept
known as the lexicographic (robustness) solution concept. The concept of lexicographic optimization
problems arises naturally when conflicting objectives exist in a decision problem, but for reasons
outside the control dhe decisiormaker, the objectives have to be considered in a hierarchical manner.
We will consider both the optimality and algorithms for the lexicographic robust solution concepts in
the context of deterministic and uncertain maltjective optimizatiomproblems.

Methodology
We will consider the lexicographic robust solution concepts in the context of deterministic and
uncertain multiobjective optimization problems.

Results and Discussion

We will consider both the optimality and algorithms for the lexicographic robust solution concepts
in the context of deterministic and uncertain maljective optimization problems. Additionally, some
concrete problems will be examined as applicatiorth@fconsidered lexicographic (robust) solution
concepts.

Significance

Narin Petrot is a mathematician whose contributions significantly advance optimization theory and
variational inequalities. His research primarily focuses on the development andvanalysis of algorithms
for solving complex mathematical problems, includingnax optimization, variational inequalities,
and set optimization problems. Petrot's work is noted for enhancing the stability and efficiency of
optimization algorithms, particularly in distributed computing.
(https://www.scopus.com/authid/detail.uri?authorld=56045120300&origin=AuthgrEval
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Computational Methods: Connecting mathematical theory to Data Science and Al Applications
in Healthcare and Education

Bagdasar O, Andrica D.2, Mulgrew D.}, O 6 N%Suttoh J1S.
YUniversity of Derby, Derby, DE22 1GB (Unit&hgdom)
Faculty of Mathematics and Informatics, Babed
*o.bagdasar @erby. ac. uk

Introduction

Iterative processes play a fundamental role in mathematics research and practice. Examples include
numerical solutions of equations, fixpdint theory, data analysis or machine learning, but alse, real
world applications like feedback loops, trial & error prototype development.

The first part of the talk presents recursive processes in the complex plane: Horadam sequences
which generalize Fibonacci numbers to two dimensions [1], and the dynamic geometry of triangles [2].
We will see how the geometric patterns generated by thesgions can be convergent, divergent,
periodic, or dense in 1D curves or 2D annuli of the complex plane, and we will discuss some
applications to random number generation. Then we relate some classesgpansive mappings to
explainable Al and dis@s a few recent applications of Data Science to Healthcare datasets-and Al
based chatbots used to improve student experience.

Figure 1. First 500 terms of Horadam sequences whose orbits are (a) convergent; (b) digeygent;
periodic; (d) klimit points; (e) dense in 1D; (f) dense in 2D. (g) Nested bisector triangles.

Methodology

The geometric iterative processes are formulated in the framework of complex numbers, which
allows the computation of exact formulae for the general terms of the various sequences. This leads to
a convenient classification of the patterns, as a functigheoinitial parameters. The density proofs
involve classical results from anal ysisandowey | 6s
number generator (PNRG) was evaluated using the NIST tests [4].
Proofs of convergence related to the sequence of
Metric Spaces, along with the power curve of a triangle and classical inequalities [2]. The results are
visualized using Matlab diagrams, whose applizatdrives the numerical simulations, inspiring
generalizations and the exploration of other related dynamic geometries.

Results andDiscussion

We provide the classification of the possible dynamics exhibited by complex Horadam in the
complex plane and we provide a visual atlas of the resulting geometric patterns. Certain dense patterns
were used to build a PNRG which performed well in variousTNi&sts. Then, we prove the
convergence of bisector nested triangle iterations to a point and extend this theory further, to the case
of iterations defined by points located on the power curve of a triangle (this contains famous points like
the centroid Gincircle 1, or the symmedian or Lemoine point K of a triangle). Finally, we present some
key aspects related to a recent investigation of healthcare datasets, in which the statistical analysis
revealed interesting connections and correlations to powsr[[@win the end, we discuss the design
and application of an Abased chatbot called DerbyGPT, starting from the concept, technical solutions,
applications, impact, and ethical considerations.
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Road Accidents
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Figure 2. (a) Road Accidents as a function of population density in urban areas; (b) DerbyGPT.
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Significance

The results presented in this talk are |Iinked toc

compl ex recurrent sequences and their applicatio

bi sectors triangles was oprionygeda icmo ng encarue eg e mmeorma |

heal thcare datasets provided useful insight [ 7]

while the DerbyGPT chatbot transformed student
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Digital & Green Transformation Toward Smart and Sustainable Industry in Thailand
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Abstract

The tiatlked " Digital & Green Transformation Ta
Thail and" wil/ expl oPdryshealpi Bpsakbms o EPSY iCiy be
Devel opment Goals (SDGs), with a Pglar tiindwlgaratfi cmgu
l oT, is essential in advancing sustainable prac
transformation of manufacturing. Emphasizing | e
how sustainablfd i CREncygn achdi vennevation in energy
presentation will hi ghlight case studies and in
enhance the sustainability and efficieinlcwt eof n
effectively to the SDGs. Additionally, the tall
transformations, demonstrating how digital i nnov
i ndustrial |l andscape in Thailand.
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Leveraging Analytics for Strategic DecisionMaking in the Age of Big Data

Thanachart Ritbumroong
Nati onal I nstitute of Development Adminis

The advancement of technology all owsrkeoee®radesse
but al so customer behavi caal laendd Bwegb Dcaltiac kesrt a belaen
monitor c¢closely how every activityaqqiurtssriuadtss and
AHowDupr of i t arboirtee t gd?dtea@lgu i eleec uttdo vaasader st and eac
profitability |l evel. Executives can then make pr
uni t .

Thkeymotsdh shroewa r ic@ounp alneiveesr mmgreut abi bnbeultrdnse i r dat a
into business value. The session wil/l expl ore b
business val ue, including:

1 Thleand®d¢ &pgd nodmagya gkeediadi ons

T Thevol abuenrnepesbiuis nignetsesl diathanodeg,a sci ence, an

f Cassd udineewdréxamplhewc aosmdmad ati ltiemeldve compl e
business probl ems

Thaeionf hdesssbdemonsbwamputabi crlméepad ilyevel gain
a dewmpeear standing of their internal operations &
react more effectively and gain a competitive ad
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Integrating Artificial Intelligence in Education to Foster Environmental Sustainability in
Thailand

Wasit Limprasert *
Data Science and Innovation Program, interdisciplinary college, Thammasat University, 12120
(Thailand)
*wasit@staff.tu.ac. th

Abstract

We explore the transformative potential of artificial intelligenceraxolutionizing Thailand's
educational landscape, particularly through the lens of environmental sustainability as conceptualized
in the Gaia Theory and the Biotic Pump. Drawing
regulating organism, théalk proposes the integration of -Ativen tools like encyclopedias and
knowledge graphs to enhance the comprehension and application of complex environmental concepts.
These tools are tailored to fit Thanghoaomgids wuni q
improve educational outcomes but also to empower students to address pressing environmental
challenges effectively. By embedding Al in environmental education, we envision a future where Thai
students are not merely passive learners biteaparticipants in fostering a sustainable planet. This
integration represents a critical step towards aligning technological advancements with ecological
stewardship, embodying Lovelockds holistic visio
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Newechnf qureder stamamingalcti ons: a reaction space
reaction orbital
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I ntroducti on

I n gqguantum chemistry, the I ntrinsic Reabeion |
ment al processes of chemicasurketac®Kkanke D
guicaé d giamritceha cniei cohna nRescnesdv anae s o mrad eeadt i on pa
h technol ogies now all ow usnetwoir kgedthiag a ti
pl e react incent wpoartkhss f[alc,i?2l ]iatnialtheccsaec chb s e 8 8 @l @ in
e a cmei cohna nE asantes a cptai iohnt th hinge t wiosr kp r e a am -adcidme nsi onal
rivae o o r dsipnaacBe6di menfsoam p s todNlmt o ms , Tommpil mg aeb
ths across a mul ti ditmreajsaé fortnai in édoid e ed.y Inkedndii ctsi o |
| MDi) mul @t o gdiysneapna t h weacyrsossast wbnn bhpises enltwatlilon,
tr ©otReecaecc S p @aRreo j eReE B et hoerdl ,[ 3Wwhi ch empl oys di me
chnigues to ananleytzwea ntinsd | pa ro uenci eflsicakdeisnee nsi on al
alwé dlldios ¢t neast urealcti on or bital ( NRO) emeotluad o[n8
chemical rbandsoal paghaby mi xing specific pai

nda
sto
arc
[t

ocw—~+—"—~TOOZg®nI™
T OS>V C =HCODTC

thodol ogy

Di mensional ity reduction is widely uscat acegtos.s
h ecolr eemii sctarl y , both | inear methods alni@dk e sRriicradi
di nsecrad(iiCivida8 webh b onl mepe hsoudesh oc allilnfembeddi ng
s 0o mdteraitidiarpep ( h  OMAPEMpP | oyaeap ttuhhah e mi c al ani
ral features of dat a dviigdonmiencitmavli tlyo sgsr
zes thei mepoiloggl opathd picieas!l (ELrESrsQ Yy, is p
icting the fr eepreenseerrgvyi nlga nidnsfcoarpneast ioofn par b
fersli mensdaonawhislueb ssptarcievi ng t o maintain
i mensi onal pdoastsa 'bsl edi slsti roidlaamailteyo dapst @j e evth i
ded in theriomnigthi aaln dkeaxttesadte,d ver sion of C
di ssimil ar iqtuyanits ftiypgi dgl ltshe Euclidean distance
mat he madiimialldry t o PCA, CMDS is particularly eff
mo | e cpualimask iirhg up emd tolfoodri me n s ircemalldiigorc@ainh €at s .
facitheavesualization and analil6y dii sneaofsi mmlaéd c slpar
e X pldoyrneame & cht & hoanv imo re sl udciende n siudrs gwaedt ey e | RbepSERde r
PytihasepdogfdiImT h®e SPneert hiondv ot ki esstee ps5grper oce ¢ Ri ng,
di mensional ity reducti on odudtfshaempolre gd amtaad wdnetda |t
di mensi onal space, if necessary.

NRO offers a _novel approach for andkelyertchgoahe
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I.n__the presentatimetshodolwidilesi notfr otdluec eRaItRrer a

provide several demonstrations of their appliceze
Significance

Thipy es e mtiantliigmli ingnlovme mper ohodreas!| ytzhieh g ment ar y
processes of chemiqualnt umacthieoni £ alt hcalghul ati ons
techniques. I n ReSPer, the reac-ti manpabtehnach e towo r
spal@ynami aj eaxrasd pioe § e ott ridessa cstpi aanel, ofwa nngx t r act i on
dynamic routes within the reactiehepatbnsetwon
reaction path is depicted t hralulgdiwdanhigdaeinrt i dfi cadd
of egiwhreiemearr aonegé metnrraormcfcairr s .
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Oxi de anhased f¢atalk gpdtustfi om €0 met hanol

Sergey M. Kozlov
Department of Chemical arBiomolecular Engineering, College of Design and Engineering,
National University of Singapore, Singapore 119260, Singapore

*sergey. kozlov@hus.edu. sg

Introduction

Annual production gadndme@® amydr d dha maitgihonCOc ur r
million metric and is expected to increase furtht
CuZnO catalysts are most commonly wused for met h:
fromargagpliodner ati on of Cu particl es phny drhoeg eprraetsiemn
As a resul t, significant sciedniof icatalt yemntsi drori
synthesis or developing alternatives for them.

Methodology

In this talk, | will discuss our recent studies combining experiments and density functional (DFT)
simulations exploring how the engineering of the nanostructure of catalysts can help improve their
activity in CQ reduction. In our computational approach, we devote particular attention to the
generation of realistic catalyst models that are in equilibrium with the reaction environment and
accurately reflect the nanostructuring of the catalysts in experimentaisstudi

Results and Discussion

I n particular, | will show how designing nanor
highly active CuZn alloy nanoparticles d]s. small
Besides the pr esenZneO ocfattahley satlsl oayr ep hkansoewn Quo de vV ¢
on Cu surfaces during the catalytic reaction. I
bet ween Cu and ZnO overbayacsunbtef the Eheter ot
in hydrogen&)ti on reactions [

ZnZywas proposed as a much more sy dambd ge mantdi osne
met hanol , despite their | ower activitycanOubre rec
increased by doping 8henCuwiitohusRdy, si
ctl

, siorug ! e i anud mg i [c
atoms do not hardtriogiematte oinn dC®ect | vy, but, rat her
mol ecul es wnurtfmaec eZn AMo® eover , our simulations r e\
H at oms ops urhfeacZen ZlriOni ts their availability at ¢ttt

To address this problem, we proposed engineerin
carbon nanotubes (4NT)Thien gried en atnlod c¢yated ldy sath [t he
was shown to be 3JtZnZasddhBghéemeshadngbeyr Pdhan on

Finally, [ owi || di s gruesdsu cotuiro nr etcoe i e tsslet @inda lee tsa@ hoyf B

[5] I n this studnyanovwe hfealersi cwattehoMda S hi ghly act i\
through the sulfidation of molybdenum oxi.de part
Sspheres induces strain in the agrteidvuec tsiotne sora nfdac
their regeneration under catal ypwytatcalypadstiwionks . mad
thickness are more active in methanol producti on
site structure [6].

Significance

The presented studies highlight how DFT simulations can help the understanding of chemical processes
on heterogeneous catalysts and facilitate the rational design of catalysts for societally important
reactions. They also illustrate how nanostructuringadélysts can be considered in DFT simulations

and its importance for the activity of applied catalysts.
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Understanding the I mpact of Electrolybepdé&ddi ons
Carbon for ®BRR and CO

Tipaporn Patniboon'* and Heine Anton Hansert
'Faculty of SciengeMahasarakham UniversitiMaha Sarakham, Thailand
2 Department of Energy Conversion and Storage, Technical University of Denmark, Denmark
*ti paporn.p@msu.ac.th

Introduction

The single metal atom coordinatedddped carboriM/N/C) is a highly efficient electrocatalyst with
two-dimensional properties, allowing for adsorption on one side while the other remains available for
reaction. This adsorption modifies electronic states, affecting catalytic activity and stability.
Invedigating how electrolyte anions impact stability and activity informs the design of stable, active
catalysts. In this study, we explore the effect of electrolyte anion adsorption on single metal atoms
incorporated into graphene for ORR and :RR, suggestig optimal combinations for catalyst
performance [1, 2].

Methodology

Density functional theory (DFT) cal cul ations we
package (VASP). The projector augmented wave (PA'
wave basis with a kinetiteanergyecuvdWwWsfofficedBEE&
accounted for exchange and correlation energies
utilizing implicit solvation with a water med i
correctiounl apertpoe ntdhe cat al yst surface was appli
Brillouin zone sampling emp lpooyiend ame 8 R 3 x 35St Mbnk
el ectrochemical conditions was thermodyeaal call
center atom dissolution from M/ N/ C stiRRctstireps |[:
were calcul ated based on adsorbate adsorption en
computational hydrogen electrode (CHE) model [ 4]

Results and Discussion

During the Oxygen Reduction Reaction (ORR), different electrolyte anions can vie with water for
adsorption on the single metal site, influenced by the metal atom's nature and the local carbon structure
surrounding it. This anion adsorption can either poisomodify ORR activity. When an electrolyte

anion adsorbs on the single metal site, it can enhance stability against dissolution in acidic environments
compared to pure water. Considering both acid stability and ORR activity, single metal sites based on
Ir, Cu, Rh, Zn, Au, Os, Cr, andlgock elements (Sb, Sn, and Bi), particularly on graphene edges,
exhibit comparable ORR performance and stability to those based on Fe and Co. In the Carbon Dioxide
Reduction Reaction (GBR), most electrolyte anions don't interact with single metal sites, but water
and gas molecules can form ligands. Interestingly, the reduction activity of CO2 to CO on single metal
sites with ligands from the solution aligns with experimental trends.tAmpan Fe, Co, Mn, and Ni

based sigle-atom catalysts, promising single metal sites (Cr, Ru, W, Re, Os, Rh, Bi, Sb, Mo, Zn, and
Ir) are suggested, considering the adsorbate ligand from the solution.

Significance
I n ORR, electrolyte anions compete with water fa
invol ved, but water and gas affect activity. B\

effecti veanedladc tpradlryitnglsy $tos idmrladile ca@aacti ons.
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Machine-Driven Explore the Distribution of Active Site on Catalyst
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I ntroducti on
The rational design of <catalysts-aceliiveés yomeaate
Obtaining the activity distribution on th-e catal
activity relatiorshizp ngf amalt aleycsotgsn.i zGmagr achte st r
main targets of fundament al research in catalysi
and theoretical researches. One of tyheofmasuwr fchae
sites. Edehinkd webdkl surfaces may al so possess
may change due to surface fluctuation under di ff
of surface actstvatiystdiicsalr idaimpleinng.defQluat ML s amp |
met hod, was developed for comprehensive anal ysi
distribution on surface, including -bashcetglyer ad s
al gorithms nd surface characteristics were ado

process.

