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ETHAE 7248 1,3, 5- =R B R R AELIER
RAEMRIEE R EEH TR
THEBEY O HESD KWL wEm* B HARK

(IBBHIRVE 2 Ak 22 T 2208 MRS A ThRE S 2 FLM R E S S2iG = I 471934)
CHTREIR ALY 5 TS BES 610054)
MR DA KRR 502 TRE2ERBE AR 450001)

WE  LL1,3,5-= KB R (TBP)E N T 5244, 1,8- = I EEMM(DmCz) 1,3,6,8- 1 FHEERERE(TmCz) 43 BIE N LT 454,
&R T PR R POE AL R S 648 TBP-DmCz Al TBP-TmCz. 4 E 12 SRS R0, XA b8 B m g
. BT ROR, MR R T S R PSR R AR R R (5 UE 2 B A AT AR R 1,3,5- = ORI AR A M ST |
PR FEE LR A ES, A AEEE TR S FHE IR BRE. 2 FHUE RO S 245 R TR, 3 e
SEETG IR, R R T E AR B m BT GRS RESL. TBP-DmCz Al TBP-TmCz 1 & RIEUR B i A Ay
Rk =B REHZE (AEsD)HRAEH /N, 22514 0.05 1 0.01 eV, 78 AT, PiFd R AR THE K5 7 M
TR BRI i, TBP-DmCz F1 TBP-TmCz % Y664 5 U FLAE 488 1 502 nm. ] TBP-DmCz A1 TBP-TmCz 1F 15 44
FARPERIGI 25 T P Al PR RE B AR, BRI BRI R T AR BIAE] T 13.6%F1 18.3%.
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Synthesis and Properties of Two Novel Thermally Activated Delayed
Fluorescence Materials with 1,3,5-Tribenzoylbenzene as Electron—Acceptor

Wang, Zhigiang** Bai, Meidan” Zhang, Ming”
Zhang, Zhiqgiang** Feng, Xun“ Zheng, Caijun*"
(“ College of Chemistry and Chemical Engineering and Henan Key Laboratory of Function-Oriented Porous
Materials, Luoyang Normal University, Luoyang 471934)
(¢ School of Optoelectronic Science and Engineering, University of Electronic Science and Technology of
China (UESTC), Chengdu 610054)
(° Department of Material and Chemical Engineering, Zhengzhou University of Light Industry, Zhengzhou 450001)

Abstract Two thermally activated delayed fluorescence (TADF) materials TBP-DmCz and TBP-TmCz were successfully
synthesized using 1,3,5-tribenzoylbenzene (TBP) as electron-acceptor, 1,8-dimethylcarbazole (DmCz) and 1,3,6,8-tetra-
methylcarbazole (TmCz) as electron-donor, respectively. Thermal gravimetric analysis show that the thermal decomposition
temperatures (73) are 479 ‘C for TBP-DmCz and 484 C for TBP-TmCz and no glass transition was found for both materi-
als during the differential scanning calorimetry investigations. The highest occupied molecular orbitals (HOMO) are confined
on the carbazole unit, while the lowest unoccupied molecular orbitals (LUMO) are located on the 1,3,5-tribenzoylbenzene
unit, and there is almost no overlap between HOMO and LUMO, which is the typical molecular orbital character of TADF
materials. Meanwhile, TBP-DmCz and TBP-TmCz possess degenerated HOMO and LUMO, which would promote the radia-
tive transitions as the transitions could take place from all degenerated LUMOs to HOMOs. The HOMO level of TBP-TmCz
is obviously higher than that of TBP-DmCz due to increasing the number of methyl groups at the electron-donor carbazole,
and the LUMO levels of TBP-DmCz and TBP-TmCz only show a small difference because these materials have the same
electron-acceptor 1,3,5-tribenzoylbenzene. In toluene solution, these materials have very similar absorption spectra and ex-
hibit absorption bands assigned to intramolecular charge-transfer transition. The spectral peaks are located at 488 nm for
TBP-DmCz and 502 nm for TBP-TmCz, respectively, in toluene solution at room temperature. According to the fluorescence
and phosphorescence spectra of these materials in 1,3-bis(N-carbazolyl)benzene (mCP) film at 77 K, the energy gaps between
the lowest singlet and triplet (AEst) of TBP-DmCz and TBP-TmCz are calculated to be 0.05 and 0.01 eV, respectively. The
fluorescence decay behaviors at different temperatures (100, 200 and 300 K) proved that emissions of TBP-DmCz and
TBP-TmCz contain TADF component. The electroluminescence devices with TBP-DmCz and TBP-TmCz as the emitters
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show high efficiency and low efficiency roll-off. The maximum external quantum efficiencies of devices based on

TBP-DmCz and TBP-TmCz are 13.6% and 18.3%, respectively.

