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Abstract: Using anthracene as the basic unit of triplet-triplet annihilation (TTA) blue light materials, two donor-
acceptor deep blue TTA materials 4-(10-(dibenzo[ b, d ] thiophen-4-yl) anthracen-9-yl) benzonitrile (2) and 4-(10-
(dibenzo[ b,d Jthiophen-2-yl) anthracen-9-yl) benzoni-trile(3) were designed and synthesized by introducing dibenzo-
thiophene, a weak electron-donating group, and benzonitrile, a weak electron-withdrawing group into the 9th and
10th positions of anthracene, respectively. Their thermal stability, electrochemical properties, photophysical proper-
ties and electroluminescent properties were systematically characterized. The photoluminescence peaks of the two
compounds are located at 445 nm and 451 nm, and the photoluminescence quantum yields are 40. 2% and 57. 9%,
respectively. The electroluminescent peaks of the undoped devices based on compounds 2 and 3 are located at 448
nm and 458 nm, respectively, realizing deep blue light emission. The two devices have good luminous efficiency,

and their maximum current efficiency is 4.2 ed*A™'and 6.9 c¢d+A™", respectively. The maximum power efficiency is
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2.3 1Im*W'and 3.6 Im* W', and the maximum external quantum efficiency is 3. 8% and 5. 6%, respectively. Even

at the brightness of 1 000 cd-m™, the external quantum efficiency of the two devices remains at 3. 7% and 5. 4%,

showing a very low efficiency roll-off.
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ode, OLED) X HA v s (S A0 AR L o oz PR
RO R R A AT S5 AR 22 I A T S B 4 O
BT E #4 3"s OLED #y Ot (il 2 e 4 kL D e
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XAk A A B A 1B 2k R R 1Y B K EQE 4
Bk 10. 06% F19. 23% ,7E 1 000 cd-m [ 52 JE T,
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AR 4-(10-T5 BE-9-25) R 1 (1) 2 4% 9, 10-—
TRB(3.34 g, 10 mmol) \4-F I AR (1. 48 ¢, 10
mmol) PO ( =K ) 42 (230 mg, 0.2 mmol) Bk iR
B (6. 62 g, 48 mmol) Fl 140 mL B 2/ BE/K (V: V:
V=4:2: DRI A E] 250 mL 7§ S50 L 4 B2
fEHZ NS IR THRAA D E# =k, E
120 “C7 i A4 [m] 37t 49 R 38 56 S 0 12 he A H] 6 0
(o i B RS i G R S T G & R
A, (5 A [ A, DA A T ik — S e
VR (421, o) Gl A JZ TR 3RAS 1. 78 g £
B A (P % 50%) . '"H NMR(400 MHz, Chloroform-
d) & 8.64(dt, J=8.8, 1.0 Hz, 2H), 7.93~7. 87(m,
2H), 7.62(ddd, J=9.0, 6.4, 1.3 Hz, 2H), 7.52
(ddd, J=19.2, 8.6, 1.3 Hz, 4H), 7.42(ddd, J=
8.9,6.4,1.2 Hz, 2H).
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8.0, 1.1 Hz, 1H), 8.31(dd, J=7.9, 1.1 Hz, 1H),
8.01~7.92(m, 2H), 7. 79~7. 70(m, 2H), 7. 70~7. 57
(m, 7H), 7. 51(td, J=7.6, 1.2 Hz, 1H), 7. 47~7.37
(m, 3H), 7.33(ddd, /=8.1, 6.5, 1.3 Hz, 2H), "“C
NMR(101 MHz, Chloroform-d) & 144.40, 141.70,
139. 89, 136. 08, 135.73, 135. 61, 133.52, 132. 37,
132. 34, 132. 30, 129. 64, 129. 47, 129. 45, 127. 00,
126. 68, 126. 35, 126. 00, 125. 79, 125. 03, 124. 58,
122.87, 121.95, 121.19, 118.92, 111.79, 77. 41,
77.09, 76.77. HRMS(M) m/z: 462. 130 17[M+H]"
(caled: 462. 131 65).
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BR (7% 63%) . 'H NMR(400 MHz, Chloroform-
d) 5 8.28(d, J=1.6 Hz, 1H), 8. 11(dd, J=8.1,1.8
Hz, 2H), 8.01~7.90(m, 3H), 7.83~7.75(m, 2H),
7.70~7. 64(m, 2H),7. 63~7. 55(m, 3H), 7. 52(1d, J=
7.6, 1.3 Hz, 1H), 7.45(d, J=7.5, 1.2 Hz, 1H),
7.38(dddd, J=16.4, 7.9, 6.4, 1.5 Hz, 4H), “C
NMR(101 MHz, Chloroform-d) & 144.52, 140.02,
138.94, 137.92, 135. 94, 135. 37, 134. 92, 134. 78,
132. 36, 132. 32, 130. 18, 129. 80, 129. 46, 127. 31,
127. 08, 126. 10, 125. 82, 125. 41, 124. 59, 124. 24,
123. 03, 122.91, 121.78, 118.91, 111. 73. HRMS
(M) m/z: 462. 130 20 [M+HT (caled: 462. 131 65),
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Fig.1  Synthetic route of compounds 2 and 3
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Fig.2 TGA curves of compounds 2 and 3
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Tab. 1 Summary of photophysical data of compounds 2 and 3

