HITEMP, THE HIGH-TEMPERATURE MOLECULAR SPECTROSCOPIC DATABASE
L. S. ROTHMAN, I. E. GORDON, Harvard-Smithsonian Center
for Astrophysics, Atomic and Molecular Physics Division, Cambridge
MA 02318, USA; R. J. BARBER, J. TENNYSON, Department
of Physics and Astronomy, University College London, London WC1E
6BT, UK; V. I. PEREVALOV, S. A. TASHKUN, Institute of Atmospheric Optics, Siberian Branch, Russian Academy of Sciences, Tomsk
634055, RUSSIA; A. GOLDMAN, University of Denver, Department
of Physics, Denver CO 80208, USA; R. G. GAMACHE, University
of Massachusetts School of Marine Sciences, Dept. of Environmental, Earth, and Atmospheric Sciences, Lowell MA 01854-05045, USA;
H. DOTHE, Spectral Sciences, Inc., Burlington MA 01803, USA.
A new molecular spectroscopic database for high-temperature modeling of the spectra
of molecules in the gas phase is described. This database, called HITEMP a , is analogous to the HITRAN database but encompasses many more bands and transitions than
HITRAN for the absorbers H2 O, CO2 , CO, NO, and OH. HITEMP provides users with
a powerful tool for a great many applications: astrophysics, planetary and stellar atmospheres, industrial processes, surveillance, non-local thermodynamic equilibrium problems,
and investigating molecular interactions, to name a few. The main sources of HITEMP
parameters are described. Some examples of the simulations that are enabled by HITEMP
are presented.
We acknowledge the support of NASA through the Earth Observing System (EOS) program under the grant NAG5-13534 and the Planetary Atmospheres program under grant
NNX10AB94G.
a
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Estimating line shape parameters for H2 O transitions on the HITEMP
database
ROBERT R. GAMACHE, University of Massachusetts School of
Marine Sciences and Department of Environmental, Earth, and Atmospheric Sciences, One University Avenue,University of Massachusetts
Lowell, Lowell, MA 01854-5045,USA; LAURENCE S. ROTHMAN,
IOULI E. GORDON, Harvard-Smithsonian Center for Astrophysics,
Atomic and Molecular Physics Division,Cambridge MA, USA.
The HITEMP databasea provides molecular spectroscopic parameters for hightemperature modeling of the spectra of molecules in the gas phase. Currently there are
5 molecular species on the database; H2 O, CO2 , CO, NO, OH. For H2 O there are now
transitions that have rotational quantum numbers up to J=50 and many transitions where
the vibrational quantum numbers and prolate and oblate limit pseudo-quantum numbers
(Ka and Kc ) are not known. Line shape parameters are not available for most of these
transitions. We have developed a method to determine these line shape parameters for
the 3 most abundant isotopologues of water based on the Semi-empirical approach of
Jacquemart it et al.b and an algorithm that estimates the number of vibrational quanta
exchanged in the transition. Thus, vibrational dependence of the line shape parameters,
which has been found to be important for H2 Oc , is taken into account for many transitions.
When the parameters are not available from this new algorithm, average half-widhts as
a function of J” are determined from a polynomial fit of validated calculated data. The
results of the new algorithm and the J-averaged half-widths are compared with the values
found on the 2008 version of the HITRAN database.
a

L.S. Rothman, I.E. Gordon, R.J. Barber, H. Dothe, R.R. Gamache, A. Goldman, V.I.
Perevalov, S.A. Tashkun, J. Tennyson J. Quant. Spectrosc. Radiat. Transf., in press, 2010
b
David Jacquemart, Robert Gamache, Laurence S. Rothman, J. Quant. Spectrosc. Radiat.
Transf. 96, 205-239, 2005.
c
Robert. R. Gamache and Jean-Michel Hartmann, J. Quant. Spectrosc. Radiat. Transf. 83,
119-147, 2004.
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OLEG ASEEV, MAXIM GRECHKO, THOMAS R. RIZZO,
OLEG V. BOYARKIN, EPFL SB ISIC LCMP (Bâtiment CH) Station 6 CH-1015 Lausanne.
Water is one of the most abundant molecules in the universe. Small number of electrons
and small mass of H2 O makes this molecule a benchmark triatomic for high-level quantummechanical calculations.
Simulation of water absorption spectra in gas phase requires knowledge of both, energy
levels and matrix elements of transition dipole moments. Recently rovibrational levels of
water up to (and above) the lowest dissociation threshold D0 have been measured using
double/triple-resonance spectroscopya,b . However there are only limited data for dipole
moment surface for high vibrational levels.
We use quantum beat spectroscopy to measure Stark coefficients of vibrationally highly
excited levels of water. Calculation of these coefficients requires knowledge of an accurate
potential energy surface (PES) and a dipole moment surface. Regarding the recently
developed and validated accurate ab initio PESb , our results may serve to access the
accuracy of available dipole moment surfaces and, perhaps to improve them. Here we
present Stark coefficients for vibrational excited states of H2 O with 13, 15, 16 quanta of
the O-H stretch vibration with rotational quantum number J=2.
a

M. Grechko, P. Maksyutenko, N. F. Zobov, S. V. Shirin, O. L. Polyansky, T. R. Rizzo, and
O. V. Boyarkin J. Phys. Chem. A 112 (2008) 10539.
b
M. Grechko, O. V. Boyarkin, Thomas R. Rizzo, Pavlo Maksyutenko, Nikolay F. Zobov,
Sergei V. Shirin, Lorenzo Lodi, Jonathan Tennyson, Attila G. Császár and Oleg L. Polyansky
J. Chem. Phys 131 (2009) 221105.
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NUCLEAR SPIN CONVERSION IN WATER : THEORETICAL CALCULATION AND FIRST EXPERIMENTAL ATTEMPT TO MEASURE ORTHO/PARA RATIO
P. CACCIANI M. KHELKHAL , and J. COSLÉOU, Laboratoire de Physique des Lasers, Atomes et Molécules, UMR CNRS
8523,CERLA, Centre d’études et de Recherches Lasers et Applications, Université Lille 1, 59655 Villeneuve d’Ascq Cedex, France ;
L. ABOUAF-MARGUIN, J.H. FILLION, X. MICHAUT, Laboratoire de Physique Moléculaire pour l’Atmosphère et l’Astrophysique,UMR
CNRS 7092, 4 place Jussieu, 75252 Paris cedex 5; C. PARDANAUD,
Laboratoire de Physique des Interactions Ioniques et Moléculaires, Case
232, av. de l’Escadrille Normandie-Niemen, 13397 Marseille cedex 20.
Water molecule exists in two different nuclear spin isomers: ortho (I=1) and para (I=0).
Recent experiment has performed nuclear spin conversion measurements in gas phase
(V. I. Tikhonov, A. A. Volkov, Science, 296, 2363 (2002)). We have calculated the conversion rates in the framework of the Quantum Relaxation Model. This model shows that
nuclear spin conversion is governed by intramolecular spin-rotation magnetic interactions
and by collisions. Interactions couple energetically closed ortho-para level pairs and this
mixing is interrupted by a collision that makes the molecule leave the mixed state and
puts it in a pure state, ortho or para, with a non zero probability for both modifications.
Calculations have been performed considering the symmetry of the molecule, the spin
rotation tensor and the identification of ortho and para interacting levels.
The result is compared to experimental values for gas sample and also to experiment of
spin conversion in rare gas matrices where the intramolecular interaction is supposed to
be dominant in case of highly diluted sample.
Experimentally, at PhLAM laboratory, we have developped an off-axis cavity enhanced
absorption set-up and started to derive sensitive detection of the ratio between the intensities of a para/ortho transitions. This first result shows small discrepancies towards
HITRAN database. An exemple of such spectra is given below.
This project is supported by the French National Agency for Research (ANR) under the
contract number ANR-09-BLAN-0066-01.
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ORTHO-PARA MIXING INTERACTION AND FAST ORTHO-PARA
CONVERSION RATE IN THE VINYL RADICAL
KEIICHI TANAKA, MASATO HAYASHI, MITSUHIKO OHTSUKI, KENSUKE HARADA, and TAKEHIKO TANAKA, Department of Chemistry, Faculty of Science, Kyushu University, Hakozaki,
Higashiku, Fukuoka 812-8581, Japan.
Ortho-para mixing interaction due to the coupling of nuclear and electron spins was
detected for the first time by millimeter-wave spectroscopy of deuterated vinyl radicals, H2 CCD and D2 CCD. Their ground states are split by the tunneling motion of
the α deuteron into two components 0+ and 0− , whose separations have been determined to be ∆E0 = 1186.644(16) and 771.978(18) MHz, respectively, as well as that
for H2 CCH 16271.8429(59) MHz. a The observed tunneling-rotation spectra are significantly perturbed by the othro-para mixing interaction expressed by h0± |H 0 |0∓ i =
(β)
(δaF /2)S · (I β1 − I β2 ), where I β1 and I β2 are spins of the two hydrogen nuclei in the
β position and S is the electron spin, which connects rotational levels in the 0+ and 0−
(β)
states, one being an ortho level and the other a para level. The δaF constants for H2 CCD
and D2 CCD have been determined to be 68.06(53) and 10.63(94) MHz, respectively, and
the othro and para states are mixed by about 0.097% and 0.0123% due to this interaction.
b

