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General Information 

Conference Office: 

The conference office is located in Room 127, Henkestraße 42 (first floor). It will be opened 
during the following times: 
Sunday, 22nd   14:00 – 21:00 
Monday, 23rd   8:30 – 19:00 
Tuesday, 24th   8:30 – 14:30 
Wednesday, 25th 8:30 – 19:00 
Thursday, 26th  8:30 – 14:00 

Talks / Lectures: 

All talks and coffee breaks take place at the main lecture hall of the Institute of Organic 
Chemistry, Henkestraße 42. 

Poster sessions: 

The poster sessions on Monday and Wednesday take place in the university cafeteria (Mensa) 
at Langemarckplatz 4 (see “Meals”). On these days, posters can be mounted between 18:00 – 
19:00. Mounting material is provided by the organizers; please do not use drawing 
pins (“Reißnägel”) for mounting. The posters have to be unmounted directly after the poster 
session (i.e., on the same evening). 

Meals: 

Supper will be provided Sunday evening during the welcome reception, and Monday and 
Wednesday during the poster sessions. Tuesday evening, the conference dinner takes place in 
Nuremberg. 
All lunches will be served in the university cafeteria (Mensa) at Langemarckplatz 4 (about 
200 m from the lecture hall). For lunch you will receive vouchers, which include the 
following items (per lunch): 1 beverage (no fruit juice), 1 main dish (not from the

“Aktionstheke”), 1 side dish, 1 prepared salad (not from the “Salatbar”), 1 soup,  
1 yoghurt/curd dessert. 
Please note that it is not possible to pay cash in the cafeteria! 

Internet access / WLAN: 

Internet access is provided via WLAN using the eduroam service (see www.eduroam.org) 
which must have been enabled by the attendees before coming to the conference. 

http://www.eduroam.org/




Scientific Programme 

Sunday, Sep. 22 

14:00 – 17:00 Registration 

17:00 – 17:20 Opening 
Andreas Görling 

Session 1: Chair: Andreas Görling 

17:20 – 18:10 I-1 Hans-Peter Steinrück

Surface Science of Complex Molecular Structures 

18:10 – 19:00 I-2 Karsten Reuter

Towards a First-Principles Chemical Engineering 

19:10 – 21:30 Opening Reception 



Monday, Sep. 23 

Session 2: Chair: Reinhold Fink 

9:00 – 9:50 I-3 Gustavo E. Scuseria 

Symmetry Breaking and Restoration 

9:50 – 10:10 C-1 Julien Toulouse 

Range-Separated Time-Dependent Density-Functional Theory 

10:10 – 10:30 C-2 Andreas Hesselmann 

Molecular Properties from Random-Phase Approximation Electron 
Correlation Methods 

10:30 – 11:00 Coffee Break 

Session 3: Chair: Christof Hättig 

11:00 – 11:50 I-4 Christian Ochsenfeld

Linear- and Sublinear Scaling HF, DFT, and MP2 Methods 

11:50 – 12:10 C-3 Peter W. Langhoff

Exact Atomic-Pair Representations of Molecular Hamilton Matrices: 
Bridging the Gap to Large Atomic Aggregates 

12:10 – 12:30 C-4 Daniel Boese

Bridging the Gap between Isolated Small Molecules and Their 
Molecular Crystals 

12:30 – 12:50 C-5 Tatyana Shubina

Computational Studies on Metalloporphyrins and Related Systems 

13:00 – 14:30 Lunch 

Session 4: Chair: Christel Marian 

14:30 – 15:20 I-5 Dominik Marx

Molecular Photoswitches: From Femtoseconds and Angstrom to 
Microseconds and Micrometers 

15:20 – 15:40 C-6 Stephan A. Baeuerle

Multiscale Modeling of Polymer Solar Cells Using Field-Theoretic 
Methologies 

15:40 – 16:00 C-7 Dimitrios A. Pantazis

Multi-Scale Studies of Photosynthetic Water Splitting: Connecting 
Structure with Spectroscopy 

16:00 – 16:30 Coffee Break 



Session 5: Chair: Stefan Grimme 

16:30 – 17:20 I-6 Stefan M. Kast

Solvation Modeling by Integral Equation Theory 

17:20 – 17:40 C-8 Łukasz Walewski

Influence of Superfluid Helium Solvation Environment on Hydrogen 
Bonded Molecules 

17:40 – 18:00 C-9 Thomas D. Kühne

A Novel Field-Theoretic Approach to Linear Scaling: Application to 
Liquid Methane under Planetary Conditions 

18:00 – 19:00 Poster mounting 

19:00 – 22:00 Poster Session 1 including Supper 
(even numbers) 



