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Anharmonic vibrational spectra for molecular systems of increasing size
and complexity
Malgorzata Biczysko, Julien Bloino
National Research Council of Italy, ICCOM-CNR, UOS Pisa, Italy
malgorzata.biczysko@pi.iccom.cnr.it

Accurate equilibrium structures, thermodynamic properties and vibrational patterns
in the ground and excited electronic states are essential starting points for the
analysis of the spectroscopic properties for molecular systems of increasing size and
complexity [1-5]. In this framework, a comprehensive and robust computational
protocol aimed at a quantitative reproduction of the spectra of flexible
biomolecules, molecular complexes, and oligomers, is developed through a
multistep strategy, from isolated molecules or weakly-bonded complexes/clusters to
hybrid supra-molecular systems or molecular solids.
Vibrational corrections to molecular structures and properties or thermodynamic
functions are obtained from the same anharmonic force fields as employed in the
determination of vibrational properties. We demonstrate that sufficiently accurate
anharmonic contributions can be obtained with the second-order vibrational
perturbation theory (VPT2) [6] in conjunction with density functional theory (DFT)
computations. In this context, a large range of intermolecular interactions can be
simulated by applying dispersion-corrected hybrid density functionals (especially
B3LYP-D3), including improved descriptions from double hybrid (e.g. B2PLYPD3) approaches. The good agreement between theoretical and available
experimental IR and Raman spectra is obtained also for relatively large molecular
systems where a wide variety of intra- and inter-molecular interactions are present.

[1] V. Barone, M. Biczysko, J. Bloino, P.
Cimino, E. Penocchio, C. Puzzarini, J. Chem.
Theory
Comput.,
ASAP,
DOI:
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10.1021/acs.jpcb.5b05768 (2015)
[2] T. Fornaro, M. Biczysko, S. Monti, V.
Barone, Phys. Chem. Chem. Phys. 16, 10112
(2014).
[3] T. Fornaro, I. Carnimeo, M. Biczysko, J.
Phys. Chem. A, 119, 5313–5326 (2015)
[4] T. Fornaro, D. Burini, M. Biczysko, V.
Barone, J. Phys. Chem. A, 119, 4224-4236
(2015)
[6] V. Barone, M. Biczysko, J. Bloino, Phys.
Chem. Chem. Phys., 16, 1759 (2014)

Investigation of XUV-induced ultrafast electron dynamics in molecules
F. Calegari1, D. Ayuso2, A. Trabattoni3, S. Anumula3, L. Belshaw4, S. De Camillis4, F. Frassetto5,
L. Poletto5, A. Palacios2, P. Decleva6, J. Greenwood4, F. Martín2, M. Nisoli1,3
1

Institute for Photonics and Nanotechnologies, IFN-CNR, Piazza Leonardo da Vinci 32, I-20133 Milano, Italy
2
Departamento de Química, Módulo 13. Universidad Autónoma de Madrid. 28049 Madrid, Spain
3
Dipartimento di Fisica, Politecnico di Milano, Piazza Leonardo da Vinci 32, I-20133 Milano, Italy
4
Centre for Plasma Physics, School of Maths and Physics, Queen’s University Belfast, BT7 1NN, UK
5
Institute for Photonics and Nanotechnologies, IFN-CNR, Via Trasea, 7 - 35131 Padova (Italy)
6
Dipartimento di Scienze Chimiche e Farmaceutiche, Università di Trieste, 34127, and CNR-IOM, Trieste (Italy)
email: francesca.calegari@polimi.it

Electron transfer within a single molecule is the fundamental step for many biological processes and chemical reactions. Theoretical studies have pointed out that very efficient charge dynamics can be driven by purely electronic effects, which can evolve on a temporal scale ranging from few femtoseconds down to tens of
attoseconds [1].
Here we report on a clear experimental measurement of charge migration in aromatic amino acids, after attosecond excitation. In our experiments, charge migration was measured by using a two-color, pump-probe
technique. Charge dynamics was initiated by isolated sub-300-as pulses, with photon energies in the spectral
range between 17 eV and 35 eV and probed by 4-fs, waveform-controlled near infrared (NIR) pulses, with
central wavelength of 720 nm. A clean plume of neutral amino acids (phenylalanine and tryptophan) was
generated by evaporation from a thin metallic foil heated by a CW diode laser [2]. The ions produced by the
interaction of the molecules with pump and probe pulses were then collected by a linear time-of-flight device
for mass analysis.
In the case of phenylalanine we have measured the evolution of the yield of the doubly charged immonium
ion (m/z = 60) as a function of the delay between the attosecond pump pulse and the NIR probe pulse. By
performing the measurement with a temporal resolution of 500 as we were able to identify the presence of a
fast modulation of the dication yield with a periodicity of 4.3 fs (Fig. 1a). This fast dynamics can only be
assigned to a pure electron dynamics, since nuclear dynamics usually comes into play on a longer temporal
scale [3]. To better understand the observed dynamics, we performed numerical calculations. Despite the
complexity of the charge dynamics triggered by the attosecond pulse, we were able to identify beatings between the amine and the carboxylic functional groups characterized by oscillation frequencies in good
agreement with the experimental results (Fig. 1b). Electronic beatings were also identified in tryptophan, for
which a modulation of the doubly charged immonium ion (m/z=79.5) with a periodicity of 3.9 fs was measured. This ultrafast dynamics can be associated to electronics beatings between the amine and indole groups.
These ultrafast electronic processes constitute the first experimental measurements of charge migration in
biologically relevant molecules.

Fig. 1: (a) Oscillatory pattern observed in the measured dication yield (m/q=60) as a function of the pump-probe delay. (b) Calculated variation of the hole-density as a function of time.

References
[1] L. S. Cederbaum et al., Chem. Phys. Lett. 307, 205 (1999)
[2] F. Calegari et al., IEEE JSTQE 21, 2419218 (2015)
[3] F. Calegari et al., Science 346, 336 (2014)
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Quantum Treatments for the Interaction of He Atoms
with Carbon Layered Materials
J. Campos-Martínez, M. I. Hernández. M. Bartolomei
Instituto de Física Fundamental-(IFF-CSIC), Madrid, SPAIN
e-mail: j.campos.martinez@csic.es
The interaction of He atoms with Polycyclic Aromatic Hydrocarbons (PAHS) or their
extensions such as graphene, graphynes, and related carbon layered materials is a
topic of interest in several areas that go from astrophysics to more fundamental
research and technological applications.
For the study of these interactions is necessary to compute reliable potential energy
surfaces (PES's) that can properly describe the short as well as the long range region.
We have recently reported[1] a global PES for the interaction of He on the surface of the
coronene, as well as that of graphene, that shows a good agreement with ab-initio
estimations.
In this talk we will present some new results concerning the energetic and structure of
small Hen@Coronene[2] clusters by means of Diffusion Monte Carlo (DMC) techniques.
The dynamics[3] of He atoms interacting with graphene and graphynes will be
discussed based on our wave packet propagation code in full dimensions and within a
reduced dimensionality model.

References
[1] M. Bartolomei, E. Carmona-Novillo, M. I. Hernández, J. Campos-Martínez, F. Pirani, J.
Phys. Chem. C, 117 10512 (2013).
[2] R. Rodríguez-Cantano, R. Pérez de Tudela, M. Bartolomei, M. I. Hernández, J. CamposMartínez, T. González-Lezana, P. Villarreal, J. Hernández-Rojas, J. Bretón, J. Chem. Phys.,
(to be submitted).
[3] M. Bartolomei, E. Carmona-Novillo, M. I. Hernández, J. Phys. Chem. C, 118 29966–
29972 (2014)

GSAM : A global search algorithm to find the low-lying conformers of
atomic and molecular clusters. The example of the computed Vibrational
fingerprints of PtnP2n clusters (n=1,5).
Ph. Carbonnierea
a
Groupe de Chimie Théorique et Réactivité, IPREM/ECP UMR CNRS 5254,
2 avenue du Président Angot, Technopole d’Hélioparc, F-64000, Pau, France
Philippe.carbonniere@univ-pau.fr

The computation of the vibrational fingerprints of a molecular system relies on the location of
a nuclear configuration which corresponds to a local or global minimum on its potential energy
surface (PES). For small and semi-rigid systems, the optimized geometries of the lowest energy
equilibrium conformations may be obtained from local search algorithms. The (an)harmonic
vibrational signatures are then computed from time independent or time dependent approaches.
For the molecular systems for which the set of physically reasonable conformer structures
cannot be guessed, global search algorithms are used. We have recently developed an effective
algorithm called GSAM (Global Search Algorithm of Minima exploration) for finding the most stable
isomers of atomic or molecular clusters [1,2].
As illustration of this theoretical tool, the presentation focuses on the structural investigation
of chemical materials at the (sub)nanometer level. Due to their peculiar and tunable physico-chemical
properties, these materials are playing an increasing role in all the area of science and technology,
namely in catalysis in which (sub)nanoclusters can exhibit strong enhanced catalytic activity compared
to their corresponding bulk material. From an experimental point of view, information on neutral or
charged cluster structures can be gained from gas phase infrared spectroscopy [3,4]. The experimental
vibrational fingerprints are then compared to their theoretical counterpart for a given structure
predicted by quantum chemistry.
Here, a theoretical picture of structures and vibrational fingerprints for the PtnP2n clusters
(n=1,5) is presented.

[1] R. Marchal, P. Carbonnière, C. Pouchan, J. Chem. Phys. 131, 114105, (2009).
[2] S. Thicoïpe, P. Carbonnière, C. Pouchan, J. Phys. Chem. 117, 7236, (2013).
[3] K.R. Asmis, Phys. Chem. Chem. Phys. 14, 9270 (2012).
[4] C. Kerpal, D. J. Harding, A.C. Hermes, G. Meijer, S.T. Mackenzie, A. Fielicke, J. Phys. Chem. A.
117, 1233 (2013).

Towards a global analysis method based on
anharmonic ladder operators
Miguel Carvajal
Dpto. Física Aplicada, Facultad de Ciencias Experimentales, Universidad de Huelva,
21071 Huelva, Spain
This work is thought up by the need of a new global spectral analysis procedure that
includes the rovibrational interactions to characterize several vibrational bands
simultaneously, involving at the same time the anharmonicity of the vibrational modes.
This new model is inspired by the Watson Hamiltonian [1] for the spectral analysis of a
vibrational band. The Watsonian parameters are obtained with a fit and they are only
valid for the vibrational band under study. An extension of this is used when the
vibrational bands are not isolated and strong interactions between vibrational bands are
given. In this case, off-diagonal interactions should be added to the Watsonian (see e.g.
Ref. [2]). Our experience acquired, on one hand, in the study of the molecular
vibrational and rovibrational structure with anharmonic algebraic operators [3-6], and
on the other hand, in the global analysis of rotational spectra of molecules with a large
amplitude torsional mode [7], has permitted us to conceive a new global model.
The used algebraic model has allowed us to work with an effective Hamiltonian that
includes the relevant vibrational interactions in an intuitive way, without giving up to
the existing anharmonicities of the vibrational modes. The inclusion of the
anharmonicity is mandatory in any model that aims to correctly reproduce the highly
excited vibrational states. In our model, the anharmonicities are implicit in the ladder
operators of the Hamiltonian interaction terms and the connection with the phase space
is kept to compute the Potential Energy Surface force constants [3-5]. As an example,
the rovibrational structure of hydrogen sulfide (H 2S) has been modelled up to polyad 2
and J=20 [2,8].
[1] J. K. G. Watson, in: J. Durig (Ed.), Vibrational Spectra and Structure, Vol. 6,
Elsevier, Amsterdam, 1981, pp. 1–89.
[2] L.R. Brown, J.A. Crisp, D. Crisp, O.V. Naumenko, M.A. Smirnov, L.N. Sinitsa,
A. Perrin, J. Mol. Spectrosc. 188 (1998) 148.
[3] R. Lemus, J. Mol. Spectrosc. 225 (2004) 73–92.
[4] M. Sánchez-Castellanos, R. Lemus, M. Carvajal, F. Pérez-Bernal, Int. J. Quant.
Chem. 112 (2012) 3498
[5] O. Álvarez-Bajo, M. Carvajal, F. Pérez-Bernal, Chem. Phys. 392 (2012) 63
[6] R. Lemus, M. Sánchez-Castellanos, F. Pérez-Bernal, J.M. Fernández, M.
Carvajal, Journal of Chemical Physics, 141 (2014) 054306
[7] I. Kleiner, J. Mol. Spectrosc. 260 (2010) 1–18
[8]A.A.A. Azzam, S.N. Yurchenko, J. Tennyson, M.-A. Martin-Drumel, O. Pirali, J.
Quantitative Spectroscopy and Radiative Transfer 130 (2013) 341.

