Electronic Supplementary Material (ESI) for Materials Horizons.
This journal is © The Royal Society of Chemistry 2020

Electronic Supplementary Information

Integrating Molecular Rigidity and Chirality into Thermally Activated Delayed
Fluorescence Emitters for Highly Efficient Sky-blue and Orange Circularly Polarized
Electroluminescence

Fan Ni, ] Chih-Wei Huang,™ Yukun Tang, [ Zhanxiang Chen,™ Yaxun Wu,I Shengpeng
Xia, [l Xiaosong Cao,! Jung-Hsien Hsu,! Wei-Kai Lee,! Kailu Zheng,! Zhongyan

Huang,® Chung-Chih Wu, ! and Chuluo Yang'®!

&l Shenzhen Key Laboratory of Polymer Science and Technology, College of Materials
Science and Engineering, Shenzhen University, Shenzhen, 518060, P. R. China. E-mail:

clyang@szu.edu.cn

bl Key Laboratory of Optoelectronic Devices and Systems of Ministry of Education and
Guangdong Province, College of Optoelectronic Engineering, Shenzhen University, Shenzhen
518060, China.

[l Department of Electrical Engineering, Graduate Institute of Electronics Engineering and
Graduate Institute of Photonics and Optoelectronics, National Taiwan University, Taipei,

10617, Taiwan. E-mail: wucc@ntu.edu.tw

[ Department of Chemistry and Hubei Key Lab on Organic and Polymeric Optoelectronic

Materials, Wuhan University, Wuhan, 430072, P. R. China.

F. Niand C. W. Huang contributed equally to this work.


mailto:clyang@szu.edu.cn
mailto:wucc@ntu.edu.tw

Table of contents

. GENEIal INTOIMALION...ciiciiririireriirttrerterestessae et sesaness s ssssnesesanesesasssssnsssssnesesssssssasssssnessssnassnns 3
. Devices fabrication and CharaCterization ........ceeceeeriseesseissenssninesssssisessessssssssesssessessssss 9
. Synthesis 0f TRZ-MEeIAC and NID-MEIAC.....cccterrtrerrrriererinsnerissnesesssssssnesesssesssssssssssssssnsssssnssss 10
. The report of the chiral HPLC reSOIULION ...ciicveiirceeiercreiernerisnerisnesesnesssnessssnesssnssssasssssnesssansses 12
. X-ray single crystal StruCture @nalysis .....ccccecrceeerrerersreresenissnerissnesesssssssnesessnesesssssssasssssnsssssnases 14
. Thermal and electrochemical PrOPEIrtiES..ccciicrerercerercreiererisinerisresesnesssnesessnesesnesssanssssnesssaneses 16
. PROtOPNYSICAl PrOPEITIES. eicrrerereeerrnererreresnesesersssnesessnesssssssssnesessnessssnesssnessssnesessnesssnsssssnsssssnases 18
. Theoretical SIMUIALION ...ccciiiiiiiiiiiiiiiiiiinrierrsr s sessae s s s ssnesane 21
. The analysis of the absolute CONFIGUIALION ...cccuueeeeeercreeicrerirneresnesesressrnesesnesessnesssanesssnessssneses 24
10. Supplemental electrolumineSCENCE HALA ...cccrrereerrerersrerersersesneressneressresessesssssesessnesssanssssnessssnesanns 25
11. 'H NMR, C NMR and HRMS SPECIIOSCOPIES cuvevrerucsersescacsessnsesesssassessssssssesssssssssssssssessssnans 34
12, RETEIEINCES ciurirrueiierritissanistnistesstssstnssssssessssssssessssssssessssssssssssassssssssssssssssssssssssssssssssssssssssssssssnns 37



