Supplementary Information (SI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2024

Supporting Information for

Novel Indoloquinoxaline-Tetraphenylethylene Star-like Conjugated Isomers:
Aggregation-Induced Emission and Acidichromism for Versatile Fluorescent
Applications

Guanghao Mao®*, Huaxin Yang®*, Shuhang Deng?, Wenyu Cao?, Ping Deng®*, Yan Yu®"*

2 Key Laboratory of Advanced Materials Technologies, International (HongKong Macao and Taiwan)
Joint Laboratory on Advanced Materials Technologies, College of Materials Science and Engineering,
Fuzhou University, Fuzhou, Fujian, 350108, China
# The two authors contributed equally to this work
* E-mail: pingdeng@jfzu.edu.cn (Ping Deng); yuyan@fzu.edu.cn (Yan Yu)



Contents

1. General MEthOAS ...........cooiiiiiii ettt st sttt e ne et s 3
2. SUPPOTTING AALA........ooiiiiiiiiiiiii ettt sttt e st e bt e s bt e beesabeesaeesabeessaeenbeessaeenseenees 4
2.1. NMR spectra of Tetra-8-1Q and Tetra-9-1Q ..., 4
2.2. HR-MS spectra of Tetra-8-1Q and Tetra-9-I1Q..............cccccoooiriiiiiiininiiieeeeee e 6
2.3. The results of DFT theoretical calculations of Tetra-8-1Q and Tetra-9-1Q...................... 7
2.4. Photophysical properties of Tetra-8-1Q and Tetra-9-1Q in different solutions ................ 8
2.5. Mechanistic investigation through "H NMR SPeCtra ............cccccovveirieirieenieenieneieeerenenen, 9
2.6. Solid-state emission spectra of compound/PMMA films............c.ccoceniiiininnininnnienenne 10



1. General methods

Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Avance-600 (600 MHz for
'H and 151 MHz for '3C) spectrometer (CHCl;: & 7.26 ppm and 8 76.82~77.25 ppm respectively). The
following abbreviations were used to explain multiplicities: s = singlet, bs = broad singlet, d = doublet, t
= triplet, q = quartet, m = multiplet. High-resolution mass spectra (HRMS) were recorded on Applied
Biosystems-Sciex 5800 MALDI FT-ICR Mass Spectrometer. The density functional theory (DFT)
calculations were performed with the Gaussian 09 Rev. D.01 employing the B3LYP/6-31g(d) level. UV-
Vis spectra were measured by Shanghai Jinghua UV1800PC UV-Vis spectrophotometer. Emission
spectra were obtained on a FluoroMax-4 fluorescence spectrophotometer. The thickness of the films was
measured by Thickness gauge SD-201. Cyclic voltammetry (CV) was tested on the Ingsens IGS1130
electrochemical analyzer, which had a three-electrode cell, and was carried out in the deoxygenated
anhydrous acetonitrile solution of tetra-n-butylammonium-hexafluorophosphate (0.1 M) under nitrogen
environment. Platinum disk electrode, platinum wire electrode, and Ag/AgCl electrode were used as a
working electrode, a counter electrode, and a reference electrode, respectively, with the Tetra-8-IQ or
Tetra-9-1Q thin film for evaluation coated on the surface of the platinum disk electrode. The CV curves
were calibrated using the ferrocene/ferrocenium (Fc/Fc") redox couple as an external standard, which
was measured under the same condition before and after the measurement of samples. The energy level
of Fc/Fc* was assumed at -4.8 eV to vacuum. The half-wave potential of Fc/Fc* was found to be 0.44 V,

related to the Ag/AgCl reference electrode.