Met hodol ogy

The ML algoritMemasns dwech cdaasKering, PCA anal ysi
Gaussi amReRgmresss LN, were -hehrocapatkdgeut Thg sveeé K
MLAS starts from sampling space definition thro
the symmetry analysis of surfacenalnydsirsacn anhs.
representation of the chemical environment of si
initial sampl ing process i s perfor med based or
optimization to orbgtyaifnort haedsmwirnpitmuom eonfre transiti
foll owing GPR analysis gives the regression ful
di stribution, the supplementary sampling land GPI
the setting criteria are reached. Al el ectroni
VASP and ASE.

Results and Discussi on

This MLAS method was applied to the N2 activati

to revisit the active centers and the activit

di stri bmapomnbdeathe adtuincitti ynpepwlvatdieorhol i sti c
centers beyond the estimation from a few speci

(

o}
y

L

a l

more complicated catmdtywdr kma,t esu @l sa s nidntrerafcd d ®m
can be strengthened and extended with advanced

met hods.
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Significance
We developed t-thei wxneadeplat MLsampling met hod f
sampl ing on catal yst surface, whi ch Ialni sgémer
understanding of active centers beyond the estin
gﬁz[",i_‘”’;},.~h7 Machine Learning-
f{:iﬁ/ Driven Adequate
4 Sampling

FiguAet?2vity distribution of N2 activation by ML
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From Mol ecules to Mechani smad Sé we e alylCeitg STARC e |
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I ntroducti on

I'n the rapidly ewgilwvaeargi danamrsdt apei oafccdrn &t &ley e
simul at complex systems -i svelariamiogmndet iFo mant & thie
properties to the intricate mechasninsunisatadfonma orf

e
[

invaluable insights that dri ve iCuhayrv&itnicoenntemd
STABCM=Et aantdhfeor eb ft bth sc h n ofl roq@ nptcriacgw ir bibrug t pl atform
detailed and integr at edr essienaurl cahtreig osm $aenidil igeaspe t o o |
bet wemehecpHamomantiaa rsggearmec h a piroaxless g r@itrhgor ough
under s & aapdtiinngiod/aatriiecongs nekal hgnges.
Simcentexc&€lus gin molecul ar model i ngadwnancednp u:
capabilities for simul ating mol eculacgi ednyceea mi ¢ s
sophi satligooadilgldoonwdeex p| oo fadli @edult @ a e dicnbencehpani s ms, an
mat eri al behavior at the atomi-€ECMeal s.rO®nowhedo
power ful computational f 1| us$ dmdycatpraoboesh a(b@ keB)g and
analoyfslidgsi dive,at a nasnfdé m ,u mme 0 h a hoiocnspd eexme t r i es.
Together, these tools provildcde ed d§ amatgehstas éwn tt ehg
engi neemuhgticaacsomp r e H a maniefwedbrial knhuilntgi feange theed r i ng
problTéhmpsm.peexrp | tohsey : e rcga psa bocB i ¢ eCautl egri and Simcente
CCM+. Through detail ed casewisttéundd redstornaantde ma @icnd c
t heasddev aB € end Ipaltaitotnalnanesd r o u n d bdriesacka enpgt | &l 5 é ajnnds
accelpmradeate ! owplnteintg ti erlihgeegy € N e roaktnigoinneenowngti on.

Met hodol ogy
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Simulation levels
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_ Moloculir - Coarse grained Mesoscale

| Continuum
Process models Engineer
Involves simulating the The focus is on simulatingthe - Coarse-grained simul Mesoscale bridge  Continuous simulation treats  Equipment simulation involves ~ Process simulation uses
behavior of quantum systems,  behavior of molecules atthe  simplify molecular models by  the gap between the matter as  continuous modeling the behavior of computer models to replicate
including electronic structure  atomic level. This may representing groups of atoms  molecular scale and the medium, ignoring the discrete - machinesand equipmentat  and analyze industrial
simulation, chemical reactions, - include molecular dynamics cles. This continuous scale. They focus  nature of atoms and different scales. This may prod

and material propertics at the of on systems that are larger molecules. Thisapproachis  include simulations of efficicncy
quantum level. atoms/molecules over time), allowing for the  than individual molecules but  useful for modeling chemical reactors, pumps, heat ~ across diverse industrics.
q y I f larger systems  smaller than macroscopic macroscopic phenomena exchangers, and other
calculations, and the and longer time scales. objects. This may include such as fluid flow, heat industrial equipment.
prediction of properties such simulating biological tissue,  transfer, and structural
as solubility, viscosity, and fluid flow in porous media,  mechanics.
phase behavior. and the behavior of materials
at interfaces.
Simcenter STAR-CCM+
Drug design. Study of polymer Designing new materials Simulation of airflow
Study of protein folding. compounds. for encrgy storage, around the yehicle.
Understanding the Maodeling biological ! i icti ial
behavior of complex membranes, mechanics of materials. behavior under stress.
fluids. Simulating the behavior of Simulation of biological Industrial Process Design
suspended substances, processes at the cellular Optimization.

level.
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Understanding the impact of promoter induced restructuring in metal nanoparticles on
methylcyclohexane dehydrogenation.

Asmee M. Prabhu, Chuhong Lint, and Tej S. Chokst*
!Nanyang Technologic&lniversity, Singapore, 637459 (Singapore)
*tej.choksi @ntu.edu. sg

Introduction

Central to the affordability and success of liquid organic hydrogen carriers is the search for a
dehydrogenation catalyst that selectively dissociates tHebGnds while preserving the-C bonds.
Dehydrogenation selectivity is increased usinblgrk pronoters like sulphur. These promoters
sterically block & electronically modify the certain active sites. Hence, it is necessary to establish the
type of active sites blocked by promoters, and whether promoters alter nanoparticle morphologies.
Equilibrium mophologies of promoted nanopatrticles are determined by Wulff constructidish
require surface energies of prometiercorated crystal planes as inputs. Computing the surface energies
of these promotedecorated crystal planes with density functional thé®ochallenging because of the
large configurational space, especially at high promoter coverages. We present a surrogate model to
estimate the surface energies of arbitrary (hkl) planes decorated with promoters and hence predict
equilibrium morphologie®f promoted nanoparticles ghefly. Further, due to tradeffs between
selectivity and reactivity in these promoted nanoparticles, there is a need to systematically screen
different promoters and determine how their coverage influences reaction iksc8yity. Using our
surrogate model combined with a midimetic model for methylcyclohexane (MCH) dehydrogenation
on S*Pt nanecatalysts, we determine effect of S* coverage on the rate & selectivity to toluene (TOL).

Methodology

DFT calculations were performed using Quantum ESPRESSO in the Atomic Simulation
Environment. Core electrons were represented by Vanderbilt-sgiftapseudopotentialsSelf
consistent total energies were determined using thePBftinctional at a planeave energy cutoff
of 500 eVand a density ctaff of 5000 eV.

Results and Discussion

The surface energy in the presence of adsorbat
metatmetal interactions, metaldsorbate interactions, adsorbatsorbate interactions, and
temperature/pressure terms. Instead of DFT calculations, weemptogate models to estimate each
term i n, t hdhefly\Surfade dniergies ofdpareoPt slabs are predicted using coordination
based models like the alplsaheme. Adsorption energies of S* at infinite separation, on active sites of
arbitrary coordination numbers are estimated by-sjiecific scaling relations. To account for-S*
interactions we employ a pawise interaction model inspired by prior studies. With this framework in
pl ace, we determine q f or guatiohsomptoeqldl) {100, arsl {211 o v e r ¢
surfacesfigure 1@ . We i nput the q values of the most st s
(hkl) facet to generate Pt Wulff nanoparticles having different diameters. By tracking the densities of
edge (undective) and terrace (selective) sites before and after promoter adsorption, we verify that
promoters introduce morphological changes altering the surface densities of selective and unselective
active sites Kigure 1b). To analyze the effect of S* on reactivity, we map out the potential energy
surface of MCH dehydrogenation species across the most stable active sitesbd@UBO clusters
and S*Pt55 clusters. We observe that the elementary reaction barriers rglédiwelr compared to
TOL desorption Figure 1c) Next, we compare microkinetic models for MCH dehydrogenation on
bare Pt vs SPt to determine the enhancement in rate and selectivity per mass of Pt in the presence of
promoters.

Significance

We present a surrogate model to determine the morphology of nanoparticles modified by promoters.
Using potential energy diagrams, we identify the most stable reaction pathways and subsequently build
to microkinetic models, to determine the change in readdinetics in the presence of promoters. Our

|
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approach for improving the selectivity of nano catalysts is transferable to reactions beyond MCH
dehydrogenation where competition between product desorption and secondary reactions exist.
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Figure 1. a. Ab-initio phase diagram for SPt (111) surface using the surrogate mddeThange in
S*-Pt nanoparticle morphology. Potential energy diagram for MCH dehydrogenation to TOL on
CUBO Pt55.
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Advancing Molecular Design: Uncertainty-Integrated Optimization for Enhanced Prediction
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Introduction

The effectiveness of machine learning models in molecular propestlction is often limited by the

*yipeili @nt u.

edu.

t w

noisy and limited training data. To overcome these challenges, this study presents innovative algorithms

that incorporate uncertainty quantification (UQ) methods into both siragid multiobjective
optimization tasks, lowing for more robust and accurate molecular design processes. Moreover, an
explainable UQ framework further attributes uncertainty to specific atoms, providing deeper chemical
insight and refining confidence intervals.

Methodology

Utilizing the Tartarus platformwhich enables physical validation of molecular properties, this study
rigorously compares U@htegrated optimization methods with traditional approaches. Surrogate
models like the direct messapgassing neural network (MIPNN)? predict molecular properties, while

UQ techniques such as deep ensembles and evidential learning quantify aleatoric and epistemic

uncertainties. These UQ methods guide genetic algorithms and other optimization strategies in various

design tasks involvingrganic emitters, protein ligands, and reaction substraseshown in Figure 1,
to further improve the interpretability of the model, we propose an explainable UQ framework, which
offers a novel approach to attribute uncertainty at the atomic levekifyalem specific chemical
components prone to prediction noise. This model also introduceslagoasdlibration method to fine

tune the confidence intervals and improve calibration.

Results and Discussion

The UQintegrated optimization tasks significantly improve property distributions compared to
traditional approaches when surrogate models are properly calibrated. |rokijegieve optimization
tasks, the models with wethlibrated uncertainties contstly produced enhanced property
distributions. However, poor calibration reduced the benefits of UQ integration. Forolnelttive
optimization, the UQuided approach strategically directed exploration to meet specific application
thresholds, improvig the reliability and robustness of the design proesshsted in Table .1The
explainable UQ framework, with its atordievel analysis, effectively identifies unseen chemical
structures and chemical species prone to noise. Thehpostalibration further enhances confidence

intervals and provides a reliable attribution method

Table 1. Comigarhiistonr acdfebtj d@mtri vmaul o pt i mi zati on
met hods.
Dat ase Met hod To-p0 hit To-p0 hit To-p0O hi
Wei ght e 0 0 0
Organi c Manha_tt 0.60 0. 36 0. 35
Hybrid 0 0.20 0.29
Uncert a 0.80 0.56 0. 36
Wei ght e 0.20 0. 08 0.07
React. Manhat't 0.10 0.10 0.10
substr. Hybrid 0.40 0.16 0.11
Uncert a 0.40 0. 22 0. 22
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Significance

This work advances computational molecular design by embedding UQ intopthmization
framework, making uncertainty a strategic component rather than a minimizable factor. Incorporating
UQ enhances predictive reliability and aligns closely with practicakwedt application demands.

The explainable UQ model provides a deepaderstanding of uncertainties at a granular level,
allowing for accurate identification and refinement of higtk areas. These findings mark a significant
leap in computationadided molecular design (CAMD) methodologies, paving the way for moretrobus
optimization strategies and accurate predictions across a range of scientific disciplines.

Molecular Property Prediction «
Molecular Uncertainty

A ’
N~ Atom-based Y~ N, o)
'HQN/>,<\ JN —>| Uncertainty — Atomic Uncertainties
HO N \

Model NO2 o

H N —<€2 A
C/B/YC:S\\ ,/‘\07
N6
HO4

Figure 1. An explainable UQ method for deep learnivased molecular property prediction. This
atomfocused UQ approach offers an additional layer of chemical insight into estimated uncertainties.
By analyzing individual atomic uncertainty values, it allows far itlentification and diagnosis of
specific chemical components contributing to prediction uncertéinty.
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Molecular Property Prediction Using the Featurized LowDimensional Representations with
Message Passing Neural Network Framework

Ming-Kang Tsai'*
Department of Chemistry and Intelligent Computer for Sustainable Development Research Center,
National Taiwan Normal University, Taipei, Taiwan (ROC)
*mkt sai @nt nu. edu. t w

Introduction

Organic fluorescent molecules play the critical roles in the fluorescence inspection, biological
probes, and labeling indicators. Learning the design principle of these molecular architectures always
attracts the scientific interests of the synthetic d&mitetical communities. In this talk, two tasks of
predicting molecular electronic properties will be demonstrated usinglli8keal world experimental
and 100kplus theoretical datasets, being represented by the chemical knowledge or physical structural
information. An assessment of modifying the SChNET models for the predictions of molecular
el ectronic properties, I aC,| ucimn ¢ s iacbnsmd regmde ir @ 1y €
photoluminescence quantum yield (PLQY), is reported. The sample molecules are embedded through
the lowdimensional bondstep representation for the purpose of accelerating the dataset preparation.
The solution environment is properly introduced algsthe interaction layers of SChNET. Two
featurization schemes under the framewofkthe Schnebondstep approach, with featuring the
concepts of reduceatomicnumber and reduceatomicneighbor, will be demonstrated.

Methodology

We combined the lowdimensional bondstep representation and the reduced atomic number (RAN)
featurization scheme for describing the complex atom connectivity in the dataset of organic fluorescent
molecules. Bondstep representation does not require tlegpigite information of atomic coordinates,
and can be simply derived from SMILES files based upon the valence bond theory. The RAN
featurization scheme provides the functionality of learning the neighboring electronic effect.
Incorporating the bondstep dRAN into messagpassing type SChNET model can well capture the
electronic energetics between HOMO and LUMO orbitals. Solvation effect was introduced to bypass
the interaction blocks and fused to the molecular contribution beforevaigendecompositiorior
appropriately balancing the ratio of molecule/environment contributions to determine the experimental
observables.

Results and Discussion

Two datasetd QM9 and deep4chem are investiagted using the modified Scidadstep
approaches. These featurized models can conseque
and o@Eemi with errors |l ess thaod ®PLOYeY. oDhescadr
shown to be comparable to the published graph convolution network model with thesiaratquare
error at < 0.4. The introduction network scheme for the solvation effect also provides the distinguishable
behavior in terms of el&onic adsorption vs. electronic emission.
Table 1. Meanabsoluteerror (in eV) and R2 values of testing sets using QM9 and deep4chem
datasets

QM9 En EL o E
Original SChNET 0.041 (NA) 0.034 (NA) 0.063 (NA)
redoSchnet 0.051 0.985 0.041 0.999 0.076 0.992
SchnetbsRANe 0.070 0.969 0.069 0.993 0.097 0.986
deep4chem P Bbs P Bmi |l oga
Schnetbssol 0.083 0.942 0.084 0.903 0.324 0.630
SchentbsRANe 0.079 0.946 0.080 0.909 0.263 0.719

!R2 values are reported in parentheses.

ny



Significance

These studies provide a systematic demonstration of usingditoensional bondstep
representation and chemical knowledge based featurization methods for quantitatively predicting the
complicated molecular electronic properties. Such an approach can diendffiused for the high
throughput screening on the discovery of new organic fluorescent molecules.
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Figure 1. The schematic representation of featured SChNET models for molecular electronic properties
predictions.
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Mechanical Codes of Nucleic Acid and Protein Dynamics

Jhih-Wei Chu*
Institute of Bioinformatics and Systems Biology, National Yang Ming Chiao Tung University,
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Introduction
The sequencstamdgtamemioé¢éahucl ei ¢c acids carry sp

execution of intricate biological processes. Our
arrive from the sequescal eoimpeihh ¢ittin ohaassd badheenmorceg
t hat mechani cal propertsées udhy mrafiscsenitoral r e lnattihe
bi omol ecules, the articulation of which, parti ct
this talk, ofurstdmeescchl aompiemesntst ati sti cal l ea+rning m
atom mol ecul ar dynamics (Mbheeoei mulbatieadnsmaahi ha
di scussed to addressing the afor emetnitnigo ntehdati stsh
approach could be used to gain novel mechani sti
mechani cal code in transcriptiohahcrepgupatpGy €
TpA), solvation of mnd mbaitcdiendg RMIAt Bt exchucksasas
Methodology

In structuremechanics statistical learning,-alom MD simulation is conducted and the trajectory
is used as input data. Next, an elastic network model is devised as the vehicle for machine learning, for
which the fluctuation matching protocol is usedcmmpute the spring constant parameters. The
chemicalscale mechanical properties in a structural network, the rigidity graph, is then represented
based on the calculated spring parameters. A scheme is also devised to extract statistically prominent

Results and Discussion

For the DNA systems with the sequences relating to transcription regulation, mechanical codes are
identified that demonstrate the compensatory competition between base pairing and base stacking as
the most discriminative feature of the mechanical codes. diiemicaiscale rigidity can also be used to
understand the mechanical property based on the overall shape of the biopolymer, such as persistence
length that has been measured experimentally. For the protein systems, we found that mechanical
coupling netverk in the structure exhibits scdiee properties and is sparse comparing to the structural
contact network. For lorgange communication in the protein structure in responding to substrate or
inhibitor binding, a mechanical relay mechanism is identitiedugh the rigidity graphs of MD
trajectories. Furthermore, functionally important residues identified in experimental characterization
and multiple sequence alignment are found to exhibit specific features in the rigidity graph.

