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Programme
Monday 10 December

9:00 Welcome
9:15 Behler 1 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 Sillanpää 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 &

Palmer
High-throughput forecasting of molecular properties in solution

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 Ahmed1 and Mikael P. Johansson1,2

1Department 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.

[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 modelling of liquid battery electrolytes 
 

Rasmus Andersson a, Fabian •rŽna, Alejandro A. Francob,c,d,e, Patrik Johansson a,d 
a Dept. of Physics, Chalmers University of Technology, 412 96, Gothenburg, Sweden 

b Laboratoire de RŽactivitŽ et de Chimie des Solides (LRCS), UniversitŽ de Picardie Jules 
Verne & CNRS, UMR 7314 Ð 33 rue Saint Leu, 80039 Amiens, France 

c RŽseau sur le Stockage Electrochimique de lÕEnergie (RS2E), CNRS FR3459, 80039 
Amiens, France 

d Alistore-ERI European Research Institute 
e Institut Universitaire de France, 103 Boulevard Saint-Michel, 75005 Paris, France 

E-mail: rasmus.andersson@chalmers.se 
 

Transport properties of liquid battery electrolytes are conventionally modelled using variants 
of the Nernst-Planck equation, typically resolving single cationic and anionic species, 
respectively, hence assuming no ion-pairing, i.e. full cation solvation and also vehicular 
transport in stable solvation shells. Such modelling can straightforwardly use input obtained 
by electrochemical methods. 
 
There are, however, several emerging classes of electrolytes that render these models 
inadequate, mainly due to a wider variation in electrolyte composition and charge carriers. As 
one example, for Li -S battery electrolytes the transport and solvation dynamics of 
polysulfides are crucial for the cell operation [1]. Another example is highly concentrated 
electrolytes, where too few solvent molecules are available to fully solvate the cation, leading 
to complex structure and dynamics by many partially solvated ionic aggregates [2].  
 
To address the transport within such electrolytes, we here propose a novel multiscale method 
for modelling liquid electrolytes, starting from first principles. The method is based on three 
consecutive steps building from the microscopic to the mesoscopic: i) A system-specific 
classical force field is optimized using machine learning algorithms, overcoming problems of 
conventional force fields [3], while avoiding expensive polarization modelling and with 
reference data provided by density functional theory calculations, ii ) molecular dynamics 
simulations for nanoseconds to microseconds and systems of 104-105 atoms provide statistics 
for, iii ) trajectory analysis in a hierarchical manner by identifying clusters of ions and 
molecules and their structure, transport, and solvation and population dynamics.  
 
The method predicts the structures to be included in continuum models, whose outputs can be 
directly validated against macroscopic quantities such as ionic conductivity, viscosity and 
density. Through its multiscale nature, this model yields not only macroscopic predictions, 
but also insights into how the macroscopic properties emerge from smaller scales. 
References:  
[1] J. Scheers, S. Fantini, P. Johansson, J. Power Sources. 255 (2014) 204-218 
[2] D.M. Seo, O. Borodin, S-D. Han, Q. Ly, P.D. Boyle, W.A. Henderson, J. Electrochem. Soc.. 159 (2012) 
A553-A565 
[3] D. Bedrov, O. Borodin, Z. Li, G.D. Smith, J. Phys. Chem. B 114 (2010) 4984-4997 

 
 



SIMPLIFIED  CHARGE DENSITY MODELS FOR ACCURATE  ESTIMATION  OF  
ELECTROSTATIC  PROPERTIES 

S!awomir A. BOJAROWSKI ,
 
Prashant KUMAR

 
and Paulina M. DOMINIAK  

Biological and Chemical Research Centre, Department of Chemistry, University of Warsaw,. !wirki   i Wigury 101, 02-089, Warsaw, Poland 
sbojarowski@chem.uw.edu.pl 

