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Triple states, based on organometallic compounds, are of special fundamental and
commercial interest. Rare ligand-to-metal charge-transfer (LMCT) excited states, based on
d0-metal complexes, were revealed to be highly emissive and long-lived [1]. We have
obtained first group 4 metal π-complex (rac-С6H10(IndH4)2ZrCl2), having high
phosphorescence quantum yield (Φ up to 0.41) and lifetime (10−7−10−5 s.) in liquids at room
temperature, and also unique photosensor properties.
Presently, we report the results of the on-going study on two-photon excitation of complex
organometallic molecules to higher triplet states. Thus, triplet − triplet (T-T) absorption of
d0-metal complexes from a rare ligand-to-metal electronically-excited state (3LMCT, Fig.
1a), as exemplified by dissolved representative metallocene complexes: racС6H10(IndH4)2ZrCl2 and Cp2MCl2 (M = Ti, Zr, Hf), was for the first time revealed by means
of flash photolysis at room temperature.

b
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Figure 1. Schematic representation of electronic transitions in group 4 metal complexes (a)
and structure of the respective metallocene in T2 electronic state (b) (calc.).
3

LMCT states, based on the studied d0 bent metallocene complexes, are thus shown to be
effectively populated at room temperature (schematically shown on Figure 1). Our complex
photophysical and quantum-chemical study reveals that triplet states are stable in the case of
target organometallic complexes; those structures in S0, S1, T1, and T2 electronic states were
rationalized at different levels of theory. Different photochemical processes occurring in
1
LMCT and 3LMCT states based on the target organometallic family will be discussed.
The authors thank colleagues for a long-standing collaboration and financial support from
Russian Academy of Sciences and RFBR (projects 14-03-32014, 12-03-00984, and 12-0333104). The study was conducted in the framework of SEC “Chemistry of High Energy” of
Lomonosov Moscow State University.
[1] G.V. Loukova, V.A. Smirnov, Chem. Phys. Lett. 329, 437 (2000); G.V. Loukova, W. Huhn, V.P.
Vasiliev, V.A. Smirnov, J. Phys. Chem. A, 11
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The mineralization is a curious problem of connective tissues. This pathology occurs in
yellow ligaments as well as in case of aortic valves [1]. The aim of the studies was a
detailed description of the chemical composition and morphology of mineral deposits in the
human yellow ligaments (YL). Investigations of the structural features of deposits were
used to explain the impact of various factors on mineralization process.
The studies were carried out on 24 YL samples, surgically removed from patients suffer
from spinal canal stenosis and the patients who sustained a trauma. The micro-computed
tomography was used to describe the morphology of mineral deposits. The X-ray
fluorescence method and Fourier transform infrared spectroscopy were applied to determine
the chemical composition of the samples.

Fig. 1. The image of deposits (a), the binarized image of calcified tissue and (c) the grains
distribution.
The mineral deposits appear in 60% of YL samples, both in patients with a stenosis and
following injury. The mineral deposits have a heterogeneous structure and they are a
mixture of the tissue and mineral grains. The deposits measured with a spatial resolution of
2 μm, the binary image of deposits and grains distribution in deposits were shown in Fig.1.
The area volume of elevated density (Fig. 1b) in the tissue constitute about 0.5 % of tissue.
The volume of mineral grains amounts to (1.9 ± 3.4)*10-3 mm3 while the density
distribution of grains occurs in two distinct ranges (1.75 – 2.15 and 2.15 – 2.5) g/cm3.
The B-type carbonate-containing hydroxyapatite constitutes the mineral phase of majority
YLs. The main phase of two samples was calcium pyrophosphate dihydrate (CPPD). The
elemental composition of minerals in all samples is almost identical. This pathology may be
independent on the spine diseases and it does not evoke canal stenosis. High grains density
may be related to the maturity of minerals and progress of mineralization with the age. The
presence of deposits of two different chemical structures suggests two independent
processes of mineralization. The presence of CPPD crystals may coexist with other
pathologies.
[1] S. Orzechowska, A. Wróbel, G. Goncerz, P. Podolec, E. Rokita. J Heart Valve Dis, 23:40-47 (2014)
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The 13C2H4 is an asymmetric top molecule with twelve different vibrational modes. Because
of its symmetry (D2h), all the vibrational states of the C2H4 molecule are divided into 8 groups
of the states of different symmetry. However, only bands of three types of symmetry (B1u, B2u, B3u)
are allowed in absorption from the ground vibrational state. At the same time, information about
rotational structure of as many as possible upper vibrational states of a molecule is necessary for
analysis of its fundamental properties.
In the present study we consider the v8+v10 (Au) band of 13C2H4 which is forbidden in absorption
by symmetry. The FTIR spectrum of that band was recorded for the first time in University
of Braunschweig (Germany) with a pressure of 1.13 Torr, absorption path length 24 m, and
room temperature.
Because ro-vibrational transitions in the v8+v10 band can be appeared only as a result of
borrowing intensity from the bands v4+v8 and v7+v8, line strengths of the studied band are
weak. In spite of that, we were able to undoubtedly assign 1228 transitions (536 upper
energy levels) to the v8+v10 band with Jmax. = 32 and Kamax. = 17. To correctly fit the assigned
transitions (energy levels), three additional vibrational states most strongly interacting with
the studied (v8=v10=1) state, were taken into account.
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Molecular stable and metastable dimers are expected to affect the atmosphere radiation
balance, atmospheric chemistry and relaxation processes. Recent experimental observation
of the stable dimers spectra provides a way to study their structure and dynamic properties.
In the present work, we analysed lifetime distribution of metastable dimers CO2-Rg (Rg =
He, Ar, Xe) using three-dimensional classical trajectories calculation with the anisotropic
intermolecular potential functions [1-3] (373248 trajectories in a series) for free collisions
(trajectories with one turning point) and collisions with quasi-bound (metastable) state
formation (trajectories with several turning points). The sum of collisions Ntraject with
different numbers Nturnig of turning points is indicated below.

We also calculated the rototranslational collision-induced absorption (CIA) band shapes for
CO2-Rg pairs on the assumption that the dipole is induced in Rg by the quadrupole and
hexadecapole moments of CO2. Calculating CIA band profiles as Fourier transform of
collision induced dipole correlation functions we obtain individual contributions of quasibound, true bound and free pair states.
This work was supported by Saint-Petersburg State University under grant 11.38.265.2014.
[1] J. Hutson, A. Ernesti, M.M. Law, C.F. Roche, R.J. Wheatley, J. Chem. Phys. 105, 9130 (1996)
[2] H. Li, N. Blinov, P.-N. Roy, R.J. Le Roy, J. Chem. Phys 130, 144305 (2009)
[3] U. Buck, F. Huisken, D. Otten, R. Scninke, Chem. Phys. 101, 126 (1983)
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The high-resolution infrared spectra of mono- and di-deutero diacetylene, C4HD and C4D2,
have been recorded in the 450-1100 cm-1 spectral region by Fourier transform infrared
spectroscopy (FTIR).
For C4HD seven new bands have been identified: the 3 fundamental (CC stretch) and the
8+9, 7+8, 27, 28, 8+99 and 6+99 combination, overtone and hot bands. The
assigned transitions, together with those previously reported for the fundamental bands
6GS, 7GS and 8GS [1], form a comprehensive data set which includes more than
2500 ro-vibrational transitions, and involves all singly- and most doubly-excited vibrational
states of C4HD lying below 1000 cm-1. Rotational and vibrational l-type resonances effects
among the sublevels of excited bending states were considered in the analysis, which also
included a careful treatment of the various anharmonic interactions coupling many
vibrational levels lying above 600 cm-1. Reliable and unambiguous spectroscopic
parameters were obtained for each investigated states, including the rotational and
centrifugal distortion constants Bv and Dv, the l-type doubling parameter qt, the
anharmonicity constants xL(89), xL(69) and the vibrational l-type terms r89, r69 for the v8 = v9 =
1 and v6 = v9 = 1 bend-bend combination states.
For C4D2 two spectral intervals have been explored: 450-1150 and 1800-2700 cm-1. Because
of the g/u symmetry properties, fewer vibrational transitions are infrared active for this
isotopologue. In the lower wavenumber range the fundamental band 8GS and the
combination bands 6+9GS, 6+8GS, 7+8GS, 8+99, 6+8+99 and
7+8+99 have been observed and analysed. The analysis of the upper range is still very
preliminary. Some spectral regions, such as the window around 500 cm-1, are very crowded
making the analysis rather difficult. In order to simplify the assignment procedure we
recorded the spectra also at low temperature (about 85 °C). As expected, the spectrum
looks less congested as several hot bands are weaker or absent.
Details on both molecules are presented.
[1] F. Tamassia et al., Astron. Astrophys. 549, A38 (2013)
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Pressure broadening and shift coefficients as a function of J have been determined using an
external cavity tunable diode laser spectrometer for the 2ν1 and (ν1+ν3+ν5)1e bands of
acetylene-d, C2HD, between 6490 and 6610 cm-1 using krypton as a buffer gas at 295 K.
These have been compared with results obtained in this laboratory for normal acetylene,
C2H2. Experimental data have been obtained from 20 experiments, each consisting of 10-15
spectra, for the P(30) through R(30) lines at buffer gas pressures up to 0.5 atm.
As was the case for broadening by N2, both the pressure broadening coefficients and the
pressure shift coefficients are indistinguishable between the two bands, despite the known
dependence of acetylene pressure shifts between bands of ordinary acetylene. Moreover, the
pressure broadening and shift coefficients for krypton-broadened C2HD are remarkably
similar to those of C2H2[1]. These results are interpreted in the light of the observation by
Martinez et al.[2] that asymmetric isotopomers of symmetric molecules follow collisional
“propensity rules” characteristic of the symmetric molecule and not the less restrictive
propensity rules predicted by the lack of nuclear spin symmetry.
Acknowledgement: This work was a class project of the Physical Chemistry Laboratory at
the University of Oregon. The authors are grateful to the University of Oregon and the
Department of Chemistry Instructional Laboratories for their support.
[1] S. W. Arteaga, C. M. Bejger, J. L. Gerecke, J. L. Hardwick, Z. T. Martin, J. Mayo, E. A.
McIlhattan, J.-M. F. Moreau, M. J. Pilkenton, M. J. Polston, B. T. Robertson, and E. N. Wolf, J. Mol.
Spectrosc., 243, 253-266.
[2] R.Z. Martinez, J.L. Doménech, D. Bermejo, G. Di Lonardo, L. Fusina, J. Chem. Phys, 134, 231102 /
1 - 4 (2011)
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Interest to of metals -diketonates is caused by their unique physical-chemists properties. It
defines wide application of metals -diketonates in scientific researches, technics, and
technologies, for example in fabrication of metallic and metal-oxides surfaces. Strong
biological activity of some -diketonates allows its application in antiviral, antiallergic,
antitumoral therapeutics, tranquilizators, insecticide, and herbicides. Transition metals
acetylacetanates are interesting in fundamental investigations because of its - and substitution. Variation of the complex forming metal allows to obtain useful data to
elucidate metal — ligand interaction, influence of d-orbitals population and multiplicity on
electronic structure.
Special interest in investigation of aluminium, chromium, and cobalt acetylacetanates is
caused by its addition to oligo- and polyorganylsiloxanes compounds. Materials based on
[RSiO1.5]n have strong hydrophobic, color stability, and other special photo-properties. Our
study of Cr(Acac)3, and their -substituted Cr(Acac)n(Acac-R) m where R = -SCl, or
-S-CH2C(Cl)H-SiMe3 (n+m=3) is part of our investigation of organylsiloxanes with
connecting chelates metal complexes.
Cr(Acac)3 photoelectron spectrum was obtained in gas-phase with HeI source (21.2 eV).
Spectra for others compounds were collected in solid measurments with X-ray MgK
source (1253.6 eV). DFT/B3LYP calculations with geometry optimization were carried out
for all structures. Chromium acetylacetanate sulphenylchloride is presented on the picture.
With to photoelectron spectroscopy measurements and quantumchemical modeling we
obtain new data in geometric structure, energy properties of the core and valence levels,
electronic density localization, chemical states of atoms, and other electronic and energy
properties of studied complexes. Applying XPS and DFT we interpreted valence region in
photoelectron spectra for the complexes including complexes in solid state matrices.
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A large number of hydrocarbon ions and neutrals have already been detected in space. 1 As
oxygen and carbon have similar cosmic abundances, the oxygenated hydrocarbon species
are believed to be formed in interstellar clouds. Computational and laboratory data suggest
that CO and elemental oxygen via insertion to hydrocarbon ions produce unsaturated
oxygented species. For instance, cyclopropenone detected (c-H2C3O, 2005) in Sagittarious
B2(N) region, is strongly conceived as the reaction product between previously found
cyclopropenylidene (c-:C3H2, 1987) and elemental oxygen.2 In this concern, few selected
unsaturated hydrocarbon cations (C4H+, C4H2+, C4H3+, C5H+ etc) were studied under CO
and O2 environments. The products are found mainly mono-oxygenated species.3 Small
organics like HCO+, HCO2+ and H3CO+ have been already found in space1 but one can
expect oxygenated hydrocarbon ions of longer carbon chain too in dense clouds. There is
not much knowledge available in literature for oxygenated hydrocarbon cations of longer
carbon chain. Hence, electronic spectroscopy data of them can be a starting point for
astrophysical exploration.
H2C6O+, mono-oxygenated cation, was produced in hot cathode by ion neutral reaction from
1:1 mixture of carbon suboxide and diacetylene. The ions of m/z=90 were co-deposited with
neon contaminated with little amount of electron scavenger (CHCl3) for efficient trapping of
cations on cryogenic surface. The spectroscopic data obtained after measurements suggest
that there are three different cationic isomers present in the matrix. The isomers, responsible
for those absorptions, are assigned on the basis of calculated vertical excitation energies
with CASPT2 method. The ground state coordinates are taken after geometrical
optimization of the structures using DFT.

