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This thesis is focused on the investigation of ultrafast dynamics and transport of conduction-
band carriers in systems showing structuring on the nanoscale. The carriers are introduced 
either by doping of a semiconductor (Nb-doped TiO2) or by photoexcitation (ZnO, CdS) or 
photoionization (water).  
 
The work covers both experimental and theoretical aspects of the subject and in my opinion it 
constitutes a significant contribution in understanding of the initial stages of carrier transport 
and of carrier localization. The experimental information is obtained by THz probing of the 
carriers. Free carriers strongly interact with THz radiation and, interestingly, localization of 
carriers on the ~10 nm scale dramatically influences the conductivity spectra in the THz 
spectral range. The optical pump – THz probe spectroscopy then provides a sensitive contact-
free tool for the investigation of carrier dynamics. Many experiments presented in this work 
are performed at several different temperatures and for a broad range of pump pulse fluences 
(initial carrier concentrations). 
 
In the theoretical part of the work the author suggests and demonstrates the analysis of the 
experimental data in two steps. First he determines the suitable effective medium model to 
account for the depolarization field effects; in the second step he compares experimental data 
to simulations of the carrier transport which allows him to get microscopic information about 
the system. This analysis is greatly helped by the measurements performed at various carrier 
concentrations: the carrier concentration appears to be the key parameter for the interpretation 
of conductivity spectra in nanostructured systems; namely, it plays a crucial role for the 
selection of the effective medium model. 

The focus of the original part of the work is surely the investigation of carrier dynamics in 
ZnO and CdS systems. The results in ZnO show how important it is to be aware of and take 
into account the in-depth inhomogeneity of excitation of the semiconductor. The conductivity 
spectra clearly indicate an interplay of charge carrier plasma with high and low scattering 
time and of excitons which can appear and contribute to the THz signal at different depths 
below the photoexcited face of the sample. In CdS nanocrystals two localization scales were 
indentified in the mobility spectra and assigned to individual nanocrystals and to their 
clusters; in addition, the importance of the electron excess energy and of the electrostatic 
interaction of charges for their transport among the nanocrystals was demonstrated. 

Besides these results I would like to mention here explicitly two other parts of the thesis: 

Chapter 2 contains the theoretical introduction to the topics studied. The author introduces 
both models which have been previously used in the literature and models which he 
subsequently applies to the analysis of his experimental data. I consider the description of the 
theoretical models quite clear and pedagogic and this chapter will surely serve in the THz lab 
as an introductory text for students “newcomers” in the THz spectroscopy of inhomogeneous 
media. I particularly appreciated the part devoted to the introduction of the Bergmann 
representation of the effective medium theory and the comparison of the Drude-Smith model 
to the Monte-Carlo simulations of the charge carrier motion. 



Chapter 5 describes the experiments and simulations aiming to observe and characterize 
delocalized or weakly localized electrons after multiphoton ionization of water and their fast 
localization (within ~ 300–500 fs). When I was conceiving the subject of this thesis I thought 
this part might even constitute a good focus of the doctorate student’s work. This may also 
explain the word “molecular” in the title of the thesis. Indeed, at the beginning of the work Z. 
Mics spent a lot of time trying to capture the electron localization process in water with 
various salts. He realized later this was hardly feasible quantitatively with the current 
laboratory equipment. I am very satisfied he could finally reach semi-quantitative conclusions 
here thanks to his simulations.   

I wish to emphasize that an impressive number of experiments and simulations was carried 
out in order to achieve the level of understanding presented in the thesis. The main 
conclusions are very solid and cross-checked by comparing the behavior of carriers in various 
regimes (nanocrystal sizes, temperature, carrier concentration, excess energy). Nevertheless, a 
number of open questions remain which leave the room and inspiration for further research in 
this field. These open questions are mostly summarized in conclusions of the chapters. 

I think that, having performed this extensive work, Mr. Mics acquired a deep experience with 
time-resolved THz spectroscopy (experiments, data treatment), with computer analysis 
(simulation of carrier dynamics), and with setting up the optical part of time-resolved 
experiments. I wish to mention that his strong point is in data modeling, analysis and 
interpretation.  

During his doctoral studies Mr. Mics has clearly shown that he is skilled not only to perform 
very good quality scientific work, but that he is also able to present his results on the 
international level. He is the first author of 3 publications in peer reviewed international 
journals (Phys. Rev. B, Chem. Phys. Lett., J. Chem. Phys.) and a co-author in two other 
publications (J. Phys. Chem. C, J. Appl. Phys.); he presented his work at international 
conferences (2 oral contributions). 

To summarize, I recommend accepting the present work for the defence. 
 
 
 
 
 
In Prague, March 7, 2012 Dr. Petr Kužel (supervisor) 

Institute of Physics, v.v.i. 
Academy of Sciences of the Czech Republic 


