LINEAR OR QUASI-LINEAR — THAT IS THE QUESTION
TSUNEO HIRANO, Department of Chemistry, Faculty of Science,
Ochanomizu University, 2-1-1 Otsuka, Bunkyo-ku, Tokyo 112-8610,
Japan; UMPEI NAGASHIMA, Nanosystem Research Institute, National Institute of Advanced Industrial Science and Technology, 1-11 Umezono, Tsukuba, Ibaraki 305-8568, Japan; VALERIE DERPMANN and PER JENSEN, FB C - Physikalische und Theoretische
Chemie, Bergische Universität, D-42097 Wuppertal, Germany.
The ro-vibrationally averaged structure, or r0 structure, of any triatomic molecule is bent
even in the case where the equilibrium structure is linear. When large amplitude bending
motion takes place, this situation makes it difficult to distinguish linear molecules from
quasi-linear ones. A quasi-linear molecule has a small barrier at linearity that is comparable to its zero-point vibrational energy; its largest probability density is near the bent
equilibrium structure. We have studied X̃ 1 Σ CsOH as an example of a linear molecule
with large amplitude bending motion (on the average, the bond angle deviates hρ̄i0 =
17◦ from linearity), and X̃ 6 A0 FeOH as an example of a quasi-linear molecule (hρ̄i0 =
39◦ ). The equilibrium structure and the 3D potential energy surface (PES) of CsOH are
determined ab initio at the RCCSD(T) DK3/[QZP+g ANO-RCC (CS, O, H)] level and
those of FeOH at the MR-SDCI+Q+Erel /[Roos ANO (Fe), aug-cc-pVQZ (O, H)] level of
theory. The r0 structures of these two molecules are determined as expectation values of
MORBID wave functions calculated variationally from the 3D ab initio PESs. From the
view point of computational molecular spectroscopy, it is easy to distinguish linear and
quasi-linear molecules since we have the PESs from the beginning, but it is difficult to
make the distinction experimentally since the information about the PES is derived at the
last stage of the analysis. We show that the Yamada-WInnewisser quasilinearity index γ0 ,
which can be calculated at an early stage of the experimental analysis, can clearly distinguish linear from quasi-linear cases; γ0 ≈ −1.0 for linear molecules (6 ∆ FeNC/FeCN,
3 Φ CoCN, 2 ∆ NiCN, 2 Π BrCN+ , and 1 Σ CsOH), whereas γ ≈ 0.1 for the quasi-linear
0
molecule 6 A0 FeOH.
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LWW (LOOMIS-WOOD FOR WINDOWS) PROGRAM PACKAGE
FOR INTERACTIVE ASSIGNING OF VIBRATION-ROTATION
SPECTRA
WIESLAW LODYGA, MAREK KRȨGLEWSKI, Adam Mickiewicz University, Faculty of Chemistry, 60780 Poznan, Poland ;
PETR PRACNA, J. Heyrovský Institute of Physical Chemistry, v.v.i.,
Academy of Sciences of the Czech Republic, 18223 Prague 8, Czech Republic; ŠTĚPÁN URBAN, Department of Analytical Chemistry, Institute of Chemical Technology, 16628 Prague 6, Czech Republic.
New features of an interactive program for assigning and preliminary analysis of rovibrational spectra a will be presented and demonstrated in a live presentation. Recent
developments of the program include
i) A complete implementation of simulations of rovibrational spectra directly in the LWW
program without necessity of external calculations of intensities;
ii) Generation of lower state combination differences from assigned IR spectra and their
export into data files for fitting in external programs.
Several examples of assignment strategies used in recent analyses of vibration rotation
spectra of the CDF3 and CH3 NC molecules will be presented.
The LWW program exists in three independent versions for symmetric and asymmetric top molecules and a special case of molecules with large amplitude motions. The
on-line documentation and program downloads are available on the program homepage
http://www.lww.amu.edu.pl.
a

W. Lodyga, M. Kreglȩwski, P. Pracna, Š. Urban, J.Mol.Spectrosc. 243 (2007)218, available
online doi:10.1016/js.2007.02.004
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THE C-N STRETCHING BAND OF METHYLAMINE
I. GULACZYK, M. KREGLEWSKI, W. LODYGA, Faculty of
Chemistry, Adam Mickiewicz University, PL-60-780 Poznan, Poland;
V. HORNEMAN, University of Oulu, Finland.
The rovibrational spectrum of the methylamine molecule CH3 NH2 has been extensively
studied both experimentally and theoretically. The molecule has two types of large amplitude motions, namely, a CH3 internal rotation and an NH2 inversion. The present investigation of a C-N stretching band (ν8 ) of methylamine is the next step of the long-term
project of the complete analysis of the rovibrational high-resolution spectrum of methylamine. The ν15 torsional band at 264 cm−1 was assigned in the 19881 . Partial analysis of
2ν15 , 3ν15 and 4ν15 was published in 19922 . The analysis of the tunneling-rotational levels
of the ν9 inversion (wagging) state at 780 cm−1 was reported in 19943 and completed in
2010 4 . For the first time a C-N stretching band (ν8 ) of methylamine was assigned in the
Fourier-transform infrared spectrum in the region 960-1200 cm−1 . The band is an A-type
band with nicely developed Q P and Q R branches. Since the torsional (<0.6 cm−1 ) and
inversion (<0.3 cm−1 ) splittings are small rovibrational structures belonging to different
symmetry species are strongly overlapped. Almost 2100 transitions with a resolution of
0.001 cm−1 for K from 0 to 11 have been assigned. Most transitions belong to B and E1
symmetry species. There are much less transitions assigned to E2 and A symmetry due to
their weak intensities. Despite some perturbations a global fit has been carried out and
the band center was determined at 1044.826(11) cm−1 . In the assignments we have extensively used a new Loomis-Wood for Windows (LWW) program developed in our laboratory
http://www.lww.amu.edu.pl/. A Hougen-Ohashi group theoretical effective Hamiltonian
is used in the fitting program5 .
1. N. Ohashi, K. Talagi, J. T. Hougen, W. B. Olson, and W. J. Lafferty, J. Mol. Spectrosc.
132 (1988) 242-260.
2. N. Ohashi, H. Shimada, W. B. Olson and K. Kawaguchi, J. Mol. Spectrosc. 152 (1992)
298-306.
3. M. Kreglewski, F. Winther, J. Mol. Spectrosc. 156 (1992) 261-291.
4. I. Gulaczyk, M. Kreglewski, W. Lodyga, V. Horneman, Mol. Phys. (2010) in press.
5. N. Ohashi and J. T. Hougen, J. Mol. Spectrosc. 121 (1987) 474-501.
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THE HIGH RESOLUTION SPECTRUM OF JET-COOLED METHYL
ACETATE IN THE C=O STRETCH REGION
FUMIE X. SUNAHORI, NICOLE BORHO, AND YUNJIE XU,
Department of Chemistry, University of Alberta, Edmonton, Canada
T6G 2G2.
Methyl acetate (MA) has two inequivalent methyl tops, the acetate CH3 and methoxy CH3
groups, which have significantly different internal rotation barrier.1 The previous study
has reported2 that coupling of the carbonyl stretching mode with the methyl rotor modes
in MA plays significant roles in internal vibrational redistribution (IVR), whose effect has
been observed in the FT-IR spectrum of carbonyl band of MA. Surprisingly, our high
resolution ro-vibrational spectrum of jet-cooled MA recorded in the C=O stretch region
using a rapid scan infrared laser spectrometer equipped with an astigmatic multipass
cell does not show strong IVR effect. Using the ground state combination differences
calculated from the rotational constants of the vibrational ground state determined by
the microwave study,1 we have analyzed the spectrum and determined the vibrationally
excited state rotational constants. The spectrum of deuterated MA has been also recorded
in high resolution, and the difference in the degree of IVR in the isotopically substituted
MA will be discussed.
1. J. Sheldan, W. Bossert, and A. Bauder, J. Mol. Spectrosc., 80, 1 (1980).
2. V. A. Walters, S. D. Colson, D. L. Snavely, K. B. Wiberg, and B. M. Jamison,
J. Phys. Chem. 89, 3857 (1985).
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NEW MICROWAVE SPECTRUM AND GLOBAL FIT OF METHYL
ACETATE GROUND STATE
M. TUDORIE, I. KLEINER, Laboratoire Inter-universitaire des
Systèmes Atmosphériques, CNRS et Universités Paris 7 et Paris 12, 61
Av. Général de Gaulle, 94010, Créteil, France; J. T. HOUGEN, Optical Technology Division, National Institute of Standards and Technology,
Gaithersburg, MD 20899-8441, USA; S. MELANDRI, Dipartimento di
”Chimica Ciamician”, Universit di Bologna, via Selmi 2,40126 Bologna,
Italy; W. STAHL, L. SUTIKDJA, Institut für Physikalische Chemie,
Raum 234, RWTH Aachen, Landoltweg 5 52062 Aachen, Germany.
Recently a new two-top internal-rotor BELGI program was written to calculate and
fit torsion-rotation transitions in asymmetric top molecules containing two inequivalent
methyl tops (C3v ), exhibiting different barrier heights to methyl internal rotation, and
having the rest of the atoms lying in a plane of symmetry Cs .a Methyl acetate represents
a prototype system for the development of the theoretical model and for testing the program. The program is based on the Hamiltonian described by Ohashi et al..b We first
applied this code to refit microwave data for the methyl acetate molecule published in
1980, up to J = 5.c
New measurements for this molecule were recently obtained, one set using the molecular
beam Fourier transform microwave (MB-FTMW) spectrometers in Aachen (4–26.5 and
26.5–40 GHz) with an estimated measurement uncertainty of about 5 kHz, the other set
using the Free Jet Absorption Millimeter Wave (FJAMMW) spectrometer in Bologna,
(60–78 GHz) with an estimated measurement uncertainty of 50 kHz. In the absence of
top-top interactions, each asymmetric-top energy level splits into AA, AE, EA and EE
components where the individual letters A and E indicate the symmetry species of the
wave function with respect to internal rotation of one of the methyl tops. The pair of letters
taken together indicates the species in the G18 permutation-inversion group appropriate
for the molecule, so AA, AE, EA, and EE correspond to A1 , or A2 , E 2 , E 1 and E 3 +
E 4 , respectively. More than 800 new data for methyl acetate were assigned and fit up to
J = 20 with the new BELGI program, reaching a unitless root-mean-square deviation of
0.8.
The latest results including spectroscopic constants, large amplitude motion parameters,
and a set of parameters that describes the physical couplings occurring in this molecule,
will be presented. The methyl acetate molecule is part of the projectd initiated for the
analysis of molecules containing two methyl groups.
a

