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Progress in our understanding of ultrafast motion in molecules is best achieved through 
a close combination of experimental and theoretical approaches. Direct comparison is 
possible if theory is able to calculate experimental observables.  
 
Ultrafast molecular motions are observed experimentally using pump-probe techniques 
where the processes of interest is initiated and monitored with ultrashort (femtosecond) 
flashes of electromagnetic radiation. This talk will first review some of our advances on 
the theory of femtosecond time-resolved x-ray scattering and prescriptions for 
calculating experimental observables [1,2].  
 
Then, I will present combined experimental investigations and computer simulations of 
fundamental chemical processes of molecules in solution [3-8]. These involve bond 
formation [3-5], charge transfer [6-7] as well as intra- and intermolecular energy 
transfer and solvation dynamics. The experiments were carried out at the x-ray free-
electron lasers LCLS (USA) and SACLA (Japan), and the computer simulations are 
multi-scale QM/MM molecular dynamics (MD) simulations. 
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