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R IUTHRFEILE 1. & 1 KM TR,
WA AR HBT-OMe 43 AR PR EE i 1] T THI 4544
1 T EE A HBT-OMe 78 A [A] B, 25 )
KMEMASHGEE. £ Sy &, Ni—Cy—C3—
Cy AN 26.247°, 63 & HBT-OMe £ S, &
A AR BE /N 2 3.223°. ZE LA HOCL J5, HBT-
OMe ¥ 43~ S fiit [m] TP 0 254, HAEZS O, —
Hy 1 Hy--Ng (1984 53024 0.990 AR 1.739 A.
MR Y TR S, A, 3 s K 4 AR
9 1.076 AR 1.482 A, 3 i xFa < g, vl ok PR
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Fig. 1. Optimized structures of HBT-OMe: (a) Sy; (b) S;.
Product molecule: (c) Sy; (d) S;. O atom: pink; N atom:

green; S atom: yellow.

%1 HBT-OMe-OMe HEM —HMAEE

Table 1.  Dihedral angle information of HBT-OMe.
BNy

N;—Cy—C3— Cy4 C3—Cy—05—Cg
Sy 26.247 3.223
Sy -101.690 —76.981

7Y

N—Cy—C3—Cy C3—Cy—05—Hg
So 0.005 0.004
St 0.028 -0.011

3.2 EHHARESHNMIRFEEITHE

2554 B3 LYP {Z 8 /tzvp WU, 395 T HBT-
OMe 4T IW) I B & BE, BIF9T Kk B0 LW ic e £
£ F 297 nm, MH =Py IEA T 340 nm. 7EHK
MCPRZS T I B R B8 -5 AH I A 4 58 18 DA %
S FRUE R BRT TR AI AR 2 . R 2 AT LR
H, HBT-OMe B9 S, 25X AR Fom B ik, BRiE
TTHR A9 98.8% K I T HOMO #] LUMO A9 BKiT,
FRTHA RIS IR RAE R AL T S 2.

% 2 HBT-OMe M3 R fiE

Table 2.  Vertical excitation energy of HBT-OMe.

Electronic excitation Oscillator Orbital transition

energy/nm strengths
SR
S 392.86 0.0082  H— L (98.8%)
So 367.89 0.0003 H-1— L (99.1%)
i/
S 357.49 01228  H— L (96.9%)
S, 307.23 043 2L (8%)

H-1 — L (91.9%)
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Fig. 2. The frontier molecular orbital of HBT-OMe: (a) HO-
MO; (b) LUMO. Product molecule: (¢) HOMO; (d) LUMO.
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Fig. 3. Theinfrared vibrational spectrum of product molecule..
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Fig. 4. The RDG and scatter diagram of HBT-OMe and product molecule in S, ((a), (c)) and S; ((b), (d)).
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Fig. 5. The potential energy curve of product molecule.
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Abstract

The molecule with excited-state intramolecular proton transfer (ESIPT) has wide applications in
fluorescent probe, biology imaging, light-emitting materials, etc. Biologically active oxygen hypochlorite (HC1O)
exists widely in the biological and chemical environment, which can pose a great threat to human health.
Design of HCIO-sensitive molecules in solvents is very important. Recently, Wu et al. [Wu L L, Yang Q Y, Liu
LY, et al. 2018 Chem. Commun. 54 8522 designed an ESIPT-based HBT-OMe probe molecule, which can
detect HCIO due to its methoxy-hydroxy-benzothiazole. They found that the fluorescence intensity of the
system gradually increases with HCIO increasing. However, the microscopic mechanism of this highly efficient
fluorescent probe is not well understood. Therefore, in this work, we theoretically investigate the ESIPT
mechanism of the HBT-Ome and its product molecule by using density functional theory and time-dependent
density functional theory. Based on polarizable continuum model (PCM) with the integral equation formalism
variant (IEFPCM) and Becke’s three-parameter hybrid exchange function with the Lee-Yang-Parr gradient-
corrected functional (B3LYP) as well as the TZVP basis, the optimized structures are obtained. The structures
show that the HBT-Ome product molecules tend to undergo proton transfer in the excited state but HBT-OMe
molecules cannot undergo the proton transfer process. The analysis of frontier molecular orbitals not only
explains the reason why the fluorescence of the HBT-Ome product is enhanced, but also demonstrates that the
HBT-Ome fluorescence intensity is diminished owing to twisted intramolecular charge transfer in the excited
state. It is twisted intramolecular charge transfer that leads smaller charge density to be overlapped and the
fluorescence intensity of HBT-OMe molecule to be further weakened. Infrared vibrational spectrum shows the
enhancement of intramolecular hydrogen bond of O—H, which indicates the tendency of proton transfer. The
molecular covalent interaction analysis shows that the intramolecular interactions of HBT-OMe remain largely
unchanged clearly. The intramolecular O—H bonding interaction is weakened, and the N—H bonding interaction
is increased for HBT-OMe product molecule. The enhancement of intramolecular hydrogen bond of N—H
further illustrates the trend of proton transfer. The calculated potential energy curve provides direct evidence
for the occurrence of ESIPT in the HBT-Ome product molecule. Our work is of great significance in designing

and synthesizing the HCIO fluorescent probes based on ESIPT molecules.
Keywords: excited-state intramolecular proton transfer, time dependent density functional theory, HCIO
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