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A new approach for the balanced description of dynamic correlation and

spin-dependent relativistic effects

Lucas Lang, Shubhrodeep Pathak, Frank Neese

Max Planck Institute for Chemical Energy Conversion,

Stiftstr. 34-36, D-45470 Mülheim an der Ruhr, Germany

Nowadays there exist a plethora of accurate and efficient methods to approach the electron cor-

relation problem for molecular systems with single-determinant character. However in many

situations, like bond-breakings, excited states and also for many electronic ground states at

equilibrium geometry, the electronic structure becomes intrinsically multi-configurational. The

situation is particularly complicated if several different electronic states need to be described

at the same level of accuracy, as is necessary for the interpretation of the spectroscopy and

magnetism of transition metal compounds. The latter case additionally requires the correct de-

scription of relativistic effects like spin-orbit coupling (SOC) and the Zeeman effect. One usual

approach consists in accounting for dynamic correlation first and doing a subsequent first-order

quasi-degenerate perturbation theory (QDPT) treatment in a small basis of preselected non-

relativistic roots to account for relativistic effects [1]. This two-step procedure obviously has

limitations whenever dynamic correlation and spin-orbit effects become comparable in size to

the zeroth-order energy splittings. We therefore propose an extension of the recently developed

second-order dynamic correlation dressed complete active space method (DCD-CAS(2)) [2] in

order to obtain a dressed CASCI Hamiltonian that includes the effects of dynamic correlation

and relativity at the same time. The main properties of the method are discussed and the perfor-

mance for relativistic energies and derived spectroscopic and magnetic quantities is evaluated.

[1] D. Ganyushin and F. Neese, J. Chem. Phys. 125, 024103 (2006).

[2] L. Lang, S. Pathak and F. Neese, submitted.
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Cooperative effect in water cluster 
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       The cooperativity of hydrogen bonds means that the local hydrogen bond strengths 
and other electronic properties of the different water clusters have been subjects of 
intensive study in the literature. One of the reasons of these works was to understand better 
the origin and the size of these collective effects.  We will present the values of dipole 
moments of individual water molecules as well as the results of the intra-and 
intermolecular bond order calculations indicating the big importance of collective 
electrostatic effects caused by the non-immediate environment in liquid water models 
[1,2]. It will also be discussed how these collective effects build up as consequences of the 
electrostatic and quantum chemical interactions in water clusters. Additionally, we 
characterize how several local properties of water molecule (dipole moment, polarizability, 
relaxation energy) depend on the H-bonding environment and on the cluster size (Fig. 1). It 
has been shown using energy partition method (CECA) [3] that the local H-bond strength 
depends on the H-bonding state of donor and acceptor molecules. We  calculated  the ratio 
of two body and three body energy terms using the Mayer-Valiron hierarchy too [4]. 

 
       [1]  I. Bakó, I. Mayer . J. Phys. Chem A. 120, 4408 (2016) 
       [2]  I. Bakó, I. Mayer . J. Phys. Chem A. 120, 631 (2016) 
       [3]  I. Mayer, I. Mayer, Chem. Phys. Letter 332, 381  (2000) 
       [4]  I. Mayer, Valiron, J. Chem. Phys. 109, 3360 (1998) 
 
Fig.1  
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Exploring and pushing the limits of ansa-aminoborane reactivity

Dénes Berta1, Konstantin Chernichenko2, Vendel Nagy1, Eszter Albert1, Imre
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The ansa-aminoborane compounds are fascinating family of frustrated Lewis pairs (FLPs). As
many other counterparts, they are capable of reversible hydrogen uptake [1], but the special
orientation of the acidic and basic centers enables the heterolytic activativation of C-H bonds
of unsaturated substrates [2]. Although there is a huge synthetic potential for sp and sp2 C-H
activation, the reactions with sp3 substrates in the same fashion seems only feasible in quite
specific circumstances [3].

Figure 1: Summary of ansa-aminoborane chemistry.

In our continuing studies we aim to explore the natural limitations of ansa-aminoborane re-
activity with the tools of computational chemistry. We demonstrate the differences between
thoughtfully chosen representative reactions and show why they result in reduced reactivity in
case of sp3 substrates. The understanding of well-defined trends guides us to design new ansa-
aminoboranes, which can unleash the full potential of its structure in C-H activation.

[1] K. Chernichenko, Á. Madarász, I. Pápai, M. Nieger, M. Leskelä, T. Repo, Nat. Chem.

5, 718 (2013).

[2] K. Chernichenko, M. Lindqvist, B. Kótai, M. Nieger, K. Sorochkina, I. Papai, T. Repo,
J. Am. Chem. Soc. 138, 4860 (2016).

[3] É. Rochette, M.-A. Courtemanche, F.-G. Fontaine, Chem. Eur. J. 23, 3567 (2017).
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Singlet fission (SF) is a spin-allowed process by which two triplet excitons are generated 
from a singlet exciton [1]. It has received great attention recently as a feasible way to 
overcome the Shockley-Queisser limit [2], which could enable the development of more 
efficient solar cells. In this contribution, we analyze intramolecular SF (iSF) in a series of 
modified pentacene dimers covalently bonded to conjugated, cross-conjugated and non-
conjugated spacers employing multireference perturbation theory and quantum dynamical 
methods [3-5]. The systems investigated provide insight into the key roles that the 
molecular and electronic structure of the spacer, the electronic states involved in the 
process and the coupling to molecular vibrations play in iSF. The impact that these aspects 
have in the relative contributions of the direct and mediated mechanisms of iSF is also 
discussed. 
 
 
 
 
 
       [1]  M. B. Smith, J. Michl, Chem. Rev. 110, 6891 (2010). 
       [2]  W. Shockley, H. J. Queisser, J. Appl. Phys. 32, 510 (1961). 
       [3]  J. Zirzlmeier, D. Lehnherr, P. B. Coto, E. T. Chernick, R. Casillas, B. Basel, M. 

Thoss, R. R. Tykwinski, D. M. Guldi, Proc. Natl. Acad. Sci. (USA) 112, 5325 
(2015). 

       [4]  J. Zirzlmeier, R. Casillas, S. R. Reddy, P. B. Coto, D. Lehnherr, E. T. Chernick, I. 
Papadopoulos, M. Thoss, R. R. Tykwinski, D. M. Guldi, Nanoscale 8, 10113 
(2016). 

       [5]  B. S. Basel, J. Zirzlmeier, C. Hetzer, B. T. Phelan, M. D. Krzyaniak, S. R. Reddy, 
P. B. Coto, N. E. Horwitz, R. M. Young, F. White, F. Hampel, T. Clark, M. Thoss, 
R. R. Tykwinski, M. R. Wasielewski, D. M. Guldi, Nat. Comm. 8, 15171 (2017). 
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Population of charge-transfer (CT) states is very important step in the charge photo-
generation process in different organic photovoltaic devices [1]. The initial electron 
transfer step from the locally excited (LE) to the CT state may be followed by full charge 
separation to form dissociated charge carriers or geminate recombination to form the 
ground state (S0) [1]. To prevent undesired recombination, CT states should be 
thermodynamically favorable and should have a long lifetime. Based on a cascade values 
of ionization potentials and electron affinities, multicomponent covalently connected 
donor-acceptor systems with very long lifetime has been developed.[2] To include 
concepts of self-assembly and recognition in the design of such systems, covalent 
connections among donors and acceptors are replaced with soft interactions such as H-
bonds in the salt bridges.  

In this work the donor-acceptor pairs connected via carboxylate-guanidinium salt bridge 
[3] are modeled using TD-DFT methods with particular emphasize on the CT states. The 
results indicate that the charge separation in CT states depend on the orientation of the salt 
bridge. Also, the salt bridge was flexible enough to allow approaching of two interacting 
charged subunits in the minimum on the PES of the CT state as exemplified in Fig. 1. 

Figure 1. Geometries of 4-
dimethylaminophenylguanidinium 
complex with 3,5-dinitrobenzoic 
acid in the bright LE and the lowest 
energy CT state at TD-CAM-
B3LYP/6-31+G(d,p) level of theory 
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the University of Zagreb Computing Center (SRCE). 

[1] T. M. Clarke, J. R. Durrant, Chem. Rev. 110, 6736 (2010). 
[2] H. Imahori, D. M. Guldi, K. Tamaki, Y. Yoshida, C. Luo, Y. Sakata, S. Fukuzumi, 

J. Am. Chem, Soc. 123, 6617 (2001). 
[3] I. Antol, Z. Glasovac, D. Margetić, R. Crespo-Othero, M. Barbatti, J. Phys. Chem. 

A 120, 7088 (2016).  
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Non-Adiabatic Dynamics at Metallic Surfaces:

Revisiting the NO/Au(111) Puzzle

Tobias Serwatka1, Jean Christophe Tremblay1, Beate Paulus1

1Institut für Chemie und Biochemie, Freie Universität Berlin, Takustraße 3,14195 Berlin,
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In the present contribution, we aim at the first principle characterization of some key factors

affecting vibrational dynamics of adsorbates at metallic surfaces. Our work is motivated by a

series of experiments by Wodtke and co-workers for the scattering of oriented NO molecules

from a Au(111) surface (e.g., Refs. [1-4]). For molecules in different initial vibrational states,

important multiple quanta vibrational relaxations and excitations are observed to take place on

the subpicosecond timescale. Previous theoretical simulations have aimed at rationalizing those

findings from the perspective of non-adiabatic coupling, both in the strong [5] and weak [6]

coupling limits. Despite their great success, many key observed features remain unexplained.

Here, we present a global, flexible functional form for the potential energy surface that includes

previously neglected binding sites and captures the subtleties of the potential landscape. In par-

ticular, we discuss the role of three-body terms, of charge transfer and of molecular orientation.

The static vibrational eigenstates of the system in increasing dimension reveal important inter-

mode couplings which were previously neglected. The relaxation behaviour of the adsorbed NO

is further studied in static terms.

References:

1. Y. Huang, C. T. Rettner, D. J. Auerbach, and A. M. Wodtke. Science 290 (2000) 111.

2. N. Bartels, K. Golibrzuch, C. Bartels, L. Chen, D.J. Auerbach, A.M. Wodtke, and T.

Schäfer. J. Chem. Phys. 140 (2014) 054710.

3. N. Bartels, B.C Krüger, D.J. Auerbach, A.M. Wodtke, and T. Schäfer Angew. Chem. 126

(2014) 13908.

4. B. C. Krüger, N. Bartels, C. Bartels, A. Kandratsenka, J. C. Tully, A. M. Wodtke, and T.

Schäfer. J. Phys. Chem. C 119 (2015) 3268.

5. N. Shenvi, S. Roy, and J.C. Tully. J. Chem. Phys. 130 (2009) 174107.

6. S. Monturet and P. Saalfrank. Phys. Rev. B 82 (2010) 075404.
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Analysis of Electron Correlation Effects in Strongly Correlated Systems (N2/N
+

2 )

Christian Stemmle1, Örs Legeza2, Beate Paulus1

1Physikalische und Theoretische Chemie - Institut für Chemie und Biochemie, Freie

Universität Berlin, Takustraße 3, Berlin, Germany
2Strongly correlated systems “Lendület” research group, Wigner Research Centre for Physics,

P.O.Box 49, Budapest, Hungary

The dissociation of N2 and N +2 has been studied by using the ab initio Density Matrix Renor-
malization Group (DMRG) method. Accurate Potential Energy Surfaces (PES) have been ob-
tained for the electronic ground states of N2 (X 1

Σ
+
g ) and N +2 (X 2

Σ
+
g ). Inherently to the DMRG

approach, the eigenvalues of the reduced density matrix and their correlation functions are at
hand. Thus we can apply Quantum Information Theory (QIT) directly, and investigate how the
wave function changes along the PES and depict differences between the different states. More-
over by characterizing quantum entanglement between different pairs of orbitals and analyzing
the reduced density matrix, we achieved a better understanding of the multi-reference character
featured by these systems.

[1] S. Szalay, M. Pfeffer, V. Murg, G. Barcza, F. Verstraete, R. Schneider, and Ö. Legeza,
Int. J. Quant. Chem. 115, 1342-1391 (2015).

[2] G. Barcza, R.M. Noack, J. Sólyom, and Ö. Legeza, Phys. Rev. B 92, 125140 (2014)
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About a decade ago, Ishikawa et al. found that 

lanthanide phthalocyanine (Pc) double-decker 

complexes (LnPc2
–
 ; Ln=Tb(III), Y(III) ) 

exhibit a single molecular magnet (SMM) 

behavior.
1
  On the other hand, neutral 

lanthanide double- and multiple-decker 

complexes with Tb(III) and Y(III) ions have 

also been reported.
2
  Our group has investigated a relationship between molecular structure 

and electronic structure on the Tb(III) complex illustrated in Figure 1.  In a previous paper, 

we pointed out that a π-π dispersion interaction plays an important role in the molecular 

geometry and the frontier orbitals.
3
  On the other hand, the neutral complex includes an 

exchange (magnetic) interaction between f-electrons of Tb(III) and π radical of the Pc rings.  

Usually, the f - π magnetic interaction is considered to be negligible.  However, there are 

no reports on the quantitative analysis of f - π interaction in this complex.  In this study, 

therefore, we examine the f - π magnetic interaction in the neutral TbPc2 complex with the 

use of DFT calculations.  The magnetic exchange interaction was estimated by the energy 

gap between ferromagnetic and antiferromagnetic spin states.
4
 

 

1. N. Ishikawa, M. Sugita, T. Ishikawa, S. Koshihara, Y. Kaizu, Y. J. Am. Chem. Soc. 

125, 8694 (2003); N. Ishikawa, M. Sugita, T. Ishikawa, S. Koshihara, Y. Kaizu, Y. J. 

Phys. Chem. B 108, 11265 (2004). 

2. K. Katoh, Y. Yoshida, M. Yamashita, H. Miyasaka, B.K. Breedlove, T. Kajiwara, S. 

Takaishi, N. Ishikawa, H. Isshiki, Y.F Zhang, T. Komeda, M. Yamagishi, J. Takeya, 

J. Am. Chem. Soc. 131, 9967 (2009). 

3. Y. Kitagawa, Y. Kawakami, S. Yamanaka, M. Okumura, Mol. Phys. 112, 995 (2014). 

4. Y. Kitagawa et al., in preparation. 

Figure 1 Illustration of TbPc2 
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Fitted potential energy surfaces in non-redundant, translationally and

rotationally invariant coordinate systems

Sean McConnell1, Johannes Kästner1

1Institute for theoretical Chemistry, University of Stuttgart, Pfaffenwaldring 55, 70569

Stuttgart, Germany

Potential energy surfaces (PES) fitted using machine learning methods have become popular as

they reduce the time required to obtain a qualitatively accurate picture of the energy landscape

of a molecule containing many degrees of freedom.1–4 We seek to use a fitted PES in the cal-

culation of reaction rate constants using instanton theory, where knowledge of gradients and

hessians is required at the different molecular configurations along the instanton path. If the in-

put coordinates are cartesian, the learning algorithm must be trained to learn about the rotational

and translational independence of the properties of interest (energies, gradients and hessians).

This requires the training and test sets be artificially padded with a large amount of excess data.

Naturally there exist a number of remedies, most commonly, the input data is transformed into a

normal coordinate representation. We propose the use of a coordinate system which is intrinsi-

cally independent of any rotational or translational degrees of freedom for the purpose of fitting

not just energies, but also gradients and hessians. Moreover, this coordinate system should be

non-redundant, i.e. it will contain only the minimum necessary 3N − 6 degrees of freedom,

where N is the number of nuclei. Examples already exist of fitted PESs in translationally and

rotationally invariant coordinate systems,5 though to our knowledge only with the aim of ob-

taining energies and gradients. We have implemented two neural network algorithms to fit the

potential energy surface of the reaction CH3OH + H → CH2OH + H2 using coordinates built

on either internuclear distances or inverse internuclear distances. We compare the training time

and accuracy in a reaction rate calculation between these networks and a network trained using

normal coordinates.

[1] T. B. Blank, S. D. Brown, A. W. Calhoun, and D. J. Doren, J. Chem. Phys 103, 4129 (1995).

[2] D. F. R. Brown, M. N. Gibbs, and D. C. Clary, J. Chem. Phys 105, 7597 (1996).

[3] K. T. No, B. H. Chang, S. Y. Kim, M. S. Jhon, and H. A. Scheraga, Chem. Phys. Lett. 271,

152 (1997).

[4] H. Gassner, M. Probst, A. Lauenstein, and K. Hermansson, J. Phys. Chem. A 102, 4596

(1998).

[5] J. Behler, Phys. Chem. Chem. Phys. 13, 17930 (2011).
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Oxygen reduction reaction on a defective ZrO2 surface 
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Polymer electrolyte fuel cell (PEFC) has attracted attention as an energy conversion device 
with high-energy density, zero emission and low operating temperature. Performance of 
PEFCs largely depends on the catalytic activity of the oxygen reduction reaction (ORR) 
that occurs at the cathode electrocatalyst. Pt-based materials are usually used as 
electrocatalysts to enhance the ORR activity, but they have low durability and cost 
problems, which hamper the widespread use of PEFCs. 
     Defective oxide electrocatalysts, such as Zr-based materials, are expected as promising 
alternatives to the Pt electrocatalysts due to their high durability and low cost [1]. 
Although pristine oxides are not active against the ORR, defects such as nitrogen atoms 
and oxygen vacancies make them active. The ORR activity has been improving year by 
year and some defective oxides are already comparable to Pt in a low current condition. 
Although experiments indicate that the ORR activity is correlated with the amount of 
oxygen vacancies, little is known about the microscopic mechanisms of the ORR, such as 
the active site, the reaction pathway and the rate-determining step. 
     The purpose of this study is to advance our understanding of the ORR mechanism on 
defective oxide surfaces. For this purpose, we model the defective tetragonal ZrO2 (101) 
surface adsorbed with water molecules and calculate the free energies of the reaction 
intermediates [2]. Because there are various possible active sites, we firstly screen the 
active sites using the free energies of the latter part of the ORR and then calculate the free 
energy diagram of the entire reaction pathway for the screened active site. 
     The calculated free energies of ORR intermediates indicate the following. (1) Zr site 
has very low activity against the ORR due to too weak adsorptions of the intermediates 
even if defects exist around the Zr site. (2) Vo site can be the active site when nitrogen 
atoms are doped. This is because the doped nitrogen atoms make the oxygen vacancy 
stable. (3) The rate-determining step is the O2 adsorption, which has at least 0.5 eV energy 
barrier. (4) Despite the weak adsorption of O2 molecule, the four-electron reduction 
selectively occurs because the first reduction immediately cut the O-O bonding. 
 
[1] K. Ota, Y. Ohgi, K. Matsuzawa, S. Mitsushima, A. Ishihara., ECS Transaction 45(2), 
27 (2012). 
[2] Y. Yamamoto, S. Kasamatsu, O. Sugino, in preparation. 
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In this contribution, we present our newly developed methodology for computing Raman 
optical activity (ROA) spectra of liquid systems from ab initio molecular dynamics 
(AIMD) simulations [1]. The method is built upon our recent developments to obtain 
magnetic dipole moments from AIMD [2] and to integrate molecular properties by using 
radical Voronoi tessellation [3]. Large and complex periodic bulk phase systems can easily 
be treated, since only AIMD simulations are required as input, and no time-consuming 
perturbation theory is involved. The approach relies only on the total electron density in 
each time step and can readily be combined with a wide range of electronic structure 
methods. To the best of our knowledge, these are the first computed ROA spectra for a 
periodic bulk phase system. As an example, the experimental ROA spectrum of liquid  
(R)-propylene oxide is reproduced very well. 

Together with our previous work on infrared, Raman, and VCD spectroscopy [2-4], the 
full set of vibrational spectra is routinely accessible for complex periodic bulk phase 
systems now. The methods are all implemented in our freely available open-source 
program package TRAVIS [5]. 

 
 
[1]  M. Brehm, M. Thomas, 2017, submitted. 
[2]  M. Thomas, B. Kirchner, J. Phys. Chem. Lett. 7, 2016, 509-513. 
[3]  M. Thomas, M. Brehm, B. Kirchner, Phys. Chem. Chem. Phys. 17, 2015, 3207-3213. 
[4]  M. Thomas, M. Brehm, R. Fligg, P. Vöhringer, B. Kirchner, 

Phys. Chem. Chem. Phys. 15, 2013, 6608-6622. 
[5] TRAVIS, see  http://www.travis-analyzer.de/ 
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Experimental studies have shown that the complexes [ReX(CO)3(N-N)] (X = nucleophilic 
ligand, N-N = bidentate ligand) have a rich reactivity against activated alkynes such as 

methyl propiolate (HMAD, HC≡CCO2Me) and dimethyl acetylenedicarboxylate (DMAD, 

MeO2CC≡CCO2Me) [1]. Three types of products have been reported depending on the 

nucleophilic ligand: a) C-C coupling between the acetylenic fragment and the bipy ligand 
(X = PPh2, diphenylphosphanido), b) C-C coupling between the acetylenic fragment and a 
carbonyl ligand in cis disposition to the X ligand (X = OH, hydroxo; NHpTol (para-
tolylamido), and c) insertion of the acetylenic fragment into the Re-X bond (X = OMe, 
methoxo). A recent theoretical study on the reactions of HMAD with [Re(PPh2)(CO)3(N-
N)] (N-N = phen, 1,10-phenanthroline; bipy, 2,2’-bipydiridine) has revealed the existence 
of three reaction mechanisms leading to the products mentioned above [2]. They all have 
in common the formation of a zwitterion resulting from the attack of the phosphorus atom 
on the HMAD non-substituted carbon. Then, the system can evolve differently depending 
on whether the HMAD substituted carbon attacks the bidentate ligand, carbonyl ligand, or 
metal center. Since the product obtained with the hydroxo complex differs from that found 
with the phosphanido one, we want to know which are the factors governing the formation 
of one or another product. Therefore, we undertook a theoretical investigation on the 
mechanism of the reaction of [Re(OH)(CO)3(bipy)] toward HMAD whose main results are 
presented here. 
 
 
 
 
       [1] R. Arévalo, M. Espinal-Viguri, M.A. Huertos, J. Pérez, E. Hevia, J. Pérez, L. 
Riera, V. Riera, Adv. Organomet. Chem. 65, 47 (2016). 
        [2] D. Álvarez, R. Mera-Adasme, L. Riera, G.I. Cárdenas-Jirón, J. Pérez, J. Díaz, M.I. 
Menéndez, R. López, Inorg. Chem. DOI: 10.1021/acs.inorgchem.7b00767, Publication 
Date (Web): May 18, (2017). 
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A catalytic oxidation mechanism for the first C-H bond of organic molecules
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* Corresponding author: E-mail: m.springborg@mx.uni-saarland.de

The total oxidation process of benzene is very complex1 but the cleavage of the first C-H
bond  is  the initial  step of the  benzene oxidation,  and is  also the most  vital  step.  DFT

calculations were performed to investigate the catalytic oxidation mechanism for this step
on the surfaces of α-, β-, and γ -MnO2 based on experimental results. The catalytic abilities

of  MnOx in  the  total  oxidation  of  benzene  are  related  to  the  concentration of  oxygen

vacancies  on  the  surfaces  of  the  catalysts,  and the existence  of  oxygen  vacancies  can
enhance the adsorption and oxidation of benzene2-5.  A fundamental  question is whether

benzene  will  react  with  oxygen  co-adsorbed  on  the  oxygen  vacancies  or  with  lattice
oxygen on the surfaces of the catalysts. To study this, oxygen-deficient and oxygen-rich

surface structures  of  the  three MnO2 crystal  phases  were considered in  the theoretical
calculations. Moreover, in order to study how general the conclusions are we also consider

the  adsorption  of  methane  and  formaldehyde.  The  nudged-elastic-band  method  was
employed to calculate the energy barriers in the oxidation reaction processes of the first C-

H bond on the different surfaces of α-, β-, and γ -MnO2, respectively. We demonstrate that

oxygen-deficient  MnO2 surfaces  facilitate  the  adsorption  of  oxygen  molecules  and
benzene, and the first C-H bond of benzene is easier to be oxidized by the oxygen co-

adsorbed on the oxygen vacancy than by the lattice oxygen.
These results of DFT calculations can be useful for a further understanding of the catalytic

oxidation mechanism of organic molecules over the surfaces of α-, β-, and γ -MnO2, and

the relationship between the catalytic performances and the surface structures.

      [1] D. A. Bittker, Combust. Sci. and Tech. 79, 49–72 (1991).

      [2] T. Y. Li, A. J. Chiang, B. J. Liaw and Y. Z. Chen, Appl. Catal. B: Environ. 103, 

143–148 (2011).

[3] Z. Wang, G. Shen, J. Li, H. Liu, Q. Wang and Y. Chen, Appl. Catal. B: Environ. 

138–139, 253–259 (2013).

[4] W. Tang, X. Wu, D. Li, Z. Wang, G. Liu, H. Liu and Y. Chen, J. Mater. Chem. A 2, 

2544–2554 (2014).

[5] Z. Wang, Y. Deng, G. Shen, S. Akram, N. Han, Y. Chen and Q. Wang, Chemistry 

Open 5, 495−504 (2016).
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The accurate prediction of molecular ionization potentials (IPs), electron affinities (EAs), and

full valence photoelectron spectra (PES) has been, and still is, a challenging task for electronic

structure theory. The most accurate wavefunction methods currently available, such as CCSD(T)

or ADC3, suffer from their unfavorable scaling and high memory requirements, making them

only available for small to medium sized molecules. In addition, such methods only provide

straight-forward access to the highest (HOMO) IP and the lowest (LUMO) EA, but not the full

PES and/or inverse PES. In both regards, DFT and many-body perturbation theory in the GW

approximation are attractive alternatives.

To study and compare the performance of various DFT functionals, we calculated the IPs and

EAs for 24 organic acceptor molecules [1, 2, 3, 4], both from a ∆SCF approach as well as from

the negative HOMO and LUMO eigenvalues, respectively. Our study includes various LDA,

GGA, and meta-GGA functionals, as well as a number of global, range-separated, and double

hybrid functionals. Basis set extrapolated CCSD(T) calculations [1] are used as a reference

for those molecules. Not surprisingly, it is found that IP-tuned long range corrected hybrid

functionals like LC-ωPBE and ωB97 show the most accurate results. The quality of a one-

shot correction of the DFT eigenvalues with the GW approach (G0W0) depends heavily on the

functional used in the DFT starting point. We demonstrate that calculations done on top of the

IP-tuned LC-ωPBE calculations show even more accurate results compared to CCSD(T) [2].

The predicition of PES is an even more challenging task, as not only the HOMO, but also the

other occupied orbitals are important. Furthermore the intensities and broadenings of the peaks

are complicated to calculate. To allow for a better, direct comparison of the calculated PES

with experiment, we developed a genetic algorithm which mimics the vibrational broadening

and the different intensities to create a measureable value. The combination with the best G0W0

calculations [2] and an alternate approach to the IP-tuning (the potential adjustment method [5])

yield very good PES in comparison with gas-phase experiments.

[1] R. M. Richard et al., J. Chem. Theory Comput. 12, 595 (2016).

[2] L. Gallandi et al., J. Chem. Theory Comput. 12, 605 (2016).

[3] J. W. Knight et al., J. Chem. Theory Comput. 12, 615 (2016).

[4] O. Dolgounitcheva et al., J. Chem. Theory Comput. 12, 627 (2016).

[5] A. Thierbach et al., J. Chem. Theory Comput. submitted.
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Wavepacket dynamics on potential energy surfaces is a versatile tool to examine chemical re-

actions such as photodissociaciation or light-induced rearrangements. The course of these re-

actions can be substantially altered in solution, hence solvent effects have to be included in the

simulations. In addition to electrostatic solvent effects, dynamic solvent effects, where the sol-

vent redirects molecular motion of the solute, come into play when large geometrical changes

in the molecular structure of the solute are involved [1].

A coupled quantum dynamics/molecular dynamics approach is presented that captures these

effects in simulations of molecular wavepackets. It treats the solvent by classical molecular

dynamics and couples it to the quantum solute using a time-dependent self-consistent field.

This approach was tested on the photodissociation of ICN in liquid argon and then applied to

the bond cleavage of the diphenylmethyltriphenylphosphonium cation in acetonitrile. In these

simulations, the collision of the molecular wavepacket with the solvent cage and the resulting

dissipative energy transfer from the quantum to the classical system is observed. Furthermore,

an analysis in phase space reveals solvent induced decoherence (Figure 1).

Figure 1: Wigner function of the photo dissociation of ICN ater 348 fs in the gas phase (left)

and in liquid Ar (right). The interference in solution is reduced due to decoherence.

[1] S. Thallmair et al., J. Chem. Theory. Comput. 11, 1987–1995 (2015).
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Enzymes of the class of α-ketoglutarate dependent dioxygenases (αKGDs) are vital in 
many biochemical and pharmacological processes, while details of their reaction 
mechanism remain poorly understood. This study focuses on one of the most studied 
αKGDs: the Taurine/α-ketoglutarate Dioxygenase (TauD).1 More concretely, we are 
interested in clarifying one of the key steps in the catalytic cycle of the αKGDs, the 
hydrogen atom transfer (HAT) process. We have studied the HAT process in TauD by 
QM/MM simulations (see Figure 1). Analysis of the charge and spin densities during the 
reaction demonstrates that a concerted mechanism takes place, where the H atom transfer 
happens simultaneously with the electron transfer from taurine to the Fe=O cofactor.4 In 
addition, we have found that the reaction is significantly enhanced by atom tunneling, 
which increases the rate constant by a factor of 40 at 5 ºC.4 This causes a KIE of about 60, 
which is in excellent agreement with the experimental value of about 58.3 These results 
influence our understanding of the whole class of αKGDs. 

 

Figure 1: Schematic representation of one reactant complex structure of the TauD enzyme. 

 
[1] B. K. Y. Mai, Y. Kim, Inorg. Chem. 55, 3844 (2016). Godfrey, C. S. Porro, S. P. 
de Visser J. Phys. Chem. A 112, 2464 (2008). See also refs. therein. 
[3] J. C. Price E. W. Barr, T. E. Glass, C Krebs C, J. M. Bollinger J. Am. Chem. Soc. 
125, 13008 (2003). 

       [4] S. Álvarez-Barcia J. Kästner J. Phys. Chem. B,121, 5347 (2017). 
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Techniques of multiscale/multiphysics simulation model have played an important 
role in analyzing larger systems such as biological macromolecules and polymer materials 
[1]. Especially, the coarse-grained model allows us to analyze large systems in nm - μm 
scale, so it is one of the most promising methodologies to investigate their dynamics of 
polymer’s behaviors or its ligand complex formation in system. However, to 
simultaneously satisfy the advantages of high-speed calculation by the coarse-grained 
model and the high-precision energy evaluation by the all-atom model, more accurate 
transformation theory between both models is required [2]. In our laboratory, we have 
started the development of new fast docking method for protein-peptide complex by a 
coarse-grained model. In this study, various methods that can build the all-atom peptide 
geometry from the positions of the coarse-grained amino acid particles placed at the 
binding site of a protein determined by the docking method are examined. For the 
relatively shorter peptides (three or four 
residues) in a referenced protein-peptide 
complex, conformation database that is 
including all atom coordinates of all 
conformers and their MMFF94s energies 
in gas-phase has been constructed by 
using our efficient conformation search 
program CONFLEX [3]. The best fitting 
conformers in each coarse-grained model 
have been found from the conformation 
database, and evaluated how fitting in all-atom model by superimposed RMS difference 
and the conformational distance (Fig. 1). Additionally, we compared out scheme for 
generating all-atomic coordinates from the coarse-grained particles with various coarse-
grained models including the well-known definition as MARTINI [4]. 

[1] M. Karplus, Angew. Chem. 53, 9992 (2014). 
[2] S. Kmiecik, et. al., Chem. Rev. 116, 7898 (2016). 
[3] H. Goto and E. Osawa, J. Chem. Soc. Perkin Trans. 2, 2, 187 (1993). 
[4] L. Monticelli, et. al., J. Chem. 4, 819 (2008). 

 
Fig. 1 Superimpositions among the reference 
peptides (B&S) and the best fitting conformers 
in various coarse-grained models (wire). 

PO2-17



Theoretical investigation of organic ligands radiation stability 

 

Artem A. Mitrofanov1,2, Anastasia A. Smirnova1, Petr I. Matveev1, Vladimir 
G. Petrov1, Stepan N. Kalmykov1

 

1Department of chemistry, Moscow State University, Leninskie Gory 1-3, Moscow, Russia 

2Faculty of Materials Science, Moscow State University, Leninskie Gory 1-73, Moscow, 
Russia 

 
 
Modern technologies for nuclear spent fuel reprocessing are based on liquid extraction, 
which allows us to recycle reagents in order to minimize an amount of nuclear waste. One 
of key questions of the reprocessing development is design of novel effective extractants 
and their radiation stability is one of main problems. Here we would like to introduce our 
results of our work on a topic of in silico design of such extractants and its radiation 
stability estimation using semiempirical and ab initio quantum chemistry methods. 
We used two methods of electron structure analysis: Mayer bond order estimation and 
Fukui boundary orbitals theory. Combination of the methods allows us to take into account 
two main ways of ligands radiation destruction – direct homolytic bond break under 
irradiation and following radical reactions. 

 
Pic.1 Proposed “weak bonds” (left) and radical Fukui surface (right) 

 
Obtained results show good concurrence with experimental data either our or found in 
literature. 
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Atom tunneling plays a crucial role in reactions in cryogenic environments like in the interstellar

medium. Reactions are assumed to be catalyzed heterogeneously by surfaces coated with water

ice. The reaction of H2 with the hydroxy radical is one of the most important routes of water

formation in astrochemistry even though it possesses an activation energy of 24 kJ mol−1.

We calculated the gas-phase reaction rate constants using semiclassical instanton theory on a

fitted potential energy surface [1]. The results are compared to harmonic transition state theory

(HTST) to quantify the impact of atom tunneling [2]. We also present the influence of an ice

surface on the reaction and propose a new approach of mimicking a surface by modifying the

rotational partition function. To calculate the reaction on the ice surface a QM/MM setup with a

thoroughly benchmarked QM region was used. The importance of ice surfaces for this reaction

at the conditions in the interstellar medium is discussed [3].
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Figure 1: The reaction of H2 + OH→ H2O + H. Left: Arrhenius plot of the gas phase reaction.

Right: Transition structure of the reaction on an ice surface.

[1] J. Chen, X. Xu, X. Xu, and D. H. Zhang, J. Chem. Phys. 138, 154301 (2013).

[2] J. Meisner and J. Kästner, J. Chem. Phys. 144, 174303 (2016).

[3] J. Meisner, T. Lamberts, and J. Kästner, submitted
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We introduce a definition of electron-nucleus correlation energy by analogy with the quan-

tum chemical definition of electronic correlation energy. The uncorrelated reference function

is obtained by repeated electron-nucleus mean field configuration interaction steps until self-

consistency is achieved. Electron-nucleus correlation and electronic correlation energies are

compared on dihydrogen isotopologues.

[1] P. Cassam-Chenaï, B. Suo, W. Liu, Theor. Chem. Account 136, 52 (2017)

[2] P. Cassam-Chenaï, B. Suo, W. Liu, Phys. Rev. A92, 012502 (2015)
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Ab initio correlation methods suffer from their exponential scaling relative to the system size,

allowing only the treatment of relatively small systems. In order to obtain significant savings

in the computation time, incremental approaches can be applied to calculate the correlation en-

ergies of molecules. Here, the system is split into fragments, consisting of grouped valence

orbitals. The energy is then computed in a many-body expansion. This approach was success-

fully applied for the calculation of the correlation energies of several molecules.[1]

The extension of this method to the calculation of excitation energies is not straightforward. A

suitable reference for the basis of the expansion is missing opposed to ground state calculations,

where usually localized Hartree-Fock orbitals are employed. Mata and Stoll proposed an incre-

mental method for excited state energies with a mixed occupied orbital space, built from natural

transition orbitals (NTOs) and localized molecular orbitals (LMOs).[2] Within this approach a

main fragment could be defined containing the NTOs. Therefore, the excitation is well repre-

sented in all calculations of the many-body expansion. In order to refine this method, we tested

different algorithms for the calculation of excitation energies of small to medium sized organic

molecules. Furthermore, we applied the approach to reaction intermediates of thiamin diphos-

phate (ThDP) dependent enzymes. This has allowed us to explain measured UV-Vis spectra and

identify on-pathway reaction intermediates.

[1] H. Stoll, Chem. Phys. Lett. 191, 548 (1992).

[2] R. A. Mata, H. Stoll, J. Chem. Phys. 134, 034122 (2011).
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A new computational approach is presented that calculates dynamic correlation terms in an
efficient manner on top of compact non-orthogonal orbital-based wave function expansions and
can give accurate results for systems that are too large to be treated with standard CASSCF and
CASPT2. Non-orthogonal orbital-based expansions like spin-coupled valence bond have been
shown to offer qualitatively correct descriptions even for challenging static correlation problems
using far fewer CSFs than CASSCF expansions[1].
In the standard formulation, these smaller non-orthogonal expansions do not directly lead to
computational savings, since for non-orthogonal orbitals all determinants interact with each
other via the Hamiltonian instead of only those that differ in at most two occupied orbitals as
for orthogonal orbitals. As a consequence non-orthogonal orbital-based normally scale quadrat-
ically in the number of active space configurations.
The new approach improves the scaling of dynamic correlation calculations from quadratic to
linear. This is achieved via the use of biorthonormal orbital and CI expansions and efficient
transformation algorithms[2] in an extension of the previous work on the improved scaling op-
timization of non-orthogonal orbitals[3]. With respect to non-orthogonal orbital-based multi-
configurational perturbation theory for a spin-coupled valence bond reference, this constitutes
an important improvement to the work of Chen and colleagues[4, 5]. Initial results including
the chromium dimer are presented.

[1] P. B. Karadakov, D. L. Cooper, B. J. Duke, J. Li, J. Phys. Chem. A 116, 7238 (2012).

[2] P.-Å. Malmqvist, Int. J. Quantum Chem. 30, 479 (1986).

[3] J. Olsen, J. Chem. Phys. 143, 114102 (2015).

[4] Z. Chen, J. Song, S. Shaik, P. C. Hiberty, W. Wu, J. Phys. Chem. A 113, 11560 (2009).

[5] Z. Chen, X. Chen, F. Ying, J. Gu, H. Zhang, W. Wu, J. Chem. Phys. 141, 134118 (2014).
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Directionalyzed hydrogen bonds often play a key role in stabilizing not only intermediates, and

products, but also transition states. Thus they are a very important element in developing new

catalysts for asymmetric synthesis.

This study presents evidence for the enantioselectivity of the reaction of α-ketoesters 1 with

terminal alkynes 2. The synthesis is controlled by copper catalysis utilizing hydroxy amine

phosphine ligands 3 to selectively form the product 4 with the R stereo center. Reaction yields

are up to 99% with enantiomeric excess up to 94%.
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O
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O
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OR2
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The stereo-selective bond formation is elucidated with a computational study employing density

functinal approximations, which have yielded good results in our previous studies.[1, 2]

Gibbs activation energies are about 8 to 9 kcal mol−1 for the most economic reaction pathways,

which is a reasonable value at room temperature. The main product of the reaction is the R-

alcohol. The S transition states are about 1 kcal mol−1 higher in energy than the corresponding

R states, because of disfavourable interactions between the phenyl moieties of the reactants.[3]

Intramolecular O – H···O hydrogen bonding plays a key role into stabilizing the transition state

conformations. A notable secondary interaction arises from a non-classical C – H···O hydrogen

bond, which leads to a preference for only a few reaction pathways. This can be quantified with

an analysis in terms of the quantum theory of atoms in molecules.

[1] T. Ishii, R. Watanabe, T. Moriya, H. Ohmiya, S. Mori, M. Sawamura, Chem. Eur. J. 19,

13547 (2013).

[2] Gaussian 09, Rev. D01; Optimizations: DF-BP86/def2-SVP (imag. freq. i = [0, 1], IRC

confirmed); Energies: DF-BP86-D3(BJ)-PCM(tBuOH)/def2-TZVPP; Thermal correc-

tions estimated at 298 K and 1 atm on optimized geometries.

[3] M. C. Schwarzer, T. Ishii, A. Fujioka, H. Ohmiya, M. Sawamura, S. Mori, in prepn..
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Chemistry in the sub-micro-Kelvin range provides the ability of studying molecular binding

mechanisms on a fundamental level. In this respect rubidium became a vital species which

can nowadys be routinely cooled and trapped. An important experimental method to create

ultracold molecules is photoassociation. However, to generate higher associated clusters (e.g.

Rb3) the intrinsic spontaneous decay in photoassociation has to be controlled. This can be done

using an optical microcavity detecting the photon emitted during the decay process. Therewith

non-destructive measurements as well as high resolution spectroscopy becomes possible (exper-

iments are going to be performed by J. Hecker Denschlag et. al., Institute for Quantum Matter,

University of Ulm).

From theoretical point of view we need to perfom highly accurate computations of the expected

states and transitions due to growing degrees of freedom. To achieve the required precision we

have to find a well suited description of the electronic structure (i.e. correlation effects and spin-

orbit coupling) and, depending on the measured accuracy, develop a method which explicitly

treats the nuclei dynamics.

In this poster we investigate the applicability of an ab initio method with a large-core (i.e.

only the 5s electron is treated as valence) effective core potential (ECP) and core polarization

potential (CPP) [1] using a non-relativistic MRCI approach. For this purpose we constructed an

even-tempered basis set from a given valence basis set [2]. In addition to the dimer molecule

revealing some inherent problems coming with large-core ECPs we focus on the study of the

rubidium trimer complex regarding possible configurations and coupling between several states.

Thereby, following [3], we generated potential energy surfaces of spin-polarized trimers helping

to understand the overall binding topology and giving hints for the experimental realization.

[1] H. Silberbach, P. Schwerdtfeger, H. Stoll, H. Preuss. J. Phys. B: At. Mol. Phys. 19,

501-510 (1986)

[2] I.S. Lim, P. Schwerdtfeger, B. Metz, H. Stoll. J. Chem. Phys. 122, 104103 (2005)

[3] P. Soldán. J. Chem. Phys. 132, 234308 (2010)
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An analysis of Schwabe[1] concluded that the spectral shift of an electronic excitation of a chro-

mophore in an environment (with non-overlapping charge densities) may be seperated into four

distinct contributions. Three of these constitute differences between the ground state and the

excited state of interest, namely (i) the Coulomb interaction, (ii) a classical induction effect and

(iii) the London dispersion interaction. The fourth term is known as (iv) non-resonant excitonic

coupling and depends on the transition moment of the respective excitation. This analysis is

of importance for the construction of embedding approaches, which account for a mutual in-

teraction of both subsystem. Contributions (ii) and (iv) were often seen as alternatives in such

schemes and either one was neglected. Here, we analyze the importance of both contributions

in the framework of polarizeable embedding[2, 3]. Therefore we developed a state-specific cor-

rection for the induction effect (ii), which leaves London dispersion (iii) as the only missing

contribution. We show that both contributions ((ii) and (iv)) may have a non-negliable effect

depending on the nature of the excitation. Full QM reference data instead of experimental data

is used to ensure direct comparability of (vertical) excitation energies.

[1] T. Schwabe, J. Chem. Phys. 145, 154105 (2016).

[2] J. M. Olsen, K. Aidas, J. Kongsted, J. Chem. Theory Comput. 6, 3712 (2010).

[3] K. Sneskov, T. Schwabe, J. Kongsted, O. Christiansen, J. Chem. Phys 134, 104108

(2011).
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Methane has been detected on all planets of our Solar System, and most of the 

larger moons, as well as in dwarf-planets like Pluto and Eric. Very recently has been 

reported the detection of methane on Mars after measurements from the rover Curiosity, 

which is operating on Mars since August 2012 [1]. The presence of this molecule in rocky 

planets is very interesting because its presence in the Earth´s atmosphere is mainly related 

to biotic processes. Although the source of methane on Mars has not been determined, 

there is a good number of working, both abiotic and biotic, hypotheses trying to explain its 

presence on Mars. Space instrumentation in orbiters around Mars has detected olivine on 

the Martian soil and dust [2]. On the other hand the measurements of methane from the 

Curiosity rover show fluctuations between 0.69 ppbv to 7.2 ppbv in a short time span of 

20-months [1]. The reasons of these fluctuations are unknown, and constitute a hot topic in 

planetary research. The goal of this study is investigate at atomic level the interaction 

processes of methane and other Mars atmospheric species (CO2, H2O) with two forsterite 

surfaces (100), through electronic structure calculations based on the Density Functional 

Theory (DFT). We propose two models to simulate the interaction of adsorbates with the 

surface of dust mineral, such as simultaneous mixtures (5CH4+5H2O/5CH4+5CO2) and as a 

clathrate adsorption. We have obtained interesting results of the adsorption process in the 

mixture 5CH4+5CO2 (Fig. 1). As expected, the water molecules are chemisorbed through 

associative and dissociative processes. In all models, the methane molecules were only 

trapped and held by water or CO2 molecules. In the dipolar surface; the CO2 molecules had 

an interesting behaviour in the adsorption process, producing new species as the follow: 

one CO adsorbed (that came from dissociation of one CO2 molecule), two CO2 molecules 

chemisorbed to mineral surface where one of them formed carbonate group. May be that 

this effect can be catalyzed by methane presences. Our results suggest that CO2 has a 

strong interaction with the mineral surface when is present the CH4. The new species 

formed have been corroborated with infrared frequencies that have a good agreement with 

experimental values. Our study also supports infrared spectroscopic observations on Mars, 

as those to be performed by instruments on the ESA´s ExoMars Trace Gas Orbiter, 

currently operating around Mars.  

Fig. 1. The adsorbed complexes of CO3, CO2 and CO 

onto dipolar mineral surface in an amorphous mixture (5CH4:5CO2). 

 

[1] C. R Webster, et. al. Science 347, 415 (2015). 

[2] D. F. Blake, et.al. Science 341, 77 (2013). 
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One of the main challenges in the application of electronic structure methods for modeling of 

nonlinear optical phenomena is the proper description of the strong excitation limit. In case 

of the weak excitation limit, perturbation theories based on DFT are usually applied to 

predict properties of electronic excited states, such as linear-response time-dependent DFT 

(LR-TDDFT). However, fundamental understanding of nonlinear excited state dynamics at 

the femto- and sub-femtosecond time regimes requires going beyond the linear response. 

Unlike the weak excitation limit, where frequency-domain perturbative approaches suffice, 

the strong excitation regime is best captured with a real-time, real-space time-dependent DFT 

(RT-TDDFT). Here, the time evolution of the electron density is monitored directly, which 

provides access to the fundamental mechanisms of electronic excitations. Moreover, 

nonlinear spectroscopy experiments with short pulses can be directly simulated and fully 

nonlinear (beyond perturbation theory) spectral information is easily obtainable.  

Here, an implementation of RT-TDDFT within the TURBOMOLE program package [1-3] is 

presented using a first-order Magnus propagator and the predictor-corrector scheme. The 

performance and accuracy of the implementation is assessed using comparison with LR-

TDDFT for small molecules interacting with weak electromagnetic fields (cf. Fig. 1). 

 

 
Figure 1: UV absorption spectrum of benzene calculated using LR-TDDFT and RT-TDDFT. 

 

       [1]  TURBOMOLE 7.1, a development of the University of Karlsruhe and  

  Forschungszentrum Karlsruhe GmbH, 1989-2007, TURBOMOLE GmbH, since  

   2007; available from http://www.turbomole.com. 

       [2]  F. Furche, R. Ahlrichs, C. Hättig, W. Klopper, M. Sierka, F. Weigend, WIREs  

   Comput. Mol. Sci. 4, 91 (2014). 

       [3]  R. Łazarski, A. M. Burow, M. Sierka, J. Chem. Theory Comput. 11, 3029 (2015). 
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Among the chemical bond descriptors that have been defined in the framework of 
multiconfigurational calculations, the Effective Bond Order (EBO) model, that can be 
considered as a generalization of the formal bond order concept, has been widely used 
during the last decade for studying chemical bonds in transition metal complexes and 
clusters, as well as in heavy-element systems [1]. Furthermore, two-step spin-orbit 
configuration interaction (SOCI) methods enable to account for the influence of spin-orbit 
coupling (SOC) on this quantity [2, 3]. However, so far very little has been said about the 
reliability of reported EBO values. Since the set of natural orbitals produced by complete 
active space self-consistent field (CASSCF) calculations is not unique, different CI 
coefficients can be obtained, leading to arbitrary EBOs. In this work, we first show how 
rotations of the CASSCF active orbitals matter for the calculation of EBOs and then we 
also present the application of two different criteria to guide orbital rotations to define 
unbiased EBOs. Astatine compounds such as At2, AtI and AtBr are considered as our case 
studies where the role of SOC on the chemical bonds of these systems is highlighted. 
Additionally, our extension of Quantum Chemical Topology (QCT) analysis [4] to SOCI 
calculations wavefunctions allows for the very first time the description of these bonds in 
terms of indicators coming from two different perspectives, i.e. molecular orbital theory 
and QCT, at this relativistic and multiconfigurational level. 
 
 
 
       [1]  B. O. Roos, A. C. Borin, L. Gagliardi, Angew. Chem. Int. Ed. 46, 1469 (2007). 
       [2]  F. Gendron, B. Le Guennic, J. Autschbach, Inorg. Chem. 53, 13174 (2014). 
       [3]  R. Maurice, F. Réal, A. S. P. Gomes, V. Vallet, G. Montavon, N. Galland, J.                                       

Chem. Phys. 142, 094305 (2015). 
[4]  J. Pilḿ, E. Renault, F. Bassal, M. Amaouch, G. Montavon, N. Galland, J. Chem. 

Theory Comput. 10, 4830 (2014). 
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The problem of strongly correlated electrons is one of the most challenging themes of compu-

tational science. It requires us to go beyond the perturbative approaches based on Hartree-Fock

(HF) or conventional density functional theories, but our progress is far from satisfactory. As a

step forward, we focus on the antisymmetrized geminal power (AGP) theory, which is closely

related to the BCS theory of superconductors and the GCM theory of nuclear physics, and de-

velop a computational method for treating interacting geminals as an extension of our previous

work [1].

AGP is a mean field theory of electron pairs, or geminals, and is alternatively called as HF-

Bogoliubov theory where intra-pair correlation is accurately treated. To treat the inter-pair cor-

relation as well, we prepare several geminals of the form

M
∑

ab

Fab[i]c†ac
†

b
≡ F̂[i], (1)

where M is the number of orbitals and Fab[i] with i = 1, 2, · · · is an antisymmetric matrix, and

construct the trial wave function by using a polynomial, p, of the geminals as

|Ψ⟩ = p
(

F̂[1], F̂[2], · · ·
)

|0⟩ . (2)

We then formulated successfully a variational method to obtain the total energy with use of

formulae developed in the GCM theory and the tensor decomposition methods of mathematics,

although the trial wave function has previously been considered numerically intractable. In

this presentation, we will show how variationally accurate total energy can be obtained using

different set of polynomials taking a simple Hubbard model and a single impurity Anderson

model. We note that the method has so far been formulated without intentional approximation

except for the form of the trial wave function: The calculation then scales exponentially with

the system size, requiring us to develop methods of approximation.

[1] A. Kawasaki and O. Sugino, J. Chem. Phys. 145, 244110 (2016)
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The stress tensor represents the derivatives of the energy of a periodic system with respect 

to the strain tensor components. It plays an essential role for structure optimisations and 

molecular dynamics simulations that involve both atomic positions and lattice parameters. 

Therefore its efficient evaluation is of particular interest. Our implementation of the 

analytical stress tensor is realized within the framework of Kohn-Sham density functional 

theory using Gaussian-type orbitals as basis functions. Its key component is the efficient 

calculation of the Coulomb contribution by combining density fitting approximation and 

continuous fast multipole method. [1] For the exchange-correlation part the hierarchical 

numerical integration scheme is adopted. [2] For various periodic model systems the 

computational efficiency and favorable scaling behavior of the stress tensor 

implementation are demonstrated. The overall computational effort of the stress tensor 

calculation is comparable to that of the Kohn-Sham matrix formation. 

 

 

       [1]  R. Lazarski, A.M. Burow, M. Sierka, J. Chem. Theory Comput. 36, 3029 (2015). 

       [2]  A.M. Burow, M. Sierka, J. Chem. Theory Comput. 7, 3097 (2011). 
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Carboxylate assisted C-H activation has received considerable attention within the field of 
transition-metal catalysis.[1] Until relatively recently the dominant transition metals that 
facilitate these reactions have been restricted to Rh, Ir, Pd and Ru. Over the last few years 
there has been an increase in reports in which first row transition metals are successfully 
employed, and unlike the second/third row systems, mechanistic insight into these systems 
is less defined. One crucial property of first-row transition metal complexes that also 
presents a challenge in mechanistic investigations is the potential for accessibility of higher 
spin-states along the proposed catalytic pathway. 
 
A cobalt-catalysed aryl and alkenyl aminocarbonylation developed by the Ackermann 
group was chosen for investigation by density functional theory.[2] In particular the 
proposed AMLA/CMD (ambiphilic metal-ligand activation / concerted metalation-
deprotonation) mechanism was investigated with different levels of theory, including a 
range of different functionals and higher-level DLPNO-CCSD(T) calculations.[3] 
 

 

Scheme 1. Co(III)-catalyzed aryl amincarbonylation.[2] 
 

A mechanism for the overall catalytic cycle was characterized and found to be in 
agreement with experiment, with reversible C-H activation and rate-determining 
nucleophilic attack on the bound isocyanate. The testing of various different functionals on 
the AMLA/CMD pathway across the three potentially viable spin states (1[Co], 3[Co] and 
5[Co]) outlined a sensitivity of spin-state energetics, particularly dependent on the 
admixture of Hartree-Fock exchange, demonstrating the importance of careful 
consideration in selecting an appropriate computational method. 

[1] D. L. Davies, S. A. Macgregor, C. L. McMullin, Chem. Rev. (2015)  
[2] J. Li, L. Ackermann, Angew. Chem., Int. Ed. 54, 8551 (2015). 
[3]  M. Sparta, F. Neese, Chem. Soc. Rev. 43, 5032 (2014). 
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Enatioselective hydrogenation of imines with H2 using frustrated Lewis pairs (FLPs) as 
catalysts is considered as a promising strategy to develop metal-free methods to synthesize 
chiral amines [1,2]. Most of the efforts along these lines have focused on design of chiral 
boranes [3,4,5], but tweezer-like aminoboranes have shown to be efficient catalysts as well 
[6,7]. With the aim at establishing a clear understanding of the enantioselectivity 
determining factors in these reactions, we initiated computational studies for reactions 
shown below.  

 
 
Transition states of the stereoselectivity determining hydride-transfer step have been 
identified and analyzed [8]. We find that a “pocket-type” arrangement of the catalyst – that 
is different from the X-ray structure − provides multiple contacts ready for attractive 
interactions with the approaching iminium ion. The experimental enantioselectivity ratios 
are quantitatively reproduced by our computations. In addition, alterations to the boranes 
are proposed in order to improve the stereoselectivity. 
 
       [1] X. Feng, H. Du, Tetrahedron Letters 55, 6959 (2014) 
       [2] L. Shi, Y.-G. Zhou, ChemCatChem 7, 54 (2015)  
       [3] D. Chen, Y. Wang, J. Klankermayer, Angew. Chem. Int. Ed. 49, 9475 (2010) 
       [4] G. Ghattas, D. Chen, F. Pan, J. Klankermayer, Dalton Trans. 41, 9026 (2012)  
       [5] Y. Liu, H. Du, J. Am. Chem. Soc. 135, 6810 (2013) 
       [6] V. Sumerin, K. Chernichenko, M. Nieger, M. Leskelä, B. Rieger, T. Repo, Adv. 
  Synth. Catal. 353, 2093 (2011) 
       [7] M. Lindqvist, K. Borre, K. Axenov, B. Kótai, M. Nieger, M. Leskelä, I. Pápai,  
  T. Repo, J. Am. Chem. Soc. 137, 4038 (2015) 
       [8] A. Hamza, I. Pápai, Manuscript in preparation 
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It is known that Fe[(CO)3NO]− is catalytically active in the Cloke-Wilson rearrangement of

a vinylcyclopropane derivative (VCP) forming a dihydro-vinylfurane derivative. The reaction

occurs under thermal and photochemical conditions [1]. The mechanisms under thermal condi-

tions were investigated by means of DFT [2].

In this work the mechanism of the photochemical reaction, where the catalyst is in its low-

est triplet state is described. To this end different DFT-D3 methods were used. Also the

conductor-like screening model (COSMO) was employed to account for the solvent, which

is important for this anionic system. The photochemical reaction features η2- and η3-bonds be-

tween the iron center and the organic substrates, thereby lowering the activation energy of the

reaction. In agreement with [2] natural population analysis shows that the iron center is neutrally

charged for the excited catalyst species as well.

Different VCP-derivatives were considered - created by swapping one electron withdrawing

group, methylating at the vinyl group or at the cyclopropane ring - and the reaction rates were

calculated using transition state theory. The calculated results for both the thermal and the

photochemical reaction partially agree with the experimental findings, although it seems the

effect of additional methyl groups is overestimated by DFT.

Figure 1: Overall reaction scheme (left) and ring opening transition state for the proposed triplet

mechanism (right).

[1] C. Lin, D. Pursley, J. E. M. N. Klein, J. Teske, J. A. Allen, F. Rami, A. Köhn, and

B. Plietker, Chem. Sci. 6, 7034 (2015).

[2] J. E. M. N. Klein, G. Knizia, B. Miehlich, J. Kästner, and B. Plietker, Chem. Eur. J.

20, 7254 (2014).
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By now experimental studies for physiological ternary (L-histidinato)(L-
threoninato)copper(II) complex in solutions did not report any firm structural information 
[1,2]. To complement experimental findings we performed conformational analyses for the 
ternary complex in the gas phase and in an implicitly modeled aqueous medium using the 
density functional theory (DFT) functional B3LYP [3]. 1728 initial structures, which cover 
the conformational space of the complex in three copper(II) coordination modes with 
trans- and cis-configuration, were used for geometry optimizations. The effects of 
intermolecular interactions on the complex properties are examined. Different energy 
landscapes in the gas phase and aqueous solution are obtained with much more possible 
aqueous conformers than vacuum conformers. Less strained structures are detected in 
aqueous solution than in the gas phase. While the trans conformers in glycine-like 
coordination are the most stable in vacuum, conformers in all coordination modes are 
predicted within 15 kJ mol-1 in aqueous solution. The diversity of lowest-energy aqueous 
geometries with or without the intra- and inter-residual hydrogen bonds, and comparisons 
with the previously studied parent binary complexes bis(L-histidinato)copper(II) [4] and 

bis(L-threoninato)copper(II) [5] reveal a pronounced conformational flexibility of the title 

complex in aqueous solution. The flexibility explains previous experimental findings [1,2] 
on the lack of inter-residual strain and the abundance of the ternary over the parent 
complexes determined in aqueous solutions at physiological pH values.  
 
Acknowledgment: This work has been supported by the Croatian Science Foundation 
under the project IP-2014-09-3500. 
 
       [1] H. C. Freeman, R.-P. Martin, J. Biol. Chem. 24, 4823 (1969). 
       [2] O. Yamauchi, T. Sakurai, A. Nakahara, J. Am. Chem. Soc. 101, 4164 (1979). 
       [3] M. Ramek, M. Marković, C. Loher, J. Sabolović, Polyhedron (submitted). 
       [4] M. Marković, M. Ramek, J. Sabolović, Eur. J. Inorg. Chem. 198 (2014). 
       [5] M. Marković, M. Ramek, C. Loher, J. Sabolović, Inorg. Chem. 55, 7694 (2016). 
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The unprecedented radiation intensity of x-ray free electron lasers (XFELs) offers the oppor-

tunity to create double core hole (DCH) states via sequential absorption of two x-ray photons

within a single pulse [1]. This x-ray two-photon process opens the way to a highly sensitive

spectroscopy known as x-ray two-photon photoelectron spectroscopy (XTPPS). The theoretical

description of XTPPS is challenging owing to the competition between photon absorption and

electronic relaxation by Auger decay which occur at similar femtosecond timescales. In case of

molecular targets, nuclear dynamics, which takes place in this timescale, complicates further the

analysis. Previous studies are limited to classical rate-equation models for describing the time

evolution in the different ionization channels [1,2]. In this work, we present for the first time

a full quantum model to investigate DCH states formation through sequential one x-ray pho-

ton absorption. Our model includes explicitly the interaction with the pulse, the Auger decay

and the nuclear dynamics. Absolute double core hole cross sections are provided using a time-

dependent scheme within the local approximation [3]. The influence of the nuclear dynamics is

assessed for the prototype CO molecule. Signature in double core hole photoelectron spectra of

the competition between photon absorption and Auger decay is discussed. We show that DCH

states formation can be actively triggered by varying the laser pulse characteristics.
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Figure 1: Photoelectron-photoelectron spectrum of the carbon single-site DCH state in CO.

[1] R. Santra, N. V. Kryzhevoi and L. S. Cederbaum, Phys. Rev. Lett. 103, 013002 (2009).
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Perylene based compounds are a promising class of materials for optoelectronic devices. 
The study of their optoelectronic properties by means of theoretical approaches allows 
gaining a deeper insight. The characteristics and the ongoing processes, which occur in 
thin film devices[1] are still under debate for this class of materials, especially for the 
PTCDA molecule.[2]  
Within our approach, we use the dimer model[3] and go even beyond by inclusion of 
aggregate effects and by modelling the environment in the crystal surrounding using 
QM/MM and Continuum solvation approaches. Including different motifs and degrees of 
freedom in our studies, we are getting closer to the explanation of the absorption and 
emission spectra. In addition, polarization dependent experiments should be explainable 
within our calculations by a careful analysis of the coupling between different stacks 
within the crystal. Besides the description of the dimer on a very sophisticated level of 
theory (SCS-CC2) we were able to show that in fact TD-DFT (ωB97xd) and semi-
empirical computations (ZINDO) are reliable and can therefore be used to treat larger 
systems as well.[2b] 
 
[ ]  a) V. Settels, A. S hu ert, M. Tafipolsky, W. Liu, V. Stehr, A. K. Top zak, J. Pflau , 

C. Dei el, V. E gel, R. F. Fi k, B. E gels, Jour al of the A erica  Che ical Society 
,  ,  ‐ ;  ) A. S hu ert, V. Settels, W. Liu, F. Wuerth er, C. Meier, 

R. F. Fi k, S. S hi dl e k, S. Lo h ru er, B. E gels, V. E gel, Jour al of Physical 
Che istry  Letters  ,  ,  ‐ ;  )  W.  Liu,  V.  Settels,  P.  H.  P.  Har a h,  A. 
Dreuw, R. F. Fi k, B. E gels, Jour al of Co putatio al Che istry  ,  ,  ‐

. 
[ ]  a) D. Belli ger, V. Settels, W. Liu, R. F. Fi k, B. E gels,  Jour al of co putatio al 

che istry  ,  ,  ‐ ;  ) D. Belli ger, J. Pflau , C. Brü i g, V. E gel, B. 
E gels, Physical Che istry Che ical Physics  ,  9,  ‐ . 
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Modeling of macroscopic magnetism only from a solid-state structure is an error-prone task.

