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Programme

Monday 10 December

9:00 | Welcome

9:15 | Behler1 High-Dimensional Neural Networks: Concepts and Applications, Part 1
10:00 | Behler 2 High-Dimensional Neural Networks: Concepts and Applications, Part 2
10:45 | Break
11:00 | Behler 3 | High-Dimensional Neural Networks: Concepts and Applications, Part 3
11:45 | Lunch
13:00 | Sillanpaa HPC-Europa3: Travel and collaborate with EC funding
13:10 | Sluydts Accelerating materials screening with machine learning
13:30 | Popelier 1 Next generation force field design: state of the art and challenges
14:15 | Popelier 2 Background to FFLUX: Quantum Chemical Topology and Gaussian Processes
15:00 | Break
15:15 | Deringer 1 Machine-learning potentials for materials chemistry: fundamentals
16:00 | Deringer 2 Machine-learning potentials for materials chemistry: applications to amorphous materials
16:45 | Break
17:00 | Poster Session

Tuesday 11 December

9:15 | Goodpaster 1 Kernel Ridge Regression, Gaussian Processes, and Neural Networks in Quantum Chemistry
10:00 | Ceriotti 1 Atom-density based representations for machine learning
10:45 | Break
11:00 | Ceriotti 2 | Not only potentials: learning vectors and tensors
11:45 | Lunch
13:00 | Westermayr Machine learning for excited-state molecular dynamics
13:20 | Settels & High-throughput forecasting of molecular properties in solution
Palmer
13:45 | Isayev 1 Predicting properties of inorganic materials with machine learning
14:30 | Isayev 2 Neural Networks learning Quantum Chemistry
15:15 | Break
15:30 | Popelier 3 Results and Future Work
16:15 | Todorovic 1 Global atomistic structure search with Bayesian Optimization
Wednesday 12 December
9:15 | Lilienfeld 1 Quantum Machine Learning in Chemical Space: Part 1
10:00 | Lilienfeld 2 Quantum Machine Learning in Chemical Space: Part 2
10:45 | Break
11:00 | Goodpaster 2 Learning Electron Correlation: Part 1
11:45 | Goodpaster 3 Learning Electron Correlation: Part 2
12:30 | Lunch and free afternoon
13:00 | (Annual meeting of the Computational Chemistry Section of the Finnish Chemical Societies)
Thursday 13 December
9:15 | Todorovic 2 Predicting molecular orbital energies with Kernel Ridge Regression
10:00 | Todorovic 3 Deep-learning molecular spectra with Neural Networks
10:45 | Break
11:00 | Deringer 3 Data-driven learning and prediction of inorganic crystal structures
11:45 | Isayev 3 Deep Learning and Generative Models for Inverse Molecular Design
12:30 | Closing and departure
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Dissecting the interactions in quadruply H-bonded complexes

Usman Ahmed? and Mikael P. Johansson?2
Department of Chemistry, University of Helsinki, Finland
2Helsinki Institute of Sustainability Science (HELSUS), Finland
usman.ahmed@helsinki.fi

In recent years, self-assembly of molecules has drawn the interest of chemists to study the
phenomenon of aggregation and the control of the aggregates through non-covalent interactions.
Self-assembly of these systems is traditionally thought to arise mainly from hydrogen-bonding
interactions.

Here, we studied various molecules that undergo spontaneous self-assembly using
complementary hydrogen bonding. Complementary H-bonding can occur, if the molecule has
hydrogen donor (D) and acceptor (A) groups suitably ordered. With four hydrogen-bonding groups,
two main families exist: DDAA and DADA molecules. The interactions are investigated using
Symmetry-Adapted Perturbation Theory (SAPT) recently extended for functional group analysis [1],
and the findings discussed.

