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Supplementary Methods

General Information

All the chemicals and reagents were purchased from Aldrich. All the molecules
synthesized were purified by column chromatography and recrystallization from
dichloromethane and hexane for three times, and fully characterized by *H NMR, **C
NMR and high resolution mass spectroscopies and elementary analysis.

'H and **C NMR spectra were recorded on a Bruker AV 400 Spectrometer at 400
and 100 MHz in CDClIs, respectively. Tetramethylsilane was used as the internal
standard. High-resolution mass spectra (HRMS) were recorded on a GCT premier
CABO048 mass spectrometer operating in MALDI-TOF mode. Elementary analysis
was performed on a Thermo Finnigan Flash EA1112. Gel filtration chromatography
was performed using a ZORBAX SB-C18 column (Agilent) conjugated to an Agilent
1260 Infinite HPLC system. Before running, each sample was purified via 0.22 um
filter to remove any aggregates. The flow rate was fixed at 1.0 mL/min, the injection
volume was 20 pL and each sample was run for 6 min. The absorption wavelength
used was set at 330 nm. 100 % percent of acetonitrile was used as the running buffer.
The photoluminescence spectra, lifetime, time-resolved excitation spectra, steady
state and time-resolved emission spectra, temperature dependent photoluminescence
spectra and absolute luminescence quantum yield were measured on a Edinburgh
FLSP 980 fluorescence spectrophotometer equipped with a xenon arc lamp (Xe900), a
microsecond flash-lamp (uF900), a picosecond pulsed diode laser (EPL-375), a closed
cycle cryostate (CS202*1-DMX-1SS, Advanced Research Systems) and an integrating
sphere (0.1 nm step size, 0.3 second integration time, 5 repeats), respectively. Mean
decay times (tp) were obtained from individual lifetimes tj and amplitudes a; of
multi-exponential evaluation. Powder X-Ray diffraction patterns were performed on
an X’Pert PRO MPD diffractometer with Cu Ka radiation (A = 1.5418 A) at 25 °C
(scan range: 4.5—50°). Single crystal data was collected on a Bruker Smart APEXII
CCD diffractometer using graphite monochromated Cu Ka radiation (A = 1.54178 A).
The photos were recorded by a Cannon EOS 60D with the same parameters.

Recrystallization

All the crystalline samples were obtained from slowly evaporative crystallization
using hexane/dichloromethane mixture (2:1, v/v). To further check the purity of the
solid samples, all the solid samples were dissolved in 100 % percent of acetonitrile
and got sample solutions (50 uM), then run the HPLC.

Preparation of blended powders
For the optical measurements of blended powders, we placed a mixture of CZ (1

mmol) and each other fragment (1 mmol) in a glass tube and heated it up to 150 °C
for 10 s. After melting, the substrate was cooled rapidly to room temperature.



Synthesis

Molecules used in this study:

do oo oo o,

cz DBFBr

DBTBr DBF2Br DBT2Br

9-H-carbazole (CZ), dibenzofuran (DBF) and dibenzothiophen (DBT) were purchased
from Sigma-Aldrich and further purified by column chromatography and
recrystallization ~ from  dichloromethane and hexane for three  times.
2-bromodibenzofuran (DBFBr), 2,8-dibromodibenzofuran (DBF2Br),
2-bromodibenzothiophene (DBTBr) and 2,8-dibromodibenzofuran (DBT2Br) were
synthesized according to the reported synthetic route, and then recrystallized from
dichloromethane and hexane for five times. All the above compounds were fully
characterized by *H NMR and their purity were further checked by HPLC.

