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Spectroscopic Observation of Jet-Cooled 2-Halo-m-Xylyl Radicals
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Free radicals play a vital role as intermediate in many chemical reactions including that
involved in combustion and chemical synthesis, and those that occur in the atmosphere
and interstellar space. Benzyl radical, a prototypical aromatic free radical, has been
believed to be an important intermediate in aromatic chain reactions and the subject of
numerous spectroscopic works. On the other hand, benzyl-type radicals have received
less attention due to the difficulties associated with the identification of the species and
possible rearrangement of substituents at the transition state.
The jet-cooled 2-fluoro- and 2-chloro-m-xylyl radicals were generated and vibronically
excited in a corona excited supersonic expansion from precursor 2-fluoro- and 2-chlorom-xylenes, respectively, seeded in a large amount of carrier gas He. The well-resolved
visible vibronic emission spectra of the jet-cooled 2-fluoro-1 and 2-chloro2-m-xylyl
radicals were recorded using a long-path monochromator. From the analysis of the
spectrum, we determine an accurate electronic energy of the D1 → D0 transition and the
frequencies of vibrational modes in the ground electronic state by comparison with
those of ab initio calculations and the known spectroscopic data of 2-halo-m-xylene for
the first time.
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Carbohydrate-Aromatic Complexes Investigated by
Broadband Microwave Spectroscopy
Thomas Betz, David Schmitz, V. Alvin Shubert and Melanie Schnell
Cold and Controlled Molecules Group
at the Center for Free-Electron Laser Science,
Notkestrasse 85, D-22607 Hamburg, Germany
and
Max-Planck-Institut fuer Kernphysik,
Saupfercheckweg 1, D-69117 Heidelberg,Germany
A new broadband microwave spectrometer for the structural investigation of
biologically relevant molecules in the gas phase is presented. The set up will be used to
study the recognition of cyclic carbohydrates and aromatic molecules. This interaction
is of significant importance in biological systems, for example, the recognition of cells
by lectins. The carbohydrate partners will be represented by gluco-, galacto and
fucopyranose, whereas benzene, indole, and tryptophan serve as model molecules for
the aromatic recognition sites. The complexes will be formed by simultaneously seeding
them into a supersonically expanding noble gas.
The rotational spectra of these complexes will be recorded by employing the novel
Chirped Pulse Fourier Transform Microwave (CPFTMW) spectroscopy technique1.
This will allow the fast acquisition of the molecular response to microwave radiation in
the range of 2 to 8 GHz and thus enables the comparison of different molecular
Earlier investigations used infrared ion dip (IRID) vibrational spectroscopy to
characterize the involved binding mechanism of these systems2. Measuring the
rotational spectra will complement this work by allowing the direct investigation of the
structure of the molecular complexes. This knowledge will deepen the understanding of
the conformational properties and changes involved in the recognition process.
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Ab-initio normal-mode vibrational displacement vectors for the three
C-H stretching vibrations along the internal rotation path in methanol
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Modern quantum chemistry packages can be used to determine the small-amplitude
vibrational frequencies i() and Cartesian displacement vectors di() along a largeamplitude internal rotation (torsional) coordinate . We focus here on the di() for the
three CH stretching motions (2, 3, and 9) along the steepest-descent internal rotation
path  in methanol (CH3OH), which are interesting because the symmetry environment
of each C-H bond changes during the internal rotation, i.e., each of the methyl bonds
takes turns passing through the plane of symmetry of the COH frame of the molecule.
Graphical displays show that the di() for frame atoms have a three-fold periodicity
along the torsional coordinate, i.e., they are given by Fourier series in cos3n or sin3n
with integer n. On the other hand, the di() for each methyl hydrogen have only 2
periodicity along the torsional coordinate, with Fourier series in cosn or sinn. Terms
in the simplified torsion-rotation Hamiltonian resemble terms in the simplified
Hamiltonians for the Jahn-Teller and Renner-Teller vibronic problems. The torsionvibration coupling terms for the present problem take the form
k1(e+iQ+2 + e-iQ-2) + k2(e-2iQ+2 + e+2iQ-2),
where Q = Qx  iQy represent components of a “doubly-degenerate vibration” formed
by combining 2 and 9. Closed form equations for the di() can be obtained for the
limiting cases with either k1 = 0 or k2 = 0. If only the first (or second) coupling term is
present, these di() transform into their negatives (or themselves) when the molecule
undergoes one full internal rotation. For the CH stretches in methanol the two terms
seem to be of almost equal importance. We also consider calculations of the A/E
torsional splittings in the excited v = 1 fundamental states of the three CH stretches from
information given by a quantum chemistry calculation. The splitting in 3 has the same
sign as the ground state, but for 2 and 9 it has a sign opposite to the ground state.
Several papers in the literature give theoretical explanations for this sign behavior using
perturbation theory based on a diabatic treatment, where the interaction terms are
present in the potential energy expression (e.g., the terms given above). Quantum
chemistry output corresponds, however, to an adiabatic situation where all vibrationtorsion interaction terms in the potential energy surface have been “diagonalized out,”
so that the torsion-vibration interactions are transferred to the kinetic energy operator,
where they appear as a “new Coriolis interaction term.” The coefficient  in front of
this new Coriolis operator depends on derivatives with respect to  of the di() vectors.
Quantum-mechanical situations where all perturbations occur in the kinetic energy
operator are relatively unfamiliar to high-resolution molecular spectroscopists, so the
new features in such a calculation will be described briefly.
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The WKMC empirical line lists (5852-7919 cm-1)
for methane between 80 K and 296 K
A. Campargue, L. Wang, O. Leshchishina, D. Mondelain, S. Kassi
Université Grenoble 1/CNRS, UMR5588 LIPhy, Grenoble, F-38041, France
Alain.Campargue@ujf-grenoble.fr

The methane line list included in the last version of the HITRAN and GEISA databases,
is insufficient to fulfil important needs for planetary and atmospheric sciences for three
main reasons: (i) it lacks in sensitivity especially in the transparency windows, (ii)
except for a few strong lines, it does not provide lower state energy levels necessary to
calculate the temperature dependence of the line intensities, (iii) transitions due to the
CH3D and 13CH4 isotopologues are not systematically identified.
During the five last years, we have constructed empirical line lists for methane at room
temperature and at 80 K from spectra recorded by (i) differential absorption
spectroscopy (DAS) in the high energy part of the tetradecad (5852-6195 cm-1) and in
the icosad (6717-7589 cm-1) (ii) high sensitivity CW-Cavity Ring Down Spectroscopy
(CRDS) in the 1.58 μm and 1.28 μm transparency windows (6165-6750 cm-1 and 75417919 cm-1, respectively). We have recently assembled the global line lists for methane
in natural isotopic abundance, covering the spectral region from 5854 to 7919 cm-1 1, 2.

