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Design and Synthesis of Highly Efficient Blue Thermally Activated
Delayed Fluorescence Molecules Based on Carbazole and
1,3,5-Triazine Units through Position Engineering
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Abstract Using carbazole as the donor motif, triazine as the acceptor motif, two thermally activated delayed fluorescence
(TADF) molecules of m-CzTri and p-CzTri were designed and synthesized through efficient combination and position regula-
tion. Both materials emit bright blue fluorescence with very small singlet-triplet splitting energy. Computational simulations
show that the donor and acceptor groups are well separated from the highest occupied orbit (HOMO) and the lowest unoccu-
pied orbit (LUMO). In addition, their thermal, electrochemical, photophysical, and device properties were tested. Among them,
the color coordinates of organic light emitting diode (OLED) devices with m-CzTri as the emitter were (0.15, 0.25), and the

external quantum efficiency was as high as 18%.
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OLED #F1) Z M. £, B &k Bk
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F K & 0] & fi(Reverse Inter System Crossing, RISC)
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YRTFHESE 2 5 HOMO-LUMO (& SR b i, i
IR iR FEE P BB AT L S Ve A 1) 2 D' s S SR T R A
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FHAE T FE 8RN 57 A R A0 B R G b AT 1 4%, s —2b
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FEBRA AT, 75 EEINRRES 2 A 4 5 &R =R 5
RAEZE SCARER, HETA AN I & 7). 2 imid
FHERATRE— D3R4, @it T '"H NMR. C NMR i
T
1.2 #RIBIREFE MR

ARG EUR 6 1 ATEE -] WO 1 1 £
WE 1@)FTR, Fra8dESgaR 1. MERIIOE
HERAEFIR T T 107° mol/L A & i il 4s. w
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Figure 1 (a) Stable and (b) transient (anaerobic) photoluminescence sprectra of m-CzTri and p-CzTri

&1 HIELA
Table 1 Summarization of data
Compd. Jus'/nm  ES/eV  Jgnm  Jymm  AEsi/eV PLQY/%  PLQY*/% T,/C T,/C HOMO/eV LUMO/eV
m-CzTri 280,330 3.09 446,431 464 0.205 66 37 390 125 —5.61 —2.52
p-CzTri 280,340 3.56 471,426 431 0.034 47 29 428 135 —5.57 —2.01

“ Measured in dichloromethane solution at room tempreature; © Calculated from the onset of absorption spectrum; ¢ Fluorescence measured in toluene solution at
room tempreature and 77 K respectively; ¢ Phosphorescence measured in toluene solution at 77 K; ¢ Calculated from the onset of fluorescence and phosphorescence
spectrum at 77 K;/ Measured at film state by integrating sphere without oxygen; ¢ Measured at film state by integrating sphere with oxygen; ” The decomposition
" glass-transition temperature;’ Measured in dichloromethane solution by cyclic voltammetry.

320~350 nm AbAIR IR A& AR AR RS S, APRLRT G
2l B N ' (R R A B TSRS 3], p-C2Tri RS

temperatures corresponded to 5% weight loss;

AETERIRIL, TER B TRk 1,3,5-
RS A I (1 AT AL RS . SRR, p-C2Tri fE
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B2 3.56 eV, m-CzTri PRl— NI LT IERAE = BRI 4]
R, A3 SE AP SLHE, i BRA N A 3.09 eV.

MEHAEEUR Y661 A& 7E 10 mol/L 1) FH 2R I
WA, 2R HIFEEIRAM 77 K BT T H
HAHE, BEOGIELE 77 K B TS, MKR A6
WA LAS R, m-CzTri RIL 1 W] 2 1) JR 33UK 25 (Locally
Excited, LE), T p-CzTri Ul /& H fif 5 # 25 (Charge Trans-
fer, CT) 5 £ 7, BARJFEKAEF R FIR. MER
AEgy 72 B IGHR 5 5606 3 MR B > ' i i g £ B vt
A3 3, p-CZTri ) AEsr 72 0.034 eV, m-CzTri ] AEsy A&
0.205 eV, HWI/INKT AEgr 2 DME =2 3531l m R
RISC i 72 1] 5| FL 2L 4.
1.3 #RIEIR M R

