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Scientific Case
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HNCO as a prebiotic molecule
- Contains four of the biogenic elements 

(CHONPS)

- Observed in comets, protostellar 
regions and clouds.

- The peptide link (–NH–C(=O)–) play an 
important role in the synthesis of amino 
acids and proteins
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HNCO as a prebiotic molecule

- Can form molecules with 
peptide bonds in solid state

● Glycine (Mendoza talk)
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Fedoseev et al. 2015



- could participate of the formation of cytosine 

in ice phase    (Majumbar et al. 2015)

- could form amino acids and their anions 

(Fedoseev et al. 2015)
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HNCO and OCN-



Formation of HNCO in ices
- Gas phase reactions do not 

reproduce the observations

- Interstellar ice analogues 
processed by proton or UV 
radiation

Fedoseev et al. 2015
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Fig.: Products of high-energy proton irradiation of formamide in the presence of 
meteorites. Nucleobases, nucleobase analogs, and intermediates of the 
condensation (Saladino et al; 2015).
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- HNCO may be correlated with formamide



HNCO and NH2CHO

- They may share a common solid 

state formation scheme;

- similar conditions during ice 

formation

- balance between formation 
and destruction in ices

- [HNCO]/[NH2CHO] ~ 3.0
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Grain-surface routes

- Hydrogenation of HNCO 
involves a activation barrier

- They may not be chemically 
related 
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Bisschop et al. 2007
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CH4:HNCO ice 

T=20 K

far-UV photons 

(Ligterink et al. 2018)

*hydrogenation of 
HNCO is unlike to 
form NH2CHO



Observation of HNCO in 
the Hot Molecular Core
G331.512-0.103
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G331.512-0.103
Hot molecular core

- ~7.5 kpc
- outflow with 55 M☉

- n(H2) ≈ 2 x 10⁷ cm⁻³
- HC3N → Tkin ~ 90 K

(Duronea et al. 2019, accepted)

CH3CN → Tkin ~ 141 K

CH3OH → Tkin ~ 74 K

(Mendoza et al. 2018)



G331.512-0.103
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Observed with APEX      
(Atacama Pathfinder Experiment)

- APEX 1→  213 − 275 GHz
- APEX 2 → 267 − 378 GHz



HNCO emission lines
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(Canelo et al., 
in prep.)
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LTE-analysis

(Goldsmith & Langer 1999)

Texc = 70 士 7 K

N = 4.7 x 10¹⁴ cm⁻²

(Canelo et al., in prep.)



Corner Diagram
- MCMC statistical solutions for

- Texc
- column density

Texc ≈ 61 K

N ≈ 2 x 10¹⁴ cm⁻²

(Canelo et al., in prep.)
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Nautilus (Ruaud et al. 2015, 2016) 
- a three-phase time-dependant 

simulation of the chemistry 
    (gas + grain mantle + surface)

- includes chemical reactions in both 
gas and solid phases

- Our simulations are zero-dimensional
    * physical conditions are uniform

- No structure evolution
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Cloud initial elemental abundances  (Vidal 
& Wakelam 2018)
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Best-fit model

Av = 10 mag 
ζ = 1.3 x 10⁻¹⁷ s⁻¹
Tgas = Tdust



Perspectives - LLAMA

19



Search for interstellar emission of N-heterocycles

20

Motivation → Prebiotic chemistry

Fig.: Molecular structure of benzene, pyrimidine and 
pyrimidinic nucleobases uracil, thymine and cytosine 
(Mendoza et al. 2013).

- Formation of nucleobases

- Presence in meteorites (e.g. Murchison) 
(Allamandola et al. 1999, Martins et al. 2005, 2008 )

- Large dipole moments                                   

→ detection at radio wavelengths    

(Charnley et al. 2005)
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N-heterocycles detection in ISM
- Vinyl cyanide, pyrimidine and pyridine  in 1973          

(Martha Simon & Michal Simon, 1973)

- Pyridine, pyrimidine, quinoline, isoquinoline              

(Charnley et al. 2005, Kuan et al. 2006)

Still a challenge:

- Low abundances

- Photodissociation

Fig.: The half-lives of the three N-heterocycles plotted 
against the number of nitrogen atoms in the ring.
 (Z. Peeters et al. 2005).



Search for N-heterocycles precursors
- HNCO, HC3N, C3H and HC3NH⁺ (Majumdar et al. 2015)

- Formamide

- Vinyl cyanide (C2H3CN)    (Parker & Kaiser, 2017)
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● BAND 5: 162 - 211 GHz

Setups centred in typical transitions to cover the frequency interval

Transitions predicted by the CDMS database: HNCO, pyrrole, pyridine 

 

LLAMA
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Projects in the mid-infrared
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PAHs (Polycyclic aromatic hydrocarbons)

- 15% of the carbon in the interstellar medium (ISM) (Joblin et al. 1992)

- Dominant organic material    (Ehrenfreund et al. 2006)

- 50% of the mid-IR luminosity  (Li et al. 2004)

- Prebiotic role (PAH World) (Ehrenfreund et al. 2006)
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PANHs (Polycyclic aromatic nitrogen heterocycles)

- Blueshift of the  6.2 μm band → PANHs 
(Hudgins et al. 2005)
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Fig.: General 6.2 μm profile variations for the classes A, B and C (E. 
Peeters et al. 2002)



PANHs in starburst-dominated 
galaxies

- Spitzer/IRS ATLAS project                                  
(Hernán-Caballero & Hatziminaoglou, 2011)

- Study of the 6.2 μm PAH band                
(Canelo et al. 2018)

- Comparison of the 6 - 9 μm PAH bands 
(Canelo et al. , in prep.)

27



28



Final remarks
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● Observation of important 

prebiotic molecules

● Development of chemical 

modelling 

● Better understanding of the 

formation and abundance of 

N-heterocycles and their 

precursors
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THANK YOU!
carla.canelo@usp.br

http://www.astro.iag.usp.br/~astroquimica/
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Different densities
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Different temperatures



34

Different temperatures



Small N-heterocycles

- Search for emission of minor units

pyrrole (C4H5N) 

pyridine (C5H5N) 

pyrimidine (C4H4N2)

C4H5N + CH → C5H5N
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(Ligterink et al. 2018)



Data analysis
Fitting of the bands → scipy.curvefit

Gaussian profile

- 6.2 μm (Canelo et al. 2018)
- 7.6 and 7.8 μm (Canelo et al. in prep.)
- 8.6 μm (Canelo et al. in prep.)
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Integrated Gaussian fluxes

- 6.2 μm → 6.1 – 6.35 μm

- 7.7 μm → 7.2 – 8.2 μm

- 8.6 μm → 8.2 - 9 μm