Fast and accurate estimation of electrostatic properties is still a challenging task. The electrostatic properties give 
a lot of valuable information of studied systems. The molecular electrostatic potential (MEP) demonstrates the neg-
ative and positive regions of molecules. It gives the information of the potential sites for nucleophilic or electrophilic 
attacks and can be a base for quantitative structure-activity relationship models. The electrostatic interaction energy 
(Ees) is commonly believed to be the most meaningful component of total interaction energy Eint, in the case of 
biomacromolecules, since they are highly polar systems. The Ees correlates the most with the Eint. This feature makes 
the accurate estimated Ees, apart from being important contribution itself, the best base for a scoring function in the 
docking procedure. However, the most popular models for electrostatic properties estimation, based on the simple 
Coulomb law with point charges (Emtp), are fast, but they do not account for the penetration energy (Epen). The latter 
occurs when the interacting molecules are so close that interaction energies cannot be estimated by just Emtp. At such 
distances: Ees=Emtp+Epen. The Epen can be up to 50% of total electrostatic interaction energy for polar molecules at the 
equilibrium distance.[1] Finally the model for fast and accurate Ees estimation, with the penetration effects, can be a 
basis for the electrostatic term in force fields. Furthermore, it can be the basis for new generation of non-bonded 
model in force fields. 
 

Our concept is taken from the theoretical crystallography. Firstly, we applied aspherical pseudoatom databank 
(UBDB) which can easily reproduce the averaged electron density and calculate the electrostatic properties.[2] The 
UBDB relies on a Hansen-Coppens formalism of electron density. The multipole expansions is truncated at the hex-
adecapole level. With UBDB one can obtain a fully  anisotropic model of charge density. It was already applied in 
biomacromolecular chemistry, particularly in such issues as interactions between influenza neuraminidase with in-
hibitors, syntenin PDZ2 domain interactions with short peptides, protein kinases interacting with sunitinib and many 
more.  
 

However, to meet all the expectations mentioned in the first paragraph, we introduce an aug-PROmol model. It 
relies on a promolecule model of an electron density, originally augmented with monopoles fitted to electrostatic 
potential (RESP). It enables estimation of the exact electrostatic interaction energy including penetration effects. Its 
simplicity allows to omit computational-costly integration procedure. The integration procedure between reproduced, 
simplified charge densities from aug-PROmol, can be replaced by an analytical function.[3] The form of this function 
follows how Ees is computed from aug-PROmol model by the use of exact integration, but it is much simpler and 
faster in terms of computation time. Our recent investigations show that the RESP charges can be successfully re-
placed by the point charges from other, easy attainable, sources: from database or from semiempirical.[4]  The elec-
trostatic interaction energies estimated by aug-PROmol with different sources of point charges relies mostly on the 
Emtp, and thus on the quality of point charges. Penetration energies computed with aug-PROmol model seems to be 
universal and not sensitive to applied source of point charges. For the benchmark molecular dimers, from S66x8 
dataset, the mean absolute errors of estimated Ees are equal ~ 1.0 kcal mol-1 at the equilibrium distance, when referred 
to quantum mechanics at the DFT-SAPT/aug-cc-pVTZ level of theory. Error at this level is very satisfactory and is 
well known as a level of chemical accuracy. The molecular electrostatic potentials from the aug-PROmol model were 
calculated for small organic molecules from S66x8 dataset and further for dataset of HIV-1 protease inhibitors.[5] 
The aug-PROmol model with semi-empirical point charges give partially anisotropic potentials, far different from 
these obtained with just point charges.  Obtained potentials show a great compatibility with the reference from quan-
tum mechanic at the B3LYP/6-31G** level of theory.  

 
Aug-PROmol model meets the expectations given in the introduction. It estimates the Ees with reasonable accu-

racy, it reproduces the molecular potential close to the reference and, by its simplicity, it can be easily applied as a 
base of scoring function in docking procedure or hereafter, it can be applied to force fields as an electrostatic term. 
 
