Supplementary Information (SI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2025

Manipulating Room-Temperature Phosphorescence

by Electron-Phonon Coupling

Liangwei Ma?, Muyu Cong?, Siyu Sun, Xiang Ma*

Key Laboratory for Advanced Materials and Feringa Nobel Prize Scientist Joint
Research Center, Frontiers Science Center for Materiobiology and Dynamic Chemistry,
School of Chemistry and Molecular Engineering, East China University of Science &
Technology Meilong Road 130, Shanghai 200237 (China)

E-mail: maxiang@ecust.edu.cn

tThese authors contributed equally to this work

General Information. 'H NMR and '3C NMR spectra were measured on a Bruker AV-
400 spectrometer. The electronic spray ionization (ESI) high-resolution mass spectra
were tested on a Waters LCT Premier XE spectrometer. The UV-Vis absorption spectra
were obtained on a Shimadzu UV-2600 spectrophotometer. Fluorescence,
phosphorescence, and lifetime of delayed emission spectra were recorded on an Agilent
Cary Eclipse spectrophotometer. Phosphorescence mode; Delay time = 0.1 ms; Gate
time = 2.0 ms. Photoluminescence spectra were record on Shimadzu RF-6000
spectrometer. Fluorescence lifetimes were measured on Edinburgh Instruments
Fluorescence Spectrometer (FLS1000). Absolute PL quantum yields were determined
with a spectrometer C11347-11 (Hamamatsu, Japan). Density functional theory (DFT)
and time-dependent (TD) DFT calculations were performed with the Gaussian 09
(Revision E.O1) software package. The ground-state (Sy) geometries were optimized
with the m062x and aug-cc-pVTZ basis. The energies in the singlet and triplet states
were obtained using the time-dependent (TD) DFT method based on the optimized S,
molecular structure. Femtosecond transient absorption (TA) spectra were obtained on

Time-Tech Spectra TA100.
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Figure S1. Absorption and emission spectra of MTOs in different solvents; Inset:
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photograph of MTOs in different solvents under 365 nm light (1.0x10-* M).

Table S1. The ®@p. of MTOs in different solvents (1.0x10-* M)

Toluene DCM MeCN MeOH
MTO-1 0.27% 1.19% 0.73% 6.67%
MTO-2 0.24% 0.37% 0.29% 3.67%
MTO-3 0.28% 0.31% 0.28% 3.48%
MTO-4 0.23% 0.25% 0.24% 1.43%

Table S2. The singlet and triplet excited states transition configurations (%) and

energy level of MTOs revealed by TD-DFT calculation.

So—S; S1—Sg So—T So—T> So—Ts
3.87 eV, /=0.0165 ;32122_]3’ 243 eV 3.29 ¢V 3.63 eV
MTO-1 H-2—L, 64.7% HoL. 9549 H—L, 90.0% H-2-L, H-1-L,
H—L, 20.1% = 2'2(; H-1-L, 6.1% 82.0% 74.2%
- y L.L70
3.90 eV, £=0.0026 ;3802]; 2.57eV 3.29 ¢V 3.54eV
MTO-2 H-2—L, 78.7% HoL 24.1% H—L, 90.0% H-2-L, H-1-L,
H—L, 4.0% Hoool. 3;’/ H-1-L, 6.1% 82.2% 80.8%
- N D70
3.92 eV, /=0.0030 ,i—'éo‘}o?;/(’) 2.58 eV 333 eV 3.66 eV
MTO-3 H-2—L, 78.1% HoL 18.5% H-L, 86.1% H-2-L, H-1-L,
e H-1-L, 9.2% 81.9% 81.7%

H—-L, 4.5%

H-2—-L, 67.6%



321eV 3.53eV

3.84 eV, £-0.0002 ;3408;’; 234eV H-2-L, H-1-L,

MTO-4  H-2-L, 80.6% L8 6% HoL, 89.8% 69.7% 72.6%
HL, 0.0% Hool ssoy,  HIDL5.5% H-1-L, H-2-L,

» /0. 11.5% 11.1%

MTO-2 MTO-3

Figure S2. The frontier molecular orbits of MTOs
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Figure S3. PXRD spectra of MTO-1@PVA, MTO-2@PVA, MTO-3@PVA, and

MTO-4@PVA
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Figure S4 Lifetime spectra of MTO-1@PVA (a), MTO-1@PVA (b), MTO-1@PVA
(c), and MTO-1@PVA (d) at different temperature.
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Figure S5. The PL quantum yield of MTOs in PVA matrix.




