
Unraveling the complex nature of the hydrated electron 
 
 

Pavel Jungwirth 
 
Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech 
Republic, Flemingovo nám. 2, 16610 Prague 6, Czech Republic,  
e-mail: pavel.jungwirth@uochb.cas.cz 
 

Interaction of water with ionizing radiation is, in addition to direct DNA 
damage, causing radiation damage in living organisms and it is also important for 
nuclear waste treatment. Upon photoionization in water an electron and a cationic hole 
are formed, and we have followed the fate of both. In the talk, I focus on the structure 
and dynamics of the hydrated electron which, despite its key role in radiative processes 
in water, has remained elusive. The traditional cavity model has been questioned 
recently, but the newly suggested picture of an electron delocalized over a region of 
enhanced water density is controversial. Here, we present results from ab initio 
molecular dynamics simulations, where not only the excess electron but also the valence 
electrons of the surrounding water molecules are described quantum mechanically. 
Unlike in previous one-electron pseudopotential calculations, many-electron 
interactions are explicitly accounted for. The present approach allows for partitioning of 
the electron solvated in liquid water into contributions from an inner cavity, neighboring 
water molecules, and a diffuse tail. We demonstrate that all three of these contributions 
are sizable and, consequently, important, which underlines the complex nature of the 
hydrated electron and warns against oversimplified interpretations based on 
pseudopotential models. We also investigate the electron solvated at the water surface. 
The present results clearly demonstrate that the surface electron is mostly buried in the 
interfacial water layer, with only about ten percent of its density protruding into the 
vapor phase. Consequently, it has structure which is very similar to that of an electron 
solvated in the aqueous bulk. Finally, we show how to follow solvated electrons upon 
dissolving sodium in water (yes, it is explosive!). 
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