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Vitamin B6, like the rest of vitamins, is an essential compound involved in numerous biological functions. Concretely, takes part in brain and nervous system health, in the metabolism of carbohydrates
to produce energy and in the process of removing unwanted chemicals from our blood, among others.
Vitamin B6 is found in a variety of forms, and here we present the rotational study of the pyridoxine
form. Pyridoxine has been brought into gas-phase using laser ablation and probed by broadband LACP-FTMW microwave spectroscopy[1] in the range 2-8 GHz. The presence of a methyl group in the
structure produces A, E doublets in the spectrum due to internal rotation that, together with the 14N
quadrupole hyperfine structure, makes this study very challenging. The high resolution of LA-MBFTMW[2] spectroscopy has been crucial to overcome this problematic.
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Methoxy acetaldehyde belongs to a group of structural isomers with general formula C3H6O2 of which
methyl acetate1 and ethyl formate[1-3] are known interstellar molecules. Two different high-resolution spectroscopic techniques have been used to provide direct experimental frequencies of methoxy acetaldehyde in a broad spectral range for astrophysical use. Jet-cooled broadband CP-FTMW
spectroscopy between 6 and 18 GHz allowed the identification of the most stable trans form of methoxy acetaldehyde in the ground vibrational state and its singly substituted 13C and 18O isotopic species
in natural abundances. Also, several water complexes were unveiled. The room-temperature millimeter-wave spectroscopy made possible to extend the assignment of the ground vibrational state up
to 310 GHz and to identify five excited vibrational states of lowest-lying out-of-plane modes. Precise sets of spectroscopic constants presented here were used to search for the spectral features of
methoxy acetaldehyde in the high-mass star-forming regions Orion KL and Sagittarius B2, as well
as in the cold dark cloud Barnard 1. Upper limits to the column densities in these sources are given.
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Cyclooctanone is an 8-membered ring ketone used as a precursor in the synthesis of more complex odorants and cyclic compounds, such as amber- and violet-smelling odorants, diesters of higher
?,?-dicarboxylic acids and 14-membered cyclic lactones. Being an 8-membered ring, cyclooctanone
exhibits a complex conformational landscape. Cyclooctanone had been investigated using low resolution rotational spectroscopy, where only one conformer was observed.[1] However, the rotational
constants were reported with high uncertainties of up to 100 MHz. We have reinvestigated the rotational spectrum of cyclooctanone using our 2-8 GHz chirped-pulse Fourier Transform Microwave
(CP-FTMW) spectrometer.[2,3] In addition to the previously observed conformer, two other conformers have been identified in the rotational spectrum, and their rotational constants have been
determined to high accuracy. The conformers adopt boat chair (BC) and twisted boat chair (TBC)
configurations of the ring. The relative abundance ratios Cyclooct1: Cyclooct2: Cylclooct3 = 525:12:1
show that one of the boat chair conformers, the one first observed by rotational spectroscopy, is
significantly more abundant than the others. The 13C and 18O isotopologues of cyclooct1 have been
observed in their natural abundances, allowing determination of its effective and substitution structures.

[1] 	T. C. Rounds and H. L. Strauss, J. Chem. Phys., 1978, 69, 268.
[2] 	D. Loru, M. M. Quesada-Moreno, J. R. Avilés-Moreno, N. Jarman, T. R. Huet, J. J. López-González and
M. E. Sanz, ChemPhysChem, 2017, 18, 268.
[3] 	D. Loru, M. A. Bermudez and M. E. Sanz, J. Chem. Phys., 2016, 145, 074311.
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The monohydrated cluster of phenyl ethyl mercaptan has been generated on a jet-cooled expansion
and characterized using chirped-pulse Fourier transform microwave spectroscopy in the region 2-8
GHz. The monomer adopts two gauche and trans conformers, similar to phenyl ethyl alcohol but differing in the orientation of the trans thiol group. All monosubtitued (34S and 13C) isotopologues could
be measured for the gauche conformer. A single isomer of the complex of phenyl ethyl mercaptan
with water has been identified. The heterodimer is stabilized primary by the S−H∙∙∙O hydrogen bond
with water, assisted by secondary O-H···p interactions to the aromatic ring, while the homodimer of
phenyl ethyl mercaptan (g+g-) is stabilized by a combination of S−H∙∙∙S, C−H∙∙∙S, S−H∙∙∙p interactions
to the aromatic ring. Supporting ab initio and DFT calculations will be presented.

Figure 1. The monohydrate (left) and homodimer (right) of phenyl ethyl mercaptan.
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The structural elucidation of molecular systems is a vastly explored aspect of science, as evidenced
by the wide variety of techniques devoted to the task. In particular, high-resolution gas phase spectroscopy is able to unveil subtle structural and dynamical effects directly related to the chemical physical properties exhibited by a system, by isolating it from interactions with solvent or crystal packing.
Moreover, by coupling these techniques with supersonic expansions, we can access the native conformational and aggregation preferences of molecules and intermolecular complexes.
The Spectroscopy Group at the University of the Basque Country (UPV/EHU) and the Biofisika Institute (CSIC-UPV/EHU) has built several microwave spectrometers. In our group, we have a chirpedpulsed FT-microwave spectrometer (CP-FTMW) equipped with a customized multi-valves system,[1]
and a cavity based FT-MW spectrometer coupled with an UV ultrafast laser vaporization system.[2,3]
Both set-ups are cutting-edge in the field of microwave spectroscopy. In addition, the Spectroscopy Group has strong collaborations with Prof. Corzana (Universidad de la Rioja), Dr. Çarçabal (Institut
des Sciences Moléculaires d’Orsay) and Dr. Fernández (Universidad del País Vasco). These interdisciplinary collaborations allow us to investigate different biological and astrophysical topics since they
grant us access to custom-made samples and various instrumentations and methodologies.
In order to illustrate our strategy, we present recent results focused on solving various structural
problems of Chemistry at the molecular level. In particular, the conformational landscape of large
clusters and biomolecules, including sugars, glycopeptides and drugs have been studied by our group
recently.[3-6]

Figure. Microwave facilities available in Dr. Cocinero’s Group at the University of the Basque Country (UPV/EHU).
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NH3 includes three hydrogen nuclei and therefore has two nuclear spin isomers, ortho-NH3 (I = 3/2)
and para-NH3 (I = 1/2), where I denotes the total nuclear spins of the protons. Elucidating the mechanism of the nuclear spin conversion (NSC) is important to correctly interpret the nuclear spin temperatures observed in comets such as Hale-Bopp and 153P/Ikeya-Zhang [1]. NSC is exceedingly slow
in the isolated system but has been known to be accelerated in condensed systems [2,3]. Because
the total wave function of a NH3 molecule is required to be antisymmetric under the permutation of
two protons, the nuclear spin states couple with specific rotational states. The rotational levels of
NH3 are labeled by the rotational quantum numbers of J and K. If K is (not) a multiple of 3, the nuclear
spin isomer is ortho (para). In the present study, we investigated NSC of NH3 in noble gas matrices by
measuring time evolution of the infrared spectrum in the v2-vibrational region.

Figure 1 displays time evolution of the infrared spectrum of NH3 isolated in solid Kr in the v2 region. The
assignments of the monomer peaks are described as follows : aQ(1,1)[p], 955 cm-1 ; aR(0,0)[o], 973
cm-1 ; sQ(1,1)[p], 979 cm-1 ; aR(1,1)[p], 993 cm-1 ; sR(1,1)[p], 1009 cm-1. ‘p’ and ‘o’ in brackets mean that the
corresponding peaks are due to para- and ortho-NH3, respectively. An absorption peak of (NH3)2 was
also observed at 998 cm-1. The ortho peak increased in intensity with time whereas the para peaks
decreased. This indicates that para-NH3 converted to ortho-NH3; the rotational relaxation from J = 1 to J
= 0 occurred in connection with NSC. We plotted the integral intensity of aR(0,0) obtained by Gaussian
fitting as a function of time. We determined NSC rates from the temporal changes of the integral intensity. The matrix- and temperature-dependence of the NSC rate will be discussed in the presentation.

[1] Kawakita et al., Astrophys. J, 2004, 601, 1152.
[2] M. Ruzi and D. T. Anderson, J. Phys. Chem. A, 2013, 117, 9712.
[3] B. Gauthier-Roy et al., J. Chem. Phys, 1993, 98, 6827.
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The gaseous mixture of NH3 and a noble gas was dosed onto a gold substrate at 9.5 K. The sample was
warmed at 20 K for 3 min. After cooling to a liquid-helium temperature, infrared spectra were recorded
at a resolution of 2.0 cm-1 under an ultra-high vacuum.

Simulation of rotational energy levels of the ground and
first excited vibrational states of H2S and SO2 molecules
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The ground (000) and first excited (010) are the key vibrational states of the H2S and SO2 molecules,
as majority of the observed rotational - vibrational transitions in absorption originate from the rotational sublevels of these states. The experimental energy levels of the lower vibrational state are
preferably used to determine the upper level of transition. However, the experimental rotational energy levels of the H2S and SO2 ground vibrational state were not available until recently [1,2].
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In Refs. [1,2] a set of consistent experimental energy levels was derived from simultaneous consideration of the observed rovibrational transitions of H2S and SO2 molecules. The accuracy of the energy
level determination in [1,2] depends on the accuracy of transitions involving this level, and in case of a
lack of input data or their inconsistency, the resulted level may be considerably distorted. On the other hand, the set of experimental energy levels [1,2] is limited in J and Ka rotational quantum numbers.
Then, an accurate simulation could support the energy levels values [1,2], or improve them by rejecting
less accurate transition involved in level determination.
In this contribution an accurate set of calculated (000) and (010) rotational energy levels is obtained
for the H2S and SO2 molecules from the fitting to the observed energy levels [1,2] using the effective
rotational Hamiltonian based on different resummation methods of the divergent perturbation series. The predictive ability of the Hamiltonian\’s parameters derived is tested against variational calculations. Comparison of transitions wavenumbers obtained from the presently calculated set of the
H2S (010) energy levels with simulated (010)-(010) transitions included in HITRAN database revealed
a large discrepancy.
This work is supported by the RFBR grant №18-02-00462.

[1] Marvel analysis of the measured high-resolution rovibrational spectra of H232S, submitted to JQSRT, 2018.
[2] JQSRT, 2018, V.208, P.152.
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Recently recommended line-shape profile - the Hartmann-Tran profile (HTP) [1] includes all significant effects used in line-shape modelling nowadays [2]. Nevertheless, it gives unsatisfactory results
in the analysis of high-resolution spectra with a prominent effect of

We propose the extension to this correction, making it useful not only in some specific cases, but for
most of atmospheric and planetary spectroscopic applications. The correction enables to reproduce
the molecular spectra with the percentage agreement to the more physically justified, but numerically complicated Speed Dependent Billiard-Ball line shape profile originated in the transport-relaxation
equation [4] as shown in Figure 1.

[1]
[2]
[3]
[4]

NH Ngo et al J. Quant. Spectrosc. Radiat. Transf. 2013 129 89-100.
J Tennyson et al Pure Appl. Chem. 2014 86 1931-1943.
P Wcisło et al J. Quant. Spectrosc. Radiat. Transf. 2016 177 75-91.
R Ciuryło et al Phys. Rev. A 2002 65 012502.
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the Dicke narrowing [3], such as molecular hydrogen. Wcisło et al. [3] proposed a correction to the
frequency of the velocity-changing collisions parameter in HTP corresponding to the Dicke narrowing effect. Although the correction works, it was applicable to the absorber to perturber mass ratio
equals 1 and has efficiency only for the high ratio of frequency of velocity-changing collisions to the
Doppler half width.
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Spectroscopic investigations of water clusters are important for understanding the nature of hydrogen bonding and have been intensively performed in the mid-infrared (IR) region [1]. On the other hand, in the far-IR region corresponding to the intermolecular vibration, only a few spectroscopic studies have been reported, and the spectral assignment has not been established yet. By using
transmission electron microscopy and mid-IR spectroscopy, it has recently been reported that the
structure of the ice obtained after sublimation of a matrix trapping water clusters is different from
that of the vapor-deposited ice [2,3]. In the present study, far- and mid-IR absorption spectra of
matrix-isolated clusters and matrix-sublimated ice of D2O were investigated, using an apparatus for
spectroscopy in the range of 50-7000 cm-1 under an ultrahigh vacuum.
Our experimental apparatus consists of a Fourier-transform infrared spectrometer, a sample chamber, two optical boxes, and a detector compartment (Fig. 1). Each optical box and the sample chamber
were separated by a diamond window, which is highly transparent to infrared and visible light. For
the purpose of reducing the amounts of leak at the windows and keeping an ultrahigh vacuum in the
sample chamber, the spectrometer, optical boxes, and detector compartment were evacuated with
turbo molecular pumps. We switched between a HgCdTe detector (> 650 cm-1) and a Si bolometer
(< 650 cm-1) by rotating an off-axis parabolic mirror in a high vacuum.
Figure 2a shows the spectrum of D2O-containing solid argon (Ar/D2O=100) formed on a gold substrate
at 7.7 K. Absorption peaks of the intermolecular vibrational modes in Fig. 2b were assigned based on
both the frequencies calculated with Gaussian 09 and the size distribution of clusters estimated from
the mid-IR spectrum (Fig. 2c), where assignment has already been established. By subliming only the
matrix under various conditions of the D2O-concentration and the sublimation temperature, we obtained both the crystalline and amorphous ices. In the session, we quantify the degree of crystallization
from the spectrum in the far-IR region where it is easy to distinguish between the crystalline and amorphous structures [4], and discuss the crystallization conditions of matrix-sublimated ice.

