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The effect of hetero oxygen and nitrogen substituted of 3HX derivatives (3HQ, 3HF, 3HTF, and 3HSO where X=NH, O, S, and SO2 respectively) on the electronic, photophysical properties, and excited-state intramolecular proton transfer (ESIPT) was investigated using density functional theory (DFT) and time-dependent DFT (TD-DFT). Geometries and absorption spectra as well as emission spectra of 3HX derivatives were carried out by using DFT and TD-DFT at the B3LYP/TZVP level. The important parameters for bond distances involving the intramolecular H-bond reveal that H-bonds of 3HX derivatives in excited-state are stronger than those in the ground state, supported by the red-shift of O–H vibrational modes in the excited-state. The heteroatom substitution of 3HX causes the red-shift emission spectra, implying that the lone pair of electron in the substituted heteroatom has the effect on the intramolecular charge transfer. In addition, results of frontier molecular orbitals show that vertical S0→S1 transition of these molecules corresponds essentially to the excitation from HOMO (π) to LUMO (π*). The potential energy curves (PECs) of intramolecular proton transfer (IntraPT) process of all derivatives were used to investigate the occurrence of ESIPT. The hetero sulfur on X positions of 3HX derivatives could easily facilitate the ESIPT process because sulfur makes O1–H1 bond of 3HTF weaker than those of other derivatives confirmed by its more red-shifted vibrational modes in the excited-state compared with other heteroatom substitutions, resulting in lower ESIntraPT barrier. The obtained information of the electronic structure, the photophysical property and the chance of ESIPT of heteroatom substituted 3HX molecules are useful for the molecular design of fluorescent molecular probes.
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Figure. Schematic of 3HQ, 3HF, 3HTF, and 3HSO and Schematic diagram of the general ESIPT process, a proton donor and proton acceptor are circled with red and blue, respectively. 
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