I. Kleiner, to be published
N. Ohashi, J. T. Hougen, R. D. Suenram, F. J. Lovas, Y. Kawashima, M. Fujitake, J. Pika, J.
Mol. Spectrosc. 227 (2004) 28-42
c
J. Sheridan, W. Bossert, A. Bauder, J. Mol. Spectrosc. 80 (1980) 1-11
d
Supported by the ANR-08-BLAN-0054 contract
b
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RECENT ADVANCES IN THE SUBMILLIMETER-WAVE SPECTRUM OF METHYL FORMATE ISOTOPOLOGUES
L. MARGULÈS, R. MOTIYENKO, T.R. HUET, J. DEMAISON, Lab. de Physique des Lasers, Atomes, et Molécules, UMR CNRS
8523, Université Lille I, F-59655 Villeneuve d’Ascq Cédex, France;
I. KLEINER, Lab. Interuniversitaire des Systèmes Atmosphériques,
UMR CNRS 7583, Université Paris 7 et Université Paris 12, F-94010
Créteil Cédex, France; H. MØLLENDAL, Centre for Theoretical and
Computational Chemistry (CTCC), University of Oslo, P.O. Box 1033,
Blindern, NO-0315 Oslo, Norway; J.-C. GUILLEMIN, Sciences Chimiques de Rennes, Ecole Nationale Supérieure de Chimie de RennesCNRS, 35708 Rennes, France; M. CARVAJAL, Dpto. Fı́sica Aplicada,
Facultad de Ciencias Experimentales, Universidad de Huelva, E-21071
Huelva, Spain.
Complex molecules are used in astronomy as probes of physical conditions and lifetimes of
sources. Among such molecules, methyl formate is one of the approximately 50 molecular
species with more than six atoms detected in the interstellar and circumstellar mediaa . As
a consequence of a relatively large abundance observed in different objects, methyl formate
is considered as an interstellar Class I weed, given that it is fundamental to discriminate
its emission lines in astronomical surveys to identify new molecular species.
In the interstellar medium, since its first time detectionbc , different species of methyl
formate (H12 COO12 CH3 , H13 COOCH3 , HCOO13 CH3 , and tentatively DCOOCH3 ) have
been identified e.g. in Orion KL and W51 e2defg .
In this study we have recorded and analyzed the ground torsional state spectrum of two
18 O isotopic species of methyl formate (HC18 OOCH and HCO18 OCH ) in the frequency
3
3
range of 1-656 GHz. Also, a compilation of the available spectroscopic millimeter- and
submillimeter-wave data of the ground and first excited states of 13 C1 -methyl formate
(H13 COOCH3 ) has been carried outh . This exhaustive analysis has led to include over
1600 lines for the first time in the fit and to revise the assignments of almost 800 lines. For
these three cases, the analysis was undertaken using the RAM method and the BELGI-Cs
codei .
This work is partly supported by Andalusian Government (Spain) under Project P07-FQM03014 and by the French ANR-08-BLAN-0054 grant.
a

E. Herbst, E.F. van Dishoeck, Annu. Rev. Astro. Astrophys., 47 (2009) 427.
R.D. Brown, J.G. Crofts, F.F. Gardner, et al., The Astrophys. J. 197 (1975) 29.
c
E. Churchwell, and G. Winnewisser, Astron. Astrophys. 45 (1975) 229.
d
K. Kobayashi, K. Ogata, S. Tsunekawa, and S. Takano, The Astrophys. J. 657 (2007)
b

17.
e

K. Demyk, G. Wlodarczak, and M. Carvajal, Astron. Astrophys. 489 (2008) 589.
M. Carvajal, L. Margulès, B. Tercero, et al., Astron. Astrophys. 500 (2009) 1109.
g
L. Margulès, T.R. Huet, J. Demaison, et al., The Astrophys. J. 714 (2010) 1120.
h
M. Carvajal, I. Kleiner, and J. Demaison, The Astrophys. J. Suppl. Ser. (2010)
submmited.
i
I. Kleiner, J. Mol. Spectrosc., 260, (2010) 1.
f
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ROTATIONAL SPECTRUM AND LARGE AMPLITUDE MOTIONS
OF 3,4-DIMETHYL-BENZALDEHYDE
M. TUDORIE, I. KLEINER, Laboratoire Interuniversitaire des
Systèmes Atmosphériques, CNRS et Universités Paris 7 et Paris 12,
61 Av. Général de Gaulle, 94010, Créteil, France; M. JAHN,
J.-U. GRABOW, Gottfried-Wilhelm-Leibniz-Universität, Institut für
Physikalische Chemie und Elektrochemie, Lehrgebiet A, Callinstraße
3A, D-30167 Hannover, Germany; M. GOUBET, Laboratoire PhLAM,
UMR 8523 CNRS, Bât. P5, Université des Sciences et Technologies de
Lille 1, F-59655 Villeneuve d’Ascq, France.
This projecta follows the studyb of the cm- and mm-wave spectra of the para-tolualdehyde
molecule. The 3,4-dimethyl-benzaldehyde molecule (3,4-DMBA) belongs to a similar series
of aromatic molecules with an aldehyde group attached to a benzene ring but containing
two methyl groups rather than one.
This DBMA series of molecules serve as new examples of application for the theoretical
model of asymmetric top molecules having Cs symmetry while containing two inequivalent
methyl tops (C3v ), exhibiting different barrier heights to methyl internal rotation. Thus,
3,4-DMBA represents a benchmark species for testing the two-top internal-rotor BELGI
program written recentlyc and based on a theoretical model described earlier.d Since the
two methyl groups of 3,4-DMBA are spatially close, the top-top coupling is taken into
account.
The microwave spectrum of the 3,4-DMBA molecule was recorded for the first time in
the 2–26.5 GHz frequency range, using the COBRA-FTMW spectrometer in Hannover,
characterized by an instrumental uncertainty of 0.5 kHz for unblended lines. Both the
cis and trans conformers (regarding the orientation of the aldehyde group) were observed,
and transitions up to J = 10 were recorded. The assignment is supplemented by ab
initio quantum chemical calculations of the molecular structure, the conformational energy
landscape, and the dipole moment components. The analysis of the spectra for the two
predicted and indeed observed conformers is in progress. The latest results, including
spectroscopic constants and large amplitude motion parameters, will be presented.
a

Supported by the ANR-08-BLAN-0054 contract (France), the Deutsche Forschungsgemeinschaft, and the Land Niedersachsen (Germany)
b
H. Saal, W. Caminati, I. Kleiner, A. R. Hight-Walker, J. T. Hougen, J.-U. Grabow, to be
published
c
I. Kleiner, to be published
d
N. Ohashi, J. T. Hougen, R. D. Suenram, F. J. Lovas, Y. Kawashima, M. Fujitake, J. Pyka,
J. Mol. Spectrosc. 227 (2004) 28-42
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ANHARMONIC RESONANCES AMONG LOW-LYING
LEVELS OF METHYL ISOCYANIDE (H3CNC)

VIBRATIONAL

ZUZANA MELTZEROVÁ, PATRIK KANIA, ŠTĔPÁN URBAN,
Department of Analytical Chemistry, Institute of Chemical Technology,
16628 Prague 6, Czech Republic; PETR PRACNA, JIŘÍ URBAN, J.
Heyrovský Institute of Physical Chemistry, v.v.i., Academy of Sciences of the
Czech Republic, 18223 Prague 8, Czech Republic; VELI-MATTI
HORNEMAN, Department of Physical Sciences, University of Oulu,
Linnanmaa, FIN-90570 Oulu, Finland.
Vibrational levels up to 1000 cm-1of H3C-NC are currently studied in FTIR spectra
together with rotational transitions within these levels. This investigation comprises the
low-lying excited vibrational levels of the CNC doubly degenerate bending vibration
v8= 11(267.3 cm-1), v8 = 20;2 (524.6 cm-1(A), 545.3 cm-1(E)), and v8 = 31,3 (792.5 cm-1
(A1+A2), 833.9 cm-1(E)), respectively, and the next higher fundamental level of the
C-N valence vibration v4 = 1 (945 cm-1). All these vibrational levels exhibit cubic and
quartic anharmonic resonances localized to moderate values of the rotational quantum
number K  10. Therefore the system of rovibrational levels has to be treated as a global
polyad in order to describe all the available data quantitatively. Systematic
measurements of rotational spectra in all the mentioned vibrational levels are currently
in progress. Simultaneous analysis of both types of data results in a significant
improvement of parameters of the vibrational ground state, where the consistence of
rotational data with ground state combination differences generated from the FTIR
spectra of the fundamental ν4 band is verified. The preliminary analysis of rotational and
rovibrational data pertaining to the v8 = 2 and 3 levels describes correctly the
anharmonic (Fermi) resonances in this global system. Similarities and differences with
respect to CH3CN and CH3CCH are discussed.

