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1.Methods
1.1 Synthesis
1.1.1. General procedures

All the reagents and solvents were procured from commercial sources and used without further
purification. Chromatographic separations were performed using silica gel (200-300 nm). The
purification of all the compounds was carried out by column chromatography, and for the final products,
further purification was performed by a temperature gradient vacuum sublimation process. Each
intermediatewas confirmed by high-resolution mass spectrometry (JMS-700, JEOL).The final products
were confirmed by *H NMR spectra,which were recorded on a Bruker ASCEND 500 device at 500 MHz
using CD.Cl; and CeDe.®C NMR spectrumoftBisICz was recorded on thesameinstrument using
CDClzbutin case of BisICz and tPBisICz, **C NMR spectra could not be obtained because of poor
solubility. BothBislICzandtPBisICzidentified the molecular weights of compounds after the sublimation
process using highresolution liquid chromatograph mass spectrometer—ion trap-time-of-flight (LCMS-IT-
TOF) equipment. The measurement conditions of the LCMS-IT-TOF(Shimadzu) equipment were set as
follows: acetonitrile and water as mobile phase solvents, a 1.0 mL/min flow rate, and tetrahydrofuran as a
sampling solvent. Atmosphericpressurechemicalionization(APCl)was used for
obtaininganionizedsource.Kinetex 2.6 um Biphenyl 100A, 4.6 x 100 mm (Phenomenex) was used as the
column. Elemental analysis (EA) was performed usingan organic elemental analyser (vario EL cube,

Elementar).
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Supplementary Scheme 1. Synthetic scheme of BislCz-based materials

1.1.2 Synthesis of 1Cz-based materials
9,9'-(2,5-Dibromo-1,4-phenylene)bis(9H-carbazole) (1-1)

In a 250 mL round-bottomed flask, a mixture of sodium hydride (NaH, 1.2 g, 29.9 mmol, 60%
dispersion in mineral oil), 9H-carbazole (5.00 g, 29.9 mmol), and 1,4-dibromo-2,5-difluorobenzene (6.10
g, 22.4 mmol) was stirred in 50 mL of anhydrous N,N-dimethyl formamide (DMF) for 30 min at 25 °C

under a nitrogen atmosphere. The mixture was heated to 60 °C for 12 h. After the completion of the
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reaction, the reaction mass was cooled to 25 °C and diluted with 200 mL of water. The solid obtained was
filtered and washed with excess methanol. The crude product obtained was dried at 65 °C in a vacuum
oven overnight to give 9,9'-(2,5-dibromo-1,4-phenylene)bis(9H-carbazole) (I-1) as a white solid. Yield
(4.15 g, 49%).*H NMR (500 MHz, CDCls) 5 8.18 (d, ] = 7.8 Hz, 4H), 8.00 (s, 2H), 7.50 (ddd, J = 8.2, 7.3,
1.1 Hz, 4H), 7.38 — 7.35 (m, 4H), 7.26 (s, 2H), 7.24 (s, 2H). HRMS (FAB) m/z, found: 568.14 [(M+H)].

Calculated for CsH1sBroN»: 566.30.

Indolo[3,2,1-jk]indolo[1,2',3":1,7]indolo[3,2-b]carbazole (BisICz)

A three-neck round-bottomed flask was charged with 9,9'-(2,5-dibromo-1,4-phenylene)bis(9H-carbazole)
(1-1) (2.50 g, 2.65 mmol), triphenylphosphine (PPhs, 0.40 g, 1.59 mmol), potassium carbonate (K,CQOs,
290 ¢, 21.19 mmol), palladium (1) acetate (Pd(OAc),, 0.15 g, 0.66 mmol, 0.25), and
benzyltriethylammonium chloride (BnEtsNCI, 1.20 g, 5.30 mmol, 2 equiv.) in N,N-dimethyl acetamide
(DMACc, 30 mL). The reaction mixture was refluxed for 6 h under a nitrogen atmosphere. After the
completion of the reaction, the reaction mixture was cooled to 25 °C and 50 mL of methanol was added to
the slurry. The solid was filtered and washed with excess methanol. The crude product was purified by
sublimation to give BisICz as a bright yellow solid. Yield (0.5 g, 47%). *"H NMR (500 MHz, CD.Cl,) &
8.73 (s, 2H), 8.26 (d, J = 7.3 Hz, 2H), 8.23 (d, J = 7.5 Hz, 2H), 8.16 (d, J = 7.4 Hz, 2H), 8.15 (d, J = 7.3
Hz, 2H), 7.70 (t, J = 7.4 Hz, 2H), 7.68 (t, J = 7.3 Hz, 2H), 7.45 (t, J = 7.5 Hz, 2H). LCMS (APCI)
m/z,found: 404.1313 [(M)]. Calculated for CsoH1sN2: 404.1314. EA (%): calculated for CHN: C, 89.09;

