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● The research of molecules 
in space is essential to 
understand the chemistry 
of the Universe

● Astrochemical models are 
based on:

- identification of the 
molecules

- abundance

- isotopic variations and 
other details

● Rotational spectroscopy is 
one of the main 
techniques for observation 
and identification of 
molecules in space



  

Molecules in space
(184+deuterated+unconfirmed)

Line surveys in the 1 mm atmospheric window toward two massive young stellar 
objects, I(N) (top) and I (bottom), in the NGC 6334 star-forming region.

Herbst & van Dishoeck, Annu. Rev. Astron. Astrophys. 47 (2009) 427
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Free Jet Absorption MilliMeter Wave 
spectrometer (FJ-AMMW, 52-74.4 GHz)

● Sweep rate: 10 GHz per day
● Sensitivity:  10-7 - 10-8 cm-1

● Resolution : 200 kHz
● Accuracy: < 50 kHz

● S. Melandri et al. J. Mol. Struct. 352/353 (1995) 253 
● S. Melandri et al. Chem. Phys. Lett. 261 (1996) 267 
● C. Calabrese et al. JPC-A  117 (2013) 13712

● Typical conditions:

● P0=200-500 mbar, Pb=0.001 mbar

● Trot ≈ 10 K, Tsample up to 160°

● Jet length: 16 cm



  

Molecular Beam Fourier Transform MW 
spectrometer (MBFTMW, 6-18 GHz)
● Sweep rate: 0.2 GHz per day
● Sensitivity: 10-11 - 10-12 cm-1

● Sub Doppler resolution: few kHz
● Accuracy: < 3 kHz

● Trot ≈ 1 K

● Caminati et al., Chem. Phys. Letters 392 (2004) 1 
● Operated according to: Jens-Uwe Grabow, 

Habilitationsschrift, Universität Hannover (2004)



  

Experimental Perspective:
 MBFTMW + Laser ablation/desorption

● Laser Nd-YAG (Quanta Systems) 532 nm 10 ns:
● Vaporization without decomposition of solid compounds and 

biomolecules
● Vaporization of metals



  

Atacama Large Millimeter/submillimeter Array
ALMA: 31 - 950 GHz

● High sensitivity and resolution 
● The interpretation of the 

plethora of data that will be 
obtained requires a large 
number of laboratory data

● Examples of transitions of propyl cyanide toward the 
northern hot core of Sgr B2(N):

● Black: continuum-subtracted spectrum observed with ALMA 
● Green: preliminary model including all identified molecules
● Red: synthetic spectra of i-PrCN and n-PrCN
● Belloche et al. Science 345 (2014) 1584
● Müller et al. J. Mol. Spectr. 267 (2011) 100
● Durig & Li, J. Mol. Struct. 21 (1974) 289



  

Polycyclic Aromatic Hydrocarbon Molecules

e.g. Tielens, Annu. Rev. Astron. Astrophys. 46 (2008) 289



  

27(18)-26(17)27(18)-26(17)

Microwave spectrum of fluorene:
Thorwirth et al. ApJ 662 (2007) 1309

Fluorenone



  

Fluorene and fluorenone: infrared 
spectra prediction (B3LYP/cc-pVTZ)

FIR

NIR

MIR



  

Acrylic acid

E~60 cm-1

Bolton et al., J.Chem.Soc.Far.Trans. 270 (1974) 113

s-trans aa
µa 0.66 (10) D
µb 1.35 (5) D

s-cis aa
µa 1.70 (4) D
µb 1.10 (5) D

● Already detected in the interstellar medium or circumstellar shells:
● formic acid    H-COOH

● acetic acid    CH3-COOH

● acrylonitrile   CH2=CH-CN

● acrolein         CH2=CH-CHO

● A possible formation pathway
of acrylic acid in interstellar ices
containing CH4 and CO2 could be:

● ·H + CO2 → ·COOH

● ·CH=CH2 + ·COOH → CH2CHCOOH

CH2=CH-COOHMAYBE?
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Acrylonitrile (vinyl cyanide) - water

D0=17.8 kJ/mol   D0=15.5 kJ/mol     D0=14.7 kJ/mol

A=5225 MHz       A=6669 MHz       A=27674 MHz
B=3517 MHz       B=2701 MHz       B=1241 MHz
C=2105 MHz      C=1924 MHz       C=1196 MHz

MP2/6-311++G** results:

A0=5282.022 (2) MHz
B0=3422.840 (3) MHz
C0=2074.858 (4) MHz
A1=5282.195 (2) MHz
B1=3422.986 (3) MHz
C1=2074.841 (4) MHz

DJ=8.74 (1) kHz
DJK=-4.00 (3) kHz
DK=15.79 (6) kHz
d1=-4.089 (2) kHz
d2=-0.758 (2) kHz

χaa=-0.38 (10) MHz
χbb=-1.47 (9) MHz
χcc=1.84 (9) MHz
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(1S,2S)-trans-1,2-Cyclohexanediol
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