[1] K. Yamakwa, J. Vac. Soc. Jpn., 2017, 60, 256.
[2] A. Kouchi, T. Hama, Y. Kimura, R. Escribano, and N. Watanabe, Chem. Phys. Lett., 2016, 658, 287.
[3] 	T. Hama, S. Ishizuka, T. Yamazaki, Y. Kimura, A. Kouchi, N. Watanabe, T. Sugimoto, and V. Pirronello,
Phys. Chem. Chem. Phys., 2017, 19, 17677.
[4] 	B. M. Giuliano, R. M. Escribano, R. Martín-Doménech, E. Dartois, and G. M. Muñoz Caro, Astron. Astrophys., 2014, 565, A108.
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The absorption spectrum of 13CH4 is recorded in the center of the tetradecad near 1.73 µm (5695-5850
cm-1) at 296 K and 80 K by direct absorption spectroscopy (DAS) [1]. The achieved noise equivalent
absorption of the spectra is 5×10-8 cm-1 leading to line intensity detectivity threshold on the order of
10-25 and 10-26 cm/molecule at 296 K and 80 K, respectively. As a result two empirical line lists are constructed including about 3300 lines at room temperature and 2070 lines at liquid nitrogen temperature.
For comparison, the HITRAN database provides in the region only the strongest 13CH4 lines (about 440
lines in total). From the intensity ratios of the lines measured at the two temperatures, 1530 empirical
values of the lower state energy level were derived (2T-method). Their accuracy is reflected by the
clear propensity of the corresponding empirical values of the lower state rotational quantum number,
J, to be close to integer values. They provide accurate temperature dependence for 91% and 99% of
the total 13CH4 absorption in the region at 296 K and 80 K, respectively. We revise some of incorrect J
values included in HITRAN and compare our line list with the theoretical calculations [4] showing that
the ab initio positions will have to be tuned according to our experimental values.
Acknowledgments
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A water molecule is classified into either the ortho or para species, depending on its total nuclear
spin. The abundance ratio of ortho to para, so called ortho-to-para ratio (OPR), has been measured
for various interstellar media [1]. Recent experiments have shown that nuclear spin conversion (NSC)
of a water molecule is rather fast in low-temperature condensed systems compared with the isolated
system [2]. Therefore, the NSC mechanism needs to be revealed in order for the interpretation of observed OPR values. In addition, since water molecules tend to aggregate with each other to form clusters through the hydrogen bond, the experimental determination of the NSC rates in the water clusters is required for a further discussion of OPR. In the present study, we measured the NSC rates of
the monomer and dimer of H2O and D2O isolated in rare gas matrices by using infrared spectroscopy.
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All the experiments were performed in an ultrahigh vacuum. We mixed the gases of solute (S = H2O,
D2O) and matrix (M = Ar, Kr, Xe) molecules in a gas handling system. The M/S ratio ranged from 200
to 10000. Each gaseous mixture was dosed onto a gold plate at a liquid-helium temperature. After
annealing the condensate, we measured infrared spectra to monitor the rotational relaxation of S associated with NSC.
Figure 1 shows the time evolution of the infrared spectrum in the antisymmetic OD-stretching region
at Kr/D2O=200. The time when the substrate temperature settled at 7.1 K was set to be 0 s. Absorption peaks at 2753 (P1), 2774 (O), and 2787 cm−1 (P2) are assigned to the 000 ← 101, 101 ← 000, and 202 ←
101 rovibrational transitions of the D2O monomer, respectively. While O corresponds to the transition
of ortho D2O, P1 and P2 originate from the para species. An absorption peak of (D2O)2 also appeared
at 2759 cm−1. O grew with increasing time whereas P1 and P2 decayed. These temporal changes are
attributed to NSC from para to ortho. From the time dependence of their integrated intensities, we determined the NSC rate of D2O in solid Kr at 7.1 K to be 1.2 × 10-2 s-1. This rate was found to be one order of
magnitude higher than that of H2O. We also analysed the intensity change of a (D2O)2 peak observed
in the bending-vibrational region to estimate the rate of NSC in the dimer. We will discuss dependence
of the NSC rate on the temperature, matrix species, H/D substitution, and clustering.

[1] M. J. Mumma et al., Science, 1986, 232, 1523.
[2] R. Sliter et al., J. Phys. Chem. A, 2011, 115, 9682.
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Modern telescopes like the ALMA (Atacama Large Millimeter Array) observatory in Chile, allow for a
yet unprecedented view onto complex astronomical objects like late-type stars and their chemical
environment. Dying stars eject huge amounts of their mass into outer space in form of gas and dust,
thus being the major driver of cosmic chemical renewal. The formation of dust itself is yet not fully understood, especially the first condensation stages from atomic elements to di- and polyatomic molecules, like small silicate, aluminium, magnesium or titanium bearing oxides, carbides or nitrides (e.g.
AlO2, TiN/TiC, MgC). Currently many observed emission lines can not be assigend to the respective
carriers due to a lack of high resolution laboratory spectra in the mm and submm range. To improve
the situation and thus better exploit the capabilities of large facilities like ALMA, APEX, and IRAM30m,
we started to set up a dedicated experiment in the 100 GHz region to investigate transient, mostly refractory materials (C, Si, metals, …) bearing molecules. The set-up consists of a chirped-pulse Fourier
transform millimeter spectrometer operating between 100 and 110 GHz using a high power radiation
source of up to 1 Watt in combination with a laser ablation source producing a supersonic jet of buffer
gas and the molecules to-be-investigated. First results will be presented.
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We are interested in the theoretical study of the tautomeric equilibria of 1,2,3- and 1,2,4-triazoles
and their reactions with hydroxyl radicals in the gas phase. All calculations were performed using the
density functional theory (DFT/BHandHLYP) [1] with AVTZ basis set implemented in Gaussian 09.
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A total of twenty-six chemical reactions has been studied, and thermodynamical data and rate constants are reported. The reactions can be classified in two categories: hydrogen abstraction and OH
addition. Nine of these reactions are favourable at room temperature. It was found that OH addition
proceeds more rapidly than hydrogen abstraction, by several orders of magnitude. For the most stable tautomers, which presumably dominate in the gaz-phase, the fastest reactions are OH addition
to 2H-1,2,3-triazole and site-specific OH addition to carbon atom 5 of 1H-1,2,4-triazole. In absolute
values, however, the rate constants are rather small, k = 5.82×10-20 cm3s-1 and k = 4.75×10-18 cm3s-1, respectively, at room temperature. Therefore, under the conditions of the troposphere, triazoles cannot
be eliminated by reactions with hydroxyl radicals [2].

[1] Axel D. Becke. The Journal of Chemical Physics, 98(2):1372-1377, 1993.
[2] N. Derbel, O. Ferchichi, A. Alijah. Chem. Phys. Chem. (2018), DOI: 10.1002/cphc.201800049
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3) The Hamburg Centre for Ultrafast Imaging, Hamburg, Germany

Here, we present a high-resolution rotational spectroscopy study of estradiol, employing the chirpedpulse microwave spectroscopy technique in the interaction free environment of the gas phase. It is
the first rotationally resolved study of a steroid in the gas phase. β-Estradiol has a melting point of 177
°C and a molecular mass of 372 g/mol. Due to the high sensitivity and ongoing improvement of our
experimental setup we were able to measure the spectrum of this large molecule and to determine its
precise structure from the experimental data, as depicted in Fig. 1. Three conformers could be identified in the spectrum, which only differ in the orientation of the two hydroxy groups. The conformers
are almost isoenergetic and have very similar rotational constants but still could be clearly resolved
and assigned.
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Estradiol, estrone and estriol are the three major forms of estrogene hormones in women, which are
responsible for the female reproductive system. Estradiol is the most physically active estrogen and
is also widely used as medication, for example to prevent osteoporosis. The structure of estradiol features the rigid steroidal backbone ring system and two hydroxy groups at the fringes of the molecule
that give rise to its conformational flexibility (Fig. 1). Along with a previous comparison of β-estradiol
structures in the solid state and the liquid phase, this study completes the investigations in all three
main phases by providing the interaction free gas-phase structure.

Franck-Condon simulated electronic spectra of gold
carbene complexes
Agnes H H Chang1, Bing Jian Sun1, Ian J Lin1
1) Department of Chemistry, National Dong Hwa University

Franck-Condon factor, the overlap integral between vibrational wave functions of initial and final
electronic states, could find applications whenever electronic transitions are involved in the phenomena of interest. These include the original and familiar field of electronic spectroscopy: absorption and
fluorescence, photoelectron spectrum, electronic sum frequency generation (SFG) spectroscopy,
electron transfer, and nonradiative decay. Band shape or vibronic structure of electronic spectrum
could be accounted for with the evaluation of Franck-Condon factors. Franck-Condon factor calculations have mainly applied in the electronic spectra of organic molecular systems; the investigations
on metal complexes are very rare and attempts have not been made for gold complexes.

P2.15.

N-Heterocyclic carbene (NHC) chemistry has gain interest recently. Au(I)-NHC complexes, in particular, have received attention for strong Au(I)-CNHC bonds, their easy preparation and modification,
and aurophilic attractions. Au(I)-NHC complexes often exhibit rich photoluminescence related to aurophilic interactions.
While aurophilic and argentophilic interactions are well known, gold(I) and silver(I) NHC complexes
with heterometallic Au-Ag interactions are rare. Recently, crystal structures of {[Au(NHC)2][AgBr2]}1
and 2, of ester functionalized NHC, have been determined by I. J. B. Lin’s group and show interesting
photochemistry: the presence of an ester group in the NHCs not only induces mesophase formation
but also promotes luminescent behavior of these heterometallic Au(I) NHCs. The N-substitued chain
length could tune the emission wave length.
In this work, combined ab initio electronic structure and Franck-Condon factor calculations are
carried out to simulate the band shape of electronic absorption and phosphorescence spectra of
{[Au(NHC)2][AgBr2]}1 and 2 complexes.
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FTIR measurements of the third overtone band of 12C16O

Gang Li1, Alexandra Domanskaya1, Alekandra Kyuberis2, Volker Ebert1
1) 	Physikalisch-Technische Bundesanstalt (PTB), Bundesallee 100, 38116, Braunschweig,
Germany
2) 	Institute of Applied Physics, Russian Academy of Science, Ulyanov Str. 46, 603950, Nizny
Novgorod, Russia

We report new data of the spectral line parameters in the (4←0) third vibrational overtone band of
CO. The spectra of pure gas samples were recorded at 296 K, with a Bruker 125HR interferometer using 0.038 cm-1 spectral resolution. The pressures of CO were varied between 400 and 700 mbar. Due
to the small intensity of the band, a multi-pass cell of 19.3 m optical path was used.
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Intensities, line shifting and broadening coefficients are evaluated and will be reported together with
the comparison to the available literature data [1].

[1] 	Gang Li, I. E. Gordon, L. S. Rothman, Y. Tan, S.-M. Hu, S. Kassi, A. Campargue, E. S. Medvedev: Rovibrational Line Lists for Nine Isotopologues of the CO Molecule in the X 1Σ+ Ground Electronic State. The
Astrophysical Journal Supplement Series 01 (2015); 216(1-1), DOI:10.1088/0067-0049/216/1/15.
257

High resolution Ro-Vibrational analysis of C2HD3 in the
region of 600 - 1150 cm-1
Nadezda V. Kashirina1, Elena S. Bekhtereva1, Olga V. Gromova1,
Sigurd Bauerecker2, Christian Sydow2, Oleg N. Ulenikov1
1) 	Research School of High-Energy Physics, National Research Tomsk Polytechnic University,
634050, Tomsk, Russia
2) 	Institut für Physikalische und Theoretische Chemie, Technische Universität Braunschweig,
D - 38106, Braunschweig, Germany

The present study is devoted to the analysis of the FTIR spectra of the C2HD3 molecule in the region
of localization of the v10 (A’), v7 (A’’), v4 (A’’), v8 (A’’), v6 (A’), and v3 (A’) fundamental bands. Earlier, [1],
only the v8 fundamental band was investigated including Coriolis interactions between the (v8 = 1) and
(v6 = 1) states. In this work an analysis of the v7 (A’’) and v3 (A’) fundamental bands was made for the
first time.

P2.17.

The high resolution spectra of the C2HD3 molecule in the region of 600 – 1150 cm-1 have been recorded with a Bruker IFS-120 Fourier transform spectrometer at the Technische Universität Braunschweig (Germany).
Assignment of transitions was made on the basis of the Ground State Combination Differences
method. Obtained on the basis of this information upper energy values were used as initial data in the
weighted fit procedure of the Hamiltonian parameters. The obtained set of parameters reproduces
the initial data with an accuracy close to experimental uncertainties.

[1] 	L.L. Ng, T.L. Tan, Luqman Akasyah, Andy Wong, Dominique R.T. Appadoo, Don McNaughton, The v8
band of C2HD3 by high-resolution synchrotron FTIR spectroscopy: Coriolis interactions between the
v8=1 and v6=1 states, J Mol Spectrosc, 2017, V. 340, P. 29-35
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Fourier transform spectrum of 34SO2 in the region of the
v2 bending fundamental band
Anastasiia G. Ziatkova1, Olga V. Gromova1, Elena S. Bekhtereva1,
Sigurd Bauerecker2, Christian Sydow2, Georg Mellau3, Martin Quack4,
Oleg N. Ulenikov1
1) 	Research School of High-Energy Physics, National Research Tomsk Polytechnic University,
Tomsk, Russia
2) 	Institut für Physikalische und Theoretische Chemie, Technische Universität Braunschweig,
Braunschweig, Germany
3) 	Physikalisch–Chemisches Institut, Justus–Liebig–Universität Giessen, Giessen, Germany
4) Physical Chemistry, ETH-Zurich, Zurich, Switzerland

High-resolution spectra of sulfur dioxide, 34S16O2, were recorded in the region of 400–650 cm−1 with
a Bruker IFS 125HR Fourier transform interferometer (Zürich prototype ZP2001) equipped by a Ge:
Cu detector.
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Line strength and pressure broadening coefficients of the v2 and 2v2-v2 bands were studied for the
first time. Parameters of the effective dipole moment determined by the weighted fitting procedure
allows one to reproduce experimental values with a drms = 7%.
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Realistic vibrational spectra of Ethylene Based on a
3-band model
Sergey Yurchenko1, Barry Mant1, Jonathan Tennyson1,
Andrey Yachmenev2
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1) Department of Physics and Astronomy, University College London, London WC1E 6BT, UK
2) 	Center for Free-Electron Laser Science, Deutsches Elektronen-Synchrotron DESY, Notkestrasse 85, 22607 Hamburg, Germany

A technique for computing molecular opacities from vibrational band intensities is proposed and used
to provide temperature dependent cross sections of ethylene for shorter wavelength and higher
temperatures. When combined with realistic band profiles (such as the proposed three-band model), the vibrational intensity technique offers a cheap but reasonably accurate alternative to the full
ro-vibrational calculations at high temperatures and should be better at retaining molecular opacities.
Here we apply this model to the new line list of C2H4 [1] which is computed using TROVE [2] and based
on high level ab initio potential energy and dipole moment surfaces. The line list covers the range up
to 7000 cm-1 (1.43 μm) with all ro-vibrational transitions (50 billion) with the lower state below 5000
cm-1 included and thus should be applicable for temperatures up to 700 K. The 3-band model is constructed from three fundamental bands of C2H4 (one parallel and two perpendicular), which also represent its three dipole moment components. This J=0-effort approach has allowed us to significantly
extend the temperature as well as the frequency range of our line list and should be also useful for
larger polyatomic molecules.