H,3.99; N, 6.93. Found: C,88.83; H,3.96; N,7.09.

9,9'-(2,5-Dibromo-1,4-phenylene)bis(3,6-di-tert-butyl-9H-carbazole) (1-2)
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The intermediate 1-2 was synthesised using the same procedure used for 1-1. 9H-Carbazole was replaced
with 3,6-di-tert-butyl-9H-carbazole (3.00 g, 10.73 mmol) under the same reaction conditions using 1,4-
dibromo-2,5-difluorobenzene (2.20 g, 8.05 mmol), NaH (0.50 g, 10.73 mmol), and DMF (30 mL). The
final product 1-2 was obtained as a white solid. Yield (3.66 g, 86%). *"H NMR (500 MHz, CDCls) & 8.17
(d, J = 1.6 Hz, 4H), 7.93 (s, 2H), 7.53 (dd, J = 8.6, 1.7 Hz, 4H), 7.16 (d, J = 8.6 Hz, 4H), 1.49 (s, 36H).

HRMS (FAB) m/z, found: 791.80 [(M+H)*]. Calculated for CssHsoBr2N,: 790.73.

2,5,11,14-Tetrakis(1,1-dimethylethyl)indolo[3,2,1-jK]indolo[1',2’,3":1,7]indolo[3,2-b]carbazole

(tBisICz)

tBislCz was synthesised using the same procedure used for BislCz. 9,9'-(2,5-Dibromo-1,4-
phenylene)bis(3,6-di-tert-butyl-9H-carbazole) (1-2) (1.50 g, 1.89 mmol), PPh; (0.30 g, 1.14 mmol),
K2.COs3 (2.10 g, 15.18 mmol), Pd(OAc). (0.11 g, 0.47 mmol), and BnEtsNCI (0.90 g, 3.79 mmol) in
DMACc (30 mL) were used for the reaction. tBisICz was obtained as a yellow solid. Yield (0.62 g, 52%).
'H NMR (500 MHz, CsDs) & 8.61 (s, 2H), 8.43 (s, 2H), 8.35 (s, 4H), 7.81 (d, J = 8.4 Hz, 2H), 7.64 (d, J =
8.4 Hz, 2H), 1.63 (s, 18 H), 1.47 (s, 18H). *C NMR (126 MHz, CDCls) & 146.72, 144.62, 144.15, 137.46,
135.26, 130.07, 129.52, 124.22, 119.95, 118.33 (d, J= 12.4 Hz), 117.02, 116.55, 111.64, 106.37, 36.26,
35.15, 33.14, 32.19.LCMS (APCI) m/z,found: 628.3817 [(M)*]. Calculated for CssHasN,: 628.3813. EA

(%): calculated for CHN: C,87.85; H,7.69; N,4.45. Found: C,87.67; H,7.69; N,4.67.