1. General information

Commercially available reagents were used as received without further purification. Toluene
and tetrahydrofuran (THF) were dried by sodium-potassium alloy, N,N-dimethylacetamide
(DMA) was dried by calcium hydride (CaH.). *H NMR and *C NMR spectra were recorded
on a Bruker Advanced Il (400 MHz) spectrometers. *H and 3C NMR chemical shifts were
reported in parts per million (ppm) relative to MesSi as an external standard. High-resolution
mass spectra were measured on a Bruker Compact TOF mass spectrometer or a Thermo
Scientific Quadrupole-Orbitrap Mass Spectrometer in electrospray ionization mode (ESIY).
Differential scanning calorimetry (DSC) was performed on a NETZSCH DSC 200 PC unit at a
heating rate of 10 °C min™! from 20 to 300 °C under argon. The glass transition temperature (Tg)
was determined from the second heating scan. Thermogravimetric analysis (TGA) was
undertaken with a Perkin Elmer Pyris instrument. The thermal stability of the samples under
the nitrogen atmosphere was determined by measuring their weight loss while heating at a rate
of 10 °C min from 25 to 600 °C. The temperature of degradation (Tq4) was correlated to a 5%
weight loss. Cyclic voltammetry (CV) was carried out in dichloromethane at room temperature
with a CHI voltammetric analyzer. Tetrabutylammonium hexafluorophosphate (TBAPFg) (0.1
M) was used as the supporting electrolyte. The conventional three-electrode configuration
consists of a platinum working electrode, a platinum wire auxiliary electrode, and an Ag wire
pseudo-reference electrode with ferrocenium-ferrocene (Fc*/Fc) as the internal standard.
Formal potentials are calculated as the average of cyclic voltammetric peaks. UV-vis absorption
spectra were recorded on a Shimadzu UV-2700 recording spectrophotometer. Fluorescence and
phosphorescence emission spectra at room temperature or 77 K were measured on a Hitachi F-
4600 spectrophotometer. Es and Et were calculated from the onset of the fluorescence spectra
and the phosphorescence spectra, respectively. The transient photoluminescence decay curves
were measured on an Edinburgh FLS920 spectrophotometer. Absolute PLQY's were obtained
using a Quantaurus-QY measurement system (C11347-11, Hamamatsu Photonics). The circular
dichroism (CD) were measured on Chirascan™ circular dichroic spectropolarimeter. The
circularly polarized luminescence (CPPL and CPEL) spectra were measured on Jasco CPL-300
spectrometer. The test mode adopts “Slit” mode with the Ex and Em Slit width 3000 pm and the
digital integration time (D.1.T.) is 2.0 s with multiple accumulations. Single-crystal X-ray-
diffraction data for TRZ-MelAc were collected on Rigaku Oxford Diffraction Supernova Dual
Source, Cu at Zero equipped with an AtlasS2 CCD using CuKa radiation. The ground state
molecular structures were optimized at the B3LYP-D3(BJ)/def2-SVP level of theory.! The
flexible potential surface scanning on the energy of the ground state geometry at different
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twisted angles was based on B3LYP/def2-SVP level of theory. Energy gaps between the S; and
T states were calculated using the PBEO/def2-SVP theory.? The configuration of the S state
was calculated at the CAM-B3LYP/def2-SVP level. The flexible potential surface scanning on
the energy of the excited singlet state geometry at different twisted angles was based on CAM-
B3LYP/def2-SVP level of theory. The RMSD values between So and S; states were obtained
through Multiwfn.2 The oscillator strength (f) was calculated through the nuclear ensemble
approach.® The rotational strength R, electric () and magnetic () transition dipole moments
and their vector angles (6u,m in degrees) were calculated at the PBEO/def2-SVP level with the
toluene solvent correction.*

The single-crystal of (R)-TRZ-MelAc (CCDC number: 1971785) was obtained from the

solvent diffusion method from n-hexane/chloroform mixed solutions.



The rate equation for singlet and triplet exciton (S1 and T1) is described by

d (51> _ (—(kr,s + kurs + Kisc) +kpisc ) (S1)

dt\T, kisc —(ky1 + Kyt + Krisc)/ \T1

where ks, ky s and k;sc are the rate constants of radiative decay (fluorescence), intrinsic non-
radiative decay (internal conversion) and ISC for singlet excitons, respectively. k. 1, ky, T and
krisc are the rate constants of radiative decay (phosphorescence), intrinsic non-radiative decay
and RISC of the triplet exciton, respectively.®

kp, ka, krs, krisc, kisc and ki can be obtained:

1
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The prompt PLQY (®,) and delayed PLQY (®4) were determined by using the total PLQY ()

and the integrated intensity ratio between prompt and delayed components which was
calculated from transient photoluminescence measurements. The intensity ratios between

prompt (rp) and delayed (rq) components were determined using two fluorescent lifetimes (z,,

14) and fitting parameter (Ap, Ad) as follow.

t t

I(t) = Aye ™ + Age Eq. S7
ApT
r,=——— Eq. S8
A
ry=—9d Eq. S9

Then, the prompt PLQY (®,) and delayed PLQY (®,) were determined using intensity ratio
(rp, rd) and total PLQY ().



® = b, + by Eq. S10
®, = r,® Eq. S11
(I)d = rd(I) EqSlZ



The luminescence dissymmetry ratio can be related to the molecular transition matrix

elements as follows®:

gn_gn, gn __gn
o=t LTIR g BT tH Ty Eq. S13
um = = =- .
Uty e 2 Hpg 2 m g

where I and Ir are the intensity of left- and right-circularly polarized light, Al is the the intensity

of left-circularly polarized light (1) versus right-circularly polarized light (Ir), | is the total
luminescence intensity. 1 and 2 refer to laboratory axes, uf" and uy" are the electric transition
dipole moment of the two axes respectively and m{" and mJ" are the magnetic transition
dipole moment of the two axes, respectively.

We can make the simplifying assumptions that the lineshapes for CPL and total luminescence
are identical and that the number of molecules in the emitting state is independent of their
orientation. The direct connection to molecular structure relies on relating the transition matrix
elements from laboratory to molecular coordinate systems. For the case of a randomly oriented
emitting distribution, the orientational averaging yields the following general result:

—yn.mgn I_iq‘nl.lmgnl.cos eu‘m
£ ] = 4Re| - ] Eq. S14

= 4Re[
Glum |l—l’gn|2+|mgn|2 |ﬁgn|2+|mgn|2

where 9™, m9™ are the electric and magnetic transition dipole moments, respectively. Gu,m
is the vector angle between (9™ and m9".

Usually, the value of magnetic transition dipole moments (|729™|) are typically smaller than
the value of electric transition dipole moments (|{9™|) in pure organic systems, so that the value

of |m9™|? is much smaller than that of |i9™|2. The Eq. S14 can be further simplified as follows:

uIntmIn ] R [|ﬁ9"|-|m’9"|-coseu,m] [Iﬁgnl'coseu,m
~ 4Re = —_—
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Oscillator strength (f) is a very important physical quantity during the electronic excitation
process. The oscillator strength characterizes the strength of the electron excitation. The
oscillator strength of the ith excited state is mainly related to the transition dipole moment and
is defined as:’

2me
3h2e2

2m
Ei(Di? + Diy? + D) = 55

fi = Eil ;> Eq. S16

where m, is the mass of an electron, # is the reduced Planck’s constant, e is the charge of
electron, Di, Diy, and D, are the electric transition dipole moments of different components,
respectively; E; is the excitation energy of the ith excited state; fi; is the electric dipole moment
from the ground state to the ith excited state.