T Ay /nm A, /nm 7 E HOMO/ EE,  PLQY/%

Compound ) .
b e e ns eV LUMO/eV eV o

sol film sol"/film sol/film

2 384 357,376,396 362,381,402 423,432/445 3.69  2.90 -5.73/-2.83 2.78/1.73  72.5/40.2
3 386 358,376,396 363,382,403 434/451 4.63  2.87 -5.66/-2.79 2.74/1.73  83.2/57.9

T 5% B SMIIREE 5 i T e B WA RS 5 e TR R S 5 A e BB A i S e 5 81
O 2 78 M0 5 3k O L L TP LUMO B,y = B, + By 378 5% XF T S FUT, B2 , B, o B8 o 06 B K 52 99354
B PS5 A R o O B 55— AR S 15 7 P A7 A 460 PLOQY

—_—2
—3

Current/a. u.

1 1 1 1 1 1 1 1
0 02 04 06 08 1.0 1.2 14 1.6 1.8
Potential/V

B3 AL 2 3 i Ak i &

Fig.3 Oxidation curves of compounds 2 and 3
A A 2R R T o AR R I A5 Y R R A
A K Enono=—(Eopeon vs Fo+ /F. + 4.8) eV, 23t
BRI LS W 2 f 3B HOMO BE 2% 2 %
-5.73 eV F1-5.66 eV . il i k& P £E 4l 5t 1y
52 H0 AT UL I SO T 1 A dh R AT IR K TT T Ak
A 42 3/ HOMO-LUMO BEBR E, 4391 k7 2. 90
eV #12.87 eVo Hl Erpno=EnomotE, 1 15 F 1L & Y
2138 LUMO REZL 53 5l 2 -2. 83 eV FI-2.79 eV,
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; 3136V
: Eg,
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Eg=3.48 eV AE,=1.40 eV
E']‘l
173 eV