Ultrafast Dynamics of Radiosensitiser Molecules Induced by XUV Radiation
R. Cireasa*1, D. Dowek1, P. Çarçabal1, J.-P. Champeaux2, P. Moretto-Capelle2,
D. Descamps3, S. Petit3, V. Blanchet3, Y. Mairesse3, M. Castrovilli4, A. Trabattoni4,
M. Nisoli4, F. Calegari4, P. O’Keeffe5, P. Bolognesi5, L. Avaldi5
Institut des Sciences Moléculaires d’Orsay, Université Paris Sud, Orsay, France
Collisions Agrégats et Réactivité, Université Paul Sabatier, Toulouse, France
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4 Department of Physics, Politecnico di Milano,CNR-IFN, I-20133 Milan, Italy
5
Istituto di Struttura della Materia, Area della Ricerca Roma 1, 00016, Monterotondo Scalo, Italy
Corresponding author: raluca.cireasa@u-psud.fr
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Exposing biomolecules to high energy photons in the XUV domain leads to radiation damage. There is a
particular class of biomolecules called radiosensitisers that enable the use of the radiation damage for
therapeutic purposes. 5-Halouracils (5XU) belong to this class because when utilised in combined chemoand radio-therapy treatments to replace the Thymine in the DNA of the tumour cells, they enhance the lethal
effects of the UV, X-ray, proton and  radiation on these cells.
In order to understand at the molecular level, the 5XU interaction with XUV radiation, we have
investigated the ionisation and fragmentation of 5FU and 5BrU induced by high order harmonics, HH, (9-35
eV) and synchrotron radiation (9-26 eV). The ensuing dynamics was detected by recording Time-of-Flight
(TOF) spectra of the photofragments as a function of the delay between the XUV pump pulse (fs or
attosecond) and the probe pulse (4 fs IR or ~40 fs UV) and as a function of the excitation energy. For the
time-resolved measurements, the kinetic energy of the main fragments was recorded by velocity map
imaging, while for the energy-resolved ones, both the fragment and the (correlated) photoelectron kinetic
energies were measured by using the photoelectron-photoion coincidence 3D momentum imaging.
The mass spectra can be explained only by considering that the parent ionisation is followed by complex
dynamics involving ring opening reactions, proton/hydrogen transfer, multichannel and sequential
dissociations. Measuring at various photon energies in 9-26 eV range, the mass spectra and the
photoemission spectra of the electrons coincident with the parent ion and with different fragment ions
enabled us to identify the parent cation states involved in the fragmentation. In addition, the energy-resolved
measurements reveal that most of the energy is taken by the photoelectron. All fragments bear very little
kinetic energy, maximum 1 eV and typically, less than 0.5 eV. These results are consistent with those
obtained in the fragmentation induced by HH. For both, FU and BrU, we have recorded ultrafast dynamics
(<10 fs) manifested as delayed signal appearances and sharp rising/decaying signals. An ultrafast decay of
about 40 fs was observed for the signal from the fragment 43 (HNCO or FCCH) and the complementary
rising behaviour on the same timescale was observed for fragment 44, which can be only formed by H/H +
transfer, most probably via tautomerisation. Similar behaviours, although slower, were measured for the
fragments 31 (FC) and 32 and for the equivalent BrU fragments. These dynamics may be associated with H
or proton transfer processes where the difference in timescale is determined by the initial and final sites of
the H/proton transfer and, in particular, to the involvement of the halogen atom.
Since 5XU are routinely used as radiosensitisers in radiotherapy treatments, the present work provides
new insights in the XUV induced structural changes (tautomerisation) that may be responsible for DNA
mutagenesis and the DNA breaking that occur when these molecules are embedded in the DNA of the
tumour cells.

Fig.1 Tautomerisation dynamics for 5FU from di-keto isomer to keto-enol isomer

EFFICIENT NUMERICAL METHODS FOR CALCULATING TUNNELING
SPLITTINGS IN MOLECULES USING INSTANTONS
Marko T. Cvitaš
Ruđer Bošković Institute, Bijenička cesta 54, Zagreb, Croatia; e-mail: mcvitas@irb.hr
An exact quantum treatment of tunneling dynamics in molecular systems requires the
potential energy surface that covers all geometries accessible to the nuclear wave function and
scales exponentially with the number of degrees of freedom (DOF), so even for small gasphase systems it is a challenging computational task. The semiclassical instanton method [1]
relies on the approximation in which only the dominant contribution to the quantum partition
function is calculated, which comes from the stationary (Euclidean) action path for the motion
of nuclear DOF on the PES, the instanton. The use of instantons to obtain accurate tunnelling
rates [2] and tunnelling splittings [3] in the polyatomic systems at a relatively low
computational cost has recently gained in popularity.
We present an efficient numerical approach for calculating tunneling splittings between two
symmetric wells in a polyatomic system using the semiclassical instanton method. In the
instanton method, the search for the stationary action path represents the bulk of
computational effort. The instanton trajectory is discretised using a set of equidistant system
replicas. Instead of finding the instantons at a particular temperature, one can search for
instantons at a particular energy, whereby the stationary action path is converted into the
minimum action path (MAP) [3]. We employ this idea and adapt the standard methods for
finding minimum energy paths (MEP) [4], such as nudged elastic band, string/quadratic string
method and FIRE, for locating instantons with the minimal number of system replicas (DOFs)
and study the performance of the methods. The critical difference between the MEP and MAP
finding is that the orientations of the system replicas with respect to each other are important
in the MAP. The approach has a similar computational cost to the MEP calculation, so it is
widely applicable.

[1] Benderski V.A., Makarov D.E., Wight C.A., ‘Chemical Dynamics at Low Temperatures’,
Advances in Chemical Physics, 1994, 88, 1.
[2] Richardson J.O., Althorpe S.C., Journal of Chemical Physics, 2009, 131, 214106.
[3] Einarsdottir D.M., Arnaldson A., Oskarsson F., Jonsson H., Lecture Notes in Computer
Science, 2012, 7134, 45.
[4] Sheppard D., Terrell R., Henkelman G., Journal of Chemical Physics, 2008, 128, 134106.

Studies of the temperature dependance of VUV absorption cross sections
of CO2 and NH3
M.‐C. Gazeaua , O. Venotb , Y. Bénilana , N. Fraya , M. Schwella , A. Jollya , C. Bahrinia , G. Larchera , M.
Lefèvrea , T. Es Sebbarc , F. Lefèvred , F. Montmessind , M. Dobrijevice , F. Selsise, E. Hébrardf
a) Laboratoire Interuniversitaire des Systèmes Atmosphériques, UMR 7583, 94010 Créteil, France
b) Institute of Astronomy, 3001 Leuven, Belgium
c) Laboratoire de Physique des Gaz et des Plasmas, UMR 8578, F91405Orsay Cedex , France
d) Laboratoire Atmosphères, Milieux, Observations Spatiales, UMR 8190, 91371 Verrières le Buisson
Cedex, France
e) Laboratoire d’Astrophysique de Bordeaux, UMR 5804, F‐332 Floirac cedex, France
f) NASA/GSFC, Greenbelt , MD 20771, USA
Because of observational biases, most known transiting exoplanets are very close to their parent
stars. Thus, the atmosphere of these transiting hot Jupiters and warm Neptunes can be studied by
spectroscopy at the primary or the secondary transit. Photochemical models are then used to
understand in details the chemical composition of these atmospheres.Because of the small distance
between the planet and the star, planetary atmospheres of these warm exoplanets are highly
irradiated and present high temperatures, varying roughly from 500 to 2500 K. To model correctly
these atmospheres, data corresponding to this range of temperature must be used. Unfortunately,
these data are very sparse at high temperature, so absorption cross‐sections at ambiant temperature
are commonly used.
To address this lack, we set up a project to measure the VUV absorption cross‐section of the main
molecules of planetary atmospheres. We have measured the absorption cross section of CO2 from
300 to 800 K (Venot et al. 2013) and are currently studying the one of NH3 (Venot et al. in prep.).
The lack of data exists also at low temperature. For System Solar studies (Mars and Venus), we have
also studied the absorption cross section of CO2 at low temperature (down to 150K). I will present
these experimental measurements.

Ultrafast Non‐Radiative Decay of Gas‐Phase Nucleosides
Simone De Camillisa, Jordan Milesa, Grace Alexandera, Omair Ghafurb, Ian D. Williamsa, Dave
Townsendb,c, Jason B. Greenwooda
a

Centre for Plasma Physics, School of Mathematics and Physics, Queen’s University Belfast, Belfast
BT7 1NN, United Kingdom
b

Institute of Photonics and Quantum Sciences, Heriot‐Watt University, Edinburgh EH14 4AS, United
Kingdom
c

Institute of Chemical Sciences, Heriot‐Watt University, Edinburgh EH14 4AS, United Kingdom

Abstract
The ultrafast photo‐physical properties of DNA are crucial in providing a stable basis for life. Although
the DNA bases efficiently absorb ultraviolet (UV) radiation, this energy can be dissipated to the
surrounding environment by the rapid conversion of electronic energy to vibrational energy within
about a picosecond. The intrinsic nature of this internal conversion process has previously been
demonstrated through gas phase experiments on the bases, supported by theoretical calculations.
We report the first gas‐phase measurements of electronic relaxation in DNA nucleosides following
UV excitation. Using a pump‐probe ionization scheme, the lifetimes for internal conversion to the
ground state following excitation at 267 nm are found to be reduced by around a factor of two for
adenosine, cytidine and thymidine compared with the isolated bases. These results are discussed in
terms of a recent proposition that a charge transfer state provides an additional internal conversion
pathway mediated by proton transfer through a sugar to base hydrogen bond.

