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Hlavné uplatnenie vysledkov projektu vidime v oblasti Stidia a dizajnu NLO materialov.

Na zéklade hlbSieho poznania vztahu medzi Strukturou a NLO vlastnost’ami systémov

s konjugovanym systémom nasobnych vézieb bude mozné navrhovat’ nové kvalitnejS§ie NLO
materialy. My sme rieSenim projektu prispeli k $tadiu znamych (napr. polymetylénimin) ako aj
novych perspektivnych NLO materialov (napr. oligoméry na baze boéru, uhlika a dusika — BCN
oligoméry, ale aj komplexov fullerénu s elektron-donorovou skupinou). Okrem toho sme overili
vhodnost’ novych DFT met6d pre vypocty NLO vlastnosti a navrhli sme nova metédu na
ziskavanie numerickych derivacii prvého a vyssich radov.
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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

1.

Navrhli sme a uspesne aplikovali novil zovSeobecneni Rombergovu metédu numerického derivovania, ktora je
v porovnani s pévodnou Rombergovou metdodou efektivnejSia a robustnejsia pri eliminacii ako zaokrahl'ovacich
chyb tak aj chyb pochadzajucich od vyssich ¢lenov v Taylorovom rozvoji.

Pri posudzovani vhodnosti vybranych DFT metod pre vypocty NLO vlastnosti sme vyuzili vysoku citlivost’ B/N
oligomérov PMI na kvalitu pouzitej metédy. Okrem konvencnych cistych a hybridnych DFT funkcionalov sme
aplikovali Yikurov et al. pristup LC-DFT a Yanaiov et al. pristup CAM-B3LYP, oznacované aj ako LR-DFT
pristupy. Zistili sme, ze na rozdiel od konvenénych DFT metéd LR-DFT pristupy kvalitativne spravne
predpovedaju priebeh zavislosti f/N na dizke molekulového ret’azca.

Studovali sme NLO vlastnosti troch typov oligomérov na baze béru, uhlika a dusika - konkrétne oligomérov typu
(HCNBH), (typ 1), {H}(HCNB),H (typ 2) a HHHCNBH),H (typ 3). Kym prvy typ sa vyznacuje pomerne velkou
Sirkou zakazaného pasu (7,5-7,6 eV), u druhého je tato Sirka podstatne mensia (2,8-3,9 eV) a naviac oligoméry
s parnym n st planarne. Typ 3 bol navrhnuty po zisteni multireferen¢ného charakteru zakladného stavu oligomérov
typu 1. Zistili sme, Ze tieto skutocnosti sa vyrazne prejavili v ich NLO vlastnostiach.

V nadvéznosti na predchadzajuce prace Jacquemina et al. sme spocitali NLO vlastnosti oligomérov PMI pomocou
kvalitnejsich vypoctovych metod, konkrétne metddou spriahnutych klastrov so zahrnutim vplyvu triexcitacii
(CCSD(T)).

Porovnavali sme teoreticky vypocitané hodnoty druhej hyperpolarizovatelnosti elektron-donorovych derivatov
fulerénu v statickom limite s experimentalnymi hodnotami ziskanymi meranim elektro-optického Kerrovho javu
(EOKE experimenty) v oblasti viditelného svetla a v blizkej IC oblasti.

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

L.

A new generalized Romberg method for numerical differentiation has been proposed and successfully applied. It
was shown that the new method is more efficient and robust in elimination of rounding and truncation errors than
the original Romberg method.

When analyzing the suitability of selected DFT methods for calculations of nonlinear optical (NLO) properties we
used a high sensitivity of B/N to the quality of theoretical method in case of PMI oligomers. Besides pure and
hybrid DFT functionals we applied the LC-DFT approach by Yikura et al. and the CAM-B3LYP approach by
Yanai et al., both referred also to as the LR-DFT approaches. We found that the LR-DFT methods (contrary to
conventional DFT methods) qualitatively correctly describe the evolution of B/N on chain-length.

Three type of oligomers based on boron, carbon and nitrogen (BCN) — namely oligomers (HCNBH), (typ 1),
{H}(HCNB),H (typ 2) a HHHCNBH),H (typ 3) have been studied. While the first one exhibits a relatively wide
band-gap (7,5-7,6 eV), in case of the type 2 it is significantly smaller (2,8-3,9 eV). Oligomers of type 3 were
proposed due to multireference character of the type 1 oligomers. It was found that these facts have a big impact on
their NLO properties.

Following the work by Jacquemin et al. we calculated NLO properties of PMI oligomers using more accurate
theoretical methods, namely the coupled cluster method with non-iterative triples (CCSD(T)).

Theoretical data on static second hyperpolarizability of electron-donor fullerene derivates have been compared
with experimental data obtained with the electro-optic Kerr effect (EOKE) measurements in near-IR and VIS
ranges.
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