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General Information

All the chemicals and reagents were purchased from commercial sources and used as received
without further purification. The final products were subjected to vacuum sublimation to further
improve purity before photoluminescence (PL) and electroluminescence (EL) properties
investigations. *H and *C NMR spectra were measured on a Bruker AV 400 or 500 spectrometer in
CDCls at room temperature. High resolution mass spectra (HRMS) were recorded on a GCT premier
CABO048 mass spectrometer operating in MALDI-TOF mode. Single crystal X-ray diffraction
intensity data were collected on a Bruker—Nonices Smart Apex CCD diffractometer with graphite
monochromated MoKa radiation. Processing of the intensity data was carried out using the SAINT
and SADABS routines, and the structure and refinement were conducted using the SHELTL suite of
X-ray programs (version 6.10). UV-vis absorption spectra were measured on a Shimadzu UV-2600
spectrophotometer. PL spectra were recorded on a Horiba Fluoromax-4 spectrofluorometer.
Fluorescence quantum yields were measured using a Hamamatsu absolute PL quantum yield
spectrometer C11347 Quantaurus_QY. The room temperature transient PL decay spectra were
measured using Quantaurus-Tau fluorescence lifetime measurement system (C11367-03, Hamamatsu
Photonics Co., Japan). The temperature-dependent transient PL decay spectra were measured using
FLS980 fluorometer (Edinburgh Instruments). Cyclic voltammetry (CV) was measured in a solution
of tetra-n-butylammonium hexafluorophosphate (BusNPFs, 0.1 M) in dichloromethane or
N,N-dimethylformamide containing the sample at a scan rate of 100 mV s~1. Three-electrode system
(Ag/Ag*, platinum wire and glassy carbon electrode as reference, counter and work electrode
respectively) was used in the CV method (HOMO = —[Eox + 4.8] eV; LUMO = —[Er + 4.8] eV). Eox
and Er represent the onset oxidation and reduction potentials relative to Fc/Fc", respectively.
Platinum electrode coated with thin molecule film was used as the working electrode. The
ground-state geometries were optimized by density functional theory (DFT) method and the
photophysical properties of excited states were studied by time-dependent density functional theory
(TDDFT) at the MO06-2X/6-31G* level.! The combined quantum mechanics and molecular
mechanics (QM/MM)? method with two-layer ONIOM approach was used to simulate the properties
in solid state, treating crystal structures as the initial configurations. All of these calculations were

carried out in the Gaussian 09 package. Based on the optimized geometries, the SOC values between
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St and T: in gas and solid phase were calculated employing the basis set

6-31G™* by the Dalton 2013 package.

Syntheses and Characterization
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Scheme S1. Synthetic routes of 3-CCP-BP-PXZ, 9-CCP-BP-PXZ and 3,9-CCP-BP-PXZ.

(6-Chloro-9-phenyl-9H-carbazol-3-yl)(4-fluorophenyl)methanone (3-CCP-BP-F):
3-Chloro-9-phenyl-9H-carbazole (0.83 g, 3.0 mmol), 4-fluorobenzoyl chloride (0.57 g, 3.6 mmol)
and AICl3 (0.48 g, 3.6 mmol) were mixed together under stirring in dehydrated dichloromethane (20
mL) in ice bath for 15 min. The mixture was reacted at 40 °C for 4 h. Then, the reaction was
quenched with ice water and hydrochloric acid (30 mL, 2:1 v/v), and extracted with dichloromethane.

