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Design, Synthesis and Electroluminescence Performance of Flexible Fluorenyl
Block Delayed Fluorescence Dimers
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Abstract Organic light-emitting diodes (OLEDs) have a series of advantages such as high resolution, wide viewing angle,
lightweight, and flexible solution processing that can realize a large area of self-illumination display. As the third generation
of luminescence materials, thermally-activated delayed fluorescence (TADF) material can harvest 100% of triplet excitons
through reverse intersystem crossing (RISC). However, the triplet excitons exhibit severe aggregation-caused quenching
(ACQ) behavior in the tightly stacked state, which undoubtedly reduces the device’s performance. In this work, we synthe-
sized the block dimer TADF material 2TC-Fu, among the molecular structure, diphenylfluorene serves as the block frame-
work and triazinocarbazole (TRZ-CZ) serves as the TADF emissive unit. First, carbazole is connected to the end of
1,6-dibromohexane, and then the symmetric structure is synthesized from nucleophilic substituted bisphenol fluorene, after,
monofluorotriazine is attached to both ends of the symmetric structure by a nucleophilic substitution reaction to generate the
target product 2TC-Fu finally. Because the addition of diphenyl fluorene obviously shows a spatial torsion angle, the irregular
distribution of the emitting unit is realized by bridging the flexible alkyl chain in the middle of TADF, thus effectively avoid-
ing the ACQ of the TADF unit and improving its solubility in the solvent. Thermodynamic properties show that 2TC-Fu has a
high glass transition temperature (142 °C) and a thermal decomposition temperature of 442 °C, proving that it can be suffi-
cient to withstand the heat treatment procedures during device preparation. In addition, the device 2TC-Fu based exhibits a
high CEmax and EQEmax of 8.3 cd/A and 4.4% respectively, which exceeds 3 times the efficiency of non-block TADF
unit-based, demonstrating the feasibility of the flexible fluorenyl block strategy. Moreover, the devices 2TC-Fu doped with
TADF material 5CzBN achieved 13.1% of EQEmax and 3489 cd/m? of brightness. In summary, the design of a flexible fluo-
renyl block strategy to avoid large-scale aggregation of luminescent nuclei significantly improves the device efficiency,
which provides a new way for the development of TADF molecules. Although the aggregation-induced fluorescence quench-
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ing was effectively inhibited by increasing the molecular spacing between luminescent units and increasing the solubility of
molecules by using large fluorenyl groups and alkoxy chains, we will not stop researching the blocking strategy. In the future,
we will continue to explore the factors that affect the performance of TADF devices in all aspects, such as the type of block

groups and the steric hindrance of substituents.

Keywords thermally-activated delayed fluorescence; diphenylfluorene; block; organic light-emitting diodes
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Figure 2 DFT calculations of the molecular configurations in the ground states, calculation of frontier orbit and vertical excited state energy of single
triaxial state

R 1 2TC-Fu MPIRAL 2 RAEHUR
Table 1 Physicochemical characterization data of 2TC-Fu

Japt/nm Jg/nm (SYT)/eV (HOMO/LUMO%/eV (AE/AEsy)leV (T&ITYIC
285/336/368 432 3.16/2.89 —5.56/—2.51 3.05/0.273 442/142

@b Measured in toluene solution at room temperature; ¢ calculated from the onset of fluorescence at room temperature and phosphorescence spectrum at 77 K; 4 calcu-

lated from the onset potential of oxidation; ¢ the decomposition temperatures corresponded to 5% weight loss.
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Figure 3 UV-Vis absorption and fluorescence spectra (a) of 2TC-Fu in toluene at room temperature, and normalized phosphorescence spectra (a) of
2TC-Fu at 77 K, film fluorescence and delayed fluorescence spectra (b) of 2TC-Fu at room temperature, transient spectra (c) of 2TC-Fu measured at 77 K,
normalized UV solvation curves (d) and FL solvation curves (e) of 2TC-Fu, Lippert-Magada plot (f) of 2TC-Fu in various solutions

R 2 2TC-Fu 7EA R b G s Re Ik
Table 2 Spectral properties of 2TC-Fu in different solvents

Solvent A, n)* b /nM ¢ “nm Aviem™
Toluene 0.013 371 432 3806
EA 0.200 365 463 5799
DMF 0.274 364 477 6508
DMSO 0.286 363 480 6715

“ Afis the orientation polarizability parameter of the solvent; A, is absorption wavelength; ¢ J¢ is fluorescent wavelength; ¢ Av is the Stokes shift.
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Table 3 EL performances of the devices using 2TC-Fu-based devices

