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Nové konjugované aromatické zliceniny s polovodi¢ovymi vlastnostami (SemAC)

Zodpovedny rieSitel doc. RNDr. Martin Putala, PhD.
Prijemca Univerzita Komenského v Bratislave, Prirodovedecka fakulta

Nazov pracoviska, na ktorom bol projekt rieSeny
1. Katedra organickej chémie

2. Chemicky Ustav

3. Katedra anorganickej chémie

4. -

5.-

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni
1. Materials Research Centre, Brno University of Technology, Brno, Ceska republika

2. Katedra biofyziky a fyzikalnej chémie, Farmaceuticka fakulta v Hradci Kralove, Karlova
univerzita v Prahe, Ceska republika

3. Electrical Engineering Department, Technological Educational Institute of Patras, Patras,
Grécko

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

1. -
2. -
3. -

Najvyznamnejsie publikacie (knihy, élanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

1. Mihalis Fakis, Peter Hrobarik, Oleksandr Yushchenko, lvica Sigmundova, Marius Koch,
Arnulf Rosspeintner, Elias Stathatos, Eric Vauthey: ,Excited State and Injection Dynamics of
Triphenylamine Sensitizers Containing a Benzothiazole Electron-Accepting Group on TiO2
and Al203 Thin Films.“ Journal of Physical Chemistry C 2014, 118, 28509-28519. (12 SCI
citacii)

2. Maria Ne€edova, Peter Magdolen, Veronika Novakova, Marek Cigan, Silvia VIckova, Pavol
Zahradnik, Andrea Fulépova: ,Synthesis and photophysical, electrochemical and theoretical
study of thiazole-annelated phthalocyanines.” Eur. J. Org. Chem. 2015, 7053—-7068.



3. Juraj Filo, Rébert Misicak, Marek Cigan, Martin Weis, Jan Jakabovi¢, Katarina Gmucova,
Milan Pavuk, Edmund Dobroc¢ka, Martin Putala: ,Oligothiophenes with the naphthalene core
for organic thin-film transistors: variation in positions of bithiophenyl attachment to the
naphthalene.” Synthetic Metals 2015, 202, 73-81. (4 SCI citacie)

4. Lukas Kerner, Katarina Gmucova, Jozef KozZiSek, Vaclav Petfi¢ek, Martin Putala: “ Easily
oxidizable triarylamine materials with naphthalene and binaphthalene core: structure-
properties relationship.” Tetrahedron 2016, 72, 7081-7092.

5. Maria Michalkova Necedova, Peter Magdolen, Andrea Fulépova, Veronika Novakova,
Pavol Zahradnik, Juraj Filo: ,Synthesis, electrochemical, spectral and DFT study of novel
thiazole-annelated subphthalocyanines with inherent chirality.“ Dyes Pigments 2016, 130, 24-
26.

Uplatnenie vysledkov projektu

Vysledky prinasaju predovsetkym rozvoj poznania v interdisciplinarnej oblasti medzi
organickou chémiou a (opto)elektronikou, dokumentovany pdévodnymi publikaciami

v renomovanych karentovanych ¢asopisoch. Pripravené a otestované originalne zlu¢eniny
maju potencial uplatnenia v organickych pofom riadenych tranzistoroch (OFET), organickych
svetlo-vyzarujucich diddach (OLED), solarnych &lankoch na baze organickych farbiv a vo
fotodynamickej terapii. Ziskané poznatky zaroven vytvaraju podklad pre navrhovanie Struktur
s este lepSimi funk&nymi vlastnostami.

Projekt vyznamne prispel k vzdeldvaniu doktorandov a diplomantov zapojenych do jeho
rieSenia.

