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WILAIPORN INSUWAN : PHOTOPHYSICAL PROPERTIES OF
CATIONIC AND NEUTRAL DYES CONFINED IN ZEOLITE LTL:
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ZEOLITE LTL/PHOTOPHYSICAL PROPERTIES/CATIONIC DYE/NEUTRAL

DYE/ADSORPTION ISOTHERM

The first part of the thesis work involved synthesis of zeolite LTL with different
morphologies under consideration of various parameters, such asalkalinity, dilution,
Al,0O3; and SiO, content. Zeolites LTL (K-LTL and H-LTL) with ice hockey and
round shape were used as hosts for an insertion of cationic dyes (acridine
hydrochloride, Ac and acriflavine hydrochloride, AF) and neutral dyes (t-azobenzene
and stillbene) as the guest molecules into the zeolite channels. The dyes loaded on the
zeolite LTL acted as artificial antenna materials that play a key role for light
harvesting and transporting to a target molecule, such as a semiconductor. The
advantage of the zeolite LTL is being able to prevent aggregation of the dye even at a
high concentration. As a result, the dye molecules may exhibit excellent optical
activities. To design optimized materials, it is necessary to understand the
spectroscopic and photophysical properties of each fluorescent dye.

The second part of the thesis work includedexperimental and theoretical studies
of the photophysical properties of cationic dyes loaded on (K-LTL and H-LTL) with
ice hockey and round shapes. The observed spectroscopic properties of these two dyes

(AF and Ac) confirm thetheoretical calculations, in which density function theory
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(DFT) and time dependent density function theory (TD-DFT) were employed. Their
photophysical properties were sensitive to the microenvironment of zeolite LTL,
independent of their morphologies. Moreover, we also demonstrate that the dye
loaded on the zeolite LTL couldtransfer energy within the zeolite by a fluorescence
resonance energy transfer (FRET) mechanismfrom Ac (donor) to AF (acceptor).

Besides cationic dyes, the neutral dye,t-azobenzene, wasinvestigated. The
photophysical properties of t-azobenzene from the experimental data are correlated
with the calculation results. The dye in solution can be relaxed into the planar
structure, while in zeotite LTL it is constrained by the framework and is therefore
twisted due to the confinement effects in zeolite. Moreover, the fluorescence was
detected only from protonated t-azobenzene incorporated into H-LTL, while no
fluorescence was detected fromt-azobenzene confined in K-LTL framework.

In the last part, adsorption isotherms of Ac and AF on the zeolite LTL (H-LTL
and K-LTL) were obtained in order to estimate the amount of the dyesadsorbed onthe
zeolite LTL. The maximum loading (®max)of AF and Ac on H-LTL and K-LTL was
in the range of 4.03-6.44% and 0.45-2.80%, respectively. Based on the photophysical
properties of the two dyes, they can be utilized as artificial antenna materials, in
which Ac and AF act asa donor and an acceptor, respectively. However, based on the
adsorption capability of these dyes, it could be suggested that Ac and AF are not an
effective donor-acceptor pair in the zeolite LTL, becausean antenna system would
perform efficiently if the zeolite LTL contained a higher amount of thedonor (Ac)than

the acceptor (AF).
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