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ABSTRACT 
Compared to solids and gases, our understanding of the electronic structure and ultrafast dynamics of liquids remains far less mature. This situation has changed rapidly with the advent of the liquid microjet and related approaches, which enable photoelectron and Auger spectroscopies, along with emerging modalities such as PECD, to be applied directly to liquid samples. Liquid-jet photoemission spectroscopy (LJ-PES) is increasingly becoming a quantitative structural tool [1–3], with new types of spectroscopies to emerge [4,5]. However, interpreting these measurements relies critically on ab initio modelling.
In the first part of this talk, I will discuss computational strategies for electronic structure of liquids and solutions, emphasizing that the appropriate model depends on the role of the environment: from a weak perturbation (capturable by continuum descriptions), to a structure-defining solvent, to an active chemical participant. I will focus on water and highly concentrated aqueous solutions [6,7], where solute/solvent interactions span distinct regimes and challenge standard approximations. I will highlight progress enabled by correlated one-electron approaches and fragmentation/embedding methods [9], and I will address when and how nuclear quantum effects become essential for reliable predictions [10].
In the second part, I will turn to the formation and transport of low-energy electrons in liquids, a prerequisite for interpreting LJ-PES intensities, lineshapes, and energy shifts. I will summarize insights from cluster benchmarks [11], from condensed-phase decay pathways such as intermolecular Coulombic decay in water [12], and from detailed analysis of the full photoemission spectrum as a sensitive probe of electron/liquid interactions [13]. Finally, I will discuss current computational pictures of how electrons are born and evolve in water, and the implications for spectroscopy and radiation chemistry [14,15]. 
References 
1.   L. Tomaník, M. Pugini, K. Mudryk, S. Thürmer, D. Stemer, B. Credidio, F. Trinter, B. Winter, and P. Slavíček, Phys. Chem. Chem. Phys. 26, 19673–19684 (2024).
2.   B. Credidio, S. Thürmer, D. Stemer, M. Pugini, F. Trintar, J. Vokrouhlický, P. Slavíček, and B. Winter, J. Phys. Chem. A 128, 10202–10212 (2024).
3.   L. Tomaník, F. Trinter, P. Slavíček, and B. Winter, Electron Spectroscopy for Chemical Analysis of Liquids, Chem. Sci. (submitted).
4.   K. Mudryk, C. Lee, L. Tomaník, S. Malerz, F. Trinter, U. Hergenhahn, D. M. Neumark, P. Slavíček, S. Bradforth, and B. Winter, J. Am. Chem. Soc. 146, 16062–16075 (2024).
5.   Gopakumar, E. Muchová, I. Unger, S. Malerz, F. Trinter, G. Öhrwall, F. Lipparini, B. Mennucci, D. Céolin, C. Caleman, I. Wilkinson, B. Winter, P. Slavíček, U. Hergenhahn, and O. Björneholm, Phys. Chem. Chem. Phys. 24, 8661–8671 (2022).
6.  M. N. Pohl, E. Muchová, R. Seidel, H. Ali, Š. Sršeň, I. Wilkinson, B. Winter, and P. Slavíček, Chem. Sci. 10, 848–865 (2019).
7.  S. Thürmer, B. Winter, J. Dubský, P. Slavíček, in preparation.

9.  Z. Tóth, J. Kubečka, E. Muchová, and P. Slavíček, Phys. Chem. Chem. Phys. 22, 10550–10560 (2020).
10. L. Tomaník, J. Tůma, G. Öhrwall, R. Golnak, N. L. Le Nguyen, B. Credidio, H. Kaur, P. Slavíček, B. Winter, and H. C. Schewe, Proton Sharing in Poly-carboxylic Acids in Aqueous Solution, ACS Cent. Sci, submitted.).
11. J. Suchan, J. Kolafa, and P. Slavíček, J. Chem. Phys. 156, 144303 (2022).
12. P. Zhang, J. Trester, J. Dubský, P. Kolorenč, P. Slavíček, and H. J. Wörner, Nat. Commun. 16, 6732 (2025).
13. S. Thürmer, J. Suchan, R. Seidel, P. Slavíček, and B. Winter, Post-Collision Interaction in Liquid Water (in preparation).
14. E. Muchová, G. Gopakumar, I. Unger, G. Öhrwall, D. Céolin, F. Trinter, I. Wilkinson, E. Chatzigeorgiou, P. Slavíček, U. Hergenhahn, B. Winter, C. Caleman, and O. Björneholm, Nat. Commun. 15, 1–11 (2024)
15. V. Svoboda, R. Michiels, A. C. LaForge, J. Med, F. Stienkemeier, P. Slavíček, and H. J. Wörner, Sci. Adv. 6 (2020).