The rate constant of para to ortho (Iβ = 0 → 1) collision induced conversion is predicted
to be 1.2 × 105 s−1 torr−1 for H2 CCD, or the limetime τ to be 8.3 µsec when the gas
pressure P is 1 Torr. The constant suggests extremely rapid mutual conversion between
ortho and para nuclear spin isomers of H2 CCD, which is 106 ∼ 109 times faster compared
with that in closed shell molecules such as H2 CO and H2 CCH2 . c
a

K. Tanaka, M. Toshimitsu, K. Harada, T. Tanaka, J. Chem. Phys. 120, 3604 (2004).
K. Tanaka, M. Hayashi, M. Ohtsuki, K. Harada, T. Tanaka, J. Chem. Phys. 131, 111101
(2009).
c
K. Tanaka, M. Hayashi, M. Ohtsuki, K. Harada, T. Tanaka, Mol. Phys. in press, (2010).
b
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RESONATOR SPECTROMETER FOR PRECISE STUDY OF ATMOSPHERIC LINES AND CONTINUUM
M.Yu. Tretyakov, A.F. Krupnov, M.A. Koshelev, D.S.
Makarov, E.A. Serov and V.V. Parshin, Institute of Applied
Physics, Russian Academy of Sciences, 46 Uljanova str., Nizhniy Novgorod, 603600, Russia, http://www.mwl.sci-nnov.ru.
An instrument and methods for measurement of spectral parameters of discrete atmospheric lines and water related continuum absorption in the millimeter/ submillimiter wave
range is described. The instrument is based on a measurement of a Fabry-Perot resonance
response width by use of a fast phase continuous scanning of a frequency-synthesized radiation approach. The instrument allows measurement of gas absorption at the cavity
eigen-frequencies ranging from 45 to 370 GHz with the highest to date absorption variation sensitivity of 4·10−9 cm−1 . Use of module of two rigidly bounded maximally identical
resonators but differing in length by exactly factor of two allows accurate separation of
studied gas absorption and the spectrometer baseline, in particular, the absorption by
water adsorbed on the resonator elements. The module is placed in a chamber whose
temperature can be controlled between -30 and +60 0 C that permits investigation of temperature dependences of absorptions. We show that the accuracy of our measurements
satisfies modern demands for atmospheric remote sensing data retrieval. Examples of
studies of water and oxygen spectral line parameters as well as continuum absorption in
wet nitrogen are given. Possibility of the spectrometer use for the water dimer spectrum
observation at equilibrium conditions in millimiter wave range is discussed.
The work is supported in part by Russian Fund for Basic Researches.
[1] M.Yu. Tretyakov, A.F. Krupnov, M.A. Koshelev, D.S. Makarov, E.A. Serov, and V.V.
Parshin, Rev. of Scientific Instrum., 80(9) (2009) 093106-1-10.
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HIGH TEMPERATURE EMISSION SPECTRUM OF CO2 IN THE
2700-3786 CM−1 RANGE
Y.G. BORKOV, S.A. TASHKUN, V.I. PEREVALOV, V.E. Zuev
Institute of Atmospheric Optics, Siberian Branch, Russian Academy of
Sciences, Academician Zuev Place 1, 634021 Tomsk, Russia; J.P. HOFMANN, G.CH. MELLAU, Physikalisch-Chemisches-Institut, JustusLiebig-Universität Giessen, Heinrich-Buff-Ring 58, D-35392 Giessen,
Germany.
The spectroscopy of the highly excited rovibrational states of triatomic molecules using
hot gas molecular emission (HOTGAME) spectroscopy is one of the basic research fields
of the spectroscopic laboratory at the Justus Liebig University Giessen. With the emission
apparatus, designed in Giessen, highly excited states of H2 Oa , HCNb and HNCc isotopologues have been succesfully measured and analyzed. These results allow now to simulate
high temperature sources containing these molecules. Actually we have continued this
work with the HOTGAME spectroscopy of the CO2 molecule in the 390-5500 cm−1 range.
The sensitivity of the HOTGAME spectra can be improved by increasing the temperature
or the pressure of the hot gas. When increasing temperature or pressure the emission
spectra become very dense. To support the analysis different spectra have been recorded
at lower (1530 K) and higher (1930 K) temperature. Four different pressures of 0.5, 1,
8 and 10 Torr have been used to record the spectra with the Bruker IFS 120HR High
Resolution Fourier Transform Spectrometer. The spectral resolution varied from 0.002
cm−1 to 0.0135 cm−1 for different series of measurements. The recorded spectra are very
dense and contain not only emission lines but also many emission lines with a strong
self-absorption component. Water lines are also present in the spectra.
This work reports the analysis of the spectra recorded in the 2700-3786 cm−1 range. The
SyMathTMb,d spectrum analysis software was used to deconvolute the dense emission spectrum and determine the line parameters. SyMath allows the modeling of the superposition
of any number of lineshape functions. In the analysis of the CO2 spectrum the superposition of emission lines, absorption lines and emission lines with self-absorption have been
fitted to the measured spectrum.
For the spectrum recorded in the 2700-3786 cm−1 range the parameters of about 22400
lines have been determined. The line assignment has been performed using predicted
line parameters from the high temperature version of the Carbon Dioxide Spectroscopic
Databank CDSD-2008e . About 11400 transitions from 22400 measured lines have been
assigned. More than 100 hot CO2 bands have been observed and described for the first
time.
a

G. Ch. Mellau et al., Rotational levels of the (000) and (010) states of D16
2 O from hot
emission spectra in the 320-860 cm−1 region, J. Mol. Spectrosc., 224, 32-60, (2004).
b
G. Ch. Mellau et al., Near infrared emission spectrum of HCN, J. Mol. Spectrosc., 249,
23-42, (2008).
c
G. Ch. Mellau, Complete experimental rovibrational eigenenergies of HNC up to 3743 cm−1
above the ground state, submitted to J. Chem. Phys., (2010).
d
http://www.symath.com/
e
ftp://ftp.iao.ru/pub/CDSD-2008/
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ANALYSIS OF HIGHLY EXCITED VIBRATIONAL-ROTATIONAL
STATES OF CO2 IN TERMS OF CLASSICAL RELATIVE EQUILIBRIA
Horace Crogman and Bumgyunmiga Choi , La Sierra University,
Riverside CA, USA; Vincent Boudon, , Institut Carnot de Bourgogne (ICB) 9, Avenue Alain Savary B.P. 47 870F-21078 DIJON Cedex
FRANCE; Dmitrii Sadovskii, Universit du Littoral, MREID, LPCA
UMR CNRS 8101 189a av. Maurice Schumann, 59140 Dunkirk, France.
Using relative equilibria (RE) for the basic description of highly excited vibrational and
rovibrational states is making its way into mainstream spectroscopic studies. A few vibrational RE constitute a ”skeleton” of vibrational polyads which may include many individual states. Furthermore, stable RE appear directly in specific spectroscopic observations
as most prominent single-photon transitions which involve several vibrational quanta.
Such transitions become both more accessible due to the advancements in experimental
techniques and increasingly important in applications. Thus they are our only source of
information on the methane component of the atmospheres of jovial planets, while similar
transitions in CO2 are used extensively in combustion and terrestrial atmospheric studies. The most familiar example is that of so-called local modes. In the past decade, the
theory of finding and analyzing vibrational-roatational RE have been developed with our
participation. We propose to implement these techniques in the description of the above
spectral experimentsa .
a

H. Crogman, V. Boudon, and D.A. Sodovskii J. Eurs. Phys. 42, 61–72 (2007);
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The 2010 Version ofthe CO2 Line-mixing
and Extension

Database

and Software:

Update

ROBERT R. GAMACHE,
JULIEN
LAMOUROUX,
ANNE L. LARAIA, University of Massachusetts School of Marine Sciences, Department of Environmental, Earth, and Atmospheric
Sciences, One University Avenue, University of Massachusetts LoweU,
LoweU, MA 01854-5045,USA; HA TRAN, JEAN-MICHEL
HARTMANN, Université Paris 12, Lab. Interuniversitaire des Systèmes
Atrnosphériques, Créteil, FRANCE; LAURENCE S. ROTHMAN,
IOULI E. GORDON,
Harvard-Smithsonian Center for Astrophysics,Atomic and Molecular Physics Division,Cambridge MA, USA.
In a previous series of studies, a model and the databasejsoftwarea to calculate C02-air
absorption coefficients taking into account the effect of line-mixing was introduced and
tested. Here we present the update recent1y madeb to the database and the software. The
spectroscopic data were taken from the 2008 version of the IDTRAN databasé. When
needed transitions with J" up to 70, or to the Jmax of IDTRAN, were added whenever
possible using the CDSD-296d database, and the high-temperature CDSD-lQOOedatabase.
The extensions made within the new database by adding the air-induced pressure shifts,
the C02-H20 half-widths and their temperature dependence, will also be described. The
quality of the new database is demonstrated by the agreement obtained between the
calculations and the laboratory spectra measurements in the 1.5-2.3JLmregion.
BF. Niro, K. Jucks, and J.-M. Hartmann, J. Quant. Spectrosc. Radiat. Transf 95, 116-127
(2005)
bJ. Lamouroux, H. Tran, A. L. Laraia, R. R. Gamache, L. S. Rothman, 1. E. Gordon, and
J.-M. Hartmann, J. Quant. Spectrosc. Radiat. Transf., in press (2010)
cL. .S. Rothman, 1. E. Gordon, A. Barbe, D. C. Benner, et al., J. Quant. Spectrosc. Radiat.
Transf 110, 533-572(2009)
dS. A. Tashkun, V. J. Pcrevalov, J. L. Tcffo. In: Agnès Perrin, Najate Ben Sari-Zizi,Jean Demaison, editors. 161-169(2006), in Rcmotc Sensingof the Atmosphere for Environmcntal Security,
Springcr, Netherlands. (The 2008 updatcd version was used, available at: ftp.iao.ru/pub/CDSD2008/296.)
eS. A. Tashkun, V. I. Perevaiov, J.-L. Teffo, A. D. Bykov, and N. N. Lavrentieva, J. Quant.
Spectrosc. Radiat. Transf 82, 165-96(2003) (The 2008 updated version was uscd, available at:
ftp.iao.ru/pub/CDSD-2008/1000).
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NEW ABSORPTION BANDS OF CARBON DIOXIDE ISOTOPOLOGUES IN VENUS SPECTRA
S. ROBERT, R. DRUMMOND, A. MAHIEUX, V. WILQUET,
A.C. VANDAELE, Belgian Institute for Space Aeronomy, 3 Ave Circulaire, 1180 Brussels, Belgium; J. VANDER AUWERA, Université
Libre de Bruxelles, 50 Ave F.D. Roosevelt, CP 160/09, 1050 Brussels,
Belgium; YU. BORKOV, V.I. PEREVALOV, S.A. TASHKUN,
V.E. Zuev Institute of Atmospheric Optics SB RAS, 1, Academician
Zuev square, Tomsk 634021, Russia; and J.-L. BERTAUX, Service
d’Aéronomie du CNRS, Verrières-le-Buisson, France; IPSL, Université
UVSQ, 78280 Guyancourt, France.
The set of spectra recorded by the SOIR instrument on board Venus Express are carefully
studied from a spectroscopical point of view. The SOIR instrument combines an echelle
spectrometer and an Acousto-Optical Tunable Filter for order selection. It performs solar
occultation measurements in the IR region (2.2 - 4.3 µm) at a resolution of 0.12 – 0.18
cm−1 . The wavelength range probed by SOIR allows a detailed chemical inventory of the
Venus atmosphere above the cloud layer (65 to 150 km) to be made with emphasis on the
vertical distribution of gases.
The sensitivity of the SOIR instrument and the high concentration of CO2 on Venus,
coupled with the long absorption paths sounded during solar occultations, enable us to
detect weak absorption bands of rare CO2 isotopologues.
A systematic study of the recorded spectra is ongoing and preliminary results will be
discussed. The extensive analysis of several new absorption bands of carbon dioxide isotopologues will be presented.

Presentation mode: poster

NEW OBSERVATIONS AND SPECTROSCOPIC STUDIES OF THE
(A1 Π → X 1 Σ+ ) SYSTEM BANDS IN 12 C 16 O MOLECULE
R. KȨPA, M. OSTROWSKA–KOPEĆ AND I. PIOTROWSKA,
Atomic and Molecular Physics Laboratory, Institute of Physics, University of Rzeszów, 35–310 Rzeszów, Poland.
In the spectrum of the 12 C 16 O molecule fifteen bands of the fourth – positive (A1 Π →
X 1 Σ+ ) band system with v 0 = 7 − 14 and v 00 = 16 − 22, 24, 26 were observed under high
resolution by conventional, photographic spectroscopy and studied. Five of them (7 − 19,
10 − 22, 11 − 21, 11 − 22 and 14 − 26) were recorded and analyzed for the first time. For
the 11 − 22 band only the position of the band head has already been knowna . Four bands
(7−17, 8−18, 8−19 and 9−20) were subjected to a thorough reanalysis, as they were only
mentioned by Schmid and Geröb . For the remaining part of bands, analyzed earlier by Gerö
under low resolution, new modern analysis was performed. Especially, the recording of
14 − 26 band, neither earlier observed nor presented by Pearse and Gaydonc , extended the
range of the A1 Π → X 1 Σ+ transition analyses. Moreover, as a part of the present work,
the perturbations of eight A1 Π v = 7 − 14 vibrational levels were identified and confronted
with those predicted from theoretical calculations. As a result the spectroscopic knowledge
about the spectrum of fourth – positive band system and the perturbations of its upper
A1 Π state in 12 C 16 O was significantly enlarged.
a

R. S. Estey, Phys. Rev. 35, 309 (1930).
R. Schmid, L. Gerö, Z. Phys. 101, 343 (1936).
c
R. W. B. Pearse, A. G. Gaydon, ,,The Identification of Molecular Spectra”, Chapman and
Hall, London, 1984.
b
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NEW RECORDINGS AND ANALYSES OF THE (A1 Π → X 1 Σ+ ) SYSTEM IN 13 C 16 O ISOTOPIC MOLECULE
R. KȨPA, M. OSTROWSKA–KOPEĆ, I. PIOTROWSKA AND
R. HAKALLA, Atomic and Molecular Physics Laboratory, Institute of
Physics, University of Rzeszów, 35–310 Rzeszów, Poland.
The results of the recordings carried out under high resolution by conventional, photographic spectroscopy and modern spectroscopic analysis of twenty one bands with
v 0 = 5 − 13 and v 00 = 14 − 26 of the fourth – positive (A1 Π → X 1 Σ+ ) band system
are presented. The current investigations include much greater than until now a,b,c region
of the observed 13 C 16 O molecule spectrum. Seven bands were recorded and analyzed for
the first time. New transitions connected with not hitherto observed vibrational v 0 = 12
and 13 levels of A1 Π state are especially important. Furthermore, the region of perturbations observed in the upper state of the fourth – positive system were considerably
expanded. The observed perturbations were compared with those predicted from the
theoretical calculations.
a

S. G. Tilford and J. D. Simmons, J. Phys. Chem. Ref. Data 1, 147 (1972).
J. Domin, Acta Phys. Hung. 60, 43 (1986).
c
C. Haridass and K. P. Huber, ApJ 420, 433 (1994).
b
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OBSERVATIONS OF GREENHOUSE GASES WITH A FOURIER
TRANSFORM SPECTROMETER ONBOARD GOSAT AND VALIDATION OF GOSAT DATA
ISAMU MORINO,YUKI MIYAMOTOa , TOMOAKI TANAKA,
MAKOTO INOUE, YUKIO YOSHIDA, TATSUYA YOKOTA,
OSAMU UCHINO, National Institute for Environmental Studies
(NIES), 16-2 Onogawa, Tsukuba, Ibaraki 305-8506, Japan.
The Greenhouse gases Observing SATellite (GOSAT), launched on 23 January 2009, is
the world’s first satellite dedicated to measuring the concentrations of the two major
greenhouse gases, carbon dioxide (CO2 ) and methane (CH4 ), from space. The data
measured with the Thermal And Near-infrared Sensor for carbon Observation Fourier
Transform Spectrometer (TANSO-FTS) and the Cloud and Aerosol Imager (TANSOCAI) are processed into several types of data products. Column abundances of CO2 and
CH4 , Level 2 FTS SWIR (Shot-Wavelength InfraRed) data product are retrieved from
the Level 1B FTS SWIR spectral data. Validation of the Level 2 FTS data product
is critical since the data is used for generating the Level 3 FTS data product, global
distributions of column-averaged mixing ratio of CO2 and CH4 (XCO2 and XCH4 ), and
the Level 4 FTS data product, regional CO2 fluxes and three dimensional distribution of
CO2 calculated from the estimated fluxes. Yokota et al. reported the first preliminary
result observed with GOSAT TANSO-FTS SWIR 1 .
The reference data to be used for validating abundances are required to have uncertainties
of less than 1 % (0.3 % is desirable) for CO2 and 2 % for CH4 . Ground-based highresolution FTSs that measure direct solar light are known to have the highest precision
in observing column abundances of CO2 and CH4 . Data provided from TCCON (Total
Carbon Column Observing Network) and other FTSs (∼ 10 FTS sites) have been used
for the GOSAT data validation. The uncertainty of XCO2 and XCH4 associated with
the FTS measurement were determined to be ∼ 0.3 % 2 . Concentrations of CO2 and
CH4 measured by commercial airlines participating in the CONTRAIL (Comprehensive
Observation Network for Trace gases by AIrLiner) are also of great importance in
validating the Level 2 FTS data product. In the CONTRAIL project, vertical profiles of
CO2 concentrations are obtained during the take-off and landing periods at uncertainties
of ∼ 0.05 % 3 . These profiles are used to calculate XCO2 4 . The values of XCO2 derived
with the airborne observation data have uncertainty of approximately 0.3 %. This larger
uncertainty is resulted from the concentrations assumed at altitudes where the airborne
measurements were not taken. Airborne data prepared by NOAA and NIES also are
used. Total of ∼ 40 sites of aircraft data are utilized in the validation work.
Recent results of the observation by GOSAT TANSO-FTS and the validation activity
in which we compare the Level 2 FTS data product against the reference data provided
from TCCON, CONTRAIL, NOAA, and NIES will be presented.
————————————————–
a Present address: Department of Chemistry, Faculty of Science, Okayama University,
3-1-1 Tsushima-Naka, Okayama 700-8530, Japan.
1 T. Yokota et al. SOLA, 5, 160 (2009). 2 D. Wunch et al. submitted to Atmos. Meas.
Tech. Discuss. 3 T. Machida et al. J. Atmos. Ocean. Tech., 10, 1744 (2008). 4 M. Araki
et al. Atmos. Chem. Phys. Discuss., 10, 3401 (2010).
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THE ABSORPTION SPECTRUM OF METHANE BETWEEN 1.27 AND
1.71 µm BY HIGH SENSITIVITY CRDS AT 80 K AND 300 K: TEMPERATURE DEPENDENCE AND IMPORTANCE OF THE CH3 D CONTRIBUTION IN THE 1.58 µm TRANSPARENCY WINDOW
ALAIN CAMPARGUE, LE WANG, SAMIR KASSI, Laboratoire de
Spectrométrie Physique (associated with CNRS, UMR 5588), Université Joseph
Fourier de Grenoble, BP 87, 38402 Saint Martin d’Hères Cedex, France.
The high resolution absorption spectrum of methane has been recorded between 1.27 and 1.71 µm
by high sensitivity laser absorption spectroscopy at room temperature and at 80 K.
In the high absorbing regions surrounding the transparency window at 1.58 µm, the spectra at 80
K were obtained by differential absorption spectroscopy using a specifically designed cryogenic cell
and several tens DFB diode lasers a . This experimental approach provided a sufficient sensitivity
(αmin ∼ 10−6 cm−1 ) in the high energy part of the tetradecad (5850 - 6180 cm−1 ) a,b,c and in the
icosad region (6700 - 7700 cm−1 ) d,e,f .
In the 1.58 µm transparency window corresponding to the 6165 - 6750 cm−1 gap, a much higher
sensitivity was achieved by combining the CW-CRDS technique with the same cryogenic cell g .
The sensitivity achieved at 80 K and room temperature (αmin ∼ 3×10−10 cm−1 ) allowed measuring
line intensities as weak as 3 × 10−29 cm/molecule i.e. three orders of magnitude smaller than the
intensity cut off of the HITRAN line list of methane. Of importance for planetary applications, is
the observed important temperature variation of the transmission in the transparency window h .
A list of more than 28000 transitions with intensity ranging between 2 × 10−20 and 1 × 10−29
cm/molecule was constructed from the recordings at 296 and 80 K. The low energy values of the
transitions observed both at 80 K and at room temperature were systematically derived from the
variation of their line intensities a−i . The quality of the obtained empirical low energy values is
demonstrated by the marked propensity of the empirical low J values of CH4 to be close to integers.
The line lists associated to the low energy values allow accounting for most of the temperature
dependence of methane absorption between these two temperatures.
In the 1.58 µm transparency window, a number of CH3 D transitions were identified by comparison
with a spectrum of CH3 D recorded separately by Fourier Transform Spectroscopy. From simulations of the CH3 D and methane spectra at low resolution, the CH3 D isotopologue has be found
to contribute by up to 30% and 90% of the absorption in some spectral sections at 296 and 80 K,
respectively. In view of future applications, we point out the importance of taking into account
the variation of the CH3 D/CH4 relative abundance according to the studied absorption medium in
order to satisfactorily account for the methane transmission in the considered transparency window
h,i
.
a