The combined organic layers were combined and washed with water three times, and dried over
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anhydrous MgSOQas. After filtration and solvent evaporation under reduced pressure, the residue was
purified by silica-gel column chromatography using dichloromethane/petroleum as eluent.
3-CCP-BP-F was obtained as a white solid in 88% yield. *H NMR (400 MHz, CDCl3) § 8.55 (d, J =
1.2 Hz, 1H), 8.11 (d, J = 2.0 Hz, 1H), 7.97-7.92 (m, 1H), 7.92-7.85 (m, 2H), 7.69-7.61 (m, 2H),
7.58-7.50 (m, 3H), 7.46-7.37 (m, 2H), 7.32 (d, J = 8.0 Hz, 1H), 7.24-7.16 (m, 2H). 3C NMR (100
MHz, CDCI3) 6 194.96, 166.39, 163.87, 143.80, 140.11, 136.53, 134.80, 132.53, 132.44, 130.25,
129.77, 128.99, 128.48, 127.07, 126.92, 126.51, 124.51, 123.95, 122.03, 120.39, 115.56, 115.34,
111.38, 109.86. HRMS: m/z [M*] calcd for C2sH1sCIFNO, 399.0826; found, 399.0839.
(4-(10H-Phenoxazin-10-yl)phenyl)(6-chloro-9-phenyl-9H-carbazol-3-yl)methanone
(3-CCP-BP-PXZ): A mixture of 3-CCP-BP-F (0.40 g, 1.0 mmol), phenoxazine (0.27 g, 1.5 mmol)
and potassium tert-butoxide (0.22 g, 2 mmol) were stirred for 15 min in deaerated and dehydrated
N,N-dimethylformamide (20 mL) under nitrogen at room temperature. Then the reaction mixture was
heated up to 110 °C and reacted for 12 h. After cooled to room temperature, the reaction mixture was
poured into a large amount of water and extracted with dichloromethane. The combined organic
layers were washed with water for three times and dried over anhydrous MgSQOa. After filtration and
solvent evaporation, the residue was purified by silica-gel column chromatography using
dichloromethane/petroleum ether as an eluent. 3-CCP-BP-PXZ was obtained as a yellow solid in
85% yield. '"H NMR (500 MHz, CDCl3) & 8.73 (d, J = 1.4 Hz, 1H), 8.21 (d, J = 7.7 Hz, 1H), 8.08 (d,
J = 8.3 Hz, 2H), 7.99 (m, 1H), 7.82-7.74 (m, 2H), 7.57-7.45 (m, 5H), 7.45-7.35 (m, 3H), 6.84-6.51
(m, 6H), 6.05 (m, 2H). 3C NMR (100 MHz, CDCls) & 195.37, 144.00, 143.28, 142.45, 14151,
139.36, 138.62, 135.92, 133.84, 133.39, 132.68, 130.76, 129.39, 128.83, 128.78, 127.07, 123.77,
123.43, 123.34, 123.30, 121.83, 121.77, 121.30, 120.85, 115.67, 113.38, 110.11, 109.32. HRMS: m/z
[M*] calcd for Cs7H23CIN202, 562.1448; found, 562.1459.
(9-(4-Chlorophenyl)-9H-carbazol-3-yl)(4-fluorophenyl)methanone (9-CCP-BP-F): Following
the procedure described for 3-CCP-BP-F, the compound 9-CCP-BP-F was made from
9-(4-chlorophenyl)-9H-carbazole (0.83 g, 3.0 mmol), 4-fluorobenzoyl chloride (0.57 g, 3.6 mmol)
and AICI; (0.48 g, 3.6 mmol) as a white solid. Yield: 90%. *H NMR (500 MHz, CDCls) & 8.62 (d, J
= 1.3 Hz, 1H), 8.16 (d, J = 7.5 Hz, 1H), 7.94-7.85 (m, 3H), 7.66-7.59 (m, 2H), 7.55-7.50 (m, 2H),
7.47 (m, 1H), 7.42-7.33 (m, 3H), 7.24-7.16 (m, 2H). 13C NMR (100 MHz, CDCls) § 195.11, 166.36,

