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Mass-resolved (2+n) REMPI spectra of CH3Br, CH2Br2 and CHBr3 were recorded and
analyzed. A number of photodissociated molecular and atomic fragments were observed.
Data were collected for the two-photon resonance excitation region 80 400 cm-1 – 82 400
cm-1. Positive ions were separated by a TOF mass spectrometer and detected with a MCP
detector. CH3Br, CH2Br2 and CHBr3 were resonantly excited to Rydberg states with two
photons. In the cases of CH2Br2 and CHBr3 (1 + 1) REMPI of CH(A2Δ(v=0)) were detected,
whereas for CH3Br it was not observed. Furthermore, whereas the CH(A2Δ(v=0)) REMPI
spectrum for CH2Br2 shows only a few spectral lines, the spectrum for CHBr3 exhibits the
structure of many band series with patterns of P, Q and R branches also seen by Chen et al [4].
These observations suggest that the formation of CH(A2Δ(v=0)) occurs via dissociation of the
parent molecular Rydberg states. CH(A2Δ(v=0)) REMPI spectra due to one-photon resonance
transitions to the E2Π, D2Π and F2Σ+ states were identified, thus clarifying, to some extent, a
long-term puzzle concerning the CH spectroscopy and energetics [1][2][3][4][5]. The simple
spectral structure for CH(A2Δ(v=0)) derived from CH2Br2, helped in clarifying the band
origins whereas the more detailed structure derived for CHBr3 allowed more precise
determination of relevant spectroscopic parameters. Perturbation in the spectra of the E2Π,
D2Π and F2Σ+ states are to be expected according to ab initio calculation [5] and state mixing
is believed to be the reason for the appearance of the F2Σ+ ← A2Δ spectrum [2][5].
[1] Herzberg, G., Johns, J.W.C. New Spectra of the CH Molecule. Astrophys. J. 158, 399-418 (1969)
[2] Long, J., Kvaran, A., H. Wang, H. Resonance-Enhanced Multiphoton Ionization of CH2Br2: Rydberg
States, Photofragmentation, and CH Spectra. J. Phys. Chem., 118, 1826-1831 (2014)
[3] Nat. Inst. of Stand. and Tech., http://physics.nist.gov/cgi-bin/Ionization/table.pl?ionization=CH
[4] Chen, Y., et al. Resonance Multiphoton Ionization Spectroscopy of the D2Π(v=2) ← A2Δ of CH
Radicals. J. Electron Spectrosc. Relat. Phenom., 108, 221-224 (2000)
[5] van Dishoeck, E. F. Photodissociation Processes in the CH Molecule. J. Chem Phys. 86, 196-214
(1987)

WP02
HIGH CONTRAST ELECTROMAGNETICALLY INDUCED TRANSPARENCY of
Cs D1 LINE in NANOMETRIC-THIN VAPOR CELL
Y. Pashayan-Leroy1, A. Sargsyan2, C. Leroy1, D. Sarkisyan2
1

Laboratoire Interdisciplinaire Carnot de Bourgogne, UMR CNRS 6303, Université de
Bourgogne, 21078 Dijon Cedex, France
2
Institute for Physical Research, NAS of Armenia, Ashtarak, 0203, Armenia