[1] B. P. Mant, A. Yachmenev, J. Tennyson and S. N. Yurchenko, Mon. Not. R. Astron. Soc. in press (2018).
[2] S.N. Yurchenko, W. Thiel, P. Jensen, J. Mol. Spectrosc., 245, 126 (2007).
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Line positions and strengths in the n10 / n7 bands of the
C2D4 molecule
Anna L. Fomchenko1, Elena S. Bekhtereva1, Olga V. Gromova1, Maria A.
Merkulova1, Sigurd Bauerecker2, Christian Sydow2, Oleg N. Ulenikov1
1) 	Research School of High-Energy Physics, National Research Tomsk Polytechnic University,
634050, Tomsk, Russia
2) 	Institut für Physikalische und Theoretische Chemie, Technische Universität Braunschweig,
D - 38106, Braunschweig, Germany

The C2D4 isotopologue is an asymmetric top molecule with twelve different vibrational modes. Because of its symmetry (D2h), all the vibrational states of the C2D4 molecule are divided into 8 groups
of the states of different symmetry. However, only bands of three types of symmetry are allowed in
absorption from the ground vibrational state.

The assignment of the transitions was made on the basis of the Ground State Combination Differences method. In this case, the rotational energies of the ground vibrational state have been calculated
with the parameters from [1]. All the obtained energy values were used then as input data in a weighted least square fit with the goal to determine rotational and centrifugal distortion parameters of the
studied states of the C2D4 molecule. As the result, the set of fitted parameters reproduces the initial
experimental energy levels with accuracy close to the experimental uncertainty.
A further analysis of experimental ro-vibrational lines of the v7 and v10 bands of C2D4 was performed
using the Hartmann-Tran [2] profile to simulate the measured line shape and to determine experimental line intensities. The effective dipole moment parameters were obtained on that basis from the
weighted fit, which reproduce the initial experimental intensities with the drms = 5.2 %.

[1] 	Oleg N. Ulenikov, Olga V. Gromova, Elena S. Bekhtereva, Anna L. Fomchenko, Fangce Zhang, Christian
Sydow, Christoph Maul, Sigurd Bauerecker, J. Quant. Spectrosc. Radiat. Transfer, 2016, 182, 55
[2] 	Ha Q. Tran, Ngochoa H. Ngo, Jean Michel Hartmann J. Quant. Spectrosc. Radiat. Transfer, 2013, 129, 199
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High-accurate Fourier-transform infrared spectra of C2D4 were recorded and analyzed in the region
of 460 – 850 cm-1 where the strong fundamental bands v7 (B1u) and v10 (B2u) are located. The spectra
have been recorded with a Bruker IFS 120 Fourier transform infrared (FTIR) spectrometer (Braunschweig, Germany).

Direct deperturbation analysis of the L-mixed B1Π
and C1Σ+ states of LiRb
Ekaterina Bormotova1, Elena Pazyuk1, Andrei Stolyarov1, Asen Pashov2
1) 	Depatment of Chemistry, Lomonosov Moscow State University, Leninskiye Gory 1/3,
119991 Moscow, Russia
2) 	Faculty of Physics, Sofia University St. Kliment Ohridski, bul. J.Bourchier 5, 1164 Sofia,
Bulgaria
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In recent years, ultracold alkali metal dimers have been found to have many promising implementations both in fundamental physics and quantum engineering. Amongst these are ultracold chemistry reactions, quantum information processing, and even the testing fundamental laws of physics.
Li-containing heterodimers are particularly attractive candidates due to their high ground state dipole moment that makes it possible to manipulate them with external electric fields. However, to be
able to utilize these molecules, one must first create a stable ensemble of ultracold molecules. One
of the most widespread methods to accomplish this is the adiabatic transfer of ultracold Feschbach
molecules from the lowest triplet electronic state to their absolute ground state (ν=0,J=0).This transfer is a multistep process which a priori requires precise and comprehensive spectroscopic information on the involved electronic states.
In this work, we performed a direct deperturbation analysis of all experimental term values of the B1Π
and C1Σ+ states that have recently become available in the literature for the 6,7Li85,87Rb isotopologues
[1-4]. The rigorous coupled-channel modeling Hamiltonian accounts for the local L-uncoupling effect
between the crossing B1Π and C1Σ+ states explicitly while the regular interactions with the remote
states manifold are introduced into the Hamiltonian by the 2-nd order van Vleck’s contact transformation. The initial set of the required interatomic potentials and L-uncoupling electronic matrix elements as a function of internuclear distance are obtained within the framework of high level ab initio
electronic structure calculations [5]. The fitted non-adiabatic matrix elements and potential energy
curves reproduce the overall experimental data of the interacting B1Π and C1Σ+ states with experimental accuracy (0.01 cm-1). Particular attention is paid to the probe mass-invariant properties of the
deperturbed structure parameters.
The study was funded by RFBR according to the bilateral Russia-Bulgaria research project 17-5318006.

[1]
[2]
[3]
[4]
[5]
262

J. Chem. Phys. 2013, 138, 94315
Chem. Phys. Lett. 2011, 7, 511
Rev. A, 2016, 94, 062503
Phys. Rev. A, 2014, 90, 062513
PCCP, 2018, 20, 1889

High resolution study of the decades of H2S

Tolganay Yersin1, Fangce Zhang1, Elena S. Bekhtereva1,
Olga V. Gromova1, Sigurd Bauerecker2, Christian Sydow2,
Oleg N. Ulenikov1
1) 	Research School of High-Energy Physics, National Research Tomsk Polytechnic University,
634050, Tomsk, Russia
2) 	Institut für Physikalische und Theoretische Chemie, Technische Universität Braunschweig,
D - 38106, Braunschweig, Germany
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High resolution spectra of the H2S molecule in natural composition were studied in the region of
7300-8900 cm-1 where transitions to the first and second decades are located. Line-by-line analysis, line strengths and self-broadening coefficients are obtained from the series of experimental
recordings with the Bruker IFS 125HR Fourier transform interferometer (Zürich prototype ZP2001).
Parameters of the effective Hamiltonian and effective dipole moment are obtained from the weighted
fit procedure.
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Absolute line strengths in bands n9 and n11
of the 12C2H4 molecule
Yulia S. Aslapovskaya1, Aleksei V. Kuznetsov1, Olga V. Gromova1,
Elena S. Bekhtereva1, Sigurd Bauerecker2, Christian Sydow2,
Oleg N. Ulenikov1
1) 	Research School of High-Energy Physics, National Research Tomsk Polytechnic University,
634050, Tomsk, Russia
2) 	Institut für Physikalische und Theoretische Chemie, Technische Universität Braunschweig,
D - 38106, Braunschweig, Germany

High resolution analysis of the 12C2H4 spectra was made for the bands v9 and v11. The experimental
spectrum in the region of 2900-3300 cm-1 was recorded with a Bruker IFS-120HR Fourier transform
interferometer at Braunschweig, Germany.
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More than 2 300 transitions with maximum values of quantum numbers Jmax=52 and Kamax=13 were
assigned to the bands v9, v11 and v2+v12. The individual line intensities of about 300 transitions were
determined from the fit of line shapes and then used in the weighted fit procedure for determination
of the effective dipole moment parameters.
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Analysis of resonance interactions in the bands located
in the region of 1500–1750 cm-1 in the C2H2D2–cis
molecule
Yuliya V. Konova1, Ivan A. Konov2, Olga V. Gromova1,
Elena S. Bekhtereva1, Sigurd Bauerecker3, Christian Sydow3,
Oleg N. Ulenikov1
1) 	Research School of High-Energy Physics, National Research Tomsk Polytechnic University,
2) Physics Department, National Research Tomsk State University, 634050, Tomsk, Russia
3) 	Institut für Physikalische und Theoretische Chemie, Technische Universität Braunschweig,
D - 38106, Braunschweig, Germany

We report the result of a highly accurate ro-vibrational analysis of the C2H2D2–cis molecule in the
spectral region of 1500-1750 cm-1. The FTIR spectra were recorded with a Bruker 120 HR spectrometer at the Technische Universität Braunschweig (Germany) under various conditions.

The ground state combination differences method was used for assignment of transitions. About 900
upper energy values obtained on that basis were used as an initial information in the weighted fit of
parameters of the Hamiltonian, which takes into account resonance interactions between all considering vibrational states. The obtained set of parameters reproduce the initial data with an accuracy
close to experimental uncertainties.

[1] F. Hegelund, F.M. Nicolaisen. J. Mol. Phys. 128, 321-333 (1988).
[2] T.L. Tan, M.G. Gabona. J. Mol. Spectros. 275, 5-8 (2012).
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There are 6 bands (ν2, ν7+ν8, ν4+ν10, 2ν7, ν6+ν10 and ν4+ν8) in this region. The ν7+ν8 band is strong, the
other bands are relatively weak and they were not analysed before. For the ν7+ν8 band, transitions
have been assigned with higher values of quantum numbers Jmax and Kamax than in the preceding work
[1-2]. The states (ν4=ν10=1) and (ν4=ν8=1) were considered as “dark” states.

High resolution study of 73GeH4 in the dyad and pentade
regions
Natalia I. Raspopova1, Olga V. Gromova1, Elena S. Bekhtereva1,
Petr G. Sennikov2, Maxim A. Koshelev2, Maxim A. Koshelev3,
Irina A. Velmuzhova2, Aleksandr P. Velmuzhov2, Oleg N. Ulenikov1
1)	Research School of High-Energy Physics, National Research Tomsk Polytechnic University,
Tomsk, Russia
2) 	G.G. Devyatykh Institute of Chemistry of High Purity Substances, Russian Academy of
Sciences, Nizhny Novgorod, Russia
3) Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod, Russia
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High resolution infrared spectra of 73GeH4 were recorded at different pressures in the region of 650 2300 cm-1 with a Bruker IFS 120HR Fourier transform spectrometer (Nizhny Novgorod, Russia) and
theoretically analyzed. More than 2500 transitions with Jmax = 22 have been assigned to v2 / v4 bands
of the dyad, and about 3000 transitions with Jmax = 30 and 13 have been assigned to the stretching and
bending bands of pentad. Line positions were used then in the fit of parameters of the corresponding
effective Hamiltonians. Rotational, centrifugal distortion, tetrahedral splitting, and resonance interaction parameters were determined. Obtained set of parameters reproduces the initial experimental
data with an accuracy closed to experimental uncertainties.
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High resolution study of Hexades of H2MS

Fangce Zhang1, Petr A. Glushkov1, Anastasiia S. Belova1,
Elena S. Bekhtereva1, Olga V. Gromova1, Sigurd Bauerecker2,
Christian Sydow2, Christof Maul2, Oleg N. Ulenikov1
1) 	Research School of High-Energy Physics, National Research Tomsk Polytechnic University,
634050, Tomsk, Russia
2) 	Institut für Physikalische und Theoretische Chemie, Technische Universität Braunschweig,
D - 38106, Braunschweig, Germany

High-resolution infrared spectra of H2S have been recorded in a wide region of 650-10400 cm-1 with
the Fourier transform interferometer Bruker IFS-125HR in Braunschweig Technical University.
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The complete line-list of the studied bands of tree isotopologues, M=32, 33, 34, of hydrogen sulfide
was produced including line strengths and self-broadening coefficients. Parameters of the effective
Hamiltonian and dipole moment were obtained.
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First high resolution analysis of SiD4 in the dyad region

Olga V. Gromova1, Natalia I. Raspopova1, Elena S. Bekhtereva1,
Christian Sydow2, Sigurd Bauerecker2, Oleg N Ulenikov1
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1) 	Research School of High-Energy Physics, National Research Tomsk Polytechnic University,
Lenin av., 30, 634050, Tomsk, Russia
2) 	Institut für Physikalische und Theoretische Chemie, Technische Universität Braunschweig,
D - 38106, Braunschweig, Germany

The high resolution infrared spectra of SiD4 were recorded with a Bruker IFS125 HR Fourier transform
interferometer and analyzed in the region of 550-800 cm-1 where the bands v4 and v2 are located. The
7279 transitions with Jmax. = 37 were assigned to the v4/v2 dyad (the v2 band is forbidden in absorption
for symmetry reasons, and its transitions can appear in the spectrum only because of Coriolis interaction with the allowed v4 band). The subsequent weighted fit of experimentally assigned transitions
was made with the Hamiltonian model which takes the resonance interactions between the (0001)
and (0100) vibrational states into account. The initial values of the Hamiltonian parameters have been
predicted on the basis of the isotopic substitution theory. As the result, a set of 35 fitted parameters
was obtained which reproduces the initial 7279 ro-vibrational transitions with the drms = 1.85 x 10-4
cm-1. A further analysis of about 600 experimental ro-vibrational lines in the dyad region of 28SiD4 was
performed using the Hartmann-Tran line profile to simulate the measured line shape and to determine
experimental line intensities. A set of 4 effective dipole moment parameters for the dyad of 28SiD4
was obtained on that basis from the weighted fit, which reproduce the initial experimental intensities
of about 600 lines with the drms = 6.5%. The half-widths of 40 ro-vibrational lines (Jmax.= 16) are studied
from the multi-spectrum analysis, and self-pressure broadening coefficients are determined.
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Ab initio calculations of the potential energy curves and
intramolecular interactions in LiRb and LiCs including
spin-dependent effects
Ekaterina Bormotova1, Alexander Medvedev1
1) 	Depatment of Chemistry, Lomonosov Moscow State University, Leninskiye Gory 1/3,
119991 Moscow, Russia

Ultracold molecules have recommended themselves to be convenient and interesting objects for experimental and theoretical investigations due to the ease of manipulation in laboratory environments.
The first step towards making ultracold molecules is conducting a detailed study of the electronic
structure of the molecule under examination.