Fig. 1: The WKMC empirical line lists for methane at 80 K and 296 K showing
the lines of 13CH4 and CH3D in “natural” methane.
These WKMC (for Wang, Kassi, Mondelain, Campargue) empirical lists include about
43000 and 46420 lines at 80±3 K and 296±3 K, respectively. The “two temperature
method” provided lower state energy values, Eemp, for about 24000 transitions. The
obtained data sets allow us to account for most of the temperature dependence of the
absorption over the considered region. The WKMC list at 80 K has been successfully
applied in a large range of temperature conditions existing on Titan 1, Uranus, Pluto,
Saturn and Jupiter.
[1] A. Campargue, L. Wang, S. Kassi, D. Mondelain, B. Bézard, E. Lellouch, A.
Coustenis, C. de Bergh, M. Hirtzig, P. Drossart. Icarus. 219, 110-128 (2012).
[2] A. Campargue, O. Leshchishina, L. Wang, D. Mondelain, S. Kassi, A.V. Nikitin,
JQSRT in press.
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Fourier transform spectra of 15ND3 have been recorded in the region between 450 and
1600 cm-1 at a resolution of 0.005 cm-1 using the DA3.002 Bomem interferometer in
Bologna. Sample pressures of 0.6 and 10 torr were used in a 0.18 m absorption cell.
About 1800 transitions, with J’ and K’ up to 15, have been assigned to the 2 and 4
bending fundamentals observed in the recorded region. They connect the (s) and (a)
inversion-rotation-vibration levels of the ground and excited states according to the (s)
↔ (a) selection rule. All transitions have been analyzed simultaneously to provide a
quantitative description of the inversion-rotational pattern of the v2 =1 and v4 = 1
excited states. The adopted model Hamiltonian includes all symmetry-allowed
interactions between and within the excited states. The energies of the ground state
levels have been calculated by means of the precise spectroscopic parameters reported
by Fusina et al.1. The standard deviation of the fit, 0.00085 cm-1, is about two times the
estimated wavenumber precision. We plan to extend the analysis to J’ and K’ values up
to 20, by recording new spectra using a multipass cell with optical path length up to 10
m, in order to obtain results qualitatively similar to those available for 14ND3 2.
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A joint experimental and computational study on the vibrational and
ro-vibrational spectroscopy of HFC-32
1
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Difluoromethane (CH2F2, HFC-32) is a hydro-fluorocarbon which has been proposed as
a valid replacement for the more environmentally hazardous CFCs and HCFCs. In
particular, its mixture with CF3CH3, CF3CH2F and CF3CHF2 is widely used as
refrigerant. Because of the commercial applications, the atmospheric concentration of
CH2F2 has increased rapidly since 1990s and its abundance was 3 pptv in 2005. Further,
owing to the high dipole moment of 1.9785 D, CH2F2 has attracted attention as an
efficient laser medium for the generation of strong far infrared laser lines when optically
pumped by CO2 lasers. Therefore, over the years this molecule has been the subject of
several experimental and theoretical investigations.
In this contribution we present the results of an integrated experimental and theoretical
study about the vibrational and ro-vibrational properties of CH2F2. The gas-phase
spectra have been investigated at medium resolution (0.2 - 1 cm-1) in the range 400 7000 cm-1 and integrated absorption cross sections have been determined over the 400 5000 cm-1 region. Ab initio calculations, carried out at the CCSD(T) level in conjunction
with large basis sets of either the correlation-consistent or the atomic natural orbital
hierarchies, have been performed to generate both the potential energy- and dipole
moment-surfaces. Vibrational as well as ro-vibrational parameters have been
determined from the VPT2 treatment of the quartic-semidiagonal PES, and the
anharmonic couplings within the ν 1 , 2ν 2 , 2ν 8 three level system have been
modelled. Spectral simulations, which reproduce the partially resolved rotational
structure of the observed spectra, have been performed by using the ro-vibrational
Hamiltonian constants and the relevant coupling terms computed ab initio. Work is in
progress for extending the vibrational quantum assignment in the NIR region up to
12000 cm-1 as well as for the computation of a full quartic force field.

Tasinato N.
Regini G.
Stoppa P.
Pietropolli Charmet
Gambi A.

54

Poster session, D7
IR spectroscopy of HCFC-31 from the FAR up to the NIR
region: a combined experimental and computational study
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Chiara Cappelli3, Ivan Carmineo3

1
Dipartimento di Scienze Molecolari e Nanosistemi, Università Ca’ Foscari Venezia,
Calle Larga S. Marta 2137, I–30123 Venezia, Italy, jacpnike@unive.it; 2Dipartimento di
Chimica "G. Ciamician", Universita' di Bologna, Via F. Selmi, 2, 40126 Bologna, Italy;
3
Scuola Normale Superiore, Piazza dei Cavalieri 7, 56126 Pisa, Italy

Many absorption bands of chlorofluoromethane (CH2FCl, HCFC-31) falling in the
atmospheric window have been the subject of high resolution studies, but up to now the
vibrational analysis of its infrared spectra up to the overtone region is still lacking. Here
we present the results of the detailed study of its vibrational features in the range 300 –
9000 cm-1. The gas phase Fourier transform infrared spectra of HCFC-31 have been
recorded at medium resolution (up to 0.2 cm-1) from the far up to the near infrared
region. Besides to all the fundamentals, the vibrational analysis has led to the
assignment of many overtone and combination bands. From the absorption cross section
spectrum obtained by multi-spectrum least squares analysis, accurate values of
integrated band intensities have been determined for all the most relevant absorptions
falling in the range 400 – 6000 cm-1. By employing a narrowband model and taking into
account all the data in the range 400 – 2500 cm-1, the radiative forcing as well as the
Global Warming Potential (GWP) of HCFC-31 have been determined. The vibrational
analysis has been supported by high level quantum chemical computations performed
by employing both the second-order Møller-Plesset perturbation theory (MP2) and the
coupled cluster method with single and double excitations augmented by a perturbative
treatment of connected triples, CCSD(T). Different correlation consistent basis sets
have been used to compute reliable values of vibrational frequencies, anharmonicity
constants, interaction parameters as well as band intensities.
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The rotational spectrum of 13C2HD and 12C2HD in the ground and
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The pure rotational spectra of 13C2HD and 12C2HD were detected in the range 114-687
GHz. Lines belonging to the ground vibrational state were observed from J”=1 to
J”=11. Several absorption lines were also detected in v4=1 (Π), v5=1 (Π), v4=2 (Σ and
Δ), v5=2 (Σ and Δ), v4=v5=1 (Σ−, Σ+ and Δ), v4=3 (Π and Φ) and v5=3 (Π and Φ). The
transitions detected in this work were fitted together with all the infrared lines available
in literature for the bending states. The global fits allowed a very accurate determination
of the spectroscopic parameters of these molecules.
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The stretching-bending bands of 12C2D2
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The infrared spectrum of the perdeuterated acetylene (C2D2) has been recorded from
900 cm−1 to 5500 cm−1 by Fourier transform spectroscopy (FTIR) at a resolution ranging
between 0.004 cm−1 (at 500 cm−1) and 0.01 cm−1 (at 5000 cm−1).
Sixty five bands involving the ν 1 , ν 2 , ν 3 stretching fundamentals and the ν 1 + ν 3 ,
ν 2 + ν 3 stretching-stretching combination modes associated with the ν 4 and ν 5 bending
vibrations have been observed and assigned.
In total, more than 5000 transitions have been considered in the investigated spectral
region.
The transitions relative to each stretching mode, including its overtone, hot and
combination bands involving bending modes, were analysed simultaneously. We
obtained five sets of spectroscopic parameters. The Darling-Dennison interaction
between 2ν 4 and 2ν 5 , which was demonstrated to be important in the analysis of the
pure bending states, was also considered between the same levels associated with the
various stretching states.
The standard deviation for each global fit was smaller than 0.001 cm−1.
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The first high-resolution analysis of the 6 fundamental band of
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Chloroform (HCCl3) is a stable liquid at room temperature, which is often used as a
solvent in chemical applications. This explains why most of the oldest investigations of
its vibrational spectrum were done in liquid phase.
In the gas phase, the ground, v2=1, v3=1, and v6=1 vibrational states of the HC35Cl3 and
HC37Cl3 symmetric species were investigated by rotational spectroscopy.1 The ground
vibrational state was also studied, using millimeter and submillimeter-wave
spectroscopy, by Cazzoli et al.2, and also by Colmont et al.3
Rovibrational studies for all fundamental bands of HC35Cl3 were performed.4-8, with the
exception of the lowest fundamental band 6, located near 260 cm-1, for which only two
low-resolution studies exist 9,10.
The present analysis of the rovibrational spectrum of the 6 band of HC35Cl3 was greatly
facilitated by the very accurate rotational study of Margulès et al.11 More than 4500
transitions pertaining to the 6 band, with J=0-95 and -73KK89, have been
assigned. The newly assigned infrared data were combined with accurate submillimeterwave transitions in the v6=1 state, measured previously11, in a simultaneous fit. The
existence of resonant crossings, due to a (k=1, l=2) interaction in the v6=1 state,
which generated perturbation-allowed rotational transitions, provided independent
values of the C6 and C6 rotational constants. These perturbation-allowed rotational
transitions, combined with the infrared 6 data, enabled us to obtain accurate values of
the axial ground state constants C0=0.05715783(20) cm-1, DK0 =2.759(63)10-8 cm-1, and
H K0 =-8.27(75)10-14 cm-1.
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S1←S0 Electronic Transition of Naphthalene and Cl-naphthalene
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Rotationally-resolved high-resolution fluorescence excitation spectra of the 0-0 band1
and several vibronic bands2 up to the excess energy of 3068 cm-1 for naphthalene
S1←S0 transition were measured by crossing a single-mode UV laser beam
perpendicular to a collimated molecular beam. Several thousands rotational lines were
observed and assigned for each band except 3068 cm-1 band, and these molecular
constants were determined in high accuracy. By comparing the observed and calculated
transition energy from the determined molecular constants, the local energy shifts were
found and identified as originating from Coriolis interaction in the higher energy bands.
Additionally, we have observed the change of the spectra with magnetic field. The magnitude of
the observed Zeeman splitting is very small, and it was mainly observed for the levels of