Our group has recently developed a black-box approach [1] which is based on the so-called first-

principles bottom-up approach [2] and qualitatively predicts and analyses the relation between

a crystal structure and its magnetic properties. This method uses broken-symmetry (BS) Kohn–

Sham density functional theory (KS-DFT) calculations for the prediction of magnetic coupling

constants and was applied to various verdazyl radicals [1, 3].

KS-DFT Spin density sDFT Spin density

LDA/TZ2P B3LYP/TZ2P LDA/PW91k/TZ2P B3LYP/PW91k/TZ2P

However, approximate KS-DFT has problems in describing polyradical systems due to the ef-

fects of the self-interaction error. Subsystem DFT (sDFT) is computationally less demanding

than KS-DFT and allows to predefine the spin state for each subsystem. We demonstrate that

sDFT is able to converge to BS-like states, even in cases where KS-DFT fails. We also illustrate

that spin densities and exchange coupling constants calculated with sDFT are more robust than

the ones obtained with BS KS-DFT, although the coupling constants appear to be systematically

smaller.

[1] T. Dresselhaus, S. Eusterwiemann, D. R. Matuschek, C. G. Daniliuc, O. Janka, R. Pöttgen,

A. Studer, J. Neugebauer, Phys. Chem. Chem. Phys. 18, 28262–28273 (2016).

[2] M. Deumal, M. J. Bearpark, J. J. Novoa, M. A. Robb, J. Phys. Chem. A 106, 1299–1315

(2002).

[3] S. Eusterwiemann, T. Dresselhaus, C. Doerenkamp, O. Janka, O. Niehaus, A. Massolle,

C. G. Daniliuc, H. Eckert, R. Pöttgen, J. Neugebauer, A. Studer, Chem. Eur. J. 23, 6069–

6082 (2017).
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Widespread practical use of quantum dynamics is strongly hampered by exponential scaling with

dimensionality. In part, this unfavourable scaling is due to employing many basis functions that

are rarely or never used in the actual dynamics. Hence, by dynamically pruning (DP) the basis

down to the actually used functions at each time step, substantial savings in computing time and

memory are obtained [1, 2]. This idea has been combined with different types of basis functions [1,

3–6] in conventional quantum dynamics, resulting in speed-ups of up to 25 for nonadiabatic

dynamics of six-dimensional pyrazine, without jeopardizing accuracy. Recently, DP has been

combined with the multiconfiguration time-dependent Hartree method (MCTDH) [7, 8], and

extended to both the primitive basis in which the single-particle functions (SPFs) are represented

and the SPF configurations themselves [2]. As we illustrate for nonadiabatic 24-dimensional

pyrazine, pruning the primitive basis allows for the propagation of higher-dimensional SPFs

and partially lifts the sum-of-product-form requirement onto the structure of the Hamiltonian.

Dynamical pruning the set of configurations (DP-MCTDH) yields significant speed-up factors

between 5 and 50, making it competitive with the multilayer MCTDH method.

[1] H. R. Larsson, B. Hartke, D. J. Tannor, J. Chem. Phys. 2016, 145, 204108.

[2] H. R. Larsson, D. J. Tannor, arXiv:1705.02769, submitted to J. Chem. Phys.

[3] A. Shimshovitz, D. J. Tannor, Phys. Rev. Lett. 2012, 109, 070402.

[4] D. J. Tannor, N. Takemoto, A. Shimshovitz, Adv. Chem. Phys. 2014, 156, 1–34.

[5] D. J. Tannor, S. Machnes, E. Assémat, H. R. Larsson, Adv. Chem. Phys. 2017, in press.

[6] B. Poirier, J. Theor. Comp. Chem. 2003, 02, 65–72.
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In the interstellar medium complex organic molecules can form even though the 
temperature and the density of molecules are very low. One such complex molecule is 
glycine , which is of special interest with respect to the origin of life. 
In this project we simulated the formation of the HOCO radical, that Woon suggested as a 
precursor to Glycine [1]. In difference to Rimola, who investigated the HOCO formation 
by combination of CO and OH [2], we simulated its formation by hydrogen abstraction 
from formic acid (see figure 1). The reaction was simulated with different astrochemically 
relevant radicals (OH, NH2, hydrogen atoms). 
Due to the low temperatures in the interstellar medium tunneling plays a major role for the 
reactions and the reaction rate constants were calculated with the instanton method.    
 
 
 

 
 

Figure 1: Reaction pathway towards glycine. 
 
 
 
 
       [1]  D. E. Woon, ApJ.,  571, 177 (2002) 
       [2]  A. Rimola, M. Sodupe, P. Ugliengo, ApJ.,  754, 24 (2012) 
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Cytochrome c oxidase (CcO) is the final enzyme in the respiratory chain in mitochondria 
and also an integral part of the metabolism of many types of bacteria. CcO catalyzes the 
reduction of molecular oxygen to water and utilizes the resulting free energy to pump 
protons across the membrane thereby creating an electrochemical gradient. Despite 
intensive research, it is not understood how CcO achieves the unidirectional proton 
transport and avoids short circuit of the pump. Proton pumping is achieved via proton 
input channels, which can vary in number and role in different organisms. Here, we 
consider CcO from R. sphaeroides. [1–4] 
The Proton Loading Site (PLS) in the center of CcO should have the ability to transiently 
store a pumped proton, by changing its pKA value depending on the redox-state of the 
enzyme. The identity of the PLS is still not clear. Several candidates are discussed: the 
propionates of heme a3 (likely the D-propionate) [5,6] or histidine His334 coordinated to 
the Cub [7] or an unspecified cluster of residues surrounding hemes. [8] The goal of this 
work is to provide more insight on the identity and function of PLS by focusing on the 
suggested candidates, by using quantum-chemical and electrostatic energy computations 
combined with MD simulations for estimating the corresponding pKA values.  
 
 
 
 
[1] P. Brzezinski, R.B. Gennis, J. Bioenerg. Biomembr., 40, 521–531 (2008). 
[2] V.R. Kaila, M.I. Verkhovsky, M. Wikström, Chem. Rev., 110, 7062–7081 (2010).  
[3] A.L. Woelke, G. Galstyan, E.-W. Knapp, Biochim. Biophys. Acta - Bioenerg., 1837 

1998–2003 (2014). 
[4] A.L. Woelke, G. Galstyan, A. Galstyan, T. Meyer, J. Heberle, E. Knapp, J. Phys. 

Chem. B., 117, 12432–12441 (2013). 
[5] V.R.I. Kaila, V. Sharma, M. Wikström, Biochim. Biophys. Acta - Bioenerg., 1807, 

80-84 (2011).  
[6] M. Sezer, A.L. Woelke, E.W. Knapp, R. Schlesinger, M.A. Mroginski, I.M. 

Weidinger, Biochim. Biophys. Acta - Bioenerg., 1858, 103–108 (2017). 
[7] D.M. Popovi, A.A. Stuchebrukhov, J.Am. Chem. Soc., 126, 1858-1871 (2004). 
[8] J. Lu, M.R. Gunner, PNAS, 111, 12414-12419 (2014). 
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In the singlet fission process, parts of the excitation energy of a chromophore in its S1 state are

transferred to a neighboring chromophore in its S0 ground state, yielding both chromophores

in their T1 state. Exploitation of the singlet fission process allows in principle the design of

dye-sensitized solar cells (DSSC) exhibiting an efficiency beyond the Shockley-Queisser limit

of 32%. For that purpose, it is crucial that the chromophore exhibits specific requirements

regarding the relative energies of its S0, S1, T1 (and T2, S2) electronic states.

Accurate quantum-chemical computations of the corresponding excitation energies are thus

highly desirable. Due to its favorable cost-performance ratio, density functional theory (DFT) is

the method of choice for the treatment of large systems. Here we use a set of potential singlet-

fission chromophores [1] to evaluate a variety of DFT-based methods, with an emphasis on

local hybrid functionals with position-dependent exact-exchange admixture.[2] New reference

CC2/CBS vertical excitation energies for the test set have been calculated, which exhibit some-

what more uniform accuracy than the previous CASPT2-based data. The new reference data

have been used to evaluate a wide range of functionals, comparing full linear response TDDFT,

the Tamm-Dancoff approximation (TDA), and ∆SCF calculations.

The overall best accuracy is provided by two simple two-parameter local hybrid functionals and

the more empirical M06-2X global meta-GGA hybrid. Due to its lower empirism and wide

applicability, the Lh12ct-SsifPW92 local hybrid [3] is employed in the suggested computational

protocol for the prediction of the relevant excitation energies in singlet-fission chromophores.

While full linear response TDDFT is used for the S1, S2, and T2 excitations, ∆SCF is preferred

for T1 excitations. When some error compensation with suitable DFT-optimized structures is

exploited, even the most critical T1 excitations can be brought close to the desired accuracy

of 0.20 eV, while the other excitation energies are obtained even more accurately. This fully

DFT-based protocol should become a useful tool in the field of singlet fission.

[1] J. Wen, Z. Havlas, J. Michl, J. Am. Chem. Soc. 137, 165 (2015).

[2] J. Jaramillo, G. E. Scuseria, J. Chem. Phys. 118 1068 (2003).

[3] A. V. Arbuznikov, M. Kaupp, J. Chem. Phys. 136 014111 (2012).
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The need for sustainable and clean energy is more important than ever, for which sunlight is a

very promising source. Therefore newly synthesized poly-N-heterocyclic Ruthenium dyes [1]

(see figure 1), related to bent complexes by MacDonnell et al. [2, 3, 4], are investigated which

shall harvest light efficiently in (dye-sensitized) solar cells. MacDonnell’s bent structures are

advantageous due to their reduction and electron storage properties. [4]

Figure 1: Synthesized Ruthenium complexes of Chavarot-Kerlidou et al. [1]

To gain insights on the ground state as well as the excited state properties upon (multi-)photo-

activation (TD-)DFT, UV-vis and Resonance Raman studies have been performed. Alike, the

pH-dependency of photo-induced intermediates has been studied by a spectro-electrochemical

approach. The results show that the multi-charge transfer character is highly influenced by the

substitution pattern.

[1] J.-F. Lefebvre, D. Saadallah, P. Traber, S. Kupfer, S. Gräfe, B. Dietzek, I. Baussanne, J.

de Winter, P. Gerbaux, C. Moucheron, M. Chavarot-Kerlidou, M. Demeunynck, Dalton

Trans., 45, 16298 (2016)

[2] R. Konduri, H. Ye, F. M. MacDonnell, S. Serroni, S. Campagna, K. Rajeshwar, Angew.

Chem. Int. Ed. 41, 3185 (2002).

[3] K. L. Wouters, N. R. de Tacconi, R. Konduri, R. O. Lezna, F. M. MacDonnell, Photosynth.

Res., 87, 41 (2006)

[4] S. Singh, N. R. de Tacconi, N. Diaz, R. O. Lezna, J. M. Zuñiga, K. Abayan, F. M.

MacDonnell, Inorg. Chem., 50, 9318 (2011)
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Spectroscopic data for the low-lying electronic states of the doubly ionized cation, CBr2+, are

scarce due to the inherent difficulties related to the preparation and detection of this highly re-

active ion. To the best of our knowledge, the only experimental evidence of this dication was

reported in 1982 by Proctor et al. [1], who demonstrated by charge stripping mass spectrometry

the existence of this species. In this context, the aim of this work is to present a reliable charac-

terization of the metastability, structure, and spectroscopy of the low-lying electronic states of

CBr2+ thus extending our present knowledge of the halocarbon dications. For this purpose, the

the low-lying electronic states of CBr2+ correlating with the two lowest dissociation channels

was investigated at a high level theoretical approach, SA-CASSCF/MRCI. Spin-orbit interac-

tion changes substantially the profile of the potential energy curves, specially for the ground

(X 2Σ+) and first excited (1 2Π) states. The second adiabatic ionization energies are also deter-

mined and show an excelent agreement with the experimental derived values. Tunneling widths

computed for the Ω bound states show that the lowest vibrational levels of components 1/2 are

stable against tunneling.
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Figure 1: Potential energy curves for the lowest-lying doublet and quartet (Λ+S and Ω) states

[1] C. Proctor, C. Porter, T. Ast, J. Beynon Int. J. Mass Spectrom. 41, 251 (1982).
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Temporary anions play an important role in various areas of physics, chemistry, and biology

as they can act as doorway states opening new reaction channels that are inaccessible in the

corresponding neutral species [1]. The theoretical treatment of temporary anions is difficult

since they are embedded in the continuum and cannot be associated with discrete eigenstates in

the Hermitian domain of the Hamiltonian. An elegant treatment is, however, possible in non-

Hermitian quantum mechanics in the form of electronic resonance states with complex energy,

for example, using complex absorbing potentials (CAPs) [2].

Depending on their electronic structure, temporary anions can be classified as either shape or

Feshbach resonances [1]. A shape resonance is located above its parent state and decays by

a one-electron process. In contrast, a Feshbach resonance is located below its parent state but

above another detachment threshold. Its decay is a two-electron process and governed by elec-

tron correlation.

Shape resonances can be described with good numerical accuracy using the CAP-augmented

equation-of-motion coupled-cluster singles and doubles method (CAP-EOM-CCSD) [3]. How-

ever, similarly to doubly excited bound states, Feshbach resonances are placed several electron

volts too high in energy, i.e., above their parent state, within the EOM-CCSD approximation

and acquire spurious shape-resonance character.

In this study, several approaches that include triples excitations in an approximate manner in

the EOM-CC ansatz are applied to molecular Feshbach resonances. We find that methods that

correct the EOM-CCSD energies in an ad hoc manner do not improve upon EOM-CCSD and

still place the resonance and its decay channels in the wrong energetic order. In contrast, the

EOM-CCSD(T)(a)* method [4] in which the similarity-transformed Hamiltonian is built up

from CCSD amplitudes that have been corrected for triples excitations yields the correct ener-

getic order. Our results indicate that CAP-EOM-CCSD(T)(a)* describes Feshbach resonances

of small molecules with excellent accuracy and may become the method of choice for such

electronic states.

[1] T.-C. Jagau, K.B. Bravaya, A.I. Krylov, Annu. Rev. Phys. Chem. 68, 525 (2017).

[2] U.V. Riss, H.-D. Meyer, J. Phys. B 26, 4503 (1993).

[3] D. Zuev, T.-C. Jagau, K.B. Bravaya, E. Epifanovsky, Y. Shao, E. Sundstrom, M. Head-

Gordon, A.I. Krylov, J. Chem. Phys. 141, 024102 (2014).

[4] D.A. Matthews, J.F. Stanton, J. Chem. Phys. 145, 124102 (2016).
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Ruthenium nitrosyl complexes have found utility in a variety of applications, such as opti-

cal switches, data storage, and medicine. Depending on the ancillary ligands, environment,

and irradiation wavelength, these complexes can undergo either intramolecular NO linkage

photoisomerization or NO photorelease (Figure 1). In the last two years, DFT studies of

both the NO linkage photoisomerization and photorelease process in the trans-[RuCl(NO)

(py)4]
2+ complex revealed a complex two-step photoisomerization mechanism involving a

sequential two-photon absorption.[1,2] This mechanistic picture has been confirmed exper-

imentally recently.[3] The DFT study was based on the exploration of the lowest singlet

and triplet potential energy surfaces, assuming efficient decay via intersystem crossing

(ISC) from the first singlet excited state to the lowest triplet state. It would therefore be de-

sirable to verify this hypothesis by determining the possible pathways for ISC along with

the spin-orbit couplings responsible for such radiationless transitions. In addition, the role

of other excited states has not been investigated so far and it is interesting to know what

are their potential roles in the photoisomerization mechanism. It is important to verify that

a single-configuration-based method such as DFT can be reliable to describe complex pho-

tochemical mechanisms such as the ones studied here.[4] Thus, in my poster I will present

the results of accurate ab initio calculations using MS-CASPT2 methods on the trans-

[RuCl(NO)(py)4]
2+ complex that describe i) the absorption spectra of the involved isomers

ii) the main ISC pathway after initial photoexcitation iii) the photoisomerization pathways.

A critical assessment of the DFT and TD-DFT results will be made.

[1] J. S. García et al., J. Mol. Model. 11, 284 (2016).

[2] J. S. García et al., Inorg. Chem. 54, 8310 (2015).

[3] L. Khadeeva et al., Inorg. Chem. 55, 4117 (2016).

[4] M. G. Delcey et al., J. Chem. Phys. 140, 174103 (2014).
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Within only five years, the power conversion efficiency of perovskite solar cell (PSC) has 

soared to 22.1% [1]. Among recently proposed high-performance PSCs, hole transport 

layers are proved to be essential components for the devices [2]. Truxene and its 

derivatives have been extensively employed for various applications and are considered to 

be promising dopant-free hole transport materials (HTMs) in perovskite solar cells [3]. Yet, 

a systematic exploration of their performance for this specific application remain lacking. 

In our work, multiscale simulations are used to investigate the key structure-property 

relationships of truxene derivatives featuring distinct variations to the parent core. 

Specifically, the role of heteroatoms, alkyl chains, and substitution site on the most 

relevant electronic, transport, and stability properties to high performing PSCs are assessed. 

Our findings demonstrate that each of the considered truxenes are potential alternatives to 

the current state-of-the-art HTM Spiro-OMeTAD.	
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       [1]  http://www.nrel.gov, accessed: June, 2017. 

       [2] E. J. Juarez-Perez, M. Wuβler, F. Fabregat-Santiago, K. Lakus-Wollny, E. Mankel,    

       T. Mayer, W. Jaegermann and I. Mora-Sero, J. Phys. Chem. Lett., 5, 2014. 

								[3]	F. Goubard and F. Dumur, RSC Adv., 5, 2015. 
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Conventional electron correlation approaches exhibit a steep increase of the computational 

effort with the number of electrons and basis functions involved in the calculation. In order 

to reduce the scaling of these accurate methods with system size, local correlation 

approaches have been developed over the past few decades.[1] More recently, the concepts 

of pair natural orbitals (PNOs)[2,3] were combined with the domain approximation and 

pair screening criteria. With the resulting Domain Local Pair Natural Orbital (DLPNO) 

methodology, linear scaling implementations of methods such as Coupled Cluster or MP2 

could be developed.[4,5] They permit energy calculations on systems containing up to 

several hundred atoms to be performed using conventional cluster hardware, while 

reproducing energy differences of their respective canonical parent methods to within 

chemical accuracy.	

Analytical gradients were implemented in the past for domain-based local correlation 

methods.[6] Taking derivatives of PNO-based methods demands additional scrutiny, not 

only because they lack invariance to unitary transformations among occupied orbitals, but 

also because the response of PNOs to external perturbations needs to be considered beyond 

the relaxation of MOs. We present the implementation and performance of exact analytical 

first derivatives for the DLPNO-MP2 method. Even though the relaxation of PNOs 

accounts for a moderate contribution to the overall computational cost, we also investigate 

the accuracy of more approximate schemes, which neglect derivative contributions. 

 

 

 

 

       [1]  P. Pulay, Chem. Phys. Lett. 100, 151 (1983).	

       [2]  W. Meyer, J. Chem. Phys. 58, 1017 (1973).	

       [3]  F. Neese, F. Wennmohs, A. Hansen, J. Chem. Phys. 130, 114108 (2009).	

       [4]  C. Riplinger, F. Neese, J. Chem. Phys. 138, 034106 (2013).	

       [5]  P. Pinski, C. Riplinger, E.F. Valeev, F. Neese, J. Chem. Phys. 143, 034108 

(2015).	

       [6]  A. El Azhary, G. Rauhut, P. Pulay, H.-J. Werner, J. Chem. Phys. 108, 5185 

(1998).	
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In a combined experimental and theoretical study we reinvestigated the high-temperature 

reaction of SiCl4 and elemental silicon.[1] The nature of the perchlorinated polysilanes 

(PCS) formed upon rapid cooling of the gaseous reaction mixture was studied in detail and 

a DFT assessment provides mechanistic insights into the formation of cyclic and acyclic 

oligosilanes from SiCl2. To aid product assignment we predict 
29

Si NMR chemical shift 

values at the COSMO-SO-ZORA-RPBE/TZ2P//SMD-RI-M06-L/6-31+G(d,p) level of 

DFT.[2]  

The mechanistic picture for the formation of PCS involves four elementary steps 

(i) silylene dimerization to disilenes, (ii) disilene/silylene isomerization by silyl migration, 

(iii) SiCl2 insertion into Si–Cl and (iv) Si–Si bonds. While the condensation of SiCl2 leads 

to cyclosilanes (Scheme 1a), preferentially branched oligosilanes form in presence of 

residual SiCl4 (Scheme 1b). Each individual build-up sequence is highly exothermic and 

irreversible, leading to a variety of molecular compounds. The specific composition of 

PCS escapes detailed identification by NMR spectroscopy, but the theoretical data 

provides a useful categorization of typical 
29

Si NMR shift domains by formal silicon 

oxidation state for a large set of hitherto unknown perchlorosilanes.  
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Scheme 1: Gas-phase reactivity of SiCl2: formation of 3- and 4-membered cyclic perchlorosilanes. 
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Metal-metal multiply bonded diruthenium compounds bearing a mixed valence Ru2

5+ core 
tetracoordinated to carboxylates have received much attention because of their unique 
electronic, magnetic and biological properties [1-3]. The compounds have a typical 
[Ru2(O2CR)4] paddlewheel geometrical arrangement in which the four equatorially bridged 
carboxylate ligands stabilize the Ru-Ru bonds. The axial positions are available for either 
an anion or a neutral molecule [1]. Although the electronic structure of this class of 
complexes has been studied [1], to our knowledge they have not yet been the subject of 
high level calculations.  To gain newer insights we have employed here CASSCF and 
CASPT2 methods with the MOLCAS code in model complexes [Ru2(O2CH)4]+ and 
[Ru2(O2CH)4Cl2]-. The results revealed that the electronic structure shows significant 
multiconfigurational behavior and the quartet state has lower energy than the doublet state 
in both compounds. The electronic spin density is equally delocalized between the two 
ruthenium centers, in agreement with the mixed valence character seen in electron spin 
resonance (ESR) experimental data [4]. The configuration with σ2π4δ2π*2δ*1 molecular 
orbital occupation dominates the ground state wavefunction with approximately 80% 
weight. The CASPT2 results were compared with the energetics of several density 
functionals in order to find an efficient description of the structure and reactivity of 
diruthenium complexes.  
 
 
 
 
       [1] M. A. S. Aquino, Coord Chem Rev. 248, 1025 (2004). 
       [2] L. Messori, T. Marzo, R. N. F. Sanches, Hanif Ur Rehman, D. de Oliveira Silva, 

and A. Merlino, Angew. Chem. Int. Ed. Engl. 53, 6172 (2014). 
       [3] D. de Oliveira Silva, Anticancer. Agents Med. Chem. 10, 312 (2010). 
       [4] F. A. Cotton, E. Pedersen, Inorg. Chem. 14, 383 (1975). 
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Singlet fission is a photophysical process that converts one singlet exciton to two triplet exci-

tons, via formation of a singlet multiexcitonic state [1]. It has received great interest recently

to increase the efficiency of photovoltaic cells beyond the Shockley-Queisser limit [2, 3]. In

this contribution, we present a quantum dynamical study of intramolecular singlet fission in a

series of modified pentacene dimers covalently bonded to a phenylene spacer in ortho-, meta-,

and para- conformations [4]. The study employs a methodology that combines both electronic

structure theory and quantum dynamical simulations. The results show that the population of

the multiexcitonic state is facilitated by the existence of higher lying charge transfer states which

participate in a superexchange-like way [5]. The key roles played by molecular vibrations and

stacking interactions between the chromophores in the process are also discussed [5].

[1] M. B. Smith and J. Michl, Chem. Rev. 110, 6891 (2010).

[2] M. C. Hanna and A. J. Nozik, J. Appl. Phys. 100, 074510 (2006).

[3] W. Shockley and H. J. Queisser, J. Appl. Phys. 32, 510 (1961).

[4] J. Zirzlmeier, D. Lehnherr, P. B. Coto, E. T. Chernick, R. Casillas, B. Basel, M. Thoss,

R. R. Tykwinski, D. M. Guldi, Proc. Natl. Acad. Sci. (USA) 112, 5325 (2015).

[5] S. R. Reddy, P. B. Coto, D. M. Guldi and M. Thoss, (Manuscript in preparation).
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Local hybrid functionals constitute a relatively recent class of exchange-correlation (XC) func-

tionals, which features a variable amount of exact exchange in different molecular regions reg-

ulated by the so-called local mixing function (LMF). Despite the ambiguity arising due to the

local exact-exchange admixture, known as gauge problem,[1] local hybrids early showed large

potential for the description of ground-state properties, such as atomization energies and barrier

heights.[2] However, a reduced computational efficiency in comparison to conventional global

hybrid functionals in first implementations[3] limited their wide applicability.

Here, we present some of our recent developments in the field of local hybrid functionals, with a

special emphasis on new approaches to overcome the above-mentioned issues. First, we discuss

the first TDDFT implementation of local hybrid functionals into the common quantum-chemical

program TURBOMOLE.[4] Besides a detailed first examination of their performance for ver-

tical excitation energies,[5] especially concerning difficult excitation classes such as charge-

transfer, Rydberg and core excitations, and the application to an extended polymer model sys-

tem, we highlight the high computational efficiency in comparison to a conventional global

hybrid implementation, achieved by using a semi-numerical integration scheme. Besides es-

tablished local hybrid functionals, we also evaluate the performance of a new local hybrid em-

ploying a novel empirical LMF based on the reduced density Hessian. Furthermore, a univer-

sal scheme to derive semi-local and thus computationally tractable calibration (gauge) func-

tions based on semi-local exchange functionals is presented.[1] Together with a new calibration

scheme based on potential-energy curves of noble-gas dimers, we show that the influence of

the gauge problem can be effectively mitigated with these new partial-integration gauge (pig)

calibration functions.

[1] T. M. Maier, M. Haasler, A. V. Arbuznikov, and M. Kaupp, Phys. Chem. Chem. Phys.

18, 21133 (2016).

[2] M. Kaupp, H. Bahmann, and A. V. Arbuznikov, J. Chem. Phys. 127, 194102 (2007).

[3] A. V. Arbuznikov, M. Kaupp, and H. Bahmann, J. Chem. Phys. 124, 204102 (2006).

[4] T. M. Maier, H. Bahmann, and M. Kaupp, J. Chem. Theory Comput. 11, 4226 (2015).

[5] T. M. Maier, H. Bahmann, A. V. Arbuznikov, and M. Kaupp, J. Chem. Phys. 144,

074106 (2016).
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Local hybrid functionals (LH) are a new and promising approach within the density functional

framework, defined by its position-dependent admixture of exact exchange, which is governed

by a local mixing function (LMF).[1] The increased flexibility was already shown to provide im-

proved performance in the calculation of thermochemical and kinetic data,[2, 3] while ongoing

research aims on further validation and development of the LH scheme, e.g. for the calculation

of a variety of molecular properties.[4] The calculation of hyperfine coupling constants (HFCCs)

in the non-relativistic limit hereof constitutes a promising model, as (i) HFCCs are known to be

extremely sensitive to the admixture of exact exchange and may thus strongly benefit from the

improved flexibility of LHs and (ii) the calculation of such first order properties provides a quick

assessment of the (parameter specific) quality of the simulated electronic structure (since such

first order properties are directly accessible via a simple eigenvalue equation).[5, 6] Here, the

performance of different density functional approaches, including newly implemented LMFs, is

compared in the calculation of metal HFCCs for different 3d transition metal complexes. Fur-

thermore, the potential of the LH approach will be outlined in further detail by optimization of

empirical LMF parameters for selected model complexes.

[1] K. Burke, F. G. Cruz and K.-C. Lam, J. Chem. Phys. 109, 8161 (1998).

[2] A. V. Arbuznikov, H. Bahmann and M. Kaupp, J. Chem. Phys. 127, 194102 (2007).

[3] K. Theilacker, A. V. Arbuznikov, H. Bahmann and M. Kaupp, J. Chem. Phys. A 115,

8890 (2011).

[4] A. V. Arbuznikov and M. Kaupp, J. Chem. Theory Comput. 5, 2985 (2009).

[5] M. L. Munzarová and M. Kaupp, J. Phys. Chem. A 103, 9966 (1999).

[6] M. L. Munzarová and M. Kaupp, J. Am. Chem. Soc. 122, 11900 (2000).
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Provide information on transient species involved in mechanisms remains a 
challenge for the chemists. Direct observation of reaction intermediates, although highly 
valuable, is rare because of their intrinsically low life. This is especially true for unsaturated 
transition metal complexes involved in C-H bond cleavage. Common approach to study 
reactions in solution includes kinetic studies or chemically trapping reaction intermediates. 
In gas phase, UV-Photoelectron Spectroscopy (UV-PES) and mass spectroscopy (MS) 
coupled with Flash Vacuum Thermolysis (FVT) are appropriate techniques for the 
generation and identification of transient species. Joint with DFT studies, UV-PES gives 
further insight on the electronic structure of new compounds. Thanks to this approach, we 
recently characterized, by their ionization potentials, two transient terminal electrophilic 
phosphinidene complexes [RP=W(CO)5] (with R= Me, Ph), from thermolysis of the 
corresponding 7-phophonorbornadiene complexes after loss of dimethyl 4,5-
dimethylphtalate at 160°C.[1] 

We took advantage of this original approach to characterize in situ in gas phase: i) 
short-live ortho-benzyne complexes by -H abstraction of 
benzene from the diphenyl complexes Cp2M(C6H5)2.These 
intermediates have been 
postulated as intermediates 
in solution, trapped directly 

by unsaturated compounds.[2] and ii) unsaturated 
alkylidene complexes [LnM=C(H)SiMe3] obtained after 
-H abstraction of SiMe4 from Cp*W(NO)(CH2SiMe3)2

 

[3] or Cp2Ti(CH2SiMe3)2 complexes. 
DFT calculations allowed us : i) to confirm the 

formation of these transient species; ii) to assign the different ionizations on the 
photoelectronic spectra, which are real electronic "fingerprints" and iii) to give further 
insight on their electronic structure and describe the mechanism of the thermal 
decomposition. These results will be presented in this poster. 
 
[1] S. Labat, K. Miqueu, J.-M. Sotiropoulos, P. Baylère, G. Pfister-Guillouzo, N-H. Tran Huy, F. 
Mathey, Eur. J. Inorg. Chem. 1694 (2014). 
[2] See for example: C. B. Pamplin, P. Legzdins, Acc. Chem. Res., 36, 223 (2003). 
[3] the thermal decomposition of analogue complex [Cp*W(NO)(CH2tBu)2] was also study in 
solution and the corresponding alkylidene complex [Cp*W(NO)=CHtBu] was postulated as 
intermediate and immediately chemically trapped, G. Erker, J. Organomet. Chem., 134, 189, (1977). 

PO2-53



Calculating Protein-Ligand Binding Affinities with the Quantum-mechanical
GFN-xTB Method

Katja Ostermeir1,Andreas H. Göller2, Stefan Grimme1

1Mulliken Center for Theoretical Chemistry, Institute for Physical and Theoretical

Chemistry, University of Bonn, Bonn, 53115, Germany
2Bayer AG, Drug Discovery – Chemical Research, Wuppertal, 42096, Germany

Predicting the effect of chemical modification of ligands on binding affinities is of central

importance for efficient drug design and in silico improvement of ligands. The accuracy of
common molecular mechanics methods depends on the underlying classical force fields

with  all  their  limitations  regarding  non-classical  binding  effects.  Recently it  has  been
shown, that QM methods are an accurate tool to calculate absolute binding free energies of

supra-molecular complexes with 300-400 atoms [1].  This single structure approach has
proven successful to calculate absolute binding free energies of pharmaceutically relevant

systems  as  the  blood  coagulation  factor  Xa  that  had  been  (co-)crystallized  with
rivaroxaban [2]. IC50 data are available for a set of 25 ligands, that share the same diversely

substituted scaffold. QM calculations with protein cutouts of the binding pocket with about
1000 atoms result in absolute binding affinities, that deviate by less than 1.5 kcal/mol from

experiment for 14 out of 25 ligands [3].  Here we show, that the highly efficient semi-
empirical  GFN-xTB  method  [4]  represents  a  computationally  efficient  alternative  to

calculate  relative  binding  affinities.  It  drastically  speeds  up  calculations  compared  to
dispersion  corrected  DFT,  includes  an  implicit  solvation  model,  provides  reasonable

vibrational  free energy contributions,  and includes all  major  quantum electronic effects
which are absent in force fields.

[1] S. Grimme, Chem. Eur. J. 18, 9955-9964 (2012).

[2] S. Roehrig, A. Straub, J. Pohlmann, T. Lampe, J. Pernerstorfer, K-H. Schlemmer, P. 

Reinemer, E. Perzborn, J. Med. Chem. 48, 5900-5908 (2005).

[3] S. Ehrlich, A. H. Göller, S. Grimme, ChemPhysChem. 18, 865-979 (2017).

[4]  S.  Grimme,  C.  Bannwarth,  P.  Shushkov,  J.  Chem.  Theory  Comput. 13,  1989-2009

(2017).
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The study of electronic properties of photosensitizing compounds, in which the derivatives 
of porphyrins, phthalocyanines and naphthalocyanines are focused here, has attracted the 
interest of the academic community recently thanks to the wide range of applications as, 
e.g., in energy conversion for solar cells or in photodynamic therapy (PDT), the main 
objective of the present work. [1,2] 

 Computational studies of Zn(II)-Phthalocyanines (ZnPc) and Zn(II)-Naphthalocyanines 
(ZnNc) were carried out in order to obtain electronic properties, aiming their use as 
photosensitizers in PDT. For such application, electronic transition may occur in the region 
between 600 and 800 nm.[2,3] 

An usual tool to obtain the electronic absorption spectra including solvent effects is use a 
continuum model. However, depending on the solvent, one or two molecules could 
coordinate to the central ionic metal of the macrocycles studied. Thus, we have evaluated 
the coordination of four different solvents: acetone, DMF (connected by nitrogen and 
oxygen), THF and DMSO (sulfur and oxygen bonded to the Zn(II)), to ZnPc and ZnNc, as 
well their derivatives tetrasubstituted with tert-butyl groups. The different coordinated 
systems were optimized with BLYP / 6-311G (d) and D3BJ dispersion correction.  

When the solvent is explicitly described, it is possible to observe in the electronic 
transitions, especially for compounds coordinated to DMSO, the increasing participation of 
inner occupied orbitals and outermost unoccupied orbitals as well as changes in energy in 
which some transitions occur. Such results may indicate, albeit preliminarily, a more 
adequate way to describe the solvent effect in such systems. 

 
[1] Liao, M. S.; Scheiner, S., Journal of Computational Chemistry 23, 15 (2002). 

[2] Dougherty, T. J., Photochemistry and Photobiology 58, 6 (1993). 

[3] Dolmans, D. E. J. G. J., Fukumura, D., Jain, R. K., Nature Rev. Cancer 3, 380-387 
(2003). 
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We investigate the layer-wise growth of α-sexithiophene (α-6T) on Au(100) combining QM/MM

calculations and STM measurements. Our main focus lies on the impact of the layer morphol-

ogy on the electronic properties of the α-6T molecules. α-6T is an organic semiconductor and

serves as a model system for polythiophene which has already found application in electronic

devices. An optimization of the device performance requires a fundamental understanding of

the interplay between packing structure and electronic structure of the molecules. So far, re-

search was mainly concentrated on the adsorption structure of single molecules of α-6T up to

one monolayer on different gold surfaces [1] and the bulk structure of α-6T [2]. The packing

structure of several α-6T layers on gold, however, has not been investigated.

We observe a flat adsorption for the first monolayer of α-6T on gold, whereas the molecules

in the second layer are horizontally shifted and slightly tilted around their long molecular axis.

Both, the tilt angle as well as the horizontal shift significantly alter the electronic properties of

the α-6T layers.

[1] M. Kiel et. al., Phys. Rev. B 75, 195439 (2007).

[2] G. Horowitz et. al. Chemistry of Materials 7, 1337 (1995).
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Earth abundant metals are sought which will catalyze the reduction of carbon dioxide and 
carbon monoxide to simple alcohols for capture and extraction to produce value added 
chemicals from waste streams. First density functional theory is being used to identify 
potential metal catalysts (both monometallic and bimetallic) based on surface binding 
energies for further experimental study. Then powders of these metal catalysts will be 
produced by tube furnace reduction and studied by differential scanning nanocalorimetry. 
Using the enthalpy of desorption, binding energies can be calculated and compared to 
theoretical predictions. The catalytic activity will also be measured in a fixed bed catalytic 
reactor to elucidate correlation between binding energy and catalytic activity. All data 
generated will be deposited into a repository for data curation and further future study. 
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Over the last decade, visible-light-mediated photoredox catalysis has emerged as a 
valuable tool to generate single-electron transfer (SET) processes with organic substrates. 
This general strategy has also opened up a wide array of new synthetic methodologies.1 
For instance, MacMillan and co-workers established an elegant dual photoredox-
organocatalytic platform to enable the functionalization of unactivated sp3 C-H bonds.2 
With the aim of bringing more understanding about the crucial factors involved in these 
reactions, we have studied by means of DFT and TD-DFT calculations the arylation of the 
allylic sp3 C-H bond.2c Three different reaction mechanisms associated with the electron 
transfer process have been considered: a) outer-sphere; b) inner-sphere; c) inside-out-
sphere. From our results we conclude that the former and the latter reaction mechanisms 
are both feasible and complementary. Nevertheless, the inside-out-sphere scheme presents 
the advantage that avoids the formation of the reactive anionic radical intermediates.3  
 

 

 
       [1]  a) C. K. Prier, D. A Rankic, D. W. C. MacMillan Chem. Rev. 113, 5322 (2013); b) 
M. H. Shaw, J. Twilton, D. W. C. MacMillan J. Org. Chem. 81, 6898 (2016). 
       [2]  a) K. Qvortrup, D. A. Rankic, D. W. C. MacMillan J. Am. Chem. Soc. 136, 626 
(2014); D. Hager, D. W. C. MacMillan J. Am. Chem. Soc. 136, 16986 (2014); J. D. 
Cuthbertson, D. W. C. MacMillan Nature 519, 74 (2015). 
       [3]  M. Odriozola-Gimeno, I. Rivilla, F. P. Cossío, M. Torrent-Sucarrat submitted. 
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Instruments for the detection of heavy metal ions are generally costly and require extensive

sample preparation. Recent advancements in fluorescence spectroscopy resulted in sensitive de-

tection and determination of metal ions, as well as simplicity and low-cost instrumentation. A

preliminary computational study in our group offered insight into findings by Kim et al.[1] in

2008, where they found that a BODIPY appended thiacrown ether (shown in Figure 1) showed

highly selective chelation enhanced fluorescence (CHEF) in response to mercury (II). The effi-

ciency of the crown ether as a positive fluorescent sensor for the Hg2+ metal ion was studied by

considering other crown ether formulas with varying numbers of carbon and sulphur atoms, as

well as other metal ions. Calculated absorption and emission wavelengths were done at a low-

level of theory and were significantly underestimated when compared with experiment. This

Figure 1: BODPIY appended thiacrown ether complexed with Hg2+ investigated by Kim et al

in 2008.

study expands previous work to include more metal cations, and choose two crown-ethers (18-

crown-6 ether and thiacrown ether). We also perform calculations at a higher-level of theory

(DFT, TD-DFT for excited states) to determine why mercury (II) was preferred, and attempt

to design highly selective chemosensors. For a more realistic modelling of the experimental

environment, we will include solvent (COSMO) and relativistic effects (ZORA) using the Am-

sterdam Density Functional program. The computed energies of complexation will include

thermal corrections. Excited state calculations will also be done to determine absorption and

emission wavelengths.

[1] H. J. Kim, S. H. Kim, J. H. Kim, E. Lee, K. Kim, J. S. Kim, Bull. Korean Chem. Soc.

29, 1831 (2008).
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H2 is the most abundant molecule in the interstellar medium (ISM) [1] however its 
formation process is not well characterized yet [2]. We present a DFT study of the H2 
formation on a polycyclic aromatic hydrocarbon (PAH) molecule via Eley-Rideal 
mechanism, such as see in Fig. 1. The results show that H atom adsorbs on a PAH surface 
overcoming an activation energy, which is different in each possible site of its surface. 
Moreover, the abstraction of the H adsorbed on pyrene by another H atom occurs 
barrierless in all sites of it, confirming that PAHs are able to act as a catalyst in the H2 
formation in the ISM.  

 
Figure 1. H2 formation on a PAH surface via Eley-Rideal mechanism. 

 
According to perform a deep analysis of the reaction mechanism, two methodologies were 
used, the reaction force analysis (RFA) [3], which has been used in a related work[4],  and 
the activation strain model [5] (ASM). From the RFA it has been found that the activation 
of the H chemisorption process is mainly governed by structural changes of the reactants 
(~70% of energy barriers) related to the H approach to surface and the distortion of it. 
Moreover, ASM shows that the energy barriers are dominated mostly by a repulsive 
interaction between reactants. On the other hand, the H abstraction by an incoming H 
atom, which leads to H2 formation, is a barrierless process due to a high attractive 
interactions that begin to act at the beginning of the reaction. 
 
Acknowledgments: This work was supported by FONDECYT #1141098. 
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One of  the major  goals  in  molecular  biology is  to  understand the role  of  RNA when

interacting with small molecules. Streptomycin, an aminoglycoside antibiotics, is known to

target bacterial complex RNA structural domains. Several techniques have been used to

understand how streptomycin is able to bind to specific RNA folding topologies.  Recently,

Nick and coworkers1 used computer simulations and single-molecule force spectroscopy

(SMFS) to study the interactions in a specific streptomycin-binding RNA (aptamer)  and

found that streptomycin stabilizes the RNA structure due to the formation of strong and

long-lived  hydrogen bonds.  The  purpose  of  this  work  is  to  investigate  the  interaction

between RNA and streptomycin,  using Langevin out-of-equilibrium (pulling)  computer

simulations,  in  order  to  simulate  the  SMFS  experiment  and  thus  obtain  dynamic

information about the events involved in the force-induced aptamer rupture. 

After  careful  tuning  of  the  Langevin  simulation  parameters  using  atomistic  molecular

dynamics simulations as targets, several  pulling

simulations were carried out for the aptamer with

and  without  streptomycin.  Figure  1  shows  a

typical force-extension curve (FEC) obtained by

pulling  simulations  for  shear  geometry  of

RNA/streptomycin complex. One should identify

four distinct  regions:  I)  Exponential  increase of

force with the increase of end-to-end (ee) RNA

distance; II and III) After a force-jump, a linear

increase of force with ee distance, with a force-

jump between regions II and III; and IV) A linear

decrease in the force with increase of ee distance.         Figure 1: Force-extension curve for

                                 RNA/streptomycin end-to-end pulling

The microscopic events involved in the detailed regions could be clearly identified with

the simulations and are: I partial elongation of the RNA molecule, maintaining the binding

pocket,  followed  by  a  large  force-jump  (disruption  of  the  tertiary  structure);  II

straightening of the strands; III sliding of the strands, followed by the final (IV) rupture.

where streptomycin acts like a bridge between the two strands.

The  use  of  out-of-equilibrium  computational  simulations  of  stretching  of

RNA/streptomycin complex allowed us to understand the details of RNA interactions with

streptomycin, showing a well defined hierarchical process, where the structures are first

elongated, with subsequently lost of the aptamer tertiary structure around streptomycin and

total straightening.

References:

1. Thomas A. Nick et al.  J. Phys. Chem. B 120, 6479 (2016) 
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Glycosylation occurs on more than 50 % of the eukaryotic proteins and it is crucial to understand

its effect since those macromolecules control most of the processes in living cells [1]. However,

the conformations of glycans in conjugation with glycoproteins form a challenge both for ex-

perimental and theoretical methods. Their complexity is the result of the variety of possible

monomeric units which are linked in a branched way and have differently populated conforma-

tional states. There is a pronounced a lack of spatial information about them causing an obstacle

to grasp the whole picture about their biological functions.

In this context, the solution conformations of all disaccharides constituting biologically relevant

N- and O-linked glycan units are studied using the local elevation umbrella sampling method

(LEUS). The first phase of this method relies on building up a memory-based biasing potential

energy term which penalizes the revisiting of previously sampled conformational space [2]. A

subsequent umbrella sampling phase uses this biasing potential for production simulation. The

adaptable nature of the LEUS method allows modeling of the carbohydrate moiety of the glyco-

proteins by using biasing potentials for glycosidic linkages of all disaccharide fragments in the

glycan unit and enhancing the sampling in the production phase. We first reduced the glycan

complexity to the disaccharide level and identified their free-energy landscapes via their glyco-

sidic angles (φ, ψ) which possess all the relevant information about their structural properties.

Then, we increased the complexity level by one and analyzed them as trisaccharides to see the

effect of the consecutive linkage on the free-energy landscape of a particular glycosidic linkage.

This analysis gave us the opportunity to build the whole glycan tree from their disaccharide

units according to their conformational preferences. This bottom up approach allowed us to use

several efficient methods to model the glycoprotein in the absence of any experimental data.

[1] A. Varki, Glycobiology 27, (2017).

[2] H. S. Hansen, and P. H. Hünenberger, J. Comput. Chem. 31, (2010).
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Certain clusters of metal and metalloid atoms have attracted significant interest due to the pres-

ence of a degenerate global shell structure akin to that seen in an individual atom. Upon closure

of one of these electronic subshells there is an increase in the thermodynamic stability of the

clusters, which has lead to the term superatom.[1, 2, 3, 4, 5]

The role that transition metals play in the existing superatom framework is not fully understood,

especially when considering highly degenerate systems with large numbers of d-electrons. Util-

ising Density Functional Theory Methods we have elucidated the structure of the Nix
y (x =

5-10)(y=0,±1,±2) clusters and explored their electronic structure. From this it is shown that

the local and global electronic structure of these clusters cannot be treated as if they were in-

dependent and that the effect of adding an electron to a superatomic system is more heavily

contextualised than it would be for non-transition metal clusters.

[1] W.A. De Heer, Rev. Mod. Phys. 65, 611 (1993).

[2] W.D. Knight, K. Clemenger, W.A. Deheer, W.A. Saunders, M.Y. Chou, and M.L. Cohen,

Phys. Rev. Lett. 52, 2141-2143 (1984).

[3] A.W. Castleman, S.N. Khanna, A. Sen, A.C. Reber, M. Qian, K.M. Davis, S.J. Pepper-

nick, A. Ugrinov and M.D. Merritt , Nano Lett. 7, 2734-2741 (2007).

[4] A.W. Castleman and S.N. Khanna, J. Phys. Chem. C 113, 2664-2675 (2009).

[5] H. Watanabe and T. Inoshita, Optoelectron. Devices Technol 1, 33-39 (1986).
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A major challenge in the production of nanomaterials is the control over product sizes and re-

producibility. A way to circumvent these two problems could be to synthesize materials directly

from nano-sized building blocks, of which so-called superatoms are one example [1, 2]. Su-

peratoms are metal clusters of specific sizes that show an exceptional thermodynamic stability

and, in a way, mimic the electronic behaviour of normal atoms. Those two features can often be

explained within a simple shell model of delocalized valence electrons in an effective potential

[3, 4]. Then, the striving for shell closing promotes superatoms to act as bonding partners in

molecules or solid state compounds. The variety of possible structures opens a broad field of

new materials with a high potential for intriguing physical properties.

Here, we present a theoretical approach towards the description of solid state compounds made

from superatomic metal clusters and fullerenes. Starting from density functional theory, we

work towards an effective model to obtain various physical properties. The latter can be inter-

esting in future applications. For validity we compare to experiment where possible [5]. Hereby,

the focus always lies on the applicability of the superatomic concept within solid state super-

atomic materials. The latter would allow to a certain extent to apply a chemical intuition for

determining new materials.

[1] X. Roy, C.-H. Lee, A. C. Crowther, C. L. Schenck, T. Besara, R. A. Lalancette, T.

Siegrist, P. W. Stephens, L.E. Brus, P. Kim, M.L. Steigerwald, and C. Nuckolls, Science

341, 157-160 (2013).

[2] M. Schulz-Dobrick and M. Jansen, Angew. Chem. Int. Ed. 47, 2256-2259 (2008).

[3] W. A. deHeer, Rev. Mod. Phys. 65, 611-675 (1993).

[4] W. D. Knight, K. Clemenger, W. A. deHeer, W. A. Saunders, M. Y. Chou, and M. L.

Cohen, Phys. Rev. Lett. 52, 2141-2143 (1984).

[5] L. Hammerschmidt, J. Schacht, and N. Gaston, Phys. Chem. Chem. Phys. 18, 32541-

32550 (2016).
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DNA is one of the most important biomolecules since it contains all the genetic 

information about an organism. Under normal conditions, DNA frequently adopts a B-

DNA conformation whose structure and stability is mainly determined by the number and 

type of weak interactions. There are different kinds of weak interactions, nevertheless, it is 

believed that hydrogen bonds (between nitrogenous bases) and pi stacking (between base 

pairs) are the most relevant in DNA stability [1]. Due to its importance, several theoretical 

works have been made to describe these interactions, however, most of them often 

consider only the presence of two nitrogenous bases, having a limited overview of the 

participation of these in B-DNA stabilization. Therefore, in this project we describe these 

interactions considering the effect of length chain on the energy related to both hydrogen 

bonds and pi stacking, using as model TATA-box-like chains with N base pairs (with N=1 

to 14) and taking into consideration two different models: ideal B-DNA and relaxed B-

DNA. We found that there are more changes in hydrogen bond energies associated with 

the length chain than in the case of pi stacking interactions, consequently the effect of 

neighbors’ presence is more important for hydrogen bonds. Furthermore, with our results, 

we estimate that hydrogen bonds participate more significantly in the DNA stabilization, 

nevertheless, the contribution of pi stacking is not negligible. 

 

In addition, we are interested in the reactivity properties of DNA to explain proteins 

selectivity. Hence, using the information provided by Fukui functions, we make a first 

approximation of TATA binding protein (TBP) selectivity to TATA box, obtaining results 

in agreement with those reported experimentally. 

 

The study was realized under the framework of DFT using the code DMol3 (M06-L/DN) 

implemented in Materials Studio.	

 

 

       [1]  E. T. Kool, Annu. Rev. Biophys. Biomol. Struct. 30, 1 (2001).	
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The potential use of hydrogen gas as an alternative green energy has been in 
spotlight for many years. The challenge of this research field is to develop safe and 
efficient hydrogen storage for the use of hydrogen with fuel cells. Carbon nanohorn 
(CNH) is one of porous materials with promising hydrogen storage capability. It 
has been suggested that high hydrogen adsorption efficiency of the porous material 
relates to the migration of hydrogen atoms from metal catalyst onto the porous 
support called spillover mechanism.[1-4] For hydrogen adsorption on metal-doped 
carbon nanohorn (M-CNH), the spillover mechanism has not been clearly 
understood. For that reason, the aim of this work is to explore hydrogen adsorption 
mechanism onto M-CNH by using density functional theory calculations. The 
focused model in this work is platinum doped CNH or Pt-CNH. The results show 
that the hydrogen adsorption mechanism on Pt-CNH supports the concept of 
spillover mechanism. The Pt metals acts as active sites for hydrogen dissociation 
and then the hydrogen atoms migrate to carbon atoms of the CNH. The reactivity 
of carbon atoms on the CNH tip facilitates the hydrogen spillover reaction 
indicated by its low energy barrier and thermodynamics favorable.  
 
 
 
 
        [1] G.M. Psofogiannakis, G.E. Froudakis, Chem. Commun. 47, 7933 (2011). 

[2] D.S. Pyle, E.M. Gray, C.J. Webb, Int. J. Hydrogen Energy. 41, 19098 (2016). 

[3] R. Juarez-Mosqueda, A. Mavrandonakis, A.B. Kuc, L.G.M. Pettersson, T. Heine, 
Front. Chem. 3, 1 (2015). 

[4] I. López-Corral, S. Piriz, R. Faccio, A. Juan, M. Avena, Appl. Surf. Sci. 382, 80 
(2016). 
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Huisgen cycloaddition is one of the most interesting 1,3-dipolar cycloaddition that 

has been studied for century. Thomas et.al. [1] have shown that regioisomers of the product 

of 1,3-dipolar cycloaddition can be controlled with the regio excess (re) of 99 %. Here, we 

have shown that the 1,3-dipolar cycloaddition reaction could perfectly be explained by the 

Frontier Molecular Orbital (FMO) theory. The Klopman-Salem equation that based on 

FMO was used to predict the regioselectivity of seventeen 1,3-dipolar cycloaddition 

reactions of three reactants (aldehyde, nitroalkane, and azide), which yield 1,4,5-

trisubstituted 1,2,3-triazoles according to the experiments of Thomas et.al. [1]. The 

schematic drawing of the reaction was shown in Fig.1. The calculations showed excellent 

agreement with the experiments and revealed insight on the regioselectivity of this 1,3 

dipolar cycloadditon reaction. 

 

	

Fig. 1 Schematic drawing represents the reaction for 1,4,5-trisubstituted 1,2,3-triazoles 

synthesis from aldehyde, nitroalkane, and azide 

 

 

	

	

   [1] J. Thomas, J. John, N. Parekh, W. Dehaen Angew. Chem. Int. Ed. 43, 10155-10159 

(2014).	
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Metal-organic frameworks (MOFs) are a class of crystalline materials that exhibit high poten-

tial for the carbon capture and storage (CCS) applications. MOF crystals have coordination

networks consisting of the metal-containing subunits, aka the secondary building units (SBU),

connected by organic ligand linkers. The density-functional tight-binding (DFTB) method is an

approximated DFT method with careful approximations. The parameters for the DFTB method

are pre-computed either directly from DFT or optimized from reference ab initio or DFT calcu-

lations, and stored in files, which makes the DFTB method in general three orders of magnitude

faster than average DFT methods. Incorporating the divide-and-conquer (DC) technique, the

time-complexity with respect to the number of atoms in DFTB can be reduced from cubic to

be nearly linear[1]. The most widely used DFTB parameterization set 3ob[2] for organic and

bio-organic systems has been extensively tested and successfully applied to many applications.

Recently, the 3ob set has been extended to cover several metal elements. However, the metal

parameterization in the set were not parameterized for the MOFs. Benchmarks of those pa-

rameters on the geometry of DFT-optimized MOF structures are showing significant deviations

and may not be suitable for MOF-related application.The aim of this study is to create a new

DFTB parameterization set, which not only refines the existing parameters in the 3ob param-

eterization set, but also extends it to the other common metals in MOFs, such as Cd and Al.

The automatized DFTB parameterization toolkit named ADPT[3] has been employed for the

refining processes, in which extra reference data of several SBUs obtained from DFT have been

included in the optimizing procedure for better metal repulsive potentials. We expect that the

new parameterization for MOFs will benefit the further studies on applications involving MOFs.

[1] H. Nishizawa, Y. Nishimura, M. Kobayashi, S. Irle, and H. Nakai, J. Comput. Chem. 37,

1983 (2016).

[2] M. Gaus, A. Goez, and M. Elstner, J. Chem. Theory Comput. 9, 338 (2013).

[3] C.-P. Chou, Y. Nishimura, C.-C. Fan, G. Mazur, S. Irle, and H. A. Witek, J. Chem.

Theory Comput. 12, 53 (2016).
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The Hofmeister series,1 established in 1888, is a specific ordering of ions in terms of their 
effects on various biological, polymer, and electrochemical systems. It characterises 
cations and anions as either kosmotropic (which bring order to the solution) or chaotropic 
(which disrupt order in the solution). Though there has been substantial research into the 
effects of these salts on various protein and polymer systems, no quantitative explanation 
of the Hofmeister series has been proposed to date.2 Here, we combine a stochastic search 
algorithm (Kick3)3, DFTB34/DFT calculations and energy decomposition analysis (EDA)5  
to investigate the energetic origins of the Hofmeister series. We show, for the first time, 
that Hofmeister effects arise in the absence of a solvent. The interaction strength between 
cations/anions and unsolvated substrates, including poly(N-isopropylacrylamide) and 
amino acids, correlates precisely with the “reverse” Hofmeister series. Accounting for the 
energy penalty of partially desolvating the ion and the substrate gives rise to the 
Hofmeister series itself. While it has been suggested that dispersion interactions between 
the ion and substrate underpin the Hofmeister effect,6 our results show that dispersion 
interactions are secondary to other interactions, such as polarisation. 
 

 
Figure 1. EDA analysis of substrate-ion interactions without (left) and with (right) a 
solvent environment reveal reverse-Hofmeister and Hofmeister series, respectively. 
 
[1] Hofmeister, F., Arch. Pharmacol. 1888, 24, 247.[2] Mazzini, V.; Craig, V. S. J., Curr. 

Opin. Colloid Interface Sci. 2016, 23, 82-93. [3] Addicoat, M. A.; Fukuoka, S.; Page, A. J.; 

Irle, S., J. Comput. Chem. 2013, 34, 2591-2600. [4] Gaus, M.; Cui, Q.; Elstner, M., J. Chem. 

Theory Comput. 2012, 7, 931-948. [5] Su, P.; Li, H., J. Chem. Phys. 2009, 131, 014102. 

[6] Ninham, B. W.; Yaminsky, V., Langmuir 1997, 13, 2097-2108. 
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To assess the performance of multi-configuration method combined with real space 
grid method and exact exchange Kohn Sham (KS) orbitals, we implemented 
configuration interaction singles and doubles (CISD) in real space grid code.  Exact 
exchange KS orbitals were calculated based on Krieger-Li-Iafrate (KLI) 
approximation. Consequently, KLI-CISD showed better performance than Hartree-
Fock (HF) CISD for small molecules in both computational costs and accuracy. 
KLI-CISD converges much faster with respect to size of simulation box and active 
space than HF-CISD. Also, KLI-CISD provides more accurate excitation energy 
even with a few number of dominant configurations than HF-CISD, with many 
more configurations.  For instance, the excitation energy of form amide 11A’’ state 
obtained from KLI-CISD with 9316 number of configurations (5.85 eV) is closer to 
the reference excitation energy (5.63 eV) than that of HF-CISD with 340201 
number of configurations (7.47 eV). This outstanding performance of KLI-CISD 
comes from distinct feature of KLI orbitals such as bound virtual orbitals with 
compact shape and similar orbital energy gap compared to vertical excitation 
energy. We expect that multi-configuration method combined with exact exchange 
KS orbital and real space grid method where systematic control of basis error is 
straightforward can be a new promising way of calculating accurate electronic 
structure 
 
  [1] S. Choi, K. Hong, J. Kim and W. Y. Kim, J. Chem. Phys. 142, 094116 (2015).  
[2] J. Kim, K. Hong, S. Choi, S. Hwang, W. Y. Kim, Phys Chem. Chem. Phys. 17, 31434 

(2015). 
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Silylation reactions are one of the most useful strategies in protecting group chemistry, in 
particular for alcohol functions [1]. Recently, we reported quantitative studies on the 
response of absolute rate constants of alcohol silylation processes to experimental variables 
such as solvent, temperature, additives and type of reagent [2-3]. As far as we know, 9-
azajulolidine (TCAP) has been shown to be the best catalyst in this kind of reactions. With 
the goal of shedding light on the TCAP role in this process we carried out a mechanistic 
study of this reaction by theoretical methods. Taking the silylation of 1-(1-napthyl)ethanol 
as substrate model two mechanistic pathways have been conceived depending on how 
TCAP is taking part either as Brønsted or Lewis base (Figure 1). Our study shows that 
both mechanism are highly competitive and the dual base function of TCAP is completely 
plausible in terms of computed results. 
 

 
 

Figure 1. Proposed transition structures for the silylation reaction of 1-(1-napthyl)ethanol 
with TCAP as a Brønsted (left) and a Lewis (right) base. 
 
[1] P. J. Kocienski, Protecting Groups, 3rd ed.; Thieme: Stuttgart, (2005). 
[2] P. Patschinski; C. Zhang; H. Zipse, J. Org. Chem. 79, 8348 (2014).  
[3] P. Patschinski; H. Zipse, Org. Lett. 17, 1010 (2015). 
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The computation of electronic absorption or circular dichroism (CD) spectra of molecules with

a system size of 1000 atoms or more is challenging. However, CD spectroscopy is an im-

portant tool for structure elucidation of biomolecular systems or characterization of transition

metal complexes. We previously developed the simplified variants of Tamm-Dancoff approxi-

mated (sTDA)[1] and time-dependent (sTD)[2] density functional theory which are based on a

regular ground state Kohn-Sham determinant (obtained with hybrid or range-separated hybrid

functionals[3]). This approach enables the computation of electronic spectra with TD-DFT ac-

curacy for molecules up to a few hundred atoms. The computation of the ground state is the

computational bottleneck. Our recently developed tight-binding method using an extended AO

basis set (xTB)([4]) solves this problem and enables the ultra-fast computation of electronic

spectra by sTDA-xTB. Computed spectra for biomolecular sytems (> 1000 atoms), e.g, for en-

tire exemplary proteins and DNA fragments, as well as large transition metal complexes are

presented.

[1] S. Grimme, J. Chem. Phys. 138, 244104 (2013).

[2] C. Bannwarth, S. Grimme, Comput. Theor. Chem. 45, 10401041, (2014).

[3] T. Risthaus, A. Hansen, S. Grimme, Phys. Chem. Chem. Phys. 16, 14408 (2014).

[4] S. Grimme, C. Bannwarth J. Chem. Phys. 145, 054103 (2016).
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Transmissible spongiform encephalopathies (TSEs) are progressive neurodegenerative disorders 

[1] affecting both humans and animals [2]. They are characterized by long incubation periods, 

spongiform changes in the brain along with neuronal loss [1]. A protein called prion is believed 

to be the reason of TSEs [3].  

Prion proteins are found most abundantly in the brain. The correctly folded protein is composed 

of two short β-strands (S1 and S2), three α-helices (H1−H3), a disulfide bridge connecting H2 
and H3, but abnormal folding of the protein leads to extensive β-sheet formation which causes 

the signs and symptoms of the disease [4].  

In sheep, there is a polymorphism consisting of differences at positions 136, 154 and 171. TSE 

susceptibility according to these differences can be classified as follows [1]: 

• the most resistant allele, ARR (A136, R154, R171) 

• the allele with high resistance, ARQ (A136, R154, Q171) 

• the most susceptible allele, VRQ (V136, R154, Q171) 

Misfolding pathways of prion have been analyzed with implicit solvent molecular dynamic 

simulations which have been undertaken as follows: 

• ARR, ARQ and VRQ have been simulated at 310 K for about 1000 ns to analyze 

whether valine/alanine variation at position 136 or arginine/glutamine variation at 

position 171 makes a difference to destabilize the structure and facilitate misfolding 

• ARR, ARQ and VRQ simulations at 330 K have been conducted to accelerate possible 

misfolding processes 

Alanine and valine are both hydrophobic amino acids but differ in their size. When the smaller 

amino acid alanine is found at position 136, it can be located at hydrophobic regions or exposed 

to solvent. On the other hand, when the larger amino acid valine is at position 136, it can be 

involved in unfavorable steric interactions.  