Jmol

[1] R. M. Parrish, T. M. Parker, and C.D. Sherrill, J. Chem. Theory Comput. 2014, 10, 4417.
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Novel multiscale framework for modeling of liquid battery electrolytes

Rasmus AnderssdhFabian «rZif, AlejandroA. Franc8%¢ Patrik Johanssdi
2Dept.of Physics, Chalmers University of Technology, 48 2Gothenburg, Sweden
P Laboratoire de RZaistitZ & de Chimie des Solides (LRCBhiversitZ de Picardie Jules
Verne & CNRS, UMR314D33 rue Saint Leu, 80039 Amiens, France
°RZseau sur le Stockage Electrochimique de IOEnergie (RS2E) FRSBR5980039
AmiensFrance
d Alistore ERI European Research Institute
¢ Institut Universitaire de Frangel03 Boulevard Sairi¥lichel, 75005 Parisfrance
E-mail:

Transport properties ofguid batteryelectrolytes are conventionally mobl usingvariants
of the NernstPlanck equatin, typically resolving single cationic and anionic species
respectively hence assunmng no ionpairing i.e. full cation ®lvaton and also vehicular
transport in stable solvation shel&uch modelling castraightforwardlyuse inputobtained
by electrochemical methods.

There are, bwever, several emerging classesf celectrolytesthat render thes models
inadequatemainly due toa wider variation in electrolyte composition attthrge carriersis
one example,for Li-S battey electrolytesthe transport and solvation dynamics of
polysulfides are crucialfor the cell operation[1]. Another example ihighly concentrated
electolytes,wheretoo fewsolventmoleculesareavailableto fully solvate the cation, leading
to complex structurand dynamics bynanypartially solzated ionic aggregates [2].

To addresshe transport within such electrolytege herepropose a novel mudicale method
for modeling liquid electrolytesstartingfrom first principles. The methog based orthree
consecutive steps building from the microscopic to the mesosdypkc:systemspecific
classial force field is optimized using machine learnagorithms overcoming problems of
conventional force field43], while avoiding expensive polarization mddej and with
reference datgrovided by density functional theowalculations,ii) molecular dynamics
simulationsfor nanoseconds to microsecoratsd systems af(’-10° atomsprovide statistics
for, iii) trajectoy analysis in a hierarchicalmannerby identifying clusters of ions and
molecules and their structure, transpardsolvation angopulation dynamics.

The method predictihe structure to be included icontinuummodek, whoseoutputscanbe
directly validated against macroscopic quantities such as ionic conductivity, viscosity and
density. Through its multiscale nature, this model yields not only macroscopic predictions,
butalso insghtsinto how the macroscopic propertiesiergefrom smaller scales.

References:

[1] J. Scheers, S. Fantini, P. Johansson, J. Power Sources. 255 (20248204

[2] D.M. Seo, O. Borodin, ®. Han, Q. Ly, P.D. Boyle, W.A. Henderson, J. Electrochem. S66.(2012)

A553-A565

[3] D. Bedrov, O. Borodin, Z. Li, G.D. Smith, J. Phys. Chenil# (2010) 49841997



SIMPLIFIED CHARGE DENSITY MODELS FOR ACCURATE ESTIMATION OF
ELECTROSTATIC PROPERTIES

Slawomir A. BOJAROWSKI , PrashantKUMAR and Paulina M. DOMINIAK

Biologicaland ChemicalResearctCentre,Departmenif Chemistry Universityof Warsaw, 'wirki i Wigury101,02-089, Warsaw,Poland
shojarowsk@chem.uw.edu.pl

Fastandaccurateestimationof electrostatiqropertieds still achallengingtask.Theelectrostatigropertiegjive
alot of valuableinformationof studiedsystemsThe molecularelectrostatigotential MEP) demonstratethe neg-
ativeandpositiveregionsof moleculeslt givestheinformationof the potentialsitesfor nucleophilicor electrophilic
attacksandcanbe abasefor quantitativestructureactivity relationshipmodels.The electrostatidnteractionenergy
(Ee9 is commonlybelievedto be the most meaningfulcomponentof total interactionenergyEy, in the caseof
biomacromoleculesince theyarehighly polarsystemsTheEgscorrelateghe mostwith the Ej,. This featuremakes
the accurateestmatedE.y apartfrom beingimportantcontributionitself, the bestbasefor a scoringfunction in the
dockingprocedureHowever,the mostpopularmodelsfor electrostatigoropertiesestimation basedon the simple
Coulomblaw with pointchargegEn), arefast,buttheydo notaccountfor the penetratiorenergy(Epe). Thelatter
occurswhentheinteractingmoleculesaresoclosethatinteractionenergiescannotbe estimatedy just Eq,. At such
distancesEesEmtEpen The Epencanbeupto 50%of total electrostatiénteractionenergyfor polarmolecules atthe
equilibriumdistance.]] Finally the modelfor fastandaccurateE.s estimationwith the penetratioreffects,canbea
basisfor the electrostatidermin force fields. Furthermoreit canbe the basisfor new generationof nonbonded
modelin forcefields.