Computational study of bio- and nano-systems: chemical, spectroscopic, and
conformational aspects
Sonja Grubisic
Center for Chemistry, IHTM, University of Belgrade, Njegoseva 12, Belgrade, 11001 Serbia
E-mail: grubisic@chem.bg.ac.rs
The popular AMBER-based force-field (FF) has been developed for the simulations of the α,α
dialkylated peptides with cyclic and linear side chains. Manuscripts summarizing these results
have been published [1,2]. New atom types have been included, and relevant parameters have
been fitted based on geometries, vibrational frequencies and potential energy surfaces computed
at the DFT level, both in vacuo and in different solvents. Particular interest is devoted to the spin
labeled peptides which contain other α-tetra-substituted non-natural amino acids such as
paramagnetic amino acid 2,2,6,6-tetramethyl-N-oxyl-4-amino-4-carboxylic acid, TOAC, used as
spin label in biologically important protein studies. The residue is stable under ordinary
conditions and can provide access to useful conformational information through well-established
magneto-structural relationships. The modified force field has been employed in the context of an
integrated approach, that combines enhanced-sampling molecular dynamics (MD) and quantum
computations with experimental measurments, for the investigation of environmental and
nanosecond time scale motions on the spectroscopic data (EPR, NMR) of nitroxide spin probes
[3]. MD plays a fundamental role in characterizing protein disordered states that are emerging as
crucial actors in many biological processes. The parameterization is not limited to only the NO
moiety; rather, the aim is to provide at the force-field level an accurate description of the whole
structure of the nitroxide probes (TOAC, MTSSL-methane thiosulfonate), their solvent
interactions, and possibly covalent bonds between nitroxide probes and diamagnetic species,
which are relevant to the situation of site-directed spin labeling (SDSL) methods.
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Theoretical studies of radiative association reactions

Magnus Gustafsson, Luleå University of Technology, Sweden

Radiative association is a mechanism which contributes to the production of molecules in interstellar
clouds. It is especially important in low‐density and dust‐poor regions where reactions due to ternary
collisions are rare [1]. The rate coefficients for radiative association are typically orders of magnitude
lower than those of other chemical processes, such as exchange reactions, and direct laboratory
measurements have so far only been possible to carry out for certain ionic systems [2]. Thus
astronomers who wish to model the chemical evolution in interstellar space often have to rely on
theoretical calculations of radiative association rates.
Many theoretical studies of radiative association for the formation of diatomic molecules exist. The
formation of triatomic and larger molecules, however, still poses a big challenge. There are a handful
of works where radiative association of weakly bound triatomics have been investigated, e.g. [3, 4,
5]. In order to move into the area of chemically bound triatomics, or polyatomics, new approaches
and approximations are desirable. Our works on diatomic radiative association have had
considerable focus on development and refinement of classical dynamics methods [6, 7, 8].
Comparisons with quantum dynamics show that it is often sufficient to use classical mechanics. One
important exception is resonance contributions to the reaction rate constant. In this talk I will review
various approaches to treat radiative association theoretically, and I will discuss their feasibility for
treatment of molecules with three or more atoms.
[1] J. F. Babb and K. P. Kirby, "Molecule formation in dust‐poor environments," in The Molecular
Astrophysics of Stars and Galaxies, edited by T.W. Hartquist and D.A. Williams (Clarendon Press,
Oxford, 1998) pp. 1134.
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[3] F. Mrugala, V. Spirko, and W. P. Kraemer, J. Chem. Phys. 118, 10547–10560 (2003).
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Angular momentum polarization in the photodetachment of alkali atoms from Helium nanodroplets
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The theory of photofragments angular momentum polarization is applied to the photodetachment of an electronically excited alkali atom from a Helium nanocluster (N =
200, 1000). The alignment of the electronic angular momentum of the excited alkali atom
produced is calculated quantum mechanically solving the excited states coupled equations
with potentials determined by DFT.
Pronounced oscillations as a function of excitation energy are predicted for the case of
the alignment parameter, which is proportional to the fluorescence polarization. This is
in marked contrast with the absorption cross-section and with the anisotropy parameter
of the angular distribution of the ejected atoms, which are smooth functions of energy.
These pronounced oscillations should be clearly visible in the fluorescence polarization of
the ejected alkali atom. Their frequency is dependent on the droplet size, which can be
of great practical interest. The effect of nonadiabatic transitions is also shown.

He droplets as nanolabs for cluster growth and ultracold chemistry
Andreas W. Hauser† 1 and Wolfgang E. Ernst† 2
†

Institute of Experimental Physics, Graz University of Technology, Petersgasse 16, 8010 Graz, Austria

Synopsis We report on combined experimental and theoretical studies of metal cluster formation, electronic
excitations and ultracold chemistry in superfluid helium nanodroplets.

Droplets of superfluid helium can be used
as nano-sized containers, offering the possibility to study processes of metal cluster formation and chemical reactions at utracold temperatures. This talk gives an overview of our current research in the field with an outlook on
helium-isolation-techniques for future studies of
surface reactions and photochemistry on mixedmetal nanoparticles.
The growth and deposition of metallic alloys
is demonstrated given the example of the coinage
metal atoms Cu, Ag and Au. Recently, we published on the formation of elongated Au/Ag coreshell nanostructures in superfluid helium nanodroplets and their subsequent surface deposition under soft landing conditions.[1, 2] The Hedroplet approach can be exploited for the deliberate formation of core-shell nanowire structures
with predefined core and shell materials, offers
a novel route to a large variety of new material
combinations.[3] The phenomenon of quantized,
local distortions of the He density in the droplet,
so-colled vortices, cause atoms and clusters to agglomerate along their core lines, which serve as
personal cryo-templates for each nanowire. This
finding triggered the question of time scales for
initial steps of clustering, Ostwald-ripening and
the process of capturing single atoms in vortices. A basic theoretical analysis was performed
with the help of molecular dynamics and helium
density functional theory in a classical model,[4]
which allows us to predict particle collision times
within a droplet of a given size.
The concept of reaction studies for ultracold chemistry is illustrated given the example
of a double dotation of He droplets with Rb
and Xe.[5] The heliophilic Xe resides inside the
droplet, while its heliophobic reaction partner,
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the Rb atom, stays on the surface of the droplet.
The effect of this spatial separation, the stability of the system and its properties are described theoretically in the context of future experiments.
Finally, the ability to investigate the electronic structure of unstable or highly reactive
compounds such as mixed alkali-metal clusters
is demonstrated on the example of the RbSr
dimer, an interesting molecule in the context of
quantum computation and applications of quantum measuring due to the combination of an
unpaired spin and an electric dipole moment in
its ground state. Fluorescence spectra of RbSr
on helium droplets in combination with ab initio calculations give direct insights into selected
electronic states, which allows us indirectly to
learn about formation processes of this molecule
in cold collisions.[6, 7]
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Experimental and theoretical study of molecular nitrogen
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Many properties of the astrophysically‐ and atmospherically‐important excited states of nitrogen
between 12 and 15 eV have been studied experimentally and included into a coupled‐channels
model of their excitation, interaction, and decay.
The combination of calculated potential‐energy curves, state couplings, and transition moments with
experimental information allowsfor a precise treatment of many excited‐state processes:
photoabsorption, electron‐impact excitation, predissociation, atomic‐fragment branching, and
fluorescence.
Here, I will describe the results of measurement and modelling of some of these phenomena.

The branching ratios in the photodissociation of N2 and CO mediated
by the vibrational levels in the excited electronic states
William M. Jackson1, *, Yu Song1, Hong Gao1, Zhou Lu1, Yih Chung
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Abstract
Tunable vacuum ultraviolet lasers are combined with a velocity-map timeslice ion imaging apparatus to study the photodissociation of N2 and CO.
The molecules are prepared in pulsed supersonic molecular beam that cools
the molecules to very low rotational levels so that the dependence of the
branching ratios on vibrational excitation in the excited electronic states of
the molecules can be systematically investigated. The results clearly
indicate that spin forbidden product channels successfully compete with
spin allowed channels at many vibrational levels implying that the
vibrational overlap integrals in the excited state play an important role in
the determination of the final product branching ratios. This indicates that
just computing the coupling between the electronic states of different
multiplicities is not enough to predict the final dissociation products even
for these simple molecules. It implies that whenever multiple electronic
states are involved and the vibrational overlap between these states are
favorable that dissociation will occur before fluorescence in isolated
molecules. As a result chemical modeling in many low-pressure
environments that often occur in astronomy becomes substantially more
complicated and require collaboration between sophisticated experiments
and theory.
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Vibrational spectra for large systems with sparse grid:
Application on C3H7+ and C3D7+ in 17D
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Quantum dynamical approaches based on product-grids are limited to the studies of molecular
systems with few degrees of freedom, typically less than ten. Recently, Avila and
Carrington[1] have introduced the Smolyak scheme,[2] which considerably reduces the size
of the grids. Recently, we have extended this approach with a combination of Smolyak
scheme and cubature and we were able to study floppy systems like methanol in full
dimensionality.[3] This approach has pushed back the present calculation limits on the
vibrational spectra of polyatomic molecules to larger systems.
With this approach, we were able to study the vibrational spectra of the isopropyl cation
(C3H7+ and C3D7+) in 17D (all modes except the CH and CD stretches) and to interpret the
unexpected large band in the C3H7+ IRMD spectrum.[4]
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Ammonia-noble gas complexes (NH3 -NG) have been the subject of a large number of
studies, both theoretical and experimental, focusing either on rotationally inelastic scattering or on the measurement and interpretation of the microwave and infrared spectra. Recent
experimental advances have renewed interest in these systems by allowing the measurement
of quantum-state resolved integral and differential cross sections in crossed beam experiments [1, 2], which can be directly compared to theoretical predictions based on accurate
potential energy surfaces and quantum-mechanical scattering calculations. The same techniques, combined with a Stark-decelerated beam of NH3 , would allow the measurement of
integral and differential cross sections at very low collision energies [3], where the cross
section is dominated by resonances that are very sensitive to the details of the PES. Finally,
inelastic collisions of NH3 with He and Ne are also of interest in the simulation of the
rotational cooling of ammonia in a buffer gas cell.
To study these processes, we have computed new potential energy surfaces (PESs) for
the complexes formed of ammonia and all noble gases except He, for which a recent PES
is available [3]. The PESs, which include the umbrella inversion motion of NH3 , were
obtained by means of the coupled cluster method with single, double and perturbative triple
excitations (CCSD(T)). The PESs are used to compute the spectra of NH3 -NG complexes,
which we illustrate for NH3 -Ar [4]. We then discuss the scattering of NH3 with noble gases,
focusing on the initial state jk± = 1−
1 of ammonia, which is the most relevant in the context
of the experiments described above.
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Semiclassical molecular dynamics and artificial neural networks
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We study molecules in their excited electronic states by the semiclassical surface hopping method,
where the nuclei move classically on potentials computed by quantum mechanics. We have
modified the surface hopping approach to incorporate not only kinetic dynamical couplings but also
any other arbitrary coupling in our so-called SHARC (surface hopping including arbitrary
couplings) method [1, 2]. Recently, we have released the corresponding code publicly [3].
Especially spin-orbit couplings can now be treated in on-the-fly simulations. The method is applied
to a variety of systems, showing e.g. that intersystem crossing can take place on a femtosecond
timescale even in organic molecules with only relatively small spin-orbit couplings (see [2] and
references therein).
As an outlook, artificial neural networks are presented as a highly accurate and extremely fast tool
for predicting potential energy surfaces [4]. Using this machine learning technique, tremendous
improvements are imaginable for all kinds of dynamics approaches.
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Pre-Born–Oppenheimer Molecular Structure Theory
Edit Mátyus

In this talk I will present a purist theoretical and computational approach to the quantum
mechanical description of molecules [1], which is free of approximations apart from
assuming the validity of non-relativistic quantum theory. Conceptual questions about
the reconstruction of the molecular structure in a fully quantum description will be
discussed [2] and numerical results of a hunt for exceedingly accurate bound and resonance
states of the H2 molecule will be shown [3]. Necessarily, I will comment on the results
and observations from the common standpoint of the Born–Oppenheimer separation of
electrons and nuclei.
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Charge transfer complexes formed between N-methylated benzenes (NMB) and
tetracyanoethylene (TCNE) represent a set of π-stacking electron donor-acceptor (EDA)
systems where increasing methylation, accompanied with a systematic decrease in the
ionization potentials of the donors, leads to stronger ground state intermolecular donor–
acceptor interactions. This is demonstrated by smaller equilibrium interplanar distances,
larger association constants as well as by larger ground state dipole moment values.1 The
increase of the donor strength with increasing number of methyl groups is also reflected in
electron absorption spectra by affecting the excitation energies and solvatochromic shifts2,3
and in IR spectra4 where frequency shifts of CN and CC stretching modes of TCNE can be
observed.
Intermolecular interactions can significantly change the molecular properties of
interacting subsystems. The difference between the value obtained for the complex and the
sum of properties of the isolated subsystems is referred to as the interaction-induced property.
Our previous works revealed that both electronic and vibrational contributions to
polarizability (particularly its perpendicular component) of the Be-TCNE complex are
remarkably enhanced due to complex formation.1,4 In the present work, we systematically
analyze the electronic and vibrational contributions to interaction-induced
(hyper)polarizabilities of the NMB-TCNE series with a particular focus on the role of
anharmonicity.

