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1. Methods

1.1 Materials

The 10-HHBF molecule was synthesized according to the literature.! The
tetrahydrofuran (THF) was a super-dry, spectrum-pure, quality reagent purchased
from J&K (China) and was used without further purification. The concentration for

10-HHBF in THF was 5 x 10 mol/L.
1.2 Quantum chemical calculations

All calculations in our work were performed using the Gaussian 16 package at
the BALYP/TZVP level with the gd3bj dispersion correction.>* Considering the effect
brought by THF solvent, the integral equation formalism phase continuum model is
adopted in this work.> The PySOC program interfaced with Gaussian 16 software was
used to calculate the SOC matrix elements.® The electron-hole distributions of the
singlet and triplet states and the non-radiative decay rates between singlet and triplet

states were obtained using Multiwfn software and MOMAP, respectively.”?

1.3 Spectrum measurement

The steady-state absorption was measured on a UV 2550 UV-VIS
spectrophotometer (Shimadzu). And fluorescence spectra and excitation spectra were
measured with a RF5301 fluorescence spectrophotometer (Shimadzu). Femtosecond
Transient absorption spectra were measured with the automated femtosecond transient
absorption spectrometer (Helios, Ultrafastsystems), in which details were described in
the previous literatures of our research group.'® '! Nanosecond TA spectra were
acquired on a TA spectrometer (Helios-EOS Fire, Ultrafast System) upon 400 nm

excitation. Samples were held in a 2 mm fused silica cuvette.!>!* 'TH NMR and 3C



NMR spectra were measured on a Bruker Avance II 400 spectrometer in deuterated
chloroform solution at room temperature with the solvent residual proton signal as a

standard. All measurements were performed at room temperature.

2. Aromaticity

To quantitatively compare the aromaticity of excited-state tautomer (Keto* form)
for 1-HHBF and 10-HHBF and further support our view that the 10-HHBF occurs the
ESIPT reaction, we calculated multicenter bond order and normalized multicenter
bond order of the ring related to hydrogen bond. The multicenter bond orders and
normalized multicenter bond order of excited-state tautomer for the two molecules are
listed in Table S1, and the first row of the Table S1 refers to the adjacent atomic
numbers of all atoms in each ring, which corresponds to Fig. S1. For the 1-HHBF, the
multicenter bond order of the six-membered ring (18,6,1,9,19,29) with the hydrogen
bonding is 0.0012, and that of the ring connected to the ketone group and O-H group
is 0.0298 and 0.0528, respectively. For 10-HHBF, the multicenter bond order and
normalized multicenter bond order of the ring related to hydrogen bond is close to that
for 1-HHBF. That is to say, the aromaticity of the Keto* form for 10-HHBF is

comparable with that for 1-HHBF.



Table S1 The multicenter bond order and the normalized multicenter bond order of the ring

related to ESIPT process based on the Keto* form in the 1-HHBF (up) and 10-HHBF (down).

18,6,1,9,19,29 6,5,4,3,2,1 9,1,2,7.8
The multicenter bond 0.0012 0.0298 0.0528
order
The normalized 0.3276 0.5568 0.5553

multicenter bond order

2,18,19,3,1,29 17,12,11,10,19,18 19,10,9,4,3

The multicenter bond

0.0012 0.0171 0.05362
order
The normalized 03276 0.5569 0.5553
multicenter bond order
‘H‘ 1-HHBF 10—HHBF H\

O‘QQ OOO

Fig. S1 The excited Keto* form and corresponding atomic number forl-HHBF and 10-HHBF.

3. Emission oscillator strength, Non-Adiabatic Couplings intensity and frontier

molecular orbitals

The emission oscillator strength of the Keto* state for I-HHBF and 10-HHBF is
0.2855 and 0.2872, with little difference, shown in Table S2. And the emission
oscillator strength of the Keto* state for 1-HHBF is slightly stronger than that for 10-

HHBF, but the 10-HHBF does not show the tautomer fluorescence in contrast to its
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isomer 1-HHBF. That reveals that the 10-HHBF has the capability of emitting
fluorescence, and thus the luminescent ability is not the reason for quenching of the
Keto* state. Beyond that, as we all known, the great overlapping degree for the
frontier molecular orbitals (FMOs) between the Sy and S; states is beneficial for the
molecule to achieve the fluorescence. Based on that, we also calculated the FMOs
from Keto* state to Keto state of I-HHBF and 10-HHBF, displayed in Fig. S2. Due to
the large overlapping degree of HOMO and LUMO of both compounds, they have
comparable the ability to emit fluorescence. Therefore, the analysis of FMOs once
again demonstrates that luminescent ability is not the reason for the fluorescence
quenching of the Keto* form. Moreover, the Non-Adiabatic Couplings (NAC)
strength between S; and S, states for both molecules were listed in Table S2.
Obviously, the NAC strength of the 1-HHBF is stronger than that of the 10-HHBF.
However, the 10-HHBF does not show the tautomer fluorescence in contrast to its
well-known analogue 1-HHBF. That just goes to manifest that the IC process is ruled

out as the cause of fluorescence quenching.

