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• Chemical inventory

• Isotopic fractionation 

• Temperature

• Density

• Kinematics

What information can we infer from the observation of molecules?
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Appendix B: Applied Reaction Scheme for the Formation of Methanol and Deuterated Isotopologues

Figure B.1 depicts the reaction scheme for the formation of methanol, that we employed for all the presented models.

Fig. B.1. Reaction scheme for the formation of CH3OH and its deuterated isotopologues. The upper half shows the applied "forward reac-
tions"/addition reactions, either adding H (in horizontal direction) or D (in vertical direction). The lower half shows the employed "backward
reactions"/abstraction reactions, reacting with H or D and thereby removing a H2, HD or D2 molecule. The values on top of the arrows indicate,
if existing, the activation energies EA in 103 K. There are always two values for the abstraction reactions. The first one gives the value for the
reaction with H, the latter one for the reaction with D. Note that our reaction scheme also includes two "substitution reactions" exchanging one D
atom for a H atom in H2CO and HDCO respectively, which are not shown here for the sake of clarity.
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H2 column density map computed from Herschel/SPIRE data at 250, 350 and 500 micron
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The prototypical pre-stellar core L1544
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6 arcmin / 50000 au

• centrally concentrated (Ward-Thompson et al. 
1999) 


• shows signs of contraction motion (Caselli et al. 
2012, Redaelli et al. 2022)


• central density is ∼106 cm−3 and the central 
temperature is ∼ 6 K (Crapsi et al. 2007) 


• high degree of CO freeze-out and high level of 
deuteration towards its center (Crapsi et al. 2005)


• chemically rich, showing spatial inhomogeneities 
in the distribution of molecular emission 
(Spezzano et al. 2017)
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The chemical structure of pre-stellar cores
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Nitrogen fractionation and non-uniform illumination
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The physical structure of pre-stellar cores Lin, Spezzano et al. 2022

What are the physical conditions at the different molecular peaks? 



The physical structure of pre-stellar cores Lin, Spezzano et al. 2022

The emission of the three molecules traces different gas layers!

Results from RADEX models



The physical structure of pre-stellar cores Lin, Spezzano et al. 2022

Full RT models with LOC
Abundance profiles from chemical models of Sipilä et al. (2015) and Vasyunin et al. (2017). 

                        from Keto & Caselli (2010).
• c-C3H2 and HNCO lines can be well reproduced with a factor of 3-5 increment of the abundance profiles

• CH3OH lines can only be well reproduced if we include a bump in the density profile 

(Line transfer with OpenCL, Juvela 2020)

Shocks induced by asymmetric and dynamic accretion flows? 
More observations needed!

n(r), T(r), Vr(r)

10°3 10°2 10°1

R (pc)

103

104

105

106

107

Ω
(c

m
°

3 )

KC10

KC10 convolved by NOEMA beam

Modified density profile

NOEMA nH2 map location of the 
molecular peaks



Hunting for pre-stellar cores with APEX

• N2D+/N2H+ survey of the densest starless cores within 
200 pc  from Sun (PI: Caselli)


• Selection Herschel Gould Belt Survey Archive (HGBSA; 
André et al. 2010) 


• From a total sample of 1746 starless cores we selected 
those with the average n(H2) > 3x105 cm−3 within the 
central 20 arcsec ( ~ Herschel beam at 250 μm). 



IRAS16293E/Oph464

Khale et al. 2023
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v=0 in the inner 3000 au

v=-0.5 km/s at r>3000 au

Constant abundance

Turbulent velocity = 0.2 km/s

N2D+/N2H+ abundance ratio of ~65%

Spezzano et al. in prep.
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Conclusions and Outlook

•Physics and chemistry in pre-stellar cores are deeply interconnected

•Molecules are very powerful astrophysical tools (use them wisely!)

•The environment where pre-stellar cores are embedded plays a key role in the 
chemical distribution across the core

•Variation of the 14N/15N ratio across a pre-stellar core have been observed for the 
first time

•A tomographic view of pre-stellar cores is possible with multiline observations 
(and shows density enhancements with respect to the Bonnor-Ebert sphere)


The future will bring:

more (cores) and better (spatial and spectral resolution)
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