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Abstract Using chiral luminescent material as the emitting core in organic light-emitting diodes (OLEDs) would make
these devices possess circularly polarized electroluminescence (CPEL) performance, namely CP-OLEDs, which are of great
value for facilitating the development of the next generation of display technologies, especially for implementing real 3D
display. In this study, a pair of octahydrobinaphthol (OBN)-based thermally activated delayed fluorescence (TADF) materi-
als, (S/R)-OBN-1BuCz, are developed by ingeniously merging a chiral source (OBN) and a luminophore skeleton
(tert-butylcarbazole cyanobenzene). The peripheral sixteen hydrogen atoms in cyclohexane part of OBN unit and the larger
tertiary butyl group could effectively increase the steric hindrance of chiral luminescence molecules, reduce the intermolecu-
lar stacking effect and inhibit concentration quenching, for effectively improving the luminescence efficiency of the devices.
The synthesized chiral luminescent materials exhibit bright green light emission (523 nm), high photoluminescence quantum
yield (85.2%), a small AEst of 0.05 eV with TADF property as well as excellent thermal stability. The chiroptical properties
of (S/R)-OBN-BuCz enantiomers in the ground and excited states are investigated by circular dichroism (CD) and circularly
polarized luminescence (CPL) spectra, and the strong symmetrically circularly polarized luminescent signals with gpL of
+8.6X10* and —6.5X 107 in toluene solution are observed for (S)-OBN-fBuCz and (R)-OBN-fBuCz, respectively, indi-
cating that the chirality is successfully induced into the TADF skeleton through chirality transmitting of OBN unit. Consider-
ing the efficient TADF and CPL properties, the enantiomers are employed as chiral emitters for fabricating CP-OLEDs. The
electroluminescent devices based on (S/R)-OBN-fBuCz exhibit decent performances with the turn-on voltage of 3.9 V, the
maximum brightness of 27709 cdem™2, the maximum current efficiency of 43.8 cd*A™!, the maximum power efficiency of
33.5 Im*W!, the maximum external quantum efficiency of 12.4% and low efficiency roll-off as well as obvious circularly
polarized electroluminescence signals with geL of +1.57X 1072 and —0.90X 1073, respectively. The design strategy of ra-
tionally merging chiral source and TADF skeleton can promote the development of chiral luminescent materials and circular-
ly polarized electroluminescent devices.

Keywords chiral luminescent material; circularly polarized luminescence; octahydrobinaphthol; large steric hindrance;
circularly polarized organic light-emitting diodes
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Figure 1 Molecular structure design for chiral luminescent material with large steric hindrance
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Figure 3 The absorption and photoluminescence (PL) spectra of
(R)-OBN-7BuCz in toluene solution
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W1 6 FTLIE, TS MR BRIRR SRR, W 6e, 6f, FiA S REILN
SR SR BEL MRS E AT D-S A1 DR B FRIOERIR BRI (S 2, gu 209+ 1.57X 10 A1
Mg, R RSN 530 nm, YR CIE (1931) —0.90X 1073, UEBH T )\ EECEE By F 1R IR GE 05 1R 4F th 5
AFRA(033, 0.59), SIURICERL 20 D-S FIREE S HBHHRBER L.

HIEN 3.9V, HRFEH 27709 cdem 2, e KHLIRAEE

K438 cde A, FRIIZNAR N 33.5 ImeW !, FAAME 3 ZEiR

TR 12.4%. FETRVSHEFRIFF DR BRI 5 o T\ 2L B 25 A 9 7 8 0 5 3 A 5
TR IR IERE: BRI 39V, BKTEEN  papp seyp s s, BB AT RE RO MR
24223 cdem?, FKHRCEAN 42.0 cd A, HKRIHE (S/R)-OBN-BuCz, JLJE T MIZE G0 K4, &K
RN 322 ImeW !, e KANE T RCRN 11.9%. HIE BHIE Y 523 nm, FECE T A RIAT) 85.2%. B4 CD 5
R, RS R I TARRACECRIREE. B cpp gy pese ) )\ sy ROB M T 1 S 0T
fn, #3844 D-S TR REEAE 100 A1 1000 cdem 2 i, AR J5. (S)-OBN-fBuCz FI(R)-OBN-rBuCz Ji& 5l H % 1 1 Bl
DAeIRAIRITLE 393 A 385 cdeAls WUBRSTRBS) g arie . gu 4HBI9+8.6X 104 A0—6.5X 10,
5000 edem %, MUHCEIKIMRIFA 36.4 odoA L BB iy bt o it b BB 6 T IS B0
LRI R T g A R F DL N =AMAF: (1)/\;7—?14 I B A V‘ﬁ/l\%ﬁ:ﬁ[g@fﬂtﬂﬁﬁﬁﬁﬁg, Hrh D-S [E =
RS T ARSI RS ASCP =R gy iy 3.9 v, osEe 27709 cdem®, BOKHLTNCE
HUECRE, Wb T A FIIRERL, AT IR = TEET g 40 cqoa t Bk Thll 33.5 meW . At Bt
K MBS BRIV PR TRE ey 12.4%, MORRIHRIC H IR
0l 78.7%, $AHIA 26DCoPPy:(RyOBN-BUCE (W= g iy 7 g bt Wit BRI RIS
10%) 1 85.2%) A Fl T 7= A8 = I R e 380%; (3)W O Y L S ALY LY G 5 WG s R G B o e
KO B AR M P DA RO SRR PR T e o0 Bt L8710 F1—090 10, %
SEEDCHL, BORRT IR, IR TRR, INWIRE 4y gy e P B ) T (23T HESOL AR