1.! Bojarowski, S. A.; Kumar, P.; Dominiak, P. M., Acta Cryst., 2017, B73, 598-609. 
2.! Kumar, P.; Bojarowski, S. A.; Dominiak, P. M., et al. J. Chem. Theory Comput. 2014, 10, 1652-1664. 
3.! Bojarowski, S. A.; Kumar, P.; Dominiak, P. M., ChemPhysChem, 2016, 17, 2455-2460. 
4.! Bojarowski, S. A.; Kumar, P.; Wandtke, C. M.; Dittrich, B.; and Dominiak, P. M.; J. Chem. Theory Comput DOI: 10.1021/acs.jctc.8b00781 
5.! Kumar, P.; Gruza, B.; Bojarowski, S. A.; and Dominiak, P. M.; Extension of transferable aspherical pseudoatom databank towards comparison of molecular 

electrostatic potentials for structure-activity studies, submission stage 
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An accurate and generally applicable atomic-charge based dispersion correction
for density functional theory (DFT-D4)

Eike Caldeweyher1, Sebastian Ehlert1, Andreas Hansen1, Hagen Neugebauer1,
Sebastian Spicher1, Christoph Bannwarth2, Stefan Grimme1

1Mulliken 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-
PBE38/daug-def2-QZVP level and all elements up to radon (Z = 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 coe� cients, 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-body e� ects 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 Grimme S.J. Phys. Chem.2017, 147, 034112.

[2] Caldeweyher, E. and Ehlert, S. and Hansen, A. and Neugebauer, H. and Spicher, S. and
Bannwarth, C. and Grimme S.ChemRxiv, in progress.
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Steered Molecular Dynamics (SMD) is a powerful methodology to accelerate rare 
events occurring in a Molecular Dynamics (MD) by applying an external force to a set of chosen 
atoms [1]. While SMD provides non-equilibrium trajectories, it is of a main interest to be able 
to reconstruct equilibrium properties such as Potential of Mean Force (PMF) [2,3]. To be able 
to use multiple distributed polarizable force fields (such as AMOEBA), the methodology has 
been implemented in the Tinker-HP software [4]. The SMD implementation has been firstly 
compared to NAMD, considered as a reference [1]. We further tested it with different type of 
force fields (polarizable and non-polarizable) with use of systems of different size. Polarization 
effect has been isolated and characterized by a decrease of the free energy barrier of the PMF 
compared to non-polarizable force fields in most of the cases. 
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[3] Park, S., & Schulten, K. (2004). J. Chem. Phys., 120(13), 5946-5961. 
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PTC-Simu: MACLAREN project 2018-2019

Ziyad Chaker 1, Thibault Charpentier 1, Mathieu Salanne 2, Jean-Marc Delaye 3

1French Alternative Energies and Atomic Energy Commission - CEA
2Sorbonne University and Maison De La Simulation (MDLS - CEA)
3French Alternative Energies and Atomic Energy Commission - CEA

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),(ii) 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.

References

[1] A. P. Bartók and G. Csányi, �G aussian approximation potentials: A brief tuto-
rial introduction,� International Journal of Quantum Chemistry, vol. 115, no. 16,
pp. 1051�1057, 2015.

[2] A. S. Christensen, F. A. Faber, and O. A. von Lilienfeld, �Operators in machine
learning: Response properties in chemical space,�arXiv preprint arXiv:1807.08811,
2018.

[3] T. Charpentier, P. Kroll, and F. Mauri, �First-principles nuclear magnetic resonance
structural analysis of vitreous silica,�The Journal of Physical Chemistry C, vol. 113,
no. 18, pp. 7917�7929, 2009.

1



Chiral Resolution of the Active Pharmaceutical Intermediates on the
Selected Stationary Phases

Micha�l Chojecki1, Dorota Rutkowska- �Zbik2, Tatiana Korona1

1Faculty of Chemistry, University of Warsaw, Warsaw, Poland
2Jerzy Haber Institute of Catalysis and Surface Chemistry, Polish Academy of Sciences,
Kraków, Poland

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 speci�c
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
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(b) S-baclofen · · · (1R)-1-phenylethanamine
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Comparing di�erent machine learning force �elds:
a case study of aluminium