N T BIRAEM R 5 B A TADF 151, 43500l
B m-CZTri M p-CzTri FEHBIRA T IBES R OGLIE.
ToEGRAT T RGHEE WA 100)Fis, PIAARHE I 5%
JERFRBOE Ik R, R A TADF PR B
FFr(r)Ae Sy AW IRIHIR BR8], B2
()72 T, Wl R A BB R B3] S, &, 4
JEARSTIRIE RIS ). X m-CZTri MiH, 1,=33.28
ns, ,=12.98 us, X} p-CzTri M &, 1,=27.4 ns, ,=6.5 s,
KARFURD I T3 i e M B TADF P — AN
BURMIE. MAEASCRET, PR A PR 75 4,
BV B2 S U S BRI B A IR I 1], X2 A AR
RN, =2 WA s 2L KRR, AT 5 T
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Figure 2 Theoretic calculation of molecular simulation, frontier molecular orbitals, and natural transition orbitals of m-CzTri and
p-CzTri
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Figure 3 (a) Electroluminescent spectra, (b) current density-voltage curves, (c) current efficiency-current density-luminance curves, and
(d) external quantum efficiency-current density curves of doped device

1440

http://sioc-journal.cn/

© 2019 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2019, 39, 1436~1443



Chinese Journal of Organic Chemistry

ARTICLE
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TEARTAEH, FRATIE I 15 45 7k B I0 i I B2 0 4,
B P (AR AR . =R SEHE N2 AR, FH 2RI
BN n MR, Wit R &M T WA 8 TADF 41
m-CzTri Al p-CzTri. ‘BATHEA RIFHI#FEN. &id
) B2 2/ = 2R A RE 20 A HOMO/LUMO fEZ%, F ! H
I TADF £, Her, m-CzTri 431 o 7E A1 F IHE e 2
JUIRAE TR RN, A BT T N i, Bk
/N AEst (0.205 eV), {EXAL IR TA B T4 I
[FFEHIA HOMO/LUMO REZ I & & FEE R = PLQY
(66%), FZATHRICERAFIAG T miE 18.4% MM &1
R REALFR (015, 0.25) I RIE R AT/ERT
I 1 BT F1 = 8 BTG ) S A T VR IR T A N R
&, W3 R =R TADF Ak B — s
SRR TR L

3 SEEESs
3.1 RERF

SEIG L FE R BT B RN 1-VR-2,4- R 1-
TR-2,5-OR . MRME S T R AR B RS e . T AR
2-5-4,6- R HE-1,3,5- = RIS PR, RE b
BB, B BRI V(IR A AN
BRI S T S 72, RAACER AT AT O
JIT FH (R0 571 N, N- FR S PR A DU SRR S T8 K TE S8
A, HIEKTEAM RGBT, HREFIEENT
R AR S e SNSRI, o B
H.
32 U:E