Fig 1. Electronic absorption spectra of H2C6O+ recorded: after deposited (green trace), after
20 minute irradiation by a medium pressure mercury lamp, λ<260 nm (black trace). Origins
assigned by same colors are belonging to one species.
[1] P. Thaddes and M.C. McCarthy, Spectro. Acta A 57, 757 (2001).
[2] J. M. Hollis, A. J. Remijan, P. R. Jewell and F. J. Lovas, Astrophys. J. 642, 933 (2006).
[3] N. G. Adams, D. Smith, K. Giles and E. Herbst, Astron. Astrophys. 220, 269 (1989).
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For 30 years, polycyclic aromatic hydrocarbons (PAHs) molecules are suspected to be
present in the interstellar medium (ISM) and to be responsible for the broad and unresolved
emissions features, the so-called unidentified infrared bands (UIBs) [1]. To date for this
class of molecules, the principal source of rotational informations is ruled by microwave
(MW) spectroscopy [2] while high resolution measurements reporting rotational structure of
the infrared (IR) vibrational bands are very scarce. Recently, some high resolution
techniques provided interesting new results to rotationally resolve the IR and far-IR bands
of these large carbonated molecules of astrophysical interest [3]. In this work, both
experimental and theoretical approaches provide the first accurate determination of the
rotational energy levels of two diazanaphthalene: [1,5]- and [1,6]-naphthyridine. The [1,6]naphthyridine has been studied at high resolution, in the microwave (MW) region using a
Fourier transform microwave (FTMW) spectrometer and in the far-infrared (FIR) region
using synchrotron-based Fourier transform spectroscopy. The very accurate set of ground
state (GS) constants deduced from the analysis of the MW spectrum allowed the analysis of
the most intense modes in the FIR (38-GS centered at about 483 cm-1 and 34-GS centered at
about 842 cm-1). In contrast with [1,6]-naphthyridine, pure rotation spectroscopy of [1,5]naphthyridine cannot be performed for symmetry reasons so the combined study of the two
intense FIR modes (22-GS centered at about 166 cm-1 and 18-GS centered at about 817 cm-1)
provided the GS and the excited states (ES) constants. Although the analysis of the very
dense rotational patterns for such large molecules remains very challenging, accurate
anharmonic density functional theory (DFT) calculations appeared as a highly relevant
supporting tool to the analysis for both molecules [4]. Moreover, inertial defects calculated
in the GS (ΔGS) of both molecules exhibit a slightly negative value as previously observed
for planar species of this molecular family. We adjusted the semi-empirical relations [5] to
estimate the zero-point inertial defect (Δ0) of polycyclic aromatic molecules and confirmed
the contribution of low frequency out-of-plane vibrational modes to the GS inertial defects
of PAHs, which is indeed a key parameter to validate the analysis of such large molecules.
[1] A. Leger, J. L. Puget, Astron. Astrophys. 137, L5-L8 (1984); L. J. Allamandola et al. Astrophys. J.
290, L25-L28 (1985).
[2] Z. Kisiel et al. J. Mol. Spectrosc. 217, 115 (2003); S. Thorwirth et al. Astrophys. J. 662, 1309
(2007); D. McNaughton et al. J. Chem. Phys. 124, 154305 (2011).
[3] S. Albert et al. Faraday Discuss. 150, 71-99 (2011); B. E. Brumfield et al. Phys. Chem. Lett. 3,
1985-1988 (2012); O. Pirali et al. Phys. Chem. Chem. Phys. 15, 10141 (2013).
[4] M. Goubet, O. Pirali, J. Chem. Phys. 140, 044322 (2014).
[5] T. Oka, J. Mol. Struct. 352, 225 (1995).
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Helium is the simplest multielectron atom which is of both experimental and theoretical
interest due to its calculable electronic structure. In particular, it has played an important
role for testing and improving Quantum ElectoDynamics (QED) atomic theories. Currently,
the variational calculations, together with quantum defect extrapolations for high n and
asymptotic expansions for high l, provide essentially exact results for the entire singlyexcited electronic spectrum of helium [1]. Experimental measurements have been widely
investigated using numerous techniques allowing measurements from the microwave to
XUV spectral range (see e.g [2-4]). We report in this poster the observation of RydbergRydberg transitions of 4He observed in the far-infrared (50-700cm-1). The spectrum has
been recorded in a continuous DC discharge with the Fourier-transform infrared
spectrometer on the AILES beamline at synchrotron SOLEIL. We measured both singletsinglet and triplet-triplet transitions with Δn=0 and Δl=0,+1. We measured also a series of
triplet transitions involving high n and l values, with n=7 to 13 (Δn=1) and l>6 (Δl=1) which
are in very good agreement with the QED calculations performed by Drake. Although the
present results will not be crucial to refine the accuracy of future determinations of 4He
single-electron excitation energy levels, these measurement demonstrate the possibility to
record electronic transitions in the far-infrared using the synchrotron based Fouriertransform interferometer of the AILES Beamline.
[1] G. W. F. Drake, High Precision Calculation for Helium, in Springer Handbook of Atomic,
Molecular and Optical Physics Handbook, G. W. F. Drake, New York (2006) pp. 199-219.
[2] T. J. Sears, S. C. Foster, and A. R. W. McKellar, J. Opt. Soc. Am. B 3, 1037 (1986)
[3] D. Z. Kandula et al. Phys. Rev. A 84, 062512 (2011)
[4] P.-L. Luo et al. Phys. Rev. A 88, 054501 (2013)
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It is well-known that the electronic spectra of transition-metal-containing (TMC) molecules
are very complex due to the large number of low-lying interacting electronic states, large
multi-reference character of the electronic states and importance of spin-orbit and
relativistic effects. As a result, fully ab initio calculations of line positions and intensities of
TMC molecules have an accuracy which is considerably worse than the one usually
achievable for molecules made up only of main-group atoms. However the density of lowlying electronic states and associated rovibronic transitions make such molecules very
important for the atmospheres of cool stars and exoplanets where they can absorb
significant flux at near-infrared and visible wavelengths.
We report new theoretical line lists for scandium hydride ScH and titanium hydride TiH.
Scandium and titanium are the lightest transition metal atoms and by virtue of their small
number of valence electrons are more amenable to high-level electronic-structure treatments
and therefore serve as benchmark systems. We report potential energy curves, dipole curves
and various coupling curves (including spin-orbit) for both systems which characterise their
electronic spectra up to about 20 000 cm-1. Curves were obtained using InternallyContracted Multi Reference Configuration Interaction (IC-MRCI) as implemented in the
quantum chemistry package MOLPRO. The curves were used for the solution of the
coupled-surface ro-vibronic problem using the in-house program Duo. Comparison with
experimental data is provided when possible.
The resulting line lists are made available as part of the Exomol project [1].
[1] J. Tennyson and S. N. Yurchenko, Mon. Not. R. Astr. Soc. 2012, 425, 21. See also
www.exomol.com.
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Hydrogen peroxide (H2O2) is one of the molecules considered as part of the ExoMol project
[1] which aims to building a database of line lists for molecules important for the
characterization of atmospheres of exoplanets and cool stars. Hydrogen peroxide plays a
key role in the chemistry of water and ozone in the planetary atmospheres. Biologically it is
important in host defence and in oxidative biosynthetic reactions. Recently, there has been a
surge in astrophysical interest in H2O2: It has been detected on the surfaces of Encelades [2]
and Europa [3], and as well it is providing insight into surface chemistry in the interstellar
medium [4] where it is a possible precursor to the formation of water in the Universe. There
is therefore a need for a high-quality, accurate and complete line list for H2O2 as its spectra
is highly complex and difficult to characterise. Presented here is a preliminary room
temperature line list for H2O2 which is compared to currently available experimental data.
The synthetic line list was produced using the variational ro-vibrational solver TROVE [5]
in conjunction with an ab initio potential energy surface [6,7]. Our goal is a hot line list for
this molecule.
[1] J. Tennyson and S.N. Yurchenko, Mon. Not. Roy. Astr. Soc 425 21 (2012)
[2] S.F. Newman, B. J. Buratti, R. Jaumann, J. M. Bauer, and T. W. Momary. Astrophys. J. 670 143
(2007)
[3] R.W. Carlson et al. Science 283 2062 (1999)
[4] P. Bergman, B. Parise, R. Liseau, B. Larsson, H. Olofsson, K. M. Menten and R. Güsten . Astron.
Astrophys. 531 8 (2011)
[5] S. N. Yurchenko, W. Thiel, and P. Jensen. J. Mol. Spectrosc. 245 126 (2007)
[6] P. Małyszek and Jacek Koput J. Comp. Chem. 34 337 (2013)
[7] O. L. Polyansky, I. N. Kozin, R. I. Ovsyannikov, P. Malyszek, J. Koput . J. Phys. Chem. A 117 7367
(2013)
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In the 12C16O molecule new observations and analyses of eleven bands of the fourth –
positive (A1Π → X1Σ+) system were conducted. Under high resolution, using conventional
photographic emission spectroscopy technique, highly excited 7-16, 7-17, 8-18, 8-19, 9-19,
9-20, 10-20, 10-21, 11-22, 12-22 and 13-24 bands were recorded and spectroscopically
studied. Individual constants of the rovibronic structure: Bv and Dv as well as the
equilibrium constants: Be, αe, e, ωe, ωexe, and ωeye of the upper A1Π state were obtained.
Amongst all obtained rovibronic parameters, the centrifugal distortion constants Dv of
highly excited vibrational vA=9-13 levels were calculated for the first time. Up to date they
were known solely as the result of theoretical computations of Simmons et al. [1] and Field
et al. [2].The values of band origins for all studied bands were also computed. On the basis
of these parameters and the ground X1Σ+ state constants recalculated isotopically from
Le Floch [3] data first experimental rovibronic term values of the A1Π state vA=7-13 levels
were calculated. Moreover, numerous observed rotational perturbations of the A1Π state
were identified and compared with the theoretically determined ones. Thanks to new
recordings and analyses the information regarding both electronic states of the fourth –
positive system got enlarged and organized to significant extent.
[1] J.D. Simmons, A.M. Bass and S.G. Tilford, Astrophys. J. 155, 345 (1969)
[2] R.W. Field, B.G. Wicke, J.D. Simmons and S.G. Tilford, J. Mol. Spectrosc., 44, 383, (1972)
[3] A.C. Le Floch, Mol. Phys., 72, 133 (1991)
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Although solution of diatomic nuclear motion problem for a single, uncoupled potential
energy curve is standard [1], there appears to be no general rovibronic program available for
diatomics characterized by complex interactions between electronic states. We have
therefore developed a new computational tool, Duo, to fill this gap. Duo is a flexible, userfriendly program written in Fortran 2003 capable of solving the Schrödinger equation for
the nuclear motion of a general diatomic molecule with an arbitrary number and type of
coupling between electronic states. The program is based on a unique computational
approach allowing one to build diatomic ‘projects’ from a set of pre-defined objects such as
potential energy and dipole moment functions, spin-orbit, electronic angular momentum,
spin-rotational, non-adiabatic and other interactions, arbitrary effective Hamiltonian terms
as well as from a set of computational tools for solving the eigen-problems, doing
interpolations, producing intensities (line lists), fitting to the experimental energy levels
and/or transitions etc. 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.
This work was supported by the ERC under Advanced Investigator Project 267219.
[1] R. J. Le Roy, LEVEL 8.0 A Computer Program for Solving the Radial Schödinger Equation for
Bound and Quasibound Levels, University of Waterloo Chemical Physics Research Report CP-663,
http://leroy.uwaterloo.ca/programs/ (2007).
[2] J. Tennyson and S.N. Yurchenko, Mon. Not. R. Astron. Soc., 2012, 425, 21.
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Gorman, C. Hill, L. Lodi, A.T. Patrascu, A. Pavlyuchko, O.L. Polyansky, C. Sousa-Silva, J.
Tennyson, D.S. Underwood, S. N. Yurchenko
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Fundamental molecular data play a key role for spectral characterization of astrophysical
objects cool enough to form molecules in their atmospheres (cool stars, extrosolar planets
and planetary discs) as well as in a broad range terrestrial applications. However the
laboratory data for a number of key species is absent, inaccurate or incomplete. The ExoMol
project aim to providing comprehensive line lists for all molecules likely to be observable in
exoplanet atmospheres in the foreseeable future [1]. This is a huge undertaking which will
mean providing in excess of tens of billions of spectral lines for a large variety of molecular
species [2].
The physics of molecular absorptions is complex and varies between different classes of
absorbers, which are therefore divided into following topics (a) diatomic, (b) triatomics, (c)
tetratomics, (d) methane and (e) larger molecules. Special techniques are being developed
to treat each case. The line lists for a number of key atmospheric species currently available
from ExoMol (www.exomol.com): NH3 [3], CaH, MgH, BeH [4], SiO [5], HCN/HNC [6],
KCl, NaCl [7] and CH4 [8]. The line lists currently being constructed include those for PH3,
SO2, SO3, AlH, AlO, C2, C3, PN, SH, SiH, CrH, ScH, TiH, H2S, HNO3, H2CO, and C2H4.
We will present examples of molecular spectra computed using the ExoMol line lists.
This work is part of the ExoMol project supported by the ERC under Advanced Investigator
Project 267219. We thank STFC for providing time on HPC systems Darwin and COSMOS
as part of their DiRAC facility.
[1] J. Tennyson and S.N. Yurchenko, Mon. Not. R. Astron. Soc., 425, 21 (2012).
[2] J. Tennyson and S.N. Yurchenko, Exp. Astron., in press (2014).
[3] S.N. Yurchenko, R.J. Barber and J. Tennyson, Mon. Not. R. Astron. Soc., 413, 1828 (2011).
[4] B. Yadin et al, Mon. Not. R. Astron. Soc., 425, 34 (2012).
[5] E.J. Barton, S.N. Yurchenko and J. Tennyson, Mon. Not. R. Astron. Soc., 434, 1469 (2013).
[6] R.J. Barber et al, Mon. Not. R. Astron. Soc., 437, 1828 (2014).
[7] E.J. Barton et al, Mon. Not. R. Astron. Soc., in press (2014).
[8] S.N. Yurchenko and J. Tennyson, Mon. Not. R. Astron. Soc., 440, 1649 (2014).
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The LWW program [1] has been recently used in numerous analyses of molecular spectra.
Its advantage over the traditional Giessen/Cologne-type algorithm [2] consists mainly in an
instantaneous control of correctness of assignments of rotational quantum numbers based on
the use of accurate lower state combination differences (LSCD). The correctness can be
checked both numerically and graphically. In the current setup of the program, the LSCD
are calculated from a table of energies which are required to be prepared as an input for
every new LWW project. In order to facilitate the initial steps in creating and running a new
LWW project, the three necessary steps will be described in detail in the presentation of the
LWW program