The oscillator strength of the lowest excited singlet state is defined as:

2m,
3h2e2

f= Es(D12 + Diy? + Di) = — 3hZe |2 Eq. S17

where D1y, D1y, and D1; are the electric transition dipole moments of different components at
the lowest excited singlet state, respectively; Es: is the lowest excited singlet state energy; fi is

the electric dipole moment from the ground state to the lowest excited singlet state.



2. Devices fabrication and characterization

All organic materials used in experiments (except for the TADF emitters) were purchased
from Lumtec, Inc. All compounds were subjected to temperature-gradient sublimation under a
high vacuum before use. OLEDs were fabricated on the ITO-coated glass substrates with
multiple organic layers sandwiched between the transparent bottom indium-tin-oxide (ITO)
anode and the top metal cathode. All material layers were deposited by vacuum evaporation in
a vacuum chamber with a base pressure of 10° torr. The deposition system permits the
fabrication of the complete device structure in a single vacuum pump-down without breaking
vacuum. The deposition rate of organic layers was kept at 0.1 - 0.2 nm/s. The doping was
conducted by co-evaporation from separate evaporation sources with different evaporation rates.
The active area of the device is 1 x1 mm?, as defined by the 10 shadow mask for cathode
deposition. The current-voltage-brightness (J-V-L) characterization of the light-emitting
devices was performed with a source-measurement unit (SMU) and a spectroradiometer (DMS
201, AUTRONIC-MELCHERS GmbH). EL spectra of devices were collected by a calibrated
CCD spectrograph. The angular dependence of EL intensities (and spectra) was measured by a
calibrated goniometric spectroradiometer (DMS 201, AUTRONIC-MELCHERS GmbH). The
external quantum efficiencies of devices were determined by collecting the total emission fluxes
with a calibrated integrating-sphere measurement system and by measuring the angular

distribution of the emission spectra and intensities.



3. Synthesis of TRZ-MelAc and NID-MelAc

3.1 The synthesis of 5-(4-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-12b-methyl-5,12b-
dihydroindeno[1,2,3-kl]acridine (TRZ-MelAc)
2-(2-bromophenyl)-4,6-diphenyl-1,3,5-triazine (1.55 g, 4.0 mmol), MelAc (1.19 g, 4.4 mmol),
palladium(ll) acetate (18 mg, 0.08 mmol), tri-tert-butylphosphine tetrafluoroborate (70 mg,
0.24 mmol) and sodium tert-butoxide (422 mg, 4.4 mmol) were added to dry toluene (20 mL).
The mixture was stirred at reflux for 24 hours and then cooled to room temperature. The reaction
mixture was slowly poured into water and extracted with CH>Cl> (100 mL x=3). The organic
phase was dried over anhydrous Na>SOs, filtered and concentrated under reduced pressure. The
crude product was purified by column chromatography with petroleum ether/CH2Cl; (v/v = 1/1)
as eluent, finally the light yellow powder TRZ-MelAc was obtained with a yield of 82%. The
resulting product was further purified by recrystallizing from a mixture of CHCls/hexane to
give light yellow crystal. The obtained compound was further purified by vacuum sublimation
(with pressure less than 10 Pa) at 240 °C with a yield of 83%. *H NMR (400 MHz, CD,Cl;,
8): 9.03 (d, J = 8.4 Hz, 2H), 8.81 (d, J = 8.0 Hz, 4H), 8.03 (d, J = 7.6 Hz, 1H) , 7.85 (t, J = 6.8
Hz, 2H), 7.58-7.68 (m, 8H), 7.43-7.49 (m, 3H), 7.23 (t, J = 7.6 Hz, 1H), 7.07 (t, J = 5.6 Hz,
2H), 6.70 (d, J = 8.0 Hz, 1H), 6.60 (d, J = 8.0 Hz, 1H), 1.51 (s, 3H);3C NMR (100 MHz,
CD.Cly, 6): 172.3, 171.6, 150.9, 145.3, 143.7, 141.3, 140.6, 138.4, 136.7, 136.4, 134.5, 133.3,
131.7,131.0,129.5, 129.3, 128.5, 128.0, 127.9, 127.8, 126.9, 126.3, 125.1, 122.6, 121.9,
116.3, 114.0, 112.8, 48.4, 23.0. HRMS (ESI, m/z): [M+H]" calcd for CaiH29N4™: 577.2387;
found: 577.2390. Anal. calcd for C41H28N4: C, 85.39; H, 4.89; N, 9.72; found: C, 85.13; H,

5.07; N, 9.80.
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3.2 The synthesis of 2-(4-(tert-butyl)phenyl)-6-(12b-methylindeno[1,2,3-kl]acridin-
5(12bH)-yl)-1H-benzo[de]isoquinoline-1,3(2H)-dione (NID-Mel Ac)