Keywords clectroluminescence; light-emitting material; thermally activated delayed fluorescence; 1,3,5-tribenzoylbenzene;

carbazole
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PERB — PR R B, AHLRBUR L R
(OLEDs) B A WREN FEEAR . ROGEE B . Wi R b
BT YT A, AR TR IR T TR
NI 7E OLEDs ROGIEFEh, Rk = A 1) B s A5
SESMTHER N 13, TR BN OLEDs R
REFIFH B B AW R0, SR 0F TAERCR Y R AR, %
THEE R OLEDs I et 5 8 4 F — B AW T 430
AT I, 2R s 198 OLEDs! L 4R, H
AR A B AN E B R S o st SR A, W
k(A1 PLIDAC A5, XL BN &5, HRE
ABR, AFITF AR X A4

H 2012 4 Adachi B4 0K HGE L IE IR 5Ot
(TADF)# BN F OLEDs LAK, ZZEH R — BN
e HL S F AT F R AR ) %, TADF #1k}
FR B AR R B B 25 (S ) AN B R I & = FE 25 (T ) 1| e ) 22
(AEgr)/h, Fih FRIAI KA T,—S, X &[0 & EL(RISC),
Sk AT S, —So(FEA)FESKIE =4 TADF® ),
It, F TADF # kM4 ) OLEDs tAERIH 45k B
MZESBMTFRE. Bk, B AR 7850, 4
BHAA Y VLR BN &8 S S(Wn Cu(DEL &)
RER ST =R TADF, ML TSt & @itk &9, Mk
11 25 AR R IE B AREO 7 IE R i T iR 4, TADF
MARHE ARG 2 T PO K R, LI 4G M. TADF #4
37411,

415 WL TADF M4 R1E 5 B 745 PR R0 1 52 A o
SERJELTCLH AL, PRI R e B o AR HUE (HOMO) Al i
I HL 7o 5 BB (LUMO) 20 1) 40 A 78 L 145 14 F1 52 4
by MH, W THUEESBD, MER AEs 8
NPT, A 2 R R AL 82 AR R T B T
TADF Ak, GEEHEESE . =5 EMke . AR,
T HEMME T E A WELT, 1,3,5- = KB K
(TBP) 2 il FF & 1 — P B4 s 1 52 44, mf AR R 334
FesE MR 2 TADF ML 2 B RIRF 7T EoR, DA
TBP {EANH T2k TADF Mk EA 246 KT
i, e AR R AL TBP fENH T2
A, 1,8- T FRFEMEMERT 1,3,6,8-PU FJEE IS 54 A H 1
Y51k, & LT WP TADF #8 TBP-DmCz A TBP-TmCz.
XFAA RN R T mfaett, mHSEE R
/NI AEst, RETCRILE T B 21 TADF $#1E. 43 51 LA
TBP-DmCz fl TBP-TmCz 1E N K E B A EARM KL, il
H T A E TR B EUROGEME, BR RIS E T
KOHIEE] T 13.6%1 18.3%.
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2 H#ER5Me
21 El54%M

