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Introduction: 

•  Organic molecules with internal rotation motion can be studied by spectroscopy in 
the microwave, millimeter, sub-millimeter or FIR region. 

•  This allows to provide lists of reliable  
    line positions and intensities for  
    searching these species in the interstellar 
    medium and eventually determine their 
    abundances. 
 Studied molecules: 

 

Framework of the 

molecule 

HERSCHEL (lancé en 2009) 
480-1250 GHz , 1410-1910 

GHz ALMA  (84-720 GHz) 
Atacama Large 

Millimeter Array 
(Chili) 

IRAM (67-282 GHz) 
Institut de RAdioastronomie 

Millimétrique (Grenade, Espagne) 

Methacrolein 
CH3(CHO)C=CH2 

	  

Dimethyl sulfide (DMS) 
CH3SCH3	  

3	  



Theoretical aspects: 

Observations 

Theoretical 
modeling Experimental data 

Fourier transform spectrometer 
at high resolution 

Interstellar cloud Orion Radiotelescope 
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Theoretical aspects: 

Frequency	  

A E AA AE EA EE* EE 

Internal rotation effect: 
splittings of energy 
levels 
 
à splittings of lines in 
the spectrum 

Example: DMS  

* W. Gordy and R. L. Cook « Microwave molecular spectra » 
* Lin and swalen « Internal rotation and microwave spectrscopy » 

Courtesy of L. Nguyen 

Torsional	  angle	  
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Codes and fit of the data: 
• The splitting of the energy levels can be described by an Hamiltonian 

expression containing two new terms due, respectively, to the potential 
barrier and the interaction between internal and overall rotation. 

ĤRot= ĤR+Ĥdist. Cent.+ ĤT+ Ĥinteraction 

à Generation of numerous high-order parameters. (Kirtman 1962) 

• That’s why codes are used to fit automatically these data and to 
determine the different rotation energies. 

• Different internal rotation codes exist [site web “PROSPE”]. They fit 
spectroscopic parameters by diagonalization of the matrix associated 
to the Hamiltonian expression mentioned above. Then, it is possible to 
determine the different energy levels and then the lines positions and 
intensities. 
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Codes and data fit: 

XIAM  
H. Hartwig and H. Dreizler, 

Z. Naturforsch, (1996) 
The prediction of spectrum 

is fast enoughJ  

Especially efficient for high 
values of potential barriers 

(>400 cm-1) L 

Treats torsional states 
separately L 

BELGI (LISA) 
(Hougen, Kleiner, 

Godefroid, JMS, 1994) 

Treats different torsional states 
together J 

Intermediate and low 
potential barriers J 

Experimental 
data 
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Experimental details: 
•  Measurement of rotational spectrum for DMS at vt=0 and vt=1ß0 in order to 

improve previous works (Vacherand et al.1986, Hayachi et al.1989) and complete 
them with new data set. 

•  New FAR IR measurements with an accurate Fourier 
transform spectrometer (~10-3 cm-1) containing a new 
absorption cell at low temperature 
[F. Kwabia Tchana,  L. Manceron et al. (2013)] 

vt= 1ß 0 
Synchrotron Soleil 

(France) 

•  Improve and complete  previous microwave measurements [J.M. 
Vacherand et al. (1986)] between 2 and 40 GHz thanks to the high 
resolution of the two microwave spectrometers [U. Andresen, H. 
Dreizler, J.-U. Grabow, W. Stahl, Rev. 1990] 

•  New millimeter measurements: 50-110 GHz. collaboration with the 
group in Aachen (Prof. Stahl, Dr L. Nguyen and Vinh Van) [RWTH 
University at Aachen]  

vt= 0 
Aachen 

(Allemagne) 
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•  Dimethyl sulfide (vt = 0): 
 
 

 
 
 
 
 
 
 

q For the moment standard deviations are better with XIAM than BELGI for the ground torsional state: 
à Very high potential barrier for the DMS (~730 cm-1): XIAM is efficient in this case. 
à High correlation between parameters in the BELGI code; work is in progress… 

AA 

EE 

AE 

EA 

JKaKc= 110  101 

Microwave Spectra of DMS obtained at Aachen 
	  

12091.7115MHz 

12091.7181 MHz 

12091.9560 MHz 

12092.1948 MHz 

Results: 

XIAM BELGI Weight in the fit 

Microwave data from 
present work 

Na = 79 N = 78 - 

σb = 6.2  kHz σ = 5.8 kHz 5 

New Millimeter data 
from present work 

N = 311 N = 295 - 

σ = 31.7 kHz σ = 53.5 
kHz 

40 

Data from previous 
work Vacherand et al. 