Tuesday, Sep. 24 

Session 6: Chair: Tim Clark 

9:00 – 9:50 I-7 Notker Rösch 

Transition Metal Particles: Concepts, Methods, Model Catalysts 

9:50 – 10:10 C-10 Daniel Escudero 

Computational Studies on the Spectroscopy and Photochemistry of 
Photoactive Transition Metal Complexes 

10:10 – 10:30 C-11 Jan Philipp Götze 

Internal Coordinates for Franck-Condon Spectra of Large Systems 

10:30 – 11:00 Coffee Break 

Session 7: Chair: Bernd Meyer 

11:00 – 11:50 I-8 Axel Gross 

Modeling Surface Reactions in Heterogeneous and Electro-Catalysis 

11:50 – 12:10 C-12 Ralf Tonner 

Adsorption at Semiconductor Surfaces – Quantifying Contributions to 
the Chemical Bond 

12:10 – 13:00 I-9 Wolf-Gero Schmidt

Mechanism and Dynamics of Peierls  Condensation in Surface 
Supported Atomic Wires 

13:00 – 14:30 Lunch 

15:00 – 18:00 Excursion 

18:30 – 22:15 Conference Dinner 





Session 11: Chair: Walther Thiel 

16:30 – 17:20 I-12 Thomas Heine

Predictive Design of Metal-Organic Frameworks for Gas and Liquid 
Separation: Multiscale, or Hierarchial, or Both? 

17:20 – 17:40 C-20 Johannes Hachmann

High-Throughput Quantum Chemistry and Big Data Techniques for the 
Rational Design of New Organic Semiconductors 

17:40 – 18:00 Meeting of the AGTC (Arbeitsgemeinschaft Theoretische Chemie) 

18:00 – 19:00 Poster mounting 

19:00 – 22:00 Poster Session 2 including Supper 
(odd numbers) 



Thursday, Sep. 26 

Session 12: Chair: Dirk Zahn 

9:00 – 9:50 I-13 Christine Peter 

Developing Multiscale Simulation Models to Study Structure 
Formation in Biological and Biomimetic Systems 

9:50 – 10:10 C-21 Birgit Strodel 

Multiscale Modeling of Amyloid Peptide Aggregation 

10:10 – 10:30 C-22 Petra Imhof 

Sequence Dependent DNA Dynamics and Their Impact for Recognition 

10:30 – 11:00 Coffee Break 

Session 13: Chair: Uwe Manthe 

11:00 – 11:50 I-14 Bernd Ensing

Ab Initio Molecular Dynamic Simulation of Photoactive Proteins in 
Action 

11:50 – 12:10 C-23 Oliver Weingart

Ultrafast Photochemistry: From Small Models to QM/MM Protein 
Photodynamics 

12:10 – 12:30 C-24 Dominik Kröner

Laser Driven Electron Dynamics for Chiral Molecules in Mass 
Spectroscopy 

12:30 – 12:50 C-25 Tillmann Klamroth

Quantum and Classical Dissipative Dynamics for the Femtosecond 
Laser Induced Desorption of H2/D2 from Ru(0001) 

12:50 – 13:00 Closing 
Andreas Görling 

































































































































































































































































































































































































































































































































Molecular Magnetisabilities from Time-Dependent Hartree-Fock

Karl-Georg Warnick, Christian Neiß, Andreas Görling

Lehrstuhl für Theoretische Chemie, Friedrich-Alexander-Universität Erlangen-Nürnberg, 
Egerlandstraße 3, D-91058 Erlangen

karl-georg.warnick@fau.de

Many phenomena of physical or chemical interest can be well calculated by linear response meth-

ods. The Turbomole[1] suite already offers this for a wide range of properties such as NMR chemi-

cal shifts and polarisabilities. The present work deals with the implementation of magnetisabilities

in the escf code. Results for small test molecules show that a straight-forward approach with con-

ventional HF response theory is possible if the gauge-dependence is properly accounted for. The

errors due to the gauge-dependence of the results, however, make the calculations rather demand-

ing. While quintuple-zeta basis sets can be acceptable for smaller test molecules, this does not

seem a feasible approach for larger systems of practical significance. Other approaches, such as

gauge-including atomic orbitals[2], have to be used to make the method more widely applicable.

[1] Turbomole, a development of University of Karlsruhe and Forschungszentrum Karlsruhe GmbH,

1989-2007, Turbomole GmbH, since 2007; available from http://www.turbomole.com.