For the latter case, the relativistic PECs of LiRb and LiCs, corresponding to the ground and low-lying
excited dissociation limits, were obtained in a wide range of internuclear distances. The inner electronic shells of the Rb and Cs atoms were substituted with shape-consistent relativistic effective
core pseudopotentials (ECPs) [1]. For the Li atom, an all-electron basis set [2], augmented by diffuse
functions, was used. The energies of the electronic states were calculated using the recently formulated version of the intermediate Hamiltonian relativistic Fock-space coupled-cluster method with
singles and doubles (IH FS RCCSD [3,4]). The [Li-M]2+ (M={Rb, Cs}) ion served as a vacuum state. The
error, associated with the size-inconsistency of the applied method, was insignificant thanks to the
dynamically shifted denominators.
As a result of the calculations performed for Hund’s coupling case (a) non-relativistic PECs and
non-adiabatic matrix elements were obtained in a wide range of internuclear distances. Small-core
ECPs with 9 electrons (1 valence + 8 subvalence) for Rb and Cs, and a 1-electron ECP for Li were used
within the framework of the internally contracted multi-reference configuration interaction (MRCI)
method with state-averaged complete active space self-consistent field (SA-CASSCF) optimization,
where core polarization effects were taken into account using l-independent core polarization potentials (CPPs).
The calculations were performed within the MOLPRO2010 and the appropriately modified DIRAC17
packages.
The study was funded by RFBR according to the research project N 18-33-00753.

[1]
[2]
[3]
[4]

Int. Rev. At. Mol. Phys., 2010, 1, 63
Theor. Chem. Acc., 2011, 128, 69
J. Chem. Phys., 2001, 115, 9720
Phys. Rev. A, 2017, 96, 022516.
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In this work, a two-fold approach has been taken to accurately describe the potential energy curves
(PECs) of the LiRb and LiCs heterodimers by looking at both (a) and (c) Hund’s coupling cases.

Comprehensive update of structural data in the
MOGADOC database
Natalja Vogt1, Rainer Rudert1, Jürgen Vogt1
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1) Chemical Information Systems, University of Ulm, 89069 Ulm

In order to facilitate the access to structural and structure-related properties of free molecules, our
group has systematically compiled and critically evaluated the whole literature in the fields of microwave and high-resolution infrared spectroscopy, electron diffraction, and radio astronomy. On this
basis the MOGADOC database (Molecular Gasphase Documentation) has been established [1-3]. In
the meantime the database has grown up to 45,000 references and 12,000 inorganic, organic, and
organometallic compounds. For 10,000 compounds the structural parameters such as bond lengths
and internuclear distances, bond angles and dihedral angles are given numerically. The retrieval features of the HTML-based online-database have been described elsewhere [4-6]. More than 9,500
datasets can be visualized in three dimensions by a specially developed 3D-viewer [5]. In order to
avoid problems with Java applets for the structure editor and 3D-viewer, we have recently replaced
them by Java-scripts with enhanced features [6]. The implemented structure editor enables the user
to retrieve structural formulas and their fragments. Moreover, one can interactively visualize the
3D-models and “measure” structural parameters by means of a 3D-viewer (see presentation of thymine from Ref. [7] in the figure), as well as analyze the symmetry of the molecule. In the next update,
all structural data published up to 2017 will be presented in the database including bibliographical and
key-word description.
This work has been supported by the Dr. Barbara Mez-Starck Foundation.

[1] J. Vogt, B. Mez-Starck, N. Vogt, W. Hutter, J. Mol. Struct. 485/486 (1999) 249.
[2] J. Vogt, N. Vogt, and R. Kramer, J. Chem. Inf. Comput. Sci. 43 (2003) 357.
[3] J. Vogt and N. Vogt, J. Mol. Struct. 695 (2004) 237.
[4] N. Vogt, E. Popov, R. Rudert, R. Kramer, and J. Vogt, J. Mol. Struct. 978 (2010) 201.
[5] J. Vogt, E. Popov, R. Rudert, and N. Vogt, J. Cheminformatics. 6 (Suppl 1) (2014) P3.
[6] 	J. Vogt, N. Vogt, R. Rudert, E. Popov, S. Schlagenhauf, K. Deutzmann, and R. Kramer, Struct. Chem. 26
(2015) 1725.
[7] N. Vogt, J. Demaison, D. N. Ksenafontov, and H. D. Rudolph, J. Mol. Struct. 1076 (2014) 483.
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A highly accurate ab initio dipole moment surface for
water: transitions extending into the ultraviolet
Eamon Conway1, Aleksandra Kiuberis2, Oleg Polyansky2, Irina Mizus2,
Jonathan Tennyson3, Nikolay Zobov2
1) 	Department of Atomic and Molecular Physics, Harvard-Smithsonian Center for Astrophysics, Cambridge, USA
2) 	Institute of Applied Physics, Russian Academy of Science, Ul’yanov Street 46, Nizhny
Novgorod, Russia, 603950
3) 	Department of Physics and Astronomy, University College London, London, WC1E 6BT,
United Kingdom

Compared to recent experimental measurements in the far infrared region[1], this new DMS significantly improves agreement with theory for transitions in the previously problematic bands (121),
(300) and (102). For highly energetic overtones located in both the visible and ultraviolet regimes,
we successfully predict the intensity of all measured bands to within 10% of the latest atmospheric
observations[2]. These include bands at 487 nm (303), 471 nm (511), and 363 nm (900), for which
previous models underestimated the intensity by up to 139%. Absorption features are also predicted
in the 290 nm to 355 nm window and the theoretical shape demonstrates reasonably good behaviour
with previously measured cross sections.
We will show the strong influence of the accuracy of the used fitted PES’s to the accuracy of the
intensities. For comparison a few different accurate PES’s, one of them is the most accurate PES[3]
up for now, were used.

[1] 	M. Birk, G. Wagner, J. Loos, L. Lodi, O.L. Polyansky, A.A. Kyuberis, N.F. Zobov, J. Tennyson. Accurate line
intensities for water transitions in the infrared: Comparison of theory and experiment. JQSRT. 2017,
203, 88 .
[2] 	J. Lampel, D. Pohler, O.L. Polyansky, A.A. Kyuberis, N.F. Zobov, J. Tennyson, L. Lodi, Y. Wang, S. Beirle,
U. Platt, T. Wagner. Detection of water vapour absorption around 363nm is measured atmospheric
absorption spectra and its effect on DOAS evaluations. Atmospheric Chemistry and Physics. 2017,
17, 1271.
[3] 	I.I. Mizus, A.A. Kyuberis, N.F. Zobov, V. Yu. Makhnev, O.L. Polyansky, J. Tennyson. High-accuracy water potential energy surface for the calculation of infrared spectra. Phil. Trans. R. Soc. A. 2018, 376,
20170149.
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We present a new ab initio dipole moment surface (DMS) for the water molecule valid for transitions
which stretch into the near ultraviolet. Intensities computed using this surface agree very well with
precise laboratory measurements designed to aid atmospheric observations. This work is based on
a data set encompassing 17 628 MRCI configurations that were calculated with the aug-cc-pCV6Z
basis set with the Douglass-Kroll-Hess Hamiltonian to second order.

Far IR continuum absorption of H216O and H218O

Tatyana Odintsova1, Mikhail Tretyakov1, Aleksandra Zibarova1,
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3) Univ. Grenoble Alpes, CNRS, LIPhy, 38000 Grenoble, France

P2.31.

We present new measurements of the water vapor continuum absorption in the range covering most
of the pure rotational spectrum of water molecule from 10 up to 650 cm-1. The continuum absorption
was derived from the broad band water vapor spectra recorded by Fourier transform spectrometer
equipped with the 151-m multipass gas cell at the AILES beam line of the SOLEIL synchrotron. To cover the frequency range, the coherent (10-35 cm-1) and standard (40-700 cm-1) radiation modes of the
synchrotron were used. In order to refine the magnitude and clarify the physical origin of the continuum, spectra of the two major water isotopologues, H216O and H218O, were considered. Recordings at
several water vapor pressures were used to check the expected quadratic pressure dependence of
the continuum.
The new data considerably extend and supplement results of previous measurements of the continuum filling, in particular, the gap between 200 and 350 cm-1, which was never studied before. Investigation of the continuum absorption for both water isotopologues using coherent synchrotron
mode confirmed existence of water dimer spectral future near 15 cm-1 revealed in our previous study
[1]. Improved signal to noise ratio will help to discriminate the contribution of stable water dimers and
other sources of the continuum. The H216O and H218O absorption continua in the range of 50-650 cm-1
show similar frequency dependence and magnitude. The present data confirm that the MT-CKD empirical continuum model [2] widely used in atmospheric applications, overestimates the continuum
magnitude by about 30% in the whole range of the rotational band of water molecule.
This work was partially supported by grant № 18-02-00705 of Russian Foundation for Basic Research.

[1] JQSRT, 2017, 187, 116
[2] Phil. Trans. R. Soc. A, 2012, 370, 2520
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A complete and coherent spectral line parameter set
for the full 2ν3-band of 14N216O including line strengths,
air- and self-induced broadening and shift coefficients
Viktor Werwein1, Gang Li1, Olav Werhahn1, Volker Ebert1
1) 	Physikalisch-Technische Bundesanstalt (PTB), Bundesallee 100,
D-38116 Braunschweig, Germany

Considering the benefits of our results in comparison to previously often interpolated N2O data, we
suggest to evaluate the advantages of applying our coherent line parameter set as a potential new
reference for atmospheric monitoring of N2O, e. g. in the Total Carbon Column Observing Network [4].
The extension of our previous analysis [5] was realized within the continuation of the EUMETRISPEC
project to establish a European spectroscopy infrastructure enabling measurements of spectral line
parameters traceable to the SI.

[1] 	The International System of Units (SI), Bureau international des poids et mesures (BIPM), 2006. See
also: < http://www.bipm.org/en/measurement-units>.
[2] 	Evaluation of Measurement Data - Guide to the Expression of Uncertainty in Measurement, International
Organization for Standardization, 2008. See also: < http://www.iso.org/sites/JCGM/GUM-JCGM100.htm>
and < http://www.bipm.org/utils/common/documents/jcgm/JCGM_104_2009_E.pdf>.
[3] I.E. Gordon et al., JQSRT, 2017, 203, 3.
[4] D. Wunch et al., Phil. Trans. R. Soc. A, 2011, 369, 2087.
[5] 	V. Werwein, J. Brunzendorf, A. Serdyukov, O. Werhahn, V. Ebert, J. Mol. Spectrosc., 2016, 323, 28; V.
Werwein, J. Brunzendorf, G. Li, A. Serdyukov, O. Werhahn, V. Ebert, Appl. Opt., 2017, 56, E99; V. Werwein, G. Li, A. Serdyukov, J. Brunzendorf, O. Werhahn, V. Ebert, J. Mol. Spectrosc., 2018, 348, 68.
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We present a complete and coherent spectral line parameter set for the full 2ν3-band of the 14N216O
isotopologue determined using high-resolution (0.002 cm-1) FTIR-spectroscopy at 296 K between
1 and 1000 mbar. All line parameters were directly measured in the 2ν3-band with the same FTIR-infrastructure followed by analysis with the same software. The focus was put on metrological aspects.
The latter includes traceability to the SI [1] of the most relevant input parameters, i. e. pressure, temperature and absorption path length, and determination of the respective uncertainties according to
the GUM [2]. The data set consists of line strengths as well as air- and self-induced broadening and
shift coefficients for the rovibrational transitions P40 to R40. In contrast to previously available line
data for this spectral window in databases like HITRAN [3], for the first time, the complete 2ν3-band
line parameter set was directly measured. The uncertainties of almost all parameters could be significantly reduced, e. g. in the case of line strengths and self-induced broadening and shift coefficients up
to one order of magnitude for individual lines and all uncertainties are determined using metrological
principles and rigorousness.

Rovibrational laser jet-cooled spectroscopy of the NH3–Ar
complex in the ν2 umbrella region of NH3: comparison between
new infrared data and an ab initio calculated spectrum
Yacine Belkhodja1, Pierre Asselin1, Atef Jabri2, Alexey Potapov3,
Jérôme Loreau4, Ad van der Avoird5
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4) Service de Chimie Quantique et Photophysique, Université libre de Bruxelles (ULB)
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With our sensitive experimental set-up SPIRALES[1,2] which couples an external-cavity quantum
cascade laser (EC-QCL) tunable between 930 and 990 cm-1 with a pulsed supersonic jet, we recorded
in the spectral range near the v2 umbrella vibration 5 rovibrational transitions of the NH3-Ar van der
Waals (vdW) complex(Fig.1.a). The rovibrational analysis enabled the identification of the initial states
of the observed transitions[3], namely an ortho state, Sa(j=0,k=0), and two para states Ss(j=1,k=1),
Sa(j=1,k=1). The final states of ortho transitions have been identified by rotational contour fitting and
correspond to Ps(j=1,k=0) et Ss(j=1,k=0). The comparison of the para transitions (Fig.1.b) spectra with
calculated spectras based on 4-dimensional potential energy surface that includes explicitly its
dependence on the umbrella motion [4], enabled the assignment of the para transitions and the
validation of the model used for the computation. The analysis of the para transitions excited state
Ps/a,lower(j=1,k=1),Ps/a,upper(j=1,k=1) et Ps/a,upper(j=1,k=1) [3], which label correspond to the major state contribution, has evidenced the existence of Coriolis coupling in fundamental and excited states, responsible of the unequal spacings in the rovibrational branches, and the frequency splitting of the upper of
the inversion mode as a consequence of the coupling with Δ states.