Another observation in this study is that, during simulations at 310 K, the original β-sheet shifts 

compared to the crystallographic structure.  

At 330 K, because of the high temperature, the C-terminus is more mobile and is likely to affect 

possible misfolding pathways. 

 
 

 

 

[1] G.M. Cosseddu, U. Agrimi, J. Pinto and A.A. Schudel, Rev. Sci. Tech. Off. Int. Epiz., 26 (3), 

657-668 (2007). 

[2] K. Pan, M. Baldwin, J. Nguyen, M. Gasset, A. Serban, D. Groth, I. Mehlhorn, Z. Huang, R. 

J. Fletterick, F. E. Cohenu§i, and S. B. Prusiner, Proc. Natl. Acad. Sci. USA, 90, 10962-10966 

(1993). 

[3] X. Lu, P. L. Wintrode, and W. K. Surewicz, PNAS, 104, 5 (2007). 

[4] M. Adrove, K. Pauwels, S. P. Cesira de Chiara, Z. Xu, C. Chapuis, A. Pastore, and H. 

Rezaei, The Journal of Biological Chemistry, 285 (27), 21004–21012 (2010). 
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An additive QM/MM model for the investigation of molecular crystals is presented. It builds

upon the original Chemshell[1] implementation of Bjornsson and Bühl[2] allowing for the con-

venient combination of various QM and MM program systems.

On the one-body level, a single molecule is chosen as the QM region. The MM region around

consists of a finite cluster of explicit MM atoms, represented by point charges and non-bonding

potentials, and additional background charges to include periodic boundary conditions. Cluster

charges are QM-derived and calculated self-consistently, the non-bonding potentials are force

field pair potentials. The QM calculation includes electrostatic embedding from the surrounding

lattice.

Two-body corrections are considered for all molecules within a cutoff distance from the cluster

origin. The contributing molecules are added to the one-body QM region one at a time, leaving

the rest of the cluster unchanged. Two-body energy and gradient contributions are analytically

composed from single and pair molecule energies and gradients.

The scheme allows for the calculation of molecular properties as well as full optimisation of the

molecular geometry and cell parameters with respect to the lattice energy. Crystal symmetry

is not considered explicitly, but symmetry relations between equivalent molecules of the unit

cell are used in order to limit the size of the QM region to one single molecule. All structure

parameters are solved self-consistently, with no restraints applied.

Application to the C21 set[3] of molecular crystals indicates that overall internal geometries and

cell parameters in reasonable agreement with crystal structure data are obtainable already at the

one-body level, while partially lattice energies are overestimated. Significant improvement is

observed upon the inclusion of two-body corrections.

[1] ChemShell, a Computational Chemistry Shell, see www.chemshell.org.

[2] R. Bjornson, M. Bühl, J. Chem. Theory Comput. 8, 498 (2012).

[3] A. Otero-de-la-Roza, E. R. Johnson J. Chem. Phys. 137, 054103 (2012).
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Organic molecules with open-shell triplet ground states are rare and often unstable. Yet, if 

stable, they could form the basis for high-spin materials such as organic ferromagnets [1]. 

We report the formation of a new type of triplet ground state biradicals by coordination of 

two dicyanofulvenes with either protons or silyl cations (Figure 1a). The biradicals formed 

are stable to ambient air at room temperature for at least a week and for months at 77 K.  

   Quantum-chemical calculations reveal that the inverted singlet-triplet energy gap is 

strongly correlated with the aromatic character of the central five-membered ring (Baird 

aromaticity) [2,3]. This triplet state aromatic character can be understood based on a 

simple valence bond model in which this ring resembles the cyclopentadienyl cation, a 

well-established aromatic triplet ground state biradical (Figure 1b). Coordination of strong 

Lewis acids such as protons enhance this character by increasing the electron-withdrawing 

character of the cyano groups, ultimately giving a triplet ground state. 

 

Figure 1: (a) Dicyanofulvenes (DCFs) which give triplet ground state biradicals upon 

coordination of protons or silyl cations (b) Valence bond model that explains the aromatic 

character of the DCFs in the triplet state.  

[1] R. Breslow, Pure Appl. Chem., 54, 927 (1982). [2] N. C. Baird, J. Am. Chem. Soc., 94, 

4941 (1972). [3] M. Rosenberg, C. Dahlstrand, K. Kilså, H. Ottosson, Chem. Rev. 114, 

5379 (2014).        
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Vibrational Circular Dichroism (VCD), the differential absorption of left and right 

circularly polarized light in a vibrational transition ∆� � = �� � − �� � , is one of 

the most powerful techniques to determine the absolute configuration of a molecule. The 

intensities are given by the rotational strength associated to that transition, which can be 

written as a function of atomic polar (APT) and axial (AAT) tensors, and the eigenvalues 

and eigenvectors of the matrix of second energy-derivatives - the Hessian.
1
 Obtaining the 

latter is usually the most demanding step in a computation of vibrational properties. In the 

present study, we divide the Hessian in sub-blocks as some parts of a given system, e.g., 

non-chiral chains with apolar bonds, have little effect on the VCD spectra. For these 

“approximate” regions we use Density-Functional based Tight-Binding (DFTB) theory, 

which is orders of magnitude faster than Density Functional Theory (DFT) that is applied 

for the “active” sub-system. In the example below it is shown the fingerprint region of the 

VCD spectra for the complex C105H48O18 as obtained by such “combined” method (blue 

line). Most displacements in the Buckyball were treated at the SCC-DFTB-3ob-3-1 level 

while the remaining ones were obtained in a BP86/TZP calculation. The spectrum agrees 

well with data from a full DFT calculation (black line). In our presentation, we will explore 

further the use of DFTB and partial techniques for speeding up VCD calculations that require 

addressing hundreds of conformers for a proper comparison with experimental data.   

 

 
 

 
 

 

Figure 1. Theoretical VCD spectra for the complex on the right side as obtained by a full 

DFT calculation (black line) and a combined Hessian technique (blue line). 

 
[1] V.P. Nicu, J. Neugenbauer, S.K. Wolff, E.J. Baerends, Theor. Chem. Acc. 119, 245 

(2008).  
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In the human body, selenium is found in the modified amino acid selenocysteine 
(Sec), present in 25 proteins. On one hand, the insertion of Sec proceeds via a significantly 
more complicated mechanism than that of standard amino acids but, on the other hand, its 
presence enhances the functioning of the proteins involved. [1] For example, in the 
glutathione peroxidase (GPx) class of enzymes, substitution of Sec with a cysteine (Cys) 
residue results in a considerable loss of activity. Thus, GPx enzymes are a paradigmatic 
system for the investigation of the peculiar role of selenium as compared to sulfur. The 
ubiquitous GPx enzymes catalyze the reduction of organic hydroperoxides by glutathione 
via a three-step mechanism. [2]  

These elementary reactions (Scheme 1) can be individually studied in model 
organochalcogenides in silico, leading to interesting outcomes for the rationalization of GPx 
activity as well as for the design of GPx mimics to be used as anti-oxidant drugs and more 
in general to understand fundamental aspects of the chemistry of chalcogens. [3] We present 
results on the oxidation of a chalcogen center by H2O2 (step 1) in model diselenides and in 
cysteine/selenocysteine/tellurocysteine in a cluster resembling the catalytic pocket of GPx.  
State of the art DFT methods and activation strain analysis are employed to clarify the 
mechanism and energetics of these oxidations. [4] 

 

 

 

 

 

 

 

 

[1] R. J. Hondal, E. L. Ruggles Amino Acids. 41, 73 (2011). 

[2] L. Orian, P. Mauri, A. Roveri, S. Toppo, L. Benazzi, V. Bosello-Travain, A. De Palma, 

M. Maiorino, G. Miotto, M. Zaccarin, A. Polimeno, L. Flohé, F. Ursini Free Radical Biol. 
Med. 87, 1 (2015) 

[3] L. Orian, S. Toppo, Free Radicals Biol. Med. 66, 65 (2014). 

[4] F. M. Bickelhaupt, K. N. Houk, Angew. Chem., Int. Ed., DOI: 10.1002/anie.201701486 

Scheme 1. Catalytic mechanism of GPX enzyme (E). 
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Accurate calculations of vibrational spectra using vibrational wave function techniques require

accurate representations of multi-dimensional potential energy surfaces (PESs). Unfortunately,

the construction of multi-dimensional PESs suffers from steep computational scaling with in-

creasing system size. Recently, we have shown that molecular fragmentation schemes in com-

bination with matching semi-local vibrational coordinates[1] allow for generation of PESs in a

very cost-efficient manner. By introducing an additional transformation step, concerning only a

fraction of the vibrational degrees of freedom, this scheme achieves linear scaling of the accu-

mulated cost of the all electronic energy calculations required in the PES generation.[2]

In this contribution, I will (i) outline the principles behind our cost-efficient scheme to generate

multi-dimensional PESs, (ii) show the fast convergence of the molecular fragmentation scheme

in PES generations for oligo-phenyl examples, and (iii) provide comparison to experiment for

smaller organic molecules, namely methylfurfural and dicyclopropenyl ketone.[3] I will further

(iv) discuss the implication of this work for future applications to sizable and covalently bound

systems.

[1] C. König, M.B. Hansen, I.H. Godtliebsen, and O. Christiansen J. Chem. Phys. 2016,

144, 074108.

[2] C. König and O. Christiansen J. Chem. Phys. 2016, 145, 064105.

[3] D. Madsen, O. Christiansen, and C. König in preparation 2017.
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In recent years lots of efforts have been devoted in the field of Classical Molecular Dynamics

(MD) for the development of force fields that explicitly account for polarization, but still efficient

for the study of large systems. They include many-body effects, improving, in principle, flexi-

bility and accuracy. Such improvement is still not enough for the description of many important

phenomena in molecular science, such as chemical reactivity and photoinduced processes, due

to their intrinsic quantum nature. In that respect, Hybrid Quantum Mechanics/Classical methods

represents a very promising strategy as they combines the computational efficiency of a classical

model with the required quantum description of the subsystem of interest.

In this contribution We will present the implementation of a Born-Oppenheimer (BO) hybrid

QM/MM MD strategy, based on the coupling[1] of Density Functional Theory (DFT) and the

polarizable AMOEBA[2] force field. This approach involves the interplay between the Gaussian

and Tinker suite of programs through a variational formalism allowing for a self-consistent

relaxation of both the AMOEBA induced dipoles and the DFT electronic density at each MD

step. Furthermore we take advantage of an Extended Lagrangian formulation (XL-BOMD)[3],

improving the initial guess for the SCF equations, using the information that is available along

the trajectory.

Test cases will be presented as benchmark for the performances of the code and examples of

applications of embedded systems in different environments, with particular emphasis on the

role of mutual polarization effects.

[1] D. Loco, E. Polack, S. Caprasecca, L. Lagardère, F. Lipparini, J.-P. Piquemal, B. Men-

nucci, J. Chem. Theory Comput. 12, 3654 (2016).

[2] J. W. Ponder, C. Wu, P. Ren, V. S. Pande, J. D. Chodera, M. J. Schnieders, I. Haque, D.

L. Mobley, D. S. Lambrecht, R. A. DiStasio Jr, M. Head-Gordon, G. N. I. Clark, M. E.

Johnson, T. Head-Gordon, J. Phys. Chem. B 114, 2549 (2010).

[3] A. M. N. Niklasson, P. Steneteg, A. Odell, N. Bock, M. Challacombe, C. J. Tymczak,

E. Holmstrm, G. Zheng, V. Weber, J. Chem. Phys. 130, 214109 (2009).
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The amine-induced formation of neo-Si5Cl12 from Si2Cl6 represents one of the few 

preparatively efficient synthetic routes to defined perchlorinated oligosilanes known to 

date.[1] Akin to the relative stabilities of hydrocarbon isomers – and in line with 

experimental findings – quantum-chemical calculations show that formation of branched 

silanes is thermodynamically favored over formation of the corresponding n-isomers. The 

plasma-assisted synthesis developed recently in our laboratory provides a unique route to 

perchlorinated oligosilanes. The latter are formed from SiCl4 and H2 by SiCl4 

polymerization and HCl elimination in a radiofrequency-assisted non-thermal plasma. 

Surprisingly, the reaction product is composed exclusively of unbranched silanes; plasma 

synthesis hence provides efficient access to a contra-thermodynamic product. 

Here, a detailed quantum-chemical study on the reaction mechanism underlying the 

plasma-assisted formation of perchlorosilanes is reported. Preliminary results pointed at 

the involvement of radical cationic species in the reaction course.[2] The initial reaction 

between H2 and SiCl4
+•

 leads to formation of SiCl2
+•

 as key reactive species that undergoes 

adduct formation with neutral silanes to yield higher oligosilanes. The proposed reaction 

mechanism explains the predominant formation of unbranched silanes. Alternative reaction 

of neutral SiCl4 and H2 as well as the involvement of other reactive species such as SiCl3
+
 

are excluded as irrelevant. 
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Figure 1. Relative isomer stabilities for neutral Si5Cl12 (top) and radical cationic Si5Cl12
+•

 (bottom, 
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). 

       [1]  G. Urry, Acc. Chem. Res. 3, 306 (1970). 

       [2]  E. M. L. Fink, A. Schießer, R. Berger, M. C. Holthausen, Int. J. Mass Spectrom. 354–355,  

   378 (2013). 
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Uridine isomerisation to pseudouridine is one of the most significant post-
transcriptional modifications in RNAs, and the malfunctioning of H/ACA pseudouridine 
synthase, which is responsible for this chemical modification, is connected to serious 
diseases, like dysceratosis congenital and various types of cancer. Four protein chains, a 
guide RNA and the substrate RNA form the active complex. (Figure 1a)  

 
Figure 1: a) Structure of the enzyme complex    b) Uridine isomerisation to pseudouridine 

The crucial role of an aspartate residue in the catalysis has been experimentally 
validated; however, the atomistic details are still unclear. Three possible enzyme catalysed 
pathways were proposed in the literature (Figure 1b).[1] According to the Michael-addition 
scheme (A), the first step is the nucleophilic attack of the aspartate residue on the C6 of the 
uridine. The acylal scheme (B) starts with an attack on the C1’ of the ribose by the 
aspartate, which causes the breaking of the C-N bond between the base and the ribose. In 
the glycal scheme (C) the aspartate deprotonates the C2’ of the ribose.  

Calculations show that the first step of the Michael-addition scheme did not lead to a 
stable intermediate in small model systems; a shallow minimum on the PES was observed 
using a larger QM model, however the QM/MM calculations estimated high barriers. The 
acylal scheme was ruled out because of the unfavourable orientation of the catalytic Asp 
for an SN2 reaction. The glycal scheme is in accordance with new experimental results[2] 
and reasonable QM/MM energies were calculated for the first steps of the reaction.  
  
[1] F. Spenkuch, Y. Motorin, M. Helm, RNA Biology 11, 1540 (2014). 
[2] G.R. Veerareddygari, S.K. Singh, E.G. Mueller  J. Am. Chem. Soc. 138, 7852 (2016) 
Acknowledgements: The authors are grateful for the financial support from the Hungarian Scientific 
Research Fund (OTKA, Grant No. 111862, 116305) and MedInProt Program. J. Olah was supported 
by a Bolyai Janos Research Scholarship and NKFIH Grant (PD115503). 
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Oxygen solidifies at low temperature into the paramagnetic cubic γ phase under 54 K, rhom-

bohedral frustrated magnet β phase under 44 K, and the monoclinic antiferromagnetic α phase

under 24 K [1]. There is an unusually complicated coupling of the magnetic and lattice struc-

tures in those phase transitions, which results from a subtle balance of the van der Waals and

spin-spin interactions between O2 molecules with spin S = 1. Conventional semilocal density

functional approximations have proved to be quite unsatisfactory, and recently developed vdW-

DF functionals solve the problem only partially; due to inaccurate description of the exchange

interaction, the predicted lattice parameters of the α phase are still off by as large as 15% com-

pared to experiment [2]. Moreover, semiempirical tuning of spin-spin interaction in the vdW-DF

energy functional (vdW-DF-SGC [2]) has also yielded sub-par results. Here, we consider ap-

plying the DFT+U approach [3] in combination with vdW-DF, which is implemented in VASP

code [5], to describe the ground state α phase of solid oxygen [4]. It is found that by combining

DFT+U with vdW-DF-optB86b, virtually all lattice parameters improve up to Ueff = 12 eV.

This is explained by the correction of the overbinding between O2 molecules with opposite spin

due to the on-site U interaction applied on the O 2p orbitals.

[1] Y. A. Freiman and H. J. Jodl, Phys. Rep. 401, 1 (2004).

[2] M. Obata et al., Phys. Procedia 75, 771 (2015).

[3] S. L. Dudarev et al., Phys. Rev. B 57, 1505 (1998).

[4] Kasamatsu et al., Phys. Rev. B, in print; arXiv:1606.08568 [cond-mat.mtrl-sci].

[5] G. Kresse and J. Furthmueller, Phys. Rev. B 54, 11169 (1996).
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The pentalene dianion [C8H6]2- (Pn2–) exhibits a variety of coordination modes, of 

interest being the ability to form bis-pentalene complexes – where two metals are located 

between pentalene ligands (the so-called “double sandwich” complexes). The structure of 
dipentalene dititanium, Pn2Ti2 is relatively open so the titanium orbitals are accessible to 

small molecules. Therefore, dipentalene dititanium in presence of one or two equivalents 

of CO affords mono- and di-carbonyl compounds [1, 2]. With excess of CO, the tri-

carbonyl complex is generated [3].  

We have performed DFT calculations on Pn2Ti2(CO)n systems, where n = 1 – 4. 

The experimentally reported structures are shown to be the global minima for these 

systems. 

 

 

 

 

        [1] A. F. R. Kilpatrick, J. C. Green, F. G. N. Cloke, Organometallics 34, 4830 (2015) 

        [2] A. F. R. Kilpatrick, J. C. Green, F. G. N. Cloke, Organometallics 34, 4816 (2015) 

        [3] A. F. R. Kilpatrick, F. G. N. Cloke, Chem. Commun. 50, 2769 (2014) 
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Modern valence-electron semi-empirical quantum chemical (SQC) methods [1] are based on the

neglect of diatomic differential overlap (NDDO) approximation to ab initio molecular electronic

integrals [2], which limits the intrinsic accuracy of an SQC method during the parameterization.

In order to improve the SQC OMx methods [3] in a systematic manner, we performed compre-

hensive examinations of all kinds of ab initio molecular integrals in the non-orthogonal atomic

basis and the symmetrically orthogonalized basis for 32 representative molecules, which cover

simple saturated, unsaturated, and aromatic hydrocarbons as well as several α-amino acids and

entail over 1.4 million one-electron integrals and 168.8 million two-electron integrals in total.

First of all, this exhaustive analysis provides quantitative measures of the errors caused by the

neglect of various molecular integrals in the NDDO approximation. We confirm some previous

qualitative conclusions about the behavior of NDDO two-electron integrals and about orthogo-

nalization effects on the one-electron core Hamiltonian and support them by massive numerical

evidence. The connections between certain one- and two-electron integrals, notably the reso-

nance integrals and the relevant two-center hybrid electron repulsion integrals, are discussed in

detail. Finally some plausible means for enhancing the OMx methods are proposed.

[1] W. Thiel, WIREs Comput. Mol. Sci. 4, 145 (2014).

[2] J. A. Pople, D. P. Santry, G. A. Segal, J. Chem. Phys. 43, S129 (1965).

[3] P. O. Dral, X. Wu, L. Spörkel, A. Koslowski, W. Weber, R. Steiger, M. Scholten, W.

Thiel, J. Chem. Theory Comput. 12, 1082 (2016).
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The approximate second-order coupled cluster singles and doubles model (RICC2) can treat

molecules containing tens of atoms with good precision including excited states exhibiting

charge-transfer or double excitation character. However, the RICC2 method is limited by its

quintic scaling, especially when excited-state geometries are to be optimized. Larger systems

can be treated with density-functional theory (DFT), but the scaling of the method is still non-

linear with system size.

A reduced scaling can be accomplished via subsystem approaches which partition the supersys-

tem into subsystems. In the uncoupled frozen-density embedding (FDEu) scheme [1, 2], each

subsystem can be treated individually with an appropriate quantum chemistry method while the

interaction of the subsystems is described using DFT. For example, analytical nuclear gradients

employing FDEu allow for geometry optimizations of a target molecule in an explicit molecular

environment which enables the direct study of subsystem properties [3, 5, 6].

We present the derivation of analytical nuclear excited-state gradients for both the Tamm-

Dancoff approximation (TDA) and RICC2 together with the implementation thereof in the

KOALA program [4, 5, 6]. Orbital contributions from the environment molecules are neglected

for both the energy and the gradient, resulting in an efficient treatment in the spirit of FDEu

[5]. Excited-state geometries of a target molecule are investigated while being embedded in

a molecular environment described at DFT level of theory, i.e., TDA-in-DFT and RICC2-in-

DFT [6]. The accuracy of the subsystem-based approach is assessed in several case studies by

comparison to supermolecular calculations.

[1] T. A. Wesołowski, A. Warshel, J. Phys. Chem. 97, 8050 (1993).

[2] J. Neugebauer, J. Chem. Phys. 126, 134116 (2007).

[3] A. Kovyrshin, J. Neugebauer, Phys. Chem. Chem. Phys. 18, 20955 (2016).

[4] S. Höfener, J. Comput. Chem. 35 1716 (2014).

[5] J. Heuser, S. Höfener, J. Comput. Chem. 37, 1092 (2016).

[6] J. Heuser, S. Höfener, submitted for publication.
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A reliable prediction of protein-ligand binding affinities is  a very difficult task, which,

among others, critically depends on a reliable description of noncovalent interactions. The

general  solution  to  the  accurate  description  of  noncovalent  interactions  is  the  use  of

quantum  mechanics  (QM).  However,  the  price  for  the  QM  description  are  high

computational requirements which can be overcome by various fragmentation techniques

or  by  using linear-scaling  semiempirical  QM (SQM) methods.  The  quality  of  original

SQM  methods  was  low  and  thus  we  use  corrected  PM6-D3H4X  or  DFTB3-D3H4X

methods which give highly accurate description of noncovalent interactions, comparable

with the very demanding “golden standard” QM methods. PM6-D3H4X formed the core

of SQM-based scoring function (SF)1 which was successfully used for series of halogen

bonded inhibitors of oxidoreductases.2 

For  its  possible  use  in  virtual  screening,  we  have  recently  simplified  and

accelerated the SQM-based scoring function by employing only the dominant terms and

neglecting expensive SQM optimization.3 This novel scheme is called the SQM/COSMO

scoring function and outperformed standard scoring functions (e.g. Glide, GOLD) in the

ability to identify native binding pose which is a critical prerequisite for affinity estimation

in physics-based scoring.3

[1] J. Fanfrlik, A. K. Bronowska, J. Rezac, O. Prenosil, J. Konvalinka, P. Hobza, J. Phys.

Chem.  B 114,  12666 (2010);  M.  Lepsik,  J.  Rezac,  M.  Kolar,  A.  Pecina,  P.  Hobza,  J.

Fanfrlik, ChemPlusChem 78,  921 (2013).

[2] J. Fanfrlik, M. Kolar, M. Kamlar, D. Hurny, F. X. Ruiz, A. Cousido-Siah, et al.,  ACS

Chem. Biol. 8, 2484 (2013); J. Fanfrlik, F. X. Ruiz, A. Kadlcikova, J. Rezac, A. Cousido-

Siah, A. Mitschler, et al., ACS Chem. Biol. 10, 1637 (2015); A. Cousido-Siah, F. X. Ruiz, J.

Fanfrlik, J. Gemenez-Deoz, A. Mitschler, M. Kamlar,  ACS Chem. Biol. 11, 2693 (2016).

[3] A. Pecina, R. Meier, J. Fanfrlik, M. Lepsik, J. Rezac, P.; Hobza, et al. Chem. Comm. 52,

3312 (2016); A. Pecina, S. Haldar, J. Fanfrlik, R. Meier, J. Řezáč, M. Lepsik, P. Hobza, J.

Chem. Inf. Model., 57, 127 (2017).
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A new theoretical method is presented for predicting osmotic equilibria and activities[1], where

a bulk liquid and its corresponding vapor phase are simulated by means of molecular dynamics

using explicit polarization [2, 3]. Calculated time-averaged number density profiles provide the

vapor phase densities. The activity of the solvent and the corresponding osmotic coefficient are

determined by the vapor density at different solute concentrations with respect to the reference

vapor density of the pure solvent. With the extended Debye-Hückel equation for the activ-

ity coefficient and the corresponding Gibbs-Duhem relation in addition the activity coefficients

of the solutes are calculated by fitting the osmotic coefficients. A simple model based on the

combination of Poisson processes and Maxwell-Boltzmann velocity distributions is introduced

to interpret statistical phenomena observed during the simulations, which are related to evap-

oration and recondensation. This method is applied on various systems such as concentrated

aqueous solutions of rare earth nitrates, mixtures of water and alcohols, and organic phases.

The simulated activities, osmotic coefficients, and activity coefficients are in good agreement

with the experimental findings for the aqueous solutions of the rare earth nitrates [4].

Liquid-Vapor Interface

 ����∗ �� � �� � ��� � �Liquid Vapor

Figure 1: Schematic representation of molecular dynamics at a liquid-vapor interface. The va-

por phase densities ρ∗
S

for the pure solvent and ρS for a mixture directly provide the

activities of the binary mixture. The liquid phase consists of water as solvent (blue),

dysprosium Dy3+ (green), and nitrate NO+
3

ions (red).

[1] M. Bley, M. Duvail, P. Guilbaud, J.-F. Dufrêche, submitted to J. Phys. Chem. B

[2] J. W. Caldwell, P. A. Kollman, J. Phys. Chem. 100 11460-11470 (1996)

[3] M. Duvail, A. Ruas, L. Venault, P. Moisy, P. Guilbaud, Inorg. Chem. 49, 519-530 (2010)

[4] J. A. Rard, F. H. Spedding, J. Chem. Eng. Data 26, 391-395 (1981)
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A perturbation theory-based algorithm for the iterative orbital update in CASSCF calculations

is presented. Following Angeli et al.[1], the first-order contribution of singly excited configura-

tions to the CASSCF wave function is evaluated using the Dyall Hamiltonian as a zeroth-order

Hamiltonian. Whereas these authors employ an iterative diagonalization of the first-order den-

sity matrix including the first-order correction arising from single excitations, the present ap-

proach uses the single excitation amplitudes directly for the construction of an anti-Hermitean

matrix the exponential of which results in a unitary matrix which can be used for the orbital

update. At convergence, the single excitation amplitudes vanish as a consequence of the gen-

eralized Brillouin’s theorem. It is shown that this approach in combination with DIIS leads to

very rapid convergence of the CASSCF iteration procedure.

[1] C. Angeli, S. Evangelisti, R. Cimiraglia, and D. Maynau, J. Chem. Phys. 117, 10525

(2002).
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Abstract: Aromaticity is a core concept in chemistry bridging organic chemistry with 
theoretical chemistry. The rule for aromaticity in the first triplet state (T1) was given by 
Baird in 1972.[1] This rule is now known as Baird’s rule and it is the opposite to Hückel’s 
rule. Thus, it tells that 4n rings in their T1 states show aromaticity while 4n+2 rings display 
antiaromaticity.[2]  
We combined Baird’s rule with Clar’s rule [3] to study the electronic properties of 
polycyclic conjugated hydrocarbons (PCH’s) composed of one central [4n] unit fused with 
[4n+2] units, leading to 4nπ-electron perimeters (Figure 1). Three compound classes 
having three different central units were considered; cyclobutadiene (CBD; class A), 
cyclooctatetraene (COT; class B), and pentalene (PEN; class C). Within each isomeric 
series of PCHs, a decrease in the T1 energies is observed when going from linear to cis- 

and trans-bent connectivity. At the same time, the T1 state aromaticity of the central 4n-
electron unit increases. In conclusion, the lowest triplet energy is observed for that isomer 
among a set of isomeric PCHs which in its T1 state hosts the largest number of aromatic 

cycles, i.e., Clar -sextets and Baird -quartets/octets combined.[4]  
 

 
Figure 1: The compound classes and the three central 4nπ-electron units considered. 
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The stabilization of the DNA-RNA duplex at the active site of telomerase during 

nucleotide incorporation and the mechanism of RNA-DNA translocation after the 

formation of the phosphodiester bond are not fully understood. To address these questions, 

Tribolium castaneum telomerase catalytic subunit TERT and the associated RNA-DNA 

hybrid have been simulated using Amber14 program with the ff14SB force field.  

To investigate the structural changes along the functional cycle of telomerase, three 

different states have been modelled (without dNTP in the active site, with dNTP and 

after the incorporation of a nucleotide into the growing DNA chain). Each state can be 

considered as a step in the substrate recognition and translocation cycle.  

In the crystal structure [1], dA23 of DNA is coordinated to RNA via Hoogsteen type 

hydrogen bonds. Such an interaction in telomerase is not expected, therefore all these three 

states have been investigated also by changing the conformation of this adenine in order to 

form a canonical Watson-Crick pair. 

The analysis of these states has shown that before the formation of the phosphodiester 

bond between dNTP and DNA primer, TERT exhibits a closed conformation whereas after 

the formation of the phosphodiester bond, the fingers subdomain displays an opening 

movement. This opening movement is necessary for DNA-RNA translocation to allow 

further nucleotide addition. Some amino acid residues have critical roles in the allosteric 

control of opening. Therefore, they are mutated to alanine for testing their effect on the 

enzyme stabilization and allosteric regulation. 

 

 

 
       [1] Mitchell, M., et al, Nat Struct Mol Biol. 17(4), 513-518 (2010). 
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Computational drug design is critically dependent on whether empirical interaction 

potentials (force field) can accurately reproduce the structural and thermodynamic 

properties of protein:ligand complexes. While optimised force field parameters are readily 

available for common biomolecules such as proteins, nucleotides, lipids etc., this is not the 

case for ligand molecules such as co-factors, substrates and drugs. The Automated 

Topology Builder (ATB, atb.uq.edu.au) provides empirical force field parameters and 

B3LYP optimised geometries for use in molecular simulations, computational drug design 

and x-ray refinement compatible with a range of packages including GROMOS, 

GROMACS, AMBER, LAMMPS, CNS and PHENIX [1]. The ATB database currently 

has optimised geometries, electrostatic potentials and Hessians for in excess of 130,000 

compounds as well as over 2000 solvation free energy calculations in both polar and apolar 

solvents. This unique and rapidly expanding resource is being used to systematically refine 

bonded and non-bonded 

parameters against a range of 

reference data including 

thermodynamic properties such 

as solvation free energy, Figure 

1. We show how substructure 

matching using graph-theory 

methods combined with big data 

approaches provide a highly 

efficient means to develop 

consistent force field parameters 

for a diverse range of molecules.  

 

Figure 1. Improvement of hydration free energy results after refinement of charge fitting 

and carbon 6-12 Lennard-Jones parameters for 81 hydrocarbons. 
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Understanding the observed catalytic oxidation of CO on Aun clusters deposited on defect-rich

MgO(001) surfaces in mixed O2/CO atmospheres remains a subject of great actuality [1, 2]. A

particularly puzzling aspect is that no catalytic activity is registered for the smallest clusters,

Au1 and Au2, presumably due to the absence of co-adsorbed states and to CO poisoning [2, 3].

To explain this peculiar behavior, we first investigate the catalytic reaction using cluster models

and point charge embedding within a density functional theory framework. Our mechanistic

investigations reveal that the smallest clusters are unable to protect the oxygen vacancy against

reparation in an O2-rich atmosphere. After the formation of a first CO2 molecule, the remaining

O atom moves below the gold cluster into the vacancy, effectively ending the catalytic cycle.

Further investigations on a clean MgO(001) surface uncover several co-adsorbed state of CO and

O2 molecules on a single gold atom. Even with an effectively weakened O2 bond, the reaction

barriers towards the CO2 formation remains thermally unaccessible, explaining the observed

absence of catalytic activity. The most stable co-adsorbed state hints at a reaction pathway

which could become accessible by selective infrared excitation of a well isolated vibrational

mode. We study by means of reduced dimension quantum dynamics possibilities for restoring

the catalytic cycle using vibrational excitation by electromagnetic radiation.

[1] N. Nikbin, N. Austin, D. G. Vlachos, M. Stamatakis, G. Mpourmpkis, Catal. Sci. Tech-

nol. 5, 134-141 (2015).

[2] M. Arenz, U. Landmann, U. Heiz, ChemPhysChem 7, 1871-1879 (2006).

[3] M. Amft, N. V. Skorodumova, Phys. Rev. B 81, 195443 (2010).
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The defects and dopants, either added intentionally or being technically unavoidable, in the

semiconductors for photovoltaic applications, do strongly influence their performances. Their

main impact concerns in particular the stability domains of different phases in their relation

to the electrical properties of the materials. The first-principles many-body theory methods,

such as GW, can give a clue and provide a quite accurate description, albeit a time consuming

one, as for how does the crystal structure affect the electronic (optical) characteristics. An

interesting alternative can be provided by so-called hybrid functionals in the Density Functional

Theory, whereby the exchange operator includes a linear admixture from the exact Hartree-

Fock one. In this work, the performance of different types of functionals, differing in the way

and amount of the Hartree–Fock exchange incorporated in the exchange-correlation schemes

(e.g. global and range-separated hybrids), is compared in what regards their ability to correctly

describe electronic, structural and dynamical properties of IV(Si)-IV, III–V semiconductors and

chalcopyrites CuAB2 (with A = Ga, In and B = S, Se). For each compound, we determined

the best combination of Hartree–Fock exchange with different LDA and GGA functionals in

order to obtain a good description of their band structures. In that case, we systematically check

whether other essential properties, such as the lattice parameters, phonon frequencies, dielectric

and elastic constants, maintain a reasonable agreement with experimental data.
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Eumelanin is a polymer that presents a complex structure composed by the molecular units 
5,6-dihydroxyindole (DHI) and 5,6-dihydroxyindole-2-carboxylic acid (DHICA) [1]. It is 
believed that eumelanin plays a crucial role in the protection of skin against the harmful 
effects of UV light by dissipation of the excitation energy [2]. Here, we present a 
theoretical investigation of the excited-state deactivation mechanism of DHI in aqueous 
solution and in methanol. Stationary electronically excited-state calculations shows that the 
earliest steps of the deactivation process are mediated by a sequential proton-coupled 
electron transfer mechanism [3], which involves the formation of a solvated electron and 
subsequent proton transfer from DHI to the solvent. Then, non-adiabatic surface-hopping 
molecular dynamics simulations predicts that several pathways are operative, including 
recombination of the transferred electron and proton with DHI, multiple proton transfers 
along solvent wires, and formation of hydrogen radical. The generation of very reactive 
species, i.e., solvated electrons and hydrogen radicals, opens a new scenario in the role of 
DHI and its possible participation in photodamage events.       

 
 
 
        

[1] M. d'Ischia, A. Napolitano, A. Pezzella, P. Meredith, T. Sarna, Angew. Chem. Int. 
Ed. 48, 3914 (2009). 
[2] P. Meredith, T. Sarna, Cell Res. 19, 572 (2006). 
[3] J. J. Nogueira, A. Corani, A. El Nahhas, A. Pezzella, M. d’Ischia, L. González, V. 
Sundström, J. Phys. Chem. Lett. 8, 1004 (2017). 
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The deposition of dispersed gold nanoclusters on oxide surfaces is at the base of many 

applications in heterogeneous catalysis, from the CO oxidation to CO2, to the water-gas-

shift reaction and many others. The interaction between metal particles and oxide surfaces 

determines the charge state and morphology of the supported nanoclusters, influencing 

thus also their catalytic activity. Moreover, the strength of the Au-oxide interaction is an 

important descriptor to predict the catalyst’s stability at operating conditions: in general, if 
Au adheres strongly on an oxide surface, undesired ripening and particle coalescence 

processes, leading to the thermal deactivation of the catalyst, will be slower. For this 

reason, the trend in Au adhesion energy on oxide surfaces is a topic of paramount 

relevance in heterogeneous catalysis.  

As recently pointed out by combining microcalorimetric and microscopy measurements, 

however, relatively unexpected trends arise when the adhesion energy of gold 

nanoparticles on several oxide surfaces is analyzed. In particular, it results that Au 

nanoparticles adhere on MgO and TiO2 rutile with comparable strength, while the adhesion 

on ceria is much stronger.[1] We investigated on this trend by performing extensive DFT 

calculations on three model systems: i) adsorption of an isolated Au atom ii) adsorption of 

an Au20 cluster and iii) an extended interface where a 5ML-thick periodic Au slab is in 

contact to the oxide surface. We considered three oxides, MgO, TiO2 rutile and CeO2. 

When the isolated Au atom is placed in contact to surface oxygen atoms of MgO, titania, 

and ceria, similar adsorption energies are reported. For the Au20 cluster, the adhesion on 

ceria (-4.52 eV) is stronger than on MgO (-3.51 eV), which in turns binds the cluster 

stronger than rutile TiO2 (-2.82 eV). A similar trend is reported also for the extended 

interfaces. Interestingly, we were able to reconcile our data to the experimental trend only 

by taking into account the pronounced reducible character of titania and ceria with respect 

to a non-reducible oxide such as MgO. Indeed, when the Au20 cluster is placed in contact 

to a surface oxygen vacancy, the experimental trend of adhesion energy (MgO ≈ TiO2 < 

CeO2) is correctly reproduced. We can thus conclude that the adhesion energy of gold on 

an oxide surface is determined by a non-banal interplay of several factors, such as the 

surface topology allowing (or not) for stabilizing Au-O interactions, but also the intrinsic 

tendency of an oxide to display defects such as oxygen vacancies.  

 

[1]  S. L. Hemmingson, C. T. Campbell, ACS Nano 11, 1196 (2017). 
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In recent years, advances in method developments have been leading to increasingly 

accurate calculations of structures of molecular crystals. This has been highlighted by the 

impressive results in the blind test prediction of crystal structures for organic molecules 

and, recently, also organic salts.[1] Much of this progress can be attributed to the increased 

application of density functional theory including dispersion corrections (DFT+D) using 

periodic boundary conditions. Along the lines of quantum mechanical methods embedded 

into other quantum mechanical methods,[2] we present an alternative to periodic DFT+D, 

in which a combination of BLYP or B3LYP embedded into density functional based tight 

binding (DFTB) is employed. For the X23 benchmark set of molecular crystals,[3] 

BLYP+D:DFTB+D yields essentially the same results as periodic BLYP+D, differing 

significantly from periodic DFTB+D calculations alone. As it is possible to achieve linear 

parallelization with this method up to the number of fragments computed, it can lead to a 

significant speedup in comparison to DFT+D. 

 

       [1]  A. M. Reilly et al., Acta Crystallographica B 72, 439 (2016). 

       [2]  A. D. Boese and Joachim Sauer, Cryst. Growth & Design 17, 1636 (2017). 

       [3]  A. M. Reilly and A. Tkatchenko, J. Chem. Phys. 139, 024705 (2013). 
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Antibiotics are still a hot topic for research mainly because most of them tend to be 
bacterial resistant after a period of intensive use. As a result, the development of new and 
more effective antibiotics is requested increasingly more often. Understanding the 
geometrical and electronic structure of such molecules is a must when it comes to 
designing new drugs. These bring precious information for further investigations in 
different chemical reactions such as the bonding mechanism of an antibiotic to a specific 
component of bacterial cell-wall in order to have bactericidal effect. 

Raman technique provides information related to electronic and geometric structure in the 
form of fingerprint-like spectra, unique for every molecule, what makes it suitable for 
detailed characterization of antibiotics from this point of view. This Raman study covers 
one assignee for each of the five classes of penicillins (in the order of the classes they 
belong to) – benzylpenicillin (BPN), oxacillin (OXN), ampicillin (APN), carbenicillin 
(CBN), and azlocillin (AZN). The similar features, due to the common component of their 
molecular structure – a penam core, represented by a 6-aminopenicillonic acid (6-APA), 
are explained. Also, fine-drawn features, on account of the differences in the molecular 
structures – various R side-chains attached to the sixth position of the penam core, are to 
be disentangled as well in order to unravel what has a say when it comes to the 
discrepancies regarding bactericidal activity. 

FT-Raman, Raman using different wavelengths of excitation sources both on solid phase 
and aqueous solution, and Surface Enhanced Raman spectra (SERS) are to be explained by 
quantum chemical frequency calculations on antibiotics’ monomers by using Gaussian 
software package. For this, harmonic and anharmonic approximations were employed. 
Calculations were performed in gas phase and by using PCM solvation model with water 
as solvent. 
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Transition metal disulfides such as TiS2, ZrS2, HfS2 are 
potential thermoelectric materials, in particular when intercalated 
with organic molecules to create hybrid inorganic-organic materials1. 
The phonon dispersion and lattice thermal conductivity of bulk group 
4 transition metal disulfides (TiS2, ZrS2, HfS2) has been studied 
within Density Functional Theory approach using PBE0 hybrid functional. The phonon 
dispersion has been calculated numerically using finite displacement method combined 
with supercell approach, as implemented in the PHONOPY code package. In-plane and 
cross-plane lattice thermal conductivity, generally limited by Umklapp (phonon-phonon) 
scattering has been investigated by means of Boltzmann transport equation, as 
implemented in the PHONO3PY code. The use of the PBE0 hybrid functional in the lattice 
thermal conductivity calculations was enabled by the newly created interface to the 
CRYSTAL quantum chemistry package. Comparing the computational values with 
existing experimental data revealed them to be consistent. 
 

 

 

 

 

       [1] Chunlei Wan,  Xiaokun Gu,  Feng Dang, Tomohiro Itoh, Yifeng Wang,  Hitoshi 
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Kunihito Koumoto. Nature Mater. 14, 622–627 (2015). 
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BODIPYs bearing phenolic subunits such as 6-Hydroxyindole based borondipyrromethene 
(BODIPY-OH, see the structure below) are useful synthetic analogs of biological 
luminescent systems [1]. We have studied theoretically the vertical electronic excitations 
of BODIPY-OH in H2O and DMSO solutions treating explicitly the specific interactions. 
The BODIPY-OH∙nH2O (n=1-3) and BODIPY-OH∙DMSO complexes have been 
considered, where the initial orientations of molecules have been generated using the 
Coalescence Kick method [2]. The resulting structures have been filtered by stability at the 
semiempirical level of theory and further ranged using MP2/6-311++G**/B3LYP/6-
31+G* approach. The solvent molecules preferably form a "bridge" between hydroxyl 
group and one of the fluorine atoms. The gap accommodates either one DMSO molecule 

or two H2O molecules. The energies of the vertical singlet electronic excitations, , have 
been calculated for the identified optimal structures and isolated BODIPY-OH molecule 
using the ADC(2) polarization propagator approach and the cc-pVDZ basis set. 

The explicit treatment of the solvent molecules improves the agreement with experimental 

data [1]the corresponding imparities are shown in the parentheses).  
[1] C. Zhao, P. Feng, J. Cao, Y. Zhang, X. Wang, Y. Yang, Y. Zhang, J. Zhang, Org. 

Biomol. Chem. 10, 267 (2012). 
[2]  B. Averkiev, All Graduate Theses and Dissertations, paper 408 (2009). 
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 BODIPY-OH BODIPY-OH∙2H2O BODIPY-OH∙DMSO 

 (eV) 2.34 2.19 (0.08) 2.17 (0.05) 
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We investigated the mechanisms of excited-state deactivation in hydrogen-bonded 

adenine-water and cytosine-water complexes with ab initio wave-function-based 

electronic-structure calculations. Two excited-state decay mechanisms, which are specific 

for hydrogen-bonded clusters of DNA bases with water molecules, have been identified: 

electron/proton transfer from water to the photoexcited chromophore1 as well as 

electron/proton transfer from the photoexcited chromophore to water.2 In the former 

reaction, an electron from one of the p orbitals of a water molecule fills the π-hole existing 

in the ππ* excited state of adenine or cytosine. In the latter reaction, nonadiabatic coupling 

of the lowest ππ* excited state with the lowest 1πσ* state of the DNA base provides the 

mechanism for photoejection of an electron and a proton into the aqueous environment. 

The energy profiles of the photoreactions have been computed as relaxed scans with the 

ADC(2) method. For all reaction channels, barrierless or nearly barrierless reaction paths 

towards low-lying S1–S0 conical intersections are found.1,2 These reaction mechanisms, 

which are specific for adenine and cytosine in an aqueous environment and exist in 

addition to the well-established intramolecular excited-state decay mechanisms via ring-

puckering conical intersections,3 can explain the substantially shortened excited-state 

lifetimes of adenine and cytosine in water. Both photochemical reaction mechanisms 

illustrate the generic role of electron-driven proton-transfer processes in excited states of 

nucleobases in an aqueous environment and deserve further investigation by ab initio 

nonadiabatic nuclear-dynamics simulations. 
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Heteronuclear clusters formed by atoms of d-block elements are building blocks for catalytically
and photochemically active systems, for nanostructured materials, and for electronic devices that
receive considerable attention in both fundamental and applied research.[1]
We present a systematic study of the ground and low-lying excited electronic states of a total of
24 diatomic molecules AB (A = Sc – Ni, B =Cu/Ag/Au). In theΛ – S coupling scheme, the low-
lying molecular states derive from the lowest-lying separated atom limit(s) A(3dm−2(1)4s2(1) :
(2S+1)L) + B((k − 1)d10ks1 : 2S), where the multiplicity 2S + 1 ranges from 1 to 7, L is either S,
or P, or D, or F, m = 3(Sc) – 10(Ni), and k = 4(Cu), 5(Ag), or 6(Au). Complete active space self-
consistent field (CASSCF), followed by multi-reference configuration interaction (MRCI) was
used to construct full potential energy curves for these electronic states. Relativistic effects were
treated and probed in a two-step procedure. Scalar terms were considered using the spin-free
Douglas-Kroll-Hess (DKH) Hamiltonian.[2] Spin-orbit coupling was subsequently calculated
perturbatively via the spin-orbit terms of the Breit-Pauli Hamiltonian based on the CASSCF
wavefunctions. Spectroscopic constants as well as dipole moments are also reported. Full
spin-orbit coupled potential energy curves are constructed for the low-lying states of NiCu and
NiAg. In addition, the exact 2-component (X2C) Hamiltonian along with the Kramers-restricted
configuration interaction (KRCI) approach[3] was utilized for the atoms and for the copper-
containing diatomics. The relativistic results were then compared with the scalar relativistic
calculations plus perturbative treatment of spin-orbit coupling. In the case of CoCu, relativistic
effects have been monitored through the variation of the fine structure constant (α = 1/c) at r =

2.30 Å, at r = 3.30 Å, and at r = 8.00 Å. Core correlation effects, spin-orbit coupling, and basis
set incompleteness have been probed for some selected cases. For 23 out of the 24 diatomics
considered in the present work, it is shown that there is a direct mapping from the ground states
of the monocations A+((2S+1)LJ) to the ground states of the diatomics AB(X(2S′+1)Λmax

Ω
): S = S′,

L→ Λmax, and J=Ω.

[1] D. Sellmyer and R. Skomski, eds., Advanced Magnetic Nanostructures, Springer, New
York, (2006).

[2] G. Jansen and B. A. Hess, Phys. Rev. A, 39, 6016, (1989).
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Complex I (NADH:ubiquinone oxidoreductase) contains 8-9 iron sulfur clusters (ISC) in 

its hydrophilic domain responsible of transferring two electrons from NADH/FMN couple 

to the quinone binding site, thus initiating the signal that triggers proton pump across its 

membrane. Although the exact coupling for this long-range proton-electron transfer 

process remains unclear, emerging data indicates that the initial quinone (Q) reduction to 

quinol (QH2) process plays a central role in activating the proton pumping machinery. 

In order to probe the energetics, dynamics, and molecular mechanism for the proton-

coupled electron transfer (PCET) process linked to Q reduction, we employ here multi-

scale quantum and classical molecular simulations, to model the relevant electronic states 

from Q to QH2 that may play a role in the activation of proton pump.  

We find that conformational changes in the hydrogen-bonded Q-binding modes regulate 

the rate of eT from the terminal N2 iron-sulfur center. Our combined data reveal how the 

dynamics of complex I-bound Q modulates the rate of terminal electron transfer, and how 

conserved residues in the Q-chamber contribute to the overall PCET process. 
 

 

Sequence of eT and pT between N2 and Q based on our calculations. A) The first eT from 

N2 to Q forms anionic semiquinone (SQ). B) The second electron moves from N2 to the 

SQ, and couples with pT from H38 and Y87, leading to formation of QH2. 

 

[1] V. Sharma, G. Belevich, A. P. Gamiz-Hernandez, T. Rog, I. Vattulainen, M. L. 

Verkhovskaya, M. Wikström, G. Hummer, V. R. I. Kaila, Proc. Natl. Acad. Sci. USA 

112, 11571 (2015). 

[2] A. Di Luca, A. P. Gamiz-Hernandez, V. R. I. Kaila, Proc. Natl. Acad. Sci. USA, (in 

press), (2017). 
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In the context of high-accuracy computational thermochemistry, the valence coupled 

cluster with all singles and doubles (CCSD) correlation component of molecular 

atomization energies presents the most severe basis set convergence problem, followed by 

the (T) component. In the present paper, we make a detailed comparison, for an expanded 

version of the W4-11 thermochemistry benchmark, between, on the one hand, orbital-

based CCSD/AV{5,6}Z+d and CCSD/ACV{5,6}Z extrapolation, and on the other hand 

CCSD-F12b calculations with cc-pVQZ-F12 and cc-pV5Z-F12 basis sets. Apparent 

differences between orbital-based and CCSD-F12b basis set limits disappear if basis sets 

with additional radial flexibility, such as ACV{5,6}Z, are used for the orbital calculation. 

Counterpoise calculations reveal that, while total atomization energies with V5Z-F12 basis 

sets are nearly free of BSSE, orbital calculations have significant BSSE even with 

AV(6+d)Z basis sets, leading to non-negligible differences between raw and counterpoise-

corrected extrapolated limits. Previous reports that all-electron approaches like HEAT 

(high-accuracy extrapolated ab-initio thermochemistry) lead to different CCSD(T) limits 

than “valence limit+CV correction” approaches like Feller-Peterson-Dixon and 

Weizmann-4 (W4) theory can be rationalized in terms of the greater radial flexibility of 

core-valence basis sets. For (T) corrections, conventional CCSD(T)/AV{Q,5}Z+d 

calculations are found to be superior to scaled or extrapolated CCSD(T)-F12b calculations 

of similar cost. For a W4-F12 protocol, we recommend obtaining the Hartree-Fock and 

valence CCSD components from CCSD-F12b/cc-pV{Q,5}Z-F12 calculations, but the (T) 

component from conventional CCSD(T)/aug’-cc-pV{Q,5}Z+d calculations using 

Schwenke’s extrapolation; post-CCSD(T), core-valence, and relativistic corrections are to 

be obtained as in the original W4 theory. W4-F12 is found to agree slightly better than W4 

with ATcT (active thermochemical tables) data, at a substantial saving in computation time 

and especially I/O overhead. 
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Electrospray ionization quadrupole ion-trap mass spectrometry (ESI-QIT-MS) has proven to be

an appropriate tool for probing synthetically valuable organocuprate reagents and thus, to gain

a better understanding of their reactivity.[1−3] Following this pioneering work, ESI-QIT-MS was

applied to quantify the hydrolysis kinetics of various isolated organocuprates ([Lin−1CunR2n]−,

n = 1 − 3, R = Me,Bu,Ph) within the QIT (p(H2O) ≈ 10 µbar) to unravel structure-reactivity

relations (Figure 1).

CuCN + 2 RLi 
THF 

−  °C 
LiCuR2 · LiCN    

[CuR2]− 

[LiCu2R4]− 

[Li2Cu3R6]− 

ESI 

[Cu2R3]− + [Cu3R4]− 

[LiCu2R3(OH)]− + [LiCu2R2(OH)2]− 

∆t 

(3) 

(2) 

(1) 

Quadrupole Ion Trap 

R = Me, Bu, Ph 

[CuR(OH)]− 

Figure 1: Observed gas-phase reactivity of organocuprates after isolation within a QIT.

Organocuprates in the gas phase were obtained via ESI of solutions of cyanocuprates.

In order to understand the experimental results at a fundamental level, the PESs for the hydrol-

ysis of the observed organocuprates were investigated. Taking into account crystal structures

of organocuprates,[4] geometries were obtained by PBE0-D3BJ/6-31+G(d)/ECP10MWB cal-

culations. Moreover, single point energies were calculated at the CCSD(T)-F12b/CBS(D,T)/

ECP10MDF (for R = Me) and DLPNO-CCSD(T)/CBS(T,Q)/ECP10MDF (for R = Bu,Ph)

level. To assess the quantum chemical results with respect to the experimental data, hydrolysis

rate constants were determined by master equation calculations. These calculations involved

the inverse Laplace transform method for barrierless association/dissociation steps and RRKM

theory for unimolecular isomerizations along the reaction coordinate.

In conclusion, the detailed picture obtained from theory not only qualitatively, but also quan-

titatively predicts the observed reactivity for [Lin−1CunR2n]− (n = 1, 2) and emphasizes the

importance of the lithium counter-ion for the nucleophilic reactivity of organocuprates.

[1] A. Putau, K. Koszinowski, Organometallics 29, 3593 (2010).

[2] A. Putau, K. Koszinowski, Organometallics 30, 4771 (2011).

[3] A. Putau, M. Wilken, K. Koszinowski, Chem. Eur. J. 19, 10992 (2013).

[4] R. P. Davies, Coord. Chem. Rev. 255, 1226 (2011).
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Passivation of quantum dots is a crucial condition determining their optical properties. 
Dangling bonds on the surface of nanocrystals are commonly considered as the main 
reason for trap states formation. Results obtained via density functional theory 
approximation indicate the importance of dipole moment value in formation of deep trap 
states. Correlation between dipole moment value and deepness of trap states location was 
demonstrated using Cd4S cluster as a model basis and different number of SH groups as 
passivating agents. Namely the high values of dipole moment provide higher number of 
trap states. Trap states density value was used for estimation of effect of dipole moment. 
Rearranging of the same number of SH groups also indicates dipole moment effect on 
electronic spectra. Application of electrostatic field oriented against dipole moment vector 
also confirms importance of dipole moment in formation of optical properties of 
nanocrystals. Therefore one may consider the passivation process as the way of decreasing 
of dipole moment of CdS nanocrystals. 
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Doped main group element clusters having ten vertices are known to exhibit various 

geometries. Among these, one of the most significant developments is the discovery of the 

clusters M@Ge10
3- for M=Fe[1] and M=Co[2], in which the outer Ge10 polyhedron is a 

pentagonal prism with no triangular faces at all, rather than a deltahedral structure of the 

type predicted by the Wade-Mingos rules. Our DFT (Density Functional Theory) studies 

on these two clusters [3][4] were in accordance with the experimental results. It appeared 

this effect may be a consequence of the steric requirements of the interstitial metal atom 

since the reported Fe@Sn10
3-[5] which consists of a larger Sn10 cage relative to a Ge10 cage, 

seems to exhibit a more spherical geometry. However, in a subsequent paper by the same 

group discussing the bonds in this type of clusters [6], the authors suggest that the 

occurrence of these unusual prismatic geometries is related to electronic effects. 

 

In this work we have extended our computational studies to the ten-vertex lead clusters 

doped with iron and cobalt, in order to check the preferred geometries for these systems 

consisting of an even larger cage. 
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Fragment, Atomic, Localised, Delocalised and Interatomic (FALDI) electron density (ED) 
decomposition scheme [1] provides an exhaustive decomposition of the total ED at any 
coordinate r in real-space into that which is localised to a specific atomic basin (loc-ED) 
and that which is delocalised between two atomic basins (deloc-ED). The total deloc-ED is 
further decomposed into contributions that concentrate (bonding), deplete (non-bonding) 
and remove (antibonding) ED, as coming from all atoms in a molecular system. In so 
doing, the multi-centre bonding character of an interaction can be determined by 
measuring these ED contributions at the quantum theory of atoms in molecules (QTAIM)-
defined bond critical point (BCP). 

B1

H2

Isovalue = 0.005 a.u.

a b

O1

H2
N3

 
Fig. 1 FALDI-calculated isosurfaces of deloc-ED in 3D-space of atom pair B1–H2 of 

diborane (a) and atom pair O1–H2 plus atom pair H2–N3 of -alanine (b). 
 

We identified and quantified the specific bonding contributions from the deloc-ED 
distribution for three interactions that display varying degrees of multi-centre character: (i) 
covalent C–C bond of n-butane, predominantly bi-centric, (ii) B–H bond of diborane, large 
degree of multi-centre bonding character, Fig. 1a, and (iii) an intramolecular hydrogen 

bond of -alanine, moderate degree of multi-centre bonding character, Fig. 1b. Our 
analyses so far show that all interactions (for molecules consisting of at least three atoms) 
have some degree of multi-centre bonding character. This novel methodology used to 
evaluate the nature of a chemical bond is consistent with contemporary interpretation – an 
interaction is not viewed as only a local event, but rather as a molecular-wide event [2]. 
  
       [1]  J. H. de Lange, I. Cukrowski, J. Comput. Chem. 38, 981 (2017). 
       [2]  I. Cukrowski, Comput. Theor. Chem. 1066, 62 (2015). 
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Analyzing and quantifying the excited-state wave function character of molecules with intricate

electronic structure properties—like transition metal complexes—is a challenging task. An

important aspect of this problem is the participation of charge transfer (CT), e.g., leading to states

of metal-to-ligand or ligand-to-ligand CT character. Using analysis tools from the TheoDORE

package [1] by one of us, here we investigate the excited states of such complexes. The analysis

employs a fragment-based two-dimensional population analysis (see Figure 1) of transition

density matrices obtained from time-dependent density functional theory calculations.

The exemplary system investigated is [Re(ImH)(CO)3(Phen)]+, a transition metal complex which

recently gained much interest as a chromophore in the study of long-range electron-transfer in

proteins [2]. Besides this relevance, [Re(ImH)(CO)3(Phen)]+ possesses a complex electronic

structure due to its different ligands and the strong interaction of the metal center and the

carbonyls [3, 4]. Using our analysis method, we show quantitatively that the metal center and the

carbonyl ligands are electronically tightly coupled and have to be considered as one electronic

unit.

Re (CO)3 im phen
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Figure 1: Possible fragmentation of [Re(ImH)(CO)3(Phen)]+ and charge transfer matrix.
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One fundamental property of all materials is the conduction of heat energy. Depending on the

application at hand, it is often necessary to either maximize it or bring it down as much as possi-

ble. Although the theory behind heat conductivity (κ) is well established, accurate tailoring of κ

is still a bit of a far reach. With modern computational capacity it is already feasible to calculate

and predict ab initio the lattice thermal conductivity from simple Si and Ge to complex layered

hybrid materials, which can guide materials design already in the early stages of research.

We present, to our knowledge, first lattice thermal conductivities calculated using hybrid density

functional theory. We computed κl of Cu2O with the GGA PBE and the hybrid functional PBE0

using CRYSTAL14 and Phono3py, and found striking differences in performance. Earlier cal-

culations have shown that PBE can produce satisfactory results when compared to experiment,

but in the case of Cu2O it results in an error of more than -40 %. PBE0, on the other hand, has

an error of only around 7 % in the relevant temperature range for applications (≥ 300 K).
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Figure 1: Calculated lattice thermal conductivity of Cu2O between 100 and 400 K.
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In order to build a realistic reaction path sometimes conformational scan along reaction 

coordinate is performed. We clarify some problems which may arise when pursuing such a 

treatment. This is done with the help of molecular mechanical and ab initio methods on the 

example of Aza-Michael isatin imine reactions [1]. We use a method such as a conformer 

scan on the points of the reaction coordinate of approaching reagents. A close look is taken 

at the reaction coordinate development -- approaching fragments forming a covalent bond 

between fragments N and C atoms. The most probable reaction paths (Figure) and 

transition states are found. Some of the transition states are found to be nonreactive, 

although they are lower in energy than normal (reactive) states. The solvent effect is also 

taken into account. The main catalytic effect of the solvent seems to have been not simply 

lowering the activation barrier but rather opening totally new reaction paths. 

 

 

Figure. Reaction paths of the approaching reactants, forming a covalent bond (left) 

between fragments N and C atoms. Checking tentative transition states toward reagents 

(right) it appeared that some of them are not converging to the reactants (right, upper 

lines).  

 

       [1]  A. Metsala, S. Žari, T. Kanger, Chem.Cat.Chem. 8, 2961 (2016). 
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    The coordination complexes of transition metal systems exhibit various spectral and 
magnetic properties due to their diverse d-orbital electronic configurations. To deal with 
these types of systems one must consider also the effects of excited states along with the 
ground state. Fundamentally these excited state terms arise due to the electron-electron 
repulsion and ligand field effects. To account for these excited state properties 
theoretically, single determinant wave-function based theories are not useful to interpret 
the phenomena. In this regard, multi-determinant wave-function approach has been proven 
to be crucial in determine the microscopic properties of these systems in the recent years.  
      
     Though small but spin-orbit coupling (SOC) on these systems is an important 
perturbation after the ligand effects which induces zero-field splitting (ZFS) and molecular 
nanomagnet is among the several fields which is driven based on this parameter. The final 
spin-eigen states which determines the spin-reversal barrier for magnetization depends on 
the interplay between the spin free and spin-orbit states. For the first-row mono nuclear 3d-
metal complexes, this ZFS values are generally not very large but still it can reach as high 
as ~200-400 cm-1.1  Quantification of such a huge magnetic anisotropy sometimes becomes 
very difficult from experimental point of view, because the energy gaps are beyond the 
spectroscopic limits. Advanced first principle methods such as CASSCF-NEVPT2 can 
compute this energy gap (or splitting) very precisely and also can elucidate the underlying 
theory behind this splitting.2 Though full CI is not possible in these systems but a full CI 
within an active space of n-electrons in five d-orbitals is a reasonable technique to obtain 
reliable solution.   
 

 
 

Figure: The D-tensor direction and the d-orbital splitting diagram of [Ni(MeDABCO)2Cl3]
+ 

complex. 
 
[1] K. E. R. Marriott, L. Bhaskaran, C. Wilson, M. Medarde, S. T. Ochsenbein, S. Hill 

and M. Murrie, Chem. Sci. 6, 6823-6828 (2015). 
[2] M. Atanasov, D. Aravena, E. Suturina, E. Bill, D. Maganas and F. Neese, Coord. 