9,9'-(2,5-Dibromo-1,4-phenylene)bis(3,6-bis(3,5-di-tert-butylphenyl)-9H-carbazole) (1-3)

The intermediate 1-3 was synthesised using the same procedure used for I-1. 9H-Carbazole was replaced
with 3,6-bis(3,5-di-tert-butylphenyl)-9H-carbazole (1.00 g, 1.84 mmol) under the same reaction
conditions using 1,4-dibromo-2,5-difluorobenzene (0.37 g, 1.38 mmol), NaH (0.09 g, 1.84 mmol), and

DMF (15 mL). The final product 1-3 was obtained as a white solid. Yield (1.40 g, 58%).*H NMR (500
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MHz, CDCls) 8 8.41 (d, J = 1.5 Hz, 4H), 8.10 (s, 2H), 7.75 (dd, J = 8.4, 1.7 Hz, 4H), 7.56 (d, ] = 1.7 Hz,
8H), 7.48 (s, 4H), 7.36 (d, J = 8.5 Hz, 4H), 1.4 (s, 72H). HRMS (FAB) m/z, found: 1320.60 [(M+H)"].

Calculated for CgsHogBroN,: 1319.52,

2,5,11,14-Tetrakis(3,5-di-tert-butylphenyl)-indolo[3,2,1-jk]indolo[1’,2’,3":1,7]indolo[3,2-b]carbazole

(tPBisICz2)

tPBisICz was synthesised using the same procedure used for BislCz. 9,9'-(2,5-Dibromo-1,4-
phenylene)bis(3,6-bis(3,5-di-tert-butylphenyl)-9H-carbazole) 1-4 (1.00 g, 0.76 mmol), PPh; (0.12 g, 0.46
mmol), K>COs3 (0.84 g, 6.1 mmol), Pd(OAc). (0.05 g, 0.21 mmol), and BnEtsNCI (0.35 g, 1.52 mmol) in
DMACc (20 mL) were used for the reaction. tPBisICz was obtained as a yellow solid. Yield (0.26 g, 30%).
'H NMR (500 MHz, CDCls) & 8.75 (s, 2H), 8.44 (s, 2H), 8.43 (s, 2H), 8.37 (s, 2H), 8.22 (d, ] = 8.3 Hz,
2H), 7.88 (d, J = 8.3 Hz, 2H), 7.68 (d, J = 1.5 Hz, 4H), 7.61(d, J = 1.5 Hz, 4H), 7.52 (s, 2H), 7.50 (s, 2H),
1.49 (s, 36H), 1.46 (s, 36H). EA (%): calculated for CgsHgsN2; C,89.22; H,8.36; N,2.42. Found: C,89.40;

H,8.16; N,2.74.
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1.2. Calculations

Electronic structure calculations were performed with TURBOMOLE 7.3%! and Q-Chem 5.3%2
program packages. With the original spin-component scaling parametersS?, the excited state
geometries were optimized by the strict variant of the second-order algebraic diagrammatic
construction (SCS-ADC(2)) method>*, whereas the ground state geometries were obtained from
the second-order Mgller-Plesset perturbation theory (SCS-MP2). The resolution-of-the-identity
approximation for the electron repulsion integrals were used in treating correlations. For normal
mode calculations, numerical Hessians were employed with a frequency scaling factor of
0.9631%°. The vibrational analysis proved that there is no imaginary frequency, indicating an

energy minimum.

At the S; geometries, time-dependent DFT calculations under the Tamm—Dancoff approximation
was adopted with the gap-tuned ©"B97M-V functional®®S” for the evaluation of spin—orbit
coupling, using the one-electron Breit—Pauli operator, and first-order nonadiabatic coupling
vectors between the excited-states.Solvent effects were treated with the polarizable continuum
model in the integral equation formalism (IEF-PCM)®8. The amorphous molecular solid film
conditionwas imitated by the parameters of ¢ = 2.84 and n = 1.7, derived from a bluehost

material of mCP. The def2-SVP basis set was used for all calculations®®,

Under the harmonic approximation,the analytical solution for rate equation (3) can be obtained in
the framework of a correlationfunction3%-513 in conjunction with Duschinsky transformationsS“.
An in-house codeS™ was used for the rate calculations with the time integration interval of

[-6553.6:6553.6] fs with a time stepof 0.1 fs.
Natural transition orbital (NTO) analyseswere postprocessed by TheoDORE 2.0 program>®,

S8



G ﬁ

Supplementary Figure 1. Difference density plot of excited states for TPA, PCZ, and ICz.
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Supplementary Figure 2. Difference density plot of excited states for meta- and para-oriented BisICz.
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1.3 Optical properties and OLED devices
1.3.1 Optical characterisationmethods