[1] 	P. Asselin, Y. Berger, T. R. Huet, R. Motiyenko, L. Margulès, R. J. Hendricks, M. R. Tarbutt, S. Tokunaga,
B. Darquié, « Characterising molecules for fundamental physics: an accurate spectroscopic model
of methyltrioxorhenium derived from new infrared and millimetre-wave measurements », Phys.
Chem. Chem. Phys. 19, 4576 (2017).
[2] 	P. Asselin, A. Potapov, A. Turner, V. Boudon, L. Bruel, M. A. Gaveau and M. Mons, « Conformational
landscape of the SF6 dimer as revealed by high resolution infrared spectroscopy and complexation
with rare gas atoms », Phys. Chem. Chem. Phys.,19, 17224-17232 (2017).
[3] 	P. Asselin, Y. Belkhodja, A. Jabri, A. Potapov, J. Loreau et A. van der Avoird., « Rovibrational laser jetcooled spectroscopy of the NH3-Ar complex in the υ2 umbrella region of NH3 : comparison between
new infrared data and an ab initio calculated spectrum », Accepted in Molecular Physics (2018).
[4] 	J. Loreau, J. Liévin, Y. Scribano and A. van der Avoird, « Potential energy surface and bound states of
the NH3–Ar and ND3–Ar complexes », J. Chem. Phys. 141, 224303 (2014).
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Polycyclic aromatic hydrocarbons (PAHs) are assumed to be key players in interstellar chemistry. Understanding their role in interstellar photochemistry and physics can provide important insights into the
structure and evolution of the interstellar medium [1,2]. Thus, the combination of ultrafast experiments
using highly ionizing radiation, along with the experimental structural investigation of PAHs and their
intermolecular interactions with water using microwave spectroscopy, can help elucidate this role by
providing complementary information on important interstellar physical and chemical processes.
In this work, we present our results on the ultrafast fragmentation of phenanthrene, a three-ringed
PAH. The molecules were ionized using extreme ultraviolet radiation at 30.3 nm provided by the
free-electron laser at Hamburg, FLASH [3]. Their reaction dynamics in the femtosecond regime were
probed using IR and visible laser pulses at 800 nm and 400 nm respectively. The goal of these experiments is to determine the lifetimes of the excited cationic PAHs following extreme ultraviolet excitation, and thereby make valuable contributions in identifying the preferred reaction pathways of
these molecules in space. In parallel to these pathways, a structural investigation has been made of
the complexes of phenanthrene with H2O using the chirped pulse Fourier transform microwave spectrometer (CP-FTMW) COMPACT operating in the 2-8 GHz region. Through this, we have been able to
analyze the intermolecular interactions of phenanthrene-H2O and phenanthrene-(H2O)2 complexes.
We expect that a thorough analysis of these intermolecular interactions is the first step in understanding the formation of interstellar ice at a molecular level. This, along with photodissociation studies, should lead to a deeper understanding of photochemical processes of these molecules in space.

[1] EAS Publications Series, 2011, 46, 3.
[2] Nature, 1998, 391, 259.
[3] J. Phys. B, 2010, 43,194002.
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Hydrogen chloride (HCl) is an important impurity to be quantified in biogas and biomethane for quality control reasons. Because of the reactive nature of HCl, it is necessary to accurately measure HCl
concentrations in biogas and biomethane that is injected into natural gas grids, to avoid corrosion of
metal containers due to HCl reaction with moisture [1]. Laser absorption spectroscopy provides a
unique option to develop highly sensitive and accurate sensors for HCl measurements in biogas and
biomethane [2]. For laser spectroscopic measurements where spectral modelling is applied, accurate
line strengths, collisional broadening and shifting coefficients are required to model the absorption
profiles [3, 4].
Here, we present new results of CH4 and N2 collisional broadening and shift of the 3.6 µm P1(6) line,
necessary for HCl concentration measurements in biogas and biomethane. The measurements have
been performed in the pressure range of 10 to 1000 hPa, using a new mid-infrared interband cascade
laser (ICL)-based direct absorption spectrometer specially designed for HCl measurements. Additionally, we elaborate on our measurement method, addressing the traceability of the results to the
international system of units (SI) and uncertainty evaluation following guide to the expression of uncertainty in measurement (GUM) principles [5]. We validate our measurement method, showing the
agreement of the line data with our previous measurements and available literature results [6].

[1] 	EMPIR projects: Biomethane - http://empir.npl.co.uk/biomethane/
[2] 	P. Ortwein, W. Woiwode, S. Fleck, M. Eberhard, T. Kolb, S. Wagner, M. Gisi and V. Ebert, Absolute diode
laser-based in situ detection of HCl in gasification processes Exp. Fluids 49 961–8 (2010)
[3] 	J. A Nwaboh, O. Werhahn and V. Ebert, Line strength and collisional broadening coefficients of H2O at
2.7 μm for natural gas quality assurance applications, Vol. 112, No. 18, 2451–2461 (2014)
[4] 	A. V. Domanskaya, G. Li, H. Tran, M. Gisi, V. Ebert, Collision-induced line parameters for the (2 ← 0)
overtone band of HCl (1.76 μm) in binary mixtures with H2 and CH4 , JQSRT, 199, 71-76 (2017)
[5] 	2008 ISO Guide 98-3 Guide to the Expression of Uncertainty in Measurement (Geneva: International
Organization for Standardization) ISBN 9267101889
[6] 	A. S. Pine and J. P. Looney, Journal of Molecular Spectroscopy 122, 41-55 (1987)
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Bimolecular absorption in dry atmospheric gases at
millimeter waves: new experimental data and high
accuracy modeling
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Weakness of bimolecular absorption in nitrogen and oxygen makes it difficult for studying. However,
its contribution is significant in the upper atmosphere and its accurate modeling is important. Several measurements of the absorption in compressed nitrogen and oxygen are known. However, to the
best of our knowledge the only experimental study of the dry air absorption at atmospheric conditions in the millimeter wavelength region can be found [1].
Here we present new experimental data on bimolecular absorption spectra of dry atmospheric gases
in the frequency range 105-150 GHz. The experimental spectra were recorded in a wide temperature
and pressure ranges using a resonator spectrometer [2]. Good coincidence of our results for dry nitrogen absorption with the corresponding results from work [1] was observed.

Comparison of the experimental results with the absorption calculated using the Millimeter-wave
Propagation Model [4] shows that the model underestimates slightly the dry air atmospheric absorption in the millimeter range. Therefore, the corresponding part of the model can be corrected.
This work was partly supported by the Russian Foundation for Basic Research, Project No. 18-0500698.

[1]
[2]
[3]
[4]

JQSRT, 2007, v. 108, p. 256
IEEE T THz Sci Techn, 2018, submitted
JQSRT, 2018, v. 216, p. 70
Remote Sens. Code Library, 2017, doi:10.21982/M81013.
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Disagreement of N2 and dry air continuum absorption observed in [1] was interpreted. The modified
far wing model of the 60 GHz oxygen band involving the coupling effect between the zero-frequency
O2 lines was applied to solve the problem [3].

Exoplanetary atlas of molecular opacities:
ExoMol Gallery
Sergei N Yurchenko1, Jonathan Tennyson1, Oleg N. Polyansky1,
ExoMol team1
1) 	Department of Physics and Astronomy, University College London, Gower Street, WC1E
6BT London, United Kingdom
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Molecular opacities play a key role for spectral characterization of atmospheres of exoplanets. These
data form the input for opacity models for cool stars and brown dwarfs as well as for radiative transport
models involving exoplanets. Different observational technics have different requirements on the quality
of the spectroscopic data: some atmospheric studies need a complete description of molecular opacities, while other require very precise line positions. The ExoMol project is dedicated to providing molecular
line lists for exoplanet and other hot atmospheres. So far ExoMol has generated line lists for about 30 key
molecular species and more than 20 line lists have been collected from other sources. In 2017, ExoMol
was updated with the line lists for NO [1], SiH [2], PO, PS [3], SH and NS [4], 17H2O and 18H2O [5]. The update
from 2018 will include AlH [6], BeH [7], SiH4 [8], H2O [9], C2, C2H2, C2H4, CH3Cl, CH3F, NH3 and MgO. Here we
present an exoplanetary atlas of molecular opacities produced using the ExoMol line lists in a form of a
puzzle: we will suggest to recognize molecules by their spectra. Our spectral gallery is aimed at helping
to identify prominent atmospheric absorbers based on their key spectral features. Methods for efficient
production, storage and usage of line lists as well as further data needs will be discussed.

[1] 	A. Wong, S. N. Yurchenko, P. Bernath, H. S. P. Mueller, S. McConkey, and J. Tennyson, Mon. Not. R.
Astron. Soc. 470, 882 (2017).
[2] 	S. N. Yurchenko, F. Sinden, L. Lodi, C. Hill, M. N. Gorman, and J. Tennyson, Mon. Not. R. Astron. Soc. 473,
5324 (2018).
[3] 	L. Prajapat, P. Jagoda, L. Lodi, M. N. Gorman, S. N. Yurchenko, and J. Tennyson, Mon. Not. R. Astron. Soc.
472, 3648 (2017).
[4] 	S. N. Yurchenko, W. Bond, M. N. Gorman, L. Lodi, L. K. McKemmish, W. Nunn, R. Shah, and J. Tennyson,
Mon. Not. R. Astron. Soc. in press (2018).
[5] 	O.L. Polyansky, A.A. Kyuberis, L. Lodi, J. Tennyson, R.I. Ovsyannikov and N.F. Zobov, Mon. Not. R. Astr.
Soc, 466, 1363-1371.(2017).
[6] 	H. Williams, P. C. Leyland, L. Lodi, S. N. Yurchenko, and J. Tennyson, Mon. Not. R. Astron. Soc. in preparation (2018).
[7] 	D. Darby-Lewis, J. Tennyson, K.D. Lawson, S.N. Yurchenko, M.F. Stamp, A. Shaw, S. Brezinsek, J. Phys.
B: At. Mol. Opt. Phys., submitted (2018).
[8] 	Owens, S.N. Yurchenko, A. Yachmenev, W. Thiel and J. Tennyson, Mon. Not. R. Astr. Soc., 471, 50255032 (2017).
[9] 	O.L. Polyansky, A.A. Kyuberis, N.F. Zobov, J. Tennyson, S.N. Yurchenko and L. Lodi, Mon. Not. R. astr.
Soc., (submitted).
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Advanced fitting method for mid-infrared spectra
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Figure 1: Results of a CO2 absorption
measurement and a model function τ
(ν˜) fitted to the experimental points.
The peaks at 2309.98cm−1, 2310.00cm−1,
2310.21cm−1 and 2310.35cm−1 correspond to isotopologues 16O12C17O,
16 12 16
O C O, 16O12C18O and 16O13C16O, respectively. The red dots show the difference
between observations and the fitted
model function, and for illustrative purposes the difference has been multiplied
by a factor of 30.

Isotopologue amount fractions can be calculated from the absorption peak areas, and we deter- mine
the peak areas by fitting our model function τ (ν˜) to the experimental points. However, we have noticed that gradient-based methods are very sensitive to the initial guess, because slightly different initial guesses may lead to C13/C12 ratios that differ by several per mil. Since an accuracy of 0.1 ‰ or better
is sought, hundreds of spectra have to be measured to obtain the desired accuracy. Thus, a more robust
fitting method would reduce the need for averaging and make the results generally more reliable.
A suitable fitting method has been developed in the context of positron annihilation lifetime spectroscopy[1]. First, a stochastic global optimization method called Simulated Annealing (SA) is used
to pinpoint the approximate location of the global optimum. Subsequently, this point is used as an
initial guess for a gradient-based minimization method. Finally, the solution space near the optimum
is sampled with a Markov Chain Monte-Carlo Bayesian Inference (MCMC-BI) algorithm, which explores the distribution of solutions that are compatible with the experimental data. The use of SA
and MCMC-BI makes the optimization computationally more demanding, but the solution is robust
and independent of the initial guess. Based on this method, we will develop a fitting algorithm for
mid-infrared spectra, and we believe that it will reduce the need for averaging and make the results
generally more reliable.
[1] 	Nucl. Instrum. Methods Phys. Res. A, 2009, vol. 603, p. 456.
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Gas sensors based on optical absorption offer fast response, minimal drift, and high gas speci- ficity
with zero cross-response to other gases as long as their design is carefully considered. Furthermore,
measurements can be made in real time and in situ without disturbing the gas sample. Thus, optical
gas sensing fills an important gap between high-end laboratory equipment and low-cost sensors
with inferior performances.
Figure 1 shows CO2 absorption measured with an optical instrument. The blue dots correspond to experimental observations, while the black curve stands for a model function τ (ν˜) fitted to the experimental points. The model function τ (ν˜) assumes Voigt line shape, and optimal values for free parameters such as Lorentz widths and peak areas were determined with the help of a gradient-based
minimization method along with the method of least squares. The red dots indicate the difference
between observations and the fitted model function.