163.84, 143.23, 141.59, 135.46, 134.94, 134.91, 133.92, 132.54, 132.46, 130.41, 129.72, 128.63,
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128.47, 126.99, 123.72, 123.43, 123.19, 121.22, 120.78, 115.50, 115.29, 110.09, 109.28. HRMS: m/z
[M™] calcd for C2sH1sCIFNO, 399.0826; found, 399.0839.
(4-(10H-Phenoxazin-10-yl)phenyl)(9-(4-chlorophenyl)-9H-carbazol-3-yl)methanone
(9-CCP-BP-PXZ): Following the procedure described for 3-CCP-BP-PXZ, the compound
9-CCP-BP-PXZ was made from 9-CCP-BP-F (0.40 g, 1.0 mmol), phenoxazine (0.27 g, 1.5 mmol)
and potassium tert-butoxide (0.22 g, 2 mmol) as a yellow solid. Yield: 86%. *H NMR (500 MHz,
CDCl3) & 8.73 (d, J = 1.4 Hz, 1H), 8.21 (d, J = 7.7 Hz, 1H), 8.10-8.06 (m, 2H), 8.00 (m, 1H),
7.67-7.59 (m, 2H), 7.56-7.50 (m, 4H), 7.47 (m, 1H), 7.43 (d, J = 8.6 Hz, 1H), 7.41-7.35 (m, 2H),
6.77-6.61 (m, 6H), 6.05 (m, 2H). °C NMR (125 MHz, CDCls) & 195.37, 144.02, 143.39, 142.47,
141.62, 138.65, 135.41, 133.96, 133.87, 132.68, 130.75, 130.41, 129.39, 128.83, 128.46, 127.06,
123.77, 123.42, 123.31, 121.78, 121.28, 120.85, 115.69, 113.39, 110.12, 109.32. HRMS: m/z [M*]
calcd for C37H23CIN202, 562.1448; found, 562.1462.
(6-Chloro-9-(4-chlorophenyl)-9H-carbazol-3-yl)(4-fluorophenyl)methanone  (3,9-CCP-BP-F):
Following the procedure described for 3-CCP-BP-F, the compound 3,9-CCP-BP-F was made from
3-chloro-9-(4-chlorophenyl)-9H-carbazole (0.93 g, 3.0 mmol), 4-fluorobenzoyl chloride (0.57 g, 3.6
mmol) and AICI; (0.48 g, 3.6 mmol) as a white solid. Yield: 88%. *H NMR (500 MHz, CDCls) &
8.54 (d, J = 1.4 Hz, 1H), 8.10 (d, J = 2.0 Hz, 1H), 7.96-7.93 (m, 1H), 7.90-7.85 (m, 2H), 7.67—7.59
(m, 2H), 7.51-7.47 (m, 2H), 7.42-7.37 (m, 2H), 7.30-7.18 (m, 3H). 3C NMR (100 MHz, CDCls) 5
195.15, 144.01, 143.73, 142.66, 139.93, 138.35, 135.01, 134.28, 133.81, 132.68, 130.81, 130.53,
129.72, 129.29, 128.36, 127.14, 126.83, 124.58, 123.97, 123.32, 122.27, 121.81, 120.57, 115.70,
113.41, 111.17, 109.70. HRMS: m/z [M*] calcd for C25H14CI.FNO, 433.0436; found, 433.0446.
(4-(10H-Phenoxazin-10-yl)phenyl)(6-chloiro-9-(4-chlorophenyl)-9H-carbazol-3-yl)methanone
(3,9-CCP-BP-PXZ): Following the procedure described for 3-CCP-BP-PXZ, the compound
3,9-CCP-BP-PXZ was made from 3,9-CCP-BP-F (0.43 g, 1.0 mmol), phenoxazine (0.27 g, 1.5 mmol)
and potassium tert-butoxide (0.22 g, 2 mmol) as a yellow solid. Yield: 86%. *H NMR (500 MHz,
CDCls) & 8.66 (d, J = 4.0 Hz, 1H), 8.15 (d, J = 2.0 Hz, 1H), 8.09-8.06 (m, 2H), 8.03 (m, 1H),
7.64-7.61 (m, 2H), 7.55-7.49 (m, 4H), 7.44-7.28 (m, 3H), 6.74-6.63 (m, 6H), 6.05 (m, 2H). 13C
NMR (125 MHz, CDCls) ¢ 195.12, 144.02, 143.74, 142.66, 139.95, 138.38, 135.02, 134.29, 132.68,
130.54, 130.41, 129.75, 129.29, 128.45, 128.37, 127.15, 126.85, 124.59, 123.97, 123.32, 122.28,

121.82, 120.58, 115.70, 113.41, 111.18, 109.70. HRMS: m/z [M*] calcd for Cs7H22CIl2N20-,
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596.1058; found, 596.1071.