Maarten Cools-Ceuppens1, Joni Dambre2, and Toon Verstraelen1

1 CENTER FOR MOLECULAR MODELING, Ghent University, Technologiepark-Zwijnaarde 903, 9052 Zwijnaarde,
Belgium

2 IDLab, ELIS, Ghent University, Technologiepark-Zwijnaarde 15, 9052 Zwijnaarde, Belgium

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 hcp crystal structures of aluminium at the same accuracy as the
well-tested SOAP force �eld.
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Electronic Structure of  the Carbon K-Edge States  in  
Polyacenes  Molecules  
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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  

The Journal of Physical Chemistry C, (2018) DOI:10.1021/acs.jpcc.8b08945 



Resonance Lifetimes in Large Systems
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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 developed.[1] Here, we show an e�cient implementation of IP-ADC up to
third order in adcman,[2] a suite of ADC methods for electronically excited and ionized states,
which is available through the Q-Chem quantum-chemical program package.[3]

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,[4]

which combines Fano-Stieltjes theory[5] with the Algebraic Diagrammatic Construction scheme
for the polarization propagator (ADC), [6] is presented.

2)

1)

Fano-Stieltjes-ADCIP-ADC

1) photo-

ionization

2) core

excitation
a)

b)

a) participant

decay

b) spectatordecay

ionized state \continuum
states"

resonance state
or

\bound state"

Di�erent ionization processes: Photoionization (left), autoionization/resonant Auger (right).
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Excitonic Energy Transfer: An DFT/MRCI monomer transition density approach

Fabian Dinkelbach, Martin Kleinschmidt and Christel M. Marian
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Modern organic light emitting diodes employ phosphorescent or thermally activated delayed uorescent
(TADF) emitters. These emitters tend to have radiative lifetimes of microseconds, which is enough time
for non-radiative deactivation processes to take place and to reduce the quantum yield. To shorten the
radiative lifetime, energy transfer processes like F•orster- excitation energy transfer (EET) can be used
to move population to a strongly uorescent emitter. In case of the TADF emitter, the quantum yield
is increased by hyperuorescence, where F•orster EET moves singlet population towards the uorophore.
In case of a phosphorescent emitter, hyperphosphorescence takes place and population is moved from the
excited triplet towards the uorophore's excited singlet state. For these processes to be e�cient Dexter
EET should be avoided.

We use the monomer transition density approach[1;2] (MTD) which calculates the excitonic coupling for
F•orster and Dexter energy transfer employing the transition densities of monomers and the two-electron
integrals of the dimer.

VF oerster =
X

ijkl

[(� i � j j� k � l ) �
1
2

(� i � l j� k � j )] � D SS
D;ij D SS

A;kl (1)

VDexter = �
X

ijkl

(� i � l j� k � j )[D ST+
D;ij D T+ S

A;kl + D ST�
D;ij D T� S

A;kl +
1
2

D ST0
D;ij D T0S

A;kl ] (2)

The transition density matrices are obtained with the DFT/MRCI method [3] which proved to be a fast,
accurate and reliable method. For close-distance interactions, like Dexter EET, the MTD-approach su�ers
from the non-orthogonality of the monomer bases, which has to be corrected[4;5].
The method can be used with DFT/MRSOCI [6] coupled states to investigate systems where relativistic
e�ects play an important role.
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Novel proton transfer mechanism  in the HIV -1 
RNase H phosphodiester cleavage   
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RNase H is a prototypical example for two metal ion catalysis in enzymes. An RNase H activity is present 
in the HIV-1 reverse transcriptase but also in many other nucleases such as Homo sapiens (Hs) or Esche-
richia coli (Ec) RNase H. The mechanism of the reaction has already been extensively studied based on 
the Bacillus halodurans (Bh) RNase H crystal structure1�±3 most recently using time-resolved X-Ray crys-
tallography. However, kinetic and mutation experiments with HIV-1, Hs and Ec RNase H implicate a 
catalytic histidine in the reaction not present in Bh RNase H and the protonation of the leaving group also 
remains poorly understood.4 

 We use quantum mechanics/molecular mechanics (QM/MM) calculations combining Hamiltonian rep-
lica exchange with a finite-temperature string method to study the cleavage of the ribonucleic acid (RNA) 
backbone of a DNA/RNA hybrid catalyzed by the HIV-1 RNase H with focus on the proton transfer 
pathway and the role of the histidine. The reported pathway is consistent with kinetic data obtained with 
mutant HIV-1, Hs and Ec RNase H, the calculated pKa values of the DEDD residues and crystallographic 
studies.  The overall reaction barrier of �ý16 kcal mol-1, encountered in the first step, matches the slow 
experimental rate of �ý1-100 min-1.  

