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Our fundamental understanding of the light-induced ultrafast events determining photochemical properties of 
molecules has undergone significant advancements thanks to time-resolved studies. Modern femtosecond X-
ray techniques are particularly suited for such investigations. Yet, the analysis and the interpretation of the 
experimental outcomes necessitate support from detailed simulations of the ultrafast dynamics as well as their 
experimental signatures. In this talk, I will give an overview of some of our recent efforts using quantum and 
semiclassical methods to simulate photoinduced non-adibatic dynamics and our own developments to calculate 
time-resolved X-ray scattering signals and spectra. Examples will include organic photo-switches,1,2 electronic 
relaxation processes,3,4 and transition-metal systems.5-8 
 

 

 
Figure 1: Reaction path for dihydroazulene ring-opening from the FC region through the S1/S0 CI toward the cis-trans 

isomerization process, from [1]. 
 
References 
1 Abedi, M., Pápai, M., Mikkelsen, K. V., Henriksen, N. E., and Møller, K. B, “Mechanism of Photoinduced 

Dihydroazulene Ring-Opening Reaction”, J. Phys. Chem. Lett. 10, 3944-3949 (2019). 
2 Schnack-Petersen, A. K., Pápai, M., and Møller, K. B., “Azobenzene photoisomerization dynamics: Revealing the key 

degrees of freedom and the long timescale of the trans-to-cis process”, J. Photochem. Photobiol. A: Chem. 428, 
113869:1-11 (2022). 

3 Scutelnic, V., Tsuru, S., Pápai, M., Yang, Z., Epshtein, M., Xuel, T., Haugen, E., Kobayashi, Y., Krylov, A. I., Møller, 
K. B., Coriani, S., and Leone, S. R., “X-ray transient absorption reveals the 1Au (nπ*) state of pyrazine in electronic 
relaxation”, Nat. Commun. 12, 5003:1-8 (2021). 

4 Schnack-Petersen, A. K., Pápai, M., Coriani, S., and Møller, K. B., “A theoretical study of the time-resolved x-ray 
absorption spectrum of the photoionized BT-1T cation”, Struct. Dyn. 10, 034102-1:15 (2023). 

5 Pápai, M., Abedi, M., Levi, G., Biasin, E., Nielsen, M.M., Møller, K.B., “Theoretical Evidence of Solvent-Mediated 
Excited-State Dynamics in a Functionalized Iron Sensitizer”, J. Phys. Chem. C, 123, 2056:2065 (2019). 

6 Zederkof, D. B., Møller, K. B., Nielsen, M. M., Haldrup, K., González, L., and Mai, S., “Resolving Femtosecond Solvent 
Reorganization Dynamics in an Iron Complex by Nonadiabatic Dynamics Simulations” J. Am.  Chem. Soc. 144, 
12861-12873 (2022). 

7 van Driel, T.B., Kjær, K.S., Hartsock, R., Dohn, A.O., Harlang, T., Chollet, M., Christensen, M., Gawelda, W., 
Henriksen, N.E., Kim, J.G., Haldrup, K., Kim, K.H., Ihee, H., Kim, J., Lemke, H., Sun, Z., Sundstrom, V., Zhang, 
W., Zhu, D., Møller, K.B., Nielsen, M.M., and Gaffney, K.J., “Atomistic characterization of the active-site solvation 
dynamics of a model photocatalyst”, Nat. Commun. 7, 13678-1:7 (2016). 

8 Power-Riggs, N.E., et al., ”Characterization of Deformational Isomerization Potential and Interconversion Dynamics 
with Ultrafast X‑ray Solution Scattering”,  J. Am.  Chem. Soc., accepted May 2024, DOI: 10.1021/jacs.4c00817 


	Klaus B. Møller