Creating the internal peak list of the spectrum from an ASCII file with positions
and peak absorbance / transmittance values of spectral lines.

Creating an internal spectrum file from an ASCII file with an x,y-representation of
the spectrum.

Creating the file of energies from molecular parameters.
The basic functions and utilities of the LWW program will be shown.
[1] W. Łodyga, M. Kręglewski, P. Pracna, Š. Urban, J. Mol. Spectrosc. 243, 218 (2007)
[2] K. M. T. Yamada, J. Behrend, J. Mol. Spectrosc. 136, 12 (1989)
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DISTORTION IN THE HDO MOLECULE
Laurent H. Coudert
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The HDO molecule is important as it can be used to study water cycle in the earth
atmosphere [1]. It is also interesting from the spectroscopic point of view as it displays an
anomalous centrifugal distortion similar to that of the normal species H2O. A model
developed to treat the anomalous distortion in HDO should account for the fact that this
molecule, unlike the normal species, lacks a two-fold axis of symmetry.
A new treatment aimed at the calculation of the rovibrational energy of the HDO molecule
and accounting for the anomalous centrifugal distortion will be presented. The treatment, as
the one developed for the normal species [2], involves deriving an exact Hamiltonian in
which the large amplitude bending ν2 mode and the overall rotation of the molecule are
treated simultaneously. However, due to the lack of two-fold axis of symmetry, this exact
Hamiltonian contains additional terms arising from the non-diagonal component of the
inertia tensor and from the Coriolis-coupling between the large amplitude bending ν2 mode
and the rotation of the molecule. This new treatment has been used to perform a line
position analysis of a large body of infrared [3] and microwave [4] data involving the
ground and (010) states. It should be pointed that the new approach allows us to account for
the latter data with the same accuracy as with a conventional Watson-type Hamiltonian [4],
but using lower order distortion terms. These results will be discussed in the poster and we
hope to be able to present also the results of a line intensity analysis of already published
line strengths.
[1] Herbin et al., Atmos. Chem. Phys. 9, 9433 (2009) 9433; and Schneider and Hase, Atmos. Chem.
Phys. 11, 11207 (2011).
[2] Coudert, Wagner, Birk, Baranov, Lafferty, and Flaud, J. Molec. Spectrosc. 251, 339 (2008).
[3] Toth, J. Molec. Spectrosc. 195, 73 (1999); Paso and Horneman, J. Opt. Soc. Am. B 12, 1813 (1995);
Johns, J. Opt. Soc. Am. B 2, 1340 (1985); and Parekunnel et al., J. Molec. Spectrosc. 210, 28 (2001).
[4] Messer, De Lucia, and Helminger, J. Molec. Spectrosc. 105, 139 (1984).
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Nitrous oxide (N2O) is among the most rapidly growing greenhouse gases with
anthropogenic sources. As such it was one of the key analytes for the EUMETRISPEC
project within the European metrology research programme (EMRP). EUMETRISPEC
targeted the development and validation of an open European spectroscopy infrastructure
for traceable measurements of molecular line parameters needed e.g. for atmospheric remote
sensing applications [1]. EUMETRISPEC also stimulated spectroscopic data evaluation at
European national metrology institutes. The central FTIR facility is located at one partner
site, the other project partners devoted their laser-based experimental setups to validate the
performance of the central facility. The central facility and partner facilities have been
developed to deliver traceable line data for use in atmospheric monitoring and to the
spectroscopy community. The central facility consists of a broadband Fourier transform
infrared (FTIR) spectrometer, based on a nominal 0.002 cm-1 high resolution Bruker 125
HR, while the other partners provided various highly specialized laser-based spectrometers.
This paper presents results of the validation exercise performed within EUMETRISPEC to
ensure a metrologically sound comparability of spectroscopic data retrieval performance. To
this end, an intercomparison exercise was initiated. This required participants to assign an
amount fraction value to an individual sample of N2O in air. The samples were previously
shipped in pressurized gas cylinders to the partners’ site. All cylinders, i.e. each participant,
had its own slightly different N2O comparison reference value, which was set during the
gravimetric gas mixture preparation according to ISO 6142 and validated independently via
gas chromatography. The participants were asked to measure the amount of substance
fraction of N2O probing the very same vibrational line at 2825 cm-1. This line falls within
those previously studied bands for which the EUMETRISPEC partners have measured line
data. Partners evaluated the gas samples according to the TILSAM protocol [2], which had to
be adapted for FTIR and saturated cavity-enhanced laser-based spectroscopy.
We present the design and the comparison results in terms of degrees of equivalences
between the individual comparison reference values and the participants’ assigned values.
As being key of the data evaluation, we present and discuss the retrieval of the N2O line
strength of the probed line, and compare it to literature data. Additionally we discuss the
outcome of the comparability study within EUMETRISPEC and the benefit of using line
data with stated GUM-compliant uncertainties.
[1] EUMETRISPEC, http://www.eumetrispec.org
[2] TILSAM, http://www.euramet.org/fileadmin/docs/projects/934_METCHEM_Interim_Report.pdf
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Rotationally-resolved high-resolution fluorescence excitation spectra of the 0-0 band1 and
several vibronic bands2 up to the excess energy of 3068 cm-1 (0+3068 cm-1 bamd) for
naphthalene S1←S0 transition were measured by crossing a single-mode UV laser beam
perpendicular to a collimated molecular beam. Several thousands rotational lines were
observed and assigned for each band, and these molecular constants were determined in
high accuracy except the 0+3068 band. For the 0+3068 cm-1 band, the rotational structure
was obtained, but its rotational assignment still remaind because the spectrum is too
complicated. In this work, we have also observed 0+2866 cm-1 band and 0+3068 cm-1 band
again. The rotational structure of 0+2866 cm-1 band were assigned and determined the
molecular constants, and we found several the local energy shifts and identified as
originating from Coriolis interaction. For the 0+3068 cm-1 band, the rotational lines were
not fully resolved, and the background signal was almost twice compared with the 0+2866
cm-1 band. It may be due to the intramolecular vibrational energy redistribution (IVR).
We have also observed the rotationally resolved high-resolution fluorescence excitation
spectra of the 0-0 band of S1←S0 transition for the 2-Cl and 1-Cl naphthalene. For the 2-Cl
naphthalene, more than 4500 lines were observed and assigned without any energy shift,
and the molecular constants were determined in high accuracy, which are good agreement
with the ones reported by Plusquellic et. al.3 For the 1-Cl naphthalene, the rotational lines
were not fully resolved because the fluorescence lifetime is shorter than the one of 2-Cl
naphthalene. We determined the molecular constants of 1-Cl naphthalene from the
comparison the observed spectrum with calculated one. Recently, we also measured highresolution fluorescence excitation spectra of 0+476 and 0+1038 cm-1 band of 2-Cl
naphthalene, and rotationally-resolved spectra were obtained.
[1] D. L. Joo, R. Takahashi, J. O’Reilly, H. Katô, and M. Baba, J. Mol. Spectrosc., 215, 155 (2002).
[2] K. Yoshida, Y. Semba, S. Kasahara, T. Yamanaka, and M. Baba, J. Chem. Phys., 130, 194304
(2009).
[3] D. F. Plusquellic, S. R. Davis, and F. Jahanmir, J. Chem. Phys., 115, 225 (2001).
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Polyatomic molecules such as methane (CH4), acetylene (C2H2) and ethylene (C2H4) carbon
chains are of considerable interest for the modeling of planetary atmospheres and other
astrophysical applications. Knowledge of rovibrational transitions of hydrocarbons is of
primary importance in many fields, as for example for identifying the chemical composition
of Titan atmosphere but remains a formidable challenge for the theory and spectral analysis.
Several databases aim at collecting the corresponding data but the information about C2H4
spectrum present in databases remains limited, only some spectral ranges around 1000, 3000
and 6000 cm-1 being available. We report predictions of vibrational and rovibrational energy
levels of (C2H4) using our new ground state potential energy surface obtained from
extended ab initio calculations. The coupled-cluster approach with the perturbative
inclusion of the connected triple excitations CCSD(T) and correlation consistent polarized
valence basis set cc-pVQZ was employed for computations of electronic ground state
energies. The fit of the surface included 82 542 nuclear configurations using sixth order
expansion in curvilinear symmetry- adapted coordinates involving around 2650 parameters.
A good convergence for variationally-computed vibrational levels of the C2H4 molecule
was obtained with a RMS(Obs.-Calc.) deviation of 2.6 cm-1 for fundamental bands centers
and 5.5 cm-1 for vibrational bands up to 7800 cm-1. Vibrational calculations for 13C2H4 and
12
C2D4 molecules were also performed using this new surface. Empirical optimization of the
equilibrium configuration procedure was necessary to reach the accuracy expected in highresolution spectroscopy applications. Rovibrational calculations using our recent normal
mode reduction-truncation procedure previously applied for methane [1,2] as well as
comparisons with previous works for the ethylene calculations [3,4] is presented.
Additionally we present a new dipole moment surface for ethylene which has been
calculated on the same grid as the PES using the CCSD(T)/cc-pVQZ level of theory.
Rovibrational absorption bands intensities in the IR spectrum was carried out with this new
surface. This is the first step towards future analyses of the IR spectra of ethylene and its
isotopologues based on these two surfaces.
[1] M. Rey, A. V. Nikitin, Vl. G. Tyuterev, J. Chem. Phys., 136, 244106 (2012)
[2] M. Rey, A. V. Nikitin, Vl. G. Tyuterev, Phys. Chem. Chem. Phys., 136, 244106 (2013)
[3] J. M. L. Martin, T. J. Lee, P. R. Taylor and J.-P. Franois, J. Chem. Phys., 103, 2589 (1995)
[4] G. Avila and T. Carrington, J. Phys. Chem., 135, 064101, (2011)
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Computation of rovibrational resonance states of the bosonic neon trimer, a weakly bound
van der Waals complex [1], was achieved through the development of an algorithm and its
implementation into a code linked to the GENIUSH protocol and code [2,3], developed
previously in our research group. Augmented with the new code, the GENIUSH package
became suitable for the investigation of quasibound rovibrational states of flexible
polyatomic molecules, which is still a challenge in computational molecular spectroscopy.
To compute the resonance states we used the complex absorbing potential (CAP) technique
[4,5], involving the perturbation of the original rovibrational Hamiltonian with a complex
potential, thereby making the eigenfunctions of the complex Hamiltonian square integrable
so that they can be expanded in the L2 basis of the bound states, computed with GENIUSH.
Part of the reason that we chose to investigate the Ne3 complex is that the new code, readily
applicable to larger systems, had to be tested and validated on a triatomic system also
treatable employing the triatomic D2FOPI protocol [6,7], used successfully before to obtain
a large number of resonance states of the well-bound water molecule.
[1] M. Salci, S. B. Levin, N. Elander, E. Yarevsky, J. Chem. Phys., 129, 134304 (2008)
[2] E. Mátyus, G. Czakó, A. G. Császár, J. Chem. Phys. 130, 134112 (2009)
[3] C. Fábri, E. Mátyus, A. G. Császár, J. Chem. Phys. 134, 074105 (2011)
[4] U. V. Riss, H-D. Meyer, J. Phys. B., 26, 4503 (1993)
[5] H. Y. Mussa, J. Tennyson, Chem. Phys. Letters, 366, 449 (2002)
[6] T. Szidarovszky, A. G. Császár, G. Czakó, Phys. Chem. Chem. Phys. 12, 8373 (2010)
[7] T. Szidarovszky, A. G. Császár, Mol. Phys. 111, 2113 (2013).