[2] M. Krykunov, J. Autschbach, J. Chem. Phys. 125 (2006), 034102.
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Solvent-induced conformational changes in the phycocyanobilin chromophore

Tobias Watermann1, Hossam Elgabarty2 and Daniel Sebastiani1

Institut für Chemie, Martin-Luther-Universität Halle-Wittenberg, Von-Danckelmann-Platz 4,

06120 Halle (Saale)

Institut für Physikalische Chemie, Johannes Gutenberg-Universität Mainz, Staudingerweg 9,

55128 Mainz

The open-chain tetrapyrrole chromophore phycocyanobilin (PCB) serves as prosthetic group for a

photoreceptor biliprotein. The conjugated bond structure confers the necessary wavelength sensi-

tivity to the apoprotein. Interactions between the bilin and its environment play a crucial role in

the properties of the photosynthesis. Recent NMR experiments on the isolated PCB show different

spectroscopic properties for different solvents [1]. We investigate the underlying conformational

space by means of ab-initio molecular dynamics and free energy calculations as well as ab-initio

spectroscopy. We predict a conformational change in the chromophore upon change of the sur-

rounding solvent. This effect can be traced back to the delicate equilibrium between intramolecular

hydrogen bonds of the chromophore via the carboxylic groups and inter-molecular chromophore-

solvent hydrogen bonds.

In relevant biological systems, PCB is incorporated into the binding pocket of proteins in light har-

vesting complexes. Here we performed ab-initio QM/MM molecular dynamics simulations of PCB

bound to the α-subunit of C-phycocyanin, based on the X-ray structure. Computed NMR chemical

shifts show a discrepancy between the reported X-ray structure and the solution state NMR structure

[2]. The calculations show that in the solution-state, the binding pocket of α-C-PC slightly opens

up allowing water molecules to form a previously unknown water channel [3].

[1] M. Röben and P. Schmieder, Magn. Reson. Chem. (2011)

[2] Hahn, J., Kühne, R., Schmieder, P., ChemBioChem (2007)

[3] Elgabarty, H., Röben, M., Schmieder, P., Sebastiani, D., Chem. Sci. (2013)
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Specialized potential energy surface investigations: 
Capabilities of the CAST program

Daniel Weber1, Johannes Becker1, Daniel Bellinger1, Bernd Engels1

1Julius-Maximilians-Universität, Institut für Physikalische und Theoretische Chemie, Emil-
Fischer-Straße 42, D-97074 Würzburg, Germany

In order to perform calculations on a given system the structure of the molecule respectively the 
orientation of the molecules in a given aggregate has to be known. If the wrong geometry is used 
for the calculation, the obtained results are sure to be wrong as well. Obtaining the energetically 
most favorable conformations of a system is a challenging task, since local optimization is 
insufficient to dependably predict the desired structures. 

To help solving these optimization problems a program, the Conformational Analysis and 
Search Tool (CAST), is currently developed. The program is written in object oriented C++ and 
build up in a modular way to allow easy porting of the whole program or program parts. 

It could be shown that the global optimization routine used in CAST, which was developed in 
the Engels group, the Gradient Only Tabu Search (GOTS)[1],[2], is very efficient in identifying 
deep lying minima of a given system including the “global” minimum. 

Furthermore, a molecular dynamics module, as well as functions for free energy calculations 
have been implemented to help gathering information about the dynamics and entropic effects of 
the system. For the accurate description a new force field approach including a correction for 
short-range electrostatics in combination with a polarizable forcefield is used[3].

In addition to the global optimization routines a new developed Reaction Path algorithm called 
PathOpt for scanning the potential energy surface in one shot for Pathsegments and complete 
paths was implemented[4]. Describing the effect of solvation a new algorithm called SolvAdd is 
under development.

[1] Stepanenko, S.; Engels, B. J. of Phys. Chem. A 2009, 113, 11699-11705.
[2] Grebner, C.; Becker, J.; Stepanenko, S.; Engels, B. J. Comp. Chem. 2011, 32, 2245 – 2253.
[3] M. Tafipolsky; B. Engels, JCTC 2011, 7, 1791-1803.
[4] Grebner, C; Pason L.; Engels, B. J. Comp. Chem. 2013, 34, 1810-1818.
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Atomistic simulations of dislocations in bilayer graphene

Konstantin Weber and Bernd Meyer

Interdisziplinäres Zentrum für Molekulare Materialien und Computer-Chemie-Centrum,

Friedrich-Alexander-Universität Erlangen-Nürnberg

Simple Lennard-Jones-based Van-der-Waals potentials are not capable to describe simultaneously 
the correct depth and corrugation of the interaction potential between two graphene sheets since they 
are too smooth and do not capture the short-ranged orbital overlap between graphene pi-electron sys-

tems. To cure this problem, Kolmogorov and Crespi [1] proposed a registry-dependent interlayer 
potential which we implemented into the LAMMPS software package in combination with the clas-

sical interatomic AIREBO potential [2] for the covalent carbon–carbon bonds. The improvements 
in the description of bilayer graphene with this new potential will be discussed and first results on 
the structure and energy of dislocations in bilayer graphene will be shown.