450 500 550 600 650 450 500 550 600 650 700 750 300 350 400 450 500 550 600 650

Wavelength/inm Wavelength/nm Wavelength/nm
dias o 28
——11ps ——1.5ps
404 ——107ps ——3.0ps
——16.3ps 20 ——4.0ps
35 109.8ps —— 15.2ps
- 318.0ps 2900.0ps
& 15
8 25 3
E E
g 20 Z 10
154
101 05
~\h/~\
0s
4 0.0
00 T T T T T T T
450 500 550 600 650 700 K 300 400 500 600
Wavelength/nm Wavelength/nm
o h) 8.0 )18
—5
s s
35 z 7.0 —_ 18 2
3.04 8.0 14
254 50 1.2
] 8 g 10
2 20 2 40 2
3 15 3 30 g0
2 i 06
1.04 20 04
05+ 10 02
0.0 0.0 T T 0.0
450 500 550 600 B850 700 750 450 500 550 600 650 700 750 400 450 500 550 600 850
Wavelengthinm Wavelength/nm Wavlength/nm

Figure S6. Femtosecond broadband transient absorption spectra of MTO-2 (a), MTO-3
(b), and MTO-4 (4) in PVA under 320 nm excitation; TA spectra of MTO-2@PVA (d),
MTO-3@PVA (e), and MTO-4@PVA (f) at different pump-probe delay time; Species
associated difference spectra of MTO-2@PVA (g), MTO-3@PVA (h), and MTO-
4@PVA (i).
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Figure S7. Species associated difference spectra of MTO-1@PVA
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Figure S8. Phosphorescence spectra change of MTO-4@PV A when moved from

argon to air atmosphere
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Figure S9. Steady-state spectra of MTOs in PVA matrix at different temperature.
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Scheme S1. Synthesis route of Compounds

General procedure for the synthesis of 3-(phenylthio)propanoic acid



Potassium Carbonate (24 mmol, 3.31 g) was added to the solution of benzenethiol
(10 mmol) and 3-bromopropanoic acid (12 mmol, 1.84 g) in acetonitrile. Then the
mixture was brought to reflux after stirring at room temperature for about 2 h. After the
reaction was complete, the mixture was acidized to acid condition and the precipitate
was removed by filtration. The filtrate was washed with water and dried with
magnesium sulfate. After concentration, the desired product was obtained by
recrystallization in petroleum ether. The crude product was used for the next step
without further purification.
General procedure for the synthesis of thiochroman-4-one

3-(phenylthio) propanoic acid was added to concentrated H,SO, (15 mL) under
an ice bath. After the reaction was completed, the mixture was poured into a cold
Na,COj; aqueous solution and extracted with DCM. The combined organic phase was
washed with water, dried by MgSO,, and concentrated over the rotatory evaporator.
The crude product was purified by the column chromatography on silica gel.
6-methylthiochroman-4-one (MTO-1)