Our conceptis takenfrom the theoreticalcrystallographyFirstly, we appliedasphericalpseudoatondatabank
(UBDB) which caneasilyreproducehe averageclectrondensityandcalculde the electrostatiqproperties.[2 The
UBDB relieson a HanserCoppendormalismof electrondensity.The multipole expansionss truncatedat the hex-
adecapoldevel. With UBDB onecanobtaina fully anisotropicmodelof chargedensity It wasalreadyappliedin
biomacromoleculachemistry,particularlyin suchissuesasinteractionshetweeninfluenzaneuraminidaseavith in-
hibitors,synteninPDZ2 domaininteractionswith shortpeptidesproteinkinasednteractingwith sunitinibandmany
more

However,to meetall the expectationsnentionedn the first paragraphye introducean augPROmolmodel. It
relieson a promdecule model of an electrondensity originally augmentedvith monopoleditted to electrostatic
potential(RESP).It enablesestimationof the exactelectrostatidnteractionenergyincluding penetratioreffects.lts
simplicity allowsto omit computationakostlyintegrationprocedureTheintegrationprocedurédetweerreproduced,
simplified chargedensitiefrom augPROmol,canbereplacedby ananalyticalfunction.[§ Theform of thisfunction
follows how Ecsis computedirom augPROmolmodelby the useof exactintegration,but it is muchsimplerand
fasterin termsof computationtime. Our recentinvestigationsshowthatthe RESPchargescanbe successfullyre-
placedby the pointchargedrom other,easyattainable sourcesfrom databaser from semiempirical[4] Theelec-
trostaticinteractionenergiesestimatedoy augPROmolwith differentsourcesof point chargegeliesmostly on the
Emyp, @andthuson the quality of point chargesPenetratiorenergiescomputedwvith augPROmMol modelseemdo be
universaland not sensitiveto appliedsourceof point chargesFor the benchmarkmoleculardimers,from S66x8
datasetthemeanabsoluteerrorsof estimatede.sareequal~ 1.0kcal mol* attheequilibriumdistancewhenreferred
to quantummechanicsatthe DFT-SAPT/augcc-pVTZ level of theory.Error at this level is very satisfactoryandis
well knownasalevel of chemicalaccuracyThemolecularelectrostatipotentialfrom theaugPROmolmodelwere
calculatedfor small organicmoleculesfrom S66x8datasetandfurtherfor datasebf HIV-1 proteasdnhibitors.[§
The augPROmolmodelwith semiempirical point chargeggive partially anisotropicpotentials far different from
theseobtainedwith just pointcharges Obtainedootentialsshowa greatcompatibilitywith thereferencdrom quan-
tum mechaniatthe B3LYP/6-31G** level of theory.

Aug-PROmolmodelmeetsthe expectationgiivenin the introduction.It estimateghe E.swith reasonableccu-
racy, it reproduceshe molecularpotentialcloseto the referenceand,by its simplicity, it canbe easilyappliedasa
baseof scoringfunctionin dockingprocedureor hereafterjt canbe appliedto forcefields asanelectrostatiderm.

1.!Bojarowski S.A.; Kumar,P.; Dominiak,P. M., Acta Cryst.,2017,B73,598-609.

2. Kumar,P.; Bojarowski,S.A.; Dominiak,P.M., etal. J. Chem.TheoryComput.2014,10,16521664.

3.1 Bojarowski,S.A.; Kumar,P.; Dominiak,P.M., ChemPhysChen2016,17,24552460.

4. Bojarowski, S.A.; Kumar, P.; Wandtke,C. M.; Dittrich, B.; andDominiak, P.M.; J.Chem.TheoryComputDOI: 10.1021/acs.jctc.8b00781

5. Kumar,P.; Gruza,B.; Bojarowski,S.A.; andDominiak,P.M.; Extensiorof transferableasphericalpseudoatondatabankowardscomparisorof molecular
electrostatigpotentialsfor structureactivity studies submissiorstage

| wouldlike to acknowledgéhe National ScienceCentrefor PRELUDIUM-UMO/2015/19/N/ST4/0001grant.