[1] A. Kolmogorov, V. Crespi, Phys. Rev. B 71, 235415 (2005).

[2] D.W. Brenner, et al., J. Phys.: Condens. Matter 14, 783 (2002).
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Grid-Based Evaluation Of The Boys Function

Kernel Integral, Employing The Maple Package.

Alexander K. H. Weiss

Ludwig-Maximilians University (LMU) of Munich

Department of Chemistry (Theoretical Chemistry)

Butenandtstr. 7(C), D-81377 Munich, Germany

This work is focused on the efficient evaluation of the Boys function kernel that is at the heart

of Coulomb type electron integrals at the innermost level of any LCAO-MO loop structure, thus

an important factor for the total integral evaluation time. Common methods for its evaluation are

compared and a grid-based approach for a rigorous approximation is developed. Three kinds of

grid-based evaluation of the kernel function are presented and compared to analytical methods of

evaluation and to previous work of other groups [1-3]. Comparision is based on both accuracy and

computation real-time.

References

[1] M. Primorac. Int. J. Quant. Chem., 68:305–315, 1997.

[2] I. I. Guseinov and B. A. Mamedov. J. Math. Chem., 40(2):179–183, 2006.

[3] M. Kara, A. Nalçaci, and T. Özdogan. International Journal of the Physical Sciences, 5:1939–

1941, 2010.
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Towards fully state-resolved reaction probabilities of six atom reactions

Ralph Welsch and Uwe Manthe

Theoretische Chemie, Universitt Bielefeld,

Postfach 100131, D-33501 Bielefeld, Germany

Electronic mail: rwelsch@uni-bielefeld.de

Understanding chemical reactivity is one of the central questions of chemistry and chemical physics.

For a long time, the research focused on three and four atom reactions. In the last decade, signifi-

cant progress investigating polyatomic reactions has been achieved. Impressive experiments studied

state-to-state reactive cross sections for the X+CH4 → HX+CH3 with X = H, F,Cl reactions. How-

ever, full-dimensional quantum calculations of state-to-state properties could not yet study these

reactions and have been limited to a small number of four atom reactions.

Flux correlation functions facilitate the efficient computation of reaction rates and initial state-

selected reaction probabilities also for six atom reactions. Recent theoretical development extended

their applicability to the calculation of state-to-state reaction probabilities. Full-dimensional quan-

tum dynamics calculations employing the multiconfigurational time-dependent Hartree (MCTDH)

approach can be used to obtain state-to-state reaction probabilities for six atom reactions.

The H + CH4 → H2 + CH3 reaction is studied as benchmark example. The full-dimensional

state-resolved computations are numerically very demanding. Since time-dependent grids are used

to evaluate the MCTDH potential energy matrix elements, the evaluation of the potential energy

surface (PES) is the most time consuming step of the calculation. Thus, the first full-dimensional

initial-state selected calculations could only employ the simple but inaccurate Jordan-Gilbert PES.

Here, full-dimensional state-resolved calculations for the H + CH4 → H2 + CH3 reaction on an

accurate Shepard interpolated PES will be presented. The multi-layer extension of the MCTDH

approach provides an increased efficiency of the quantum dynamics calculations. Furthermore,

the architecture of modern graphics processing units (GPUs) is used to speed up the evaluation of

the potential energy surface (PES) and an efficient scheme to enhance the evaluation of Shepard

interpolated PES is employed.

Results on initial state-selected reaction probabilities of H+CH4 → H2+CH3 on a new and accurate

PES will be presented and the extension to state-to-state calculations will be discussed.
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Comparison of Fragment-based Methods in Electronic Structure Calculations -

Accurate Treatment of Exchange Effects

Martin Werner, Ricardo A. Mata

Institut für Physikalische Chemie, Georg-August-Universität Göttingen, Tammannstraße 6, 37077

Göttingen, Germany

In this work, we critically address and compare different procedures for fragment-based energy cal-

culations in molecular systems. Some of the methods include MFCC[1], FMO[2] and ONIOM.[3] In

particular, we show how extensions of the ONIOM scheme (XO)[4] can result in identical expressi-

ons such as those found in generalized MFCC (GMFCC)[5] formulations.