(110-300 GHz) 

N = 187 N = 162 - 

σ = 73.5 kHz σ = 93.5 
kHz 

100 

code 
data 

a : Number of lines included in the fit 
b : standard deviation in kHz 
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Results: Dimethyl sulfide (vt = 0): 
 

 
 
 
 
 
 
 
 

à A good agreement between XIAM and BELGI parameters (relative error of 1% for global 
rotation constants A, B and C; 3% for potential barrier V3). 

à Unfortunately so far this molecule could not be detected in the interstellar cloud Orion with 
the IRAM’s telescope  L  [Collaboration: J. Cernicharo et B. Tercero (Madrid)] 

à  For the moment, only ground torsional state is treated in this work. 

Paramètres Unité XIAM BELGI Résultats de 
Vacherand et al. 

A MHz 17809.727051(422) 17836(3) 17816.53562(76) 

B MHz 7622.124112(655) 7639(3) 7620.95066(191) 

C MHz 5716.741418(385) 5745.0973(23) 5711.10727(57) 

DJ kHz 8.058183(782) - 56.9845(116) 

DJK kHz -35.522787(4929) - -182.281(32) 

DK kHz 139.143(22) - 139.014(21) 

V3 cm-1 753.3986 (1415) 733(2) 738.756(84) 

ρ cm-1 0.092344215 0.08835197 - 
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•  Dimethyl sulfide (FAR-IR): 
	  

à Objective: assignment of 
different  rotational lines in the 
state of torsion vt = 1ß0. 

Low resolution 
0.25 cm-1 

Durig et al. (1977) 

High resolution 10-3 cm-1 

Sychrotron Soleil 

180-185 cm-1 

183-183.7 cm-1 

vt=10 vt=21 
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q  According to the work of Durig et al. and theoretical work of Senent et al., almost of 
assignment of torsional bounds assigned are in agreement. 

q  Thanks to the high accuracy of the synchrotron-Soleil spectrometer, different rotational 
lines of the torsional state vt = 1 ß 0 can be observed in the FAR-IR spectra.  But, assignment 
of these lines is not obvious…  

q The BELGI code could be useful in this case by including interaction terms  between the 
two equivalent tops.  

•  Dimethyl sulfide (FAR-IR): 
	  

Torsional 
state 

Frequency from previous 
assignment (Durig et al. 1977) 

(cm-1) 
 

Frequency from 
theoretical assignment 

(Senent et al. 2014) (cm-1) 

Preliminary  
assignment from 

this work 

10 183.3 184.9 183.6 

21 180.9 181.3 181.1 

32 173.1 169.9 _ 
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Results: 
•  Methacrolein: [see also talk of Olena Zakharenko (PhLAM, Lille)] 
q  A molecule containing one methyl-rotor with a plane of symmetry. It have an atmospheric and 

an astrophysical interest. 
q  Only one previous work in the microwave region (7.6- 25 GHz) M. Suzuki and K. Kozima 

1971. 
à New experimental data with Jmax= 17, Ka ≤ 5 (collaboration with the group of Aachen, 
Germany) 
 
 
 
 
 
 
à Standard deviation slightly higher than the experimental accuracy: 

Ø Lines are broad in the millimeter spectrometer at room temperature. 
Ø Probable interaction with other states of torsion ?... 
 

Spectral region XIAM BELGI-Cs 

Microwave data 2 - 40 GHz Na = 140 N = 120 
σb = 7.2 kHz σ = 9.4 kHz 

Millimeter data 50 – 110 GHz N = 82 - 
σ = 63.5 kHz 

a : Number of lines included in the fit 
b : standard deviation in kHz 

13	  



Conclusion & perspective: 
•  Measurements and analysis of the microwave and millimeter wave spectra of the 

dimethyl sulfide at vt=0. This molecule could not be detected in the Orion 
molecular cloud with the IRAM telescope. 

•  New Measurement of the FAR-IR spectra (50-340 cm-1) of DMS.  
à Need of an efficient code capable of treating together different states of torsion. 
•  The BELGI code could be useful in this case but it is the first time that we use it 

for two equivalent tops. 
•  Microwave data of methacrolein (2-40 GHz) are significantly improved and 

completed in this work. Further more, lines in the millimeter  region (50-110 GHz) 
are measured for the first time. 

à Work is in progress in order to obtain the experimental accuracy for this 
molecule.  

à Collaborations with other groups would be possible to complete our set of data 
and then an attempt to detect the molecule in the MIS. 
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