2. Supporting data

2.1. NMR spectra of Tetra-8-1Q and Tetra-9-10
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Figure S1. '"H NMR spectrum of Tetra-8-1Q (CDCl;, 25 °C)

-77.25 CDCI3
- 77.1'\’:! FaluValls]
76.82 CDCI3

OO~ — 0 @O — @M~ MW@
ROOEMRROMOamN®© N ToNeokE Ko
CUWOMOANONINEG WO OO i, N Bper R e =
TETTMANNNNNNANNO 0w ONONONTO o .
RLISRLELESL I L S S L L e  OONNAN oo -
SN e S e ) i S SAS I !
o -
LJm QL gl e
Tl o LY
YL L )
C’Hf_ %/LI/“ 5}1
CiHg
L
< UW
- ¢
{ AL =
\“—/ L/_-/ N_\\_y’)

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)
Figure S2. 3C NMR spectrum of Tetra-8-1Q (CDCls, 25 °C)
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Figure S3. "H NMR spectrum of Tetra-9-1Q (CDCl;, 25 °C)
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Figure S4. 3C NMR spectrum of Tetra-9-1Q (CDCl;, 25 °C)



2.2. HR-MS spectra of Tetra-8-1Q and Tetra-9-1Q

Intens. FTICR-24030008-1_0_J19_000001.d: +MS
x1 1+
81 1650.92567
1+
] e 1651.92736
1549.;.12509 |
f \
. |
1+
1652.93141
21 | l fl
1+
\ ‘ 1653.93608
N S Y
1654.93987
0l ,\/‘J l'L . k
1649 1650 1651 1652 1653 1654 1655 1656 miz

[——FTICR24030008-1_0_J19_000001.d: +MS ]

Meas. m/z # lon Formula Score miz_err [ppm] Mean err [ppm] mSigma rdb e~ Conf N-Rule
1649.925092 1 C114H113N12 100.00 1649.920568 27 -1.4 73.8 65.0 even ok

Figure S5. High-resolution mass spectra of compound Tetra-8-1Q.
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Figure S6. High-resolution mass spectra of compound Tetra-9-1Q.



2.3. The results of DFT theoretical calculations of Tetra-8-1Q and Tetra-9-1Q
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Figure S7. Optimized structures and frontier molecular orbital profiles of Tetra-8-1Q and Tetra-9-1Q



2.4. Photophysical properties of Tetra-8-1Q and Tetra-9-1Q in different solutions
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Figure S8. Normalized UV-Vis absorption spectra of Tetra-8-1Q
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(a) and Tetra-9-IQ (d);

photoluminescence spectra of Tetra-8-IQ (b) and Tetra-9-1Q (e) in solvents of different polarities;
(c)stokes shift (Av) of Tetra-8-1Q (c) and Tetra-9-1Q (f) relationship with the solvent polarity parameter
E7N. (Notes: No data was obtained for solvents with greater polarity (such as DMF and DMSO), as the

solubility of the compounds in these solvents was limited.)

Table S1 Solvochromic properties of Tetra-8-1Q in different solvents

Solvent ENa Aap?(nm) Aem®(NM) A v(icm) PLQY (%)
CCly 0.05 379 538 7798 10.1
Toluene 0.10 379 533 7623 4.1
THF 0.21 381 526 7235 3.5
Chloroform 0.26 384 527 7066 2.7

a BN is the normalized value of the Dimroth and Reichardt solvent polarity parameter Et on a scale
from TMS (0.00) to water (1.00), data from Ref[Reichardt C. Solvatochromic dyes as solvent

polarity indicators[J]. Chemical Reviews, 1994, 94(8): 2319-2358.]

b A =absorption maximum; © A.,=emission maximum; 4 Av=Stokes shift.

¢Absolute PLQYs were measured with an excitation wavelength of 380 nm.




Table S2 Solvochromic properties of Tetra-9-1Q in different solvents

Solvent ENa Aap?(nm) Aem®(nmM) A v(em™) PLQY (%)
CCly 0.05 324/363 496 10703/7387 10.6
Toluene 0.10 326/364 507 10951/7749 13.2
THF 0.21 323/362 514 11505/8169 18.3
Chloroform 0.26 322/364 529 12152/8569 2.4

2 E1N is the normalized value of the Dimroth and Reichardt solvent polarity parameter Et on a scale
from TMS (0.00) to water (1.00), data from Ref[Reichardt C. Solvatochromic dyes as solvent
polarity indicators[J]. Chemical Reviews, 1994, 94(8): 2319-2358.]

b Xap =absorption peak; ¢ A.,=emission maximum; ¢ Av=Stokes shift.

