L CEITEC

W (O = I T = S}

LT WNICIRIE s MR

Review Report on PhD Thesis

Faculty:  Central European Institute of Technology Academic year: 2024/2025
Brno University of Technology in Brno

Student: Ing. Kristyna Bukvi$ova
Doctoral study program: Advanced Materials and Nanosciences
Supervisor: Prof. Ing. Miroslav Kolibal, Ph.D.

Reviewer: Prof. Lucia Sorba

PhD thesis title: In-situ monitoring of nanostructures growth

Topicality of doctoral thesis:

The doctoral thesis focuses on the use of scanning electron microscopy (SEM) to investigate
real time nanostructure growth by employing a custom-made reactor connected to the SEM.
Three different low-dimensional materials have been investigated in situ. The first system
explored is the growth of graphene on liquid and solid metal catalysts. Morphological evolution
of the graphene flakes grown on solid and liquid gold and copper substrates, their motion, and
their self-alignment have been observed by SEM. Moreover, simulations have shown that the
graphene self-alignment driving mechanism can been interpreted through capillary forces.
These results are very important to minimize defects in the final 2D film. The second experiment
is the growth of gold-catalyzed planar ZnSe nanowires on nanogrooved sapphire. The role of
the catalyzer, the cleanliness of the substrate, the evolution of nanowire diameter, growth rate,
and nanowire path have been observed in real time. The third investigated system is the lateral
and vertical growth of SnSe platelets. The study focuses on finding the right growth parameters
to maximize the aspect ratio of the SnSe platelets. The thickness of the platelets was determined
in situ by SEM due to the different contrast of thin and thick platelets. Complex technical issues
have been met during the different experiments due to the use of equipment consisting in the
combination of SEM and high-pressure reactors. Different reactors have been developed and
employed for different experiments.

Meeting the goals set:

The use of SEM to investigate in situ and in real time the growth evolution of nanostructures is
technically challenging. However, many results have been achieved, and innovative technical
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solutions for improving the custom-made equipment have been proposed. Results obtained
with several other complementary experimental techniques (TEM, AFM, and Raman) have been
reported to better corroborate the observed results.

Problem solving and dissertation results:

All results reported in the dissertation have been properly discussed and explanations have
been proposed. Due to the complexity of the experimental conditions many technical problems
have been met. Solutions have been found, and future developments of the equipment to
overcome the critical issues have been proposed. The candidate has published the results of
the PhD thesis in one paper, and one has been submitted. In addition, she has many
publications on topics not directly related to the thesis.

Importance for practice or development of the discipline:

In situ monitoring and real time observation of the growth of nanostructures is an important task.
SEM measurements in combination with a high-pressure reactor have offered interesting
results, and a deeper understanding of the growth of nanostructures is described in the
dissertation. However, this research activity has the drawback of the complexity of the
equipment, and there are still several critical issues present (better temperature and pressure
control, small sample dimension, interference between source and sample temperature, and
other critical technical aspects). Improvement of reactor design will be challenging but this
activity has very relevant aspects for future research in the field of nanostructure growth.

Formal adjustment of the thesis and language level:

The language level of the thesis is very good. Few typos are present in the dissertation and few
acronyms are not defined. On page 22 there is an error in the temperature ramping speed. The
ramping speed of 10*4 °C/s is unlikely. The description of sample holder on page 22 is not very
clear, and the undercooled process is not clearly defined. In the caption of Fig. 4.4 there is a
typo in one of the crystallographic directions. They cannot be the same.

Questions and comments:
The dissertation is very clear, but | have few questions.
How are the undercooled liquid gold metal substrates realized?
How is it possible to identify with SEM if the substrate is liquid or solid?

How can liquid and solid gold substrates be obtained at the same annealing temperature
(see Fig. 2.21 and table 2.2)?
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The AFM results on the graphene growth on liquid substrates are not clear. Why do AFM
profiles give different heights of graphene flakes by employing two different set points
(frequencies)?

Conclusion:

The results presented in the dissertation, which are focused on the real time SEM
measurements and the growth of nanostructures, provide a deeper understanding of the growth
mechanisms of three different low-dimensional nanostructures. These results were obtained
employing custom-made equipment consisting of a SEM combined with a gas reactor. This task,
due to the complexity of the equipment, is realized through the direct involvement of the
candidate, other members of the research group, and a company. Critical issues have been
met, and solutions and future developments are proposed in the dissertation

In my opinion, this thesis fulfills all requirements for obtaining a PhD degree. This thesis is ready
to be defended orally, in front of the respective committee.

In Pisa, date 31/7/2025

Prof. Lucia Sorba
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