FP22
CHARGE TRANSFER AND ISOTOPIC EFFECTS IN THE K-K+ COLLISIONS AT
LOWER AND HIGHER TEMPERATURES
F. Bouchelaghem1, M.T Bouazza1, and M. Bouledroua2
1
Physics Department, Badji Mokhtar University, Annaba, Algeria
Faculté de Médecine and Laboratoire de Physique des Rayonnements,
Badji Mokhtar University, Annaba, Algeria

2

This work deals with the quantum-mechanical calculations of the temperature-dependent
diffusion and mobility of ionic potassium atoms diffusing in their parent gas. The
determination of the quantal phaseshifts, relative to the gerade and ungerade potentialenergy curves through which K+ approaches K(4s), leads to the computation of the
momentum- and charge-transfer cross sections. The behavior of the coefficients of diffusion
and mobility with temperature is examined. Finally, the isotopic effects in the 39K+-39K and
41 + 39
K - K collisions are given a special care.
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We have recently reported [1] a construction of a complete hot methane line lists based on
ab initio surfaces [2] and on extensive first-principles calculations [3,4]. Four line lists were
built at T =500, 1000, 1500 and 2000 K. Convergence tests showed that transitions with
lower state energies up to 14000 cm-1 could give significant contributions to the methane
opacity and were thus systematically taken into account. The published list in the [0 - 5000]
cm-1 range calculated up to J = 50 at 2000 K contains 11.5 billion transitions for I >10-29
cm/molec. Here we discussed the extension to higher wavenumber range and a comparison
with the ExoMol list [6].

Fig 1. Example of comparison of our ab initio predictions with experimental high-T spectra
[5]
[1] M. Rey, A. V. Nikitin, Vl. G. Tyuterev, Astrophysical Journal, in press (2014)
[2] A.V. Nikitin, M. Rey, Vl. G. Tyuterev, Chem. Phys. Letters, 501, 179 (2011); 565, 5 (2013)
[3] M. Rey, A. V. Nikitin, Vl. G. Tyuterev, J. Chem. Phys. 136, 244106 (2012)
[4] M. Rey, A. V. Nikitin, Vl. G. Tyuterev, Phys. Chem. Chem. Phys. 136, 244106 (2013)
[5] R. J. Hargreaves et al., Astrophysical Journal, 757, 46 (2012)
[6] S. Yurchenko, J. Tennyson, J., Mon. Not. R. Astron. Soc., in press.( 2014)

FP24
ISOTOPIC AND SYMMETRY BREAKING EFFECTS IN METHANE SPECTRA
FROM AB INITIO VARIATIONAL CALCULTIONS
UNDER HD AND 12C13C SUBSTITUTIONS
Michaël Rey1, Andrei Nikitin2,3, Pascal Rannou1 and Vladimir Tyuterev1
1

GSMA, UMR CNRS 7331, Université de Reims Champagne Ardenne, Remis, France
2
LTS,V.E.Zuev Institute of Atmospheric Optics, Tomsk, Russia
3
Tomsk State University, Tomsk, Russia

Isotopic effects in methane IR spectra under H D and 12C13C substitutions are considered for
the sequence of isotopic species 12CH4, 13CH4, 12CD4, 12CH3D, 12CHD3, and 12CH2D2.
Particular focus is on the states/polyads and band correspondence for symmetry breaking (
Td C3v C2v) substitutions. All calculations are based on our ab initio potential and dipole
moment surfaces [1] using variational normal mode calculations [2] in tensor representation.
For the first time ab initio predictions are shown to be in a good agreement with
experimental spectra [3,4], but contain more lines than available empirical lists. These
results suggest that numerous bands of methane isotopologues which remain still
unassigned could be modelled using the proposed approach. An impact on unassigned
feature in the methane opacity of the Titan atmosphere is discussed.