The ultraviolet-visible (UV-Vis) absorption and solution photoluminescence (PL) emission spectra of the
materials were obtained from a dilute dichloromethane (DCM) solution (1 x 10~ M), whereas the solid
PL spectra were obtained from thin films prepared by vacuum evaporation. Triplet energy values of the
ICz-based materials were obtained from the photoluminescence spectra at 77 K using liquid nitrogen with
a 1 ms delay. The energy levels were measured by cyclic voltammetry. Each material was dissolved in
anhydrous acetonitrile with 0.1 M tetrabutylammonium perchlorate as the electrolyte to measure the
oxidation from which the HOMO energy level was estimated. A glassy carbon tube was used as the
working electrode, a platinum wire was used as the counter electrode, and saturated Ag/AgCl was used
the reference electrode. Ferrocene was used as the standard reference. All the solutions were purged with
nitrogen for 10 min before each experiment. The LUMO energy was calculated from the UV-Vis gap.
Thermogravimetric-differential ~ thermal  analysis  (TG-DTA) was  performed wusing a
thermogravimetry/differential thermal analyser (Exstar 6000, TG/DTA6100, Seiko) under flowing
nitrogen at a heating rate of 10 °C/min from room temperature to 600 °C to detect the decomposition

temperature (Tq, corresponding to a 5% weight loss) of each TADF material.

The PL guantum yield and transient PL curves in the solid film were detected using a Quantaurus-QY
system (Hamamatsu, C11347-11) and Quantaurus-Tau system (Hamamatsu, C11367-31). The electrical
and optical characterisations of the devices were carried out using a Keithley 2400 Source Meter and CS

2000 spectroradiometer, respectively.
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The rate constants were determined by using followed equation, reported in .

1

kprp=——
PF

Tpr

1

kKpp=——
DF

IpF

kisc = (1 -or)ky

kpk
Krisc = kiqc:d Opr

@PF

Where, k pr is prompt fluorescence rate constant, % or is delayed fluorescence rate constant, Trr
is prompt fluorescence lifetime, o is delayed fluorescence lifetime, k1sc is intersystem
crossing (ISC) rate constant, 5 is prompt efficiency, krisc is reverse ISC (RISC) rate
constant and @or is delayed fluorescenceefficiency. Above all equation involved assumption

that non-radiative singlet exciton is zero.
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1.3.2 Photophysical properties of BisICz, tBisICz, and tPBisICz

o

Intensity (arb. unit)
o
>

—=—BisICz
——t{BislCz

——tPBisICz

Emission intensity (arb. unit)

0.0 T T T T T T
200 250 300 350 400 450 500 550 600
Wavelength (nm)
(o d
——BisICz

1.0 4
= ——tBislICz =
5 ——tPBisICz 5
g 08+ a
[ [~
s s
2 0.6- 2
@ @
3 3
£ 0.4- £
c c
K] ]
E 0.2 E
£ £
i L

0.0 t T T T

350 400 450 500 550 600

Wavelength (nm)

——BisICz
10 ——tBisICz
——tPBislICz
0.8
0.6
0.4
0.2
0.0 1 T T t
350 400 450 500 550 600
Wavelength (nm)
1.0 —=—BisliCz
——tBislICz
——tPBisiCz
0.8
0.6
0.4
0.2
0.0 T T T T
400 450 500 550 600 650

Wavelength (nm)

Supplementary Figure 3. Absorbance and photoluminescence spectra. a, UV-Vis, b,solution PL,
c,low-temperature fluorescence at 77 K, and d,low-temperature phosphorescence at 77 K after delay time