Figure 1 Charge transfer π-stacking complex of HMB and TCNE
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Ultrafast molecular motion: experiment and simulation
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Progress in our understanding of ultrafast motion in molecules is best achieved through a close
combination of experimental and theoretical approaches. Direct comparison is obtained if theory is able
to reproduce experimental observables.
Ultrafast molecular dynamics are observed experimentally using pump-probe techniques where the
process of interest is initiated and monitored with ultrashort (femtosecond) flashes of electromagnetic
radiation. This talk will review some of our advances on the theory behind time-resolved photoelectron
spectroscopy and x-ray scattering as probing methods and present computer simulations of fundamental
chemical processes involving both intra- and intermolecular energy transfer.
The talk will begin by describing the light-molecule interaction processes which are relevant for both
initiating and probing molecular motion [1-3]. Then, I will present some of our recent experimental and
theoretical results – with emphasis on the latter – concerning internal conversion [4-6], laser-induced
bond formation [7,8] and electron transfer [9] processes.
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Conformational Studies of Odorants and Flavors:
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Characterizing the molecular shape and conformational space of biological active compounds is
interesting for a wide range of applications, such as the design of new drugs and perfumes. As
most odorants are non-crystalline, the gas-phase is an alternative to investigate the structure and
dynamics of odorants. The volatile structures are certainly more meaningful than those obtained
from extrapolation of related crystalline derivatives. For this reason, conformational analyses to
study large and highly flexible molecules have gained popularity over the past years. The
method of choice to carry out such projects is a combination of microwave spectroscopy and
quantum chemical calculations [1]. This method is ideal to sample the conformational space of
odorants, as it has recently moved to solving the structures of conformers of sizeable molecules
where conformational distinction is not possible using theoretical methods alone.
In the case of the synthetic blackcurrant odorant Cassyrane 1, it was shown for the first time that
the results may be used directly for further superposition analyses [2]. Other flavors of interest
for this approach are, e.g., molecules with long hydrocarbon-tails, such as octen-3-ol 2 and
decanal 3, which can fold and adopt coiled structures, as well as linear stretched conformations
in the supersonic jet.
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Interfaces between metal and nonmetal entities at atomic/molecular/cluster scale are
key units of many important systems in a broad variety of areas including new
nanostructures and materials, catalysis, molecular electronics and molecular machinery.
Presented are results of computational studies of a few classes of systems [1‐4]:
(1) complexes of light metal atoms sandwiched between small hydrocarbon molecules,
(2) core‐shell metallocarbon species,
(3) systems of a non‐metal atom encapsulated in metal cluster cages.
Evolutions of the system structure and stability are investigated upon spin‐excitation,
ionization and electron attachment, as well as for different composition and size.
A range from a relatively weak to a considerable reversible geometry alteration is
observed, suggesting potential applications varying from stable molecular junctions to
switches and nanomotors.
In particular for the 1st class, predicted interesting features include unusual shapes,
cooperative stabilization and charge‐controlled cycle‐closing isomerization.
For the 2nd class, the induced molecular motions are predicted to cover a range from
un/folding to un/twisting to expansion/compression.
For the 3rd class, structural dynamics can involve either the shifts of the core (up to its
exit from the cage ‐ as another aspect) or reshaping of the surrounding shell.
Possible extensions to larger counterparts and feasibility of assembling such units into
aggregates and frameworks designed for more elaborate operations are also considered.
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The Classical Wigner model [1-3] is a way of including quantum effects into
molecular dynamics simulations. It works by sampling initial conditions from a Wigner
distribution of the Boltzmann operator and trajectories are then propagated classically.
While the Classical Wigner model is quite successful, particularly in condensed phase
where decoherence occur, it does not conserve the initial canonical ensemble, which is a
direct result of using ordinary classical trajectories to propagate the initial Wigner
distribution. We demonstrate a way to solve this issue by using modified classical
trajectories, which are specific to the so-called Feynman-Kleinert Linearized Path
Integral implementation [1] of the Classical Wigner model.
Fig. 1. Dynamical structure factor
for liquid H2.
Red dots – experimental results.
Black dash-dotted line – new
method.
Blue line – classical time evolution.
The results of the new method are in
excellent agreement with the
experimental results.
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Benzophenone excited state and ion dynamics
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Neutral benzophenone molecule is a paradigmatic organic molecule for its singlet‐to‐triplet dynamics
and reactivity. In this conference, the gas phase dynamics of the molecule will be presented in its
ionic state (up to 13 eV) and in its neutral excited state (S2).
The study of ionized benzophenone couples VUV experiments with quantum chemistry calculations.
It has provided the ionization energies, fragmentation dynamics as well as a remarkable Fano profile
in the vibrational mode density of the molecule.
The excited state dynamics of neutral benzophenone was investigated from the fs to the ns time
scale. The molecule was isolated in the gas phase or deposited on a large argon cluster. The
observations were interpreted in term of sequential mechanisms involving the triplet states

Probing peptide structures: Can far-IR action spectroscopy in combination with
Born-Oppenheimer Molecular Dynamics be conformation selective?
Anouk M. Rijs
Radboud University, Institute for Molecules and Materials, FELIX Laboratory, Toernooiveld 7-C,
6525 ED Nijmegen, the Netherlands

In nature, proteins combine soft and hard matter properties: function requires motion and a degree
of floppiness, whereas stability requires stiffness. The step of forming a structural motif upon hydrogen
bonding leads to a considerable stiffening of a peptide. The resulted secondary structures are expected
to be directly visible in soft vibrational modes, which are typically delocalized over the entire peptide.
A far-infrared spectrum, probing collective vibrations, is therefore expected to contain detailed
information on the global conformational structure of peptides.
Here, we recorded such conformer selective far-IR spectra of peptides by interfacing the far-IR free
electron laser FELIX with a molecular beam set-up equipped with a laser desorption source to bring
molecules of this size and complexity intact into the gas phase. To visualize the unique far-IR signatures
of isolated gamma-turn peptides, we have combined high-resolution far-IR-UV double resonance
spectroscopy with Born-Oppenheimer Molecular Dynamics simulations [1, 2]. This has allowed us to
document and assign low frequency vibrational motions. Moreover, we were able to reveal new details
on the conformational structure, and distinguish between two almost identical secondary peptide
structures. Recently, we have expanded our method to (i) a family of phenolic molecules and their
solvated clusters and (ii) larger and more complex peptides in order to investigate the folding patterns
of capped polyalanines.
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GENERAL VIBRATIONAL SPECTROSCOPIES WITH WILSON
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The program Wilson aims to offer a complete frequency-domain treatment of any elastic vibrational spectroscopy where the incident lasers are either in the infrared (IR) or in the ultraviolet/visible (UV/VIS) range, detuned from any electronic resonance.
Starting from the damped Liouville equation[1], the program derives working expressions
involving various normal-mode derivatives of polarization properties by a combination of recursive methods[2] and a generalization of work done by Bishop, Kirtman, and Luis[3-5].
These expressions are evaluated for a general vibrational spectroscopic experimental setup
of incident laser polarizations, time-ordering, and frequency ranges. In accordance with the
number of independent variables (i.e. frequencies or frequency differences/sums in the IR
range) chosen, the program outputs spectra of the appropriate dimensionality, up to and including animated two-dimensional spectra for the case of three independent variables.
Due to the recursive and general nature of the program, all eligible experiments are treated on
an equal footing and the method can in principle be applied to treat experiments involving any
number of incident lasers at any order of anharmonicity, such that the only practical limitations
are the computational capacity available and the possibility of obtaining the normal-mode
derivatives necessary for evaluation of the spectra. These normal-mode derivatives can be
calculated analytically by making use of the recursive and open-ended response theory[6]
code OpenRSP[7], also developed in our group.
The program is still under development, and we will present some preliminary results from a
pilot version to demonstrate the functionality of the code and the feasibility of the approach
used. Among the spectroscopic phenomena that could be studied with the program are sumfrequency generation (SFG) and doubly vibrationally enhanced two-dimensional IR (DOVE2D-IR) processes and coherent anti-Stokes Raman spectroscopy (CARS). There is also the
possibility to treat other exotic phenomena such as three-dimensional IR spectroscopies and
processes combining various features from the aforementioned groups. Future work could
extend the approach to inelastic processes.
References:
[1] Norman, P., “Exact State Response Theory” (book chapter), unpublished
[2] Ringholm, M., Ruud, K., unpublished
[3] Bishop, D. M., Kirtman, B., J. Chem. Phys. 95, 2646 (1991)
[4] Bishop, D. M., Kirtman, B., J. Chem. Phys. 97, 5255 (1992)
[5] Bishop, D. M., Luis, J. M., Kirtman, B., J. Chem. Phys. 108, 10013 (1998)
[6] Thorvaldsen, A. J., Ruud, K., Kristensen, K., Jørgensen, P., Coriani, S., J. Chem. Phys. 129, 214108 (2008)
[7] Ringholm, M., Jonsson, D., Ruud, K., J. Comput. Chem. 35, 622 (2014)

On-the-fly ab initio semiclassical dynamics for computing vibrationally
resolved electronic spectra
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We combine the thawed Gaussian approximation (TGA) with an on-the-fly ab initio (OTFAI) scheme to calculate the vibrationally resolved emission spectra of oligothiophenes with
up to five rings as well as absorption and photoelectron spectra of ammonia.
The efficiency of the OTF-AI-TGA permits treating all vibrational degrees of freedom on
an equal footing even in pentathiophene with 105 vibrational degrees of freedom, thus
obviating the need for the global harmonic approximation, popular for large systems. Besides
reproducing almost perfectly the experimental emission spectra, in order to provide a deeper
insight into the associated physical and chemical processes, we also develop a novel
systematic approach to assess the importance of and coupling between individual vibrational
degrees of freedom during the dynamics. This allows us to explain how the vibrational line
shapes of the oligothiophenes change with increasing number of rings.
In order to investigate limitations of the OTF-AI-TGA, we also apply it to ammonia—a
prototype of floppy molecules. Despite complications due to the presence of large amplitude
anharmonic motion, the main features of the spectra are captured by OTF-AI-TGA.
Moreover, the computed spectra are significantly better than those based on the popular
global harmonic approximation. Finally, we probe the limits of the TGA’s ability to describe
higher-resolution photoelectron spectra, where long time dynamics is required.

Figure 1: Electronic absorption spectrum of ammonia.
1. M. Wehrle, M. Šulc, and J. Vaníček, J. Chem. Phys. 2014, 140, 244114.
2. M. Wehrle, S. Oberli, and J. Vaníček, J. Phys. Chem. A 2015, 119, 5685.