Using Molecular dynamics (MD) calculations we are able to sample the recently identified3 binding site 
for a third transient divalent metal ion in the vicinity of the scissile phosphate in the product complex. 
Based on data from our simulations, a similar observation of a third metal ion facilitating product release 
in an Aquifex aeolicus RNase III crystal structure5 and the in crystallo reaction we are able to show that 
the third ion and the histidine are key to product release as had been hypothesized4.  
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ANALYSIS OF THE TAILORED COUPLED-CLUSTER METHOD IN QUANTUM
CHEMISTRY

FABIAN M. FAULSTICH � , MIH �ALY M �AT �E y , ANDRE LAESTADIUS � , MIH �ALY ANDR �AS CSIRIK y , LIBOR

VEIS z , ANDREJ ANTALIK z , JI �R�I BRABEC z REINHOLD SCHNEIDER x , JI �R�I PITTNER z , SIMEN KVAAL � ,

AND •ORS LEGEZA y

We analyze mathematical properties of tailored coupled-cluster (TCC) methods as �nite dimensional
non-linear Galerkin schemes. This multi-reference formalism combines the single-reference coupled-cluster
(CC) approach with a full con�guration interaction solution covering the static correlation [3]. This keeps
the computational costs low as the full con�guration interaction solution is calculated for a subsystem and
guarantees the high accuracy of the CC method for the dynamical correlation.

Based on Zarantonello's Theorem, we prove that TCC schemes attain locally unique solutions ful�lling a
quasi-optimal error bound. To that end, we formally characterize the TCC function and show local strongly
monotonicity and Lipschitz continuity. We introduce a CAS-EXT-gap assumption for multi-reference prob-
lems replacing the HOMO-LUMO gap which is unreasonable for statically correlated systems. From this new
assumption, results from previous analyses [6, 4, 5] are adaptable to the TCC formalism presented here [1].
Further we perform a �rst error analysis revealing the mathematical complexity of the TCC-methods. Due to
the basis-splitting nature of the TCC formalism, the error decomposes into several parts. Using the Aubin-
Nitsche-duality method we derive a quadratic (Newton type) error bound. However, as TCC-methods do
not converge to the Full-CI solution a methodological error enters this bound. This can be qualitatively
explained by the basis-splitting, although the quantitative connection corresponds to a long known and
unsolved problem in quantum information theory.

We present numerical investigations on the robustness with respect to the bond dimensions of the single
orbital entropy and the mutual information, which are quantities that are used to choose the complete active
space. Furthermore, we extend the mathematical analysis with a numerical study on the complete active
space dependence of the error [2].
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How Graphene and Hexagonal Boron Nitride Get Electrified in 
Water? 

Beno”t Grosjean1, Marie-Laure Bocquet1, and Rodolphe Vuilleumier1 

1PASTEUR, DŽpartement de chimie, 
ƒcole normale supŽrieure, PSL University, 

Sorbonne UniversitŽ, CNRS, 75005 Paris, France 
 
The recent emergence of nanofluidics has highlighted the exceptional properties of graphene 
and its boron-nitride counterpart (hBN) as confining materials for water and ion transport[1-4]. 
Surprinsingly ionic transport experiments have unveiled a large electrification of the water-
BN surfaces, with a contrasting response for its water-carbon homologue[1]. This charging 
was conjectured to originate in the differential hydroxide adsorption on the 2D materials, but 
the challenge of simulating this elusive anion has precluded a proper explanation up to now.  
Here we report free energy calculations based on ab initio molecular dynamics simulations of 
a hydroxide in water near graphene and hBN layers. Our results[5] disclose that both surfaces 
electrify by hydroxide adsorption via different mechanisms. OH- shows strong chemisorption 
on hBN, but only weak physisorption on graphene. Interestingly OH- is shown to keep a fast 
lateral interfacial mobility while physisorbed. Taking into account the resulting large ionic 
surface mobility, an analytical transport model allows to reproduce quantitatively the 
experimental data. Our results offer new foundations for the chemical reactivity of carbon 
and BN materials in water and suggest new perspectives for advanced membrane 
technologies for water purification and energy harvesting[6]. 
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Application of GW-BSE theory to transition-metal complexes