X-Ray Crystallography

Crystal data for 3-CCP-BP-PXZ (CCDC 1923315): C37H23CIN202, Mw = 563.02, monoclinic,
P21/c, a = 18.4693(9), b = 14.2675(9), ¢ = 10.2068(6) A, a = 90°, p = 93.438(5)°, y = 90°, V =
2684.8(3) A%, Z = 4, Dc = 1.393 g cm3, 2 = 0.182 mm™ (MoKa, A = 0.71073), F(000) = 1168, T =
173(2) K, 26max = 26.998° (98.9%), 25732 measured reflections, 5798 independent reflections (Rint =
0.0628), GOF on F2 = 1.043, Ry = 0.0882, wR, = 0.1162 (all data), 4e 0.287 and —0.299 eA3,
Crystal data for 9-CCP-BP-PXZ (CCDC 1923317): Cs7H23CIN202 * CH30H, Mw = 595.06,
triclinic, P-1, a = 9.4665(4), b = 9.7493(4), ¢ = 17.7296(6) A, a = 76.693(3)°, = 85.112(3)°, y =
65.190(4)°, V = 1445.27(11) A3, Z = 2, Dc = 1.367 g cm™3, 1 = 0.176 mm™* (MoKa, A = 0.71073),
F(000) =620, T =173(2) K, 26max = 26.998° (98.4%), 22776 measured reflections, 6211 independent
reflections (Rint = 0.0426), GOF on F? = 1.040, R = 0.0724, wR, = 0.1319 (all data), 4e 0.468 and
—0.471 A3,

Crystal data for 3,9-CCP-BP-PXZ (CCDC 1923323): C37H22CI2N20; « CH2Cl,, Mw = 682.39,
monoclinic, P21/n, a = 8.673(2), b = 9.912(2), ¢ = 36.418(9) A, a = 90°, 8 = 90.161(4)°, y = 90°, V =
3130.8(13) A%, Z = 4, Dc = 1.448 g cm3, 1 = 0.418 mm™ (MoKa, A = 0.71073), F(000) = 1400, T =
158(2) K, 26max = 25.562° (98.0%), 21843 measured reflections, 5738 independent reflections (Rint =
0.0910), GOF on F2 = 1.073, Ry = 0.1567, wR> = 0.2121 (all data), 4e 0.417 and —0.868 A2,

OLED Fabrication and Characterization

Glass substrates pre-coated with a 90-nm-thin layer of indium tin oxide (ITO) with a sheet resistance
of 15-20 Q per square were completely cleaned in ultrasonic bath of detergent and deionized water,
respectively, each step takes 30 minutes. After that, the substrates were dried in a 65 °C oven. Then,
the substrates were treated by O plasma for 10 minutes to improve the hole injection capacity of
ITO. The vacuum-deposited OLEDs were constructed under a pressure of < 5 x 10 Pa. Organic
materials, LiF and Al were deposited with the rates of 1-2 A s, 0.1 A s and 10 A s, respectively.
The effective emitting area of the device was 4 mm?. All the device characterizations were carried

out at room temperature under ambient laboratory conditions without any additional encapsulation,
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as soon as the devices were fabricated. EL spectra were obtained in normal direction via a
spectrometer (Ocean Optics USB 2000+), according to the method reported by S. R. Forrest.®
Current density-voltage-luminance and external quantum efficiency were characterized with a

dual-channel Keithley 2614B source meter and a PIN-25D silicon photodiode.

Additional Data

)
80 /o\ \/-\
3 T,=922°C
S 60] 3
B 9] T =81°C
(] = 9
= 40 _g
o
[)
\Y

——3CCPBP-PXZ
——9-CCP-BP-PXZ
——3,9-CCP-BP-PXZ

{——3-CCP-BP-PXZ, T,=359°C
—— 9-CCP-BP-PXZ, T, =417°C
——39-CCP-BP-PXZ, T,=422°C

200 300 400 500 600 50 100 150 200
Temperature (°C) Temperature (°C)

Figure S1. (A) TGA and (B) DSC thermograms of 3-CCP-BP-PXZ, 9-CCP-BP-PXZ and
3,9-CCP-BP-PXZ, recorded under nitrogen at a heating rate of (A) 20 and (B) 10 °C min™,
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Figure S2. Cyclic voltammograms of 3-CCP-BP-PXZ, 9-CCP-BP-PXZ and 3,9-CCP-BP-PXZ
measured in dichloromethane or N,N-dimethylformamide containing 0.1 M tetra-n-butylammonium
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Figure S4. PL spectra of (A) 9-CCP-BP-PXZ and (B) 3,9-CCP-BP-PXZ in THF/water mixtures with

different water fractions (fw).
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Figure S6. Temperature-dependent transient PL decay spectra of neat films of (A) 3-CCP-BP-PXZ,