9-(dibenzo[b,d]furan-2-yl)-9H-carbazole (CZ-DBF)

-

2-bromodibenzofuran (1.5 g, 6.07 mmol), 9-H-carbazole (1.12 g, 6.68 mmol), Cul
(1.7 g, 9.11 mmol) and K,CO;3 (2.5 g, 18.2 mmol) were added into a 100 mL flask.
DMACc (50 mL) was then added into the flask. The solution was kept at 180° C and
stirred under nitrogen for 24 h. After cooling, the solution was poured into water (200
mL), then extracted with excess CH,Cl,, dried by MgSO4, and purified using a silica
gel column by using pure hexane as eluent. The obtained product was a white solid
(0.81 g, 40% yield). 'H NMR (400 MHz, CDCls): J 8.20 (s, 1H), 8.178 (s, 1H), 8.12,
8.12(d, J = 2.0 Hz, 1H), 7.96-7.94 (m, 1H), 7.80, 7.78 (d, J = 8.4 Hz, 1H), 7.67, 7.65
(d, J=8.4 Hz, 1H), 7.64-7.61 (m, 1H), 7.56-7.52 (m, 1H), 7.45-7.34 (m, 5H) and 7.31
(m, 2H). *C NMR (100 MHz, CDCls): § 157.2, 155.3, 141.8, 132.8, 128.1, 126.8,
126.2, 125.9, 124.0, 123.4, 123.3, 121.2, 120.6, 120.1, 120.0, 113.1, 112.2, 109.9 .
HRMS (MALDI-TOF, m/z): calcd. for CyHisNO, 333.1154. Found, 333.1174.
Elemental analysis (calcd., found for C»4H15NO): C (86.46, 86.52), H (4.54, 4.59).



9-(dibenzo[b,d]thiophen-2-yl)-9H-carbazole (CZ-DBT)

~

Following the same synthetic procedure for DBF-CZ, the reaction of
2-bromodibenzo[b,d]thiophene (1.5 g, 5.7 mmol), 9-H-carbazole (1.05 g, 6.27 mmol) ,
Cul (1.6 g, 8.55 mmol) and K,COs3 (2.4 g, 17.1 mmol) at 180° C and stirred under
nitrogen for 24 h afforded the product as white solid. Yield: 46%. *H NMR (400 MHz,
CDCly): 6: 8.34, 8.33 (d, J = 4.0 Hz, 1H), 8.20, 8.18 (d, J = 8 Hz, 2H), 8.13, 8.11 (d, J
=8.0 Hz, 1H), 8.08, 8.06 (d, J = 8.0 Hz, 1H), 7.93, 7.91 (d, J = 8.0 Hz, 1H), 7.65-7.63
(m, 1H), 7.54-7.47 (m, 2H), 7.43, 7.42 (d, J = 4.0 Hz, 4H) and 7.33-7.29 (m, 2H). **C
NMR (100 MHz, CDCly): ¢0: 140.7, 139.6, 137.9, 136.5, 134.4, 133.9, 126.8, 125.4,
125.3, 124.1, 1235, 122.8, 122.4, 121.3, 120.0, 119.4 and 109.1. HRMS
(MALDI-TOF, m/z): calcd for Cy4HisNS, 349.0925. Found, 349.0918 Elemental
analysis (calcd., found for C,4H1sNS): C (82.49, 82.45), H (4.33, 4.29).

9-(8-bromodibenzo[b,d]furan-2-yl)-9H-carbazole (CZ-DBFBr)

o

Following the same synthetic procedure for DBF-CZ, the reaction of
2,8-dibromodibenzol[b,d]furan (5.24 g, 16.1 mmol), 9-H-carbazole (3.23 g, 19.3
mmol) , Cul (1.53 g, 8.05 mmol) and K,CO3 (6.6 g, 48.3 mmol) at 180°C and stirred
under nitrogen for 24 h afforded the product as white solid. Yield: 36%. *H NMR (400
MHz, CDCls): o: 8.19 (s, 1H), 8.17 (s, 1H), 8.09 — 8.07 (m, 2H), 7.80, 7.78 (d, J = 8.0
Hz, 1H), 7.67 — 7.62 (m, 2H), 7.55, 7.53 (d, J = 8.0 Hz, 1H), 7.45 — 7.30 (m, 6H). *C
NMR (100 MHz, CDCl3): ¢: 155.9, 155.7, 141.6, 133.2, 130.9, 127.6, 126.3, 126.0,
124.9, 124.0, 123.5, 120.6, 120.2, 120.1, 116.2, 113.7, 113.4 and 109.8. HRMS
(MALDI-TOF, m/z): calcd for BrCsH14NO, 411.0259. Found, 411.0240. Elemental
analysis (calcd., found for C,4H1sNS): C (69.92, 69.87), H (3.42, 3.46).