Xin Gui 1, Wim Klopper 1
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The Bethe-Salpeter equation (BSE) [1] was initially derived in nuclear physics and later im-
ported to the �eld of computational solid-state physics. Recently, it has been widespread for cal-
culating molecular excitation energies and provided optimistic results in a variety of systems.[2-
6] The BSE formalism is very similar to the time-dependent density functional theory (TDDFT)
in the language of linear response, and thus has the same scaling with respect to system size as
TDDFT. However, BSE can be applied for description of excitations that are particularly prob-
lematic for TDDFT, e.g. excitations with charge-transfer character. The BSE approach has re-
cently been implemented in our TURBOMOLE program using a resolution-of-the-identity (RI)
approximation for all two-electron integrals that are required to solve the equation.[7] Since
BSE normally requires quasiparticle energies from precedingGW calculations as input,GW
and BSE have often emerged together, which is known as theGW-BSE formalism. The per-
formance of the BSE approach for the computation of singlet and triplet excitation energies of
small molecules has been assessed with respect to the quasiparticle energies used in the BSE
calculations.[8] Here we present several examples of application ofGW-BSE to transition-metal
complexes.
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Large scale atomistic simulations on respiratory complex I 
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Energy production is the one of the most important processes in our biosphere. Cells use the energy in the 
form of ATP, which is produced via oxidative phosphorylation (OXPHOS) in the inner mitochondrial 
membrane by respiratory complexes, to catalyse biochemical reactions.  

Respiratory complex I is the first member of the respiratory chain and one of the largest known protein 
assemblies (500 kDa Ð 1 MDa) with two proteinaceous arms, one spanning along the inner mitochondrial 
membrane with 70 transmembrane helices and the other embedded in the mitochondrial matrix.  

Complex I takes part in OXPHOS by pumping protons across the membrane contributing to the proton 
electrochemical gradient required by ATP synthase for ATP generation. Even though the structure of complex 
I was solved already in 2013, the functional mechanism remains unknown. The functional cycle consists of 
two separate, however coupled, reactions: reduction of quinone to quinol, and pumping of four protons across 
the membrane. The coupled reactions are separated by a distance of ca. 20 nm and temporally by reaction 
speed of one order of magnitude. The supposedly unique coupling mechanism is one the main questions in the 
field of bioenergetics.  

The major research question in our study is to enlighten the unknown coupling mechanism with 
computational methods. Using multi-scale simulation approaches, we are studying the dynamics of quinone 
and in both bacterial and mammalian variants of the enzyme. Our results provide details for the recent 
mechanistic proposals [1] and new exciting viewpoints for experimental research. The significance of the 
research on complex I lies within the diseases caused by the mutations and other dysfunctions of complex I, 
such as AlzheimerÕs and ParkinsonÕs disease. 

 
 

[1] Outi Haapanen and Vivek Sharma, BBA Bioenergetics, 1859, 510-523 (2018). 
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Chemical Space exploration guided by deep neural networks

Dmitry S. Karlov a, Sergey Sosnin a, Igor V. Tetko b,c, Maxim V. Fedorov a
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Parametric t-SNE approach based on deep feed-forward neural network was applied
to the chemical space visualization problem. It is able to retain more information than
certain dimensionality reduction techniques used for this purpose (Principal
component  analysis (PCA), Multidimensional scaling (MDS)). The applicability  of
this method for some chemical space navigation tasks (activity cliffs and activity
landscapes identification) is discussed.
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