Secondly, an accurate treatment of exchange effects in fragment-based two-body expansions at the

Hartree-Fock level of theory is presented. The inclusion of such effects in non-covalent bonded

clusters has been already proposed.[6] One-electron operators for each fragment are built including

the mean-field Coulomb and exchange potential of all the remaining fragments. It can be shown

that the choice of orbitals used in the construction of such potentials is decisive. Careful revision of

the procedure allows for its extension to covalently bonded systems and use in the aforementioned

fragment-based methods. With the use of a robust procedure, we show that it is even possible to cut

through covalent bonds heterolytically without spurious polarization effects. Benchmark systems

include water clusters (for non-covalent systems) and oligopeptides.
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Fig. 1. Absolute errors (in percent) for the binding energy of a planar water trimer using different monomer

orbitals for the Coulomb and exchange embedding in a two-body expansion.

[1]Zhang, D. W.; Zhang, J. Z. H. J. Chem. Phys. 2003, 119, 3599.
[2]Kitaura, K.; Ikeo, E.; Asada, T.; Nakano, T.; Uebayasi, M. Chem. Phys. Lett. 1999, 313, 701.
[3]Dapprich, S.; Komáromi, I.; Byun, K. S.; Morokuma, K.; Frisch, M. J. J. Mol. Struc. (Theochem) 1999, 461, 1.
[4]Guo, W.; Wu, A.; Zhang, I. Y.; Xu, X. J. Comput. Chem. 2012, 33, 2142.
[5]He, X.; Zhang, J. Z. H. J. Chem. Phys. 2006, 124, 184703.
[6]Mata, R. A.; Stoll, H. Chem. Phys. Lett. 2008, 465, 136.
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Partial Charges of Ionic Liquids from Iterative Electrostatic Embedding

H. Westemeier and R. Berger

Clemens-Schöpf Institute, TU Darmstadt

Petersenstraße 22

64287 Darmstadt, Germany

Ionic liquids (IL) play an important role in today’s chemistry. Molecular dynamics simulations of

ILs with classical force fields require partial charges of the ions as parameters. It has been found that

the usage of integer charges does not describe ILs satisfyingly (especially their dynamics are too

slow). A better description can be achieved by straightforwardly reducing the absolute value of the

charges. [1]

N+N

Cl-

Fig. 1: 1,3-Dimethylimidazolium

chloride ([Dmim]Cl)

In previous studies on the model IL [Dmim]Cl (Fig. 1) the gen-

eral usage of reduced charges was explained by charge transfer

and polarisation and the value of the reduced charges of 0.6 e –

0.8 e was justified both by quantum chemically calculations of

charges of isolated [Dmim]Cl and of 30 [Dmim]Cl ion pairs. [2,3]

In the present study a unit cell containing 4 [Dmim]Cl was

calculated quantum chemically and additionally the surrounding

charges were described by the Periodic Electrostatic Embedded

Cluster Method (PEECM) [4] to combine a quantum mechanical

description of a subsystem with the effect of the surrounding ionic liquid. The values of the

surrounding point charges were iteratively refined by the calculated charges from Bader analysis or

fits to the electrostatic potential (ESP) of the inner region. This process converged after a few cycles

and the resulting charges can be used to analyse the effect of polarisation of the surrounding charges.

In addition to the values of the Bader and ESP charges —which are expected to vary due their

different definitions— also their effect on the electron density will be analysed. By comparing the

results of embedding using the PEECM or a single layer of explicit point charges the range of the

surrounding point charges will be discussed.

References

[1] T. I. Morrow, E. J. Maginn, J. Chem. Phys. B 2002, 106(49), 12807–12813.

[2] J. Schmidt, C. Krekeler, F. Dommert, et al., J. Chem. Phys. B 2010, 114(18), 6150–6155.

[3] F. Dommert, J. Schmidt, C. Krekeler, et al., J. Mol. Liq. 2010, 152(1–3), 2–8.

[4] A. M. Burow, M. Sierka, J. Döbler, J. Sauer, J. Chem. Phys 2009, 130(17), 174710.
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σ- and π-holes: Fine-tuning the interactions of PHD2 inhibitors 

Christian R. Wick
1,2

, Harald Lanig
1
, Eva Heinze

2
, Nicolai Burzlaff

2
 and

Timothy Clark
1

1
Computer-Chemie-Centrum, FAU Erlangen-Nürnberg, Nägelsbachstr. 25, 91052 Erlangen, 

tim.clark@fau.de 
2
Inorganic Chemistry, FAU Erlangen−Nürnberg, Egerlandstr. 1, 91058 Erlangen, 

nicolai.burzlaff@fau.de 

The cellular response to hypoxia is governed by hypoxia-inducible factors (HIFs) at the 

transcriptional level.
[1]

 HIFs are ubiquitously expressed α,β-heterodimeric transcription factors.

