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Abstract In order to develop cheap and high-efficient circularly polarized thermally activated delayed fluorescence
(CP-TADF) materials, herein, we have designed and synthesized two pairs of chiral enantiomers (R/S)-AOBD and
(R/S)-POBD by fusing the Hs-BINOL skeleton into xanthone electron acceptor group. The electron donor groups of
9,10-dihydro-9,9-dimethylacridine or phenoxazine were used to regulate the emission wavelength and properties of materials.
The photophysical and chiral optical properties of these materials have been studied. Electroluminescent devices using these
materials were prepared by vapor deposition process and their performances were evaluated. Compounds exhibit good ther-
mal stabilities. The decomposition temperatures (7a) of 5% weight loss are 433 ‘C for AOBD and 452 C for POBD. The
glass transition temperatures (Tg) of AOBD and POBD are 152 C and 258 °C. Their high 74 and T can meet the require-
ments for material thermal stability in the organic light-emitting diodes (OLED) application and vacuum evaporation pro-
cesses. These materials have moderate photoluminescence quantum efficiencies (0.34~0.43). They have small AEst
(0.051~0.056 ¢V) and showed obvious aggregation-induced delayed fluorescence activity. The lowest unoccupied molecular
orbitals (LUMOs) of these compounds are mostly located on the xanthone groups and the distribution proportion attributed to
chiral Hs-BINOL substructures is as high as 28%. Therefore, their photoluminescence (PL) spectra also have obvious circular
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polarization with dissymmetry factors (|grL]) values between 5.4X107* and 9.0X 107*. The circularly polarized organic
light-emitting diodes (CP-OLEDs) using these compounds show good performances with the maximum external quantum
efficiency (EQEmax) of 10.6%~16.6% and intense circularly polarized electroluminescence signal with dissymmetry factor
(|geL]) of 2.2X1073~5.4X1073. These devices also exhibited high brightness (9118~32010 cd*m2) and small efficiency
roll-off (18%, at 1000 cd*m2). The high performance in device efficiencies and dissymmetry factor of these materials is at-
tributed to the full fusion of the Hs-BINOL units with receptor groups, as well as their steric hindrance effect. It provides a
good strategy for the development of stable electroluminescent materials with high efficiency and dissymmetry factor.

Keywords organic light-emitting diodes; circularly polarized luminescence; thermally activated delayed fluorescence;

octahydronaphthol; xanthone
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(RIS)-AOBD
58%~61%

Bl 1 AOBD I POBD & itk £k
Figure 1 Synthetic routes of AOBD and POBD

(RIS)-POBD
53%~54%

(I) Methyl 4-bromo-2-fluorobenzoate, dimethylformamide, K,COs, 110 ‘C, N, 12 h; (I) KOH, 4-dioxane, r.t., 12 h; (III) Trifluoroacetic acid, Trifluoroacetic anhy-
dride, r.t., 12 h; (IV) Phenoxazine or 9,10-dihydro-9,9-dimethylacridine, -BuOK, Pd(OAc),, t-Bu;PHBF,, toluene, 110 ‘C,N,, 12 h.
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Figure 2 Thermogravimetric analysis plots of AOBD and POBD
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Figure 3 UV-Vis absorption and photoluminescence spectra of AOBD
and POBD: (a) UV-Vis absorption spectra of AOBD and POBD in
CH,Cl,; (b) Photoluminescence spectra of solid and 1% (w) PMMA films
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#£ 1 AOBD 1 POBD [ EiAsIE
Table 1 Physical characteristics of AOBD and POBD

Sample Aemd/nm D% Tprompt /IS Tielayed /DS Ractayed”/% _ AEst/eV. E ™YV HOMO%V LUMO7eV  (TJT)/C
R-AOBD 559 (489) 34 0.38 24.0 0.051 0.559 —5.359 —2.743 433/152
R-POBD 599 (524) 43 1.14 29.8 0.056 0.386 —5.186 —2.755 452/258