Significance

Strumeahanics statistical |l earning provides a
of functional properties in complex molecular s
studying DNA and RNA enabl ens ea acitri onts reenadidreg d f
Such intuitive picture i s expect ebd ntdo nsgh eddr ungesw |
further devel opment would be neces$agrypiclturpgr @t

mechani sinine ngndemrpiconf or matnigen alo mmuarn gdesmiadlmo n g n

all ostery. A key advantage is that the responsi
i mportant bi ol ogi cal functions or gsitgme f ¢cloami c &
mechanism of functionally important sites.
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Mol ecRidcaagni ti on

Mol ecul ar recogwnaltemin, bittihéi mpnof a hlodtecmdleecu
st amator nershdesée mmgl eandatse Liealk stalebRIgSM met hod,
we can prognosticate the bindindglgi)tdg2]laffinity,

mE\ (HL;\

/ (\4/ / VV/

XRay [ SJ 30- ms}n?&)

Fig. 1. Ca2+ ion binRdliSN nsettheo dd,e tleecfttb,@d cboymptahree
ex per ionbesnetravla giho n ,

Strudtourmad ndenA§ sembl vy

The genesbosdef &ighetrures in biomoleratl @isnananea
DNA, parallels the molecul ar r ecCagdlbliSovet poadcess
al | mevsi caud mauisdeef @altedmect s. [ 3]

ChemiRealcti ons
Chemreatenonmpild®irmgamndiosns oo £ atv abtboanbdest ween at oms
constitute pivotal aspects of sumolkactnicearesdesbgm:
guant¢ menmime & h Weasd v ot eeth@M/ MMIRIIDS M

met hod, a fusi onrnRIoSFM QM/pMM aacrhde s3 Dt o d eil ntnreiad &t ec
mol ecul ar sy3bhemsmeEFEhodd! ppg#¥] enablcehse mireeacdit ¢ toinen
i harcgoemprhelxe ovi It é® Inuetnivoinr onment s .

Fi3gSchemdtliucsottrheeMi MM/FR3IDGiviet h o d .
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Photoreacti on
Th@M/ MMIRBICEMe t H @aa i It ihdeeast cersd fph 0 to m esxt cantheesd e awnlde s
analoytshpeh ot ormeach a mibammoeltecul es.

Themet hod @lreergd aesswiltaRti BdMi aSaolf ,t pvaa g ledaegvee |lboperd gr oup.
Thi s-soperce program i s accesscbmmumrbe(eg/FRJiyg.lﬁ)za[t5]0|

The Reference Interaction Site-Model integrated Calculator

Fi L o gpd hRel S MipGalkaangdRc odietrhper ogacdre s s .
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I ntroducti on

Al zhei mer's disease is thoughtbpteptheErsatishAad by
oligomers and insoluble amyl oi db Abidb2rpinlssi.s tTi hnegr eo fe
ami-moi d r esibdl@eosn,si and nA-a oifd 4r0e saknmui ansols At 42to r ims
aggr engoareea stiH &m4 Howe v @ mocd| evdhratol Bevaddi t i otmali dami n
resiidhun€ss er mi n gll argehghiaddmr egat i on.

To investigate the differemts@mdaBouhempdli meai za
permutation molecul ar dynami csb 4avikf) 4fipmd latsi.on s
Coul omp-peceamutmmat Haad i mu | taet ¢ honih phiaevr & c echeM g/l oped. Th
met hod can be used to efficientsltyatseasmpolfe bbiootmo | ae
3] . I n additi on -peor niuhtea tQ oounl olsitbg $riccgpd b actaio aib® [ S
werc®nduamtad dtcheet esi mes alt it & n

Met hodol ogy

Th€oul omip-biec amutmaett ihimgd o ronft htéa mi | troenpi-lpacramut at i on
met hod (HRPM) [ 2, 3]. HRP M ¢ o npbei rnneusin att HifedrdaMiivila nt a g ¢
antdhHeami | repie&rc b maglf HHRE[M) ,RFP]M ab e tatletrer nati v-e t o t h
exchange method (REM). I n RPMnortee niplreamttuwe mpepl
performed wiaddo tdlegcSruimtahm [ 6] HREM, shygwmrxihartgigr
parameters that are relatednuombbdyr it eppinileacs edsedgr

i oompawi BRN.
I n hs sualsyg alpiam a memaesrnt r oanmulEwtdhient er mell eculrarst at i
interastioihnksows:

wn —

wherfsehows the coordinaities bheatdiosmsaioneddet wdes , a

the dielectric consgianmti sBpovairlyiaeagt o hef viatciuentwol
intermol ecul ar hydrogen bonds.

Only in RPM

¢ T, - Replica 1
§ T, >< Replica 3
)

=T, Replica 2
5 L X X .

= T, Replica 4

Time
FigaTfeme skempseriaRPuM.es
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Res wlnds scussi on

Thei mu lraetsisidhrt i Abt4f20 ramo rse¢ adbilneeomp a ®ed4Thi s due to
t hhent ramol eculbadr@hsitcrhu ctteunrdds aatfro pAf e reacrdr otshteat i ¢ i n't
bet ween the tesmdodbkrar chtaNe r&mgp owmtsa mptl aryolen t 0 st
hairpin. Aggregatipear fexmprdavd mdam msit wé e d -tadersmidnuaels i
region. The results shppridshEid bAbrgpr ed b pived was
simulation [7].

Significance
Amy l-bp @pt ibdheas( A wo bhésdifdahseAonly di ffleeenhwe Dbe

peptides is thetdrwoi miesf2aumss 4aag g rtenged hCam4 Trtoirse e as
study has el uci daft 4ftdlortnhse argegarseognast awlswnoA eienceads i | vy
i denttitbegni-agr e sit thiaketyaggr egati on.
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Under stiamtdadérngcti ons in | arge mol ecul ar

Dmi tri G. Fedorov
CDF Ma't , Nati onal Il nstitute of Advanced | ndustr

Quantitative data on interactions between part
for analyzing molecular binding and chemical ca
subsystems to the bindingeenoangimproveaeffivat en
catalysts in drug or material design.

There are various energy decompnoeschta noinc aaln anheytshe

I n order to apply EDA to | arge mol ecular system
with a | ow scaling QM methodpatbeswhrehvpuypeset
There are sever al bi nding and interaction ener
or bital nPeatihrod n[tler2ajc.ti on energy decomposition a
(PA) are useful Cdoonrf oarnmealtyi zoinnag bsiamndpilnign.g i n MD cal
fluctuation analysis (FA) and the free energy de
vi brational energy (PAVE) can be used to take in
t hnreodynami cal ipoanrst.i t.iSaurb sfywsncetm anal ysis (SA) can
desol vati on, and interaction contributions to bi
As an example, individual hydrogen bonds in a
[ 3] were analyzed (Fig 1) .

A T Bond  A13:T18

/ NHz---==--"" HBl —37+12

XA L <,N l\N-ﬁB—‘---HN | HB2 —43+06

O " NAH,___O%N CH---O —08+04

" U ‘ CH..O ’ rest 0.0+0.5

: LS total —88+14
Fig. 1. Definition of segments for coMMNWAting hy
compl ex, where fireshndclmeatnisdehe( DEMAIF RCMY .
[1] D. G. Fedorov, J. Chem. Phys. 157 (2022) 231
[2] D. G. Fedorov, J. Comp. Chem. 2024, DOI : 10.
[3] V. Sl adek, D. G. Fedorov, I nt . J Mo | Sci 2
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I ntroducti on

The cause of Al zheimer 6s disease i s rfeilbartields t ¢
consiosfa mylgho(Atd)pept Md e & cduy maiiMDg i mu | satt U dhinelsee e n
conducted to understand the mol ecul bagme elyaniesm
I n this talk, the MD simulation saggdieghb inorn he
peptiibelsio| uAbiagm,r e g & hienothne s hd@ e q u i MD sbi rmuul pafAbi o n
aggr eldardee $ @ ahhdso uinad e cRrert s pe @ pod@tvhaeu t hdr .

Aggr egoabpeptimelslol uti on

Several studies f ocufsaegdg roeng atthieo ni,n itthiAbtd i imps ro<tehses
andmadlli goWepeasr. f odanmidl troenp-flaenc smu tMaDt s iomul at i ons f or
di meri zad®od4EepAi des [ 2] . The Abteestud gt gsr esghaotwee d t |
t héegpramhai spir ogefuownhdtatbeh ai spirmiced useabilized by th
attraction bedhweregne da rpeossii ddiee e h#yrnguss, ,C @hdi ibtMh2eh a s
Thblsairpin promotes diomematfimrnmaotfb-barm toveiretrsio | tédmeau It dre
hand, in bAE@hetaeenri enfpildmo bitevoe si amtéhbeh ai i pioh
st abiTlhii sdrde awlofb 42ggr egat e sb 4nBorroem tthhaens eA si mul ati o
predicted thatArtghbe Kehyw yr esoindu a meglb 4i2hsa tr etnhaer kaadd r
suppressed wiluentt&lidg®! Whaaihre o rpertei dciwchtgsipom b yt ehck
exper i méawmass.

Abaggr eqdthieoner f ace

Abt ends to aggregate at hydrophil i c/meywbrraamhesbi c
and the interface between agqueetouns sl uatiddnsand
Ab (2&f)r a g ma mtivea ti enrt e Wésahcoew enthhieex i speababil ity of th
at the interface is higher t RARMREr abgunhekn twahtaesr b
hydrophilic and hydrophobitiaeinwotacbd pessdneées
hydrophobic interfaces, stulceawastiserc eilnlt emef mbcrea n eT hs
al so trluendtpepA ubtdkes. Weh dhthBor mohmmeeidrepi msstatudcther
interface than ibrhab uslphk nuwpdrtwoanmek jed p me maTehi boing. h er
concend#bptipoatdieest ead dctehe Hbadepicy ©fructure at
the reasons whyl iokteblghoomearéstli ea t etr inmtcbeu Wkt e r .

Nonequi mbb e cduyimaarmii ansu | mf\biagmr egat es

Several experiments habag glreeegm tcecsn dhwyd tagspubdyl ndge se
asl tr avaoodincf rl aardeatke. s ptotmls @sxe e r innbenretqsu,iMDO bsriinuum at i on
have been performed to simulamel ¢ebelbadewirieg nal f
di sr pptoickeper f oMDsd dnu |l at hdeinssr upt i onbapryd oe s fofor Al
ul trasound irradi avadrowi mngbda iedstuaspbps!eitr dvae det nhnee

pr eswaproes itth ewr@g s i gnicfhiacnagnet i n the structure of tFh
However, when t hegptéessura bebbme was formed ar
the pressureapaeicamet pesbubbke coll apsed, and t h
fibril adse sat r} obgemwf bf ooi body 1 |

Weal per f onroomeedq u iMDOsbirmuulna @il e $ Hraectbeva tneal ecul es i n

|l aseduced dedbtamytoidnfobriAls [6]. fWegskeoweg bHh:
intermol ecul ar hydrogeil kRoras blbépteweddkr8=@ i arsae c N
shown i nilEibgs. ThEea) nt er mol e cruelfaorr nheydd raof gteenr btohned |i
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before the next | aser pulod e, s wdnse diei mnidesit gieh€(Oc ) . Ho
anNiHa nidn ht weetf or mbht enmby érc o § Bbdest wibp a p t(iFdilegsd ) ) .

Wh etnhp tse n o nbecncoumra $ neor| e cswlcecse eqithesatl wibere pt (i Fieg.e) ) |,

di sr upiten thegr mo-$ e @dbamy [foiibdr Rilgf ) ) .

and £ ¢t reil d
@d 6apyrRiogihter iCh&amiSoali et y.

FigabDesru
pul Repr od

S Q
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Dynamical I nteraction Anal ysilLse aog fiMieRirgpootdei n | nt
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I ntroducti on
Comput anteit isowdsly u a nd uenmé & la¢ u b ardd loenesu Imad art 6 ownsse d

in both basic and applied research iamda pviaremaaprge.i
sciences. One of the advantages eofff iwsiemg tamed g
phenomena at the molecul ar |l expeéri wadntcahal camalysi

the amount of data obt sicrsdyds thaynash h e s esif miestroa o de f or
tbeanal maeddInlejcyeamdtrtmeppr bach ent s ehhaselgtueah if f b m

C O0Nnv e nMoirkh gnpgo t-chreissicsne da€d ai ven science, and it has
to extract wuseful iTrhfuesthdea v £ b wopféne a ity dbdilgs ndagd fai. n e

| earhnaash § r atctt eerdt i on .

Met hodol ogy
Byc o mbitnhRea g dFoanr eRne t hwoid,bh a nd uenmii © &a & raancatl iyssn s b as

nteraction enersgyatwi tehi trheessrpeActort oB tweer e cal cul a
nteraction eaer @a®i &xailodoeead v FeI@ al c ud sartidndga t a .

on the fragment mol ecul ar orbital {&6MOef methed
di scovering important amino #&«MOJ ThHdgisukremanaf t|
FMO analysi s, which requires inpweot stratjtestof yt
(denoted as Form A and Formddé&yi atFicam twé RMSED a s idn
trajectories of form A ardprEcemtBRtasvei sputustuo et
trajectories we r andsotnluwc tsuarnepsl efdo rt weoa chhu nAd reerdd B
energies by FMO metmpdstaféc@avVadlhues heoGi aach ami
[

i

| adecitsrieneglcuael | ed a Gi ni index is calcul ated as

Gi ni i ndtelxe iimpdureisty of the data in a node among
t he iGidneix is closer to 1 (0), the purity of the

(I eésmsp)ortant .

Res wlnds scussi on

ThRFFMQvapger f ocorBrekdd n & sowh i tchfeu n ¢ teixqm ahsescihoanni s m has
been clarified at twiedemnorlaencgud aof Flipareedvli yo, uhswesut gudc @ee
automatically extracting 32 irmaperlé®ait e aimdin®s aci
(ext rraxcttd 2%)@a n t haed t-ii vecttriame$ r omoa toesi doés 628d 34
amino acid residue inter achtaihoee t dovaea Wgti cersa & kKTehaibst yr e s
i mporn tna et & octoinofnosr ncahtaifognemnh | ar ge amount of interactd.i
of the manual FMOoOIiInnteeot & chtri ofnl]Janal ysi s

I't has been assumed that di mer f or matuimam iCs r e

terminal binding protein 2 (hCtBPZ2t)he wchoincfho rsnuaptpir
change of hCtBP2 at the mol ecfudcaus e de voenl tihse ucnokmf
changes of hCtBP2 itself (tCpeenr eagnud aClioosHe Mdesct haat nei s:
The analysis -PWMO hrCe BéPRloabdy t®RHFatl 328 amino acid re
875826 i mtrer a&atuicomd tfroanstihtei osnt.r vAcntaudryasli s of t he
energies reveal ed wtihat HI esB&rlalweirret eerxa ataicda nesd . Th
Hi s3n2di at ed i nt eirsacit mpar tnaenttwoirk hCt BP 2, whi ch |

represent atFiiwelrEt ria o éoytehsen ( e rnaectt woobtmks 3 2 hoep e n

anadl ostealteevsetahtedide swi t ching between the open and c
i n t he inrett evioa kthe/idins &8 p 3a0nldi s 3T2hli.sidi thbakdet ai | ed
mec hawmf sehr uchangéuwasssfully elucidated [ 2].
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b
Glu3o1

His321

Open state

Figade't ernaecttv'noerakHbyBElo(sahh(dpe(rbs)t at es.