S. Kassi, B. Gao, D. Romanini, A. Campargue, Phys. Chem. Chem. Phys. 10 (2008) 4410.
B. Gao, S. Kassi, A. Campargue, J. Mol. Spectrosc. 253 (2009) 55.
c
L. Wang, S. Kassi, A. Campargue, J. Quant. Spectrosc. Radiat. Transfer. 111 (2010) 1130.
d
E. Sciamma-O’Brien, S. Kassi, B. Gao, A. Campargue, J. Quant. Spectrosc. Radiat. Transfer. 110
(2009) 951.
e
A. Campargue, Le Wang, S. Kassi, M. Mas̆át, O. Votava, J. Quant. Spectrosc. Radiat. Transfer. 111
(2010) 1130.
f
O. Votava, M. Mas̆át,P. Pracna, S. Kassi, A. Campargue, Phys. Chem. Chem. Phys. 12 (2010) 3145.
g
S. Kassi, D. Romanini, A. Campargue, Chem. Phys. Lett. 477 (2009) 17.
h
L. Wang, S. Kassi, A. W. Liu, S. M. Hu, A. Campargue, J. Mol. Spectrosc. 261 (2010) 41-52
i
A. Campargue,
L. Wang,
A. W. Liu,
S. M. Hu,
S. Kassi,
Chem. Phys.
doi: 10.1016/j.chemphys.2010.05.011
b
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EMPIRICAL LOWER STATE ENERGIES OF
AT 1.66 µm FROM 296 AND 81 K SPECTRA

13

CH4 TRANSITIONS

O. M. LYULIN, Laboratory of Theoretical Spectroscopy, Institute of Atmospheric Optics, Siberian Branch, Russian Academy
of Sciences, 1, Akademicheskii av.,634055 Tomsk, Russia;
S. KASSI, A. CAMPARGUE, Laboratoire de Spectrométrie Physique
(associated with CNRS, UMR 5588), Université Joseph Fourier
de Grenoble, BP 87, 38402 Saint Martin d’Hères Cedex, France; K.
SUNG, L.R. BROWN, Jet Propulsion Laboratory, California Institute
of Technology, Mailstop 183-601, 4800 Oak Grove Drive, Pasadena, CA
91109, USA.
The high resolution absorption spectra of 13 CH4 were recorded at 81 K by differential
absorption spectroscopy using a cryogenic cell and a series of Distributed Feed Back (DFB)
diode lasers and at room temperature by Fourier transform spectroscopy. The investigated
spectral region corresponds to the high energy part of the 13 CH4 tetradecad dominated
by the 2ν 3 overtone near 5988 cm−1 . Empirical line lists were constructed containing,
respectively, 1629 13 CH4 transitions detected at 81 K (5852 - 6124 cm−1 ) and 3481 features
(including 85 lines of 12 CH4 ) measured at room temperature ( 5850 - 6150 cm−1 ); the
smallest measured intensities are about 3×10−26 and 4×10−25 cm/molecule at 81 K and
296 K, respectively.
The lower state energy values were derived for 1196 13 CH4 transitions from the variation
of the line intensities between 81 K and 296 K. These transitions represent 99.2% and
84.6% of the total absorbance in the region, at 81 K and 296 K respectively. Over four
hundred additional weak features were measured at 81 K could not be matched to lines
observed at room temperature. The quality of the resulting empirical low energy values
is demonstrated by the excellent agreement with the already-assigned transitions and the
clear propensity of the empirical low J values to be close to integers.
This work is part of the ANR project ”CH4@Titan” (ref: BLAN08-2− 321467). The supports by the Groupement
de Recherche International SAMIA between CNRS (France), RFBR (N 09-05-93105, Russia) and CAS (China)
is acknowledged. Part of the research described in this poster was performed at the Jet Propulsion Laboratory,
California Institute of Technology, under contract with the National Aeronautics and Space Administration.
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GOSAT-2009 METHANE SPECTRAL LINE LIST IN THE 5550-6236
CM−1 RANGE
A.V. NIKITIN, O.M. LYULIN, S.N. MIKHAILENKO,
V.I. PEREVALOV, Laboratory of Theoretical Spectroscopy, V.E.
Zuev Institute of Atmospheric Optics, Siberian Branch, Russian
Academy of Sciences, 1, Academician Zuev square, 634021 Tomsk,
Russia; N.N. FILIPPOV, I.M. GRIGORIEV, Department of
Physics, Saint-Petersburg State University, Peterhof, 198504, St.
Petersburg, Russia; I. MORINO, T. YOKOTA, National Institute
for Environmental Studies, 16-2 Onogawa, Tsukuba, Ibaraki 305-8506,
Japan; R. KUMAZAWA, T. WATANABE, Toray Research Center
Inc. 3-3-7 Sonoyama, Otsu, Shiga, 520-8567, Japan.
We present the methane spectral line list for the 5550-6236 cm−1 range with the intensity cut off 4x10−26 cm molecule−1 at 296 K. It is based on the new extensive measurements of the methane spectral line parameters performed at different temperatures and
pressures of methane and buffer gases N2 , O2 and air. This spectral line list prepared
in HITRAN-2008 format contains the following spectral line parameters of about 11000
lines: position, intensity, energy of lower state (where it is possible), air-broadening and
air-shifting coefficients, exponent of temperature dependence of air-broadening coefficient
and self-broadening coefficient.
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FORMATION AND DECAY OF HNC/HCN IN THE POSITIVE
COLUMN DISCHARGE
M. FERUS and P. KUBELÍK, J. Heyrovský Institute of Physical
Chemistry, Academy of Sciences of the Czech Republic, v.v.i., Dolejškova
3, 182 23 Prague 8, Czech Republic, Institute of Physics, Academy of
Sciences of the Czech Republic, v.v.i., Na Slovance 2, 182 23 Prague
8, Czech Republic; S. CIVIŠ, J. Heyrovský Institute of Physical Chemistry, Academy of Sciences of the Czech Republic, v.v.i., Dolejškova 3,
182 23 Prague 8, Czech Republic; K. KAWAGUCHI, Department of
Chemistry, Faculty of Science, Okayama University, Tsushima-naka,
Okayama 700-8530, Japan.
Molecules HCN and HNC have been studied in a positive column discharge of BrCN,
CH3 CN and HCONH2 using the time resolved continuous scanning FT spectroscopy in the
spectral range 2000−6000 cm−1 with the resolution 0.05 cm−1 . Stable discharge products
were analyzed using SIFT-MS spectrometry method. BrCN, CH3 CN and HCONH2 have
been used for the study of the production mechanisms and decay processes of HCN and
HNC in the He and Ar glow discharge. Rotation-vibration spectra of HCN and HNC have
been observed in the ground and several excited states. Additionally, the CN radical, N2
and atomic lines of C, H and N have been presented in all measured spectra. In order
to study the role of the hydrogen exchange in the reaction pathways deuterium has been
applied.
HNC/HCN ratios from 0.03 to 0.008 were estimated using known transition dipole moments of the ground state of ν1 bands. HNC/HCN ratio is affected by the hydrogen partial
pressure but it is not affected by the precursor molecule. The production mechnism of
HNC and HCN were analyzed using a kinetic model based on the concentracion of hydrogen, CN radical and HNC/HCN ratio. Rate constant of the CN + H → HNC + H
reaction was estimated.