Since the discovery of electromagnetically induced transparency (EIT), the phenomena has
become a subject of intense study due to its many significant applications, such as laser
cooling, optical information, spectroscopy, development of atomic clocks, magnetometers,
etc. Recently, a possibility to form EIT-resonance in a molecular system was demonstrated in
[1]. For some potential applications employing this effect it is important to reduce the
dimensions of atomic vapor cells used for EIT formation, while preserving good resonance
parameters.
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Fig.1 a) Transmission spectrum of the probe radiation. Couple and probe lasers powers are
18mW and 0.1mW, correspondingly. The NTC temperature is 130 0C. b) Relevant energy
levels of Cs D1 line involved in EIT process.
We report the study of EIT phenomenon with the help of Cs nanometric-thin cell (NTC) on
D1 line excitation. The atomic vapor column length L varies in the range of 200-900 nm. A
remarkable result is that the reduction of L by 4 orders, from ordinary cm-size cell to NTC,
still allows one to get high contrast EIT- resonance up to 53 % with the line-width of 21 MHz
(Fig.1). A significant difference of EIT formation compared to ordinary cm-size cells is
demonstrated. Well resolved EIT-resonance splitting in moderate magnetic fields at L= (894
nm) allows one to develop magnetometers with a local nano-metric spatial resolution. Note
that the observed EIT-resonance contrast is higher than that in NTC using Rb D1 line [2]. The
presented theoretical model well describes the EIT phenomenon.
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[1] A. Lazoudis, T. Kirova, E. Ahmed et al, Phys. Rev. A 83, 063419 (2011).
[2] A. Sargsyan, Y. Pashayan-Leroy, C. Leroy, R. Mirzoyan, A. Papoyan, D. Sarkisyan, Appl. Phys. B.
Lasers and Optics 105, 767 (2011).
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We have used in the recent past the FANTASIO set-up at ULB based on NIR cavity ring
down spectroscopy in a supersonic expansion to investigate molecular complexes containing
acetylene [1] and/or water [2]. New complexes were recently investigated containing
ammonia [3] as well as the ammonia monomer [4]. We shall present recent results about
HDO-NNO, probing the OH+OD stretching state, reporting on upper state rotational
constants and ab initio calculations. We are currently looking for other water-containng
complexes and the last results will be presented.
(T. Vanfleteren is “Boursier FRIA”)
[1] K. Didriche, T. Földes, C. Lauzin, D. Golebiowski, J. Liévin, and M. Herman, Mol. Phys. 110, 2781
(2012)
[2] K. Didriche and T. Földes,, J. Chem. Phys. 138, 104307 (2013); K. Didriche and T. Földes, Mol. Phys.
111, 1 (2013)
[3] K. Didriche, T. Földes, T. Vanfleteren, and M. Herman, J. Chem. Phys. 138, 181101 (2013)
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press.
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The complete and accurate determination of the methane spectrum is required for remote
sensing of various methane-containing planetary atmospheres in the universe as well as for
earth observations. In addition, the investigation of industrial emission sources like power
plants, emissions due to transportation or biological sources is often based on spectral line
data of methane, too. In the HITRAN2012 data base [1] methane compilation positions and
intensities up to 4800 cm-1 are mainly based on model calculations. Above this wavenumber,
values given in the database are taken from line-by-line measurements [1]. Recently two
extensive studies on line positions and line intensities in the tetradecade were published. The
WKLMC line list [2], which is included in HITRAN2012, is based on direct absorption
spectroscopy (DAS) and cavity ring-down spectroscopy (CRDS) , respectively, whereas the
line position list published by NIST is based on dual comb spectroscopy [3]. In contrast, most
broadening coefficients of the tetradecade given in HITRAN2012 are rough estimates
inserted as a function of lower-state J or default constants due to the lack of line-by-line
measurements of these quantities [1]. The accuracy of these broadening coefficients is
estimated to be approximately 20%.
In this contribution we report on recently measured self-broadening coefficients for six
methane lines between 5880 cm-1 and 5900 cm-1 having intensities higher than 10-22
cm/molecule. Measurements were taken at pressures in between 20 mbar and 1200 mbar at a
gas temperature of 296 K. The measurements were performed using a Bruker IFS125 high
resolution Fourier-Transform-Infrared spectrometer in methane having a purity of better than
99.9995 %. The 20 cm path length gas cell used for the measurements was temperature
stabilized and pressure and temperature of the gas were recorded online during the whole
measurement. Data analysis based on both recently published line position lists [2,3] was
done and a comparison of the results of these two analyses will be presented.
These measurements were realized within the framework of the EUMETRISPEC project and
the authors acknowledge financial support within the EMRP. The EMRP is jointly funded by
the EMRP participating countries within EURAMET and the European Union.
[1] L.R. Brown, K. Sung, D.C. Benner, V.M. Devi, V. Boudon, T. Gabard, C. Wenger, A. Campargue, O.
Leshchishina, S. Kassi, D. Mondelain, L. Wang, L. Daumont, L. Régalia, M. Rey, X. Thomas, Vl. G.
Tyuterev, O.M. Lyulin, A.V. Nikitin, H.M. Niederer, S. Albert, S. Bauerecker, M. Quack, J.J. O’Brien,
I.E. Gordon, L.S. Rothman, H. Sasada, A. Coustenis, M.A.H. Smith, T. Carrington Jr., X.-G. Wang, A.W.
Mantz, P.T. Spickler, Journal of Quantitative Spectroscopy and Radiative Transfer, 130, 201-219 (2013)
[2] A. Campargue, O. Leshchishina, L. Wang, D. Mondelain, S. Kassi, Journal of Molecular
Spectroscopy, 291, 16-22 (2013)
[3] A.M. Zolot, F.R. Giorgetta, E. Baumann, W.C. Swann, I. Coddington, N.R. Newbury, Journal of
Quantitative Spectroscopy and Radiative Transfer, 118, 26-39 (2013)
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Any awareness of the effect of greenhouse gases on global warming is strongly connected to
the presence and anthropogenic release of carbon dioxide (CO2) to the earth’s atmosphere.
Measurements of CO2 releases and its atmospheric concentration have therefore been of
considerable interest during the past couple of decades. Atmospheric monitoring as well as
IR-spectroscopic measurements of emissions can be performed on a number of CO2 bands.
Among those, the (20012 - 00001)-combination band at 2 µm has been in focus for a number
of years due to the relatively strong line intensities of this band and the availability of DFB
lasers. The line intensities are well above those in the near infrared range at 1.6 µm, where
low cost laser-based instrumentation has been available for a long time. However, the line
intensities are smaller than in the 4.3 µm range where mostly costly quantum cascade lasers
or nonlinear optical sources using laser systems or FTIR spectrometers are available.
The present paper provides an update on recently measured 2-µm line data on the R(10), the
R(12), and the R(14) lines around 4987 cm-1. Based on independent laser-based retrievals of
two different groups, plus an additional study at a unique FTIR facility within the
EUMETRISPEC traceable spectral data initiative [1], this update falls within the same
interesting spectral range where previous studies did reveal some unresolved discrepancy in
line strength values [2–5]. Whereas the reported uncertainty of the study by Casa et al. [4]
cannot be reached by our data, the most recent R(12) line strength presented in this paper
underpins the older measurement and retrievals [3, 5]. This is accompanied with a data
quality and data consistency that was further improved compared to [3] and [5]. We present
line data, data quality flags including GUM-compliant uncertainty assessments as
implemented in [1] and validation studies based on the TILSAM method, comparable to those
already published elsewhere [6, 7].
[1] EUMETRISPEC, http://www.eumetrispec.org
[2] HITRAN, http://www.cfa.harvard.edu/hitran/
[3] G. Padilla Viquez et al, IEEE Transactions on Instrumentation and Measurement 56, 2, 529 – 533
(2007)
[4] G. Casa et al., Journal of Chemical Physics 127, 8, 084311 (2007)
[5] G. Wübbeler et al., Journal of Chemical Physics 135, 20, 204304-1 - 204304-12 (2011)
[6] J. Nwaboh et al., Measurement, Science and Technology 24, 1, 015202 – 015214 (2012)
[7] TILSAM, http://www.euramet.org/fileadmin/docs/projects/934_METCHEM_Interim_Report.pdf
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High resolution overtone spectra are in general complicated and are often hard to assign using
standard spectroscopic approaches. Two temperature technique is a promising strategy to
determine lower state energies from the ratio of the line intensities at different temperatures.
Such empirical assignments then simplify spectral analysis.
This method has only been effectively tested for small light molecules such as CH4 [1],[2] and
NH3 [3]. Such molecules have quite large rotational constants, and thus rotational levels are
widely spaced in energy. As a result, the two temperature analysis gives quite reliable
assignments of the rotational levels. Here we explore applicability of two temperature
technique for larger molecule with more complicated structure and intermolecular dynamic.
CH3OH is a good prototype molecule for this purpose. High resolution experiments on
methanol were performed mainly in the fundamental range and low-frequency combination
bands, but the overtone range is almost unexplored due to its complexity. Up till now only
moderate resolution (~0.1cm-1) spectra in the 21 range have been measured by Rizzo
and coworkers [4]. Consequently complete modeling of the band has not been possible so far.
In this work we report current development of two temperature method and its applicability to
the analysis of the first OH-stretch overtone 21 in CH3OH. The jet-cooled Doppler limited
spectra were measured at two temperatures (23 and 56K) in spectral range of 7180-7225
cm-1. The measurements were carried out with a cw-diode laser spectrometer in combination
with a slit jet supersonic expansion. We demonstrate how such analysis improves
understanding of the complicated spectra of molecules with smaller rotational constants and
aids further assignments of rotational-vibrational transitions.
[1] O. Votava, M. Mašát, P. Pracna, S. Kassi, A. Campargue, Phys. Chem. Chem. Phys. 12, 3145 (2010)
[2] M. Mašát, P. Pracna, D. Mondelain, S. Kassi, A. Campargue, O. Votava, J. Mol. Spec. 9, 291 (2013)
[3] O. Votava, V. Svoboda, manuscript in preparation
[4] O. Rueda, V. Boyarkin, T.R. Rizzo, I. Mukhopadhyay, D. S. Perry, J. Chem. Phys. 116, 91 (2002)
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The photo-catalysis of atmospheric pollutants on semiconductor surfaces, and in particular
on titanium dioxide (TiO2), represents a very attractive and eco-sustainable technology to
remove atmospheric pollutants and hence to limit the human's impact on the environment.
Under this perspective, investigations about the adsorption of molecules on the TiO2 surface
are required for the understanding of the adsorbate-substrate interaction, being the
adsorption process the first step involved in the heterogeneous phase reactions leading to the
degradation of atmospheric pollutants.
Among atmospheric hazardous compounds, chlorotrifluoroethene (F2C=CFCl, Halon 1113)
is a fluorinated ethene mainly used by the industry of fluoropolymers. Although this CFC is
not listed by the Montreal Protocol on ozone depleting substances, recently it has been
detected in the atmosphere and it is a potential source of chlorine atoms.
In this contribution, the adsorbate-substrate interaction between F2C=CFCl and TiO2 has
been investigated by coupling DRIFT (Diffuse Reflectance Infrared Fourier Transform)
experiments to periodic calculations rooted in density functional theory. Adsorption spectra
have been recorded at 298 K with F2C=CFCl pressures in the range 300 - 1250 Pa, by
using a proper environmental chamber which allows a very accurate control of the
experimental conditions. The measurements have been carried out either on the pure TiO2
substrate and on TiO2 diluted in a non-absorbing KBr matrix at different concentrations, in
order to access the spectral region around 1000 cm-1 with a sufficient signal-to-noise ratio.
Periodic DFT calculations, at B3LYP level, were carried out by modeling the adsorption of
F2C=CFCl on a 12-layer slab cut from the anatase crystal structure along the (101) plane
and using a surface coverage of 0.11 monolayers. Five interaction models differing in either
the acid-base interaction between halogen atoms and Ti4+ ions or the orientation of the
F2C=CFCl molecule have been considered. The DVAE and TVAE basis sets were employed
for Ti and O atoms, respectively, whereas the F2C=CFCl molecule has been described by the
Pople's 6-31+G(d') basis functions. All computations were carried out on the Crystal 06
suite of programs.
The results show that the molecule mainly adsorb on the TiO2 surface by means of a F atom
of the CF2 moiety, but a significant contribution also originates from the interaction with the
F atom of the CFCl group.
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Non-covalent interactions involved in hydrogen-bonded complexes, are of paramount
importance in many multidisciplinary fields, ranging from condensed matter physics and
biology up to atmospheric chemistry. Investigations of molecular complexes are thus
required to improve our understanding of intermolecular interactions.
Within this context, the (CH2F2)2 dimer represents an interesting subject in which one
CH2F2 moiety can act as a double proton donor, while the second one can play as double
proton acceptor. The resulting complex features a triple hydrogen bonded structure, that has
been determined from microwave spectroscopy measurements [1,2].
In this work, the dissociation energy of the (CH2F2)2 dimer has been experimentally
determined from foreign-broadening coefficients of the monomer unit collisionally
perturbed by different buffer gasses. Pressure broadening coefficients for a number of
CH2F2 ro-vibrational lines have been determined in the spectral region around 8.3 m
featuring the absorptions of the 7 fundamental which corresponds to the rocking of the CH2
chromofore. The spectra have been acquired at room temperature by means of a tunable
diode laser spectrometer and perturbing CH2F2 by a range of atomic (He, Ne, Ar) and
molecular (N2, O2) collisional partners. From the measured foreign-broadening parameters
the corresponding collisional cross sections have been derived which, in turn, have been
employed to obtain the (CH2F2)2 dissociation energy by means of the empirical
Parmenter-Seaver relationship proposed by Lin et al. [3] and valid for a variety of energy
transfer processes, provided that attractive forces dominate the interaction. Besides to
experimental determinations, the dissociation energies for six (CH2F2) structures,
corresponding to different stationary points on the potential energy surface of the CH2F2
dimer, have been obtained theoretically from DFT computations, performed using the
Gaussian 09 software and employing the M06 family of Minnesota functionals in
conjunction with different basis sets of triple- and quadruple- quality. In particular, M06
and M06-2X [4] are highly parameterized functionals that should be able to account for the
dispersion correlations, which are in general not described by standard Kohn-Sham DFT.
[1] W. Caminati, S. Melandri, P. Moreschini, P. G. Favero, Angew. Chem. Int. Ed. 38, 2924 (1999).
[2] S. Blanco, J. C. López, A. Lesarri, J. L. Alonso, J. Mol. Struct. 612, 255 (2002).
[3] H.-M. Lin, M. Seaver, K. Y. Tang, C. S. Parmenter, J. Chem. Phys. 70, 5442 (1979).
[4] Y. Zhao, D. G. Truhlar, Theor. Chem Acc. 120, 215 (2008).
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The presented work is devoted to the analysis of the rotational structure of three excited
vibrational states, (v11 = 1), (v2 = v12 = 1) and (v9 = 1). The infrared spectrum of the C2H4
molecule has been measured in the region of 2900–3300 cm-1 with a Bruker IFS 120HR
Fourier transform interferometers in Oulu (Finland) and Braunschweig (Germany) at a
spectral resolution of 0.0048 cm-1 in both cases.
The v11 and v9 bands were studied earlier in Refs. [1,2] up to Jmax = 32, and the v2+v12 band was
investigated in Ref. [1] up to Jmax=11. In our research we have reached the maximum quantum
number Jmax = 52 for the v11 and v9 fundamental bands and Jmax = 14 for the v2+v12
combination band. The assignment of the lines was performed by use of the ground state
parameters [3]. The obtained ro-vibrational energies of the upper states were used in the fit
procedure for the determination of parameters of the excited states. The set of the parameters
determined from the fit reproduce the initial experimental energy values with an accuracy
close to the experimental uncertainties.
[1] R. Georges, M. Bach, M. Herman, J. Mol. Phys, 90, 381 (1997).
[2] G. Lorono, V. Boudon , M. Loete , M. Rotger, M.-T. Bourgeois, K. Didriche, M. Herman, V. A.
Kapitanov, Yu. N. Ponomarev, A. A. Solodov, A. M. Solodov, T. M. Petrova, JQSRT, 111, 2265 (2010).
[3] O.N. Ulenikov, O.V. Gromova, Yu. S. Aslapovskaya, V.-M. Horneman, JQSRT, 118, 14 (2013).
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Propynethial has been identified as one of the molecules that exist within the TMC-1
interstellar cloud[1]. The first microwave spectrum for this molecule was recorded between 8
to 40 GHz by Brown et al.[2] in 1982 - since then, no other spectroscopic studies have been
performed. Propynethial was prepared by flowing dipropargyl sulfide through a furnace into a
multipass Whitetype cell at ambient temperature. By using of coherent synchrotron radiation
(CSR), we have been able to record pure rotational transitions in the region from 7 – 20 cm-1
to further improve the ground state constants. In addition to this, 680 rovibrational transitions
have been assigned to then8 C-S stretch at ca. 1101 cm1.
[1] Irvine W. M., Schloerb F. P., Hjalmarson Å., Herbst E., 1985, in Black D. C., Williams M. S., eds,
Protostars and Planets II. University of Arizona Press, Tucson, p. 579.
[2] Brown R. D., Godfrey P. R., Champion R., Woodruff M., The Microwave Spectrum of Propynethial,
Aust. J. Chem., 1982, 35, 1747-53
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High resolution analysis of the GeH4 spectra was made in the pentade region. The spectrum
of GeH4 (88.1 % of 76GeH4, 11.5 % of 74GeH4, and a minor amounts of three other stable
isotopic species in the sample) was recorded in the region of 1350 - 2300 cm-1 with a Bruker
IFS 125HR Fourier transform spectrometer (Nizhny Novgorod, Russia) and analyzed.
Assigned line positions of all bands of the pentad were used then in the fit procedure.
Rotational, centrifugal distortion, and interaction parameters were determined from the fit of
the experimental line positions. Obtained from the fit set of spectroscopic parameters
reproduces the initial experimental data within accuracy close to the experimental
uncertainties.