Significance
I n this study, computational
b a soendhFeM One t hroedv,e a é svarigekh o Wliaebdagubteos @ t lea chasi.t i on, a n
anal ysi s -fm¢® hmat H dRd)
over ¢ tmeea k net bperse va maulsryestihsb dBREFEF MO met hod establ i st
study can be used-Kioaassabhyasa|CyhBLPR oinn yt ISire paper,
the -FMOumet hod wisl lexlpecusdd:t

other proteins. I n

combi ned

analysisanabdygscarr

veiutchc ereasdt hailodl ey sl heeadr r

functions of protei meciwhahmsmd @abdcil ped fmelmacul ar
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Me tiadmi ndi ng site prediction and model
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I ntroducti on

I nteractions between proteins and specific met
Il denti fyi#igndcenhgl| sibas is essenti al for under s
bi ol ogical i ntiomiacdi ogs piodt enentsa.l However, exper
chall engi-ngnsawnmi ndg medue to the complex steps and
contrast, computational methods may of-biemdiang el
sites.

Met hodol ogy
We have developed a mebihodi igrsipresdikbyi agmmat ia

bet ween the query-bpndtaepgnsempbamesal 1] onAll me t
extracteBrdtreimn tha&t a Bank structures of protein
transformation method [2] attempts to align frac

their sequence and structure comsledwateinadd.y We bha
'l ed MI B [3] for r éliinadblneg riddkisgt iwhn cdhf crment alo
cludi rQu€a Mg Mn 2Zn?Cd?Fe?Ni Hg?Cond*. CWAn updated ve
MI B, MItBo2 ovdelr cadnmmes t he -ddsamda d aprieodhi otfi s rapkp rua a
the, (®]S) met hod and the Al phaFold [7, 8] ¢
mation for performing met al ion docking ar
ure model can be bui Nt Brai’RPitP aSanod? aderr @f 18

Results and Discussion
OQur research uncovered specific preferences o0f

favor particular residues, but also specific ato
of predicting metal i ocno ubnitn dtihneg usniitgeuse bcyh atraakcitnegr
and at oms, considering their preferences for di
studi ed, ten showed sensitivities of over 50 %,

specy ftitcigshol d of over 95%.

Significance
Ml B2 i s -ead gceu tsteirrvger wi th more accurate and r el
MI B. By hel pibhgdioagi denhesfynmetralteins, our r

t o
the findings of proteomics studies.
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QM/MM Simulation in Pyruvate Systems: Mercaptopyruvate Sulfurtransferase and Pyruvate
Class Il Aldolase
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Introduction

Theoretical studié€ employing multiscale molecular simulation in the pyruvate systems of
mercaptopyruvate sulfurtransferase (MST) agduvate class Il aldolase, respectivelye presented.
The processes ddulfur transfer in human MST are investigated using quantum mechanics combined
with molecular mechanics (QM/MM) to elucidate its reaction mechahidine aldol cleavage
processes catalyzed by pyruvate class Il aldolase that transforms the substtatgroky2-ketoacid
into pyruvate and aldehyderbugh the aldol cleavage are studied by QM/MM metadynamics.

Methodology

In the simulation of MST, density functional theory (DFT) of MZ} employing Pople basis sets
is used as QM along with MM force field of Amber99SB. The energetics are confirmed by
wavefunction theory at CCSD(T) level. For the study in aldolase, DEB&f7X-D is utilized to locate
the transition states through the metadynamics approach and to determine-lingtiragestep in
reaction kinetics.

Results and Discussion

The sulfur atom (3 transfer process in MSJoes through a transition state with an activation free
energy of 14.9 kcal mdl much lower than that of thé&H transfer route at 43.2 kcal hipin addition,
the formation of a loop composed of residues of CGSGVT is found crucial to promote the transfer
according to electrostatic potential analysis. For the aldolase, metadynamics simulations demonstrate
that the €C bond cleavage is the radetamining step, with a barrier of approximately 13.7 kcal'mol
1 that reasonably agrees with the experimental catalytic rate constant.

Significance

Structural computations in the MST system exhibit that the hydrogen atoms of the amide groups in
the CGSGVT loop tend to construct a positiveharged environment to stabilize the persulfide anion
of cysteine, and the Coulomb repulsion between the anauid be reduced by the support of this loop
shown in Figure 1. Around the active site of pyruvate class Il aldolase, histidine is relevant to the
deprotonation and substrate binding, and the rtetahd hydroxide is a transient species in the course
of the deprotonation. The reactive alkoxide could be further stabilized by a salt bridge composed of
arginine and aspartic acid illustrated in Figure 2.

sulfur atom (S°) transfer
electrostatic potential
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Figure 1. The loop that stabilizes the persulfide anion of cysteine in MST.
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Il ntroducti on

Calcium ions are -esestmnadctilonf ocouwxlciingatamwa si gni
el ectrophysiology and contractile functions. Di s
rangeearodfi ovascul ar di sorder s, i neilnudduicnegd acrarrhdyitohtno
Zebrafish, with hearts functionally similar to t
stage, are ideal for cpidi aeareseateh. oHowav enx,c
mi nut e, presents substanti al chall enges for tra
i mages in vivo. To address these issues, we have

specliyidasi gned for dynamic carfdiac calcium i mag

Met hodol ogy
OQur approach-—cihmnmledledeitghidmadi ng syst-eom,0ocawlsemnarmt

al gorithms, to enable 4D (ABAddi+t itamel)!l yc,arvwld altca vwea
scanning multiphoton imaging to investigate the
doxorubid4inucdX)xardiotoxicity, further enhanci:r
Results and Discussion

Our i nnovative system has facilitated 4D i magi:!I
mechani cal function and calcium dynamics in zeb
significantly narrower thdambilyei tavVven uma atuilarmgs i e
(silent) hearts were extensively prolonged, esp
i mportance of cautious data interpretation when
altersoropédlbl omy and significantly prolongs cal ci
culminating-li Reacohythmial e disorders. The res
domi nated the overal!l prolongatiohe pndieani hgn
responsible for recycling cytosolic calcium i ons
Significance

OQur innovative imaging technology significantly
drug screenaagi Yyeoercecmapdimrds . By clarifying the i
dynamics and cardiac funcovenunoder stwamd&i npg oanm & €
interventions in cardiac health, potentially | ea
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Introduction

This talk will share insights on how technoladgvelopment in the laboratory can contribute to the
real drug development markets. Computational simulations, molecular modelling, bioinformatics,
machine learning (ML), and artificial intelligence (Al) have played a significant role in the process of
drug discovery, from the early stage of finding new chemical entities (hits) t8-kHéad and Hits
optimisation as well as the properties predictions using Al or ML. Nostrum Biodiscovery is a leading
provider of customised services and cuttgadgein silico technologies to biopharmaceutical and
biotechnology companies, contract research organisations (CROs) and academic institutions, enabling
them to perform rational drug design. Our company's strength lies in the application of computational
chemistry tools which facilitate the acceleration, streamlining, and optimization of small molecule
design in the early stages of discovery. Our technology is unique in that it is based on Monte Carlo
based biomolecular modelling, which we refer to as "Protein Enengysicape Exploration" (PELE).
We have created a software platform that combines multiple proprietary modelling solutions, including
PELE, FragPELE, AquaPELE, AdaptMRELE, and Al tools. These core technologies are designed to
address a series of curremtiiations in the field of chemoinformatics and compiatieled drug design.
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Abstract

Machine | earning methods for dewxlpepgpiimegnt at
accuracy for simulating materials at finite tem
anharmondkeyffect s her mal conduidsts vunhgerandc mputaisr
presentation-tekkeplyot earai mgwaemproach combining mo
inference t o create preci se force fields for
hydroxyapatite, rmalckekpameigan i mat ¢ thieal s, and zi
potentials accur adreilvwe np rpehda scet ctheampgeesatbuerfeor e mel
transport anal Xsbe theough Gneenporating. all I
Additionally, a novel machi ne flfeartnivreg t meati ma c gi
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I ntroducti on
MXenes are a group of 2D materials that can b

represents a transition metal, A represents an e
or C. When the A atom of a HWMaAXfphamed.i Fheehogsedy
was first reported by Naguib et al. in RBadl. MXe
where n is an integer ranging from 1 toxX4, res-u
(where X can be C or N) have gained significant
vi s-l bplhot ocatalysis for hydrogen production, thi
energy storage. Addi ti onal | yG arhdNo WMXeinceasl erxehpiobr
superconducting propeamoings owihtelm MXmeoteamleynbkirgh T

This presentation discusses the st ablbeasatdomi c
MXenes wunder bi axipali nsi paes ovsainongl atifom smet hod.

MoXTE®(where X = C and N, and T = 0, F, cl , or H)
dynamic stability. Mechanical and electronic pro
Additionally, we introducen arhd si nwoerskt.i gate the J

Met hodol ogy

The studyanrdalcusierdg otnhe energetic st &XbiMXietnye saf t
ensure sufficient di stance between the | ayel
teracti osnl,alh hmodalcuwimt h over 20 vacuum t hi ck
) were added XoMKbdeesuaf adief oér Mot symmetric
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first application is evaluated by theoretical st
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phomerdi ated superconductivity.

Results and Discussi on
By analyzing thei rweerdearsgetviea edt & bhialti ttihees 2H pha

phase for all pristine Mo2C, Mo 2 N, and MoWC, wi
me V, respectivel y. Figures 1a and 1b illustrate
centrosymmetric configuration induces more coval
the electron | ocalization function (ELF), as sh
evidence of the preferablen2i ELhaser mhannaft oronf wmc
the 1T phase, which is more stable than the 2H g
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Addi tionall vy, by screening in superceNndiuscta vit
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First-principles Demonstration of Electronic Band Filling-induced Improvement in
Thermodynamic Stability and Mechanical Properties of Tantalum Diboride

Annop Ektarawong

Abstract
In this presentation, | highlight how the stability as well as the elastiperties of metal diborides
promising alternatives for hard and protective coating materials for cutting toalan feasibly be
improved through the presence of structural defects and the alloying process, focusing particularly on
tantalum diboride.The studies based on the fiminciples calculations combined with the cluster
expansion method reveal the enhancement of the stability, stiffness, shear strength, and hardness of the
diboride can be interpreted in terms of electronic band filling.
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Introduction

Titania remains one of the most wkfiown oxide surfaces in research for decades. Not mention
only its primitive surfaces, but the study extended to the surface reconstruction, till the physisorption
and chemisorption of the surfaces. While hundredseptiblications focused on more complicity of
their surfaces e.g. the study of heterogeneous catalyst, on the other sidegteimgbatalysis tends to
be recently in spotlight. To understand the mechanism of any surface interactions, insightful of titania
surface structures needs to be clearly determined.

Methodology

Low Energy Electron Diffraction in IV mode (LEED/) has been employed as this technique not
only reveal the symmetry of the surface but also provide information of surface atomic structures via a
set of IV-curves. To interpret the Péurves, modified versioof SATLEED code has been utilized to
optimize the initial guess structure of the surfaces to the experimenrtairVés. Indicated by Pendry
R-factor (Ry), the best fit structure will be nominated as the actual surface structure reconstruction. In
the modfied version of SATLEED, n terminations have been allowed to include into the optimization.
This subversion of the program widens the opportunity to design the surface to the higher complexity
but lower the symmetry. The controversial of this matter wslh &e discussed in the talk. Finally, the
physisorption and chemisorption of the adatoms are predicted via the first principle calculation using
the Density Functional Theory (DFT) with CRYSTAL package.

Results and Discussion

In the case of Tie(110)1x1) single row model of bridging oxygens has been concluded. However,
TiO2 (1x2) thermal transformation is still in debates. Comparison with various surface reconstruction
models, TiOs added row confirmed to be the dominant surface structure of simplerékxi?)struction
of TiO2 (110) reported in [1] as in Fig. 1 (a). However, the structure and formatiodioked TiO;
(110)(1x2) has not been validated. The simple afidkxreconstruction can be shown in the STM
images in Figl (b). Hence, even the same LEBDtechnique as in [1], we found that,Os added
row model can just makeyReach to fair value at 0.36. Furthermore, two optimize@sIstructures
have been found with slightly differences in the heights of the topmost O atomsywith ®36 and
0.37. Also, the Oz added row structure can lead to consistent STM images just in double strands area
but not yet in Minked area. Lately, asymmetric surface structure gdJadded row has begmoposed
in [2]. In [2], the Totalreflection Highenergy Positron Diffraction (TRHEPD) has been used to
investigate the transformation of Ti@L10) from (1x1) to be (1x2) reconstruction. The TRHEPD
showed that the asymmetric,Ok added row model exhibits to be a good candidate of (Li)(1x2)
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(a) (b)

Figure 1.(a) Model of the TiOs added row represented to be the best candidate of the simple TiO
(110)(1x2) reconstruction and (b) STM image (17 A of t he ,®110)(1k2h sudade. A i O
segment of x | i nkrmectaagleeThenyallovkrecthngle ydicates ghe @x2)runit cell.

reconstruction. This discovery also is consistent with the calculation result from the evolutionary
method using in [3]. The result of asymmetric model e©Tadded row leads to possibilities that our
previous two besfit added rows might exist together on the surface simultaneously. Therefore, the
modified SATLEED has been used with each half of the two-fiiestodels combine to be the new
asymmetric modelThen LEEDIV has been optimized with this model. Result with the best Rp =0.287
(from combinatbn of structures with Rp = 0.36, 0.37).

Significance

This discovery leads to more understanding of the various existences of i@ I0{P1x2) surface
reconstructions. Emphasize with asymmetric model which is in good agreement with experimental and
theoretical conclusions, our work also reveal how these asymmetric structures appear together. This

phenomenon can be summarized thasther f ace of titania may be fAexte

understanding.
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Computational Fluid Dynamics Simulation and Redesign of an Absorber Feed Tank
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Introduction

In a wettype flue gas desulfurization (FGD) system [&]0O in the flue gas is absorbdy the
limestone(# # /) slurry inthe desulfurization absorption tower. After that, ®i€-containing slurry
is transferred to the absorber feed tank (AFT) for removn@. The absorbedS O reacts with the

dissolved# # / in the slurry and the@ a S & C( / is formed by the reaction:
3/ # N# pc(/\"( CaSCPC(/ #l (Eq.1)

In the AFT, oxidation air is dispersed into the slurry to con@eat S & C( / togypsumCa S O
¢( /) by the reaction:

Cas® (/! P pd( O Tasa(/ (Eq.2)

In this work, we studied an AFT experiencing a problem of relativeh\8dremoval efficiency.
The preliminary study suggested that the efficiency problem was due to the fackmothe reaction
shown in Eg.2. In order to enhance theathount supplied for the reaction, this research focused on
redesigning the AFT. Computational fluid dynamics (CFD) was utilized as a main tool in the redesign
process.

Methodology

AnsysCFX software was employed for performing CFD simulation. The CFD model setup was
adapted from Ref.[2]. The original condition in the AFT was simulated to study the flow behavior. After
analyzing the original condition, modification ideas were evatliay CFD results. Subsequently, some
modifications were implemented to the AFT system and tested fgr TBeemovalefficiency.

Results and Discussion

One of the main problems found in the existing system (Fig. 1) was the fact that the inlet and outlet
locations of the slurry in the AFT were inappropriate. This led to the flow behavior that the slurry went
into the AFT and then quickly left the AFT (Fify). This means that the slurry was in the AFT for a
relatively short time period. Consequently, there was not enough time for the slurry to effectively absorb
oxygen for the desulfurization reaction. To remedy this problem, we adjusted the slurryciatiemnlio
in the AFT (Fig. 2). This change was aimed to promote the slurry circulation in the AFT. Apart from
this change, the air dispersion holes were redesigned for increasing the activation area and alleviate the
hole blockage problem. A number of CFD siations were performed to find optimal configurations
of the slurry inlet location and the air dispersion hole locations. After making the mentioned changes in
the real system, th8 O-removal efficiency significantly increased. This exemplifies the benefit of
CFD simulation in analyzing the flow behavior in the AFT.

Significance

The AFT studied in this work has been operating in afiga power plant in Thailand. The low
SO-removal efficiency of the AFT led to hefty losses to the power plant. This is because sometimes
the power plant had to lower the production capacity to avoid thelioveliSO, concentration in the
environment or added a costly chemical into the slurry for improving the desulfurization reaction. The
AFT redesign by the aid of CFD in this work has substantially improveq tRegemoval efficiency.
Consequently, the power plant has been able to save millions baht per annum since-ribdealgh
implementation.
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Figure 2. Geometry of the redesigned AFT
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Introduction

IRPC Public Company Limited, a leader in Southeast Asia's petrochemical industry, has been
manufacturing Acetylene Black (ACB) for over two decades. This study focuses on the
multidisciplinary use of Computational Fluid Dynamics (CFD) and Process Sinmulatioptimize
ACB production. By enhancing fluid dynamics understanding and improving process parameters, IRPC
aims to increase efficiency, reduce downtime, and elevate product quality. Practical case studies will
demonstrate these advancements, providindelines for other manufacturers in the industry.