In terms of normal oxygen availability (normoxia), continuous degradation of HIFα takes place

in the cytoplasm. When oxygen demand exceeds availability (hypoxia) the degradation stops, 

causing HIFα to accumulate in the cytoplasm and to translocate into the nucleus. Here it

dimerises with the β−subunit to enable the transcription of a variety of genes that allow the cell to

adapt to hypoxia.
[2] 

The degradation of HIFα during normoxic conditions is initiated by

hydroxylation of one of two possible proline residues, catalyzed by iron(II) and 2-oxoglutarate 

dependent dioxygenases, e.g. Prolyl Hydroxylase PHD2. This enzyme directly links oxygen 

availability to HIFα degradation. Therefore, the inhibition of PHD2 is one way to stabilize HIFα

during normoxia and to access the endogenous hypoxic response for medicinal purposes. It turns 

PHD2, like other 2OG dependent oxygenases, into an important drug target.
[3]

Several crystal structures of PHD2 are available that have already been used in structure-based 

ligand design studies. Most studies did not consider weak interactions such as halogen bonds and 

lone-pair/R-H/π –π interactions, which can increase selectivity and enhance ligand-protein 

affinity. We discuss the possible effects of different substituents and substitution patterns based 

on the well-known and strong PHD2 inhibitor ICA. Our computational investigations including 

Molecular Mechanics approaches
[4]

, DFT and Post-Hartree-Fock methods are accompanied by

experimental synthesis and biological evaluation
[5]

.

References 

1. J. Cassavaugh, K. M. Lounsbury, J. Cell. Biochem. 2011, 112, 735-744.

2. R. Chowdhury, A. Hardy, C. J. Schofield, Chem. Soc. Rev. 2008, 37, 1308-1319.

3. N. R. Rose, M. A. McDonough, O. N. F. King, A. Kawamura, C. J. Schofield, Chem.

Soc. Rev., 2011, 40, 4364-4397.

4. C. R. Wick, H. Lanig, C. M. Jäger, N. Burzlaff, T. Clark, Eur. J. Inorg. Chem. 2012,

4973-4985.

5. Z. Wang, G. Schley, G. Türkoglu, N. Burzlaff, K. U. Amann, C. Willam, K.-U. Eckardt,

W. M. Bernhardt, Nephrol., Dial., Transplant. 2012, 27, 929-936.



Complexation-induced 1H-NMR shifts of ligands calculated from MD-simulations

Matthias Wildauer1), Christof M. Jaeger1), Jürgen Schatz2), Timothy Clark1) 

1) Computer-Chemie-Centrum, Friedrich-Alexander-Universität Erlangen-Nürnberg, 
Nägelsbachstraße 25, D-91052 Erlangen, Germany 

2) Institute of Organic Chemistry, Friedrich-Alexander-Universität Erlangen-Nürnberg, 
Henkestraße 42, D-91054 Erlangen, Germany 

NMR-titration experiments are used to observe complexation-induced chemical shifts 
(CIS) of the ligand’s protons in order to measure association constants of host guest complexes. 
Since these chemical shifts are caused by anisotropic shielding and deshielding effects due to the 
ligand's environment in the complex, it is also possible to determine general features of the 
structure, orientation and conformation of the ligand within the host.  

In this study, we calculate the 1H CIS of four phenyl-based ligands in two different 
calix[4]arene hosts that were experimentally measured and published prior to this study.[1] The 
aim is to gain deeper insights into how small geometrical changes of the host-guest interactions 
may influence the chemical shifts and how those are represented in equilibrium.   

Atomistic molecular dynamics (MD) simulations of all complexes and free ligands were 
used to generate a large number of  structures that represent conformational flexibility as a basis 
for DFT calculations in order to obtain the NMR shieldings and subsequently the desired CIS. 
The calculated and the experimental CIS values will be compared and some conformations will 
be discussed. 

[1] Rehm M., Frank M., Schatz J., Tetrahedron Letters, 2009, 50, 93-96. 
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Towards Spin-Orbit Coupled Diabatic Potential Energy Surfaces for Methyl Iodide

Using Effective Relativistic Coupling by Asymptotic Representation

Nils Wittenbrink, Hameth Ndome, and Wolfgang Eisfeld

Fakultät für Chemie, Universität Bielefeld, Bielefeld, Germany

email: nils.wittenbrink@uni-bielefeld.de, wolfgang.eisfeld@uni-bielefeld.de

The theoretical treatment of state-state interactions and the development of coupled multi-dimensional

potential energy surfaces (PESs) is of fundamental importance for the theoretical investigation of

nonadiabatic processes. Usually, only derivative or vibronic coupling is considered but the pres-

ence of heavy atoms in a system can render spin-orbit (SO) coupling important as well. Therefore,

we have been developing a new method that allows to compute the SO effects very efficiently and

provides a fully coupled diabatic potential energy model.1,2 The method is based on the diabatic

asymptotic representation of the molecular fine structure states and an effective relativistic cou-

pling operator. It therefore is called Effective Relativistic Coupling by Asymptotic Representation