low Ka and its magnitude was increasing in proportion to J for given Ka. It indicates the
magnetic moment is along to c-axis (out of plane) and originates from an electronic
angular momentum induced by J-L coupling between the S1 and S2 states.3
We have also observed the rotationally resolved high-resolution fluorescence excitation
spectra and the Zeeman effect of the 0-0 band for 2-Cl naphthalene S1←S0 transition.
More than 4500 lines were observed and assigned for 0-0 band without any energy shift,
and the molecular constants were determined in high accuracy, which are good
agreement with the ones reported by Plusquellic et. al.4 The magnitude and J, Kdependences of the observed Zeeman splittings are similar to the ones of naphthalene
S1←S0 transition. It suggests the main radiationless process is not intersystem crossing
even for the 2-Cl naphthalene. Recently, we also measured the high-resolution
fluorescence excitation spectra of 0-0 band for 1-Cl naphthalene S1←S0 transition. The
rotational lines were not resolved because the fluorescence lifetime is shorter than the
one of 2-Cl naphthalene.
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Rotational States of the Hydrogen Molecule in the Silicon Crystal
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Silicon is the most widely used material in semiconductor devices. Interstitial hydrogen
molecule is a common impurity in crystalline silicon, important for its physical and
chemical properties. Because the presence of H2 is vital for many technological
processes involving semiconductors it has been intensively studied during last 20 years
(see for example works [1-4] and references therein). In the present work a theoretical
study of the atomic and electronic structure of H2 in the silicon crystal is carried out
using the density functional theory in conjunction with the generalized gradient
approximation for the exchange-correlation functional. The phonon spectrum of the
system and the density of states are computed and analysed. The potential energy
hypersurface of the interstitial hydrogen molecule in the Silicon crystal at the tetrahedral
position is generated on an extended grid of geometries. This surface is then represented
by a symmetrized analytical function and used to calculate the rotational energy levels
of the interstitial hydrogen. The corresponding wavefunctions are used to visualize the
distribution of the H2 molecule inside the semiconductor crystal. We will discuss the
structural and electronic properties of the system, the isotopic substitution effect, the
translation and vibration motion of interstitial H2, the hydrogen ortho-para conversion
etc. Our results are found to be in a good agreement with the theoretical and
experimental data available in the literature.
The computational resources for this research were provided by the Interregional
Computational Centre of Tomsk State University (SKIF-Cyberia).
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We developed a tensorial formalism adapted to X2Y4 planar asymmetric tops with D2h
symmetry [1], and proposed a program suite called D2hTDS [2] to calculate their highresolution spectra. This approach has the advantages to allow a systematic development
of rovibrational interactions and to make global, polyad-by-polyad analyses easier to
perform. With such theoretical means, we aim to describe globally the first two low
energy spectral regions of ethylene (12C2H4).
Following our work devoted to the ν12 band [3], we use D2hTDS to perform a frequency
re-analysis of the ν10/ν7/ν4/ν12 infrared tetrad in the 800 – 1500 cm–1 region (see [4] for
a review of the extensive studies devoted to this region). We also apply D2hTDS to the
analysis of the complex 3 μm region, corresponding to the excitation of the ν9 (at 3106
cm–1) and ν11 (at 2989 cm–1) modes, the upper states of which being Coriolis-coupled to
many vibrational combination states [5]. These studies rely on high-resolution Fourier
transform spectra that we recorded in both spectral ranges. Results of this ongoing work
will be presented and discussed.
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Marcela Tudorie,1 Carlo di Lauro,2 Franca Lattanzi,2 Jean Vander Auwera1
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Ethane is a prolate symmetric top involving two coaxial identical internal rotors. Its five
infrared active fundamental transitions define 3 main spectral regions, around 12, 6.2–
7.5 and 3.3 µm, all of interest for remote sensing measurements. In this context, the CH
stretching fundamental band ν7 near 2985 cm–1 is particularly useful because it exhibits
a series of very strong Q-branches that can provide a sensitive detection of C2H6.1,2
Unfortunately, this spectral region is complex and difficult to model.3,4
The present work builds upon the recent contributions by Lattanzi et al3 and Villanueva
et al.4 We rely on high-resolution Fourier transform spectra recorded in our laboratory
and on previous assignments.3,5,6 Because of the complexity of the energy levels
structure at 3.3 µm, we treat each K sub-band separately, an approach similar to
previous work.4-6 The description of perturbations given in Ref. 3 was found to be
particularly helpful to assign higher J and K lines. The latest results will be presented.
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Here is shortly reported a study focused on time-resolved spectra arising from 193 nm
pulsed laser ablation of alkali metal and metal oxides targets in a 10-3 Torr vacuum. We
report IR spectra of several alkali metal atoms in the 800–8000 cm-1 region. For the
measurement of the time resolved Fourier-transform infrared spectroscopy (FTIR)
spectra the synchronous continuous scanning method was used. After each ArF laser
trigger point several data points was sampled while the interferometer's mirror moved
continuously. To couple this method with a laser ablation as a source of the registered
emission requires a special instrumental approach1.
The infrared emission spectra of Na, K, Rb and Cs resulting from the laser ablation of
targets performed as alkali metal salts (NaI, NaBr, KCl, KBr, KF, KI, RbCl, CsCl and
CsI) tablets in a vacuum was recorded using time-resolved Fourier-transform
spectroscopy in the 800–1000, 1000–1200, 1200–1600, 1800–3600, 4100–5000 and
5200–7500 cm-1 ranges with a resolution of 0.02 cm-1. We report 17 lines of Na, 26 of
K, 24 of Rb and 21 of Cs. The measured Na and K lines are in agreement with the solar
spectra recorded in Atmospheric Chemistry Experiment (ACE).
The line classification is performed using relative line strengths expressed in terms of
transition dipole matrix elements calculated with the help of the single-channel quantum
defect theory (QDT)2. We show the results for the transition probabilities and oscillator
strengths for transitions between the reported atomic metal states. For the classification
of the observed IR lines, an important role is played by the f-, g- and h-states including
those discovered in the present measurements. For all the elements considered, the most
intensive emission line in the 800–1000 cm-1 and 1200–1600 cm-1 region correspond to
the 6g–7h and 5g–6h transitions respectively.
From the lines observed we extract revised energy values for more than 150 energy
levels (uncertainty 0.01–0.03 cm-1) of which 1 level of K, 3 of Na, 4 of Rb and 2 of Cs
are reported for the first time.
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We have observed the microwave spectra of the linear carbon-chain alcohol, 1,3butadiyn-1-ol (HC4OH).1-3 HC4OH was first investigated using a Stark-modulated
microwave spectrometer and subsequently using a Fourier-transform microwave
spectrometer (FTMW) to obtain the precise frequencies for the astronomical detection.
On the basis of the FTMW result, Radio-astronomical search for HC4OH was carried
out in the star forming region L1527 in Taurus.4
For the FTMW observation, we employed a spectroscopic apparatus with Fabry-Perot
cavity at Shizuoka University and confirmed the spectral lines which were formerly
observed by a Stark-modulated microwave spectrometer. In addition, more intense lines
were found in all J-regions and assigned to previously-missing Ka=0 transitions. Finally
we assigned 50 and 17 lines in Stark-modulated- and FT-microwave spectra,
respectively. Rotational constants of HC4OH in the ground and several excited
vibrational states were determined by the least-squares fitting with a Watson’s Areduced Hamiltonian to their transition frequencies.
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We developed a tensorial formalism adapted to X2Y4 asymmetric tops with D2h
symmetry [1], and built the D2hTDS [2] a program suite to calculate their spectra. This
approach allows a systematic development of rovibrational interactions and makes
global, polyad-by-polyad analyses easier to perform. With such theoretical means, we
aim to globally describe the ν1 and ν5 Raman bands of ethylene (12C2H4).
The high-resolution stimulated Raman spectra of the ν1 [3] and ν5 bands have been
recorded in Madrid. These spectra have been analysed thanks to the tensorial formalism
described above. A total of 689 lines (428 for ν5 and 261 for ν1) were assigned and the
two bands were fitted as a dyad including Coriolis coupling constants. We obtained a
global root mean square deviation of 17.4 x 10-3 cm-1. The nearby 2ν2 band was also
extrapolated from ν2, but no interaction parameter with it could be fitted. The analysis is
quite satisfying, although some parts of ν5 are not well reproduced. This region is quite
dense, with many interacting dark states that cannot be included at present. The medium
resolution spectrum of Forster et al. [4] (the only previous ν5 Raman study) is very well
reproduced by our simulation (see Figure I).