Methodology

This study utilized both Process Simulation and Fluid Dynamics Simulation to optimize the
production of Acetylene Black (ACB). The scalp methodology is shown in Figure 1. Aspen Plus, a
robust chemical process simulation software, was employed for Br8amsilation. The chemical
reactions and operational conditions, including pressure, temperature, and energy inputs, were modeled
to predict material and energy balances. For Fluid Dynamics Simulation, ANSYS Fluent, a leading
CFD software, was used. Detadl 3D models of the cracking furnace components, specifically the
nozzle, were created to simulate fluid flow patterns. Accurate plant data were integrated to enhance the
reliability of the simulations. Preliminary results included flow visualizations gudntitative
parameters, which helped identify optimal operating conditions and potential risksscdlab
experiments and sample testing validated simulation predictions. This iterative process ensured that
realworld conditions were closely matched, leadto successful scalgp and implementation in the
production environment.

Results and Discussion

The application of advanced computational simulations has yielded significant improvements in the
production of Acetylene Black (ACB). Firstly, a new hidispersibility ACB grade with enhanced
crystallinity was developed, leading to superior performanteend products. The refined
microstructure allowed for denser packing and easier powder handling, which accelerated the mixing
process and reduced overall processing time. Additionally, a 10% increase in electrical conductivity
was achieved, which is craifor applications requiring precise electrical performance. Production
capacity was increased by 20% through process optimization, accomplished without the need for
additional infrastructure. Furthermore, energy efficiency was significantly enhanckd wetuction
of 100 kWh per metric ton of product, thereby lowering production costs and reducing environmental
impact.

Process simulation of
production scale
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Figure 1. Methodology for Multidisciplinary Utilization of Computational Simulations
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Figure 2. High-dispersibility ACB production by cracking furnace improvement

Significance

The integration of advanced computational simulations in ACB production has significantly
enhanced product quality and operational efficiency. The development of a new ACB grade with better
crystallinity and increased electrical conductivity opens new etagportunities. Production capacity
increased by 20% without additional major implementation, while energy consumption was reduced by
100 kWh per metric ton, lowering costs and environmental impact. These advancements underscore the
transformative poterdl of multidisciplinary computational approaches in industrial processes.
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Improved engine wall models for Large Eddy Simulation (LES)
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Abstract
Improved wall models for LES are presented in this research. The classical Wemgle(\WW) wall
shear stress model was used along with the eddy viscosity near wallsgAdssitale turbulent kinetic
energy was employed in a model for the eddy viscosity. To provide heat flux results, a modified classical
variabledensity wall heat transfenodel, which includes the variation of the turbulent Prandtl number
in the boundary layer, was also used. The fully turbulent developed flow in a square duct with constant
wall temperature was used to validate the model and the friction factor andtMussieér predictions
are in good agreement with experimental results. The resulting time and spatially averaged velocity and
temperature wall functions from the new wall models match well with thefaive-wall experimental
data. Additionally, the modelas validated using experimental data from a Caterpillar engine operated
with conventional diesel combustion. The computational pressure and heat release are well predicted
when comparing with the experimental measurements. There is successful matchisgn bitie
predicted and measured wall heat fluxes of ten points on the piston surface. Compared with the previous
RANS-based wall models, the new models generate more accurate predictions, which agree better with
experimental data.

Contour plot of wall heat fluxes from RANS (time average) based wall model in a square duct
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Abstract

The preservation of ancient mural paintings is crucial for maintaining cultural heritage, particularly in
historically significant sites like the temples of Ayutthaya, Thailand. These murals face various
environmental challenges thabntribute to their deterioration, including fluctuating temperature,
humidity, and the presence of airborne pollutants. This study explores the use of Computational Fluid
Dynamics (CFD) as an innovative approach to analyze and mitigate these adveftsensotiaereby

aiding in the preservation of these invaluable artworks. The research begins with an extensive collection
of environmental data within the temple, including temperature, humidity, and airflow patterns,
alongside the physical characteristifshe temple structure and mural locations. A detailed 3D model

of the temple is created, capturing all essential features that influence internal airflow. Using CFD
software, simulations are set up to model the internal climate under various conditiess.
simulations help in visualizing the airflow, temperature distribution, and pollutant dispersion,
pinpointing areas where environmental factors are most detrimental to the murals. The analysis of CFD
results reveals specific zones within the templenattonditions are conducive to mural deterioration.
Based on these findings, preservation strategies are proposed. These include the implementation of
climate control systems to regulate temperature and humidity, the use of physical barriers to protect
murals from pollutants, and regular monitoring protocols to maintain optimal conditions. By accurately
simulating and analyzing the environmental dynamics within the temple, targeted interventions can be
designed and implemented, significantly enhancingtiservation of the ancient murals. The findings
underscore the potential of CFD as a valuable tool in the ongoing battle to protect and preserve cultural
heritage sites worldwide.

Y
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Introduction

We extend the literature on utility elicitation using an optimization approach taking as input
certainty equivalents of the lotteries offering random payoffs. Unlike other known elicitation methods,
ours isnonparametric and is always feasible even if reported certainty equivalents are erroneous.
Suitable for all riskaverse individuals, the output of our elicitation method is an approximate utility
function that is increasing, concave and pietge linearWe then demonstrate how our approximate
utility functions lend themselves to dadeaven expected utility maximization in both ambiguitgutral
and ambiguityaverse setups. Our findings are not only theoretical, but they are also supported by
various expriments based on both synthetic and-veaild data.
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Introduction

Rapid development of wetased technologies and communication platforms in the workplace has
sparked great scholarly interest in employeesod u
through which employee voice is expressed (Thornthveditd., 2020). Due to global exogenous shocks
(e.g., COVIB1L9 pandemic), Vvoi cevodxcperbe s(sWall koerrl,i n2Q 2 19r t
prominent as employees and leaders quickly adopted social media tools to communicate remotely.
Although it is weltknown that employees often usga@ce channels to speak up and provide organizations
with suggestions for improvements, we lack knowledge of-fanel evoice and its outcomes. Text
formats for evoice are dominant in these channels, but severely uataneed in multiple dimensions of
e-voice quantity, evoice sentiment, andice content heterogeneity at firm level. This study addresses
numerous calls for more research into the use of technologyarideechannels (Townsend et al., 2022)
and engagig large volumes of firatlevel data to examine this phenomenon. We focus on public and
anonymous &oice by analyzing employer reviews from Glassdoor. Hypothesis 1: There is a positive
relationship between the interactive effects of flawel dimensions foe-voice (quantity, content,
sentiment) on firrdevel satisfaction. Hypothesis 2: Fidmvel satisfaction mediates the positive
relationship between the interactive effects of flawel evoice dimensions and firm performance. (See
Fig. 1 for research nukl)

Methodology

We chose three dimensions e¥@ice to examine for interactive effeétgi) quantity, (ii) sentiment,
and (iii) content heterogeneity. Our sample consisted of 309 firms across 12 years. Individual employer
reviews from employer review platform Glassdeoe r e col | ect ed, where the te
to Management 6 secti on of-voiceeWe abtaised fwnewel datpaf theat i on a
number of employees, assets, common equity, outstanding common shares, and annual price close data
from Compustat, a standardized North American and global financial statement and market archival
database of publicly traded companies. To measun@ce quantity, we created a standardizeiee
ratio (Evoice ratio = No. of employees / No. of Reviewe r year ). We wused Tobi nC
performance. To measure sentiment of textual content, we applied machine learning techniques using the
Python librarytweetnlpto identify sentiment that involves natural language processing to determine and
categorize the sentiment or emotional tone in the review and obtain sentiment scores for individual reviews.
Subsequently, scores were aggregated tolénmal by year. To masure evoice content heterogeneity, we
first conducted topic modeling using the BERTopic language model to extract meaningful topics from text
data. BERTopic analyzed the semantic relationships between words and the online conteitete
obtain meai ngf ul topic clusters from textual conduct
obtained through topic modeling, we foll owed Cor
in a firm to measure voice diversity. This is calculatethasmean Jense®hannon divergence between
the topic probability distributions for all unordered pairs of reviews for that firm/year.

Results and Discussion

We obtained 338,157 reviews, which added up to 618,324 sentences. BERTopic identified 255 topics
that were used to measure firmsdéd content diversi/f
STATA to highlight intrafirm variations over timéWe found a significant threway interaction between
the dimensionsof-e oi ce on firm performance (b = .7786(p<./(
a significant indirect relationship between the interactive effects-wadice dimensions and firm
performance via firmevel employee satisfaction. These results supported Hypothesis 2.
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Firm-level independent variables

E-voice quantity Firm-level mediator Firm-level dependent variable
Review-Employee Ratios

Firm performance
E-voi Satisfaction in’;

~voice sent Overall star ratings
Sentiment Scores by ML h 83
Tobin's Q = Market value of
T assets / Book value of assets
E-voice content/
topic diversity

Content Diversity Scores by ML

Figure 1: Hypothesized research model

Significance of our research
OQur findings-baspmpotthernexrdurced vedi epeasti aebhi ghl |

resource that influences a firmds compet ivtoiivcee adyv
can be a soci al capot ke measomicedt hatthasghyeitt -
recommend future research into examining other s

af fordances.
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rait sbeal c wblhdatvei tdhivea gernx ¢ e e tshuyr et a nddeawridat i on.

Res wlnt@s scussi on
The long | egs of value factors showhedbusg pe

portfolio ranging from 0.0014 to Oc dmMt3rbatsaetgds ,Shar
desphbavbkbhg®lear peinoosme st P4 7Remonsti gat &t aanstics a
Sharpe ratios up to @adjustiediecatuifmpde migan cad gre
posi tionosutf oorf felivgeht v al udei vsetrrsaid frenjoi asesi aotwdf t€ verrn sb, e t
highl t fpeottiemndt a lallhenhdg eng f € d c toibvhesresti silsh & gt eospeodr t f ol i 0s .
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TablExcess wrinaslsuter at egi es

Excess bm ebp sp cfp ocp ep dp em
return
Long 0.0028 | 0.0033 | 0.0029 | 0.0033 | 0.0036 | 0.0014 | 0.0019 | 0.0014

t-statistic 2.15 2.36 2.23 2.54 3.60 1.27 1.73 1.17
Sharpe 0.47 0.48 0.48 0.54 0.77 0.27 0.36 0.25
ratio
Short 0.0029 | 0.0029 | 0.0029 | 0.0026 | 0.0032 | 0.0019 | 0.0026 | 0.0019
t-statistic 3.63 3.22 3.22 2.36 2.67 1.46 2.17 1.58

Sharpe 0.72 0.68 0.69 0.49 0.55 0.31 0.45 0.34

ratio
Long- 0.0057 | 0.0062 | 0.0059 | 0.0059 | 0.0067 | 0.0033 | 0.0045 | 0.0033
short
t-statistic 3.00 3.10 3.28 2.95 3.72 1.74 2.50 1.65
Sharpe 0.63 0.65 0.67 0.62 0.77 0.36 0.53 0.34
ratio
Shortleg | 50.9% | 46.8% | 49.2% | 44.1% | 47.8% | 57.6% | 57.8% | 57.6%
%

Significance
Thssudwthhlsillogppgsiitfiaeidsospeodr t bbb B erreitodrrhres short
positignseabokefediversification andositsabial inteyl. bio
costs and practical difficul poes$foThios mainadieng ¢
on long legs in their valexec esg arteetguremss coawme rsttihd
By highlighting the Iriensiepaarocvipprdeecgiaificceellm@mtst s @ilclt i m@
moref fi poentuwlltiiodagdeaedtiypaghancadj upsd&ktior mametet eand

i nvesdaurtecname s .
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ng L(i20k21M) .cdl ture dictionary, developed t

s, we investigate the influence of corporat
ed us to assess several ¢teffTeréent angxaganak
about the challenges of working with finar
at addressing issues stemming from inconsi
, wa lbbt@aé nddt aset of |l i sted companies ove
ring from previous research, our study focu
andodos distinct economic ands cuwlttourtale ciomg a
ation culture on the ESG performance of fi
stically significaunhi posiandardetavi ansbanpi
re correspondsESG acd®ies% Mhis result is ec
ubstantial benefits of nurturing an innovat
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Important Roleof CO2 in C-N and C-C Bond Formation via Copper- Catalyzed Electrochemical
Reduction

Mu-J elCdheng
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Abstract
The electrochemiZ @ CZEBREdpaoteisemt of aC@Pr omi sing
neutrality and offers innovathive sthreatmadioes tfhaw¢
emphasiCzddr@Gati on via * CO1liamtde riniesd icactuepsl,i ntgh ewi ct ahp
CQcouplingi wi ehmeéd€i at e Quirs DIFfFss adlcadta@gd.onh€ exam
i nteractions o2hscepperi oeiwviiGIlbood&@r &G ttfiiomm.ad | vy,
el ectrolRwsi b it C®&gen compoiNnth® hgesowneraeesimvalatal
N bond forma2amdca3XN® ceged@@ti on on coppeiN we id
bond originates dixecuplyi nfgr odniotwhad & d nnft ddcCede di at e

foll owi ngRi dlea@al Elme&lghhiasni dsimecovery chall enges conyv
depende2ZERon n€C@r medi atCosl,| encottiavbellyy ,* @Q.r DFB i nsi

pivotabotr-®!l €nNM nkCond f or mati ons.
Key woGQFso:r maC-Npor, maC@BaducGeEbrct Uolewnsi s,
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Mechanisms and the Role of Lewis Acids in Transition Metal Catalysts for ©, C-F, and H-H
Activation

Panida Surawatanawond* Thanapat Worakul?, Kajjana Boonpalit?, and
Chayapat Uthayopas
'Department of Chemistry and Center of Excellence for Innovation in Chemistry,
Faculty of Science, Mahidol University, Thailand
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Introduction
The devel opment of transition met al catal yst
organic compounds is <cruci al for the pharmaceut

calcul ations were performedistandi v@dei noil ghtod iLr
transition meQ,aFC cald dhal dytsitvsa tfioorn .C

Methodology

Density functional calculations of all structures were optimized in gas phase in Gaussian 16.
Frequency calculations were carried out to obtain thermodynamic properties and to verify that the
optimized geometries containing no imaginary frequency correésppminima and those with one
imaginary frequency correspond to transition states. The intrinsic reaction coordinate (IRC) calculations
were performed to verify that the transition state structure leads to the expected intermediates in the
reaction. The @ntinuum solvation model with the solvent parameters was used to calculate the solvent
corrected relative free energies.

Results and Discussion

In the GO activation process, nickel complex withhisterocyclic carbene (MIPr) has been shown to
selectively catalyzel® bond hydrogenolysis of aryl methyl ether to obtain arene and alcohol as the only products.
The Lewis acid AlIMewas found to facilitate aryli@® bond activation via the fiveentered transition state by
forming a Lewis acid/base adduct withn2thoxynaphthalene (NaphOMe) with the interaction from the Me group
of AIMesto Ni.

Then, we investigated theFCactivation in the hydrodefluorination of Esubstituted aniline derivatives,
CR(CH)NMe,, by the RuUS complex, [(PEE)RU(DMpS)i (DmpS = 2,&dimesitylphenyl thiolatewith
HSiMe:Ph and with HABL,. The SiH activation on R«B generates RHl with thiosilandigand, in which the Si
S bond must be cleaved to generate the active silylium moiety for the fluoride abstraction. In contrast, the Al
activation of HABL: leads to the formation of RH with the alumeniuntAl'Bly), stabilized by the donation from
both(Rui H) and sulfur lone pair.

For the H activation, the nickdborane complexli(Mes)B(o-PhPGH,)2, has beeneported as an efficient
catalyst forstyrene hydrogenatioRollowing the Hactivation, he resultingransdihydride nickelalanecomplex
has higher negative charges on both terminal and bridging hydrogen atoms than the correspontimguméickel
complexWi t h the higher hydricity of hydrogen, nickelT:
of styrene than nickddorane.

Significance

The role of Lewis acids in forming different t
catalytic ac-Oj vFiCt | aehbd a Ebtwiawradt i @ n . The i nsights i
structures and acti vi teings owWi Itlr ammsgitdtonwimeh atl h e& ac
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I ntroducti on

The widespread use of organophosphate (OP) pest
increasing food demands, poses signifidianruphte al
human acetylcholinesterase (HuACkHB)doarmsdE dnearntd diot
Pral i dePxAiMye (eX f ect i wiedlyi bdietteodx i Hu £AGh EOP[ 1] . I n th
pat hwaRAModr & unveitliend fuesri niBy enrdfl inrgstPar al | el Casc
Mol ecul ar DRanGMBDi)) cs eCbhBi que [ 2] .

