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ABSTRACT

In this research, the attention has been paid on the derivatives of HBX including 2-
(2-Hydroxyphenyhbenzimidazole: HBI, 2-2'-Hydroxyphenyhbenzoxazole: HBO and 2-2"-
Hydroxyphenylhbenzothiazole: HBT as well as 2-2-Aminophenylhbenzothiazole (APBT)

which are widely used in various applications such as fluorescent probes in biological

systems. Particularly, the application in biological system requires more sensitive and
specific dyes. The requirements are high fluorescence intensity, large Stokes’ shifts and

longer absorption and emission wavelengths in which the low energy excitation and

emission cannot damage the target biological systems. Therefore, molecular design on
nitrogen heteroatom of HBX derivatives and substituent effect of APBT derivatives were
studied in this research. They have been systematically investigated both in ground and
excited states using density functional theory (DFT)and time-dependent DFT (TD-DFT)at
B3LYP/6-311+Gd,p) level, respectively.

The nitrogen heteroatom substitution of HBX derivatives resulted in the red shift
emission spectra, which implies that the lone pair of electron in the substituted nitrogen

has the effect on the n-conjugated system. In addition, the potential energy curves (PECs)



on proton transfer coordinates of selected derivatives were used to investigate the

occurrence of excited-state intramolecular proton transfer (ESIPT) and the chance was
found in the following order: HBT > HBI > HBO. The nitrogen heteroatom substituted on

1,4 and 3,4 position of HBX derivatives could easily facilitate the ESIPT process, because
the nitrogen substitution makes O—H bond of selected HBX derivatives weaker than those
of other derivatives and the hydrogen bond in N-H becomes stronger in excited state,

resulting in lower PT barrier.

Furthermore, the substituent effect on the absorption and emission spectra of APBT

derivatives was investigated. The substitution of strong electron-donating group on the

phenyl ring opposite to the amino group of APBT provide large Stokes’ shifts and lower
emission wavelengths that those of APBT. Therefore, selected derivatives were suggested

as potential candidates for the fluorescent probes. Consequently, the obtained information

of the electronic structure, photophysical and photochemical properties as well as the
chance of ESIPT of selected derivative is useful for molecular design of fluorescent

probes.