Table S2 Calculated the emission oscillator strength and the NAC intensity.

oscillator strength NAC (Bohr!)
1-HHBF Keto* 0.2855 4.3005
10-HHBF Keto* 0.2872 4.1604



Keto* — Keto

LUmo 1-HHBF HOMO

LUMO 10-HHBF HOMO
Fig. S2 The HOMO and LUMO of 1-HHBF and 10-HHBF (B3LYP/TZVP/IEFPCM)

corresponding to the Keto form and Keto* form.

4. Minimum energy crossing point

Based on the Keto* form, we scanned the PECs of the Sy, S and Tj; states for the
10-HHBF along the rotation coordinate. In the Fig. S3, with the rotation of the
hydroxyl group in the Keto* form, we find that the energy level gap of the S; and T;
states become closer proximity. There is a cross point in the S; and Tj states at a
rotation coordinate around 80 degree, which is minimum energy crossing point
(MECP). Therefore, the rotation of hydroxyl group in the Keto* form can induce the
MECP between the S; and Tj; states, which is in favor of the occurrence of the ISC

process.
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Fig. S3 Calculated the PECs for different electronic states based on the Keto* form of 10-HHBF

by fixing the dihedral angle between the hydroxyl group and the deprotonated 10-HHBF molecule.

5. Tautomer fluorescence quenching mechanism

The theoretical and experimental results allow us to gain in-depth understanding
of the photochemical behavior of the compound 10-HHBF. Fig. S4 depicts the
luminescent mechanism for 10-HHBF. Initially, the 10-HHBF molecule is excited to
the S; Enol* state under 400 nm light excitation. After excitation, it is followed by the
ESIPT process forming the S; Keto* structure, with a time scale of about 320 fs.
Subsequently, the SOC enhancement between S; and Tj; states induced by the ESIPT
reaction causes the occurrence of the ISC process (11.95 ps) between them. Among
them, the ESIPT-induced SOC enhancement characteristic for 10-HHBEF is attributed
to the significant difference in the electron-hole distributions. In addition, the MECP

between S; and Tj states can further facilitate the occurrence of the ISC process. Thus,



the emergence of the ESIPT-induced SOC enhancement characteristic and the MECP
between the S; and T; for 10-HHBF provide a reasonable explanation for the

fluorescence quenching phenomenon of the Keto* state.
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Fig. S4 The schematic diagram of photophysical processes for 10-HHBF in THF solvent.




6. NMR Spectra

TH-NMR spectrum of compound 10-HHBF.
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Fig. S5 'H-NMR spectrum of 10-HHBF in deuterated chloroform. "H NMR (400 MHz, CDCI3) &
8.28 (d, J =8.2 Hz, 1H), 7.78 (t,J = 16.0 Hz, 8.5 Hz, 2H), 7.72 (d, ] = 7.7 Hz, 1H), 7.61 - 7.59 (m,

1H), 7.57 - 7.55 (m, 1H), 7.51 - 7.47 (m, 1H), 7.42 (s, 1H), 7.39 - 7.35 (m, 1H).
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13C-NMR spectrum of compound 10-HHBF
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Fig. S6 3C-NMR spectrum of 10-HHBF in deuterated chloroform. 3C NMR (101 MHz, CDCl;) §
195.50, 155.97, 144.46, 138.79, 136.87, 136.28, 134.64, 130.16, 129.10, 128.97, 126.45, 126.11,

124.44,124.04, 121.55, 112.72, 112.57.
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7. Nanosecond transient absorption spectroscopy

0.008

0.006

0.004

AA (OD)

i
‘ :.\mwﬂ? iiA

|
r f
| 1 .

450 500 550 600 650 700 750 800
Wavelength (nm)

Fig. S7 Nanosecond transient absorption spectra recorded for 10-HHBF in THF between 2 ns and

400 ns after excitation at 400 nm.

8. Absorption and fluorescence spectroscopy

As shown in Fig. S8 (b), we only observe the S; Enol* form emission for 10-
HHBF at around 500 nm under different solution concentrations, while the S; Keto*
form emission is not observed. Moreover, according to Fig. S8 (c), in the
concentration range from 5 x 10 mol/L to 1 x 10* mol/L, the fluorescence peak
intensity of the 10-HHBF demonstrates a direct proportionality to the concentration of
the solution. As a result, in the concentration range from 5 x 10 mol/L to 1 x 10
mol/L, the aggregate effect in the femtosecond TA measurement for 10-HHBF is
excluded. In conclusion, In conclusion, given that we do not observe the S; Keto*
emission of 10-HHBF across different concentrations, and considering the fact that

the concentration of 10-HHBF in THF in our femtosecond TA measurement is 5 x 10~
12



¢ mol/L, we can confidently exclude the aggregate effect in our femtosecond TA

measurement.
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Fig. S8 The absorption (a) and fluorescence (b) spectra of the 10-HHBF under different
concentration. The change of the fluorescence peak intensity under different solution

concentrations (c).
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