Device Vou IV CEma’/(cd*A™")  PE,/(Im*W™") EQE /% Luns/(cdsm™?) CIF/ (x, y) EL yo/nm

TRZ-Cz 5.4 1.7 0.8 0.9 220 (0.17,0.26) 477

2TC-Fu 5.0 8.3 52 4.4 1378 (0.19,0.31) 479
2TC-Fu:10% (w) 5CzBN 3.8 159 12.5 7.2 2862 (0.18,0.42) 494
2TC-Fu:20% (w) 5CzBN 4.4 339 213 13.1 3195 (0.22,0.47) 501
2TC-Fu:30% (w) 5SCzBN 4.6 26.9 16.9 10.2 3489 (0.24, 0.53) 511

@ Turn-on voltage at 1 cd/m?; ® maximum current efficiency; ¢ maximum power efficiency; ¢ maximum external quantum efficiency; ¢ maximum luminance; / the

Commission Internationale de L’Eclairage coordinates.

Iy F BLAT FHVAWOEH 45 1Y OLEDs #4 rhV: BE FL A4
ATk I BB 5 2R LRI N, BCRE R I R AR 1S
B, SEIAE] 100 cd/m? B, B4R ESECN 20%
5CzBN [IRCRIEIE AN 42%, 1452 30% 5CzBN I, 2L
RIRWFIER] T 82%, KA L2 MBI MM B 25 5 H
LR FE R KILG, AR FITF 2 20E. LAk,
5CzBN KB KRR, Kegnii B M Ima s, 12
fHRe BRI LR E A &, JE RS BEGE T, S8
(R G B AR A R AW, U S B m i
ai AT, B 6(d) B T RERFE R AR T1F 3R
PiRh R S HLE], FIKR R, TADF T4k 5844843k 2 18]
KA TR Forster RERFEH(FET)LFE, RN HT5
FIRIEA &, 12 R AFTE dexter BEREFEFIME,
A IE B R LB T BRI R, R R A
[F) B 56 A A Re i 04

3 g

ATAERL 1,3,5- =W NHL 324K, MRS T2 1k,
BT — RS TADF A0k it 51 AN NIE — 2R 525318
Tz ALRE, B RGhEK T TADF % [ 1) = 8 &5
K, VAT B R BEAE AN i E S TADF HoT,
TXFEREEE S 7 R R KR SRR, A Ik B S8 55
T FRERBINIE, S5 M0 RE B & AV I Ak B
FE. AL W, 2TC-Fu 3 H W& /) TADF
PEF, HAEUN AEst (0.27 eV)RHS W= HEAR| L E
SHHEBAET AR, 442 CH R R 58 20 L iE ik
HFER KR E R, Ak, EAESB R AR R
2TC-Fu RILH 8.3 cd/A 1 CE F1 4.4%[1) EQEmax, #Hk
T A HRBL TADF K6 HIG(TRZ-Cz) 4 f5HIRCK, WEH T
FNEG FAR BRI AT AT, J34b, 2% 7 TADF #E
5CzBN f#J 2TC-Fu SZ3 T 13.1%F) EQEmax £ 3489 cd/m?
PISERE. 25 LRk, T8 2 2 4k B S s et i R e A%
KIS ERER T H B R4y T #8F%, iXy TADF
ST RIRAGE T Hie R, BARA TR @ FI A KAk
R 2 B 3G KT & ' B e (8] 1) 431 18] e 5 01 A o 2 2
FEXGIN T WAL, A RENE] T RES TR
K.ALRRATA SIS Tk, TEARRI B, BATTSgksk
MR B AR . B IE AT BH ORIV TS THI, 47 6 H R
R TADF 231 R R R .
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41 4,4-((OH-%7-9,9- = &)W (4,1- T K E)) W(E £))
B2 KT-6,1-— )W (FE)) W (OH-HME)(M2) B & B