FAR INFRARED HIGH RESOLUTION ROVIBRATIONAL SPECTROSCOPY
OF DIMETHYLSULFOXYDE
ARNAUD CUISSET, IRINA SMIRNOVA, ROBIN BOCQUET,
FRANCIS HINDLE, GAEL MOURET, DMITRII A. SADOVSKII,
Laboratoire de Physico-Chimie de l'Atmosph re, CNRS UMR-8101,
Universit du Littoral C te d'Opale, 189A Ave. Maurice Schumann, 59140
Dunkerque, France; OLIVIER PIRALI, PASCALE ROY, Ligne AILES
(Advance InfraRed Line Exploited for Spectroscopy), synchrotron SOLEIL,
L'Orme des Merisiers, Saint Aubin, BP 48, 91192 Gif-sur-Yvette, France.
In addition to its importance for industrial and environmental studies, the monitoring of
DiMethylSulfOxyde (DMSO, (CH3)2SO) concentrations is of considerable interest for
civil protection. The existing high resolution gas phase spectroscopic data of DMSO
only cover the pure rotational transitions in the ground state.a In the Far-IR domain, the
low-frequency rovibrational transitions have never previously been resolved.b The high
brightness of the AILES beamline of the synchrotron SOLEIL and the instrumental
sensitivity provided by the multipass cell allowed to measure these transitions for the
first time.c 1581 A-type and C-type transitions in the 11 band have been assigned and
25 molecular constants of Watson's s-form hamiltonian developped to degree 8 have
been fitted within the experimental accuracy. The use of then synchrotron radiation has
opened many possibilities for new spectroscopic studies. Together with several other
recent studies, our successful measurement and analysis of DMSO convincingly
demonstrates the potential of the AILES beamline for high resolution FIR spectroscopy.
Thus our present work is just at the beginning of unraveling the rovibrational structure
of low frequency bending and torsional vibrational states of DMSO and yielding
important comprehensive structural and spectroscopic information on this molecule.
a

L. Margules, R. A. Motienko, E. A. Alekseev, J. Demaison,J. Molec. Spectrosc., 260,
(23), 2009
b
V. Typke, M. Dakkouri, J. Molec. Struct., 599, (177), 2001
c
A. Cuisset, L. Nanobashvili, I. Smirnova, R. Bocquet, F. Hindle, G. Mouret, O. Pirali,
P. Roy, D. Sadovskii, Chem. Phys. Lett., 492, (30), 2010

TWO CONFORMERS OF ACETYL SALICYLIC ACID IN THE GAS
PHASE
CARLOS CABEZAS, SANTIAGO MATA, JUAN C. LÓPEZ,
JOSE L. ALONSO, Departamento de Química Física y Química Inorgánica, Facultad de Ciencias, Universidad de Valladolid, E-47005, Valladolid, Spain.
The emergence of laser ablation molecular beam Fourier transform microwave (LA-MBFTMW) spectroscopy has rendered accessible the gas-phase rotational study of solid
biomolecules with high melting points, such as amino acids,1 neurotransmitters2 or nucleic
acid bases.3 Among the molecules to benefit from this technique there are common important drugs never observed in the gas phase through rotational spectroscopy. We present
here the results on a LA-MBFTMW study of acetyl salicylic acid, commonly known as
aspirin. The polymorphism of aspirin is still an enigma despite numerous experimental
studies4 and its structure in the gas phase was still unknown. We have observed two stable
conformers of aspirin which interestingly are stabilized by n-π ∗ interactions. The barrier
to internal rotation of the methyl group has been determined for both conformers from
the analysis of the A-E splittings due to the coupling of internal and overall rotation.
1. J. L. Alonso, C. Pérez, M. E. Sanz, J. C. López, S. Blanco, Phys. Chem. Chem. Phys.
11, 617-627 (2009)
2. J. L. Alonso, M. E. Sanz, J. C. Lopez, V. Cortijo, J. Am. Chem. Soc. 2009, 131,
4320-4326.
3. (a) V. Vaquero, M.E. Sanz, J.C. Lpez, J.L. Alonso, J.Phys.Chem. A., 2007, 111, 3443;
(b) J. C. Lpez, I. Pea, V. Vaquero, M. E. Sanz and J. L. Alonso, J. Chem. Phys, 2007,
126, 191103; (c) J. L. Alonso, I. Pea, J. C. Lpez and V. Vaquero, Angew. Chem. Int. Ed.
2009, 48, 1.
4.(a) P. Vishweshwar, J. A. McMahon, M. Oliveira, M. L. Peterson, and M. J. Zaworotko,
J. Am. Chem. Soc. 2005, 127 16802; (b) A. D. Bond, R. Boese, G. R. Desiraju, Angew.
Chem. Int. Ed. 2007, 46 618-622.
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ROTATIONAL SPECTRUM, POTENTIAL FUNCTION OF RING
PUCKERING, MOLECULAR STRUCTURE, AND QUANTUM
CHEMICAL CALCULATION OF CYCLOBUTANONE OXIME AND
ITS PYROLYSIS MECHANISM
NOBUHIKO KUZE, EMI SATO, TAKESHI SAKAIZUMI, Department of Materials and Life Sciences, Faculty of Science and Technology, Sophia University, Tokyo 102-8554, Japan.
The rotational spectra of cyclobutanone oxime and its d1 -species (deuteration of the OH
group) were observed in the frequency range from 26.5 to 60 GHz in the ground and excited
vibrational states. The rotational constants were determined to be A = 9084.165(37), B
= 2555.8192(95) and C = 2076.9553(98) MHz for normal species and A = 9084.404(63),
B = 2445.943(12), and C = 2003.951(13) MHz for d1 -species in the ground vibrational
state, respectively. The rs coordinates of the hydrogen atom shows that the OH bond is
found to be at the trans position with respect to the C=N double bond. Cyclobutanone
oxime showed an irregular rotational constant variation at v = 1 of the ring-puckering
mode. The fitted potential function of the ring-puckering has a small hump and the
ground vibrational state lies in ca. 23 cm−1 above hump. The barrier height of the
double minimum was estimated to be ca. 7.5 cm−1 . The pyrolysis of cyclobutanone oxime
were performed to generate ethenone oxime, CH2 =C=NOH. The mass and microwave
spectra of the pylolysates indicate that the two main pyrolysis processes of cyclobutanone
oxime were considered. The ionic peak of m/z = 57 (C2 H3 NO) which was assumed to be
ethenone oxime was observed in the mass spectrum, the identification of ethenone oxime
has not been made by the microwave spectroscopy.
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DETAILED ANALYSIS OF THE ROTATIONAL SPECTRUM OF
2,2-DICHLOROPROPANE
L. PSZCZÓLKOWSKI, E. BIALKOWSKA-JAWORSKA, AND
Z. KISIEL, Institute of Physics, Polish Academy of Sciences, Al. Lotników 32/46, 02-668 Warszawa, Poland.
2,2-Dichloropropane, (CH3 )2 CCl2 (DCP), is a rather globular, plastic crystal molecule
and its early studies by rotational spectroscopy were motivated by the desire to extend
the information base on two-top methyl internal rotation. Its cmw spectrum was recorded
by one of us in the 1980’s but was not successfully assigned due to confusion arising
from its domination by Q-type transitions. The first assignment was, however, reported
subsequently by Takeo et al.,a on the basis of double-resonance techniques. Only the
ground state rotational constants are available from that work and transition frequencies
were not published.
Presently we report the results of a comprehensive investigation of the rotational spectrum
of DCP on the basis of studies of its room-temperature spectrum up to 338 GHz and of its
supersonic expansion spectrum at cmw frequencies. DCP is relatively rare in that its seven
lowest normal modes are clustered in the wavenumber range 250-400 cm−1 . Furthermore,
they group into three pairs, each coupled by Coriolis interaction around a different inertial
axis. This complex picture is repeated for the singly substituted 37 Cl species (relative
intensity of 67%) and proved to be an extended testing ground for the techniques of
assigning complex spectra pioneered with the AABS package.b The various complications
were successfully unravelled, and the assignment was confirmed by anharmonic force field
calculations.
The double nucleus hyperfine structure was measured and analysed for both 35 Cl2 and
35 Cl37 Cl species of DCP, and the ground state of the 37 Cl species was assigned for the
2
first time.
a
b

