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Uplatnenie vysledkov projektu

V priebehu rieSenia projektu sme ziskali rad originalnych a zaujimavych vysledkov v oblasti
Struktarnych fazovych prechodov v materialoch, ktoré su v su¢asnosti aktualnym objektom
vyskumu. Tieto teoretické vysledky prispievaju k hibdiemu pochopeniu vlastnosti tychto
materialov ako aj k interpretacii experimentalnych dat. Skusenosti ziskané rieSenim tohoto
projektu ako aj vybudovana vypoctova infrastruktira budud vyuzité pri rieSeni nasledujuceho
projektu APVV-0558-10, ktory sa zacal riesSit v r. 2011.

CHARAKTERISTIKA VYSLEDKOV

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Projekt bol zamerany na skimanie Struktarnych fazovych prechodov v krystalickych
materialoch pri extrémnych podmienkach pomocou dynamickych pocitacovych simulacii.
Hlavnou pouzitou metddou bola ab initio molekulova dynamika (MD) a metadynamika. V
tuhom CO2 sme nasli nové predpovede pre fazy, ktoré vznikaju kompresiou faz Il a lll, pri¢om
sme skumali aj teplotnu zavislost transformacie. V pripade uhlika sme skumali post-
diamantové fazy pri tlakoch radu TPa, kde sa ukazalo, Ze pri kompresii sa diamantova faza
najprv zmeni na jednoduchu kubicku a az pri dekompresii vznika faza BC8. Vo vapniku sme
pri tlaku okolo 50 GPa predpovedali moznost existencie novej fazy so Struktdrou 141/amd.
Dalej sme sa zamerali na otazku stability experimentalne pozorovanej jednoduchej kubickej
Struktury v Ca a ukazali sme, Ze anharmonické efekty prispievaju k jej stabilite pri izbovej
teplote. V nitride boru (BN) sme podrobne preskumali tlakom indukovanu transformaciu
vrstevnatych faz (sp2) na husté (sp3) fazy, priCom sme nasli novy mechanizmus veduci k
vzniku novej metastabilnej fazy typu 3-BeO s tetrahedralnou koordinaciou. Ukazali sme, Ze
tato nova faza by mohla byt pozorovatelna pri teplotach okolo 1000 K. V systéme BI3 sme
skumali tlakom indukovany fazovy prechod z molekularnej fazy a zistili sme, ze pri iom
dochadza k vzniku dimérov. Zaoberali sme sa tiez fazovymi prechodmi v CdSe a MgSiO3. Vo
vSetkych pripadoch sme skumali aj detailny mikroskopicky mechanizmus pozorovanych
transformacii. Rozvinuli sme tiez novy algoritmus na simulaciu kone€nych objektov pomocou
MD pri kon&tantnom tlaku. V ramci projektu bol na FMFI UK vybudovany vykonny paralelny
pocitaCovy cluster, ktory bude vyuzivany aj v dalSich projektoch. Ciele projektu boli spinené.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The project was aimed at study of structural phase transitions in crystalline materials at
extreme conditions employing dynamical computer simulations. The main approach applied
was ab initio molecular dynamics (MD) and metadynamics. In crystalline CO2 we found new
predictions for phases created upon compression of phases Il and Ill, and we investigated
also the temperature dependence of the transformation. In carbon we studied post-diamond
phases at TPa pressures and showed that upon compression the diamond phase first
transforms to the simple cubic phase and only upon decompression the BC8 structure is



created. In calcium at pressures around 50 GPa we predicted the possible existence of a new
structure 141/amd. We further focused on the problem of stability of the experimentally
observed simple cubic (sc) structure in Ca and found that anharmonic effects contribute to its
stability at room temperature. In boron nitride (BN) we studied in detail the pressure-induced
transformation from layered (sp2) to dense (sp3) phases and found a new mechanism leading
to formation of a new metastable tetrahedral phase with the 3-BeO structure. We showed that
this new phase should be observable at temperatures around 1000 K. In BI3 we studied the
pressure-induced transformation from the molecular phase and found that dimers are created
in this process. We also studied phase transitions in CdSe and MgSiO3. In all cases we
studied in detail the microscopic mechanism of the observed transformations. We also
developed a new algorithm for constant-pressure MD simulation of finite objects. During the
project we built at the Faculty of Mathematics, Physics and Informatics a powerful parallel
computing cluster which will be employed for further projects. The project goals were fulfilled.

Svojim podpisom potvrdzujem, Ze Udaje uvedené v zaverecnej karte su pravdive a uplné
a suhlasim s ich zverejnenim.
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