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Uplatnenie vysledkov projektu
Hlavnym vystupom projektu su zdokonalené, presnejSie a vypoctovo efektivnejSie metody
predikcie a interpretacie spektroskopickych parametrov zlu¢enin tazkych prvkov. Tieto
metddy implementované v jednom z najlepSich relativistickych kvantovo-chemickych
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programov su praktickym nastrojom, ktory mozno pouzit’ v réznych oblastiach chémie
vratane vyvoja novych materialov, dizajnu liekov, vyvoja novych katalyzatorov atd. Program
ReSpect je volne dostupny pre akademicku komunitu.

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

NajdélezitejSie vysledky projektu mozno zhrnut ako nasledujuce.

1) Boli vyvinuté a implementované nové presné a efektivne relativistické kvantovochemické
metddy na vypocet spektroskopickych parametrov paramagnetickych systémov.Najmasme
nasli efektivny spbsob, ako zahrnut’ efekty zmeny obrazu X2C pre dvojelektrénové Eleny. To
umoznuje metdédam X2C stat sa rychlou a presnou alternativou k vypoctovo naro€nym 4-
zlozkovym metddam. Na zlepSenie numerickej stability nekolimarnych funkcionalit GGA
sme navrhli skriningovy pristup pre body s malou magnetizaciou. Tretim ddlezitym vyvojom
je implementacia pristupu GIAO pre relativistické StvorzloZzkové vypocty elektronického g-
tenzora. Starostlivé kalibracné vypocty preukazali vynikajucu konvergenciu vysledkov
ziskanych tymto pristupom s velkostou baz v porovnani s inymi existujucimi pristupmi.

2) Novo vyvinuté nastroje na analyzu a interpretaciu spektroskopickych parametrov
zahfnaju: a) koncept relativistickej spin-orbitalnej elektronegativity; b) analyzu prispevkov
molekulovych orbitalov ku kvadratickym spin-orbitalnym prispevkom ku g-tensoru; c)
pristupy na rozliSenie prispevkov ,cez priestor® a ,cez vazby* k nepriamym spin-spinovym
interakciam; d) spésob odhadu vplyvu pi-orbitalov na prenos spinovej polarizacie.

3) Aplikacia vyvinutych metdd na systémy praktického chemického zaujmu.

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

The mostimportant results of the project can be summarised as follows.

1) New accurate and efficient relativistic quantum chemical methods for calculation of
spectroscopic parameters of paramagnetic systems were developed and implemented. In
particular, we found an efficient way to include X2C picture-change effects for two-electron
terms. This allows X2C methods to become a fast and accurate alternative to
computationally demanding 4-component methods. Also, for improving the numerical
stability of non-collimear GGA functionals, we suggested a screening approach for points
with small magnetization. The third important development is the implementation the GIAO
approach for relativistic four-component calculations of the electronic g-tensor. Careful
benchmark calculations demonstrated an excellent convergence of the results obtained with
the size of the basis set compared to other existing approaches.

2) The newly developed tools for the analysis and interpretation of spectroscopic
parameters include: a) a concept of relativistic spin-orbit electronegativity; b) analysis of the
contributions of molecular orbitals to quadratic spin-orbit contributions to the g-tensor; c)
approaches for distinguishing "through-space" and "through-bonds" contributions to NMR
spin-spin couplings; d) a method to estimate the effect of pi-orbitals on the transmission of
spin polarisation.

3) Applications of the developed methods to systems of practical chemical interest.
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