H. Takeo, M. Sugie, C. Matsumura. J. Mol. Struct. 352/353, 267–272 (1995).
Z. Kisiel et al. J. Mol. Spectrosc. 233, 231–243 (2005).
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VISUALIZATION OF THE ASYMMETRIC INFINITE SQUARE DOUBLE WELL ENERGY EIGENSTATES
K.S. EXNER AND G.CH. MELLAU,
Physikalisch-ChemischesInstitut, Justus-Liebig-Universität Giessen, Heinrich-Buff-Ring 58,
D-35392 Giessen, Germany.
In a chemical system the two minima potential corresponds to two equilibrium positions
or two different molecular conformations. The solutions of the Schrödinger equation for
this potential can be used to describe elementary chemical processes like the isomerization
of a molecule or tunneling effects. The quantum-mechanical symmetric and asymmetric
infinite square double well potentials are the most basic model systems of all these chemical
systems for which the one-dimensional Schrödinger equation can be solved analytically.
We found that there is a lack on text book descriptions, especially of a comprehensive
visualization of the solutions for different potential parameters modeling real chemical
problems. We calculated the wave functions and the equation giving the eigenenergies
for the symmetric and asymmetric case. We implemented an interactive visualization of
the infinite square double well using the new interactive visualization tool of the Wolfram
Research MathematicaTM software.
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CALCULATIONS OF ROVIBRONIC ENERGY LEVELS FOR NO2
LUCIE NOVÁ STŘÍTESKÁ, Faculty of Chemical Engineering, Institute of Chemical Technology, Technická 5, 166 28 Prague 6, Czech Republic; PER JENSEN, FB C – Physikalische und Theoretische Chemie,
Bergische Universität, D–42097 Wuppertal, Germany.
In the calculations of rovibronic energies, the interactions between the three lowest electronic states of NO2 , X̃ 2 A1 , Ã2 B2 , and B̃ 2 B1 , were taken into account. The X̃ and
Ã states suffer a conical intersection, with associated vibronic coupling, at an energy of
about 12000 cm−1 above the X̃-state equilibrium, and the X̃ and B̃ states are Rennerdegenerate at a comparable energy. An exact kinetic energy operator derived in terms
of (bond length)-(bond length)-(bond angle) vibrational coordinates was employed in the
calculations. NO2 has one bending (A1 ) and two stretching (A1 and B2 ) vibrational
modes. Numerov-Cooley integration was used for obtaining the bending basis functions.
The stretching basis functions were eigenfunctions of a Morse oscillator, these functions
are based on associated Laguerre polynomials. The eigenfunctions of the rigid rotor were
used for the description of rotational motion. The computer program used for these calculations is an extension of the DR program developed by Tina E. Odakaa,b and Vladlen
Melnikovc,d and applied to MgCN/MgNCa,b and HOO.c,d
a T.

E. Odaka, P. Jensen, and T. Hirano, J. Mol. Structure 795, 14-41 (2006).
E. Odaka, V. V. Melnikov, P. Jensen, T. Hirano, B. Lang, and P. Langer, J. Chem.
Phys. 126, 094301/1-9 (2007).
c V. V. Melnikov, T. E. Odaka, P. Jensen, and T. Hirano J. Chem. Phys. 128, 114316/1-10
(2008).
d V. V. Melnikov, P. Jensen, and T. Hirano, J. Chem. Phys. 130, 224105/1-9 (2009).
b T.
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A NEW ‘SPECTROSCOPIC’ POTENTIAL ENERGY SURFACE OF
NH3 .
SERGEI N. YURCHENKO, Physikalische Chemie, TU Dresden, D01062 Dresden, Germany; ROBERT J. BARBER, JONATHAN
TENNYSON, Department of Physics and Astronomy, University
College London, London, WC1E 6BT, UK; PER JENSEN, FB
C – Physikalische und Theoretische Chemie, Bergische Universität,
D–42097 Wuppertal, Germany; ANDREY YACHMENEV, WALTER THIEL, Max-Planck-Institut für Kohlenforschung, KaiserWilhelm-Platz 1, D–45470 Mülheim an der Ruhr, Germany.
We report a new ‘spectroscopic’ potential energy surface (PES) of NH3 obtained by fitting
the experimental spectroscopic data from HITRAN together with other literature data.
This surface is constructed by adjusting the ab initio PES CBS**5.a The fitted, experimentally derived term values had J ≤ 5. To improve the extrapolation properties of the
empirical PES, the restraint that the resulting PES remain close to the ab initio surface
was imposed. In this manner, we achieve a refined potential energy surface that behaves
reasonably also in regions of configuration space that are not sampled by the wavefunctions of the states for which experimentally derived energies are available. In the fittings
we solve the rovibrational Schrödineger equation using the variational program TROVE.
The rovibrational eigenfunctions corresponding to the initial CBS**5 PES are utilized as
basis set. The new PES of NH3 is employed to simulate a ‘hot’ (T = 1500 K) absorption
spectrum as well as to investigate a number of thermodynamic properties of ammonia over
a broad range of temperatures.
a

S. N. Yurchenko, J. J. Zheng, H. Lin, P. Jensen, and W. Thiel, J. Chem. Phys123, 134308
(2005)
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SUBMILLIMETER WAVE AND FAR-INFRARED SPECTROSCOPY
OF HIGH-J TRANSITIONS OF THE GROUND AND ν2 =1 STATES
OF NH3
O. PIRALI, M.-A. MARTIN, M. VERVLOET and D. BALCON, Ligne AILES–Synchrotron SOLEIL, L’Orme des Merisiers
Saint-Aubin, 91192 Gif-sur-Yvette, France; S. YU, J. PEARSON,
B. DROUIN, and K. SUNG, Jet Propulsion Laboratory, California
Institute of Technology, Pasadena, California 91109, USA; C. P. ENDRES, I. Physikalisches Institut, Universität zu Köln, 50937 Köln, Germany; T. SHIRAISHI, K. KOBAYASHI and F. MATSUSHIMA,
Department of Physics, University of Toyama, Gofuku, Toyama 9308555, Japan.
Ammonia has large-amplitude inversion motion, which makes it particularly non rigid
and difficult to model with quantum mechanics. Additionally, the excited inversion states
couple strongly to other vibrational modes resulting in a very complex spectrum. Current
experimental dataset have been limited to low quantum numbers (J of about 20), and the
spectrum of ammonia in many vibrational states has defied analyses to experimental accuracy. Since its first detection in 1968, ammonia was discovered as a major constituent of
several planetary atmospheres. More recently, ammonia has been suggested in the atmosphere of cool brown dwarf a and is expected to be present in quantity in the atmospheres
of many newly discovered exoplanets and brown dwarf stars where temperatures are in
the order of 1000 K b . For such temperatures, spectroscopic knowledge of ammonia’s spectrum needs to be improved both in term of line positions and intensities. Even for the two
lowest vibrational levels (ground state and ν2 =1) the experimental dataset was limited
to low quantum numbers. We associated different techniques to obtain accurate energies
for highly excited J levels (as high as J=35) in the ground state and ν2 =1. In our work,
measurements were carried out using a frequency multiplied submillimeter spectrometer
at JPL, a tunable far-infrared spectrometer at University of Toyama, and a high resolution
Bruker IFS 125 Fourier transform spectrometer at Synchrotron SOLEIL. This work significantly increases the experimental dataset available to support astronomical observations;
we will present the techniques developed in this work as well as the spectral analysis and
fit of the new dataset.
a