Figure 1 : Synthetic spectrum of the ν5 region, compared to the spectrum of Ref. [4].
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A New Study of 24 band of PF3 molecule
by High Resolution Infrared Spectroscopy
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In previous work [1], the v4=2 state of PF3 molecule was studied using two high
resolution ( 310-3 cm-1) infrared spectra. In the 14 m region, 1166 lines of the
parallel component 2 04 were assigned but the perpendicular component 2 4 2 was not
observed. By deducing 198 energy levels of 2 4 2 from the hot band 2 4 2   4 1 ,
identified among hot bands of 4 around 28 m, it was possible to determine the
parameters of v4=2 state with a good standard deviation of 0.2413  10-3 cm-1.
Considering microwave, millimetre and radiofrequency data within the v4 = 1 excited
level [2], new analyse of 4 allowed to assign 595 new infrared transitions extending the
rotational quantum numbers up to kmax = 66 and Jmax = 67 [3]. This study has yielded
more precise rotational ground state C0, significantly improved old parameters of 4 [4]
and determined new ones.
As mentioned before, 2 4 2 perpendicular component of 24 overtone is derived from
the hot band 2 4 2   4 1 , hence the opportunity is offered to us to improve the
parameters of v4=2 state. Reinvestigation of the corresponding two spectra, 2 04 (14 m)
and 2 4 2   4 1 (28 m), and computing are under process.
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oxygen B-band transition frequencies and pressure shifts
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We present the transition frequencies and pressure shifting of the weak B-band, Rbranch lines of oxygen, measured with high resolution and accuracy. Our investigations
were performed using a Pound-Drever-Hall locked frequency-stabilized cavity ringdown spectrometer (PDH-locked FS-CRDS) described in papers 1-3. This experimental
setup provides high-resolution and a very high signal-to-noise ratio in the measured
spectra4. The CDR spectrometer was recently linked to an optical frequency comb
(OFC) similarly as in5-7 working in the visible region of spectrum. This upgrade allows
for accurate determination of the absolute frequency of the CRD probe laser at each
point of the measured spectrum8.
Our results were compared to data available in the literature. In order to achieve the
accuracy we report in the transition frequencies and collisional shifting coefficients, it
was necessary to take into account several subtle line-shape effects, such as speeddependence of collisional broadening and shifting and Dicke narrowing.
The research is part of the program of the National Laboratory FAMO in Toruń, Poland
and is supported by the Polish National Science Centre, Project No. DEC2011/01/B/ST2/00491. The research was also supported by the Foundation for Polish
Science TEAM Project co-financed by the EU European Regional Development Fund.
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Diode laser absorption spectrum of cold bands of NH3 near 6500 cm-1
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G. Kostur1, Philip A. Kovac1, Graham S. O'Brien Johnson1, Sae Hyoung Oh1,
Spencer J. Robertson1, Luke W. Sitts1, Sara R. Tepfer1, Lucas T. Thompson1,
Kelsey A. Wahl1, Clarissa A. Warrick1, Nicholas C. Weldon1, and Richard D.
Westover1
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The near infrared spectrum of ammonia has been recorded at 195, 295, and 373 K in the
wavenumber range from 6175 to 6800 cm-1 using external cavity tunable diode laser
spectrometers. Extracting lower state term values based on the temperature dependence
of the spectra is in good agreement with published data1 for strong lines, but the
comparison is poorer for weaker features. In the region between 6175 and 6360 cm-1
the spectra have been recorded using a Herriott cell with a 50 meter path length in order
to improve the signal/noise ratio while avoiding pressure broadening. Several new
rotational assignments have been established based on the temperature dependence of
intensity and ground state combination differences, including some in the weak region
of the spectrum between 6175 and 6370 cm-1.
Acknowledgement
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Chemistry Instructional Laboratories for their support.
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Variational calculations and symmetry-adapted normal mode models :
application to species of atmospheric interest
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A variational approach for the calculation of ro-vibrational spectra of polyatomic
molecules using normal mode basis sets and a full account of symmetry properties will
be presented. This uses a two-step approach allowing an optimization of the vibration
basis set for a compact representation of the ro-vibrational states. New reductiontruncation techniques procedure will be discussed that aim at minimizing the cost of the
calculations and significantly reducing the size of the matrices to diagonalize. Besides
the standard harmonic normal mode basis (associated with the harmonic oscillator), we
have implemented the possibility to include anharmonic basis functions (Morse,
Kratzer, Pöschl-Teller...). The variational procedure is implemented in our in-house
NMSym (Normal Mode Symmetry) Fortran program package, operating with automatic
expansion of the potential energy surface and of the complete nuclear Hamiltonian in
normal coordinates at an arbitrary order. One of the original features of our program is
the capability of converting this complete nuclear Hamiltonian to irreducible tensor
operator representation for symmetric and spherical top molecules to keep full
advantage of the symmetry properties. A multi-platform graphical interface was also
developed to control this computer code package and to make it user-friendly. For
illustration we give here some results of variational calculations for methane. These
results will serve as a validation step for further extension to larger J values using
MOL_CT program suite based on high-order Contact Transformations.
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Can Anyone Detect Phosphine's Splitting?
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Splitting due to tunnelling via the potential energy barrier has played a significant role in the
study of molecular spectra since the early days of spectroscopy. The observation of the
ammonia doublet led to attempts to find a phosphine analogous, but these have so far failed 1
due to its considerably higher barrier (12300 cm-1)2. As part of the ExoMol3 project an
accurate and comprehensive spectrum of phosphine has been simulated, for the first time
dealing with levels in the range of the barrier height. The computational approach TROVE 4
responsible for the creation of the spectrum has allowed an analysis of the tunnelling
characteristics of phosphine, the results of which will be presented at the conference. These
include the value of splitting in various vibrational states, the intensity of the inversionrotation, inversion-rovibrational lines and an assessment of the potential for observing the
doublets.
The final room temperature line list of phosphine consists of approximately 137 million lines,
and it will form a basis for a high temperature equivalent in the near future. Phosphine's rovibrational energies were computed using a new ‘spectroscopic' potential energy surface. This
was generated through a refinement of the ab initio [CCSD(T)/aug-cc-pV(Q+d)Z]5 potential
energy surface by fitting to the experimental ro-vibrational energies available in the literature
with J = 0, 1, 2, 4, 10. An ab initio electric dipole moment [CCSD(T)/aug-cc-pVTZ]6 was
used to obtain the Einstein coefficients. The results of this simulation are compared to the
HITRAN 087 database and further literature.
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Sulphur Trioxide plays an important role in both industrial processes and environmental
chemistry. We are aiming to produce a line list for SO3 from 22C and up to 500C.
Sulphur trioxide has a small rotational constant and therefore rotational states with very
high rotational numbers (up to J=70) are easily excited even at room temperature. This
brings about a significant computational difficulty for accurate ro-vibrational
calculations that has not previously been attempted. In this contribution we will present
preliminary variational calculations of ro-vibrational energy levels of SO3 at high
rotational numbers (up to J=100). Our results are based on the ab initio potential energy
surface1 refined by fitting to the experiment energies available in the literature. All
calculations are performed with use of the TROVE2 program.
This study is combined effort of two projects, ExoMol (www.exomol.com) and Sulfur
Trioxide Measurement Technique for Energy Systems (Energinet.dk). The projects are
supported by the ERC grant (Advanced Investigator Project 267219) and by Energinet.dk (Denmark, Project 10442), respectively.
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Self-broadening coefficients of CH3Cl lines
1