The work was partially supported by RFBR grants.
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The trans-C2H2D2 is an asymmetric top molecule with twelve different vibrational modes.
Because of its symmetry (C2h), all the vibrational states of the trans-C2H2D2 molecule are
divided into 4 groups of states of different symmetry. However, only transitions to the Au or
Bu upper vibrational states are allowed by the symmetry from the ground state.
The goal of the present study is the analysis of the high resolution ro-vibrational spectrum
of the trans-d2-ethylene molecule in the frequency range of 1200–2000 cm-1. In that region
the eight excited vibrational bands, namely, ν12(Bu), ν8+ ν10(Au), ν7+ ν8(Bu), ν6+ ν10(Bu),
ν6+v7(Au), ν4+ ν8(Bu), ν3+ ν10(Bu) and ν4+ ν6(Au) are located. Earlier only the bands ν12(Bu)
(Jmax=40, Kamax=17), ν7+ ν8(Bu) (Jmax=35, Kamax=14) and ν4+ ν8(Bu) (Jmax=40, Kamax=14)
were discussed in references [1-3].
In the present study the experimental spectrum of trans-C2H2D2 was recorded with the
Fourier-transform spectrometer IFS-120 HR at Technische Universität Braunschweig
(Germany) at room temperature with a pressure of 0.62 mbar, an absorption path length of
16m and an optical resolution of 0.0025 cm-1. In our study, we assigned transitions with
higher values of quantum numbers Jmax and Kamax than it was made in references [1-3], for
the bands ν12(Bu), ν7+ ν8(Bu) and ν4+ ν8(Bu). The bands ν8+ ν10(Au), ν6+ ν10(Bu), ν6+v7(Au),
ν3+ν10(Bu) and ν4+ ν6(Au) were analyzed in our study for the first time.
[1] G.B. Lebron, T.L. Tan, Journal of Molecular Spectroscopy, 204, 145-147 (2000).
[2] F. Hegelund, Journal of Molecular Spectroscopy, 135, 45-58 (1989).
[3] G.B. Lebron, T.L. Tan, Journal of Molecular Spectroscopy, 271, 44-49 (2012).
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We report the results of highly accurate ro-vibrational analysis of the cis-C2H2D2 molecule
in the spectral region of 1300-1900 cm-1. The FTIR spectrum was recorded with a Bruker
120HR spectrometer at room temperature with a pressure of 0.37 mbar, an absorption path
length of 16 m and a spectral resolution of 0.0025 cm-1.
The ro-vibrational analysis revealed deterioration of the combinational differences observed
with increasing quantum numbers J and Ka. On that reason rotational and centrifugal
distortion parameters of the ground vibrational state were improved on the basis of assigned
transitions.
For all studies band transitions have been assigned with higher values of quantum numbers
Jmax and Kamax compared to Ref. [1-3]. The assigned transitions have been used in the fit of
parameters of the effective Hamiltonian. Resonance interactions between all analyzed bands
were taking into account.
[1] F. Hegelund, F.M. Nicolaisen, J. Mol. Spectrosc., 128, 321-333 (1988).
[2] T.L. Tan, M.G. Gabona, J. Mol. Spectrosc., 275, 5-8 (2012).
[3] F. Hegelund, F.M. Nicolaisen, J. Mol. Spectrosc., 126, 32-57 (1987).
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The spectra of the 15NH were recorded at an unapodized resolution of 0.00096 cm1 in the
3

65360 cm1 range and pressures of 0.2, 8 and 133 Pa, using the Bruker IFS 125 Fourier
transform spectrometer located at the far-infrared beamline, Canadian Light Source,
Saskatoon, Canada. All the spectra were recorded at 298 K using a multipass coolable
absorption cell of 2 m base, set for 8 and 72 m path length, with wedged polypropylene
windows. The sample was supplied by Sigma-Aldrich with a purity of 98% and used
without any further purification.
The rotation-inversion spectrum has been reported at lower resolution up to J” = 13 [1], and
at resolution of 0.0017 cm-1 up to J” = 5 [2]. Ground state rotation-inversion transitions
were assigned up to J” = 22, including a large number of K = 3 forbidden transitions
which allowed the determination of the K dependent spectroscopic parameters C, DK, HK
and LK .
Rotation-inversion transitions in the v2 = 1 and v4 = 1 states were observed and analyzed up
to J” = 19 and J” = 11, respectively. The search for higher J transitions as well as for K = 3
forbidden transitions in both states is in progress.
[1] M. Carlotti, A. Trombetti, B. Velino, J. Vrbancich, J. Mol. Spectrosc. 83, 401 (1980)
[2] Štepán Urban, Stefan Klee. Koichi M. T. Yamada, J. Mol. Spectrosc. 168, 384 (1994)
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The main goal of the present study is to analyze high-resolution rotational-vibrational spectra
of H2С=СD2 in the 1300-1650cm-1 region where the bands 2v10, 2v7, v7+10, v12 are located.
The FTIR spectrum was recorded at Technische Universität Braunschweig (Germany) at
room temperature with a pressure of 0.3 mbar, a spectral resolution of 0.0025 cm-1 and an
absorption path length of 24m.
After a comprehensive band analysis we found that for transitions with high values of
quantum numbers J and Ka the quality of the ground state combinational differences worsens.
Therefore we re-analyzed the rotational structure of the ground vibrational state. On that
basis, rovibrational structures of the 2v10, 2v7, v7+10 and v12 bands were analyzed. For all
studied bands transitions have been assigned with higher values of quantum numbers Jmax and
Kamax than published before [1,2]. Furthermore, the assigned transitions were used in the fit
procedure of the parameters of the effective Hamiltonian. Resonance interactions between all
bands have been taken into account.
[1] F. Hegelund, Journal of Molecular Spectroscopy, 148, 415-426 (1991)
[2] J. Harper and J. L. Duncan, Journal of Molecular Spectroscopy, 95, 413-431 (1982)
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Catalytic cycles involving bromine atom are found to be very effective in the destruction of
the Earth's protective ozone layer; besides this adverse environmental effect, brominated
alkanes and alkenes can be also considered as trace gas pollutants thus being a potential threat
for human’s health. On this ground, they have been the subjects of many experimental studies
and theoretical investigations.
In the present contribution we report on the main results from a joint
experimental-computational study carried out on the 1-bromo-1-fluoroethene (CBrF=CH2).
Infrared spectra were measured at medium resolution (up to 0.2 cm-1) by using two different
spectrometers: a Bruker Vertex 70 FTIR spectrometer in the 400-6500 cm-1 range and a
Nicolet Magna 750 in the 200-400 cm-1 region. The corresponding vibrational analysis led to
the assignment of all fundamentals and many overtones, combination and hot bands up to
three quanta. Absorption cross section spectra (retrieved at a resolution of 0.5 cm-1) were
employed to obtain, by means of a multi-spectrum least squares analysis, reliable and
accurate values of the integrated band intensities for all the most relevant features in the range
400-4500 cm-1 at the temperature of 298(1) K.
The vibrational analysis of the infrared spectra was assisted by high-level quantum-chemical
calculations performed at the CCSD(T), MP2 and DFT levels of theory. In particular,
harmonic force fields were computed at the CCSD(T)/cc-pVTZ (-PP) level as well as by
means of a composite scheme accounting for both extrapolation to the complete basis-set
limit and core-correlation effects. Anharmonic corrections to vibrational frequencies were
then included at the MP2 and B2PLYP levels of theory, using second order vibrational
perturbation theory (VPT2) within the GVPT2 and HDCPT2 schemes for the treatment of the
Fermi resonances.
Finally, the anharmonic infrared intensities were calculated with the GVPT2 approach and
compared with the corresponding experimental data.
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The new cavity ring-down spectroscopy device, designed to study hypersonic gas jets, started
to yield encouraging results at Institut de Physique de Rennes (IPR). In this experiment, two
mixtures have been used: first, a mixture of argon and carbon monoxide and second, a
mixture of argon and methane. Mixtures were contained at high pressure in a reservoir
(~ 1000 Torr) and heated at very high temperature (~ 2000 K), thanks to the high enthalpy
source developed at IPR [1]. A hypersonic gas expansion was produced in a low-pressure
chamber (~ 0.09 Torr) connected to the reservoir. High-resolution spectra of methane have
thus been investigated in the [5920-6030] cm-1 spectral range, which corresponds to the
Tetradecad region of methane. The CRD spectrometer, developed by the LAME group from
the LIPhy laboratory in Grenoble, has been placed perpendicularly to the axis of the jet to
record these spectra.
The precise analysis of the CO lines helped to determine the different parameters of the jet:
translational, rotational and vibrational temperatures, concentrations of the hot and cold gas.
One of the most noteworthy results is the evidence of a strong thermodynamic disequilibrium
of CO, with a rotational temperature of 7 K and a vibrational temperature of 2000 K. This
confirms the weak vibrational relaxation of the molecules in the jet. Then, the parameters
determined for CO gave a starting point for the simulation of the spectrum of methane.
Thereupon, they were fitted in order to make the simulation match the experimental results
for CH4. The simulation for CH4 was obtained from the HITRAN 2012 linelist [2], for the
cold bands (Tetradecad-GS), and from a variational calculation from the GSMA laboratory in
Reims [3], for the hot bands (Icosad-Dyad). The vibrational temperature is finally about 750
K and the rotational temperature, about 13 K. This rotational simplification is particularly
useful for the identification of hot band lines, that is very more difficult in a spectrum at
thermal equilibrium.
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[1] J. F. M. Thiévin et al., J. Quant. Spectrosc. Radiat. Transfer, 109, 2027-2036 (2008)
[2] L. R. Brown et al., J. Quant. Spectrosc. Radiat. Transfer, 130, 201-219 (2013)
[3] M. Rey et al, Phys.Chem. Chem. Phys. 15, 10049 (2013)
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Carbon-cage molecules have generated a considerable interest from both experimental and
theoretical point of views. We recently performed a high-resolution study of adamantane
(C10H16), the smallest hydrocarbon cage belonging to the diamandoid family. There exists
another family of hydrocarbon cages with additional interesting chemical properties: the
so-called Platonic hydrocarbons that comprise dodecahedrane (C20H20) and cubane (C8H8).
Both possess C–C bond angles that deviate from the tetrahedral angle (109.8◦) of the sp3
hybridized form of carbon. This generates a considerable strain in the molecule. Cubane
itself has the highest density of all hydrocarbons (1.29 g/cm3). This makes it able to store
larges amounts of energy, although the molecule is fully stable. Up to now, only one
high-resolution study of cubane has been performed on a few bands [2].
We report here a new wide-range high-resolution study of the infrared spectrum of cubane.
The sample was synthesized in Bari upon decarboxylation of 1,4-cubanedicarboxylic acid
thanks to the improved synthesis of literature [3]; its 1H and 13C NMR, FTIR, and mass
spectrometry agreed with reported data [4]. Several spectra have been recorded at the
AILES beamline of the SOLEIL French synchrotron facility. They cover the 800 to 3100
cm−1 region. Besides the three infrared-active fundamentals (ν10, ν11 and ν12), we could
record many combination bands, all of them displaying a well-resolved octahedral rotational
structure. We present here a preliminary analysis of some of the recorded bands, performed
thanks the SPVIEW and XTDS software, based on the tensorial formalism developed in the
Dijon group [5].
A comparison with ab initio calculations, allowing to identify some combination bands, will
be also presented.
[1] O. Pirali, V. Boudon, J. Oomens, M. Vervloet, J. Chem. Phys., 136, 024310 (2012).
[2] A. S. Pine, A. G. Maki, A. G. Robiette, B. J. Krohn, J. K. G. Watson, Th. Urbanek, J. Am. Chem.
Soc., 106, 891–897 (1984).
[3] P. E. Eaton, N. Nordari, J. Tsanaktsidis, P. S. Upadhyaya, Synthesis, 1, 501, (1995).
[4] E. W. Della, P. T. Hine, H. K. Patney, J. Org. Chem., 42, 2940 (1978).
[5] Ch. Wenger, V. Boudon, M. Rotger, M. Sanzharov and J.-P. Champion, J. Mol. Spectrosc., 251
102–113 (2008).
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In this combined theoretical and experimental work, we are interested in the photoionization,
the spectroscopy and the state-to-state dynamics of pyruvonitrile (NC-C(O)CH3) and amino
acetonitrile (H2N-CH2CN) cations [1]. Both molecules are relevant for astrochemistry of
prebiotic media. They are inspired by the reaction of Streker, [2] which is originally a realistic
scenario for the formation of amino acids in interstellar media (ISM). The amino acetonitrile
has been detected there, whereas pyruvonitrile is not yet.
The photoionization spectra of both molecules are given below. They were measured by
means of VUV synchrotron radiation (DESIRS beamline at synchrotron SOLEIL) coupled to
a velocity map imaging electron/ion coincidence spectrometer [3]. In-vacuum
temperature-controlled oven was applied to promote the intact neutral species into the gas
phase.

