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Abstract

The subject of this doctoral thesis was the study of behaviour of small molecules
trapped in confined space of zeolitic channels and interacting with cations coordinated to
zeolite. For this purpose, carbon monoxide acting as so-called ,,probe” molecule was used.
The aim of this research was to study site-specificity of IR spectra of intrazeolitic carbonyls in
zeolites having lithium, sodium or potassium ions in extraframework positions. Carbonyl
species formed inside zeolitic channels and cavities were characterized using experimental
technique FTIR spectroscopy. The collaboration with Dr. Nachtigall et al. brought the
possibility to correlate experimental results with data from theoretical calculations
performed on DFT level.

On the basis of agreement of experimental and theoretical results, attempt on
location of characteristic CO vibrations to individual types of alkali metal localization in
zeolite systems was performed. Due to good match between experiment and theory,
individual features in IR spectra could be described at atomic scale level, in another words
we could ascribe IR-bands to particular and unchangeable adsorption complexes.

We summarized data from a number of FTIR experiments together with those
available from DFT calculations. Parameters as type and concentration of alkali metal
together with morphology of zeolite were analyzed. We described main influences for
adsorption and vibration of small molecule inside confined space of zeolite matrix. This work
brought insight on powerful combination of experiment and theory, which is needed to

detail description of adsorption complexes formed in zeolites.
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Abstract in Czech

Pfedmétem této doktorské prace bylo studium povahy malych molekul nachazejicich
se uvnitt stisnénych prostor zeolitovych kandll and interagujicich s ionty kovl, jeZz jsou
koordinovany k zeolitové mtizi. Pro tyto Ucely bylo vyuzito oxidu uhelnatého slouziciho jako
tzv. ,probe” molekula. Cilem tohoto vyzkumu bylo studium site-specificity intrazeolitickych
karbonyl tvofenych v zeolitech obsahujicich ionty lithia, sodiku nebo drasliku
v mimomtizkovych pozicich. Karbonyly utvarené uvnitf zeolitovych kanalll a dutin byly
charakterizovany s pomoci experimentdlni techniky FTIR. Diky spolupraci s Dr. Nachtigallem
a kol. bylo moZno korelovat experimentalni vysledky s daty z teoretickych vypoctu
provedenymi na DFT Urovni.

Na zdkladé shody mezi experimentdlnimi a teoretickymi vysledky byl u¢inén pokus o
pfifazeni charakteristickych CO vibraci jednotlivym typlm lokalizaci alkalickych kovu
v zeolitovych systémech. Vzhledem k vynikajici shodé experimentu s teorii, invidualni
charakteristiky v IC spektrech bylo moZno popsat na atomarni Grovni, jinymi slovy bylo
mozno pfriradit jednotlivé IR-pasy konkrétnim a nezaménitelnym adsorpénim komplextim.

Shrnuli jsme vysledky z mnoha FTIR experiment(l s vysledky dostupnymi z DFT
kalkulaci. Parametry jako typ alkalického kovu, koncetrace kationt(l a morfologie zeolitu byly
detailné analyzovany. Popsali jsme vlivy na adsorpci a vibraci malé molekuly nachazejici se
uvnitf stisnénych prostor zeolitovych matric. Tato prace poskytla pohled na moznosti
efektniho propojeni experimentu s teorii, které je nutné pro detailni popis adsorpcnich

komplex( uvnitf zeolitovych matric.
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