1= =8-/-¢

68> T-Ty= T-Tv® DM x0( Th= 6= 0T--- 26/ >- 864=::6>0- -67 T=5> =8-/-¢ — 16 8=88 " ~%-¢ - Th= 16 T><~/T~ =>8)-=-/ I<{T>< T-6 L - T~ -T¢TO6V
%0 T/-1-<> I x0( TH+ 319" -=> =>-TI Tr= DD x0(9) ThY® T9"-=> =62 Tv=T" 6=0T:-T: 1= >T/-1:<> I «0( 08- DM x0( T=
0T-T086/ >864=4086/ T-<>>T-: 08~ T:<=-:T: L T= Tt= ‘67 (>866></86/ 813-T==-) 6= 0T:-- 26/ 0T " -6>0- HE86:=>>-0 -T2 67 == 0TD6¥> T/-1-<>
DI x0( /6:=T 2 657/56=> Ti= 16 L<$0-%-: T/-7-<>0T=-8%0-66/ 0I679TT-¥= T¥= 86 )'% 08~ )i -67>T¢C-T8T 865=:-6>0- 0T=<: L6/ T+ IT-<>>T::
€85>-T-/85 =50 >T>-T-/T0 5 >-T-TV® >T>-T-/859€-T8T T/-1-<>>{K T>-T-/8 T-<=—:T:LT=> IT-<>>T:- 08- T-<=—-T:/.T=86 6>~ =8T08T-TO
4S:T8T T/-1-<>>=5 0-¥ (T/-7:<> T¥==-") 08-") x 16 >T/VT ¥=50 DM x0( IT-<=-:T: LT= ¥E¥ 08~ T-<>>T-: B@6Y=- T9"-=> T:62 >-0 T/-1:<>
=8T4/5T0 8TEAV6 TUYD T-<=-:T:2LT= 06) 08~ T-<>>T-- Y€ == T4"-=> T:6.L >-0 T/-1-<> >>T/VT 8TEAY) IT-<>>T-- 08- T-<=--T: LT= 16 86=/8<C -
>- 8TEAY6 TH= 76 95-T8T > "¢$ 86 =8TOST-TO T-T® (=8T¢/%TO STEAVEITITH) x0( 08- >>T/VT STEAVEI I TP x0(9) (>T/-7-<> T=-P:9<> 2 <40-Q-:
/5:=T 2 657/56=>9868 76 >TSE-T8T T/-1:<> T+ PBBEI086/ T-<>>T - 08- T:<=-:T: LT=TH=16 =8T08T:T08S T+- >T<i-¢ T>TH+ IWTESH/T>Tiw 4°TLD
08-n 4°TZdN 16 >T8E-T8T T/-7-<> 0-¥ 2 <40-%-: 0T=-850:66/ <67 T¥= 86 >TO>T- 8TEAV6 TH= T-T¥® I x0(9) 08- :<¥7:9<> 0T=-850-66/
<67 TP=86 >TOST: 26=- 8TEAV6 T/-71:<> T:TYO U «0( > T/-7:<> /5:=T 2 657 /56=x 14— = :T=8<6/ DM ) x0( TH= 86 T=5> 86%=: :6>0-
T9"-1<66-168 > T-Th=T><~/T" T/-1:<>>7=86 0T L 67-T: 986 >-0 866=::6>0 IT/-1-<> I «0( /5:=T L 657/56=> T1= 86 ) i 08~ W% 6

