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The thesis studies the role of disorder in topological insulator Bi2Se3. The main focus is on magnetic 
dopants, which can make the material ferromagnetic, but other types of impurities are also studied. This 
is an exciting and relevant field of research. Topological materials are intensely studied systems and 
magnetic topological insulators are particularly interesting since they can allow for dissipationless 
transport. Understanding the disorder is crucial for proper understanding of these materials because it is 
invariable present in real systems and can strongly influence their topological properties.  

The calculations in the thesis utilize a state-of-the-art technique based on the TB-LMTO DFT method and 
CPA for description of disorder. This allows for in-depth study of various types of disorder in both bulk 
system as well as in thin layers, which are computationally much more demanding. The work is based on 
three peer-reviewed publications authored by J. Šebesta. 

The thesis first studies in detail bulk Bi2Se3 in presence of magnetic dopants as well as nonmagnetic 
impurities. Utilizing calculations of magnetic exchange interactions and Monte Carlo spin-dynamics 
simulations, the author calculates the dependence of Curie temperatures on the doping concentration. 
This is an important result since for practical applications the Curie temperature needs to be high and 
these results could help in optimizing it. The thesis then focuses on thin layers of Bi2Se3, which allows 
studying the surface states. These results show that the impurities can strongly influence the surface 
states and controlling the impurities is thus crucial for utilization of topological materials. The last part of 
the thesis studies plane defects known as twin planes, which naturally occur in real Bi2Se3 samples. The 
results show a strong interplay between the twin planes and the point defects. 

Some aspects of the thesis are not fully clear to me, however: 

1. The author says that in the presence of spin-orbit coupling the isotropic exchange interactions 
cannot be defined properly and that in such a case mapping of the energy differences to an 
effective Heisenberg Hamiltonian is unfeasible. Despite this the author then anyway calculates 
the exchange interactions in presence of spin-orbit coupling. This is confusing to me. If they 
cannot be properly defined, how can they be calculated? And in what sense are they not 
properly defined? Does this only concern the Liechtenstein formula? 

2. The topological invariants are discussed in depth in the introduction chapters, but then are not 
used at all when discussing the calculations. I understand that this is because in presence of 
disorder the conventional formulas cannot be directly applied, but I’m wondering if there is 
nevertheless a way of expressing the topological invariants in disordered system. This would be 
very interesting since then one could directly see the effect of disorder on topology. Can the 
topological invariants even be properly defined in a disordered system? 

3. I do not understand why the Sc leads are included for the thin layers calculations. Wouldn’t it be 
possible to calculate directly an isolated Bi2Se3 layer? 

I also note that the level of writing is somewhat poor in some parts, especially in the introductory 
chapters. However, despite this I could follow the thesis well for the most part and it is in my opinion of 



a good scientific quality overall. Thus, in conclusion, I can recommend this dissertation for public 
defense. 
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