P. Delorme, X. Delfosse, L. Albert, et al., Astronomy and Astrophysics, 482, 961 (2008)
M.J. Burgdorf, G.S. Orton, T. Encrenaz, G.R. Davis, S.D. Sidher, E. Lellouch, B.M. Swinyard,
Planetary and Space Science, 52, 379 (2004)
b
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THEORETICAL INSIGHT INTO THE FSO3 RADICAL VIBRONIC
LEVEL STRUCTURE
TEREZA UHLÍKOVÁ, ŠTĚPÁN URBAN, Institute of Chemical
Technology, Department of Analytical Chemistry, Technická 5, 166 28,
Prague 6, Czech Republic.
The final objective of this study is to provide theoretical predictions of microwave spectra
of the fluorosulfate radical FSO3 for laboratory and, consequently, also atmospheric and
astronomic measurements. According to the first experimental studies FSO3 belongs to
the C3v symmetry point group with nine vibrational modes (3 × a1 and 3 × e). However,
preliminary theoretical calculations concluded to Cs symmetry. This presentation is focused on ab initio calculations of symmetry breaking (SB) in the FSO3 radical ground
state and determination of vibronic coupling based on the model Hamiltonian approach
of Köppel et al. as it was used for NO3 [1].
Five different theoretical approaches – Møller-Plesset, configuration interaction, coupled
clusters, density functional theory with non-Hartree-Fock functional (DFT–B3LYP), and
equation-of-motion (EOM) technique – were employed for the calculation of equilibrium
geometry and vibrational frequencies. Symmetry-broken solutions were obtained with all
of methods. The most reliable results from EOM method pointed out the fact, that there
exists strong vibronic interactions (e.g., pseudo-Jahn-Teller effect) along ν6 (e) vibrational
mode and going beyond the adiabatic approximation is necessary.
The three lowest electronic states (X̃ A2 , Ã E and B̃ E with Te ≈ 0, 1.0 and 2.4 eV)
were determined using equation-of-motion ionization potential coupled-cluster (EOMIPCCSD) technique as implemented in Cfour program. The full problem of vibronic coupling
of nondegenerate state A2 with an excited E state includes both pseudo-Jahn-Teller and
Jahn-Teller effects which results in the (A + E) ⊗ (a1 + e1 + e2 ) combination. Spin-orbit
interaction were not taken into account. In terms of Köppel approach the 5 × 5 potential
matrix was constructed and intrastate and interstate coupling constants were determined.
Including this matrix into Schrödinger equation and diagonalizing, provided more reliable
spectroscopic frequencies.
Acknowledgments
The work was supported through the Grant Agency of the Czech Academy of Sciences
(grants IAA400400504 and 203/09/P306), grants of the Ministry of Education, Youth and
Sports of the Czech Republic (research programs MSM6046137307 and LC06071)
[1] J. Stanton, J. Chem. Phys. 126, 134309 (2007).
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A1 –A2 SPLITTING IN THE ROTATIONAL SPECTRA OF THE FSO3 ·
RADICAL
L. KOLESNIKOVÁ, J. VARGA, J. KOUCKÝ, Z. MELTZEROVÁ, and Š. URBAN, Institute of Chemical Technology, Prague,
Faculty of Chemical Engineering, Department of Analytical Chemistry,
Technická 5, 166 28, Prague 6, Czech Republic; H. BECKERS and
H. WILLNER, Bergische Universität Wuppertal, FB 9, Anorganische
Chemie, Gaußstr. 20, 42097, Wuppertal, Germany.
Recently, the rotational spectra of the fluorosulfate radical FSO3 · in its vibronic ground
state (2 A2 ) were measured in the frequency region 93 – 280 GHz using the Prague millimeterwave spectrometer and the C3v molecular symmetry was confirmed.a One interesting
feature of the centrifugal distortion observed in our FSO3 · radical rotational spectra is the
so called A1 –A2 splitting of the K = 3n (n = 1, 2, . . . ) rotational levels. The (A–B) rotational parameter was estimated to 252 MHz (B = 5195, 528 365(259) MHz). The similar
value was predicted also by ab initio calculations.b,c This small difference of the two rotational constants indicates that the FSO3 · radical is a quasi-spherical top and the quartic
nondiagonal matrix elements (operator [N+3 + N−3 , Nz ]+ ) have significant contributions to
rotational energies.
To determine more precisely the A1 –A2 splitting parameters, we extended the previous
study up to 466 GHz where the splitting of K = 3 lines reached up to 15 MHz and also
the K = 6 lines were affected by an analogous centrifugal distortion effect. Moreover, we
observed different splitting of the K = 3 lines for two fine components and an additional
spin centrifugal distortion operator had to be included to our analysis.
The analysis of the A1 –A2 doublets was performed with molecular parameter sets corresponding to both the A- and B-reductions.d In the A-reduction, the ∆k = ±3 matrix
elements (i.e.  parameters) were fixed to zero and in the B-reduction, the ∆k = ±6 matrix elements (i.e. h3 parameters) were eliminated. However, both the reduction schemes
failed at higher rotational quantum numbers N . Due to this breakdown, we were able to
fit both  and h3 parameters together.
Acknowledgements
The work was supported through the Grant Agency of the Czech Republic (grant
P206/10/2182) and grants of the Ministry of Education, Youth and Sports of the Czech
Republic (research programs MSM6046137307 and LC06071).
a
L. Kolesniková, J. Varga, L. Nová Střı́teská, H. Beckers, H. Willner, F. Aubke, and Š. Urban,
J. Chem. Phys. 130, 184309 (2009).
b
H. Beckers, H. Willner, D. Grote, and W. Sander, J. Chem. Phys. 128, 084501 (2008).
c
T. Uhlı́ková and Š. Urban, Chem. Phys. Lett. (2010), in press.
d
K. Sarka, J. Mol. Spectrosc. 134, 354 (1989)

Presentation mode: poster

A NEW APPROACH TO THE HECHT HAMILTONIAN
ALEXANDER SKALOZUB, Ukrainian State Chemical and Technological University, Dnepropetrovsk, Ukraine.
The system we consider is a model for the rotational dynamics of the octahedrally symmetric molecule of SF6 type. The theory underlying the rotational spectrum of such molecules
is based on the Hecht Hamiltonian and it has been extensively developed by several authors
and various methods1−3 . Harter and Patterson derived semiclassical quantization conditions for this Hamiltonian which are valid either well below or well above the separatrix.
Robbins et al obtained these conditions which are valid uniformly across this separatrix
based on the periodical orbit theory. Alternatively, Strunz et al proposed a simple way
to obtain this uniform semiclassical quantization rules with the help of a suitably chosen
graph and an associated adjacency matrix which constitute a regular representation of the
octahedral symmetry group.
In the context of a semiclassical method developed by the author for calculating vibrationrotation energy levels of nonrigid molecules4 a new approach is proposed to the Hecht
Hamiltonian. The starting point of our approach consists in introducing of auxiliary timeperiodical vector fields with help of which we linearize the Hamiltonian and reduce thus
a problem to moving of the angular momentum J in some auxiliary vector field which is
a linear combination of the fields mentioned before. The evolution operator of an initial
problem is expressed through the evolution operator of this motion in the form of two
functional integrals on all possible configurations of the auxiliary fields with Gaussian
weight multipliers. Calculating of these integrals by a method of the stationary phase
defines classical configurations which make the main contributions to the integrals. The
auxiliary Hamiltonian is linear in J and hence possesses by the dynamic symmetry of the
group SO(3). As a result spin-coherent states are naturally entered, and it turns out
that the classical configurations are the average values of the angular momentum operator of the molecule on these states and satisfy to Euler’s equations. A quantization of
the derived classical problem follows to the theoretical-field WKB method and reduces to
the quantization of the topological Berry’s phase for linearized Hamiltonian in adiabatic
approximation.
The notion about periodical orbits in a phase space of the angular momentum is introduced. Depending on topology of the orbits various quantization rules take place forming
fine cluster structure of the rotation spectrum which corresponds to five irreducible representations of octahedral group: A1 , A2 , E, T1 , T2 . The account of tunneling and overbarrier reflection at moving on equivalent periodical orbits results to superfine structure
within the fine structure.
As a result of this consideration we have come from the new point of view to known semiclassical description of the rotation spectrum of molecules of SF6 type which allows the
further refinement. Other approaches are faced with known difficulties in this aspect as
the initial Hamiltonian is not simply a sum of kinetic and potential energy.
1.
2.
3.
4.