8651 :6>0- T#= 08- >866=-852 - T= >-€ =8T-T7%0 =50 >T/-71-<>C) x0( 76 §=5%" -=> T= T=-€:=>T(86 6= 0T>< T-TO #/-6- 2 - /6502 6=- T)=4/8%: = =>:7 TH=
/.67 >86%-9</9~/ +#. (0--ET- >ii= 1 ITGIE]T Th= 85 V0% 08-W) x 16 T/8T>T- - TH= 6= T<0°) x0( 6= 0T86>6- >4 -1 TD6Y D0 (T/%61/ 16 =>F-=-/
Th+ 3>-€ T><6V8TT-€ - >- =8T286:%8T Tt= 6= =-T-¥=1-:=8T=6- >=4 76 T><~/T" §-4=8T>>T 8:T¢, >4 9-¢6 LT+ T8-Y=T L T=T9: 26/ (L T=>8> >i= 81 300:60
TP= 85 T/:<6> 9E-T8T £8i06-€ =>T=>-7 Tt= 16 T86 > TRIEBT I--<=- . PTGIEST >-€ I-:<=-8 85 =8-=16: L5 8- T¢, > T8-1=TL 16 866=><" L6/ /6=8)-=-i

s

7e 3 s
n ‘"* woowl owm om

7€ m P *
896 9% e %) 593 $ - P . s

ST/#8-T

o M

gewg

2

/5$. S $86 )OZIT
/8% .G $%6 )OZIT »

b oo nee e

STE$HS

e 0TS

L-SLIS LI H# 08 O /<IL S EDNO/T i 085L/95-6/.
<% /L0-. "L DT-982L1) 8vviC L/ -Vr-x U-6-+ == B L[/ =+
ol T BTHS (0778 WdTe © “TH ot/ %07 7000 S =" —"x2/0°T%# (0 9-# (/€1 “ smunt/ ) vie$Hel o G



An accurate and generally applicable atomic-charge based dispersion correction
for density functional theory (DFT-D4)

Eike Caldeweyhet, Sebastian Ehlert, Andreas Hansen, Hagen Neugebauet,
Sebastian Spichet, Christoph Bannwarth?, Stefan Grimme*

IMulliken Center for Theoretical Chemistry, Beringstr. 4, D-53115 Bonn, Germany
2Department of Chemistry, Stanford University, Stanford, CA 94305, United States of America

The so-called DFT-D4 model is presented for the accurate computation of London dispersion
interactions in density functional theory (DFT) approximations. In this successor to the DFT-D3
model, the atomic coordination-dependent dipole polarizabilities are scaled based on classical
atomic partial charges, which are obtained by solving a system of linear equations for which
e cient analytical charge derivatives — with respect to nuclear positions — are developed for the
rst time in the present work. For this purpose, a new charge-dependent parameter-economic
function is designed. A numerical Casimir-Polder integration of these atom-in-molecule dy-
namic polarizabilities then yields charge- and geometry-dependent dipole-dipole dispersion co-
e cients. Similar to the D3 model, the dynamic polarizabilities are pre-computed at the TD-
PBE38daug-def2-QZVP level and all elements up to raddr= 86) are included within an
extended reference set. The two-body dispersion energy expression has the usual sum-over-
atom-pairs form and includes dipole-dipole, as well as dipole-quadrupole interactions. For a
benchmark set of 1225 molecular dipole-dipole dispersion oients, the D4 model achieves

an unprecedented accuracy with a mean relative deviation of 3.9% compared to 4.7% for D3. In
addition to the two-body dispersion energy, many-bodgats are described up to third order

by an Axilrod-Teller-Muto term. A common many-body dispersion description was extensively
tested and assigned bene cial for larger system sizes in terms of an energy correction. Becke-
Johnson-type damping parameters are determined for more than 60 common density functionals.
For various standard energy benchmark sets DFT-D4 slightly but rather consistently outperforms
DFT-D3. Especially for metal containing systems, the introduced charge dependence of the dis-
persion coe cients improves thermochemical properties. We suggest the new DFT-D4 model
as a more sophisticated model in place of DFT-D3 for DFT calculations.

[1] Caldeweyher, E. and Bannwarth, C. and Grimmd.®hys. Chenk017, 147, 034112.