Fig 1. Example of comparison of our ab initio predictions with HITRAN (upper panel) for
CH3D
[1] A. V. Nikitin, M. Rey, Vl. G. Tyuterev, Chem. Phys. Letters, 501, 179 (2011); 565, 5 (2013)
[2] M. Rey, A. V. Nikitin, Vl. G. Tyuterev, Phys. Chem. Chem. Phys. 136, 244106 (2013)
[3] L. R. Brown, K. Sung, D.C. Benner, et al., JQSRT, 130, 201 (2013)
[4] O. Ulenikov, E. Bekhtereva, S. Albert, et al, Mol. Phys.108, 1209 (2010)
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Optical frequency comb cavity-enhanced absorption spectroscopy technique [1] offers
simultaneous detection of multiple molecular compounds. This new and powerful approach
to spectroscopy combines two distinct capabilities: extremely high spectral resolution of
single comb components and broad spectral coverage of the corresponding mode-locked
femtosecond laser. As a result, the technique is virtually equivalent to a simultaneous
measurement with tens of thousands of narrow linewidth lasers [2]. Due to its rigorously
regular spectrum, the optical frequency comb can be efficiently coupled into an optical
enhancement cavity, which significantly extends the interaction length with the sample. The
method can reach absorption sensitivities at a level of 10-10 cm-1 Hz-1/2 per spectral element
– limited by the quantum noise [3].
We present an optical frequency comb spectrometer based on an Er:fiber femtosecond laser,
operating in the 1,5-1,6 μm range. Comb teeth are tightly locked to the resonances of an
enhancement cavity (finesse 8000), which extends the effective path length to more than 3
km. Transmission spectrum is resolved by a combination of high resolution (1 GHz)
virtually imaged phase array (VIPA) etalon [4] and a diffraction grating, creating the two
dimensional diffraction image, which can be then translated into the absorption spectrum.
The optical bandwidth of the detection system equals approx. 30 nm, recording spectra in
approx. 20 000 frequency channels simultaneously. Example spectra of CO and CO2 will be
presented, as well as a comparison of different comb-cavity locking schemes and the
discussion on obtainable detection limits.
The experimental setup offers high resolution, broadband operation and short acquisition
times in a compact form without any moving parts. Our spectrometer can be used in
numerous applications like those based on trace gas detection, broadband measurements for
line-shape analysis, atmospheric research or medical diagnosis based on human breath
analysis.
[1] M. J. Thorpe, D. Balslev-Clausen, M. S. Kirchner, and J. Ye, Opt. Express 16, 2388 (2008).
[2] F. Adler, M. J. Thorpe, K. C. Cossel, and J. Ye,
Annual Review of Analytical Chemistry 3, 175 (2010).
[3] Foltynowicz, A., et al., Physical Review Letters 107, 233002 (2011)
[4] M. Shirasaki, Optics Letters 21, 366 (1996)
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In order to improve and extend the existing HITRAN database [1] and HITEMP [2] data for
carbon monoxide, the ro-vibrational line lists were computed for all transitions of nine
isotopologues of the CO molecule, namely 12C16O, 12C17O, 12C18O, 13C16O, 13C17O, 13C18O,
14 16
C O, 14C17O, 14C18O in the electronic ground state up to v= 41, v=12 and J = 150. Line
positions and intensity calculations were carried out using a newly-determined piece-wise
dipole moment function (DMF) in conjunction with the wavefunctions calculated from a
previous experimentally-determined potential energy function of Coxon and Hajigeorgiou
[3]. Ab initio calculations and a direct-fit method which simultaneously fits all the reliable
experimental ro-vibrational matrix elements were used to construct the piecewise dipole
moment function.
To provide additional input parameters into the fit, new Cavity Ring Down Spectroscopy
experiments were carried out to enable measurements of the lines in the 4-0 band with low
uncertainty (Grenoble) as well as the first measurements of lines in the 6-0 band (Hefei).
Direct summation method was used to derive accurate partition sums for a temperature
range from 1 to 9000 Kelvin. Broadening and shift parameters are also provided for every
line and include parameters due to pressure of CO2 and H2 in order to aid planetary
applications.
[1] L. S. Rothman, I. E. Gordon, et al. JQSRT 113, 4-50 (2013).
[2] L. S. Rothman, I. E. Gordon, et al. JQSRT 111, 2139-2150 (2010).
[3] J. Coxon and P. Hajigeorgiou. J. Chem. Phys. 121, 2992-3008 (2004).
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The accurate measurement of trace water vapor (trace moisture) in gases has been
increasingly important recently, particularly in industrial fields such as semiconductor and
high-barrier films manufacturing industries. There are many methods that have been
developed to detect the trace moisture. Among them, it appears that cavity ring-down
spectroscopy (CRDS) is a suitable method to reliably measure trace moisture in gases with
high sensitivity. In CRDS, by measuring decay time of light leaked out of a high-finesse
optical resonator (cavity), we can accurately measure the amount of water vapor in the
cavity even in the range below 1 μmol/mol (1 ppm) in amount fraction (mole fraction).
In CRDS, high reflection cavity mirrors are used to enhance detection sensitivity. However,
if we use higher reflectivity mirrors, it will be more difficult to efficiently couple the laser
light into the cavity. To solve this problem, the Pound-Drever-Hall (PDH) technique has
been successfully implemented for locking laser to the cavity in CRDS [1]. However, the
PDH method requires complex experimental setup, and therefore, the alignment of the
optical system becomes difficult.
In this study, we developed a relatively simplified system with which we can efficiently
couple laser light to high-finesse cavity modes by controlling the laser frequency using a
wavelength meter (HighFinesse WS-7). We adopted a simplified version of the FrequencyStabilized CRDS developed by Hodges et al. [2]. We used a fiber-coupled electro-optic
modulator (EOM), instead of an acousto-optic modulator (AOM) to modulate the frequency
of reference HeNe laser for the transmission lock for the cavity length stabilization, which
also allows us to use a simplified optical configuration compared with the double-pass
AOM configuration. A typical ring-down time for the empty cavity was approximately 100
μs. Using this system, we were able to measure more than one hundred ring-down times per
second. The tentative analysis of spectra recorded using this system showed that a noise
level (one standard deviation) of approximately 50 pmol/mol (50 ppt) was achieved.
[1] A. Cygan, D. Lisak, P. Masłowski, K. Bielska, S. Wójtewicz, J. Domysławska, R. S. Trawiński,
R. Ciuryło, H. Abe, and J. T. Hodges, Rev. Sci. Instrum. 82, 063107 (2011).
[2] J. T. Hodges, H. P. Layer, W. W. Miller, and G. E. Scace, Rev. Sci. Instrum. 75, 849 (2004).
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Using the newly built coaxially oriented beam-resonator arrangement FTMW emission
spectrometer [1], the hyperfine structures of the 1, 0 → 0, 0 rotational transitions of
bromomethane and iodomethane were measured. In some cases, the magnetic hydrogen
hyperfine structures were resolved only partly and therefore the corresponding
radiofrequency line frequencies measured by Osipov and Grabois [2,3] were involved into
our detailed analysis. Besides the precise rotational constants, the values of the bromine and
iodine electric quadrupole constants as well as the spin-rotation and spin-spin interaction
parameters were determined using the Pickett program [4,5].
[1] V. Kabourek, P. Černý, P. Piksa, T. Studecký, P. Kania and Š. Urban, Radioengineering 22, 12881295, (2013)
[2] B. D. Osipov and M. N. Grabois, J. Mol. Spectrosc. 111, 344-351, (1985)
[3] M. N. Grabois, J. Mol. Spectrosc. 116, 504-506, (1986)
[4] H. M. Pickett, J. Chem. Phys. 56, 1715-1723, (1972)
[5] H. M. Pickett, J. Mol. Spectrosc. 148, 371-377, (1991)
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Consisting of only two protons and one electron, H2+ is the simplest of all molecules and as
such it played and still plays an important role in the development of molecular quantum
mechanics. Its rovibrational (including fine and hyperfine) energy-level structure can be
calculated extremely precisely by ab initio quantum mechanical methods [1]. H2+ is a
homonuclear diatomic molecule and its rotational and vibrational transitions are electricdipole forbidden.
Experimental data on the energy-level structure of H2+ are therefore limited to those derived
from the Rydberg spectrum of H2 by Rydberg-series extrapolation techniques [2-4], from
the radio frequency spectrum of transitions between hyperfine levels of H2+ at v+>3 [5] and
from microwave spectra of electronic transitions between high v+ levels of the electronic
ground state and vibrational levels of the first excited electronic state [6]. We present the
determination of vibrational, rotational, fine- and hyperfine-structure intervals of H2+ by a
combination of high-resolution spectroscopy of Rydberg-Rydberg transitions in H2 and
Rydberg-series extrapolation using multichannel quantum defect theory (MQDT) [7-8]. For
the determination of the rotational structure of H2+ we exploit rotational channel interactions
which enable us to observe series converging on different rovibrational levels of H 2+ from a
selected intermediate level. Our approach will be illustrated using high-resolution
measurements of the Rydberg spectrum of H2 measured in the millimeter-wave, submillimeter wave and optical ranges of the electromagnetic spectrum. Rydberg-Rydberg
transitions measured in the range 0.5-0.7 THz using a newly-developed broadly tunable,
coherent, narrow-bandwidth laser source will be presented for the first time.
[1] V. I. Korobov, Phys. Rev. A 73, 024502 (2006).
[2] G. Herzberg, Ch. Jungen, J. Mol. Spec. 41, 425 (1972).
[3] A. Osterwalder, A. Wüest, F. Merkt, Ch. Jungen, J. Chem. Phys. 121, 11810 (2004).
[4] Z. W. Fu, E. A. Hessels, S. R. Lundeen, Phys. Rev. A 46, R5313 (1992).
[5] K. B. Jefferts, Phys. Rev. Lett. 23, 1476 (1969).
[6] A. Carrington, I. R. McNab, C. A. Montgomerie, J. Phys. B: At. Mol. Opt. Phys. 22, 3551 (1989).
[7] Ch. Jungen (2011) Elements of Quantum Defect Theory, in Handbook of High-resolution
Spectroscopy, M. Quack and F. Merkt (eds), John Wiley & Sons, Ltd., Chichester, UK.
[8] D. Sprecher, Ch. Jungen and F. Merkt, J. Chem. Phys. 140, 104303:1-18 (2014).
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Analysis of nuclear quadrupole hyperfine structure of low-J rotational transitions recorded
at conditions of supersonic expansion provides a route to precise information on molecular
field gradients and thus on the local molecular environment of the pertinent nucleus. The
splitting patterns are simple for a single quadrupolar nucleus, but rapidly increase in
complexity with increasing number of quadrupolar nuclei in the molecule. Even the
splitting pattern from two quadrupolar nuclei can provide a challenge, but with
contemporary techniques it can be successfully analysed to provide, for example, useful
structural information, such as in the (HCl)2H2O molecular cluster [1]. In even more
complex cases, we have previously succeeded in analysing quadrupole splitting due to three
nuclei in Cl3CCH3 [2], Cl3CH [3], Br3CH [4], and Cl2C=CHCl [5].
Presently we report the analysis of hyperfine structure for trichloroacetonitrile: a molecule
with a total of four quadrupolar nuclei. We have used supersonic expansion Fourier
Transform Microwave Spectroscopy in Balle-Flygare and chirped-pulse versions to record
completely resolved hyperfine splitting patterns of J = 1←0, and J = 2←1 ground state
rotational transitions of 35Cl3CC14N and 35Cl237ClCC14N. Although the analysis was based
on scaled predictions of hyperfine coupling constants that were expected to be accurate to
several percent, we could not initially fit the observed splitting patterns for the parent
symmetric top species. This turned out to be possible, however, once we brought the axial
rotational constant A into the fit. Cl3CCN is a near-spherical molecule and there is,
therefore, the possibility for considerable hyperfine mediated perturbations between
hyperfine sublevels of different K states. Accounting for these perturbations allowed the
precision of the determination of the A rotational constant to be increased by three orders of
magnitude relative to the previous result, also obtained from the pure rotation spectrum via
analysis of the h3 splitting in high-J mm-wave transitions [6].
[1] Z.Kisiel, A.Lesarri, J.L.Neill, M.T.Muckle, B.H.Pate, PCCP 13, 13912 (2011)
[2] L.Dore, Z.Kisiel, J. Mol. Spectrosc. 189, 228 (1998)
[3] E.Białkowska-Jaworska, Z.Kisiel, L.Pszczółkowski, J. Mol. Spectrosc. 238, 72 (2006)
[4] Z.Kisiel, A.Kraśnicki, L.Pszczółkowski, S.T.Shipman, L.Alvarez-Valtierra, B.H.Pate, J. Mol.
Spectrosc. 259, 177 (2009)
[5] Z.Kisiel, E.Białkowska-Jaworska, L.Pszczółkowski, J.Chem.Phys. 109, 10263 (1998)
[6] G.Cazzoli, Z.Kisiel, J. Mol. Spectrosc. 159, 96 (1993)
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Small molecules of second-row elements and their third-row analogues have been the focus
of extensive theoretical and experimental studies due to their novel structure and bonding
properties [1]. In particular, low-coordinated phosphorus molecules have been discovered in
circumstellar and dense interstellar clouds,[2] and some phosphorus–nitrogen triply bonded
species have been attracting much attention due to their applications as building blocks in
organophosphorus chemistry [3]. The recent direct observation of the diatomic PN in the
supergiant star VY CMa suggests the existence of more phosphorus molecules in the
presence of oxygen or sulphur atoms [4]. The microwave study of ONP unstable molecule
[5] has encouraged us to study isoelectronic molecule SNP. Here, we report the first gas
phase study of linear triatomic specie SNP. The SPN molecule was generated
experimentally by thermal decomposition of triazide [6], which extrudes four moles of
nitrogen molecules
SP(N3)3 → SNP + 4 N2
The continuous flow was used during the whole measurement with the total pressure kept at
about 30 μbar. The predictions of transition line frequencies were carried out with the help
of CCSD(T) calculations. The basis set of the molecular parameters was determined by the
SPFIT program. The measurements of the rotational spectra, the line assignments as well as
the molecular parameters derivation of the SNP molecule were performed for the first time.
[1] V. Lattanzi, S. Thorwirth, D. T. Halfen, L. A. Mück, L. M. Ziurys, P. Thaddeus, J. Gauss, M. C.
McCarthy, Angew. Chem. 2010, 122, 5795 – 5798.
[2] L. M. Ziurys, Proc. Natl. Acad. Sci. USA 2006, 103, 12274 –12279.
[3] R. Kinjo, B. Donnadieu, G. Bertrand, Angew. Chem. 2010, 122, 6066 – 6069.
[4] L. M. Ziurys, S. N. Milam, A. J. Apponi, N. J. Woolf, Nature 2007, 447, 1094-1097.
[5] T. Okabayashi, E. Yamazaki, M. Tanimoto, Apponi, Journal of Chemical Physics 2009, Volume111,
Issue7, 3012-3017.
[6] X. Zeng, H. Beckers, H. Willner, and J. S. Francisco, Angew. Chem. Int. Ed. 2012, 51, 3334-3339.
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The nuclear spin conversion (NSC) in methane molecule is investigated. The NSC rate has
been calculated in the framework of the quantum relaxation model [1], using best values of
energy levels of the vibrational ground state, of the intramolecular magnetic interactions and
collisional relaxation rates. Main differencies with previous similar studies (H2CO [2], NH3
[3], H20 [4]) are due to the fact that more than two spin isomers exist. Therefore the model
has been revisited, showing two NSC rates, as the two non trivial eigenvalues of a three
equations system.
From different initial non equilibrium distributions of ortho, para and meta spin isomers, it
is shown how the overall population recovers the Boltzmann equilibrium. Calculations are
performed by varying the pressure and temperature conditions, for molecules in gas and
condensed phases. It is thus possible to comment some recent experimental results obtained
in such environments.
[1] P. L. Chapovsky, Phys. Rev. A 43, 3624 (1991)
[2] M. Tudorie, P. Cacciani, J. Cosléou, F. Herlemont, M. Khelkhal, C. Puzzarini, S. Maret, and C.
Kahane, Astron. & Astrophys. 453, 755 (2006).
[3] P. Cacciani, J. Cosléou, M. Khelkhal, M. Tudorie, C. Puzzarini, and P. Pracna, Phys. Rev. A 80,
042507 (2009).
[4] P. Cacciani, J. Cosléou, and M. Khelkhal, Phys. Rev. A 85, 012521 (2012)
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Highly correlated ab initio methods are employed to determine spectroscopic properties at
low temperatures of two S-analogs of methyl formate: S-methyl thioformate CH3-S-CHO
(MSCHO) and O-methyl thioformate CH3-O-CHS (MOCHS). Both species can play
important roles for astrochemistry. Molecular properties are compared with those of the Oanalog, methyl formate.
Equilibrium geometries and equilibrium rotational constants have been evaluated at the
CCSD(T)/CBS(Q,5)+CV(CQ) level. Both isomers present two conformers cis and trans.
cis-CH3-S-CHO represents the most stable structure lying at 4372.2 cm-1 below cis-CH3-OCHS. The energy difference between the cis and trans forms is drastically lower for
MSCHO (1134 cm-1) than for MOCHS (1963.6 cm-1). Harmonic and anharmonic
fundamentals and the corresponding intensities, rotational constants for the ground
vibrational states and first excited torsional states, as well as centrifugal-distortion
constants, are provided.
Low torsional energy levels are determined by solving variationally a two dimensional
Hamiltonian depending on the two torsional modes. The corresponding 2D potential energy
surfaces are determined at the CCSD(T)/aug-cc-pVTZ level. The methyl torsional barriers
V3(cis) are determined to be 139.7 cm-1 and 670.4 cm-1 for MSCHO and MOCHS,
respectively. The A/E splitting of the torsional ground state is 0.438 cm-1 for CH3-S-CHO,
while is negligible for CH3-O-CHS.
[1] M.L. Senent, C. Puzzarini, M. Hochlaf, R. Domínguez-Gómez and M. Carvajal (in preparation)
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Results of the vibration-rotation assignments of the H218O vapour absorption spectra
between 15 000 and 16 000 cm-1 are presented. The spectra have been recorded using
Bruker IFS 125M spectrometer with the bright LED sources and 60 cm base multipass
absorption cell at room temperature and spectral resolution of 0.03 cm-1. Preliminary results
of a spectrum analysis for the 15 000 – 15 700 cm-1 region was reported recently [1].
More than 1000 lines were assigned to the transitions of 11 vibrational bands of the H218O
molecule and of five H217O bands up to rotational numbers Jmax = 12 and Ka max = 7. The
vibration-rotation assignment was done using the results of variational calculations of
Partridge & Schwenke [2, 3]. More than 400 rotational levels of the (014), (033), (052),
(113), (132), (151), (212), (231), (311), (330), and (410) states for H218O and about 70 levels
of the (033), (113), (212), (311), and (410) states for H217O were determined.
Comparisons of obtained experimental energy levels with those of variational calculations
[2, 3] as well as of the study [4] are discussed.
[1] S.N. Mikhailenko, V.I. Serdyukov, L.N. Sinitsa, S.S. Vasilchenko, Opt. & Spectrosc. 115, 814-822
(2013)
[2] H. Partridge & D. Schwenke, J. Chem. Phys. 106, 4618-4639 (1997)
[3] D. Schwenke & H. Partridge, J. Chem. Phys. 113, 6592-6597 (2000)
[4] J.-M. Flaud et al., Proceedings of SPIE, 3090, 233-234 (1997)
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Absorption spectra of the gas phase and adsorbed D2О in the silica aerogel with nanoscale
pores were investigated at high and middle spectral resolurion in 3700…5400 cm-1 range
using dynamic registration with Fourier Transform spectrometer IFS-125M. Two types of
sample with pores of 60 nm wide - the nitrogen gas-treated and untreated aerogels were
examined.
Dynamic registration is shown that the degree of hydrophilicity of the pore walls was
changed due to the dry nitrogen treatment. This is manifested in a change of the absorption
band profile and its temporal behavior. It is caused, primarily, by variation of the molecules
interaction with the surface and allows the analysis of the interaction potential from the
absorption spectra.
The D2О line widths in the both aerogels exceed those of free monomer in 1.1-3 times at the
same pressure. Calculations of self-broadening coefficients of the D2O lines were performed
using semiempirical method based on the impact theory of broadening and includes the
correction factors. The calculated results well agree with experimental data. Greater
differences were found for the shift of the line centers. The D2O line shifts in the treated
pores significantly exceed line shifts in the untreated pores. For some lines, these shifts have
the opposite sign indicating complex nature of the molecule-wall interaction.
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In this study, the equilibrium structure and spectroscopic properties of 4-bromomethyl
benzoic acid (BMBA) were identified with help of experimental techniques and density
functional applications. The ground state conformation was predicted using with B3LYP/6311++G(df,pd) method for the monomeric and dimeric forms, and compared with recorded
crystallographic data of similar compound, namely methyl 4-(bromomethyl)benzoate [1].
The FT-IR ad FT-Raman vibrational spectra of BMBA were recorded for the solid phase,
the 1H, 13C and DEPT 135 NMR spectra were recorded DMSO-d6 solution, and the UV
absorption spectra were observed in ethanol. The theoretical vibrational transitions were
predicted using the same method, and assignments of fundamental vibrational modes were
carried out based on total energy distribution. The isotropic proton and carbon chemical
shifts were determined by GIAO method for the gas and solvated phases (DMSO and
chloroform). For the electronic absorption spectra and related electronic features, timedependent DFT method was used.
[1] H.S. Yathirajan, S. Bindya, B.K. Sarojini, B. Narayana, M. Bolte, Acta Cryst. (2007). E63, o1334o1335.
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Laser-induced breakdown spectroscopy (LIBS) is widely used to determine the elemental
composition of samples. However, there are several elements exhibiting very weak emission
lines in LIBS measurements (e.g. halogens). Measuring the spectra of radicals or molecules
of these elements may lead to stronger emission lines and thus to lower detection limits.
Using time-resolved laser-induced breakdown spectroscopy we examined the temporal
evolution of radicals and excited molecules in different micro-plasmas. Fig. 1 shows the
LIBS spectrum of a CaF2 crystal immediately after irradiating a short laser pulse (Fig. 1,
above) and after a delay of 10 µs (Fig. 1, below). Immediately after the laser pulse the
spectrum shows several Ca emission lines. No emission lines of fluorine or the CaF radical
can be detected in the spectrum. 10 µs after the laser pulse the Ca emission lines get much
weaker. On the other hand broad molecular bands of the CaF radical at 532 nm, 584 nm,
602 nm, and 622 nm appear. By varying the delay time between the laser pulse and the data
acquisition we can study the transition from elemental to molecular spectra and thus the
generation of radicals. In addition, the strong calcium fluoride emission allows the detection
of fluorine in spite of the weak elemental emission.
Time-resolved measurement of laser induced plasmas can also be used to study the transfer
of atoms from one molecule to another. We will present measurements where two
substances with different elements were irradiated by a short laser pulse. In the generated
plasma molecules composed of elements of both substances can be identified by their
spectra.