Figure: SPES spectra of Pyruvonitrile (left) and of Aminoacetonitrile (right) parent obtained
with 500 meV threshold electron resolution.
The SPES spectra present rich structures corresponding to the population of the vibrational
levels of the cations in their ground and the electronic excited states. The assignment of these
features is under investigation by the help of state-to-the-art ab initio calculations. Briefly, we
calculate the ionization energies and the pattern of the electronic states of these cations. We
treat also their vibrational structure. These data should help the identification of both
molecules in the ISM.
[1] Belloche et al., A&A. 482,179 (2008).
[2] Danger et al, ApJ 535, A47, 1 (2011).
[3] Poully et al., Phys Chem Chem Phys. 12, 3566 (2010).
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Chlorofluoromethane (CH2ClF, HCFC-31) is a near-prolate asymmetric top ( = 0.97)
belonging to the Cs point group. Its nine normal modes are grouped, according to their
symmetry, into six (1  6) of A' and three (7  9) of A'' symmetry species. The A' vibrations
give rise to a/b-hybrid bands while the A" modes produce c-type band contours.
High-resolution (0.004 cm-1, unapodized) spectra of natural CH2ClF were recorded in the
range 850 1650 cm-1 at the University of Bologna using a Bomem DA3.002 Fourier
transform infrared (FT-IR) spectrometer and they were analyzed between 950 and 1160 cm-1.
This spectral region is characterized by the absorptions of the 4 mode at 1067.8 cm-1 and
the 9 mode at 1002.3 cm-1, corresponding to the C-F stretching and CH2 rocking vibrations,
respectively. The 4 mode gives rise to the strongest infrared band, which spans a frequency
range of more than 100 cm-1. Conversely, the 9 band is very weak and its R-branch is
severely covered by the P-branch of 4.
The v4 = 1 and v9 = 1 states are interacting through a- and b-Coriolis resonances and these
interactions induce a pseudo a-type parallel structure in the 9 fundamental. Additional
complications in the spectral analysis arise from the Fermi and c-Coriolis interactions
between the v5 = v6 = 1 and v4 = 1 levels. The 5+6 combination band, centered at 1139.6
cm-1, is very weak and no rovibrational lines could be assigned with confidence.
The 4 fundamental of CH235ClF was already investigated under high-resolution using
tunable diode laser spectroscopy [1]. However, the obtained constants were derived
employing only transitions free of major resonance effects and no interaction terms were
considered in the least-squares fits.
In the present study we have assigned from the FT-IR spectra about 1500 (J' ≤ 67, Ka' ≤ 25)
and 800 (J' ≤ 75, Ka' ≤ 23) lines of the 4 and 9 bands, respectively. These data, together with
the available 4 ones from the previous work [1], have been simultaneously fitted by using the
relevant coupling terms and also considering the perturbation produced on the 4 absorption
by the v5 = v6 = 1 state.
Spectroscopic parameters and coupling constants for the 4, 9 and 5+6 bands system of
CH235ClF will be reported.
[1] A. Baldacci, P. Stoppa, S. Giorgianni, R. Visinoni, J. Mol. Spectrosc. 177, 106 (1996)
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Difluoromethane (CH2F2, HFC-32) has been proposed as a valid replacement for the more
environmentally hazardous, ozone depleting, chlorofluorocarbons and it is widely used in
refrigerant mixtures. This molecule is of considerable interest as a trace gas pollutant in the
Earth's atmosphere since, producing strong vibration-rotation bands in the 9 μm atmospheric
window, it is a greenhouse gas which contributes to global warming.
The CH2F2 molecule is a tetrahedral near-prolate asymmetric rotor ( = 0.932) belonging to
the C2v symmetry point group and its nine vibrational modes belong to A1 (1  4), A2 (5), B1
(67) and B2 (89) symmetry species. While the A2 vibrations are inactive in the IR, those
of symmetry species A1, B1, and B2 give rise to pure b-, c-, and a-type absorption bands,
respectively.
A Bomem DA3.002 Fourier transform infrared (FT-IR) spectrometer was used to record
high-resolution (0.004 cm-1, unapodized) absorption spectra over the spectral region 850 
1500 cm-1 employing different cells and pressures of the CH2F2 sample. Within the analyzed
region, between 900 and 1350 cm-1, four fundamental bands occur: 3 (1111.61 cm-1), 5
(1256.8 cm-1), 7 (1178.74 cm-1) and 9 (1089.9 cm-1). The 3 and 9 fundamentals are very
strong and correspond to the symmetric and asymmetric CF2 stretching vibration,
respectively; the 5 and 7 absorptions are related to the CH2 twist and rocking modes,
respectively. All the excited states of these vibrations are in resonance to each other. The
foremost perturbations arise from a strong c-type Coriolis interaction between the v3 = 1 and
v9 = 1 states [1] as well as between the v5 = 1 and v7 = 1 levels [2]. The last coupling induces
the occurrence of pseudo a-type transitions in the 5 forbidden band. Further, the v3 = 1 level
interacts by an a-type Coriolis resonance with the v7 = 1 one which, in turn, is coupled to v9
= 1 through a b-Coriolis interaction [3]. Further complications in this bands system arise from
the v4 = 2 dark state (1057 cm-1) which can interact with the neighboring v3 = 1 and v9 = 1
levels by Fermi and c-Coriolis resonances, respectively. To produce a comprehensive fit of
the positions and intensities of the rovibrational lines, it was employed a model including
eight type of resonances within the pentad 3 / 5 / 7 / 9 / 24. Details of the interpretation,
results from the analysis and spectral simulations will be reported.
[1]
K.M. Smith, G. Duxbury, D.A. Newnham, J. Ballard, J. Mol. Spectrosc. 193, 166 (1999)
[2]
M.N. Deo, Romola D'Cunha, V.A. Job, J. Mol. Spectrosc. 161, 403 (1993)
[3]
N. Tasinato, G. Regini, P. Stoppa, A. Pietropolli Charmet, A. Gambi, J. Chem. Phys., 136, 214302
(2012).
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Nitrate radical (NO3) has two electronic excited states A 2E” and B 2E’ within about 2 eV
above the electronic ground state X 2A2’. These three low-lying electronic states can interact
each other by vibronic interactions [1]. Therefore, NO3 is one of the great subjects for
understanding the vibronic interactions in polyatomic radicals. The B 2E’ ← X 2A2’
transition is an optical allowed transition in the visible region. The most intense absorption
located at around 15100 cm-1 is assigned as the 0 – 0 band of the B ← X transition. In this
study, we observed rotationally resolved high-resolution fluorescence excitation spectrum of
this B ← X transition 0 – 0 band, in jet-cooled 15NO3 radical.
We used 15N2O5 as the 15NO3 precursor. 15N2O5 vapor and helium gas was mixed and
expanded into a high vacuum chamber through a pulsed nozzle. The mixture gas was heated
to about 300°C with a heater, which was attached to the pulsed nozzle, to yield 15NO3 by
15
N2O5 pyrolysis reaction: 15N2O5 → 15NO3 + 15NO2. After the pyrolysis the molecular jet
was collimated to a molecular beam with a skimmer and a slit. An output of a single-mode
ring dye laser and the molecular beam were crossed perpendicularly to reduce Doppler
width, and we recorded high-resolution fluorescence excitation spectrum. Doppler-free
saturation spectrum of iodine and fringe patterns of an etalon were recorded simultaneously
with the 15NO3 measurement, to calibrate the absolute wavenumber in the accuracy of
0.0001 cm-1. We also observed magnetic effect of 15NO3 radical up to 360 Gauss.
We successfully observed the rotationally resolved high-resolution fluorescence excitation
spectrum in 15080 – 15103 cm-1. Typical linewidth of each rotational line was about 25
MHz. More than 3000 rotational lines were identified in the observed region. We found
about twenty rotational line pairs with about 0.0248 cm-1 energy interval. This interval is
similar to the spin-rotation splitting of the X 2A2’ (υ = 0, k = 0, N = 1, J = 0.5 and 1.5) levels
calculated from the molecular constants [2]. Magnetic effect enabled us to assign these
rotational line pairs unambiguously. We found several vibronic bands in the observed region.
This result indicates the B (υ = 0) state strongly interacts with surrounding vibronic states,
and they borrow transition intensity. Following the line pairs with 0.0248 cm-1 interval, we
assigned a part of the rotational lines by using the ground state combination differences and
the observed magnetic effect. We determined the effective molecular constants of the
excited states. Previously we reported high-resolution spectrum of 14NO3 in this region and
its magnetic effect [3]. They will be compared in the poster presentation.
[1] M. Okumura, J. F. Stanton, A. Deev, and J. Sommar, Phys. Scr., 73, C64 (2006).
[2] R. Fujimori, N. Shimizu, J. Tang, T. Ishiwata, and K. Kawaguchi, J. Mol. Spectrosc., 283, 10 (2013).
[3] K. Tada, S. Kasahara, M. Baba, T. Ishiwata, and E. Hirota, The 22nd Int. Conf. High Reso. Mol.
Spectrosc., H3 (Czech Rep. 2012).
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SPECTROSCOPY OF THE HERZBERG (C1Σ+–A1Π ) BAND SYSTEM
IN THE 22 950 – 26 050 cm-1 OPTICAL RANGE
FOR THE LESSER-ABUNDANT 13C17O ISOTOPOLOGUE
R. Hakalla, W. Szajna, M. Zachwieja, I. Piotrowska, M. Ostrowska-Kopeć,
P. Kolek, and R. Kępa
Materials Spectroscopy Laboratory, Department of Experimental Physics,
Faculty of Mathematics and Natural Science, University of Rzeszów,
ul. Prof. S. Pigonia 1, 35-959 Rzeszów, POLAND
Carbon monoxide is one of the most important molecules in astronomy, because it is readily
detectable and chemically stable as well as it is the second, after H2, most abundant molecular
constituent in star-forming clouds and the main gas-phase reservoir of interstellar carbon. The
CO molecule is very useful in physicochemical research into outer space and its diverse
objects such as planets, solar and stellar atmospheres, interstellar space, comet tails,
supernova remnants, etc.A large CO abundanc e gives a detectable signal for even rarer
isotopologues.
It has been presented high-resolution emission spectra measurements of the so far unobserved
in the 13C17O isotopologue, the Herzberg band system. The C-A (0,1), (0,2), and (0,3) bands
have been recorded in the 22 950–26 050 cm-1 region using high–accuracy dispersive optical
spectroscopy. The 13C17O molecules were formed and excited in a stainless steel
hollow-cathode lamp with two anodes. All 224 rovibrational spectra lines, up to J″=30, were
precisely measured with an estimated accuracy of about 0.0030 cm-1, and rotationally
analyzed. I’m going to present the number values molecular parameters values determined for
the first time in the natural and stable least-abundant 13C17O isotopologue. The combined
analysis of now obtained Herzberg bands and earlier analyzed Ångström (B1Σ+–A1Π) system
[1-2] yielded a precise relative characteristic of the C1Σ+ (ν=0) and B1Σ+ (ν=0, 1) Rydberg
states [3-5] in the 13C17O molecule.