Cédric Bray , David Jacquemart1, Nelly Lacome1, Arnaud Cuisset2, Mickael
Guinet2, Sophie Eliet2, Gaël Mouret2, François Rohart3, Jeanna Buldyreva4
1
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2
Laboratoire de Physico-Chimie de l’Atmosphère, Dunkerque, France
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Rotational dependences of room-temperature methyl chloride self-broadening
coefficients have been studied from ν1 rovibrational transitions in the 3.4 µm near
infrared region and from pure rotational transitions in the submillimeter/THz domain.
High-resolution Fourier transform spectra have been recorded between 2800 and 3200
cm-1. Two complementary electronic and optoelectronic techniques of frequencymultiplication and continuous-wave THz photomixing have been used allowing pure
rotational transitions involving large range of rotational quantum numbers (6 ≤ J ≤ 50, 0
≤ K ≤12) to be probed.1 A multi-spectrum fitting procedure has been used to retrieve the
self-broadening coefficients from several experimental spectra recorded at different
pressures of CH3Cl. Average absolute accuracies on the measurements have been
estimated to be better than 10%.
To model the K-dependences of self-broadening coefficients for fixed J values an
empirical second-order polynomial model has been proposed. In addition, the
experimental studies have been supported by semi-classical calculations based on the
real symmetric-top geometry of the active molecule, an intermolecular potential model
including not only the dominant electrostatic but also the non-negligible short-range
forces as well as on an exact classical treatment of the relative translational motion of
the colliding partners2.
Comparison of all experimental and theoretical results shows similar rotational
dependences and no significant vibrational dependence, so that extrapolations to other
spectral regions are straightforward. Being combined with previous works devoted to
determination of CH3Cl line positions/intensities,3 N2-broadening,1,4 and O2-broadening
coefficients5 the present study allows generating complete line lists for spectroscopic
databases.
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MOGADOC - A Database with Experimental Structure Information
on Small Molecules
Jürgen Vogt, Natalja Vogt, and Rainer Rudert
Chemical Information Systems, University of Ulm, 89069 Ulm, Germany,
juergen.vogt@uni-ulm.de

In order to facilitate the access to structural and structure-related properties of free
molecules the group Chemical Information Systems (formerly Section for Spectra and
Structure Documentation) at the University of Ulm has compiled and critically
evaluated for almost four decades the literature in the field of gas-phase electron
diffraction, microwave spectroscopy and molecular radio astronomy. On this basis the
MOGADOC database (the acronym stands for Molecular Gas-phase Documentation)
has been established. MOGADOC enables the user to trace literature
• for gasphase electron diffraction back to 1930
• for microwave spectroscopy back to 1945
• and for molecular radio astronomy back to 1965.
The hierarchically constructed database contains now over 36,500 bibliographic
references for about 10,000 inorganic, organic and organometallic compounds including
8,500 numerical datasets with bond lengths and angles. Among the compounds there is
a series of simple biomolecules such as aminoacids (glycine, alanine, proline, etc.),
nucleobases (uracil, thymine, adenine, etc.), carbohydrates (glyceraldehyde, dihydroxypropanone, etc.), alkaloids (caffeine, nicotine, etc.) etc..

The retrieval features of the HTML-based database, which runs by means of standard
WWW browsers, have been described elsewhere in detail [1]. An implemented Javabased structure editor enables the user to retrieve structural formulas and their fragments
[2-3]. Moreover, a Java-based applet has been developed, which enables the user to
visualize interactively the molecular structures three-dimensionally [4].
The project has been supported by the Dr. Barbara Mez-Starck Foundation.
References:
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[2] J. Vogt, N. Vogt, and R. Kramer, J. Chem. Inform. Comput. Sci. 43 (2003) 357.
[3] J. Vogt and N. Vogt, J. Mol. Struct. 695 (2004) 237.
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Accurate Analytical Internuclear Potential for the Ground Electronic
State of the Oxygen Molecule
Photos G. Hajigeorgiou
University of Nicosia, Cyprus, Hajigeorgiou.p@unic.ac.cy

A highly accurate potential energy function in full analytical form has been obtained for
the ground electronic state of the oxygen molecule. Two distinct methods were
employed to determine the potential function: (a) a higher-order WKB direct potential
fitting method employing vibrational term values, Gυ, and rotational constants, Bυ, and
(b) a fully quantum-mechanical iterative method incorporating the numerical solution of
the radial Schrödinger equation. The extended Lennard-Jones potential energy function
obtained is fully consistent with the data employed in its determination, including a
dispersion energy coefficient in the long-range region.
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Theoretical Investigation of the HOCO radical in the Ground
Electronic State
Mirjana Mladenović
Universite Paris Est, Laboratoire MSME, UMR8208 CNRS, France,
Mirjana.Mladenovic@univ-paris-est.fr

Hydrocarboxyl radical, HOCO, plays an important role in the reaction between
hydroxyl radical and carbon monoxid, HO+CO→H+CO2, which provides the most
common pathway for atmospheric depletion of both OH and CO and is the principle
source of heat in hydrocarbon flames. Our primary interest in HOCO arises from the
new spectroscopic information1, providing gas phase spectra of the cis-conformer for
the first time. In the present work, the potential energy surface (PES) for HOCO for the
ground electronic state (X 2A’) was explored by means of the partially spin adapted
coupled cluster RCCSD(T) method using the cc-pVQZ basis set. Ab initio calculations
were designed such to cover the range of spectroscopic interest.
Vibrational and rovibrational (J=0-4) energy levels are obtained by means of
computational strategies based on the discrete variable representation [DVR6] and the
(functional+pointwise) coordinate representations [DVR(+R)+FBR] together with
contraction schemes resulting from several diagonalization/truncation steps.2,3
Rotational constants computed for the ground vibrational state of trans-HOCO and cisHOCO are in good agreement with the experimental values. Several adiabatic projection
schemes have been employed to characterize the vibrational levels and to study the
relevance of the intermode coupling (vibrational mixing).
Numerically exact vibrational transitions are also presented for the quartic force fields
developed recently for trans-HOCO, cis-HOCO, and the cis-HOCO anion4,5. Our results
help to clear up a large discrepancy between previously reported vibrational
perturbation theory (VPT) and vibrational configuration interaction (VCI) predictions
for the torsional frequency.
References
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Preliminary modeling of CH3D from 4000 to 4550 cm-1
Andrei V. Nikitin1, Linda R. Brown2, Michael Rey3, Vladimir G. Tyuterev3,
Keeyoon Sung2, Mary Ann H. Smith4 and Arlan W. Mantz5
1

Laboratory of Theoretical Spectroscopy, V.E. Zuev Institute of Atmospheric Optics, Tomsk,
Russia, avn@iao.ru; 2Jet Propulsion Laboratory, California Institute of Technology,
Pasadena, CA U.S.A.; 3Groupe de Spectrométrie Moléculaire et Atmosphérique, Université
de Reims, Reims, France; 4NASA Langley Research Center, Hampton, VA U.S.A.;
5
Connecticut College, New London, CT 06320, U.S.A.