e o o

3.2 Higit#E

H T VEAR AL S 2 R 3 B BRAS Ay A AL
i B8 4 U AR R 5 I 2 91IE (Highest oc-
cupied molecular orbital, HOMO/Lowest unoccupied
molecular orbital, LUMO) B84k . .+ = 43 Fii Al &
A HEGL, AR H B3LYP/6-31G(d) 3L 4L X%k & 1
YEAT T % BE{Z R B2 (Density functional theory,
DFT) F1 7% B %% B2 7 R 38 (Time-dependent densi-
ty functional theory, TD-DFT) 315 . 0 & 4 7=,
fe4 4 2 A0 3 12 B AR LAY #2525 40 Aif , HOMO Al
LUMO ¥ 3= % 73 A £2 A% b, A — /&R 43 LU-
MO 3 A A28 b X R A& 2 M3 2R R
1 8 % 2 (Local excited, LE)ER . fb& %213
) HOMO R& &% 43 )| 5. 41 eV H1-5.40 eV, LU-
MO fE 9% 5 5l —1.93 eV A1 -1.92 eV, E, ¥ N
3.48 eV LAY 2 AR AR B A (S)) Ml ik = 2
B(T)REG S50 3. 13 eV A 1. 73 eV, (A1) 3
43 5 R 3.12 eV M 173 eVe # A1 & W1
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i S
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H . e
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Fig.4 The optimized molecular geometries and HOMO and LUMO electron cloud distributions of compounds 2 and 3
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(18 Jad SoR 38 1 M S5, R TR AR A W 2 1Y 2 T 4
4 B M, 5 305 B9 R fr 7% F8 (Charge trans-
fer, CT) TR 55 . 5 LA 2898 T 20( LG9 2
3 26 W AE A Je 3L i ) 45 100 nm JE Y AE 1B 2%
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77 # (Photoluminescence quantum yield, PLQY) L)
FAi R T e Famm (Bl e fiZk 1), M-k
AW R R WO R PLQY, 4 9 A 72, 5%/
40. 2% 1 83. 2%157. 9% , I H.% I 75 fiy Y 1E M F>
2591 (4350 3. 69 ns Fl 4. 63 ns) ., 31X Ly A
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Fig.5 Normalized UV-Vis absorption spectra and photoluminescence spectra of compounds 2 and 3 in toluene solvent(a) and

neat film(b)
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Fig.6  Transient PL spectra of compounds 2 and 3

1669 2 F0 3 FEAS [ AR M 5 350 v i e B0k O
i Ay B E 7 (a) L (b) Fros o NIE 3R AT AT LA
F L S P AR [ M s 00 i Ol g
Y10 B AR A, 6 B A0 A 2 2 B RS Y
VA RON X R BTG 0 S A8 A ] i
() LE & FRAE , 1 CT A FRAE R 6055 , 5 Fe 1T 5 1)
GRS . AW 2 M3 LI 2% B A R H A
PR T2 H TR (PMMA )/ R W R =4/1 JEFrp  #E ==
T DA 0 B OO A A A ] 8 TR o ANk

B WG OGS X 2R B B ORGS0 IR sh 4 L 3R
WEATm T, A& B A LE SRR . J6i%r 0-0 BRiT
fF 715 nm &b A T BESN 1. 73 eV, X 5
SCHR A IE (4 BT AP0 T BE AR, AR 48 AT SC
PSS W 7 Al 5 b /Y 2 B K A B E AT
(S BB 43 )l 2. 78 eV HI 2. 74 eV, UL, 1 2
2E(T)>E(S)), 5 HIETHR AT . 55 4h, AT S
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Fig.7 Photoluminescence spectra of compounds 2(a) and 3(b) in different solvents
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Fig.9 Energy level diagram of undoped devices(a) and chemical structure of materials used in devices(b)
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Tab. 2 Electroluminescence data of undoped devices A and B based on compounds 2 and 3
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Fig.10 The electroluminescence spectra (a) , current density-voltage-luminance (J-V-L) curves (b) , current efficiency-lumi-

nance-power efficiency( CE-L-PE) curves(c), external quantum efficiency-luminance( EQE-L) curves(d) of the device



55 2 4 HOBAE, AE L T BRI R 5 B L EUR et fE 277
Mige =¥ X P X 1, X 7, (1) BRI AR AT 1 m-m HERR 5L A 585

Hoy R BARE LR 100% B9 23 SR L 152 A5
R, @, AR BRE T B PLQY , m, R fi 4t i
T A B S T (6 T AL G e R R
25%) ,m,, ARF G A& 5 (0.2~0.3) . LG
W10 2 i TR0 2 5 W 2 A I RIOR R 32 R
JE PR W Y 2 i T AR BN T A 3. Y
B m,, A 0.3 8,k i RS B LA P 2 A
30 m, 43 B 31, 6% F132. 2%, P45 G b & W
K AEs 1 TTA-UC W, 3E B 102 TTA R0 51
BRAR A EQE, & 2 TR, T &9 2 M3 Y
#5FE AF B I EQE M fie KAH T FEF] 1 000 cd-m™
SERE N BAE , RORIR R4 0 2. 6% F1 3. 6%, &
TR AR AR B SR TR B o AR YV, R AR 9 38R
TR B R BRI G RS 25 D)8 )2 4 R g 9 =2 i) D i
JE R, LR AS SCRE B AR R S G