(ERCAR). In contrast to commonly used simpler approaches, the ERCAR method correctly ac-

counts for the geometry dependence of the SO effects and thus is valid not only in the asymptotic

region but also in the strong interaction region. It also is capable to handle allowed and avoided

state crossings of all kinds. After testing this approach with a simple diatomic system, we now ap-

ply this methodology to generate SO coupled diabatic PESs along the C–I dissociation coordinate

for methyl iodide (CH3I). This is the first and mandatory step towards the development of fully

coupled full-dimensional PESs to describe the multi-state photodynamics of this benchmark sys-

tem. This approach allows the efficient and accurate generation of fully coupled PESs including

derivative and SO coupling based on high-level ab initio calculations.

In the present study we present a specific ERCAR model for CH3I that so far accounts only for the

C–I bond cleavage. Further coordinates will be included into the model step by step. Details of the

diabatization are given and the accuracy of the results is demonstrated in comparison to reference

ab initio calculations and experiments. The energies of the adiabatic fine structure states are repro-

duced in excellent agreement with ab initio SO-CI data. The model is also compared to available

literature data and its performance is evaluated critically. This shows that the new method is very

promising for the construction of fully coupled full-dimensional PESs for CH3I to be used in future

quantum dynamics studies.

1. H. Ndome, R. Welsch, and W. Eisfeld, J. Chem. Phys., 136, 034103 (2012).

2. H. Ndome and W. Eisfeld, J. Chem. Phys., 137, 064101 (2012).
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Towards Peak Performance of HF and DFT Codes

on x86 64 Computer Architectures

Thorsten Wölfle1 and Andreas Görling1

1 Lehrstuhl für Theoretische Chemie, Department für Chemie und Pharmazie,

Friedrich-Alexander Universität Erlangen-Nürnberg,

Egerlandstr. 3, D-91058 Erlangen, Germany

E-mail: thorsten.woelfle@fau.de

Writing efficient HF and DFT programs on current computer architectures like the established

x86 64 has always been a challenge in quantum chemistry. Efforts have been made to improve

the performance of the TURBOMOLE integral code with the help of assembler techniques and the

use of AVX commands. The current status of the project and numerical challenges are discussed.

Results are given for a number of standard benchmark molecules like taxol or big SiO2 clusters.

The achieved speedup is compared to the gain in efficiency by resolution-of-the-identity techniques.
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How can mechanical forces alter chemical reactions?
- Electronic structure analysis of cyclopropane ring opening reactions.

Miriam Wollenhaupt, Dominik Marx

Lehrstuhl für Theoretische Chemie, Ruhr-Universität Bochum, Germany

The conventional way of triggering chemical reactions is to use thermal, photochemical, or 
electrochemical activation. Recently developed atomic force microscopy and sonochemical 
processes in an ultrasonic bath provide the possibility of applying mechanical forces to 
molecules while monitoring the change in the molecules' structure and reaction behaviour. 
Therefore, it is now well appreciated that external mechanical forces can be applied to specific 
covalent bonds within molecular systems, defining the field of covalent mechanochemistry[1].

Under mechanical forces, gem-dichlorocyclopropanes incorporated along the backbone of 
cis-polybutadiene exhibit an electrocyclic ring opening accompanied with a chlorine 
migration[2].
Besides the practical results, theoretical investigations on trans-1,1-dichloro-2,3-
dimethylcyclopropane have revealed a striking feature: a bifurcation on the PES leads to an 
unexpected branching ratio [3]. We used static calculations to investigate changes in electronic 
properties along the reaction pathways under a variety of forces. The analysis of orbitals and 
electron density was performed by applying Natural Bond Orbitals and Natural Resonance 
Theory. In addition, trajectories from ab initio molecular dynamics simulations have been 
employed to construct the PES at a variety of forces and to shed light on the influence of 
an external force on the bifurcation.

[1] J. Ribas-Arino, D. Marx Chem. Rev. 2012, 112, 5412-5487
[2] J. M. Lenhardt, A. L. Black, S. L. Craig J. Am. Chem. Soc. 2009, 131, 10818-10819.
[3] P. Dopieralski, J. Ribas-Arino, D. Marx Angew Chem. Int. Ed. 2011, 50, 7105-7108.



