
GRADUATE COURSE IN MOLECULAR SCIENCES 
 

 

  
Graduate Course in Molecular Sciences 

Department of Chemical Sciences - Via Marzolo, 1 - 35131 Padova, Italy | Secretary: +39 049 8275657 
www.chimica.unipd.it/sdsm - dottorati.chimica@unipd.it 

 

Title Learning Chemistry from Electron Densities through Artificial Intelligence 
PI Sergio Rampino 
Research Group Theoretical Chemistry Group (TCG) 
Curriculum Scienze Molecolari 
Location Dipartimento di Scienze Chimiche 
Contact web: http://www.chimica.unipd.it/sergio.rampino/ 
 email: sergio.rampino@unipd.it 

 
Project description: 
Chemistry is discussed and rationalized in terms of concepts rooted in quantum mechanics that have their 
physical counterpart in large, intricate and often opaque data related to the spatial distribution of the elec-
tron cloud and produced by solving the equations of either wavefunction or density-functional theory. Ven-
turing in so far unexplored venues for the integration of chemistry, physics and computer science, this PhD 
project aims at developing a machine-learning framework for the analysis and interpreatation of molecular 
electron densities obtained by state-of-the-art quantum-chemistry calculations, with a focus on latent rela-
tionships between hidden data features and well-established chemical concepts (e.g., atom, bonding, dona-
tion, backdonation, hydrogen bonding). Applications will include comparison with conventional bond-
analysis techniques and the characterization of molecular systems exhibiting controversial features. 
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