FROM POTENTIALS TO DYNAMICS IN
REGULAR- AND EXTREME-TIME REGIMES
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We survey ongoing work on two major issues. The first is global potential energy surfaces:
analytic vs numerical, and single- vs multi-sheeted. Recent progress on single-sheeted forms
which properly describe conical intersections of arbitrary symmetry is then presented. Applied so
far to triatomics, the case of ground-state C3 may be paradigmatic in that it illustrates how 4
conical intersections arising near equilateral triangular geometries due to combined Jahn-Teller
E'⨂ e' plus pseudo-Jahn-Teller [(E'+A'1)⨂ e'] interactions can be fitted. The second issue is
quantum dynamics to summarize work on two themes: a) new code for atom+diatom reactive
scattering in hyperspherical coordinates; b) photoelectron spectra of H2O and CH4.. In particular,
it is shown that ``attosecond'' resolved dynamics at the triply-degenerate ground electronic
manifold of CH4+ can be studied with regular dynamics by simulating the ratio of the emitted
high-harmonic signals.
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Reactive scattering
87Rb + 87RbHe→Rb2(3∑+u , v) + He
at ultra-low energies
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It has been suggested that rubidium atoms deposited on the surface of helium nanodroplets can collide at cold energies yielding molecular rubidium Rb 2 in excited
vibrational levels of the (preferentially) ground triplet electronic state[1]. As a preliminary
step to assess this possibility we study atom-diatom reactive collisions through an
extremely simple model that extends the well-known Rosen treatment on linear triatomic
molecules[2]. Using the best three-dimension potential energy surface available[3], and
expressing the Hamiltonian of the system in relative coordinates, the model allows one
to estimate reaction probabilities and cross-sections at different values of the total
angular momentum J. These magnitudes numerically fulfill the Wigner threshold laws.
The efficiency of the reactive process is enhanced at ultra-low collision energies for a
total angular momentum J=1, as occurs in recent studies on vibrational relaxation of
rubidium dimer by collisions with helium atom[4]. The Rb2 product is essentially formed
at vibrational states v≧ 25. Also, one finds that the boson 4He atom as partner is more
efficient than the fermion one to produce the rubidium dimer[5].

Figure 1. Comparison of reaction probabilities for 4He (solid lines) and 3He (dotted lines) as partners, for
the leading channels J=0,1, as function of the incoming energy of the Rb projectile. The labels
denote (l1=J,l'1=J ∓1) channels. J=0 values are enhanced by a factor 10.
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Photostability of gas-phase alkaloids.
Anne Zehnacker-Rentien
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Cinchona alkaloids are an important class of biomolecules due to their multiple
properties in the field of pharmaceutics, enantioselective catalysts, and chiral phase
chromatography. [1-2]
They present complex photophysical behaviours due to close-lying nπ* and ππ*
transitions. We have studied the structure and the photoreactivity of cinchona alkaloids by
means of a multi-technique approach coupling gas-phase experiments in a supersonic
expansion or in a quadrupole ion trap with ab initio calculations.[3-5] Double resonance
experiments coupling UV excitation of the parent with characterization of the photoproducts
by means of the IR Free-electron Laser (FEL) allows proposing a mechanism for excited-state
proton transfer coupled or not with electron transfer, leading to molecular fragmentation or
dissociation of complexes. Calculations at the ri-cc2 level confirm the proposed mechanism.
In particular, a metastable exotic protonated cinchona alkaloid is produced by photo-induced
proton transfer within its dimer followed by dissociation.[6]
We last address the question of the effects of stereochemistry, molecular
conformation, and solvation on the reactivity of cinchona alkaloids or their dimers.
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Rotational excitation of HNS by He based on new
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Abstract :
The present work focuses on the calculation of rate coefficients for rotational
excitations of HNS asymmetric top molecule, considered as rigid rotator, in its
equilibrium geometry by collision with He. The calculations are based on new threedimensional potential energy surface obtained from highly correlated ab initio
calculations using the explicitly-correlated coupled cluster method with single, double
and perturbative triple excitations CCSD(T)-F12 level of theory in connection with
the augmented correlation-consistent aug-cc-pVTZ basis set. Cross-sections for
transitions among the first twenty rotational levels of HNS (up to jkakc = 92,8) were
calculated using the essentially quantum exact close-coupling (CC) method up to
energies of the order of interaction potential well of HNS-He system and the coupled
state (CS) approximation at the relatively highest energies. Collisional rate constants
for temperatures ranging from 5 to 200 K were deduced. A clear propensity rule in
favor of ∆ j = 2 rotational transitions is observed. These resulting rate coefficients are
of great importance for the modelling of an eventual detection of the HNS key isomer
in interstellar clouds and so for the determination of its abundance in these regions
characterized by a non-local thermodynamical equilibrium conditions.
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Abstract
We are interested in the spectroscopic study of

diatomic system and his predissociation. So we

started by determining the potential energy curves of electronic states of

in these two ‘u’ and ‘g’

symmetry using MRCI/AV5Z. We used these potential energy curves to calculate the spectroscopic
constants and vibrational energy level of the lowest electronic states using NUMEROV code.
Furthermore, we calculated the spin-orbit couplings evolution between states in ‘u’ symmetry. So
these spin-orbit couplings are introduced in the BCONT code to deduce predissociative lifetimes of
states in symmetry ‘u’ crossing
state such as
and
For these same states, we
determinate the radiative lifetimes with LEVEL code. In the last part of this work we calculated the
branching ratios of
state with BCONT code between vibrational levels v= 11 and v = 15 and we
compared our results with experimental measure.

State-to-state vacuum ultraviolet photodissociation study of CO2 on the formation of state-correlated
CO(X1Σ+) with O(1D) and O(1S) photoproducts at 11.95-12.22eV
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Abstract
The state-to-state photodissociation of CO2 is investigated in the VUV range of 11.94–12.20 eV by using two independently
tunable vacuum ultraviolet (VUV) lasers and the time-sliced velocity-map-imagingphotoion (VMI-PI) method. The spin
allowed CO(X1∑+; v = 0–18) + O(1D) and CO(X1∑+; v = 0–9) +O(1S) photoproduct channels are directly observed from the
measurement of time-sliced VMI-PI images of O(1D) and O(1S). The total kinetic energy release (TKER) spectra obtained
based on these VMI-PI images shows that the observed energetic thresholds for both the O(1D) and O(1S) channels are
consistent with the thermochemical thresholds. Furthermore, the nascent vibrational distributions of CO(X1∑+; v)
photoproducts formed in correlation with O(1D) differ significantly from that produced in correlation with O(1S), indicating
that the dissociation pathways for the O(1D) and O(1S) channels are distinctly different. For the O(1S) channel, CO(X1∑+; v)
photoproducts are formed mostly in low vibrational states (v = 0–2), whereas for the O(1D) channel, CO(X1∑+; v)
photoproducts are found to have significant populations in high vibrationally excited states (v = 10–16). The anisotropy β
parameters for the O(1D) + CO(X1∑+; v = 0–18) and O(1S) + CO(X1∑+; v = 0–9) channels have also been determined from
the VMI-PI measurements, indicating that CO2 dissociation to form the O(1D) and O(1S) channels is faster than the rotational
periods of the VUV excited CO2 molecules. We have also calculated the excited singlet potential energy surfaces (PESs) of
CO2, which are directly accessible by VUV excitation, at the ab initio quantum multi-reference configuration interaction level
of theory. These calculated PESs suggest that the formation of CO(X1∑+) + O(1 S) photoproducts occurs nearly exclusively
on the 41A’ PES, which is generally repulsive with minor potential energy ripples along the OC–O stretching coordinate. The
formation of CO(X1∑+) + O(1D) photofragments can proceed by non-adiabatic transitions from the 41A’ PES to the lower
31A’ PES of CO2 via the seam of conical intersections at a near linear OCO configuration, followed by the direct dissociation
on the 31A’ PES. The theoretical PES calculations are consistent with the experimental observation of prompt CO2
dissociation and high rotational and vibrational excitations for CO(X1∑+) photoproducts.

Photoionization and dissociative photoionization of the interstellar
molecule aminoacetonitrile: theory and experiment
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In this combined theoretical and experimental work, we are interested in the photoionization, the
spectroscopy and the state-to-state dynamics of amino acetonitrile (H2N-CH2CN) cations and neuter [1].
Both molecules are relevant for astrochemistry of prebiotic media. They are inspired by the reaction of
Streker, [2] which is originally a realistic scenario for the formation of amino acids in interstellar media
(ISM). The amino acetonitrile has been detected there.
The photoionization spectra of amino acetonitrile (H 2N-CH2CN) are given below. They were measured
by means of VUV synchrotron radiation (DESIRS beamline at synchrotron SOLEIL) coupled to a
velocity map imaging electron/ion coincidence spectrometer [3]. In-vacuum temperature-controlled
oven was applied to promote the intact neutral species into the gas phase.

Figure 1
FIG. 1: SPES spectra of Aminoacétonitrile parent obtained with 500 meV threshold electron resolution.
The SPES spectra present rich structures corresponding to the population of the vibrational levels of the
cations in their ground and the electronic excited states. The assignment of these features is under
investigation by the help of state-to-the-art ab initio calculations. Briefly, we calculate the ionization
energies and the pattern of the electronic states of these cations. We treat also their vibrational structure.
These data should help the identification of both molecules in the ISM.
[1] Belloche et al., A&A. 482,179 (2008).
[2] Danger et al, ApJ 535, A47, 1 (2011).
[3] Poully et al., Phys Chem Chem Phys. 12, 3566 (2010). Briant et al., Phys. Rev. Letters 109, 193401
(2012).
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We performed accurate ab initio investigations of the geometric parameters and the vibrational
structure of neutral HNS/HSN triatomics and their singly charged anions and cations. We used
standard and explicitly correlated coupled cluster approaches in connection with large basis
sets. At the highest levels of description, we show that results nicely approach those obtained
at the complete basis set limit. Moreover, we generated the three-dimensional potential energy
surfaces (3D PESs) for these molecular entities at the coupled cluster level with singles and
doubles and a perturbative treatment of triple excitations, along with a basis set of augmented
quintuple-zeta quality (aug-cc-pV5Z). A full set of spectroscopic constants are deduced from
these potentials by applying perturbation theory. In addition, these 3D PESs are incorporated
into variational treatment of the nuclear motions. The pattern of the lowest vibrational levels
and corresponding wave functions, up to around 4000 cm−1 above the corresponding potential
energy minimum, is presented for the first time.

DFT and MP2 conformational study of Neocarrabiose molecule in the implicit
and explicit solvent
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Carrageenan structures are based on linear chains of alternating 3-linked β-D-galactopyranosyl
units, and 4-linked α-D-galactopyranosyl (or 3,6-anhydro-α-D-galactopyranosyl) units, usually
sulfated in different positions. The properties of these polysaccharides depend on their
conformations and molecular flexibility, which is concentrated mostly on the glycosidic linkages.1-3
In this work, we studied the structure and the energy of disaccharide constituting neocarrabiose
(3-O-(3,6-Anhydro-α-D-galactopyranosyl)-β-D-galactopyranose or β-D-neocarrabiose).
DFT calculations4 using B3LYP/6-31G(d) level of theory were carried out on different
conformers of neocarrabiose. Relaxed iso-potential maps, show where regions of low energy occur.
These energetic contour maps were performed in the implicit solvent using Onsager model
(figure.1), and with an explicit molecule of water5 (monohydrate) by interpolating a set of data
comprising a total of 144 energy values for the disaccharide. Once the set of the two specific values
of Φ and Ψ angles fixed, they were kept frozen while optimizing all of the other geometrical
parameters.
The lower energy conformers were then fully optimized using B3LYP, B3PW91 and MP2
methods with several basis sets.
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Table 1: Φ and Ψ (in degrees) and relative energies
(Kcal/mol) at the B3LYP/6-31G(d) level in the implicit solvent
(Onsager model) and β-D-neocarrabiose monohydrate (explicit
solvent).

Φ
Figure 1: Relaxed iso-potential maps at the B3LYP/6-31G(d) level of β-D-neocarrabiose in the implicit solvent
(Onsager model). (ΔE: kcal/mol).