9-(8-bromodibenzo[b,d]thiophen-2-yl)-9H-carbazole (CZ-DBTBr)

-



Following the same synthetic procedure for DBF-CZ, the reaction of
2,8-dibromodibenzol[b,d]furan (5.24 g, 15.3 mmol), 9-H-carbazole (3.07 g, 18.4
mmol) , Cul (1.50 g, 7.65 mmol) and K,CO3 (6.34 g, 45.9 mmol) at 180°C and stirred
under nitrogen for 24 h afforded the product as white solid. Yield: 42%. *H NMR (400
MHz, CDCls): 6: 8.3 (d, J = 1.6 Hz, 1H), 8.26, 8.25 (d, J = 1.6 Hz, 1H), 8.20 (s, 1H),
8.18 (s, 1H), 8.08 — 8.06 (d, J = 8.8 Hz, 1H), 7.80, 7.78 (d, J = 8.4 Hz, 1H), 7.70 —
7.67 (m, 1H), 7.63 — 7.60 (m, 1H), 7.44 — 7.42 (m, 4H) and 7.34 — 7.31 (m, 2H) . *C
NMR (100 MHz, CDCls): o: 140.6, 138.3, 138.2, 136.2, 135.3, 134.3, 129.6, 126.0,
1255, 124.2, 123.7, 123.6, 122.8, 119.9, 119.8, 119.5, 118.0). HRMS (MALDI-TOF,
m/z): calcd for BrC,4H14NS, 427.0030. Found, 427.0039. Elemental analysis (calcd.,
found for C4H15NS): C (67.30, 67.38), H (3.29, 3.23).
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Supplementary Figure 1. Summary of persistent organic RTP compounds.
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Supplementary Figure 2. Summary of persistent organic RTP compounds.
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Supplementary Figure 3. Synthetic routes for OPRTP compounds.
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Supplementary Figure 8. *H NMR spectrum of BDTBT.
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i N : an
S\ G Y (<D

== CHANNEL £2 -
400.1315005 MHz

T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 ppm

Supplementary Figure 12. **C NMR spectrum of CZ-DBF.



N om- OO0 NEOTDACDOCEIETAVD®D O
S gono 52 VGRIZIeIecTnTocon o BRUKER
A+ 00O0O - wLLVWLLVLOWTTFTTTOMN o
o  wm®o [l e e e il ol i ol S

Current Data Parameters
2 2w3j-CZ-DBFBr-H1
5
1

F2 -

quisition Parameters
Date_ 20180515
Time 12.12
INSTRUM
PROEHD
PULEROG
o

SOLVENT

1K
1.00000000 sec
1

CHANNEL £1

SFOL 400.1324710 MHz
NUC1 1
Pl 14.30 usec
PLU1 9.10000038 W
F2 - Pr
51
| SF
| WD
! 558
| " LB 30 H
GB 0
PC 00

/

T T T T T T T T T

7.9 7.8 7.7 7.6 7.5 7.4 7.3 72 ppm
WOE e W oW
- o~ - o -

T
8.3

812 8{1 830
Supplementary Figure 13. *H NMR spectrum of CZ-DBFBr.\

<)
BRUKER

NN

6005 Mtz
18

T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 ppm

Supplementary Figure 14. **C NMR spectrum of CZ-DBFBr.



o bamerma B e mmE e e e D e e oo oo
e SZ22°7d 25 O3ERTUSLCSIRINALTSRE BRUKER
Il N - OO o Oy LWOUOUOUOUONWWWWWS MOl ol
@ o 00 W W o® o~ Lol el e e il ol ol ol ol ol ol ol ol ol ol

Current Data Parameters

NAME 2wi-CZ-DBT-H

3

1

TE .2 K

D1 1.00000000 sec
| | TN 1

CHANNEL £1

SFOL 400.1324710 MHz

NUC 1

Pl 14.30 usec

PLU1 9.10000038 W

T T
8 7.7

T T T T

T
74 73 72 74 ppm

W el

T
85 84 83

812 B‘.1 8.‘0 739 7
W e e
Supplementary Figure 15. *H NMR spectrum of CZ-DBT.

41.40

<)
BRUKER

SN S

L -

T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

A

Supplementary Figure 16. **C NMR spectrum of CZ-DBT.



