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9 March, 2012
Re: Referee report on the Doctoral Thesis by Mr. Zoltan Mics

I have carefully read the Doctoral Thesis with the title “Dynamics of delocalized states in 
molecular systems studied by time-resolved THz spectroscopy”, by Mr. Zoltan Mics. 

The Thesis contains 6 major chapters, contributed between an introduction to charge 
transport and localization (Ch. 2), experimental methods and data analysis (Ch. 3), and 
the main bulk of the scientific results (Ch. 4-7), including work on electron transport in Nb-
doped titania nanoparticles, electron dynamics in water, electron transport in bulk and na-
nocrystalline ZnO, and electron transport in nanocrystalline CdS.

The report gives a comprehensive review of the work carried out by Mr. Mics, and I find 
that it is well written in a clear and understandable language, which is very important con-
sidering the rather complex physics being presented and discussed. The Thesis clearly 
demonstrates the ability of Mr. Mics to perform independent, creative scientific work. The
results in the Thesis are new, original and of high quality, and at the forefront of interna-
tional research.

The introduction is a very well-written assay on charge transport and localization which I 
find of extraordinary high quality. It offers a concise, yet easy-to-grasp introduction to a vi-
brant research area, which is seldom found in research articles and reviews.

The chapter with experimental details contains a comparably detailed discussion of data 
analysis, whereas the description of the experiments used on the Thesis is kept at an 
overview level. I believe that the Thesis would have been even stronger if the amount of 
practical details had been a bit higher. For instance, there is no clear mentioning and do-
cumentation of the bandwidth of the spectroscopic systems, which signal-to-noise level 
one can expect in the experiments, data acquisition details such as temporal scan win-
dows, lock-in time constants etc.

Chapter 4 investigates the static dielectric properties of Nb-doped titania nanoparticles, in 
the form of pressed pellets. THz-frequency spectroscopic results are compared with mi-
crowave data, and a unified model based on effective medium theory is used to make 
sense of the results. The model is a revision of a model used by the author in a previous 
paper, and there is a short discussion about the differences to the previous model. This 
could in my opinion have been discussed in a slightly sharper manner, to pinpoint of the 
differences in interpretation are significant or not. 

Chapter 5 describes what could be called a controlled failure, in the sense that no THz 
experimental results have been obtained, in spite of apparent heroic experimental efforts. 
It is very difficult to estimate if the discussion about the reason for the missing signal is 
correct, but I was very concerned when I read that the excitation spot size is of the order 
of tens of microns, whereas the THz spot has a diameter of 3 mm. If we assume 30 μm 
optical spot size, the area of excitation is 10.000 times smaller (=1002) than the probe 
spot, and therefore it is, in hindsight, perhaps not particularly surprising that no signals 
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could be recorded. This is discussed to some extent in the Thesis, but it would have been 
interesting to see a discussion on how to make the THz spot size smaller. In spite of the 
lack of results I would, however, like to expres my appreciation of the efforts to attempt 
this very important experiment, and I believe that the Thesis benefits from the inclusion of 
the Chapter in spite of the partly negative results. The chapter forms an important starting 
point for other researchers who might attempt the same type of experiments.

Chapter 6 describes very detailed investigation of the electron dynamics in photoexcited 
zinc oxide. The main conclusion of the first part of the chapter is that there can be two 
populations of electrons, distinguished by having a very short scattering time, existing near 
the surface of the sample, and a rather long scattering time, existing deeper in the sample 
where the carrier concentration is much smaller. The insight obtained on bulk ZnO is then 
used for the understanding of nanocrystalline ZnO. Here, a combination of Monte Carlo 
simulation and the analytical expression for a bound charge is used to explain the experi-
mental data. There is good agreement between the model results and the experimental 
data. 

Chapter 7 considers electron dynamics in photoexcited CdS nanoparticles. The model pic-
ture of the system that is developed in the chapter, where the Monte Carlo simulation me-
thod is expanded to include two layers of nanoparticle sizes, is very interesting, and 
presents a credible explanation of the observed dynamics. 

Overall, I find the Thesis and the presented scientific work to be of high quality. However, 
a general criticism is the lack of discussion of uncertainties and experimental/fitting errors. 
In spite of experimental data which in general contains a large amount of noise at higher 
frequencies (unavoidable in the kind of experiments carried out in the Thesis), there is an 
almost complete lack of error bars and discussion of reliability of the experimental data. 
This analysis can indeed be carried out, and the Thesis would have been stronger with an 
inclusion of a thorough discussion of such issues. The major strength of the Thesis is the 
very careful analysis of the experimental data in terms of advanced conductivity models 
and effective medium theories, and a central part of the scientific work has been the ex-
traction of relevant physical parameters from the models. Therefore it would seem natural 
to include a discussion about the validity of the extracted parameters, their interdepen-
dencies, and the standard deviations associated with them. In some cases very weak de-
pendencies are discussed, and here it is of high importance to document whether the 
trend observed is statistically significant or not. 

Based on the above, I recommend that the Thesis is accepted for the defence.

Specific questions:

Eq. 3.3.1 gives a linear relation between the detected THz field strength and the intensity 
difference between the two photodiodes in the free-space EO sampling. Is this linear rela-
tion a general feature, or valid only under certain assumptions?

Eqs. 3.4.5 and 3.4.7 offers the relation between the relative reflection and transmission 
change in dependence of the complex dielectric function of the sample. Can these two 
equations be used in combination to determine both the real and imaginary part of the in-
dex of refraction of the sample?
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Chapter 4: It is mentioned that there are systematic errors associated with the microwave 
measurement data used in the Chapter. Is it possible to elaborate a bit more on that? 
There are huge discrepancies between the experimental data and the model fits (Fig. 4.1), 
can they be explained by such systematic errors. 

Chapter 5, page 68: It is mentioned that the refractive index of water is 2.1+0.5i. This may 
be true at a specific frequency, but it is well known that the refractive index of water is not 
constant in the THz region. What is the shape of the index and absorption spectrum of 
water, and what is the underlying physics?

Chapter 5: How small T/T can be detected in the experimental setup for optical pump –
optical probe spectroscopy? 

Chapter 5: In the numerical modeling of the electron in water, a very long (1000 ps) scat-
tering time is assumed, resulting on the plots in Fig. 5.5. What s the reasoning behind 
such extraordinary large scattering time? The electron lives for a small fraction of a pico-
second as a free charge, and is then solvated. If no scattering occurs, how can the lifetime 
be so short? 

Chapter 6: To support the hypothesis that a fraction of the carriers exists as a population 
with low scattering rate deeper in the sample, would it be possible to estimate the profile 
of these carriers by considering the initial distribution of carriers and the diffusion coeffi-
cient, and find the approximate carrier distribution in the sample? This could be included in 
a FDTD simulation of the experiment, and perhaps give further support to the idea. 

Chapter 7: The model behind the rate equation picture, illustrated in Fig. 7.15, contains 
high-mobility charges at high energy and low-mobility charges at lower energy. It is not 
completely clear to my why it is acceptable to assume that electrons high in the conduc-
tion band would have a higher mobility than carriers low in the conduction band. Hot elec-
trons in semiconductors tend to have higher probability of scattering, is there a reason to 
expect that it would be any different in this system?

With the best regards,

Peter Uhd Jepsen

Professor, Ph.D. Habil.

Peter Uhd Jepsen