of 1 ms.
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Supplementary Figure 4. Characterisation of emission in different
solvents.a,BisICz,b,tBisICz,andc,tPBisICz.
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Supplementary Figure 5. Temperature-dependent transient PL curves. a, tBisICz and b, tPBisICz
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Supplementary Figure 6. Transient PL curves of BisICz. a,prompt and b,delayed components
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1.3.3 Characterisation of thermal analyses
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Supplementary Figure 8.Decomposition temperature (Tq) with 5% weight loss for BisICz,
tBisICz, and tPBisICz.
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1.3.4. RISC dynamicscalculations
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Supplementary Figure 9. Analysis of RISC dynamics. a,Deconvolution of SVC-RISC rate and
reorganisation energyA for each mode. Major contributing modes are marked as vertical lines.b, T1—T>
nonadiabatic coupling (NAC) vectors.c, Important normal vibrations of tPBisICz in the Si state.
Hydrogen atoms are omitted forvisual clarity.d, Duschinsky (mode-mixing) matrix and displacement
vectors related to the RISC transition. The elements are displayed with their absolute values. e, Surface
plot (top) and contour plot (bottom) ofkgisc simulated as a function of AEtt and AEst, for tPBisICz. The

contour plot is identical to Fig. 4b. The gray surface is drawn with twice the magnitude of the original
displacement vectors.
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1.4. Device fabrication and performances

The OLED devices were fabricated using a transparent glass substrate with 50 nm thick indium
tin oxide (ITO). The ITO glass substrate was cleaned using acetone and deionised water by ultrasonic
treatment. The optimised device structure is PEDOT:PSS (40 nm)/TAPC (5 nm)/TCTA (5 nm)/PCZAC
(5 nm)/mCP (5 nm)/mCP:TSPO1:BisICz/tBisICz/tPBisICz (25 nm, 50%:1%)/TSPO1 (25 nm)/LiF (1.5
nm)/Al (200 nm).Here, PEDOT:PSS [poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate)] is a hole
injection layer, TAPC [(1,1-bis(4-di-p-tolylaminophenyl)cyclohexane)], TCTA [tris(4-carbazoyl-9-
ylphenylamine], and PCZAC [9,9-dimethyl-10-(9-phenyl-9H-carbazol-3-yl)-9,10-dihydroacridine] are
hole transporting layers, and mCP [1,3-di(9H-carbazol-9-yl)benzene] is a hole-type exciton blocking
layer. In the emitting layer, mCP was used as a hole-type host and TSPOl1l [4-
(triphenylsilyl)phenyldiphenyl phosphine oxide] was used as an electron-type host. TSPO1 was also used
as an electron-type exciton blocking layer. All the layers were deposited by vacuum thermal evaporation
under a pressure of 3.0 x 107'Torr. The deposition rates for the organic layers, LiF, and Al were
controlled at 0.1, 0.01, and 0.5 nm/s, respectively. The encapsulation on glass was performed under an
inert atmosphere (N, atmosphere) to protect the device from O.. All the device measurements were

performed at room temperature.
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Supplementary Figure 10. Schematic device diagram of BisICz-, tBisICz-, and tPBisICz-doped
devices and chemical structures.
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Supplementary Figure 11. Voltage-dependent electroluminescent spectra. a,BisICz, b,tBisICz, and
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Supplementary Figure 12. Device performance. a,Current density-voltage-luminance, b,luminance-
current density, c,currentefficiency-luminance, d, power efficiency-luminance, and e, external quantum
efficiency-luminance curves of BisICz, tBisICz, and tPBisICz.
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SUPPLEMENTARY TABLES

Supplementary Table 1. Orbital energies, singlet and triplet energies and AEst of various molecules®

HOMOQ" LUMOP Es° E+ AEs
Triphenylamine derivatives
TPA -6.72 1.09 4,12 341 0.70
PCz -7.21 0.76 3.99 3.40 0.59
ICz —7.43 0.11 3.75 3.20 0.56
3,6-Substituted carbazoles
Cz —7.56 0.90 4.08 3.41 0.67
Cz-tBu -7.10 0.84 4.01 3.37 0.64
Cz-Ph —-7.02 0.54 3.90 3.39 0.51

aEnergies are given in eV. °Calculated at the ®*B97M-V level using the S: geometry optimized at theSCS-ADC(2)
level.°Adiabatic energies.