[1] R. Hakalla, W. Szajna, M. Zachwieja, J. Phys. Chem. A 117, 12299 (2013).
[2] R. Hakalla, M. Zachwieja, J. Mol. Spectrosc. 272, 11 (2012).
[3] R. Hakalla, W. Szajna, M. Zachwieja, J. Phys. B: At. Mol. Opt. Phys. 45, 215102 (2012).
[4] R. Kępa, M. Ostrowska-Kopeć, I. Piotrowska, M. Zachwieja, R. Hakalla, W. Szajna, and P. Kolek, J.
Phys. B: At. Mol. Opt. Phys. 47, 045101 (2014).
[5] R. Hakalla, M. Zachwieja, and W. Szajna, J. Quant. Spectrosc. Radiat. Transf. 140, 7 (2014).
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The influence of nanoconfinement on the absorption spectra of gases attracts the growing
attention of researchers. In nanopourous materials the molecules of investigated matter can
be adsorbed by internal surface or be found in gas phase. The investigation of spectra of
confined gases got started in recent years [1-3]. In tight confinement the line shape and its
width and shift are predominantly determined by the collision of molecules with the
nanopores walls rather than with each other [1-3]. The information obtained from studying
absorption spectra under such condition is very important for understanding the processes of
gas-surface interaction and pore sizes determination [3].
The absorption spectra of H2O, CO2, CO and H2 were recorded using Bruker IFS 125 HR
Fourier spectrometer in the 4000 – 5500 cm-1 region at room temperature. Strong line
broadening and shift were observed for H2O, CO2, CO in comparison with usual conditions.
The analysis and comparison of its parameters have been performed. For the first time the
wall collision-induced absorption of H2 have been observed.
This work was partly supported by Tomsk State University Competitiveness Improvement
Program.
[1] Ponomarev Yu.N., Petrova T.M., Solodov A.M., Solodov A.A. Optics Express. 2010. Vol. 18. P.
26062.
[2] J.V. Auwera, N. H. Ngo, H. El. Hamzaoui, B. Capoen, M. Bouazaoui, P. Ausset, C. Boulet, J.-M.
Hartmann. Phys. Rev. A. 88, 042506 (2013).
[3] T. Svensson, E. Adolfsson, M. Burresi, R. Savo, C.T. Xu, D.S. Wiersma, S. Svanberg. Applied
Physics B. 2013. Vol. 110. P. 147.
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LINE MIXING IN WATER VAPOR PERTURBED BY N2, AR AND HE PRESSURE
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Line mixing effect has been studied for four pairs of H2O lines perturbed by N2, Ar and He.
Two pairs of lines (in terms of rotational quantum numbers J, Ka, Kc ) [101] ¬[212],
[212] ¬[303] and [303] ¬[212], [212] ¬[101], centered near 1540 and 1653 cm–1,
respectively, belong to the 2 band [1] and two pairs [312] ¬[413], [321] ¬[422] and [431]
¬[330], [422] ¬[321], centered near 8704 and 8909 cm–1, belong to the 1 +2 +3 band
[2]. The coefficients for two pairs of lines from the 1 +2 +3 band have been obtained
experimentally with help of the line profile using the Rosenkranz first-order approximation
Pressure broadening coefficients of H2O (half-widths, pressure shifts and off-diagonal
relaxation matrix elements) have been calculated.
The work is partly supported by Program RAS “Fundamental optical spectroscopy and its
applications” (Projects 3.9.7) and Tomsk State University Competitiveness Improvement
Program.
[1] L.R. Brown, D. C. Benner, V. M. Devi, M. A. H. Smith,J. Mol. Structure 742, 111 (2005)
[2] T.M. Petrova, A.M.Solodov, A.A. Solodov, Mol.Phys. 110, 2071 (2012)
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Helium pressure induced broadening and shift coefficients for water vapor absorption lines
in the near infrared region have been measured and calculated. The data on  and  for nine
vibration bands 1, 3, 22, 1+ 2, 2+ 3 , 1+ 2 + 3 , 21+ 2 , 1+ 3
have been obtained from the analysis of the H2O–He absorption spectra, recorded from
3000 to 9100 см–1 with help of IFS 125HR Fourier spectrometer at room temperature,
spectral resolution of 0.01 cm-1 and in wide pressure range of He. Additionally the
literature data for rotational band ( 180 GHz) [1], 2 band (1850-2140 см–1 ) and 21+
2 + 3 band (1850-2140 см–1 ) [2] has been used. The vibrational and rotational
dependences of the potential parameters have been demonstrated. It is obtained a good
agreement between the experimental and predicted values of broadening and shift
coefficients.
The work is partly supported by Program RAS “Fundamental optical spectroscopy and its
applications” (Projects 3.9.7).
[1] D.W. Steyert, W.F. Wang, J.M. Sirota, N.M. Donahue, D.C. Reuter JQSRT, 83, 183 (2004)
[2] C. Claveau, A. Henry, D. Hurtmans, A. Valentin JQSRT, 68, 273 (2001)

WP27
WATER VAPOUR SELF-CONTINUUM AT CLOSE TO ROOM TEMPERATURE
IN THE NEAR-IR SPECTRAL RANGE
T.M. Petrova, Yu.N. Ponomarev, I.V. Ptashnik, A.A. Solodov, A.M. Solodov
V.E. Zuev Institute of Atmospheric Optics SB RAS,
1, Academician Zuev square. Tomsk, Russia. 34021

Water vapour is the most important gas in the radiative balance of the Earth’s atmosphere. It
is well recognized as playing an important positive-feedback role in climate change, and its
absorption must be accounted for in satellite remote sensing of the Earth and atmosphere.
Here we report the results of measurements of the water vapour self-continuum absorption
in the 2000 – 8000 cm–1 spectral region at temperature of 287 K. Water vapour absorption
spectra were recorded using Bruker IFS-125 HR FTS and 30-m base multipass cell, that
provides optical path length up to 1 km. The data obtained generally support the
measurements of Baranov and Lafferty [1] in 2500cm–1 (4 μm) window and Ptashnik et al.
[2] in 2500cm–1 and 4700cm–1 (2.1 μm) windows, but differ significantly from Bicknell et
al. [3] and Mondelain et al. [4] results in 6200 (1.6 μm) window. The new data confirm our
previous measurements [5] performed using smaller optical path length.
This work was partly supported by the RFBR grant 13-05-00382 and by the Program of
Fundamental Research, Siberian Branch of the Russian Academy for Science
(0102421390362).
[1] Baranov Y.I., Lafferty W.J. JQSRT. 112, 1304 (2011)
[2] Ptashnik I.V., McPheat R.A., Shine K.P., Smith K.M., Williams R.G. J. Geophys.Res. 116, D16305
(2011).
[3] Bicknell W.E., Cecca S.D., Griffin M.K., Swartz S.D., Flusberg A. J. Directed. Energy. 2, 151
(2006).
[4] Mondelain D., Aradj A., Kassi S., Campargue A. JQSRT. 130, 381 (2013).
[5] Ptashnik I.V., Petrova T.M., Ponomarev Yu.N., Shine K.P., Solodov A.A., Solodov A.M. JQSRT.
120, 23 (2013).
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Deriving of relations in analytical form between the most important spectroscopic parameters
and fundamental characters (structural parameters and parameters of intramolecular potential
surface) of the XY2 (C2v) molecule is discussed. Analysis is made on the basis of high orders
of the operator perturbation theory in the matrix formulation. Computer language MAPLE is
used for obtaining the results.
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LINESHAPE ANALYSIS OF ROTATIONAL SPECTRUM LINES
OF CARBON MONOXIDE
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Russia, 603950, Nizhny Novgorod, Ulyanov str., 46

Rotational spectrum lines of carbon monoxide molecule in mm/submm region is an
appropriate object to study influence of molecule collisions on the line shape. Well isolated
and strong enough lines of the major isotopologue without hyperfine structure allow
investigation of the line shape in a wide pressure range.
In the present study, experimental spectra of CO molecule perturbed by CO, Xe, Kr and Ne
were analyzed using Galatry, Quadratic Speed Dependence Voigt (qSDVP) and
partially-Correlated quadratic-Speed-Dependent Hard-Collision (HTP) profiles and simple
empirical model. Spectra were recorded at room temperature in pressure range 0.2 - 4 Torr
using well known mm-submm wave BWO-based spectrometer with radio-acoustic detector
(RAD spectrometer). Pressure broadening parameters as well as narrowing and speed
dependence coefficients were obtained from the fit of the theoretical profiles to the
experimental spectra. Obtained results might be useful for developing lineshape models and
spectroscopic databases as well as improving methods of remote sensing data analysis.
The work was partially supported by grants of RFBR.
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IR SPECTROSCOPY OF METHACROLEIN AND METHYL VINYL KETONE
COMPLEMENTED BY QUANTUM CHEMICAL CALCULATIONS
Juan-Ramon Aviles Moreno, Imane Haykal, Thérèse R. Huet
Laboratoire PhLAM, UMR8523 CNRS - Université Lille 1, 59655 Villeneuve d’Ascq,
France