In each case, we have obtained two minima, corresponding to the lower energy conformers.
Concerning the two methods «Counterpoise» and «Full Optimizations» for β-D-neocarrabiose,
the Min A corresponds to the structure of the starting geometry and is also the global minimum in
all Full Optimization calculations with different methods and basis sets.
Keywords: β-D-Neocarrabiose, DFT methods, Counterpoise, solvent, Relaxed energetic maps,

Quantum mechanics methods.
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Etude Théorique de l’interaction de la molécule d’imidazole (C3H4N2) avec l’atome de
Zn (neutre et positivement chargé) : Compétition entre liaisons type-σ et type-π
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Notre Travail consiste en l’étude théorique de la stabilité et des propriétés électroniques du complexe
zinc-imidazole (Im@Zn, neutre et positivement chargé). Pour chaque structure, nous avons déduit les structures
stables (géométries d’équilibre et détermination des fréquences) et les énergies de liaison.
Les optimisations de géométrie ont été réalisées avec le programme Gaussian09[1]. Nous avons utilisé la
méthode (R)MP2[2]et la base 6-311++G(d,p). Ces structures ont aussi été étudiées à l’aide de la DFT, en utilisant
les fonctionnelles (PBE ,PBE0 et M05-2X) [3-4]et la base 6-311++G(d,p).
Nous avons également effectué des calculs avec le programme MOLPRO [5], avec les méthodes (R)MP2
et CCSD(T)[6] avec les bases aug-cc-pVDZ, aug-cc-pVTZ et aug-cc-pVTZ-PP, ainsi que les nouvelles
méthodesexplicitement corrélées (R) CCSD(T)-F12[7] et (R) MP2-F12[8] avec la base aug-cc-pVTZ-PP. Les
effets de la dispersion sont inclus via la dispersion de Grimme (D3).
D’un point de vue méthodologique, nous avons montré que la DFT M05-2X+D3est bien adaptée pour la
description de ce type de composés vu qu’elle mène à des résultats de la même qualité que les méthodes très
couteuses tels que les clusters couplés. Elle représente donc une très bonne alternative pour l’étude des complexes
organo métalliques de grande taille. Ce travail a été publié dans le journal Phys.Chem.Chem.Phys., 2015DOI:
10.1039/C4CP06108J.
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From elementary reactions to complex chemical mechanisms. The energy of the
radical OH during the combustion of a mixture of hydrogen and oxygen
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Potential Energy Surfaces (PES) are mainly used to study the rate of elementary
reactions and their dynamics, being useful to compute state to state rate constants. When
we have a complex reactive system, many elementary reactions are involved and the
overall study becomes difficult. Kinetics models using all the available rate constants and
their variation with temperature have been successfully applied to model complex
reactive systems. In a gas phase combustion or explosion, reactants can be far from
thermal equilibrium, i.e., the number of non-reactive collisions can be small and the
energy distribution of the intermediate species will be far from the Boltzmann
distribution.
Recently, we proposed a method to model complex reactive systems
incorporating accurate PESs, reactive and nonreactive, and concurrently integrating the
equations of motion of the chemical species present in the bulk [1]. This is accomplished
by defining a global Potential Energy Surface (gPES) integrating various PESs, each one
of them representing an elementary reaction that is expected to play a role in the chemical
process. Non reactive collisions are treated using repulsive potentials in order to account
for the energy transfer between colliding partners. Multi-process Reactions Dynamics,
MReaDy, is a program that builds an overall PES for t he process in question and
performs reactive or non-reactive classical dynamic calculations on it.
In this work we present an application of the program MReaDy [1], aiming to
reproduce the mechanism of hydrogen combustion. Starting from a bulk mixture of H2
and O2 molecules, the program integrates the equations of motion in a potential build
from 17 accurate PES such as H4, H3O, HO3, H2O2 or H2O (singlet and triplet states),
among others. The overall results of these calculations have shown to be in reasonable
agreement with similar kinetic model results [1].
Using the MReaDy program we can follow the energy distribution of a OH
radical, every time it is “formed” or “consumed”. In this work we also present
preliminary results of that study. They show that, in spite of the occurrence of a large
number of collisions, these are more efficient in rotational and translational energy
transfer than in vibrational quenching. As a consequence, the OH radical has shown to be
vibrationally excited, having an average energy which is twice the rotational. The
non-thermal distribution of the internal energy of intermediate radicals in hydrogen
combustion has recently been experimentally confirmed [2].
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Effective in silico simulations of response and spectroscopic properties of chiral
molecular systems in their natural environment is among the most significant tasks of
contemporary theoretical and computational chemistry in view of the increasing
reliability of the results coupled to the quite straightforward disentanglement of the
role of different effects. However, the production of calculated spectroscopic data
directly comparable to their experimental counterparts is particularly tricky in the case
of complex systems in their natural environment. In fact, in order to obtain calculated
values directly comparable to experiments, the models to be used should reliably
represent the experimental sample, i.e., the physical model should be as realistic as
possible, which in practice means that all the physical interactions in the sample and
between the sample and the probing field have to be taken into account.
An overview of computational methods recently developed in this field will be given.
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DFT, X-Ray and FTIR studies of a new hybrid compound : 4-Chlorophenyl-methanaminium Nitrate
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Abstract :
Pronounced interest has recently been focused on the crystal engineering of supramolecular architectures
organised by coordinate covalent or supramolecular contacts. Hydrogen bonding is the most reliable
design element in the non-covalent assembly of molecules with donor and acceptor functionalities, and as
such it is the most important interaction in the areas of supramolecular chemistry, crystal engineering,
material science and biological recognition [1-3]. In particular the family of material which combines
nitrate anions with organic molecules such as aromatic and aliphatic aminoacids has been studied
intensively due to their numerous uses in various fields such as biomolecular science, liquid crystals,
catalysts and fuel cells [4]. As a contribution to the study of this compound family, we report in this
work the molecular structure, vibrational frequency, NBO analysis and HOMO-LUMO calculations of a
new organic cation nitrate (C7H9Cl N) +(NO3)- in the electronic ground state. All calculations were
carried out using the density functional method (B3LYP) and the 6-31G* basis set
implemented in Gaussian 03. The calculated results show that the optimized geometry can well reproduce
the crystal structure, and the theoretical vibrational frequency values show good agreement with
experimental values. A set of H-bonds in addition to electrostatic and van der Waals interactions,
generating a three-dimensional supramolecular network
(Figure 1). The NBO analysis reveals that the N–H..O intermolecular interactions significantly influence
the crystal packing of the compound.

FIG. 1: Optimized structure of (C7H9Cl N)+(NO3)- using DFT/B3LYP/6-31G* method.
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Rotational excitation and de-excitation of OH+ molecules by
hydrogen atoms
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Abstract
The collision between the hydroxyl cation (OH+) and hydrogen atoms (H) plays a major role
in physical chemistry of the atmosphere and astrophysics. To study this system, we generated
the global three-dimensional potential energy surface (3D-PES) of the reaction H + OH + ____>
H2O+ (X2B1) _____> O + H2+. The electronic calculations were performed at the MRCI level
with aug-cc-pV5Z basis including the basis set superposition error (BSSE) correction. This
PES covers the molecular region and the long ranges close to the OH+ + H, O + H2+ and the
hydrogen exchange channels. The quality of the PES is checked after comparison of the
spectroscopic constants of H2O+ (X2B1) and of the diatomic fragments, the rovibronic levels,
the dissociation energy, and the barrier to linearity of H2O+ (X2B1) to available experimental
and theoretical data. A good agreement is found. Then, we used the tools of time-independent
Quantum Dynamics to calculate the elastic and inelastic cross sections for the de-excitation of
OH+ in collision with the hydrogen atom over a wide range of kinetic energy. We have thus
determined the rotational excitation or de-excitation rate coefficients for temperatures ranging
from 10 up to 300K. Calculations of rate coefficient are also being carried out using a
modified version of the analytical PES quartet of Martinez et al. The results show that the
inelastic cross sections on the doublet surface are on average at least two to three times larger
than their cross section obtained on the previously computed cross sections using the quartet
surface. Since, the long range parts of the doublet and the quartet PESs are identical, our work
invalidates hence previous cross section determination. When only long range potentials are
considered. Therefore, we recommend using fully the global 3D PES for scattering and
reactive collision relevant for atmospheric and astrophysical studies.
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Experimental spectroscopy techniques currently underway at the LSAMA
laboratory
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Abstract
Two analytical techniques are used at the LSAMA laboratory “Laboratoire de Spectrocopie
Atomique, Moléculaire et Applications” and applied to local products in order to show their
ability for discrimination, characterization and classification. These two experimental
techniques are the LIBS and the fluorescence spectroscopy. Their combination with
chemiometric analysis facilitates the analysis of a large number of measurements and extends
their scope. Two examples of analyses are presented here. The first one is the study of edible
oils with LIBS spectroscopy that allowed us to differentiate between oils having hight level of
saturated fatty acids and others and the second analysis is an essay of identification of the
fluorophores responsible of the fluorescence spectra for a set of essential oils.
Keywords: LIBS spectra, fluorescence spectra, chimiometry techniques

Tensor Decomposition and Vibration Coupled Cluster Theory
Ian Heide Godtliebsen, Mads Bøttger Hansen, and Ove Christiansen
Department of Chemistry, Aarhus University, 8000 Aarhus C, Denmark

