
Accepted Manuscript

Theoretical Investigation on Excited State Intramolecular Proton Transfer of 1-Aryl-
2-(furan-2-yl) butane-1, 3-diones Substitutions

Yuzhi Song, Shuang Liu, Yanzhen Ma, Yunfan Yang, Yongqing Li, Jihua Xu

PII: S0022-2860(18)30541-6

DOI: 10.1016/j.molstruc.2018.04.091

Reference: MOLSTR 25164

To appear in: Journal of Molecular Structure

Received Date: 07 March 2018

Revised Date: 19 April 2018

Accepted Date: 27 April 2018

Please cite this article as: Yuzhi Song, Shuang Liu, Yanzhen Ma, Yunfan Yang, Yongqing Li, Jihua 
Xu, Theoretical Investigation on Excited State Intramolecular Proton Transfer of 1-Aryl-2-(furan-2-
yl) butane-1, 3-diones Substitutions,  (2018), doi: 10.1016/j.molstruc.Journal of Molecular Structure
2018.04.091

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to 
our customers we are providing this early version of the manuscript. The manuscript will undergo 
copyediting, typesetting, and review of the resulting proof before it is published in its final form. 
Please note that during the production process errors may be discovered which could affect the 
content, and all legal disclaimers that apply to the journal pertain.



ACCEPTED MANUSCRIPT
1

1

Theoretical Investigation on Excited State Intramolecular Proton 
Transfer of 1-Aryl-2-(furan-2-yl) butane-1, 3-diones Substitutions          

Yuzhi Songa,*, Shuang Liua, Yanzhen Mab, Yunfan Yangb, Yongqing Lib and Jihua Xua,* 

a Shandong Province Key Laboratory of Medical Physics and Image Processing Technology, School of Physics and Electronics, Shandong 

Normal University, Jinan 250358, P. R. China

b Department of Physics, Liaoning University, Shenyang 110036, P. R. China

* Email: yzsong@sdnu.edu.cn, xujh@sdnu.edu.cn 

The effect of different substituents on the excited state intramolecular proton transfer (ESIPT) of 1-aryl-2-
(furan-2-yl)butane-1,3-diones (AYFBD), namely OFBD, TFBD, MFBD and FFBD are studied by employing the 
density functional theory (DFT) and time-dependent density functional theory (TDDFT) methods. By 
comparing the geometric configurations and infrared vibrational spectra of the first excited state (S1) with 
those of the ground state (S0), it can be concluded that the intramolecular hydrogen bonds are strengthened 
in S1 state. The calculated peaks of absorption and fluorescence spectra of AYFBD derivatives in keto form 
are consistent with experimental results reported previously (Journal of Organic Chemistry, 2017, 82, 12097). 
We can also confirm that the intensities of the intramolecular hydrogen bonds in the S1 state are enhanced 
by analyzing the frontier molecular orbitals and the infrared spectra. To further investigate the ESIPT 
mechanism of AYFBD derivatives, the potential energy curves (PECs) of S0 and S1 states are scanned by 
varying O1-H2 distance, which demonstrates that ESIPT occurs in the S1 state of all the AYFBD derivatives and 
follows the order: FFBD> MFBD> TFBD> OFBD.

1. Introduction 

 The investigations of excited-state hydrogen bond dynamics are 
essential for exploring the process of photophysics, 
photochemistry, and photobiology.1-11 Since the phenomenon of 
excited state intramolecular proton transfer (ESIPT) was first 
observed in salicylic acid by Weller et al. in 1965,12 a wide range of 
experimental and theoretical studies have been carried out on 
picosecond kinetics, thermodynamics, proton transfer dynamics 
and so on.13-21 Especially for the hydrogen bond kinetics research, 
comparing with the ground state, the study of the excited state is 
more complex but has more significance. Garza et al. studied the 
hydrogen bonds in methane–water clusters.22 Moreover, Garcı́a-
Hernández and Garza investigated the reactivity sites in dopamine 
depend on its intramolecular hydrogen bond.23 Upon the photo-
excitation, the hydrogen-bonded molecules will transfer protons or 
hydrogen atoms to achieve rearrangement during intermolecular or 
intramolecular excited state proton transfer. Recently, a series of 
new mechanisms to explain the excited hydrogen bonding 
dynamics, such as photoelectron transfer (PET), fluorescence 
resonance energy transfer (FRET), intermolecular charge transfer 
(ICT) and so forth, have been proposed by Han and co-workers.24-28 
In addition, Zhao et.al have also investigated the excited state 
proton transfer mechanism.29-31 With the development of hydrogen 
bond dynamics, the substituent effects on ESIPT have been studied 
in previous literatures.32-36 Pearson et al. studied the substituent 
effects in the 

keto-enol tautomerism of fused 1,4-
naphthalenediols experimentally.37 Moreover, Ma et al. 
investigated the different substituent effects on ESIPT of 1-(amido)-
anthraquinone molecule.38 Manojai et al. explored heteroatom 
effect on photophysical properties of 2-(2'-Hydroxyphenyl) 
benzimidazole with its derivatives.39 
 

Fig. 1. Molecular structures of AYFBD derivatives: 
OFBD, TFBD, MFBD and FFBD.
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