Chem. rev. 289-290, 177-214 (2015). 
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The photodynamics of molecular systems can be studied directly by simulating the excited-

state processes with trajectory-ensemble-based methods such as surface hopping or multiple

spawning. The fate of the ensemble relies on an accurate sampling of the initial conditions,

i.e., initial coordinates and momenta. There are two approaches commonly used: “thermal

sampling” (TS) where initial conditions are taken from snapshots of ground-state molecular

dynamics trajectories, and “quantum sampling” (QS) where initial conditions are calculated

from a (harmonic) Wigner distribution.[1] QS is typically performed at T = 0 K and, thus, does

not account for finite temperature effects, while in thermal sampling the zero-point vibrational

energy (ZPE) is missing which accounts for the largest fraction of the total energy at moderate

temperatures. This dilemma can elegantly be solved by making the Wigner distribution in the

QS temperature-dependent[2], simply by allowing the population of excited vibrational states.

Using a thermal Wigner sampling, one is able to use more realistic initial conditions in the

excited-state simulations. By including the full energy of the system, i.e., the sum of ZPE and the

thermal energy contribution, small energy barriers in the excited states can be overcome more

easily thus increasing reaction rates. Additionally, due to the population of vibrationally excited

states through finite temperature, an extended conformational space is sampled by moving away

from the maximum probability of zero displacement in the vibrational ground state to larger

displacements in excited vibrational states –which is especially important for low-frequency

modes such as out-of-plane torsions of ring systems. As an example, we present our study

on 2-nitronaphthalene, an organic compound exhibiting ultrafast intersystem crossing, and we

show the effects that including temperature in the generation of the initial conditions has on its

excited-state dynamics.[3]

[1] M. Barbatti and K. Sen, Int. J. Quant. Chem. 116, 762 (2016)

[2] J. P. Zobel, J. J. Nogueira, and L. González, in preparation (2017)

[3] J. P. Zobel, J. J. Nogueira, and L. González, in preparation (2017)
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In molecular dynamics  (MD) simulations, the accuracy of the underlying force field is

crucial for the proper description of the properties of the simulated system, e.g. density,

heat of vaporization, or free energy of solvation (∆Gsolv). While the amino-acid building

blocks in  protein force fields  can be parametrized by fitting to  experimental  data,  the

current schemes to determine force-field parameters for small organic molecules require an

individual parametrization for each molecule. The most popular approach to this aim is to

inherit the parameters of the bonded and van der Waals interactions from a protein force

field  using  a  matching  strategy,  and  to  derive  the  partial  charges  from  quantum-

mechanical (QM) calculations.

A basic assumption of classical force fields is that the partial charges of the atoms are

fixed, i.e. they do not vary as a function of the conformation or environment. The electron

density in a QM calculation on the other hand does. The goal of this study is to quantify

the impact that the conformation used in the QM calculation has on the resulting set of

partial  charges.  To  this  end,  a  test  set  of  16  compounds  with  the  ability  to  form an

intramolecular hydrogen bond were selected from the FreeSolv database [1].  For  each

molecule, two conformations are used to derive partial charges, i.e. with and without the

intramolecular  hydrogen  bond.  To  determine  which  of  the  two  conformer-selection

strategies  is  better  suited,  the  solvation  free  energies  in  water  are  calculated  with  the

different  charge  sets.  Two  different  force  fields  are  employed:  (i)  the  GROMOS-

compatible automatic topology builder (ATB) [2], and (ii) the general Amber force field

(GAFF) [3]. The estimated solvation free energies are compared to the experimental values

of ∆Gsolv reported in the FreeSolv database [1]. The results show that the differences in the

charge sets due to the conformation used in the QM calculation can lead to substantial

differences in the estimated ∆Gsolv.

[1] Mobley, D. L.; Guthrie, J. P.; J. Comput. Aid. Mol. Des., 28, 711–720 (2014).

[2] Koziara, K. B.; Stroet,  M.; Malde, A. K.; Mark, A. E.;  J. Comput. Aid. Mol. Des.,

28, 221-233 (2014).

[3] Wang, J.; Wolf, R. M.; Caldwell, J. W.; Kollman, P. A.; Case, D. A.; J. Comput. Chem.,

25, 1157-1174 (2004).

PO2-114



A general intermolecular force field based on tight-binding quantum chemical
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A black-box type procedure is presented for the generation of a molecule-specific, intermolec-

ular potential energy function [1]. The method uses quantum chemical (QC) information from

our recently published extended tight-binding semi-empirical scheme (GFN-xTB) [2] and can

treat non-covalently bound complexes and aggregates with almost arbitrary chemical structure.

The necessary QC information consists of the equilibrium structure, Mulliken atomic charges,

charge centers of localized molecular orbitals, and also of frontier orbitals and orbital energies.

The molecular pair potential includes model density dependent Pauli repulsion, penetration, as

well as point charge electrostatics, the newly developed D4 dispersion energy model [3], Drude

oscillators for polarization, and a charge-transfer term. Only one element-specific and about

20 global empirical parameters are needed to cover systems with nuclear charges up to Radon

(Z = 86). The method is tested for standard small molecule interaction energy benchmark

sets where it provides accurate intermolecular energies and equilibrium distances. Examples

for structures with a few hundred atoms including charged systems demonstrate the versatility

of the approach. The method is implemented in a stand-alone computer code which enables

rigid-body, global minimum energy searches for molecular aggregation or alignment.

[1] S. Grimme, C. Bannwarth, E. Caldeweyher, J. Pisarek, and A. Hansen, submitted:

within the J. Chem. Phys. ’From Quantum Mechanics to Force Fields’ special issue

(2017).

[2] S. Grimme, C. Bannwarth, and P. Shushkov, J. Chem. Theory Comput. (2017), 13, 1989-

2009.

[3] E. Caldeweyher, C. Bannwarth, and S. Grimme, submitted: J. Chem. Phys. (2017).
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Among the variety of organocatalytic transformations, enantioselective Michael additions 
between aldehydes and nitroalkenes catalyzed by diarylprolinol derivatives have been the 
subject of intensive mechanistic studies. Recent investigations have pointed to the 
importance of experimentally observed cyclic reaction intermediates [1-3], however, views 
on the specific role of these species in stereocontrol are still controversial. With the aim of 
gaining further mechanistic insight, we explored the reaction between propanal and 
nitrostyrene via DFT calculations and kinetic simulations (Figure). 

 

In accordance with experiments, our computational results predict that the overall reaction 
rate is determined by the protonation of the cyclic intermediates that occurs subsequently 
to the C-C bond formation [4]. However, the obtained free energy profile suggests that the 
experimentally observed enantioselectivity cannot be interpreted in the terms of the 
recently proposed Curtin-Hammett scenario that associates the rate and the stereo-
selectivity with the protonation step, but a more complex multistep model is applicable. 
Our suggested model not only resolves the reported controversies regarding the the 
interpretaion of the stereoselectivity, but it is also consistent with the results of mass 
spectrometric back reaction screening experiments we carried out. 
 
[1] D. Seebach, X. Sun, M. Ebert, W. B. Schweizer, N. Purkayastha, A. K. Beck, J. 
Duschmalé, H. Wennemers, Helv. Chim. Acta, 96, 799-852 (2013) 
[2] J. Burés, A. Armstrong, D. G. Blackmond, J. Am. Chem. Soc., 134, 6741-6750 (2012) 
[3] G. Sahoo, H. Rahaman, Á. Madaŕsz, I. Ṕpai, M. Melarto, A. Valkonen, P. M. Pihko, 
Angew. Chem. Int. Ed., 51, 13144-13148, (2012) 
[4] T. Földes, Á. Madaŕsz, Á. Révész, Z. Dobi, Sz. Varga, A. Hamza, P. R. Nagy, P. M. 
Pihko, I. Ṕpai in preparation. 
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Photo-Fries rearrangement (PFR) is a photochemical conversion of aryl esters to ortho- 
and para-hydroxyphenones. This reaction is a key step in the synthesis of a large number 
of compounds and plays an important role in the design of functional polymers and in the 
photodegradation of drugs and agrochemicals, being a greener synthetic route, since it can 
be achieved under milder conditions. Although there are a large number of experimental 
studies about the mechanism of PFR, the last theoretical work is from 1992 and some 
points of PFR reaction are still under debate. Given the knowledge gap between theory and 
the most recent experimental works, our aim has been to provide a comprehensive picture 
of PFR, based on high-level multiconfigurational theoretical methods.  
In this work, we present a three-state model for the Photo-Fries rearrangement (PFR) based 
on CASSCF(14,12)/CASPT2(14,12) calculations (Figure 1). It provides a comprehensive 
mechanistic picture of all steps of the reaction, from the photoabsorption to the final 
tautomerization. The three states participating in the PFR are an aromatic 1ππ*, which 
absorbs the radiation; a pre-dissociative 1nπ*, which transfers the energy to the dissociative 
region; and a 1πσ*, along which dissociation occurs. The transfer from 1ππ* to 1nπ* 
involves pyramidalization of the carbonyl carbon, while transfer from 1nπ* to 1πσ* takes 
place through CO stretching. Different products are available after a conical intersection 
with the ground state. Among them, a recombined radical intermediate, which can yield 
ortho-PFR products after an intramolecular 1,3-H tunneling. The three-state model is 
developed for phenyl acetate, the basic prototype for PFR, and it reconciles theory with a 
series of observations from time-resolved spectroscopy. It also delivers a rational way to 
optimize PFR yields since diverse substituents can change the energetic order of the 1ππ* 
and 1nπ* states, preventing or enhancing PFR. 

 
Figure 1. Schematic overview of the three-state model for PFR applied to phenyl acetate. 
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Hepatocyte nuclear factor 4α (HNF4α) is a member of the nuclear receptor family of 

ligand�dependent transcription factors but displays properties distinct from other members 

of this superfamily. It is the most abundant DNA�binding protein in the liver and 

especially involved in the hepatic glucose and lipid metabolism. It works as a homodimer, 

which has conserved DNA�binding (DBD) and ligand binding domains (LBD). HNF4α 

plays a central regulating role in the control of gene expression in the liver and a large 

number of critical metabolic pathways are under regulation by this receptor. Inhibition of 

HNF4α leads to an increase of hepatic tumors. It is reported that the transactivity of 

HNF4α is regulated by several kinds of fatty acids. Also, the crystal structure of human 

HNF4α (PDB ID: 4IQR) is found as a complex with a myristic acid (MYR) ligand.  

In this study, we investigate the possible competitive binding of several fluorinated long 

chain organic acid analogues to HNF4α which have a similar structure to MYR and are 

known to be potentially toxic for humans. The physiological and industrial compounds are 

similar in chain length but differ in terms of charge distribution from the physiological 

ligand due to the highly electronegative fluorine atoms. In order to have a reliable charge 

distribution model, the charges on the ligand atoms were derived from quantum chemical 

calculations and incorporated into a force field. Then, several 70ns of MD simulations 

were carried for a number of receptor�ligand systems.  

First, the stability of perfluorooctanoic acid (PFOA) in the receptor was tested by 

analysing the dynamics of PFOA and comparing them with MYR. The critical interactions 

of the carboxylic acid group with Ser181, Gly237 and Arg226 residues were observed in a 

similar fashion for both ligands. They also showed similar hydrophobic interactions with 

several residues and stabilized in the binding pocket. These results show that PFOA is a 

possible competitor to MYR binding. Then, docking studies of several fluorinated 

compounds were performed into the binding cavity of the receptor. Extra precision (XP) 

scores were obtained for eight perfluorinated compounds ranging from �8.39 to �5.38. The 

top docking poses of the first four high ranked compounds were submitted to further MD 

simulations.  
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Aggregation induced emission (AIE) occurs when non-emissive chromophores in dilute 

solution become luminscent upon aggregation. AIE offers a route the manufacture of 

optoelectronic devices, where highly efficient and tunable luminescence in the solid state is 

required for optimum performance.
1 

A promising class of AIE-active compounds are those 

exhibiting excited state intramolecular proton transfer (ESIPT). 2’-hydroxychalcones are 

such species, and have been used as molecular probes in enzyme detection, fingerprint 

analysis, and as organic lasers.
2
 Pertinently, the identity of substituents on the 2'-

hydroxychalcone skeleton determines the crystalline structure and the quantum yield of 

fluorescence. Compound 1 exhibits AIE, whilst compound 2 is dark in both solution and 

the solid state. 
3,4

 

To understand the AIE mechanism of 1 and its absence in 2, we use a hierarchy of models 

to decouple the influence of i) the electrostatic potential from the crystal ii) exciton 

coupling and charge transfer iii) electron donating substituents. In particular, we examine 

how each influence the energy of the nearest conical intersections of the potential energy 

surfaces, a crucial factor in the competition between radiative and non-radiative relaxation. 

This systematic approach enables a full evaluation of the mechanism of AIE and extends 

our understanding to complex chromophores with multiple decay channels. 
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[1] J. Mei, N. L. C. Leung, R. T. K. Kwok, J. W. Y. Lam and B. Z., Tang, Chem. Rev., 

115, 11718–11940 (2015). 

[2]  V. S. Padalkar and S. Seki, Chem. Soc. Rev., 45, 169–202 (2015). 

[3] X. Cheng, K. Wang, S. Huang, H. Zhang, H. Zhang and Y. Wang, Angew. Chem., Int. 

Ed., 54, 8369–8373 (2015). 

[4] M. Dommett and R. Crespo-Otero, Phys. Chem. Chem. Phys., 19, 2409–2416 (2017). 
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During the last two decades it has been demonstrated that nanostructured carbon materials 
(i.e. graphene sheets, carbon nanotubes and fullerenes) can play an active role as catalysts 
in heterogeneous catalysis.1  
Experiments on oxidized carbonanotubes (o-CNTs) have shown that ketonic carbonyl 
groups on the o-CNT surface are responsible for the oxidative dehydrogenation of 
ethylbenzene (ODE) to styrene with the loss of a water molecule.2 
Up to date, the ODE reaction mechanism is still unclear. A very general hypothesis 
suggests a mechanism that proceeds through a first hydrogen radical abstraction. Our 
purpose was to investigate, at a quantum-mechanical level (DFT), the potential energy 
surface of the reaction and elucidate the mechanism in detail. 
For the sake of simplicity, we studied a (6,6) armchair CNT 
(12Å long) and we considered two adjacent oxidized sp2 carbons 
(carbonyl groups) on the rim of the tube. Once we proved that 
the adsorption of ethylbenzene over the o-CNT (see Figure 1) 
was a favorable process, we calculated the reaction path. We 
found that the reaction proceeds through a two-step mechanism, 
with the formation of a stable radical intermediate.  
Also, we investigated the possibility that the reaction occurs on 
the outer surface of the tube. To this purpose we considered 
two epoxydic groups on the external wall. We found that the 
reaction proceeds through a first hydrogen abstraction (radical process) followed by the 
abstraction of a proton and the formation of styrene, water and a defect on the tube surface.  
 
 

 

 

       [1]  C. K. Chua et al., Chem. Eur. J. 21, 12550 (2015). 

       [2]  W. Qi et al., Angew. Chem. Int. Ed. 54, 13682 (2015). 

Figure 1 
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Carboradicals and -cations are key intermediates for many chemical reactions. They may be

generated by UV-laser excitation of carbohalide compounds such as diphenylmethyl bromide.

Here, a local ππ∗ excitation occurs, followed by the C-Br bond cleavage leading to radical or ion

pairs within a femtosecond timescale. We use both, quantum dynamical and semiclassical on-

the-fly dynamical methods to simulate the reaction. In both approaches we employ an ONIOM

two-layer method with CASSCF as high level method. In the quantum dynamics we take the

solvent environment into account using the Dynamic Continuum ansatz [1] developed in our

group. We verify for both simulations the decisive role of two consecutive conical intersections

for the product splitting, like we recently showed [2] for chlorine as leaving group. Nonethe-

less, we report remarkable differences compared to the chlorine case and we especially discuss

the role of the pyramidalization of the central carbon atom clearly visible in the wave packet

dynamics. We evaluate product ratio and delay times for both approaches and compare them

with experimental results. Furthermore we calculate time-resolved spectra using the velocity

autocorrelation function obtained by the on-the-fly dynamics. Here we see the importance of

different normal modes for both reaction channels. To compare our results with experimen-

tally measured transient absorption spectra we evaluate the quantum dynamics simulation by

calculation of the product signal as we recently did with chlorine [3].

[1] S. Thallmair, M. Kowalewski, J. P. P. Zauleck, M. K. Roos, R. de Vivie-Riedle, J. Phys.

Chem. Lett. 5 3480-3485 (2014).

[2] S. Thallmair, M. K. Roos, R. de Vivie-Riedle, Struct. Dyn. 3 043205 (2016).

[3] E. Riedle, M. K. Roos, S. Thallmair, C. F. Sailer, N. Krebs, B. P. Fingerhut, R. de

Vivie-Riedle, Chem. Phys. Lett. (2017).
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One part of this work concentrates on the investigation of the accuracy of MM and 
QM/MM methods in respect to the selectivity of different vinylsulfones in cysteine 
proteases of the papain superfamily and have been compared to experimental values 
obtained by Kerr et al. [1] Therefore, Docking, MD and QM/MM studies have been 
performed.  
Another aspect of interest was the determination of the binding site of a covalent inhibitor 
of B. megaterium levansucrase. [2] By performing MD simulations of the covalent protein-
inhibitor complex it was possible to investigate the occupation of the active site. 
 
Why are covalent inhibitors of interest?  
Most drugs consist of ligands which interact with their target non-covalently. They have 
the advantage that they are so unreactive that unintended reactions with DNA or proteins 
do not take place. However, they have the drawback that generally their free energy of 
binding does not exceed 15 kcal/mol. Higher binding affinities can only be achieved with 
ligands which form a covalent bond with their target. Despite famous examples as 
Penicillin or Aspirin in the past the industry hesitated to develop new covalent drugs 
because they fear unintended side reactions resulting from the reactivity of ligands. [3] 
Since about 2005 covalent ligands undergo an intensive renaissance in academia and 
industry, because various very selective drugs were detected in the last few years. [4][5]  
 
       [1]  I. D. Kerr et al., JBC 284, 25697-25703 (2009). 
       [2]  C. P. Strube et al, JBC 286, 17593-17600 (2011). 
       [3]  J. Singh et al., Nat. Reviews, 10, 307-317 (2011). 
       [4]  V. Hirsch, BioDrugs, 29, 167-183 (2015). 
       [5]  T. Schirmeister et al, JACS, 138, 8332-8335 (2016). 
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A systematic approach is followed to develop a polarizable biomolecular force field. 

Starting from a well-calibrated nonpolarizable force field, condensed-phase interaction 

parameters can be calibrated using a QM/MM approach for fitting of electrostatic 

parameters [1], for which we propose a generalization here. We show that transferability of 

force field parameters can be further improved by a systematic (analytical) approach to the 

calibration effort [2]. Application of our approaches is demonstrated in the calibration of 

force field parameter sets for small organic molecules, optimized to reproduce relevant 

properties of model systems. 

 

 

 

 

 

 

[1] C. R. Vosmeer, A. S. Rustenburg, J. E. Rice, H. W. Horn, W. C. Swope, D. P.  

Geerke, J. Chem. Theory Comput. 8, 3839 (2012). 

[2]  K. M. Visscher, C. R. Vosmeer, R. A. Luirink, D. P. Geerke, J. Comput. Chem. 

 38, 508 (2017). 
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The analysis of the excited states of a molecular aggregate is of great importance in order 
to provide a theoretical modeling of its opto-electronic and energy transfer properties. As 
an aggregate model, a molecular dimer is usually taken into account. It has been widely 
proven that a comprehensive theoretical description of its electronic properties requires the 
inclusion of charge transfer excitations (CT) along with excitations localized on single 
molecular units (LE) [1,2]. Perylene-bisimide (PBI) is a well known dye employed in 
organic opto-electronic, due to its favorable optical and charge transport properties. The 
electronic properties of PBI dimers have been extensively studied with different methods 
and in particular by means of a simple 4×4 model Hamiltonian, which accounts for the 
interactions between localized excitations and charge transfer configurations, and whose 
matrix elements have been parametrized at different levels of theory [1,3]. However, the 
study of the excited states of larger aggregates is desirable, since opto-electronic processes 
occur in the condensed phase [2].  In the present study larger molecular aggregates of PBIs 
have been considered: the model Hamiltonian employed for the dimer has been extended 
and its elements have been parametrized at the TD-DFT level of theory. In order to 
validate the approach, a general procedure to transform the excited states of larger 
aggregates from delocalized to localized excitations, employing a unitary transformation, 
has been set up. Interestingly, it has been demonstrated that the matrix elements of the 
dimer model Hamiltonian suffice to describe larger aggregates. The results of the 
investigation confirm the high degree of mixing of CT and LE configurations in the 
description of low lying excited states. 
 
      [1] W. Liu, B. Lukenheimer, V. Settels, B. Engels, R. F. Fink, A. Köhn J. Chem. Phys.    
             143, 084106 (2015). 
      [2] C. Walter, V. Krämer, B. Engels Int. J. Quantum Chem. 117, e55337 (2017). 
      [3] W. Liu, S. Canola, A. Köhn, B. Engels, F. Negri, R. F. Fink, in preparation.  
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In quantum control, shaped laser pulses are used to steer molecular motion. With a view to

applying this principle to synthetic chemistry, solvent effects have to be included in a proper

theoretical description. Going beyond commonly used continuum or bath approaches, we recently

introduced a combined quantum/molecular dynamics method which explicitly includes solvent

molecules in quantum control optimizations [1, 2]. The explicit environment was identified

to drastically influence the relevant molecular properties for successful control. However, the

reaction was regarded to take place in frozen solvent cages so far and movement of solvent

molecules was not accounted for.

With our present study we overcome this approximation and extend our approach toward a

fluctuating environment. Besides introducing the methodological procedure on a synthetically

relevant example, we mainly ask and answer the question of controllability: What is the timescale

at which the environmental influence shifts from one extreme case to another, and is a controlling

laser pulse able to dynamically adapt to not only highly inhomogeneous but also constantly

fluctuating properties? Overcoming these difficulties is essential for a successful application of

the principles of quantum control to the regime of chemical synthesis.

Figure 1: Optimized light fields are required to control the chemical reaction in a fluctuating

solvent environment

[1] D. Keefer et al. J. Phys. B 48, 234003 (2015).

[2] S.Thallmair et al. J. Chem. Theory Comput. 11, 1987 (2015).
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Exposure to ultraviolet radiation can induce significant photochemical damage in nucleic acids,

thereby weakening the integrity of the genetic code. To largely prevent this from happening, the

five canonical nucleobases exhibit ultrafast, non-radiative relaxation pathways. This process is

extensively investigated both theoretically and experimentally, mostly on isolated nucleobases.

For the example of uracil, recent studies elucidate the relaxation process after optical excitation

with femtosecond laser pulses. [1, 2]

In our present theoretical work, we take the next step and consider uracil in its native RNA

environment, where the sugar phosphate backbone and neighboring nucleobases as well as

solvent molecules might influence the ultrafast population decay and thereby photostability. For

this purpose, we employ an approach that combines molecular dynamics (MD) with quantum

dynamics and has recently been developed in our group. [3] In particular, we run MD simulations

for several different RNA fragments solvated in water and extract snapshots at random geometries.

Using a hybrid QM/MM technique, we are able to model the effects of the explicitly included

environment in different snapshots. The thus obtained environment potential energy surfaces

(PESs) are subsequently combined with a high level (MRCI(12,9)/cc-pVDZ) gas phase PES [2] of

the S2-state of uracil, spanning the coordinate space between Franck-Condon point, S2-minimum

and a conical intersection to S1. To simulate the relaxation mechanism through the conical

intersection, we perform wave packet dynamics on the resulting PESs.

We discuss the influence of the biological environment on the path of the wave packet after

photoexcitation. A key focus of this study is to explore whether certain neighboring nucleobases

have different effects on the photostability of uracil.

[1] S. Matsika, M. Spanner, M. Kotur, T. C. Weinacht, J. Phys. Chem. A 117, 12796 (2013).

[2] D. Keefer, S. Thallmair, S. Matsika, R. de Vivie-Riedle, J. Am. Chem. Soc. 139, 5061

(2017).

[3] S. Thallmair, J. P. P. Zauleck, R. de Vivie-Riedle, J. Chem. Theory Comput. 11, 1987

(2015).
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Encapsulating a metallic center in a cavity with a 

defined and specific shape is an efficient way to 

promote selectivity in catalytic processes. This is 

the strategy that nature uses in metalloenzymes, and 

it has naturally become a source of inspiration to 

chemists. Mimicking metalloenzymes active site by 

using a cyclodextrin cavity is one of the many 

options. Our lab recently synthetized in a selective 

manner and for the first time various cyclodextrins 

capped with N-heterocyclic carbene (CD-NHC, see 

figure below). 

 

When the CD-NHC is capped with a metal (Cu, Au, 

Ag), various catalytic activities were investigated experimentally. Since unusual 

reactivities were observed in some cases, modeling with various theoretical methods of the 

catalytic events was undertaken. First, we will show how understanding the network of 

weak interactions inside the cavity allows us to interpret NMR correlation data. Second, a 

mechanistic switch exerted by the cyclodextrin when compared to bulk solvent reactivity 

will be presented. Third, we will demonstrate how the cavity size (α-cyclodextrin vs. β-

cyclodextrin) can also influence the mechanism.  

 

[1] M. Ménand, S. A. de Beaumais, L.-M. Chamoreau, E. Derat, S. Blanchard, Y. Zhang, 

L. Bouteiller, M. Sollogoub, Angew. Chem. Int. Ed. 53, 7238 (2014). 

[2] P. Zhang, C. Tugny, J. Meijide Suárez, M. Guitet, E. Derat, N. Vanthuyne, Y. Zhang, 

O. Bistri, V. Mouriès-Mansuy, M. Ménand, S. Roland, L. Fensterbank, M. Sollogoub, 

Chem (2017), in press DOI: 10.1016/j.chempr.2017.05.009 

[3] P. Zhang, J. Meijide Suárez, T. Driant, E. Derat, Y. Zhang, M. Ménand, S. Roland, M. 

Sollogoub, submitted to Angew. Chem. Int. Ed. 
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Thiazol-based dyes, which are structurally closely related to luciferin, the chromophore of 
fireflies, were found to be excellent light harvesting units, e.g. in the scope of dye-
sensitized solar cells  and photo catalysis. Substituted by different electron-pushing and 
withdrawing groups, a set of three thiazoles is able to harvest sunlight’s entire visible 
range. Incorporated in a polymer backbone, such a set of dyes is able to collect photons of 
different energy and to transfer this energy via Förster resonance energy transfer (FRET) to 
a photo catalysator [1]. This way the efficiency of photovoltaic and photo catalytic 
processes can be improved significantly. 
For a better understanding of the underlying photophysical principles the dyes were 
investigated by means of density functional theory using different hybrid as well as range 
separated functionals and benchmarked against state-of-art multiconfigurational methods 
(MS-CASPT2/CASSCF) [2,3]. A matter of particular interest was the description of the 
ground state equilibrium structure by means of different functionals, the charge-transfer 
character of exited states and the influence of London-dispersion for the π-stacking 
between the dyes. Absorption and fluorescence-wavelengths were calculated to estimate 
the FRET efficiency. Additionally, potential energy surfaces for dye dimer structures were 
obtained, while distinct structural configurations correlated to FRET were investigated by 
means of CASSCF. 
  

 
 
 

[1]  A. M. Breul, I. R. de Moraes, R. Menzel, M. Pfeffer, A. Winter, M. D. Hager, S. 
 Rau, B. Dietzek, R. Beckert, U. S. Schubert, Poly. Chem. 5, 2715 (2014). 

[2] P. A. Malmqvist, A. Rendell, B. O. Roos, J. Phys. Chem. 94, 5477 (1990). 
[3] V. Sauri, L. Serrano-Andres, A. R. M. Shahi, L. Gagliardi, S. Vancoillie, K. 

 Pierloot, J. Chem. Theo. Comput. 7, 153 (2011). 
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Mass-action law is the paradigm for the description of chemical kinetics in macroscopic, well-

stirred and isothermal systems. Recently [1–3] we proved that, given a suitable transformation

which recasts the original ordinary differential equations into a special extended format de-

void of any system-dependent parameter (termed by us “canonical format”), it is possible to

characterize general features in the space of the new dynamical variables which mirror specific

properties in the original space. We focused in particular upon the Slow Manifold (SM) feature.

The SM is the hyper-surface in the concentration space toward which the trajectories bundle in

the slow part of the evolution. Its localization is potentially relevant in the field of dimensional

reduction strategies. Exploiting concepts developed in our previous works [2, 3] we devised

and tested on benchmark cases (namely, two different models of hydrogen combustion) a low-

computational-cost C++ code aimed at producing points in the concentration space lying close

to the SM for a given kinetic mechanism [4]. The software, called DRIMAK (Dimensional

Reduction of Isothermal Mass-Action Kinetics), is freely available online.

Figure 1: Rough output (in blue) and “filtered” results (in red) produced by the software for the

sketched model scheme (radical subspace). See ref. [4] for parameters and details.

[1] P. Nicolini, D. Frezzato, J. Chem. Phys., 138, 234101 (2013).

[2] P. Nicolini, D. Frezzato, J. Chem. Phys., 138, 234102 (2013).

[3] A. Ceccato, P. Nicolini, D. Frezzato, J. Chem. Phys., 143, 224109 (2015).

[4] A. Ceccato, P. Nicolini, D. Frezzato, Int. J. Chem. Kinet., 49, 477-493 (2017).
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The recently discovered dioxygenase AsqJ from Aspergillus nidulans stereoselectively 

catalyzes the one-pot multistep synthesis of quinolone alkaloids, natural products with 

important biomedical applications [1]. AsqJ catalyzes a stepwise desaturation and 

epoxidation of the quinolone by proton-coupled electron transfer (PCET) reactions. In 

order to probe the mechanistic principles of this catalytic process, we integrate multi-scale 

quantum and classical molecular simulations with X-ray crystallography and in vitro 

biochemical activity studies. We find that methylation of the substrate is central for the 

catalytic activity of AsqJ, introducing molecular strain that fine-tunes dispersive 

interactions within the active site. In order to rationally engineer AsqJ for non-methylated 

substrates, we strengthen the dispersive interactions within the active site by mutating one 

residue in the surroundings, and show that the engineered enzyme has an improved 

catalytic activity for non-methylated substrates [2]. Our combined results provide 

important mechanistic insight into the function of AsqJ and showcase how integration of 

computational and experimental data allows to rationally engineer this enzyme. 

 

 

 

 

       [1]  A. Brӓuer, P. Beck, L. Hintermann, M. Groll, Angew. Chem. Int. Ed. 55, 3517 

(2016). 

       [2]  S. L. Mader, A. Brӓuer, M. Groll, V. R. I. Kaila, in preparation. 
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In this work we present the theory and implementation of the polarizable density embedding

(PDE) model [1] in combination with coupled cluster (CC) theory, denoted PDE-CC. This

model has been implemented in the Dalton package by adapting the CC code to the Polariz-

able Embedding library (PElib). In this new PDE-CC model, the small, chemically important

core region is described with a high-level CC method. The environment is separated into two

levels of description: the inner and the outer region. The inner region is described with an em-

bedding potential consisting of a set of frozen densities calculated on isolated fragments with

a QM method such as HF or DFT and with a set of atom-centered dipole-dipole anisotropic

polarizabilities. The outer region is described with distributed atom-centered multipoles and

polarizabilities, in other words in the same way as in the previous polarizable embedding (PE)

model [2].

The PDE-CC model contains operators that account for the electrostatic and polarization in-

teractions between the core region and the environment, as well as for the non-electrostatic

(i.e. exchange / Pauli) repulsion. The latter operator plays a key role in an accurate description

of short-range interactions in cases with an overlap between the orbitals of the core and the in-

ner region. In PDE-CC such complicated manybody phenomena are described in a convenient

form through one-electron operators, thus being able to efficiently account for the response of

the environment due to the change in the electron density of the core region. This allows accu-

rate calculations of response properties (e.g. electronic excitations) of molecules immersed into

environments such as solvents.

[1] J. M. H. Olsen, C. Steinman, K. Ruud, J. Kongsted, J. Phys. Chem. A 119, 5344–5355,

(2015)

[2] J. M. H. Olsen, J. Kongsted, Adv. Quant. Chem. 61, 107–143, (2011)

[3] K. Sneskov, T. Schwabe, J. Kongsted, O. Christiansen, J. Chem. Phys. 134, 104108,

(2011)
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Within the context of strong environmental regulations, hydrodesulfurization (HDS) 
reactions become ever more crucial to produce cleaner fuels from petroleum resources.[1] 
Even if the cobalt promoted MoS2 phase (CoMoS) is highly active for HDS, polyaromatic 
molecules such as dibenzothiophenes (Figure 1) are known to remain difficult to 
desulfurize. It is thus challenging for theoretical approaches to elucidate the HDS 
mechanism of these molecules impacting numerous experimental works.[2, 3]  
Using  periodic density functional theory with PBE-dDsC functional and a systematic 
search of transition states, we investigate the main HDS pathways of DBT on relevant 
active sites of CoMoS models [4], and identify their rate limiting steps.  
We simulate the 
most relevant and experimentally invoked 
mechanisms leading to the C-S bond 
cleavage: 1/ the direct hydrogenolysis of 

the C-S bond [3], 2/ the selective dihydrogenation in  and followed by  elimination 
with simultaneous C-S bond cleavage (E2 type mechanism) [2], 3/ the full pre-
hydrogenation of one aromatic cycle followed by the C-S cleavage [2]. 
We notably found that the hydrogenolysis mechanism exhibits a kinetically costly 

hydrogenation step (1.40 eV for activation energy, Ea), followed by an easy C-S 

breaking (Ea=0.10 eV). By contrast, the  hydrogenation (Figure 2) is much easier as a first 

step (Ea=0.85 eV), and is followed either by a fast hydrogenation (Ea=0.20 eV) or by a 

moderate  hydrogenation (Ea=0.60 eV). Considering also the subsequent steps leading to 
the C-S bond cleavage, we will discuss the selectivity towards the three different pathways 

and the role of the catalytic hydrogenating sites involved: MoSH vs. CoH groups. A 
comparison with available experimental data will be finally discussed. 
 
[1] S. Humbert, G. Izzet, P. Raybaud, J. Catal. 33, 76 (2016) 
[2] F. Bataille et al. J. Catal. 191, 409 (2000) 
[3] M. Egorova and R. Prins, J. Catal. 225, 417 (2004) 
[4] E. Krebs, B. Silvi, P. Raybaud, Catal. Today. 130, 160 (2008) 
 

Fig. 1 : Dibenzothiophene  Fig. 2 :  hydrogenation   
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The regio- and stereoselective copper-mediated hydroxylation of a non-activated aliphatic 

C–H bond in a steroid, reported by Schönecker, has evolved into an useful synthetic 

tool.[1] We benchmarked the applied BLYP-D3/def2-TZVP(SDD) level of DFT by 

comparison to experimental reference data, followed by a mechanistic study to address the 

origins for the observed selectivity.[2] The computational results are in agreement with the 

experimental findings of a selective β-hydroxylation at the C12 position. NBO analyses 

revealed that a substantial pre-activation of the C–Hβ bond by the bis(µ-oxido)-dicopper 

core favors the β-hydroxylation pathway over competing reaction channels. Both the 

treatment of [Cu2O2]
2+

 complexes with the BLYP functional and the mechanistic concept 

(stereochemical arrangement of the ligand determining the hydroxylation selectivity) can 

be transferred to related systems.[3] 

 
 

Figure: Regio- and stereoselective C12 hydroxylation of a non-activated C–H bond. 

 

 

       [1]  B. Schöncker, T. Zheldakova, Y. Liu, M. Kötteritzsch, W. Günther, H. Görls, 

Angew. Chem. Int. Ed. 42, 3240 (2003). 

       [2] P. Gupta, M. Diefenbach, M. C. Holthausen, M. Förster, Chem. Eur. J. 23, 1427 

(2017). 

       [3] Cooperation with S. Schindler, P. R. Schreiner  and A. Fokin, manuscript in 

preparation. 
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The design of molecular catalysts for the hydrogen evolution reaction (HER) is an 
attractive strategy for the conversion of solar energy to chemical fuels. Experimentally, 
several classes of bis-terpyridyl-based cobalt complexes have been observed to catalyze 
the electrochemical reduction of protons to hydrogen [1,2]. Mechanistic studies of the 
HER typically invoke the formation of reactive cobalt hydride species. Herein, DFT 
computations (M06-L with SMD continuum solvation) were employed to investigate the 
complete catalytic cycle of these complexes based on the free energies of reaction and 
activation, as well as reduction potentials for all catalytically relevant elementary steps [2]. 
For the first time, a ligand-based pathway has been proposed, which occurs at the central 
pyridyl ring and leaves the cobalt coordination sphere unchanged. Alternatively, depending 
on the acid strength, as well as the nature and basicity of the ligands, the classical metal-
based pathway can be invoked. Interestingly, the calculations reveal that the cobalt hydride 
intermediate is formed through initial protonation of the distal pyridyl nitrogen that acts as 
a proton relay.  

 
 
[1] S. Aroua, T. K. Todorova, P. Hommes, L.-M. Chamoreau, H.-U. Reissig, V. 
Mougel, M. Fontecave, Inorg. Chem. 56, 5930 (2017). 
[2] S. Aroua, T. K. Todorova, V. Mougel, P. Hommes, H.-U. Reissig, M. Fontecave, 
ChemCatChem (DOI: 10.1002/cctc.201700428R1). 
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Salts containing lithium and silver ions show rather high ion conduction among solid ionic 

conductors. It has been shown that the substitution of Ag+ by Li+ in silver argyrodites leads 

to a new innovative family, which shows fast lithium ion conduction.[1] In contrast, lithium 

silicides and germanides which we studied recently,[2] represent good (active) anode 

materials with a much high capacity in comparison to carbon. In addition we have also 

investigated the lithium mobility in charged anodes such as lithium-rich silicides.[3]  

In this context we were interested in the properties of silver in contrast to lithium in 

intermetallic compounds and investigated the Li-Ag-Ge phase diagram.[4] Various new 

ternary compounds such as Li2AgGe, Li2.53AgGe2 and Li2Ag1-xGe1+x were discovered and  

Ag interestingly – as a general rule - substitutes Ge atoms rather than Li atoms.  

All compounds show a basic structural unit, in which Ag and Ge form a wurtzite-type 

network, hosting lithium atoms in its cavities or channels, thus the structures can be 

compared and traced back to the cubic NaTl structure type. Depending on the ratio of Ag 

and Ge the compounds form different superstructures ending up with unit cells longer than 

40 Å. 

Quantum chemical calculations at the DFT-HSE06/TZVP level of theory were performed 

using CRYSTAL14 code to get a better insight in the electronic structure of the ternary 

phases, and to better understand why specific ordering occurs and why super structures are 

formed. The various supercells were traced back according to the Bärnighausen family tree 

formalism and are compared to each other.[5] The calculations reveal that there exist 

preferred super structures for the Ag:Ge ratio 1:1 and 0.8:1.2 and pseudo bandgaps above 

the Fermi level hint for the possibility of substitution with more electron rich elements. 

 

[1]  H.-J. Deiseroth, S.-T. Tong, H. Eckert, J. Vannahme, C. Reiner, T. Zaiß, M. 

Schlosser, Angew. Chem. Int . Ed. 47, 755-758 (2008). 

[2] M. Zeilinger, I. Kurylyshyn, U. Ḧussermann, T. F. F̈ssler, Chem. Mater. 25, 

4623-4632 (2013). M. Zeilinger, D. Benson, U. Ḧussermann, T. F. F̈ssler, Chem. 
Mater. 25, 1960-1967 (2013). 

[3] V. Baran, L. van Wüllen, T. F. Fässler Chem. Eur. J. 22 6598–6609 (2016). 

[4]  A. Henze, V. Hlukhyy, T. F. Fässler, Inorg. Chem 54, 1152-1158 (2015). 

[5]  H. Bärnighausen, Commun. Math. Chem. 9, 139 (1980). 
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The method of using a dispersion correction as an add-on to standard Kohn-Sham density func-

tional theory (DFT-D) has been further refined regarding higher accuracy, broader range of

applicability, and less limitations. As in D3 atom-pairwise specific dispersion coefficients and

cutoff radii are derived from first principles[1]. System (geometry) dependent information is

used by employing the concept of fractional coordination numbers (CNs). CNs are used to

interpolate between reference polarizabilities at imaginary frequencies of atoms in different

chemical environments. In DFT-D4, additionally the electronic structure (charge) is included

by employing a partial charge dependent scaling function to match cationic and anionic envi-

ronments. These atomic polarizabilities are then scaled with respect to their self-consistently

derived Mulliken charges[2]. A recently developed semi-empirical quantum mechanical tight

binding (TB) scheme, termed GFN-xTB[3], with a (partially) polarized minimal basis set is used

to obtain Mulliken charges. TB partial charges were shown to agree rather well with DFT Hirsh-

feld charges[4]. All good properties of DFT-D3 are preserved within the new scheme while the

accuracy of molecular C6 dispersion coefficients is substantially improved (MAD(D3)=4.7%;

MAD(D4)=2.9% for small to medium-sized molecules, H2 to C8H18). Furthermore, electroni-

cally more demanding cases, i.e., cation-π interactions, which are described badly by D3, could

be described rather well by D4. Overall, the method only requires adjustment of two damping

parameters for each density functional, is asymptotically exact, and easily allows the computa-

tion of atomic forces. As a by-product of the D4 procedure, accurate charge-dependent atomic

static polarizablities are obtained, which may have an application in classical force-fields (see

for example Ref.[5]).

[1] S. Grimme, J. Antony, S. Ehrlich, and H. Krieg, J. Chem. Phys. 132, 2010, 154104.

[2] E. Caldeweyher, C. Bannwarth, and S. Grimme, submitted to J. Chem. Phys., 2017.

[3] S. Grimme, C. Bannwarth, and P. Shushkov, J. Chem. Theory Comput. 13, 2017, 1989.

[4] S. Grimme and C. Bannwarth, J. Chem. Phys. 145, 2016, 054103.

[5] S. Grimme, C. Bannwarth, E. Caldeweyher, J. Pisarek, and A. Hansen, submitted to the

J. Chem. Phys. special issue ’From Quantum Mechanics to Force Fields’, 2017.
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The GW ansatz is a promising method for applications in molecular quantum chemistry. Starting

from DFT or Hartree-Fock references the central object, the Green’s function, is evaluated and

used to significantly improve upon various molecular properties. The simplest GW method

is G0W0 with screening from the random-phase-approximation, i.e. non-interacting electron-

hole pairs (RPA). This yields an improved set of quasi-particle (QP) energies (resembling IPs)

from the starting orbital energies.[1] These QP energies can then be used as starting point for

several further calculations, e.g. solving the Bethe-Salpeter equation to obtain optical excitation

spectra, circular dichroism or interaction energies of van der Waals bound systems.[2] The main

drawback of G0W0 is its dependency on the DFT/HF starting point. Therefore one may aim at a

self-consistent solution of the QP equations (QP-scGW) as proposed by Faleev et al. which has

previously been implemented into TURBOMOLE.[3, 4] Although working, G0W0 as well as

QP-scGW could only treat small molecules due to their steep N6 scaling behaviour in previous

implementations, even within the resolution-of-identity (RI) approximation.

GW

hv e-

"quasi-particle" screening by RPA
non-interacting e--h+ pairs

Figure 1: Schematic representation of a quasi-particle state obtained by GW

We now present an improved methodology implemented in TURBOMOLE for G0W0 and QP-

scGW that can treat molecules with significant size (>100 atoms) using large basis sets. The

updated algorithm is able to take full advantage of point group symmetry, and makes optimal

use of the RI approximation. Within this implementation the lossless treatment of systems with

over 700 electrons and 4000 basis functions could be demonstrated.

[1] M.J. van Setten, F. Weigend, F. Evers, J. Chem. Theory Comput. 9, 1 (2012)

[2] C. Holzer, W. Klopper, to be published (2017)

[3] M. van Schilfgaarde, T. Kotani, S. Faleev, Phys. Rev. Lett. 96, 22 (2006)

[4] F. Kaplan, M.E. Harding, C. Seiler, F. Weigend, F. Evers, M.J. van Setten, J. Chem.

Theory Comput. 12, 6 (2016)
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Coordination of a metal atom by a tetrapyrrole changes its electronic structure and reactivity.

This is leveraged in a wide variety of applications ranging from gas transport [1] over energy

conversion [2] to catalysis [3]. These molecular systems have also sparked the interest of re-

searchers in the field of surface science. [4] Here, tetrapyrroles were initially proposed as scaf-

folds for reactive metal ions to facilitate the growth of 2D-lattices. [5] However, it was shown

that some tetrapyrroles are non-innocent ligands. [6] We propose that this non-innocence offers

the possibility of fine-tuning properties by changing chemical functionalization. We use peri-

odic density functional theory to determine the adsorption behavior of complexes and free-base

ligands on transition metal surfaces such as Ag(111). The electronic structure and selectivity of

different adsorption sites is analyzed while generating theoretical spectroscopic data. Further-

more, kinetic and thermodynamic values such as adsorption energy are investigated. Follow-up

reactions that occur on the surface are modeled in silico to compare to and predict experimental

results.

[1] J. Clayden, N. Greeves, S. Warren and P. Wothers, Organic Chemistry, Oxford Univer-

sity Press, 1406 (2001).

[2] E. Schunck, L. Marchlewski, Liebigs Ann., 290, 306 (1896).

[3] R. Bernhardt, J. Biotechnol., 124, 128 (2006).

[4] J.M. Gottfried, Surf. Sci. Rep., 70, 259 (2015).

[5] W. Hieringer, K. Flechtner, A. Kretschmann, K. Seufert, W. Auwärter, J.V. Barth, A.

Görling, H.-P. Steinrück, J.M. Gottfried, J. Am. Chem. Soc., 133, 6206 (2011).

[6] B.O. Roos, V. Veryazov, J. Conradie, P.R. Taylor, A. Ghosh, J. Phys. Chem. B, 112,

14099 (2008).
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Owing to a tremendous effort in method development and to the availability of supercomputers

it is possible nowadays to perform highly accurate simulations of complex excited state phe-

nomena even in large systems. However, the wavefunctions produced in these computations are

difficult to interpret if many interacting configurations and orbitals are involved. Even more, for

large systems excitonic effects come into play, which are difficult to comprehend in a standard

molecular orbital picture. Therefore, new analysis methods are direly needed to get full insight

into the computations performed.

This contribution will provide an overview over our recently developed wavefunction analysis

framework [1, 2, 3], which provides detailed visual and quantitative analysis tools for excited

state computations. The power of these methods will be illustrated in three examples. First,

a recent study on the absorbing states in single-stranded DNA will be presented [4]. In this

case a rigorous and automated quantitative analysis is particularly beneficial when combined

with structural sampling in this flexible multichromophoric system. Second, it will be discussed

how the same analysis strategy can be extended to the case of transition metal complexes [5]

and recent results on a Rhenium complex will be presented. Finally, the emergence of excitonic

effects will be discussed in the case of conjugated polymers [6]. It will be shown that the exciton

size in these systems scales uniformly with the system size and is independent of the molecular

details. The description of these excitonic effects within time-dependent density functional

theory will be discussed.

[1] F. Plasser, H. Lischka, J. Chem. Theory Comput. 8, 2777 (2012).

[2] S. A. Bäppler, F. Plasser, M. Wormit, A. Dreuw, Phys. Rev. A 90, 052521 (2014).
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To quantify the electrophilic reactivities of common Michael acceptors (MAcs), we 

measured the kinetics of the reactions of mono-acceptor-substituted ethylenes and styrenes 

with pyridinium ylides1a, a sulfonium ylide1b, and a sulfonyl substituted chloromethyl 

anion1c. From the second-order rate constants k determined in this work and the previously 

published N and sN parameters of the nucleophiles1 we have calculated [by using log k = 

sN(E + N)2] the electrophilicity parameters E of the MAcs. DFT calculations were 

performed to elucidate the origin of the electrophilic reactivities. The E correlate poorly 

with frontier orbital (FO) energies or with global and local electrophilicity indices (ω & 

ωβ). Moreover, our study highlights the inherent discrepancy in these indices. Good 

correlations were found between E and their calculated methyl anion affinities (MAAs), 

particularly when solvation by DMSO was taken into account. Because of the large 

structural variety of MAcs considered, which cover a reactivity range of 17 orders of 

magnitude, we consider the calculation of MAA to be the method of choice for a rapid 

estimate of electrophilic reactivities. 

 

[1] (a) D. S. Allgäuer, P. Mayer, H. Mayr, J. Am. Chem. Soc. 135, 15216 (2013). (b) R. 

Appel, N. Hartmann, H. Mayr, J. Am. Chem. Soc. 132, 17894 (2010). (c) Z. Li, Q. Chen, P. 

Mayer, H. Mayr, J. Org. Chem. 82, 2011 (2017).  

[2] (a) H. Mayr, M. Patz, Angew. Chem. Int. Ed. 33, 938 (1994). (b) H. Mayr, T. Bug, M. 

F. Gotta, N. Hering, B. Irrgang, B. Janker, B. Kempf, R. Loos, A. R. Ofial, G. 

Remennikov, J. Am. Chem. Soc. 123, 9500 (2001). (c) H. Mayr, S. Lakhdar, B. Maji, A. R. 

Ofial, Beilstein J. Org. Chem. 8, 1458 (2012). 
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Despite the quantum nature of molecules, Classical Mechanics is usually employed to char-

acterize molecular motions that play a fundamental role in a wide range of phenomena, e.g.,

conformational changes and reaction paths [1, 2]. Indeed, the identification of the specific

spatial position of the nuclei of the atoms is essential in order to recognize the instantaneous

molecular geometry and its time evolution, whereas conventional Quantum Mechanics supplies

only probabilistic predictions. On the other hand, one would like to use a Quantum Molecular

Trajectory that establishes the instantaneous nuclear positions guaranteeing, at the same time,

the validity of the Quantum Mechanics predictions unlike the classical trajectory. We argue that

such a Quantum Molecular Trajectory corresponds to a single Bohm trajectory for a given initial

condition [3]. The Bohm theory [4] is a formulation of Quantum Mechanics where the state of

a quantum system is characterized according to both the wave function and an ensemble of all

the possible configurations. In this framework, each configuration evolves drawing a continuous

trajectory, the so called Bohm trajectory, leading to an ensemble of evolving trajectories. We

prove that if one assumes that a single Bohm trajectory describes the molecular geometry and

the molecular motions, then all the quantum predictions emerge in terms of statistical properties

of the trajectory. From a theoretical point of view, the undeniable advantage of this approach is

that of dealing with a full quantum methodology without any reference to Classical Mechanics.

However, from a computational point of view, computing the Bohm trajectory is extremely de-

manding and it can be done only for system composed of few degrees of freedom. Therefore, we

derive also stochastic equations for the dynamics of relevant degrees of freedom, through pro-

jection operator technique [5]. The resulting Fokker-Planck equation is of Smoluchowski type

leading to the characterization of molecular motions in terms of diffusive processes. In this way

the self consistent representation of the molecular motions according to the Quantum Molecular

Trajectory is combined with the low computational cost of solving stochastic equations.

[1] E. Titov, et al., J. Phys. Chem. Lett. 7, 3591 (2016).

[2] U. Raucci, et al., J. Phys. Chem. B 119, 2650 (2015).

[3] F. Avanzini, B. Fresch, G. J. Moro, Found. Phys. 46, 575 (2016).

[4] D. Bohm, Phys. Rev. 85, 180 (1952).

[5] R. Zwanzig, J. Chem. Phys. 33, 1338 (1960).
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  The metal-organic frameworks (MOF) are a new class of porous materials that has 

high potential for carbon capture and storage (CCS). CPO-27-Mg (Mg-MOF-74) is one 

such MOF that has under-coordinated Mg2+ sites where CO2 gas molecules can bind 

selectively at low partial pressure (below 1 bar). Prerequisite to a rational design of 

improved material with optimized separation conditions is the reliable prediction of co-

adsorption equilibria. Generic force fields, which have often been employed in classical 

Grand Canonical Monte Carlo (GCMC) simulations to forecast co-adsorption of gas 

mixtures, are found to be inadequate in describing the molecule-surface interactions in 

MOFs with open metal sites. Although the tedious ab initio parametrization of force fields 

improve the description, these standard GCMC simulations still neglect the zero point 

vibrations (ZPV) and framework relaxation (FR) effects on adsorption. 

 We developed an alternative GCMC simulation methodology [1], which utilizes 

Gibbs free energies of adsorption of individual sites and the lateral (adsorbate–adsorbate) 

interaction energies obtained from ab initio calculations, which define the Hamiltonian of 

the coarse-grained lattice-gas description of the adsorbent surface. The former includes the 

ZPV and FR effects whereas the latter can be treated exactly in the proposed scheme, 

which avoids cumbersome fitting of the force field parameters. Possibility of applying very 

accurate quantum chemical methods for lateral interactions or Gibbs free energies of the 

individual sites makes it a powerful tool for benchmarking standard GCMC simulations. 

 Hybrid MP2:(PBE+D2)+ΔCCSD(T) scheme, which were shown to produce 

accurate Gibbs free energies (within 1 kJ/mol) [2-4], are used for each individual sites, 

whereas CCSD(T) lateral interaction energies are employed in this work. Together, they 

yield pure gas isotherms that are in close agreement with experiment. Our simulations 

reveal the importance of lateral interactions on co-adsorption of gas mixtures that are 

relevant to CCS.   

References 
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Polyamino-boranes are made through the dehydropolymerisation of amine-boranes and 

have uses as high-performance ceramics, piezoelectric materials and precursors to white 

graphene.[1,2] Experimentally, we have shown [(κ3-P,O,P-tBuXantphos)Rh(H)], 1, to be an 

efficient catalyst for the dehydropolymerisation of H3B-NMeH2.   

 

 

 

 

 

 

We use DFT calculations to characterize the mechanism of the dehydrocoupling of H3B-

NMeH2 with 1. The results allow us to propose four possible pathways with very similar 

activation barriers (± 2 kcal mol-1). All pathways involve concerted B-H and N-H 

activation steps to form free H2B=NMeH and proceed through fac-[(κ3-P,O,P-
tBuXantphos)Rh(H)3], 2. Intermediates fac-[(κ2-P,P-tBuXantphos)Rh(H)3(H3B-NMeH2)], 3, 

and fac-[(κ2-P,P-tBuXantphos)Rh(H)3(H2)], 4, are also thought to be important in catalysis. 

Furthermore, this system has proved to be a challenge in terms of producing realistic 

barriers for a reaction proceeding efficiently at room temperature as well as the identity of 

the resting state during catalysis. Experimentally this is observed to be complex 1 but 

computationally isomers of intermediate 2 are found to be competitive. A range of 

functionals were assessed for their ability to capture both these aspects.  
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We performed conformational analyses of bis(L-asparaginato)copper(II) [Cu(L-Asn)2] 
in the gas phase and in implicit simulated aqueous medium by using the density functional 
theory (DFT) method and the unrestricted B3LYP functional. One L-asparagine can bind 
to copper(II) via four donor atoms: amino nitrogen (Nam), carboxylato oxygen (O), the 
amide (–CONH2) group nitrogen and oxygen. By bidentate chelation of the donor atoms in 
an equatorial plane, a combination of ten coordination modes can be obtained in both, cis 
and trans configurations.  

The trans-Cu(L-Asn)2 conformers are generally energetically more stable than the cis-
conformers in both environments. Among the most stable gas phase and aqueous 
conformers, strong intra- and inter-residual hydrogen bonds between the amide group 
atoms and the O and/or Nam atoms (Figure 1) are formed. In this presentation we discuss 
how intra- and inter-residual intramolecular interactions as well as stereochemical effects 
influence the relative stability of the title complex conformers. 

 
 
 

 

 

 
Figure 1. The most stable DFT/B3LYP optimized geometries of Cu(L-Asn)2 in trans and 
cis configuration in the gas phase. The hydrogen bonds are indicated as black dashed lines. 
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Recently, there has been a growing interest in thiobases which are analogs of the canonical

nucleic acid bases in which one of the oxygen atoms is replaced by sulphur. The most attrac-

tive feature of these species is their potential applicability in photochemotherapy. Therefore,

understanding of photochemical properties of thiobases, which might be related with desired

anticancer activity, is of utmost importance. Thiocytosine is one of thiobases which shows anti-

tumor [1] and antibacterial activity [2]. Transient absorption (TA) spectroscopy and theoretical

studies indicate that photoexcitation of 2-thiocytosine in the gas phase might lead to efficient

population of the triplet manifold by very fast intersystem crossing (ISC) [3]. However, there is

a growing amount of evidences that in solution water molecules interacting with a chromophore

may substantially alter its photochemistry, and actively participate in formation of new photore-

laxation channels, which are not accessible in the gas phase [4, 5].

In this contribution we shall elucidate photodeactivation mechanisms in the microhydrated 2-

thiocytosine, based on the results of state-of-the-art ab initio calculations. Our results indicate

a particular importance of direct interactions between sulphur and water molecules in excited

states (Fig. 1), which enable new deactivation channels. The latter may be directly related to

the biological activity of 2-thiocytosine.

n orbital π∗
orbital

electron transfer

Figure 1: Water-to-chromophore electron transfer in the T1 nπ∗ state of microhydrated 2-

thiocytosine
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We are developing a new method to predict optical excitations and ionization energies in 

correlated molecules. Our down-folding approach relies on a partitioning of the Hilbert 

space into an active space and a bath [1]. Correlation in the bath is treated with many-body 

perturbation theory (MBPT), while correlation in the active space is treated with 

configuration interaction. The novelty of our method is the coupling between the spaces. 

The coupling is through the exact many-body Hamiltonian and the Green's function from 

the bath space. Because the hybridization between spaces is with the exact Hamiltonian, 

the accuracy of our approach is limited only by the basis size in the active space and the 

accuracy of the bath Green's function. Calculation of the bath Green's function can follow 

any of the already developed routes in MBPT. We use the standard GW+Bethe-Salpeter 

Equation (BSE) framework, subject to a modified polarizability to avoid double-counting 

correlation from the active space. Our method is therefore systematically improvable, 

without empirical parameters, and well-suited to multi-reference systems or double 

excitations. We present preliminary results for N2, benzene, and tetrazine molecules, which 

show an improvement over the conventional GW+BSE approach for optical excitation 

energies. Our computed molecular dissociation curves also show good agreement with full 

configuration interaction results. 
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The chemistry of low-valent main group 13-15 compounds has done a remarkable progress 

in the last decade.1 The σ-donor ligands (L) such as phosphines PR3, N-heterocyclic 
carbene (NHC) and cyclic (alkyl) (amino) carbenes (cAAC) turned out to be the key for 
broadening the scope in this area. Arguably, the synthesis of the disilicon molecule Si2L2 

and carbondicarbene CL2 are the major discoveries.2,3 Since then, monoatomic EL2, 
diatomic E2L2 (E = B, N, P, As, Si, Ge, Sn) and cyclic triatomic E3L3 (E = B, Si) species 
have been reported. In this context, theoretical studies played a crucial role through 

reinterpretation of the bonding situation and with predicting possible new compounds.1 
Recently, we have found that σ-donor ligands are capable to stabilize cyclic C2P2 core 

molecule via donor-acceptor interactions.4,5 Computational calculations has suggested a 
weak covalent transannular P•••P interaction. Interestingly, C2P2 can adopt both cyclic and 
acyclic trans-bent structure depending on the nature of the ligand (Figure 1). 
Inspired by those finding, in this work we present a detailed theoretical study on the 
electronic structure of the complete series of group 15 (C2E2)L2 (E = N, P, As, Sb, Bi and L 
= NHC and cAAC). In order to gain further insight into origins of the different scaffolds, 
we have performed a detailed bonding analysis in the light of Energy Decomposition 
Analysis (EDA). 

E

E

E

E

 
Figure 1. Different molecular structures of (C2E2)NHC2 (E = N, P, As, Sb, Bi) compounds. 

Hydrogen atoms were omitted for clarity. 
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Methylene Blue (MB) is a phenothiazine compound used in several important applications,

especially in photodynamic therapy (PDT). In PDT, cell damage and death is triggered by
reactive oxygen species (ROS) such as singlet oxygen formed from the interaction between

light sensitive chemical compounds and light with a specific wavelength.  Aggregation of
Phenothiazines  and  other  photosensitizers  in  solution,   leads  to  a  significant  loss  of

photochemical efficiency and consequent reduction of therapy efficacy. 
In this work, we investigate the driving force behind Methylene Blue (MB) aggregation in

water  and  in  a  water/urea  2M mixture  by  using  a  combination  of  Density  Functional
Theory  (DFT)  and  Molecular  Dynamics  (MD)  methods.  An  iterative  procedure  for

obtaining a converged average solute-solvent potential was used to investigate the role of
solute induction and polarization by the solvent.

Molecular dynamics simulations were performed for monomers and dimers MB in order to
study the aggregation in a molecular point of view. To achieve this goal, cubic cells were

modeled with 4000 SPC water molecules in a NPT ensemble using GROMOS 53a6 force
field.  Micro-heterogeneous  solutions  were  modeling  by  adding  urea  molecules  to  the

aqueous solutions in a 2M concentration. Running-lengths of 20 ns were adoted to extract
thermodynamic properties from each calcution. Solvation free energies were computed by

using Thermodynamic Integration (TI) technique. All the molecular dynamics simulations
were performed using GROMACS 4.5 package. 

A self consistent protocol was employed to compute a converged average solute-solvent
potential and to obtain the polarized charge distribution of MB in solution. The solute-

solvent interaction potential was described by a simple point charge representation of the
solvent. The final induced dipole of MB in water and in a 2M water/urea mixture show a

circa 80% increase in value when compared to gas phase calculations. Surprisingly, the
pure water  and 2M water/user  mixture  produce virtually  identical  results  for  the  final

dipole  and  charge  distributions.  The  most  notorious  effect  of  the  solvent  induced
polarization, besides the dipole increase, was the localization of a negative charge on the

ring N atom, resulting in stronger hydrogen bonds with solvent molecules.  All the DFT
calculations were done using the Orca 3.03 code. The functional B3LYP and def2-PVTZ

basis set were used throughout.
The authors acknowledge FAPESP, CAPES and UFABC for financial support.
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Polarization, Aggregation.
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MonaLisa program [1] enables to design a large variety of multi-level potential energy 
surfaces (PES). A key feature is the implementation of the mechanical embedding scheme 
for hybrid QM:QM methods. We rely on the latter to determine accurate electronic 
energies and to predict equilibrium structures of periodic systems with hundreds of atoms 
in the unit cell. Our hybrid QM:QM method combines high-level MP2 on cluster models 
with low-level DFT+D on periodic models. The hybrid MP2:DFT+D PESs are 
counterpoise corrected (CPC) for the basis set superposition error (BSSE) and extrapolated 
to the complete basis set (CBS) limit. A posteriori, CCSD(T) coupled-cluster correlation 
effects are estimated as CCSD(T)-MP2 energy differences. The applicability of such 
hybrid MP2/CPC-CBS:DFT+D+ΔCCSD(T) methods has been recently confirmed for 
selected catalytic reaction steps, i.e. adsorption processes of small alkanes in H-Chabazite 
zeolite [2] and methylation reactions of small alkenes in H-ZSM-5 zeolite [3]. In the 
present work we focus on two further adsorption studies: (i) methane and ethane on the 
MgO(001) surface (low and monolayer coverage) and (ii) methanol and ethanol over the 
acidic catalytic site of the H-ZSM-5 zeolite. We show how the hybrid MP2/CPC-
CBS:DFT+D+ΔCCSD(T) approach is a fundamental computational step to obtain accurate 
electronic energies and to reproduce the experimental references within the limits of 
chemical accuracy (± 1 kcal/mol ≈ ± 4 kJ/mol). With the obtained electronic adsorption 
energies and minima we enlarge the set of benchmarking ab initio results available for 
extended periodic systems. 
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Photoacids and -bases undergo drastic pKa changes upon electronic excitation and are therefore

able to initiate proton or hydroxide ion transport in water.