In vibrational coupled cluster (VCC) theory[1] the correlation amplitudes can be considered as tensors,
that can be decomposed into canonical (CP, Candecomp/Parafac) form.[2] In this contribution it is
shown how the eigenvalue equations of vibrational coupled cluster response theory[3] can be solved
using a subspace projection method with Davidson update, where basis vectors are decomposed in
this manner. In each update step new vectors are first orthogonalized to old vectors, followed by a
tensor decomposition to a prescribed threshold TCP . The algorithm can provide excitation energies
and eigenvectors of similar accuracy as a full vector approach, and with only a very modest increase
in the number of vectors required for convergence.
The algorithm is illustrated with sample calculations for formaldehyde and 1,2,5-thiadiazole. Analysis of these calculations illustrates a number of interesting features of the algorithm. For example, the
tensor decomposition threshold is optimally set to rather loose values, such as TCP = 10−2 . With such
thresholds for the tensor decompositions the orginal eigenvalue equations can still be solved accurately.
It is thus possible to directly calculate vibrational wave functions in tensor decomposed format.
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Sub-millimeter spectrum and astrophysical research of S-methyl thioformate
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Methyl thioformate C2H4OS, is the S-analog molecule of methyl formate, a relatively abundant
molecule detected in the interstellar medium (ISM) [1]. Because of its relatively low energy, methyl
thioformate is also expected to be detected in the ISM.
Theoretical investigations on this molecule have been done recently by Senent et al. [2]. S-Methyl
thioformate CH3SCHO is the most stable conformer and most likely to be detectable. Previous
experimental investigations on this molecule have been performed by Jones et al. [3] and Caminati
et al. [4] and its microwave spectrum was recorded between 10-41 GHz, S-methyl thioformate has
first been synthesized in Rennes. Then, the sub-millimeter spectrum was recorded for the first time
between 150-220GHz, 225-330GHz and 400-660GHz with the Lille spectrometer [5].
Some 1100 lines were assigned up to J=55 and K= 9 and a global fit for ground torsional state vt=0
performed with the BELGI-Cs code [6] of this molecule will be presented and discussed. The goal
is to realize a line list for an astrophysical research.
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Reactivity of the CN- anion in its 1+ electronic ground state with
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Highly correlated ab initio wave functions within the UCCSD(T)-F12 [1,2] approach have been used
to map the potential energy surfaces (PESs) in order to investigate the reactivity of the very stable
CN- anion as precursor for the formation of NCX- by association with neutral atoms that can be
present in the interstellar media (H, F, Cl, O or S) or for the formation of the neutral NCX species by
associative detachment. With H, F or Cl atom, a fraction of NCX- can be formed from [CN- + X] in
a floppy 2A’ state, but detachment is always possible. The process for H atom is rather similar with
the two halogen atoms F and Cl, with some differences due to the larger electronic affinity of the
halogens, making possible the existence of negative FCN- and ClCN- in bent geometries. In
particular, only ClCN- can really be stable ( E (Min 1+ - Min 2+) = - 0.8 eV and E (Min 1A’- Min
2
A’) = - 1.64 eV). This stability of XCN- has been already shown for heavy halogens Br and I [3,4].
The reaction of CN- with O and S atoms proceeds via a different process since the lowest electronic
state at long distance, the 3 state, does not correlate with the stable ground state of the XCN- anion
(X=O or S). This 3 state and its bent components are crossing at medium distance the X 1+ ground
state of XCN- or XNC- , and at shorter distance, the X2 state of the neutral XCN or XNC where the
extra electron can detach. With both O and S atoms, the [CN- (1+) + O/S (3P)] reaction starting from
the triplet ground state leads to the stable X1+ state of XCN- and XNC- via efficient spin orbit
coupling. [5] Consequently the CN- anion can be a generator of more complex molecular anions in
astrochemistry.
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Generation and exploitation of locality in vibrational calculations
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The standard choice of vibrational coordinates in vibrational-structure calculations of medium-size systems are normal modes. These coordinates are rather delocalized and do not generally allow for a local
description of potential energy surfaces and vibrational wave functions. Exploitation of locality, enabling
efficient anharmonic vibrational-spectra calculations for larger (bio-)systems, requires alternative, more
local vibrational coordinates. Examples of rectilinear local vibrational coordinates used in correlated
vibrational-structure calculations are local normal modes[1] and localized modes[2]. Also optimized coordinates[3] often exhibit some degree of locality. Employing our recently developed method for flexible
adaption of local coordinates of nuclei (FALCON)[4], a full set of rectilinear vibrational coordinates with
well-defined strict locality can be generated. The FALCON scheme moreover enables the generation of
only a subset of modes, e.g., focusing on a spatially defined part of the system, which offers potential for
reduction of computational cost.
In this contribution, it will be shown how local vibrational coordinates can be generated and exploited
in the generation of (an)harmonic potentials as well as correlated vibrational-structure calculations. Additionally, the performance of automatic measures for parameterizing correlated vibrational wave functions[5] will be compared for different types of rectilinear vibrational coordinates.
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ATTOSECOND EXCITED ELECTRONIC WAVE PACKET DYNAMICS
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Recent progress on ultrafast time-resolved spectroscopy technique enables real-time
observation of electron wave packet dynamics in organic molecules [1, 2]. Ab initio simulation of
the molecule-field interaction is a desirable tool for understanding features in the observed
dynamics of polyatomic molecules. We apply a semi-classical approach [3, 4] that includes the
excitation by the strong optical attopulse and the electron-nuclei coupling computed ab initio onthe-fly. We focus on the nuclei response to dynamics of electron wave packets with either dominant
Rydberg or valence character.
We simulate dynamics with electron wave packets consisting of (i) Rydberg excited states in
l-azabicyclo[2.2.2]octane (Fig.1, a) and (ii) -* and Rydberg excited states in naphthalene (Fig.1,
b), calculated in the basis of field-free eigenstates.
(a)

ABCO

HOMO

LUMO

(b)

naphthalene

HOMO

LUMO

Figure 1: Illustration of HOMO and LUMO in the typical components of the wave
packets in the systems studied (a) – n-3pz-Rydberg excited state in lazabicyclo[2.2.2]octane (ABCO); (b) – * excited state in naphthalene
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The distance-dependence of excitation energy transfer e.g. described by Förster Theory (Förster
Resonant Energy Transfer, FRET) is attractive to probe structures of biomolecules by optical
techniques [1]. While FRET nowadays constitutes an important pillar of structural biology, its
transposition to the gas phase has just recently became feasible [2]. While in the condensed phase,
the distance of the involved optical units can be easily probed by fluorescence, the low sample
concentration in the mass spectrometer renders such detection a real challenge. Recording specific
fragmentation processes instead alleviates this sensitivity problem. The interpretation of the
experimental data, however, relies on structural modeling. Parameters like the charge state strongly
influence the structures, which can vary from firm and compact to completely unfolded and flexible
systems. With the aim to provide a reliable modeling approach interfaced with the gas-phase FRET
measurements, we disclosed a protocol with the power to explore the structure of chromophoregrafted peptides and proteins and to predict thermally averaged FRET efficiencies from first
principles. This endeavour combines extensive sampling by replica-exchange molecular dynamics
simulations with numerical Förster theory modeling and results in a striking agreement with the
experimental values for the chromophore grafted Amyloid-β 12-28 peptide fragment [3]. The
approach was subsequently used to investigate the structures of two different alloforms of this
peptide as a function of the charge state. The obtained results support the hypothesis that – also in
the gas phase as medium – a single point mutation changes the misfolding and aggregation
propensity with implications for Alzheimer's disease [4]. Currently, we extend the approach to
bigger biomolecules. We perform a proof-of-concept for a well-known system: Ubiquitin. Here, we
observe the transition between native-like folded and unfolded structures in the gas-phase by gas
phase FRET which we support by the prediction of FRET-efficiencies for different conformational
families. Towards future applications, we wish to cover aggregation processes directly. As a first
step, we seek reliable ways to explore theoretically the structure of Amyloid-β dimers under
guidance of the information from the FRET experiments. These examples demonstrate that the
combination of FRET being measured in the mass spectrometer and theoretical modeling will allow
for charting the structure of a broad range biomolecular ions and their complexes in the gas-phase.
The prospect of coupling other techniques such as ion-mobility with this approach paves the way to
evolving a complementary global methodology for structural biology as an ultimate goal.
[1] G. D. Scholes, Annu. Rev. Phys. Chem. 54, 57 (2003).
[2] S. Daly, F. Poussigue, A.-L. Simon, L. MacAleese, F. Bertorelle, F. Chirot, R. Antoine, and P.
Dugourd, Anal. Chem. 86, 8798 (2014)
[3] A. Kulesza, S. Daly, L. MacAleese, R. Antoine, P. Dugourd, J. Chem. Phys. 143, 025101 (2015)
[4] S. Daly, A. Kulesza, F. Poussigue, A.-L. Simon, C. M. Choi, G. Knight, F. Chirot, L. MacAleese,
R. Antoine, and P. Dugourd, Chem. Sci. , 6 ,5040 (2015)

THEORETICAL AND EXPERIMENTAL STUDY OF PALLADIUM-CATALYSED CROSSCOUPLING REACTIONS INVOLVING TRIARYLBISMUTHS
P. Kutudila,
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Triarylbismuths are organometallic reagents of growing interest in organic synthesis, for their ability to
transfer the three aryl moieties in C-C coupling reactions[1]. These essentially non-toxic, atom efficient
reactants are attractive in the context of environment-friendly chemistry and have applications in
pharmaceutical chemistry and in material science.
Even If their synthesis dates before the 60s for the most common, their extensive use in metalcatalyzed coupling reactions is more recent, about ten years. These compounds have an intriguing
geometry because they are characterized by three bulky aromatic rings with C-Bi-C bond angles of
around 90°. Geometry optimizations of various Ar3Bi with the DFT method and the hybrid B3LYP
functional show that a lone pair on Bi atom is responsible for the basicity of these compounds.
After explaining the intrinsic properties, the study of
coupling reactions was started. In particular we considered
the cross-coupling reaction between the 3-chloro-6iodopyridazine and the triphenylbismuth under palladium
catalysis[2], using the DFT approach. We examined the
three major steps of the full catalytic cycle, i.e. the
oxidative addition, transmetallation and reductive
elimination, and validated that by characterizing the
different intermediates and transition states[3][4].
This kind of study will be helpful in explaining the differences in yields and selectivities observed in the
coupling reactions involving substituted triarylbismuths.
In addition, we will investigate the transferability or non-transferability of the second and third aryl units
in different triarylbismuths and we will compare our results to existing experimental data.
[1]

S. Condon, C. Pichon, M. Davi, Org. Prep Proced. Int. 2014, 46, 89-131.
K. Urgin, C. Aubé, M. Pipelier, V. Blot, C. Thobie-Gautier, S. Sengmany, J. Lebreton, E. Léonel, D. Dubreuil, S.
Condon, Eur. J. Org. Chem. 2013, 117-124
[3]
nd
Poster presentation at the 2 School Corrosion C2EAQ2014, Fes (Morocco), Dec. 2014
[4]
th
Poster presentation at the 19 European Symposium on Organic Chemistry, Lisbon (Portugal), Jul. 2015
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Alternative concepts of local adiabatic potential energy surface (PES) generation
methods for large molecules
Vincent Le Bris, Marc Odunlami and Falk Richter , UPPA
Email falk.richter@univ-pau.fr;
Two alternative concepts of local adiabatic potential energy surface (PES) generation methods
for large molecules are presented. The first one - which took the form of a fully grown program
package (adaptive generation of adiabatic potential energy surfaces, AGAPES [1-2]) ready to
use - is an adaptive approach based on a cut-HDMR expansion of the PES in curvilinear valence
coordinates.
Here, the chosen coupling terms are iteratively improved by sampling successively at maximal
interpolation error positions until some preliminary vibrational levels converge. It is also
demonstrated that the locality of the PES can be exploited to obtain near linear scaling...The
alternative concept suggests to maximize the quality of the PES for a given number of points
by an optimal ad hoc sampling, the Fekete distribution..The computational gains of this easy to
employ polynomial interpolation scheme are compared and discussed.
[1] F. Richter, P. Carbonniere, A. Dargelos, and C. Pouchan , J. Chem. Phys , 136, 224105
(2012)
[2] F. Richter, P. Carbonniere, and C. Pouchan , J. Quantum Chem., 114, 1401 (2014).

Analytical third derivatives for a Fully
Polarizable QM/ Classical Hamiltonian
Marta Olszówkaa , Tommaso Giovanninib , Chiara Cappellia
a Dipartimento di Chimica e Chimica Industriale, Università di Pisa, via Giuseppe Moruzzi,
3, I-56124 Pisa, Italy
b Scuola Normale Superiore, Piazza dei Cavalieri, 7 I-56126 Pisa, Italy

Molecular properties such as Raman activity and Raman Optical Activity require the computation of third derivatives with respect to Cartesian coordinate, electric and magnetic field. The calculation of spectroscopic and chiroptical
properties can be strongly influenced by the solvent effects, including specific solute-solvent interactions. For the cases where this kind of interactions are
dominating the QM/MM strategies are particularly successful [1].
We report the derivation, implementation and numerical tests of the approach
dedicated to calculate the analytical third derivatives within a QM/polarizable
MM model. The third derivative of the variational QM/MM energy is presented
for a generic perturbation and then the equations are narrowed down to electric
and magnetic perturbations.
As an example, we present the Raman and ROA spectra of methyloxirane in
aqueous solution [2]. This system benefits greatly from the QM/MM approach
not only due to the specific solute-solvent interactions, but also because of the
possibility of introducing statistical averaging effects, as shown in the previous
studies [3-4].
1. F. Lipparini, C. Cappelli, and V. Barone, ”A gauge invariant multiscale approach to magnetic spectroscopies in condensed phase: General three-layer
model, computational implementation and pilot applications” J. Chem.
Phys. 2013, 138, 234108
2. C. Cappelli, T. Giovannini, M. Olszówka, in preparation
3. F. Lipparini, F. Egidi, C. Cappelli, and V. Barone, ”The optical rotation
of methyloxirane in aqueous solution: a never ending story?” J. Chem.
Theory Comput. 2013, 9, 1880–1884
4. F. Egidi, I. Carnimeo, C. Cappelli, ”Optical rotatory dispersion of methyloxirane in aqueous solution: assessing the performance of density functional theory in combination with a fully polarizable QM/MM/PCM approach.” Optical Materials Express 2015, 5, 196–209

Diffusion of Guest Molecules in Small Pore MOFs: A Combination of
QENS Experiments and MD Simulations
M. Prakasha, H. Jobicd, N.A. Ramsahye a,b, F. Nouarc, C. Serrec, &G. Maurina
a
Institut Charles Gerhardt Montpellier UMR 5253 CNRS UM ENSCM, Université
Montpellier, 34095 Montpellier cedex 05, France
b
Institut Charles Gerhardt Montpellier Ecole Nationale Supérieure de Chimie Montpellier,
cedex 05, 34296, France
c
Institut Lavoisier Versailles UMR 8180, Université de Versailles St-Quentin, 45, avenue des
France, 78035 Versailles cedex, France
d
UniVersite´ Lyon 1, CNRS, UMR 5256, IRCELYON, Institut de Recherches sur la Catalyse
et l’EnVironnement de LYON,
The small pore MOF, MIL-140A, is a promising material for H2/CO2 separation, and its
potential for this task has been evaluated using a combination of Quasi-Elastic Neutron
Scattering measurements, and molecular dynamics simulations. This joint
experimental/computational effort was used to probe the self-diffusivities of H2, the corrected
and transport diffusivities of CO2 as single component and mixtures. This work first requires
the derivation of a flexible force for the MOF framework which is expected to play a major
role on the diffusion of these species. In terms of pure phases, H2 was shown to be the faster
of the two gases to diffuse through the narrow triangular channel of MIL-140A, its Ds value
being one order of magnitude higher than that of CO2, at a given temperature. Both molecules
show a 1D-type diffusion mechanism involving a sequence of jumps between regions
centered around the organic linkers. In the context of a binary mixture, H2 still diffuses faster
between the two, although with a slightly lower Ds, whilst that of CO2 increases slightly. This
is explained in light of an in-depth analysis of the co-diffusion mechanism.