W. G. Harter and C. W. Patterson, J. Chem. Phys., 80, 4241 (1984).
J. M. Robbins, S. C. Creagh, and R. G. Littlejohn, Phys. Rev., A41, 6052 (1990).
W. T. Strunz, G. Alber, J. S. Briggs, J. Phys., A: Math. Gen., 26, 5157 (1995).
A. S. Skalozub and A. Ya. Tsaune, Optics and Spectroscopy, 77, 900 (1994).
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ON THE ”EXPANDED” LOCAL MODE APPROACH AND ISOTOPIC
EFFECT (CH2 D2 /CH3 D/CHD3 ) IN THE METHANE MOLECULE
O. N. ULENIKOVa , E. S. BEKHTEREVAa , C. LEROYb ,
A. L. FOMCHENKOa , AND N. I. RASPOPOVAa , a TOMSK
STATE UNIVERSITY, PHYSICS DEPARTMENT, 634050, TOMSK,
RUSSIA; b LABORATOIRE INTERDISCIPLINAIRE CARNOT DE
BOURGOGNE UMR CNRS 5209, UNIVERSITÉ DE BOURGOGNE,
B.P. 47870, 21078 DIJON CEDEX, FRANCE.
Earlier derived, [1] - [3], for the XY2 (C2v ) and XY3 (C3v ) molecules ”expanded local mode
model” is applied to the methane-type, XH4 , molecules. On the base of using of specially
obtained value of the ambiguity parameter, sin γ, simple values of all transformation coefficients, lN αλ , are obtained for the CH4 molecule. It gives us possibility, on the one hand,
1). to derive simple relations between different spectroscopic parameters (harmonic
frequencies, anharmonic parameters and vibrational tetrahedral coefficients, rotationalvibrational and rotational tetrahedral coefficients) of the CH4 molecule, and, on the other
hand,
2). on the base of the genegal isotopic substitution theory (see, e.g., [4]) to obtain very
0
simple values of transformation lN
αλ coefficients for different deuterated species, CH3 D,
CH2 D2 , and CHD3 , of the methane molecule. As the final step, numerous isotopic relations between different spectroscopic parameters of the mother, CH4 , and deuterated,
CH3 D, CH2 D2 , CHD3 , species are derived. Comparison of the derived relations with the
experimental values of spectroscopic parameters shows more than satisfactory correlation
between the results.
[1]. O. N. Ulenikov, R. N. Tolchenov, and Zhu Qing-Shi, Spectrochim. Acta A 52, 1829 –
1841 (1996).
[2]. O. N. Ulenikov, S. N. Yurchenko, and R. N. Tolchenov, Spectrochim. Acta A 53,
329 – 334 (1997).
[3]. O. N. Ulenikov, R. N. Tolchenov, and Qing-Shi Zhu, Spectrochim. Acta A 53, 845 –
853 (1997).
[4]. A. D. Bykov, Yu. S. Makushkin, and O. N. Ulenikov, J. Molec. Spectrosc. 85,
462 – 479 (1981).
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HIGH RESOLUTION STUDY OF THE ν1 +2ν2 −ν2 and 2ν2 +ν3 −ν2 ”HOT”
BANDS AND RO-VIBRATIONAL RE-ANALYSIS OF THE ν1 + ν2 /ν2 +
ν3 /3ν2 POLYAD OF THE SO2 MOLECULE
O. N. ULENIKOVa , O. V. GROMOVAa , E. S. BEKHTEREVAa ,
C. LEROYb , I. B. BOLOTOVAa , A. V. GORBACHa , V.M. HORNEMANc , and S. ALANKOc , a TOMSK STATE UNIVERSITY, PHYSICS DEPARTMENT, 634050, TOMSK, RUSSIA;
b
LABORATOIRE INTERDISCIPLINAIRE CARNOT DE BOURGOGNE UMR CNRS 5209, UNIVERSITÉ DE BOURGOGNE, B.P.
47870, 21078 DIJON CEDEX, FRANCE; c DEPARTMENT OF PHYSICAL SCIENCES, UNIVERSITY OF OULU, P.O. BOX 3000, FIN90014, FINLAND.
The main goal of the present study is to analyse rotational stuctures of two excited
vibrational states, (120) and (021). Because the bands ν1 + 2ν2 and 2ν2 + ν3 are
extremally weak, special efforts were faired to record very weak hot bands, ν1 + 2ν2 − ν2
and 2ν2 + ν3 − ν2 .Both of these bands are located in the region of considerably more
stronger combinational bands, ν1 + ν2 and ν2 + ν3 . On that reason, as the first step
of analysis, we made assignments of transitions belonging to these ν1 + ν2 and ν2 + ν3
bands. As the result of analysis, we are able to assign three times more transitions to the
bands ν1 + ν2 and ν2 + ν3 (3360 transitions with J max. = 78 and Kamax. = 27 to the band
ν1 + ν2 , and 2380 transitions with J max. = 69 and Kamax. = 24 to the band ν2 + ν3 ) than
it was known in the before literature.
After ”cleaning” the experimental spectrum from transitions belonging to the ν1 + ν2 and
ν2 + ν3 strong bands, assignments of remaining weak transitions was made on the base of
calculation scheme discussed in [1]. As the result, 1230 transitions with J max. = 60 and
Kamax. = 20 were assigned to the band ν1 + 2ν2 − ν2 , and 990 transitions with J max. = 59
and Kamax. = 16 were assigned to the band 2ν2 + ν3 − ν2 .
As the theoretical analysis of obtained ”experimental” energies showed, some sets of
ro-vibrational states of the (110) vibrational state are strongly pertubed by the (030)
vibrational state. On that reason, in the fit of energy levels of the (110) and (011) vibrational states, the hamiltonian model that takes into account the presence of interactions
with the (030) vibrational state, was used. At the same time, a ro-vibrational analysis
of the (120) and (021) states showed that a fit can be made with a model of isolated
vibrational state both for (120), and for (021). Obtained set of spectroscopic parameters
reproduces the initial experimental energy values for all four vibrational states with an
accuracy close to experimental uncertainties.
[1]. O. N. Ulenikov, E. S. Bekhtereva, O. V. Gromova, S. Alanko, V.-M. Horneman, and
C. Leroy, Molec. Phys., 108(10), (2010).
Part of this work was supported by the grant of RFBR, 07-02-92164-CNRS a
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ROTATIONAL SPECTRUM AND
COUPLING TENSOR OF CH2 ClI

NUCLEAR

QUADRUPOLE

PATRIK KANIA, JAN ŠŤOVÍČEK, ŠTĚPÁN URBAN, Institute of Chemical Technology, Department of Analytical Chemistry,
Technická 5, 166 28, Prague 6, Czech Republic; HIROYUKI
OZEKI, Department of Environmental Science, Faculty of Science, Toho UniVersity, 2-2-1 Miyama, Funabashi 274-8510, Japan;
and STÉPHANE BAILLEUX, Laboratoire de Physique des Lasers,
Atomes et Molécules, CERLA, UMR CNRS 8523, Université Lille
1,59655 Villeneuve d’Ascq Cedex, France.

The rotational spectrum of chloroiodomethane CH2 ClI was measured and analyzed by
combining results from two different spectrometers. Low-J transitions were measured by
means of FTMW spectrometer at conditions of completely resolved hyperfine structure.
High-J rotational transitions were measured by millimeter-wave spectrometer with free
space cell. The set of the precise rotational and leading centrifugal distortion parameters
for both isotopologues CH2 35 ClI and CH2 37 ClI in the ground vibronic state has been
determined. The analysis of the observed hyperfine structure yielded all components in
the principal and in the inertial nuclear quadrupole coupling tensors for the iodine and
the chlorine nuclei.
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PRECISE GROUND STATE MOLECULAR PARAMETERS OF
METHYL BROMIDE
JURAJ VARGA, LUCIE NOVÁ-STŘÍTESKÁ, JINDŘICH
KOUBEK, LUCIE KOLESNIKOVÁ, PATRIK KANIA and
ŠTEPÁN URBAN, Institute of Chemical Technology, Faculty of
Chemical Engineering, Department of Analytical Chemistry, Technická
5, 166 28, Praha 6, Czech Republic.
Methyl bromide CH3 Br is an important halocarbon in the Earth’s atmosphere playing
a significant role in the ozone chemistry in the upper atmosphere, where is the primary
source of bromine and it is obvious that a precise knowledge of its column density is
strongly required. For the corresponding remote sensing measurements, the precise frequencies, intensities and line shape parameters are requested. The aim of this study is
an improvement of the frequency accuracies of rotational ground state transitions with
resolved hyperfine structure. Possible pressure effects on molecular parameters are also
analyzed. All appropriate previous studies both in microwave and infrared (combination
differences) region are involved in our analysis. A special attention is paid to the hyperfine effects since the significant nuclear quadrupole interactions determine the line shape
of rotational and rovibrational transitions at lower pressures. In addition to this, the precise knowledge of the hyperfine structures of rotational energies is also necessary for the
correct interpretation of the Stark data and derivation of transition dipole moments.
A natural sample of methyl bromide was measured (natural abundance of 79 Br is 50.7 %
and 81 Br is 49.3 %) in spectral region from 76 GHz up to 267 GHz (J 00 =13). The measurements were performed using the Prague semiconductor ”room temperature” spectrometer
with a set of Schottky diodes as detectors with a conventional free space 280 cm long
cell and the absorption pathlength has been doubled using a roof top mirror. Both the
amplitude and frequency modulations were used. The amplitude modulation was preferred to measure all intense lines to enable the detailed numerical analysis of influences
of the spectral background and overlapping lines. To evaluate an inaccuracy caused by
line pressure shifts, the detailed pressure dependence measurements were performed.
The results obtained from our data set show a negligible pressure dependence of rotational parameters. Only a very small pressure dependence of the rotational constant B
is observed. For each methyl bromide isotopologue the precise rotational, centrifugal distortion and hyperfine constants is obtained by the least square analysis. The results are
consistent with literature data and remove errors in previous studies. They present the
best methyl bromide molecular parameter sets and based on this constant it is possible to
predict transition frequencies in wide range of quantum numbers J from 0 up to 70.
Acknowledgements
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HIGH RESOLUTION INFRARED SPECTRUM OF CH2 D79 Br: THE
v 6 =1,2, v5 =v6 =1 AND v6 =v9 =1 STATE CONSTANTS
A. BALDACCI, R. VISINONI, Dipartimento di Chimica Fisica, Università Ca’ Foscari Venezia, Dorsoduro 2137, I-30123 Venezia, Italy;
R. WUGT LARSEN, Department of Chemistry, University of Copenhagen, Universitetsparken 5, DK-2100 Copenhagen, Denmark.
Highly accurate infrared spectroscopic data of methyl bromide, CH3 Br, and the most
abundant isotopomers is crucial to model the opacity of this ozone-depleting substance
in the stratosphere. The Fourier transform infrared spectrum of the 79 Br species of monodeutero methyl bromide, CH2 D79 Br, has been recorded at high resolution (ca. 0.0025
cm−1 ) for the first time in the ν6 band region near 600 cm−1 employing the highly brilliant
synchrotron radiation source at MAX-lab, Lund University.
CH2 DBr is a near prolate asymmetric rotor (κ= -0.998) belonging to the Cs symmetry
group with nine fundamental modes, six of A0 (ν1 – ν6 ) and three of A00 (ν7 – ν9 ) symmetry
species. The ν6 fundamental, associated to the C-Br stretching mode, appears as an almost
pure a-type band and, apart for the usual asymmetry splitting of the lower Ka values,
resembles a parallel band of a symmetric top molecule.
The spectral analysis of this unperturbed band allowed assignments up to rather high
quantum numbers (Jmax = 63, Ka,max = 15) in the P- and R-branches and in the congested
Q-branch. Asymmetry splitting was observed for Ka ≤3. The excited state parameters
have been determined using Watson’s A-reduced Hamiltonian in the Ir -representation by
fixing the ground-state constantsa .
The v6 =1 state constants were then adopted, as lower state, for the interpretation of the
many unassigned weak lines due to hot-bands in the ν5 , ν6 , ν9 band regions. Effective
molecular constants for the more or less perturbed vibrational levels v6 =2, v5 =v6 =1 and
v6 =v9 =1, inaccessible from the ground state, have been obtained. These parameters will
be useful for the analysis of the ν3 , ν4 and ν8 fundamental bands.
a

