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Complex molecules in the Orion
Kleinmann-Low nebula

D.Despois, N.Brouillet, C.Favre,T.-C. Peng, A. Baudry (OASU/LAB)
et al.

We have conducted for several years a spectroscopic study at high
spatial resolution (1-2") of the Kleinman-Low (KL) infrared nebula, located in the
heart of the Orion Nebula. This study has been undertaken with the IRAM
Plateau de Bure Interferometer. Orion KL is one of the regions richest in
detected interstellar molecules. Studying the spatial distribution of the molecule
we hope to constrain the origin of the molecules and their formation
mechanism. In particular, are the molecules produced in the gas-phase, on icy
grain mantles, or through a combination of both processes ? Did the recent (<
1000 yr) explosive event play a role in their formation ?

              We have studied methyl formate HCOOCH3 (Favre et al 2011), deuterated
methanol (both CH3OD and CH2DOH ; Peng et al 2012), dimethyl ether
CH3OCH3 (Brouillet et al, soumis), and are presently working on acetone
CH3COCH3.

These studies benefited from financial support by CNRS programs PCMI and OPV, as well as by GDR Exobio.



A stellar encounter 500-1000 yr ago !
Orion Kleinmann-Low Nebula

An high-mass star forming region
414 pc from the Sun
(Menten et al. 2007) Bally et al. (2011), Goddi et al. (2011)

Gómez et al. (2005, 2008), Rodríguez et al. (2005)
Zapata et al. (2009)
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Center•  Shock waves

•  Unique conditions for the study of interstellar chemistry :
recent desorption (< 1000 yr) of molecules from the icy
mantles of interstellar grains
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Key Questions
• Here

– Which molecules are present in the interstellar medium?
Which complexity ?

– Where, when, how did they form ?

• The Origin of Life perspective
– Complementary studies are required to establish the

importance of IS chemistry for the Origin of Life on Earth :
– Do we find these molecules

• In the protosolar nebula ?
• In comets, asteroids, (micro)meteorites?
• As such or modified ? Inherited from the Interstellar Medium

and/or synthesized in the Solar nebula?
– Did they reach the early Earth?

• And in sufficient amount to play an important part in prebiotic
chemistry ?



Main molecules under study

• Search for molecules of interest for
prebiotic chemistry :
upper limits in Orion KL

– CH2OHCHO (glycolaldehyde), a pre-sugar
– aminoacetonitrile NH2CH2CN , a glycine precursor
– glycine NH2CH2COOH  itself, the simplest aminoacid

          have been searched for but only upper limits have been obtained in Orion
KL  (e.g. Favre et al 2011)

• NB: the discovery of glycolaldehyde in the low-mass protostar IRAS16293
has been announced recently (Jorgensen et al. 2012)

• Aminoacetonitrile and glycolaldehyde have been observed in the galactic
center Sgr B2 (Belloche et al 2009; Hollis et al 2002)

• Small organic molecules

Methanol CH3OH

Acetaldehyde CH3CHO

Dimethyl ether CH3OCH3

Methyl formate HCOOCH3

Acetone CH3COCH3

Ethylene glycol CH2OHCH2OH

Glycolaldehyde
CH2OHCHO
(pre-sugar (H2CO)2)

Saccharose
(sugar: (H2CO)12)

Aminoacetonitrile NH2CH2CN
Glycine NH2CH2COOH

(amino acid)

H2O (liq.)



Deuterated methanol : CH3OD vs CH2DOH
Sublimation of ancient ices?

– The study of deuterated methanol has shown that the ratio  CH2DOH/CH3OD is
relatively constant in Orion KL; this constancy, which contrasts with the present
variety of physical conditions in the region, suggests deuterated methanol formed in
ice mantles, at a time the interstellar matter in the region was more homogenous. The
value we find, <1 in average, confirms the strong difference between Orion KL et the
surroundings of low-mass protostars (e.g. IRAS16293) found by Rataczack et al
2011.

Fig 2: map a) of CH2DOH emission and b) of the ratio
CH2DOH/CH3OD in Orion KL

Range of values of
CH2DOH/CH3OD  in our
map (Fig 2 b; Peng et al
2012)





Similarity of  dimethyl ether  CH3OCH3 and methyl
formate HCOOCH3  spatial distributions :

A common precursor ?

• The comparison of CH3OCH3 with HCOOCH3 has shown a striking correlation of the spatial
distribution of both species. Such a tight correlation is not found with ethanol CH3CH2OH, nor
with formic acid HCOOH - which in the opposite appears anticorrelated.

• The simplest explanation seems to be  a common precursor for both species. Two main models
have been proposed to form these species

• If the formation occurs on grains (Bisschop et al 2007, Oberg et al 2010), the common
precursor would be the  CH3O• radical :

– CH3O• + CH3•  => CH3OCH3
– CH3O• + HCO• => HCOOCH3

• If the formation takes place in the gas phase, protonated methanol CH3OH2
+ would be the

common precursor (Neill et al 2010) of the related protonated species
– CH3OH2

+ + CH3OH  => (CH3OCH3)H+ + H2O        
– CH3OH2

+ + HCOOH => (HCOOCH3)H+  + H2O

• An electronic dissociative recombination of the latter would complete the process. The presence
of protonated methanol is linked to methanol injection into the gas phase from icy grain mantles.

• Another reaction, producing HCOOCH3 from H2CO has been considered (Blake et al 1988),but
suffers from a too high barrier (128 kJ.mol-1 ~ 15000 K ~ 1.2 eV ; Horn et al. 2004).

 Could the supplement of (kinetic) energy in the shock help overcome this barrier ?



Methyl formate vs Dimethyl ether

Spatial distribution  (spatial
resolution 1" ~ 400 AU)

Pixel to pixel correlations
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Methyl formate HCOOCH3 :
A link with shocks ?

• The study of HCOOCH3has shown some spatial association between  this molecule and the peaks of the
2.12 µm excited H2 emission, which traces shocks.

Favre et al 2011

Background image:
shocked gas

Contours :
HCOOCH3





Some missing knowledge
• Is the CH3OH2

+ +H2CO reaction to form methyl formate
HCOOCH3 possible if protonated methanol is accelerated in a
shock?
– Horn et al 2004 showed there is a barrier preventing this reaction under

standard ISM conditions (low T)
• What is the millimeter spectrum of CH3OH2

+ ?
• What favours the production of the CH3O• radical over CH2OH• ?
• Could the dimethyl ether CH3OCH3 to HCOOCH3 ratio converge

to a constant value at long times, without a common precursor ?
• What are the possible reactions to form acetone CH3COCH3 ?

– The distribution of acetone in Orion KL is definitely distinct from other O-
bearing species (e.g. CH3OCH3)