PULPROG
o

SOLVENT
NS

DS
SWH
FIDRES
AQ
RG
D
DE
TE K
| D1 1.00000000 sec
TD 1
! “ CHANNEL £1
SFOL 400.1324710 MHz
| ‘ NUC 1H
| ” ‘ Pl 14.30 usec
| [ | PLU1 9.10000038 W

F2 - Processing parameters

T
7. 6 75 74 73 72 7. ppm

W

T T
8.4 8.3 8.2 8.1 8.0 7.

Supplementary Figure 17. *H NMR spectrum of CZ-DBTBr.]

Aco &

SN | Vi B%“

.

o o Y SR A

T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Supplementary Figure 20. High-performance liquid chromatogram spectra. HPLC
of (a) CZ, DBF, DBT, DBFBr and DBTBr; (b) CZ-DBF, CZ-DBFBr, CZ-DBT and
CZ-DBTBEr in acetonitrile solution (50 uM).
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Supplementary Figure 21. Photophysical properties during recrystallization. (a) PL

spectra and (b) time resolved PL decay curves of crystalline CZ-DBFBr after each

time of recrystallization (5 times). Excited wavelength: 365 nm.
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Supplementary Figure 22. Photographs of crystalline model fragments. Photographs
of crystalline CZ, DBF, DBFBr, DBT and DBTBr taken before and after the removal
of excitation source of UV light at ambient conditions. Excitation wavelength: 365
nm.
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Supplementary Figure 23. PL decay curves of crystalline model fragments. (a)
Nanosecond-scale PL decay curves of CZ, DBF, DBFBr, DBT and DBTBEr. (b, ¢)

Second-scale PL decay curves of DBT, DBTBr (b) and CZ (c) at 300 K.
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Supplementary Figure 24. PL spectra of crystalline model fragments at 300 K. The
prompt (solid line) and delayed (red zone) PL spectra of crystalline CZ and DBF (a),
DBFBr (b), DBT (c) and DBTBr (d) at 300 K. The excitation wavelength: CZ, 365
nm; DBF, 295 nm; DBFBr, DBT and DBTBT, 330 nm.
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Supplementary Figure 25. CIE 1931 coordinates of CZ-DBFBr at 300 K.



[+Y]
o

—— CZ prompt —— CZ prompt

I CZ delayed I CZ delayed
> >
-“% =
£ 2

F :
—oerpors | e o,
a I DBF delayed 3 y
o o
- 98.2%
‘s ‘ s
£ | —— GZ.DBF prompt £ } —— CZ-DBFBr prompt
S { M CZ-DBF delayed L ;[ CZ-DBFBr delayed
; 69.1%
300 380 460 540 300 380 460 540
Wavelength (nm) Wavelength (nm)
¢ —cz t d
promp —— CZ prompt
I CZ delayed B CZ delayed
: 42.8%
> >
= =
7] ' 7]
S i\ ——DBT prompt g
€ . [ DBT delayed € ' —— DBTBr prompt
i ! i I DBTBr delayed
- - '“ 100%
@ ]
N N
E |y CZDBT prompt E 1 —— CZ-DBTBr prompt
= . [ CZ-DBT delayed 5 | 3
S - elaye 2 ' I CZ-DBTBr delayed
300 380 460 540 300 380 460 540
Wavelength (nm) Wavelength (nm)