This way, they enable the study of kinetics, elementary steps and co-solvent effects of solvent ion

transfer in bulk solutions. [1, 2] Moreover, well-defined hydrogen bonded solvent bridges can

be investigated via bifunctional chromophores that carry photo-acidic and -basic functionalities

at specific molecular sites; [3] the example of 7-hydroxyquinoline (7HQ) is shown in Figure 1.

Similarly to ion channels in biological systems, these configurations facilitate ultrafast charge

transport through a hydrogen bonded network, because their life-times lie significantly beyond

hydrogen bond reorientation times in the bulk.

In our current study, we report results on the excited state solvent ion transport in methanol-water

mixtures triggered by 7HQ. By means of ab-initio simulations in the ground and first excited

state, employing TD-DFT, we investigated the initial steps of the reaction and its dependency on

the microscopic solvent composition. Our main findings are that the reaction takes place via the

formation of hydroxide and methanolate ions that are transferred in a Grotthus-like mechanism

as opposed to the more commonly discussed hydronium ion transport. Microscopically, the

transfer is largely limited by the reorientation time of methanol. This illustrates the importance

of considering non-aqueous components for the understanding of charge transport in crowded

biochemical systems such as protein channels.

Figure 1: MD snapshot of 7HQ in 7:3 water-methanol solution. A hydrogen bonded solvent

bridge is indicated by dashed lines.
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Although the catalytic power of RNA (ribozymes) has been broadly studied over 
the past 20 years, less is known about the possible catalytic features of DNA. In the past 
years DNA acting as a catalyst (DNAzymes) has emerged as a blooming field. DNA as a 
catalyst was first developed as a therapeutically tool to silence genes through the cleavage 
of mRNA targets. These DNAzymes that cleave RNA are the most studied ones till the 
date, although catalysis for other reactions has been also developed. Different ligation 
reactions of RNA and DNA, oxidative DNA cleavage or excision of nucleobases, DNA 
phosphodiester hydrolysis, RNA hydrolysis, kinase activity through 5’-phosphorilation and 
adenylation has been achieved with newly synthesized DNAzymes.[1] 

It has not been till recently that the first structure of a DNAzyme was resolved.[2] 
This structure sheds light into the pseudoknot type folding of the 44-nucleotide DNA 
strand in complex with the already ligated 15-nucleotide RNA strand. The 9DB1 
DNAzyme characterized by A. Ponce-Salvatierra catalyzes the ligation reaction of two 
RNA strands by forming the phosphodiester bond between the 3’OH atom of one strand 
and the 5’P atom belonging to a GTP bound RNA strand in the presence of Mg2+ or Mn2+ 
cations. However the structure of the 9DB1 was crystalized in its post-catalytical state, 
making it difficult to stablish which is the Michaelis Complex that undergoes catalysis, the 
correct positioning of the reactants and the reason for the transition state stabilization. 
Moreover, the role of metal ions necessary for catalysis could not be understood as no ions 
were found near the linkage site.  

In order to unravel the mechanistic features of the 9DB1 ligating DNAzyme we 
have performed extensive calculations into the system. We have performed classical 
molecular dynamics (MD) simulations to simulate the post-catalytical state and to 
construct the pre-catalytical active state. With the use of Molecular Interaction Potential 
(CMIP) calculations and classical MD simulations we were able to obtain a catalytically 
competent structure that was confirmed with extensive QM/MM and QM/MM-MD 
calculations. Calculations were also performed to confirm and identify the preferred 
binding site of the metal ions by CMIP calculations. We have also made use of the hybrid 
quantum-mechanics molecular-mechanics (QM/MM) methodology to perform MD 
simulations to unravel the most preferred mechanism in terms of free energy at a high QM 
DFT level. These mechanistic insights could be used to enhance the catalytic power as well 
as the efficiency and clarify the role of ions in catalysis. 
 

 
[1] S. K. Silverman, Angew. Chemie - Int. Ed. 49, 7180 (2010). 
[2] A. Ponce-Salvatierra, K. Wawrzyniak-Turek, U. Steuerwald, C. Höbartner, V. 

Pena, Nature 529, 231 (2016).  
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For practical calculations of complex chemical systems, the correlation energy must be approx-

imated with simple computational schemes, e.g., MP2 or DFT based approaches. However,

the first approach fails for transition metal complexes while the second fails for weakly bound

subsystems. In contrast, the Random Phase Approximation (RPA) provides a good compromise

between accuracy and efficiency.[1, 2] RPA is parameter-free, non-perturbative and takes dis-

persion interactions into account. This has led to renewed interest in RPA and the development

of low scaling approaches.[3, 4] Though RPA is on the fourth rung of Jacob’s ladder of DFT,

RPA is often applied as a post-DFT method.

Our RI-RPA scheme uses resolution of the identity based on Gaussian type functions (GTF) for

periodic systems.[5] This makes modeling of 1D and 2D periodic systems explicit and efficient.

The generalized RI-RPA expression includes k-point sampling and recovers a previously de-

rived RI-RPA equation for molecules.[6] Molecular correlation energies are shown for the A24

test set; periodic correlation energies and timings are assessed by a methane test system. Peri-

odic RPA binding energies for naphthalene and benzene 1D chains are compared to molecular

oligomers.

[1] H. Eshuis, J. E. Bates, F. Furche, Theor. Chem. Acc. 131, 1084 (2012).

[2] X. Ren, P. Rinke, M. Scheffler, Phys. Rev. B 80, 045402 (2009).

[3] J .Wilhelm, P. Seewald, M. Del Ben, J. Hutter, J. Chem. Theor. Comput. 12, 5851 (2016).

[4] H. F. Schurkus, C. Ochsenfeld, J. Chem Phys. 144, 031101 (2016).

[5] M. M. J. Grundei, A. B. Burow, J. Chem. Theor. Comput. 13, 1159 (2017).

[6] H. Eshuis, J. Yarkony, F. Furche, /textitJ. Chem. Phys. 132, 234114 (2010).
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The design of molecular photocatalysts, storing solar energy in molecular hydrogen, is of 
tremendous importance for the development of new and clean energy sources. Such 
systems are usually composed of a sensitizer, of a bridge and of a catalytic center. A 
detailed understanding of the electron transfer mechanisms, occurring after the initial 
photoexcitation, is required to optimize the efficiency of hydrogen production. 
In this contribution, the triplet excited states playing a role in the electron transfer 
processes of a Ru-Pd photocatalyst [1,2] are investigated by DFT/TDDFT calculations 
(Figure 1). The energy, geometry and potential energy surfaces of the triplet states are 
computed to identify the most favorable reaction paths. Then, the electron transfer rates are 
determined by Marcus theory and compared to time-resolved experimental data [3]. 

 
Figure 1: Example of orbitals involved in the electron transfers. The left arrow describes 
the initial photoexcitation to a MLCT state. The right arrow represents the subsequent 
electron transfer from the bridge to the catalytic center. 
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Clay minerals are biocompatible and low cost materials which are abundant in nature. 
They have high adsorption, cation exchange capacity and swelling properties [1]. Their 
characteristics are directly related to their colloidal size and crystalline structure. In 
particular, halloysite (Al2Si2O5(OH)4 nH2O) is a multilayer nanotubular material resulting 
from the wrapping of 1:1 layers of kaolinite with 500-1000 nm in length and 15-100 nm in 
inner diameter. Halloysite nanotubes are common excipients in pharmaceutical products 
and can modify drug bioavailability. They can retain organic molecules and, after 
administration, release the retained bioactive compounds under controlled conditions. 
 
The aim of this work was to perform a computational study of the interaction between 
drugs and halloysite nanotubes, as a first stage in the development of modified drug 
delivery systems. Different solid models were generated from the atomic coordinates of a 
slide of a halloysite nanotube [2], applying periodic boundary conditions to create a 
periodical crystal structure (Figure 1). The optimization of this nanotube and the 
adsorption of drugs on the internal surface of halloysite were performed with quantum 
mechanical calculations by using Density Functional Theory (DFT) with CASTEP code. 
 

 
Figure 1. Structure of the halloysite nanotube optimized with CASTEP. 

 

 [1] C. Viseras, P. Cerezo, R. Sánchez, I. Salcedo, C. Aguzzi, Appl. Clay Sci. 48, 291 
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Frozen virtual natural orbitals for coupled cluster properties
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Frozen virtual natural orbitals (FVNO) approach[1, 2], a very useful reduced scaling technique

for calculating ground state correlation energies, has been extended to calculate higher order

properties at CCSD and EOM-CCSD level of theory. Compared to the correlation energies,

properties like polarizabilities and optical rotation were found to be much more sensitive to the

truncation of virtual space in the natural orbital basis, with the errors increasing linearly with

respect to the number of frozen virtual natural orbitals[3]. The performance of the FVNO ap-

proach for such properties, can be improved by employing a correction using relatively less

accurate methods like CC2. However, these corrections based strategies soon become compu-

tationally prohibitive for larger systems. Finally, a new strategy called FVNO++ was devised,

where diffuse orbitals (up to a given cutoff of diffusivity) are retained in the correlated calcula-

tions, followed by the usual truncation of the remaining virtual space based on occupation num-

ber cutoffs. The FVNO++ method produces very small errors compared to the regular FVNO

approach and thus is more suitable for property calculations. Quite surprisingly, the canonical

scheme, where truncation is based on orbital energies, produced relatively lower errors for most

of the properties due to inherent cancellation of errors and a new criterion was devised to help

find the size of the optimal domain for truncation of virtual molecular orbitals in the canonical

basis. Interestingly, the observations noted above are reversed in the case of finite difference

calculations of static properties, illustrating the significance of orbital relaxation which is absent

in the coupled cluster based linear response theories.

[1] P. O. Löwdin, Phys. Rev. 97, 1474 (1955).
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In recent years photodriven molecular motors recieved increasing interest due to their ability to

convert light energy into directional motion. Dube et al. [1] synthesised a hemithioindigo-based

photodriven molecular motor. This motor performs a full rotation after excitation with visible

light, showing > 95% unidirectionality at a very fast rate of 1 KHz at 20◦C.

The full rotation is believed to be a four step process consisting of two light induced and two

thermal steps. However, the underlying mechanism of the rotation is not completely understood.

To elucidate the reaction path we performed excited state quantum chemical calculations at the

CASSCF level of theory. We present serveral possible pathways for the light-induced steps that

compare to the femtosecond pump-probe experiments performed in the Riedle group.

Figure 1: Possible pathways for one of the light-induced steps.

[1] M. Guentner, M. Schildhauer, S. Thumser, P. Mayer, D. Stephenson, P. J. Mayer, H.

Dube, Nat. Commun. 6, 8406 (2015).
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Adsorption of organic molecules on metal surfaces is a process of high interest due to the 

large number of applications in which it is involved: heterogeneous catalysis, hybrid 

materials, photovoltaic devices, optoelectronic devices… The electronic excited states of 

the adsorbed molecules play an important role in some of these examples. For example, to 

turn the solar radiation into electric energy, an electron is promoted to a higher empty 

level, where it can move to the active part of the system. 

In this communication we present a theoretical study of some molecules, as carbon 

monoxide, acrylonitrile or acrolein, adsorbed on Cu(100). In particular, we focus on the 

changes in the properties of the electronic excited states upon adsorption. 

To this, we have used the Wave Packet Propagation (WPP) method [1]. In addition to the 

energy position in the spectrum and the wavefunctions, it allows to obtain the lifetimes of 

the states. It is a very important quantity that, in the case of molecule-surface systems, is 

strongly affected by the coupling of the molecular electronic structure with the surface 

levels. 

The geometry of the adsorbed molecules and the potential used for the WPP is obtained 

with Density Functional Theory (DFT). Since the physisorption is mainly governed by 

weak interactions (van der Waals forces), we have used the OPTPBE [2] functional, which 

includes explicitly these effects. 

 

 

 

       [1]  E. V. Chulkov et al, Chem. Rev. (Washington D.C.). 106, 4160 (2006).	
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Volcano plots, commonly employed tools for identifying potential catalysts in 
heterogeneous and electrochemical applications,[1] were previously demonstrated 
to be both applicable and beneficial for the study of homogeneous systems.[2] The 
thermodynamic and kinetic profiles of perspective catalysts can be predicted by 
computing a simple descriptor variable (the magnitude of catalyst/ substrate 
binding interaction) which relates to the relative energies of all catalytic cycle 
intermediates and transition states through linear free energy scaling relationships. 
Thus, knowing the value of this descriptor gives a complete energetic picture of the 
catalytic cycle for any potential species. This concept was shown to be quite 
successful for studying C-C cross coupling and hydroformylation reactions where 
the findings closely aligned with known experimental results. Given increasing 
atmospheric CO2 concentrations, the hydrogenation of carbon dioxide to formic 
acid/formate is intriguing from the perspective of recycling waste into useful 
chemicals. However, existing catalysts facilitating this process require high 
pressure and generally have low efficiency. With the ability of volcano plots to 
predict new catalytic species; we explored the hydrogenation of carbon dioxide to 
formate using metal-pincer catalysts based on the mechanism proposed by Yang, 
[3]. The position of the highly efficient Ir(H)3PNP catalyst (PNP = 2,6-bis(di-iso-
propylphosphinomethyl) pyridine) on the volcano plot matches its known 
experimental traits, however other experimentally uncharacterized catalysts are 
predicted to have equal or greater activity.  
 

[1] J. K. Nørskov, T. Bligaard, J. Rossmeisl and C. H. Christensen, Nat. Chem. 1, 
37-46 (2009). 
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(2015). (b) M. D. Wodrich, M. Busch and C. Corminboeuf, Chem. Sci. 7, 5723-5735 
(2016). 
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The bioluminescence process corresponds to the emission of visible light through a 

chemical reaction in living things. Those species can be found all around the globe from 

mushrooms and worms on land to jellyfish in the ocean. 

 

In fireflies, this process involves two molecules, a protein called luciferase and a substrate 

called luciferin. During the bioluminescent mechanism, the luciferin reacts to give an 

emitter, named oxyluciferin or OxyLH2 that emits in the yellow-green area of the visible 

spectra. However researchers are still arguing on one question: What is the chemical form 

of the emitter of the bioluminescence? 

 

Indeed, two different tautomers are nowadays in competition, the phenolate-keto form and 

the phenolate-enol form[1]. It has been admitted from previous calculations[2] that the 

resulting tautomer from the bioluminescence reaction is the phenolate-keto. But is it still 

possible to observe a keto-enol tautomerization in protein?  

 

To decipher this behaviour, QM/MM calculations (Quantum Mechanics/Molecular 

Mechanics) will be carried out in order to estimate the energetic barrier between the 

phenolate-keto form and the phenolate-enol form inside the protein. The study has to be 

done at the ground state but also at the 1
st
 singlet excited state to fully understand the 

mechanism of isomerization. 
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The photochemistry of molecular crystals has recently attracted attention due to their techno-

logical applications in crystal lasing, solar cells, OLEDs and field effect transistors. In order

to accurately model the phenomena central to these systems, excited state calculations need to

be carried out. However this becomes prohibitively expensive when in a periodic environment

and there remains a lack of methodology when it comes to modelling excitations in molecular

crystals.

To address this issue, existing hybrid methods are being built upon. In this protocol, periodic

DFT calculations are combined with refined population analysis methods to provide a back-

ground charge distribution for single molecule TDDFT calculations embedded in clusters of

molecules treated at ground state Hartree-Fock level. The resulting long range Coulomb poten-

tial combined with a fully quantum short range interaction favours photochemical mechanisms

present only in the condensed phase. This method benefits from only treating one molecule at

a high level of theory while describing the electrostatic influence coming from different cell ge-

ometries on the molecule. It supports geometry optimisation as well as Minimal Energy Conical

Intersection (MECI) search.

Calculations are carried out on several photoactive molecular crystals in order to asses the influ-

ence of a crystalline environment on their fluorescence and their conical intersection energies.

This poster describes the theory and protocol behind the calculations and the results, compar-

ing them to experimental studies. The limitations of the protocol are discussed and possible

improvements are suggested, as well as candidate systems for future development.
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A new modification of the algebraic-diagrammatic construction scheme for the polarization

propagator (ADC) called CCD-ADC(2) is presented, inspired by similar work on the related

SOPPA method [1, 2]. In order to remedy the sometimes weak Møller–Plesset (MP) ground-

state description in ADC, the MP correlation coefficients were replaced by coupled cluster dou-

bles (CCD) T2 amplitudes for the calculation of vertical excitation energies and transition mo-

ments via the second-order ADC scheme. Furthermore, coupled-cluster amplitudes have been

used in the newly implemented ADC scheme for the complex polarization propagator for the

calculation of static polarizabilities [3]. Here, either both first-order MP doubles and second-

order MP singles coefficients were replaced by the corresponding CCSD T2 and T1 amplitudes

or only the former by the corresponding CCD T2 amplitudes, and they were replaced either

everywhere or only in the vectors of modified transition moments, but not in the ADC secular

matrix.

The static dipole polarizabilities of several atomic and molecular systems were calculated and

compared to FCI results or to experiment. Minor improvements could be obtained for small

systems like HF or H2O. It is shown that the influence of the amplitudes is more distinct in the

vectors of modified transition moments than in the secular matrix, and that CCD amplitudes

seem to better for ADC(2) than CCSD ones. However, the differences are in general rather

small. For the aromatic system benzene, which had proven to be a problematic case for standard

ADC approaches [3], a clear improvement can be observed. Hence, more aromatic systems like

pyridine or naphthalene shall be investigated in the future, provided that experimental data are

available to confirm the general applicability of the novel approach.

[1] J. Geertsen, J. Oddershede, J. Chem. Phys. 85, 2112 (1986).

[2] S. P. A. Sauer, J. Phys. B: At. Mol. Opt. Phys. 30, 3773 (1997).
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Phenomena that induce change in the expression of emission properties of organic 

chromophores is of major interest nowadays with potential applications in optoelectronic 

devices such as fluorescent sensors in cell imaging [1]. Those phenomena are known as 

Aggregation Caused Quenching (ACQ) and Aggregation Induced Emission (AIE) or 

Crystallization Induced Emission (CIE). Depending on whether ACQ or AIE (CIE) is 

considered, properties in a given phase (dilute or concentrated solution, solid films, …) 

will be radically different, resulting in a quenching or enhancement of the emission 

behavior for the molecule. Here we attempt to describe and rationalize, thanks to 

theoretical tools,  the different behavior of isomer E and Z of DPYDPE [2] in terms of 

emission properties in three different phases, namely the solution, crystal and aggregate. 

Both isomers will be studied with the help of (TD-)DFT in solution (PCM model), 

crystalline phase (QM/QM’) and in aggregated phase (Molecular Dynamics combined with 

QM/QM’).  To get a deeper comprehension of the AIE and CIE effects, Huang Rhys
 
[3] 

(HR) factors and reorganization energies (that strongly influence the non-radiative decay 

rate) were calculated to explain the emission behavior of an isomer in the three different 

phases but also the observed difference between isomers E and Z. 
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Hoogsteen (HG) base pairing is an alternative to the common Watson-Crick (WC) 

interaction between nucleotides in DNA. The formation of a HG from a WC base pair 

takes place by a 180° rotation of the purine about its glycosidic bond (anti to a syn 

transition), generating a different structural and chemical environment. It has been 

typically assumed that deviations of WC base-pairing are driven by DNA damage, or 

interactions between DNA and proteins or small ligands. However, recent NMR and 

computational studies indicate that WC-HG structures might be in equilibrium even in 

naked B-DNA duplexes, and that HG is actually an accessible alternative to WC base-

pairing [1-2]. 

In the present study, the WC↔HG transition free energy landscape was obtained from all-

atom molecular dynamics (MD) simulations, using a state-of-art force field (ParmBSC1 

[3]) for DNA. Eight different DNA sequences were considered; both in solution and in the 

context of a nucleosome core particle which, to our knowledge, is the first systematic study 

focused on WC↔HG transitions. Sequence and environment impact on the energy 

landscape were explained in terms of changes in the pattern of  hydrogen bond and 

stacking interactions. Although the obtained results suggest that the WC-HG equilibrium is 

influenced by factors like the electrostatic environment or the DNA topology, similar 

transition paths involving only minor (if any) flip-out movements  of the target adenine 

were obtained. This result reinforces the idea that HG base-pairs are found even in normal 

conditions, thus expanding the structural complexity of DNA.  

 

 

[1] E. N. Nikolova, E. Kim, A. A. Wise, P. J. O’Brien, I. Andricioaei, H. M. Al-Hashimi, 
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In this research the effectiveness of the isoelectronic substitution (IS) principle [1] is 

evaluated in a series of complexes with the general formula OsCl2(SX3H3)(PH3)2, where X3 

represents the moieties CCC, CCB, CCN, CBN, CNB or NCB, formed by substitution of 

the carbon atoms in CCC by either the isoelectronic B
-
 or N

+
 separately, or by both. The 

SX3H3 moiety forms, together with Os, an aromatic five-membered ring (5-MR) called 

osmathiophene. The preservation of stability and aromaticity in the resulting systems is 

used to indicate the effectiveness of the IS principle. The aromaticity of the proposed 

molecules is analyzed according to the magnetic (induced magnetic field, B
ind

) [2] and 

electronic (through the multicenter index (MCI)) criteria. [3] In addition a chemical 

bonding analysis on selected species is performed by the adaptive natural density 

partitioning (AdNDP) method. [4] 
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Shewanella oneidensis MR-1 can stretch out its outer membrane and periplasm, creating nanowires

to scavenge for electron acceptors to perform extracellular electron transport[1]. The com-

ponents responsible for the transport across the lipid bilayer are decaheme membrane protein

complexes, which uses multiple heme-c cofactors for the electron transfer. However, the ar-

rangement of these cofactor makes the electron transport nontrivial[2], and despite numerous

experimental and theoretical studies on the mechanisms of electron transfer[3, 4, 5], important

issues remain to be addressed. We studied the energetic landscape in two components of the

membrane protein complex responsible for binding electron acceptors, MtrC and its homologue

MtrF. We assessed different electron transfer scenarios, where electron and hole hopping cases

are taken into account, and compared with experimental results to rule in which oxidation state

these proteins are most likely to be found. Our results suggest that different mechanisms should

be studied, as the energetic landscape can be strongly affected in systems with multiple redox

centers.

[1] S. Pirbadian et al, Proc. Natl. Acad. Sci. USA 111, 12883-12888 (2014).

[2] T. A. Clarke et al, Proc. Natl. Acad. Sci. USA 108, 9384-9389 (2011).

[3] H. S. Byun et al, ChemElectroChem 1, 1932-1939 (2014)

[4] M. Breuer, K. M. Rosso and J. Blumberger, Proc. Natl. Acad. Sci. USA 111, 611-616

(2014).

[5] H. C. Watanabe, Y. Yamashita and H. Ishikita, Proc. Natl. Acad. Sci. USA 114, 2916-

2921 (2017).
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We have explored the reaction mechanism of the metal-free B(C6F5)3-catalysed 

hydrogenation of carbonyl compounds to the corresponding secondary alcohols by density 
functional theory calculations. Possible reaction routes have been investigated in detail and 

the results provide solid support for the mechanism proposed on the basis of experimental 

observations. The critical role of the ethereal solvent, as an active participant in the 
hydrogenation process, is highlighted with the ether–borane frustrated Lewis pair shown to 

be involved in the heterolytic activation of H2. The feasiblity of an alternative direct 

hydrogenation route featuring carbonyl–borane-mediated H2 cleavage has also been 

examined. We have also investigated the moisture sensitivity of the catalyst and possible 
decomposition routes. We found that the catalyst shows appreciable water-tolerance and 

that even in the presence of moisture the hydrogenation proceeds through the same 

mechanism as that followed under anhydrous conditions. 
 

 

 

[1] T. Mahdi, D. W. Stephan, J. Am. Chem. Soc. 136, 15809 (2014). 

[2] D. J. Scott, M. J. Fuchter, A. E. Ashley J. Am. Chem. Soc. 136, 15813 (2014). 

[3] D. J. Scott, T. R. Simmons, E. J. Lawrence, G. G. Wildgoose, M.J. Fuchter, A.E. Ashley ACS. 

Catal. 5,5540 (2015). 

[4] S. Das, S. K. Pati Chem-Euro. J. 23,1078 (2017). 
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In experimental measurements of chloroform solution and thin films of PPI dendrimers 
and PEI polymers with incorporated oxadiazole moieties it was found that there is a shift 
of fluorescence spectra peak in thin films [1]. Absorption spectra in solution (CHCl3) have 
maximum at about 300-320 nm and fluorescence spectra – at about 370-390 nm. A 
fluorescence spectra in film have maximum at about 390-450 nm. It was also 
experimentally found that additional fluorescence peak appears at far wavelength at about 
550 nm of the spectra in thin film of PEI polymer with incorporated oxadiazole moieties 
[2]. 
The objective of this work is to explain the experimental absorption and fluorescence 
spectra of dendrimers and polymers with incorporated 1,3,4-oxadiazole moieties using 
DFT and TDDFT methods of quantum chemistry. 
1,3,4-oxadiazole monomers, dimers and bigger aggregates were used for modelling spectra 
of PPI dendrimers and PEI polymers in solutions and in vacuum. It was found that a peaks 
of absorption and fluorescence spectra of chloroform solutions of PPI dendrimers and PEI 
polymers may be quite accurate described by monomer excitations mainly. Changes of 
geometry of oxadiazole monomer during relaxation in first excited state and possible 
dimers and bigger aggregates structures of chromophores in the ground and excited 
electronic states were determined. It was found that the fluorescence peak at 550 nm can’t 
be explained by TDDFT calculations of excited states. This peak is attributed to 
fluorescence of bigger aggregates and exciton theory level should be used for its 
description. 
 
       [1] S. Herńndez-Ainsa, J. Barbeŕ, M. Marcos, J. L. Serrano, Macromolecules 45, 
1006, (2012). 
       [2] V.Gulbinas, (Center for Physical Sciences and Technology, Vilnius), private 
commun. 
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A complete active space configuration interaction (CAS-CI) program has been developed. 
The new program is designed for a routine treatment of magnetic properties of exchange 
coupled systems, like polynuclear transition metal or lanthanoid complexes.  

Usually, spin-orbit effects are considered in a two-step procedure after the CAS-CI by 
means of quasi-degenerate perturbation theory which requires large CI expansions to 
converge although often only a few low-lying electronic states contribute to the electronic 
properties at low temperature. Therefore, a procedure was implemented which includes 
spin-orbit interactions directly within the CAS-CI step [1]. 

The direct spin-orbit CAS-CI program uses a determinant-basis with spin-space separation 
[2] and the spin-string formalism proposed by Knowles and Handy [3]. Orbital relaxation 
effects in charge-transfer states are considered by means of the MCAS-CI approach [4]. 
For polynuclear systems, we developed and tested tailor-made starting vectors, constructed 
as direct products of subsystem wave functions for the individual sites. 

First applications on magnetic properties of different Co(II) complexes comprising up to 
three magnetic centers, exhibiting first as well as second order spin-orbit coupling, are 
shown. 

 
[1] D. Ganyushin, F. Neese, J. Chem. Phys. 138, 104113 (2013). 
[2] J. Olsen, B. Roos, P. Jørgensen, H. J. Å. Jensen, J. Chem. Phys. 89, 2185 (1988). 
[3] P. J. Knowles, N. C. Handy, Chem. Phys. Lett. 111, 315 (1984). 
[4] K. Fink, V. Staemmler, Mol. Phys. 111, 2594 (2013). 
  
We thank the DFG for funding within the collaborative research center SFB/TRR88 
“3MET”, project A1. T.B. thanks the Danish Research Council (FNU) for funding. 
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We present an efficient strategy to extend the equation of motion coupled cluster (EOM- CC)

method for large molecules using pair natural orbitals. We use the domain based local pair

natural orbital coupled cluster (DLPNO-CCSD) method for the ground state, while the EOM-

CCSD calculation for excitation energy, ionization potential or electron affinity are performed

in the canonical basis. A second similarity transformation (STEOM- CCSD) has been used to

reduce the computational scaling of the excited states[1]. The most expensive external exchange

term in the calculation is evaluated using the semi-numerical chain of spheres exchange (COSX)

method, which gives nearly 10x speed up and removes the associated storage bottleneck [2].

We have devised a new scheme based on CIS natural orbital, which can automatically select

active space for the STEOM-CCSD calculations [3]. An efficient scheme for calculation of

transition properties has also been realised. Our new (back transformed) bt-PNO-STEOM-

CCSD method has uniform accuracy for valence, Rydberg and charge transfer excited states and

can be routinely applied to medium size molecules. For further speed up, we want to evaluate

the expensive IP and EA calculation steps of bt-PNO-STEOM-CCSD method in pair natural

orbital basis. A near-linear scaling IP-EOM-CCSD code, which can be applied for molecules

with more 1000 atoms, has recently been implement for that purpose.

[1] A. K. Dutta, F. Neese, and R. Izsák. J. Chem. Phys. 145, 34102 (2016).

[2] A. K. Dutta, F. Neese, and R. Izsák. J. Chem. Phys. 144, 34102 (2016).

[3] A. K. Dutta, M. Nooijen, F. Neese, and R. Izsák. J. Chem. Phys. 146,74103 (2017).

[4] A. K. Dutta, F. Neese, and R. Izsák. J. Chem. Phys. 146, 214111 (2017).
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Developing efficient heterogeneous catalysts for pharmaceutical industrial processes in the 
C-C coupling reactions is a current major challenge for material scientists, organic 
chemists, industrial engineers and other researchers. Recently, multifunctional organic-
inorganic hybrid materials have become an attractive alternative class of catalysts, for 
applications in cascade, asymmetric, multi-step reactions. The idea of designing hybrid 
materials is originated by the observation of the success of nature developing enzymes in 
living organisms. Indeed, selectivity is a crucial factor for the survival of the species. 
Organic-inorganic hybrid materials combine the advantages of inorganic solids (high 
mechanical, thermal, and structural stability) and organic molecules or macromolecules 
(flexibility and functionality), maximizing the chemical efficiency. Beside the different 
synthetic strategies, the covalent interactions among organic and inorganic units to 
synthesize class II hybrids allow to obtain more robust and stable functional solids. [1] 
Nevertheless, the family of Class II hybrid materials could suffer of low conversions and 
low selectivity because of a non-regular distribution of the different active centers. 
In this context, also thanks to the recent evolutions in High Performance Computing (HPC) 
architectures, theoretical methods can be successfully applied to provide structural 
information and interface properties at an atomistic level to both guide and interpret 
experimental synthesis and measurements [2,3]. 
In this contribution, periodic and cluster models of silica-based frameworks, together with 
realistic models of hydroxylated amorphous silica surfaces, functionalized with organic 
catalysts, will be reported as reference for the synthesis and characterization of innovative 
porous organic-inorganic materials, with several active sites. The choice of the functional 
in the context of Density Functional Theory (DFT), inclusive of empirical corrections for 
dispersive interactions, compared to the use of low-cost quantum chemical methods, such 
as HF-3c [4], will be discussed. The advantages provided by the joint use of experimental 
and computational techniques will be also highlighted.  
The present research activity is part of the HORIZON2020 European Project 
MULTI2HYCAT ‘Multi-site organic-inorganic hybrid catalysts for multi-step chemical 
processes’ (Grant Agreement n. 720783). 
 
       [1]  S. Newland, D. Xuereb, E. Gianotti, et al., Catal. Sci. Technol. 5, 660 (2015). 
       [2]  V. Sacchetto, C. Bisio, D.F.O. Olivera, et al., J. Phys. Chem C 119, 24875 (2015). 
       [3]  M. Delle Piane, M. Corno, P. Ugliengo, Theor. Chem. Acc. 135, 53 (2016).  
       [4]  M. Cutini, B. Civalleri, M. Corno, et al., J. Chem. Theory Comput. 12, 3340
 (2016). 
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A viable renewable energy ecosystem requires an energy carrier to store the often 

intermittent energy generated from carbon-free sources. Hydrogen obtained by 

electrochemical water splitting on a suitable catalyst can serve in this role. The ideal catalyst 

should be efficient, stable under operating conditions, and composed of abundant elements. 

Initial results obtained using density functional theory simulations of the more difficult half-

reaction, the anodic oxygen evolution reaction (OER), with a carbon nanotube as catalyst, 

show that the presence of nitrogen reduces the required OER overpotential significantly. 

With graphitically-substituted nitrogen, the lowest obtained overpotential is 0.45 V, and is 

near the peak of the volcano plot with these materials. The OER mechanisms and the effects 

of coverage, explicit aqueous solvation, and defects will also be presented. 
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After World War I, large quantities of highly toxic chemical warfare agents were disposed in

the Baltic Sea, where they now constitute a major environmental hazard. New fast, secure, and

non-destructive methods are required for the decontamination of highly corroded containers,

which are nowadays frequently found in fishing nets or at beaches of the Baltic sea.

A very promising approach is to use oxides as catalysts for the decomposition of the chemical

warfare agents via hydrolysis reactions. In particular ZnO nanorods are promising candidates

according to recent experimental work [1]. However, a detailed understanding of the chemical

process of defunctionalization at the solid/liquid interface is mostly lacking, as it is close to

impossible to perform standard surface science experiments due to the high toxicity of the ma-

terials. Yet, basic insights into the reaction mechanisms at the surface are crucial for improving

the catalyst performance. For such hazardous materials in silico research can greatly reduce the

number of required experiments.

In a previous study we analyzed the possible conformers of sulfur mustard (SM) in the gas

phase [2] by means of the ab initio Car-Parrinello Molecular Dynamics (CPMD) method em-

ploying the CPMD code (see: www.cpmd.org). The most stable gas phase conformers of SM,

which were determined in these simulations, were used as starting point for our structural

search of possible adsorbate structures of SM at two different ZnO surfaces: an ideal water-

free and a water-covered ZnO termination. The structure search was conducted using a high

throughput screening approach by performing ab initio geometry optimizations from snapshots

of the MD simulations employing the Quantum Espresso software package (see: www.quantum-

espresso.org) in order to obtain basic insights into the different types of interactions between the

SM molecules and the ZnO surfaces. Furthermore, we will present first preliminary results of

CPMD simulations on the full water/ZnO interface, which was created by embedding the ZnO

prototype catalyst with adsorbed SM molecules in several layers of water.

[1] G.K. Prasad, T.H. Mahato, B. Singh, K. Ganesan, P. Pandey, K. Sehhar, Detoxification

reactions of sulphur mustard on the surface of zinc oxide nanosized rods, J. Hazard.

Mater. 149 (2007).

[2] J. Lach, J. Goclon, P. Rodziewicz, Structural flexibility of the sulfur mustard molecule

at finite temperature from Car–Parrinello molecular dynamics simulations, J. Hazard.

Mater. 306 (2016)
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Quantum-chemical multi-configurational methods are indispensable for the calculation of elec-
tronic structures of molecules with close-lying frontier orbitals. Despite their importance, the
necessity to manually select a subset of strongly correlated active orbitals renders the applica-
tion of these methods error prone. Furthermore, the selected active orbital spaces have to be
as compact as possible because subsequently applied methods for the calculation of dynamical
correlation scale unfavourably with the number of active orbitals. This and the fact that empiri-
cal guidelines[1] for the manual active orbital selection require a phase of trial and error, often
limit the application of these methods to experienced experts.
We recently proposed an automated active orbital space selection protocol based on orbital en-
tropies that are calculated from partially converged density matrix renormalization group wave
functions.[2] Converged complete active space wave functions from these automatically selected
active orbitals were shown to be suitable reference wave functions for subsequently calculated
dynamic correlation by means of multi-reference perturbation theory.[3]
Here, we demonstrate that extended active orbital selection protocols guarantee consistent ac-
tive orbital spaces along reaction coordinates and for several excited states.[4] In addition, we
present a graphical user interface that combines these protocols and enables automated multi-
configurational calculations for various scenarios.

[1] V. Veryazov, P.-Å. Malmqvist, B. O. Roos, Int. J. Quantum Chem. 111, 3329 (2011).

[2] C. J. Stein, M. Reiher, J. Chem. Theory Comput. 12, 1760 (2016).

[3] C. J. Stein, V. von Burg, M. Reiher, J. Chem. Theory Comput. 12, 3764 (2016).

[4] C. J. Stein, M. Reiher, Chimia 71, 170 (2017).
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Broad classes of photodissociation reactions proceed through conical intersections of excited

electronic states.[1] The electronic degeneracy may affect the absorption spectra and the photo-

fragment state distributions.[2] The latter are usually reconstructed from total kinetic energy

release (TKER) spectra, in which the peaks correspond to vibrational states of the photoprod-

ucts, and the intensity gives the photon energy-dependent populations.[1]

In this contribution, the prototypical photodissociation

pyrrole + hν → pyrrolyl + H is analysed in detail. Under

long-wavelength irradiation, pyrrole is excited to a low-lying

repulsive πσ∗ state. Upon N–H bond elongation, the potential

energy surfaces (PES) of the πσ∗ and S 0 states cross.[3] The

reaction is studied with wave packet simulations using new

diabatic potential energy surfaces derived from CASPT2 cal-

culations. The calculated absorption profile exhibits the ‘hall-

mark’ of the πσ∗/S 0 intersection: Narrow Fano profiles on

top of the continuous spectral envelope.[4] The simulations,

performed with the MCTDH method, reproduce the exper-

imental TKER spectra, and allow the complete assignment

of the vibrational peaks of pyrrolyl. To our knowledge, this

is the first quantum mechanical calculation of vibrationally-

resolved TKER spectra of a polyatomic system.[5]

Approximate methods are also presented to compute the ab-

sorption spectrum and the final product distributions of dis-

sociating molecules. These approaches allow a qualitatively

correct estimate of spectroscopic observables with a minimum

amount of ab initio calculations.[5]

[1] M. N. R. Ashfold et al., Phys. Chem. Chem. Phys. 12, 1218 (2010)

[2] D. Picconi and S. Yu. Grebenshchikov, J. Chem. Phys. 141, 074311 (2014);

Phys. Chem. Chem. Phys. 17, 28931 (2015)

[3] B. Cronin, M. G. D. Nix, R. H. Qadiri and M. N. R. Ashfold, Phys. Chem. Chem. Phys.

6, 5031 (2004)

[4] S. Yu. Grebenshchikov and D. Picconi, Phys. Chem. Chem. Phys. Advance Article, DOI:

10.1039/c7cp01401e (2017)

[5] D. Picconi and S. Yu. Grebenshchikov, in preparation

PO2-175



Adsorption of Graphene to Metal (111) Surfaces using the Exchange-Hole Dipole

Moment Model

Matthew S. Christian1, A. Otero-de-la-Roza 2, Erin R. Johnson1

1Department of Chemistry, Dalhousie University, 6274 Coburg Road, Halifax, Nova Soctia,

Canada B3H 4R2
2Department of Chemistry, University of British Columbia, Okanagan, 3247 University Way,

Kelowna, British Columbia, canada VIV 1V7

Graphene is a material that has unique electronic and tribologic properties. Understanding how

graphene interacts with metals is important for advancing the use of graphene beyond the lab-

oratory test environment to commercial manufacturing. Until recently, modeling graphene’s

interaction with metals using conventional density-functional theory (DFT) has been difficult

because the lack of long-range, non-local correlation needed to calculate dispersion interactions.

However, dispersion can be accounted for by adding a post-SCF correction to the DFT energy.

We present a thorough study of graphene adsorption on metal surfaces using DFT, incorporating

the exchange-hole dipole moment (XDM) dispersion model. Our results reproduce experimen-

tal observations of strong and weak graphene-metal interactions and demonstrate clear periodic

trends. We also show that graphene typically prefers an aligned orientation with the metal sur-

face and highlight how carbon-carbon bond strain affects monolayer formation.

[1] A. O. de-la-Roza, E. R. Johnson, J. Chem. Phys. 136, 174109 (2012).

[2] M. S. Christian, A. O. de-la-Roza, E. R. Johnson, J. Chem. Theory Comput. 12, 17953

(2016).

[3] M. S. Christian, A. O. de-la-Roza, E. R. Johnson, Carbon 118, 184 (2017).
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We recently developed an adiabatic variational theory for low-temperature collisions between

atoms and diatomic molecules [1, 2]. Within the framework of this theory, couplings between

different angular momentum states (associated with diatomic and with atom-diatom relative ro-

tations) and different angular momentum projection states during an experiment are taken into

consideration. It provides us with physical insight into dynamics of reactions and enables us to

study the role of anisotropy. Our approach reduces the dimensionality of the Hamiltonian under

consideration without losing essential physics and significantly enhances the computational effi-

ciency. The five degrees of freedom problem, where the bond length in the diatomic molecule is

kept fixed, is replaced with a set of uncoupled one-dimensional subproblems. As an illustrative

numerical example, the theory has been applied to calculate the Penning ionization reaction rate

of the excited metastable helium atom and the molecular hydrogen for both configurations: para

and ortho. The results are in very good agreement with the latest experimental findings [3].

[1] M. Pawlak, Y. Shagam, E. Narevicius, N. Moiseyev, J. Chem. Phys. 143, 074114 (2015).

[2] M. Pawlak, Y. Shagam, A. Klein, E. Narevicius, N. Moiseyev, J. Phys. Chem. A 121,

2194 (2017).

[3] A. Klein, Y. Shagam, W. Skomorowski, P. S. Żuchowski, M. Pawlak, L. M. C. Janssen,

N. Moiseyev, S. Y. T. van de Meerakker, A. van der Avoird, C. P. Koch, E. Narevicius,

Nature Phys. 13, 35 (2017).
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CREBBP bromodomain containing proteins are epigenetic readers that have 

received increasing attention in recent years as promising cancer drug targets [1]. To aid in 

inhibitor design, we utilized computational chemistry techniques, such as classical 

molecular dynamics (MD) and quantum mechanics (QM), to analyse key interactions that 

drive selectivity for CREBBP by a series of fifteen 5-isoxazolyl-benzimidazole inhibitors 

(IBIs) [2] via the formation of a key cation-π interaction with a conserved arginine residue 

unique to CREBBP [3]. 

100 ns MD simulations with explicit solvation were performed with an initial 

inhibitor template bound to a CREBBP protein. Cation-π interactions were critical for 

binding and present for more than 70% of simulation time, although not initially observed 

in crystal structures. Given the importance of this interaction for the stability of the 

inhibitor, we performed additional binding free energy calculations on fifteen IBIs using 

molecular mechanics/Poisson-Boltzmann (PB) and generalized Born (GB) surface area 

(MM-PBSA, MM-GBSA) scoring functions. We also performed QM-complexation 

energies for an accurate prediction of cation-π interactions. A third technique analysing the 

Electrostatic Potential Surface Area (ESPs) of the substituted benzenes demonstrated that 

consideration of only the surface above the π system is enough for a quantitative (R
2
 = 

0.84, n = 15) and qualitative prediction of these interactions. 

Results from our three methodologies correlated well with experimental binding 

affinities for prediction of cation-π interactions with CREBBP inhibitors.  However, ESP is 

significantly faster without compromising accuracy. Applications of these MM, QM, and 

ESP calculations can be easily extended to other small molecule protein complexes in 

which cation-π interactions are necessary for driving selectivity. 

 

[1]  P. Filippakopoulos, S. Knapp,  Nat. Rev. Drug Discov. 13, 337–356 (2014). 

 

[2] D. A. Hay, O. Fedorov, S. Martin, D. C. Singleton, C. Tallant, C. Wells, S. Picaud, 

M. Philpott, O. P. Monteiro, C. M. Rogers, S. J. Conway, T. P. Rooney, A. 

Tumber, C. Yapp, P. Filippakopoulos, M. E. Bunnage, S. Muller, S. Knapp, C. J. 

Schofield and P. E. Brennan, J. Am. Chem. Soc. 136, 9308–9319 (2014). 

[3] K. Kumar, W. A. Cortopassi, R. S. Paton, Org. Biomol. Chem. 14, 10926-10938 

(2016).  
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The Halogen Bonds have proved to be very relevant to understand phenomena in 
materials science, organic, medical, and biochemistry fields [1]. Recent works have shown 
strong evidences that orbital interactions lead to formation of halogen bonded systems, 
putting in doubt another approach used to understand these interactions, the σ-hole model 
[2,3]. In fact, the accurate description of the electronic structure of Halogen Bonds is highly 
necessary. However, large systems are still a great challenge to electronic structure methods. 
In this perspective, simpler techniques such as molecular mechanics force fields are 
plausible approaches to obtain good results over these systems, once they are carefully 
parameterized [4].  

In this work, a new empirical potential has been developed to describe Halogen 
Bonds, considering the F, Cl and Br atoms, in function of the quantum parameters δ and γ, 
as showed in equation (1) [3]. 

��� = � { � +� ��Θ 6⁄� − ( �� + �)6}                                                                                  

S-triazine∙∙∙Ar/NC2H3 have been used as a model to fit Emod regarding quantum 
calculations [3]. A crucial factor to design Emod was to show the straight relationship between 
the maximum ESP value on σ-Hole (Vmax) and the energies of LUMOs that contains the σ*C-

X orbital. This feature has allowed us to build parameters in function of Vmax to describe the 
orbital interactions, that were the main responsible to lead the Halogen Bonds [3]. The new 
empirical potential Emod have also demonstrated a great performance to describe systems out 
of the training set [3]. In this scenario, we believe this study will be helpful to improve the 
force fields description of large systems containing Halogen Bond. 

We would like to thank FAPEMIG, CAPES and CNPq for the financial support. 
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Molecular structure plays a critical role in the physical and chemical properties of 

compounds. The bioactive conformation of epinephrine deposited in the Protein Data Bank 

(PDB ID: 4LDO [1]) adopts a gauche arrangement along the O-C-C-N dihedral angle. The 

nature of the gauche effect, i.e. the preference of electronegative groups to assume the 

more sterically hindered gauche rather than the anti orientation, has been attributed to 

intramolecular interactions, such as hyperconjugation, hydrogen bond and electrostatics 

[2]. Therefore, in order to better understand the relative influence of intramolecular 

interactions on the bioactive structure, this work aims to quantum-chemically analyze the 

conformational isomerism of epinephrine both in gas phase and implicit water.  
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Figure 1: Structure of N-protonated epinephrine and dihedral angles evaluated.   

Thirty energy minima were found for epinephrine in the gas phase and ninety-two 

in implicit water. The most stable conformers in the gas phase are also highly populated in 

implicit solvent. These conformers adopted a gauche orientation regarding the O-C-C-N 

torsional angle. The results from natural bond orbital analysis and quantum theory of 

atoms in molecules indicated the formation of an intramolecular hydrogen bond. However, 

the replacement of the amino hydrogens by methyl groups did not disrupt the gauche 

arrangement, thereby indicating that the electrostatic gauche effect takes place.  

The authors are grateful to CAPES (Coordenação de Aperfeiçoamento de Pessoal 

de Nível Superior), CNPq (Conselho Nacional de Desenvolvimento Científico e 

Tecnológico), and FAPEMIG (Fundação de Amparo à Pesquisa do Estado de Minas 

Gerais) for supporting this research. 
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Oganesson: Rare Gas or not? Monte-Carlo Melting Simulations of Heavy and

Super-heavy Group-18 Elements
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We are presenting Monte-Carlo simulations of thermodynamical properties for heavy and super-

heavy noble gas elements based on interatomic potentials from accurate ab-initio calculations.

The Extended-Lennard-Jones type two-body potentials [1] were obtained by performing Coupled-

Cluster calculations up to the CCSDTQ level of theory. Spin-orbit relativistic effects were taken

into account and included the Gaunt term as an approximation to the Breit interaction. Three-

body interactions were considered in the form of Extended-Axilrod-Teller potentials.

One of most interesting quantities to obtain from our Parallel Tempering Monte-Carlo (PTMC)

simulations are reliable predictions for melting temperatures.[2] Especially for the experimen-

tally elusive oganesson (Element 118) it is of great interest to see if it is still a gas at ambient

conditions or not.
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A comparison of two-body interatomic potentials for oganesson computed at non-relativistic,

scalar-relativistic and spin-orbit-relativistic levels revealed the importance of spin-orbit effects

in this element and the influence on the melting behavior.

[1] P. Schwerdtfeger et. al, Phys. Rev. B 2006, 73, 064112.

[2] E. Pahl, P. Schwerdtfeger et. al., Angew. Chem. Int. Ed. 2008, 43, 8207–8210.
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Nowadays, DFT has become an essential analysis tool in diverse scientific fields. More 

than 25,000 papers used DFT every year since 2011.[1] Such tremendous success of DFT 

especially in chemistry cannot be made without the development of hybrid functionals, as 

is exemplified by the fact that the famous hybrid functional, B3LYP, has been cited more 

than 55,000 times. 

Standard hybrid functionals utilize the Hartree-Fock exchange operator to obtain Kohn-

Sham orbitals. Without losing accuracy for ground state properties, we can replace the 

exchange operator in the hybrid functionals with local exact exchange potential. This local 

potential can be made by using the optimized effective potential method, or its 

approximated version, such as Krieger-Li-Iafrate(KLI) method.[2-3] 

In this presentation, we will present the formalism of the localized version of hybrid 

functional, which incorporates a KLI approximated hybrid potential, and its applications. 

The Kohn-Sham orbital obtained from the local version of hybrid functionals shows 

distinct properties to conventional one, and it makes the DFT represent optical excitation 

more precisely. Also, we performed a benchmark calculation using the Caricato set[4] for 

excited states. The KLI approximated hybrid method even with an LDA kernel gives a 

surprisingly small mean absolute error of 0.25eV which outperformed all other pure, 

global hybrid, and long-range-corrected hybrid functionals encompassing 61 well-known 

functionals. In particular, it shows good performance for Rydberg excitations.  

 

       [1]   A. Pribram-Jones, D. A. Gross, and K. Burke, Annu. Rev. Phys. Chem. 66, 283 

(2015). 

       [2]   J. Kim, K. Hong, S.-Y. Hwang, S. Ryu, S. Choi, and W. Y. Kim, Phys. Chem. 
Chem. Phys. 19, 10177 (2017). 

       [3]   J. Kim, K. Hong, S. Choi, and W. Y. Kim, Bull. Korean Chem. Soc. 36, 998 

(2015). 

       [4]   M. Caricato, G. W. Trucks, M. J. Frisch, and K. B. Wiberg, J. Chem. Theory 
Comput. 6, 370 (2010). 
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1-anthracen-9-yl-pyrene derivatives, namely dual core derivatives, which were highly 
efficient blue emitting materials were synthesized in the previous study [1, 2]. Most of blue 
emitter materials have been known to have low efficiency as organic light emitting diode 
(OLED) device. But, the novel dual core materials have nearly twice the PL efficiency of 
single core materials. To understand the optical properties of dual core materials, non-
adiabatic molecular dynamics simulations [3] based on the time-dependent density 
functional theory (TDDFT) were performed. The two lowest excited singlet states were 
involved in the dynamics, and there were competing relaxation paths. On the basis of our 
simulated results, the decay from the S2 state to the S1 state via conical intersection plays a 
key role in high PL efficiency. This study would help to understand good PL efficiency of 
the dual core chromophore materials. 

 
[1] B. Kim, Y. Park, J. Lee, D. Yokoyama, J.-H. Lee, J. Kido, J. Park, J. Mater. Chem. C, 
1, 432 (2013) 
[2] H. Lee, B. Kim, S. Kim, J. Kim, J. Lee, H. Shin, J.-H. Lee, J. Park, J. Mater. Chem. C, 
2, 4737 (2014) 
[3] M. Barbatti, M. Ruckenbauer, F. Plasser, J. Pittner, G. Granucci, M. Persico, H. 
Lischka, Wiley Interdiscip. Rev. Comput. Mol. Sci., 4, 26 (2014). 
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Time-dependent density functional theory (TD-DFT) calculations were performed to 

examine electronic properties, excitation energies and phosphorescent lifetimes of the 

perfluoro-substituted iridium (Ir) complexes which were newly synthesized for 

applications in deep-blue phosphorescent organic light emitting diodes (OLEDs). All the 

calculations for phosphorescent lifetimes of the compounds were done by Amsterdam 

Density Functional (ADF) package based on the zeroth-order regular approximation 

(ZORA).  The electrons in the HOMO of the compounds were mostly distributed over the 

phenyl group of the main ligand, with there being a large contribution from the d atomic 

orbital of iridium as well, suggesting the introduction of the strong electron-withdrawing 

perfluoro carbonyl group led to a decrease in HOMO level: perfluoro alkyl group more 

strongly affects the HOMO level than the LUMO level. The phosphorescent lifetimes of the 

non-carbonyl perfluoro compounds were shorter than those of the perfluoro carbonyl 

compounds. The shortest phosphorescent lifetime is estimated up to 2.5s for the 

compound with trifluoromethylated triazole (fptz) as the ancillary ligand, indicative of 

good triplet harvesting. We also estimated the degree of the metal-to-ligand charge transfer 

(MLCT) transition in the triplet transition: the contribution of the MLCT for the iridium 

complexes was found to be higher than 34% for all perfluoro-substituted compounds.  

 

     X =COCF3, COCF2CF2CF3, CF3, and CF2CF2CF3 

Figure 1. Structure of perfluoro-substituted iridium (Ir) complexes (left) and their isomers (right). 

 

 [1] S. Lee, S.-O. Kim, H. Shin, H.-J. Yun, K. Yang, S.-K. Kwon, J.-J. Kim, and Y.-H. 
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[2] J.-B. Kim, S.-H. Han, K. Yang, S.-K. Kwon, J.-J. Kim, and Y.-H. Kim, Chem. Comm., 
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Human Immunodeficiency Virus type 1 (HIV-1) envelope glycoprotein gp140 has been a 

target protein for the development of HIV-1 vaccines. It is a trimeric antigen based upon 

glycoprotein gp120 linked to a portion of the transmembrane glycoprotein gp41. Human 

PGT antibodies have shown to bind directly to the glycoprotein via high mannose glycans 

on the gp120. Two crystal structures of the PGT antibody (PGT128) and gp140 complex 

have been recently reported (PDB ID: 5C7K and 5JSA, Fig. 1), whose structures of gp41 

were slightly different each other. [1,2] In these complex, four glycans of 16 glycans on the 

gp120 are found in the region between gp120 and the antibody. Details of the recognition 

mechanisms of the antibody to the glycoprotein as basic knowledge toward the vaccine 

development have not been elucidated so far. In this study, the interaction between the 

glycans and the antibody PGT128 in the antibody-envelope protein complexes were 

analyzed theoretically to elucidate general recognition mechanisms of PGT antibodies. 

MP2 level of large-scale quantum mechanical calculations 

employing fragment molecular orbital method was applied 

to the crystal structures of PGT128-gp140 complexes. In 

both crystal structures, a glycan-glycan interaction between 

Asn301-glycan and Asn262-glycan was observed, 

suggesting to play a role in the recognition of the antibody 

to the glycoprotein. In 5C7K, significant pair interaction 

energies were found between the antibody and Asn332-

glycan as well as Asn301-glycan. On the other hand, in 

5JSA, the Asn332-glycan dominantly interacted with the 

antibody. Molecular dynamics simulations on these 

complexes were performed to compare the contributions of 

the glycans on the antibody-glycoprotein interactions. The 

role of glycans in the antibody’s recognition with the 

antigen will be discussed at the upcoming meeting. 	

[1] Kong, L et. al. Acta Crystallogr. D Biol. Crystallogr. D71, 2099, (2015). 

[2] Kong, L et. al. Nat. Commun. 7, 12040, (2016). 
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Fig.1 The crystal structure of PGT128 
antibody and HIV-1 envelope 
glycoprotein gp140 (PDB ID: 5JSA[2]) 
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Abstract: The changes in the strength and characteristic of Se-Se bond in dimer 

SeHCl· · ·SeHCl and cyclic trimer SeHCl· · ·SeHCl· · ·X (X = SHCl, ClCl, SeHCl, BrCl) 
were investigated by calculations at the MP2/aug-cc-pVTZ level. Based on the analysis of 
molecular electrostatic potential, the dimer and cyclic trimer were constructed and 

optimized. Compared with the Se-Se bond in the SeHCl· · ·SeHCl dimer, all cyclic trimers 
have shorter Se-Se bond lengths, negative three-body interaction energies, greater electron 
densities at the bond critical points, and larger second-order perturbation energies. These 
results suggest that the Se-Se bond in the cyclic trimer is enhanced. That is, the addition of 
molecule X strengthens the Se-Se bond. The absolute values of interaction energies and 
electron densities increase in the order of X = ClCl < SHCl < BrCl < SeHCl, which are in 
line with the VS,max of σ-hole in molecule X . This means that the Se-Se bond in the 

SeHCl· · ·SeHCl· · ·X cyclic trimers becomes stronger in the same order. Furthermore, the 
greater the VS,max of σ-hole in molecule X, the grater the enhancing impact on Se-Se bond. 

In addition, the topological analysis of electron density shows that Se· · ·Se interactions in 
the cyclic trimers have more covalent character than that in the dimers.  

 

 
 
 
 
       
 
 
Fig 1 Contour map of the Laplacian of the electron density (left) and surfaces of reduced density 
gradient in the intermolecular region (right) of SeHCl…SeHCl…BrCl cyclic trimer. 
_________________________________________ 
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The electrochemical reduction of organic acids on anatase-type TiO2 electrode was 

recently reported by Yamauchi [1]. Such an electrochemical reaction has a potential to 

produce alcohol products with high selectivity and Faraday efficiency, which then can be 

used as alternative fuel. However, only electrochemical reduction oxalic acid reported so 

far, and experiments with other acids like acetic acid were unsuccessful. 

There are several questions were raised about this reaction, including the mechanism or the 

role of the anatase electrode. We used Density Functional Tight Binding (DFTB) method 

to study the behavior of organic acids (oxalic acid, acetic acid) on anatase surface. For the 

simulation, slab models of the 101 surface of anatase and nanoparticle model with 101 

faces were used.  

On 101 surface, a dissociative type absorption is the strongest for carboxylic acid 

molecules, according to both the calculations and experimental data. While the geometry 

of the interacting carboxyl group and absorption energy is very similar to oxalic acid and 

acetic acid (-114 and -118 kJ / mol, respectively), there is a difference in electronic 

structure: the LUMO orbital of oxalic acid is strongly interacting with the lower edge of 

the conducting band of the electrode, this cannot be seen in the case of acetic acid. Since 

the reduction of the molecules on the surface is due to the extra electrons coming from the 

conducting band levels of the electrode to LUMO orbitals, this explains why acetic acid 

cannot be reduced on anatase electrodes.  

The nanoparticles, unlike surface slab models, always have an uncompensated dipole 

moment, as well as Ti ions with low coordination numbers. The calculations showed an 

approx. 0.5 eV smaller band gap for the nanoparticles, which was also influence by the 

morphology of the nanoparticle. This decrease of the gap were mostly due to the 

significantly lower LUMO energy levels, which play an important role in the 

electrochemical reduction over these nanoparticles. 

 

       [1] R. Watanabe, M. Yamauchi, M. Sadakiyo, R. Abe and T. Takeguchi, Energy 
Environ. Sci., 8, 1456 (2015). 
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Abstract: The metallocene compounds with sandwich structure are important 
organometallic catalysts and play an important roles in the fields of organic synthesis, 
medicine and bio-organic chemistry. [1,2] For all of the studied compounds, the DFT/M06-L 
calculations were performed with the Gaussian 09 program package. The aug-cc-pVDZ-pp 
basis set for Mo atom and the aug-cc- pVDZ basis set for all other atoms were used. The 
nature of H…I bond in the Cp2Mo(L)H [L=H, CO, P(OMe)3]…I-C≡C-R (R=NO2, Cl, Br, 
H, OH, CH3, NH2) have been investigated using the electrostatic potential analysis, energy 
decomposition analysis and natural bond orbital analysis. The calculated results show that 
H…I interactions in the title complexes are belong to halogen bonds, not hydrogen bonds. 
Different to others normal halogen bonds, not only the electrostatic interaction, but also the 
orbital interaction play important roles in this kind of halogen bonds, the steric interaction 
is small. The interaction energies are determined by the most positive electrostatic 
potential of I atom, not the most negative electrostatic potential of the H atom of Mo-H 
bond. With the increasing of electron withdrawing ability of the substituent R in the alkyne, 
the electrostatic potential maximum of the I atom increases, which enhances the strength of 
the H…I halogen bond and the electron transfer. 

 

Figure 1: Geometry of the title compounds 
 

[1] M. Maschke, M. Lieb, N. Metzler-Nolte, Eur. J. Inorg. Chem., 36, 5953(2012). 
[2] H. Y. Zhu, Y. Z. Chen, S. Li, X. D. Yang, Y. N. Liu. Int. J. Hydrogen Energ., 36, 
11810(2011). 
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The performance of computer systems continues to be improved by the use of numbers 

of nodes and CPU cores or the attachment of accelerators because of heat and power 

problems. On the other hand, nano-sized molecular systems are one of the attractive and 

promising targets, for example catalysts, electric and fuel cells, self-assembled materials, 

and biological materials. Therefore, parallel computing is a significant approach to treat 

large molecular systems using present and future computers. 

Scalable Molecular Analysis Solver for High-performance computing systems 

(SMASH) is a massively parallel program for quantum chemistry calculations and released 

under the Apache License 2.0 [1]. The SMASH program is written in the Fortran90/95 

language with MPI and OpenMP standards for parallelization, and supports Hartree-Fock, 

DFT, and MP2 energy and geometry optimization calculations. Frequently used routines, 

such as one- and two-electron integral calculations, are modularized to make program 

developments simple as shown in Figure 1. The computational time and speed-up of the 

DFT (B3LYP) energy calculation for (C150H30)2 with the cc-pVDZ basis set (4500 basis 

functions) are 154.2 sec and 50,499 (Figure 2) on 98,304 cores of the K computer 

(SPARC64 VIIfx 2.0GHz, 8cores/node) , respectively.  

 

 

 

 

 

 

 

 

Figure 1. Arguments of two-

electron integral routine. 

 Figure 2. Speed-up of B3LYP calculation. 

