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Schematic representation of the Milky Way Galaxy. The Sun is indicated by the cross.  
The galactic habitable zone is indicated by the dashed, gray circles, based on work  
of Gowanlock et al. (2011). The approximate galactic positions of the molecular clouds  
where formamide has been detected are indicated by filled circles. The circle size indicates  
the relative amount of formamide. The figure summarizes the current work and past  
observations. 
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Elemental Formamide Chemistry 

Formamide is easily produced by both space and planetary processes starting from mixtures of simple compounds. Once formed 
 it can directly polymerize to biomolecules or it can in part degraded to other low molecular weight derivatives useful intermediates 
For the synthesis of biomolecules. 



Prebiotic Chemistry of Formamide under thermal 
conditions. Synthesis of biomolecules 
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General criteria for validating a prebiotic process 

Criterion of simplicity 

Criterion of Chemiomimesis 

“certain biosynthetic pathways can be considered as chemiomimetic  of early prebiotic chemistry”  
Eschenmoser, A.; Loewenthal, E.  Chem. Soc. Rev. 1992, 1.   
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4-5 kiloK 



Moving towards the metabolism 
Titanium dioxide, photochemical conditions 





Monochromatic Irradiation 3.2 eV  
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High Energy particles. Proton beams 



MO-π Electronic Stuctures and excited states profiles 

After the interaction with radiation, the formamide can be excited to high energy levels from which the molecule can be dissociated 
Yielding radical species, mainly centered at the N or C atoms. In figure we describes the energy profile for these processes. This is the 
Core of reactivity of formamide. 



First level of reactivity 

Second level of reactivity 

BIOMOLECULES 

Formamide dissociation processes  

If radicals are quenched inside the first coordination sphere, as for example by hydrogen atom abstraction processes, they will produce 
simple compounds such as carbon monoxide (CO), hydrogen cyanide (HCN) and ammonia (NH3) which are not directly involved in the 
life of the cell. We can call this phenomena as the first level of reactivity of formamide. 
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Effect of minerals on 
energy profiles 

E 
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In this context it is worth to note that minerals can change the energy profiles for the formamide dissociation thus tuning the 
Reactivity and the selectivity of the transformations. This is the third level of reactivity for formamide, the most useful for the  
Formation of biomolecules. 



Formamide dissociation processes  

Antol I. et al. QM/MM non-adiabatic decay dynamics of formamide in polar and non-polar solvents. Phys. Chem. Chem. Phys., 2012,14, 
13262-13272 

Third level of reactivity 

BIOMOLECULES 
MINERALS 

First level of reactivity 

Second level of reactivity 

COMPLEX ORGANIC STRUCTURES 
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PrebioSc	  synthesis	  of	  nucleosides	  

12	  steps	  
Synthesis	  of	  acSvated	  pyrimidine	  ribonucleoSdes	  in	  prebioScally	  plausible	  condiSons	  
MaUhew	  W.	  Powner,	  Béatrice	  Gerland	  &	  John	  D.	  Sutherland	  

Only	  one	  step!	  

Uridine 

Meteorite 

With respect to other synthesis reported in the literature, this is the most simple and direct synthesis of a nucleoside under 
Prebiotic conditions. 





High Energy Particles. 11B irradiation 



Boron as component of primary Cosmic Ray Radiation 

11B:10B = 2.6 



The interstellar abudance of boron is of relevant interest for the analysis of chemical 
evolution in our Galaxy 

A)  Spallation (fission) reaction: High energy Galactic Cosmic Rays break  
                                                  apart heavier massive nuclei 

11B:10B = 2.5 

B) Fusion reaction: Low energy cosmic rays interaction with interstellar hydrogen 
                               and helium in presolar clouds   

11B:10B = 4.0 
Value found 
In the Solar System 
and meteorites 

confirming the higher prevalence of 11B in the pre-Solar Nebula 
Chaussidon M, Robert F Nature 1995, 374, 337-339 



JINR-Cyclotron 

In each tube: 

Formamide	  irradiaSon	  at	  U400M	  cyclotron	  
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