Supplementary Figure 26. PL spectra of RTP compounds in solutions at 77 K. The
prompt (line) and delayed (color zone) PL spectra of the 2-methyl-tetrahydrofuran
solutions of CZ, DBF and CZ-DBF (a), DBFBr and CZ-DBFBr (b), DBT and
CzZ-DBT (c), DBTBr and CZ-DBTBr (d) at 77 K with the proportion of
phosphorescence inset. Excitation wavelength: 290 nm.
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Supplementary Figure 27. PL spectra of RTP compounds in solid states at 4 K. The
prompt (solid line) and delayed (color zone) PL spectra of the crystalline powders of
CZ and DBF (a), DBFBr (b), DBT (c) and DBTBr (d) at 4 K. The excitation
wavelength: CZ, 365 nm; DBF, 295 nm; DBFBr, DBT and DBTBr, 330 nm.
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Supplementary Figure 28. Lifetime of RTP compounds in solid states at 4 K. (a)
Nanosecond-scale PL decay curves of crystalline CZ, DBF, DBFBr DBT and DBTBr.
(b, c) Second-scale PL decay curves of crystalline DBF, DBFBr, DBT, DBTBr (b)
and CZ (c) at 4 K.
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Supplementary Figure 29. UV-Vis spectra of RTP compounds in THF solutions.

UV-Vis spectra of CZ, DBF and CZ-DBF (a), DBFBr and CZ-DBFBr (b), DBT and
CZ-DBT (c), DBTBr and CZ-DBTBr (d). Concentration: 10° M.
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Supplementary Figure 30. UV-Vis spectra of OPRTP compounds in solutions.
UV-Vis spectra of CZ-DBF (a), CZ-DBFBr (b), CZ-DBT (c) and CZ-DBTBr (d) in
different solvents. Concentration: 10> M.
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Supplementary Figure 31. PL spectra of OPRTP compounds in solutions.
Normalized PL spectra of CZ-DBF (a), CZ-DBFBr (b), CZ-DBT (c) and CZ-DBTBr
(d) in different solvents. Concentration: 10™ M.
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Supplementary Figure 32. The PL decay curves of OPRTP compounds at 4 K. (a)
Nanosecond-scale PL decay curves measured at 430 nm. (b, c) Second-scale PL decay

curves measured at 600 nm (b) and 500 nm (c) at 4 K.

a b
4K —— CZ-DBF prompt 4K —— CZ-DBFBr prompt

. [ CZ-DBF delayed 100 ms . [ CZ-DBFBr delayed 100ms
= =

g 2

2 2

= £

- -

o o

° o

8 &

© ®

£ £

S S

P4 4

400 500 600 700 400 460 520 580 640 700
Wavelength (nm) Wavelength (nm)
c d
S — CZ-DBT prompt sk —— CZ-DBTBr prompt
[ CZ-DBT delayed 100ms [ CZ-DBTBr delayed 100 ms

2 2

£ £

g 2

£ £

a a

° °

N I

© ©

£ £

S S

2 2

40 500 600 700 400 50 600 700

Wavelength (nm)

Wavelength (nm)

Supplementary Figure 33. PL spectra of crystalline OPRTP compounds at 4 K. The
prompt (blue line) and delayed (red zone) PL spectra of the crystalline powders of
CZ-DBF (a), CZ-DBFBr (b), CZ-DBT (c) and CZ-DBTBr (d) at 4 K. The excitation
wavelength was 365 nm.
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Supplementary Figure 34. PL spectra of crystalline all RTP compounds at 4 K. PL
spectra of the crystalline powders of CZ and DBF (a), DBFBr (b), DBT (c) and
DBTBr (d) at 4 K. Excitation wavelength: CZ, CZ-DBF, CZ-DBFBr, CZ-DBT and
CZ-DBTBr, 365 nm; DBF, 295 nm; DBFBr, DBT and DBTBr, 330 nm.
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Supplementary Figure 35. Temperature dependent PL spectra and decay curves. The
prompt (a), delayed PL (b) spectra and PL decay curves (c, d) of CZ-DBFBr
measured at different temperatures from 4 to 300 K. a, Excited wavelength: 365 nm; b,
c and d, Excited wavelength: 400 nm.
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Supplementary Figure 36. Temperature-dependent lifetime of CZ-DBFBr.
Temperature-dependent lifetime of emission bands at 500 (red line and symbol) and
655 nm (green line and symbol).
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Supplementary Figure 37. Temperature-dependent lifetimes of CZ and BDFBr.
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Supplementary Figure 38. PL spectra of crystalline blended model compounds. The
prompt (black line) and delayed (red line) PL spectra of the blended powders of CZ
and DBF (a), CZ and DBFBr (b), CZ and DBT (c), CZ and DBTBr (d) at 300 K. The
excitation wavelength was 365 nm.