[1] http://smash-qc.sourceforge.net/. 

subroutine calc2elec(twoeri,exijkl,coijkl,xyzijkl, 
nprimijkl,nangijkl,nbfijkl,maxdim,mxprsh, 
threshex) 
twoeri :  Two-electron integrals (Output) 
exijkl :    Exponents of basis functions (Input) 
coijkl :    Coefficients of basis functions 
xyzijkl :   XYZ components of four centers 
nprimijkl :Numbers of primitive basis functions 
nangijkl : Degrees of angular momenta of basis 
functions (s=0, p=1, d=2,...) 
nbfijkl :    Numbers of basis functions of shells 
(s=1, p=3, d=5 or 6, ...) 
maxdim : Maximum number of dimension for 
twoeri array 
mxprsh :  Maximum number of primitive basis 
functions for exijkl and coijkl 

threshex :Threshold of exp(-x
2
) function 
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Fiber reinforced thermoplastic composites are widely used in various industries because 

of their many advantages of excellent mechanical properties, low cost, and simple molding 

processes for various product. Especially, in an area of automotive materials which aims to 

reduce weight, cost and improve fuel efficiency, glass fiber (GF) reinforced polypropylene 

(PP) composites have been used for above advantages with recyclability. Because stress 

transfer in the GF/PP composites is influenced by the interphase crystallization of PP, the 

optimization of the mechanical properties of composites requires an extensive knowledge 

of the crystalline behavior of the PP. Among various parameters about crystallization, 

nucleating agent has an important role to the crystallization behaviors of the GF/PP 

composites. In this study, the β-nucleating agent filled GF/PP composites were prepared 

using a melt compounding process employing a twin screw extruder. The isothermal 

crystallization behaviors of β-nucleating agent filled GF/PP composites according to were 

measured using a differential scanning calorimetry and analyzed with Avrami’s kinetic 

theory. There was a significant dependence of β-nucleating agent on the crystallization 

behavior of the PP matrix. The incorporation of β-nucleating agent improved effectively 

the crystallization rate of the GF/PP composites through heterogeneous nucleation. The 

nucleating effect of the GF surface related to the trans-crystallization was observed using a 

polarized optical microscopy. Great changes in the microstructure and mechanical 

properties of the GF/PP composites occurred by incorporating β-nucleating agent. Further 

effects of inclusion of the β-nucleating agent on the GF/PP composites were discussed and 

analyzed with theoretical approaches.  

 

       [1]  H. D. Wagner, Compos. Sci. Technol. 48, 181 (1993). 
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Our previous studies have revealed that systems with intermediate diradical character (y0) 

exhibit remarkably larger second hyperpolarizability γ, which is the molecular property at 

the origin of third-order nonlinear optical (NLO) responses, than closed-shell (y0 = 0) and 

pure open-shell (y0 = 1) systems of similar size [1].  This novel design principle is also 

valid for one-dimensional multiradical systems [2].  In contrast, for rectangular-shaped 

tetraradical systems such as dimer of diradical molecules [3], comprehensive relationship 

between open-shell character and γ is still veiled due to their multi-configurational nature 

and the related difficulty in evaluating the NLO responses.  In this study, therefore, we 

analyze the relationship between the open-shell character and γ of rectangular-shaped 

tetraradical systems using the extended-Hubbard model. 

 Dimensionless model Hamiltonian for dimer of diradicaloids is expressed as 

H/U0 = 1/U0

2

4

X

i

U0ni↑ni↓ +

X
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(
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3

5

, (1) 

where U0, t1 and t2 denote on-site Coulomb repulsion, intramolecular transfer integral and 

intermolecular transfer integral, respectively.  The intramolecular longitudinal component 

of dimensionless γ (γintra) is shown in Figure 1 to depend on the intramolecular 

y
intra

=1−
4 t1 U0( )

1+16 t1 U0( )
2

and intermolecular y
intra

=1−
4 t2 U0( )

1+16 t2 U0( )
2

 diradical characters.  A novel 

enhanced γintra region for open-shell systems with 

small diradical character yintra is found at yintra ~ yinter.  

Other cases including inter-site Coulomb repulsion 

and exchange integral will be also presented. 

 

 [1]  M. Nakano et al., Phys. Rev. Lett. 99, 033001 

(2007); M. Nakano et al., J. Phys. Chem. Lett. 6, 3236 

(2015). [2] K. Yoneda et al., Chem. Phys. Chem. 12, 

1697 (2011). [3] C. Bryan et al., J. Chem. Soc., Chem. 

Commun. 131, 1447 (1994). 
 

Figure 1. yintra and yinter depedences 

of γintra. 
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 Thermoresponsive polymers have rapidly changing physical properties, such as 

solubility, with changing temperature.  One such behaviour is the lower critical solution 

temperature (LCST), above which the solvated polymer go through a phase separation, 

reversibly forming agglomerated microstructures.  In this work the LCST behaviour in 

water of the thermoresponsive polymer poly[poly(ethylene glycol) methacrylate] 

(PEGMA) was investigated.[1]  Initial molecular dynamics simulations at different 

temperatures showed that the single solvated polymer chain exists predominately in a 

linear configuration at lower temperatures, but converted to a self-folded configuration at 

higher temperature.  These configurations are shown in Figure 1.  These different 

configurations are indicative of more pronounced water-polymer interactions at lower 

temperature and therefore the greater solubility of the polymer chain.  Metadynamics 

calculations were then used to determine the relative free energy of each configuration at 

different temperatures.  In these simulations the radius of gyration was used as a collective 

variable to sample the configuration space.  The simulations also reveal some of the 

molecular mechanisms behind the thermoresponsive behavior of the polymer and the 

impact of different tacticities.   

 

       [1]  T. Terashima, T. Sugita, K. Fukae, and M. Sawamoto, Macromolecules, 47, 589 

(2014). 

 
Figure 1 poly(PEGMA) at low (left) and high (right) temperature 
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Deniz Tuna
1*

 and Walter Thiel
1
 

1Max-Planck-Institut für Kohlenforschung, 45470 Mülheim an der Ruhr, Germany 

*Current affiliations: Department of Chemistry and The PULSE Institute, Stanford University, Stanford, California 94305, 
United States; SLAC National Accelerator Laboratory, Menlo Park, California 94025, United States 

 

 

The semiempirical OMx methods[1] perform well for many ground-state properties.[2] 

Coupled with an MRCI formalism they can also be applied to electronically excited states. 

We present OMx/MRCI results on extensive benchmarks for energies, geometries and 

properties of electronically excited states of CHNOF organic molecules.[3] These 

benchmarks reveal that OM2/MRCI is a particularly useful tool for performing many types 

of excited-state computations at almost instantaneous speed, but they also pinpoint current 

weaknesses that need to be addressed in ongoing developments.[3] OM2 parameters are 

now also available for the element sulfur. We demonstrate their performance for the 

computation of vertical excitation energies of a large set of sulfur-organic compounds and 

for the simulation of the surface-hopping dynamics of thiophene.[4] 

 

Finally, we present a comprehensive application study of OM2/MRCI adaptive-timestep[5] 

surface-hopping dynamics simulations for the photoinduced dynamics of urocanic acid, a 

UV filter found in human skin.[6] Our study covers all 32 possible tautomers, isomers and 

conformers of the isolated neutral form. We ran almost 6000 excited-state trajectories, 

thereby gaining an unprecedentedly detailed insight into the tautomer- and isomer-resolved 

photoinduced dynamics of this molecule. The main photochemical process, E/Z 

photoisomerization, is analyzed in detail, but rare side processes have also been found. 

This study demonstrates the value of the OM2/MRCI method for performing very fast and 

comprehensive excited-state dynamics simulations. 

  

[1] P. O. Dral, X. Wu, L. Spörkel, A. Koslowski, W. Weber, R. Steiger, M. Scholten, 

W. Thiel, J. Chem. Theory Comput. 12, 1082 (2016). 

[2] P. O. Dral, X. Wu, L. Spörkel, A. Koslowski, W. Thiel, J. Chem. Theory Comput. 
12, 1097 (2016). 

[3] D. Tuna, Y. Lu, A. Koslowski, W. Thiel, J. Chem. Theory Comput. 12, 4400 

(2016). 

       [4] D. Tuna, X. Wu, D. Fazzi, W. Thiel, in preparation. 
       [5] L. Spörkel, W. Thiel, J. Chem. Phys. 144, 194108 (2016). 

       [6] D. Tuna, M. Barbatti, W. Thiel, in preparation. 
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The porphyrins have been highly used as part of the dye sensitized solar cells (DSSC) and 

photoconversion research, used to broad the range of TiO2 absorption region, and to 

improve the efficiency of electron transfer. In this work we propose to use two bonded 

chromophores as DSSC candidates; a porphyrin using as reference the spider structure to 

prevent aggregation of molecules [1] and fluorescein, a dye belonging to the xanthene’s 

family. We studied a set of meso-substituted zinc spider-porphyrins, by considering the 

substitutions described in Figure 1 and anchoring with TiO2 clusters, evaluating energetic, 

electronic and structural aspects.  Under the Density Functional Theory (DFT) and Time 

Dependent-DFT frameworks, several functionals were evaluated, comparing with 

experimental data. Preliminary results suggest that the best chromophores include 

fluorescein in R2, with 

important red-shift 

absorption and charge 

transfer. Secondarily, 

we note the 

importance of the 

linkage with the 

porphyrin, which is 

noted mainly over 

charge transfer effects 

between R1 and R2. 

Finally, we noted that 

the adsorption to TiO2 

favors the absorption 

to the near-infrared region. 

 

Acknowledgments. We acknowledge the financial support given by 
FONDECYT/CONICYT Projects 1131002 and 1171719 (GCJ) and thank to MECESUP 
Project USA1555 by Research Assistant position (MST).  

 [1] C. Stangel et al. Inorg. Chem 22, 11871 (2014). 

Figure 1. Structure view of the molecular structures studied. 
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Phosphorus containing heteroacenes have attracted a great deal of attention because their 
electronic and optical properties such as HOMO−LUMO gap, UV−vis absorption, and 
fluorescence emission can be altered by the addition of various substituents to acene 
rings.[1]–[3] Recently, 2,7-Ph2-naphtho[1,2-d:5,6-d′]bi-(soxaphosphole)s [Ph2-NBOP] has 
been synthesized and their electronic and optical properties have been characterized.[4] 
However, systematic quantum chemical calculations are still absent. In this work, DFT and 
TDDFT calculations with CAM-B3LYP long-range corrected functional were performed 
to clarify the alterations of optical properties with respect to substitutions to heteroacenes. 
We identified that those alterations are originated from the size of p orbital of heteroatoms 
that could hinder effective π interaction of acene rings. 
 
[1] J. E. Anthony, Chem. Rev. 106, 5028 (2006). 
[2] T. Agou; J. Kobayashi; T. Kawashima, Org. Lett. 8, 2241 (2006).  
[3] T. Agou; J. Kobayashi; T. Kawashima, Chem. Commun. 30, 3204 (2007).  
[4] F. L. Laughlin; N. Deligonul; A. L. Rheingold; J. A. Golen; B. J. Laughlin; R. C. 
Smith; J. D. Protasiewicz, Organometallics, 32, 7116 (2013). 
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IQmol - The Smart Choice in Molecular Visualization Software

Andrew T. B. Gilbert1
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Quantum chemistry is becoming more mainstream thanks, in large part, to the increased avail-

ability of easy-to-use software and graphical interfaces that make the software more accessible

and appealing to students and newcomers.

IQmol is an open-source molecular editor and visualization package that runs on the OS X, Win-

dows and Linux platforms. It supports the usual range of functionality such as surface plotting

(orbitals, densities), animations (frequencies, reaction pathways) and spectra prediction (UV,

IR). However, unlike other free molecular editors, IQmol allows the user to directly tap into the

power of a commercial quantum chemistry package - QChem - via a public, freely accessible

server. Calculations on this server are time-limited, but offer access to the full functionality of

QChem and provide a low-barrier entry point to undergraduate computational chemistry labora-

tories.
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Computational modelling has become an integral tool in almost every branch of science, 
including chemistry and biology. Computational chemistry methods are now widely used 
to provide better understanding of molecular processes at the atomistic level, 
complementing experimental findings. The majority of molecular dynamics (MD) 
simulations are computationally costly, often requiring supercomputer access and 
significant scientific input. Unfortunately, the original trajectories generated in the process 
are rarely made publicly available beyond the analysis presented in publications and 
supporting information. The simulations remain locally stored on hard drives or private 
servers without public access. Considering the human and computational resources used to 
generate these trajectories, they present a very valuable asset in molecular studies, 
especially biomolecular and materials sciences. Currently, there are general repositories 
that allow hosting of research data, like Figshare or Zenodo, but to the best of our 
knowledge, there is no publicly available repository dedicated exclusively to hosting and 
managing data generated by MD simulations, that is available to everyone. iBIOMES 
platform offers a solution for distributed environment [1], but there are many benefits of 
having a specialised and localised repository, including better control of data availability 
and access to large scale data analysis. 
 
We are currently developing MDbox – a prototype for a specialised open access repository 
for MD simulation datasets. MDbox aims to provide a platform for storing and sharing 
trajectories and their corresponding input files, which should improve documentation of 
commonly used protocols and enhance the replicability and reproducibility of simulations 
[2]. In addition, the aim is to make collaboration and data exchange easier, and provide an 
alternative for making research publicly available and citable. 
 
In our information-driven era, the open data approach is of great value for further 
development of computational modelling and for cross-disciplinary researchers in both 
academia and industry. The growing movement to make data produced by publicly funded 
research open provides an additional incentive. However, the most exciting prospects for 
MDbox comes in the form of new research opportunities and the advancement of 
molecular modelling, ranging from developing new analytics tools for large datasets to 
machine learning (AI) techniques. 
 

 

       [1] J. C. Thibault, J. C. Facelli, T. E. Cheatham III, J. Chem. Inf. Model 53(3), 726 

(2013). 

       [2]  K. Hinsen, Procedia Comput. Sci. 4, 579 (2011). 
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Melting point depression is a normal consequence when moving from bulk materials to the

nanoscale, due to the increasing surface area to volume ratio. Gallium clusters behave anoma-

lously, exhibiting superheating in clusters with less than 95 atoms.[1] Two-dimensional nano-

materials give insight into the nature of cluster properties, as they represent an extreme case

where the ratio of surface area to volume is virtually infinite. A two-dimensional gallium struc-

ture has been demonstrated in molecular dynamics simulations to explain anomalous melting

temperature of gallium nanoclusters.[2] 2-dimensional gallium has been recently synthesized

through mechanical exfoliation.[3]

Here, we present the electronic structure of bilayer gallium with the use of density functional

theory. Changes in densities of states and band structure as a consequence of variation of the

interplanar distance, as well as variation of the metallic plane distance are investigated. We

then consider substrate effects in order to further investigate the electronic properties of bilayer

gallium.

Figure 1: Bilayer gallium, derived from (010) surface of α-gallium

[1] K.L. Pyfer, J.O. Kafader, A. Yalamanchali and M.F. Jarrold, J. Phys. Chem. A 18, 4900

(2014).

[2] K. G. Steenbergen, N. Gaston, Nano Lett. 16, 21 (2015).

[3] V. Kochat, A. Samanta, Y. Zhang, S. Bhowmick, P. Manimunda, S. A. Asif, A. Stender,

R. Vajtai, A. K. Singh AK, C. S. Tiwary, P. M. Ajayan arXiv preprint arXiv:1704.08371

(2017).
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Probing supramolecular self-assembly with molecular dynamics simulations
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Supramolecular chemistry, at its core, is concerned with the construction of large, non-covalently

bound assemblies from smaller molecular constituents. The structure of solid state supramolecules

can be determined using various X-ray techniques. Solution phase supramolecular structures are

much more difficult to determine as traditional structure determination techniques, like NMR,

provide limited information about molecular interactions.

Molecular dynamics (MD) is a modelling technique that is frequently used to explore the self-

assembly and interactions of a range of solvated systems, including micelles, bilayers and mem-

brane proteins. In this study, we used MD to probe the potential self-assembly and interactions

of simple charge-assisted hydrogen bonded assemblies [1]. We are unaware of MD being used to

aid structure determination in this type of supramolecular system. Para- or meta-bis(amidinium)

compounds and para-, meta- or ortho-dicarboxylates were simulated in a variety of solvents in

which a range of intermolecular interactions were observed and quantified. Some combinations

of chemical species and solvents lead to the formation of interesting structures, such as 1-D

tapes, 2-D sheets and various cycles. Interactions described by MD simulations were in good

agreement with results from 1H and DOSY NMR spectroscopy. Qualitatively, MD data were in

agreement with ability of experimental systems to aggregate or crystallize out of solution.

To produce interesting solution state structures, supramolecular chemistry looks to balance the

complex interplay between the macromolecular building blocks, and between these building

blocks and the solvent. Analysis of hydrogen bond formation in MD simulations suggests a

simple metric to determine if particular building blocks in a particular solvent will produce

interesting structures - the number of hydrogen bonds per acceptor or donor group between

building blocks.

[1] M. Thomas, T. A. Lagones, M. Judd, M. Morshedi, M. L. O’Mara, N. G. White, Chem.

Asian J. , DOI: 10.1002/asia.201700406, (2017)
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A single-atom catalyst (SAC) refers to an isolated single metal atom, stabilized in a solid sub-

strate, which functions as an active centre for heterogeneous catalysis.[1] The main advantage

of using these catalysts is that they reduce the amount of expensive, rare metals required. Paired

SAC refers to the combined effect of two single atoms adjacent to each other.

It is widely known that the best electrochemical catalyst for the oxygen reduction reaction

(ORR) is Pt. In collaboration with Yao’s experimental group,[2] we have shown that the Co

and Pt paired SAC outperforms the Pt metal catalyst for the ORR. In experimental studies, the

distribution of metal distances and the chemical environment were determined for high perfor-

mance paired SACs. Based on this information, model structures were constructed and density

functional theory (DFT) calculations carried out on these systems. Nitrogen doped graphene

with different sized vacancies were used to vary the metal-metal distances of the Co and Pt

atoms. The free energies of intermediate species of the OOR were calculated to determine the

likely mechanism of the reaction on these systems. Further, to compare the results to the ex-

periments, the overpotentials were determined from the difference in voltage for the reaction to

occur experientially and the thermodynamically expected value. Both calculations and exper-

iments show that enhancement of the ORR can be obtained with a lower overpotential using

a combined CoPt system rather than a Pt paired SAC. The charge density differences and the

density of states show that the enhancement is due to an increased electron density around Co,

leading to a d-orbital contiguous to the Fermi level.

[1] X. F. Yang, A. Wang, B. Qiao, J. Li, J. Liu, and T. Zhang, Acc. Chem. Res. 46, 8 (2013).

[2] L. Zhang, J. M. T. A. Fischer, Y. Jia, X. Yan, W. Xu, X. Wang, J. Chen, M. Hankel, D.

J. Searles, S. Feng and X. Yao, manuscriped in preperation.
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Pyrene, the textbook example for the formation of excimers, is nowadays a widely used flu-

orescence marker, sensing molecule and building block in organic semiconductors useful for

organic light emitting diodes (OLEDs) or organic photovoltaic cells (OPV). Nonetheless, the

basic mechanism behind its exceptional photophysics is not well understood.

Pyrene is excited by UV light to the S2 state, a ππ∗ state labeled La according to Platt’s notation.

The S1 or Lb has a negligible contribution to the absorption. Yet, emission occurs exclusively

from the Lb state according to experiments. Therefore, an ultrafast relaxation pathway like a

conical intersection between these two states must exist.

Figure 1: Displacement vectors for the Lb and La state.

To simulate this photophysical process we use both quantum dynamical and semi-classical on-

the-fly methods, the former on a two dimensional grid built from displacement vectors between

the minimum structures. Therefore, we employ the Wilson G-Matrix method for the kinetic

energy operator. In both cases CASSCF(4,4) is used as quantum chemical method. This small

active space includes only the necessary excitations to describe both La and Lb and prevents

one-sided stabilization of either one. The choice of method and active space will be discussed

in depth for this molecule, which is highly challenging due to its partial loss of symmetry.

We discuss the results for both dynamical simulations focussing on the transfer times through

the conical intersection and on the comparison with time-resolved experiments. Furthermore,

we talk about the implications of our simulations.
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Due to the importance in solar energy conversion, energy transfer dynamics in light 

harvesting complexes has been a topic of interest over the last decade. Light energy migrates 

between the aggregate of pigments in the form of electronic excitation after being absorbed 

by the antenna complex. This process is influenced by constant thermal fluctuations at 

ambient temperature. Therefore, modeling the environmental perturbations on the pigment 

excitation energy is a key element for related simulations. One of the important yet still 

elusive aspect of the energy transfer process is the effect of interplay between electronic 

excitation and intramolecular pigment vibrations. Reliably considering such an aspect in 

atomistic simulation is however very challenging, especially because extensive quantum 

chemical calculations are conventionally required. For bacteriochlorophyll pigments in the 

Fenna-Matthews-Olson (FMO) light-harvesting complex, our group has recently achieved 

thig goal and constructed a potential energy model with the density functional theory (DFT) 

level reliability [1]. Even with this level of reliability, molecular dynamics simulations can 

be performed almost as cheaply as with traditional force fields. Directly pursuing the energy 

transfer dynamics in the complex is also feasible after combining this model with a quantum 

dynamics method suitable for semi-classical atomistic simulations [2]. Based on the 

simulation results, we briefly characterize the environmental perturbations by visualizing 

the motions related to the strong modes in the spectral density and also discuss how exciton 

delocalization affect the complex’s characteristics. We then present the results of actual 

energy transfer simulations for the complex and show that the energy transfer is promoted 

when the pigment vibration is included in the simulation. Finally, by tuning our pigment 

potential energy model in a computational way, we try to investigate how the different parts 

of the spectral density affect the energy transfer process. 

 

       [1]  C. W. Kim; Y. M. Rhee, J. Chem. Theory Comput. 12, 5235−5246 (2016). 

       [2]  H. W. Kim; Y. M. Rhee, J. Chem. Phys. 140, 184106 (2014). 
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Over the past few decades, there has been a growing interest in theoretical and 
experimental studies of the spatial confinement phenomenon. This is strongly connected 
with the fact that confining environments can significantly modify various physical and 
chemical properties of atomic and molecular systems [1]. Therefore, the investigations of 
spatially restricted chemical objects are of pivotal importance for development of many 
fields of science. In particular, a considerable amount of scientific effort in theoretical 
chemistry has been devoted to the analysis of the influence of confining environment on 
the electric properties of atoms, molecules and molecular complexes [2-5]. 
 
The quantum chemical studies of molecular electric properties under spatial confinement 
are usually performed using the highly correlated wave function based methods and 
extended basis sets, because it is well established that such formalism has to be applied in 
order to obtain accurate results. However, in this work, we examine a performance of 
numerous density functionals (e.g. B3LYP, CAM-B3LYP, PB0, ωB97X-D, M06, M06-L, 
BLYP, OLYP, M11, M11-L) in the calculations of dipole moment and polarizability of the 
spatially restricted molecules. The set of studied molecules includes, inter alia, CO, BF, 
LiH, LiF, HF, HCl. The obtained results are compared with CCSD(T) reference values. 
The external spatial confinement is modeled by applying the harmonic oscillator potential 
of cylindrical symmetry: 

 
 

where the ω parameter describes the strength of spatial restriction. Such potential, included 
in the Hamiltonian of an isolated systems in the form of one-electron operator, allows to 
model effects arising from the Pauli exclusion principle and mimics a nanotube-like 
confining cages. 
 

 

[1] W. Jaskólski, Phys. Rep. 271, 1 (1996). 
[2] J. Lo, M. Klobukowski, Chem. Phys. 328, 132 (2006). 
[3] M. Chołuj, W. Bartkowiak, P. Naciążek, K. Strasburger, J. Chem. Phys. 146, 194301 
(2017). 
[4] M. Chołuj, W. Bartkowiak, Chem. Phys. Lett. 663, 84 (2016). 
[5] R. Zaleśny, R. Góra, J. Kozłowska, J. Luis, H. Ågren, W. Bartkowiak, J. Chem. Theory 
Comput. 9, 3463 (2013). 
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Computational insight into Fe@C-catalyzed Fischer-Tropsch Synthesis
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A new generation of Fe-based catalysts for Fischer-Tropsch synthesis (FTS) has emerged.
In these catalysts, iron under various forms (carbide/iron/iron oxide) is confined in carbon
materials. These catalysts have shown enhanced activity for FTS as well as enhanced

durability [1]. Single-shell carbon-encapsulated iron nanoparticles (SCENs) have been
studied in our group both computationally and experimentally and the results have
demonstrated that they are electron-donor-acceptor complexes that can act as effective
catalysts for the hydrogen evolution reaction [2,3]. Recent studies have also shown the
SCENs’s catalytic ability for the oxygen evolution reaction [4]. Thus, we explored further
the ability of our realistic SCEN model system Fe55@C240 for FTS using density
functional theory and investigated the known Fe-based FTS mechanisms [5] on our novel
catalyst.

    [1]           S. Y. Hong et al., Nanoscale 7, 16616 (2015).

    [2]           S. Taubert et al., Phys. Chem. Chem. Phys. 16,3648 (2014).

    [3]           M. Tavakkoli et al., Angew. Chem. Int. Ed. 54, 4535 (2015).

    [4]           X. Cui et al., Energy Environ. Sc. 9, 123 (2016).

[5] E. de Smit et al., Chem. Soc. Rev. 37, 2758 (2008).

Fe55@C240 -catalyzed

F-T synthesis
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    Noncovalent interactions between molecules play an important role in supramolecular 
chemistry, molecular biology, and materials science1. In recent years, interest in new types 
of π-hole2 interactions has increased. A region of low electronic density that are 
perpendicular to portion of a molecular framework instead of being along the extensions of 
bonds (as are σ-holes) is termed as the positive “π-hole” (Fig. 1). 
    For cyclopropane and its derivatives M3H6 (M = C, Si, Ge, Sn, Pb), the ״pseudo π-hole״ 
regions have been discovered above and below the M-M-M three-membered ring. To 
rationalize the origin of the pseudo π-hole, taking Si3H6 as an example, the three σ-holes 
on the extension orientations of H2-Si1 bond, H4-Si2 bond, and H6-Si3 bond are shown in 
Fig. 2a, 2b and 2c, respectively. The three σ-holes could be converged to one positive 
electrostatic potential region -- the pseudo π-hole region. On the other side of the Si-Si-Si 
three-membered ring, the three σ-holes on the extension orientations of H1-Si1 bond, H3-
Si2 bond, and H5-Si3 bond also converge to the pseudo π-hole region. 
    In this work, the π-hole interactions in  SN2P2· · ·NH3 and SN2P2· · ·PH3 have been studied. 
The pseudo π-hole interactions have been designed and investigated between M3H6 and 
F−CN. The termolecular and tetramolecular complexes M3H6· · ·(NCF)n (n = 2, 3) were 
constructed to investigate the enhancing effects of F···N halogen bonds on the pseudo π-
hole interaction. Also, the pseudo π-hole interactions are compared with the π-hole 
interactions. 
 
 
 

 
 
 
 
 
 
References: 
1 K. Müller-Dethlefs and P. Hobza, Chem. Rev. 100, 143 (2000). 
2 L. Gao, Y. L. Zeng, X. Y. Zhang and L. P. Meng, J. Comput. Chem. 37, 
1321(2016). 
_________________ 

This project was supported by the National Natural Science Foundation of China (21371045, 
21373075) and the Natural Science Foundation of Hebei Province (B2015205045). Thanks are also 
due to Education Department of Hebei Province of China through innovative hundred talents 
support program (SLRC2017041).  

Fig. 1 Electrostatic potentials on the 
0.001 a.u. contour of the molecular 
electron density of S2N2 and SN2P2. 

Fig. 2 Electrostatic potentials on the 0.001 a.u. contour of the 
molecular electron density of Si3H6 to show the three σ-holes on the 
extension orientations of three H-Si bonds: (a) H2-Si1; (b) H4-Si2; 
(c) H6-Si3.  
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Simple, physics-based coarse-grained (CG) models have provided tremendous insight into the

essential features of the protein folding process. Recent advancements in CG methodologies

allow increased chemical detail and accuracy, while retaining the sampling efficiency to address

problems intractable for atomically-detailed models. This beneficial speed-up, attained through

a combination of reduced molecular friction and softer interaction potentials, comes at the cost

of obscuring the connection to the true dynamical properties of the underlying system. Although

it is possible to rescue the dynamics via a generalized Langevin formalism, this approach offers

a daunting computational and conceptual challenge for complex biological molecules that give

rise to hierarchical dynamics, i.e., kinetic processes coupled over various timescales. As an

alternative, this work considers a Markov state modeling framework for characterizing and cor-

recting the hierarchy of slow kinetic processes generated from CG simulations. In particular, the

proposed Bayesian scheme identifies essential adjustments to a Markov state model, generated

from CG simulations, in order to achieve consistent kinetics, with respect to given reference

data for the system.[1] We test the method on two CG peptide models and demonstrate that the

resulting information may be directly and effectively employed for model reparametrization.[2]

In both cases, the reparametrization results in an improved hierarchy of slow kinetic processes,

while retaining the fundamental properties of the original model. Finally, to better characterize

the utility of the proposed methodology in the context of combining CG protein folding simula-

tions with experimental reference data, we perform a detailed investigation of structure-kinetic

relationships for CG helix-coil transitions.

[1] J. F. Rudzinski, K. Kremer, T. Bereau J. Chem. Phys. 144, 051102 (2016).

[2] J. F. Rudzinski, T. Bereau Eur. Phys. J. Spec. Top. 225, 1373 (2016).
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As supramolecular cavities provide various ways to mimic 

enzymes’ activities, understanding how these supramolecular 

cages work will help navigate future research and contribute 

to the study of natural enzymes [1]. This study focused on the 

cyclization reactions of pentamethylpentadienyl alcohols 

catalyzed by polyanionic Ga4L6 cage (net minus 12 charge), 

and the rate accelerations were observed to be about 1-2 

million folds in previous experimental studies [2]. All 

quantum mechanical calculations were done with 

Gaussian09[3] software package, using various DFT methods and water implicit 

continuum solvation model (CPCM)[4] as water was the main experimental solvent. Full 

optimizations with frequency calculations were performed for the systems catalyzed by the 

gallium cage, allowing all the substrates’ and cage’s atoms to relax.    

Background reactions were calculated and compared to catalyzed systems in the absence 

of explicit solvent water molecules, as well as in the presence of 1 to 4 solvent waters. 

Various single-point calculations on the truncated cage configurations were performed to 

examine how various features of the cage contributed to the catalytic effects. Quantum 

mechanical calculations suggested that the negative 12 charged gallium-based cages 

accelerated the cyclization reactions by altering the basicity of the substrates’ hydroxyl 

groups. This also led to an investigation of the change in basicity of alcohol-based, amine-

based, phosphorus-based substrates.  

 

[1] a) S. I. Stupp, L. C. Palmer, Chem. Mater. 26(1), 507 (2014); b) D. W. Christianson, 

Chem. Rev. 106, 3412 (2006); c) D. J. Tantillo, Nat. Prod. Rep. 28, 1035 (2011).  

[2] a) C. J. Hastings, M. D. Pluth, R. G. Bergman, K. N. Raymond, J. Am. Chem. Soc. 132, 

6938 (2010); b) C. J. Hastings, R. G. Bergman, K. N. Raymond, Chem. Eur. J. 20, 3966 

(2014).  

[3] Gaussian09, Revision B.01, M. J. Frisch, et al., Gaussian, Inc., Wallingford CT (2009). 

[4] a) V. Barone, M. J. Cossi, Phys. Chem. A 102, 1995 (1998); b) M. Cossi, N. Rega, G. 

Scalmani, V. Barone, J. Comp. Chem. 24, 669 (2003).  
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Recently, there has been tremendous interest in understanding strongly correlated electronic

structures appeared in open-shell systems such as transition metal complexes. However, com-

pared to single-reference methods, it is much more challenging to develop multi-reference the-

ories in general, due to complications in derivation and implementation as well as a large com-

putational cost. Among several multi-configuration approaches, symmetry-projected Hartree-

Fock (PHF) has been shown to be a simple and attractive mean-field model, residing in between

single- and multi-reference domains. PHF itself was proposed several decades ago by Löwdin

in his series of papers, but its complicated formulation has long hindered the developments of

post-PHF theories that can handle, for example, excited states and weak (dynamical) correla-

tion. The Scuseria group has recently reformulated the PHF equation in a dramatically simpler

way, and opened a new frontier for multi-reference methods that are less extensive than the

conventional ones. This enabled us to propose correlation methods using PHF as a reference

wave function, such as perturbation theory and spin-extended configuration interaction singles

and doubles (ECISD)[2]. The latter has been shown to be promising especially when the size-

consistent correction due to Davidson is introduced, accurately describing the potential energy

curves of several small molecules with near FCI results.

In this presentation, we will report two important extensions on ECISD. First, the analytical gra-

dient of the ECISD energy is derived, which makes it possible to perform geometry optimization

and computations of molecular properties[3]. It is shown that the geometries and dipole mo-

ments obtained by ECISD and MRCI are comparable. We will discuss how the size-consistent

correction can be incorporated into the ECISD equation without resorting to the Davidson cor-

rection. One way to achieve this is to employ and extend the formalism of coupled electron pair

approximation (CEPA) for ECISD[4]. This way, linearized coupled-cluster based on PHF can

be also obtained. We will show the CEPA variants are in many cases more reliable than ECISD.

[1] C. A. Jiménez-Hoyos, T. M. Henderson, T. Tsuchimochi, and G. E. Scuseria, J. Chem.

Phys. T. Tsuchimochi and T. Van Voorhis, J. Chem. Phys. 141, 164117 (2014).

[2] T. Tsuchimochi and S. Ten-no, J. Chem. Phys. 144, 011101 (2016); J. Chem. Theory

Comput. 12, 1741 (2016).

[3] T. Tsuchimochi and S. Ten-no, J. Chem. Phys. 146, 074104 (2017).

[4] T. Tsuchimochi and S. Ten-no, J. Chem. Theory Comput. 13, 1667 (2017).
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For many high level methods like for example CCSD(F12*)(T*) yet no analytical geometrical

gradients are available. And due the required man hours for deriving the required working

equations and implementing them in an efficient fashion this gap won’t probably be filled in the

recent future. Therefore one has in geometry optimizations at the moment to rely on numerical

derivatives if one aims to use this kind of methods. For small molecules this might even be more

efficient, but for larger and larger molecules this becomes more and more a bottle neck since

for each gradient step at least 2 · (3N − 6) single point calculations (SPs) are required if central

differences are used.

With means of Gaussian Process Regression (GPR) – a procedure related to the field of machine

learning – we explore how these SPs can be recycled to reduce their over all number in the end.

GPR was already very recently successfully applied for constructing potential energy surfaces

(PESs) and showed promising results by for example reducing the number of required SPs by

one order of magnitude or by factorizing the PES matrix elements in a useful format.[1, 2]

In the context of geometry optimizations the GPR generates from the already computed SPs

a potential on which the geometry is optimized. Overall convergence is achieved if both the

potential and the geometry is converged.

[1] J. Cui, R. V. Krems, J. Phys. B: At., Mol. Opt. Phys. 49, (2016).

[2] J. P. Alborzpour, D. P. Tew, and S. Habershon, J. Chem. Phys. 145, (2016).
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Linearly scaling potential energy- and dipole surfaces have been generated by a so-called dou-

ble incremental approach[1] and applied to calculate anharmonic vibrational spectra for differ-

ent molecules. In the double-incremental approach, the surfaces are expressed as an expansion

including up to a certain number of vibrational modes coupling simultaneously and an incre-

mental evaluation of the energy or dipole. The incremental evaluation is made by dividing

the molecules into fragments and including combinations of these fragments in an incremental

fashion. In order to get computational savings, coordinates with well-defined locality have been

applied. These coordinates are either local to one fragment or spanning multiple fragments. By

introducing auxiliary coordinates for the spanning coordinates, new coordinates spanning only

some fragments can be obtained. In this way, a linear scaling of both the number of single points

and accumulated cost of single points can be obtained. However, the auxiliary coordinates re-

quire an extra transformation, which leads to an extra error. Consequently, there have been two

kinds of errors to investigate the impact of: 1) the fragmentation error and 2) the transformation

error. The results have shown that for some systems like para tetra-phenyl the calculated spectra

show insignificant fragmentation and transformation errors. The double incremental approach

is potentially a game-changer regarding pushing the limits of molecular sizes for which accurate

anharmonic vibrational spectra can be calculated.

[1] C. König and O. Christiansen, The Journal of Chemical Physics 145, 064105 (2016).
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Simulation of rare events has been an important field of research in biophysics for nearly two

and a half decades now. The goal is to obtain kinetics information for processes like protein

(un)folding or ligand-protein (un)binding. A usual quantity of interest is the transition rate, or

equivalently its inverse, the transition time. However, these events generally involves transitions

between metastable states, namely regions where the system remains trapped for very long

times. This makes brute force computations unpractical. The Adaptive Multilevel Splitting

(AMS) method is a powerful and versatile method for the simulation of rare events[1]. It has

been recently adapted to the sampling of reactive trajectories and its is currently implemented

in Tcl for NAMD[2]. From an AMS simulation, it is possible to obtain the transition time.

Some interesting properties of the AMS method were already emphasized in previous works,

like its unbiasedness[3]. The goal of this work is to numerically exhibit some properties of

the algorithm, obtain transition times for different systems and compare them to experimental

results. We applied the method to β-cyclodextrine-ligand systems[4] (Figure 1).

Figure 1: β-cyclodextrine with two ligands for which we calculated the unbinding time.

[1] F. Cérou, F., A. Guyader, Stoch. Anal. Appl. 25, (2007).

[2] T. Ivan, C. G. Mayne, K. Schulten, T. Lelièvre, J. Chem. Theory Comput. 12, (2016).

[3] C.-E. Bréhier, M. Gazeau, L. Goudenège, T. Lelièvre, M. Rousset, Ann. Appl. Probab.

6, (2016).

[4] X. Zhang, G. and Gramlich, X. Wang, W. M. Nau, J. Am. Chem. Soc. 124, (2002).
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Several vanadium(V)dipicolinato complexes were identified as promising candidates for 

the decomposition of hydroperoxides to corresponding ketones and water. As 

hydroperoxide decomposition is currently the main industrial route to cyclohexanone, but 

also inevitably forms the corresponding alcohol, we set out to explain the formation of 

ketone in a radical-free mechanism that has so far not been reported. The insight gained 

will be of interest for development of ketone-selective decomposition catalysts. This poster 

will focus on the computational investigation of different possible mechanisms and the 

identification of an intramolecular hydrogen transfer to the metal catalyst that is key to the 

observed reactivity [1]. 

 

 

 

 

       [1]  A.-C. Schmidt, M. Hermsen, F. Rominger, R. Dehn, J. H. Teles, A. Schäfer, O. 

Trapp, T. Schaub, Inorg. Chem., 56, (2017). 
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We represent an implementation of the conductor-like screening model (COSMO) in 

combination with the resolution of identity implementation of the approximate coupled-

cluster singles and doubles method CC2 in the TURBOMOLE package [1]. The central 

idea of the COSMORI–CC2 approach is to place the solute in a cavity within a polarizable 

continuum and use the solvated Hartree-Fock (HF) orbitals for the CC2 calculation [2]. 

The performance of the implemented approach is tested for a set of experimental 

benchmark data for solvatochromism in molecules containing 42 gas-phase to solvent 

shifts for 15 molecules [3].  

Along with the COSMORI-CC2 implementation for calculation of vertical excitation 

energies, the gradient theory of COSMORI-CC2 has been developed and implemented in 

the TURBOMOLE package [4,5].  

     

       [1] C. Hättig, A. Köhn, J. Chem. Phys. 117, 6939 (2002).  

       [2] A. Klamt, G. Schüürmann, J. Chem. Soc. Perkin Trans 2, 799 (1993).  

       [3] A. Dreuw, J. Phys. Chem. A. 119, 5446 (2015).  

       [4] C. Hättig, J. Chem. Phys. 118, 7751 (2003).  

       [5] A. Köhn, C. Hättig, J. Chem. Phys. 119, 5021 (2003).
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Transformation of hydrocarbons, especially methane into more beneficial or value added 

products (VAP) is of great chemical interest. A possible route to C2 products is the 

oxidative coupling of methane (OCM), 

CH4 + ½ O2 → ½ C2H4 + H2O, 

which is highly exothermic, ΔrH(800 ˚C) = -139 kJ mol-1, ΔrG(800 ˚C) = -153 kJ mol-1. 

Despite many proposals, an efficient catalyst still needs to be found. The widely accepted 

mechanism by Wang and Lunsford [1] involves Li induced O�- radicals as active sites. 

Hydrogen abstraction from CH4 at this site is considered as a crucial step [2] for generation 

of CH3 radicals. Recent experimental and computational studies have shown that this 

mechanism needs to be revised [3]. Interestingly, pristine MgO has been found to be also 

active at the same temperature [4]. Here, we present a new mechanism of OCM based on 

DFT calculations. Methane binds heterolytically on Mg2+O2- sites at steps and corners. 

Methyl radicals are released into the gas phase when O2 is present on the surface. The role 

of the catalyst surface is to bind CH4 and O2 which exchange a redox equivalent directly 

among themselves, but not with the surface. A detailed micro-kinetic model for OCM has 

been developed based on the new reaction mechanism. This micro-kinetic model has been 

implemented in a one-dimensional plug flow reactor model, which includes explicitly the 

interaction between gas phase species and the catalyst surface. This allows direct 

comparison between our theoretical simulation and experiment [5]. We also make the 

connection to recent experimental findings of Freund [6] and Schlögl et al. [7]. 

References 

[1] J. X. Wang, J. H. Lundsford, J. Phys. Chem, 90, 5883, 1986. 
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The understanding of the dissociation of alkali metal-oxygen compounds to the free metal and

oxygen is crucial to improve metal-air batteries, which have particularly high energy density

[1, 2]. Peroxides and superoxides act as products and intermediates in reduction and oxidation

processes in lithium, sodium and potassium/oxygen batteries [3]. The most precise theoreti-

cal consideration of the reactions can be performed at level of small molecular model systems:

LiO2, NaO2, KO2, Li2O2 and Na2O2. The geometric and electronic structure of the model

systems have been studied by the SA-CASSCF/CASPT2 approach. Dissociation energies and

potential energy surfaces for different spin states provide a deep insight into dissociation mech-

anism and reaction products [4]. The chemical character of the electronic states is analyzed in

a systematic way. Coupling between excited states in reagents and products is discussed. In

Figure 1 the dissociation of LiO2 to the Li atom and O2 molecule is shown. Crossing between

states explains formation of active oxygen forms.

Figure 1: Potential energy curves for different electronic states of the molecular lithium superox-

ide dissociation calculated at CASSCF(13,12)/CASPT2 level of theory. The cc-pV5Z

basis set has been applied.

Financial support is provided by the DFG via the GrK (Research training group) 2204 "Substi-

tute Materials for sustainable Energy Technologies".
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The recognition of CO as a key actor in the human physiology led to its emerging use as a

therapeutic agent. Smart design of CO-releasing molecules (CORMs) offers control over the

release trigger and specificity towards a desired target tissue. A promising approach are photo-

CORMs, where the release is initiated by irradiation. To facilitate the further design of CORMs

it is of utmost importance to understand the relationship between its electronic structure and its

release properties. The present work is concerned with the study of several novel manganese-

photoCORMs based on a tridentate coligand synthesized by Schiller et al. and their resulting

photoproducts.[1] Excited state properties such as electronic spectra were obtained with the

TDDFT and SA-CASSCF/MS-CASPT2 approaches. The influence of counterions, solvent and

the systems redox state on the CO-release were unraveled. The computational analysis revealed

that the lowest excitations correspond to ligand field transitions between orbitals with mainly

manganese t2g character into orbitals with eg character that are antibonding towards the CO-

ligands. These transitions are verified as CO-releasing through relaxation in these states using

the minimum energy path method. The arising vacant coordination site at the CORM can be

filled through coordination of the former counterion or a solvent molecule. Both options lead to

a destabilization of the occupied frontier orbitals and a strong redshift in the absorption spectrum

of the photoproducts. Consequently, metal-to-ligand charge transfer transitions in coligand-π*

orbitals can induce further CO-release.
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Figure 1: Minimum energy path (MEP) in the S 2 of the photoCORM leading to photorelease of

CO.

[1] A. Schiller et al., Inorg. Chem. 44, 6482 (2005).
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In recent years, there has been a growing interest in the single molecule magnets (SMM) that

display a bistable (up/down) magnetic spin state below certain critical temperature because of

their potential applications. Obtaining SMMs working at room temperature is reduced to un-

derstanding Zero-Field-Splitting (ZFS) parameters that determines the magnetic anisotropy of

isolated transition metal complex. In this work, computational study of the magnetic anisotropy

in series of transition metal complexes when changing the metal ion or the ligands in a controlled

way will be presented. In order to achieve this goal, first, it was necessary to correctly determine

the spin-ground state of transition metal ions, not straightforward task [1]. We performed de-

tailed density functional based calculations probing the spin-state of these systems using variety

of density functional approximations (DFAs). OPBE, SSB-D and S12g emerged to be one of

the best DFAs for this task. In a second step, LF-DFT [2] is applied for the calculations of ZFS

parameters. In addition to accurate prediction of magnitude, sign of the ZFS parameters, and

orientation of the principal magnetic axes, we can pin-point the excitations that control magnetic

anisotropy. In this way, we rationalize the connection between the structure, spin-ground state,

excited states and magnetic properties of transition-metal complexes. The present approach will

be illustrated by discussion of the magnetic anisotropy in trigonal-bipyramidal complexes of

Ni(II) [3], scorpionate complexes [4], and octahedral complexes of Mn(IV) [5].
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172035) and COST Action CM1305 ECOSTBio (Explicit Control Over Spin-states in Techno-

logy and Biochemistry).
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[4] M. Perić, A. García-Fuente, M. Zlatar, C. Daul, S. Stepanović, P. García-Fernández, M.
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 N-heterocyclic carbenes (NHCs) are known as a stable carbene compounds[1]. 

Carbodicarbenes (CDCs; compound 1, Scheme1), in which two NHCs coordinate to the 

cental divalent carbon (0), can be stably isolated. In addition, the coordination bonds are 

considered as a bent allene structure[2], so we are interested in the electronic states of 

these bonds. In this study, we 

investigated the mode of the 

coordination bonds for CDC and 

compound 2 by the NBO calculation, 

in which one NHC is replaced to 

triphenylphosphine. 

 Also, compound 1 and 2 react with 9-

borabicyclo[3.3.1]nonane (9-BBN; 

compound 3) to obtain 1,2-adducts. 

On the other hands, compound 2 

reacts with small boron 

compound (i.e. phenylborane), 

and the central divalent carbene 

(0) coordinate to the boron atom. 

We analyze this reaction 

mechanism and report it.  

 

 

[1] D. P. Curran, et al., Angew. Chem. Int. Ed. 50, 10294 (2011). 
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Scheme 1 Carbodiarbene Compounds 

Scheme 2 1,2-addition reaction of compound 2 and 3 
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The interaction of conduction band electrons with localized unpaired electrons can cause the

formation of a singlet state at sufficiently low temperature. This effect is known as the Kondo

effect [1] and can be observed in many experimental setups such as break junctions [2] and in

scanning tunneling microscopy (STM) experiments [3].

Our goal is to understand the Kondo effect from a chemical perspective, to allow for a systematic

manipulation of molecules (e.g. via ligand substitution) that in turn controls the Kondo effect.

As a first step in this direction, we investigated a series of cobaltcarbonyl complexes adsorbed

on Cu(100), as reported by P. Wahl et al. [4], concerning the Kondo effect in the scope of a

combination of density functional theory and the single impurity Anderson model (DFT++).

We found that hybridization of the Co 3d shell strongly depends on the number of CO ligands

attached to cobalt, which is potentially the reason for the increasing Kondo temperature with an

increased number of Co ligands.

Figure 1: Co(CO)4 and Co(CO)2 on Cu(100) as obtained by PBE.

[1] L. Kouvenhoven, L. Glazman, Physics World 14, 33 (2001).

[2] J. J. Parks et al., Phys. Rev. Lett. 99, 026601 (2007).

[3] J. Li, W.-D. Schneider, R. Berndt and B. Delley, Phys. Rev. Lett. 80, 2893 (1998).

[4] P. Wahl, L. Diekhöner, G. Wittich, L. Vitali, M. A. Schneider and K. Kern, Phys. Rev.

Lett. 95, 166601 (2005).
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The development of linear-scaling ab initio methods in the last two decades has significantly

extended their range of applicability, so that nowadays systems with more than 1000 atoms

can be treated on a single compute-node [1]. Considering Moores law (doubling transistor

count every 18-24 months), linear-scaling methods ensure that an increase in computing power

directly translates into increasing treatable system sizes. In the last decade, however, the speed

of a single CPU-core did not grow accordingly and Moores law is only uphold in form of an

increasing number of computing-cores in, e.g., multi-core CPUs or graphics processing units

(GPUs).

Recent developments by several groups have shown that the use of GPUs can strongly im-

prove the performance of ab initio methods [2-5]. In this presentation we discuss paralleliza-

tion strategies implemented in our program package FermiONs++ [4, 5] with a particular fo-

cus on two-electron integrals. Our recently developed hybrid integral engine [6] allows for

an efficient and strong-scaling parallelization on different platforms, supporting MPI-connected

CPU/GPU compute-nodes (employing CUDA for NVIDIA and OpenCL for AMD-GPUs [7]).

This not only allows the efficient application of ab initio methods to large molecular systems,

but also opens a path to ab initio molecular dynamics (MD) simulations. First examples of

Born-Oppenheimer and Ehrenfest molecular dynamics calculations are presented.

[1] J. Kussmann, M. Beer , and C. Ochsenfeld, WIREs Comput. Mol. Sci. 3, 614 (2013).

[2] I. S. Ufimtsev and T. J. Martínez, J. Chem. Theor. Comput. 4, 222 (2008).

[3] I. S. Ufimtsev and T. J. Martínez, J. Chem. Theor. Comput. 5, 1004 (2009).

[4] J. Kussmann and C. Ochsenfeld, J. Chem. Phys. 138, 134114 (2013).

[5] J. Kussmann and C. Ochsenfeld, J. Chem. Theory Comput. 11, 918 (2015).

[6] J. Kussmann and C. Ochsenfeld, J. Chem. Theory Comput., in press (2017).

[7] J. Kussmann and C. Ochsenfeld,

J. Chem. Theory Comput., DOI: 10.1021/acs.jctc.7b00515 (2017).
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Salicylic acid (SAc) and its excited-state intramolecular proton transfer (ESIPT) capabalities

have been extensively studied both experimentally and theoretically by static calculations.

However, to our knowledge, no radiationless pathway has been proposed so far, but instead

excited-state deactivation was only investigated via fluorescence.

In this contribution, we will present full-dimensional photodynamics of SAc using the floating-

occupation configuration-interaction (FOCI) treatment with single and paired double excitations

based on the semiempirical RM1 Hamiltonian. To clarify mechanistic details, the potential en-

ergy surface (PES) is scanned along the proton transfer coordinates in one and two dimensions.

The time-evolution of relevant degrees of freedom, quantum yields and isomer populations are

evaluated from 200 surface-hopping trajectories.

It was found that a non-radiative deactivation pathway from the excited state to the ground state

is indeed accessible through a conical intersection (CoIn), via rotation of the carboxyl group

(Fig. 1). Together with the ESIPT process, this rotation also allows the interchange of the

protons (H1 and H8) of the two (formal) OH groups, which makes the overall dynamics still

more complex. A comprehensive overview of all these entangled steps will be given in this

study.
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Figure 1: Reaction scheme of the excited-state dynamics of SAc.
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When aiming at systematically synthesizing porphyrinoids with distinct properties knowledge

about electron mobility pathways is essential. Experimentally, these pathways are not easily ac-

cessible, which makes complementary theoretical studies necessary. It is possible to determine

reliable aromatic pathways in porphyrinoid macrocycles by studying magnetically induced cur-

rent densities.[1] An overview of different ways to calculate and analyse the magnetically in-

duced current density in such molecules is given. The computational approach used is the gauge

including magnetically induced current density method (GIMIC), which is an independent, free

available program.[2, 3] New features of the GIMIC program will be presented [4, 5] and very

recent results obtained for various porphyrinoids such as Ni(II)cyanonorcorrole (see below) will

be highlighted illustrating the potential and challenges of the method.

[1] D. Sundholm, H. Fliegl and R. J. F. Berger, WIREs, 6, 639 (2016).

[2] J. Jusélius, D. Sundholm and J. Gauss, J. Chem. Phys., 121, 3952 (2004).

[3] H. Fliegl, S. Taubert, O. Lehtonen and D. Sundholm, Phys. Chem. Chem. Phys., 13,

20500 (2011). [ https://github.com/qmcurrents/gimic ]

[4] H. Fliegl, J. Jusélius and D. Sundholm, J. Phys. Chem. A, 120, 5658 (2016).

[5] C. Kumar, T. Kjærgaard, T. Helgaker and H. Fliegl, J. Chem. Phys., 145, 234108 (2016).
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Reaction mechanism of the selective catalytic reduction of nitric oxide (NO) by ammonia 

(NH3-SCR) on the Ru doped CeO2(111) were investigated using density functional theory 

(DFT) calculation, corrected by on-site Coulomb interactions (DFT+U). The roles of 

Lewis and Brønsted acid sites on the reaction mechanism were examined. Our results 

suggest that the Lewis acid of Ru dopant on RuCeO2(111) enhances the NH3 adsorption 

compared with the clean CeO2(111) surface. The catalytic cycle consists of two 

consecutive steps of NO reduction followed by the surface regeneration. The first NO 

reduction occurs at Ru Lewis acid site via NHNO intermediate to produce N2, H2O, and  

the Brønsted acid site. The NH3 adsorption and dissociation are facile on RuCeO2(111) 

catalyst. The second NO reduction occurs over the Brønsted acid site, which is slightly 

more difficult than the first NO reduction in terms of NH3 adsorption and dissociation. 

However, the calculations reveal that Brønsted acid site promotes the H2O formation. At 

the final step, the clean RuCeO2(111) surface is regenerated by healing the oxygen 

vacancy by O2 with low activation energy. For the whole catalytic cycle, the Lewis active 

sites of RuCeO2(111) tend to be poisoned by water due to its high desorption energy. 

Based on the complete reaction mechanism achieved from this work, RuCeO2 is predicted 

as one of the promising catalysts for the NO reduction by SCR-NH3 at moderate 

temperature. 

 

Scheme 1. The catalytic cycles of NH3-SCR of NO on RuCeO2 
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Temporary anions play an important role in various biological and chemical processes that in-

volve electron-molecule collisions, as for example DNA damage by slow electrons or interstel-

lar reactions [1]. They can be formed by electron attachment to neutral molecules with negative

electron affinity, thus are not stable with respect to electron loss. These metastable states can be

observed in electron impact experiments as resonances in the spectrum, with the spectral width

corresponding to the inverse lifetime of the state. The theoretical investigation of these reso-

nances is, however, difficult, as they are not discrete states in the usual Hermitian description.

A solution to this problem is to employ a complex absorbing potential (CAP) that transforms the

resonance into a discrete state with complex energy, which gives the position and the lifetime of

the resonance. The CAP can be integrated in coupled cluster (CC) methods to have a high-level

description of electron correlation effects, and the electron attachment variant of the equation-of-

motion (EOM-EA) method can be used to ensure a balanced description of neutral and anionic

states [2].

To explore decay routes and understand experimental findings, structural studies of resonances

are essential. By deriving and implementing analytic gradients for CAP-EOM-CC methods, we

could for the first time carry out geometry optimizations of temporary anions with a method that

accounts for the finite lifetime of the state [3].

In this study, the general theory and implementation of analytic gradients for CAP methods is

presented, and the CAP-EOM-EA-CCSD and CAP-EOM-EA-CCSD(2) methods are applied to

geometry optimization of several temporary anions. The performance of the two methods and

the basis set effects are investigated for small to medium sized molecules.

Finally, the methods are used to investigate the experimentally observed substantial difference in

lifetimes of the A” anionic resonances of acrylonitrile and methacrylonitrile [4], and the trends

in the energies and lifetimes of the temporary anions of ethylene, butadiene and hexatriene [5].

[1] T.-C. Jagau, K. B. Bravaya, A. I. Krylov, Annu. Rev. Phys. Chem. 68, 525 (2017).

[2] D. Zuev, T.-C. Jagau, K. B. Bravaya, E. Epifanovsky, Y. Shao, E. Sundstrom, M. Head-

Gordon, A. I. Krylov, J. Chem. Phys. 141, 024102 (2014).

[3] Z. Benda, T.-C. Jagau J. Chem. Phys. 146, 031101 (2017).

[4] K. Regeta, M. Allan, J. Chem. Phys. 142, 184307 (2015).

[5] K. Jordan, P. Burrow, Chem. Rev. 87, 557 (1987).
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The major light-harvesting complex of photosystem II (LHCII) serves as the principal solar 

energy collector in the photosynthesis of green plants. It captures and converts light into 

chemical energy, which is further used to oxidise water in the light reactions of 

photosynthesis. Classical dynamics simulations have recently shown that the solubilized 

form of LHCII [1] differs from its crystal structure [2], showing signatures of a light-

harvesting state that matches with experimental observations. During the microsecond 

dynamics, also a shortening of inter-chromophores distances was observed, highlighting 

some potential quenching sites.    

In this work, using Density Functional Theory (DFT) an its time-dependent extension, 

TDDFT (as implemented in the ADF software package [3]), we study the effect of the 

protein chain on the UV vis spectrum of one of the putative quenching sites that involves 

the chlorophyll alpha 612 (CHLA612). Taking the LHCII crystal structure as test case, we 

select all the protein residues within a 7 Ȧ sphere around the Mg atom of the porphyrin ring. 

By gradually releasing the constraints in the geometry optimization of the structure, we find 

that the Qx absorption band of the CHLA612 is heavily affected by the interaction with 

electronegative surrounding atoms, especially with a S atom of a nearby methionine residue, 

with which the Mg atom forms an antibonding interaction between the p orbitals on S and π 

orbital of the porphyrin. These insights will be used in the near future to systematically study 

a classical trajectory of the solubilized form of LHCII, where natural thermal oscillations of 

both protein environment and CHLA are taken into account.  

	

References : 
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The rechargeable secondary batteries such as lithium-ion battery (LIB) are expected to 
be utilized as not only ubiquitous electric power sources such as mobile phones but also 
large-scale electricity storage devices. Their lifetime and stability are found to be strongly 
dependent on the nature of passivation film called solid electrolyte interphase (SEI) film 
formed on the anode surface. However, since it is difficult to directly observe the film 
formation processes in experiment, its microscopic mechanism is still not found. Under the 
circumstances, we have proposed a new atomistic reaction simulation method, which is a 
Red Moon method (or hybrid Monte Carlo 
(MC)/molecular dynamics (MD) reaction method) [1], and 
applied it to the investigation of SEI film formation in 
secondary batteries [2-4]. 

In this study, by using a Red Moon method, we were 
able to simulate for the first time the SEI film formation 
processes on the anode surface at the atomistic level [2]. 
Then, we clarified the microscopic mechanism of the 
additive effect on the SEI film formation [3], where the 
addition of the fluoroethylene carbonate (FEC) leads to 
the smaller irreversible capacity and smoother SEI film 
(see Fig. 1). Further, we also investigated the salt 
concentration effect [4]. These research findings are 
expected to provide a guiding principle for developing 
high-performance secondary batteries. 

[1] M. Nagaoka, Y. Suzuki, T. Okamoto, N. Takenaka, Chem. Phys. Lett., 583, 80 (2013) 
[2] N. Takenaka, Y. Suzuki, H. Sakai, M. Nagaoka, J. Phys. Chem. C, 118, 10874 (2014) 
[3] N. Takenaka, H. Sakai, Y. Suzuki, P. Uppula, M. Nagaoka, J. Phys. Chem. C, 119, 
18046 (2015) 
[4] N. Takenaka, T. Fujie, B. Amine, M. Nagaoka, to be submitted. 

 
Figure 1. Typical snapshots of 
SEI films without and with FEC. 
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The usefulness of atomistic simulations is generally hampered by the presence of several metastable

states separated by high free energy barriers leading to kinetic bottlenecks. Transitions between

metastable states are thus rare events that occur on much longer time scales than one can sim-

ulate in practice. Numerous enhanced sampling methods have been suggested to alleviate this

time scale problem, including methods based on identifying a few crucial order parameters or

collective variables and enhancing their fluctuations through the introduction of an external bi-

asing potential [1].

Here will we discuss Variationally Enhanced Sampling [2], a generally applicable enhanced

sampling method which is based on a rigorous variational principle [2]. In this approach an ex-

ternal bias potential that acts in the space spanned by the collective variables is constructed by

minimizing a convex functional. The underlying free energy landscape as a function of the se-

lected collective variables can be obtained directly from the bias that minimizes this functional.

We present numerous examples which show the flexibility, practicality, and usefulness of the

method. We will furthermore discuss how the variational property of the method can be used

to extend the method in novel and innovative ways, including for example: to obtain kinetics

of rare events from atomistic simulations [3]; to accelerate nucleation events by employing a

physical model from classical nucleation theory [4]; and to parameterize coarse-grained phe-

nomenological models from microscopic simulations [5].

We will also introduce the VES code (http://www.ves-code.org), an open-source library for the

PLUMED 2 plugin (http://www.plumed.org) that implements methods based on Variationally

Enhanced Sampling. The VES code can be used with a wide range of molecular dynamics

codes. The code is furthermore designed in modular way to allow for a quick implementation

of new features within Variationally Enhanced Sampling.

[1] O. Valsson, P. Tiwary, and M. Parrinello, Annu. Rev. Phys. Chem. 67, 159 (2016).
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(2015).
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Density functional theory is widely used for electronic structure calculations in chemical 
systems, especially with the Hartree-Fock (HF) hybrid exchange-correlation functionals. 
We reported the accuracy of optical spectra using hybrid functionals with local exact 
exchange potential under the Krieger-Li-Iafrate(KLI) approximation instead of the non-
local Hartree-Fock exchange on the grid basis, and showed that the KLI hybrid 
outperforms the HF hybrid even with a simple local density approximation kernel.[1] 

In this research, we implemented a range-separated LC-ωPBE(2Gau) developed by 
Hirao et. al.[2] with its long-range exchange operator replaced from HF to KLI [LC-
ωPBE(2Gau, KLI)]. The computational cost of calculations using global KLI hybrid and 
LC-ωPBE(2Gau, KLI) was compared. We applied the LC-ωPBE(2Gau, KLI) functional to 
computing various excitation energies incorporating charge-transfer excitation characters, 
including metal-to-ligand or ligand-to-metal charge transfers. Optical spectra calculations 
are performed using various methods, including the time-dependent HF method with 
exact-exchange orbitals developed by Görling et al.[3] and time-dependent density 
functional theory with various exchange-correlation kernels. 
 