Heidolph MR Hei-End %Y Jii1 # B 14 g ¢ FF 5%
WFH-204B LT 0% 4MT; BLKYKY ZDF-11A1 4
HZA 110 2 FENAUZ O B S THES E,
Heidolph Digital % fig % 28 KA. &% WL IR1L: Bruker-
AV400 F1 AV600 2, V5512 mARE T, PbRa2 DY A JEnE
g BUErHT: A Thermo ISQ HYA 5 Bk FH JFi itk AN B 4%
HEREATF A4S Hitachi 2666154 F-4600 Y5 454h-
AL Y66 BT Lambda-750 B STt miiln
09 &AM, R T B3LYP HiEM 6-31G(d)Fe4H, 7EL
o F458 Ja, T4 F HOMO 1 LUMO I REZE -
MR T =040, TS S & T, SERA T
() 2 il b A A B % R 32 #6218 (TD-DFT/B3LYP/
6-31G(d) 1H 5 /4 38, AT HIE @ IE wB9I7XD/
6-311G(d,p) L 15 B; /R Z I E AT Mettler
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Toledo DSC-2010 2, 7EZ T EI N EL10 “C/min 1% EE
THiR, FRTEEZE 30~400 C; #9Hr{X: Mettler To-
ledo SDT-2960 &, #E% 5 HE T LA 10 °C/min 3 B2+
I, FTEEE 30~700 C; &7 EKMBESTOLE
i F] Edinburgh Instruments FLS980 M4§; Hi ik 4
FAE: CH600D HAL2: TAES:, TAEHARFI Bk
i, SN Ag/AgCl M, FEUEMIR N %k,
FLAR AN 0.1 mol/L 10U T 25 7S S R Fic VA Al /8
T A H k.
33 ZLWHE
3.3.1 9,9'-(4-i%-1,3-TF 3K &) = (9H-"F=£)(1) 89 & A&
BIEIE(4.36 g, 26.05 mmol)iEf#EAE 100 mL [ N,N-
TR, KA T2 IS LN (1.01 ¢,
27.00 mmol, 60 wt%), SR/5EiRXMN 1 h. Z GBI
1-1R-2,4- 90 H(2.00 g, 10.42 mmol)FF7E iR N R 4
h. RIEEHE, ¥R PBEIAN 600 mL FPK/KO C)H,
ARKEAGEANTH, g, BOEEIET AL
BV VCRMEE) © &R =4 © D]IFRAG
M ACREA 3.65 g, P25 72%, SRJ5ER i A% g
EHEEM IR 4. "TH NMR (600 MHz, CDCly) o:
8.15 (d, J=7.7 Hz, 2H), 8.11 (d, J=7.7 Hz, 2H), 8.07 (d,
J=8.5 Hz, 1H), 7.75 (d, J=2.4 Hz, 1H), 7.68 (d, J=8.5
Hz, 1H), 7.49 (d, J=8.2 Hz, 2H), 7.43~7.32 (m, 4H),
7.30~7.24 (m, 4H), 7.22 (d, J=8.9 Hz, 2H); “C NMR
(151 MHz, CDCly) &: 145.71, 140.62, 140.19, 138.47,
138.34, 135.45, 129.12, 128.27, 126.29, 126.14, 123.72,
123.46, 121.84, 120.64, 120.51, 120.32, 109.95, 109.43;
MS (EI) m/z: 486.07 [M+ 1+]. Anal. calcd for C30H¢BrN:
C 73.93, H3.93, N 5.75; found C 73.75, H 3.98, N 5.81.
332 9,9-(4-(4,4,55-w9 F HK -1,3,2- = & = M Iz -2-
H)-1,3-T K H) Z(9H-"F ) (2)49 & A%,
EWEMESANY RS, €= 10 NI I F A
WEEATIR B B B2 T (3.44 g, 18.52 mmol) Al 150 mL POk
W#j (THF), 2R J57E—78 °C T &1 hn ik T 2L 48 (8.49
mL, 20.37 mmol, 2.4 mol/L) iR B 1 h. #4 a4 1
(3.00 g, 6.17 mmol)7E N, fR4H T A AARLE 20 mL PU S W
W, BN, RNARRIE—T78 C 4R8N 0.5 h,
BERE R IR 4 b N ERE, I8 2
VEORIE T B, Bl 5 ORI R S d I S R A R
7] THF, %% H & e(DCM)AEL, SR 5 K¥E 209,
WEEANUE I K Na,SO, T4, g, FRRE K
46, fxJEm i kR g Aiih oy B[P VCE k)
VAT HD)=3 : 1118 AR ARE K 2.67 g, 77%
81%. '"H NMR (400 MHz, CDCL3) 6: 8.19 (d, J=8.5 Hz,
1H), 8.13 (d, J=7.7 Hz, 4H), 7.81~7.73 (m, 2H), 7.56

http:/sioc-journal.cn/ 1441



BIHE

R

(d, J=8.2 Hz, 2H), 7.43 (t, J=5.8 Hz, 2H), 7.41~7.36
(m, 2H), 7.33~7.27 (m, 5H), 7.25 (t, J=3.5 Hz, 2H),
0.83 (s, 12H); *C NMR (101 MHz, CDCl;) o: 143.85,
142.24, 141.41, 140.28, 137.90, 126.45, 126.18, 125.74,
125.58, 123.72, 123.36, 120.44, 120.10, 119.44, 109.75,
109.56, 83.71; MS (EI) m/z: 534.25 [M+1"]. Anal. caled
for CyHyBN,O,: C 80.90, H 5.85, N 5.24; found C
80.97, H5.79, N 5.18.
3.3.3  m-CzTri 894 &