(B) 9-CCP-BP-PXZ and (C) 3,9-CCP-BP-PXZ under nitrogen.
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Figure S7. Fluorescence and phosphorescence spectra of the neat films of (A) 3-CCP-BP-PXZ, (B)

9-CCP-BP-PXZ and (C) 3,9-CCP-BP-PXZ, measured at 77 K under nitrogen.
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Figure S10. *H NMR spectrum of 3-CCP-BP-PXZ in CDCls.
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Figure S11. C NMR spectrum of 3-CCP-BP-PXZ in CDCls.
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Figure S12. *H NMR spectrum of 9-CCP-BP-PXZ in CDCls.
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Figure S13. *3C NMR spectrum of 9-CCP-BP-PXZ in CDCls.
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14



Table S1. Transient PL decay data of 3-CCP-BP-PXZ, 9-CCP-BP-PXZ and 3,9-CCP-BP-PXZ in
THF solution and in THF/water mixture with a water fraction (fw) of 99 vol%.2

f <t> 71 72 A A Rprompt  Rdelayed ~ Aem
o s)  (ns)  (ns) ' o) %) (m)
0 11.7 40 277.8 173619 7.2 97 3 575
3-CCP-BP-PXZ
99 1485 19.7 568.2 5311.0 564 76 24 539
0 10.3 2.8 163.5 9783.1 8.1 96 4 571
9-CCP-BP-PXZ
99 153.9 20.7 6534 66155 55.8 79 21 538
0 3.9 2.3 71.2 9928.6 7.7 98 2 576

3,9-CCP-BP-PXZ
99 1389 204 623.6 64105 513 80 20 540

@Transient PL decay data are fitted by double exponential function and the mean fluorescence
lifetimes (<z>) were calculated by <r> = ZAir¥/ZAizi, where A is the preexponential for lifetime
7i. Rprompt and Rgelayed are individual component ratio for prompt and delayed fluorescence. Rprompt
= TlAll(TlAl + TZAZ),4 Rdelayed = 1 — Rprompt.

Table S2. Photophysical data of the neat films of 3-CCP-BP-PXZ, 9-CCP-BP-PXZ and
3,9-CCP-BP-PXZ.2

3-CCP-BP-PXZ 9-CCP-BP-PXZ 3,9-CCP-BP-PXZ
DpL (%) 73.0 70.4 72.6
Dprompt (%) 55.5 52.6 56.1
Delayed (%0) 175 17.8 16.5
Disc (%) 24.0 25.2 22.8
Tprompt (NS) 22.2 22.2 21.1
Tdelayed (LLS) 0.76 0.68 0.42
Raelayed (%) 24.0 25.2 22.7
ke (x 108 s7%) 25.0 23.7 26.6
kic (x 10%s7%) 9.2 9.9 10.0
kisc (x 108s7Y) 10.8 11.4 10.8
krisc (x 108s7Y) 1.73 1.97 3.10

dAbbreviations: &p. = absolute photoluminescence quantum vyield; @prompt and Dgelayed =
fluorescent and delayed components, respectively, determined from the total ®p_ and the
proportion of the integrated area of each component in the transient spectra to the total
integrated area; @isc = the intersystem crossing quantum yield; zprompt and tdelayed = lifetimes
calculated from the prompt and delayed fluorescence decay, respectively; Raelayed = the ratio of
delayed component; kr = fluorescence decay rate; kic = internal conversion decay rate from S;
to So; kisc = intersystem crossing decay rate from S; to T1; krisc = the rate constant of reverse
intersystem crossing process. 15



Table S3. EL performance of the doped OLEDs based on 9-CCP-BP-PXZ.2
maximum values values at 1000 cd m2