4-bromo-9-(4-tert-butylphenyl)-1,8-naphthalimide (1.63 g, 4.0 mmol), MelAc (1.19 g, 4.4
mmol), palladium(l1) acetate (18 mg, 0.08 mmol), tri-tert-butylphosphine tetrafluoroborate (70
mg, 0.24 mmol) and sodium tert-butoxide (422 mg, 4.4 mmol) were added to dry toluene (20
mL). The mixture was stirred at reflux for 24 hours then cooled to room temperature. The
reaction mixture was slowly poured into water and extracted with CH2Cl, (100 mL =3). The
organic phase was dried over anhydrous Na.SOg, filtered and concentrated under reduced
pressure. The crude product was purified by column chromatography with petroleum
ether/CH.Cl, (v/v = 3/1) as eluent, finally the orange-red powder NID-MelAc was obtained
with a yield of 76%. The resulting product was further purified by recrystallizing from a mixture
of CHCIs/EtOH to give orange-red powder. The obtained compound was further purified by
vacuum sublimation (with pressure less than 10®° Pa) at 275 °C with a yield of 91%. *H NMR
(400 MHz, CD:Cly, 5): 8.85 (d, J = 7.6 Hz, 1H), 8.59-8.65 (m, 2H), 8.09 (d, J = 6.0 Hz, 1H),
7.88-7.96 (m, 3H), 7.62-7.76 (m, 3H), 7.46-7.54 (m, 3H), 7.30 (d, J = 8.4 Hz, 2H), 6.99-7.15
(m, 3H), 6.02-6.43 (m, 2H), 1.59-1.65 (m, 3H), 1.43 (s, 9H),; 3C NMR (100 MHz, CD2Cl, 5):
164.6. 164.3, 152.3, 150.9, 143.8, 143.4, 141.0, 138.6, 133.9, 133.5, 132.6, 131.6, 131.0, 130.2,
129.1,128.8,128.7, 128.4, 128.1, 128.0, 127.3, 127.1, 126.9, 126.6, 126.5, 126.3, 125.4, 124 .4,
123.7, 123.0, 122.0, 115.7, 114.4, 112.1, 48.3, 35.3, 31.7, 31.2. HRMS (ESI, m/z): [M+Na]*
calcd for Ca2H32N2NaO,": 619.2356; found: 619.2361. Anal. calcd for Cs2H32N202: C, 84.54;

H, 5.41; N, 4.69; found: C, 84.78; H, 5.13; N, 4.73.
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4. The report of the chiral HPLC resolution

The resolution of the enantiomers of TRZ-MelAc and NID-MelAc was conducted through
chiral high-performance liquid chromatography column by DAICEL Chiral Technologies
(CHINA) CO., LTD. The enantiomeric excess (e.e.) values for the two pairs of enantiomers are

all above 98%.

4.1 The report of the chiral HPLC resolution of TRZ-MelAc

CHIRAL CHROMATOGRAPHY REPORT

Figure S1. The report of the chiral HPLC resolution of TRZ-Mel Ac.
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Column . CHIRAIPAK IG(IGO0CD-UF004) Column - CHIRALPAK IG(IGOOCD-UF004)
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Figure S2. The report of the chiral HPLC resolution of (R)-TRZ-MelAc (Peak 1) and (S)-TRZ-

MelAc (Peak 2).
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4.2 The report of the chiral HPLC resolution of NID-MelAc

CHIRAL CHROMATOGRAPHY REPORT

Column : CHIRATPAK TA(TA00CE-VDO15)

046emID. % 25emL

Column size

Injection 40.0ul
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Figure S3. The report of the chiral HPLC resolution of NID-MelAc.
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Figure S4. The report of the chiral HPLC resolution of (R)-NID-MelAc (Peak 1) and (S)-NID
—MelAc (Peak 2).
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5. X-ray single crystal structure analysis
Table S1. Single crystal data and structure refinement of (R)-TRZ-MelAc

Compound name (R)-TRZ-MelAc
Empirical formula Ca1H2sN4
Formula weight 576.67
Temperature/K 100.00(10)
Crystal system monoclinic
Space group P2;
alA 17.0490(3)
b/A 14.1638(2)
c/A 25.7784(4)
o/° 90
B/ 103.8957(18)
v/° 90
Volume/A3 6042.75(18)
Z 8
peaicg/cm® 1.268
p/mm? 0.582
F(000) 2416.0
Crystal size/mm? 0.12 x0.1 %<0.08
Radiation CuKa (A =1.54184)
20 range for data collection/° 5.34 10 147.964
Index ranges -21<h<19,-17<k<16,-31<1<31
Reflections collected 41719
Independent reflections 22475 [Rint = 0.0355, Rsigma = 0.0509]
Data/restraints/parameters 22475/1/1625
Goodness-of-fit on F? 1.017
Final R indexes [l > =20 (I)] R1=0.0418, wR, = 0.0948
Final R indexes [all data] R1 =0.0519, wR2 =0.1010
Largest diff. peak/hole / e'A® 0.14/-0.18
Flack parameter 0.1(2)
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(R c1

Figure S5. X-ray structural details of (R)-TRZ-MelAc (CCDC number 1971785).
The absolute configuration-related Flack parameter of the single crystal is 0.1(2) (Table S1),
suggesting the absolute configuration can be confirmed® and turns out to be R.
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Figure S6. The packing model of (R)-TRZ-MelAc in single crystal structure, blue ball for
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6. Thermal and electrochemical properties
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Figure S7. (a) Thermogravimetric analysis (TGA) curves and (b) differential scanning
calorimeter (DSC) curves of TRZ-MelAc and NID-MelAc.

The racemization of chiral carbon-based molecules is difficult as a function of bond cleavage
at the stereogenic center should be present.!® The chiral carbon in MelAc is fixed with the three
linked aryl substituents forming a rigid connection with each other. The fixed structure in
MelAc means that the thermal racemization would be hard. As to evaluate the chirality stability
of CPTADF emitters, the chiral HPLC analysis of (R)-TRZ-MelAc after vacuum sublimation
at 240 °C for 2 days was conducted. The report shows that no racemization occurs, confirming
the thermal stability (Figure S8).