Quantum Monte Carlo calculations of energies
and effective rotational constant of OCS inside
3
He-4He mixed clusters
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Abstract
The carbonyl sulfide (OCS) molecule with attached helium atoms
have been studied by using the Diffusion Monte Carlo method. A
parallel code has been developed to do the calculation including a
relatively large number of He atoms. Two different parallelization
strategies are implemented in CPU architectures. The implementation of the Diffusion Monte Carlo method on a GPU based system is
discussed. The ground state energy of the cluster as a function of the
composition is obtained. The density of the helium atom is calculated
by using this method. The 4 He atoms form a donut ring around the
waist of the molecule, whereas the 3 He atoms occupy the outermost
region of the droplet. By computing suitable imaginary time correlation functions the effective moment of inertia of the cluster is obtained.
The rotational constant of the doped mixed droplet decreases rapidly
for 1 − 6 helium atoms and much more slowly for larger sizes.

∗

fa1sarua@uco.es
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Spectroscopic study of diatomic dications MgF2+ MgCl2+
MgBr2+
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Abstract
Ab initio methodologies have been used to study the MgF2+, MgCl2+ and MgBr2+
diatomic dications discovered and produced in the phase gaz[1,2,3] .
We are interested in the spectroscopic study of those species, we started by
determining the spin-electronic potential energy curves of each system.
Our calculations were performed by MRCI method with different Dunning's
basis set aug-cc-v(x+d)z and aug-cc-vxz [4].
The spectroscopic constants of the given Ω-electronic ground state ( X2∏1/2) of
each diatomic dications and the manifold electronic excited states have been
determined.
Aso spin-orbit constant of each system has been calculated and compared with
the spin-orbit constant of the corresponding neutral specie.

1 [S. M. McCullough, A. D. Jones, and C. B. Lebrilla, Int. J. Mass Spectrom. Ion Proc. 107 (1991) 545]
2 [S. Falcinelli, F. Fernandez-Alonso, K.S. Kalogerakis, and R. N. Zare, Mol. Phys. 88 (1996) 663]
3[V. Brites, K. Franzreb, J.N. Harvey, S.G. Sayres, M.W. Ross, D.E. Blumling, A.W. Castleman. Jr, and M.
Hochlaf, Phys. Chem. Chem. Phys. 13, 15233 (2011)]
4[ MOLPRO, version 2012.1, a package of ab initio programs, H.-J. Werner, P. J. Knowles et al., see
http://www.molpro.net]

A semiclassical description of Interatomic Coulombic decay.
Nicolas Sisourat, Laboratoire de Chimie Physique - Matière et Rayonnement,
Université Pierre et Marie Curie, Paris, France.
Interatomic (molecular) Coulombic decay (ICD) is an ultrafast non-radiative electronic decay process for
excited atoms or molecules embedded in a chemical environment. Via ICD, the excited system can get rid of the
excess energy, which is transferred to one of the neighbors and ionize it. ICD produces two charged particles
next to each other and thus leads to Coulomb explosion.
In the last decade, ICD has attracted considerable and rising attention. One of the reasons for the current broad
interest in ICD is the possibility of analytical applications. For example, Auger effect is widely used to probe the
atomic composition and the environment of the atoms of materials via Auger electron spectroscopy. ICD is
clearly superior to the Auger effect in its sensitivity to the chemical environment. Indeed, here the decay itself is
possible only due to the effect of the environment, even if the interaction of the ionized atom or molecule with
the environment is very weak.
In order to develop such ICD spectroscopy a better knowledge of this effect in large polyatomic systems is
necessary. From the theoretical point of view general quantum mechanical equations for describing the decay
processes and the subsequent fragmentations are known but are only applicable for rather small systems.
Approximate, but accurate, methods are therefore needed to go beyond benchmark systems.
To this end, an original approach for a complete theoretical description of ICD in polyatomic rare-gas clusters
will be presented. This approach combines the projection-operator formalism of resonant scattering theory, the
diatomics-in-molecules technique and a surface hopping algorithm. It thus involves a classical treatment for the
nuclear motion while retaining a quantum description for the electron dynamics. The potential energy and the
decay widths surfaces are computing on-the-fly using the diatomics-in-molecules technique. Such combined
approach has low computational costs and can be used to study much larger systems. Some examples to
illustrate the method will be given. Results on ICD in large rare-gas clusters will finally be reported.

Characterization, spectroscopy and reactivity of the weakly bound complexes of
the [H, N, S]- anionic system and implications
T. Trabelsi1, Y. Ajili1, S. Ben Yaghlane1, N.-E. Jaidane1,M. Mogren Al-Mogren2, J. S. Francisco3, and
M. Hochlaf 4
1)Laboratoire de Spectroscopie Atomique, Moléculaire et Applications - LSAMA
Université de Tunis El Manar, Tunis, Tunisia.
2)Chemistry Department, Faculty of Science, King Saud University, P.O. Box 2455, Riyadh 11451, Kingdom of Saudi Arabia.
3)Department of Chemistry and Department of Earth and Atmospheric Sciences, Purdue University, West Lafayette, Indiana 47906
4)Université Paris-Est, Laboratoire Modélisation et Simulation Multi Echelle, MSME UMR 8208 CNRS, 5 bd Descartes, 77454 Marne-la-Vallée,
France

Abstract
We investigate the lowest electronic states of doublet and quartet spin multiplicity states of
HNS- and HSN- together with their parent neutral triatomic molecules. Computations were
performed using highly accurate ab initio methods with a large basis set. One-dimensional cuts of
the full-dimensional potential energy surfaces (PESs) along the interatomic distances and bending
angle are presented for each isomer. Results show that the ground anionic states are stable with
respect to the electron detachment process and that the long range parts of the PESs correlating to
the SH- + N, SN- + H, SN + H-, NH + S - and NH- + S are bound. In addition, we predict the
existence of long-lived weakly bound anionic complexes that can be formed after cold collisions
between SN- and H or SH- + N. The implications for the reactivity of these species are discussed,
specifically it is shown that the reactions involving SH-, SN- and NH- lead either to the formation of
HNS- or HSN- in their electronic ground states or to autodetachment processes. Thus providing an
explanation for why the anions, SH-, SN- and NH- , have limiting detectability in astrophysical
media despite the observation of their corresponding neutral species. In a biological context, we
suggest that HSN- and HNS- should be incorporated into H2S-assisted hemecatalyzed reduction
mechanism of nitrites in vivo.
References
* P. Swings et L. Rosenfeld. Astrophys. J. 86, 483 (1937).
* W. M. Irvine, M. Senay, A. J. Lovell, H. E. Matthews, D. McGonagle et
R. Meier. Icarus 143, 412 (2000).
* S. Ben Yaghlane, N.E. Jaidane, C. E. Cotton, J. S. Francisco, M. M. Al Mogren,
R. Linguerri et M. Hochlaf. J. Chem. Phys. 140, 244309 (2014).
* H.-J. Werner and P.J. Knowles, J. Chem. Phys. 89, 5803 (1988).
* MOLPRO, version 2012.1, a package of ab initio programs, H.-J. Werner, P. J. Knowles et
al., see http://www.molpro.net
* Woon, D. E.; Dunning, Jr., T. H., J. Chem. Phys. 1993, 98, 1358-1371

DUO: A GENERAL PROGRAM FOR CALCULATING SPECTRA OF
DIATOMIC MOLECULES
S.N. Yurchenko1, L. Lodi1, J. Tennyson1, A. Stolyarov2
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We present Duo, a general, user-friendly program for computing rotational, rovibrational and
rovibronic spectra of diatomic molecules [1]. Duo solves the Schrödinger equation for the motion of
the nuclei not only for the simple case of uncoupled isolated electronic states (typical for the ground
state of closed-shell diatomics) but also for the general case of an arbitrary number and type of
couplings between electronic states (typical for open-shell diatomics and excited states). Possible
couplings include spin-orbit, angular momenta, spin-rotational and spin-spin. Corrections due to
non-adiabatic effects can be accounted for by introducing the relevant couplings using the so-called
Born-Oppenheimer breakdown curves. Duo requires user-specified potential energy curves and, if
relevant, dipole moment, coupling and correction curves. From these it computes energy levels, line
positions and line intensities. Several analytic forms plus interpolation and extrapolation options are
available for representation of the curves. Duo can refine potential energy and coupling curves to
best reproduce reference data such as experimental energy levels or line positions. Duo is provided
as a Fortran 2003 program and has been tested under a variety of operating systems. Duo is
currently being used as a diatomic computational tool as part of the ExoMol project [2], whose aim
is to generate high-temperature spectra for all molecules likely to be observable in exoplanet
atmospheres in the foreseeable future. Examples of Duo calculations for a number of ExoMol
molecules will be presented [3-5].
This work was supported by the ERC under Advanced Investigator Project 267219. SY and JT
would like to acknowledge the networking support by the COST Action CM1405 MOLIM. AVS
would like to thank the support by the RFBR grant No. 15-03-03302-a.
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Ab-initio and semi-empirical study of tree mechanisms for the indole synthesis
Samira Zeroual and Seloua Dridi
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ALGERIA
E-mail sohazer@yahoo.fr

Abstract
Indole is a benzopyrrole resulting from the fusion of a benzene ring on (α) and (β) carbons of
pyrrole. It is a substance that is related to a great number of natural compounds, which play a
considerable biochemical role. [1] [2]
The theoretical study of Fischer reaction, which is a general way of indole synthesis, was
carried out by means the semi-empirical (AM1, PM3 and MNDO) and ab-initio methods
(STO-3G, 3-21G, 6-31G and 6-31G*) to analyze the three mechanisms proposed for this
reaction.
Energies and heats of formation obtained are based on primarily on geometries optimization
calculation for different hypothetical intermediates in the three mechanisms.
Transition states calculations allows the clarification of Fischer reaction regioselectivity.
The comparative theoretical study made on the proposed mechanisms, shows that the
Robinson’s mechanism is the most favorable.

Keywords: Indole, theoretical study, Fischer reaction, transitions states, semi-empirical
methods, ab-initio methods.
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