V
(\;; nc ne Hext L nc ne next RO CIE AEL

(cdA™) (ImW™) (%) (cdm?) (cdA™) (ImW™ (%) (%)  (xy) (nm)
5wt% 34 776 641 236 36970 631 381 192 18.6 (0.28,0.59) 520
10wt% 3.2 794 693 239 36520 674 424 203 151 (0.29,059) 521
20wt% 2.8 766 791 229 39150 729 520 217 5.2 (0.32,0.58) 524
30wt% 28 762 835 225 37990 713 560 211 62 (0.33,059) 527
40wt% 28 813 851 241 46300 773 607 229 4.9 (0.34058) 526
50wt% 2.6 756  79.1 223 35000 718  59.3 21.2 49 (0.34,0.58) 526
60wt% 2.6 752  90.8 220 33400 702 580 206 6.3 (0.35059) 529
70wt% 26 708 738 204 31690 684 565 199 24 (0.34,059) 529
80wt% 26 773 809 225 38520 731 604 213 53 (0.36,0.58) 531
90wt% 2.6 777 938 222 37370 721 628 206 7.2 (0.36,0.59) 532

aAbbreviations: Von = turn-on voltage at 1 cd m™; 5c = current efficiency; 7 = power efficiency;
next = external quantum efficiency; L = luminance; RO = current efficiency roll-off from maximum
value to that at 1000 cd m=; CIE = Commission Internationale de I’Eclairage coordinates. Device
configuration: ITO/HATCN (5 nm)/TAPC (30 nm)/TCTA (5 nm)/emitter (20 nm)/TmPyPB (40
nm)/LiF (1 nm)/Al. emitter = 9-CCP-BP-PXZ (x wt%) : CBP; x = 5, 10, 20, 30, 40, 50, 60, 70, 80
or 90.

Table S4. EL performance of the doped OLEDs based on 3,9-CCP-BP-PXZ.2

maximum values values at 1000 cd m2

Wt Von
%) (V) '° me e L ne np e« RO CIE JeL

(cdA) (ImW? (%) (cdm?) (cdA™) (ImW™ (%) (%)  (xy)  (nm)

Swt% 3.2 87.1 76.0 259 39100 72.2 454 215 16.9 (0.31,0.59) 522
10wt% 3.0 88.9 84.6 26.0 39730 80.4 573 235 9.6 (0.32,059) 527
20wt% 2.8 92.1 904 26.5 48760 83.4 65.1 240 94 (0.34,059) 528
30wt 2.8 90.3 101.3 25.9 46160 80.9 66.8 23.2 104 (0.35,0.59) 530
40wt% 2.6 80.5 84.2 23.2 42310 76.8 67.0 222 43 (0.36,0.59) 532
S0wtd% 2.6 79.6 89.3 228 43090 76.2 66.5 218 4.3 (0.36,0.59) 534
60 wt% 2.6 77.3 80.9 22.1 38940 74.1 64.7 212 41 (0.36,0.59) 534
0wt% 2.6 73.6 88.9 214 36620 71.2 65.8 20.7 3.3 (0.38,0.58) 535
80wt 2.4 728 76.2 20.7 36270 70.4 65.0 20.0 3.4 (0.37,0.59) 536
Owt% 24 70.1 78.6 20.0 33080 68.0 62.8 194 3.0 (0.38,0.58) 537

aAbbreviations: Von = turn-on voltage at 1 cd m=; 5c = current efficiency; 7 = power efficiency;
next = external quantum efficiency; L = luminance; RO = current efficiency roll-off from maximum
value to that at 1000 cd m=2; CIE = Commission Internationale de I’Eclairage coordinates. Device
configuration: ITO/HATCN (5 nm)/TAPC (30 nm)/TCTA (5 nm)/emitter (20 nm)/TmPyPB (40
nm)/LiF (1 nm)/Al. emitter = 3,9-CCP-BP-PXZ (x wt%) : CBP; x = 5, 10, 20, 30, 40, 50, 60, 70, 80
or 90.
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Estimation of Basic Photophysical Data

The quantum efficiencies and rate constants were determined using the following equations

according to Adachi’s method (equations 1-7, 8 and 9-10).>7

Dprompt = DL Rprompt 1)
Delayed = DrLRdelayed (2)
ke = Pprompt/tprompt (3)
@pL = kel (kr + kic) 4)
Dprompt = Kr/(Kr + kic + Kisc) (5)
®ic = kic/(kr + kic + kisc) (6)
Disc = kisc/(kr + kic + kisc) = 1 — @prompt — Pic (7)
Drisc = Ddelayed/ Pisc (8)
krisc = (KpkdDdelayed)/ (Kisc @prompt) 9)
kp = L/zprompt; Ko = 1/7gelayed (10)
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