367

Area Percent Report

Sorted By : signal

Multiplier : 1.0000

Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s) [mAU] %

S | o e R Jrsmum $scnnnnn |
1 5.367 BB ©0.1290 1.6623%4 1939.57214 100.0000

Totals : 1.6623%4 1939.57214

Figure S8. The report of the chiral HPLC analysis of (R)-TRZ-MelAc after vacuum
sublimation at 240 °C.
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Figure S9. Cyclic voltammograms of TRZ-MelAc (a) and NID-MelAc (b) in CH2Clo.

Table S2. Thermal and electrochemical properties of TRZ-MelAc and NID-MelAc.

T T Enomo? ELumo? EY
Compound

[°C] [°C] [eV] [eV] [eV]
TRZ-MelAc 409 125 -5.43 -2.46 2.97
NID-MelAc 379 185 -5.55 -3.10 2.45

3 Obtained from TGA measurements.  Obtained from DSC measurements. © Determined by

the onset of the oxidation potentials. ¥ ELumo = Eromo + Eg. @ Estimated from the onset of the

absorption spectrum.
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7. Photophysical properties

(3)1_4 — Absorption (b)
2 1.2¢ —Fluorescence —_—
T 1.0 —Phosphorescence :|
]
g os =
£ 0.6} g
2 04f 3
& 0.2t
£ 0 .
] 300 400 500 600 0.2 0.0 0.2 0.4 06 Q.8
= Wavelenghth (nm) Potential (V) vs. Fc/Fc

Figure S10. (a) Absorption and fluorescence spectra of MelAc in 10° M toluene solution at
300 K, and the phosphorescence spectrum of MelAc in 10° M toluene solution at 77 K. (b)
Cyclic voltammograms of MelAc in CH2Cl,.

Table S3. Photophysical and electrochemical properties of of MelAc.

Compound  JAans®  As? Jpn? Enomo/ELumo®  Eg? Es/ET®  AEst?
[nm] [nm] [nm] [eV] [eV] [eV] [eV]

MelAc 326 378 439,469,498 -529/-1.79 350 3.52/291 0.61

3 Measured in toluene solution (10° M) at room temperature. ® Measured in toluene solution
(10° M) at 77 K. © The HOMO level was determined by the onset of the oxidation curves,
LUMO level was calculated by using HOMO levels and Eq (ELumo = Enomo + Eg). 9 Calculated
from the edge of the long-wavelength absorption. ® Determined by the onset of the fluorescent
(300 K) and phosphorescent spectra (77 K) in toluene solution (10° M). ? AEst = Es — Er.

(3)1_2 — Steady emission (b)1 .2 | — Steady emission

= — Emission with delay of 5 us 2 — Emission with delay of 20 ys

® 1.0 & 1.0}

g0s8 808}

<06 Sos6f

504 S04l

02 $ho2f

Eoo — Eoolem, . . T

400 450 500 550 600 650 W " 450 500 550 600 650 700 750

Wavelength (nm) Wavelength (nm)

Figure S11. (a) The steady and time-resolved photoluminescence spectra of TRZ-MelAc in

10%s M toluene solution at 300 K. (b) The steady and time-resolved photoluminescence
spectra of NID-MelAc in 10° M toluene solution at 300 K.
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Figure S12. (a) The fluorescent (300 K) and phosphorescent spectra (77 K) of 12 wt.% TRZ-
MelAc doped in mCPCN film, (b-c) the steady-state emission and transient photoluminescence

decay curves of 12 wt.% TRZ-MelAc doped in mCPCN film at different temperature.

()12 b) (c)
£ 10} —FL@300K 220k _77K 200K m b STTK 200K
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Figure S13. (a) The fluorescent (300 K) and phosphorescent spectra (77 K) of 6 wt.% NID-
MelAc doped in mCPCN film, (b-c) the steady-state emission and transient photoluminescence

decay curves of 6 wt.% NID-MelAc doped in mCPCN film at different temperature.

(a) K — TRZ (,g')LO — MelAc
B ® —NID
co0s — NID-MelAc|
E 0.6
Toa
N
= 0.2
E oo
= 400 450 500 550 600 650 Z 400 500 600 700 800
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Figure S14. (a) The phosphorescent spectra (77 K) of neat TRZ, neat MelAc and 12 wt.% TRZ-
MelAc doped in mCPCN film. (b) The phosphorescent spectra (77 K) of neat NID, neat MelAc
and 6 wt.% NID-MelAc doped in mCPCN film.
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Table S4. Photophysical properties of TRZ-MelAc and NID-MelAc.

/labsa) ﬂ.fla)/b) ﬂ.phb) Es/ ETC) AESTd) ’Epa) ’Eda) (DAra) (Daira) gpLe)

Compound rony nml [m] [eVI  [V] (ns) (us) (%) (%) [<107]
TRZ-

o 335,367 AT6/473 488 2931274 019 86 23 49 30 +59/59
NID- 335, 349, _

D335 399 s77is65 583 2501228 022 105 97 6 4 +20119

8 Measured in toluene solution (1.0 x10° M) at room temperature. ® Measured in doped films
with TRZ-MelAc (12 wt.%) in mCPCN host or NID-MelAc (6 wt.%) in mCPCN host. 9
Determined by the onset of the fluorescent spectra (300 K) and phosphorescent spectra (77 K)
of the doped films with TADF emitters in mCPCN host. ¥ AEst = Es — Et. @ geL values of (R/S)-
TRZ-MelAc or (R/S)-NID-MelAc enantiomers in toluene solution (1.0 <10 M) at maximum

emission peaks.
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8. Theoretical simulation

Table S5. The calculated results of HOMO and LUMO distribution and levels of Cz, (R)-
MelAc, FAc and DMAc by DFT at the B3LYP/def2-SVP level of theory using Gaussian 09.