EHANLE LI Suzuki 28 AR B, 76
PEPESARN) RN, AR DY (= 2R B %) #E.(0.26 g,
0.23 mmol) Fl JG /K Bk FR B (K,CO) FIME R R, R4 2
(2.50 g, 4.68 mmol)Fl 2-54-4,6- —FK%E-1,3,5-=1(1.25 g,
4.68 mmol)7E: 100 mL PUZ kAR (THF) A1 20 mL 2 257K
(H0)F 70 TR 8 h. RMNEEFE, KN E SGH
i HAS AR R V5T THF, 7R3 — & B (DCM) 2
HL, SRJE KB 7, WA LZ I JE7K NaySO, T2,
9k, BRI RAE, 5 E kA Ak Al 4k o) B (e
A VCAMER) - & F ) =3 : 218 21K A B AR
[ 4K m-CzTri 2.70 g, F=3 90%, FFimid i i 1A% il ff 5
H AR IR 4R, "H NMR (600 MHz, CDCl3) & 8.80
(d, J=8.3 Hz, 1H), 8.14 (d, J=7.7 Hz, 2H), 8.07~7.95
(m, 8H), 7.67 (dd, J=8.1, 4.4 Hz, 2H), 7.47 (dt, J=1.0,
3.4 Hz, 4H), 7.39~7.27 (m, 9H), 7.22 (m, J=8.0, 7.1, 2.7
Hz, 3H); °C NMR (151 MHz, CDCl;) 6: 171.36, 141.73,
141.48, 140.14, 138.42, 135.36, 134.36, 132.39, 128.75,
128.34, 128.19, 126.45, 126.37, 126.13, 123.95, 123.62,
120.78, 120.53, 120.33, 119.81, 109.76, 109.39; MS (EI)
m/z: 639.24 [M+1"]. Anal. calcd for C4sHoNs: C 84.48, H
4.57,N 10.95; found C 84.41, H 4.63, N 11.02.

334 9,9-(2-1%-1,4-F R 3K) = (9H-"F %) (3)49 & A&

etk 1 & SRl K436 g, 26.05

mmol )& fELE 100 mL ) N,N-—-F FE FEfeh, vkigs
R 28 I NEALEN(1.01 g, 27.00 mmol, 60 wt%), &
BRI 1 h ZJEZEmMN 1-8-2,5- 5 K (2.00 g,
10.42 mmol)H-/EE i F M. 4 h. RNEEFRJE, F
WAEIN 600 mL VKK (O CYH, A K& [ EFEANH,
98, EUIE VAT AR O Al A S R VCR T
fif) @ V(& BE)=4 | 11153 B O ARREE 4.01 g,
FEER T9%, AR5 I 5T 0 R AZ R 1 e e 5 M ARG I 4
F£. 'H NMR (600 MHz, CDCl;) d: 8.13 (m, J=7.7 Hz,
4H), 7.87~7.83 (m, 2H), 7.80~7.76 (m, 1H), 7.53 (d,
J=8.2 Hz, 4H), 7.44 (t, J=7.7 Hz, 4H), 7.31 (t, J=7.4
Hz, 4H); °C NMR (151 MHz, CDCly) 6: 140.42, 140.25,
128.60, 126.33, 124.07, 123.88, 123.76, 120.73, 120.52,
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109.56; MS (EI) m/z: 486.07 [M+1"]. Anal. calcd for
C30H;sBrN,: C 73.93, H 3.93, N 5.75; found C 74.02, H
3.91,N5.77.
33.5  9,9-(2-(4,4,55-79 F £ -1,3,2- = & = M ke -2-
H)-1,4- TR H) Z(OH-"F ) (4)49 & %,
ek 2 A R FERE AN R,

TE = 1 S N JfRHR 0 N S T T2 A0 A T2 D T T (3.44 g,
18.52 mmol)fl 150 mL PYZ #LIR (THF), A5 7E —
78 ‘C N8 INIE T #£4#H(8.49 mL, 20.37 mmol, 2.4
mol/L) RIS 1 h. ¥ a{E 3 (3.00 g, 6.17 mmol)
16 Ny (R4 RV RAE 20 mL DU, BEG NN, X
PiAARIE—T78 CT4LER 0.5 h J&, EHKE =I5
IR 4 he RN EERE, TN/ CRERCKIE T HE4E,
b 5 I B IR 4 R £ R THF, FRiE H & bt
(DCM)ZEHL, SR JE KB 0, WA LE T JaK
Na,SOq T8, g, BRI WSS, /o i ek
afifl oy BLGER: VO E) © & R =3 1115
FIHEMARE A 2.80 g, %% 85%. 'H NMR (400
MHz, CDCl;) d: 8.17 (t, J=8.5 Hz, 4H), 8.12 (d, J=2.5
Hz, 1H), 7.89~7.82 (t, J=8.0 Hz, 1H), 7.75 (d, J=8.3
Hz, 1H), 7.55 (d, J=8.2 Hz, 2H), 7.48 (t, J=7.6 Hz, 2H),
7.43 (t, J=7.0 Hz, 2H), 7.34 (t, J=7.3 Hz, 4H), 7.28 (t,
J=7.4 Hz, 2H), 0.77 (s, 12H); C NMR (101 MHz,
CDCly) §: 142.35, 141.03, 140.91, 136.96, 134.80,
130.70, 130.07, 126.07, 125.73, 123.49, 123.35, 120.38,
120.11, 119.47, 109.84, 109.67, 83.85; MS (EI) m/z:
534.25 [M+1"]. Anal. caled for C3sH3BN,O,: C 80.90,
H 5.85, N 5.24; found C 80.95, H 5.79, N 5.19.