Methacrolein (MAC, CH2=C(CH3)CHO), and methyl vinyl ketone (MVK,
CH2=CHCOCH3) are important atmospheric molecule. Indeed both molecules are major
products of the isoprene-OH reaction [1]. Spectroscopic information is still very scarce
[2-3], and mainly available in the microwave range. FTIR spectra have been recorded on the
-1
AILES beamline of SOLEIL using a long path cell, between 30 and 3500 cm at medium
-1
resolution (0.5 cm ). A few bands of atmospheric interest have also been recorded at higher
-1
resolution (0.001 cm ).
On the theoretical side, we have performed quantum chemical calculations at different
levels of theory (DFT and ab initio) to model the structure of the two conformers for both
molecules, the large amplitude motion associated with the methyl top, and the anharmonic
vibrational structure.
We will report the details of the vibrational analysis, as well as the molecular parameters
derived from the analysis of the high resolution spectrum of the c-type band located around
-1
930 cm for methacrolein.
Support from the French Laboratoire d’Excellence CaPPA (Chemical and Physical
Properties of the Atmosphere) through contract ANR-10-LABX-0005 of the Programme
d’Investissements d’Avenir is acknowledged. The experiment on the AILES beam-line at
synchrotron SOLEIL was performed under project number 20130192. IH acknowledges the
support of the ANR through contract ANR-10-BLAN-724-5 NCPCHEM.
[1] J. H. Seinfeld and S. N. Pandis, “Atmospheric chemistry and physics: from air pollution to climate
change”, 2nd edition, John Wiley and Sons, Inc, 2006.
[2] M. Suzuki and K. Kozima, J. Molec. Spectrosc. 38 (1971) 314 ; J. R. Durig, J. Qiu, B. Dehoff and T. S.
Little, Spectrochimica Acta 42A (1986) 89 ; E. Zakharenko, J.-R. Aviles Moreno, R. Motiyenko, T. R.
Huet, see Poster session BO2014.
[3] P.D. Foster, V.M. Rao, R.F. Curl Jr., J. Chem. Phys. 43 (1965) 1064 ; A.C. Fantoni, W. Caminati, R.
Meyer, Chem. Phys. Lett. 133 (1987) 27 ; A.J. Bowles, W.O. George, W.F. Maddams, J. Chem. Soc. B
(1969) 810 ; D.S. Wilcox, A.J. Shirar, O.L. Williams, B.C. Dian, Chem. Phys. Lett. 508 (2011) 10-16.
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A quantum electrodynamics (QED) correction surface for the simplest polyatomic and
polyelectronic system H3+ is computed using an approximate procedure suggested in [1].
This scheme has already been applied to the water molecule, for which QED corrections are
of the order of 1 cm−1, and was instrumental in recent studies achieving an accuracy of 0.1
cm−1 for levels up to 15 000 cm−1 [2]. This correction energy surface, when combined with
the existing nonrelativistic, relativistic, and adiabatic surfaces from previous study [3] and
with a future accurate treatment of nonadiabatic effects, is expected to provide
rotation-vibration energy levels with a typical accuracy of 0.01 cm−1.
We present a comparison of the Born-Oppenheimer PES computed using explicitly
correlated Gaussians [3] and surfaces computed using standard quantum chemistry methods
based on full configuration interaction (FCI) and Gaussian basis sets. We show that
available basis sets provide accuracy between 0.1 and 1 cm−1 for rotation-vibration energy
levels. QED corrections for H3+ were calculated using the same methodology. Nuclear
motion calculations are given both without nonadiabatic corrections and with a simple
nonadiabatic treatment based either on the PT model [3] or on the model by Diniz et al. [4].
Inclusion of QED effects and the model of Diniz et al. [4] for nonadiabatic effects leads to a
reduction of the rms deviation from 0.33 cm−1 without QED effects to 0.19 cm−1 when QED
is included. These calculations, which include highly accurate BO, adiabatic, relativistic,
and QED effects but no provision for nonadiabatic effects, therefore represent an accurate
characterization of the value of nonadiabatic effects for each H3+ level [5].
[1] P. Pyykko, K. G. Dyall, A. G. Csaszar, G. Tarczay, O. L. Polyansky, and J. Tennyson, Phys. Rev. A
63, 024502, 2001.
[2] O.L. Polyansky, R.I. Ovsyannikov, A.A. Kyuberis, L. Lodi, J. Tennyson, N.F. Zobov, J. Phys.
Chem. A 117, 9633, 2013.
[3] M. Pavanello, L. Adamowicz, A. Alijah, N. F. Zobov, I. I. Mizus, O. L. Polyansky, J. Tennyson, T.
Szidarovszky, A. G. Csaszar, M. Berg et al., Phys. Rev. Lett. 108, 023002, 2012.
[4] L. G. Diniz, J. R. Mohallem, A. Alijah, M. Pavanello, L. Adamowicz, O. L. Polyansky, and J.
Tennyson, Phys. Rev. A 88, 032506, 2013.
[5] L. Lodi, O. L. Polyansky, J. Tennyson, A. Alijah, N. F. Zobov, Phys. Rev. A 89, 032505, 2014.
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The results of our recent experimental study of broadband spectra (188-258 GHz) of pure
water vapor and its mixture with air (including the continuum component of the absorption)
using the resonator spectrometer [1,2] are presented and analyzed.
In our opinion, the most consistent conception explaining the nature of the continuum is the
“bimolecular absorption” [3] caused by various pair states of water molecules, namely – truly
bound dimers, metastable (quasi-bound) dimers and free pairs. Comparison of our
experimental data with the model [4] based on ab initio calculated spectra [5] let us to
determine the contribution of truly bound dimers to the observed continuum. . Some
uncertainty in the continuum caused by possible underestimation of the monomer far wings is
assessed. The remaining part of the observed continuum absorption gives approximately 50%
of its magnitude. It follows from the previous estimates [6-8] that the contribution of free
pairs of molecules and far wings of the monomer lines to the continuum absorption is
negligible under the conditions of our experiments. Thus, this remaining absorption can be
very likely attributed to the metastable water dimers.
Metastable dimer absorption was estimated using two different qualitative models. Analysis
of the results shown that additional more accurate experimental and theoretical investigations
are required to clarify the quantitative contribution of the metastable dimers.
It was experimentally shown that absolute contribution of bound water dimers to the self
continuum is the same in pure water vapour and in its mixture with atmospheric air.
The work is partly supported by Russian Foundation for Basic Research.
[1] M.Yu. Tretyakov, M.A. Koshelev, E.A. Serov, V.V. Parshin. Book of abstracts of The 23-rd
Colloquium on HRMS. Budapest, Hungary, 189 (2013)
[2] M.Yu. Tretyakov, M.A. Koshelev, E.A. Serov, V.V. Parshin, T.A. Odintsova, G.M. Bubnov
Physics-Uspekhi, accepted for publication (2014)
[3] I.V. Ptashnik, K.P. Shine, A.A. Vigasin, JQSRT 112, 1286 ‒ 1303 (2011)
[4] T.A. Odintsova, M.Yu. Tretyakov, A.F. Krupnov, C. Leforestier, JQSRT 140, 75-80 (2014)
[5] Y. Scribano, C. Leforestier, J. Chem. Phys. 126, 234301 (2007)
[6] A.A. Vigasin, Infrared Phys. 32, 461-470 (1991)
[7] Q. Ma, R.H. Tipping, C. Leforestier. J. Chem. Phys. 128, 124313 (2008)
[8] C. Leforestier, R. H. Tipping, Q. Ma, J. Chem. Phys. 132, 164302 (2010)
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The diacetyl:(water)n=1,12 complexes have been studied using ab initio and DFT methods with
Pople and correlation consistent basis set. Two 1:1 conformers have been calculated at the
Coupled-cluster (CCSD(T)-F12/Aug-cc-pVDZ) level. The binding energy of both complexes
lies around 28 kJ/mol. From the topological point of view, both conformers present a direct
(HO)HO(C) hydrogen bonding between the water molecule and carbonyl oxygen and also a
secondary link between the C-H bond of methyl group and water oxygen lone pair.
Taking the geometrical and energetic results obtained with CCSD(T)-F12/Aug-cc-pVDZ as
reference data, we were able to calibrate the most suitable density functional to study these
types of hydrogen-bonded complexes. Over several available density functional, it has been
shown that two functional families are the best for our study: the range-separated hybrid
(RSH) functionals and the double-hybrid (DH) functionals. Nevertheless, it should be noted
that the RSH functional calculations are less demanding than the functional DH. This
advantage is especially important in studies of the first hydration shell of the central diacetyl
molecule where twelve water molecules form a ring around it.
At each step of addition of H2O, topological analysis ELF (Electron Localization Function)
and AIM (Atoms in Molecules) of the different hydrogen bonding sites is performed, to
provide a chemical description for the hydrated network growth. The topological analysis
rationalizes and complements the cooperative effect during the formation of the first solvation
shell.
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High sensitive examination of the millimeter-wave water vapor spectrum at room
temperature allowed observation of water dimer rotational features [1], which
unambiguously proofed existence of this molecular complex in warm water vapor and
confirmed that the dimer is responsible for the major part of the excess atmospheric
absorption called the continuum.
Further investigation of the spectrum allowed retrieving the dimer abundance in water vapor
and allowed to discuss contributions of other physical mechanisms responsible for the
continuum [2, 3,4].
We believe that the continuum absorption is related to vapor “nonideality”, which can be
reduced at atmospheric conditions to bimolecular interaction of water molecules. All
bimolecular interactions can be subdivided into three types: formation of bound and
metastable dimers and interaction of free pairs. The second virial coefficient of the gas
equation of state describing “nonideality” of water vapor can be divided into three parts
corresponding to all these processes and is related to the total number of interacting molecular
pairs. The coefficient value is very well known from the empirical data. Abundance of free
pairs can be estimated from the excluded volume value. Its temperature dependence was
recently evaluated on the basis of ab initio calculated water dimer potential energy surface
[5]. Therefore, there is enough information for calculation the remaining part of the second
virial coefficient related to metastabe dimers. We present partitioning of the second virial
coefficient. Its parts corresponding to different molecular pairs were calculated in a broad
range of temperatures on the basis of available data. The result is in amazingly good
agreement with partitioning of pair molecular states in water vapor calculated in [6].
The work was partly supported by Russian Foundation for Basic Research.
[1] M.Yu. Tretyakov et al., Phys. Rev. Letters, 110, 093001 (2013)
[2] M.Yu. Tretyakov et al., Physics Uspekhi (2014) - accepted for publication
[3] T.A. Odintsova et al., JQSRT, 140, 75 (2014)
[4] E.A. Serov et al., this meeting
[5] C. Leforestier, J. Chem. Phys., 140, 074106 (2014)
[6] A.A. Vigasin, Infrared Phys., 32, 461 (1991)
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The absorption, fluorescence, and resonance Raman scattering spectra of pyridine, Agn, and
Agn-pyridine (n=1-3) are theoretically investigated to gain insight of surface enhanced
Raman scattering. The optimized ground state geometries and harmonic vibrational
frequencies are obtained by carrying out density functional theory (DFT) calculations, and
those for the low-lying excited electronic states are predicted by TDDFT and configuration
interaction singles (CIS). The absorption, fluorescence, and resonance Raman scattering
spectra are then simulated by utilizing Franck-Condon factor calculations.
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This theoretical work reports full quantum-mechanical analysis of the Li-Na far-wing
photo-absorption spectra. The accuracy of adopted Li-Na potential-energy curves and
transition dipole moments is established by computing the vibration-rotation levels and the
radiative lifetimes of the excited molecular states.
The pressure-broadening calculations revealed that the photo-absorption spectra have, in the
temperature range 850-4000 K, a satellite structure characterized by the presence of two
peaks in the red wing , the first around 862 nm and originating from the A←X transitions and
the second near 1070 nm and rising from a←b transitions . These results agree quite well with
the classical theory witch predicts the presence of satellites in red wing arouned 868 nm and
1115 nm corresponding to the extrema of the potential difference.
The temperature effect on the photo-absorption spectra has also been investigated and the
results show that the satellites position are not affected.
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Acetonitrile CH3CN is a molecule of astrophysical interest detected, for example, in the Titan
atmosphere, in comets and in the interstellar medium as well. Moreover, it is produced by
some industrial processes and is one of long-living pollutants in the terrestrial atmosphere.
The goal of the present work is to provide first extensive theoretical data on CH3CN
self-broadening coefficients for wide ranges of rotational quantum numbers requested by
spectroscopic databases. Due to the large dipole moment value and a strong electrostatic
interaction occurring between two colliding molecules, very favourable conditions appear for
the use of the semi-empirical method [1]. In this model an empirical correction factor is
introduced in the efficiency functions, and its parameters are determined by fitting on
experimental halfwidths. For the purposes of our study (different kinds of J-dependences for
low and high K-values), a four-parameter correction factor is used and its parameters are
adjusted on experimental values of Ref. [2]. The semi-empirical calculations provide a
coherent prediction of J- and K-dependences of self-broadened acetonitrile lines for the
experimentally observed transitions. We report an extensive linelist of computed
self-broadening coefficients of CH3CN lines at the reference temperature 296 K for rotational
quantum numbers 0 ≤ J ≤ 70, 0 ≤ K ≤ 20. The computed values can be also used for other
parallel vibration bands since the vibration dependence of CH3CN-CH3CN broadening
coefficients is found to be negligible [2, 3].
[1] A.D. Bykov, N.N. Lavrentieva, L.N. Sinitsa, Mol. Phys. 102, 1653 (2004).
[2] C.P. Rinsland et al., JQSRT 109, 974 (2008).
[3] G. Buffa et al., Phys. Rev. A. 45, 6443 (1992).
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Acetonitrile (methyl cyanide) CH3CN is a molecule of atmospheric and astronomical interest,
in particular for Titan’s atmosphere studies, recently included in the HITRAN database [1].
However, except for some experimental studies of line intensities, positions, broadening and
shifting parameters [2] (see also refs cited therein) its spectroscopic characteristics remain
incomplete.
The case of N2-broadening is the most important since nitrogen is the main perturbing gas in
the atmospheres of Earth and Titan. In the present work we report N2-broadening coefficients
of CH3CN spectral lines for wide ranges of rotational quantum numbers J and K requested by
spectroscopic databases. Strong electrostatic interactions that occur due to the large dipole
moment of the absorbing molecule provide favourable conditions for the use of the
semi-empirical method [3], successfully applied previously to another symmetric top CH3Cl
[2].
The experimental J- and K-dependent values of the pressure-broadening coefficients
available in the literature [5] are used to obtain the model parameters which enable
computations of line-shape parameters for enlarged ranges of rotational quantum numbers.
The calculated CH3CN-N2 halfwidths demonstrate a very good agreement with
measurements.
[1] L.S. Rothman et al., JQSRT 130, 4 (2013).
[2] C.P. Rinsland et al., JQSRT 109, 974 (2008).
[3] A.D. Bykov, N.N. Lavrentieva, L.N. Sinitsa, Mol. Phys. 102, 1653 (2004).
[4] A.S. Dudarynok, N.N. Lavrentieva, J. Buldyreva, JQSRT 130, 321 (2013).
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Verification of spectroscopic parameters of the H216O molecule in the range of 2819-2976
cm-1, which is suitable for atmospheric water vapor profile measurements [1], is performed.
Seven spectral lines, corresponding to transitions to (0 2 0) vibration state with high
quantum number J are considered. An accurate synthetic water line list [2] was used to
improve line position values. Air broadening halfwidth and line center shift were calculated
using semiempirical method described in [3]. For each line, halfwidth temperature
exponents were also calculated. For line intensities the measured data were taken from Ref.
[4]. Spectral line parameters were compared with parameters collected in spectroscopic
databases HITRAN 2008, HITRAN 2012 and GEISA 2011.
This work was partly supported by Programs of FI SB RAS № II.10.1 and of FI RAS №
3.9.
[1] Schneider M., Hase F., Blavier J.-F., Toon G.C., Leblanc T. An empirical study on the importance
of a speed-dependent Voigt lineshape model for tropospheric water vapor profile remote sensing.//
JQSRT. 2011. V.112 P.465–474.
[2] Tennyson J., Bernath P., Brown L., et al. IUPAC critical evaluation of the rotational–vibrational
spectra of water vapor, Part III: Energy levels and transition wavenumbers for H216O, //JQSRT, 2013,
V. 117, P. 29–58.
[3] Bykov A., Lavrentieva N., Sinitsa L. Semiempiric approach for the line broadening and shifting
calculation //Molecular Physics. 2004. V. 102. P. 1706.
[4] Toth R.A. 2ν2-ν2 and 2ν2 bands of H2 16O, H2 17O, and H2 18O: line positions and strengths.//J. of the
Optical Society of America/Optical Physics. 1993, V. 10, Iss. 9, P.1526–1544.
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Water vapor absorption spectra in three spectral regions 14800-15500, 15516-16100, 2210022820 cm-1 have been measured using IFS-125M interferometer. For all three spectral ranges,
bright LEDs have been used as light sources. Spectral resolution was 0.03-0.05 cm-1
depending on spectral region, optical path length was 36 m (White-type cell with 60 cm of
length), and sample pressures were 25-27 mBar depending on spectral diapason. The
measurements were carried out in the constant-temperature space at a temperature 24 ± 1 °С.
The resulting spectra were derived by averaging over large number of scans (up to 17136).
The use of bright LED sources allowed us to achieve signal-to-noise ratio 104.
The data processing was performed using a special computer software Wxspe, which allows
one to automatically recognize peaks in the spectra and determine line parameters by fitting to
measured line profile. This software is based on pattern recognition algorithms and is
self-trainee. The wave number calibrations were performed using the IUPAC database [1].
The resulting peak list was created and compared with data of early measurements [2].
Work has been supported by Program of FI SB RAS № II.10.1.
[1] J. Tennyson, P.F. Bernath, L.R. Brown, et al. IUPAC critical evaluation of the rotational–vibrational
spectra of water vapor, Part III: Energy levels and transition wavenumbers for H216O, JQSRT, 2013,
V. 117, PP. 29–58
[2] P.-F. Coheur, S. Fally, M. Carleer, C. Clerbaux et.al. New water vapor line parameters in the
26000-13000 cm-1 region JQSRT, 2002.V. 74, PP.493-510
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Cis-glycolaldehyde (HCOCH2OH) has been detected in biomass fires, by mass spectrometry
and low resolution FTIR spectroscopy [1]. Remote sensing measurements of this species are
not yet possible, as its spectroscopy is not precisely known. Indeed, the IR absorption
spectrum of gas phase cis-glycolaldehyde has only been recorded at low resolution [2]. This
spectroscopic characterization of the species was confirmed by subsequent photolysis and
FTIR experiments [3-4].
The main purpose of the present work is to build a database of cis-glycolaldehyde line
positions and intensities in the IR range, between 700 and 1300 cm–1. Such a database will
ensure that precise quantification of cis-glycolaldehyde can be made when retrieved from
atmospheric spectra. It will also make it possible to distinguish the signature of
cis-glycolaldehyde from those of other C2H4O2 isomers (namely acetic acid) and of several
other Volatile Organics Compounds absorbing in the same region (e.g. formaldehyde [5],
formic acid [6]).
The spectra have been recorded in a multipass cell coupled to the high resolution FTIR
spectrometer of the AILES beamline, using the synchrotron radiation. Two strong
fundamental bands have been considered: the O=C–C bend and the C–C stretch observed
near 751.5 and 860.5 cm–1, respectively. Results of the analysis will be presented.
This project is part of the GDRI HiResMIR (CNRS-INSU). Support from the Laboratoire
d’Excellence CaPPA (Chemical and Physical Properties of the Atmosphere) through
contract ANR-10-LABX-0005 of the Programme d’Investissements d’Avenir is
acknowledged. The experiment on the AILES beam-line at synchrotron SOLEIL was
performed under project number 20120172.
[1] I.R. Burling, R.J. Yokelson, S.K. Akagi et al., Atmos. Chem. Phys. 11, 12197 (2011).
[2] H. Michelsen, P. Klaboe, J. Mol. Struct. 4, 293 (1969).
[3] H. Niki, P.D. Maker, C.M. Savage et al., Chem. Phys. Lett. 80, 499 (1981).
[4] T.J. Johnson, R.L. Sams, L.T.M. Profeta, S.K. Akagi, I.R. Burling, R.J. Yokelson, S.D. Williams, J.
Chem. Phys A 117, 4096 (2013).
[5] A. Perrin, A. Valentin, L. Daumont, J. Mol. Struct. 780-781, 28 (2006); A. Perrin, D. Jacquemart, F.
Kwabia Tchana, N. Lacome, J. Quant. Spectrosc. Radiat. Transfer 110, 700 (2009).
[6] J. Vander Auwera, K. Didriche, A. Perrin, F. Keller, J. Chem. Phys. 126, 124311 (2007); A. Perrin, J.
Vander Auwera, J. Quant. Spectrosc. Radiat. Transfer 108, 363 (2007).
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To model atmospheric composition of extrasolar planets, it is essential to have
comprehensive data on the spectroscopic properties of the main molecular absorbers. This is
especially true in the infrared region which is dominated by transitions of polyatomic
molecules [1]. In the solar system
propane (C3H8) is an important constituent of the atmosphere of gas giants and the satellite
Titan. Here we present a comprehensive simulation of the absorption spectra of C3H8.
We have developed a variational method for solving the ro-vibrational Schrödinger equation
for a general polyatomic molecule. The ro-vibrational Hamiltonian is given by [2]