Molecular orbital

Chemical . Enomo Erumo  Eg Dihedral
Compound distribution .
structure [eV] [eVv] [ev] angle(°)
HOMO LUMO
Cz y 569 -095 474 180
C—D o~
(R)-MelAc %20 % 544 -1.06 4.38 141
4
) H \'
FAC 528 -1.08 4.20 164
a%
N
DMAC O’*O w 512  -037 4.75 180

8The dihedral angle of the two nitrogen atom linked aromatic units (blue and red filled units

in chemical structure).
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Figure S15. The comparison of optimized structures of So (down) with S; state (up) of (R)-
TRZ-MelAc. The optimized structures of MelAc in (R)-TRZ-MelAc at Sp and S; state.
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Figure S16. The comparison of optimized structures of So (down) with S state (up) of (R)NID-
MelAc. The optimized structures of MelAc in (R)-NID-MelAc at Sp and S; state.



Table S6. The calculated potential energy of quasi-equatorial and quasi-axial conformers of
(R)-TRZ-MelAc and (R)-NID-MelAc.

Potential ener
(au) 9y AE? Ene? Ean® RY) | Aa®
Compound Quasi-equatorial .Q.uasi axial
Barrier e e e %
conformer conformer (ev) (ev) (eV) (%) ©
-48899.4446 -48898.9767 | 0.0753 | 0.6074 | 0.4679
(R)-TRZ-
-48899.3693 974 20
MelAc
-48899.4456 -48899.3241 | 0.0763 | 0.0452 | 0.1215
-51115.0606 -51114.2612 | 0.4839 | 0.3155 | 0.7994
(R)-NID- >
MelAc -51114.5767 999 10
-51115.0614 -51114.4619 | 0.4847 | 0.1148 | 0.5995 '

% The energy difference between quasi-equatorial and quasi-axial conformer. ® The activation
energy for quasi-equatorial conformer: the energy difference between the barrier and quasi-
axial conformer. © The activation energy for quasi-axial conformer: the energy difference
between the barrier and quasi-equatorial conformer. 9 R: The relative ratios of quasi-equatorial
conformer. ® The possible molecular rotation angle.

The relative ratios of quasi-equatorial conformer were estimated by Boltzmann distribution®:

(a)

Relative potential (a.u.)

%conformer i =

i

‘905 meV

+
tam

—— TRZ-MelAc

ey

Z 384 meVl
eV i
o

90 120 150 180 210 240 270
[o]

« (%)

E:
exp (_ﬁlr)

Ej
Yjexp (—kb—T)

(b)

Relative potential (a.u.)

—— NID-MelAc

90 120 150 180 210 240 270
Qo

[0

Fig. S17 Flexible potential surface scanning on the energy of the excited singlet state geometry
of (R)-TRZ-MelAc (a) and (R)-NID-MelAc (b) at different twisted angles (), the maximized

local states and the minimized charge transfer states for (R)-TRZ-MelAc are labeled with red

and blue rectangles respectively, the maximized local states and the minimized charge transfer

states for (R)-NID-MelAc are labeled with red and blue ellipses, respectively.
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9. The analysis of the absolute configuration

When the direction of {i9™ is the same as that of 719" (the charge moves along the right-hand
spiral path during transition), positive signals in the CPPL spectrum can be found; otherwise,
the negative signals present. According to this rule, it can be expected that (R)-TRZ-MelAc
with same directional 9™ and m9™ (the vector angle 6,,m of 14.5 should demonstrate positive
signals in CPPL spectra. The experimental results (Figure 2b,c in main text, Figure S1-S2) for
(R)-TRZ-MelAc (the obtained Peak 1 during the chiral HPLC resolution, the absolute
configuration was confirmed by the single crystal) matched well with the theoretical prediction
(Table 2 in main text). And the same trend was also found in the simulations and experimental
results of (S)-TRZ-MelAc (Figure 2b,c, Table 2, Figure S3-54,).

Based on the above results, the absolute configuration of the enantiomers of NID-MelAc
could be confirmed. According to the simulated same dipole moment direction in (R)-NID-
MelAc (Table 2), the obtained Peak 1 during the chiral HPLC resolution with positive CPPL
signals can be considered to be R configuration and the obtained Peak 2 can be considered to

be S configuration (Figure 2e,f in main text, Figure S3-S4).
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10. Supplemental electroluminescence data

Table S7. The summary of EL characteristics for OLED structures of: ITO/MoO3z (1 nm)/TAPC
(45 nm)/mCP (10 nm)/mCPCN: x wt.% (R)-TRZ-MelAc or (S)-TRZ-MelAc (20 nm)/3TPYMB
(50 nm)/LiF/Al.

