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V ¢om vidite uplatnenie
vysledkov projektu:

Umozriuje presné vypocty vliastnosti vacsich molekul nez tomu bolo doteraz.
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Vyvinuli a implementovali sme nové verzie Coupled Cluster metdd. Moznost uskutoCnit nerelativistické
a skalarne relativistické vypocCty s vacsimi bazami nez doteraz, az po presnost bliziacu sa limite bazy
arozsirenie ich pouzitelnosti na vypocty vacsSich molekul sme dosiahli a) Vyvojom metdédy OVOS, jej
implementaciou pre open-shell systémy, zavedenim Choleski dekompozicie a paralelizaciou;

b) Zavedenim alternativnych korelaénych faktorov a zovSeobecnenim metdd s explicitne korelovanou
vinovou funkciou aj na multireferenéné pripady; c) Implementovali sme inovativnu metdodu pre
dvojkomponentné zahrnutie relativistickych efektov do nekon&eného poriadku (IOTC). Nova metdéda
umoziiuje efektivnejSie zahrnutie spin-orbitalnych efektov. Metdédy znamenaju dalSi krok k predpovediam
vlastnosti molekul s kontrolovanou presnostou v zmysle idey ,good results for a good reason®, v sulade s
cielmi projektu.

Aplikacie reprezentuju Siroké spektrum presnych vypoctov viastnosti molekul v zakladnom aj v excitovanych
stavoch. Prikladom su velmi presné potencidlové hyperplochy molekul a molekulovych komplexov
astrofyzikalneho vyznamu. Studovali sme trendy vo valenéne izoelektronovych molekulach. Znaéna &ast
prace sa tykala medzimolekulovych interakcii, napr. pochopeniu trendov v stabilite komplexov Cu, Ag, Au
s ligandami s réznymi ionizacnymi potencialmi. Komplexy su vyznamné pre pochopenie mechanizmov
tvorby SABs (Self Assembled Monolyers). K pochopeniu trendov prispela analyza relativistickych efektov.
Mimoriadne vysledky sme dosiahli pri vypoc¢toch vlastnosti biomolekul (elektrénova afinita uracilu) a ich
interakcii, ktoré su benchmark hodnotami pre menej sofistikované metédy kvantovej chémie.
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Within the project we have developed and implemented new versions of Coupled Cluster methods. Our
achievements allow more accurate predictions of molecular properties than it was possible before, with
larger basis sets allowing thus results for small molecules approaching the complete basis set limits. At the
same time our methods allow calculations of still larger molecules. Main improvements include a)
Development of the OVOS (Optimized Virtual Space Orbitals) method, its implementation for open-shell
systems, utilizing the Choleski decomposition and parallelization; b) We have introduced alternative
correlation factors in the explicitly correlated CCSD(T) method and generalized this method to multireference
solutions; ¢) We have implemented a new method for treating two-component relativistic effects to the
infinite order (IOTC). The new method allows considering spin-orbit effects in a very efficient manner. New
methods represent a step toward predictions of molecular properties with increasing accuracy and allow
predictions of properties for still larger molecules with high and controlled accuracy in the spirit of the idea of
obtaining ,good results for a good reason®. This corresponds to goals of the project.

Numerous applications represent a wide spectrum of accurate calculations of molecular properties in the
ground and low-lying excited states. One example is calculation of hypersurfaces of molecules and their
complexes needed for interpretations of some astrophysical problems. We have studied trends in properties
of molecules with valence isoelectronic structure. Attention was paid to intermolecular interactions. For
example we studied trends in stabilities of Cu, Ag, Ag with different ligands in relation to their ionization
potentials. Understanding of trends was achieved by considering relativistic effects in heavy metal elements.
Excellent results were obtained in calculations of properties of biomolecules (electron affinity of uracil) and
their interactions. Our results serve as benchmarks for quantum chemistry methods.
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