@ PL spectra were recorded in CH,Cl, (PMMA films at a conc. of 1% (w)) at r.t. * Quantum yields and lifetime were recorded in PMMA films at a conc. of 1% (w) at
r.t. ¢ Measured at 77 K. ¢ E; % refers to [(EpatEpc)/2], where Ej and E,, are the cathodic and anodic peak potentials referenced to the Fc*/Fc couple in CH,Cl,.
¢HOMO=—4.8—E )./ LUMO=HOMO E,*". E,°” was estimated from the absorption edge.
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Figure 4 Cyclic voltammetry plots of AOBD and POBD
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Figure 5 Contour plots of the HOMOs and the LUMOs for AOBD and POBD
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Figure 7 The device configurations and chemical structures of the materials used
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Figure 8 Character curves of AOBD and POBD devices DA (AOBD) and DP (POBD): (a) Electroluminescent spectra; (b) Current density-voltage-

luminance curves; (c¢) Current efficiency-luminance-power efficiency curves; (d) EQE-luminance curves; (e¢) CPEL spectra; (f) gr values-wavelength
curves
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#£ 2 AOBD #1 POBD # 4 & b A3 Kt
Table2 AOBD and POBD device luminescence and efficiency data

Device (dopant) Apr/nm Vor IV L/(cd*m™) CE%(cd-A™") PEY/(Im*W ") EQE“/% CIE! (x, )
DA (AOBD) 488 38 o118 245 (21.4) 18.7 (12.3) 10.6 (8.6) (0.22,0.42)
DP (POBD) 548 40 32010 533 (44.1) 41.7(24.3) 16.6 (13.7) (0.41,0.55)

@ Turn on voltages at 1 cd*m™?; » Maximum luminance. ¢ Maximum efficiency (efficiency at 1000 cd*m™2); ¢ CIE coordinates at 7 V.
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12,12'-dione (R/S-AOBD): #[E A, f=2%538 61%
F1 58%. 'H NMR (400 MHz, CDCl;) ¢: 8.55 (d, J=8.4
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Hz, 2H), 8.19 (s, 2H), 7.45~7.42 (m, 4H), 7.31 (dd, J=
8.4, 1.9 Hz, 2H), 7.14 (d, J=1.9 Hz, 2H), 6.95~6.90 (m,
8H), 6.28~6.25 (m, 4H), 3.04~2.99 (m, 4H), 2.48~2.40
(m, 2H), 2.38~2.29 (m, 2H), 1.85~1.71 (m, 8H), 1.64 (s,
12H); 3C NMR (101 MHz, CDCl;) J: 176.73, 158.06,
151.60, 147.24, 144.90, 140.14, 134.51, 130.89, 129.27,
126.40, 126.31, 125.53, 123.59, 121.37, 121.28, 120.06,
119.73, 114.55, 36.11, 31.25, 29.50, 28.17, 22.59, 22.56;
HRMS ((+)-ESI): m/z=913.3993 (caled. 913.4005 for
C64H53N204 [M+H]+)

R/S-3,3'-di(10H-phenoxazin-10-y1)-7,7',8,8',9,9',10,
10'-octahydro-12H,12'H-[6,6"-bibenzo[b]xanthene]-12,12'-
dione (R/S-POBD): & affilfh, =345 5108 54%F1 53%.
'"H NMR (400 MHz, CDCL3) d: 8.54 (d, J/=8.3 Hz, 2H),
8.20 (s, 2H), 7.30 (dd, J/=8.4, 1.9 Hz, 2H), 7.19 (d, /=19
Hz, 2H), 6.70~6.63 (m, 8H), 6.56~6.52 (m, 4H), 5.94
(dd, /=38.0, 1.4 Hz, 4H), 3.10~2.96 (m, 4H), 2.49~2.40
(m, 2H), 2.37~2.29 (m, 2H), 1.87~1.81 (m, 4H), 1.78~
1.68 (m, 4H); C NMR (101 MHz, CDCl;) J: 176.52,
157.88, 151.53, 145.07, 144.85, 143.98, 134.62, 133.37,
129.69, 126.54, 126.14, 123.50, 123.20, 122.06, 121.64,
120.15, 120.00, 115.83, 113.41, 29.51, 28.19, 22.58, 22.56;
HRMS ((+)-ESI): m/z=861.2990 (calcd. 861.2965 for
C58H41N206 [M+H]+)
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