where the internal curvilinear vibrational coordinates qi are used to represent the
displacements of the bond lengths and bond angles, τij(q) are elements of the matrix of the
kinematic coefficients, t is the determinant of this matrix, φa are the Euler angles, and μab(q)
is the inverse matrix of the tensor of inertia. The potential energy function, V(q), is given by a
fourth-order polynomial expansion in terms of the Morse variables xi = 1 - exp(-aiqi) for the
stretching coordinates and xi = qi for the bending coordinates.
The dipole moment of the molecule is presented in the form of a second order Taylor series in
terms of qi. The parameters of the potential energy and the dipole moment functions of C3H8
were calculated ab initio at the CCSD(T)/aug-cc-pVQZ level of theory. With this potential
energy function, agreement between the calculated and experimental fundamental
frequencies of vibrations is within 5 cm-1.
The harmonic part of the potential function was then optimized by fitting to the experimental
fundamental frequencies and used to simulate the IR spectra of C3H8. The results are in good
agreement with the experimental data. Our goal is to produce a comprehensive line list for
this molecule which can be used for modelling atmospheres of (exo)planets at elevated
temperatures.
This work was supported by the ERC under Advanced Investigator Project 267219.
[1] J. Tennyson and S. N. Yurchenko, Mon. Not. R. Astron. Soc. 2012, 425, 21.
[2] L.A. Gribov, A.I. Pavlyuchko Variational Methods for Solving Anharmonic Problems in the Theory
of Vibrational Spectra of Molecules, Nauka, 1998 Moscow (in Russian)
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Nitric Acid (HNO3) is an important constituent of the Earth atmosphere where it is a
prominent biosignature. It is expected to be important for modelling the atmospheric
composition of the potentially habitable planets [1] and also a part of the ExoMol project[2].
Here we present a new theoretical hot line list for HNO3 is its ground electronic state
applicable for temperatures up to T=500 K. A previously constructed semi-empirical potential
energy and ab initio dipole moment surfaces were used as an input for the nuclear motion
program ANGMOL [3]. Using ANGMOL we have computed 66 million ro-vibrational
energies for 8000 vibrational states and around 24 billion transition frequencies, and
associated Einstein-A coefficients and absolute transition intensities, at wavenumbers up to
4200 cm-1 and rotational excitations up to (J=90). A room-temperature spectrum is compared
to the data from the HITRAN database. This spectrum shows good agreement with the
experiment and highlights the gaps and limitations of the HITRAN data.
The full data, in the form of temperature-dependent cross sections, will be available from the
CDS data centre as well as at via www.exomol.com.
This work was supported by the ERC under Advanced Investigator Project 267219.
[1] R. Hu, S. Seager, and W. Bains, Astrophys. J. 2012, 761, 166.
[2] J. Tennyson and S. N. Yurchenko, Mon. Not. R. Astron. Soc. 2012, 425, 21.
[3] L.A. Gribov, A.I. Pavlyuchko Variational Methods for Solving Anharmonic Problems in the Theory
of Vibrational Spectra of Molecules, Nauka, 1998 Moscow (in Russian)
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The H2-H2O complex is a weakly bound complex with two floppy rotors of H2 and H2O [1].
The H2 moiety is sitting on the C2 axis and H2O works as a proton acceptor in the equilibrium
configuration (Fig. 1). Due to the nuclear
l
spin statistics, p-H2 (IH2 = 0) has the jH2 =0
internal rotational state, while o-H2 (IH2
jH2O
=1) the jH2 =1 state. The p- and o-H2
jH2
complexes behave as different molecules
z’
with different binding energies (D0) of 34
kH2O R
and 54 cm1 [2]. The H2O part also has
kH2
θ
two nuclear spin states, p-H2O (IH2O = 0)
z
G
and o-H2O (IH2O = 1).
Fig. 1 H2-H2O complex
The 2 (H2O bending) band of (o)H2-H2O from the lowest internal rotation state (JKaKc = 000
and 101) has been observed by IR spectroscopy [1], but for the p-H2 species no spectral lines
were detected. The ground 000 state of o-H2 complex (jH2 =1) split into two sub-levels, 0 and
0, depending on kH2 = 0 or 1 (see Fig. 1), and the 0 state is located by 14 cm-1 higher than
the 0 state according to the DVR calculation [2] with the ab initio PES. By IR study [1] in the
jet expansion, the spectral lines only from the 0 ground state have been observed.
In the present study, the J =10 rotational transitions of (o)H2-H2O, (o)H2-D2O, (p)D2-H2O,
and (p)D2-D2O in the ground 0 state (H2 in jH2 = 1 and H2O in 000 state) have been observed
by FTMW [3]. Observed spectra were split into three hyperfine components due to the
nuclear spin of o-H2/p-D2 (IH2/D2=1) (Fig. 2). The nuclear spin-spin interaction constants d
were determined to be 24.68(100) and 22.26(100) kHz for (o)H2-H2O and (o)H2-D2O,
respectively. The average values of <P2(cos)>, where  is the angle between the H2 bonding
axis and the intermolecular axis (Fig. 1), were calculated to be 0.428(17) and 0.386(17)
from the observed d constants, indicating that
F=2-1
H2 is rotating almost freely in the complex and
1-1
the 0 ground state is nearly of jH2 =1 and kH2
J=1-0
=0. The nuclear spin-rotation coupling
constant
was
also
determined
for
(o)H2-species. The average center-of-mass
distances are calculated to be 3.600 and 3.612
0-1
Å for (o)H2-H2O and (o)H2-D2O from the
observed rotational constants, hile the
distances for the p-D2 substituted species are
31
shorter by 0.168 and 0.184 Å than those for the 43030
MHz
o-H2 species.
Fig. 2 J=1-0 transition of (o)H2-H2O
[1] M. J. Weida and D. J. Nesbitt, J. Chem. Phys. 110, 156 (1999).
[2] A. van der Avoird and D. J. Nesbitt, J. Chem. Phys. 134, 044314 (2011).
[3] K. Harada, K. Tanaka, H. Kubota, and T. Okabayashi, Chem. Phys. Lett. in press (2014).
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Thionyl chloride (SOCl2) is an extremely powerful oxidant widely used in industrial
processes and playing a role in the chemistry of the atmosphere [1]. In addition, it is of
particular interest for security and defense applications. Low resolution vibrational spectra
of gas phase SOCl2 [2] as well as high resolution pure rotational transitions up to 25 GHz
[3] have previously been investigated. To date no high resolution data are reported at
frequencies higher than 25 GHz.
We have investigated the THz absorption spectrum of SOCl2 in the spectral region 70-650
GHz using a frequency multiplier chain coupled to a 1 m long single path cell containing a
pressure of about 15 bar of the molecule. On this spectrum transitions of both SO35Cl35Cl
and SO35Cl37Cl isotologues have been observed. 15993 pure rotational transitions of the
main isotopologue SO35Cl35Cl have been assigned up to Jmax=127 and Kamax=64. 13708
pure rotational transitions of SO35Cl37Cl have also been observed with Jmax=117 and
Kamax=65. Effective molecular parameters have been obtained for these two isotopologues
using the SPFIT/SPCAT suite [4].
We also have recorded the high resolution FIR spectra of SOCl2 in the spectral range 50-700
cm-1 using synchrotron radiation at the AILES beamline of SOLEIL facility. A White-type
cell aligned with an absorption path length of 150 m has been used to record, at a resolution
of 0.001 cm-1, two spectra at pressures of 5 and 56 bar of SOCl2. On these spectra four FIR
modes of SO35Cl2 are observed (2, 3, 5 and 6) and present a fully resolved rotational
structure. Their analysis has been realized using accurate ground state molecular parameters
derived from our new pure rotational measurements and MP2/6-311++G(3df,3pd)
anharmonic calculations.
[1] T. J. Johnson et al., J. Phys. Chem. A 107, 6183 (2003)
[2] D. E. Martz and R. T. Lagemann, J. Chem. Phys. 22,1193 (1954)
[3] H. S. P. Müller and M. C. L. Gerry, J. Chem. Soc. Faraday Trans. 90, 3473 (1994)
[4] H. M. Pickett, J. Mol. Spectrosc. 148 (1991)
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In this study, we demonstrate the ability of the THz spectroscopy to monitor in real-time
gaseous pollutant concentrations during a chemical reaction and to determine the kinetic
constants. [2] In this aim, the photolysis of formaldehyde was considered. [1] Using a solar
simulator and a UVB radiation optimized between 250 and 360 nm, we induced the H2CO
photolysis in a quartz cell allowing an Optical path of 135 cm. Two reaction channels were
considered: the molecular channel producing carbon monoxyde CO and the radical channel
producing the formyl radical HCO. By means of a versatile solid-state subTHz spectrometer
[3] in the 600-900 GHz frequency range, we performed from rotational transitions, a
time-resolved detection and quantification of the H2CO consumption and the CO production
during the photolysis. From the intensity measurements alongside with H2CO and CO
rotational transitions, we determined with relative uncertainties better than 6 % the kinetic
constant of the molecular channel. With these encouraging results towards molecular
channel, we are currently developing the sensitivity of our THz spectrometer in order to
study the formyl radical production
[1] S. Eliet, A. Cuisset, M Guinet, F. Hindle, G. Mouret, R. Bocquet, and J. Demaison, Journal of
Molecular Spectroscopy, Vol 279, 12-15 (2012).
[2] H. M. Pickett and Timothy L. Boyd, Chem. Phys. Lett, Vol 58, 446-449, (1978)
[3] G. Mouret, M. Guinet, A. Cuisset, L. Croizé, S. Eliet, R. Bocquet and F. Hindle, Sensors Journal.
IEEE, Vol 13, 133 – 138, (2013)
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The methylene radical, CH2, is known to be the simplest triatomic molecule with its ground
electronic state being triplet. Spectroscopic characterization of this fundamental free radical
has been done in various wavelength regions for more than half a century and is still ongoing.
This difficulty arises from the unique chemical and physical properties of the molecule. The
methylene radical is the prototype of the “carbene” and is kinetically very unstable, which
prevent us from generating the molecule in concentrations that are high enough for carrying
out spectroscopy in laboratory conditions. The exceedingly floppy nature of the molecular
structure leads to the breakdown of the Watson model for this species, and various models
have been proposed in order to represent its bending potential. The fidelity of the theoretical
models of can be validated by comparative studies of the energy levels of methylene and its
deuterated isotopologues by high-resolution molecular spectroscopy.

