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TG03 2:39 – 2:54

LARGE AMPLITUDE MOTION EFFECTS IN THE TPES SPECTRUM OF METHYL ISOCYANATE CH3NCO

O. J. HARPER, B. GANS, S. BOYÉ-PÉRONNE, L. H. COUDERT, Institut des Sciences Moléculaires d’Orsay,

Université Paris-Sud, Orsay, France; J.-C. LOISON, Institut des Sciences Moléculaires, Université de Bor-

deaux, Talence, France; G. A. GARCIA, DESIRS beamline, Synchrotron SOLEIL, Gif-sur-Yvette, France; J.-C.

GUILLEMIN, ENSC, Univ. Rennes, Rennes, France.

Methyl isocyanate is a non-rigid quasi-symmetric top molecule displaying a torsion of its methyl group and a large

amplitude CNC bending mode.a The torsion is nearly free as the hindering barrier is only 20 cm−1. The barrier to linearity,

also very low, is on the order of 920 cm−1. Although the a-type transitions of methyl isocyanate have already been recorded

up to the submillimeter wave domain,b spectroscopic information is still lacking, especially concerning the cation.

Threshold photoelectron spectroscopy has been used to obtain spectroscopic information on the cationic species

(CH3NCO
+) of methyl isocyanate. The spectrum recorded from 84000 to 94000 cm−1 (10.4 to 11.6 eV) using VUV syn-

chrotron radiation displays several sharp features superimposed on a broad feature spanning nearly 8000 cm−1. As shown by

the ab initio calculations carried out in this work, the ground electronic state of the cation is doubly degenerate and is split

into a lower X̃+ and an upper Ã+ substate by vibronic couplings. The ground electronic state of the neutral and the X̃+

substate of the cation are characterized by similar values of the methyl group internal rotation barrier. As for the Ã+ substate

of the cation, a much larger value shifted by π/3 was calculated.

Accounting for the two large amplitude motions and for the overall rotation,a a calculation of the rovibronic energies of

the neutral and the cationic species is in progress and should allow us to model the TPES spectrum. This calculation relies on

Gaussian quadrature to treat the singularity at the linear configuration.c The strong dependence on the methyl group internal

rotation barrier on the CNC bending angle is also taken into account.a In the talk, the results of the rovibronic energies

calculation will be reported and the experimental TPES spectrum will be compared to the theoretical one.

aKrȩglewski, J. Molec. Spectrosc. 105 (1984) 8; and Koput, ibid. 106 (1984) 12
bKoput, J. Molec. Spectrosc. 115 (1986) 131; and Cernicharo et al., A&A 587 (2016) L4
cCoudert, Gans, Holzmeier, Loison, Garcia, Alcaraz, Lopes, and Röder, J. Chem. Phys. 149 (2018) 224304

TG04 2:57 – 3:12

MICROWAVE-WAVE SPECTROSCOPY OF 5-METHYL HYDANTOIN

HIROYUKI OZEKI, MINAMI AWATSU, Department of Environmental Science, Toho University, Funabashi,

Japan; KAORI KOBAYASHI, Department of Physics, University of Toyama, Toyama, Japan.

Hydantoin (Imidazolidine-2,4-dione, C3H4N2O2 is a five-membered heterocyclic compound, and has been regarded as

a direct precursor of glycine, the simplest amino acid. The molecule was detected in carbonaceous chondrites together with

several kinds of amino acids.a We have measured pure rotational spectrum of the molecule in its ground and vibrationally

excited states, and have provided the molecular line frequency list in the millimeter-wave region for astronomical search.b

5-methyl hydantoin is the simplest chiral molecule among hydantoins, because either of the hydrogen atoms bonded to the

C5 position of the five-membered ring is asymmetrically substituted. The molecule becomes a direct precursor of alanine, the

simplest chiral amino acid. We have tried to observe pure rotational spectrum of 5-methyl hydantoin in the millimeter-wave

to sub-millimeter-wave region. Guided with quantum chemical calculation, several spectral lines can be assigned to b-type

transitions.

aA. Shimomiya, and R. Ogasawara, Orig. Life Evol. Biosph. 32, 165 (2002)
bH. Ozeki, R. Miyahara, H. Ihara, S. Todaka, K. Kobayashi, and M. Ohishi, Astron. Astrophys. 600 A44 (2017).
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TG05 3:15 – 3:30

SUBMILLIMETER WAVE SPECTROSCOPY FOR ISM: IMINES WITH INTERNAL ROTATION

L. MARGULÈS, R. A. MOTIYENKO,UMR 8523 - PhLAM - Physique des Lasers Atomes et Molécules, Univer-

sity of Lille, CNRS, F-59000 Lille, France; V. ILYUSHIN, OLGA DOROVSKAYA, Radiospectrometry Depart-

ment, Institute of Radio Astronomy of NASU, Kharkov, Ukraine; ANTHONY REMIJAN, BRETT A. McGUIRE,

NAASC, National Radio Astronomy Observatory, Charlottesville, VA, USA; J.-C. GUILLEMIN, UMR 6226

CNRS - ENSCR, Institut des Sciences Chimiques de Rennes, Rennes, France.