Fig. 1: LIBS spectra of CaF2 with a delay of 1 ns (above) and 20 µs (below) between laser
pulse and data acquisition. The upper spectrum shows mainly emission lines of Ca, while
the lower spectrum exhibits strong molecular lines of CaF at 532 nm, 584 nm, 602 nm, and
622 nm.
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BiO radical is one of the candidate molecules for the electron EDM detection because large
relativistic effect of a heavy nuclear is expected. By now, the ground state was studied by
MW absorption spectroscopy and the molecular parameters including hyper fine constants
were determined precisely [1]. The electronic excited states have been studied by FTIR
emission spectroscopy in the visible and near-infrared region [2], but fine and hyperfine
analysis have not been done yet. However, it is necessary for ultra-high resolution
spectroscopy such as eEDM measurement. So we observed the A2 4 1/2 - X1 2 1/2 transition
of BiO in visible region by using diode laser absorption spectroscopy.
The sample was prepared by reaction of Bi atom with O2 and Ar discharge plasma in an
absorption cell. Bi vapour was generated with a furnace in the cell. The absorption spectrum
was observed with multi-pass configuration. The diode laser was frequency modulated at 50
kHz and demodulated with 2f-detection scheme. A typical spectrum of BiO is shown in the
figure below with the spectrum of I2 for the frequency reference and fringes from an etalon
for the frequency makers. This is the Pf(15.5) transition of A2 (v=3) – X1 (v=0) band. A
single rotational transition of the 4 1/2 state separated by spin-orbit interaction and -type
doubling splits further into 10 components beyond Doppler broadening by the hyperfine
interaction of the Bi nuclear with I=9/2.
Because the lowest rotational state would be used for the eEDM measurement, we need to
decrease the rotational temperature. So we also tried to supersonic jet LIF spectroscopy by
using laser aberration of Bi2O3 rod in order to it separately from congestive Q-branch
transitions in the band origin region.
[1] E. A. Cohen, D. M. Goodridge, K. Kawaguchi, E. H. Fink, K. D. Setzer, J. Mol. Spectrosc. 239 16
(2006)
[2] O. Shestakov, R. Breidohr, H. Demes, K. D. Setzer, and E. H. Fink, J. Mol. Spectrosc. 190 28
(1997)
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We present measurements of vibration to vibration (V-V) collisional relaxation rates
between the v=0 and v=1 states in 14N2 at 77K and 150K.
The experiment is based on a sequential pump-probe scheme with variable delay in which
both the pump and the probe stages make use of the stimulated Raman effect:
1. The pump stage uses two high-power pulsed laser beams whose frequency
difference is tuned to match the frequency of a single rovibrational line in the Qbranch of the Raman spectrum of the N2 fundamental. In this way, population is
promoted to a specific rotational level of the v=1 excited state. We have chosen to
pump alternatively through the J=4 and J=3 lines, belonging to the ortho and para
nuclear spin variety, respectively.
2. After a variable delay, typically between 50 and 300 ns, the probe stage
interrogates the rotational populations in all the rotational levels of v=1 by means
of stimulated Raman spectroscopy. This is done by scanning the frequency
difference of two lasers to record a high-resolution Raman spectrum of the first
hot band of N2 (v=2 ← v=1).
The analysis of the intensities in the v=2 ← v=1 spectrum allows us to extract the relative
populations residing in the different rotational states in v=1. Two main features stand out:
First, it is observed, as expected at the sample pressure used (100 mbar), that even for the
shortest delay between pump and probe (50 ns) the rotational populations are already in
Boltzmann equilibrium within each of the two spin components. Second, it is observed that
the ratio of populations between the ortho and para varieties changes as the delay increases,
with nearly all the population residing in the ortho components at short delays when
pumping at J=4 (and vice versa when pumping at J=3) and the relative populations
converging towards a 2:1 ortho:para ratio at long delays.
The observations above can be easily explained in terms of collisional relaxation: since all
the population arriving in v=1 is initially placed in the pumped rotational level (say J=4, an
ortho state), rotationally inelastic collisions quickly redistribute this population among all
the other ortho states, generating a Boltzman distribution in the ortho spin variety. The para
states in v=1, however, are not accessible through relaxation from ortho states and can only
be populated through vibrationally inelastic collisions of the type o-N2(v=1) + p-N2(v=0) →
o-N2(v=0) + p-N2(v=1). Thus, the rate of growth of the para/ortho population ratio in v=1
provides a measurement of the rate of the V-V collisional relaxation process.
The process x-N2(v=1) + x-N2(v=1) → x-N2(v=0) + x-N2(v=2) is also possible, but by
monitoring the v=3 ← v=2 Raman transition we established that the population present in
v=2 amounts to only about 1% of that in v=1 even for our longest delays and therefore this
process can be neglected within the precision of our measurements.
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The MOGADOC database (MOlecular GAs-phase DOCumentation) was presented on the
preceding conference of this series. Now it consists of over 11,500 inorganic, organic, and
organometallic compounds, which have been studied in the gas-phase by microwave
spectroscopy, radioastronomy and electron diffraction. Moreover it also contains about
9,000 numerical datasets with internuclear distances, bond angles, and dihedral angles. Most
of the corresponding molecular structures are also given as 3D-presentations (ball-stickmodels).
The retrieval features of the HTML-based database have been described elsewhere in details
[1,2]. Some years ago a Java-based applet has been developed, which enables the 3Dvisualization of the molecular structures. The user can interactively rotate, shift, and scale
the 3D-models; moreover one can “measure” atomic distances as well as bond, dihedral and
elevation angles [3].

