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Ab initio metadynamics of Miller experiments 

In 1953 Stanley Miller carried out the first one of his celebrated experiments: a mixture of 

gases of “simple” molecules (H2O, CH4, NH3, H2, H2S, CO, CO2, N2), supposedly 
representing the primordial Earth atmosphere, was submitted to electric discharges, to mimic 
the effect of lightning, obtaining glycine and other amino-acids. In 2014, we reproduced this 

experiment for the first time in ab initio molecular dynamics calculations, by simulating the 
effect of strong electric field on different mixtures of “Miller molecules”. Our work (PNAS 

111, 13768 (2014)), which has received a remarkable international press coverage (Left 
figure), suggests that a key compound of these prebiotic chemical reactions is formamide 
(Right figure). 

                       
However, a full quantitative study of the free-energy landscape of these complex processes is 

still lacking. F. Pietrucci, a world-class expert in the state-of-the-art free-energy calculation 
method known as Metadynamics has just joined our group. We propose to adopt this novel 
approach to reconstruct the full free-energy landscape of the Miller reactions, and to clearly 

quantify the interplay between the electric fields and the reaction mechanisms. This study has 
a potential impact well beyond Miller experiments, as strong, short-ranged electric fields are 

naturally present at the surface of minerals, and may play important roles in other fields, from 
hydrogen production to CO2 sequestration and valorisation. 
Techniques in use: Density-Functional Theory, Ab initio molecular dynamics, Metadynamics 

Applicant skills: Basic computer and programming skills, strong motivation, basic 
knowledge and interest in advanced thermodynamics. 

Key words: Prebiotic chemistry, advanced ab initio computational methods, electric field. 
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