A new study of 12CH3D line positions and intensities was performed for the upper portion of
the Enneadecad polyad between 4000 and 4550 cm-1. For this, FTIR spectra were recorded
with D-enriched methane samples (at 80 K with a Bruker 125 IFS at 0.005 cm-1 resolution and
at 291 K with the McMath-Pierce FTS at 0.011 cm-1 resolution, respectively). Line positions
and intensities were retrieved by least square curve-fitting procedures and analyzed using the
effective Hamiltonian and the effective Dipole moment expressed in terms of irreducible
tensors operators adapted to symmetric top molecules. Initially, only the cold spectrum was
used to identify quantum assignments and predict 12CH3D relative intensities in this region.
To assign higher quanta up to J equal 14, additional line positions and intensities were
obtained from two room temperature spectra. In the final stage, measured intensities from
both the cold and room temperature data were normalized to corresponding values at 296 K
and averaged. Combining the two temperature datasets confirmed the assumed quantum
assignments and also demonstrated the relative accuracies to be better than ±0.0002 cm-1 for
line positions and at least ±6% for ~1160 selected features. Including additional assignments
from the room temperature spectra alone permitted 1362 line intensities of 12 bands
(involving 23 vibrational symmetry components) to be reproduced with an RMS of 9%. Over
4085 selected positions for 12 bands were modeled to 0.008 cm-1. Nevertheless a number of
known assignments could not be modeled to within our experimental precisions. More work
is needed to obtain a complete characterization of this complex polyad.
This work is part of the ANR project “CH4@Titan” (ref: BLAN08-2_321467). We
acknowledge several sources of financial support: the LEFE-CHAT INSU project APOA1
(CNRS, France); the Groupement de Recherche International SAMIA between CNRS
(France), RFBR (Russia) and CAS (China); Program Number 22 The fundamental problems
of investigation and exploration of the Solar System of Russian academia of science. Part of
the research described in this paper was performed at the Jet Propulsion Laboratory,
California Institute of Technology, the NASA Langley Research Center and Connecticut
College under contracts and grants with the National Aeronautics and Space Administration.
We thank the IDRIS computer centre of CNRS France and the computer centre ReimsChampagne-Ardenne and the computer centres of ICM@MG SB RAS (Novosibirsk) and
SKIF Siberia (Tomsk).
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Spectroscopy of ammonia 14NH3 and 15NH3
with VECSEL laser source in the infrared 2.3 mm range.
1

1, 2

1

1

Patrice Cacciani , Peter Cermak , Jean Cosléou , Mohamed Khelkhal , Jamila
El Romh1
1

PhLAM, UMR CNRS 8523, France, Patrice.Cacciani@univ-lille1.fr;

2

DEP, Comenius University Bratislava, Slovakia, cermak@fmph.uniba.sk;

A VECSEL laser source allows to perform spectroscopy of two isotopomers of
ammonia 14NH3 and 15NH3 in the range 4275-4340 cm-1. This corresponds to the
location of combination bands n1+n2(-), n1+n2(+) and n2+n3 involving inversion bending
coordinate.
For 14NH3 the observed transitions can be compared with the HITRAN data base.
Twice more lines have been measured with high resolution and the analysis of the
temperature dependence of the spectra allows to confirm or infirm the assignments.
Through this method some new assignments are possible by the knowledge on the
lower level of transitions.
For 15NH3 this energy range is not present in HITRAN. We first propose a line list at
room temperature. The spectra will tentatively be analysed with the help of different
techniques: isotopic shift (VISTA)1, Ground state combination difference (GSCD),
evolution with temperature (information on lower state of transitions) 2 and comparison
with calculated line list (EXOMOL program)3.
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Figure 1: An example of NH3 spectrum at 160K
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Effect of fluorine atom substitutions in benzyl alcohol derivates
Luca Evangelisti1, Gang Feng1, Qian Gou1, Walther Caminati1
1

Dipartimento di Chimica “G. Ciamician”, Università di Bologna, Italy,
luca.evangelisti6@unibo.it

In recent years, there has been increasing interest in exploiting the unusual properties of
ﬂuorocarbons to modulate physicochemical properties of molecules. Fluorine atoms are
often introduced in a drug skeleton to modify pharmacokinetics properties.
For example, Benzyl alcohol (BA) displays only a skew configuration but its rotational
spectrum resisted for a long time to the assignment because of severe Coriolis
interactions between the four equivalent tunnelling states originated by the equivalent
”gauche” conformations.1 The substitution of the ring hydrogen with fluorine atoms
revealed some interesting effects: (i) the replacement of the ring hydrogens with F
atoms makes different minima not longer equivalent, and a conformational equilibrium
is generated. (ii) The potential energy surface is considerable modified, with respect to
benzyl alcohol, depending on the ortho/para or meta fluorine atom substituents. So we
decided to investigate some di-flurinated substitutions molecules (see Figure 1) by
microwave spectroscopy.2,3

Fig. 1: Different Fluorinated-benzyl alcohol.
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Coriolis Analysis of Several High Resolution Infrared Bands of
Bicyclo[1.1.1]pentane-d0 and –d1
Adam Perry1, Matthew A. Martin1, Joseph W. Nibler1, Arthur Maki2, Alfons
Weber3, and Thomas A. Blake4
1

Oregon State University, U.S.A., joseph.nibler@orst.edu; 215012 24th Ave., Mill
Creek, WA U.S.A., amaki1@compuserve.com; 3National Institute of Standards
and Technology, U.S.A., aweber@nist.gov; 4Pacific Northwest National
Laboratory, U.S.A., ta.blake@pnl.gov

Our previous work1 on bicyclo[1.1.1]pentane (C5H8) was devoted to the determination of
the ground state constants of this molecule from measurements on four different
fundamental vibrations: ν14(e′), at 540 cm-1, ν17(a2″) at 1220 cm-1, ν18(a2″) at 832 cm-1
and ν11(e′) band at 1232 cm-1. In the course of this work it was found that the upper state
levels of the ν14 band are unperturbed but the ν17(a2″) and ν18(a2″) bands showed
evidence of weak and strong Coriolis interactions with nearby levels of the ν11(e′) and
ν13(e′) fundamentals, respectively. We here present the analysis of these Coriolis
interactions and also derive rovibrational parameters for the less intense bands. In
addition, the mono-deuterated isotopologue (C5H7D) of bicyclopentane was synthesized
(with the D atom on the C3 symmetry axis) and its infrared spectrum was recorded at a
resolution of 0.002 cm-1and analyzed. This work on bicyclopentane is an outgrowth of
our earlier work on [1.1.1]propellane2,3 and provides experimental data to better
understand the bonding and properties of these small ring-strained molecules. All three
molecules are symmetric tops and their structures are shown in the figure below.
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High Resolution Fourier Transform Spectrum of PHD2
in the Region of 1550 - 1800 cm-1
O. N. Ulenikov1,2 , E. S. Bekhtereva1,2, Yu. V. Krivchikova2,
V. A. Zamotaeva2, and H. Bürger3
1
Physical Chemistry Laboratory, ETH-Zürich, CH-8093, Zürich, Switzerland; 2Tomsk
State University, Physics Department, 634050, Tomsk, Russia; 3Anorganische Chemie,
FB C, Universität, 42097 Wuppertal, Germany

For the first time the infrared spectrum of the PHD2 molecule has been measured in the
region of 1550 - 1800 cm-1 on a Fourier transform spectrometer (Wuppertal, Germany) with
a resolution of 0.0027 cm−1 and analyzed. Assigned transitions have been used in a ﬁt
procedure with eﬀective Hamiltonian which takes into account resonance interactions
between three closely located vibrational bands, states v2, v5, and v3+v4. Results of analysis
are discussed.
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Symmetric group and Point group Analysis of a coupled Rotor system
Horace Crogman1, Bumgyunmiga Choi1, Harison Chen1, and William Harter2,
La Sierra University Riverside CA 92515; 2IUniversity of Arkansas, Fayetteville AR
72701 USA

