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Uplatnenie vysledkov projektu
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CHARAKTERISTIKA VYSLEDKOV

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

Vysledky prezentované v pracach uvedenych v zozname vysSie naplnili ciele projektu
deklarované v jeho navrhu. Za najvyznamnejSie povazujeme studium vplyvu skalarnych
relativistickych a spin—orbitalnych efektov na nizko leZiace elektronické stavy atobmov Zeleza,
ruténia a osmia. NaSe vysledky ukazali, Ze aj v tak pomerne lahkom atéme ako je Zelezo,
zohravaju skalarne relativistické efekty vyznamnu ulohu, ked tvorili takmer 30% celkove;j
hodnoty prvej excitacnej energie. Tento jav je mozné kvalitativne vysvetlit stabilizaciou 4s
orbitalov a destabilizaciou 3d orbitalov. Dosahli sme velmi dobru zhodu s experimentom, ako
na skalarnej, najma vsak na spin—orbitalnej urovni. TaktieZ su podstatne presnejsie ako
predoslé teoretické prace. NavySe, v pripade atdbmov s komplikovanou Struktirou (Ru a Os)
mdzu pomaoct pri identifikacii a priradeni experimentalne uréenych J hladin. V sulade s
planom sme sa venovali ur€eniu jadrovych kvadrupélovych momentov pomocou ab initio
vypoctov gradientu elektrického pola (EFG) na jadre v biatomickych molekulach v kombinacii
s experimentalnymi jadrovymi kvadrupdlovymi interak&nymi konstantami ziskanymi z
mikrovinnych spektier prislusnych molekul. Tento ‘molekulovy’ pristup je v su¢asnosti
povazovany za najlepSi. Presnost EFG vypoctov musi byt velmi vysoka a tak efekty
elektrénovej korelacie su zahrnuté pomocou metody spriahnutych klastrov a relativistické
efekty pomocou metédy IOTC v skalarnej aproximacii. Touto metédou sme urcili hodnotu
kvadrupolového momentu jadra 75As ako 311+2 mb pri€om spada do chybového intervalu
aktualnej odporucanej hodnoty 31416 mb, ziskanej z mezonového spektra. Nas vysledok
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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

Results presented in the papers mentioned above fulfilled the aims of this project, which were
declared in the proposal. We consider the study of scalar and spin—orbit effects in the low—
lying electronic states of iron, ruthenium and osmium atoms as the most important of them.
Our results revealed that even at the level of the scalar relativistic theory the relativistic
contribution to the first excitation energy represents almost 30% of the final excitation energy.
This feature can be qualitatively understood already at the orbital level by considering
stabilization of 4s orbitals and destabilization of 3d orbitals. The results agree excellently with
the experiment, especially at the spin—orbit level of theory. We have also achieved much
lower error interval than in any previous theoretical work. Moreover, in the case of atoms with
the complicated electronic structure (Ru and Os) this treatment can help with identification of
experimentally observed J levels. According to the project proposal we studied also nuclear
guadrupole moments by ab initio calculations of electric field gradient at nuclei in diatomic
molecules in combination with experimental data for quadrupole coupling constant obtained
from microwave spectra. Nowadays, this ‘molecular’ approach is considered to be the best
one. The required accuracy of these calculations is very high, therefore the CCSD(T) level of
theory has been used. The relativistic effects were accounted for using the infinite—order two—
component method in the scalar approximation. The value of the nuclear quadrupole moment
of 75As obtained in our work is 311+2 mb and falls in the error interval of the previous
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recommended value 31416 mb. Our result has, however, significantly lower error bars and we
can propose it to replace the current recommended ‘muonic’ value.
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Svojim podpisom potvrdzujem, Ze Udaje uvedené v zaverecnej karte su pravdivé a uplné
a suhlasim s ich zverejnenim.

Zodpovedny riesitel Statutarny zastupca prijemcu
Prof. RNDr. Viadimir Kell®, DrSc. Doc. RNDr. Milan Trizna, PhD.
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