Acknowledgement: This work was financially supported by Grant Agency of the Academy
Sciences of the Czech Republic (Grants No. IAA400400705 and KAN 100500652) and
Grand Agency of the Czech Republic (Grant No. P208/10/2302)
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EFFECTIVE HERMANN-WALLIS FACTORS OF THE ν1 HOT
BANDS OF HNC AND HCN
J. SCHOSTAG, I. SOHRABNEDJAD-ESKAN AND G.CH. MELLAU,
Physikalisch-Chemisches-Institut, Justus-Liebig-Universität Giessen,
Heinrich-Buff-Ring 58, D-35392 Giessen, Germany.
HCN and HNC are important molecules in astrophysics, they have been detected in the
interstellar medium and they are present in the atmospheres of carbon stars. Numerous
diffuse absorptions in the spectra of these stars are due to HCN and HNC hot band
transitions. To compute exact model atmospheres experimental rovibrational energy levels
and line intensities are required up to a very high J ≥ 70. The rotational excitation in
the emission spectra of HCN and HNC recorded at the molecular spectroscopic laboratory
of the Justus Liebig University in Giessen reaches J=90 for HCN and J=80 for HNC.
Thus, the spectra are ideally suited to determine the spectroscopic parameters needed to
simulate high temperature HCN and HNC sources.
From the analysis of the emission spectra with the SyMathTM spectrum analysis software
we get an accurate lineshape analysis for all of the tens of thousands of peaks even for
strongly overlapping spectral features. Up to now, we have done only a rough intensity
analysis of these line intensities mainly to support the assignment procedure. For an
accurate intensity analysis the experimental transmission curve of the entire emission
apparatus must be obtained.
The instrumental transmission curve can be determined as the ratio between the measured
and calculated line intensities using bands in the spectrum for which exact intensity data
from other sources exists. We started to implement a module for the analysis program
to calibrate and evaluate the line intensities of the emission spectra using this calibration
method.
This work reports the first results from the intensity analysis of the ν1 hot bands of HNC
and HCN up to v2 =7. In this wavenumber region we expected and found a very flat
instrumental transmission curve. We have determined the Hermann-Wallis factors for all
these hot bands and discuss how these results may be affected by an imperfect transmission
curve.
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THE MILLIMETER-WAVE SPECTROSCOPY of H15 NC, H15 N13 C,
D15 NC, D15 N13 C IN THEIR GROUND VIBRONIC STATES
PATRIK KANIA, Institute of Chemical Technology, Department of
Analytical Chemistry, Technická 5, 166 28, Prague 6, Czech Republic;
Laboratoire de Physique des Lasers, Atomes et Molécules, CERLA, UMR
CNRS 8523, Université Lille 1, 59655 Villeneuve d’Ascq Cedex, France;
GEORGES WLODARCZAK 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 pure rotational millimeter-wave spectra of four different hydrogen isocyanide isotopologues containing 15 N nitrogen were detected. These compounds were produced in a
DC glow discharge plasma containing 12 C-methane, 13 C-methane, 15 N-nitrogen and deuterium. The 12 new transitions were measured in the frequency region 255 – 650 GHz
spanning the rotational quantum numbers 2 ≤ J 00 ≤ 8. The transition frequencies were
fitted together with the previously published dataa of J 00 = 0 – 1 for H15 NC and H15 N13 C
and J 00 = 1 – 2 for D15 NC and D15 N13 C. The result set of molecular parameters allows
for the highly accurate predictions of this astrophysically interesting molecule into the
terahertz region.
Acknowledgement
This work was supported through the ARCUS (Actions en Régions de Coopération Universitaire et Scientifique) and the European Commission (grant MRTN-CT-2004-512302
and grant PERG02-GA-2007-224936 ”PRAMICIDIS”).
a

E.F. Pearson, R.A. Creswell, M. Winnewisser, and G. Winnewisser, Z. Naturforsch. 314,
1394 (1976).
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A THZ PHOTOMIXING SYNTHESIZER BASED ON A FIBER FREQUENCY
COMB DEDICATED TO HIGH RESOLUTION SPECTROSCOPY OF
ATMOSPHERIC COMPOUNDS
ROBIN BOCQUET, FRANCIS HINDLE, GAEL MOURET, ARNAUD
CUISSET,CHUN YANG, SOPHIE ELIET, Laboratoire de Physico-Chimie
de l’Atmosphère, Université du Littoral Côte d’Opale, 189A Ave. Maurice
Schumann, 59140 Dunkerque, France.
To date the principal application for photomixing sources has been for high resolution
spectroscopy of gases due to the large tuning range and spectral purity. New
developments of the opto-electronic THz spectrometer have been performed in order to
obtain a powerfull tool for high-resolution spectroscopy. The combination of two
extended cavity laser diodes and fast charge carrier lifetime semiconductor materials
has allowed a continuous-wave THz spectrometer to be constructed based on optical
heterodyning. Unlike many THz sources, this instrument gives access to all frequencies
in the range 0.3 to 3.5 THz with a resolution of 1 MHz. Amongst the spectroscopic
applications of this spectrometer, precise recording of pure rotational high J line profiles
of OCS and HCN have been performed, allowing the determination of new broadening
parameters include in HITRAN2008.a,b With an improved sensitivity by means of a
THz propagation in a multipass cell, the rotational spectra of numerous molecules such
as OH, H2S, H2CO, HCOOH, NH3, H2CCHCl, SO(CH3)2... have been measured with
this spectrometer. One limitation of the THz spectrometer was accuracy with which the
generated frequency is known. Recently, this obstacle have been overcome with the
construction of a photomixing spectrometer where the two pump lasers are phase locked
to two modes of a repetition rate stabilized frequency doubled fiber laser frequency
comb.c In order to achieve a tuning range in excess to 100 MHz a third cw laser was
required in the new configuration of the THz spectrometer. To assess the performance
of this instrument, the frequencies of the pure rotational transitions of OCS molecules
have been measured beetween 0,8 to 1,2 THz. A rms inferior to 100 kHz, deduced from
the fitted frequencies, demonstrates that the accuracy of the THz photomixing
synthesizer is now competitive with the accuracy of the microwave and submillimeter
techniques.
a

S. Matton, F. Rohart, R. Bocquet , D. Bigourd, A. Cuisset, F. Hindle, G. Mouret, J.
Mol. Spectrosc., 2006, 239: 182.
b
C. Yang, J. Buldyreva, I. E. Gordon, F. Rohart, A. Cuisset, G. Mouret, R. Bocquet, F.
Hindle,J. Quant. Spectrosc. Radiat. Transfer, 2008, 109: 2857.
c
G. Mouret, F. Hindle, A. Cuisset, C. Yang, R. Bocquet, M. Lours, D. Rovera, Opt.
Express, 2009, 17: 22031.

