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What is hidden in a spectrum? Computational strategies 
from bandshapes to molecular insight
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Spectroscopic bandshapes encode detailed information on molecular structure, nuclear motion, 
electronic-state coupling, environment, aggregation and intermolecular interactions. This molecular 
information is often hidden in spectral features and is not always straightforward to extract from 
experiment alone. Computational spectroscopy, which can now provide simulations in direct 
comparison with experiment, is therefore an ideal tool to reveal such information. To do so reliably, 
computational models must account for all the relevant physical effects that shape the 
spectroscopic response.

In this seminar, we will explore computational methodologies developed over the last decade to 
address different types of spectroscopy. The main focus will be on electronic spectroscopy, 
including vibronic effects to recover full lineshapes directly comparable with experiment [1]. These 
techniques can now be routinely applied to semi-rigid systems in heterogeneous environments, 
provided that the Born-Oppenheimer approximation can be safely invoked for the electronic states 
involved. For more complex systems, we introduce mixed quantum-classical strategies to treat 
molecular flexibility and environmental effects on the same footing. In particular, we will discuss the 
Adiabatic Molecular Dynamics generalized Vertical Hessian (AdMD|gVH) approach [2], a general 
framework in which harmonic models are generated for stiff solute modes at arbitrary snapshots 
extracted from unconstrained molecular dynamics simulations. We will review successful 
applications to flexible chromophores and complex environments [3,4], and discuss the issues 
arising from non-adiabatic couplings among electronic states, together with different strategies to 
address them [5,6].

Finally, we will move to infrared spectroscopy and explore the thermodynamics of non-covalent 
aggregates through the O-H stretching band of phenol. This band is extremely sensitive to 
aggregation patterns and, therefore, to environmental conditions. We will compare aggregate 
conformational sampling through systematic searches and molecular dynamics simulations, using 
a common graph-theory-based classification of aggregate structures [7,8].
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