Recently new “measurement” features have been supplemented (such as distances between
centroids, angles between ring planes, angles between bonds and the principal axes of
inertia, etc.).
The project has been supported by the Dr. Barbara Mez-Starck-Foundation, Freiburg
(Germany)
[1] J. Vogt, N. Vogt, and R. Kramer, J. Chem. Inform. Comput. Sci. 43, 357 (2003)
[2] J. Vogt and N. Vogt, J. Mol. Struct. 695, 237 (2004)
[3] N. Vogt, E. Popov, R. Rudert, and J. Vogt, J. Mol. Struct. 978, 201 (2010)
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In the water adduct of formic acid small splittings, plausibly arising from an internal motion
of water, have been observed in the microwave (MW) spectrum of HCOOH-H2O [1]. We
extended the MW investigation of this complex to the HCOOH-H217O isotopologue, which
provides the 17O quadrupole coupling constants, helpful to estimate the effective orientation
of water in this complex. In addition, we suggest an interpretation of the observed tunneling
splittings.
When replacing H2O with formaldehyde (CH2O), a molecule with the same symmetry (C2v)
of water, in complexes with CH2F2 [2] and CH2FCl [3], CH2O is found to form similar
linkages and to undergo the same kind of internal motions of H2O [4,5]. Moreover, the
relative observed tunneling splittings are larger than in the case of complexes with H2O,
suggesting weaker linkage is broken by the internal rotation of CH2O.
In order to shed light on the nature of the internal motions of adducts between carboxylic
acids and aldehydes we decided to investigate the simplest of this kind of adduct, HCOOHCH2O. Its rotational spectrum shows that the two units are linked together through a
“classical” (OH···O) and a weak (CH···O) hydrogen bonds (see in Figure 1). The molecular
system appears quite rigid and no effects due to the internal motions have been observed in
the spectrum.

Figure 1. The observed conformer of HCOOH-CH2O with the partial r0 structure.
[1] D. Priem, T. Ha, A. Bauder. J. Chem. Phys. 113, 169 (2000).
[2] Q. Gou, G. Feng, L. Evangelisti, M. Vallejo, A. Lesarri, E.J. Cocinero, W. Caminati. Phys. Chem.
Chem. Phys. 15, 6714 (2013).
[3] G. Feng, Q. Gou, L. Evangelisti, M. Vallejo, A. Lesarri, E.J. Cocinero, W. Caminati. Phys. Chem.
Chem. Phys. 16, 12261 (2014).
[4] W. Caminati, S. Melandri, M. Schnell, D. Banser, J.-U. Grabow, J.L. Alonso. J. Mol. Struct. 742, 87
(2005).
[5] W. Caminati, S. Melandri, A. Maris, P. Ottaviani. Angew. Chem. Int. Ed. 45, 2438 (2006).

FP42
NEW ACCURATE MEASUREMENT OF 36ArH+ AND 38ArH+ RO-VIBRATIONAL
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The protonated Ar ion 36ArH+ has recently been identified in space [1] in the Crab Nebula,
from Herschel spectra. Its R(0) and R(1) transitions lie at 617.5 and 1234.6 GHz,
respectively, where atmospheric transmission is rather poor, even for a site as good as that
of ALMA. As an alternative, especially after the end of the Herschel mission, rovibrational
transitions of ArH+ could be observed in absorption against bright background sources such
as the galactic center, or other objects.
We report on accurate laboratory wavenumber measurements of 19 lines of the v = 1 - 0
band of 36ArH+ and 38ArH+, using a hollow cathode discharge cell, a difference frequency
laser spectrometer and Ar with natural isotopic composition. Of those lines, only eight had
been reported before and with much less accuracy [2].The data have also been used in a
Dunham-type global fit of all published laboratory data (IR and sub-mm) of all
isotopologues [3].
Furthermore, the ion-molecule kinetics of cold plasmas of Ar/H2 has been investigated in
glow discharges spanning the whole range of Ar/H2 mixture proportions for two different
pressures, 1.5 and 8 Pa. Ion concentrations were determined by mass spectrometry, and
electron temperatures and densities were measured with Langmuir probes. The relative
densities of the various ions were found to vary markedly between them over the range of
mixture proportions sampled. The chemistry underlying the observed ion distributions has
been analyzed with the help of a kinetic model [4] that has allowed the identification of the
main sources and sinks of the major plasma ions (Ar+, ArH+ and H3+). The results are
discussed and whenever possible compared to previous works.
[1] Barlow et al., Science, 342, 1343 (2013)
[2] R.R. Filgueira and C.E. Blom, J. Mol. Spectrosc., 127, 279 (1988)
[3] M. Cueto et al, Astrophys. J. Lett, 783, L5 (2014)
[4] I. Mendez, et al., Phys. Chem. Chem. Phys., 12, 4239-4245 (2010)
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Semiexperimental equilibrium structures (rese) of 1-methyluracil [1], 5-methyluracil
(thymine) [2], 5-fluorouracil [3], and 1-methylthymine [4] have been determined from the
microwave (MW) rotational constants or electron diffraction (ED) data taken into account
rovibrational corrections calculated with use of cubic MP2/cc-pVTZ force constants. Best
ab initio structures of these molecules have been derived from the results of the
CCSD(T)/cc-pwCVTZ optimizations with extrapolation to the higher (quadruple-) basis set
at the MP2 level. A remarkable agreement between the computed and semiexperimental
equilibrium structures (see histogram for thymine as example) points to high accuracy of
both experiment and applied theory. Structural changes due to methylation and fluorination
of uracil have been analyzed.

Fig.1. Histogram of deviations of the bond lengths of thymine determined by different
methods from the rese(MW) values.
This work has been supported by the Dr. B. Mez-Starck Foundation and the Russian
Foundation for basic Research (Grant Nos. 11_03_00716_a and 12_03_91330_HHИO_a).
[1] N. Vogt, I.I Marochkin, A.N. Rykov, O.V. Dorofeeva, J. Phys. Chem. A, 2013, 117, 11374-11381.
[2] N. Vogt, J. Demaison, D.N. Ksenafontov, H.D. Rudolph, submitted.
[3] N. Vogt, D.N. Ksenafontov, A.N. Rykov, et al., in preparation.
[4] N. Vogt, I.I Marochkin, A.N. Rykov, et al., in preparation.
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The knowledge of the shape and conformation of molecules of biological activity 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 crystalline derivatives.
Here, we report on the most abundant gas-phase structures of octanal 1 and octen-3-ol 2 as
obtained by a combination of quantum chemical calculations and molecular beam Fourier
transform microwave spectroscopy. Altogether, two conformers and one conformer were
assigned in the microwave spectra of 1 and 2, respectively. The applied method seemed
ideal, as microwave spectroscopy has recently moved to solving the structures of
conformers of sizeable molecules, where conformational distinction is not possible using
theoretical methods alone [1].
While octanal 1 belongs to the family of citrus oils, which are particularly important in the
perfume industry to generate popular fresh top notes [2], octen-3-ol 2 possesses a more
earthy, mushroom-like scent and is mainly used as flavor in food additives. The
investigation of the structure and dynamics of both odorant molecules is particularly
interesting, as they provide hydrocarbon-tails, which feature the possibility to fold and adopt
coiled-structured conformations, as well as linear-stretched conformations in the supersonic
jet. The experimental rotational constants obtained by assigning the microwave spectra of
both molecules were used to validate different theoretical data sets obtained from ab initio
calculations and semi-empirical calculations at different levels of theory.

[1] H. Mouhib, W. Stahl, M. Lüthy, M. Büchel, P. Kraft, Angew. Chem. Int. Ed. 2011, 50, 5576-5580.
[2] G. Ohloff, W. Pickenhagen, P. Kraft, ‚Scent and Chemistry‘, WILEYVCH, Verlag Helvetica
Chimica Acta, Zürich, 2012.
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FTIR spectroscopy of collagen (PS) and antioxidants incorporated into collagen films (or
chicken skins) were investigated at different temperatures. This process is highly intensified
both by the temperature and time of incubation. Electrophoretic analyses [1] and
examination using scanning electron microscopy (SEM) were carried out after heating the
samples to a temperature simulating a burn incident. For a sample incubated in vitro in a
fucoidan solution containing glucose, glycation was confirmed in a FTIR and acetate
electrophoresis examinations, occurring in collagen obtained from chicken skins. Changes
within the bands of amide I, amide II and amide III may indicate stabilization of collagen by
hydrogen bonds during its interaction with partially hydrolysed fucoidan [2].