The theory of transformation relations between states of Born Oppenheimer and weak
coupling approximations is developed for polyatomic molecules. The symmetry
relations are a generalization of frame transformation relations derived Harter and
Crogman for coupled rotor molecules. A key internal symmetry label (named "soul") is
defined so that it remains a constant label for frame transformation relations, and is
conserved during vibronie transitions, ionization, and even dissociation provided the
nuclear spin—rotation interaction is relatively small. Simplified procedures are given
for obtaining selection rules, statistical weights, and matrix elements of multipole
operators for common molecules having various point symmetries.
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The predicted infrared spectrum of the hypermetallic molecule CaOCa in
~
its lowest two electronic states X 1 Σ +g and a~ 3 Σu+
Per Jensen, 1,2 B. Ostojić,3 P. R. Bunker, 2 P. Schwerdtfeger,2,4 and Artur Gertych.1
1
FB C – Physikalische und Theoretische Chemie, Bergische Universität, D-42097
Wuppertal, Germany (jensen@uni-wuppertal.de); 2Centre for Theoretical Chemistry and
Physics (CTCP), The New Zealand Institute for Advanced Study (NZIAS), Massey University
Auckland, Private Bag 102904, North Shore City, 0745 Auckland, New Zealand; 3Institute of
Chemistry, Technology and Metallurgy, University of Belgrade, Studentski trg 14-16, 11 000
Belgrade, Serbia; 4Fachbereich Chemie, Philipps-Universität Marburg, Hans-Meerwein-Str.,
D-35032 Marburg, Germany.

This study of CaOCa continues our studies of Group 2 alkaline-earth M2O hypermetallic
oxides. As with our previous calculations for BeOBe1 and MgOMg,2 the ab initio calculations
we report here show that CaOCa has a linear 1 Σ +g ground electronic state and a very low lying
linear a~ 3 Σ u+ first excited triplet electronic state. For CaOCa we determine that the singlettriplet splitting T ( a~ ) = 386 cm−1. We calculate the three-dimensional potential energy
e

surface, and the electric dipole moment surfaces, of each of the two states using a
multireference configuration interaction (MRCISD) approach in combination with internally
contracted multireference perturbation theory (RS2C) based on full-valence complete active
space self-consistent field (FV-CASSCF) wavefunctions with a cc-pwCVQZ-DK basis set for
Ca and a cc-pCVQZ basis set for O. We simulate the infrared absorption spectra of
40
Ca16O40Ca in each of these electronic states in order to aid in its eventual spectroscopic
characterization. We are currently carrying out analogous calculations on SrOSr; the results
may be presented at the conference.
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Dissociative electron attachment in molecules from alkynes family
Radmila Janečková1, Olivier May1, Juraj Fedor1
1
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The absolute cross sections for formation of ions by dissociative electron attachment
(DEA) to methylacetylene (HCCCH3), to deuterated methylacetylene (HCCCD3) and as
well dimethylacetylene (CH3CCCH3) have been measured by spectrometer with
trochoidal electron monochromator combined with quantitative time-of-flight mass
spectrometer1.
This work has been motivated by role of these molecules in interstellar media and upper
planetary atmospheres2,3, as well as by previous studies of acetylene in our laboratory1,4.
The main product from low-energy dissociative electron attachment to methylacetylene
and deuterated methylacetylene is the (M-1)- anion corresponding to abstraction of one
hydrogen atom. The (M-1)- peak cross section is lower than that in acetylene. As
expected, C2H- ions have not been formed, which confirms that the C-CH3 bond is not
cleaved by low-energy electrons. This has been verified in DEA to dimethylacetylene,
where no fragments except H- have been detected. Possible origins of this effect are
discussed.

Fig. 1: The main product from DEA to methylacetylene and deuterated methylacetylene.
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Classical Dynamic Equations and the Structure of Quantum
Rotational Spectra of Molecules
Sergey V. Petrov1, Sergei E. Lokshtanov2
1
Lomonosov Moscow State University, Chemistry department, Russia,
spswix@rambler.ru; 2Obukhov Institute of Atmospheric Physics, Russian Academy of
Sciences, Russia, trichem@rambler.ru

There is an intimate connection between the structure of energy level multiplets in rovibrational spectra of a molecule and the features of its classical ro-vibrational
dynamics. Approximate methods such as the Rotational Energy Surface concept are
often used to review the dynamics of molecular systems quickly and to make some
qualitative predictions. The accuracy of these predictions is somewhat questionable
however.
In the present work we use exact numerical solutions of classical Hamilton equations to
examine ro-vibrational dynamics of molecules. Well-known bifurcation inherent to the
rotational dynamics of symmetric triatomic hydrides is considered as an example to
reveal the interconnection between exact classical trajectories and the results of
approximate consideration based on the Rotational Energy Surface concept and
generalized Euler equations.
The authors acknowledge partial support of this work from RFBR Grant 12-05-00802.
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Absorption spectra of H218O in the 15150 – 15600 cm-1 spectral region
V.I. Serduykov, L.N. Sinitsa1, S.S. Vasilchenko, S.N. Mikhailenko
1
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Absorption spectra of H218O have been investigated between 15150 and 15600 cm-1.
The spectra were recorded with a Bruker IFS-125M Fourier transform spectrometer at
room temperature and spectral resolution of 0.05 cm-1. The sample prepared by
"Isotope" has been enriched to 70% Н218О. Vertical multipass absorption cell of White
type with a base of 60 cm allowed to get an optical path length as long as 19.2 m. Cell
mirrors had reflection of O.96. Recording was done with pressure of 29 mbar and
temperature of 297K. Signal to noise ratio was 5000.
The achieved sensitivity, on the order of Kmin ~ 10-7 cm-1, has allowed one to measure
about 1000 lines of the H218O molecule with intensities down to 1×10-26 cm/molecule at
296 K. Observed lines were assigned to the transitions of vibration-rotation bands:
(311) - (000), (231) - (000), (033) - (000), (212) - (000), (330) - (000), and (052) (000). Comparison of obtained parameters (line positions and line intensities) with the
results of theoretical studies is discussed [1, 2].
The work is partly supported by grants of RFBR , Program of RAS 3.9.6, Grant of
Ministry of Education and Science of the Russian Federation №11.519.11.5009.
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Towards a dipole surface and intensity calculations for H3+ in the
electronic triplet state
Alexander Alijah1, Vladimir G. Tyuterev1, Viatcheslav Kokoouline
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2
Department of Physics, University of Central Florida, Orlando, U.S.A.,
slavako@physics.ucf.edu

As it is well known, H3+ supports bound vibrational states in its excited electronic triplet
state. H3+ is ubiquitous in space and may exist there also in the triplet state. Despite of its
fundamental importance, triplet H3+ has not been observed yet or studied by laboratory
spectroscopy due to the lack of complete theoretical predictions. While a couple of quality
potential energy surfaces and results of rovibrational calculations have been reported (see
Ref. 1 and references therein), no dipole surface has been obtained yet that would permit
the estimation of the oscillator strength of the fundamental bands. Such work is now in
progress in our laboratories. Preliminary results will be presented at the conference.
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Low-energy vibrational modes of some naphthalene derivatives
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FIR Fourier transform absorption spectra of several naphthalene derivatives have been
recorded in the gas phase, yielding to an accurate determination of wavenumber
position for their low lying vibrational modes. Azulene (C10H8), quinoline (C9H7N),
isoquinoline (C9H7N), biphenyl (C12H10), bibenzyl (C13H12), diphenylmethane (C14H14)
and 2-, 3-, 4-phenyltoluene (C13H12) have been chosen for their close molecular
structure with naphthalene.
Density functional calculations were carried out at the harmonic and anharmonic levels
to study the vibrational spectrum of the electronic ground state of these naphthalene
derivatives and compare it to the parent molecule. Comparison between the calculated
and experimental vibrational frequencies indicates that B97-1/6-311G(d,p) frequency
determination is reliable for the study of such compounds.
Furthermore, the comparative study of three low-frequency vibrational modes of these
compounds has revealed a significant influence of the skeletal structure on the FIR
spectra. In consequence, since the FIR spectral range allows to distinguish molecules
within a family, this spectral region appears particularly interesting for preliminary
searches of these compounds in the interstellar medium.