[2] Caldeweyher, E. and Ehlert, S. and Hansen, A. and Neugebauer, H. and Spicher, S. and
Bannwarth, C. and Grimme £hemRxiyin progress.
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Title: Massively Parallel implementation of the Steered Molecular Dynamic in FiiRefior
polarizable and nepolarizable force fields

Nom: FrZdZric CELERSE

SupervisorsJeanPhilip PIQUEMAL (LCT) andEtienne DERAT (IPCM)
Sum

Steered Molecular Dynamics (SMD) & powerful methodologyo accelerate rare
events occurring inllolecular DynamicsNID) by applying an external force to a set of chosen
atoms[1]. While SMD provides nomquilibrium trajectaes, it is of a main interest to be able
to reconstruct equilibrium properties such as Potential of Mean Force (RNFE)To be able
to use multiple distributed polarizable force fields (such as AMOEBA), the methodology has
been implementeth the Tinker-HP software[4]. The SMD implementatn has been firstly
compared tdtNAMD, consideredas a referencfl]. We further tested with different type of
force fields polarizable and nepolarizablg with use ofsystemf different size. Polarization
effect has beeisolated anatharacterized bg decrease of the free energy barrier of the PMF
compared to nopolarizable force fields in most of the cases.

[1] Phillips, J. C., Braun, R., Wang, W., Gumbart, J., Tajkhorshid, E., Villa,. & ,Schulten, K.2005. J.
Comput. Chem?26(16), 17811802.

[2] Park, S., KhaliliAraghi, F., Tajkhorshid, E., & Schulten, KQ03. J. ChemPhys, 1196), 35593566.
[3] Park, S., & Schulten, K2004) J. ChemPhys, 120(13), 59465961.

[4] Lagardere, L., Jolly, L. H., Lipparini, F., Aviat, F., Stamm, B., Jing, Z. F& Gresh, N. 2018. Chem.
Sci, 9(4), 956972.
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Abstract

Nowadays, due to the intensive use of nuclear energy in our modern society, the treat-
ment of radioactive wastes through vitri cation becomes a thematic of central interest.

In particular, the question of the e ciency, viability and durability resulting from such
sequestration methods refers directly to our ability to understand and predict the struc-
ture and properties of these nuclear glasses. We focus on the NMR investigation of these
complex glasses to establish clearly the structure to property relationships characterizing
them. Many simulation methods from MD, DFT to aiMD are used to investigate in this
sense. Nevertheless, severe limitations exist such as the accuracy of the potentials used
(MD) or the speed and feasibility of the calculations (aiMD). We propose to apply the
state-of-the-art machine learning (ML) methods [1, 2] to:(i) accelerate the procedures
already used for these calculations (construct ML force elds)ji) use ML to provide

a systematic approach for analyzing experimental NMR data (disentangle the atomic
structure to NMR signals relationships) and(iii) go beyond simple scalar predictions
and predict tensor DFT observables such as NMR, polarizability or stress tensors. The
MACLAREN project subscribes in a global perspective aiming at the amelioration of
modeling tools hitherto available for nuclear glasses studies. We plan to incorporate ML
optimized schemes and the outputs from many spectroscopic approaches (NMR, RA-
MAN, structure factor measurements) into a reverse Monte-Carlo routine (fpNMR [3])
currently being developed. The aim is to have enough constraints to reach unprecedented
accuracy in the establishment of the atomic structures of real samples.
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Many bioactive compounds exist in two forms which only di er with the way they
rotate light. These forms have identical chemical and physical properties but interact dif-
ferently with other chiral molecules, including many important biochemicals. Therefore,
when a new candidate for an active pharmaceutical intermediate (API) molecule is iden-
ti ed, a synthetic route that produces solely the desired enantiomer must be developed.

To this end, we aim to study the e ectiveness of modelling of the interaction energy
di erences between the pair of the same enantiomers of the selected stationary phases, such
as: phenylethanamine, glucose, and proline with selected APIs molecules such as: baclofen
or ibuprofen. We utilise several popular theoretical methods, which allow for the energy
partitioning, like symmetry-adapted perturbation theory (SAPT) [1] and functional-group
SAPT (F-SAPT) [2], as well as a supermolecular MP2. The F-SAPT approach turns out
to be especially useful for this analysis since it enables for an identi cation of a specic
spot of the molecule responsible for the increased or decreased attraction or repulsion.

Figure 1: Optimised complexes of the baclofen enantiomers with phenylethanamine.