Figure 1a–b. Fragment of the FTIR spectra at about 1800–1350 cm−1 for the following
samples: PS-pure organic chicken skin, FGS-native fucoidan in presence of pure organic
chicken skin with glucose, resolved into Gaussian-shaped bands.
For a sample incubated in vitro in a fucoidan solution containing glucose (FGS), glycation
was confirmed in a preliminary FTIR examination, occurring in collagen obtained from
chicken skins. In particular, a new band (Figure 1b) emerging around 1745 cm-1 was
observed for FGKC samples, as was its increasing intensity, as compared with samples
without the addition of glucose. In the collagen glycation assay, while glucose reacts with
collagen and forms cross-linked aggregates, fucoidan and others antioxidants decrease the
process of aggregation and recovery of native collagen. The effect of partially hydrolysed
fucoidan on glucose-mediated collagen glycation and cross-linking of proteins in vitro was
evaluated. It was observed that partially hydrolysed fucoidan incorporated into collagen
films can be used as therapeutically active biomaterials that speed up the process of wound
healing and may increase the anticancer activity of fucoidan.
[1] A Pielesz, J Paluch, Electrophoresis Accepted May 14 (2014)
[2] A Pielesz, Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 118, 287 (2014)
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CHF3 is a prototype molecule for the study of intramolecular energy flow [1-4]. Despite a
long history [1-9] its rotationally resolved infrared spectrum is poorly understood due to
numerous strong interactions. We have reinvestigated the IR spectrum of CHF3 at highest
resolution. Here we present the results of reanalysis of the 2v4 band, located between a 2650
and 2850 cm-1, previously investigated at lower resolution [3.5]. The band is known as
being involved in a Fermi resonance with the stretching fundamental v1, which is an
essential doorway to intramolecular vibrational redistribution [9].
The high resolution FTIR spectrum of CHF3 has been measured with the Bruker 125 HR
Zürich Prototype spectrometer using a White cell with the optical path length of 19.2 meters
at room temperature. As a result of the analysis, transitions up to Jmax = 30 have been
assigned for the symmetric component A1 of 2v4 band, and Jmax = 60 for the 2v4 (E) band.
The new analysis results in a set of effective Hamiltonian parameters, which reproduce the
experimental data with an accuracy close to the experimental uncertainties.
Our work is supported by ETHZ, SNF and ERC.
[1] S. Albert, K. Keppler Albert, H. Hollenstein, C. Manca Tanner, and M. Quack in Handbook of High
Resolution Spectroscopy, Vol. 1, p.117-173; S. Albert, K. Keppler Albert, and M. Quack, Vol. 2, p.9651019, M. Quack and F. Merkt eds., Wiley Chichester (2011)
[2] H. R. Dübal, and M. Quack, Chem. Phys. Lett., 80, 439 (1981)
[3] H. R. Dübal ,and M. Quack, J. Chem. Phys., 81, 3779 (1984)
[4] R. Marquardt, M. Quack, J. Stohner and E. Sutcliffe, J. Chem. Soc., Faraday Trans., 82, 1173 (1986)
[5] A. S. Pine, and J. M. Pliva, J. Mol. Spectrosc., 130, 431 (1988).
[6] J. Segall, R. N. Zare, H. R. Dübal , M. Lewerenz, and M. Quack, J. Chem. Phys., 86, 634 (1986).
[7] A. Amrein, M. Quack, and U. Schmitt, Mol. Phys., 60, 237 (1987).
[8] A. Amrein, M. Quack, and U. Schmitt, J. Phys. Chem., 92, 5455 (1988).
[9] M. Quack, Annu. Rev. Phys. Chem., 41, 839 (1990).
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Isophthalic acid is a noteworthy organic compound with the formula C6H4(CO2H)2, related
to produce commercially polymers and also its isomer are used as precursors like
Isophthalic acid (IPA). The spectroscopic (FT-IR, FT-Raman, UV, 1H and 13C NMR),
structural, electronic and thermodynamical properties were analysed of isophthalic acid in
this work. After then the abbreviation as IPA is used for all text. All analysis was both as
experimental and theoretical (DFT calculations). The experimental spectroscopic studies
were record four important and common spectroscopic techniques for adequate working.
The first infrared and Raman spectra of the solid IA were saved in the region 4000–400 cm–
1
and 3500–0 cm–1, respectively The NMR chemical shifts (1H and 13C) were recorded in
DMSO solution. The last one UV absorption spectra were analysed for two solvent in water
and ethanol, saved in the range of 200-400 nm. The experimental results are combined the
theoretical calculations using DFT calculations to reinforcement of the paper. The
theoretical explication were performed both FT-IR and FT-Raman spectra computed by
using DFT (B3LYP) with 6-311++G(d,p) basis set calculations. The vibrational
wavenumbers were remedied for scale number to take preferable result according to
experimental records. The scaled quantum mechanics (SQM) method were used total energy
distribution (TED) of the vibrational modes for the assignments of the title molecule [1].
The hybrid DFT method is very useful in forecasting accurate vibrational structure as seen
the vibrational results of the paper. Also the 13C and 1H nuclear magnetic resonance
(NMR) spectra were operated by using the gauge-invariant atomic orbital (GIAO) method,
showing a consistency with experimental. Apart from these, the excitation energies,
wavelengths, HOMO and LUMO energies, density of state (DOS) diagrams,
thermodynamical properties and molecular electro-static potential (MEP) were appreciated.
At the end of this work, the results were proved our paper had been needful for the literature
contribution.
[1] SQM Version 1.0, Scaled Quantum Mechanical Force Field, Green Acres Road, Fayetteville,
Arkansas 72703, 2013.
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The azocalix[4]arenes molecules such as metilfenilazocalix[4]aren (MFcalix[4]) and
metoksifenilazocalix[4]aren (MTcalix[4]) have been synthesized and characterized by
experimental FT-IR, 1H and 13C NMR spectral analyses. The fundamental vibrational
transitions were addressed by experimental FT-IR (4000–400 cm−1) technique and density
functional calculations (DFT) employing B3LYP level with the 6-31G(d) and 6-311G(d,p)
basis sets. The 1H and 13C NMR spectra of studied compounds were recorded in chloroform,
and compared with computed data obtained by using gauge including atomic orbital (GIAO)
method [1]. Furthermore, thermodynamic properties (heat capacity, entropies, and enthalpy)
and frontier molecular orbitals of the molecules in the ground state have been calculated by
using the same method and the basis sets. The calculated HOMO and LUMO energies show
that charge transfer occurs within molecule. The non-linear optical properties such as the
first order hyperpolarizability ( ), related properties (
) are also computed by
using DFT calculations. Information about the charge density distribution of the molecules
and its chemical reactivity has been studied by mapping molecular electrostatic potential
surface (MEPs). The bond lengths and bond angles by using the both basis sets show the
good agreement with each other. The scaled vibrational frequency values have been
compared with experimental FT-IR spectroscopic data. The correlations between the
observed and calculated frequencies are in good agreement with each other as well as the
correlation of the NMR data. The linear polarizability and first hyperpolarizability of the
studied molecules indicate that the compounds are a good candidate of nonlinear optical
materials.
[1] K. Wolinski, J.F. Hinton, P. Pulay, J. Am. Chem. Soc. 112 (1990) 8251–8260.
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In this contribution we present new high-resolution spectroscopic data for the 1.5m region
of ammonia. Several vibrational N-H stretch overtone and stretch-bend combination bands
are located in this region. Those bands have been targeted by number of previous studies
[1], yet the spectroscopic analysis is still far from complete. Our measurements have been
performed in the slit-jet supersonic expansion, leading to significant simplification of the
measured spectra due to effective rotational cooling. This leads to reliable identification of
spectral transitions that originate in low rotational states [2].
For the first time we have applied the two-temperature technique for determination of
empirical lower state rotational energies using only the jet spectra. We have demonstrated
that it is possible to control the expansion temperature widely by changing the ammonia
concentration and total stagnation pressure in the jet. Specifically, line intensity ratios from
spectra recorded at 20K and 80K respectively are utilized. This approach proves especially
suitable for identification of the lowest rotational states with J” = 0, 1, and 2. Assignment of
those states is especially important for determination of vibrational band origins and for
critical evaluation the accurace of state-of-the-art theoretical calculations.
Empirical rotational assignments were performed for 46 ro-vibrational transitions between
6500cm-1 and 6900cm-1 respectively. Seven of those spectral lines have been identified as
R(0) transitions with J” = K” = 0. Four of them are identified for the first time. Reliable
confirmation of those empirical assignments was then performed using the R(0) – P(2)
ground state combination differences (GSCD). This further enabled us to find the
corresponding P(1) transitions, that terminate in the J’=K’=0 upper level and thus directly
point to the vibrational band origins. We were able to apply this approach to determine the
band origins for 7 vibrational bands in this spectral region and their R(0), P(1) and P(2)
spectral lines. Those experimental data are compared to highly-accurate theoretical
predictions for ammonia in this spectral range.
[1] K. Sung, L.R. Brown, X. Huang, D.W. Schwenke, T.J. Lee, S.L. Coy, and K.K. Lehmann, J. Quant.
Spectrosc. Radiat. Transf. 113, 1066 (2012).
[2] O. Votava, M. Masat, P. Pracna, S. Kassi, and A. Campargue, Phys. Chem. Chem. Phys. 12, 3145
(2010).

FP50
BROADBAND OVERTONE CONTINUOUS WAVE CAVITY RINGDOWN OF
MOLECULES COOLED DOWN IN SUPERSONIC JET EXPANSION
Jozef Rakovský1, Veronika Horká-Zelenková1, Vít Svoboda1,2, Ondřej Votava1
1

J. Heyrovský Institute of Physical Chemistry, Dolejškova 2155/3, 182 23 Prague 8, Czech
Republic
2
Institute of Chemical Technology Prague, Department of Physical Chemistry, Technická 5,
16628, Prague 6, Czech Republic
Combination of high sensitivity continuous wave cavity ringdown spectroscopic detection
(CW-CRDS) with pulsed supersonic jets provides a powerful experimental technique to
study spectroscopy of cold molecules, molecular clusters and reactive intermediates in the
gas phase. Spectra of supersonically cooled species are significantly simplified compared to
those measured at room temperature, which facilitates spectroscopic assignments.
Absorption measurements in supersonic jets are however challenging as the absorption path
length through the expanding gas is typically only few of centimetres (length of slit of the
nozzle) and the concentrations fall rapidly with the distance from the nozzle orifice. The
short absorption length and low concentration result in low absorption. Moreover, in case of
weak transitions with small cross-section coefficients such as vibrational overtone bands,
the choice of high sensitive absorption technique can be critical. Generally, the CW-CRDS
is considered to be highly sensitive absorption spectroscopic technique [1, 2]. However,
combination of CW-CRDS with pulsed supersonic jet expansion [3] brings some technical
difficulties. Specifically, time synchronization between the CW-CRDS measuring events
and the gas pulses is necessary, which is experimentally challenging.
In this contribution, a novel implementation of the pulsed slit jet supersonic expansion with
short gas pulses (t ~ 1ms) into CW-CRDS setup is presented and evaluated for a sensitivity
and reliability. The experiment is optimized for measuring extended overtone spectra in the
near IR spectral region. Broadband tunebility is achieved by using an external cavity laser
diode as the laser source. The setup implements a fast ringdown event tracking
electronics[4], that produces a regular train of ringdown events with repetition rate up to
3kHz. Thus more than one ringdown event typically coincides with the pulsed nozzle
opening. In addition, time synchronization of the nozzle triggering and data acquisition to
this train of ringdown events is used. Consequently the configuration allows recording of
the ringdown events efficiently for every nozzle openings.
[1] D. Romanini, A. A. Kachanov, N. Sadeghi, F. Stoeckel, Chem. Phys. Lett., 264, 316 (1996)
[2] D. Romanini, A. A. Kachanov, F. Stoeckel,Chem. Phys. Lett., 270, 538 (1997)
[3] A. O’Keefe, J. J. Scherer, A. L. Cooksy, R. Sheeks, J. Heath, R. J. Saykally, , Chemical Physics
Letters, 172, 214 (1990)
[4] O. Votava, M. Mašát, A. E. Parker, C. Jain, C. Fittschen, Rev Sci Instrum, 83, 043110, (2012)