¥4 %} TBP-DmCz #1 TBP-TmCz )& i 26 1 & =X 1
Fizs. 1,3,5- R =W & 1) S5IRAEIL Friedel-Crafts 75
FEAR BB A=) 2; (G 2 ol 1,8-
e (3). 1,3,6,8-VU 2L MM (4) il it Buchwald-Hartwig
BB SN B 7] 3545 TBP-DmCz 1 TBP-TmCz. b &4k
P AL . i DL R TR AT AT TR AR, @ R
12 B ER(DFT)iHH A 5L T TBP-DmCz Al TBP-TmCz [
SEAREERIR  TEIE. TR 1. 8 A EH M
REBEAEF, 753X PR AR} o () R ek 25 4] B e F 5 2 AR
PRI A B 90°(K 1, B S1). XM A
il 225 A4 T B ARG L TR PR HE AT P T 524K TBP ] ) L 40
FEEE, AFIF28 HOMO 5 LUMO 43, 451
IR, PRREEL HOMO Y20 A5 AEHE 46 K Bt B, Tl
LUMO 7 AifE TBP &5t b, WpsrrHiEE JLF
BHES, B TADF MR FHUE R SLRRHE. S 4h,
X FAPEHET LUMO 1 LUMO+1 21U (1 R A ],
HOMO. HOMO-1 #1 HOMO-2 43 - #Li& th B A #H 5] )
REZ, M BINPIATE o FHuEE 1, B S1), T4
53CHkiE e AL, Bk TBP-DmCz A1 TBP-TmCz
Al g AT 2 SR mE", 54538, TBP-DmCz
K] Sy ASRESCN 2.466 eV, T, SHESN 2.462 eV, AEgr N
0.004 eV; TBP-TmCz 1] S, BHES A 2.340 eV, HIL T,
AHEEDN 2.334 eV, AEsr 4 0.006 eV. /N AEsy F B
TBP-DmCz 1 TBP-TmCz i}l 24 K 4F ) TADF %tk
22 PHRBREMSHFHNIERS

HE(TGA) M ZE R AR EHR(DSC)MIKL R PR,
XHFMEMAE AR, ERAAAT,
TBP-DmCz 1 TBP-TmCz W IR (T, KE 5%)
43R 479 A 484 C(FE 2), 7£ 50~300 CiRETEHN,
PRI R B R A B AR LR . ARAEIE IR 21k
(CV)IAR I8 AL, TH5E /42 TBP-DmCz 1 TBP-
TmCz ) HOMO B84 7128 —5.70 F1—5.62 eV. AU,
W2 i BT R, MR HOMO R
AR TR X2 FCABRR R HOMO #iE s F 25
RS T b, T B RE D I H R R T
FPEREY. WRAEMEIROEIE AR, AR
TBP-DmCz #l TBP-TmCz [ HOMO 5 LUMO [H] fg 2% 2
SN 2.75 K 2.65 eV; 454 HOMO fRedifH, 53
TBP-DmCz 1 TBP-TmCz ) LUMO #&2% 43 78 —2.95
F—2.97 eV. HTXFHMAEH LUMO $iE 7> i fE
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#1 TBP-DmCz fll TBP-TmCz fI4HLIE e R I
Table 1 Physical properties of TBP-DmCz and TBP-TmCz

Compound Aaps/NM Ap/nm Dp 1% AEst/eV HOMO/eV LUMO/eV T4 C
TBP-DmCz 334,347,384 488 62.3 0.05 —5.70 —2.95 479
TBP-TmCz 332,347,390 502 69.6 0.01 —5.62 —2.97 484
“Measured as a thin film doped in mCP.
1.0+ —— TBP-DmCz il
- —— TBP-TmCz 1074}
& 0.84
] > 1034
E 061 2
k5 8
N 04 £ 10%,
[0}
£
2 0.2 10"
0.0
T T . 10° T T T ‘
300 400 500 600 700 0 200 400 600 800
Wavelength/nm Time/10°s
3 TBP-DmCx il TBP-TmCz /& AT ITIOLH 5L E0R L Al° — 100k
(PL)YG i 1074 — 200K
Figure 3 The absorption and photoluminescence (PL) spectra of 300K
TBP-DmCz and TBP-TmCz in toluene solution . 1034
."ﬁ
Frh, TBP-DmCz Fl TBP-TmCz )35 I &SI 43 31l H B0 S 1074
o
fE 488 f1 502 nm. 5 TBP-DmCz #fi L, TBP-TmCz /] ICT -
WS A1 PL JGIE I K AR T B A0S, X AR 41 10
HURAE S AL R — 5L -
KPR B 5 1,3-7(9-HE M) 2E (mCP)JE [ 0 | 100 200 300 400

