
Quantum chemistry computations as an interpretative and predictive 
tool for grain-induced astrochemical processes. 

The formamide formation case.

Albert Rimola
albert.rimola@uab.cat

Departament de Química
Universitat Autònoma de Barcelona

Celebrating the first 40 years of 

Alexander Tielens’ contribution to science:
The Physics and Chemistry of the Interstellar Medium

2 – 6 September 2019, Avignon



H2

CH3OHCO

H2O
NH3 NH2CHO

CH3COOH

HC5N

NH2CH2CN

prestellar
protostellar protoplanetary

disk Planetesimal & planet formation

Caselli & Ceccarelli, Astron. Astrophys. Rev.,  2012, 20, 1

Evolution of the molecular complexity goes hand-in-hand with the physical phases 
involved in the formation of Solar-type planetary systems
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Evolution of the molecular complexity goes hand-in-hand with the physical phases 
involved in the formation of Solar-type planetary systems
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A Utility of Quantum Chemical Simulations:

Characterization of Potential Energy Surfaces (PES)
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Quantum chemistry computations as an interpretative and predictive tool for 
grain-induced astrochemical processes. The formamide formation case.
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Formamide Formation: NH2 + HCO reaction
BHLYP/6-311++G(d,p)
Potential Energy Surface (PES) including zero-point energy (ZPE) corrections
Energy units in kJ/mol (1 kJ/mol » 120 K)
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Formamide Formation: NH2 + HCO reaction

Reactant
Only the triplet state is stable
- Spin on NH2: +1/2
- Spin on HCO: +1/2
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Quantum Chemistry as an
Interpretative + Predictive tool

BHLYP/6-311++G(d,p)
Potential Energy Surface (PES) including zero-point energy (ZPE) corrections
Energy units in kJ/mol (1 kJ/mol » 120 K)



Formamide Formation. HCN + H2O

HCN

HCN/H2 ≈ 2×10-8 CN/H2 ≈ 3×10-10
Relative abundances
in molecular clouds

(Tielens, Rev. Modern Phys., 2013, 85, 1021)

CN

H

• Ice mixture of H2O:HCN

• Progressive warm: 40 K ® 180 K

• No reaction between H2O and HCN: desorption of 
the ice components before reactivity

Danger et al., PCCP, 16, 3360 (2014)



Formamide Formation. CN + H2O . Mechanistic Proposal
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Formamide Formation. CN + H2O . Energy Profile

BHLYP/6-311++G(d,p)
PES including ZPE corrections
Energy units in kJ/mol
(1 kJ/mol » 120 K)
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Formamide Formation. CN + H2O . Final Step

Quantum Chemistry as a 
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HCN ® H + CN

CN(on ice) + H2O(of ice) ® NH2CO(on ice)

NH2CO(on ice) + H ® NH2CHO(on ice)
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NH2CHO Formation:

• NH2 + HCO reaction on H2O water ice mantles: NH2CHO vs NH3+CO. Importance of the relative
orientation of the initial reactants.

• Dissociation of HCN and subsequent reaction of CN with H2O ice can be a plausible grain
surface reaction for NH2CHO formation.

• Dual role of H2O ice: reactant and catalyst

Take home message

• Quantum chemistry has great potentialities to be used as both an interpretative 
and a predictive tool in Astrochemistry

Conclusions
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