4 % ®»

A SCLA R B TTAR 6 TTA KOeH% il i 78 B
49 9 1 1037 53 53115 | A 558 465 VL 1 Rk AT — 248 - g Wy 01 5355
M v R AT AR, BETH A T P D-A SR DL
TTA MR 2F0 3, I X5 B AR TR E T L A2 PR T
Ve T S L EUROEYE AT T RGRAE S 7
Bro ZAIFWEMY RS RESS K701 A 23 6]z B, 10

Z F X #:

F14) 25 LT R FL 5 P BB T 61 431 19 TCT R0 3K
M RNCAHK AR T RRIEE RS . WM EEY
FLA 3 e 1 AR T HR G Mg U B2 43 R 384 °C
1386 °C, A FI T2 88 e A iy il & . WA & W TE
P 245 38 790 A i s w2 R B0 TR T 6 K i, T e
B & 55 LT 445 nm F1451 nm AL, PIAME
AR B A PLQY (40. 2% F157. 9%) .
FTAEE Y 2 F1 3 1Y AE4B A% OLED 4 (1) Ho 350 % 55
PS> WAL T 448 nm F1458 nm b, A S5 4 1) Bk
KCEST5H 4.2 cd A" H16.9 cd- A, it K PE 3 5
H}2.31m W' HI3.6Im W', 5K EQE /5N 3. 8%
F15.6%. 1£1000 cd-m?52 T, #5441 CE 450k
4.1 cd* A" f16.7 cd-A",PE S5 K 1.7 lm- W' Al
2.81m W EQEZ5I K 3. 7% A1 5. 4%, Al WL, B4
AR I B B R OCROR B AR R
WIE(2.0% M13.5%) . 734, TATEZEBLEY 2
H3ALSE R IR EEmy 1 U AL SO TR] T T A
Yy 3 0 S B A 1 ROCRICR AR TR A 210
A EAT R A

A SCHD FE SO 5 T T DL B A TR AN A Y
T # M3k http://cjl. lightpublishing. cn/thesisDetails#
10. 37188/CJL. 20230288.

[ 1] REM, B, SR@E, 5. AT /VEBRED AL T 1A CH B & KOG BT 5T (1], L% 53R, 2021,

79(11): 1401-1408.

LIANG Z P, TANG R, QIU Y C, et al. Construction and properties of octahydrobinaphthol-based chiral luminescent ma-
terials with large steric hindrance [J]. Acta Chim. Sinica, 2021, 79(11): 1401-1408. (in Chinese)

[ 2 ] MAO X Y, XIE F L, WANG X H, et al. New quinoxaline-based blue emitters: molecular structures, aggregation-in-
duced enhanced emission characteristics and OLED application [J]. Chin. J. Chem. , 2021, 39(8): 2154-2162.

[ 3 1TIANQS, YUAN S, SHEN W S, e al. Multichannel effect of triplet excitons for highly efficient green and red phospho-
rescent OLEDs [J]. Adv. Opt. Mater. , 2020, 8(17): 2000556.

[ 4] FREm, Sakde, 307, F . AEIFORM AT AE Y WM BB HER [J]. AMAL S, 2019, 39(3): 679-696.
QIU Z P, TAN J H, CAIN, et al. Progress on phenanthroimidazole derivatives in blue-emitting materials [J]. Chin. J.

Org. Chem. , 2019, 39(3): 679-696. (in Chinese)

[ 5] YANG X L, JIAO B, DANG J S, et al. Achieving high-performance solution-processed orange OLEDs with the phospho-
rescent cyclometalated trinuclear Pt(11) complex [J]. ACS Appl. Mater. Interfaces, 2018, 10(12): 10227-10235.
[ 6 ] DIBH, CHEN Y L. Recent progress in organic mechanoluminescent materials [J]. Chin. Chem. Lett. , 2018, 29(2):

245-251.

