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The aim of the thesis is a computer modelling of new stable clathrate structures
within the realm of thin films based on pure elements from Column XIV of
the Periodic Table, exploiting DFT energy evaluations. Of special importance
are clathrates exhibit- ing decagonal and dodecagonal symmetry — composed
entirely of one of the Group-IV elements (Sn, Ge, Si) — whose stability and
occurrence have not been reliably ascertained yet. The theoretical part of
the present work consists of two chapters. Chapter 1 de- scribes numerical
methods as a basic instrument of our research: A. current ab initio models
of interatomic interaction in condensed matter with emphasis laid on the
predic- tive power and relation to experimental results and B. approaches
for effective sampling of configurational space (search for the ground-state
and thermodynamic equilibrium). A. is undoubtedly represented by Density
Functional Theory (DFT), recently upgraded by Machine Learning Force Fields
(MLFF). As for the second immense category B. we shall introduce Molecular
Dynamics (MD), Parallel Tempering (PT)/Replica Exchange (RE), Lattice Gas
(LG) as well as Chemi-Inspired Search. In the world of atomistic ma- terial
simulations, models A. serve as an engine of approaches B. in pursuit of new
stable materials. Important differences in stability assessment of bulk phases
and thin films are pointed out in chapter 2. The experimental part of the thesis
compares stability of assorted sp3 tetrahedal phases in bulk (3D variant) with
that of thin films. Chapter 3 depicts bulk clathrates in the shadow of the unique
stable diamond configuration for each of the elements Si, Ge and Sn. The
ranges of coverages (i.e. number of atoms per A2 ) of the elemental Column-
XIV thin films where clathrates become stable are unraveled in chapter 4. With
the exception of section 4.5, concerned with decagonal tin clathrate already
deposited on d-Al-Ni-Co substrate in real experiment, the only objective of the
thesis are free-standing layers. Last but not least, chapter 5 compensates for
the very absence of substrate where a possi- bility of the clathrate stabilization
on the diamond (111)-terminated surface is considered. Key words: Clathrates,
Column XIV, Structure Prediction, Density Functional Theory, ground state,
thin films, surface reconstruction, Molecular Dynamics.

Cielom prace je pocitacové modelovanie novych stabilnych klatratovych
Struktar na ba- ze Cistych prvkov XIV. skupiny Periodickej tabulky v oblasti
tenkych vrstiev s vyuzitim vypoctov energie pomocou DFT. Mimoriadna
pozornost’ je venovana klatratom s deka- gonélnou a dodekagonalnou symetriou
— tvorenym jednym z prvkov XIV. skupiny (Sn, Ge, Si) — ktorych stabilita a

vyskyt dosial’ neboli spol'ahlivo Freukézané. Teoreticka Cast’ prace pozostava
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z dvoch kapitol. Prva kapitola popisuje numerické metdédy ako zakladny
aparat nasho vyskumu: A. zauzivané ab initio modely medzi- atomarnej
interakcie v tuhych latkach s dorazom na ich predpovedni hodnotu a
vztah k experimentalnym vysledkom a B. pristupy na efektivne vzorkovanie
konfiguraéného priestoru atomov (hl'adanie zakladného a termodynamicky
rovnovazneho stavu). Do prvej kategorie (A.) nepochybne patri Teoria
hustotového funkcionalu (Density Functional The- ory, DFT) s modernou
nadstavbou na baze umelej inteligencie (Machine Learning Force Fields,
MLFF). Z druhej nesmierne Sirokej kategorie (B.) predstavime Molekularnu
dy- namiku (Molecular Dynamics, MD), Paralelné Zihanie (Parallel Tempering,
PT/Replica Exchange RE), Algoritmus mriezkového plynu (Lattice Gas, LG)
¢1 chemicky inSpirované hl'adanie novych Struktur (Chemi-Inspired Search).
Modely A. vo svete materidlovych simulacii st hnacim motorom pristupov
B. pri predpovedani novych stabilnych mater- idlov. Na vyznamné rozdiely
v posudzovani stability trojrozmernych faz a tenkych vrstiev upozornime v
druhej kapitole. Experimentalna ¢ast’ prace porovnava stabilitu rozmanitych
sp3 tetrahedalnych faz v bulku (trojrozmernej forme) s tenkymi vrstvami.
Tretia kapitola zachytava trojrozmerné klatraty v tieni jedinecnej stabilnej
diamantovej §truktary pre kazdy z trojice prvkov Si, Ge a Sn. Stvrta kapitola
pre tieto prvky odhal'uje rozsahy pokryti (t.j. po¢tov atdbmov pripadajicich na
A2 ) tenkych vrstiev, v ktorych sa stabilnymi stavaji prave klatratové fazy. S
vynimkou oddielu 4.5, kde analyzujeme dekagonalny cinovy klatrat experimen-
talne pripraveny na d-Al-Ni-Co podlozke, sa praca zaoberd vylu¢ne tenkymi
vrstvami vo vakuu. Absenciu substratu vynahradime v piatej kapitole, kde
preskimame moznost’ stabilizacie klatratovych vrstiev na diamantovom (111)-
rezanom povrchu. KI'i¢ové slova: klatraty, stipec XIV, predpovedanie §truktur,
DFT, zékladny stav, tenké Go to vrstvy, TOC rekonstrukcia TOC TOC TOC
povrchu, molekulova dynamika.

The aim of the thesis is a computer modelling of new stable clathrate structures
within the realm of thin films based on pure elements from Column XIV of
the Periodic Table, exploiting DFT energy evaluations. Of special importance
are clathrates exhibit- ing decagonal and dodecagonal symmetry — composed
entirely of one of the Group-IV elements (Sn, Ge, Si) — whose stability and
occurrence have not been reliably ascertained yet. The theoretical part of
the present work consists of two chapters. Chapter 1 de- scribes numerical
methods as a basic instrument of our research: A. current ab initio models
of interatomic interaction in condensed matter with emphasis laid on the
predic- tive power and relation to experimental results and B. approaches
for effective sampling of configurational space (search for the ground-state
and thermodynamic equilibrium). A. is undoubtedly represented by Density
Functional Theory (DFT), recently upgraded by Machine Learning Force Fields
(MLFF). As for the second immense category B. we shall introduce Molecular
Dynamics (MD), Parallel Tempering (PT)/Replica Exchange (RE), Lattice Gas
(LG) as well as Chemi-Inspired Search. In the world of atomistic ma- terial
simulations, models A. serve as an engine of approaches B. in pursuit of new
stable materials. Important differences in stability assessment of bulk phases
and thin films are pointed out in chapter 2. The experimental part of the thesis

compares stability of assorted sp3 tetrahedal phases in bulk (3D variant) with
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that of thin films. Chapter 3 depicts bulk clathrates in the shadow of the unique
stable diamond configuration for each of the elements Si, Ge and Sn. The
ranges of coverages (i.e. number of atoms per A2 ) of the elemental Column-
XIV thin films where clathrates become stable are unraveled in chapter 4. With
the exception of section 4.5, concerned with decagonal tin clathrate already
deposited on d-Al-Ni-Co substrate in real experiment, the only objective of the
thesis are free-standing layers. Last but not least, chapter 5 compensates for
the very absence of substrate where a possi- bility of the clathrate stabilization
on the diamond (111)-terminated surface is considered. Key words: Clathrates,
Column XIV, Structure Prediction, Density Functional Theory, ground state,
thin films, surface reconstruction, Molecular Dynamics.
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