Fig. 1: FIR spectrum of azulene and comparison with B97-1/6-311G(d,p) anharmonic
frequency calculation.
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The theoretical investigation of the shift of the degenerate vibrations
in the FSO3 radical
Tereza Uhlíková, Štěpán Urban
Institute of Chemical Technology, Department of Analytical Chemistry,
Technická 5, 166 28, Prague 6, Czech Republic, tereza.uhlikova@vscht.cz

It is experimentally proofed1 that the ν6(e) vibration of the ground state of the FSO3 radical
is extremely stretched down from the expectation value according to the BornOppenheimer approximation. Calculations of the three lowest electronic states provided
their symmetry X A2, A E, and B E with Te ≈ 0, 1.0 and 2.4 eV, respectively. Consequently,
the three double-degenerated e normal vibrations ν6 (e), ν5 (e), and ν4 (e) can be inflluenced
by vibronic interactions with excited states. The full problem of vibronic coupling of
nondegenerate state A2 with an excited E state includes both pseudo-Jahn-Teller and JahnTeller effects which results in the (A+E) ⊗ (a1+e1+e2) combination. The causes and
strenghs of the stretching down of the double-degenerated vibrations of the X A2 due to the
first excited state A E are studied in the frame of the linear vibronic coupling using KDC
(Köppel, Domcke, and Cederbaum) model Hamiltonian.
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New progress in spectroscopy of ammonia in the infrared 1.5 µm range
using evolution of spectra from 300K down to 122K
Patrice Cacciani 1, Peter Cermak1, Jean Cosléou1, Mohamed Khelkhal1, Xavier
Michaut2, Pascal Jeseck2
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Analysis of the temperature dependence of the ratio of the intensity of two assigned and
unassigned lines enables the determination of the most probable energy of the lower
state of the unassigned transition. Such a new procedure has been applied to transitions
of ammonia in the range 6626.0–6802.7 cm-1 between 122K and 300K. Informations
derived are complemented by Ground State Combination Difference technique. The
comparison to a line list obtained from variational calculation using optimized potential
surface allows to tentatively assign the band head of a new combination band 2ν2+3ν4.
This work represents a step in the considerable task of the assignment of the complete
1.5 µm infrared spectral range. Results will also be compared with recent results
obtained with Fourier Transformed spectroscopy in a wider 6300 to 7000 cm-1 energy
range1.

Fig. 1: .Evolution of a spectrum of NH3 in the energy range 6660.4 - 6662.1 cm-1 at
decreasing temperatures. Bullets are published assigned transitions confirmed by our
analysis. The doublet in the middle of the spectra is an example where our technique
has allowed to derive the lower state of the transitions.
Acknoledgment: This work is supported by the French National Research Agency
(Project ANR GASOSPIN number 09-BLAN-0066-01).
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Internal dynamics in phenylacetate
Luca Evangelisti, Assimo Maris, Sonia Melandri, Walther Caminati
Dipartimento di Chimica “G. Ciamician”, Università di Bologna, Italy,
luca.evangelisti6@unibo.it

Similarly to benzyl alcohol1 and to tetrahydrofuran 2,3, phenylacetate is expected to exist
in four equivalent minima upon the internal rotation around the C1-O7 bond. In
addition, the internal rotation of the methyl group is expected to have a low V3 hindering
barrier. As a result, the rotational transitions are expected to have at least a four-fold
structure. We could assign the rotational spectra of three low energy tunneling states,
two of them (A1 and A2) coupled because of the double minimum potential and two of
them (A1 and E1) coupled because of the methyl group internal rotation. The couplings
of A1 with A2, and of A1 with E1 have been interpreted with coupled Hamiltonians
through the use of SPFIT Picket’s suite of programs.
In the Figure below, the fourfold potential energy surface originated by the internal
rotation described by the C2C1-O7C8 dihedral angle is shown. We observed only the
doubling originated by the low barrier tunnelling (at 90 or 270).

Fig. 1: Potential energy barrier associated to the C2C1-O7C8 dihedral angle.
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High Resolution Infrared Studies of the ν10, ν11, ν14, and ν18 Levels of
[1.1.1]propellane
Robynne Kirkpatrick1, Tony Masiello2, Matthew Martin1, Joseph W. Nibler1,
Arthur Maki3, Alfons Weber4, Thomas A. Blake5
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ta.blake@pnl.gov

The high resolution infrared spectrum of [1.1.1]propellane has been obtained and its k
and l structure has been resolved for the first time. In this paper we present results from
an analysis of more than 16,000 transitions involving three fundamental bands ν10(e′),
ν11(e′), ν14(a2″) and two difference bands ν10(e′)-ν18(e″) and ν18(e′)-ν11(e″). Additional
information about ν18 was obtained from the difference band ν18+ν15 - ν18 and the
combination band ν18+ν15. Using fixed ground state constants reported in an earlier
paper1, rovibrational constants have been determined for all the vibrational levels
involved in these bands. The rovibrational parameters for the ν18(e″) state were obtained
from combination-differences and showed no need to include interactions with other
states. The ν10(e′) state analysis was also straight-forward, with a weak Coriolis
interaction with the ν14(a2″) levels. The latter levels are much more strongly affected by
a strong Coriolis interaction with the nearby ν11(e′) levels and also by a small but
significant interaction with a ν16(e″) state that is not directly observed. Gaussian
calculations (B3LYP/cc-pVTZ) computed at the anharmonic level aided the analyses by
providing initial values for many of the parameters. These theoretical results generally
compare favorably with the final parameter values deduced from the spectral analyses.
Finally, evidence was obtained for several level crossings between the ν11 and ν14 levels
and, using a weak coupling term corresponding to a Δk = 5, Δl = -1 matrix element, it was
possible to deduce rotational level spacings in the ground state that give a value of C0 =
0.193658(10) cm-1. This result, combined with the value of B0 = 0.28755833(14) cm-1
reported earlier1, yields an R0 value of 1.58635(8) Ǻ for the length of the novel axial CC
bond in propellane.
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Study of Spectroscopic Properties of Di-Atomic Molecules on the Basis of
High Order Operator Perturbation Theory
O. N. Ulenikov1,2, E. S. Bekhtereva1,2, I. A. Konov2,
N. I. Raspopova2, and A. G. Litvinovskaya2
1
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2
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Many problems of high resolution molecular spectroscopy could be solved considerably
easier if one would have preliminary quantitative information about spectroscopic
parameters of a molecule. Such kind information can be provided for some of spectroscopic
parameters (equilibrium rotational parameters, harmonic frequencies, anharmonic
coefficients, ro-vibrational coefficients, centrifugal distortion coefficients, different kinds of
resonance interaction parameters) on the basis of knowledge of the equilibrium structure and
intramolecular potential function of a molecule with the using of high orders of operator
perturbation theory.
As the first step of such kind analysis, we considered a di-atomic molecule with the using of
MAPLE analytical calculations on the basis of high order operator perturbation theory (up to
6th order). Formulas for different spectroscopic parameters Yij (coefficients in the formula for
ro-vibrational energies, E vJ = ∑ Yij (v + 1 / 2) i [ J ( J + 1)] j ) were derived as functions of
ij

parameters of intramolecular potential function of di-atomic molecule. In that context, the
limits of applicability of the normal mode model are discussed. Isotopic relations are
derived for the obtained Yij parameters. Results of the study are compared with the
experimental data for different di-atomic molecules.
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