CHARAKTERISTIKA VYSLEDKOV

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

Vysledkom rieSenia projektu su série originalnych Struktdr konjugovanych oligoaromatickych
systémov s pozoruhodnymi funkénymi vlastnostami pre aplikaciu v (opto)elektronike a cenné
poznatky o vztahu medzi Strukturou pripravenych derivatov a ich vlastnostami. Organicky
polom riadeny tranzistor (OFET) na baze naftalénového derivatu s hexylbitiofénovymi
ramienkami naviazanymi v polohach 2 a 6 dosiahol pohyblivost dier az 0,34 cm2 V-1 s-1.
Svetlovyzarujuca didda (OLED) s tymto derivatom ako dierovodivym materidlom dosiahla az
2,5-nasobnu svietivost oproti OLED s bezne pouzivanym a-NPD. Alternéciou alkylovych
retazcov na bitiofénovom ramienku bol najdeny rozpustny analdg tohto derivatu, vhodny na
depoziciu z roztoku, pri stale zaujimavej pohyblivosti dier v OFET. Variacia kondenzovanych
aromatickych jadier, pol6h naviazania elektroaktivnych substituentov a mostikov pre ich
naviazanie ukazala, Ze vysoka miera konjugacie v rdmci molekul je nevyhnutnou podmienkou
dobrych polovodi€ovych viastnosti, avSak vyznamnu ulohu hra ukladanie molekul v tuhej
faze, ovplyviované tiez symetriou molekul. Solarne ¢lanky na baze push-pull derivatov
pozostavajucich z kyanoakrylatoveho akceptora, benzotiazolového jadra a triarylaminového
donora, dosiahli u€inost’ do 3,8%. Originalne push-pull systémy na baze benzoditiazolov
preukazali potencial vyraznych nelinearno-optickych vlastnosti a zaroven, spolu

s inovativnymi tiazolovymi ftalokyaninmi vykazovali dlhovinnt emisiu ziarenia (nad 700 nm),
zaujimavu pre ich potencialne uplatnenie v fotodynamickej terapii. Prinosom projektu bolo tiez
rozpracovanie efektivnych syntetickych metdd pre pripravu cielenych systémov a ich
prekurzorov.

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

The result of the project solution is a series of original structures of conjugated oligoaromatic
systems with remarkable functional properties for application in (opto)electronics and valuable
knowledge about the relationship between the structure of the prepared derivatives and their
properties. An organic field-effect transistor (OFET) based on a naphthalene derivative with
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hexylbithiophene arms attached at positions 2 and 6 has reached hole mobility of 0.34 cm2 of
V-1 s-1. A light-emitting diode (OLED) with this derivative as a hole-conducting material
exhibited 2.5 times higher brightness compared to an OLED with commonly used a-NPD. By
altering the alkyl chains on the bithiophene arm, a soluble analogue of this derivative, suitable
for deposition from the solution, has been found with the still interesting hole mobility in
OFET. Variation of the fused aromatic cores, positions for attachment of electroactive
substituents and linkers for their binding has shown that a high degree of conjugation within
molecules is a necessary condition for good semiconductor properties, but molecular packing
in solid phase that is also influenced by symmetry of molecules, plays an important role. Solar
cells based on push-pull derivatives consisting of a cyanoacrylate acceptor, a benzothiazole
core and a triarylamine donor, achieved an efficiency up to 3.8%. Original benzodithiazole-
based push-pull systems have demonstrated the potential for remarkable nonlinear-optical
properties and, along with innovative thiazole phthalocyanines, exhibited long-wave light
emmission (over 700 nm), interesting for their potential use in photodynamic therapy. The
benefit of the project was also the development of effective synthetic methods for the
preparation of target systems and their precursors.
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Svojim podpisom potvrdzujem, Ze Udaje uvedené v zaverecnej karte su pravdivé a upiné
a suhlasim s ich zverejnenim.

Zodpovedny riesitel Statutarny zastupca prijemcu
doc. RNDr. Martin Putala, PhD. prof. RNDr. Karol Micieta, PhD.

V Bratislave 17. 10. 2017 V Bratislave 18. 10. 2017

" podpis zodpovedného riesitela podpis Statutarneho zastupcu prijemeu
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