Observation of field-free, pure rotational spectrum of the CH2 radical [1] and its
mono-deuterated isotopologues, CHD[2], have been conducted up to terahertz regions for
recent 10 years, its full deuterated species, CD2, however, was limited up to 0.6 THz
region.[3] Since the A rotational constants of the methylene radicals are more than 1 THz,
many rotational transitions lie above terahertz frequency range. In the present study, we
measured terahertz spectrum of the CD2 radical by using frequency modulated spectrometer
equipped in Lille 1 Univ. and Toho Univ. The CD2 radical was generated by DC glow
discharge of deuterated ketene, CD2CO, or deuterated methane, CD4. Five rotational
transitions in the frequency region of 0.7 to 1.5 THz were so far observed with their frequency
accuracy of the around 100 kHz. Typical spectrum observed in the present study is depicted in
the Figure 1. Rotational and centrifugal distortion constants were revised in higher precision
than those obtained in the previous studies by combining the results of microwave
spectroscopy. This enables us to predict precise rest frequencies of low-N rotational
transitions such as 111-000 which is astronomically important.
[1] S. Brünken et al., J. Chem. Phys. 123, 164315 (2005).
[2] H. Ozeki et al., Aston. Astrophys. 527, A64 (2011).
[3] H. Ozeki and S. Saito, J. Chem. Phys. 104, 2167 (1996).
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During our previous measurements [1] of the rotational spectra of the fluorosulfate radical
(FSO3·) we observed the splitting of K = 3n (n = 1, 2 …) levels. This A1 – A2 splitting is an
interesting feature of centrifugal distortion of this C3v symmetry radical. The measured
transitions were extended to the local resonance areas where the splitting for K = 3 and K =
6 lines is most significant. Analysis of the doublets produced an improved set of the A1 – A2
splitting parameters with better determined A rotational constant. The predictions based on
this work enable the measurements of the forbidden transitions of the FSO3· radical.
[1] L.Kolesniková, J. Varga, L. Nová Stříteská, H. Beckers, H. Willner, F. Aubke, and Š.Urban, J. Chem.
Phys. 130, 184309 (2009)
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We simulated the high-energy synthesis of nucleic bases from formamide during an
extraterrestrial body impact. A high-power laser has been used to induce the dielectric
breakdown of the plasma produced by the impact. The results demonstrate the initial
dissociation of the formamide molecule and the subsequent formation of adenine, guanine,
cytosine, thymine and uracil. CN and NH radicals, together with CO, NH3 and HCN/HNC
molecules, have been identified as the most abundant primary formamide dissociation
products using high-resolution FT-IR spectroscopy. The nucleic bases have been detected
using a GC-MS derivatization technique. In the high-energy impact plasma, stable but highly
reactive CN and NH radicals attack the formamide parent molecule, thereby forming several
intermediates and eventually leading to the creation of all of the canonical nucleic bases. An
environment of formamide transformation in extraterrestrial body impact is depicted in panel
A, and the corresponding analytical methods for its dissociation and recombination product
analysis are shown in panel B.
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W1310 nm wavelength VCSELs produce single mode emission in excess of 1 mW in the
temperature range of 20−70ºC with a very low relative intensity noise of −148 dB/Hz. These
devices have a broad tuning range of ~50 cm-1 with variable temperature and current, which
covers multiple absorption lines of methane, ammonia and hydrogen fluoride. With these
VCSELs, we report optical absorption spectroscopy of several gases near 1310nm
wavelength. In particular, we report for the first time detection of HF using the absorption line
in the vicinity of 7568 cm-1 with an estimated low-pressure detection limit at the level of
several ppm.

Figure: Measured absorption line of HF (0.03 Torr) together with fitted second derivative
Lorentzian profile. The estimated signal/noise ratio from the fit is ~ 15. The estimated
absorption HF line width was about 550 MHz which is in full agreement with the Doppler
limit of absorption line in this spectral range.
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Time-resolved Fourier-transform spectroscopy was applied to the study of the emission
spectra of Ne I in the 700 to 7000 cm-1 spectral region with a relolution of 0.02 cm-1. The
high-excited Rydberg statest of neon were produced in pulse discharge plasma.
Time-resolved spectra were registered using the modified Bruker IFS 120 HR spectrometer
with time resolution 2 μs [1]. This study reports more than 250 Ne I lines in the infrared
(including approximately 100 lines not measured previously in the laboratory).

Figure: Spectrum of Ne I with time profiles of emission intensity for two selected lines.
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