
Introduction

Photoinduced excited state intramolecular proton transfer (ESIPT) has

attracted attention of researchers for several decades as an ultrafast

photochemical reaction and a process that could be utilized for a

number of applications. 2,5-bis(2-benzoxazolyl)hydroquinone (BBHQ)

has been extensively studied for several decades by theoretical

calculations and experiments in various environments as a substance

that exhibits the ESIPT. The preferable structure of the BBHQ

molecule in the ground state is an enol form, whereas the enol and keto

forms are in dynamical equilibrium in the first excited state, the

equilibrium is shifted towards to the keto form. In this study we

consider application of TDDFT approach and harmonic approximation

for vibronic states of the enol form of the molecule of BBHQ.

Computational methods

The calculations were performed for an isolated molecule using the ORCA

software package [1,2], the def2-SVP basis set and ωB97X-D3 functional. The

vibrations were calculated in harmonic approximation using analytical second

energy derivatives for the ground state and numerical ones with default

parameters for the excited states. Frequencies of the vibrations are unscaled.

Vibronic structure of the absorption spectra was calculated with the harmonic

model and the Franck-Condon approximation. The vibronic structure

calculations were performed with the FCclasses3 code [3,4] using the time-

independent and time-dependent methods. The spectrum was modeled

assuming inhomogeneous broadening by Gaussian function with the half width

at half maximum of 0.035 eV.

Conclusions

The calculations performed with the ωB97X-D3 density functional for molecular vibrations and electronic transitions are found to reproduce well the

vibronic structure of the S0-S1 and S0-S2 absorption bands in the spectrum of 2,5-bis(2-benzoxazolyl)hydroquinone measured in solution at room

temperature. It allows to determine normal modes that contribute significantly to the absorption spectrum. At the same time energy of the electronic

transitions is overestimated by the calculations and the overestimation is different for the S0-S1 and S0-S2 transitions.
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Calculated geometrical parameters (bond length, Å; angle, degree) of the enol structure of the molecule of BBHQ 

in the ground S0, first S1 and second S2 excited states 

Absorption spectrum of BBHQ dissolved in CCl4

measured at room temperature (Exp) and spectrum

modeled with the time-dependent method (Calc).

Calculated energy of the S0-S1 transition is red-

shifted by 0.2 eV, S0-S2 transition is red-shifted by

0.455 eV.

Absorption spectrum for the S0-S2 transitions modeled with the

time-dependent method at room temperature (blue line) and time-

independent method at temperature 0 K (black line). The stick

spectrum represents vibronic transitions at 0 K. The spectra are red-

shifted by 0.455 eV in energy.

Absorption spectrum for the S0-S1 transitions modeled with the

time-dependent method at room temperature (red line) and

time-independent method at temperature 0 K (black line). The

stick spectrum represents vibronic transitions at 0 K. The

spectra are red-shifted by 0.2 eV in energy.
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