A. Baldacci, P. Stoppa, S. Giorgianni, R. Wugt Larsen, Mol. Phys., 108, 733-738
(2010).
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RECENT DEVELOPMENTS IN THE HIGH-RESOLUTION STUDY
OF THE ROVIBRATIONAL SPECTRUM OF DCF3 IN THE 1000
cm−1 REGION
ADINA CEAUSU-VELCESCU, Université de Perpignan, Laboratoire de Mathématiques, Physique et Systèmes, 52 Avenue Paul Alduy, 66860 Perpignan Cedex, France; PETR PRACNA, J. Heyrovský Institute of Physical Chemistry, v.v.i., Academy of Sciences
of the Czech Republic, Dolejškova 3, 18223 Prague, Czech Republic;
ADRIANA PREDOI-CROSS, University of Lethbridge, Department
of Physics and Astronomy, 4401 University Drive, Lethbridge, AB, T1K
3M4, Canada.
The present work completes the high-resolution study of the rovibrational spectrum of
deuterated fluoroform in the 1000 cm−1 region. This region comprises the ν5 fundamental band, centered at 975.43 cm−1 , but also the much weaker 2ν6 overtone bands (2ν60
at 1004.06 cm−1 ; 2ν6∓2 at 1006.06 cm−1 ). The ν5 perpendicular band has already been
studied with high-resolution, by considering the v5 =1 level as isolated a . As for the 2ν6
overtones, their high-resolution study, including the 2ν6 − ν6 hot bands and a reinvestigation of the ν6 fundamental band, allowed the very accurate determination of the axial
0 , and H 0 b .
ground-state constants C0 , DK
K
For the v5 =1 state, although a good fit of the Fourier-transform infrared, sub-Doppler
CO2 laser-sideband, and millimeter-wave data was obtained, the assumption of an isolated state is still questionable, because of
i) the closeness of the v6 =2 overtone levels which turn out to run into resonant crossings
of levels with K quantum numbers higher than studied previously;
ii) the accidental smallness of the q22 l -type term in the v5 =1 level. The role of the Coriolis
coupling with the v2 =1 level lying at 1111 cm−1 is investigated in this context.
The main achievements of the present study concern
i) the extension of the assignments to higher J and K values, for both ν5
(−48 ≤ K · ∆K ≤ 51, Jmax = 75) and 2ν6∓2 (−42 ≤ K · ∆K ≤ 39, Jmax = 58);
ii) the extension of the assignments to higher J and K values in the hot bands 2ν6±2 − ν6±1
and 2ν60 − ν6∓1 (allowed and perturbation-allowed transitions);
iii) specification of the theoretical model, including higher-order Coriolis interactions between the v5 =1 and v6 =2 levels.
Results of this study are used in a preliminary investigation of the ν3 + ν5 band with an
analogous scheme of interactions with the neighbor vibrational levels.
a

P. Pracna, K. Sarka, J. Demaison, J. Cosléou, F. Herlemont, M. Khelkhal, H. Fichoux, D.
Papoušek, M. Paplewski and H. Bürger, J. Mol. Spectrosc. 184 (1997) 93-105.
b
P. Pracna, A. Ceausu-Velcescu and H. Bürger, J. Mol. Spectrosc. 250 (2008) 59-69.
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DETERMINATION
OF
NUCLEAR
SPIN-ROTATION
COUPLING CONSTANTS IN CF3 I BY CHIRPED-PULSE FOURIERTRANSFORM MICROWAVE SPECTROSCOPY
NICHOLAS R. WALKER and SUSANNA L. STEPHENS,
School of Chemistry, University of Bristol, Bristol, BS8 1TS, U.K..
The rotational spectrum of CF3 I in the ground vibrational state has been re-measured
using a chirped-pulse, Fourier transform microwave spectrometer recently constructed
at the University of Bristol. The new spectrometer provides the capability to acquire
broadband rotational spectra throughout an operational frequency range of 7 to 18 GHz.
0 →J 00 bands have
The frequencies of ninety-nine F10 →F100 transitions in three distinct JK
K
been recorded during an experiment which required only a couple of hours of data collection. Many of these transitions have additionally been re-measured using a Balle-Flygare,
Fourier transform microwave spectrometer. Fitting the data to the Hamiltonian for a
C3v prolate, symmetric top has allowed the determination of new spectroscopic parameters. The rotational constant, B0 , and nuclear quadrupole coupling constant, χaa (I), are
consistent with the results provided in earlier works. The nuclear magnetic spin-rotation
constants, Cperp. (I) and Cperp. (F), have been independently determined for the first time.
These parameters are evaluated as 6.92(5) kHz and 2.37(11) kHz respectively. A technical
description of the new CP-FTMW instrument is presented.
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MICROWAVE AND HIGH-RESOLUTION INFRARED STUDIES OF
CHBrF2 : THE GROUND AND v 4 = 1 STATES
P. STOPPA, A. PIETROPOLLI CHARMET, N. TASINATO,
A. BALDACCI, A. BALDAN, S. GIORGIANNI, Dipartimento
di Chimica Fisica, Università Ca’ Foscari Venezia, Calle Larga Santa
Marta, 2137, Venezia, Italy; G. CAZZOLI, C. PUZZARINI, Dipartimento di Chimica ”G. Ciamician”, Università di Bologna, Via Selmi 2,
Bologna, Italy; R. WUGT LARSEN, Department of Chemistry, University of Copenhagen, Universitetsparken 5, Copenhagen, Denmark; S.
STOPKOWICZ, J. GAUSS, Institut für Physikalische Chemie, Universität Mainz, D-55099 Mainz, Germany.
A detailed spectroscopic investigation on bromodifluoromethane (CHBrF2 , Halon 1201)
is of considerable interest in view of its suggested variety of applications. Due to its
shorter atmospheric lifetime and good fire-suppression properties, it has been proposed as
a suitable interim replacement to fully halogenated halons. Besides, it has been highlighted
as one of the most efficient working molecules in the context of practical 13 C enrichment
by infrared multiphoton dissociation (IRMPD).
In this work we report the results of the combined microwave (MW) and infrared (FTIR)
studies of CHBrF2 .
The ground-state rotational spectra of both bromine isotopologues have been investigated
in the millimeter-/submillimeter-wave frequency region (70–400 GHz, with an accuracy of
15 kHz). Accurate spectroscopic constants (up to sextic cetrifugal-distortion constants)
and the full quadrupole coupling tensor have been determined. Furthermore, the Lambdip technique has been exploited to resolve the hyperfine structure of the spectra (with an
accuracy of 2 kHz on the retrieved frequencies), thus allowing the experimental determination of the spin-rotation constants. The spectra assignment and the fitting procedures have
been supported by high-level quantum-chemical calculations of the parameters involved.
Concerning the bromine quadrupole-coupling tensor, relativistic corrections turned out to
be essential for reliable predictions and those are available with sufficient accuracy from a
second-order direct perturbation theory (DPT2) treatment.
The high-resolution infrared spectrum (0.0015 cm−1 ) of the isotopically enriched
CH79 BrF2 sample (purity > 95%) has been recorded in the range 695-735 cm−1 by means
of FTIR spectroscopy employing the highly brilliant synchrotron radiation source provided by the MAX-I electron storage ring at MAX-Lab, Lund University (Sweden). The
spectral region investigated is characterized by the absorption of the ν4 fundamental,
approximately corresponding to the HCBr deformation mode, which gives rise to an A/C hybrid band. Despite the presence of a single bromine isotopologue, the IR spectrum is
very dense due to the small values of the rotational constants and the hot band features.
More than 4200 transitions with J≤ 98 and Ka ≤ 22 have been assigned to provide accurate rovibrational constants of the v 4 = 1 state using Watson’s A-reduced Hamiltonian
in the Ir -representation. The obtained parameters are very close to those of the ground
state thus indicating that ν4 is most likely unaffected by perturbations.
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ROTATIONAL, HYPERFINE AND MOLECULAR PARAMETERS OF
FLUOROIODOMETHANE: MICROWAVE FOURIER-TRANSFORM
SPECTROSCOPY, LAMB-DIP MEASUREMENTS AND QUANTUMCHEMICAL CALCULATIONS
CRISTINA PUZZARINI, GABRIELE CAZZOLI, Dipartimento
di Chimica “G. Ciamician”, Università di Bologna, Via Selmi 2,
I-40126 Bologna, Italy; JUAN CARLOS LÓPEZ, JOSÉ LUIS
ALONSO, Departamento de Química Física y Química Inorgánica,
Facultad de Ciencias, Universidad de Valladolid, E-47005, Valladolid, Spain; AGOSTINO BALDACCI, ALESSANDRO BALDAN, Dipartimento di Chimica Fisica, Università Ca’ Foscari Venezia,
D.D. 2137, I-30123 Venezia, Italy; STELLA STOPKOWICZ,
JÜRGEN GAUSS, Institut für Physikalische Chemie, Universität
Mainz, D-55099 Mainz, Germany.
The rotational spectrum of fluoroiodomethane has been investigated for the first time allowing us to provide accurate results for the rotational and centrifugal-distortion constants
as well as the hyperfine parameters.
To predict the rotational spectrum of fluoroiodomethane and to guide the investigation
of its hyperfine parameters, high-level quantum-chemical calculations (at the CCSD(T)
level) of the corresponding information required have been carried out. They are: equilibrium rotational constants and corresponding vibrational corrections, quartic centrifugaldistortion constants, iodine quadrupole-coupling and spin-rotation constants, and dipole
moment components (for intensity and type of observable transitions). Relativistic effects
have been taken into account by using effective core potentials for iodine in the case of the
equilibrium geometry and the required force fields and by means of second-order direct
perturbation theory (DPT2) in the case of the quadrupole coupling constants.
Experimentally, the sample has been synthesized on the basis of a two-step reaction:
CH2 FCO2 Na(aq) + AgNO3 (aq) → CH2 FCO2 Ag(s) + NaNO3 (aq)
CH2 FCO2 Ag + I2 → CH2 FI + AgI + CO2
The rotational spectrum has been recorded employing a millimeter-/submillmeter-wave
spectrometer as well as a Balle-Flygare Fourier Transform microwave spectrometer. Both
type of measurements (the former by means of the Lamb-dip technique) allowed to resolve
the hyperfine structure of the spectra. Stark-effect measurements have been carried out
in order to determine the molecular dipole moment components using a Stark modulation
microwave spectrometer.
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HIGH-RESOLUTION FAR-INFRARED EMISSION SPECTROSCOPY
OF ROVIBRATIONALLY EXCITED GAS PHASE H2 O MOLECULE
AND NH2 RADICAL
O. PIRALIa ,
D.
BALCONa ,
and
M.-A. MARTINa ,
M. VERVLOET, Synchrotron SOLEIL, L’Orme des Merisiers
Saint-Aubin, 91192 Gif-sur-Yvette, France; L.H. COUDERT, Laboratoire Inter-Universitaire des Systèmes Atmosphériques, CNRS, 61
Avenue du Général de Gaulle, 94010, Créteil Cedex, France.
The high resolution emission spectrum of the water H2 O has been recorded between 50
and 600 cm−1 using the Bruker IFS 125HR Fourier transform interferometer connected
to the far infrared AILES beamline at SOLEIL. An electrodless radio-frequency discharge
excited a continuous flow of 10 mbar of H2 O vapour. The accuracy of the line position is
better than 5.10−4 cm−1 . Pure rotational transitions as well as rovibrational transitions
were identified, and assigned up to J=35, in all vibrational states up to the first hexade
[(120) (021) (040) (101) (200) and (002)] where about 1000 pure rotational lines were
assigned for the first time. The new data, along with a large body of high-resolution data,
was fitted using the bending-rotation theoretical approach to compute line positions. In
a preliminary analysis, the wavenumbers of 4185 new transitions involving all vibrational
states up to the first triad were accounted for up to J = 27 with a root mean square value
of 0.87 × 10−3 cm−1 . Work is still in progress and we are hoping to account for the new
data up to the second triad and beyond. In the paper, the new data will be presented and
the results of the line position analysis will be given.
The same technique has been used to record the far infrared emission spectrum of NH2 .
Preliminary analysis of transitions within the (000) and (010) states will be presented.
The major limitation of emission spectroscopy in the FIR is the low probability of spontaneous emission (cubic dependance of the Einstein coefficiency of spontaneous emission
A). Thus the discharge experimental setup will be adapted for absorption spectroscopy
in order to use the bright FIR synchrotron continuum source extracted by the AILES
beamline at SOLEIL.
a