Met hodol ogy

I n the trajectParD amian gismg arfd LBnbi ndiAM atnrdi al s
phosphormPAIMa-RERP OX) within HUAChE were determined
specific residues representisngfdomftemendenmto®nr so fo
of these compounds to key residues (Y341 for ac
were normalized, smoothed, and graphed using Ori
exit pat hwoadyusc tofb atsheed porn di stances between its
(Y341, V73, Y133) as well as to the hydroxyl @]
measuri ngoadidtameen (t he -RPAXN men dO taheo MP OXt c2manaf b$2
cal cul at i dogd tahneo magn gtlhee (o xi me -FOOX,t oam d PO ad toanm od f S
anal ysis revealed t woi rbe n@li@0gA S@Mh)f oa dyeast d @A e i tn
The CPPTRAJ program was used for distance measur
Results and Discussion

The resultsPAMdprcademitmantI2y enters the inhibit
accounting for approximately 81%. Additionally,
door (10%) and back door p8tthwawd thpbpaglbbsbesed
frequencies suggest that t-mAeM aecnytlr yd oionrt d st heh ee mpz
side and back doors may seryZdMaappupph@mes nttiSiRa0 B |
observed biimdinkeg amadd easd,j acent, are identdfiined. T
mechanism via the acyl door is present at 64%,
conf ormati ons ./l iObeviloiursdiyng trhedd nwaAdw mtae md ¢ tf bruoud
the acyl door . I n contrast, the adjacent mode w
Conformational shifts in keyqlespdies!| U Wadee YDbL
and binding confermabvode @ahpsemiasnghgui de for
addressing challenges posed by OP pesticides.

ni ficance
concl u-Pa Gl ttehcehnLiBue effectively cdemmudti antgi on
lluingbainnddi ng pat hways in HuAChE. Il n aPdadaSt i on,
OFLOOD, can be used to cadatuékalhiemgdiEdg/, unabil nod
hways quantitatively and search for extremely
observe using traditional MD simul ations. Our
e, angd) bamrdkl itdwe rd mnad adj aPcAevh tb)i nnda dhegs. fNoort ab | vy,
a preferePAMadnenftaalnicnee obfie@dit Mm@ c¢oanf or mati o

so-"TZO -0
Y "o Qg3 S

n o
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final pRAMI OXt , QRanti tatively, both structur al a
PAM can cause the nucl eopmhAMDX. aftddicki owmalhl y het H
the dynamics of the conserpvievdo tAsAlA sr ostionag giérs ntgh e hl@i
unbinding processes. Although | igands can enter
that only the acyl and back doors could potenti
the prlbdoegh the back door could be observed us
met hod in future studies.

“w #

3 " B Ayl door

P

Acyl door a Back door

Fi gurReakti on mechanism of catalyst XYZ. Note f ol
Ref erences
[ 1] J. E. Chamber s, H. W. Chamber s, K. E. Funck, E.
phenoxyal kyl pyri dpemnetmr aotxiinnmge sr eaasctbh waitmr s of C
surrogates of sarin and V&,5hem Bi ol I nteract 2
[2] H. Aida, Y. Shigeta, R. Harada, LiSelnedc tBiiomdi
Mol ecul ar BEPyancMBDi, c Mat eBi als (Basel) 15 (2022).
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Theoretical -Byddyggerd IMeteadacti on in Met al N

Takayoshil' I shi moto
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duction

behavior of hydrogen (H) in the materi al
i on, hydrogen absorption, and so on. I n
on metals is domi "dant fffact ®m tpo openttn els
analyses, the deuterium (D) substitutic
rence of H/ D behavior. The H/ D isotope
I approaches to understand the quantum
e induced by the difference of quantu
[

f

=}

D

i-peadi, nts uecrhe ragsy ,z errtoc oematlt eueogneélt honh, viabd
ects are observed in the various fi el

—
>0
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di um -KPadwn i&s wel hydrogen
ysPems have been extensi
r physicochemicahdpreperc
hydrogen absorption sit
atoms are |l ocated only ;ptesher € isn
, I mportant experimental observations
noparticles. These inhomogeneous propert
on properties. To umpdeoepetramest hew mewahy
etically investlg ated the hydgpogleedn aoldsor
nm by using density functional theory][ 1]
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Met hodol ogy

Density functional theory (DFT) calculations w
package (VASP) with thePAW)o|mett oo d-BawiimenrzPeef thdoeiva v
(PBE) exchange and correlation functional was U
cuaff energy was set -poi nbtes 4welr ee Vs a mMp e dlk bxg rii lle
met hod. Weaduesre daptphreoaBE h t o cal cul ate atomic chag
nanoparticle structure was put in a cubic cell f

PBC from a 10 A vacuum region wi tdi rpeacrttiiocnlse tsoi z
interaction between nanoparticles during the DFT

Results and Discussion

After geometrygsogpwwemictz@tardry dfouRd the inhomog
especially near the surface region. Next, we pl e
Pdos 0 consider all possi ble absorptiscomasopasti @he
was calculated using following equation:

Eab& Red)i (E( Res+ 1B B() .

We found volume expiation of O and T sites afte
region. In the core part, the hydrogen absorptio
of Pd balk as shown iwondgtigat dd tWee theogieltiilciatly yo
T sites near the surface of the Pd nanoparticle
di fference in hydrogen position are strondg indic
nanoparticl es.

Recently, we are developing new approach, whic
sets (CPLB) method, to consider high accuracy ir

NM=



appkeraati onss¥e

t heoretical background -+@wydr egen
met hod [ 2] .
b) Tetrahedral site
0.2
% %\Oj n;.'::
w 0O e w 0 Tege- et =
@ « 3 ° $a ° 3 ::"l
a -01 e o « * o a -01 3
< ° o8 < ®e
I 02 . I -02
03 L -0.3
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Distance from center (A) Distance from center (A)
FiguHgegdfilogen absorption energy of (a) octahedr al
(redjpoidaeto energy (ZPHE) Ewampkésoonffoct ®dedr al a
PdoH are al so shown.
Ref erences
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The Curious Case of Modeling Single Fi

Chivyd Li-¥i n@ €ihiergcpau *Chi u
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I ntroducti on

When a porous materchbanrelag urebevgay daffowio
foll ows a phenofmehendcaflusesdohs8i &F®). The key f e
mol ecul es cannot diffuse past each other. I n ot
side the channel in the same order as they have
behavior can be exploited for gas separation pr
sufficiently wide, theypmiedalcltyi vddtye rfmirneagd sbys etphae
adsorption and the diffusion processes. A more e
type typ|caIIy means that the gas wil/ be enric
slesmoving gas species wild.l l'imit the diffusiwvit
mini mizes the impact of the diffusivity on the s
instance, f-208u0n,d e nmyp&tisaTIA Kk f r( dMDeW o ravii ndan soincen a | char
which can be waed Nohesempairmteom@Ponents of flue ¢
wi |1 us/ieNstelpa rv@@i O82T80 membr ane as an example to
di fferent kinetic models to describe SFD.

Met hodol ogy
Di ffusion barriers amaddald®©Doe pbeen eoamiPBiEed & DT

l evel and used to derive the rate constants for
di ffusion of the gas molecules from one unit ce
Carl o ( kIMC3gndnea enei tcirco ( MK) model thatChlaschedbdbrs
set up. I n the kMC model , each molecule's posit
di ffusion and sorption steps are modeled as st oc
the coverage rateecofeshatdthkbedéenf egast mpbsiti
the gas diffusion with a set of differential equ

Results and Discussi on

Si mul ations using the kMC met hod, see Figure
observati ononhhant/thn@e x@QCO© wi | | be enriched after
280 membrane. 1t also shows that the composition

composition on the feed side oedompesigisds oil m dt h e
increases as the width of the model ed membrane
compargdgt@atNures much hi gher28d0i.f flufs itohneorbea ci usl eornse
in a channed80 fmdnber anSeT,A 4t hher oduigfhf uwshiaodn poafr tN cul a
sl owed down significecmnltdgul asndt hdate pasmbdbetr hmod udNh
However, if the channel i s ;mtloed elre itmei priobabed
no €@ the chmohetul ¢ébecdlin rapidly diffuse throuq

CQcomposi o] in the permeate.
i

tion

This finding shows the necessity of correct|y
computati onal model . However, the involved comptl
kMC model that matches the di.melmsuiso nsweo fh atvhee ceoxny
computationally more affordable MK model . I nter
predicts a fundamentally di;6ékeentvbenawvanrentinc
the permeate is predicted, which becomes even n
l onger. This behavior is because the MK model r
position, making it i mpos <ihmlnenet o bg e & chrei ;bsel otwH e
mol ecul es, which is characteristic of SFD.

N M



Significance

On the one hand, this work provides a better
model s in simulating SFD. On the ot her hand, t he
to visualize the mol eculvart yprodc & shsee gy atsh aste paa mttri a
occur s.

T S A = Permeate
— Permeate, gas Loy ve
= - v 9 Y/ —
4

Xco,
{
Position

10° 108 107 106 10
Time/s

FigurkeMCl.resul ts f or ot Msee psairmuli eotni-o8i0t drheathQ &maAe . T
membr ane modes has widthmolfe 1f0®c tuinon icreltllse afnae d
graph shemsl @ hfer &0t i on in the gaseous per meate (
UST2A80 <channel. The red arrow mamdklise tfhrea cetxipoenr i il
per meat e.
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s (LI'Bs) are currently the mainst
EVs) . However, the relatively | ov
s for ext enidnecdr eda sisivriagh ¢ asrdgoeg @ gEEV s | aan
e battery techynodmodiiesstofdfefre mtgi \ne ges «
-suurlef ume thaalt t eBi eas-8( bDatct ediag) Lhave r ece

i e
(
altern

Ro otme m
one of

e
maj or b
a
Y

a
he feasible candidates because of the ul
eltercode mnmatersoadisunf and sul fur). Neverthel ess, t
remains hi ndered by t he shuttl e effect, poor
el ectrochemi stry. Hergener-ibimewbabkhapr ¢ 2800t mat ke
hosting materials to solve the mentioned issues.
Met hodol ogy

Density functien@ll anechwasveey ABBEMBHEMUl ati on Pack

( VASP) wa s utilized t o unr avel key fundament a
l'ithium/ sodi us8npanSdrsNGRF)i dwist h( Lciat hode hosting 2D
properties, el ectrochemical sul fur reduction r e:
by the Nudged El astic Band (NEB) met hod.
Results and Discussion

Our findings i ndicate that 2D materials (i nc
di chal cogeni de>xss) MxXenebfeanidvélsy inhibit the sht
l' ithium/sodium polysulfides stronger than the el
is ascribed to the i mmense ionic boomdsower weeunmc
materials are excellent electrical conductors wt
the redom. remportantly, they also catalyze the e
barriers of conveirnstieornnse dainaotnegs tihne SRRl oaxnd di ff us
ions as shown in Fig. 2. Hence, 2D materials coc
efficien68i easndofbialitiesugmsr essi ng pol ysul fide shu
el ectrochemical kinetics.
Significance

Beyond the repor tmat earpipallisc agdd oelse cotfr o2dDes i n u
highlights their novel functionality asSaance&l ect
NaS batteries which are among the promisidng cont
scale energy storage devices. Consequently, thei
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Mi crokinetic Mol ecul ar Vol cano Plots for Enha
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I ntroducti on
Vol cano pl ots ahder2Dveactfirvon yl immaepasr, free energ
valuable tools for predicting and rationalizing
I

0

these tools enable rapid identificiadnont lodt o@drrr
catalytic performance with a key energetic desc:
combines the rapid screening abmlcmj““m{‘,Mycmar mol ecul
with microkinetic modielnienaqt y st e next
mi crokineti ct hwadl cparmeadn gl o ttehaet |

product (s) at a given me&¢tmioo K al so in
l i ght wei ght Python program t hi{ l essly i
previously released volwalnda ng ty map |
whi ch aut omat es t he constr : *crokine:
vol cano plots and act|V|ty/seIect|V|ty maps.

Met hodol ogy
For each possible value of the descriptor wvar.i

al | the individual reaction ssthrugsatean reacacquoi
corresponding rat e constants can then be obtai
reaction st epPoflraonny it heeq u[ﬁynlorﬁfée"”“”'°'."‘is the [~ hetic

equations constructed. The lednic s for
are olstianundecdneously and in@aetonrucnaused i n.ithe precedi
For a given reaction ti me, R gl bns can ot
numerically, and the product=9®cacentriati on at a
as a func on of the descriruu. Tiki e ling thi

t
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a) Rh- catalyzed hydroformylation
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Unraveling the mystery of solvationtdependentfluorescenceof fluorescein dianion usingcomputational

study
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Proton Transfer in Polarizable Molecular DynamicsSimulations
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Introduction

Electrocatalytic water splitting, producing hydrogen and oxygen via water electrolysis, stands out
as a highly attractive method for generating renewable cdrbenalternative fuels. However, its
practical application faces challenges due to the higts essociated with the Pt cathode and Ir/RuO
anode catalysts. On the search for alternative catalyst materials, barium titanate)(Ba3igarnered
attention since this inexpensive and fioric perovskite oxide can be synthesized from eabilndant
precursors. Its potential for catalyzing the oxygen evolution reaction (OER) has been highlighted by
recent studies. [1] Additionally, the introduction of transiiagtal dopants, including Fe and Ni, has
been explored to enhance the electric conductivitycaatalytic activity of BaTi@ [2] In this work, we
delved into the mechanistic details of OER over pristine andoNed BaTi@ (001). To gain insights
into the OER mechanism in dynamics simulation, a neweslork based machine learning potential
(MLP) was constructed to enable largmale and londime molecular dynamics simulations (MD) of
OER with an accuracy close to DFT. [3]

Methodology

Instead of relying on costly and tireensuming ahbnitio molecular dynamics (AIMD), the training
dataset for the MLP was constructed via the MA@E-O model, a foundational tool for atomistic
materials chemistry. MD simulations were conducted with MAIE-0 to explore the potential energy
surface. Subsequently, singleint density functional theory (DFT) calculations were employed to
recalculate the energies and forces of the generated structures to yield a database with the RPBE level
of theory, using VAP planevave package. Following dataset construction, we evaluated the
performance of machine learning models, including MACE and aenet, using our custons BaTiO
database. These models were then deployed to investigate the OER mechanism through MD and
Metadynamics (MetaD) simulations.

Results and Discussion

Our proposed MLP training pipeline offers a significant acceleration in dataset construction, which
traditionally consumes substantial time and resources in-iMlafed research. Through the adoption
of an active learning scheme, we can iteratively rafiegperformance of the machine learning model,
resulting in a more accurate and efficient MLP tailored for stable MD simulations. While AIMD has
provided invaluable insights into the interaction of water with oxide surfaces, its limitations in terms of
length and time scales often hinder the characterization of the properties of agueous oxide interfaces.
However, our MLPMD approach has enabled us to delve into water dissociation over Baiff@ces
through nanosecorstale simulations. Looking ahead, employing MUBtaD to study the entire OER
reaction profile promises to be a future direction for our study.

Significance

Typically, constructing a database for training an MLP is reseuateasive, necessitating
numerous AIMD simulations to capture diverse configurational space. However, in this study, we
adopted a more efficient approach by leveraging the MD trajectogynelt from simulations by the
MACE-MP-0 model. By doing so, we circumvented the need for extensive AIMD simulations. This
strategy enabled us to explore the configurational space through ajaoggEcond MD simulation,
while also facilitating paralleletion using singkgoint DFT calculations. The MLP trained with the
custom BaTiQ@ database has the potential to significantly accelerate MD and MetaD simulations,
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thereby facilitating the study of the OER over nanosedmnéscale, which is nopractical with
conventional AIMD.
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Introduction

Zeolite, a crystalline microporous aluminosilicate, stands out as an exceptional catalyst in green
chemistry synthesis. The utilization of Palladium zeolite catalysts in -coagding reactions,
synthesizing unsymmetrical biaryls from aryl halides anaiicracid, has gained interest. The larger
pores of Pdraujasite zeolite facilitate efficient encapsulation of aggregated Pd species, thereby
enhancing catalytic performance.

In this study, we focus on the cressupling reaction between Bromobenzene and Phenylboronic
acid using PeH-Faujasite zeolite, employing both experimental and theoretical approaches. Pd
Faujasite zeolite catalyst was synthesized in our laboratoryratfewent characterization using XRD
spectroscopy techniques. Suzbkiyaura crosscoupling reactions were studied at various conditions.
The products were characterized with TLC and NMR spectroscopy. The adsorption and reaction
mechanism over PH-Faujasieé zeolite were theoretically examined using DFT calculations. The
theoretical results provide support for the formation of biphenyl products in the reaction.