. . Vona) El—peakb) CEC) PEd) EQEE)
Emitter Device [V] [nm] [Cd_A-l] [Im-W‘l] [%]

D1(4wt%) 3.0 490 362 380  16.6
(R)-TRZ-MelAc D2 (8wt%) 3.0 490  45.3 476  19.8
D3 (12wt.%) 2.9 494 478 49.6 203
D4 (4wWt.%) 3.0 487 28.8 301 148
(S)-TRZ-MelAc  D5(8wt%) 3.0 490 416 43.6 191

D6 (12 wt.%) 2.9 494 42.1 44.1 18.7

3 The turn-on voltage recorded at a brightness of 1 cd'm™2. ® The peak wavelength of the EL
spectrum. The maximum value of © current efficiency; 9 power efficiency; ® external quantum

efficiency.
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Figure S18. (a) The device structure, energy level diagram, and the molecular structures of the
materials employed in the devices. (b-g) Electroluminescence spectra, luminance-voltage-
current density characteristics, external quantum efficiency and power efficiency characteristics
for devices based on (R)-TRZ-MelAc (D1 to D3) and (S)-TRZ-MelAc (D4 to D6).
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Table S8. The summary of EL characteristics for OLED structures of: ITO/MoO3z (1 nm)/TAPC
(70 nm)/mCP (10 nm)/mCPCN: x wt.% (R)-NID-MelAc or (S)-NID-MelAc (20 nm)/3TPYMB
(70 nm)/LiF/Al.

Vor?  Elpea®  CEY PEY  EQE®

Emitter Device V] [nm] [cdAT] [ImWY]  [9%]

D7 (1.5wt.%) 3.1 581 71.2 57.8 18.4

(R)-NID-MelAc D8 (3wt%) 3.1 591 72.2 46.6 182

D9 (6wt%) 31 591 745 423 190

D10 (1.5wt.%) 3.1 583 44.4 49.8 18.5

(S)-NID-MelAc D11 (3wt%) 3.1 589 72.6 50.2  20.3

D12 (6wt%) 3.1 589  68.4 613 237

3 The turn-on voltage recorded at a brightness of 1 cd'm™2. ® The peak wavelength of the EL
spectrum. The maximum value of © current efficiency; 9 power efficiency; ® external quantum

efficiency.
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Figure S19. (a) The device structure, energy level diagram, and the molecular structures of the
materials employed in the devices. (b-g) Electroluminescence spectra, luminance-voltage-
current density characteristics, external quantum efficiency and power efficiency characteristics
for devices based on (R)-NID-MelAc (D7 to D9) and (S)-NID-MelAc (D10 to D12).
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Figure S20. CPEL spectra (a) and ge. of (R/S)-TRZ-MelAc (b) in device D3/D6.
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Figure S21. CPEL spectra (a) and ge. of (R/S)-NID-MelAc (b) in device D9/D12.
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Table S9. The device performances of reported CP-OLEDSs vs this work.

EL Lmax CEmax PEmax EQE
Materials Structure Device models Type of peck [cd m- [cd A [Im e OeL Ref.
emitters [nm] [%]
2] 1] W]
0)_/ J_<_/_<
o
PPV-co- O \ Pure polymer Common
BDMO-PPV d X O \ Iap ell}’, fluorescent 600 - - - - 117 %103 [11]
/—<_ d v Y material
>_/_)jx=0.89.y=0.11
O O Pure polymer Common
(8)-PF4/1 L Iap e?,, fluorescent - - - - +0.16
v material
S)-PF4/1- Pure polymer Common
( 20-PF8 Iap e?,, fluorescent - - - - +0.05
v material
425/ [12]
512
Pure polymer Common
(9)-PF8IL/L o fluorescent - - - - -025
4 material
Pure polymer Common
(R)-PF2/6 IapelY fluorescent -025
4 material
p li Common
c-522 ure oligomer fluorescent 425 . 0.94 . . +0.35 13
layer . 450
material
F8BT/ F8BT with Common -02/
- i : fluorescent 540 3000 - 1.1 - § [14]
1-aza[6]helicene chiral dopant material +0.2
p i Common
-PFBT ”relap‘;rym" fluorescent 510 80 ; 012 ; 08 [1s]
Y material
F8BT/ CaHy CH F8BT Dispersed Common
Re011 e n ngu fluorescent 546 4000 4.46 - - 113 [16]
O material
o
(-Omr
Pure polymer Common 1669/ | 0.926/ | 0.390/ +0.024/
SIR-P | poly fluorescent 505 - [17]
layer material 1270 0.833 0.422 -0.019
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Common 19575
Pure small 2.8/ 1.0/ +0.0022/
SIR-2 OO molecular layer fluorescent 520 /1841 32 - 11 00022 [18]
O‘ material 1
SO Hoss
s or or o ) Common 150/ /1088 3.91/ 2791 +0.0056/
- or or ure sma 6/ 3.86/ 217/ -0.0052/
RIS-6 XX, S molecular layer ﬂt'n"arf:rcizrt 480 | 24806 | 5.17/ ) 3.00/ +0.00078/ (el
! ) / 4.26 2.27 -0.00074/
22880
Pure small Common 8061/ 1.32/ 0.48/ +0.0036/ [20]
SIR-6 molecular layer fluorescent 534 7946 1.26 . 0.45 -0.0032/
material
+0.00045/
BA 593 7145 5.12 3.4 2.0 00005
+0.00077/
DCz 508 22956 176 112 55 000033
Dispersed in fﬁg:’;;’;zat
26DCzPPy material [21]
+0.00057/
DPA 540 13426 9.7 6.4 25 000078
+0.0013/
PT 420 1936 0.91 0.4 17 00014
oo
1 e O Dispersed in Lanthanide 595, -1.00 to
Cs Eu P - - -
CsEu(hfbe)s 1"% ) PVK and OXD7 complexes 612 0.05 +0.19 (22
A-fac-Ir(ppy)s/ 522/ -0.00028/
A-fac-Ir(ppy)s 515 +0.00068
A-fac-
i i Phosphoresce
Ir(ppy)eacac/ Dispersed in ittt 533/ ; ; ; ; -0.00031/ 23]
A-fac- [ mCP complexes 509 +0.0043
Ir(ppy)zacac
A-Ir(dppy)(R-
edp)/ 514/ -0.0026/
A-Ir(dppy)z(R- 510 +0.00049/
edp)
|
N Pt O i i Phosphoresce
1 - OO P\?E’ﬁ;%’;éﬁ nt Platinum 615 222 025 011 - -038 [24]
complexes
o\
O‘ oOuzc \
DY NN
N O :/ :
S1R1 S o Dispersed in Phoslquo_resce 526/ 4257 7.50 2.44 - up t0 103 [25]
PVK and OXD7 nt Iridium 558 : : P
complexes