¢Absolute PLQYs were measured with an excitation wavelength of 360 nm.

2.5. Mechanistic investigation through 'H NMR spectra
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Figure S9. Partial 'H NMR spectra of Tetra-9-1Q, Tetra-9-IQ with addition of TFA (Tetra-9-IQ+TFA),
and Tetra-9-1Q with addition of TFA and subsequent addition of TEA (Tetra-9-IQ+TFA+TEA).



2.6. Solid-state emission spectra of compound/PMMA films
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Figure S10. Solid-state emission spectra of Tetra-8-IQ/PMMA film (thickness: 0.058 mm). Black line:
the pristine Tetra-8-IQ/PMMA film; red line: the Tetra-8-1Q/PMMA film dipped in TEA and methanol
solution; blue line: the Tetra-8-IQ/PMMA film dipped in TFA and methanol solution; green line: the
Tetra-8-1Q/PMMA film dipped in TFA and methanol solution, then dipped in TEA and methanol

solution. Excitation wavelength: 390 nm.
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Figure S11. Solid-state emission spectra of Tetra-9-IQ/PMMA film (thickness: 0.045 mm). Black line:
the pristine Tetra-9-IQ/PMMA film; red line: the Tetra-9-1Q/PMMA film dipped in TEA and methanol
solution;  blue line: the Tetra-9-IQ/PMMA film dipped in TFA and methanol solution; green line: the
Tetra-9-1Q/PMMA film dipped in TFA and methanol solution, then dipped in TEA and methanol

solution. Excitation wavelength: 366 nm.
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Figure S12. Solid-state emission spectra of Tetra-8-1Q/PMMA film (thickness: 0.116 mm). Black line:
the pristine Tetra-8-IQ/PMMA film; blue line: the Tetra-8-1Q/PMMA film dipped in TFA and
methanol solution; green line: the Tetra-8-IQ/PMMA film dipped in TFA and methanol solution, then
dipped in TEA and methanol solution. Excitation wavelength: 390 nm.
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Figure S13. Solid-state emission spectra of Tetra-9-1Q/PMMA film (thickness: 0.131 mm). Black line:
the pristine Tetra-9-1Q/PMMA film; blue line: the Tetra-9-1Q/PMMA film dipped in TFA and
methanol solution; green line: the Tetra-9-IQ/PMMA film dipped in TFA and methanol solution, then
dipped in TEA and methanol solution. Excitation wavelength: 366 nm.



For Tetra-8-IQ/PMMA, when the film thickness is 0.058 nm, immersing it in TFA/MeOH for 30
seconds can induce the complete quenching of the film's fluorescence. Subsequently, upon immersing
this film in TEA/MeOH for 30 seconds, the fluorescence of the film can be fully restored. When the film
thickness increases from 0.058 nm to 0.116 mm, submerging the film in TFA/MeOH for 90 seconds will
lead to the complete quenching of the film's fluorescence. Nevertheless, after submerging this film in
TEA/MeOH for 30 seconds once again, the fluorescence of the film can be entirely recovered. For Tetra-
9-IQ/PMMA, when the primal film thickness is 0.045 nm, upon being dipped in TFA/MeOH for 30
seconds, the complete quenching of the film's fluorescence can be observed as well. Subsequently, when
this film is immersed in TEA/MeOH for 30 seconds, the fluorescence of the film can also be fully
restored. When the film thickness increases from 0.045 nm to 0.131 mm, after the film is dipped in
TFA/MeOH for 120 seconds, the complete quenching of the film's fluorescence can be witnessed too.
Subsequently, after this film is immersed in TEA/MeOH for 30 seconds once again, the fluorescence of

the film can also be completely recovered.