 
       [1]  J. Kim, K. Hong, S.-Y. Hwang, S. Ryu, S. Choi and W. Y. Kim, Phys. Chem. 
Chem. Phys. 19, 10177-10186 (2017). 
       [2] J.-W. Song and K. Hirao, J. Chem. Phys. 143, 144112 (2015).  
       [3] A. Heßelmann and A. Görling, J. Chem. Phys. 134, 034120 (2011). 
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One of the most exciting and challenging research fields in chemistry emerged in 

1985 with Cram’s synthesis of a molecule capable of trapping other molecules in its interior. 

Since then, the chemistry of molecular container compounds has become a challenging and 

rewarding field of organic chemistry.[1] In this project, the incarceration of o-benzyne and 

other 27 guest molecules within hemicarcerand 1 (see Figure 1a), studied experimentally by 

Warmuth,[2] and Robbins and co-workers,[3] respectively, has been studied via density 

functional theory (DFT). The possible incarceration of o-benzyne within a second 

hemicarcerand 2 (see Figure 1b) as synthesized by Cram and co-workers has also been 

additionally explored. Full structure optimization and determination of the 
1
H-NMR 

chemical shift was performed. In addition, the rotational mobility and the conformational 

preference of the guest molecules inside the hemicarcerand structures were explored, 

providing intriguing correlations of the chemical shifts with structural parameters of the 

host-guest system. Our proton NMR chemical shifts at the KT2/ET-pVQZ level indicate a 

direct correlation between theoretical calculations and experimental measurements, and 

provide a new strategy to characterize these challenging host-guest complexes.	

 
 

       [1] K. N. Houk, K. Nakamura, C. Sheu, A. E. Keating, Science, 273, 627 (1996). 

       [2] R. Warmuth, Angew. Chem. Int. Ed., 36, 1347 (1997). 

       [3] T. A. Robbins, et al., J. Am. Chem. Soc., 116, 111 (1994). 
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The resonances and interplay between bonding/antibonding orbitals are the main culprit for

the strong static quantum correlations in molecular systems [1]. This resonance provides the

basis building block for Geminal theory, which starts from the assumption that the electronic

degrees of freedom are organised as a mean-field of (Lewis) pairs, rather than single electrons

[2]. Due to the symmetric nature of electron pairs, opposed to the antisymmetric character

of single electrons, Geminal theory has proven to be computationally intractable, until very

recently [3]. In this presentation, I will present a computationally tractable version of Geminal

theory [4], based on the premises of Richardson-Gaudin integrability [5], a method known from

mathematical physics.

[1] T. Helgaker, P. Jorgenson and J. Olsen, Molecular Electronic Structure, Wiley (2000)

[2] P. R. Surjan, An introduction to the theory of geminals, Springer (1999)

[3] P. A. Limacher, P. W. Ayers, P. A. Johnson, S. De Baerdemacker, D. Van Neck, and P.

Bultinck, J. Chem. Theor. Comp. 9 1394 (2013)

[4] P. W. Claeys, S. De Baerdemacker, D. Van Neck and J-S. Caux in preparation

[5] J. Dukelsky, S. Pittel, and G. Sierra Rev. Mod. Phys 76, 643 (2004)
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A halide-triggered metallosupramolecular host was systematically studied for the uptake of 

small neutral molecules. Binding of chloride anions in the outer two pockets of the 

interpenetrated double-cage activates guest uptake in its central pocket [1]. This compound 

and the process of binding is related to a previously published double cage system, but one 

which was limited to anion binding. The newly synthesised compound quite remarkably is 

able to bind uncharged and apolar guests.  

A computational study was carried out on these 

host-guest systems, with a particular focus on the 

interactions taking place in the inner pocket. 

Dispersion Interaction Density (DID) plots [2] 

show how the whole compound structure 

contributes to the stabilisation of the apolar guests 

(FIG 1).  

In order to build a bridge between theory and 

experiment, binding affinities were calculated 

through a composite approach. The latter consists of 

systematic guest conformational screening, DFT optimisations and truncated Hessian 

calculations for thermodynamical corrections. The electronic energies are corrected with 

SCS-LMP2 calculations using D-COSMO-RS [3]. Our calculated affinities are generally 

found to be within 3 kcal/mol compared of the experimentally measured values (NMR, 

double mutant cycle and isothermal calorimetry).  

 

       [1]  S. Löffler, A. Wuttke, R. A. Mata, G. H. Clever, to be published. 

       [1]  A. Wuttke, R. A. Mata, JCC 38.1, 15-23 (2017). 

       [1]  S. Sinnecker, A. Rajendran, A. Klamt, M. Diedenhofen, F. Neese, J. Phys. Chem. 

A 110(6), 2235 (2006).	

	

FIG. 1 DID plot of DABCO in the  
supramolecular host 
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The poster presents the endeavour of optimizing and evaluating several computational 

protocols for exploration of conformational space of small molecules using combination of 

force-field/semi-empirical and DFT-D3/COSMO-RS [1] methods. The selection of 

systems focuses on macrocyclic compounds as a promising class of molecules for drug 

development, as well as challenging systems for empirical description of energy-structure 

relationship. 

The optimal protocol consists of an exploratory part, based on MD/LLMOD [2] search, 

and a refining part, based on accurate free energy calculations obtained from DFT, 

COSMO-RS and gas-phase frequency analysis. The workflow enables minimizing the 

computational cost by providing multiple checkpoints for discarding high-energy 

conformers. 

 

Fig.1 Roadmap of conformational sampling protocol. 

The study examines 8 systems of varying size and provides a wealth of QM data about 

more than 8,000 different conformers and structural data for more than 30,000 conformers, 

available for further analysis. Understanding the relations between individual components 

of energy and structure is essential for estimation of error associated with the protocol and, 

hence, proper interpretation of sampling procedures. 

 

       [1]  A. Klamt, J. Phys. Chem. 99, 2224 (1995) 

       [2]  I. Kolossvary; G. M. Keseru, J. Comput. Chem. 22, 21 (2001) 
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Coenzyme B12 (5’-deoxyadenosylcob(III)alamin, dAdoCbl) is one of the most prominent 

organometallic cofactors due to the presence of a carbon-cobalt (Co-C) bond, which is the 

key to enzymatic reactions utilizing coenzyme B12 as a cofactor: The homolytic cleavage 

of the Co-C bond, which leads to the formation of a 5’-dAdo radical, is highly encouraged 

in the enzymatic environment compared to the nonenzymatic reaction. In a (subsequent or 

concerted) second step, the 5’-dAdo radical is involved in an H-atom transfer reaction, 

generating a substrate radical and 5’-dAdo. However, the accurate theoretical description 

of both elementary reactions is challenging. More recently, the Co-C cleavage was 

investigated with dispersion-corrected DFT and LPNO-CCSD calculations utilising the 

full coenzyme.[1] This and another study[2] have elucidated the importance of the model 

system design and, especially, the inclusion of dispersion and solvent corrections. 

Concomitantly, the accurate description of the H-atom transfer reaction is known to be 

very sensitive to the level of theory applied.[3–5] Our goal is to find a model chemistry 

that ensures an accurate description of both reactions, Co-C cleavage and H-atom transfer. 

We discuss the differences between typical model systems, the effects of dispersion and 

solution corrections and finally present a suitable ONIOM(QM/MM) setup that 

simultaneously reduces the computational costs and retains the accuracy of non-

approximate calculations on the full coenzyme system. All these efforts help us to tackle 

the decades-long controversy about the actual mechanism among the different classes of 

coenzyme B12 dependent enzymes. 
 

								  
 

[1]  Z. Qu, A. Hansen, S. Grimme, J. Chem. Theory Comput. 11, 1037, (2015). 

[2]  K. P. Kepp, J. Phys. Chem. A 118, 7104, (2014). 

[3]  D. J. Henry, C. J. Parkinson, P. M. Mayer, L. Radom, J. Phys. Chem. A 105, 6750, 

(2001). 

[4]  M. L. Coote, J. Phys. Chem. A 108, 3865, (2004).  

[5]  B. Durbeej, G. M. Sandala, D. Bucher, D. M. Smith, L. Radom, Chemistry 15, 8578, 

(2009). 
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Synthesis of highly functionalized polymers is an ultimate goal in chemistry because it 

allows for design of materials with tailored properties. Molybdenum catalysts (e.g. of the 

Schrock type) have successfully been used for polymerization of olefins but these catalysts 

are very sensitive to functional groups at the monomers. However recently, an N-

heterocyclic carbene Mo-alkylidene catalyst has been reported that does tolerate functional 

groups and polymerizes olefins with hydroxyl, carboxyl, or carbonyl functionalities. [1] 

DFT is employed to investigate the reaction mechanism of this catalyst and to explore the 

origin of its functional group tolerance at the example of the bicyclo[2.2.1]hept-5-en-2-

carbaldehyd monomer. Energetics of the polymerization reaction as well as of the 

deactivation reaction are presented and regional selectivity of the polymer formation is 

explained. Compared to Schrock type catalysts, this novel Mo-alkylidene catalysts shows 

significantly reduced reactivity towards carbonyl coordination.  

 

 

 

       [1] M. R. Buchmeiser, S. Sen, J. Unold, W. Fey, Angew. Chem Int. Ed. 53, 9384 

(2014). 
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Recent years have witnessed the evolution of new and promising approximate QM methods that  
depend on parameterization to benchmark results obtained with highly accurate calculations. 
Among the most important areas is the study of non-covalent interactions, which plays a vital role 
in understanding lot of chemical, biological, biochemical and physical properties. Although 
highly efficient SQM methods such as SCC-DFTB and PM6 with corrections for dispersion and 
hydrogen bonding[1, 2] are known to out perform many of the currently available semi empirical 
methods, they underestimate the repulsion, which leads to substantial overbinding at short 
distances.  To correct this issue, it is necessary to develop new set of benchmark data that would 

systematically cover the repulsive region of the intermolecular potential, and use it in the 
reparameterization of the methods or corrections for them. The benchmark must be constructed 
using higher order wavefunction methods, for these interactions are often influenced by strong 
correlation effects.  In this work we present the data for 161 molecular complexes for which we 

systematically constructed their dissociation curves up to the repulsive region (6 points per 
system). Totally the dataset contains 966 points mapping all combinations of the organic elements 
(H, C, N, O) in different chemical context. We present the detailed methodology of constructing 
the complexes and the benchmark CCSD(T)/CBS results along with the results of testing multiple 
DFT and  SQM methods. 

[1] J. Řezáč, P. Hobza, J. Chem. Theory Comput. 8, (2012).

[2] V. M. Miriyala, J. Řezáč, J. Comput. Chem. 38, 688 (2017). 

PO2-235



Extended single-reference vibrational coupled cluster for the description of
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In vibrational coupled cluster (VCC) theory the vibrational state has an exponential parametriza-

tion based on a single-configuration reference state, oftenmost obtained from a mean-field vi-

brational self-consistent field (VSCF) calculation;

|VCC〉 = exp(T̂ ) |VSCF〉

Here T̂ is the cluster operator, the effect of which is to generate a superposition of configurations

for which some of the modes have been excited w.r.t. the reference state. By truncating T̂ at a

certain level n, i.e. by only allowing up-to-n-mode excitations, a hierarchy of VCC[n] methods

are achieved that converge towards the full vibrational configuration interaction (FVCI) solution

which is exact within the chosen one-mode basis but is much too costly to compute for anything

but the smallest molecules.

Due to the ansatz VCC works very well when the reference state is dominant in the FVCI

solution, and fortunately this is oftenmost the case for the ground states of molecules vibrating

around a well-defined electronic energy minimum. Excited state energies can subsequently

be accurately obtained from response theory. Molecules possessing double-wells, on the other

hand, can have several dominant configurations due to the near-degeneracy of the bound double-

well states – our goal is then to adapt VCC to describe vibrational correlation efficiently also in

these cases.

Instead of making a full-blown multi-reference VCC formulation, the theory of which would be

both hard to develop, implement and apply, we have introduced an extended single-reference

model where certain higher-than-n-mode excitations are allowed in T̂ by allowing the double-

well modes not to count towards the n-mode limit. By doing so all one-mode states for the

double-well mode(s) have the same excitation space and are thus described equivalently in prac-

tice even though a certain reference is singled out in the ansatz.

We will look at how this model performs when calculating ground and excited state energies for

small and medium-sized molecules containing amino and hydrogen transfer groups.
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Open-shell character from experimental and calculated bond lengths
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Determining the open-shell character of singlet molecules is a challenging task. Experimen-

tally, diamagnetic behavior is measured making the distinction between open-shell singlets and

closed-shell singlets difficult. Yet, there is a connection between open-shell singlet character

and measurable nonlinear optical properties.[1] Molecules with a singlet ground state and small

singlet-triplet gaps (i.e. thermally accessible triplet states) are usually attributed with a larger

open-shell character than those with larger singlet-triplet gaps.[2] Theoretically, the open-shell

character may be quantified by the diradical character, which can be defined in several ways.[3]
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Figure 1: Structural formulas of dinuclear iron [4] and [5] and cobalt complexes (left) and orga-

nic bisbenzothiaquinodimethanes [2] (right)

We investigated experimental and calculated (BP86/def2-TZVP, B3LYP/def2-TZVP) structures

(see Figure) looking for correlations between open-shell character and bond-length patterns.

[1] K. Kamada et al, J. Phys. Chem. Lett. 1, 937-940 (2010).

[2] S. Dong et al, Angew. Chem. 128, 9462-9466 (2016).

[3] E. Ramos-Cordoba et al, Phys. Chem. Chem. Phys. 16, 9565 (2014).

[4] F. Paul et al, Inorg. Chem. 48, 10608-10624 (2009).

[5] F. de Montigny et al, Organometallics 24, 4558-4572 (2005).
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The creation of hybrid organic/inorganic interfaces is important for the development of new ma-

terials and devices, because it can lead to an enhanced application range. Cyclooctyne is a po-

tential candidate for building such interfaces on silicon, as it forms dense and ordered structures

upon adsorption on Si(001).[1] Understanding the structural selectivity in this system might al-

low to design molecules that lead to any desired interface structure. Selectivity is often governed

by intermediates in the adsorption process, however, experiments on the adsorption of cyclooc-

tyne on Si(001) showed it to proceed directly into the final state.[2] Our density functional

theory calculations imply that there might be two competing adsorption pathways: Direct and,

alternatively, via an ultra-short-lived intermediate not detectable under usual lab conditions.

By combining bonding analysis methods (Periodic Energy Decomposition Analysis[3]) and

ab-initio molecular dynamics (AIMD), we investigated the relevance and properties of this in-

termediate. The results show (i) why it can emerge in the adsorption process, (ii) how it would

determine structural selectivity and (iii) why it would not be observable in experiment. This

highlights the importance of computational chemistry for the field of material science.

Figure 1: Left: Schematic representation of the adsorption process of cyclooctyne on Si(001).

Right: Selected data from an AIMD simulation which allows distinguishing between

the separated system (white), intermediate (grey) and final state (yellow).

[1] G. Mette et al., Chem. Phys. Lett. 556, 70 (2013).

[2] M. Reutzel et al., J. Phys. Chem. C 120, 26284 (2016).

[3] M. Raupach, R. Tonner, J. Chem. Phys. 142, 194105 (2015).

This work was funded by Deutsche Forschungsgemeinschaft (DFG) within SFB 1083.
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The current increase in energy demands across the world makes fossil-fuel based energy re-

sources unsustainable. Solar energy conversion is one alternative to produce green renewable

energy. However, the efficiency of modern organic photovoltaic cells is still low (<10%) com-

pared to biological systems (∼100%).

Although many theoretical and experimental investigation has been done to study the mecha-

nisms involved in the natural Light Harvesting Complexes (LHCII), many questions are still

open: i) specific role of the individual chromophores ii) importance of the environment modify-

ing the exciton pathways iii) relevance of coherence in the exciton energy transfer.

In this work we present how excitonic properties for complex systems can be obtained from real-

time propagation TDDFT and how this properties fit into the exciton models used to simulate

the energy transfer when the system is coupled to the environment (e.g. Förster approximation

to Hierarchical Equation of Motion)

Based on our local density decomposition analysis [1], we study exciton dynamics on LHCII to

understand time-scales and possible energy pathways towards the reaction center.

Our results are in good agreement with the recently obtained molecular structure of the Photo-

system II [2], and reveal the crucial relevance of the protein environment to modulate the exciton

pathway toward an efficient energy transport.

Figure 1: (a) Molecular structure of the Photosystem II in higher plants. (b) Real-time TDDFT simulation

of a laser induced exciton transport during ∼100fs, (c) Exciton dynamics using HEOM reveals

4 time-scales as observed experimentally

[1] J. Jornet-Somoza et al, Phys. Chem. Chem. Phys. 17, 26599 - 26606 (2015)

[2] X. Wei et al., Nature 534, 69 (2016)
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How to describe quantum interferences to separate nuclear spin isomers
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The existence of nuclear-spin isomers was reported for the first time in 1927 by Heisenberg and

Hund to explain anomalous properties of molecular hydrogen [1,2]. However, the experimental

separation and/or conversion of nuclear spin isomers of polyatomic molecules is a very chal-

lenging problem only successful in a few cases. In the last years several theoretical models[3–8]

have been proposed showing different behavior of the nuclear spin isomers after light excita-

tion. Using model systems of reduced dimensionality , these previous works have shown that

the differences on the excited state dynamics are due to the quantum interferences of the initial

nuclear wave function built up for each nuclear spin isomer.

In this work we investigate whether these quantum interferences are still observable using sys-

tems of larger dimensionality. To achieve this we use MCTDH (multiconfigurational time-

dependant hartree) and compare it to the semiclassical MCE (multiconfigurational Ehrenfest)

method. Using these methods, we will for the first time be able to observe whether the differ-

ent molecular behavior of nuclear spin isomers is still present when going beyond small model

systems to a full dimensional treatment of molecules.

[1] W. Heisenberg, Z. Phys. 41, 239 (1927).

[2] F. Hund, Z. Phys. 42, 93 (1927)

[3] T. Grohmann, M. Leibscher, J. Chem. Phys. 134, 204316 (2011).

[4] J. Floß, T. Grohmann, M. Leibscher, T. Seideman, J. Chem. Phys. 136, 084309 (2012).

[5] R. Obaid, D. Kinzel, M. Oppel, L. González, J. Chem. Phys. 141, 164323 (2014).

[6] R. Obaid, D. Kinzel, M. Oppel, L. González, Theor Chem Acc 134, 46 (2015).

[7] M. Waldl, M. Oppel, L. González, J.Phys.Chem.A 120, 4907 (2016).

[8] S. Gómez, M. Oppel, L. Gónzalez, Chem. Phys. Lett. (in press) (2017).
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Recently, a remarkable dodecahedral [20]silafullerane with eight chloro and twelve 

trichlorosilyl substituents as well as one chloride ion as an endohedral guest has been 

synthesized.
[1]

 This complex structure has selectively been formed from simple reactants 

via an apparent self-organization. 

 

42 Si2Cl6 + [R4N]Cl
cat. nBu

3
N

⎯ →⎯⎯⎯⎯ [R4N][Si32Cl45] + 52 SiCl4  

 

DFT calculations provide a rationale for this particular substitution pattern and also for the 

bonding between the bare cluster and its endohedral guest. Additionally, properties, e.g. 
29

Si NMR shifts including spin-orbit coupling, are calculated. The twelve exohedral 

substituents exert a significant thermodynamic stabilization compared to a purely chlorine 

substituted homolog as does the incorporation of Cl
−
 as endohedral guest. 

 

 

 

       [1] J. Tillmann, J. H. Wender, U. Bahr, M. Bolte, H.-W. Lerner, M. C. Holthausen, M. 

Wagner Angew. Chem. Int. Ed. 54, 5429–5433 (2015)  
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To obtain analytical first-order properties at the MP2-level such as nuclear gradients or hyper-

fine coupling constants with low computational cost, we recently introduced a new approach [1]

based on the atomic orbital-based formulation by Schweizer et al. [2]. The first formulation,

although linear scaling, entails large computational cost for small to medium-sized molecules as

well as when moderate to large-sized basis sets are employed. Our ansatz therefore introduces

both the Cholesky decomposition and the resolution-of-the-identity approximation, as was pre-

viously done for the atomic orbital-based MP2 energy computation [3]. This leads to a reduced

computational cost and dependency on the basis set size when significant integral contribu-

tions are selected using our distance-including integral estimates (denoted as QQR). We present

the reformulation of the method and results showing the accuracy and validity of the integral

screening as well as the asymptotic scaling behavior and computational efficiency of our new

approach.

[1] S. Vogler, M. Ludwig, M. Maurer, C. Ochsenfeld, submitted.

[2] S. Schweizer, B. Doser, C. Ochsenfeld, J. Chem. Phys. 128, 154101 (2008).

[3] S.A. Maurer, L. Clin, C. Ochsenfeld, J. Chem. Phys. 140, 22412 (2014)
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The “chemical space” concept refers to the feature space of a given type of molecule, e.g. 

the set of all organic compounds up to a certain size, which adhere to simple design rules 

regarding chemical stability.[1] Researchers in this field have focused on finding structure-

property relationships within chemical spaces, e.g. in order to estimate the pharmaceutical 

activity of unknown compounds.  

We aim to devise a novel perspective of how chemical spaces can be explored, focusing on 

the chemical reactions that connect molecules. The space is thus transformed from a 

simple enumeration to a network of molecules and reactions.[2] The resulting reaction 

networks are immediately useful in chemical research, e.g., when considering the network 

of elementary steps leading from syngas (H2+CO) to more complex organic molecules like 

methanol.  

The central challenge in using such networks to study reaction mechanisms is the sheer 

number of possible intermediates and reactions. To tackle this, we are devising a hierarchy 

of methods, which range from empirical machine-learning approaches that allow the quick 

estimation of the kinetics and thermodynamics of a large number of reactions, to first-

principles electronic structure methods that can be used to accurately describe the most 

important reactions. Importantly, each rung of the hierarchy should provide an appropriate 

error bar along with the energetics. The question of how catalysts can be incorporated into 

such schemes, at different levels of complexity will also be addressed. 

 

 

 

[1] 1 L. Ruddigkeit, R. Van Deursen, L. C. Blum and J. L. Reymond, J. Chem. Inf. 

Model. 52, 2864 (2012). 

[2] J. T. Margraf, D. S. Ranasinghe and R. J. Bartlett, Phys. Chem. Chem. Phys. 19, 

9798 (2017). 
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We present a variety of new methods for increasing the efficiency of the direct random phase

approximation for molecular systems. First, we introduce the concept of null space removal [1].

When a method is formulated with operators having non-trivial null space structure this would

normally cause wasteful operations during evaluation. Null space removal allows to eliminate

these superfluous operations. We apply this concept to the resolution-of-the-identity within

RI-RPA achieving results which are effectively RI-error free but have only about 30% runtime

overhead compared to traditional RI approaches. Furthermore, we extend our previous effective

linear-scaling atomic orbital formulation [2] of the random phase approximation by introducing

an attenuated Coulomb metric within the RI and Cholesky decomposition of the pseudo density

matrices [3]. This allows us to reduce the scaling with basis set size by one order, while retaining

the linear-scaling behavior with molecule size.

[1] H. F. Schurkus, A. Luenser, and C. Ochsenfeld J. Chem. Phys. 146, 211106 (2017).

[2] H. F. Schurkus and C. Ochsenfeld, J. Chem. Phys. 144, 031101 (2016).

[3] A. Luenser, H. F. Schurkus, and C. Ochsenfeld, J. Chem. Theory Comput. 13, 1647

(2017).
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Heme and non-heme iron enzymes have attracted a lot of attention from both the biological 
and chemical community since many of them can monooxygenate different organic 
compounds with high efficiency and specificity [1]. These enzymes have the unique 
feature to catalyze the C-H activation with high regio- and stereoselectivity. The active 
species is usually an iron-oxo FeIV=O intermediate and the rate limiting step is the 
hydrogen atom transfer.  
Furthermore, these reactions are an example of two-state reactivity reactions. Usually the 
ground state of non-heme iron-oxo species is the triplet state, but the quintet state is a low 
lying state. The transition state on the quintet surface has a lower barrier and thereby 
modulates the reaction. 
Because of the high biological importance, these systems were investigated extensively 
both experimentally and theoretically. When it comes to the theory, due to their size they 
were mostly investigated using density functional theory (DFT) methods. Coupled cluster 
methods were applied only on the smallest model systems [2]. Unfortunately, accuracy of 
DFT methods is not always satisfactory. Therefore, we applied local coupled cluster 
methods to obtain better accuracy. Different local approaches of coupled cluster methods 
are available. Here we will test DLPNO-LCCSD(T) method as implemented in ORCA [3] 
as well as LCCSD(T0) from Molpro [4], including a new “hotspot” version in which the 
pair approximation was improved by treating more pairs at the coupled cluster level. 
 
 
       [1] M. Costas, M. P. Mehn, M. P. Jensen, L. Que, Jr., Chem. Rev. 104, 939 (2004) 

  [2] H. Chen, W. Lai, S. Shaik, J. Phys. Chem. Lett. 1, 1533 (2010) 
  [3] M. Saitow, U. Becker, C. Riplinger, E. F. Valeev, F. Neese, J. Chem. Phys. 146, 
164105 (2017) 
  [4] H.-J. Werner, M. Schütz, J. Chem. Phys. 135, 144116 (2011) 
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The origin of regio- and stereoselectivity in Michael additions catalyzed by pyrrolidine deriva-

tives is often attributed to distinct conformational preferences of the enamine intermediates. We

present an extensive conformational analysis of a diverse selection of enamines to provide a

theoretical foundation for future mechanistic discussions. Our results are in agreement with the

available experimental data, but illustrate that conformational preferences determined for one

enamine are not readily transferable to other types of enamines. According to our analysis, the

regio- and stereoselectivity in Michael additions cannot be explained by pronounced stability

differences of the enamine conformers in general. Most prominently, s-cis and s-trans con-

formers are similarly stable for aldehyde- and ketone-derived enamines which is in contrast to

previous hypotheses. We found that an appropriate conformational sampling is inevitable to ar-

rive at meaningful conclusions in theoretical studies. The elucidation of the origin of regio- and

stereoselectivity, therefore, requires further theoretical investigations of the elementary steps of

the Michael additions.
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We investigate the properties of two interacting polar molecules described as rigid quantum ro-

tors effectively trapped in a one-dimensional harmonic potential. The molecules interact via

a multichannel two-body contact potential incorporating the short-range anisotropy of inter-

molecular interactions including dipole-dipole interaction. The impact of external electric and

magnetic fields resulting in Stark and Zeeman shifts of molecular rovibrational states is also

included. Energy spectra and eigenstates are calculated by means of the exact diagonalization.

The importance and interplay of the molecular rotational structure, anisotropic interactions,

spin-rotation coupling, electric and magnetic fields, and harmonic trapping potential are exam-

ined in detail and compared to the system of two harmonically trapped distinguishable atoms.
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Formation of Deoxyribonucleotide in Prebiotic Conditions 

 
Danijela Barić1, Ivan Dragičević2, Borislav Kovačević1, Bernard T. Golding3, 

David M. Smith1 

1Division of Physical Chemistry, Ruđer Bošković Institute, Bijenička 54, 10000 Zagreb, 
Croatia 

2Department of Chemistry, Faculty of Science and Education, University of Mostar, 
Matice hrvatske bb, 88000 Mostar, Bosnia and Herzegovina 

3School of Chemistry, Newcastle University, Newcastle upon Tyne, UK, NE1 7RU, United 
Kingdom 

 

The occurrence of life on Earth was possible due to the existence of a "molecules of life": 
nucleic acids, amino acids and sugars. Prebiotic chemistry research has revealed persuasive 
pathways for the formation of the building blocks of RNA and proteins, but not DNA. The 
monomers of DNA, deoxyribonucleotides, nowadays are formed exclusively by 
enzymatically catalyzed reduction of ribonucleotides, involving radical enzymes 
ribonucleotide reductases.    

This work computationally explores potential non-enzymatic paths of deoxyribonucleotide 
formation, inspired by the radical mechanisms of ribonucleotide reduction catalyzed by 
today’s ribonucleotide reductase enzymes. Several computationally modeled mechanisms 
of ribonucleotide reduction in a putative H2S/HS• environment, without the presence of 
enzymes, will be presented.  
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Chemically functionalized graphene derivatives for optoelectronic

and chemical sensing applications

Lukas Eugen Marsoner Steinkasserer1, Beate Paulus1

1Institut für Chemie und Biochemie, Freie Universität Berlin, Takustraße 3 14195 Berlin,

Germany

Using first principles methods implemented within the GPAW code we investigate the structural,

electronic, and optical properties of chemically functionalized graphene derivatives. Our first

project focuses on the investigation of the optical properties of partially brominated and chlo-

rinated fluorographene derivatives. We find brominated and chlorinated fluorographene deriva-

tives show stabilities close to those of graphane. A detailed investigation of the systems band

structure further demonstrates significant 1D–localization of positively charged charge–carriers

which might be exploited in order to boost quantum efficiency in photovoltaic applications.

Lastly, using G0W0 and BSE, we investigate the optical adsorption spectra of the investigated

materials we show their first adsorption peak to lie close to the optimal peak position for photo-

voltaic applications.

Graphene pseudohalides are natural candidates for use in molecular sensing due to their greater

chemical activity as compared to both graphene halides and pristine graphene. In this second

part of our project, we employ vdW-DFT to study the structural and electronic properties of two

selected graphene pseudohalides namely cyanographone and isocyanographone and investigate

the potential use of the latter as a chemical sensor using electron transport calculations [2].

-

+

Figure 1: Calculated adsorption spectra for brominated and chlorinated fluorographene deriva-

tives calculated at the BSE level.

[1] L. E. Marsoner Steinkasserer, A. Zarantonello, and B. Paulus, Phys. Chem. Chem. Phys.

18, 36 (2016).

[2] L. E. Marsoner Steinkasserer and B. Paulus, ArXiv, arXiv:1703.08582 (2017).
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Fast prediction of the specific conductivity of electrolytes  
from the molecular structure of the solvent. 
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With the development of battery utilization in a lot of devices, the needs to 
improve their safety and performance are in expansion. For this purpose, new liquid 
electrolytes are investigated, which require new solvents and/or additives. In view of 
screening efficiently the chemical space for suitable candidate compounds, this work 
exposes a way to predict the specific conductivity of a nonaqueous electrolyte solution 
with a LiPF6 salt.  

The purpose of this method is to predict this property, quickly and simply, with 
only the 2D structure of each molecule of the solvent and their proportions as input 
parameters. To this aim, we have chosen the Casteel-Amis empirical equation [1] to 
represent the specific conductivity as a function of the salt concentration and the solvent 
composition.  

The four parameters of this equation can be related to properties of the solvent, 
since in our case, the salt is always the same. The two properties that determine the 
specific conductivity are the ionic mobility and the ionic association. To connect them with 
solvent properties, we approximate that these two can be represented on the basis of the 
viscosity and the dielectric constant of the solvent, respectively. If we can predict them for 
each solvent, we can calculate the specific conductivity. 

For the viscosity, we have developed an additive model, based only on the 2D 
structure of pure solvents. For the dielectric constant of pure compounds, we use the 
Fröhlich equation [2], that allows to calculate the dielectric constant from the molar 
volume, the refractive index and the parameter gµ² (with µ the dipole moment) 
representing the orientation polarization of molecules. To this aim, we have developed 
additive models for these three properties. 
 
 
 
 
       [1] J. F. Casteel, E. S. Amis, J. Chem. Eng. Data 17, 55-59 (1972). 

       [2] H. Fröhlich, Theory of Dielectrics: Dielectric Constant and Dielectric Loss (1949). 
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Efficient Calculation of Electron-Phonon Coupling in Molecular Junctions

Michael Deffner1, Martin Sebastian Zöllner1, Carmen Herrmann1
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Electron transport through individual molecules is important for many biological processes and

potential technological applications. Great experimental and theoretical progress in this field

in recent years also provides insight into molecular junctions under unusual (nonequilibrium)

conditions. Aside from elastic processes, inelastic ones such as the excitation of spin flips or

vibrations can occur. The strength of the latter is dominated by the electron-phonon coupling

and is experimentally studied within the framework of inelastic electron tunneling spectroscopy

using break junctions or scanning tunneling setups [1].

The challenging aspect for theory is the sensitivity of the IET spectrum to minor changes of the

molecule or the environment such as the junction geometry [2, 3]. Thus, efficient ways to study

several junctions or structure–property relations are needed.

To provide an efficient framework for calculating IET spectra, we combine the mode-tracking

algorithm (an iterative subspace approach for selectively calculating eigenvectors and -modes

of the Hessian matrix) as implemented in MoViPaC [4, 5, 6] with our program package Artaios

[7, 8]. We show several results to validate the approach and demonstrate the capabilities of our

mode-tracking approach.

[1] M. A. Reed, Materials Today 2008, 11, 4650.

[2] M. Kula, J. Jiang, Y. Luo, Nano Lett. 2006, 6, 1693-1698.

[3] R. Frisenda, M. L. Perrin, H. S. J. van der Zant, Beilstein Journal of Nanotechnology 2015,

6, 24772484.

[4] T. Weymuth, M. P. Haag, K. Kiewisch, S. Luber, S. Schenk, C. R. Jacob, C. Herrmann,

J. Neugebauer, M. Reiher, Journal of Computational Chemistry 2012, 33, 21862198.

[5] M. Reiher, J. Neugebauer, The Journal of Chemical Physics 2003, 118, 16341641.

[6] C. Herrmann, J. Neugebauer, M. Reiher, New Journal of Chemistry 2007, 31, 818.

[7] C. Herrmann, G. C. Solomon, J. E. Subotnik, V. Mujica, M. A. Ratner, The Journal of

Chemical Physics 2010, 132, 024103.

[8] C. Herrmann, L. Gross, T. Steenbock, M. Deffner, B. A. Voigt, G. C. Solomon, “ARTAIOS

- a transport code for postprocessing quantum chemical electronic structure calculations,

available from https://www.chemie.uni-hamburg.de/ac/herrmann/software/index.html”,

2016.
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ACS enzyme catalyzes the formation of Acetyl-CoA from carbon monoxide, coenzyme A, 
and a methyl group provided by the corrinoid iron sulfur protein (CFeSP) according to 
reaction: 
 

CH3Co(III)FeSP + CO + CoA  acetyl-CoA + Co(I)FeSP 
 
The active site of ACS consists of multinuclear metallic cluster (A-cluster) of Fe4S4-NipNid 
formula.   

 
A-cluster 

 
Several mechanisms were proposed for Acetyl-CoA formation differing in Nip oxidation 
state and the order of CO and CH3 addition.  
DFT calculations were performed for the A-cluster model with the use of non-hybrid 
(GGA)BP86 exchange–correlation functional and TZVP basis set. The mechanism of 
methyl transfer from methylcobalamin to the A-cluster was proposed in which the  
reduction of Nip is coupled to protonation. Analysis of the electron density distribution on 
the A-cluster reveals that the role of the cubane [Fe4S4] consists of stabilization of the 
different oxidation states of the proximal nickel atom (Nip), by acceptance of the excess 
electron density. 
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Lattice energies of molecular solids from fragment and periodic approaches

Jaroslav Hofierka1, Jiri Klimes1

1Department of Chemical Physics and Optics, Faculty of Mathematics and Physics, Charles

University, Prague, Czech Republic

Molecular solids represent important materials in nature, science, and industries. They often

have a rich phase diagram, such as that of water ice, or exhibit polymorphism. The prediction of

phase diagrams and polymorph stabilities from first principles is of significant current interest

and relies on the ability to calculate lattice energies of solids with high accuracy. The density

functional theory has become increasingly useful in the past decade for the description of molec-

ular solids; however, state-of-the-art functionals with dispersion corrections struggle to describe

molecular solids accurately [1]. Quantum Monte Carlo techniques are accurate enough but their

computational cost limits their widespread use. Therefore, wavefunction, or post-Hartree-Fock

(post-HF), methods are the natural choice as they can be systematically improved. Usually, the

many-body (fragment) expansion is used to find the result as a sum of the contributions from

dimers of molecules and corrections including the effects of trimers, tetramers, etc. However,

the post-HF methods are becoming available in codes implementing periodic boundary condi-

tions (PBC) and thus directly applicable to molecular solids. In principle, the fragment and

periodic approaches should yield the same lattice energy, but published results vary consider-

ably even for rather simple molecules [2]. In fact, there are several parameters that strongly

affect results. Specifically, the fragment approach relies on fast convergence of the many-body

expansion both with the number of molecules in a cluster and with the intermolecular distance.

The PBC approach depends on the sampling of the Brillouin zone and the size of the cell used

for the reference molecule. Also, an extrapolation to the complete-basis-set limit is often re-

quired to obtain comparable results. In our work, we want to establish if and how one can find

identical results from both schemes. To this end, we calculated HF and MP2 lattice energies

of solid methane, methanol, ammonia, and carbon dioxide. We found a very nice agreement

for ammonia and carbon dioxide with the lattice energies differing by only about 0.1 kJ/mol or

0.3%. The agreement is worse for methane and methanol, where we found a difference of 2%

and 1%, respectively. Both approaches have their strengths and weaknesses as well as different

requirements in terms of compute cost and human time needed to obtain precise results. The

fragment approach proved to be more efficient for smaller systems with dominating pairwise

interactions, such as methane, due to a modest computational cost of pairwise interactions com-

pared to larger clusters. On the other hand, the PBC approach performed well for systems with

dominating dipolar interactions (methanol and ammonia). Finally, we also performed CCSD(T)

many-body expansion calculations and compared them with previous results.

[1] J. Klimes, J. Chem. Phys. 145, 094506 (2016).

[2] G. J. O. Beran, Chem. Rev. 116, 5567–5613 (2016).
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Recent quantum dynamical simulations have shown that the conductivity of nitro-substituted

oligo-(phenylene ethynylene) attached to graphene nanoribbon leads can be switched in the

spirit of a traditional field effect transistor.[1] Upon application of a static electric field, the

central oligomer unit rotates and causes the interruption of the conjugated π-system along the

nanoribbon direction, thereby drastically reducing the conductivity of the graphene wire.

In the present contribution, we investigate the time-dependent electron transport through this de-

vice for both of its logical states. First, we apply a localization scheme on the orthonormal set of

molecular orbitals obtained from a standard density functional theory calculation to generate a

localized basis for the different parts of the molecular junction. Using the driven Liouville-von-

Neumann (DLvN) approach for time-dependent electronic transport calculations,[2] we simu-

late the electronic current dynamics for time-dependent potential biases. The transparent DLvN

formalism allows us to directly access the density matrix, and thus, to reconstruct the time-

dependent electronic current density (electronic flux density) unraveling unique mechanistic

details of the electron transport.

[1] V. Pohl, J. C. Tremblay, J. Phys. Chem. C 120, 28808 (2016).

[2] T. Zelovich, L. Kronik, O. Hod, J. Chem. Theory Comput. 10, 2927 (2014).
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The rapid development of information technology over the few past decades has opened many new frontiers

of  scientific  research.  One  of  them  is  computer-aided  drug  design  which  utilizes  the  tremendous

computational  power now available to estimate the binding properties of various pharmaceutics to their

target. One class of methods for such estimations are quantum mechanical methods based on solution of

Schrödinger equation. While such methods are theoretically exact, for them still greater computational power

is  required  to  bear  fruits  in  reasonable  time  when  applied  on  larger  systems.  Semi-empirical  quantum

mechanical  methods  introducing  empirical  parameters  in  exchange  for  approximative  approach  offer  a

compromise between the time and accuracy [1]. Such methods are however often parametrized or tested on

model  systems  that,  although  are  basic  and  diverse,  might  not  approximate  protein-ligand  interaction

correctly regarding size and composition of the system. In this study, we compare the accuracy (in terms of

interaction  energy  calculations)  and  speed  of  various  quantum  mechanical  methods  (DFT,  HF-3c  and

semiempirical:  PM7,  XTB  and  semiempirical  with  corrections:  DFTB,  PM6  with  D3H4  or  D3H5).

Interaction energies are calculated on complexes of a whole ligand and fragments of the protein, such as side

chains. We have built 547 model complexes from 17 protein structures from the protein data bank-PDB. The

same proteins with their ligands are currently being studied in our group by scoring, estimating their overall

binding  affinity.  Because  of  the  size  of  the  systems,  the  point  of  reference  for  the  accuracy  of  these

calculations,  the  benchmark,  is  the  DFT  with  B3LYP functional,  def2-QZVP basis  set  and  empirical

dispersion correction D3 which is accurate while still  reasonably fast.  The speed has been calculated on

artificial poly-alanine helices.  We have found that among the semiempirical methods tested the PM6 with

D3H4 [2, 3] corrections is the most accurate, followed by the DFTB D3H4 [4].  We also discuss various

details in the setup of the D3H4 corrections. The PM6 was the fastest method (by far when the MOZYME

linear scaling algorithm is applied). 

       [1] M. Lepšík, J. Řezáč, M. Kolář, A. Pecina, P. Hobza, J. Fanfrlík,  ChemPlusChem 78, 921 (2013). 
       [2] J. Hostaš, J. Řezáč, P. Hobza,  Chem. Phys. Lett. 568, 161 (2013).
       [3] J. Řezáč, P. Hobza, J. Chem. Theory Comput. 8, 141 (2012).
       [4] V. M. Miriyala, J. Řezáč, J. Comput. Chem. 38, 688 (2017).
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The dicopper center is the active site of many type III Cu proteins, which play an important 

role in the transport and activation of oxygen in many biological systems. Among all the 

different species that occur upon O2 binding in these metalloproteins, the 
S
P motif is the 

most commonly detectable one. Here we report the synthetic, fully characterized [1]  

Cu
II

2(µ-η
1
:η

1
-O2) complex, featuring an unusual cis-peroxo binding (

C
P) and weak 

antiferromagnetic coupling, comparable with that of a theoretically predicted transition 

state for O2 binding to T3Cu centers [2], thus supporting the biological relevance of this 

new compund. UV/vis spectroscopy and DFT computational studies allowed us to 

demonstrate how the electronic structure of the complex can be tuned by introducing 

different alkali metal ions (namely Li
+
, Na

+
 and K

+
) which interact with the peroxo moiety. 

Furthermore, the binding of diverse alkali cations was also found to modulate the 

magnitude of the antiferromagnetic coupling, by modifying the extent of overlap in copper 

and oxygen centered orbitals through variations in (i) coordination environments of the 

Cu(II) ions and (ii) Cu-O-O-Cu torsion angle. 

 

 

 

 

[1]  K. E. Dalle, T. Gruene, S. Dechert, S. Demeshko, F. Meyer, 

J. Am. Chem. Soc. 136, 7428 (2014).	

[2]  M. Metz, E. I. Solomon, J. Am. Chem. Soc. 123, 4938 (2001). 
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In the early 80s, Gutsev and Boldyrev demonstrated the existence of two classes of 

extraordinary molecular systems, the so-called superalkalis (SA) possessing lower 
ionization potentials (IPs) than those of alkali metals (5.39–3.89 eV), and superhalogens 
(SH) that demonstrate electron affinities (EAs) which may exceed the limit of chlorine 
(3.61 ev). One of most exciting of recent years in the chemistry of SH materials was 
connected with discovering of B39

- nanocluster, produced via laser vaporization of a 10B-
enriched boron target. Photoelectron spectroscopy for B39

- cluster predict an adiabatic 
detachment energy of 3.84(5) eV that represents the EA of neutral B39

0, which allowed 
attribution B39

0 species to the SH.[1] 

We have designed and computationally studied behavior of unique endohedral 
borospherene based supersalt represented by superalkaline FLi2 species incorporated into 
superhalogen B39 cage at PBE0/6-311+G(2d) level. Singlet ground state and triplet excited 
state of FLi2@B39 borospherene complex as well as its cationic and anionic doublet ground 
states have been investigated. All studied endohedral borospherenes, except complex 
formed by encapsulation of FLi2

+ into B39 in FLi2@B39
+, demonstrate thermodynamic 

stability caused most likely by electrostatic attraction and unpaired electron delocalization. 
Predicted ionization energies and electron affinities values demonstrate that FLi2@B39 
endohedral system loses both superalkaline and superhalogen properties inherent in 

individual subunits. Also we proved that easily available vertically estimated potentials 
could be successfully used (with the magnitude of the relative error at the level of few 
present) for approximation of adiabatic values for endohedral borospherenes. 

 

[1] Q. Chen et al., ACS Nano, 9, 754 (2015). 
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The high overtone induced processes are initiated by promoting a molecule or a complex to

chemically relevant energies in high vibrational excited states through the thermal excitation

or direct absorption of visible (VIS) or near-infrared (NIR) radiation. Unlike the thermally in-

duced processes, the reactions initiated by vibrational overtone-pumping of ground electronic

state molecule through direct absorption of photon can be treated without the need to consider

the collisional activation processes. In general, it is required that the energy is deposited into

the initially excited vibrational state and subsequently transferred by intramolecular vibrational

redistribution (IVR) to other modes of the molecule including the reaction coordinate. For ex-

ample, it has been demonstrated that high overtone excitation of OH groups in carboxylic acids

isolated in low temperature matrices leads to two different unimolecular processes: isomeriza-

tion and/or decomposition of the molecules [1, 2, 3, 4]. Moreover, overtone pumping was used,

for example, in the case of formic acid dimers to produce high-energy conformers within the

hydrogen-bonded complexes [5, 6, 7]. Here we present an AIMD simulation study of formic

acid and its water complex.

[1] M. Pettersson, J. Lundell, L. Khriachtchev, M. Räsänen, J.Am.Chem.Soc. 119, 11715 (1997).

[2] A. Olbert-Majkut, J. Ahokas, J. Lundell, M. Pettersson, Phys.Chem.Chem.Phys. 12, 7138

(2010).

[3] A. Olbert-Majkut, J. Ahokas, J. Lundell, M. Pettersson, J.Raman Spectrosc. 42, 1670

(2011).

[4] A. Olbert-Majkut, J. Ahokas, M. Pettersson, J. Lundell, J.Phys.Chem. A 117, 1492 (2013).

[5] K. Marushkevich, L. Khriachtchev, J. Lundell, M. Räsänen, J.Am.Chem.Soc. 128, 12060

(2006).

[6] K. Marushkevich, L. Khriachtchev, J. Lundell, A. Domanskaya, M. Räsänen,

J.Phys.Chem.A 114, 3495 (2010).

[7] K. Marushkevich, L. Khriachtchev, M. Räsänen, M. Melavuori, J. Lundell, J.Phys.Chem.A

116, 2101 (2012).
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Heavier analogues of the organic ethers, compounds containing E-O-E units (E = 
Si, Ge, Sn), are mainly used in the synthesis of new polymers. Therefore, the need of a full 
understanding of the chemical bonding within these precursors is required in order to gain 
accuracy in designing targeted materials. A large number of studies aimed to explain the 
nature of the Si-O bond, while for germoxanes and stannoxanes only few theoretical 
models are available. However, recent papers of Weinhold and West [1, 2] brought further 
clarification on the concept of vicinal hyperconjugative interactions, mainly used in 
explaining the structural features of siloxanes, in the last decades. 

The aim of this work was to assess if the molecular structures of germoxanes and 
stannoxanes can be explained in terms of siloxane-like hyperconjugative interactions and 
in addition, to evaluate if p→d back-bonding effects can also impact the structural 
behavior of these species. For these purposes, theoretical calculations were performed on 
the model compounds (Scheme 1), at several DFT levels of theory. 

 

 
Scheme 1 

 
The adjacent hyperconjugative interactions were shown to dictate to a large extent 

the structural features of siloxanes, germoxanes and stannoxanes, according to NBO DEL 
optimizations. Moreover, the calculations revealed that p→d back-bonding effects also 
influence the equilibrium geometry of these species, albeit to a lesser extent.[3] Similar 
results were additionally obtained for derivatives containing more than one E-O-E units. 
 
       [1] F. Weinhold, R. West, Organometallics 30, 5815 (2011). 
       [2] F. Weinhold, R. West, J. Am. Chem. Soc. 135, 5762 (2013). 
       [3]  I.-T. Moraru, P. M. Petrar, G. Nemes, J. Phys. Chem. A 121, 2515 (2017). 
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Hydrosilylation of CO2 to yield silylformates has emerged as a new methodology for the 

transformation of CO2 into value-added chemicals. Using the appropriate catalyst, this 

reaction can be achieved under mild conditions and obtaining a good selectivity towards 

the silylformate product. In order to improve the efficiency of the catalyst, an 

understanding on all possible reaction pathways is necessary.  

 

In this work, a detailed analysis on the reaction mechanism is provided using DFT 

calculations for two Ir-NSiN complexes bearing triflate[1] or trifluoroacetate[2] ligands 

which have been experimentally tested. Examination of possible pathways includes inner 

vs outer sphere mechanisms, metal-ligand cooperative bond activation. Electronic and 

steric effects on the key steps of the catalytic cycle are discussed. 

 

 

 

 
 

 

[1] R. Lalrempuia, M. Iglesias, V. Polo, P. J. Sanz Miguel, F. J. Fernández-Alvarez, J. J. 
Pérez-Torrente, L. A. Oro, Angew. Chem. Int. Ed., 51, 12824 (2012). 
[2] A. Julián, J. Guzmán, E. A. Jaseer, F. J. Fernández-Alvarez, R. Royo, V. Polo, P. 
García-Orduña, F. J. Lahoz, L. A. Oro, submitted.  
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A near equilibrium potential energy surface (PES) and an electric dipole moment function 
(EDMF) for hydrogen cyanide (HCN, X1Σ+) are employed in variational calculations for 
many rovibrational states and intensities of rovibrational transitions. The PES and EMDF 
are constructed in a high-level composite approach that combines explicitly correlated 
coupled cluster theory with corrections due to inner shell correlation, scalar relativistic 
effects and higher-order correlation up to pentuple excitations. Effects beyond the Born-
Oppenheimer approximation are accounted for by inclusion of the diagonal Born-
Oppenheimer correction in the PES. It will be shown that this level of ab initio calculations 
allows to reliably obtain an accurate molecular geometry, vibrational band origins to within 
1 cm-1 and rotational constants within 0.01 % of experiment [1]. The EDMF in combination 
with the calculated rovibrational wavefunctions is able to accurately reproduce the unusually 
low intensity of the CN stretching fundamental ν3 around 2096 cm-1 (cf. Figure 1) [2]. The 
overall performance shows that the applied approach provides close to perfect agreement 
with experiment without the need to empirically adjust the ab initio PES or EDMF. 
 

 
Figure 1 Comparison of calculated and experimental ν3 line intensities 

 
[1] G. C. Mellau, J. Chem. Phys. 134, 234303 (2011). 
[2] A. Maki et al., J. Mol. Spectrosc. 174, 365 (1995). 
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To evaluate the intensity of the magnetic couplings and to understand their underlying mecha-

nisms, both experimentalists and theoreticians often use effective model Hamiltonians because

they provide a description of the magnetic state manifold simpler than the one the full Hamilto-

nian does.[1] Even if the DFT Kohn-Sham approach has become the most standard method in

quantum chemistry, it often fails to describe the magnetic systems because it cannot take into

account the multi-configurational nature of the low spin states. Nevertheless, the most common

method to estimate DFT-based magnetic exchange couplings is the Broken Symmetry approach

(BS) combined with the spin-decontamination procedure.[1] In order to better understand the

physics of the molecular systems featuring two magnetic centers, a decomposition method based

on the Heisenberg-Dirac-van Vleck Hamiltonian (HDvV) was proposed to get the three main

contributions to the magnetic exchange coupling J (Figure 1) : i) the direct exchange interac-

tion J0 between the magnetic electrons, ii) the kinetic exchange interaction (∆JKE) allowing the

delocalization of the magnetic orbitals and iii) the spin polarization (∆JS P) of the non-magnetic

electrons.[2]

Figure 1: Schematic representation of the magentic exchange coupling decomposition path and

of the extraction of model Hamiltonian parameters[2]

In this communication, I present how HDvV and Hubbard Hamiltonian parameters can be

extracted from the decomposition path. Owing to the well-known dependence of J to the

exchange-correlation functional, the influence of the amount of Hartree-Fock exchange used

in hybrid functionals on these parameters is highlighted.

[1] J.-P. Malrieu et al, Chem. Rev., 114, 429 (2014)

[2] E. Coulaud et al., J. Chem. Theory Comput., 9, 3429 (2013).
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Predictive Multi-scale Modelling:

from Atoms and Electrons to Drugs and Airplanes

Judith B. Rommel1

1Department of Chemistry, University of Cambridge,

Lensfield Road, Cambridge, United Kingdom

Predictive multi-scale simulations are highly relevant to a wide range of industry sectors. Nano-

scale engineering, advanced materials validation and design, nanotoxicity assessment, and com-

putational drug design are all linked together by chemical simulations. They all require trust and

reliability from the predicted outcomes. In many cases data from one scale are reused in models

on another scale. The presentation will focus on the meaning of being predictive in chemical

simulations and recent extensions [1] towards chemical engineering on the quantum level.

Secondly, an overview of multi-scale modelling strategies with roots in chemistry, physics,

mathematics, and engineering will be discussed. Emphasis will lie on the most efficient and

reliable techniques with respect to uncertainty and error quantification including communica-

tion across scales [2].

Further, we will highlight our latest advances in multi-scale simulations of chemical kinetics of

self-assembling Glycine molecules on Cu{110} [3] and a coarse grained atomistic model [4].

The strategies and concepts presented are beneficial in industrial applications, e.g., in airplane

design, nuclear reactor garbage storage, and drug development. They have the potential to grow

scientific multi-scale modelling across business sectors while integrating the quantum scale to

airplane design.

[1] J. B. Rommel. From Prescriptive to Predictive: Risk Assessment and Quality Control in

Computational Chemistry, submitted, 2017.

[2] J. B. Rommel, Reliable and Predictive Multi-scale and Multi-physics Simulations: from

Atoms and Electrons to Drugs and Airplanes, in preparation, 2017.

[3] J. B. Rommel, D. J. Wales, Kinetics of Molecular Diffusion and Self-Assembly: Glycine

on Cu(110). to be submitted, 2017.

[4] J. B. Rommel, Density Embedding Methods: Quality Control and Efficiency for Large

Metal Clusters, in preparation, 2017.
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Investigating complex formation of C99 with γ-secretase, utilizing atomistic

MM-MD simulations and free energy calculations.

Manuel Hitzenberger1, Martin Zacharias1

1Physics Department, Technical University Munich, James-Franck-Str. 1, 85748 Garching bei

München, Germany

The intramembrane protein complex γ-secretase, consisting of four protein-subunits, functions

as an aspartyl protease. It is best known for being part of the pathway processing the amyloid

precursor protein (APP). Cleavage of APP’s transmembrane domain C99 by γ-secretase, yields

amino acid (AA) chains of different lengths: Among other peptides, two different forms of so

called "Amyloid beta" (Aβ) fragments are produced: Shorter, 40 AA long peptides (Aβ40) and

a 42 AA long variant, Aβ42. The Aβ42 fragments have been linked with familial Alzheimer’s

disease (FAD), as they are known to aggregate and form fibrillar structures. These strucutres are

the primary component of amyloid plaques found in the brains of AD patients. Presenilin (PS)

has been identified as the subunit responsible for the scission of C99, providing two catalytically

active aspartate residues located deep within the hydrophobic region of the complex.

Due to their apparent importance in FAD research, the properties of γ-secretase, and especially

PS have recently been under very thorough investigation. Special emphasize has been put on the

recognition of C99 and its interactions with the protease complex.

C99-γ-secretase complex. C99 is

depicted in orange and only trans-

membrane regions are shown.

Unfortunately, no structural data of the biologically active

binding mode is available and therefore the mechanism of

substrate recognition and the physico-chemical interactions

mediating C99 cleavage are still not understood.

Molecular dynamics simulations are a capable tool for the

investigation of structural and dynamical system properties

that are currently inaccessible to experimental techniques,

enabling predictions and working models that can be used

to further investigate biologically relevant systems, such as

the γ-secretase-C99 complex.

Starting from a recently published cryo-electron microscopy

(cryo-EM) structure (PDB:5FN2) of γ-secretase we con-

ducted atomistic, microsecond time scale molecular dynam-

ics simulations of different C99-PS binding variants utilizing the AMBER14SB and Lipid14

force fields, respectively.

We investigated the three substrate entry sites that were most popular in the literature, but also

sterically feasible and have identified at least one stable and reasonable binding mode, converg-

ing with existing mutational as well as structural data. Additionally, we calculated the potential

of mean force of complex dissociation for every investigated and stable γ-secretase-C99 com-

plex.

The model can be used as the basis for further experimental investigations of this biologically

and medicinally highly relevant system.
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Quantum Chemical Calculation of Electron Ionization Mass Spectra for General
Organic and Inorganic Molecules

Vilhálmur Ásgeirsson1, Christoph Alexander Bauer2, Stefan Grimme2

1Faculty of Physical Sciences and Science Institute, University of Iceland, 107 Reykjavík,

Iceland
2Mulliken Center for Theoretical Chemistry, Institute of Physical and Theoretical Chemistry,
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We present the computation of electron ionization (EI) mass spectra of organic, organometal-
lic and inorganic molecules by our well established Quantum Chemistry Electron Ionization
Mass Spectra (QCEIMS) approach[1] The efficient and robust GFN-xTB semi-empirical
Hamiltonian[2] has been implemented in the qceims code, enabling its use as a standalone
program. GFN-xTB has been parametrized for elements up to Z = 86. We show comparisons of
experimental and computed mass spectra for (i) organic molecules that undergo rearrangement
reactions (e. g., the McLafferty rearrangement), (ii) organometallic compounds like ferrocene,
and (iii) inorganic main group molecules.[3] GFN-xTB without any specific re-parametrization
performs remarkably well for the computation of EI mass spectra and mostly outperforms other
semiempirical methods. The efficiency of the GFN-xTB-QCEIMS combination and its accuracy
allows a large-scale database validation of GFN-xTB computed mass spectra for structurally
very different molecules which is planned in our laboratory as the next step.

[1] C. A. Bauer, S. Grimme, J. Phys. Chem. A, 120, 3755–3766 (2016).

[2] S. Grimme, C. Bannwarth, P. Shushkov, J. Chem. Theory Comput. 13, 1989-2009
(2017).

[3] V. Ásgeirsson, C. A. Bauer, S. Grimme, Chem. Sci. DOI: 10.1039/C7SC00601B (2017).
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Computational kinetics of industrially relevant carbonylation reactions from

renewable resources

Emilija Kohls
1
, Matthias Stein

1

1Max Planck Institute for Dynamics of Complex Technical Systems, Sandtorstr. 1, 39106
Magdeburg, Germany

In light of the depletion of petrochemicals, there is a need for alternative, sustainable

feedstock for the chemical industry. The renewables of interest for industrial applications

are primarily fats and oils that contain long carbon chains and C=C double bonds. Here, we

study two homogeneously catalyzed, industrially relevant carbonylation reactions:

hydroformylation and hydroesterification using 1-dodecene and methyl 10-undecenoate as

long chain unsaturated model substrates (Figure 1).

Detailed mechanistic pictures from DFT calculations required for the kinetic modeling of

both of the processes are presented. Both catalytic cycles follow similar reaction pathways.

The similarities and the differences of the two potential energy surfaces were compared.

For the kinetic modeling, transition state theory and the energetic span model were used.

The results were compared to experimental observations. The study elucidates the decisive

steps for product selectivity and the calculated selectivities are in a very good agreement

with experiment. Unreactive catalyst species and reasons for catalyst loss were identified.

Figure 1. Schematic reaction cycles of hydroformylation (left) of 1-dodecene and
hydroesterification (right) of methyl 10-undeceneoate.
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Quantum-Chemical Investigations on

Photocatalytically Active Covalent Organic Frameworks
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Bettina V. Lotsch2, Christian Ochsenfeld1
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2Max Planck Institute for Solid State Research, 70569 Stuttgart, Germany

Covalent Organic Frameworks (COFs) are a novel class of crystalline organic materials with

well-defined and predictable pore structures, assembled from molecular building blocks (see

review [1]). Emerged from a successful result of reticular design, thoroughly selected organo-

molecular building blocks are reacted in dynamic covalent reactions to form predesigned layered

frameworks. These materials do not only have exceptional thermal stabilities, they also show

permanent porosity with high specific surface areas. Their extraordinary and versatile properties

have offered these materials superior potential in diverse applications, such as in gas storage, ad-

sorption, catalysis and even for the use in biosensors [2], whereas recent applications investigate

their utilization as drug delivery vessels [3]. A recently discovered azine-linked COF adds to

the list of applications by showing promising photocatalytic activity [4], another one within a

tunable framework for visible light-induced hydrogen generation [5].

In order to rationalize experimentally observed trends in photocatalytic activity, quantum-che-

mical calculations were performed. Model systems were selected as molecular clusters from

building block units, to mimic the extent of the predesigned layered framework in small and

systematic steps. We calculated band gaps and electronic excitations, as well as difference

densities for the brightest excited states in order to compare the behavior of building blocks and

more extended model systems for the investigated framework.

[1] X. Feng, X. Ding, and D. Jiang, Chem. Soc. Rev. 41, 6010 (2012).

[2] P. Wang, Q. Wu, L. Han, S. Wang, S. Fang, Z. Zhang, and S. Sun,

RSC Adv. 5, 27290 (2015).

[3] V. S. Vyas, M. Vishwakarma, I. Moudrakovski, F. Haase, G. Savasci, C. Ochsenfeld,

J. P. Spatz and B. V. Lotsch, Adv. Mater. 28, 8749 (2016).

[4] L. Stegbauer, K. Schwinghammer, and B. V. Lotsch,

Chemical Science 5, 2789 (2014).

[5] V. S. Vyas, F. Haase, L. Stegbauer, G. Savasci, C. Ochsenfeld, and B. V. Lotsch,

Nat. Commun. 6, 8508 (2015).
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Quantized Thermodynamic Properties from the Analysis of Smoothed
Trajectories

Dénes Berta1, Dávid Ferenc1, Imre Bakó1, Ádám Madarász1

1Research Centre for Natural Sciences, Hungarian Academy of Sciences

Magyar tudósok körútja 2., Budapest, Hungary, 1117

Nuclear quantum effects (NQEs) have significant contribution to thermodynamic quantities,

and very expensive methods are necessary for their accurate calculations such as path-integral

molecular dynamics (PIMD). Because of this, in most of the calculations NQEs are simply

neglected or only taken into account within the quantum harmonic oscillator approximation.

Here we present a new method, Gaussian smoothed trajectory analysis (GSTA) to incorporate

nuclear quantum effects from molecular dynamics simulations. To obtain quantum corrected

data the time dependent variables of simulations such as coordinates, forces and velocities are

smoothed with a Gaussian function. The proposed method gives the exact zero point energy for

harmonic oscillator, and also leads to the correct heat capacities in the high temperature limit,

even for anharmonic systems. One of the main advantage of GSTA is that the different motions

do not need to be separated like rotation, translation, vibration etc. In other words, the exact

partition functions do not need to be constructed.