"H NMR (400 MHz, CDCl;) 6 7.92 (s, 1H), 7.23 — 7.14 (m, 2H), 3.25 — 3.18 (m,
3H), 2.98 — 2.93 (m, 2H), 2.32 (s, 4H). '3C NMR (151 MHz, CDCl;) 8 194.35, 138.79,
134.91, 134.44, 130.71, 129.33, 127.56, 39.76, 26.71, 20.79. HRMS (ESI+) (m/z):
[M+H]" calc. for [C;oH;;OS]*, 179.0525; found, 179.0522.
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Figure S10. '"H NMR spectra of MTO-1
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Figure S11. 13C NMR spectra of MTO-1
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Figure S 12. HRMS spectra of MTO-1
8-methylthiochroman-4-one (MTQO-2)
'H NMR (400 MHz, CDCl;) 6 7.23 — 7.13 (m, 2H), 7.00 — 6.94 (m, 1H), 3.23 — 3.15
(m, 2H), 3.03 — 2.96 (m, 2H), 2.60 (s, 3H). 3C NMR (151 MHz, CDCl;) & 194.48,
141.75, 135.48, 134.39, 131.15, 126.95, 124.11, 39.10, 25.93, 20.07. HRMS (ESI+)
(m/z): [M+H]" calc. for [C;oH;;OS]", 179.0525; found, 179.0522.
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Figure S13. 'TH NMR spectra of MTO-2
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Figure S14. 3C NMR spectra of MTO-2



MX-MLW-2 #4-18 RT: 0.02-0.08 AV: 15 NL: 256E7
T: FTMS + p ESI Full ms [100.0000-1500.0000]

o 353.2655

it 381.2068

80°
o 70
<
£ 60
g
5
2 50
@
]
% 40
3
€ 3 179.0522

20

130.1589 201.0341 3011404 3413044 a07 2707 237-1928
10 aaipen 291.0477
(I VLo LY NP WA 2e6.1721 3T L LRy | 137050 | | ]481.0456 so7azee 5513544
L e e e e e L e e ] L A e e o e e B e BN A e
100 150 200 250 300 350 400 450 500 550
miz

MX-MLW-2#1 RT: 0.00
T: FTMS + p ESI Full ms [100.0000-1500.0000])
m/z= 175.71-180.88

m/z Intensity |Relative Theo. Mass| Delta Composition

(ppm)
179.0522| 12106936.0 100.00 179.0525 -0.30|C10H120S

Figure S15. HRMS spectra of MTO-2
7-methylthiochroman-4-one (MTQO-3)
'H NMR (400 MHz, CDCl5) 6 8.00 (d, J= 8.0 Hz, 1H), 7.08 (s, 1H), 6.98 (d, J =
8.0 Hz, 1H), 3.24 — 3.19 (m, 2H), 2.98 — 2.92 (m, 2H), 2.33 (s, 3H). *C NMR (151
MHz, CDCl;) 6 193.82, 144.35, 142.10, 129.26, 128.69, 127.74, 126.33, 39.59, 26.67,
21.53. HRMS (ESI+) (m/z): [M+H]" calc. for [C;(H;;0S]*, 179.0525; found, 179.0522.

- 00N ONNT OO T M®
0% OO NNNNNDG DO M
ON No©o© wooooaaaaa

.
‘ ‘

| Ll I. 1 I

i 2 v "

o o N O M~ [s2]

S ©&o9o oo 9o
- : - - = = - - - - . — Lol . - = : - -
10.0 9.5 9.0 8.5 8.0 T 7.0 6.5 6.0 5.5 5.0 4.5 1.0 %5 3.0 3 2.0 L5 1.0 0.5 0.0 0.5 1.C

6 (ppm)

Figure S16. '"H NMR spectra of MTO-3
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Figure S17 "H NMR spectra of MTO-3
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Figure S18 HRMS spectra of MTO-3

5-methylthiochroman-4-one (MTO-4)

'"H NMR (400 MHz, CDCls) & 8.04 — 7.98 (m, 1H), 7.31 — 7.27 (m, 1H), 7.09 (t, J
= 7.6 Hz, 1H), 3.26 — 3.20 (m, 2H), 2.99 — 2.94 (m, 2H), 2.32 (s, 3H). 3C NMR (151
MHz, CDCl;) 6 196.38, 143.03, 142.88, 131.82, 130.18, 129.18, 125.73, 41.59, 26.22,
23.88. HRMS (ESI+) (m/z): [M+H]" calc. for [C;(H;;0S]*, 179.0525; found, 179.0522.
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Figure S19. 'TH NMR spectra of MTO-4
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Figure S20. 3C NMR spectra of MTO-4
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T: FTMS + p ESI Full ms [100.0000-1500.0000]
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Figure S21. HRMS spectra of MTO-4