Supplementary Table 2. Calculation data for BisICz-based materials

HOMO LUMO AEst AETT SOC (cm_l) d fe kRISC
Compound (eV)®  (eV)?* (eV)® (eV)°© Si-Ty Si-T (10°%7Y
BisICz —6.69 -0.54 0.33 0.218 0.224 0.675 0.102 0.008
tBisICz -6.31 -0.54 0.261  0.287 0.144 0.578 0.122 0.27 (0.970)

tPBisICz® —6.39 -0.79  0.249 0.243 0.096 0.554 0.170 1.47(0.999)

2 Calculated at the ®"B97M-V level using the S1 geometry optimized at the SCS-ADC(2) level. ® Adiabatic singlet-triplet energy
difference at the SCS-ADC(2) level. ¢ Vertical triplet-triplet energy differences calculated at the " B97M-V level using the S1
geometry. 9 Triplet substate-averaged spin—orbit coupling. ¢ Oscillator strength. f Determined from the analytical solution of the
Fermi’s golden rule expression. Spin—vibronic contribution to total krisc is given in parentheses. ¢ Phenyl groups were employed in
place of di-3,5-tert-butylphenyl for computational ease.

Supplementary Table 3. Photophysical characteristics of ultrapure blue BisICz-based emitters

in 10° M DCM solution in 1 wt%-doped mCP:TSPOL1 film
Compound L X Es/Eg AEst Stokecs FWHM AL R Es . Stokeds FWHM PLQeY PLQfY kRSI'SFl
(nm) (eV) (eV) (nm) (nm) (nm) (eV) (nm) (nm) (%) (%) (10°)
BisICz 429 2.89/2.58 0.31 15 23 436 2.84 22 27 76 81 -
tBisICz 436 2.84/2.55 0.29 12 22 442 2.80 18 21 77 95 0.15
tPBisICz 445 2.81/2.54 0.27 10 27 450 2.75 15 21 78 91 141

2 PL maximum,; excitation wavelength of 330 nm. ? Estimated from maximum peak position of fluorescence (300 K) or
phosphorescence (77 K). ¢ Difference between lowest absorption peak in 107> M DCM solution and maximum emission peak
from low-temperature fluorescence spectrum. ¢ Difference between lowest absorption peak in 107> M DCM solution and
maximum emission peak from film emission spectrum. ¢ Absolute PL quantum yield; determined using integrating sphere under
air atmosphere. fdetermined using integrating sphere under nitrogen atmosphere 9 Estimated according to method reported in 56,
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Supplementary Table 4. Transient PL quantum yields and rate constant calculations for BisICz, tBisICz,

and tPBisICz.
TPF Kee® Tpr° kpgd Dpe® @prf Kiscoh Krisc¥ ke 9 KoK
()  (0sY  (ms)  (10°sY) (%) %) (107sY)  (10°s1) (107s1)  (10°sY)
BisICz 18.6 5.38 N.A! N.A. 81 N.A. N.A. N.A. 4.35 10.2
tBisICz 16.0 6.25 12.5 8.33 48 47 3.25 0.15 3.00 1.58
tPBisICz 10.9 9.17 1.74 5.75 35 56 5.96 1.41 3.21 3.18

aprompt fluorescence lifetime. "Rate constant for prompt fluorescence lifetime. Delayed fluorescence lifetime. “Rate constant for
delayed fluorescence lifetime. ¢Prompt and fdelayed PLQY measured in mCP:TSPO1: 1 wt%-doped thin film and calculated
from total PLQY and ratio of integrated area of individual components in transient spectra to total integrated area. 9Calculated
using equations reported in$Y."Rate constant for intersystem crossing (ISC). ' Rate constant for reverse intersystem crossing
(RISC). JRadiative decay rate constant for one singlet. “Non-radiative decay rate constant for one singlet. ' N.A. denotes that data
were not assigned.

Supplementary Table 5. Transient PL fitting data

Excitation Emission
wavelength  wavelength CHI <Tavg™ T1 T2 As Az
(nm) (nm)
BisICz Prompt 280 435 1.05596 18.617 ns 11.215ns 22.164 ns 4623.70 4685.42
Delayed 280 N.Az2 N.A. N.A. N.A. N.A. N.A. N.A.
tBisICz Prompt 280 444 1.02086 15.984 ns 11.295 ns 18.815 ns 4793.87 4765.32
Delayed 280 444 1.11648 12.493 ms 1.160ms 12.701 ms 1.74046 8.64021
{PBisICz Prompt 280 450 1.10243 10.893 ns 9.7246 ns 16.634 ns 8849.96 1052.54
Delayed 280 450 1.18202 1.742ms 1.7420 ms N.A. 20.1412 N.A.