The broad applicability is demonstrated on examples of harmonic oscillator and different states

of water. Born-Oppenheimer Molecular Dynamics (BOMD) simulations have been performed

for ideal gas at B3PW91/6-311g(d,p) level of theory up to the temperature of 5000 K. Classical

molecular dynamics have been carried out with SPC/Fw water model for Ih ice, liquid water

and vapor (Figure). Respect to the experimental heat capacity, GSTA outperforms previous

calculations from the literature in a very wide temperature range at much smaller computational

cost than PIMD.

Although we focus on heat capacity in this study, our method can be extended to determine

nuclear quantum effect on other thermodynamic quantities such as entropy or free energies.
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State-average analytical gradients and multireference perturbation theory for

density matrix renormalization group (DMRG)

Leon Freitag1, Yingjin Ma1, 2, Stefan Knecht1, Celestino Angeli3, Markus Reiher1
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Switzerland
2Department of High Performance Computing Technology and Application Development,

Computer Network Information Center, Chinese Academy of Sciences, Beijing 100190, China
3Dipartimento di Scienze Chimiche e Farmaceutiche, Università di Ferrara, Via Fossato di

Mortara 17, 44121 Ferrara, Italy

Density matrix renormalization group (DMRG)[1, 2] is now an established remedy for the ex-

ponential scaling problem of the multiconfigurational methods. Together with developments

such as Cholesky decomposition of two-electron integrals (CD)[3], calculations of properties

of increasingly larger systems featuring strong correlation, such as transition metal complexes,

have become possible.

In this contribution, we present the formalism and implementation of analytical gradients for

a state-average DMRG self-consistent field (DMRG-SCF) wavefunction, which may be em-

ployed in structure optimizations or ab-initio molecular dynamics simulations. We also present

applications of the recently developed second-order n-electron valence state perturbation the-

ory employing Cholesky decomposition and a DMRG reference wavefunction (CD-DMRG-

NEVPT2)[4] on excited state, spin state and dissociation energies of a series of transition metal

complexes.

[1] K. H. Marti, M. Reiher, Z. Phys. Chem. 2010, 224, 583–599.

[2] G. K.-L. Chan, S. Sharma, Annu. Rev. Phys. Chem. 2011, 62, 465–481.

[3] F. Aquilante, L. Boman, J. Boström, H. Koch, R. Lindh, A. S. de Merás, T. B. Pedersen

in Linear-Scaling Techniques in Computational Chemistry and Physics (Eds.: R. Zalesny,

M. G. Papadopoulos, P. G. Mezey, J. Leszczynski), Springer Netherlands, 2011, pp. 301–

343.

[4] L. Freitag, S. Knecht, C. Angeli, M. Reiher, J. Chem. Theory Comput. 2017, 13, 451–459.
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Enantioselectivity and Computations: Random Phase Approximation for a

Hydroboration Reaction
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1Aix Marseille Université, Centrale Marseille, CNRS, iSm2 UMR 7313, 13397 Marseille,

France. e-mail: paola.nava@univ-amu.fr

Recently, an asymmetric Rhodium-directed hydroboration reaction has been reported, which

proceeds through the B-H bond activation of NHC-boranes (NHC=N-heterocyclic carbenes). [1]

In order to get insights into the mechanism, theoretical calculations have been performed, on the

pathways leading to either the S or the R product, the latest being the preferred one. These sys-

tems are quite challenging for computations, since differences in energies responsible for the

enantioselectivity are usually small, close to the accuracy of standard levels of theory. Further-

more, non-covalent interactions are crucial, since the chirality transfer is a consequence of the

constraints imposed by the bulky chiral ligands coordinated to the metal.

The RPA (Random Phase Approximation) method has been tested, since it improves upon stan-

dard DFT without the introduction of empirically parametrized terms for non-covalent interac-

tions. [2] Some preliminary calculations, including CCSD(T), were performed on Wilkinson-

like complexes to test the accuracy of the RPA (Random Phase Approximation) method for the

hydride formation, which is a crucial step in the hydroboration mechanism. After some further

tests on cationic systems, the RPA (Random Phase Approximation) method was employed to

obtain accurate energies on systems of about 100 atoms.

Our calculations indicate that the preferred mechanism implies a [Rh]-H migratory insertion

step and the enantioselectivity is the result of a subtle conjunction of thermodynamical and

kinetic factors.

[1] M. Toure, O. Chuzel, J.-L. Parrain, J. Am. Chem. Soc., 134, 17892-17895 (2012).

[2] H. Eshuis, J. E. Bates, F. Furche, Theor. Chem. Acc., 131, 1084 (2012).
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Damage of porous organosilicate glass SiOCH-based films used as interlayer low-κ 
dielectrics in modern ultra large scale integration devices is a serious problem for plasma 
processing technology. To reduce the damage of low-k films it is of importance to 
understand the detailed stages of the film etching by various radicals, including neutral F, 
O and N atoms [1]. Various working mixtures including nitrogen containing components 
(NH3, N2) are probed in order to reduce the damage of low-κ films [2]. N atoms 
interactions with CHx surface groups are also of importance for diamond chemical vapor 
deposition and doping [3]. 

Previously we have studied experimentally the damage of low-κ films under neutral N 
atom impact and analyzed the obtained results via computer simulation with density 
functional theory (DFT) method [4]. Our DFT calculations showed that ground state atoms 
N(4S) do not react with Si–CH3 surface groups of OSG pristine films even at high 
translational energy. It means that reactive conversions are probably activated by excited 
nitrogen atoms, namely, by its insertion into C–H bonds resulting in the formation of 
metastable Si–CH2NH groups. Incident N atoms can interact with these groups initiating a 
plenty of further reactions and surface groups. 

In this work, we investigate possible reactions of the Si–CH2NH groups with incident N 
atoms in the ground and excited states using direct dynamics simulation with DFT method 
implemented in VASP code. Our calculations were carried out for molecules of a medium 
size (~20 atoms) representing the essential bonding of the SiOCH films. The results 
obtained include the description of possible reactions, the potentials between interacting 
species and some statistical data. 

   This work is supported by the Russian Scientific Fund (RSF), Grant №16-12-10361. 

[1]  M. R. Baklanov et al., J. Appl. Phys. 113, 041101 (2013) 
[2] T. V. Rakhimova et al., J. Phys. D: Appl. Phys. 48, 175203 and 175204 (2015). 
[3] M.W. Kelly at el., J. Phys. Chem. A, 121, 2046 (2017). 
[4] E.N. Voronina et al., Eur. Phys. J. D 71, 111 (2017). 
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Real-time quantum chemistry [1, 2, 3] has been introduced by our group as a new approach to

computational studies in chemistry[4]. It is based on ultra-fast quantum chemical calculations

and allows for an interactive exploration of chemical reactivity. An ongoing effort is made to

improve the immersion [5] and broaden the scope of applications.

We present recent advances in the field of real-time quantum chemistry, especially concerning

improvements with respect to self-consistent field (SCF) convergence [6, 7] and detection of

possible charge- and spin-state changes during an exploration [8].

The inherently high computational cost of iterative SCF methods can be significantly reduced by

providing a sufficiently good guess for the initial density matrix. We presented an extrapolation

scheme that constructs such an initial density matrix guess, consequently reducing computa-

tional time drastically [6]. We also presented a fast and automated approach to detect and cure

incorrect orbital convergence, which is especially suited for electronic structure calculations on

sequences of molecular structures (as occurring in interactive explorations, ab initio molecular

dynamics and structure optimizations) [7].

[1] Marti, K. H.; Reiher, M., J. Comput. Chem., 30, 2010–2020, (2009).

[2] Haag, M. P.; Reiher, M., Int. J. Quantum Chem., 113, 8–20, (2013).

[3] Haag, M. P.; Reiher, M., Faraday Discuss., 169, 89–118, (2014).

[4] Haag, M. P.; Vaucher, A. C.; Bosson, M.; Redon, S.; Reiher, M., ChemPhysChem, 15,

3301–3319, (2014).

[5] Vaucher, A. C.; Haag, M. P.; Reiher, M., J. Comput. Chem., 37, 805–812, (2016).

[6] Mühlbach, A. H.; Vaucher, A. C.; Reiher, M., J. Chem. Theory Comput., 12, 1228–1235,

(2016).

[7] Vaucher, A. C.; Reiher, M., J. Chem. Theory Comput., 13, 1219–1228, (2017).

[8] Vaucher, A. C.; Reiher, M., J. Chem. Inf. Model., 56, 1470–1478, (2016).
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Hybrid density functionals, i.e., functionals that employ a fraction of exact exchange, are among

the most succesful functionals in density functional theory (DFT). While including exact ex-

change into DFT calculations enables more accurate results, it also increases the computational

cost of the calculation. This is especially true for calculations in solids, where the exact ex-

change calculation might even lead to convergence problems. One approach to reduce the com-

putational cost of hybrid DFT calculations and enable a more elaborate combination of exact

exchange and density functional exchange are short-range hybrid functionals [1]. Short-range

hybrid functionals use short-range exact exchange, introduced through the substitution of the

Coulomb operator by an short-range Coulomb operator and resort to a DFT description in the

long-range regime. The first and probably most popular short-range hybrid functional is the

HSE functional [1–3].

For conventional exchange matrix calculations methods exist to reduce the computational cost

of the calculation to linear scaling [4, 5] with respect to the number of basis functions. For

short-range hybrid calculations those methods, however, do not include the additional decay in-

troduced by the short-range Coulomb operator. Therefore we presented screening schemes that

allow for efficient, linear-scaling short-range exchange calculations employing Gaussian basis

sets for both CPU and GPU architectures [6]. The introduction of our screening methods allows

for speedups of up to a factor 7.8 as compared to the underlying linear-scaling algorithm, while

numerical control over the accuracy is retained.

[1] Heyd, Scuseria, Ernzerhof, J. Chem. Phys. 118, 8207 (2003)

[2] Heyd, Scuseria, Ernzerhof, J. Chem. Phys. 124, 219906 (2006)

[3] Krukau, Vydrov, Izmaylov, Scuseria, J. Chem. Phys. 125, 224106 (2006)

[4] Ochsenfeld, White, Head-Gordon, J. Chem. Phys. 109, 1663 (1998)

[5] Kussmann, Ochsenfeld, J. Chem. Phys. 138, 134114, (2013)

[6] Beuerle, Kussmann, Ochsenfeld, J. Chem. Phys. 146, 144108 (2017)
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Cu2ZnSnS4 (CZTS) is a promising material for use in thin film photovoltaics. Since it has a

direct band gap, devices based on CZTS should absorb light more effectively than conventional

Silicon-based solar cell devices which suffer from the indirect band gap of Silicon. Moreover,

CZTS is based purely on earth abundant elements making it very cost effective compared to

already successful thin film solar cell technologies like CdTe. So far, CZTS devices have much

lower open circuit voltages (OCV) than expected. Disadvantageous (cliff-like) band-alignment

between CZTS and its CdS buffer-layer has been the most popular explanation for this, even

though measurement on the band-alignment in a state-of-the-art CZTS device with over 7%

efficiency show favorable (spike-like/flat) band-alignments.

In this talk, we present an alternative explanation for the OCV-deficit. Using a method [1]

based on tools available in the Atomistix Tool Kit (ATK) software package, we have studied the

electronic structure at the interface between CZTS and CdS in detail. Here, we have identified

a shallow state localized at the interface. When included in device level simulations, such a

state leads to significant deterioration of the OCV, and when this is taken into account, we can

quantitatively reproduce measurements on state-of-the-art CZTS solar cells. This shows how

parameters needed for device characterization can be extracted from atomistic device simula-

tions and how the interplay between atomistic and device level simulations can be a powerful

tool in characterizing the thin-film solarcell devices of the future.

Figure 1: Sketch of photovoltaic device, including energy bands.

[1] A. Crovetto, M. Palsgaard, T. Gunst, T. Markussen, K. Stokbro, M. Brandbyge and O.

Hansen, Appl. Phys. Lett. 110, 083903 (2017).
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We present an efficient implementation of the Green’s function method for density-functional

simulations of a surface coupled to a bulk reservior. This surface Green’s function (SGF) method

alleviates several fundamental issues with the commonly used slab approximation for surface

calculations within the density functional theory formalism. The SGF method describes the

surface as a truly semi-infinite system, in which the surface region is self-consistently coupled

to the bulk reservoir. The method employs pseudopotentials and localized basis functions. We

illustrate the versatility of the SGF method for a wide range of surface problems inherently

problematic for the slab approximation, including metal work function calculations, band align-

ment in thin-film semiconductor structures, surface states of metals and topological insulators,

and adsorbates interacting with surfaces in electrostaic fields. Comparisons with slab calcula-

tions and experimental data establish the efficiency and accuracy of the surface Green’s function

method.

Figure 1: Illustration of a typical semi-infinite surface configuration. The Hamiltonians of the

semi-infinite surface (HSS) and of the periodic bulk HBB, are coupled through the

coupling terms HSB. A Dirichlet boundary condition is used at the boundary between

the periodic bulk and the semi-infinite surface. In the vacuum region, a Neumann

(Dirichlet) boundary condition is used for calculations without (with) an electric field.

LB and LS are the lengths along the Z Cartesian direction of the periodic bulk and of

the surface, respectively.
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The accurate prediction of the 3D structure of amino acid (AA) sequences is vital to the fast

enumeration of protein libraries within the fields of bioinformatics and theoretical chemistry.

We have already shown that Genetic Algorithms (GAs) can be utilized to explore training sets

of small organic molecules for machine learning [1] and efficiently optimize functionality of

biomimetic scaffolds [2]. We are now extending this technique to 3D structure prediction of AA

sequences.

To facilitate this method, a fitness function, which characterizes structure stability must be de-

signed. In this work, we explore different fitness functions and benchmark them against a

database of 3D structures of peptides in gas-phase (at B3LYP//6-31G(d,p) level). We have

benchmarked a variety of classical and ab initio methods as well as non-polarizable and po-

larizable force fields. We have additionally compared a variety of functional forms, which we

discuss and validate in this work.

[1] N.J. Browning, R. Ramakrishnan, O.A. von Lilienfeld, U. Roethlisberger, J. Phys.

Chem. Lett., 8, 1351 (2017).

[2] E. Brunk, M.A.S. Perez, P. Athri, U. Roethlisberger, ChemPhysChem, 17, 3831 (2016).
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N-heterocycles have found applications in multiple domains such as in medicinal 

chemistry, because they can act as powerful binding ligands. Recently, new molecules 

involving the formation of radical N-heterocycle ligands have been synthesized with 

transition metal
[1]

 or lanthanide
[2]

 ions. In these molecules, the heterocycle acts as an 

electron reservoir that could have impact during catalysis
[3]

 or for magnetic
[4]

 applications. 

As a result, fundamental understanding of the electronic structure of the radical N-

heterocycles is of crucial importance.  
 

Electronic absorption spectrum of phenanthroline radical has been evaluated using both ab 

initio and TDDFT methods. The poor comparison between the experimental and the mono-

determinant theoretical spectra has been related to the inner electronic structure of 

phenanthroline radical that presents a multi-reference ground state involving two π* 

orbitals. This property was further used to design new molecules that could have 

significant influence in the field of magnetism and catalysis by combining an 

organometallic specie, a lanthanide molecule and a radical N-heterocycle ligand
[5]

.  
 

The electronic absorption spectra of phenanthroline radical will be detailed at the TDDFT, 

CC2, EOM-CCSD, CASSCF and CASPT2 level of theory. The electronic structure of the 

compound will then be linked to lanthanide derivatives containing a radical phenanthroline 

ligand. Finally, the design of molecules active in catalysis and in magnetism will be 

detailed.  

 

[1] T. R. Dugan, E. Bill, K. C. MacLeod, G. J. Christian, R. E. Cowley, W. W. Brennessel, 

S. Ye, F. Neese, P. L. Holland, J. Am. Chem. Soc., 134, 20352–20364 (2012).	 

[2] G. Nocton, W. W. Lukens, C. H. Booth, S. S. Rozenel, S. A. Medling, L. Maron, R. A. 

Andersen, J. Am. Chem. Soc., 136, 8626–8641 (2014).	 

[3] P. J. Chirik, K. Wieghardt, Science, 327, 794–795 (2010). 

[4] C. A. Gould, L. E. Darago, M. I. Gonzalez, S. Demir, J. R. Long, Angew. Chem. Int. 

Ed. Engl., 2017, in press  

[5] V. Goudy, A. Jaoul, M. Cordier, C. Clavaguéra, G. Nocton, J. Am. Chem. Soc., 2017, 

submitted 
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deposition under an electric field
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The two-dimensional material molybdenum disulfide is of particular interest for microelectronic

and optoelectronic devices because of its direct band gap in the range of visible light. [1]

A key step for the large-scale usage is a controlled synthesis route. The method of atomic layer

deposition enables the synthesis of a few monolayers, but the growth mechanism is still un-

known. A suitable starting point is the idea that the physical adsorption of the precursors is

strengthened by an electric field, which is originated from charged impurities. [2] In addition

the growth could be initiated by known defect sites.[3]

We use periodic density functional theory to identify the structures and reaction paths of the pre-

cursors molybdenum(V)chloride and hydrogen sulfide on a monolayer of molybdenum disul-

fide. By means of a homogenous external electric field we are able to estimate the influence of

a charged impurity on the structures and reactions (Fig. 1.). These findings yield insights into

the growth mechanism and allow to predict the plausibility of the field controlled growth versus

the defect controlled growth.
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Figure 1: Field strength of a point charge (q = 1e) screened by a MoS2 monolayer (εr = 3.09)

(left). Influence of a homogenous electric field on the adsorption potential. Field

strength decreases as a function of the reaction coordinate (right).

[1] D. Jariwala et. al., ACS Nano 8, 1102 (2014).

[2] Y. Kim et. al., Sci. Rep. 6, 18754 (2016).

[3] W. Zhou et. al., Nano Lett. 13, 2615 (2013).
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The first-principles based description of spin-dependent properties in molecular junctions and

solid-state electronic devices (e.g. 2D nanosheets) is a very useful tool for the interpretation

of experimental results and for the prediction of possible applications in the field of spintronics

and spin-orbitronics [1, 2]. For molecular systems, magnetoresistance [3] and the chiral-induced

spin selectivity effect [4], and for solid-state materials the Rashba spin–orbit coupling [2] can

be mentioned as examples for interesting spin-dependent effects.

We are interested in a density-functional theory based description of spin-dependent properties

of such systems. Among other things, we use our post-processing code Artaios [5] to analyze

the conductance of molecular junctions in the coherent tunneling regime.
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Figure 1: Transmission function for alpha and beta electrons of an organic radical [3].

[1] A. R. Rocha, V. M. García-Suárez, S. W. Bailey, C. J. Lambert, J. Ferrer, S. Sanvito,

Nat. Mater. 4, 335 (2005).

[2] M. M. Ramin Moayed, T. Bielewicz, M. S. Zöllner, C. Herrmann, C. Klinke,

Nature Commun. 8, 15721 (2017).

[3] R. Hayakawa, M. A. Karimi, J. Wolf, T. Huhn, M. S. Zöllner, C. Herrmann, E. Scheer,

Nano Lett. 16, 4960 (2016).

[4] R. Naaman, D. H. Waldeck, Annu. Rev. Phys. Chem. 66, 263 (2015).
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rmann, ARTAIOS - a transport code for postprocessing quantum chemi-
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Advances in computational power and algorithms have led to an expansion of research using

molecular dynamics simulations. In particular, force-field based molecular simulations with

explicit treatment of electronic polarizability are now routinely applied in theoretical research.

However, introducing dipole-polarizability still substantially increases the computational cost of

simulations. For systems comprised of molecules with many polarizable atoms, the inclusion of

explicit dipole-polarizability can become a real bottleneck. Typical examples of such systems

are ionic liquids, that are comprised of large bulky ions. For these ionic liquids, we hence

adopt a coarse-graining scheme. This scheme is illustrated in the figure below for the 1-butyl-

3-methyl-imidazolium cation.

We develop a scheme to generate parameters for polarizable force fields based on simple, phys-

ical principles. Based on the quantum-mechanical volume of atoms in molecules, we derive

parameters of the dispersion interaction, and dipole-polarizability on an equal footing. Starting

from a first-principles, atomistic representation, this scheme allows us to generate, in principle

arbitrarily, coarse-grained representations. The resulting force-field, together with an appropri-

ate point-charge distribution, accurately reproduces quantum-mechanical interactions.

We examine the validity and applicability of our new force-field at the example of 1-ethyl-/butyl-

/hexyl-3-methyl-imidazolium hexafluorophosphate/tetrafluoroborate ionic liquids. Simulations

with these novel force fields reproduce both experimental observables, as well as electronic

properties extracted from density functional based molecular dynamics. Hence, we can generate

accurate force fields that, due to their coarse-grained nature, allow for accurate simulations of

large systems on long timescales.

Figure 1: Illustration of the coarse-graining scheme at the example of the 1-butyl-3-methyl-

imidazolium cation. Left side, atomistic representation with partitioned electron den-

sity shown as blue isosurfaces. Right side, coarse-grained representation.
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The study of oxidative stress and the close relationship this has with ageing means there is 

much interest in the effects of antioxidant complexes, which often contain manganese. 

Although experimental data in biological studies have shown very positive effects in 

prolonging the lifespan of mice,
 [1]

 there is much uncertainly about what is the origin of 

these effects and how they could be improved. Interestingly, very few chemical 

investigations have been performed on this subject, 
[2,3]

 and even less using computational 

chemistry. Therefore, we studied the mechanism of a catalase reaction of manganese-salen 

complex that proved beneficial at the biological level, using advanced methods of 

computational chemistry.
 [4]

 The catalase mechanism contains two phases, a first one in 

which a Mn
III

-salen complex captures an oxyigen from a hydrogen-peroxide into water and 

oxygen: 

(i) Mn
III

-salen + HOOH => Mn
V
=O-salen + H2O 

(ii) Mn
V
=O-salen + HOOH => Mn

III
-salen + H2O + O2 

 

Besides a detailed description of all the different reaction pathways present in the 

mechanism and the important role of the spin state,
 [5]

 we have found new results and 

concept that open the possibility of improving the efficiency and feasibility of the 

antioxidant complex. This is especially relevant for the initial part of the mechanism. 

Where the manganese complex gas to capture the hydrogen-peroxide in order to activate it. 

Two important aspects for the description of the reaction mechanism is the ability of the 

computational methods to correctly describe the spin-state and the weak interactions, for 

which S12g performs excellently.
 [4]

 

[1]  S. Doctrow, Science  289, 1567 (2000). 

[2]  Y. G. Abashkin, J. Phys. Chem. B 108, 2708 (2004). 

[3] D. G. Nocera, Inorg. Chem. 45, 7572 (2006). 

[4]  M. Swart, Chem. Phys. Lett. 580, 166 (2013). 
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PO2-282



An Automated Approach for Structural Characterization of Complex Organic 

Compounds by Collisional Cross Section Computation 

 

Sarah Moe1, Zhanfei Liu2, Alessandro Cembran1
 

1Department of Chemistry and Biochemistry, University of Minnesota Duluth, 1049 
University Dr., Duluth, USA 

2Department of Marine Science, The University of Texas at Austin, 750 Channel View Dr., 
Port Aransas, USA 

 

 

Ion mobility-mass spectrometry is a powerful experimental technique that allows for the 
separation of compounds based on their collisional cross section (CCS). We present a 
platform that allows to test a large number of compounds against experimentally derived 
CCS values, with the aim to deconvolute structural characterization by using 
computational methods. Our platform was first tested against a series of tetra-
alkylammonium compounds with differing alkyl chain lengths, serving as a standard with 
which to compare theoretical and experimental values. Theoretical values were obtained 
using the MOBCAL software program, which is widely used to calculate collisional cross 
sections of organic compounds [1]. Energy minimized structures were generated at the 
molecular mechanical level, and CCS values calculated using MOBCAL were in excellent 
agreement with experimental values. Furthermore, we calculated CCS values for a set of 
singly-charged cationic compounds that were isolated from marine samples, including 
solanocapsine, leucyl-leucyl-norleucine, leucyl-leucine, and N(alpha)-t-butoxycarbonyl-L-
leucine. A large ensemble of coordinate sets pertaining to each structure was generated 
using AM1 semi-empirical methods and simulated annealing implemented in CHARMM. 
The possibility of multiple protonation sites necessitated structure optimization with 
quantum mechanical calculations. Lowest energy confromations were obtained from each 
structural ensemble at the M06-2X/6-311++G(d,p) level. Our approach allows for the 
assignment of protonation sites by sampling ion positions, and it provides a means for 
structural analysis of versatile sets of organic compounds.  
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Reaching new levels of efficiency, reactivity and sustainability in chemical synthesis via 
the development of new catalytic systems is a subject of continuous efforts. Strong 
fundamental understanding of the processes involved is oftentimes crucial for making any 
further advances. Multiple possible reaction pathways, numerous potential active species 
and the difficulties in controlling the selectivities and reactivities are some of the 
challenges that burden homogenous transition metal catalysis. Fundamental studies, 
combining computations and experiments are a promising approach in overcoming these 
hurdles. In this regard, this poster will feature the uncovering of mechanistic insights in 
Pd- and Ni-catalysis from a computational perspective. 

Included are our studies on the novel concept of direct dinuclear Pd(I) catalysis and its 
applications in the halogen exchange and trifluoromethylthiolation reactions.[1,2] In the 
context of Ni-catalysis, mechanistic studies have played a crucial role in the development 
of new methods for the trifluoromethylthiolation of aryl chlorides and C-O 
electrophiles.[3,4] Furthermore, pathways leading to catalyst deactivation, and the roles of 
oxidation states of Ni, and the ligands have been thoroughly examined.[5] 
 

 
 
[1] I. Kalvet, K. J. Bonney, F. Schoenebeck, J. Org. Chem. 79, 12041 (2014). 
[2] G. Yin, I. Kalvet, F. Schoenebeck, Angew. Chemie Int. Ed. 54, 6809 (2015). 
[3] G. Yin, I. Kalvet, U. Englert, F. Schoenebeck, J. Am. Chem. Soc. 137, 4164 (2015). 
[4] A. B. Dürr, G. Yin, I. Kalvet, F. Napoly, F. Schoenebeck, Chem. Sci. 7, 1076 (2016). 
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One of the promising approaches in energy production is looking for molecules which can

be used as photocatalysts, generating molecular hydrogen from the solar radiation. Hydrogen

obtained in this way can be stored and employed as fuel. A detailed understanding of the ex-

cited state properties is required to optimize the electron transfer and the efficiency of hydrogen

production. In this contribution, the properties of the singlet and triplet excited states are investi-

gated for a series of molecular photocatalysts [1]-[3] (Figure 1). The energy, oscillator strength,

orbital character and geometry of the states are calculated at the DFT/TDDFT level with B3LYP

including the effects of the solvent with the PCM. The differences between the systems are an-

alyzed in order to predict how the changes in the excited state properties impact the electron

transfer processes.

Figure 1: Example of investigated compounds. Geometry of (tbbpy)2Os2+(tpphz) (left) and

(tbbpy)2Os2+(tpphz)PtI2 (right) molecules.
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Techniques such as X-ray photoelectron spectroscopy (XPS) can access the inner shells of the

atoms and provide insight into the electronic structure of molecules and materials. Accurate sim-

ulation tools to reproduce XP spectra are important to support the interpretation of experimental

spectra, in particular for complex molecules with unknown structure. Even though computa-

tionally efficient, density functional theory based approaches suffer from certain shortcomings

and are often not accurate or consistent enough to resolve the spectrum.

Green’s function theory in the GW approximation has become the method of choice for addition

and removal energies of valence electrons in solids[1] and is now increasingly being applied to

molecules and clusters[2]. However, GW core-level spectroscopy has thus far not received any

attention. In this work, we present a method to extract core-level energies from all-electron

GW calculations. In low-scaling, state-of-the-art GW implementations[3, 4, 5], the self-energy

is typically computed in the imaginary frequency domain followed by an analytic continuation

to the real frequency axis. However, the analytic continuation becomes highly inaccurate for

frequencies far away from the fermi level and is not suitable for the computation of core ex-

citations. Thus, we propose to evaluate the self-energy on the real-frequency axis using the

contour deformation (CD) technique in combination with a resolution-of-the-identity approx-

imation for the screened Coulomb interaction. We implemented this method in the FHI-aims

program package[6]. We demonstrate that the CD technique yields the same valence excita-

tions as the analytic continuation with the Pade approximation. For the core states, our method

reproduces the features of the self-energy very well compared to the real-frequency implemen-

tation in Turbomole[7]. We also present benchmark studies of XPS data for small gas-phase

molecules.

[1] P. Rinke et al., New J. Phys. 7, 126 (2005).
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Nitrobenzene is the smallest nitroaromatic compound, is a common environmental 

pollutant normally produced in urban atmospheres during incomplete combustion,[1] and 

is an ingredient in energetic materials.[2] Its photophysics is characterized by three 

lifetimes (100 fs, 6 ps, and 480 ps)[3] and by a particularly high value of the triplet 

quantum yield, greater than 0.8.[4] Under UV radiation the system can photoreact leading 

to the formation of different photoproducts, as NO2, NO and O.[5] In our group a static 

description of the system’s photoresponse has been performed, obtained through 

CASPT2//CASSCF computations in the framework of the so-called “photochemical 

reaction path approach”.[6] A dynamics study of the evolution of nitrobenzene after light 

absorption has then been performed, using the direct dynamics variational multi-

configurational Gaussian (DD-vMCG) method, which is a full quantum dynamics 

methodology, allowing the resolution of the time-dependent nuclear Schrödinger equation 

variationally.[7] The latter study will allow extracting the timescales of the characterized 

processes, so rationalizing the reported experimental lifetimes, and evaluating the 

efficiency of the various decay paths obtained in the static study. In the present 

contribution the derived static description of nitrobenzene’s photophysics and 

photochemistry is presented, together with the dynamics results obtained up to date. 
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For closed-shell systems, semiempirical molecular orbital (SE-MO) methods have time-tested

reliability and are now routinely used for many applications [1]. It is not true for open-shell

species. Detailed verifications of their electronic and geometric structures have not seemed to

be examined at the SE-MO levels. Previously, we re-optimized PM6 [2] (called rPM6) mainly

focusing on the parameters for the basic elements (H, C, N, O, P, and S) [3, 4] by means of our

own training set and part of GMTKN30 database [5]. The spin-unrestricted rPM6 (UrPM6) cal-

culation showed significant improvement in computing open-shell species. While the original

UPM6 is susceptible to the spin polarization (spin contamination) effect and thus overestimates

the singlet-triplet energy gaps, UrPM6 provides the values similar to UDFT results. In the

present study, we present a reparameterized set of parameters for manganese to compute mag-

netic interactions in binuclear manganese complexes. Several results of preliminary calculations

will be presented.
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Oxidative dimerizations of enolates induced by metal salts offer a short access to 

1,4-dicarbonyl compounds and were employed in the total syntheses of natural products 

[1]. The lack of selectivity, unless the enolates were auxiliary bound, led to the assumption 

that the mechanism was merely free radical homocoupling (Scheme). However, the fact 

that oxidation of enolate aggregate 1 by ferrocenium hexafluorphosphate 2 afforded dimers 

meso-3 and dl-4 with different selectivities points to a more complex mechanism. 

 

 

Density functional theory calculations elucidated different pathways depending on 

the structure of aggregate 1 [2]. Initial electron transfer from 1 leads to an aggregated -

carbonyl radical, which implies that the dimerization is an intramolecular reaction. The 

intermediate structures were optimized in gas phase and in implicit THF solution. The 

transition states were located and their nature confirmed by IRC calculations. The DFT 

calculations correctly predicted the dimer meso-3 to be the major product in THF.  

Mechanistic experiments prove the role of aggregation and the correlation of the 

diastereoselectivity with enolate geometry. They generally support the computational 

results. 

 

[1] a) F. Guo, M. D. Clift, R. J. Thomson, Eur. J. Org. Chem. 4881, (2012). b) C. S. 
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Drug-target binding is determined mostly by noncovalent interactions including 

hydrogen bonding with bridging water molecules. A reliable quantitative description from 

the physical principles ultimately requires the use of quantum mechanical (QM) 

methods.[1] Coupled with an implicit solvent method, the energetics of protein-ligand 

interactions can be captured and native ligand poses identified.[2] However, the 

contributions of the bridging water molecules to the binding affinity can only be described 

when explicit water dynamics is included. 

Here, we present the combined use of explicit-solvent molecular dynamics (MD) with 

semi empirical QM (SQM) based scoring featuring PM6-D3H4X/COSMO method.[3] We 

show that the affinities of 21 novel pyrazolo[1,5-a]pyrimidine cyclin-dependent kinase 2 

(CDK2) inhibitors could only be satisfactorily interpreted when the implicit solvent 

treatment was enhanced by including explicitly six water molecules in the active site. Their 

entropies as calculated by explicit-solvent MD tool WaterMap, Schrodinger, LLC, were 

added to the SQM/COSMO score. A more refined view of the interplay between the 

dynamics of the protein, ligand and solvent was obtained from 80 ns explicit-solvent MD. 

The findings presented here stress the importance of including explicit waters and protein, 

ligand and solvent dynamics for a reliable explanation of drug-target affinities.  

 

 

[1]  K. Raha, M. B. Peters, B. Wang, N. Yu, A. M. Wollacott, L. M. Westerhoff, K. 

M. Merz, Drug Discov Today. 12, 725 (2007). 

[2]  A. Pecina, R. Meier, J. Fanfrlik, M. Lepšík, J. Rezac, P. Hobza, C. Baldauf, Chem. 
Commun. 52, 3312 (2016). 

[3]  M. Hylsová, B. Carbain, J. Fanfrlík, L. Musilová, S. Haldar, C. Köprülüoğlu, P. S.  

Brahmkshatriya, R. Jorda, V. Kryštof, P. Hobza, A. Echalier, K. Paruch, M. Lepšík 
Eur. J. Med. Chem. 126, 1118 (2017). 
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The catalytic reactions with molecular oxygen have attracted lots of interests due 

to its various crucial industrial chemical processes, such as selective oxidation and 

epoxidation, exhaust gas emission control for automotive applications, oxygen reduction 

reaction in fuel cells, and so on. Extensive efforts are devoted to the development of 

effective catalytic materials for oxygen activation. Currently, most of the industrially used 

catalysts are based on precious transition metals (Pt, Pd, Ru, etc.). Therefore, the 

development of effective, cheap and environment friendly catalysts based on the 

nonprecious abundant elements is an emerging task for commercial market. Recently, we 

have demonstrated theoretically [1] and proved experimentally that even inert and 

catalytically inactive materials, h-BN can be functionalized to become active catalysts at 

nanoscale [2]. Our findings open new and yet unexplored routes to design effective 

catalyst based on materials that have never been considered for catalytic applications. 	

 

In the present work, we performed a systematic theoretical investigation of the 

catalytic activity of the C doped h-BN monolayer toward a reaction with molecular oxygen 

adsorption. It is demonstrated that C doping into B position on the h-BN monolayer 

produces n-type semiconductor material with noticeable catalytic activity in the large area 

extended far away from the C impurity. The oxygen reduction reaction [3] and oxidation 

reactions of CO and C2H4 are also considered. The details of the reactions will be shown in 

the presentation. 

 

[1] A. Lyalin, M. Gao, T. Taketsugu. Chem. Rec. 16, 2324-2337(2016). 

[2] K. Uosaki, G. Elumalai, H. Noguchi, T. Masuda, A. Lyalin, A. Nakayama, T. 

Taketsugu, J. Am. Chem. Soc. 136, 6542-6545(2014). 

[3] M. Gao, M. Adachi, A. Lyalin, T. Taketsugu, J. Phys. Chem. C 120, 15993-

16001(2016)	
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When chloroethylene interacts with a free low-energy electron (<10 eV), the formed compound

may dissociate into the chloride anion and the corresponding neutral radical [1]. The current

understanding on dissociative electron attachment (DEA) to chloroethylene is still at a qualita-

tive level, given the absence of theoretical attempts to describe it. That is even more surprising

when one realizes the relevance of electron-induced cleavages of halogen containing species in

biological, environmental and plasma environments (see Refs. [2, 3] and references within).

Here we report theoretical results on the electronic spectra and dynamics of chloroethylene

anion. We described the electronic problem with bound state (multireferential configuration

interaction) and electron scattering calculations (Schwinger multichannel method with pseu-

dopotentials [4]). Still counting on both methodologies, potential energy surfaces for the anion

states were built. Finally, we have performed quantum wavepacket and fewest-switches semi-

classical propagations, while incorporating a model to describe the possibility of autodetach-

ment in the later. We found that chloroethylene presents a lower-lying π∗ shape resonance and

a higher-lying σ∗ resonance, this one dissociative along the C−Cl bond. DEA should initiate

from electron capture into the π∗ orbital, which acquires a σ∗ character upon out-of-plane de-

formations, and then induces the bond stretching and the elimination of the chloride anion. On

the other hand, direct formation of the σ∗ resonance is ineffective for DEA, due to the smaller

vertical autodetachment lifetime of this state. The present results provide a detailed picture on

how DEA to chloroethylene takes place, and also allow for the computation of theoretical DEA

cross sections. By comparing results obtained with different approaches, one can assess open

theoretical and methodological questions regarding the dynamics of autodetaching resonances.

The authors acknowledge financial support from São Paulo Research Foundation (FAPESP).

[1] J. K. Olthoff, J. A. Tossell, J. H. Moore, J. Chem. Phys. 83, 5627 (1985).

[2] F. Kossoski, M. H. F. Bettega, M. T. do N. Varella, J. Chem. Phys. 140, 24317 (2014).

[3] F. Kossoski, M. T. do N. Varella, J. Chem. Phys. 145, 44310 (2016).

[4] K. Takatsuka and V. McKoy, Phys. Rev. A 24, 2473 (1981).
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Recently, reaction path networks has been made automatically with quantum chemical 

calculations. The artificial force induced reaction (AFIR) method can construct reaction 

path networks efficiently1. However, it is difficult to perform a simulation covering 

experimental timescales 103−105 s on complex networks. In the networks, elementary steps 

that occur in short timescales ~10−12 s exist. That is, a  small step-size (<< ~10−12 s) must 

be used in the time evolution. This problem is called stiff problem. 

In this study, we developed a new approach which solves the stiff problem and is 

applicable to complex networks2. This method (rate constant matrix contraction, RCMC) 

contracts fast elementary steps recursively. The RCMC was applied to the Claisen 

rearrangement reaction of CH2CHOCH2CHCH2. The reaction network consists of 23 

equilibrium structures (EQs) and 62 transition states (TSs) (Fig. 1). The reaction network 

includes many ultrafast steps corresponding to conformational rearrangements. To achieve 

chemical accuracy, the reaction network was made at CCSD(T)-F12a/jul-cc-

pVTZ//M062X/6-311+G(2d, p) computational level. 

By applying the RCMC, we got overall rate constants taking account of conformational 

changes. The overall rate constants obtained by the following three ways are compared: (1) 

the experimental value, 2.875×10−3 s−1, (2) the value estimated by the RCMC, 1.794×10−3 

s−1, and (3) the value obtained by a simple method only considering the rate-determining 

step, 1.486×10−2 s−1. With regard to the activation free energy, the RCMC reproduced the 

experimental value with an error of 1.8 kJ/mol. 

The difference between the activation free 

energies of (2) and (3) was 8.2 kJ/mol, which 

was attributed to the conformational entropy. It 

was found that the conformational entropy 

made a substantial contribution to the overall 

rate constant even in the Claisen rearrangement 

of small chain molecules. 

[1] S. Maeda, et al.  J. Comput. Chem. 35, 166 
(2014). [2] Y. Sumiya, et al., J. Phys. Chem. A  
119, 11641 (2015). 

 
Fig. 1 The reaction network of Claisen 
rearrangement. Node and edge 
correspond to EQ and reaction path. 
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The enzymatic copper mediated hydroxylation inspired the development of various 

biomimetic tyrosinase models. Recently, Tuczek and coworkers synthesized the copper 

oxygen complexes L5-H
[1]

  and L4-H
[2]

. Remarkably, only minor differences in steric 

demand, i.e. the number of linking carbon atoms in the supporting ligand, lead to markedly 

different reactivity: N-dealkylation (L5-H) and aromatic hydroxylation (L4-H) (Figure 1). 
 

Figure 1: Investigated hydroxylation of L5-H (top) and L4-H (bottom) in presence of copper(I)-ions 

and dioxygen.  

 

Here we report a detailed DFT study of Tuczek’s copper mediated hydroxylation. Our results 

allow for a rationalization of the reactivity differences of the two copper-complexes and are in 

line with the experimental findings. Complementary TD-DFT studies provide further insights 

into the bis(µ-oxo) dicopper-(III) µ-η
2
:η

2
-peroxo dicopper-(II) equilibrium, which determines 

the selectivity due to strongly directional interactions of the frontier orbitals. 

 

 

[1] Rolff M., Hamann J. N., Tuczek F., Angew. Chem. Int. Ed., 2011, 50, 6924. 

[2] Hamann J. N., Rolff M., Tuczek F., Dalton Trans., 2015, 44, 3251. 
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At low temperature, methyl groups represent quantum rotors with quantized rotational states.
The lowest excitation energy between the ground and first excited state, known as the tunnel
splitting, is important in the context of hyperpolarization techniques in NMR spectroscopy[1,
2, 3, 4]. Complementarily, the extreme sensitivity of tunnel splitting on the potential energy
surface (PES) gives rise to a unique probe of the interatomic interactions that are at the origin
of the energy landscape.
Here, we present explicit calculations of the tunnel splitting from condensed-phase DFT en-
ergy profiles. The focus is on the effect of chemical environment (supermolecular packing) on
the tunnel splitting. In particular, we study the influence of coupled motion of methyl rotators
on the tunneling spectrum within a pair-coupled model. The quantum rotational energy lev-
els are obtained by numerical solution of the corresponding two-dimensional time-independent
Schrödinger equation. It turns out that the tunnel splitting caused by the coupling is maxi-
mized for the coupled rotors in which their total hindering potential is relatively shallow. Such
a low hindered methyl rotational potential is predicted for γ-picoline at low temperature, where
the shortest intermolecular distances of ≈ 3.46 Å are between face-to-face methyl groups. In
this regard, given the recent success in computing methyl rotational PES using first-principles
calculations[5], we compute two dimensional rotational energy profile of a pair of methyl rotors
in γ-picoline crystal. The calculated energy levels agree very well with the measured multi-
plet structure of rotational-tunneling peaks. Moreover, the calculated density distribution of the
three methyl protons resembles the experimental nuclear densities obtained from the Fourier
difference analysis.

[1] M. Icker, S. Berger, J. Magn. Reson. 219, 1-3 (2012).

[2] M. Icker, P. Fricke, T. Grell, J. Hollenbach, H. Auer and S. Berger, Magn. Reson. Chem.

51, 815-820 (2013).

[3] B. Meier, J.-N. Dumez, G. Stevanato, J. T. Hill-Cousins, S. S. Roy, P. Hakansson, S.
Mamone, R. C. D. Brown, G. Pileio, and M. H. Levitt, J. Am. Chem. Soc. 135, 18746
(2013).

[4] J.-N. Dumez, P. Hakansson, S. Mamone, B. Meier, G. Stevanato, J. T. Hill-Cousins, S.
S. Roy, R. C. D. Brown, G. Pileio and M. H. Levitt, J. Chem. Phys. 142, 044506 (2015).

[5] S. Khazaei, and D. Sebastiani, J. Chem. Phys. 145, 234506 (2016).

PO2-295



The effect of substituents on the reactivity of keteniminium salts – a DFT 

study 

 

Gamze Tanriver,1 Amandine Kolleth,2 Alexandre Lumbroso,2 Sarah Sulzer,2 
Alain De Mesmaeker,2 and Saron Catak*1 

1Department of Chemistry, Bogazici University, 34342 Bebek, Istanbul, TURKEY 
2Syngenta Crop Protection AG, Crop Protection Research, Research Chemistry, 

Schaffhauserstrasse 101, CH-4332, Switzerland 
 

 

Keteniminium chemistry is of recent interest due to its higher electrophilicity, reactivity 
and regioselectivity compared to ketenes.1 The [2+2] cycloaddition reactions of 
keteniminium salts with alkenes have been by far the most studied; intermolecular as well 
as intramolecular reactions have been reported (Scheme 1).2 Due to the limited general 
methods to attain substituted aminocyclobutanes/aminocyclobutenes, a straightforward 
general access from the corresponding iminium salts has gained considerable attention. An 
efficient new method for the synthesis of aminocyclobutanes via the [2+2] cycloaddition 
between various keteniminium salts and alkenes, followed by a reduction step3 or by a 
nucleophilic addition4 has been recently reported. These studies show that differing 
substituents play a significant role on the stability and reactivity of keteniminium salts. 
Herein, we outline a DFT study performed to investigate substituent effects on 
intermolecular [2+2] cycloaddition reactions and quantify the difference in both reactivity 
and stability of the keteniuminium salts involved. In this context, various substituents were 
examined to gain insight on the influence of substituents and the results were compared 
with experimental data.  

 

Scheme 1. Schematic representation of the [2+2] cycloaddition reaction of keteniminium 
salts and alkenes 
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Engl. 20 (1981). b) C. Houge, A. M. Frisque-Hesbain, A. Mockel, and L. Ghosez J. 
Am. Chem. Soc. 104 (1982). c) B. B. Snider, Chem. Rev. 88 (1988). 

[3] A. Kolleth, A. Lumbroso, G. Tanriver, S. Catak, S. Sulzer-Mossé, A. De 

Mesmaeker, Tetrahedron Lett. 57 (2016). 
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The full configuration interaction (FCI) model represents the exact solution to the electronic

Schrödinger equation within a given fixed-sized one-electron basis set. However, its practical

realization is generally impeded by the so-called curse of dimensionality, which is in general

twofold; within a basis set of a certain quality, the scaling of the FCI model is exponential

with respect to the number of electrons, and even for a fixed system size, the computational

requirements grow exponentially with respect to the number of molecular orbitals. Here, it

is demonstrated how FCI results in extended basis sets may be obtained to within sub-kJ/mol

accuracy by decomposing the energy in terms of Bethe-Goldstone many-body expansions in

the orbitals of the molecular system at hand. This extension of the FCI application range lends

itself to two unique features of the current approach, namely that the total energy calculation can

be performed entirely within considerably reduced orbital subspaces and may be so by means

of embarrassingly parallel programming. Facilitated by a rigorous and methodical screening

procedure and further aided by the use of virtual natural orbitals, all-electron numerical results

are reported for H2O in core-valence basis sets ranging from double- to quadruple-ζ quality.
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Recent discovery of Molecular Nanomagnets (MNMs) by capture and fixation of CO2 
unravelled novel avenues in the enticing chemistry-physics-biology interphase. My 
preliminary focus remains efficient and selective conversion of CO2 to HCHO. In 
compliance with earlier reported data [1], I am attempting optimization of this 

transformation in terms of selectivity, efficiency, catalyst 
stability, ligand variation on RuII based catalyst 
harnessing DFT approach. I am also keen to estimate 

catalytic cycle for recently reported conversion 
of CO2 to DMM (dimethoxy methane) using 
similar methodology after benchmarking [2]. 

Additionally, I intend to compute the structural, 
electronic and spectroscopic characteristics of C-H bond activation by 

unique CuII-alkylperoxide complex. Despite significant utility of actinides, in the 
filed of MNMs they are at the nascent stage unlike lanthanides. In this relevance, I 
aim to understand apt metal coordination number, ligand field in dictating magnetic 
anisotropy behaviour in actinide based magnets sudying UIII/IV/V-N/O models [3].  

 
 
 
 
 
 
 
 
 
 
 [1] S. Wesselbaum, V Moha, M. Meuresch, S. Broinski, K. M. Thenert, J. Kothe, T. V. 
Stein, U. Englert, M. H lscher, J. Klankermayer and W. Leitner, Chem. Sci. 6, 693 (2015).  
[2] K. Thenert, K. Beydoun, J. Wiesenthal, W. Leitner and J. Klankmayer, Angew. Chem. 
Int. Ed. 55, 12266 (2016).[3]  J. D. Rinehart, K. R. Meihaus, J. R.  Long,  J. Am. Chem. 
Soc. 132, 7572 (2010). 
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The overall shape of a molecular energy surface can be very different for different molecules

and different vibrational coordinates. This means that the fit-basis functions used to generate

an analytic representation of a potential will be met with different requirements. It is therefore

worthwhile to employ different types of fit-basis functions to provide more adequate fits. This

becomes even more pronounced in an iterative n-mode expansion scheme such as the adaptive

density-guided approach (ADGA) [1], where it is essential to capture the underlying physics

quickly or risk introducing unnecessary single point calculations when constructing the molec-

ular potential. We therefore present a uniform framework that can handle general fit-basis func-

tions of any type which are specified on input [2]. This framework is implemented to suit the

black-box nature of the ADGA in order to avoid arbitrary choices of non-linear parameters that

are often contained in more specialized fit-basis functions.

We have tested different fit-basis functions including Morse and double-well shapes, which

are clearly superior to the standard polynomial type fit-basis functions to represent these kinds

of potentials. This results in a decreased number of single point calculations required during

the potential construction. Especially the Morse-like fit-basis functions are of interest, when

combined with rectilinear hybrid optimized and localized coordinates (HOLCs) [3], which can

be generated as orthogonal transformations of the more standard normal coordinates (NCs).

The HOLCs have a greater degree of locality compared to the NCs, which means that more

one-mode potentials will have a Morse-like shape, resulting in a large decrease in the number

of single point calculations required to construct a potential.

Curvilinear coordinates, of which the polyspherical coordinates [4] are a special class, can in

this perspective provide even better conditions for the use of general fit-basis functions.

[1] M. Sparta and D. Toffoli and O. Christiansen, Theor. Chem. Acc. 123 413-429 (2009).

[2] E. L. Klinting, B. Thomsen, I. H. Godtliebsen and O. Christiansen, In Preparation.

[3] E. L. Klinting, C. König and O. Christiansen, J. Phys. Chem. A 119, 11007-11021

(2015).

[4] M. Ndong, L. Joubert-Doriol, H.-D. Meyer, A. Nauts, F. Gatti, and D. Lauvergnat, J.

Chem. Phys. 136, 034107 (2012).
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Atmospheric new-particle formation is believed to involve sulfuric acid coupled with a 
stabilizing component such as ions, bases, or oxidized organic compounds. We have 
previously studied the cluster formation between sulfuric acid and pinic acid or MBTCA, 
and found a favorable interaction between them. However, by cluster kinetics calculations 
we showed that the growth of the clusters is essentially limited by a weak binding of the 
largest clusters, suggesting that pinic acid and MBTCA cannot contribute the cluster 
growth when clustering occurs via neutral pathways [1]. Here we have investigated the 
ability of bisulfate anion, ammonium cation, and ammonia to enhance the formation and 
growth of sulfuric acid and pinic acid or MBTCA clusters. 
 
Cluster structures have sampled using semi-empirical technique. Geometries are optimized 
and frequencies are calculated using three density functionals M06-2X, PW91, and 
ωB97X-D with the 6-31++G** basis set. Electronic energy corrections were performed 
using DLPNO-CCSD(T)/def2-QZVPP level of theory.  Obtained Gibbs free energies are 
subsequently used to further investigate cluster kinetics. 
 
The interaction with ions and sulfuric acid or carboxylic acid group is strong, and thereby 
small two-component ionic clusters are found to be very stable against evaporation. The 
presence of bisulfate stimulates the cluster formation by addition of sulfuric acid, whereas 
the presence of ammonium favors the addition of organic acids. Bisulfate and ammonium 
enhance the first steps of cluster formation; however, at atmospheric conditions cluster 
growth is limited due to the weak interaction of the larger three-component clusters which 
results in fast evaporation. [2]. Therefore, it is unlikely that organic acids and sulfuric acid, 
even together with bisulfate, ammonia, or ammonium can drive new-particle formation via 
clustering mechanisms, suggesting that perhaps chemical reactions are needed to explain 
observed atmospheric new-particle formation events in the presence of oxidized organic 
compounds. 
 

 

       [1]  J. Elm, N. Myllys, T. Olenius, R. Halonen, T. Kurtén, H. Vehkamäki, Phys. 
Chem. Chem. Phys. 19, 4877 (2017). 

       [2]  N. Myllys, T. Olenius, T. Kurtén, H. Vehkamäki, I. Riipinen, J. Elm, J. Phys. 
Chem. A, accepted (2017). 
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The first example of a general 1,4-chirality transfer from sulfur to carbon via [3,3]-

sigmatropic rearrangement is reported and thoroughly explored by modern theoretical 

methods in the present study [1]. The calculations suggest an elegant model, which does 

not only describe and explain the experimentally observed selectivity but also shows a way 

to improve the enantioselectivity via the strengthening of the important intramolecular 

interactions within the transition states. The suggested theoretical approach can be applied 

to design new enantio- and regioselective arylation reactions with the use of chiral 

sulfoxides as unique chirality storage systems. 

 

 
 

 

 

       [1]  D. Kaldre, B. Maryasin, D. Kaiser, O. Gajsek, L. González, and N. Maulide, 
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In calculations of chemical shieldings for a large systems the Coulomb part can easily 

become the time-dominating step. In order to reduce the computational effort, we 

implemented the resolution of the identity approximation for coulomb integrals (RI-J) [1] 

in TURBOMOLE’s NMR module including the multipole-accelerated scheme (MARI-J) 

[2] adapted for chemical shieldings. Here, the coulomb interaction is divided into a near-

field (evaluated via RI-J) and a far-field contribution, for which a multipole expansion is 

used. Further, to treat environmental effects, we implemented the conductor like screening 

model (COSMO) analogously to the related polarizable continuum model [3]. 

Efficiency is demonstrated for a negatively charged DNA segment with more than 1000 

atoms (10220 basis functions). With MARI-J the effort for Coulomb part reduces by a 

factor of ca. 100, introduced errors are very small compared to changes when using a 

different basis or method. 
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In this work we design, implement and integrate a generic eScience workflow for efficient and

accurate force field calibration, building further on our current efforts to develop a heteroge-

neous workflow for molecular simulation. A workflow for the calibration of polarizable bio-

molecular force fields is presented, where a QM/MM approach [1] is used to develop transfer-

able condensed-phase electrostatic parameters for a set of 70 small molecule side-chain analogs.

Here we show that the transferability of force field parameters can be improved by a systematic

approach to the calibration effort [2].

[1] C. R. Vosmeer, A. S. Rustenburg, J. E. Rice, H. W. Horn, W. C. Swope, D. P. Geerke, J.

Chem. Theory Comput. 8, 3839 (2012)

[2] K. M. Visscher, C. R. Vosmeer, R. A. Luirink, D. P. Geerke, J. Comput. Chem. 38, 508

(2017).
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Mononuclear non-heme iron compounds play an important role in nature. They occur in 

many organisms and are indispensable. The chemical versatility of these enzymes is 

remarkable. Some examples of reactions with non-heme iron compounds include 

hydroxylation, halogenation and epoxidation. To understand enzymatic non-heme iron 

reactions, the study of biomimetic iron-oxo complexes is important.[1-6] Suitable 

biomimetic ligands for iron-oxo complexes are e.g. bispidines[7] or TMC ligands[8]. Due to 

the energetically close spin states (S=1 and S=2), it is very difficult to describe iron-oxo 

complexes without further theoretical investigations.[7] To attain a more accurate 

understanding of the chemical behavior of iron(IV)-oxo complexes, we use a broad variety 

of methods such as CASSCF (complete active space self-consistent field), CASPT2 

(complete active space perturbation theory), NEVPT2 (n-electron valence state 

perturbation theory) and DFT (density functional theory).  

 

        [1]  W. Nam, Acc. Chem. Res., 48, 2415-2423 (2015). 

        [2]  W. Nam, Y-M. Lee, S. Fukuzumi, Acc. Chem. Res., 47, 1146-1154 (2014). 

        [3]  E. I. Solomon, T. C. Brunold, M. I. Davis, J. N. Kemsley, S.-K. Lee, N. Lehnert, 

  F. Neese, A. J. Skulan, Y.-S. Yang, J. Zhou, Chem. Rev., 100, 235-350 (2000). 

        [4]  M. M. Abu-Omar, A. Loaiza, N. Hontzeas, Chem. Rev., 105, 2227–2252 (2005). 

        [5]  C. Krebs, D. G. Fujimori, C. T. Walsh, J. M. Jr. Bollinger, Acc. Chem. Res., 40,

 484-492 (2007). 

        [6]  C. A. Grapperhaus, B. Mienert, E. Bill, T. Weyhermüller, K. Wieghardt, 

 Inorg. Chem., 39, 5306-5317 (2000). 

        [7]  P. Comba, S. Fukuzumi, C. Koke, B. Martin, A.-M. Löhr, J. Straub, 

 Angew. Chem. Int. Ed., 55, 11129 –11133 (2016). 

        [8]  J.-U. Rohde, J.-H. In, M. H. Lim, W. W. Brennessel, M. R. Bukowski, A. Stubna,

  E. Münck, W. Nam, L. Que Jr., Science, 299, 1037−1039 (2003). 
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In this work we present a theoretical study of a photochromic molecular switch. The target

molecule is composed by two units of the dihydroazulene (DHA)/Vinylheptafulvene (VHF)

covalently linked by a benzene ring. We use a sequential Quantum Mechanics/Molecular Me-

chanics (S-QMMM) methodology to investigate the solvent effects on the electronic spectra of

these molecules. Four isomers of this molecule are studied depending on the open/close forms

of the DHA/VHF unit. Classical Monte Carlo simulations are performed to obtain the liquid

structures of the solvent and then quantum mechanics calculations are used to obtain the elec-

tronic spectra at Density Functional Theory level. The solvent effect is considered both as an

electrostatic embedding composed by the point charges of the solvent molecules (acetonitrile)

as well as the closest explicit acetonitrile molecules. The shifts of the absorption band in rela-

tion to the isolated molecules are calculated and the inhomogeneous broadening are obtained in

good agreement with the experiment
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The self-assembly of molecular building blocks is a promising route to low-cost 

nanoelectronic devices. It would be very appealing to use computer-aided design to 

identify suitable molecules. However, molecular self-assembly is guided by weak 

interactions, such as dispersion, which have long been notoriously difficult to describe 

with quantum chemical methods. In recent years, several viable techniques have emerged, 

ranging from empirical dispersion corrections for DFT to fast perturbation and coupled-

cluster theories. We test these methods for the dimer of the prototypical building block for 

nanoelectronics, C60-fullerene. 

Benchmark quality data is obtained from DFT-based symmetry-adapted perturbation 

theory (SAPT), the adiabatic-connection fluctuation dissipation (ACFD) theorem using an 

adiabatic LDA kernel, and domain-based local pair natural orbital (DLPNO) coupled-pair 

and coupled cluster methods. These benchmarks are used to evaluate economical 

dispersion-corrected DFT methods, double-hybrid DFT functionals, and second-order 

Møller−Plesset theory. Furthermore, we provide analytical fits to the benchmark 

interaction curves, which can be used for a coarse-grain description of fullerene self-

assembly. These analytical expressions differ significantly from those reported previously 

based on bulk data.[1] 

[1] D.I. Sharapa, J. T. Margraf, A. Hesselmann and T. Clark, JCTC, 13, 274-285, (2017). 
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ONIOM calculations have been carried out to determine geometries, adsorption 

energies and vibrational frequencies of CO on Pd mordenite catalysts (Pd/MOR) using 
DFT with the ωB97X-D functional. In previous works we showed that the distribution of 
the acid sites influences both the NH3 adsorption energy in MOR [1] and the CO 
adsorption in the Au/MOR system [2]. Here we examine the structure of Pd/MOR and CO-
Pd/MOR systems considering the proximity of two crystallographic sites. The MOR unit 
cell contains four different tetrahedron (T) sites: T1, T2, T3, and T4. A model of MOR 
containing 264T sites was employed to perform a two-layer ONIOM calculations, with 
223T in the low-level treated by the Universal Force Field (UFF) and 41T in the high-level 
treated with the ωB97X-D functional. The MOR structures are created by replacing Si by 
Al at the positions T4 and T4´, generating the near-MOR(T4T4´) and the far-MOR(T4T4´) 
structures. 
 
 
 
 
 
 
 
 

The results show that the frequency of the CO adsorbed in Pd/MOR is little 
affected by the Al distance, contrary to the obtained with the Au/MOR system [2]. 
Comparison with experimental results [3] allow us to propose the most probable structures 
of CO-Pd to be present in the CO-Pd/MOR. 
 
       [1] L. Diaz, A. Sierraalta, M. A. C. Nascimento, R. Añez, J. Phys. Chem. C 117, 5112 
(2013). 
       [2] L. J. D. Soto, A. Sierraalta, R. Añez, M. A. C. Nascimento, Appl. Catal. A 526, 53 
(2016). 
        [3] A. N. Mendes, et al., Appl. Catal. B 195, 121 (2016). 

near far ν (CO) cm-1 for CO-Au/MOR(T4), 
CO-Au2/MOR(T4T4´) and CO-
Pd/MOR(T4T4´) 
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Bimolecular reactions where two fragments are united via sp
3
-sp

3
 σ-sigma bond, forming 

two new stereocenters, present a fundamental challenge for organic chemistry [1]. 

Coupling of nucleophilic radicals, which are generated using modern photoredox catalysis, 

with electrophilic olefins has recently proved its unique potential for such fragment 

connections in the total synthesis of (-)-Chromodorolide B where three of the ten 

contiguous stereocenters were formed in a single radical cascade reaction [2]. The 

diastereoselectivity of the reaction was, however, low and the correct diastereomer was 

only obtained as a minor product.  

 

Here, we present a multi-scale computational protocol, which has been successfully used 

to predict the diastereoselectivities of radical addition reactions at semiquantitative level 

[3]. The model is based on extensive conformational sampling at force field and DFT 

levels, and final energies are evaluated using resolution-of-identity random-phase 

approximation. Finally, the model was very recently used to predict the second generation 

radical cascade reaction in which two σ-sigma bonds and four stereocenters are formed in 

a single reaction. The prediction has been experimentally validated to yield a full 

stereocontrol of all formed centers. 
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Because of the weak intermolecular force and flexible molecular geometry, molecular 

crystals are renowned for their structure versatility (polymorphism) and great difficulty to 

control the crystal form during synthesis. Current theoretical approaches also fail generally 

in predicting molecular crystallization kinetics due to the complex potential energy surface 

(PES). Here we report the first global PES for molecular crystal obtained by novel stochastic 

surface walking global PES exploration in combination with solid reaction pathway 

sampling, which leads to resolving the crystallization ability of molecule quantitatively. 

Taking urea (NH2CONH2) solid as an example, we demonstrate that the fast crystallization 

ability of urea can be attributed to the flat PES between major crystal forms that share the 

same hydrogen-bonding network pattern, where one crystal can transform to another facilely 

via solid-to-solid transition. Other crystal forms with distinct hydrogen-bonding network 

patterns can be excluded in crystallization for their poor thermodynamics stability and high 

barrier during solid-to-solid transition. A general theory for predicting molecular 

crystallization ability is proposed and illustrated by a simplified one-dimensional global PES. 
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