Supplementary Tables

Supplementary Table 1. Photophysical properties of crystalline model compounds.
Photoluminescence wavelength (A and Zp), lifetime (z and zp) and quantum
efficiency (@ and &p) of crystalline DBF, DBFBr, DBT, DBTBr and CZ.

Compound | Temp. Ap
(nm) [ (nm) | (ns) ms % %

3142 4350 2344
DBF 300K 3356 < 42 < 41 -
4K 3612 440 59 256
DBF-Br 27
300K 380 < 46 <
4K 344= 437" 30 2870
DET 300K 362> 4400 23 55 6 032
4K 360" 439" 42 220
DBT-Br 300k 3706 4412 33 47 07 005
4K 405° 549 7.4 1110
cz 782

300K 420° 550> 8.2 852

% 0-0 peak of the photoluminescence wavelength.
® onset of the photoluminescence wavelength.
¢ the photoluminescence is too weak to be detected at room temperature.

% the photoluminescence is too weak to be detected at room temperature.

Supplementary Table 2. Photophysical properties of RTP compounds in solutions.
Photoluminescence wavelength (1 and Ap), phosphorescence lifetime (zp) of solution
DBF, DBFBr, DBT,DBTBr, CZ-DBF, CZ-DBFBr, CZ-DBT and CZ-DBTBr in
2-methyl-tetrahydrofuran (10° M) measured at 77K.

3082 4022 3807

DBF-Br 3202 4102 72
DBT 3342 4112 1122
DBT-Br 3392 4142 68
(074 3452 4062 4512
CZ-DBF 344 4082 4086
CZ-DBFBr 354k 4092 92
CZ-DBT 3550 4112 782
CZ-DBTBr 3620 4152 69

a O 0 peak of the photoluminescence wavelength.
® onset of the photoluminescence wavelength.



Supplementary Table 3. Photophysical properties of crystalline OPRTP compounds
Photoluminescence wavelength (A and Zp), lifetime (z and zp) and quantum
efficiency (@r and &p), rate constant of ISC (kisc) of crystalline CZ-DBF, CZ-DBFBr,
CZ-DBT and CZ-DBTBr.

Temp AF /‘p T Tp ¢F ¢P 0‘“ klsc
Compound (K) (nm)* (nm)® (ns) (ms) (%) (%) (%) (107s1)b

4 407 548 126 664

CZ-DBF 432 143 568> @.,>143 451>k, >117
300 411 549 122 652

4 407 548 8.1 598

CZ-DBFBr 31.8 412 682>, >412 852>k, >5.15
300 411 550 8.0 540

4 412 550 145 551

CZ-DBT 282 101 71.8> @, >10.1 5.84 > k.. > 0.82
300 413 551 123 450

4 412 550 8.2 490

CZ-DBTBr 22:3 1 F12090 BT TS 12 9.59 > k.. > 1.49
300 413 551 8.1 420

#0-0 peak of the photoluminescence wavelength.

b see Supplementary Note 1.



Supplementary Table 4. Crystal Data and Structure Refinement for CZ-DBF.

Empirical formula C24H1I5NO

Formula weight 333.37

Temperature 150(2) K

Wavelength 1.54184 A

Crystal system monoclinic

Space group Plcl

Unit cell dimensions a=35.2958(11) A alpha = 90 deg.

b = 8.9222(3) A beta = 95.2844(16) deg.
c=10.6378(3) A gamma = 90 deg.