Methodology

The coupling reaction involving bromobenzene with phenylboronic acid was synthesized using
PdH-Faujasite zeolite. Pd was introduced by combining a solution of Pd acetatd-anggidite zeolite
in THF, allowing the mixture to react for 48 hours at roomgerature. The structure of fPdFaujasite
zeolite was analyzed using-iXay di ffraction (Bruker, D8 ADVANC
analysis. For the reaction, a mixture of Bromobenzene (1.0 mmol), phenylboronic acid (1.2 mmol),
ethanol (5 mL), KCOs; 2 mnmol and10 mg of PdH-Zeolite catalyst was stirred and refluxed at various
temperatures and reaction times. All products were carefully characterized using TLC and NMR
spectroscopy.

For quantum calculation, the PtFaujasite zeolite catalyst was modeled with a 34T quantum
cluster model to represent the active site. The dRester within the zeolite was located over the
Bronsted acid site. The M@6functional was employed to calculate the coupling reaction over the Pd
H-Faujasite zeolite, using the3dG(d,p) and LANL2DZ basis set in this model. All calculations were
studed using the Gaussian 09 program.

Results and Discussion

The crosscoupling reaction involving bromobenzene and aryl boronic acid was studied with Pd
H-Faujasite zeolite. The coupling reaction was performed employirg-Paujasite under various
conditions. The highest yield is 63% with RH-Faujasite at 120 C and 4 hr reaction time. The
computational analysis of the coupling reaction between bromobenzene and phenyl boronic acid on Pd
H-Beta zeolite was studied by using th@ M functional. The reaction involves three steps: oxidative
addition of bromobenzeneatismetallation with phenylboronic acid, and reductive elimination leading
to biphenyl, as illustrated in Figure The calculated activation energies with bromobenzene and
phenylboronic acid for these steps were found to be 12.0, 31.4, arktaBrBol, respectively. These
findings indicate that the Pd cluster located within the Brgnsted acid site of Faujasite zeolite is well
suited for facilitating the crossoupling synthesis reaction.
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Significance
We studied the crossoupling reaction between Bromobenzene and Phenylboronic acid using Pd
H-Faujasite zeolite with both experiment and theoretical study.
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Figure 1. Reaction pathway ftire coupling reaction of bromobenzene with phenylboronic acid over
34T PdH-Faujasite zeolite. The structures were calculated using the MO6L functional. Energies are in
kcal/mol.
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Introduction

Aluminum-sulfur (Al-S) batteries have recently gained significant attention due to the high earth
abundance and theoretical capacity of sulfur as the electrode méitertdbwever, the shuttle effect
of large polysulfide (AIS,) remains a challenge for the development of figHormance AIS
batteries. This can be overcome by using anchoring material that enhances polysulfides adsorption.
MXene offers fascinating properties, such as high electronic conductivity and a laridfie apea(2).
Various MXenes have demonstrated performance improvements in batteries. Baseepandipdes
calculations, 3dransition metaloaded CO, (SA@V-CO,) MXene was modeled as an anchoring
material to suppress the shuttle effect and improve sulfur reduction reaction at the cathode. The free
energy diagrams of the various SAED, can demonstrate the reaction profile the determining step
and provide an estimate of the favorable performance & Bdtteries.

Methodology

All calculations were carried out using spin polarized density functional theory (DFT) method as
implemented in Vienna ab initio simulation package (VAER)4). The projector augmented wave
(PAW) method was used to treat the elecimmninteraction. The exchangerrelation functional was
approximated by the generalized gradient approximation (GGA) with PéBdeve-Ernzerhof (PBE)
functional. The DFID3 methodwas employed for corrections of weak van der Waals interactions
between &or Al;S, and SA@VCO.. The cutoff energy was set to 500 eV. Structure optimizations
were carried out within the energy and force convergence®&¥@nd 0.02 eV/A, respectivelyhe
Brillouin zone integrations were carried out usingdint sampling of the Monkhorftack scheme as
5 x 5 x 1. The vacuum gap is set to 20 A in thdirection to avoid interaction between the periodic
images.

Results and Discussion

3d-Transition metal atoms (TMs) were placed o€, monolayer and explored the performance
of SA@V-CO:f or Al 1 95). 0tere aretwa déferent preferential binding sites. Sc, Ti, Cr, Mn,
and Cu atoms prefer to bind at hollow.g2 site, whereas the other-JdMs prefer to bind at hollow
Oropv Site. Various initial structures og 8nd ALS, molecules were investigated at various binding sites
on both bare and SA@EO; surfaces. For the bare@0;, Ali O bonds were characterized as the bond
formation uponpolysulfides adsorption. A%s, Al.Ss, and AbS;> can easily form AlO bonds and
strongly adsorb on the surface. In contraggr®l AbS;s weakly adsorb on the surface since there is no
Al atom in S while Al:S;gis a large cluster where S atoms hinder the formation’idd Adlonds.

For the SA@VCO;, S atoms of Sand AbS, species can form bonds with TMs on the surfaces.
The possible binding sites o &1d AbS, molecules were considered by TBlbonds on the surface.
The results suggest that SA@30,. can suppress the shuttle effect of high ordesAlomparing with
bare. Furthermore, the energy profiles of sulfur reduction reaction reveal the potential determining step
which can be used to determine the performance of the cathode materialSfoaéries.

Significance

The study focuses on the singtansition metal atom (SA) catalysts onOQ0. as anchoring
material for AIS batteries. Adsorption strength was used to investigate the suppression of shuttle effect.
Free energy profiles of sulfur reduction reactions provide an estimate of the performancesfor Al
batteries.
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Figure 1. Ss and AbLS, species. Binding site of SAs on®™0O,. Sulfur reduction reaction on bare and
Fe@\CO, as an example.
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Introduction
Metsadl fur batteri es hagveen ebreaetni opnr oepnoesregdy asst oa arge

their high theoretical capaci t-yulafnuf) e(bat d yer d es s
particularly promising duenbotoRecithjgbantvtiheonm
and | ow costS. brawewdare,s Ma i | | face chall enges it
stability due to shuttle effect andRsestengligh €ir
a nodemef@sional material, has beenrS sbhaotwne rtioe si, mpdr
its i sstuesp’doofngha ve this problem and enhance cat
could be a viable method. Her eiM, u swienpgd efaicrgptl € s ¢
met hods, focusing on iron (Fe) and cobal't (Co)
(NaPSs) and their popularity in experimental stu
atom aatdothuah shppne esierdect and enhancing the
calcul ated r essutl trsew wter acmosuil tNi o gnyeetypael v If door gmiarmde eC N &
S batteries.

Methodology

All calculations are carried out using the spin polarized DFT method as implemented in Vienna ab
initio simulation package (VASP 5.3}.The frozencore projector augmented wave (PAW) method
was used to describe the election interaction. The exchang®rrelation contributions were
approximated by the generalized gradient approximation (GGA) with PéBdeve-Ernzerhof (PBE)
functional. Weak van der Waals interactions between the adsorbates af@L,N Mere partially
corrected using the DFID3 method wih BeckeJonson damping. The surface structures were
optimized with a kinetic energy cutoff of 500 eV angdint sampling of the Monkhorftack scheme
as 4 x 4 x 1 for structural optimization and 9 x 9 x 1 for electronic structure calculations. The energy
and force convergence criteria were set t§ 40 and 0.02 eV/A, respectively.

Results and Discussion

Computations reveal thdtM doping improves NaPSadsorption and prevents Na trapping. In
addition, doping with duahtom show stronger NaPSs adsorption compared to sitgjte doping due
to the increased number of active transition metal sites that bind with sulfur in NaPSs. However, both
same duahtam transition metal (F€e and CeCo) and different duahtom transition metal (GbBe)
exhibit similar adsorption energy, suggesting that using different transition metals, when both metal
groups are next to each other, does not significantly affect aidsowith NaPSs.

The catalytic activity of SRR can be investigated via construction of Gibbs free energy profile. We
find that CeFe doping reduces the energy of the potential limiting step in ti& tdaNaS, conversion
more effectively than the same dabm combinations (FEe and CeCo) and singleatom doping.
This suggests that different dual atom doping eX €ffectively accelerates the SRR process.

Overall, dualatom doping, especially Ge doped &N, shows better performance. The insights
obtained from this work could guide and suggest directions for future research, leading to the discovery
of high-performance cathode materials of-Sdatteries.



Significance

This research addresses a significant challenge and improvement in the field ofsaifium
(Na-S) batteries by exploring transition metal doping eN @onolayers through singktom and
duatatom transition metals.
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Figure 1. (a) The most stable adsorption configurationss@rl NaPSs on CoF&N. (b) Adsorption
energy of $and NaPSs when adsorbed on bagd,MNa trapping (Na doped o), singleatom
doping, and duahtom doping.
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2. Analysis
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The transport of ions were measured by the dif
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Tablleernnlames and Coul ombic inté&cGhygmeenmaCdde Ngi es

, obtained from si mul ations of 1 M NacCl O in G1,
LJ LJ Coul Coul
Systen
Na-6l ymg N&CI O Nd&Gl yme N&CI O
NaC/ ©G1 1, 226. 3,567. -13, 782 52,843
NaC/ G2 2,867. 2,091. -30, 375 26, 166
Na C{ G3 2, 886. 1,712. 32, 924 24, 266
Na C{ G4 2, 489. 1,924, -:30, 948 26, 482

The RDF and CN analyses provide detailed pictu
energy calculations quantiirtyert det isod @oinlelsh ¢ Lale)d nag
coul ombic intera6Gtiyme adldd dlis,esasf owelNla as coul omt
summari zed i n Table 1. TaGley nel iisntleorvaecstti ofnore nNea @ly
weaker vahsdémnt 8racti ons. This aligns-Gwymé t he
interactions in G1. The coulombic interaction e
NaCl O / G1, indicating the strongestr wdifcda€CloBgs at i
i 1. As the gliymoer ecahsae sn (I 20,9 t Bi3mbt i é8ddeancet bitgdgr me s
| emsgat ndiegvetaiNm@€ | G nt er acasihad b dv aSxSufde r maCtoinpra.r i ng

t hd getntdlgleat acmeal . g8lut,z 2016) , it is observed t
Ssherhntain glymes | ike G1 Cd Ochariandtegraiczd d nlsy axtdr d
numbers. I n contrast, -Clo@geri mtlgmact isthhow, wheiadkleer

and a tendency t olwhatrednss itSsSehePabtodsotr uhat B sddiado s &€ r v e d
sol veatiroandr esteraction energies.
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3.y nanprcoaperti es
321Me amnqu adiedp | acdm@ndli f f aeedbh(ix)i ent

50 , ; . ; 50
= —G1
40- 22} _ ] 40- -
4 G3
30 —G1 1 304 —G4
a )
(7]
= 201 € 2.
10 A 10-
0 : , . . 0 . : :
Time (ps) Time (ps)

Fige(eMShf RKR&OandoBil afirnéMiNaCl O / G1 (dM)e&@®frol yt e
various glyme solvent s.

The plot of MSD veéGdusriooimmée&i Qgar eN®@l ©hows t he

and solvent. G1 exhibits the highest mamMda ity, f
a rneosti g nidfiifcfasrtiermeba rh enrnee agilpmb b r ThlyopeMSD tbe Gl

is significantly higher, indicating tThhats thh eg hseorl
mobiildltsyo r etf hdeg dtfemd eiomi ci e nhtass, twhhedirleif gosle i ci ent
compabeéoet lsgrstTehmsa.r alnldesM opfd¢asand CI O suggest rest
which can be attributed to the strong interacti
contact ion pairs (CIlPs) .sollh&éattiomhg heo fdbi of sfiuosni ocno e
coef ffi dlia@ m@l|sOc on ftihrimsstricted mobility and strong

When comparing tslhhe veint fser ¢ mte dMSYpPme |l ot s show t |
i ncreasi ng tchgeh iy nfreoBta i€ Ot hs@PopfeleS b | atrlgowe rf drh an
Gli ndi craetdiuncgebdi Wht gl sef | e theeidf f aeedhiSpieentf $ cal ly
t hneobitlridmd It deesd@l>>G2>G3~G4( Figuimai 8d) catthsehotr h et
gl y(mepy ovtiltHee ghestwmebekh e ngylayeimn&8nG@4) r ss gint fiimwant |
| owmorbi The ydiddaeafsfiioniwe i ths s aslthiogum ch,g t he hi ghest va
the | owest for G4. The | ow and par alwhelc hMEDa ns |boe
associated with hydrinmdkcyramiead icrhtad rnadteingmnsh. i Thh eG4

reducing the overall mobility of the system.
The diffusion coefficients vary significantly
For Na , the values decrease as the glyme chai.

1.81lcim/s in NaClOm|] G&,i 0. 5aclo ¢m3/,s ainld MaQlld 1
Similarly, the diffusion coefficiemnmngrfmdringklgO
chalienn gt B:7lcIngi/macCl O 1/. @R2,/cIn)ji/mdaCl O / G2,cndi/és91 10
NaCl Oah@@.328km0i/NsaCl OTh®d |l vtehnetnssfed Ivieew t he same palf
di ffoesebhi ©bedOdm)0/fs i n INA.CIed MiGkadinO / G2, 2.671
cm]J]/s in NacClO /G3, and 1.23110 cm]/ s in NaCcClC
These values indicate that the diffusion coeff
whi cthuirini gher ftoNra(nbBotvRBck o>Dna) The diddeufsfiiocni ents sho
trend: NaN@ICO O/ G1G2> > NMaCQI00 //G&3 (i gure ba)as Thi s
t hegl ymbalienmngbhbreasmed) oibbglmasnsgdol vents decreases.
NaCl O / G3 and NacCl O /G4 exhibits | ow and paralle

to stronger hydrodynamic interactti deelsecwhraimahy taerse
creadtl @ tvaft ftebchbet merap dyt Theéiest.er acti ons result in c
and sol vent mol ecul es, whi ch i s refl ected i n t
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NaCl O / G4 (Figure 5b). The higher interaction en
the presence of significant hydrodynamic effect

mol ecules, |l eading to reduced diffusivity.
100 T T T T
vV 3 T T v v
-DNa'
Ly o, |
2 604 ' |
£
L
~ 40- .
X
A o0l NaClO,/G3 NaClo/G4 |
- A 2 /77|

NaCIO/G1 NaClO,/G2 NaClO,/G3 NaCIO,/G4

hibfjoeraNlasC| Oand ghyme ippoft NaClLLO [/ G3

Figebeffuoskebd
/| G4 el ectrolytes.

and NacCl O

1.1.11 orcionduc(@) vi ty

Figure 7 shows ionic NadChdudh@lvNa gl of/ @1 eshestod mt
hi ghemionnduatilvieSe/ycTrh.hsgbonductalineaet t yt bultosmd scosity

( 0.mP2Aa L F adnZgh a200, ladnsdma moé e cu zfehGels ol venal | fadvis g er

i omobiThhRiydhf facefofnofco M@matn&ll O hhsysstem contri bute s
to the over al INaiCd O ThG2oina@muice i vomguctivity for N
which is | ower than that for G1. This decrease

mPalLs) (Kodama et al., 2011; Tang & Zhao, 2014)

retricts iNanClmoBGBI:tiwynic conductivity further (
NaCl O / G3. The longer chain | ength ahdl;:higareg &i
Zhao, 2014) of tehvek nGBeomsocbli vl e mpya BE&NMauC It O iT/hied we st

i omiomdudtsibsietr yNeadC | fOam G&E/ cTh.84s ol weintthleo n g dat n

| engrhdi ghéscosity (3.40 mPalLs) (Kodama et al ., 2
significant restriction to ion mobility.

30 T T T T T T T T
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Figdreloomnadudiydliegtobt gftredssdMaCli@1G2G33 n@4
gl ysnel v ensttsa nddielwedat bah €&3a n@4arteoo small to be cl ec
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4 Concl usion

The study used MD simul ations to explore the soc
osodipemch( MaG@Git@a)y igd ysnel vemaonhegl Bdd@ ,gl ymer ( &2y me
(G3antdetragl amenit @4 ) Wi B o utndaM Na CliGs1l f ogtnreadn g
contiaomai(rCd Be) weaaan@l Or esul thi g miochi and yt he highe

conducti tihtey samoreqts tested (21.66 mS/ cm). Gl h
solva*,teréxlsaultih-g'tlon dineet abai ons. Il n contrast,
have more ether oxygen atomMshutshatl omarerc @gdrydnersa tf
sol septarated ion pairs (SSI Ps), l eading to redu
stronger hydrodynamic i nteGhascalivoeardtd aolfih@glo véeerudy
applicegiuoagidr ansspo@2 pl vent offers a balance of

making it suitebtecfFerbaobngries.
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ADri ven I mage Processing System for Agquatic PI
Detection and Counting

Wuttiphat AR ntShuonagtk hTaend,r aTpaittptoanyga hfaudaynwan Mocda ude e
Liangftuksa
YFaculty of Science, Mahidol University 272
Bangkok 10400, Thail and
National Nanotechnol ogy Center (NANOTEC), Nat i
Agency (NSTDA), Pat hum Thani 12120, T
*tatpong.tula@mamirdialeee@hanot ec. or. th

I ntroducti on
Water meal , Klhsao Krmow Wa la 8F hivan, g(liosb oslaassi fi ed as
0 ng plant. I't had.& dimamhdtier Thfi sapproati mat,
agate and is commonly fcoumpadsiinimat maalnl 1ye
fiber, and phytopigments, with protein

I amino acids. I'n Thail and, this small
ss ugprpd edriesnhte s .