FRAE, % R IR E (W) 5% A . TBP-
DmCz Fl TBP-TmCz 7 {5 rh 513 Il tH T 48 = PO BUR
HE TR (Dpr), DN 62.3%F1 69.6%. R R
M, 77 KOIR R RO BEE ek, THE W
TBP-DmCz l TBP-TmCz [¥] AEsy 437124 0.05 eV £10.01
eV, Wik /N AEsy FURAE ML RE WS K G AR 1)
TADE. TBP-DmCz #1 TBP-TmCz J# 5 75 AN [F]ii5 J F 15%
BTICTRNR G IR BB 4), WAARHF R S 6T
B0 B A AP AN IS 5 i P AR AR 53, BT 43 U &
TR 98 G AR Tk = B A& TADF; 1 B, T
5L e B S 48 5 3 o 4 23 () SR kT (1), Xk — 250 W
TIX PR R S 6 AE1E TADF.
24 HBHANMEE

i TBP-DmCz A1 TBP-TmCz 73 HIVE RN K& ZE Ak
MORL, B R B S, )8 TR R v R I FRLE
KACEL)EAF:. 55 82844+ 1. ITO/TAPC (35 nm)/TCTA
(10 nm)/mCP:TBP-DmCz (w=10%) (20 nm)/TmPyPb (40
nm)/LiF (1 nm)/Al; #$f 1I: ITO/TAPC (35 nm)/TCTA
(10 nm)/mCP:TBP-TmCz (w=5%) (20 nm)/TmPyPb (40
nm)/LiF (1 nm)/Al. ITOCGEALHHES)FI LiF/Al 43 51 R FHAR
AIFA#%; TAPC. TCTA. TmPyPb F1 mCP &5 &l 5
FioR, S ES R ZE . BFRRE . BTEmZ
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Figure 4 The temperature-depended transient PL decay curves of
TBP-DmCz (a) and TBP-TmCz (b) in mCP film
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RAET/DEAK. 8300 1T 1R TS B R
BRI, FFR RN 3.1V, KRG hlik
F|7 10810 cd/m> 110940 cd/m* (& 7). WA 28441 %6
AT ORI T4 498 % OLEDs 3L i) PR
(5%), #=IF 1 A 11 Wi RAME TR AN 13.6%A
18.3%, I KINEZCESHIAN 33.8 Im/W Fl 47.7 Im/W
(B 8). M H, MiE KRG E, RIGKERRET /N
W8 TR, RIGEEREES 1000 cd/m? I, 2448 1 A1 1147543 3
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Figure 5 Molecular structures of TAPC, TCTA, TmPyPb and mCP

F2 BBUOGEM TR L MR
Table 2 The EL performance data of devices I and II

Devices (guest) VoIV Jpr/nm Lo /(cdem %) CEpa/(cdsA ™) PE o /(Im*W ) EQE /%
1 (TBP-DmCz) 3.1 496 10810 33.4 33.8 13.6
11 (TBP-TmCz) 3.1 508 10940 50.1 47.7 18.3

“ Turn-on voltage measured at the luminance of 1 cd/m™; ® maximum luminance; “maximum current efficiency; ¢ maximum power efficiency; “maximum external
quantum efficiency.
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Figure 6 Electroluminescence spectra of devices I and II B8 UM R LT R Ah e Tl -
Figure 8 The power efficiency-external quantum efficiency-luminance
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T 101 g TBP-DmCz Al TBP-TmCz. #4 ¥} HOMO #1 LUMO 43
I L 150 £ THIE RN B, 4R ATAE T AR L, BR
g 10° % T TADF Mﬂﬁ%ﬁﬁﬁ’ﬂ,ﬁb%ﬁ TBP-DmCz fi
. F100. 8 TBP-TmCz Y RATAEN /M ABer, BT TERIIALS
£ G SIS T IX AR K6 T4 & TADF 4145, 4351
10°4 %03 Fl TBP-DmCz 1 TBP-TmCz {F 39 62 2 ik, 1%
S Lo T PERE DL I EUR B . IR R T (8
3 i g PR TR TR L R EE R B R R RR, FRE, RIS
Voltage/V BB FH KT BRE B2 (1000 ed/m®)iNF, S ATy B AR 7 v
. e e IR ICRE. B, SHREMIELE TADF MR L,
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%5 B HRAL{EF]. TBP-DmCz 1 TBP-TmCz 5 55t
A AR I B 7E TADF MR 1 8 B A v A7 1 JEL .