3.3.6 p-CzTri 894 5k

5 m-CzTri & BBk, 38 A HLAL 5 b 42 L

Suzuki 2 XARBERBL, EMEESAAEN) R, A7)
U (= %3 B )48 (0.26 g, 0.23 mmol) A1 ¢ 7K ik g 4
(KCO)IERR, Ha{Ak 4 (2.50 g, 4.68 mmol)Fll 2-5-
4,6- " #KE-1,3,5-=1H(1.25 g, 4.68 mmol)7E 100 mL PU4
IR (THF) A1 20 mL 255 77K (H,0)%F 70 “C R M 8 h.
R JE, RN E eI B 4 B 2555 THE,
Bt F & R (DCM)ZEEL, SR JEK3E, 73, R
HUZ IR TE/K Na,SO, T4, HhiE, BERIE IR, &5
TR T Al AL A B LR A VOR R - (U
bt)=3 : 2113 BF W RARFE R p-C2Tri 2.56 g, 77 %
86%, FiE I 5 U AAZ B o L AE MR 4. 'H
NMR (600 MHz, CDCl;) §: 8.79 (d, J=2.5 Hz, 1H), 8.21
(d, J=7.8 Hz, 2H), 8.08~8.02 (m, 3H), 7.96 (m, J=18.3,
8.1 Hz, 4H), 7.70 (d, J=8.2 Hz, 2H), 7.52 (t, J=7.7 Hz,
2H), 7.43 (t, J=7.4 Hz, 2H), 7.36 (m, J=14.0, 7.9 Hz,
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6H), 7.28 (t, J=7.8 Hz, 4H), 7.26~7.19 (m, 3H); "*C
NMR (151 MHz, CDCly) 6: 171.44, 171.36, 141.65,
140.61, 138.13, 137.73, 135.44, 135.19, 132.44, 132.17,
130.92, 130.49, 128.76, 128.33, 126.29, 126.09, 123.75,
123.61, 120.54, 120.32, 119.80, 109.81, 109.50; MS (EI)
m/z: 639.24 [M+1"]. Anal. calcd for C4sHoNs: C 84.48, H
4.57,N 10.95; found C 84.53, H 4.54, N 10.98.
34 HFHHIHIZESRIE

A TAFE) OLEDs #4435  ilid B a5 288 (1 7 vk
HlE ), EREARET 2X10°° Torr I, HHHL
MORHE IS A ZE R BRI GTEE R ITO 3Rtk
JE b e, RTNER . R TIOR3 RS
Ve, FRRHE Y TIE 0 1TO 3738 5 S ik B 70 LA TR v
JRMET SRS, TEMH AT, BT 0 1TO B A
BN 30 4380, BEJG, AHLZ. Liq A1 Al B 53 51 BL
2~3, 0.2 fl 4 A/s FIEZMRIRZEE S 1TO PEHSELR L.
Ja, ZAWTEARMEG, X 8T 4.

AR EL OBiE . J-V-L B AT CIE AR ARid it
KEITHLEY 2400 Source Meter fl PHOTO RESEARCH
Spectra Scan PR 655 BTl & FIRAE.

4 BT KL(Supporting Information) m-CzTri f p-CzTri
() R0 it FE AN B B AL AR iR FE A, F b 22
BEFRET)RIEHIE. OLED #3445 i) B AIAZ il 1%
B I LR AT DL A 2 AR T 19 355 (http:/sioc-journal.
cn/) R ERL
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