ISMO, CNRS, Université Paris-Sud, 91405 Orsay Cedex, France
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NEAR INFRARED SPECTROSCOPY OF LiNH3
N. M. TONGE, N. BHALLA, L. VARRIALE and A. M. ELLIS,
Department of Chemistry, University of Leicester, Leicester, LE1 7RH,
United Kingdom.
Solutions of lithium in liquid ammonia are a well known source of solvated electrons.
However, the composition of these solutions is now thought to be unexpectedly complex
with the solution being composed of a number of different structural entities - our current
understanding of these unusual solutions is hampered by this complexity. By investigating
species in the gas phase which are thought to be present in a lithium-ammonia solution
we aim to add to the understanding of these solutions. The simplest lithium-ammonia
cluster is LiNH3 and in this work we present the first electronic spectrum of this cluster.
e 2 A1 transition and shows surprisingly complex
The spectrum is assigned to the Ae2 E - X
vibrational structure given the nominal simplicity of LiNH3 . To explain certain aspects of
the spectrum we need to invoke vibronic coupling -the principal vibronic coupling mechanism in operation for this molecule appears to be Herzberg-Teller intensity stealing rather
than Jahn-Teller coupling.
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HOT BANDS OF THE SiCN Ã 2 ∆ – X̃ 2 Π SYSTEM
Masaru Fukushima and Takashi Ishiwata, Faculty of Information
Sciences, Hiroshima City University, Hiroshima 731-3194, Japan.
We have generated SiCN in the supersonic free jet expansion, and observed the laser
induced fluorescence ( LIF ) of the Ã 2 ∆ – X̃ 2 Π transitiona . On this paper, we present
analyses of two hot band systems of the species, Ã (011 0) 2 Π – X̃ (011 0) 2 Σ(+) and Ã (011 0)
2 Φ – X̃ (011 0) 2 ∆. We have measured the rotationally resolved LIF excitation spectra of
the vibronic bands, and the dispersed fluorescence spectra from the single vibronic levels,
(011 0) 2 Π1/2 and 2 Φ5/2 , of the Ã 2 ∆ state. The rotational structures of the two systems
have been reasonably analyzed. For the 2 Π – 2 Σ(+) system, we discuss the transition
intensity distribution of the sub-bands. The bending vibronic structures and the RennerTeller parameters of the X̃ 2 Π and Ã 2 ∆ states are also discussed including the results of
the present analyses in our previous information.
a

M. Fukushima and T. Ishiwata, 60th International Symposium on Molecular Spectroscopy,
TC02 (2005).
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C. LEMARCHAND, M. TRIKI, B. DARQUIE, A. AMY-KLEIN, C.
CHARDONNET, C. J. BORDE, AND C. DAUSSY, Laboratoire de
Physique des Lasers, CNRS-Université Paris 13, 93430 Villetaneuse,
France ; S. BRIAUDEAU, Laboratoire commun de métrologie, LNECNAM, 93210 La Plaine Saint-Denis, France.
We report on the last experimental and theoretical results obtained at Laboratoire de
Physique des Lasers with our experiment dedicated to the determination of the Boltzmann
constant kB by laser spectroscopy. This is achieved by recording the linear absorption line of
ammonia at low-pressure. The Doppler broadening and the temperature of the gas have to
be measured simultaneously at a few ppm. The absorption cell is placed inside a large
thermostat filled with an ice-water mixture. The stability and the homogeneity of the
molecular gas temperature around 273.15 K is better than 550 μK (2 ppm). The high
accuracy spectrometer developed in our group for decades is used in a specific optical setup to record an isolated absorption line of 14NH3. The spectrometer is based on a CO2 laser
and operates between 800 and 1300 cm-1. We chose to focus on the ν2 (inversion mode)
saQ(6,3) rovibrational line of 14NH3 at 965.79 cm-1. The CO2 laser emits on its R(6) line at
966.25 cm-1 and is frequency stabilized on the R(23) A11(-) saturated absorption line of OsO4,
resulting in a spectral line width smaller than 10 Hz (3x10-10 cm-1). The ammonia absorption
line is recorded using a side-band generated by an electro-optic modulator. The gas fills an
absorption cell which can be used either in single or multiple pass configuration (resp. 37 cm
and 3.5 m, pressure ranging from 0.1 to 10 Pa). The linear absorption spectra (100 MHz
FWHM) are recorded over 250 MHz (8.3x10-3 cm-1) for various pressures. A recent
improvement of the experimental setup also enables to record the hyperfine structure of the
line over 1.5 MHz by saturated absorption. We observe ΔF = 0 main components, ΔF = 1
transitions and Doppler-generated level crossings, in very good agreement with theoretical
predictions. The detailed study of linear absorption line shape includes many physical
effects, some of them being negligible in our experiment1. An analysis which takes into
account pressure broadening, hyperfine structure, saturation of the molecular transition,
transit time broadening, Lamb-Dicke-Mossbauer (LMD) narrowing, etc, leads to a
determination of the Doppler broadening, proportional to (kBT)1/2, and thus to kB. After several
years of improvement1,2, we are now able to measure the Doppler width of the saQ(6,3)
rovibrational line of 14NH3 at 273.15 K with a statistical uncertainty of 4.5 ppm. This results
from 70h of acquisition corresponding to 7000 spectra with pressures ranging from 0.1 to 2.5
Pa, that we fitted with a Galatry profile. It is very appealing for the metrological application of
this work, since this measurement is the first direct determination of the Boltzmann constant
by laser spectroscopy which will take part in the current discussion on fixing the value of the
Boltzmann constant in order to redefine the temperature scale.
1. C. J. Bordé, C. R. Physique, 10, 866-882 (2009).
2. C. Daussy et al., Phys. Rev. Lett, 98, 250801 (2007).
3. K. Djerroud et al., C. R. Physique, 10, 883-893 (2009).