T ik P BRER B ) S M A8, 7R N ERIA T 4-52
RS 1,6- RO, JEESEAZ NS B RR My, 2R
Ja RIRAE R RBE IO 1.087 g My, 1.971 g X273,
2.365 g BREREILL K 50 mL RERVET, w7 IR
5. FERAAET, THEZE 60 C, A EEENR 26 h. #5345
e ZE R MR 22070, P TN — S (MR RRLEL 25
3N, fEREENTHR BRI, B AR —
AR BEATRLL 5 0 D) ABEMR, 153040 5 e RUhRk E 4
2Cz-Fu(Mp) IFHETF-2 H, FTAR724) 1.96 g, 7% 74%. 'H
NMR (500 MHz, CDCls) 6: 8.29 (d, J=7.8 Hz, 2H), 8.00
(s, 2H), 7.75 (d, J=7.5 Hz, 2H), 7.40~7.27 (m, 12H),
7.22~7.17 (m, 2H), 7.10~7.06 (m, 4H), 7.01 (d, J=8.0
Hz, 2H), 6.75~6.69 (m, 4H), 6.65 (d, J=8.0 Hz, 2H),
423 (t, J=6.3 Hz, 4H), 3.91 (t, J=6.4 Hz, 4H), 2.05~
1.96 (m, 4H), 1.85~1.77 (m, 4H), 1.72~1.64 (m, 4H),
1.63~1.56 (m, 4H). '3C NMR (126 MHz, CDCLy) &
155.69, 155.19, 151.96, 138.67, 129.62, 129.13, 128.64,
127.23, 126.65, 124.84, 122.99, 119.60, 114.04, 109.86,
106.39, 103.25, 101.09, 77.26, 77.01, 76.76, 76.42, 67.77,
61.21, 53.41, 29.39, 29.25, 26.04, 25.89.

42 4,4-(((9H-21-9,9-Z E)W(4,1-THE)) (X))
B (D KE-6,1- )W (FH)) W (9-(4-(4,6-—F£-1,3,5-
=BR-2-F )R E)-OH-HRME)(2TC-Fu) M & B

R SR AP IR G il Ms, FRERVSEE T4 0.202 ¢
F-TRZ(M3), 0.255 g 2Cz-Fu(M,), 0.281 g BxFR4, 25 mL
DMSO & FMR NN e, R 5 255
FHRZE 130 °C, #iFE 12 h. RN FENREARE R =R, M
SRS 100 mL A UKER A1 &AL BN R,
8 DMSO 57K B, g P 2B DMSO W71, #r itk
B [E A PR R R, A T R S B (R A B
25 D3RR, fEAEENT R BR LIRS, B A
Pt F1 SR (AL 5 0 DB RIS A, AR
WURDIR P24 2TC-Fu, FEN4 il 80 it T, Fifs =y
0.39 g, 773 86%. 'H NMR (500 MHz, CDCl;) d: 9.08~
8.99 (m, 4H), 8.85 (dd, J=8.2, 1.4 Hz, 8H), 8.43 (d, J=
7.8 Hz, 2H), 7.83 (d, J=8.5 Hz, 4H), 7.78 (d, J=7.5 Hz,
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2H), 7.71~7.59 (m, 11H), 7.53 (d, J/=38.2 Hz, 2H), 7.45~
7.40 (m, 4H), 7.40~7.34 (m, 4H), 7.34~7.29 (m, 5H),
7.21~7.10 (m, 6H), 6.78 (d, J=38.6 Hz, 6H), 4.30 (t, J=
6.3 Hz, 4H), 3.96 (t, J=6.4 Hz, 4H), 2.13~2.00 (m, 4H),
1.93~1.81 (m, 4H), 1.74 (dt, J=14.8, 7.2 Hz, 4H), 1.64
(dt, J=12.5, 6.5 Hz, 4H). '3C NMR (126 MHz, CDCl5) ¢:
171.79, 170.95, 157.86, 155.81, 151.96, 141.90, 141.80,
139.99, 139.74, 138.00, 136.18, 134.92, 132.66, 130.58,
129.19, 129.04, 128.72, 127.69, 127.29, 126.93, 126.84,
126.08, 125.18, 123.29, 120.61, 120.12, 114.09, 113.04,
109.31, 102.65, 102.15, 77.31, 77.06, 76.81, 68.00, 67.76,
64.23, 29.44, 29.32, 26.12, 25.98. HRMS (ESI) m/z. calcd
for C103HgNgOs, 1495.84; found, 1496.60. Anal. calcd for
Ci03sHg2NgO4: C 82.70, H 5.53, N 7.49; found: C 82.71, H
5.53,N 7.47.

B

BAVEUHTIFAE — AR ¥ 1K (the project
supported by the First-class Undergraduate Majors Con-
struction Program of Jiangsu Province). 7L75% AFHEFR!
fiff 55 9 A1) &I 50 H (Undergraduate Research & Prac-
tice Innovation Program of Jiangsu Province)~ VT4 & /4
2RV % I H (the Key Discipline Construction Program
of Jiangsu Province)fl VL 754 mi B AL 34 2 RL e 5 H
(PAPD)(Project Funded by the Priority Academic Program
Development of Jiangsu Higher Education Institutions)ff]
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