R 1 2F D-S M D-R MHEUR M B HUR

Table 1 The data of electroluminescence performances of D-S and D-R devices

Device Vlum—ona/v mexb/(Cd'n'fz) nc,maxc/(Cd'Ail) 710,100/’1000/5000d/(Cd'A71) ﬂp,lnaxc/(lm'wil) EQEmme/% gELg
D-S 39 27709 43.8 39.3/38.5/36.4 335 12.4 +1.57X1073
D-R 3.9 24223 42.0 39.0/38.1/34.9 32.2 11.9 —0.90X 1073

“Viameon: JA5eHE, 52BN 1 edom™ B I LAE K ® Lia: BRKFEPE;  femax: BRI “71e 100100050000 SEEY 100+ 1000 F1 5000 cdem i ) LT
Apmax: NINRILE S EQE max: B RAMNETRR; € e KRS K530 nm) b g [HF.
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T, uE, FREES TG YA ET (R
8 © VCEMEH)=1 : 12)besiial, 5(R)-OBN-F
H @A, 770N 84%. 'H NMR (400 MHz, CDCl;) o:
7.04 (d, J=12.0 Hz, 1H), 6.94 (d, J=12.0 Hz, 1H), 2.82~
2.64 (m, 2H), 2.55 (m, 1H), 2.32~2.25 (m, 1H), 1.76~
1.66 (m, 3H), 1.60~1.51 (m, 1H). '3C NMR (101 MHz,
CDCls) 8: 148.13 (s), 147.07 (t, J=2.6 Hz), 146.71 (d, J=
15.2 Hz), 144.10 (d, J=16.2 Hz), 136.47 (s), 135.91 (s),
129.64 (s), 127.88 (s), 117.07 (s), 108.02 (s), 101.78 (dd,
J=10.2, 6.8 Hz), 28.29 (s), 26.53 (s), 21.46 (d, J=12.1
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4.12 BRI A4 (R)-OBN-BuCz 9 4-&

(R)-OBN-F (1.0 mmol), F&FR4H(4.0 mmol)Fl 3,6-
BT HEHE(2.5 mmol)¥E T /&1 DMF (15 mL)H, 7E
7 A0 RGP ) TR PR e R A T B .
TR A YIE IR R HERE 12 h, SRJF K I B4 R (R &
BIFHRBIANKF (B0 mL) , F 4R AHE(10 mL X 3)AEHL
KE. RAEMANLEH KPS G0 mL), fERERE L+
e o BE, JREEENIRGE. MR E (IR 2
i) @ VCAMEE) =1 : 10)Pk 24, #3(R)-OBN-fBuCz
NEE A, P2 N 80%. 'H NMR (400 MHz, CDCls) o:
7.55 (s, 1H), 7.42 (s, 1H), 7.29 (dd, J=16.0, 8.0 Hz, 2H),
7.09 (dd, J=8.0, 4.0 Hz, 1H), 6.86 (d, J=8.0 Hz, 1H),
6.57 (dd, J=8.0, 4.0 Hz, 1H), 6.28 (d, J=8.0 Hz, 1H),
3.05~2.82 (m, 2H), 2.7~2.69 (m, 1H), 2.49 (dt, J=16.0,
8.0 Hz, 1H), 1.91~1.83 (m, 3H), 1.82~1.64 (m, 1H), 1.37
(s, 9H), 1.27 (s, 9H). *C NMR (101 MHz, CDCls) o:
151.18 (s), 149.48 (s), 143.97 (s), 143.65 (s), 137.57 (s),
137.13 (s), 136.89 (s), 136.60 (s), 134.43 (s), 130.73 (s),
129.20 (s), 124.53 (s), 124.09 (s), 123.14 (s), 122.38 (s),
118.75 (s), 115.83 (s), 115.26 (s), 114.04 (s), 112.48 (s),
109.25 (d, J=4.0 Hz), 35.57 (s), 34.37 (s), 31.83 (d, J=
14.1 Hz), 29.44 (s), 27.67 (s), 22.61 (d, J=11.1 Hz).

4.2 BHAEI[HHEIES RN

14 OLED HIFTA A WU BHEfE FH 88t 515
FHESRAE, 75 1074 Pa NE SN, SEMEITREHE
JZHLBHA 15 Qesquare™ [ ITO 353 . A NI R 284%
T E A 0.1~0.2 nmes ™!, LiF A1 Al TR 43 514 0.01
nmes ' Al 0.3 nmes™!'. ZARMEAT BRI 73 FF
(MZE B IR S AT BB 2 I ROGZ. B 2O 6T
FUA 0.1 em? 2% 4 M A8 1 I SR A oF 501 42 ) )
KEITHLEY 2400 Source Meter. Spectra Scan PR650 Hi
M-SR, EUROEGIE 7 Hitachi F-4600 746
WA A, R RSO GG Jasco CPL-300 il
3. BEARG T A, AT AARAMNE
T SE R

WA AR TR DL R A B Y g L S

1% /& (Supporting information).
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