Nuclear spin conversion among three isomers in crystal
II methane measured by infrared spectroscopy
Takeru Sugimoto1, Hirokazu Nasu1, Ichiro Arakawa1, Koichiro Yamakawa1
1) Gakushuin University, 1-5-1 Mejiro, Toshima-ku, Tokyo, Japan

Methane containing four hydrogen nuclei exists in the form of three nuclear spin isomers: para (I=0),
ortho (I=1), and meta (I=2). These isomers are related to the particular rotational states; para couples
to J=2, ortho to J=1 and 2, and meta to J=0. Many investigations of nuclear spin conversion (NSC) in
crystal II methane have been conducted [1, 2]. We previously reported that the rate of NSC between
ortho and meta was 3 h-1 at 7 K. On the other hand, NSC between para and ortho/meta has been
considered to be quite fast. Using the quantum relaxation model, Cacciani et al. roughly estimated
that the rate of NSC from para to ortho was 250 s-1 at 4 K [3]. As far as we know, the time evolution of
populations of three isomers has never been measured. In this study, we succeeded in observing NSC
not only between ortho and meta but also between para and ortho/meta by infrared spectroscopy.
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Our experimental apparatus is composed of an ultra-high vacuum chamber, an HgCdTe detector, and
a Fourier transform infrared spectrometer. Gaseous CH4 was introduced into the chamber and was
condensed on a gold plate at 30 K. The sample was annealed at 38 K and was cooled down to 5.2 K.
Each spectrum was measured at a resolution of 0.5 cm-1 with typically 18 scans accumulated.
The absorption spectra of crystal II methane showed rovibrational peaks after annealing (Fig. 1). The
intensity of the R(0) peak increased with increasing time. The intensities of the P(1) and R(1) peaks
transiently increased in the first half hour and later decreased with time. In addition, the peak at 3018
cm-1 appeared just after cooling, which was assigned to the Q(2) branch. The intensity of this peak
significantly decreased with time. These temporal changes are attributed to the rotational relaxation
associated with NSC among three isomers. Each integrated intensity as a function of time was determined by fitting the gaussian function and was analyzed using the double exponential function. As a
result, we obtained two relaxation rates at 5.2 K: 0.48 h-1 and 2.3 h-1. In this presentation, we demonstrate the detailed analysis based on the model of NSC among three isomers. Moreover, the validity
of the previously-reported relaxation rates is discussed.

[1] T. Sugimoto et al., J. Chem. Phys., 2015, 143, 224305.
[2] S. Grieger et al., Z. Phys. B, 1992, 87, 203.
[3] P. Cacciani et al., J. Phys. Chem. A, 2016, 120, 173.
280

LED-based Fourier transform spectroscopy of HD16O
and H216O in 14800–15500 cm–1 spectral region
Irina A. Vasilenko1, Victor I. Serdyukov1, Olga V. Naumenko1 and
Leonid N. Sinitsa1,2
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Inconsistency on the order of 0.002 cm-1 in positions of H216O lines recorded using a deuterated sample and those from natural water vapor spectrum is revealed provided that different calibration was
applied for both spectra. Detailed comparison of presently recorded line intensities with the observed
literature data and recent high- accuracy variational calculation [4] has shown that the calculated intensities may strongly deviate from their measured values for separate vibrational bands. Then, the
data set obtained in this study will help to improve the quality of variational calculations of water vapor line intensities.
The work was supported by the RFBR grant №16-43-700492/

[1] Journal of Molecular Spectroscopy, 2007, V.244, P.87.
[2] Journal of Molecular Spectroscopy 2005, V.233, P.68 .
[3] Monthly notices of the royal astronomical society; 2010, V.402, P.492.
[4] 	Philosophical Transactions of The Royal Society A Mathematical Physical and Engineering Sciences,
2018, V.376, 20170149.
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The absorption spectra of natural and deuterium enriched water vapor are recorded in 14800-15500
cm-1 spectral region with spectral resolution of 0.05 cm-1 and optical pathlength of 3480 cm using
a Fourier transform spectrometer with a LED as a light source. Detailed peaklists are constructed
based on line profile modeling. Line positions are calibrated on wavenumbers reported in [1] for HD16O
and in [2] for H216O. The accuracy of the resulted HD16O peaklist is estimated to be about 0.002 cm−1
for positions of well resolved not-very-weak lines and 5–10% at best for intensities. The observed
HD16O spectra are identified using experimental literature data and accurate variational calculation
VTT [3]. In total, 879 HD16O lines are assigned, while only 467 lines in common with our data were previously reported in the region under study. About 90 new energy levels are determined, and 40 levels
are corrected. For H216O in natural abundance 892 transitions are assigned.

Collisional broadenings and shifts in the S0(0), S0(1) and
S0(2) rotational lines of HD perturbed by He.
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Helium-perturbed HD is an important system for spectroscopic studies of the atmospheres of gas
giants. For instance, a proper description of the collisional perturbation of the HD spectroscopic lines
is needed for the accurate determination of the D/H mass ratio [1].
This work presents a comparison of the experimental and calculated values for the collisional line
broadenings and shifts of the S0(0), S0(1) and S0(2) lines of the rotational Raman spectrum of HD
perturbed by He at several temperatures between 77 and 300K. For the obtention of pure rotational
Raman spectra we used a Stimulated Raman Spectroscopy setup previously described [2]. Since the
frequencies of the pump and probe lasers are quite close, we worked with perpendicularly polarized
beams and introduced additional polarization filtering elements instead of the usual frequency filters and dispersive optics. The experimental methodology consisted of systematic recordings of the
spectral profiles of the HD lines in binary mixtures of the two gases at different partial pressures of
He. HD pressure was kept approximately constant at 5 mbar for all scans, while perturber (He) pressures was varied between 50 and 500 mbar. The experimental line profiles were fitted to Voigt profiles allowing the removal of the well-known apparatus function and Doppler contribution, thus yielding the net collisional contribution to the profiles. A low pressure spectrum of pure HD was recorded
between every mixture spectrum to provide a frequency calibration for the unavoidable wavemeters
thermal drift allowing an accurate determination of the peak position variation as a function of the He
partial pressure.
We performed the HD-He quantum-scattering calculations on a highly-accurate purely ab initio
potential energy surface [3,4]. Taking advantage of the generalized Hess method [5,6] we used the
scattering S-matrix to generate the parameters quantifying the collisional perturbations of the HD
lines. Besides the usual shift and broadening parameters we determined the speed dependence of
the broadening and shift as well as the complex frequency of the optical velocity-changing collisions.
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Terahertz spectra of Ambroxol

Tereza Uhlíková1, Jitka Bartnická1, Ivana Wurmová1, Patrik Kania1,
Jan Koucký1, Štěpán Urban1
1) University of Chemistry and Technology, Prague, Czech Republic
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This study presents the identification of polymorphs of Ambroxol hydrochloride using the terahertz
spectroscopy. The spectrum of Ambroxol hydrochloride was measured from 5 to 80 cm-1. The temperature dependence of the THz spectrum was studied in the range of 101 to 298 K. The measured
spectra were analyzed and assigned according to the quantum chemistry calculations using the
DFT/B3LYP with double zeta basis set. As determined by the QC calculations there are 12 vibration
modes in the measured wavelength range. So far, 8 of them were assigned to the observed vibration bands.

283

Rotational spectra of 1,2,3,4-Tetrahydroquinoline

Karel Vávra1, Kateřina Luková1, Patrik Kania1, Štěpán Urban1
1)	University of Chemistry and Technology, Faculty of Chemical Engineering, Prague, Czech
Republic

1,2,3,4-tetrahydroquinoline is a partly saturated bioactive heterocyclic molecule[1] with low lying vibrational states contained in human scent[2]. Recently an analysis of the microwave spectrum in the
frequency range of 7–20 GHz was published[3]. This study provided the prime rotational and quartic
distortion constants of the ground vibrational state of the most stable conformer.
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In the present study using the Prague millimeterwave spectrometer[4], rotational spectra were
measured and assigned in the submillimeter ranges of 140–160 GHz and 390–410 GHz. More than
1300 new transitions were assigned. A global analysis of all the assigned transition frequencies involving all the new and previously measured transitions was performed by Pickett’s SPFIT program[5]. The ground state refined rotational and quartic centrifugal distortion constants as well as
the constants of the vibrationally excited states determined for the first time are presented in this
contribution.
The presented study provides a list of the transition frequencies of an interesting heterocyclic molecule for astrophysical as well as human scent research. A comparison between the quantum-chemical calculations and the experimentally obtained constants of the vibrational satellites is also a notable part of this study.
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Evaluation of the current spectroscopic databases, such
as GEISA-2015 and HITRAN-2016, in the frame of the
preparation of the new release of GEISA
Raymond Armante1, Agnes Perrin1, Nicole Jacquinet1, Noelle Scott1,
Alain Chedin1
1) 	Laboratoire de Météorologie Dynamique (LMD UMR 8539) ARA/ABC(t)/LMD/IPSL Ecole
Polytechnique RD36, 91128 PALAISEAU Cedex, France

The latest release of GEISA in 2015, including line parameters, cross-sections as well as aerosols, has
been described in Jacquinet et al (JMS, 2016).
In parallel, the corresponding line parameters sub-database have been intensively validated using the
powerful approach of the SPARTE chain (Armante et al, JMS, 2016) developed at LMD. For this release,
important conclusions have been obtained, especially for H2O, CO2 and CH4.

We have now initiated the next release planned for the end of 2018, or the beginning of 2019. On this
poster, we will present, first the current status of the spectroscopy, especially through the version
2015 and 2016 of respectively GEISA and HITRAN. In the second part, we will present a status of the
molecule already updated in GEISA and what have been planned to finalize the 2018 version of GEISA.

285

P2.44.

GEISA and associated management software facilities are implemented and freely accessible on the
AERIS/ESPRI atmospheric data center website (https://cds-espri.ipsl.upmc.fr/etherTypo/index.
php?id=950\\&L=1). It is used on-line in various domains like atmospheric physics, planetology,
astronomy, astrophysic. Today, the GEISA database is the reference for current or planned TIR/NIR
space missions, such as for IASI, IASI-NG, MERLIN, Microcarb.

High-resolution FTIR spectrum of SO2 molecule
between 2400 and 2650 cm-1
Irina Vasilenko1, Olga Naumenko1, Veli-Matti Horneman2
1) V.E. Zuev Institute of Atmospheric Optics, SB RAS
2) Department of Physics, University of Oulu
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The experimental spectra in the region of 2400–2650 cm-1 were recorded using Bruker IFS-120HR
Fourier transform spectrometer with the spectral resolution of 0.0048 cm-1 and wavenumber accuracy better than 10-4 cm-1 for isolated not-very-weak lines. The spectrum was assigned based on
the effective Hamiltonian calculations. In total, about 7000 transitions were identified for 101-000,
111-010, 121-020 vibrational bands of 32S16O2, as well as for 101-000 bands of 33S16O2 and 34S16O2.
More than 1300 energy levels with rotational quantum numbers J as high as 89 and Ka as high as 24
were derived for the (101) vibrational state of the 32S16O2 molecule, while only 809 energy levels were
recently reported in [1]. About 250 transitions were attributed to a very weak hot band 121-020 at
3520.139 cm-1 observed for the first time. All experimental energy levels derived from the spectrum
analysis were modeled using Watson-type effective Hamiltonian with the accuracy comparable with
the experimental uncertainty. The spectrum assignment was confirmed by a comparison with the
high accuracy variational calculations.
This work is partly supported by the RFBR grant №18-35-00575.

[1] J. Quant. Spectrosc. Radiat. Trans., 2018, V.208, P.152
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Precision spectroscopy and global deperturbation
analysis of the A1Π(v = 0) state in 13C18O
Rafal Hakalla1, Talluri Trivikram2, Alan Heays4, Edcel Salumbides2,
Nelson de Oliveira5, Robert Field6, Wim Ubachs2

We have reinvestigated the A1Π(v = 0) level of 13C18O using new high-resolution spectra obtained via
multi-photon laser excitation as well as with synchrotron-based Fourier-transform absorption spectroscopy of the A1Π - X1Σ+(0, 0), e3Σ- - X1Σ+(1, 0), d3Δ - X1Σ+(4, 0), a´3Σ+ - X1Σ+(9, 0), and a3Π - X1Σ+(11, 0)
bands. In addition, Fourier-transform emission spectroscopy in the visible range is performed on the
B1Σ - A1Π (0, 0) band. Spectra of the B1Σ - X1Σ+ (0, 0) band are measured in order to tie information from
the latter emission data to the level structure of A1Π(v = 0). The high pressures in the absorption cell
at the synchrotron and the high temperatures in the emission discharge permitted monitoring of high
rotational quantum levels in A1Π (v = 0) up to J = 43. All information, in total over 900 spectral lines, was
included in an effective-Hamiltonian analysis of the A1Π (v = 0, J) levels that are directly perturbed by
the e3Σ-(v = 1), d3Δ(v = 4), a´3Σ+(v = 9), D1Δ(v = 0), I1Σ-(v = 0, 1) close-lying levels and the e3Σ-(v = 0,
2), d3Δ(v = 3, 5), a´3Σ+(v = 8, 10) remote levels, as well being indirectly influenced by the a3Π(v = 10, 11)
state. This work is the next stage of the global project [2-7] of precise and comprehensive deperturbation analysis of the A1Π state in carbon monoxide using complementary spectroscopic techniques.

Fig. 1. Experimental reduced terms of the 13C18O A1Π(v = 0) level and its perturbers.
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Precision FT spectroscopy and deperturbation analysis
of the A1Π(v = 0) state in 12C17O
Rafal Hakalla1, Wojciech Szajna1, Alan Heays4, Nelson de Oliveira5,
Edcel Salumbides2, Malgorzata Ostrowska-Kopec1,
Izabela Piotrowska1, Przemyslaw Kolek1, Miroslaw Zachwieja1,
Ryszard Kepa1, Robert Field6, Wim Ubachs2
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The present study focuses on a first analysis of spectroscopic data for the A1Π(v = 0) level in 12C17O.
VIS-FT spectroscopy was used to obtain the Ångström (B1Σ+–A1Π) (0, 0) band spectrum under 0.018
cm-1 resolution. The discharge was conducted in the air-cooled, carbon hollow-cathode lamp. The
temperature of dc-plasma at the centre of the cathode was about 1000 K. The estimated absolute
calibration uncertainty (1σ) was 0.003 cm-1. The fitting uncertainty of the line frequency measurements was estimated to be 0.005 cm-1. The spectrum was combined with high-resolution photoabsorption measurements of the 12C17O B1Σ - X1Σ+(0, 0) and B1Σ - X1Σ+ (0, 0) bands [2] recorded with
an accuracy of 0.01 cm-1 using the VUV-FT spectrometer installed on the DESIRS beamline at the
SOLEIL synchrotron. An effective Hamiltonian used in deperturbation analysis was performed up to J
= 39, quantitatively addressing complex, multistate interactions with the e3Σ-(v = 1), d3Δ(v = 4), a´3Σ+(v
= 9), D1Δ(v = 0), and I1Σ-(v = 0, 1) levels. The A1Π and perturber states were described in terms of a set of
deperturbed molecular constants and perturbation parameters. This work is a member of a sequence
of studies [3-7] analysing the A1Π(v = 0) level in the CO isotopologues.