4 SKIERSY

41 MRERK
4.1.1 teith 2 89E R

RAGRYTT, ERIEH A 2.65 g (10 mmol) 1,3,5-
2K = FBESL(1)AT 12.56 g (80 mmol)IRFE, VKT HHE 15
min; 2RJ5E, BN 1.07 g (8 mmol) /K AICL, =ik
TiEE 12 h, SZETHEZE 90 °C, k4R 2 h. R BiK
AEIZ R, NN 200 mL ZE08K, $hiE, FHZREK S
44, K= b AL E TSR, DMARRIEE N1 D 1 =&
R e RUA T RV B VA TRV E N e i, 1381 5.67 g A ([
(G5 90%). 'TH NMR (400 MHz, DMSO-d;) : 8.25 (s,
3H), 7.85 ~ 7.77 (m, 12H). EI-MS m/z: caled for
C,7H,sBr;0; 627.85, found 627.30.

4.1.2 TBP-DmCz #)4- &,

BARYT, ERRHRIINA 1.88 g (3 mmol)ft
) 2.1.95 g (10 mmol), 1,8-— H FEHEM(3). 435 mg (1.5
mmol) = U T ZEBEVUFMIER L. 1.44 g (15 mmol)f T B
AT 275 mg (0.3 mmol)=( P NEE AR —4E; RG,
I 100 mL JE/K TG4 2R R, 100 °C Bl MY
24 h. fRRMNIRAENE SR, ZBER, R EE
Prigedal, DA 2 01 [ S A TR
TR MR, 538 1.96 g R OEA % 67%. 'H
NMR (400 MHz, CDCl;) 6: 8.57 (s, 3H), 8.03~7.99 (m,
12H), 7.70 (d, J=8.4 Hz, 6H), 7.18 (t, J=7.5 Hz, 6H),
7.07 (dt, J=7.2, 1.1 Hz, 6H), 1.93 (s, 18H); *C NMR (100
MHz, CDCl;) 6: 193.58, 140.55, 138.17, 136.23, 134.19,
131.85, 130.06, 129.17, 124.33, 121.23, 120.39, 118.16,
19.81. EI-MS m/z: calcd for CgHsN;O3; 969.39; found
970.19. Anal. calcd for C¢Hs;N;O5: C 85.42, H 5.30, N
4.33; found C 85.21, H 5.25, N 4.36.

4.1.3 TBP-TmCz #4 &,

BT, ERIAKRIINA 1.88 g (3 mmol)fk
A2, 2.23 g (10 mmol) 1,3,6,8-PU FFEH M (4) 435 mg
(1.5 mmol) =#U T FEBEVURANER £E . 1.44 g (15 mmol)HX
TEEANAT 275 mg (0.3 mmol)=( V.S IEPIER) 48, 4R
J&, A 100 mL Jo7K Jo %8 2R 1E i 7, 100 °C [l
i 24 h. fERMRAHEZE, ZBEF, 5
JENTIRRAE, DAARRREE Y 2 01 i AR e A A T R R
BRI MR, 153 2.47 g W ARERGZE 78%).
'H NMR (400 MHz, CDCl;) &: 8.54 (s, 3H), 7.98 (d, J=
8.0 Hz, 6H), 7.74 (s, 6H), 7.66 (d, J=12.0 Hz, 6H), 6.87
(s, 6H), 2.46 (s, 18H), 1.86 (s, 18H). *C NMR (100 MHz,
CDCly) d: 193.63, 147.61, 139.46, 138.19, 136.00, 134.13,
131.68, 130.40, 130.05, 129.59, 124.56, 120.98, 117.94,
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21.07, 19.66. EI-MS m/z: caled for CosHgsN;O; 1053.49,
found 1054.35. Anal. calcd for C;sHg;N3O5: C 85.44, H
6.02, N 3.99; found C 85.16, H 6.07, N 3.96.
4.2 HBHHEAAB[HHHIE SRR

4 1TO BEHEHEE Fr (15 QKIRHTEK 205 TR A1 2%
EFKHEAEEYE 5 min, A5 120 CHET, &Ja %A
RAGEVEEEE 5 min. A% TRGX107 Pa), Bk
TEIEVEE 2 B SAHNE, BEEE N 1~2 As;
SRJE, 784 LiF F0 AL FIARE, 288585008 1 110
A/s. HEURIEEIER CIE B AR PRS0 Y& REACI 52,
HL HUERIR 65 7 B F Keithley 2400, R6145
JETFRD LS-110 ZEREHIE. A0 k REIt 2 th i+ 5L
i, AR RS AT
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