HIGH-SENSITIVITY VIBRATIONAL SPECTROSCOPY OF H+
3 IN
THE VISIBLE SPECTRAL REGION
MAX H. BERG, DENNIS BING, ANNEMIEKE PETRIGNANI, and ANDREAS WOLF, Max-Planck-Institut für Kernphysik,
Saupfercheckweg 1, 69117 Heidelberg, Germany.
The triatomic hydrogen ion H+
3 is a highly reactive key component in many astrophysical
and technological plasma environments. Consisting of three protons equally sharing two
electrons, H+
3 is the simplest polyatomic molecule and hence an important benchmark system against which quantum mechanical calculations are tested. While the ro-vibrational
levels near the triangular equilibrium structure are nowadays well understood, high-lying
states above the barrier to linearity are a challenging region of research regarding their
vibrational and rotational dynamics and the strong mixing between symmetry quantum
numbers. To help theory developing an accurate description of the global potential and
properly taking into account non-adiabatic interactions of these high excitations, experimental data on ro-vibrational levels in this energy region are of large interest.
For investigation of the high-lying states, we use a cryogenic 22-pole radiofrequency trap
providing large population in the lowest rotational levels as a starting point for optical
spectroscopy. Instead of classical absorption spectroscopy a chemical probing technique
is used. This method has proven to be ultra-sensitive and therefore capable of revealing
transitions more than six orders of magnitude weaker than the fundamental. The chemical
+
reaction used is that of H+
3 with Ar forming ArH , which is endothermic by 0.55 eV (≈
+
−1
4600 cm ). If H3 ions are excited to a rovibrational level above 0.55 eV the excited ions
will lead to the production of ArH+ . The ArH+ ions are then detected by a single-ion
counting device. In a recent experiment1 we have obtained 17 new transitions between
11 228 and 13 333 cm−1 . In addition, we here report first transitions to final levels above
15 000 cm−1 using a dye laser system. Aside of transition frequencies (±0.005 cm−1 )
we also present results from a lately implemented method giving access to the transition
intensities.
1. H. Kreckel, D. Bing, S. Reinhardt, A. Petrignani, M. H. Berg, and A. Wolf,
J. Chem. Phys. 129, 164312 (2008)
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APPLICATION OF NIR CW-CRDS FOR STUDY OF PARA-H+
3 AND
ORTHO-H+
KINETICS
IN
HYDROGEN
PLASMA
3
JOZEF VARJU, HEJDUK M., DOHNAL P., KOTRIK T.,
JILEK M., PLASIL R. and GLOSIK J., Charles University Prague,
Faculty of Mathematics and Physics, V Holesovickach 2, 18200 Prague,
Czech Republic.
A high resolution continuous wave cavity ring down spectrometer (cw-CRDS) was used
to observe the formation and destruction of H+
3 ions in a pulsed microwave discharge.
Transitions from the two lowest rotational states were used to measure the density and
temperature of ions in plasma. The transition 0v20 (1,0)← 3v21 (2,0) was used for para-H+
3
and 0v20 (1,1)← 3v21 (2,1) for ortho-H+
3 . According to recent theoretical studies [dos Santos et al.1 ] and storage ring experiments [McCall et al.2 ], is the recombination rate coefficient below 300 K higher for ions in para states than in ortho states. Presented measurements were performed in a liquid nitrogen cooled discharge tube. Helium at pressures
ranging from 2 to 10 mbar with a small admixture of argon was used as buffer gas. As
a reactant normal-H2 (25% H2 in para states) and para enriched H2 (87% H2 in para
states) and were used. The influence of para hydrogen on the ratio of produced para and
ortho H+
3 ions in discharge and afterglow was observed. The addition of para enriched
H2 as precursor significantly altered the ratio of para and ortho H+
3 produced in the dis+
charge and afterglow. By monitoring the density decays of para-H3 and ortho-H+
3 during
the afterglow at several different partial pressures of para-H2 the effective recombination
+
3,4 ]. From measured
rate coefficient for para-H+
3 and ortho-H3 were obtained[Glosik et al.
pressure dependences binary and ternary recombination rate coefficients for para-H+
3 and
ortho-H+
were
obtained.
3
1. S. dos Santos, V. Kokoouline and C. H. Greene, J. Chem. Phys., 127, 124309 (2007)
2. B. A. Tom, V. Zhaunerchyk, M. B. Wiczer, A. A. Mills, K. N. Crabtree, M. Kaminska,
W. D. Geppert, M. Hamberg, M. af Ugglas, E. Vigren, W. J. van der Zande, M. Larsson,
R. D. Thomas and B. J. McCall, J. Chem. Phys., 130, 031101. (2009)
3. J. Glosik, R. Plasil, I. Korolov, T. Kotrik, O. Novotny, P. Hlavenka, P. Dohnal,
J. Varju, V. Kokoouline, C. H. Green, Physical Review A, 79, 52707(2009)
4. J. Glosik, I. Korolov, R. Plasil, O. Novotny, T. Kotrik, P. Hlavenka, J. Varju,
I. A. Mikhailov, V. Kokoouline and C. H. Greene, J. Phys. B: At. Mol. Opt. Phys., 41,
191001 (2008)
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HIGH-RESOLUTION SPECTROSCOPY OF np RYDBERG STATES
OF He2 : ROTATIONAL AUTOIONISATION DYNAMICS AND ACCURATE DETERMINATION OF THE IONISATION ENERGY OF
THE METASTABLE He∗2
MARTIN SCHÄFER, DANIEL SPRECHER, JINJUN LIU,
MATTHIAS RAUNHARDT, and FRÉDÉRIC MERKT, ETH
Zürich, Laboratorium für Physikalische Chemie, Wolfgang-Pauli-Strasse
10, 8093 Zürich, Switzerland.
Transitions from the metastable He∗2 a 3 Σ+
u state to high np Rydberg states were
recorded using photoionisation and Rydberg-state-resolved threshold ionisation spectroscopya . Overview scans at moderate resolution (0.3 cm−1 ) were obtained with ionisation fields from 1.3 to 133 V/cm, lowering the ionisation thresholds by 5.5–55 cm−1 .
Using a solid-state UV laser systemb with 20 MHz bandwidth, high-resolution spectra of
Rydberg series with n up to 150 and with resolved fine structure of the initial He∗2 a 3 Σ+
u
(N 00 ) state were recorded to determine the ionisation energy from extrapolation of the
Rydberg series to their limits. The assignment of the observed Rydberg states and the
analysis of the rotational autoionisation dynamics is based on multichannel quantum defect theory calculations from a recent study of pulsed-field-ionisation zero-kinetic-energy
(PFI-ZEKE) photoelectron and photoionisation spectra of He2 c .
a

R. Seiler, U. Hollenstein, G. M. Greetham, F. Merkt, Chem. Phys. Lett. 346, 201 (2001).
R. Seiler, Th. A. Paul, M. Andrist, F. Merkt, Rev. Sci. Instr. 76, 103103 (2005).
c
M. Raunhardt, M. Schäfer, N. Vanhaecke, F. Merkt, J. Chem. Phys. 128, 164310 (2008).
b
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CHARACTERISTICS OF THE C 1 Σ+ , A1 Π AND X 1 Σ+ STATES OF AlH
W. SZAJNA, M. ZACHWIEJA, R. HAKALLA AND R. KȨPA,
Atomic and Molecular Physics Laboratory, Institute of Physics, University of Rzeszów, 35-595 Rzeszów, Poland.
The visible spectrum of AlH has been investigated at high resolution between 20000 and
21500 cm−1 using a conventional spectroscopic technique. The AlH molecules were formed
and excited in an aluminium hollow-cathode lamp with two anodes1 , filled with a mixture
of Ne carried gas and a trace of NH3 . The emission from the discharge was observed with
a plane grating spectrograph and recorded by a photomultiplier tube. The 0 − 0 and 1 − 1
bands of the C 1 Σ+ − A1 Π system and 0 − 2 band of the A1 Π − X 1 Σ+ were identified at
21126, 21368 and 20276 cm−1 , respectively. In total 123 transition wavenumbers belonging
to three bands were precisely measured (with accuracy of ±0.003 cm−1 ) and rotationally
analyzed. The new data were elaborated with help of recent X 1 Σ+ state parameters
reported by White et al.2 and of C 1 Σ+ , A1 Π states constants reported by Szajna and
Zachwieja3,4 . This merge calculations provided an improved set of molecular constants
for three low lying, singlet electronic states of the AlH molecule. Also, observed by us
previously rotational perturbations in the A1 Π, v = 1 and C 1 Σ+ , v = 0, 1 states have been
confirmed.
1.
2.
3.
4.

R. Bacis, J. Phys. E: Sci. Instrum., 9, 1081 (1979).
J. B. White, M. Dulick, and P. F. Bernath, J. Chem. Phys., 99, 8371 (1993).
W. Szajna and M. Zachwieja, Eur. Phys. J. D., 55, 549 (2009).
W. Szajna and M. Zachwieja, J. Mol. Spectrosc., 260, 130 (2010).
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Atomic and Molecular Physics Laboratory, Institute
sity 01 Rzeszów, 35-595 Rzeszów, Poland.
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The emission spectrum of the A2n - X2E+ system of AlH+ has been investigated by
using conventional spectroscopic techniques. A two anodes hollow cathode type lampl,
fìlled with a mixture of Ne carried gas and a trace of NH3 was used as a source of the
radiation. The emission from the discharge was observed with a plane grating spectrograph
and recorded by a photomultiplier tube. The 0 - 0 and 1-1 bands, with origins at 27712.9
and 27864.6 cm-1, respectively, were recorded with high resolution. Approximately 350
transition wavenumbers were measured with an estimated accuracy of ::1:0.005cm-1. The
rotational analysis has been performed and molecular constants, for the ground X2E+
and excited A2n states of AlH+, have been extracted. The presently obtained molecular
parameters were compared with available experimental data2-4.
1.
2.
3.
4.

R. Bacis, J. Phys. E: Sci. Instrum., 9, 1081 (1979).
G. M. Almy, and M. C. Watson, Phys. Rev., 45, 871 (1934).
M. Rafi, M. A. Baig and M. H. Qureshi, Il Nuovo Scimento., 56, 289 (1980).
W. J. Balfour and B. Lindgren, J. Phys. B., 17, L861 (1984).
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THE a1 ∆g - X3 Σ−
g BAND OF SIX ISOTOPOLOGUES OF OXYGEN
NEAR 1.27 µm
OLGA LESHCHISHINA, SAMIR KASSI, ALAIN CAMPARGUE,
Laboratoire de Spectrométrie Physique (associated with CNRS, UMR
5588), Université Joseph Fourier de Grenoble, BP 87, 38402 Saint Martin d’Hères Cedex, France; IOULI E. GORDON, LAURENCE S.
ROTHMAN, Harvard-Smithsonian Center for Astrophysics, Atomic
and Molecular Physics Division, Cambridge MA 02138, USA.
The high sensitivity absorption spectrum of the a1 ∆g - X3 Σ−
g band of oxygen near 1.27 µm
was recorded by CW - Cavity Ring Down Spectroscopy (CW-CRDS). The spectra were
obtained between 7640 and 7917 cm−1 with ”natural” oxygen and with sample highly
enriched in 18 O and 17 O. The absolute intensities of 376 and 643 oxygen transitions were
measured in the ”natural” oxygen and 18 O sample, respectively. They include the a1 ∆g
16 O , 16 O18 O, 16 O17 O, 17 O18 O and 18 O . The (0 - 0) bands
- X 3 Σ−
2
2
g (0 - 0) bands of
16
18
of O2 and O2 show weak quadrupole transitions with line intensities ranging from
1×10−30 to 1.9×10−28 cm/molecule. They are accompanied by the a1 ∆g - X3 Σ−
g (1 - 1)
hot bands which are reported for the first time. Accurate spectroscopic parameters of the
different energy levels involved in the observed bands were derived from a global fit of the
observed line positions combined with microwave and Raman measurements available in
the literature.
The analysis of these experiments provided significant improvement and extension of available spectroscopic parameters for the a1 ∆g electronic state of all isotopologues of oxygen.
The obtained results will be used in the next edition of the HITRAN database.
The transitions of the 16 O17 O,
netic hyperfine-structure.