The <cultivation of water meal , presents uni que
environment al conditions |like pH and temperature
counting, are inaccurate. wlahree,utsiulcihz aatsi olnmaogfe Ji, m
custom macros and commands written in JavaScr.i
wat er meal population. By |l everaging the capabil:i
t hus enhanciamg efefdiuciiengcyt he | i kel i hood of huma
processing techniques and -d2epol farnheg meflehes|
counting. This approach not only stcamambhisesesaphpl
for other plant farming systems, potentially rev

a
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Met hodol ogy

Convolutional Neur al Net wor k ( CNN) is a type |
i mage analysi s. CNN models come in various arcl
performance. S o mer ad xneendp | @NdN orho dperlAd ex Net ude/GGalBt
GooglLeNet , and Mobil eNet . Fer2 ,t hains esnthuachyc,e dwev eut
Mobi IreINeGNN model known for its high performance

Mobi IneXNelft 2] has 53 convolutional |l ayers desi gn
intensive than previous versions. I't achieves t
convolutions, inverted resitodouahhbhoeceké§ecabndel gee
This structure is suitable for i mage processing
fast processing and efficient i-mAagar ¢leictogati urn e®nc
t wo maimponent s: the inverted residual bl ock anc
bl ocks, there are essenti al |l ayer s, including 1
1x1 convolution without any Ilinearity.

Results and Discussion
We performed three separate techniques for wat
Vi sion 22 (pPBpéenE&wWea 2Mo lmisl esheotwn i n Figures 1 and 2

a)

er me al used in

gure 1: (a) Sampl e i
) grayscal e, gam

OpenCV2 plots the

NOP
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Green objects are converted to black and white
background.

devel opment was base

Figure 2: (a el
t @bnhoOljteon. pev2eect i on r e

annotation

Tablle Ehumeration of the water meal number s usir
Mobi leNetWat er meal sample images with counting n
corresponding errors compared wavbrhgmapeegy
of each method = % total error of each meth

o
o >

Tablle Ehumeration of the water meal numbers using
Mo bi InedN.et

I ma g ¢ Wat er meal n upnebrecre, n taavg
| mageld OpenCV Mobi I-¢
v 2
11 9, 18% 6,45% 9, 18%9

838808 lE,

ni ficance
ble 2 presents the counting results and the
eimages. The order of | owest average-v@rrors
.3%), and OpenCV2 (86.6%). To enhance t+the acc
additional i mages are neede&d.i sNdti gthley, tthhaen e
t wo met hods. B/o2t he xlhmabg etJ samd |Morb ielrerNert per c
tively). Consequenstuliyt,ed hfeosre dtew oe ctteicnhgn i agnude
r méhals. t hlemageehnt age of offering a vari et
and size of an el egato.vi@re st loebjcetchte rd eht aen
ties, which can be fonthed dewaekomegd off o
at e. MoRedbsesui Mabil leeNoetconepl aymeadtdowni ¢
p

w3

w o=
-k

T D

n =S990 DO TNNO
ws o

DO O +FTO ST O<™O”

hones and camer as.
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Tablle ARer age percentage errors Mbbal-WwN)8E8t met hods
Met hods Average percg¢g
| magel 19. 5%
OpenCV2 86. 6%
CNN ( Mo bvi2l) e N\ 23.3 %
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DESIGNING SARS-CoV-2 MAIN PROTEASE INHIBITORS USING QSAR -ML

TECHNIQUES
Borwornlak Toopradab'? Phornphimon Maitarad®, and Thanyada Rungrotmongkot-?*
'Program in BiOompwtratait o cas!l aBidol ogy, Graduate
University, Bangkok 10330, Thail and
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Introduction
I n response to the ¢ll9o paln diemp ac, tg mmfn yts hr a2 ¢ @@ \¢ I$
the urgent need to develop effective i-G08rventi
main pr 69°e atb&naw me pl ays a crucial role in the
an attractive target for drugoliesiuge. thhnoeBi &r 8
evaluated €o¥i MIStTEHSARSI de in designing potent in
Activity Relationship (QSAR) was applied to est:
of smalldcul e thioesters and théi°r Thehgbhneodoiyg po
approximatiohnhiwietah melgMieBRs g omandGeEm forest (RF),
net wor k (ANN), and gradient boosting regression

the inhibitory behavior of these compounds.

Methodology
Al 33 novel thioesters and their bieotl oagli c al
[ 1]. The biol ogi c asbv ad cutidilsv i({Tshvess!1uGns tvearms dnJer t e
defined as dependent v amoilabcludse (tyh)i.oelshtee rsst umkeireec
training set and 20% t eSstto nsee talagcocrartchimm, g wha cthh ewe
Pyt hon packSageneKelnnlaradd Thali modepentdant dsesscucpuno
model wer amsdormgp Madader i al Studio software [2]. GF
model s, focusing on the best one to estimate t he
identity | bhacsmpl ows paupl emearat i omxsi,t yi.n RrFe d ssi mg p!
ensemble method for classification and regressi
overfitting risk and improve accuracy. ANN is a
and it has rohe ANNfwasuwuseedeltecgenerate a moc
using th nction approximation method. GBR wa:

i
a
e

of weak p

these mod

vari abl e?y

fracti or
e model

wsagsu andeads w(Re ¢ hby eR 1 ect s

d
Uugecksfsorofr
e

e theskR to 1, the better h

a
fu
edictive models. GBR can bef
| s t h
o t
Results and Discussion

The QSAR concept with GFMLR, RF, ANN, and GBR models was usedquantitatively
relate the antiviral activity of the smatiolecule thioesters to their molecular descriptors. The GBR
approach exhibited robust statistical performance, With.R;set, RMSEain, and RMSEswere 0.987,
0.066, and 0.332, respectively. It is interesting to find that the antiviral activity of these compounds
appears to be mainly governed by five features of importaecEg;state keys (sums): S_aasCstate
keys (sums): S_aaCH, Shadow area fraction: ZX plane, Shadow area: ZX pth6&baalow area: YZ
plane. The possible mechanism of action of these compounds was analyzed and discussed; in particular,
important structural requirements for the thioester with an unsubstituted pyrimidine is theabest
group for covalent M° inhibition.
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Figure 1. Smallmolecule thioestérs with their inhibitoﬂry activities. Déta are expressed in term of the
(@) 1Gso (MM) and (b) plGo.

Objective: We aimed to determine the relationship between the structural properties -ofisiealile
thioesters and their biological activities using QSR models.

Significance
Based on the best proposed QSAR model, some new compounds with higheiC8RSMP©

inhibitor activity have been theoretically designed. Such results can offer valuable references for future
experimental work.
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I ntroducti on

The effective cancer treatments face signific:
chemot hedlaepnyer gefd c @ @ s i d thaanrcgéeh eerddCpimd s .ntah @ roavhii &€ &,
usmul tdpusismul t atneotulsdissesbygtsar gé hmomlge cduilvaeraadt y
compl @éxihey emmtn ctehre, reerbhya ntcri evgtenigrntcadvugciens g sama c e,

minimizing toxicity. Recent advances in deep | eas
of potent drug combinations, traditionally hinde
Despite the focus of existing models on drug mol

crucodfer ot et priabit olo@giocalsmresn dteyt e minmm@ade sshéeat es
integration of protein expression data. Therefor
t hat employs graph neur al net works for the mol ec
geaemdr oedpnespi ethbeeftf @efit 89 mb i naad ricesTsk ie sdsautea s et s .

Met hodol ogy

SynPempXoys a comprehensive data i ntegwiatth on s
714 genes from the CCLE database and protein e
Pro@®@em Mapngdmrmodaellstoi dir @b i mat imad mDer u g Chantba b as e,
wi tahs pecfiddacrt hERI EDMAMNAL MANASt udticdsey ehmogpesr.
computational approach is underpinned by several |
net works (GCN), gr @@AT )a,t tletnttd mtni vnee t M, r kasnd i nt e
net wavii knto | e cfuilnagre AT FPPBe e d eelnsaladet ad d eldyfs h e

mol ecul ar structure of drugs and their compl ex
benchmar k SynPodthéér agandsbaséhitee model s, we cor
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ovari an, and skin tissues, with accuracy i mprov
protein expression data enhances the prediction
relying solely on gene expression. Our -dmaudge | ac
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2.5% to 3.6 %. Mor eover;asSyrcRradteXl rpewd &li :1sk ey roarn
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okf f ectwovrel & dcaaungc ecrombi nati ons.

Significance
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understanding of the relationships between drugs
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1. Introduction

Dementias a syndrome characterized by progressive decline in cognitive function. As a result,
patients | ose the ability to perform basic acti:
common cause of dementia, which contributes up to 80% of mkkuliga diagnoseld]. There are 50
million AD patients worldwide and this number will increase to 152 million in 2@2%0National
Institute on AgingAl z hei mer 6 s AAMABClassified AD continuymhhto A stages including
preclinical AD, AD with mild cognitive impairment (MCI), AD with mild dementia, AD with moderate
dementia, and AD with severe demeri8h Currently, drugs for AD patientre effective only in
treating the symptoms of AD. Thus, there is still no drug for curing and preventini2]ABarly
diagnosis is important to delay the progression of AD, which can be beneficial to patients, their carers
and healthcare systerj#.

AD is characterized by the accumulatiohamyloidb e t a p e panhdiTal @rot€inAThe)
A bis generated by cleavage of the transmembrane APP. When monorAgbbexfome oligomer, it
will lead to plagues formation. The accumulationfoob i n the intraneuronal
processes. Ab also plays a role in inducing Tau
protein tangles. The accumulation of hyperphosphorylated Tau in neurons lead to protein misfold and
aggregationin intracellular rurofibrillary tangles (NFT), which reducing their affinity for
microtubules. This results indésturbance in the structural and regulatory functions of the cytoskeleton
in neuronal cells. In addition, other pathological paths play important roles in AD development as well.
For instance, neuroinflammation, oxidative stress and autophagy dysreguBitiadowever, the
molecular mechanism that contributes to AD is still unclear. Understanding the molecular mechanisms
in AD can help us to develop early diagnosis and therapeutic drug, which can delay progression of AD.

High-throughput sequencing technologiyd bioinformatic tools offer invaluable assistance in the

study complex diseased. Transcriptome analysis has been used for studyiegayeasion alterations,
noncoding RNAs, copy number variants (CNVs), or alternative spli@hgrhe analysis can provide
insights into biological pathways and molecular mechanisms of AD. Workflow for transcriptome
analysis consist of five steps including preprocessing, read alignment, transcriptome reconstruction,
expression quantification and difential expression analy$i§. Differential expression analysidms
to identify differentially expressed genes (DEQ4any studies used differential expression analysis to
guantify gene expression between biological samples in difference conditions. By using this analysis,
the relative expression level of genes can be obtained. Subsequently, the gene expressiosedill be u
for statistical testf] to find the important genes that may play an important role in AD.

In Thailand, the number of elderly populations is increasing. It was estimated that there will be
more than a million people with dementia in 2030 and 2 million in 285@onsistent with the global
trend [2]. However, there is still lack of knowledge of Adpecific genes for Thai patients. This
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information can be used for studying biological mechanisms underlying AD. In this study,
transcriptome analysis was conducted to pinpoint ghees that specifically contribute to AD.
Expressed transcripts in MCI patients and healthy controls were identified and quantified. Consequently
differential expressed transcripts between MCI patients and healthy controls can be obtained. The
results of his study help us understand the function of significant differentially expressed transcripts,
which will help togain insight into pathogenesis mechanism of ADaddition, we can reveal genes

that may play an important role in AD that are specific to Thai MCI patients.

2. Methodology

2.1 Transcriptome data

Whole transcriptome sequencing data of Thai MCI patients (n=51) and healthy control (n=49) were
provided by Chulabhorn Royal Acaderf@RA). Peripheral blood was collected from all individuals.
Preparation of whole transcriptome sequencing library was done by purifying thé polytaining
MRNA molecules using poly oligo-attached magnetic beadganscriptome data was generated in
the form of 100 bp pairednd reads using MGISEZDOO platform.

2.2 Reference data

Reference genome agdéne annotatio®RCh38of Homosapienghuman) release version 110 was
obtained from Ensembl hitps://fip.ensembl.org/pub/releas&0/fasta/homo sapiens/dnaand
https://ftp.ensembl.org/pub/releas&0/gtf/homo_sapienks/

2.3 Transcriptome data analysis

Transcriptome data analysis (Figure 1) workflow used in this study started from quality control of
raw sequencng data using FastQC (v0.11.9) and MultiQC (v1.0.devO0). Rexadaligned to reference
genome using HISATR0] (v2.2.1). Rseq¢v5.0.2) was used for assessing the quality of alignment
results. Transcriptome reconstruction and expression quantification were performed using BtirigTie
(v2.2.1). Before differential expression analysis, principal component analysis (PCA) was used to reveal
the difference of transcripts expression between conditions. Then, identification of differentially
expressed transcripts between Thai MCI patierdshaalthy control was performed by using Ballgown
[12] in R (v4.2.3) with criteria ®alue < 0.01 and |[Log2FC| > 0.5. Enrichment analysis of known
transcripts to understand biological function insights into the progression of AD using ElBichas
performed. @ne names from a set of known differentially expressed transcripts were used as inputs for
enrichment analysis based gene ontology (GO) andyoto Encyclopedia of Genes and Genomes
(KEGG) pathways. Significartermsusing criteriaadjusted Pralue < 0.05 wer selectedTo find
important genes specific to patients, a profgiotein interaction (PPI) network of downregulated and
upregulated genes was performed using the STRING datdl#dsed Cytoscape (v3.10.1) separately.
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Figure 1. A transcriptome analysis workflow
3. Results and Discussion

3.1 Transcriptome data preprocessing and alignment

Whole transcriptome sequencing (WTS) data of Thai MCI patients (n=51) and healthy control
(n=49) were used in this study. The data was divided by AD saatasgnitive normal control, mild
cognitive impairment (MCI), mild dementia, and moderate demehllid.00 samples passed quality
control with PHRED score of more than 3bhe average number of total reads is 77,843,840. For each
sample, sequence reads were aligned to reference genome GRCh38 with the aver&geob7.01
alignment rate.

3.2 Differential expression analysis

PCA revealed transcriptome expression differences between case and control Gneups.
results indicate that the samples from two populations are largely overlapping with one another (Figure
2A), which suggests that transcript expression is very similar between the case and control groups.
Ballgown software reported 23,235 expressed transcripts in 100 samples by usingcatod £0.01
and |Log2FC| > 0.5 to filter significant transcripts. In this study a list of 155 transcripts including 71
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downregulated transcripts and 44 upregulated transcripts was ol{@Emae 2B) There are 41 known
downregulated and 24 known upregulated transcripts.
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To identify differentially expressettanscriptsbetween cases and healthy contriskscripts
expressed at low levels were filtered out prior to the statistical test in the differential expression analysis
to enhance detection powdb]. Pvalue < 0.01 and |Log2FC| > 0.5 werged asutoffs to select
significantly expressed transcripldost of samples from case group are MCI, which is the early stage
of AD. Therefore, the transcriptome expression between the case and control groups was largely similar
(Figure 2A). In additionincreasing number of replicatebsamples can increase trmwer of detection
of significant transcriptgl5].

Table 1. Top 5 Downregulated transcripts(Ordered by Log2FC)

. Fold change

Transcript name (FO) Log2FC P-value Gene name
1 | ENSTO00000558506, 0.45771392 | -1.1274819| 0.00488385 EIF5

ENSTO00000502534| 0.45907565 | -1.1231962| 0.00960227 RPL34
3 | ENST00000417439| 0.48325525 | -1.0491427| 0.00549904 LTF

5.782052753
4 | ENST00000265333| 0.53982168 | -0.8894452 VDAC1
11161e05

5 | ENST00000424576| 0.56272388 | -0.8295009| 0.00577313 RPL6

Table 2.Top 5 Upregulated transcripts(Ordered by Log2FC)

Transcript name

Fold change
(FC)

Log2FC

P-value

Gene name

1 | ENST0000050263

2.24616933

1.16746669

0.00079568

HNRNPH1

2 | ENST0O000037680¢

1.8863944

0.91563134

0.00023757

HLA-A

3 | ENST0000063194

1.76034842

0.815861

0.00031826

IGHV7-4-1

NP