New Implementation of the High-Level Excited State Method ADC Using a General

Block-Tensor Library for High-Performance Electronic Structure Calculations

M. Wormit1, E. Epifanovsky2, A. Krylov2 and A. Dreuw1

1 Interdisciplinary Centre for Scientific Computing, University of Heidelberg, Germany
2 University of Southern California, Los Angeles, United States

The algebraic diagrammatic construction (ADC) scheme is a post-Hartree–Fock electronic structure

method for the calculation of electronically excited states [1, 2]. An implementation of ADC which

aims at the efficient and parallel computation of large systems requires highly optimized algorithms

and data handling strategies to perform tensor algebra. The open-source object-oriented C++ li-

brary presented here has been designed for this task [3]. Although the main target application of the

library are electronic structure methods, the code is sufficiently general to be used in other areas of

physical and computational sciences. The library supports tensors of arbitrary dimensionality, size,

and symmetry. Large tensors are split into smaller blocks which are stored both in core memory

and in files on disk. Tensor symmetry is implemented at the level of tensor blocks with full imple-

mentation for permutational, spin, and molecular point group symmetry. Tensor algebra operations

are performed employing divide-and-conquer-style parallel algorithms.

The ADC method, as well as coupled-cluster methods, have been implemented on top of the tensor

library as part of the Q-Chem electronic structure software. In this presentation, the implementa-

tion of ADC will outlined to demonstrate the use of the library, and benchmarks will be shown to

demonstrate the high performance of the implementation.

[1] J. Schirmer, Phys. Rev. A, 26 (1982), 2395

[2] J. H. Starcke, M. Wormit, and A. Dreuw, J. Chem. Phys., 120 (2009), 024104

[3] E. Epifanovsky, M. Wormit, T. Kuś, A. Landau, D. Zuev, K. Khistyaev, P. Manohar, I. Kaliman,

A. Dreuw, A. I. Krylov, J. Comput. Chem., accepted for publication (2013)
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Quantum chemical characterization of Ni3B thin films

Salman Zarrini, Robert Berger

Clemens-Schöpf-Institute, Technical University of Darmstadt

Petersenstrasse 22, 64287 Darmstadt, Germany

Transition metal borides are of great interest for both basic research and technological applications.

Some of the transition metal borides are known to possess a high melting point, hardness, good

thermal stability and oxidation resistance [1]. The nickel boride family (NinB) offers highly active

catalysts for hydrogenations and other chemical transformations of organic compounds [2, 3, 4]. To

understand the catalytic effect of nickel borides, knowledge of atomic packing and electronic struc-

ture at the surface of NinB is essential. In this work we shall describe the properties of bulk Ni3B

and compare different surfaces by calculation of total energy, surface energy and work function,

which are sensitive parameters for the description of surface-substrate interactions.

References

[1] Schwarzkopf, P.; Kieffer, R.; Refractory Hard Metals, 1st ed.; The Macmillan Company: New

York, 1953; pp 311-312.

[2] Wade, R. C.; Holah, D. G.; Hughes, A. N.; Hui, B. C.; Catal. Rev. Sci. Eng. 1976, 14, 211-246.

[3] Ganem, B.; Osby, J. O.; Chem. Rev. 1986, 86, 763-780.

[4] Jiang, Z.; Yang, H.; Wei, Z.; Xie, Z.; Zhong, W.; Wei, S.; Appl. Catal., A 2005, 279, 165–171.
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Coarse Grained Simulations of Macrocyclic Liquid Crystal Molecule JV134 

Jianguo Zhang1, Hossein Ali Karimi1, Florian Müller-Plathe1, Frederic Leory1,
Joscha Vollmeyer2, Sigurd Höger2

1:Eduard-Zintl-Institut für Anorganische und Physikalische Chemie and Center of Smart 
Interfaces, Technische Universität Darmstadt, Petersenstr. 22, D-64287 Darmstadt, Germany 

2: Kekulé-Institut für Organische Chemie und Biochemie der Universität Bonn Gerhard-
Domagkstr.1 53121 Bonn,Germany 

ABSTRACT: Style: A coarse-grained model was developed for a liquid crystal molecule JV 134 
recent synthesized by Joscha et al. A set of re-optimized force field parameters based on Martini 
force field[1] was founded by reproducing experimental density of JV 134 molecular system. 
From our results, three phases Dho, Dhd and isotropic were identified and smaller clusters 
containing 3 or 4 molecules still existed in the isotropic phase. 

Figure 1. A snapshot for the diskotic columnar ordered (Dho) phase. 

 Luca Monticelli, Senthil K. Kandasamy, Xavier Periole, Ronald G. Larson , D. Peter 
Tieleman, Siewert-Jan Marrink, J. Chem. Theory Comput. 2008  , 4, 819–834
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