Fig. 1. Upper trace presents VIS-FT emission spectrum of the 12C17O B1Σ+ - A1Π (0, 0) band, as well as the B1Σ+ –
e3Σ- (0, 1) and B1Σ+ - d3Δ (0, 4) extra-bands. Lower trace shows simulation of the 12C17O B1Σ+ - A1Π (0, 0) band.
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Cavity ring-down spectroscopy of CH in the UV

Chris Medcraft1, Harold Linnartz2, Wim Ubachs1
1) Department of Physics and Astronomy, LaserLaB,Vrije Universiteit Amsterdam
2) Leiden Observatory, University of Leiden

Surprisingly the (0,0) (1,1) and (2,2) vibronic bands were all observed with similar intensities implying a high vibrational temperatures dispite the cooling conditions in the supersonic expansion. Within
each vibronic band rotational transitions from states with high rotational angular monementa were
observed, implying rotational temperatures are also very high (Trot>1000 K). This high apparent rotational temperature facilitated the detection of previously unobserved transitions which resulted in
improved rotational constants for at least the origin band. These results will be presented and the
implications to plasma dynamics will be discussed.
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Pulsed cavity ring-down spectroscopy was used to measure rotationally resolved direct absorption
spectra of the C2Σ+-X2Π electronic transition of the methylidyne (CH) radical. As the simplest carbon
containing molecule it plays a vital role in the generation of complex organic molecules in the interstellar medium and is a significant part of stellar atmospheres. The spectroscopy of CH is also important in combustion chemistry where it is observed as the blue emission from hydrocarbon flames.
Here, the CH radical was produced in a supersonically expanding planar plasma formed from a dilute
mixture of acetylene in argon by means of a pulsed high voltage discharge source. The frequency
doubled light of a pulsed dye laser was used to record spectra in the range of 305-330 nm.

THz Spectroscopy: a solution to monitor spoilage
indicators. The case of Atlantic salmon
Meriem Mouelhi1, Lotta Kuuliala3, Cédric Bray1, Robin Bocquet1, Arnaud
Cuisset1, Gaël Mouret1, Frank Devlieghere3, Francis Hindle1
1) 	Laboratoire de Physico-Chimie de l’Atmosphère (LPCA EA 4493), Université du Littoral
Côte d’Opale, 189A Av. Maurice Schumann, 59140 Dunkerque, France
2) 	Laboratoire Dynamique Moléculaire et Matériaux Photoniques, Ecole Nationale Supérieure
d’Ingénieurs de Tunis, Université de Tunis – 5 av. Taha Hussein, 1008 Tunis, Tunisia
3) 	Research Unit Food Microbiology and Food Preservation, Department of Food Technology,
Safety and Health, Part of Food2Know, Faculty of Bioscience Engineering, Ghent University, Coupure links 653, Ghent, Belgium

P2.49.

Food spoilage is one of the most important challenges in today’s world. In the industrialized countries,
over 40 % of food losses produced annually have been estimated to be wasted at retail and consumer
levels [1]. Spoilage of fresh food products is typically due to microbial activity. In general, seafood is
highly susceptible to microbial spoilage.
Hydrogen sulfide (H2S) is generated by many common spoilage bacteria [2]. Moreover, it has previously
been used for monitoring the quality of muscle foods [3]. In this study we will demonstrate the feasibility of the THz technique for the monitoring of food spoilage. THz spectroscopy was used for measuring
different H2S levels in the headspace of Atlantic salmon (Salmo salar) packaged under 100 % N2.
Using a frequency modulated computer-controlled spectrometer [4], 10 samples of salmon fillets were
measured at room temperature at 611.441 GHz. A non-linear least squares fitting of second harmonic
spectra using a Voigt profile [5] was used to retrieve the H2S concentration. The results were validated
by comprehensive comparison with selective-ion flow-tube mass spectrometry (SIFT-MS).

[1] 	J. Gustavson, C. Cederberg, R. van Otterdijk, and A. Meybeck, FAO (Food and Agriculture Organization
of the United Nations), 2011, 1
[2] C. Gong, X. Liu, and X. Jiang, Poultry Science, 2014, 93, 702.
[3] W.-Y. Chung, G. T. Le, T. V. Tran, and N. H. Nguyen, Sens. Actuators B Chem, 2017,248,910.
[4] 	G.Mouret, M.Guinet, A.Cuisset, L. Croisé, S. Eliet, R. Bocquet, and F, Hindle, IEEE Sensors Journal, 2013,
13, 133.
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Imidazoles are a class of aromatic N-heterocycles that exhibit versatile biological activity with some
of their properties relating to anti-fungal, anti-bacterial and anti-HIV activity. Apart from its pharmacological importance, imidazole is the fundamental building block of many biologically important molecules such as adenine, guanine and histidine. The 5-membered ring contains two N atoms, pyrrolic
and pyridinic, suggesting versatility in binding modes. The rotational spectrum of 2-methyl-4(5)-nitroimidazole was recorded in the 6-18 GHz frequency range with the aid of Chirped Pulse Fourier
Transform Microwave (CP-FTMW) Spectroscopy employing supersonic expansion and laser ablation
methods. The structure and binding properties of the molecule, as well as the methyl rotor dynamics,
were investigated and experimental results are in good agreement with theoretical calculations using
Density Functional Theory (DFT).
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New spectral characterization of dimethylether
isotopologues in the THz region
José M. Fernández1, Guzmán Tejeda1, Miguel Carvajal2, M. Luisa Senent1
1) Instituto de Estructura de la Materia CSIC. 28006 Madrid, Spain
2) Universidad de Huelva, 21071 Huelva, Spain
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Dimethyl-ether (DME) is a molecule found in star-forming regions, where it plays an important role
in astrochemical processes [1]. Mono-deuterated DME [2] and singly substituted 13C-DME [3] have
been detected as well. Despite this astrophysical interest, there is a lack of accurate spectral data of
its isotopic species, which impedes further identification in the interstellar medium. The absorption
spectrum of DME is quite dense and its analysis challenging because DME is an asymmetric top molecule with two internal rotors undergoing large amplitude motions. Thus, understanding such large
amplitude internal motions on a quantitative level rely on quantum chemical models validated by laboratory data. However, one of the torsional bands is forbidden in the infrared spectra, that preventing
the experimental determination of some of the interaction parameters.
We have recorded the Raman spectra of DME and of 13C-DME at room temperature, and of cooled
DME in supersonic jet. We will introduce first the experimental approach [4, 5], and then we will present some Raman spectra of DME at different spectral regions. The spectral region of the torsional
overtones of DME is rather complex due to their coupling with the C-O-C bending mode, and the
presence of many hot bands. The spectrum of cooled DME allowed us to assign unequivocally the
torsional overtones and their first hot bands, amending previous assignment from the literature [6].
In turn, the observed frequencies have been used to refine 3-D quantum calculations employing a
torsion-torsion-bending Hamiltonian [7], along with an ab initio potential surface [8].
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[4] 	Tejeda, G.; Fernández-Sánchez, J. M.; Montero, S., Applied Spectroscopy 51 (1997) 265.
[5] 	Fernández, J. M.; Montero, S., Journal of Chemical Physics 118 (2003) 2657.
[6] 	Groner, P.; Durig, J. R., Journal of Chemical Physics 66 (1977) 1856.
[7] 	Villa, M.; Senent, M. L.; Dominguez-Gomez, R.; Alvarez-Bajo, O.; Carvajal, M., Journal of Physical
Chemistry A 115 (2011) 13573.
[8] 	Carvajal, M.; Alvarez-Bajo, O.; Senent, M. L.; Dominguez-Gomez, R.; Villa, M., Journal of Molecular
Spectroscopy 279 (2012) 3.
292

Ab Initio potential energy surface and vibration-rotation
energy levels of Germanium Dicarbide, GeC2
Jacek Koput1
1) Department of Chemistry, Adam Mickiewicz University, Poznan, Poland
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The accurate ground-state potential energy surface of germanium dicarbide, GeC2, has been determined from ab initio calculations using the coupled-cluster approach with the basis sets up to
six-zeta quality. The core-electron correlation, higher-order valence-electron correlation, and scalar
relativistic effects were taken into account. All of these effects appeared to be essential to achieve
high accuracy. The potential energy surface of GeC2 was shown to be extraordinarily flat near the
T-shaped equilibrium configuration. The potential energy barrier to the linear CCGe configuration was
predicted to be 1218 cm-1. The vibration-rotation energy levels of some GeC2 isotopologues were calculated using a variational method. The vibrational bending mode ν3 was found to be highly anharmonic, with the fundamental wavenumber being only 58 cm-1. Vibrational progressions due to this
mode were predicted for the v1=1, v2=1, and v2=2 states of GeC2.
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The influence of water vapor isotopologues on the
reflection coefficient of multilayer mirrors
Leonid Sinitsa1, Victor Serdyukov1, Alexei Lugovskoi1, Michail Arshinov1
1) 	V.E. Zuev Institute of Atmospheric Optics, 1 Akademishian Zuev square, 634021 Tomsk, Russia

The influence of water vapor isotopologues (H216O, H218O and D2O) on the reflection coefficient of multilayer mirrors was studied using a gas cell with multiple reflections from the mirrors. A strong change
in the reflection coefficient of the mirrors (up to 0.9%) was found when water vapor under a pressure of 23 mbar was injected into the cell, which was interpreted as a change in the refraction index
of the layers of multilayer coatings when water vapor penetrated into the porous coating structure.
Gas-analyzer based on the CRDS spectrometer with dielectric mirrors with a reflection coefficient
R=0.9999 was studied and the upper bound of the effect was estimated.
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H216O and H218O absorption spectra
between 16,460 and 17,200 cm-1
Semen Mikhailenko1, Victor Serdyukov1, Leonid Sinitsa1
1) V.E. Zuev Institute of Atmospheric Optics, 1 Akademishian Zuev square, 634021 Tomsk, Russia

Two spectra of H216O and H218O vapor have been recorded between 16,460 and 17,200 cm-1 by Bruker
IFS 125M Fourier-transform spectrometer at room temperature with spectral resolution of 0.05 cm−1
using high luminance LED light source and 60 cm multipath cell with a path length of 3480 cm. More
than 1800 lines with minimum intensity value of 2.0×10-27 cm/molecule were observed in the spectrum of 18O enriched vapor.
The comparison of recorded spectra against other observations [1] as well as with the simulations
based on the HITRAN2016 database [2] and variational line list [3] will be presented.
About 1700 observed lines were assigned to more than 1800 transitions of H216O, H218O and H217O.
water isotopologues. Assigned H218O transitions allow us to obtain 422 rotation energy levels of 20
vibration states. The comparison of our energy set with the data reported by an IUPAC task group [4]
is discussed.
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Monosulfur derivatives of methyl formate:
millimeter and submillimeter wave spectra of
S- and O-methyl thioformates
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S-methyl thioformate CH3SC(O)H and O-methyl thioformate CH3OC(S)H, the sulfur derivatives of a
rather abundant in the interstellar medium (ISM) methyl formate CH3OC(O)H molecule, can be reasonably proposed as possible candidates for detection in the ISM. Both CH3SC(O)H and CH3OC(S)H exhibit
complications in their spectra due to large amplitude methyl group internal rotation, although the internal rotation effect on the millimeter wave spectra is not the same for these two molecules because
the barrier height to internal rotation is relatively low for the S- isomer (V3 ≈ 130 cm−1) and rather high
for the O- isomer (V3 ≈ 670 cm−1). Previous experimental investigations were performed only for the
S-methyl thioformate in the 10-41 GHz spectral range[1,2]. In this communication we present a recent
progress achieved in the analysis of S- and O-methyl thioformate spectra in their ground and first excited torsional states. For the present study both methyl thioformate isomers were synthesized and
the millimeter wave spectra were then recorded for the first time from 150 to 660 GHz with the Lille’s spectrometer based on solid-state sources. The analysis of the spectra was performed using the
Rho-axis method[3] and the fits within experimental error were achieved for both S- and O- methyl
thioformates. In the presentation the details of this new study will be discussed.
Acknowledgements: Kharkiv group acknowledges the support of the Volkswagen foundation and the
assistance of Science and Technology Center in Ukraine (STCU partner project #P686).

[1] 	G. I. L. Jones, D. G. Lister, N. L. Owen, J. Mol. Spectrosc., 60, 348 (1976)
[2] 	W. Caminati, B. P. V. Eijck, D. G. Lister, J. Mol. Spectrosc., 90, 15 (1981)
[3] 	J. T. Hougen, I. Kleiner, and M. Godefroid, J. Mol. Spectrosc. 163, 559 (1994)
296

Analyses of various 17O and 18O enriched isotopic species
of ozone from FTS high resolution spectra
Evgeniya Starikova1, Alain Barbe2, Marie-Renée De Backer2,
Vladimir Tyuterev2
1) 	LTS, V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Akademician Zuev square,
634055 Tomsk, Russia and QUAMER laboratory, Tomsk State University, 36 Lenin Avenue,
634050 Tomsk, Russia
2) 	GSMA, UMR CNRS 7331, UFR Sciences Exactes et Naturelles, Moulin de la Housse,
BP 1039 - 51687 Reims Cedex 2, France

This work continues the systematic investigation of high resolution infrared spectra of 17O, 16O and
18
O enriched isotopic species of ozone [1 and the references therein], recorded by the Reims Fourier
Transform Spectrometer. Here we present the results of analyses of twelve bands of 16O16O18O in the
950-3850 cm-1 range. The fits are performed using the predicted values of rotational constants and
resonance coupling terms from PES of ozone [2,3].

