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Francesco Segatta
RESEARCH ACTIVITY

My research activity has been mainly devoted to the development and application of theoretical/
computational methods in two fields, namely: computational quantum chemistry and 
spectroscopy simulation of molecular and super-molecular systems.  

Computational Quantum Chemistry: in this field, under the mentorship of Prof. Marco Garavelli 
and the collaboration with the members of His research group, I learnt the nuances of 
multiconfiguration wavefunction-based ab-initio approaches to solve the time-independent 
Schrödinger equation, such as the complete active space self consistent field (CASSCF/CASPT2). 
The CASSCF/CASPT2 approach represents the state-of-the-art for its accuracy in the 
description of excited states of generic small/medium size molecular systems, and recent 
developments suggest it can be also applied to larger photo-responsive molecular materials.  
Along my past and present research activity, I developed approaches to extend the applicability of 
these methods, introducing original contributions to treat: the intermolecular couplings in large 
multichromophore systems (cf. papers 4, 9, 11, 12, 14), the dynamical interaction between 
photoactive molecules and solvent (cf. papers 2, 7), and the computation of core-level excitations 
(cf. papers 1, 6, 8, 15-19). More recently, the collaboration with Prof. Niranjan Govind (Pacific 
Northwest National Laboratory, Richland, USA) has also exposed me to TDDFT type 
calculations, to describe both valence and core-level excitations (cf. papers 2-3, 8). 

Simulation of Spectroscopy: in the research activity conducted so far, the accurate quantum 
chemical description of molecular systems (being them an isolated molecule or a molecular 
aggregate, in gas-phase or in complex environments), has always been coupled to the study of its 
response to light induced perturbations, i.e., the simulation of spectroscopy. The Response 
Function approach, developed by Prof. Shaul Mukamel (which I collaborate with), has been the 
powerful theoretical tool to describe linear, as well as coherent multidimensional nonlinear time-
resolved spectroscopic techniques (such as transient absorption, and two-dimensional electronic 
spectroscopy), from the VIS/UV to the X-ray. I applied this approach to a large variety of 
systems (LH2 of rps. acidophila, xanthorhodopsin, azobenzene, pyrene, etc.) reproducing 
experimental spectra and fostering their interpretation, while producing unprecedented insight 
into their photophysical and photochemical properties (cf. papers 1-2, 4, 6-8, 11-12, 14-18, 23).  

The expertise that I acquired over the years, by conducting research in both of these above 
mentioned areas, and by collaborating with world leading experimental groups (Prof. Giulio 
Cerullo, Polimi, Milano; Prof. Claudio Masciovecchio, Elettra Synchrotron, Trieste), has allowed 
me to develop a unique understanding of light-matter interaction in molecular and supra-
molecular systems. I introduced original contributions in both fields, as, e.g.: the development of a 
semiclassical path integral approach for the calculation of linear and nonlinear optical 
spectroscopy (during a visiting period in the research group of Prof. David Coker at Boston 
University) and its recent extension to explicitly account for the field properties (cf. papers 5, 13); 
the quantum dynamics based simulation of nonlinear spectroscopy (in collaboration with Prof. 
Fabrizio Santoro, CNR-Pisa); the characterization of spectral line-shape impact of solvent-solute 
interaction (cf. paper 7); the study of the information content of X-ray spectroscopic techniques 
with unparalleled insight (cf. papers 1, 6, 8, 16-19). Eventually, I also developed and published a 
software (iSPECTRON) that facilitates the path from quantum chemistry to spectra (cf. paper 3). 
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