Volume 3335.78(18) A®

z 8

Density (calculated) 1. 328 Mg/m®

Absorption coefficient 0.634 mm™

F(000) 1392

Crystal size 0.20 x 0.12 x 0.08 mm®

Theta range for data collection 3.7731t0 74.173

Index ranges -42<=h<=42, -10<=k<=10, -12<=I<=11
Reflections collected 11936

Independent reflections 9700[R(int) = 0.0548]
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.992 and 0.978

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 9700/ 0 /937
Goodness-of-fit on F2 1.040

Final R indices [1>2sigma(l)] R1=0.0661, wR2 = 0.1610

R indices (all data) R1 =0.0629, wR2 = 0.1634

Largest diff. peak and hole 0.526 and -0.329 e. A



Supplementary Table 5. Crystal Data and Structure Refinement for CZ-DBFBr.

Empirical formula C24H14BrNO

Formula weight 412.27

Temperature 150 (2) K

Wavelength 1.54184 A

Crystal system monoclinic

Space group P121/cl

Unit cell dimensions a=16.6644(8) A alpha = 90 deg.

b = 5.4635(3) A beta = 92.8114(19) deg.
c=19.3068(9) A  gamma = 90 deg.

Volume 1755.69(15) A®

Z 4

Density (calculated) 1.560 Mg/m®

Absorption coefficient 3.291 mm™

F(000) 832

Crystal size 0.10 x 0.10 x 0.05 mm®

Theta range for data collection 4.586 to 74.856

Index ranges -18<=h<=19, -6<=k<=6, -22<=1<=23
Reflections collected 25386

Independent reflections 3119 [R(int) = 0.0768]
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.982 and 0.9954

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 3119/0 /244
Goodness-of-fit on F2 1.208

Final R indices [I>2sigma(l)] R1=0.0742, wR2 = 0.1835

R indices (all data) R1=0.0718, wR2 =0.1848

Largest diff. peak and hole 1.777 and -0.999 e. A



Supplementary Table 6. Crystal Data and Structure Refinement for CZ-DBT.

Empirical formula C24H1I5NO

Formula weight 349.09

Temperature 100(10) K

Wavelength 1.54184 A

Crystal system orthorhombic

Space group P212121

Unit cell dimensions a=5.9335(2) A alpha = 90 deg.

b=16.5651(6) A  beta = 90 deg.
c=235.3274(10) A gamma = 90 deg.

Volume 3472.3(2) A°

Z 4

Density (calculated) 1. 279 Mg/m®

Absorption coefficient 1.668 mm™

F(000) 1336

Crystal size 0.40 x 0.30 x 0.20 mm®

Theta range for data collection 1.95to0 27.58

Index ranges -6<=h<=7, -16<=k<=19, -42<=I<=42
Reflections collected 19992

Independent reflections 6171 [R(int) = 0.0704]
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.995 and 0.995

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 6171/ 0 /469
Goodness-of-fit on F2 1.001

Final R indices [I>2sigma(l)] R1=0.0598, wR2 = 0.1486

R indices (all data) R1=0.0828, wR2 = 0.1657
Largest diff. peak and hole 1.011 and -0.219 e A

Supplementary Notes

Supplementary Note 1. Calculation of photophysical parameters of OPRTP .

Theoretically, the lifetime (z. andz,) and photoluminescence quantum yield (@
and®,) of fluorescence and RTP as well as quantum yield of ISC (®.) can be
expressed as Supplementary Equation 1-5:



7o =1/(ke +kF +kse ) (@)

7o =1/ (k. +k7) @

D, =k (ke +k +kiee ) =ke x7¢ (3)

Dp =D ka/(kp +knpr)=q)|sc xKe x7p (4)

D = kISC (k|sc +ke + knFr ) = k|sc X7e (5)

We can easily obtain Supplementary Equation 6 from Supplementary Equation 2:

D =D, (1+k" /k,) (6)

From Supplementary Equation 6, we know that the value of @ . should be higher
than @, but lower than 1-®_. Therefore, k. can be estimated by @ . /7.

accordingly.
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