The resulting sets of effective Hamiltonian parameters allow reproducing observed transitions within
experimental accuracies and calculating synthetic spectra in excellent agreement with the observed
ones. We also report here the comparison of main fitted parameters (band centers and rotational
constants) with recent theoretical predictions [2,3].

[1] 	Y. Babikov, S. Mikhailenko, A. Barbe, V. Tyuterev, JQSRT 2014, 145, 169 (http://smpo.iao.ru and
http://smpo.univ-reims.fr).
[2] 	Vl.G. Tyuterev, R.V. Kochanov, S.A. Tashkun, F. Holka, P. Szalay. J Chem Phys 2013, 139, 134307.
[3] 	Vl.G. Tyuterev, R.V. Kochanov, S.A. Tashkun. In: Proceedings of XVII international symposium
HighRus-2012 (http://symp.iao.ru/ru/hrms/17/proceedings).
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In addition, in a mixture of a total of 18 possible generated isotopic species of ozone two ν3 bands are
analyzed for the first time: those of 17O17O18O and 17O18O17O species, and four ν1+ν3 bands belonging to
the 17O3, 16O17O17O, 17O16O17O and 17O17O18O species.
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S&MPO is a web information system devoted to the spectroscopy of ozone. The original version has
been developed since 2002 year and described in detail in reference [1]. We present here a new version, updated, with many improvements of scientific results and new graphical tools now available.
A. The main system has changed (architecture, implementation and user interface):
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1.	The application is completely rewritten, built now according MVC (Model-View-Controller) architectural pattern using modern tools as framework and javascript libraries.
2.	New version of S&MPO has more advanced user interface.
B. The main scientific changes with respect to the old version are the following 3 points:
1.	In addition to the previously available line lists corresponding to transitions computed from
fitted parameters, another line lists are provided that includes observed line positions. This is
important when the fit discrepancies due to local rovibrational resonances are experimentally
significant.
2.	Updated values of fundamental spectroscopic parameters with significant improvements with
respect to line positions and intensities.
3.	Addition of new isotopologues, particularly for oxygen-18 containing species as 16O16O18O, and
for oxygen-17 species, as 17O3, 17O17O18O, 16O17O17O, 17O16O17O, 17O18O17O.

[1] 	Yu.L. Babikov, S.N. Mikhailenko, A Barbe, Vl.G. Tyuterev. S&MPO – an information system for ozone
spectroscopy on the WEB. JQSRT 2014, 145, 169. Updated at http://smpo.univ-reims.fr and
http://smpo.iao.ru
[2] 	I.E. Gordon, L.S. Rothman, C. Hill, R.V. Kochanov, Y. Tan, P.F. Bernath, et al. The HITRAN2016 molecular
spectroscopic database. JQSRT 2017, 203, 3.
[3] 	N. Jaccquinet-Husson, R. Armante, N.A. Scott, A. Chedin, L. Crépeau, C. Boutammine, et al. The 2015
edition of the CEISA spectroscopic database. J Mol Spectros 2016, 327, 31.
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Quantitative influence of the ozone potential energy
surface upon dynamics of the 18O + 32O2 reaction
Grégoire Guillon1, Pascal Honvault1, Roman Kochanov2,
Vladimir Tyuterev3

We show, by performing exact time independent quantum molecular scattering calculations [1], that
the quality of the ground electronic state global potential energy surface [2-3] and metastable ozone
states [4] may be of utmost importance in accurately obtaining even as strongly averaged quantities
as kinetic rate constants. The oxygen isotope exchange reaction, 18O + 32O2, related to the 18O enriched
ozone formation problem in the stratosphere, is explored in this context [5]. The thermal rate constant
for this key reaction is now both in qualitative and quantitative agreement [6] with all experimental
data available to date. A significant recent progress at the frontier of three research domains, advanced electronic structure calculations, ultra-sensitive spectroscopy, and quantum scattering calculations, has therefore permitted a breakthrough in the theoretical modeling of this crucial collision
process from first principles.
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D. Lapierre, et al. Phys Rev A 2016, 94 (4), 042514.
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The high sensitivity CRDS spectrum of a CO2 sample highly enriched in 18O is investigated in the
5702 - 5879 cm-1 interval. The investigated spectral region corresponds to the 1.75 µm transparency
window of very weak opacity which is of particular interest for Venus. The recordings were performed
at room temperature and pressure values of 1, 10 and 20 Torr. This work extends to lower wavenumbers the studies performed with the same sample in the 5850-7000 cm-1 range [1-3] which provided
a large amount of new spectroscopic information concerning the CO2 minor isotopologues.
A total of 3210 lines belonging to 59 bands of nine carbon dioxide isotopologues (12C16O2, 16O12C18O,
O12C17O, 16O13C18O, 16O13C17O, 17O12C18O, 17O13C18O, 12C18O2 and 13C18O2) were rovibrationnally assigned on
the basis of the predictions of the effective Hamiltonian model. Among 59 assigned bands, 44 were
observed for the first time. The accurate spectroscopic parameters of 53 bands are determined from
standard band-by-band analysis (typical rms deviations of the line positions are 8×10-4 cm-1). Three
bands are found to be strongly perturbed by resonance first order Coriolis interaction. The new measured line intensities allowed determining or improving the ΔP= 8 sets of the effective dipole moment
(EDM) parameters for five non-symmetrical isotopologues - 16O12C18O, 16O12C17O, 16O13C18O, 16O13C17O,
and 17O12C18O - and ΔP= 9 sets for the 16O12C18O and 12C18O2 isotopologues (P= 2V1+V2+3V3 is the polyad
number, Vi being the vibrational quantum numbers). The set of EDM parameters available for eleven
isotopologues are used to discuss their isotopic dependence. The comparison to the Carbon Dioxide
Spectroscopic Databank (CDSD-296), HITRAN2016 database and ab initio Ames line list is presented.
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Astrophysical observations have shown that many molecules containing sulfur (SH, SH+, SN, SO+,
SO2 et OCS) were detected in the interstellar medium in significant density in different areas of the
electromagnetic spectrum. Nevertheless, the molecular system HPS/HSP is not detected and the
reasons for such non-detectability are not yet established. Recently, Ben Yaghlane and al [1] have
characterized spectroscopically ground states of HPSq/HSPq species (q = -1,0, + 1). Our work completes this study; it is to study the excited electronic states of HPS+/HSP+system. One dimension potential cuts were calculated along the elongation as well as along the bending angle.
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First-row transition metal mono-hydrides have been challenging to study because of their high multiplicities associated with numerous low-lying states. Some have been observed in spectra from
sunspots and dwarf stars, where their response to magnetic fields can be used a probes for stellar
magnetism. NiH is a priori one of the ’simpler’ cases, with just one unpaired electron in its electronic ground state. Still, NiH has a complicated electronic structure and even the three lowest strongly
spin-orbit-coupled electronic states are poorly studied. The currently existing data for these states
cover only v=0-4 for the ground 2Δ state and v=0-2 for higher 2Σ and 2Π electronic states. Several
attempts for analysis of these data have been made. The so-called supermultiplet model [1], which
was extended later on [2,3], describes the ground and first two exited vibrational levels reasonably
well, but it is based entirely on effective molecular constants.
An approach for global deperturbation of the close lying 2Σ, 2Π and 2Δ electronic states coupled by
strong spin-orbit and rotational interactions will be presented. The present analysis is built on the same
general physical assumptions for NiH electronic structure as in the supermultiplet model, but uses fully
quantum mechanical coupled-channels method with potential energy curves and R-dependent coupling functions. NiD data are available [3] and should also be included in the current analysis.

[1] J.A. Gray, M. Li, T. Nelis, R.W. Field, J. Chem. Phys. 95 (1991) 7164.
[2] C. Richard PhdD thesis, Lyon 1 University, 2010
[3] M. Abbasi, A. Shayesteh, P. Crozet, A. J. Ross, J. Mol. Spectrosc. 349 (2018) 49–59
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Dispersed fluorescence from NiD excited
with a CW laser, taken in a novel way with a
BOMEM DA3 interferometer
Amanda J. Ross1, Patrick Crozet1, Bradley G. Guislain2, Ryan A. R.
Harvey2, Allan G. Adam3, Dennis W. Tokaryk2

While the spectrum of the metal hydride NiH has been extensively studied, spectra of the isotopologue NiD are much less extensive. Only 3 of the 5 strongly interacting molecular states arising
from the d9 ground-state configuration of Ni+ have been reported, so modeling of these low-lying
2
∆5/2,3/2, 2Π3/2,1/2 and 2Σ+1/2 states, including the strong spin-orbit interactions between them, is difficult. We report on experiments conducted in Lyon in which rotational levels of the E(Ω=3/2) v=1 state
of NiD produced in a hollow-cathode source are excited with a CW ring laser running with R6G dye
(near 568 nm), following preliminary work in 2017 at the University of New Brunswick with a laser
ablation molecular jet. Low-resolution dispersed fluorescence in the collision-free environment had
shown emission where the (1-0) E - 2+Σ1/2 band was expected, based on predictions[1]. Laser-induced
fluorescence from E(Ω=3/2) v=1 was recorded in Lyon with a BOMEM DA3 Fourier transform spectrometer at ~0.04 cm-1 resolution, locating not only rotational levels of v=0 in the 2+Σ1/2, state, but also
in the (previously unreported) v=0 and v=1 levels of the 2Π1/2 state.
We also discuss an alternative method for collecting the data using the DA3 spectrometer. The Lyon
instrument dates from 1988, with an update to a PC interface in 1999. The processing power of the
instrument is effectively limited by the memory of the PC, restricting interferograms to about 106
points. This calls for compromise between bandwidth and resolution in dispersed fluorescence spectra covering a wide wavenumber range. We have recorded interferograms, HeNe reference fringes
and other signals available at various points on the instrument at high data rates (100-150 kHz) via
a high-quality A/D conversion unit (Acces IO USB AIO-16-16E). The individual files, containing 5-15
scans at resolutions of 0.04 cm-1, were very large (several hundreds of Mbytes) but sampled the signals about four times more frequently than the Nyquist criterion would require. The time axis of the
data was then converted to an axis labeled in HeNe fringes using interpolation, and the interferogram
was Fourier transformed and phase corrected to provide a spectrum that has a signal-to-noise ratio
about twice what the DA3 software provides. This process allows us to obtain spectra of equal quality
in one-fourth the time usually required. Others may be able to use our technique or a variant to revive
similar Fourier transform spectrometers currently sitting idle.

[1] M. Abbasi et al, J. Mol. Spectrosc. 2018, 318, 49
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We report the experimental observation of a very striking periodicity in a many-body system--an
ultra-cold plasma. A long life-time (>0.3 ms) quantum degeneratemolecular Rydberg plasma is generated in the high-density, high-collision rate region of a pulsed supersonic jet expansion by two-colour resonant excitation of nitric oxide (10%) in neon (5bar) into the high-nRydberg threshold region
close to the ionization limit. For plasma densities of > 1016cm–3reached in our experiments the electrons should become quantum degenerate, i.e.the electron de Brogliewavelength becomes larger
than the Wigner-Seitz radius arelevant to describe the mean distance between the particles.
The time-of-flight (ToF) mass spectrometer used is depicted in the.figure. Experimentally, two synchronous UV laser pulses produce the plasma a few mm away from the jet nozzle. After 170μs, when
the plasma cloud is still ca.130mm in front of aperture plate 1 (ap.1), two successive high-voltage (HV)
pulses of 3.6 kV with a 0.2μs gap are applied to ap.1. The first HV pulse (P1,1; length 5.5μs) is followed
by a gap of 0.2μs and a second pulse: P1,2. The observed ToF spectrum w.r.t.the falling slope of P1,1 is
shown in the figure (positive particle detection on MCP). The observed sharp peaks (“slices”) in the
ToF spectrum follow a fully reproducible progression of (m/z) mass to charge ratios from 35 to 92.5
(blue: w.r.t.m(NO+) = 30u). From the m/zratio one obtains the corresponding ion to electron ratios of
the 12 slices (denoted in the bottom of figure), from 7/1 to 37/25.
In conclusion, we observe a many-body system consisting of a series of objects that contain a magic
number of ions and electrons for which the ion/electron ratiofollows a periodicity (not or only weakly
observed): 14/2, 15/3, (16/4, 17/5, 18/6, 19/7), 20/8, 21/9, 22/10, (23/11, 24/12, 25/13, 26/14), 27/15,
28/16, 29/17, (30/18, 31/19, 32/20, 33/21), 34/22, 35/23, 36/24, 37/25. These objects are manipulated by electric fields in a ToF spectrometer without being destroyed, which shows that they behave
as objects with a centre of mass. The observation of such many-body states with periodic ion/electron ratios suggests a phase correlation and possibly quantum entanglement. The path from Structure andPhase to Quantum Entanglementis of considerable interest in complex systems. Starting from
the common textbook opinion that in many-electron atoms the electrons are quantum entangled (a
deeper reason for the periodic system of the elements), one can speculate that the observation of
periodicity in the many-body system presented here might originate from quantum entanglement.
As a perspective for molecular spectroscopy, such a plasma could provide a sympathetic cooling environment for larger molecular systems beyond existing methods.
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Chirality is now one of the top-class subjects in physical, chemical and biological academic research as
well as industrial pharmacology. Accurate experimental characterisation of the enantiomeric excess
and absolute handiness in mixtures of chiral molecules, efficient chiral purification and discrimination
remain very challenging and highly demanding tasks for a broad scope of applications. A number of
novel experiments have recently been developed for measuring the enantiomeric excess [1,2] and
absolute handiness [3] as well as preparation of the enantiomerically enriched samples [4].
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We will present few novel robust techniques using laser and static electric fields for (i) inducing dynamic chirality in statically achiral molecules [5], (ii) efficient spatial separation of chiral molecules, as
well as (iii) detecting the enantiomeric excess [6]. The results are based on the robust and highly accurate variational simulations of molecular ro-vibrational dynamics in the presence of electric fields
[7]. Challenges and perspectives for experimental realisations are discussed.
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