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General.

NMR spectra were recorded on an Avance 111 500 spectrometer (Bruker). Chemical shifts of *H NMR signals were quoted
to tetramethylsilane (6 = 0.00) as an internal standards. Matrix-assisted laser desorption ionization time-of-flight (MALDI-
TOF) mass spectra were collected on a Autoflex 111 spectrometer (Bruker Daltonics) using dithranol as the matrix. Elemental
analyses were carried out with a Yanaco MT-5 CHN corder. The UV/vis absorption and PL spectra of organic films were
measured with a UV-2550 (Shimadzu) and a FluoroMax-4 spectrofluorometer (Horiba Scientific), respectively. The
photoluminescence quantum efficiency (®rL) was measured using an absolute PL quantum yield measurement system
(Hamamatsu Photonics C9920-02, PMA-11). Luminescence intensity and lifetime of organic films were measured with a
Streak camera (Hamamatsu Photonics C4334). The organic films were excited by an N2 gas laser (2 = 337 nm, pulse width =
500 ps, repetition rate 20 Hz) under a vacuum of < 4x10~* Pa. Samples were cooled down at 5 K with a cryostat (Iwatani
Industrial Gases). The density-functional theory (DFT) computations were performed on the Gaussian 03 program package,S!
using the B3LYP functional with the 6-31G(d,p) basis set.

Materials and syntheses.

All reagent and solvent were purchased from Sigma-Aldrich, Tokyo Chemical Industry (TCI), or Wako Pure Chemical
Industries and used as received unless otherwise noted. The synthetic route to obtain AcPmBPX and PxPmBPX are outlined
in Scheme S1. All reactions were performed under an N2 atmosphere in dry solvents.
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Scheme S1 Synthetic route for AcPmBPX and PxXPmBPX.



1,4-Dibromo-2,5-bis(p-tolyl-methanoyl)benzene (3) A mixture of 2,5-diboromoterephtalic acid (6.48 g, 0.02 mol) and
thionyl chloride (4.1 mL) was refluxed for 3 h. The excess thionyl chloride was removed under vacuum to give 2,5-
dibromoterephtalic acid chloride as a yellow crystalline solid. To a solution of 2,5-dibromoterephtalic acid chloride in toluene
(40 mL), aluminum trichloride (5.60 g, 0.04 mol) was added slowly at 0 <. The mixture was allowed to react for 1 h at that
temperature. Then, the mixture was heated at 90 <C for 1 h, cooled down to 40 <C, and reacted overnight. Upon cooling to
room temperature, the reaction mixture was poured into water to precipitate a white solid which was isolated by filtration. The
crude product was recrystallized from chloroform and methanol to give a white solid (yield = 7.11 g, 75.3%). 'H NMR (500
MHz, CDCls): 6 7.75 (d, J = 8.0Hz, 4H), 7.58 (s, 2H), 7.32 (d, J = 8.0 Hz, 4H), 7.32 (d, J = 7.5 Hz, 4H), 2.46 (s, 6H). MS
(MALDI): m/z 472.32 [M+H]*; calcd 472.17.

1,4-Bis(9,9-dimethylacridan-10-yl-p-phenyl)-2,5-bis(p-tolyl-methanoyl)benzene (1, AcPmBPX) Compounds 3 (0.94 g,
2.0 mmol) and 4 (1.81 g, 4.4 mmol) were dissolved in 1,4-dioxane (40 mL) under N2 atmosphere. To the solution were added
aqueous potassium phosphate (2 M, 10 mL) and tertrakis(triphenylphosphine)palladium(0) (0.14 g, 0.12 mmol). After the
complete addition, the mixture was refluxed for 48 h. The reaction mixture was then poured into water. The product was
extracted with dichloromethane. The combined organic layers were washed with water and dried over anhydrous MgSOa.
After filtration and evaporation, the crude material was purified by column chromatography on silica gel (eluent:
dichloromethane/hexane, 1:1 v/v) and dried under vacuum to give a white powder (yield = 1.27 g, 72.1%). This compound
was further purified by temperature-gradient sublimation under vacuum. *H NMR (500 MHz, CDCls): 6 7.87 (s, 2H), 7.63 (t,
J=7.0 Hz, 8H), 7.43 (d, J = 7.0 Hz, 4H), 7.19-7.16 (m, 8H), 6.91-6.88 (m, 8H), 5.86 (d, J = 7.5 Hz, 4H), 2.41 (s, 6H), 1.65
(s, 12H). MS (MALDI): m/z 882.12 [M]*; calcd 882.12. Anal. calcd (%) for Ce4Hs2N202: C, 87.24; H, 5.95; N, 3.18; found:
C, 87.19; H, 5.87; N, 3.24.

1,4-Bis(9,9-phenoxazin-10-yl-p-phenyl)-2,5-bis(p-tolyl-methanoyl)benzene (2, PxPmBPX) This compound was
synthesized using a procedure similar to that employed for the synthesis of 1 except that 5 was used instead of 4 (yield = 1.34
g, 80.7%). This compound was further purified by temperature-gradient sublimation under vacuum. *H NMR (500 MHz,
CDClg): 6 7.81 (s, 2H), 7.61-7.56 (m, 8H), 7.18 (d, J = 8.0 Hz, 4H), 7.14 (d, J = 8.0 Hz, 4H), 6.67-6.61 (m, 8H), 6.53 (td, J =
8.0 Hz, 2.0 Hz, 4H), 5.53 (dd, J = 8.0 Hz, 1.0 Hz, 4H), 2.37 (s, 6H). MS (MALDI): m/z 828.94 [M]*; calcd 828.95. Anal. calcd
(%) for CssHaoN204: C, 84.04; H, 4.86; N, 3.38; found: C, 83.98; H, 4.96; N, 3.45.