. O
cO WO\ "'/>
CORLYe Y™ Avg V.
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-0.0016/

. . +0.0014
Dispersed in Phosphoresce 9732/ 19.52/ 15.39/ 16.29/ .
-| i ~ 0
(PIM)-Pt TCTAand nt Platllnum 650 11590 2252 1862 1881 [26]
26DCzPPy complexes -0.0037/
+0.0051
A-
(tfpgz)zIr(R- ; i Phosph 34986 54.6/ 51.3/ 237/
Loy Dispersed in °5|p .(;).resce 595/59 Jaa74 . : - +0.0005/ 271
N 26DCzPPY Zémrgle':e”s‘ 9 . 544 521 236 -0.0003
(tfpqz)2Ir(S-L2)
: _ f f Phosphoresce up to
[Pt(igbt)(S-L") Dispersed in , _ _ _
(1-4)] PVK-PBD nt Platinum 732 0.93 up t0 0.0027 [28]
complexes
600, 1062/ | 143/ | 090/ 1.32/ +0.0012/
BP1 650, 1018 1.52 0.80 1.49 -0.0007
715
f f Phosphoresce
Di
Ispggs:d n nt Platinum [29]
complexes
600, 3500/ | 283 | 1.38/ 2.15/ +0.0011/
BP2 01 a3g | 264 | 128 201 -0.0010
715
f f Phosphoresce 2156/ 2.32/ 1.97/ 4.60/
(PIM)-SD Dispersed in nt Platinum 653 +0.0013/ [30]
26DCzPPy 1927 2.26 2.03 4.42 -0.0011
complexes
R~ pure small Zn(11) . 860/ 018/ | 0071/ | 0038/ +0.015/ -
molecular layer Complex 1000 0.19 0.085 0.042 -0.015
i Dispersed in TADF . - 347 16.3 9.1 -
(RIS)-1 mCP emitter ' ’ ’ (52
(RRIS,S)- Dispersed in TADF 520 ) 594/ | 529/ 19.8/ +0.0023/ -
CAI-Cz mCBP emitter 59.0 53.0 19.7 -0.0017 53]
R/S-BN-CF,
R/S-BN-CCB, Dispersed in TADF 496- 1473- 11 0.7- 0603 -0.091 to [34]
R/S-BN-DCB, mCP emitter 597 6633 246 19.6 +0.084

and R/S-BN-AF
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N 0 Dispersed in 46651 93.7/ 59.7/ 326/ 0.00228/
. . § +0.
(RIS)-OBN-Cz 26DCzPPy or TADF 501/ / [35]
o N Q pure small emitter 526 25633 478 346 140 -0.00234
CN s molecular layer
Dispersed in o
RIS-1 TCTAor pure TADF 580- 2726- ’ . 0.12-18 | -0.0009 to +0.001 [36]
small molecular emitter 604 11783 4.2
layer
Dispersed in TADF _ 348 325 170 _
CzpPhTrz mCP emitter 480 g : R [37]
CN @ i i
Dispersed in 15161
0, N.
®5)- ji:( ) TCTA or pure TADE sau/ ] 27- | 158 6.6- -00022t0 -
OBN-DPA YW small molecular emitter 560 453 307 123 +0.0029
SOEY
(-)>-(R,R)-CAI-
DMAC/ Dispersed in TADF 502 _ 288/ 26.6/ 123/ _ 139]
(+)-(S,9)-CAI- CBP emitter 285 280 124
DMAC
SIR-CPDCz, Dispersed in TADF 492- 928- 214 | AST- | o os -0.0039 to 101
S/R-CPDCB mCP emitter 518 7700 395 303 +0.0035
R=Hor t-Bu
CN Q N
; i -0.012/
S Dispersed in TADF - 209 16.4 127
SIR-CzAXCN DPEPO emitter 468 ' ' ' +0.014 1
N Q NC
3
o
cN O . : +0.0045/
- Dispersed in TADF 38128 61.0 426 1738 ’
S/R-BPPOACZ O CN 2,6-DCzPPy emitter 537 -0.0028 (42
Y
o0 QL0
o S
(RIS)-TRZ- é é Dispersed in TADF w0 8796/ 478/ 49.6/ 20.3/ +0.00071/
MelAc N N mCPCN emitter 9074 421 441 18.7 -0.00084
Q) Clwl)
This
work
NID- ; ; 772/ 745/ 423/ 19.0/ +0.0020/
(R/S)-NID: Dispersed in TADF 501
MelAc mCPCN emitter 750 68.4 61.3 237 -0.0024
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11. "TH NMR, 3C NMR and HRMS spectroscopies
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+MS, 0.6min #34
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