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Abstract

Abstract

Molecular recognition is a core research area in supramolecular chemistry which is
composed of ionic and neutral species recognition. Due to high sensitivity, intrinsic
simplicity and remote sensing capacity, fluorescent sensors have been rapidly
developed in molecular recognition and sensing. Heavy and transition metal ions play
important roles in many biological and environmental processes. To design and
synthesize highly sensitive and highly selective chemosensors for heavy and transition
metal ions has drawn much recent interest. To design and synthesize chemosensors for
heavy and transition metal ions has drawn much recent interest. With the inherent
difficulties of addressing anions characterized by larger sizes (larger than cations in
general), a greater varied shapes and pH dependence, design of anion receptors
remains a challenging subject.

It is known that heavy and transition metal ions possess mostly empty orbits and can
quench efficiently fluorescence of a fluorophore via enhanced spin-orbit coupling,
electron and energy transfer. Therefore, detection of heavy and transition metal ions by
fluorescent sensors is operated mainly in fluorescence quenching mode. Due to
sensitivity reason, sensors showing fluorescence enhancement as a result of metal-ion
binding are to be favored over those exhibiting fluorescence quenching. Fluorescent
sensing heavy and transition metal ions based on fluorescence enhancement is a
subject of intensive recent interest.

Aromatic series acylhydrazones are known as good ligands for metal ions, including
heavy and transition metal ions. Therefore, a series of fluorescent sensors
acylhydrazones derivatives were designed and examined in this dissertation, which
consists of four chapters.

Chapter 1, briefly summaries the research progresses of fluorescent chemosensors
for ions based on molecular recognition. The research to be carried out is presented in
the same chapter.

Chapter 2, describes equipments, materials and methods involved in this dissertation.

Synthetic details and characterization of sensor molecules are provided.
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Chapter 3, absorption and fluorescence spectral properties of the synthesized sensors
and their response to metal ions are reported. These sensors involved
2-hydroxy-1-naphthaldehyde naphthoylhydrazones( a-Ar-OH and p-Ar-OH ),
Salicylaldenyde  naphthoyl-  hydrazones( a-Ph-OH and p-Ph-OH ),
2,4-dihydroxyphenyl- ethanone naphthoylhydrazones (B-Ph-20H ), 2-hydroxy
-1-naphthaldehyde  p-Dimethylaminobenzoylhydrazones( DM-Ar-OH ) and
2,4-dihydroxyphenyl- ethanone naphthoylhydrazones( DM-Ph-20H ) .

First of all, these hydrazones derivatives were examined as sensors for metal ions. It
was found that they could bind metal ions such as Zn®*, Cu**,Cd®*, Pb**, Hg**and Ni*
in a similar coordination manner in the ground state in acetoniirile or DMF, but only
Zn** induces dramatic enhancement in the fluorescence of p-Ar-OH and DM-Ar-OH
while other heavy and transition metal ions have little effect. The fluorescence
enhancement factor depent on electron donating ability of substituents at the aromatic
ring. With stronger electron donating ability of substituent, the fluorescence
enhancement factor is higher. The highest fluorescence enhancement factor was
observed in 2-hydroxy-1-naphthaldehyde 1-naphthoylhydrazones(p-Ar-OH) with a
value of 101 and 2-hydroxy -1-naphthaldehyde p-Dimethylaminobenzoyl-
hydrazones(DM-Ar-OH) with a value of 450 in acetonitrile. It was therefore
concluded that B-Ar-OH and DM-Ar-OH could be employed as a potential
fluorescent chemosensor for Zn®* with high selectivity and sensitivity. The mechanism
of fluorescence enhancement of B-Ar-OH in the presence of Zn** was investigated.
The fluorescence enhancement due to an enhanced rigidization, conformational restrict
and n* energy rise resulting from binding Zn** was suggested.

Secondly, the binging mode of B-Ar-OH with Zn** were examined. Under the
experimental conditions, the receptor binds Zn?* in a 1:1 stoichiometry. Receptor
B-Ar-OH binds Zn®* with oxygen atom of C=0 and —OH, nitrogen atom of -NH was
presumed.

Chapter 4 , effects of anions on the absorption spectra of receptors in acetonitrile
were investigated. The absorption spectra of receptors was found to be sensitive to the
presence of anions. Original bands in the absorption spectra of B-Ar-OH and

v
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DM-Ar-OH decreased with the appearance a new peak at longer wavelength upon
addition of anions. It was found that only F could induce dramatic change in the
absorption spectra of p-Ar-OH and DM-Ar-OH resulting in obvious color change
from colorless to yellow. These results suggested that p-Ar-OH and DM-Ar-OH had
higher selectivity for F against other anions and could therefore be employed for
naked-eye detection of F. The binding constants varied in general in the order of F >

H,PO, >AcO >>Br", Cl, HSO, .

Key words: cation sensor, molecular recognition, fluorescence enhancement,

naphthoylhydrazones , benzoylhydrazones, Zn**, F~
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