The aldimines are important to understand amino acids formation process as they appear in reaction scheme of Strecker-

type synthesis. It seems reasonable to propose syntheses in the solid phase but the formation process is not clearly established.

The number of imines and amines detected in the interstellar medium is limited, mainly due to lack of spectroscopic data.

We present here the studies of ethanimine (CH3CHNH) and methylimino-acetonitrile (CH3N=CHCN). Both of them have

has two isomers E and Z with E one being the most stable. These molecules represent a particular case where a quite high

(570 and 714 cm−1 respectively) internal rotation barrier is combined with relatively a high ρ value (close to 0.3) making

analysis of the spectra rather delicate. The fits were performed using a version of RAM36 codea which includes the treatment

of the nuclear quadrupole hyperfine structure. Ethanimine was detected already in ISMb, but the spectrosocpic analyses were

limited to low Ka valuesc,d. In the current study we significantly extend the rotational quantum number coverage for this

molecule.

The spectroscopic results for both molecules and searches of methylimino-acetonitrile in ISM will be presented.

This work was supported by the CNES and the Action sur Projets de l’INSU, PCMI.

aIlyushin, V.V. et al;J. Mol. Spectrosc. 259, (2010) 26
bLoomis, R. A.; et al. ApJ. Lett. 765,(2013) L9
cLovas, F. J.; et al. J. Chem. Phys. 72, (1980) 4964
dMelli A.; et al. ApJ 855, (2018) 123
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TG06 4:09 – 4:24

THE NANOCOSMOS GAS CELL: A BROADBAND FOURIER TRANSFORM MILLIMETERWAVE SPECTROMETER

BASED ON RADIO ASTRONOMY RECEIVERS

CELINA BERMÚDEZ, CARLOS CABEZAS, Instituto de Fisica Fundamental, CSIC, Madrid, Spain; ISABEL

TANARRO, JOSÉ LUIS DOMÉNECH, VICTOR JOSE HERRERO,Molecular Physics, Instituto de Estructura

de la Materia (IEM-CSIC), Madrid, Spain; JUAN DANIEL GALLEGO, PABLO DE VICENTE, FÉLIX TER-

CERO, JOSÉ ANTONIO LÓPEZ PÉREZ, Centro Astronómico de Yebes, Observatorio Astronómico Nacional,

Yebes, Guadalajara, Spain; JOSE CERNICHARO, Instituto de Fisica Fundamental, CSIC, Madrid, Spain.

We present the first spectroscopic results on a newly built broadband Fourier transform millimeterwave spectrometer for

the laboratory which employs the same detection system as that present in radio-telescopes. The spectrometer is equipped

with Q-band (31.5-50GHz) and W-band (72-116GHz) receivers, very sensitive to the rotational emission of the molecules

present in a one meter Gas Cell. The technique provides large instantaneous bandwidth, spectral purity, and a linear de-

pendence of the signals with the partial pressure so that it is perfectly suited for high resolution emission spectroscopy of

molecules of astrophysical importance. The full description of the cell can be found in the literaturea,b.

In the present contribution we will show the capabilities of the spectrometer. The Gas Cell has been initially tested with

molecules whose rotational spectrum was well known (CH3CN, OCS, SO2. . . ). High accuracy measurements of the frequen-

cies (38KHz) and intensities (in K) can also be determined using our new instrument. Subsequently, Gas Cell experiments

have been devoted to the study the rotational spectra of molecules of astrochemical interest whose millimeterwave spectrum

remains unknown. Among these molecules, the formamide derivatives and dinitriles are very attractive because they are

candidates to be found in the space and they present low-energy excited vibrational states that can also contribute to the large

number of unidentified lines in the millimeter and submillimeter wave surveys.

aI. Tanarro et al. 2019, A&A, 609, A15
bJ. Cernicharo et al., 2019, A&A


