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Uplatnenie vysledkov projektu

Vysledky projektu prinasaju predovsetkym rozvoj poznania v interdisciplinarnej oblasti medzi
pocitatovym modelovanim, organickou a anorganickou syntetickou chémiou ako aj
fotofyzikalnymi charakterizaciami, pri€om tieto su detailne zdokumentované v nami
vyprodukovanych publikaciach v renomovanych karentovanych ¢asopisoch. Pripravené a
otestované originalne zlu¢eniny maju potencial uplatnenia v réznych nelinearne optickych
(NLO) aplikaciach, vratane TPEF bioimagingu a fotodynamickej terapie. Ziskané poznatky
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zaroven vytvaraju podklad pre navrhovanie Struktur

s eSte lepSimi funkEnymi vliastnostami. Projekt tiez vyznamne prispel k vzdelavaniu
doktorandov zapojenych do jeho rieSenia.

Efektivne syntetické pristupy veduce k push-pull 2-H-benzotiazolom otvaraju mnohé
moznosti transformacie tychto skeletov s prenosom naboja na komplexnejSie Struktury so
zaujimavymi optickymi vliastnost'ami, ako su napr. kvadrupolarne arylamin-substituované
2,2’-bibenzotiazoly. Vynikajuce jedno- ako aj dvojfotdonové absorpéné vlastnosti vo viditelnej
a blizkej IC oblasti spolu s chelatasnym NN maédom robia tieto systémy obzvlast atraktivne
pre vyvoj molekulovych materialov, v ktorych by mohli nahradit’ notoricky pouzivané analogy
bipyridinov vykazujucich vyrazne slabs$ie linearne a nelinearne optické odozvy. Nami
vyvinuté btz a bisbtz derivaty su navySe termicky a fotochemicky stabilnejSie ako ich
(bi)pyridinové naprotivky, ¢o ich predur€uje k praktickému vyuzZitiu ako aktivnych
komponentov (farbiv) v mnohych optoelektronickych aplikaciach.

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

Pocitacové vypocCty linearnych a nelinearnych optickych vliastnosti s vyuzitim modernych
DFT funkcionalov ako aj aproximativnych CC metdd pre rozsiahlu série organickych farbiv a
ich komplexnych zlu€enin nam umoznili identifikaciu viacerych vysokouc€innych NLO
fotosenzibilizatorov, na ktoré sme sa zamerali dalej v ramciich pripravy, charakterizacie,
najdenia optimalnych syntetickych postupov, ako aj pouzitia v NLO aplikaciach.

Pocas rieSenia projektu sme vyvinuli efektivny pristup k cennym jod-substituovanym
benzotiazolom s tradi€nym (C-6) ako aj netradi€¢nym (C-4/C-7) substituénym vzorom. 4,7-
Dijodbenzotiazoly boli vyuzité pri priprave NLO farbiv s kvadrupolarnou Strukturou a
rozsiahlou dvojfotonovou absorpciou (TPA), pricom optické vlastnosti tychto systémov
mozno ladit’ cez substitucie v reaktivhej C-2 polohe. Popritom sme vyvinuli efektivny pristup
k dipolarnym 2-H-benzotiazolom, ktoré mozno oxidaciou s Cu(ll) transformovat na
kvadrupolarne arylamin-substituované 2,2’-bibenzotiazoly. Tie vykazuju okrem vynikajucich
luminiscenénych vliastnosti aj vysoké ucinné prierezy TPA, €o ich v spojeni s NN
koordinaciou predurcuije k priprave Sirokej $kaly molekulovych materialov.

Push-pull 2-H-benzotiazoly sa tiez ukazali ako vhodné a univerzalne stavebné bloky pre
syntézu réznorode funkcionalizovanych, vysokou€innych NLO farbiv (ako su napr. kvazi-
kvadrupolarne diheteroarylketony alebo benzotiazolové analogy BODIPY farbiv), ktoré z
nich mozno pripravit' jednoduchymi 1-2 krokovymi transformaciami. Mnohé z tycho derivatov
okrem vysokej TPA odozvy vykazuju vyrazné Stokesove posuny, vdaka ktorym sa emisia v
polarnych médiach alebo samotnych bunkach posuva az do dalekej Cervenej oblasti, o
zabrariuje pri bioimagingu neziaducej absorpcii ziarenia emitovaného farbivom bunkovych
Strukturami a autofluorescencii.

Prepojenie experimentu s kvantovo-chemickymi vypo&tami bolo napomocné nielen pri
racionalnom dizajne ucinnych fotosenzibilizatorov ale aj pri vyvoji u€innych katalyzatorov na
baze komplexnych zlu€enin prechodnych kovov pre rézne chemicky relevantné
transformacie.

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

Computer calculations of linear and nonlinear optical properties using modern DFT
functionals as well as approximate CC methods for a large series of organic dyes and their
complexes allowed us to identify several highly effective NLO photosensitizers, which we
focused on in our further studies, especially in terms of their preparation, detailed
photophysical characterization, finding optimal synthetic procedures as well as finding their
potential in diverse NLO applications.

We developed an effective synthetic approach to valuable iodine-substituted
benzothiazoles, with traditional (C-6) and non-traditional (C-4/C-7) substitution patterns. 4,7-
Diiodobenzothiazoles were used in the preparation of quadrupolar benzothiazole-cored
photosensitizers displaying high two-photon absorption in the near-IR region, the properties
of which can be tuned by variation of substituents in the reactive C-2 position. We also
developed an efficient approach to dipolar 2-H-benzothiazoles that can be transformed into
quadrupolar arylamine-substituted 2,2'-bisbenzothiazoles by oxidation with Cu(ll). The
outstanding absorption and emission properties of these systems along with the chelating
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NN ability, make them attractive as building blocks for a wide range of molecular materials.
Push-pull 2-H-benzothiazoles have also proven to be suitable and versatile building blocks
for the synthesis of diversely functionalized, highly effective NLO dyes (such as quasi-
quadrupolar diheteroaryl ketones or benzothiazole analogs of BODIPY dyes), which can be
prepared from them by simple 1-2 step transformations. In addition to large TPA cross-
sections, many of these derivatives show significant Stokes shifts and emissions in the
deep-red spectral region in polar media or cells. The latter property is especially beneficial
for TPEF bioimaging, where it allows to avoid unwanted self-absorption of emitted light by
cellular organelles and autofluorescence in bioimaging, as shown in some of our demo
applications.

The combination of the experiment with QCH calculations was also helpful in the rational
design of highly-efficient photosensitizers and in the development of intriguing transition-
metal-based catalysts.
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