(a) R-baclofen - - - (1R)-1-phenylethanamine (b) S-baclofen - - - (1R)-1-phenylethanamine

The support from the National Science Centre of Poland through grant 2015/19/B/ST4/01812
is gratefully acknowledged. This research was supported in part by PL-Grid Infrastructure.
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Machine learning force elds have become a popular and reliable method to sample the potential
energy surface of molecular systems. One does not have to come up with a physical expression
for the energy unlike conventional force elds, which makes them very exible and a strong
competitor to these traditional force elds (e.g. the embedded atom model). In the past few
months and years, the amount of di erent machine learning force elds has increased rapidly,
all excelling in other areas and on various datasets.

In this poster, three machine learning force elds are compared on an aluminium dataset: a
linear model, SOAP [1] (kernel ridge regression with Gaussian approximation potentials) and
SchNet [2] (a deep neural network making use of message passing). The full dataset contains
a variety of MD trajectories, simulating bulk structures, surfaces, vacancies, grain boundaries,
surfaces ... and was partially taken from literature [3] and extended with GPAW calculations.
Before training, some MD trajectories were excluded to serve as an external validation set. The
other structures are shu ed and split into the training and test set (90% - 10%). Evidently, the
latter two sets consist of representative systems for the external validation set.

We show that more complex machine learning force elds have a greater predictive power when
interpolating (have a lower error on the test set). Furthermore, they bene t more from a larger
training set. On the contrary, they seem to su er when extrapolating or making predictions of
unseen structures (a larger error on the external validation set). Even the use of early stopping
by having access to the unseen structures does not decrease the SchNet error below the value of
the linear model. Moreover, the linear model can predict the lattice constants and bulk moduli

of the equilibrium fcc, bcc and hep crystal structures of aluminium at the same accuracy as the
well-tested SOAP force eld.

References

[1] Albert P. Barbk, Risi Kondor, and Gabor Csanyi. On representing chemical environments.
Phys. Rev. B 87:184115, May 2013.

[2] K. T. Schatt, H. E. Sauceda, P.-J. Kindermans, A. Tkatchenko, and K.-R. Mdller. Schnet {
a deep learning architecture for molecules and materialsThe Journal of Chemical Physics
148(24):241722, 2018.

[3] V. Botu, R. Batra, J. Chapman, and R. Ramprasad. Machine learning force elds: Con-
struction, validation, and outlook. The Journal of Physical Chemistry C, 121(1):511{522,
2017.



3/



Electronic Structure of the Carbon K-Edge States in
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We present an experimental and theoretical study of high-resolution NEXAFS spectra of well-
ordered films of benzene and a series of polyacenes molecules, namely naphthalene,
anthracene, tetracene, and pentacene. The spectral complexity increases with the molecular
size: NEXAFS features decrease in intensity and moves to lower photon energy (redshift), as
the size of the aromatic system grows. Moreover, a second group of transitions arises.
Vibrational fine structures coupled to the ! '#$'%"& transitions are apparent for all
investigated molecules.

To improve the interpretation of the experimental measurements, theoretical chemistry models
were applied to obtain the absolute band envelopes. The Nuclear Ensemble method was
employed based on TDDFT electronic structure. TDDFT was performed with the Restricted
Excitation Window approach with the ! B97X-D functional to the description of the electronic
structure of the core excited states. We also analyzed the Transition Densities Matrices for
the whole series of molecules. This approach improves the comprehension of the unique
electronic nature of the spectroscopic features observed in the first two spectral bands.

Accepted to publication:
High-Resolution NEXAFS Study of Condensed Polyacenes
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The theoretical modeling of ionization processes and simulation of corresponding photoelec-
tron spectra is a demanding task for quantum chemistry. With the Algebraic Diagrammatic
Construction approximation for the particle propagator (IP-ADC), a successful approach to
this problem has been developedt! Here, we show an e cient implementation of IP-ADC up to
third order in adcman?! a suite of ADC methods for electronically excited and ionized states,
which is available through the Q-Chem quantum-chemical program packagé?!

A second part of the presentation focuses on resonant autoionization. As illustrated in the
right part of the gure below, such processes occur if an electronic system is excited above
its ionization threshold. Due to the unbound nature of the involved resonance states, their
theoretical description is challenging. An implementation of the Fano-ADC-Stieltjes method !
which combines Fano-Stieltjes theory?! with the Algebraic Diagrammatic Construction scheme
for the polarization propagator (ADC), [®! is presented.
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