Determination of radiative decay, ISC, and RISC rate constants.

In the presence of intersystem crossing (ISC) and reverse intersystem crossing (RISC) between the S1 and T: states, the rate
constants of the prompt and delayed PL components (kp and kg, respectively) can be expressed as follows:S?
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where k:® and kn® are the radiative and non-radiative decay rate constants of the S: state, respectively, and kisc and krisc are
the ISC (S1—T1) and RISC (T1—S1) rate constants, respectively. The rates k:° and kisc are assumed to be much faster than k"
and krisc, which is supported by the much longer decay time of the delayed emission component in the transient PL data.

The PL quantum efficiencies of the prompt and delayed fluorescence components (@ and @raor, respectively) and ISC (@isc)
are given by the following equations.
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From Egs. 1 to 5, the following equation can be obtained.
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Since the transient PL prompt component exhibits almost negligible temperature dependence at 5-300 K, we can assume that
knr® = 0 at ambient temperature. Based on Eqs. 1 to 6, k:®, kisc, and krisc of 1 and 2 in the doped films can be estimated.

OLED fabrication and measurements.

To measure EL properties, clean glass substrates precoated with a 110-nm-thick indium-tin-oxide (ITO) layer with a sheet
resistance of < 20 Q/o were used. The substrates was degreased with distilled water, a neutral detergent, acetone, and isopropyl
alcohol and then cleaned in UV-o0zone chamber (Nippon Laser and Electrics Lab NLUV253) before being loaded into an
evaporation system. The organic layers were thermally evaporated on the substrates under a vacuum of < 3x10 Pa with an
evaporation rate of < 0.3 nm/s. In all devices, a cathode aluminum (Al) layer was deposited through a 1 mm-diameter opening
in a shadow mask. The current density and voltage (J—V) characteristics of OLEDs were measured using a semiconductor
parameter analyzer (Agilent E5273A). The EL spectra were recorded by a multi channel analyzer (Ocean Optics SD2000) at
current densities of 1, 10, and 100 mA/cm?. The brightness of the OLEDs was measured using an optical powermeter (Newport
1930C).

Table S1 Photophysical properties of 1 and 2.

Ic.
Fas (M) Zo (M) @, (%) HOMO LuMO  Es/E,  4Eq  FF
Compound . s b 2 . b ¢ d e f ST
sol sol / film sol / film (eV) (eV) (eV) (eV) (ev)g
1 281 496/492 20/ 46 -5.80 -2.90 2791274 0.05 0.01
2 282,318 510/530 10/57 —5.60 —2.80 2.70/2.72 0.02 0.01

aMeasured in oxygen-free toluene solution at room temperature. ® Measured with 6 wt %-doped films in a host matrix (host =
mCBP for 1 and 2). ¢ Determined by photoelectron yield spectroscopy in thin films. ¢ Deduced from the HOMO and optical
energy gap (Eg). ¢ Singlet (Es) and triplet (Et) energies estimated from onset wavelengths of the doped film emission spectra
at 300 and 5 K, respectively. fAEst = Es—Er. 9 Calculated by TD-DFT at B3LYP/6-31G(d,p).

Table S2 Rate constants and quantum efficiencies for decay processes in 1 and 2.2 2

S
Compound » w kr k'flc kRgC P Praor Pisc Prisc
M) ) (oY ) ) (%) %) (%) (%)
1 20 925 13x10°  3.7x100  1.1x10° 26 20 74 27
2 30 314 7.0x10°  26x10°  7.0x10° 21 36 79 46

@ Measured with 6 wt %-doped films in a host matrix (host = mCBP for 1 and 2).



Table S3 EL performance of TADF-OLEDSs based on 1 and 2 as emitter.

Emitter Host fer Vo L'“a’i ) e 4 Mext
(nm) V) (cdm ) (cdA ) (%)
1 mCBP 504 5.2 43749 234 10.0
2 mCBP 541 3.2 61040 353 11.3
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Fig. S1 (a) Streak image and photoluminescence spectra of a 6 wt % 1:mCBP film showing the prompt (fluorescence, black)
and delayed (TADF, red) components. (b) Temperature dependence of transient PL decay from 300 to 5 K. The inset shows
the contribution of fluorescence and TADF to the total PL quantum efficiency (®eL).
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Fig. S2 PL spectra of prompt fluorescence at 300 K (black) and phosphorescence at 5 K (red) for 1 (a) and 2 (b) in 6 wt %-
doped films in a host matrix (host = mCBP for 1 and 2). The TADF intensity is almost negligible at 5 K. AEst was determined
from the energy difference between the high-energy onset positions of the fluorescence and phosphorescence spectra.
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Fig. S3 EL external quantum efficiency (7ext) vs. current density plots of 1-based (a) and 2-based (b) device including TTA,
STA, and STA and TTA combined process with krt = 1.5 and 2.5 x 1076 cm® st and kst = 3.0 and 1.2 x 10722 cm3s1.3
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