17 O18 O
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THE PREDISSOCIATION OF THE d˜1 A2 -STATE OF METHYLENE:
A COMBINED AB INITIO (MRCI) AND VARIATIONAL (TROVE)
STUDY
SERGEI N. YURCHENKO, Physikalische Chemie, TU Dresden, D01062 Dresden, Germany; BOJANA OSTOJIĆ, Institute of Chemistry, Technology and Metallurgy, University of Belgrade, Studentski trg
14-16, 11 000 Belgrade, Serbia; PER JENSEN, FB C – Physikalische
und Theoretische Chemie, Bergische Universität, D–42097 Wuppertal,
Germany; PHILIP R. BUNKER, Steacie Institute for Molecular Sciences, National Research Council of Canada, Ottawa, Ontario K1A 0R6,
Canada.
The dissociation of singlet methylene is important in combustion and astro-chemistry.
˜
Here we investigate the predissociation of d-state
CH2 via the reaction path CH2 (d˜ 1 A2 )
˜1
→ C(1 D) + H2 (X̃ 1 Σ+
g ). The singlet electronic state d A2 is a small-bond-angle state [1]
◦
(αe = 46 ) with a very low dissociation energy of about 4200 cm−1 . It interacts with
the b̃ 1 B1 state leading to a very complex shape for its adiabatic potential energy surface
(PES). We have employed a multi-reference singles-and-doubles configuration-interaction
(MRCISD) method based on full-valence complete active space self-consistent field (FVCASSCF) wavefunctions as implemented in MOLPRO [2] and obtained the adiabatic
potential energy surface of the d˜ 1 A2 state of CH2 as well as the adiabatic potential
energy surfaces of the three interacting states. We have then constructed a diabatic
analytical representation of the d˜ 1 A2 PES through a non-least-squares fitting to the ab
initio energies. This PES was utilized to compute the (quasi-)bound vibrational states of
d˜ 1 A2 CH2 by means of the stabilization method [3] in association with the variational
˜
program TROVE [4]. The vibrational structure of the d-state
up to 10 000 cm−1 above
˜
the minimum is obtained through a full 3D calculation of the d-state
diabatic PES of
CH2 . We analyse the approximations made. The figure below shows the minimum-energy
bending paths for the four lowest singlet electronic states of CH2 .
[1] Y. Yamaguchi and H. F. Schaefer III, J. Chem. Phys. 106, 1819 (1997).
[2] MOLPRO, version 2008.1, H.-J. Werner, P. J. Knowles, R. Lindh, F. R. Manby, M.
Schütz, and others, see http://www.molpro.net.
[3] V. A. Mandelshtam, T. R. Ravuri, and H. S. Taylor, Phys. Rev. Lett. 70, 1993 (1993).
[4] S. N. Yurchenko, W. Thiel, and P. Jensen, J. Mol. Spectrosc.245, 126 (2007).
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DEVELOPMENT OF A DISCHARGE-EMISSION SPECTROMETER
SYSTEM HAVING A HOLLOW-CATHODE DISCHARGE EQUIPMENT
M. ARAKI,
M. MIZUMURA, H. YAMABE and K.
TSUKIYAMA, Tokyo University of Science, 1-3 Kagurazaka,
Shinjuku-ku, Tokyo, 162-8601 Japan.
The diffuse interstellar bands (DIBs) were first discovered in the optical absorption spectra
on stars in 1922. Although several hundreds DIBs were detected already, DIBs still remain
the longest standing unsolved problem in spectroscopy. It has not been known that what
kind molecules have these absorptions. One of the best approaches to identify DIBs can
be the following procedure: 1) a generation of a DIBs candidate molecule in laboratory, 2)
measurements of frequencies of electronic transitions of the molecule, and 3) comparisons
between the frequencies and astronomically observed spectra.
To be able to solve the DIBs problem, we have been developed a discharge-emission spectrometer system. A hollow cathode was used to generate molecular ions in a discharge,
since it has been suggested that molecular ions can be probable candidates of DIBs origins.
The discharge was produced by a pulsed voltage of 1500V. A wide wavelength range of our
system was covered by two spectrometers HORIBA Jobin Yvon iHR320 (the 200-800 nm
wavelength range using three gratings having groove densities 1200 and 1800 gr/mm) and
Actron Research Corporation Spectro pro275 (the visible - 1600 nm wavelength range,
600 gr/mm). The dispersed discharge-emission was detected by a photomultiplier and
recorded via the lock-in amplifier (Femto LIA-MV-200-L).
In observing a discharge of Argon gas, optical transitions of Argon ion were strongly
detected having comparable intensities with those of Argon neutral. The ion can be effectively produced by the hollow-cathode effect in the discharge. We will report a specification of the system and observed spectra of molecules and ions generated by the discharge
equipment.
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HIGH RESOLUTION LASER SPECTROSCOPY OF MG12 C12 CD,
MG13 C13 CH and MG12 C4 H
D. FORTHOMME, C. LINTON, D. W. TOKARYK, Centre for
Laser, Atomic, and Molecular Sciences and Physics Department, 8 Bailey Dr., University of New Brunswick, P.O. Box 4400, Fredericton, NB,
Canada E3B 5A3; A .G. ADAM, A. D. GRANGER, Centre for
Laser, Atomic, and Molecular Sciences and Chemistry Department, 30
Dineen Dr., University of New Brunswick, P.O. Box 4400, Fredericton,
NB, Canada E3B 5A3.
Carbon and magnesium are abundant elements in the interstellar medium, so it is
possible that carbon chain molecules containing a magnesium atom may exist in this
environment1 . With this in mind, radical molecules of the form MgC2n H (n = 1,2,3)
have been frequent subjects of both experimental and theoretical studies1−6 . In this
presentation we will discuss our high-resolution experiments of the Ã2 Π − X̃ 2 Σ+
transitions in the isotopologues Mg12 C12 CD and Mg13 C13 CH, which complement our
earlier investigation2 of this spectrum in Mg12 C12 CH. The data permit us to determine
the lengths of individual bonds to high precision. In addition, we have expanded on
previous medium-resolution studies6 of the Ã2 Π − X̃ 2 Σ+ transition of Mg12 C4 H. The
parameters obtained from our high-resolution spectra are compared with those obtained
from theoretical structure calculations1!,3−5 .
1. H. Ding, C. Apetrei, L. Chacaga, J. P. Maier, Astrophys. J. 677 (2008) 348-352.
2. D. W. Tokaryk, A. G. Adam, W. S. Hopkins, J. Mol. Spectrosc. 230 (2005) 54-61.
3. D. E. Woon, Chem. Phys. Lett. 274 (1997) 299-305.
4. C. A. Thompson and L. Andrews, J. Am. Chem. Soc. 118 (1996) 10242-10249.
5. X. Guo, J. Zhang, J. Li, L. Jiang, J. Zhang, Chem. Phys 360 (2009) 27-31.
6. E. Chasovskikh, E. B. Jochnowitz, J. P. Maier, J. Phys. Chem. A. 112 (2008)
8686-8689.
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ABSOLUTE LINE INTENSITIES IN THE ν7 BAND OF PROPYNE
NIKOLAY SANZHAROV, GHISLAIN BLANQUET, AND
MURIEL LEPÈRE, Laboratoire Lasers et Spectroscopies (LLS), Research centre in Physics of Matter and Radiation (PMR), University of
Namur (FUNDP), 61, rue de Bruxelles, B-5000 Namur, Belgium.
The propyne molecule (metyl acetylene) H3 C-C≡C-H is known to be a symmetric top of
C3v symmetry. This molecule has an atmospheric interest because it was detected in the
atmospheres of Titan and the largest moon of Saturn. The ν7 fundamental band is perpendicular, centered at 1450.271 cm−1 . Accurate frequencies and FT absolute intensities
analysis of this band was perfomed by Henfrey in 1983a . But to our knowledge there is
no diode-laser data in the literature for absolute line intensities.
In this work a tunable diode-laser spectrometer Laser Analytics, Model LS3b equipped with
a multipass White-type cell was used to carry out measurements of absolute intensities
for some transitions of propyne in the ν7 -fundamental band at room temperature. The
propyne sample in natural abundance with a stated purity of 99.0% was provided by
Matheson Company. The relative calibration procedure was conducted with a confocal
Fabry-Perot étalon caracterized by a free spectral interval of 0.0097711 cm−1 . The spectra
were recorded at low pressure ranged between 0.1 and 0.5 mbar. At these pressures the
collisional effects is very week and the line profile is close to a Gaussian one. The data
reduction of absolute line intensites was carried out by the equivalent width methodc, d .
From these results we have deduced the vibrational band strength Sv0 .
N.Sanzharov thanks CERUNA-FUNDP for the post-doc grant.
a

