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V ¢om vidite uplatnenie
vysledkov tohto projektu:

Boli navrhnuté, implementované, a aplikované nové relativistické pristupy pre kvantovo-chemické
vypocty NMR/EPR parametrov pre paletu systémov . Tieto metddy dovoluji ziskat viac
informacii o Struktare Studovanych zlucenin z experimentalnych spektier.
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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

Nové relativistické pristupy pre kvantovo-chemické vypocty NMR a EPR parametrov boli vyvinuté, implementované
a aplikovane na interpretaciu a predpoved spektier zliCenin s tazkymi prvkami. To zahina : a) jedno-komponentnu
metodu pre vypocet tenzora hyperjemného Stiepenia a g-tenzora na urovni Douglas-Kroll-Hess (DKH) teérie do
druhého poriadku (kde boli po prvykrat implementované DKH transformované magnetické operatory); b) dvoj-
komponentnu nekolinedrnu DFT schému (na urovni DKH); c) dvoj-komponentnu Dirac-Kohn-Shamovu metédu ktora
pouziva operator identity; d) plne relativisticka (Stvor-komponentn1) metodu pre vypocet tenzora jadrového tienenia
zalozenl na zovSeobecnenej kineticky balancovanej baze v ramci modifikovanej Dirac-Kohn-Shamovej rovnice.
Posledné¢ dve metody (c, d) dovoluju zahrnutie relativistickych efektov na Diracovej urovni teérie s priemernymi
vypoctovymi narokmi typickymi pre aproximativnejsie dvoj-komponentné metody (akymi st napr. DKH, ZORA a pod.)
Navyse, skalarna relativistickd metdda pre vypocet tenzora hyperjemného Stiepenia na DKH trovni bola rozsirena
o zahrnutie modelu jadra s konecnou velkostou a Gaussovskym rozlozenim naboja a magnetického momentu. Efekt
modelu jadra s konec¢nou velkostou je maly pre 'ahSie atomy ako napr. Cu, ale podstatne znizuje vypocitané hodnoty
(zhruba o 20 %) pre tazsie prvky ako Au alebo Hg. Tieto efekty zlepSuju suhlas s experimentom. V sucasnosti
pracujeme na zahrnuti tohto pristupu do nasej 4-komponentnej metddy. S vyuZzitim horeuvedenych metoéd sme: a)
Studovali chemické posuny 7O a C na jadrach ligandu v paramagnetickych komplexoch Gd(IIl) s kyselinou
salicylovou vo vodnom roztoku; b) vypo¢itali a interpretovali chemické posuny C a 'H v NMR spektrach para-
magnetickych metalocénov (*VCp,, *CrCp,, *MnCp,, *MnCp,, *CoCp,, a *NiCp,); ¢) simulovali paramagnetické NMR
spektrum modelového [Gd(H,0)s]*" komplexu; d) vizualizovali cestu nuklearnej spin—spinovej J(*'P,>'P) interakcie v
tetrafosfan-1,4-diidoch s alkalickymi kovmi ako kontra-ionmi; e) Studovali Strukturne trendy v hexakoordinovanych
komplexoch aktinoidov s formalnou konfiguraciou 6d°5¢° AnX¢1(X=H, F; An=Th-Np; g=-2,-1,0,+1).

Suhrn vysledkov rieSenia projektu a naplnenia ciel’ov projektu (max. 20 riadkov) - anglicky:

A few new relativistic approaches for quantum-chemical calculations of NMR and EPR parameters were developed,
implemented, and applied for interpretation and prediction of NMR/EPR spectra of heavy element compounds. This includes: a)
one-component approach at the Douglas-Kroll-Hess (DKH) second-order level of theory for calculation of hyperfine structure tensor
and g-tensor (where for the first time picture-change transformed magnetic operators were implemented); b) two-component non-
collinear DFT scheme (at the DKH level); c¢) two-component Dirac-Kohn-Sham resolution of identity approach; d) and finally a
fully relativistic (4-component) generalized kinetically balanced method for calculation of nuclear magnetic shielding tensors in the
framework of the modified matrix Dirac-Kohn-Sham equation. The latter methods allows one to treat relativistic effects at the Dirac
level of theory with moderate computational efforts typical for more approximate two-component methods (like DKH, ZORA and
similar). In addition, a scalar relativistic method to calculate hyperfine coupling tensors at the DKH level has been extended to
incorporate a finite-size nucleus model using a Gaussian charge and magnetic moment distribution. The effect of the finite nuclear
size is small for lighter atoms like Cu but reduces the computed values by up to 20% for heavy elements like Au or Hg. The effects,
which are cumulative, improve agreement with experiment. Currently, we are working on inclusion of this approach in our 4-
component method. Using our methods we a) have studied '’O and "C paramagnetic NMR (PNMR) shifts of Gd complexes with
salicylic acid in water solution, b) have calculated BC and '"H NMR signal shifts of the 3d metallocenes (4VCp2, 3CGC2, 2Mnsz,
SMnCp,, 2CoCp,, and *NiCp,), ¢) have simulated PNMR spectra of model [Gd(H,0)s]*" aqua complex, d) have visualized JC'P,*'P)
spin—spin coupling constants in alkali metal tetraphosphane-1,4-diides, e) have studied structural trends of the hexacoordinated
actinide 6d°5f° complexes as well as performed some other applications.
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