2 N.A. denotes that data were not assigned.

Supplementary Table 6. Device performance of ultrapure blue OLEDs

maximum
Compound de(nm)? EQE (%) PE (Im W) CE (cd A?) CIE (x, y)? FWHM (nm)?
BisICz 437 6.5° 2.7 2.9 (0.16, 0.04) 24
tBisICz 445 15.1¢ 8.3 8.4 (0.16, 0.05) 22
tPBisICz 452 23.14 13.3 135 (0.15, 0.05) 21

2\/alues at luminance of 100 cd m2. ®Values at luminance of 0.04 cd m~2.Values at luminance of 0.02 cd m-2.9%alues at
luminance of 0.03 cd m=2,
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SupplementaryTable 7.Summary of reported deep-blue OLED device performance

. - FWHM Max
Type Emitter Emissive layer CIE (hm)® EQE Ref.
Ir(fdpt)s DPEPO:Ir(fdpt)s (0.15,0.11)>  N.A° 22.5% S18
(TF)2Ir(fptz) mMCPPO1:(TF):Ir(fptz) (0.147,0.116) <50 8.4% S19

i fac-Ir(pmp)s/TSPO1:fac- e 0
fac-Ir(pmp)s Ir(pmp)s (0.16, 0.09) N.A. 10.1% S20
Ir(fomi)a(tfpypz)  UGH2:CzSi:Ir(fpmi)2(tfpypz)  (0.14,0.10)F N.A.  7.6% S21

Ir(fppz).(dfbdp) (0.152,0.110)* N.A. 11.9%
CzSi:Emitter/UGH2:Emitter S22

Ir(fbppz)(dfbdp) (0.155, 0.106) N.A. 11.7%

Phosphorescence Irl (0.16,0.12 N.A. 8.6%
TSPO1:Emitter S23

Ir3 (0.16,0.08 N.A. 7.1%

PtON1-tBu (0.151, 0.098) 24 5.3%

26mCPy:Emitter

PtONG-tBu (0.147, 0.093) 30 10.9% S24

PtON7-dth TAPC:PO15:PtON7-dtbh (0.148, 0.079) 29  24.8%
2 DPEPO:2 (0.154, 0.052) 63 13.4% S25
mer-Irl TSPO1:mer-Irl (0.149,0.085)* N.A. 24.8% S26
4TCzPhBN DPEPO:4TCzPhBN (0.15, 0.10) 60 7.5% S27
PXB-mIC PPBI:PXB-mIC (0.15, 0.08) N.A. 125% S28

DA TADF
CzAZB mCP:CzAZB (0.14, 0.10) 51 55% S29
TDBA-Ac PPBI: TDBA-Ac (0.15, 0.06)° 48  21.5% S30
DABNA-1 mCBP:DABNA-1 (0.13,0.09) 28 135% S16
B2 mCBP:B2 (0.13,0.11) 37 18.3% S31
MR-TADF

DABNA-NP-TB DOBNA-Tol:DABNA-NP-TB  (0.14, 0.11) 33  19.5% S32
v-DABNA DOBNA-OAr:v-DABNA (0.12,0.11) 18 34.4% S33

BisICz (0.16, 0.04)9 24 6.5%

SVC-TADF tBisICz mCP:TSPO1:Emitter (0.16,0.05)9 22  15.1% leglrSf(
tPBisICz (0.15, 0.05)¢ 21  23.1%

aValues from electroluminescence spectrum.”Values at current density of 9 mA cm=2.°N.A. denotes that data were not assigned.?Values at current
density of 5 mA cm2. ¢Values at current density of 10 mA cm2. "Values at voltage of 8 V.9 Values at luminance of 100 cd m™.
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