N. F. Henfrey and B.A. Thrush, J. Mol. Spectrosc., 113, 426-450, (1985).
M. Lepère, G. Blanquet, J. Walrand, and J.-P. Bouanich, J. Mol. Spectrosc., 180, 218-226,
(1996).
c
P. A. Jansson and C. L. Korb, J. Quant. Spectrosc. Radiat. Transfer., 8, 1399-1409, (1968).
d
M. Dang-Nhu and J. F. Ogilvie, J. Quant. Spectrosc. Radiat. Transfer., 39, 81-82, (1988).
b
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FINE AND HYPERFINE SPLITTING IN THE K2 23 Σ+
g STATE: OBSERVATION AND ANALYSIS
F. Xie, Department of Engineering Physics, Tsinghua University, Beijing 100084, China; K. V. Minaev, V. B. Sovkov, and V. S.
Ivanov, V. A. Fock Institute of Physics, Department of Physics, St.
Petersburg State University, 1 Ulyanovskaya Street, Petrodvorets, St.
Petersburg 198504, Russia; D. Li, State Key Laboratory of Precision
Spectroscopy and Department of Physics, East China Normal University, Shanghai 200062, China; Li Li, Department of Physics and Key
Laboratory of Atomic and Molecular Nanosciences, Tsinghua University,
Beijing 100084, China.
Partially resolved fine and hyperfine structures have been observed in excitation spectra of the K2 23 Σ+
g state by Perturbation Facilitated OpticalOptical Double Resonance
(PFOODR) technique. The spectra were analyzed using the bβS and aβ Hund coupling
case basis. For the most of the observed spectra the isolated multiplet model is not good
enough due to the L–uncoupling interaction with the neighbour 23 Πg state. For weakly
perturbed levels of the K2 23 Σ+
g state the Fermi contact interaction and the spin–spin
interactions are dominant. The interaction constants are determined from the fit of the
experimental spectra.
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THE VINYL FLUORIDE INFRARED SPECTRUM IN THE ATMOSPHERIC WINDOW REGION AROUND 8.7 µm
N. TASINATO, P. STOPPA, A. PIETROPOLLI CHARMET,
S. GIORGIANNI,, Dipartimento di Chimica Fisica, Università Ca’
Foscari Venezia, Calle Larga Santa Marta, 2137, Venezia, Italy; G.
BUFFA, IPCF-CNR and Dipartimento di Fisica E. Fermi, Università
di Pisa, Largo Pontecorvo 3, 56127 Pisa, Italy; A. GAMBI, Dipartimento di Scienze e Tecnologie Chimiche, Università degli Studi di Udine,
Via Cotonificio 108, 33100 Udine, Italy.
Vinyl fluoride, H2 C=CHF, is a molecule of proved industrial relevance, mainly used in
the production of plastic materials such as polyvinyl fluoride, a polymer used as a coating
material due to its excellent resistance to weathering and staining. In the present work,
the infrared spectrum of vinyl fluoride has been investigated at high resolution in the
atmospheric window around 8.7 µm. This region is characterized by the absorptions
belonging to the ν7 normal mode which corresponds to the C−F stretching. The study
has been devoted to both ro-vibrational analysis and line parameter determination. As
far as the ro-vibrational analysis is concerned, spectra have been recorded by means of a
Fourier transform interferometer at a resolution of 0.002 cm−1 . The a- and b-type Coriolis
couplings between the ν7 fundamental and the ν9 + ν12 dark state, which was previously
described,1 has been treated quantitatively. In addition, rotational transitions belonging
to the ν7 + ν9 − ν9 hot band have been assigned, although the upper vibrational state
belongs to a resonant polyad involving ν4 / ν7 + ν9 / ν8 + ν12 / ν10 + ν12 / 2ν9 + ν12 .
Concerning line parameter determinations, spectra of self-broadened vinyl fluoride have
been recorded at room temperature by using a tunable diode laser spectrometer. The
features have been fitted to either Voigt or Nelkin-Ghatak profiles,2,3 and broadening-,
narrowing- and integrated absorption-coefficients have been determined. Although the
spectral features are generally well reproduced by the hard collision model for motional
narrowing, a number of the obtained narrowing coefficients appears to be unphysical. In
order to understand this behaviour the broadening coefficients have been computed by
means of a semiclassical formalism also accounting for collisional coupling effects.4 The
obtained results show that collisional coupling is significant for pairs of degenerate, or
nearly degenerate transitions: J 0 , Ka0 , Kc0 ← J 00 , Ka00 , Kc00 and J 0 , Ka0 , Kc0 ← J 00 , Ka00 , (Kc00
+ 1). Finally, the obtained integrated absorption coefficients have been used to calculate
the total band intensity of ν7 ; the resulting value, S07 = 1.155(50) × 10−17 cm molecule−1 ,
is in remarkable agreement with both the integrated band intensity, 1.293(12) × 10−17
cm molecule−1 ,5 and the intensity obtained from ab initio calculations carried out at the
CCSD(T)/cc-pVQZ level of theory, 1.45 × 10−17 cm molecule−1 .5
1. P. Stoppa, S. Giorgianni, A. Gambi, A. De Lorenzi, S. Ghersetti, Mol. Phys., 84, 281
(1995).
2. M. Nelkin, A. Ghatak, Phys. Rev., 135, A4 (1964).
3. S. G. Rautian, I. I. Sobelman, Sov. Phys. Usp. (Eng. Transl.), 89, 472 (1967).
4. G. Cazzoli, L. Cludi, G. Cotti, C. Degli Esposti, G. Buffa, O. Tarrini, J. Chem. Phys.,
102, 1149 (1995).
5. P. Stoppa, A. Pietropolli Charmet, N. Tasinato, S. Giorgianni, A. Gambi,
J. Phys. Chem. A, 113, 1497 (2009).

Presentation mode: poster
Comment: Pliva

NEW SETS OF EXPERIMENTAL WAVENUMBER VALUES FOR
TRIPLET-TRIPLET ROVIBRONIC TRANSITIONS OF H2 AND D2
I. S. UMRIKHIN, B. P. LAVROV AND A. S. MIKHAILOV, Faculty of Physics, St.-Petersburg State University, St.-Petersburg, 198904,
Russia.
At present almost all available experimental data on rovibronic line wavenumbers of H2
and D2 molecules were obtained from emission spectra by photographic recording. Our
recent studies revealed that these data have significant differences with values predicted
by Rydberg-Ritz combination principle as well as with fragmentary experimental data obtained by laser induced fluorescence and with our own emission spectroscopy data obtained
with photoelectric recording by matrix detectors (2008 Russ.J.Phys.Chem.B, 2 16-31; J.
Phys. B: At.Mol.Opt.Phys. 41 105103). The minority of the differences is caused by
misprints and erroneous line assignments; they may amount to several wavenumbers. But
vast majority of them amount 0.01 − 0.1 cm−1 and show random spread around ”synthesized” values, calculated as differences of optimal energy level values. We suppose that
they appear due to shifts of film blackening maxima for blended lines, finite precision
of reading from photo plates, and round-up errors in calculating the wavenumbers from
measured wavelengths in air.
To refine our knowledge of rovibronic term structure for isotopomers of the simplest neutral
molecule we launched systematic measurements of the rovibronic line wavenumbers in
visible part of spectrum (400 − 700 nm). The 2.65 m Ebert-Fastie spectrograph was
equipped with additional camera lens and computer-controlled CMOS matrix (22.2x14.8
mm, 1728x1152 pixels) providing the reverse linear dispersion about 10−3 nm/pixel. We
used various light sources: glow discharge in Hg + Ar (for determination of instrumental
broadening from the superfine structure of 404.6 nm and 546.1 nm mercury lines: Gaussian
shape with FWHM = 0.183(9) and 0.143(9) cm−1 , much smaller than Doppler broadening
of H2 , D2 lines for our gas temperatures < 1500 K), a capillary-arc discharges filled with
the mixture D2 + H2 + N e (for studies of the precision of spectrometer calibration) and
with pure H2 or D2 (for final wavenumber measurements).
We calibrated our spectrometer with available wavelengths in vacuum to avoid precise
determination of refractive index of air in our conditions. The wavenumber values of finite
number of strong unblended lines of H2 (G.H.Dieke 1972), D2 (H.M.Crosswhite 1985)
and N e (www.nist.gov) were used as standards. The dependence of line wavenumber on
the coordinate (in pixels) is monotonic and close to linear. The calibration curve of the
spectrometer was obtained by the least-squares fitting by a second-degree polynomial (a
linear approximation was insufficient, while a third-degree polynomial superfluous).
The digital intensity registration providing a linear response of the detector gave us the
opportunity of digital deconvolution of the recorded line profiles. For strong unblended
lines profiles were close to the Gaussian shape except for insignificant far wings. Therefore,
we approximated all parts of the spectrum by Gaussian multipeak fitting with fixed halfwidth and adjustable intensity and wavelength values for peak maxima. Thus we obtained
wavenumbers of rovibronic radiative transitions for triplet-triplet band systems.
The contribution contains the details of experimental technique and results.
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