[ 7 ] HU Y, ZHANG T K, CHEN J S, et al. Hybrid organic light-emitting diodes with low color-temperature and high efficien-
cy for physiologically-friendly night illumination [J]. Isr. J. Chem. , 2014, 54(7): 979-985.
[ 8 ] KIMKH, LEES, MOON C K, et al. Phosphorescent dye-based supramolecules for high-efficiency organic light-emitting



278 % Jt Eivd %45 %

3

diodes [J]. Nat. Commun. , 2014, 5(1): 4769.

[ 9 ] LEISING G, TASCH S, BRANDSTATTER C, et al. Red-green-blue light emission from a thin film electroluminescence
device based on parahexaphenyl [J]. Adv. Mater. , 1997, 9(1): 33-36.

[ 10] ZHANG Q S, LI J, SHIZU K, et al. Design of efficient thermally activated delayed fluorescence materials for pure blue
organic light emitting diodes [J]. J. Am. Chem. Soc. , 2012, 134(36): 14706-14709.

[11] SUSJ, SASABE H, PU Y J, et al. Tuning energy levels of electron-transport materials by nitrogen orientation for electro-
phosphorescent devices with an ‘Ideal” operating voltage [J]. Adv. Mater. , 2010, 22(30): 3311-3316.

[12] SU ST, GONMORI E, SASABE H, et al. Highly efficient organic blue-and white-light-emitting devices having a carrier-
and exciton-confining structure for reduced efficiency roll-off [ J]. Adv. Mater. , 2008, 20(21): 4189-4194.

[13] R4, T4, Tue, 5. BUEBEDRRALITER-9, 9-5 2 B2 BT A 0O i PE BT 5 43 1405 14 H] A9 A B G
RW5E [1]. A ARF4R, 2019, 40(1): 45-51.

ZHAO X H, WANG L M, MA X, et al. Design and synthesis of phenothiazine function-alized spiro [ fluorene-9, 9’ -xan-
thene ] for understanding structure-property relationships in photoelectrical properties [J]. Chin. J. Lumi. , 2019, 40
(1): 45-51. (in Chinese)

[14] ZOU G D, DUAN C B, LU S W, ef al. Phenothiazine dioxide end-capped spiro [ fluorene-9, 9’ -xanthene] as host for ef-
ficient blue TADF OLEDs [J]. J. Lumin. , 2022, 243 118595.

[ 15] ZHAO X H, DUAN C B, MA X, et al. The coordinated tunning optical, electrical and thermal properties of spiro-config-
ured phenyl acridophopsphine oxide and sulfide for host materials [ J]. Org. Electron. , 2021, 95: 106193

[16] &4, THH, 2, F. —FORBEILAR- 9 , 9 S4B XU E 7 TR 5 A ik : i Faita Stk [1].
AR, 2019, 40(4) . 476-483.

ZHAO X H, WANG L M, WANG J Y, et al. A facile method to synthesis of phenylsulfonyl/spiro [ fluorene-9, 9'-xan-
thene] bipolar molecule: molecular structure, optical and electrochemical properties [J]. Chin. J. Lumi. , 2019, 40
(4): 476-483. (in Chinese)

[17]IM Y, BYUNS Y, KIM J H, et al. Recent progress in high-efficiency blue-light-emitting materials for organic light-emit-
ting diodes [J]. Adv. Funct. Mater. , 2017, 27(13): 1603007.

[ 18] UOYAMA H, GOUSHI K, SHIZU K, et al. Highly efficient organic light-emitting diodes from delayed fluorescence [ J].
Nature, 2012, 492(7428) : 234-238.

[19] CAIX Y, SU S J. Marching toward highly efficient, pure-blue, and stable thermally activated delayed fluorescent organic
light-emitting diodes [J]. Adv. Funct. Mater. , 2018, 28(43): 1802558

[ 20 ] KIDO J, IIZUMI Y. Fabrication of highly efficient organic electroluminescent devices [J]. Appl. Phys. Lett. , 1998, 73
(19): 2721-2723.

[21] CHEN NN, TAN W Y, LIU J Z, et al. Triarylphosphine oxide-phenanthroline molecular conjugate as a promising doped
electron-transport layer for organic light-emitting diodes [J]. Org. Electron. , 2017, 48: 271-275.

[22] ZHOU J, CHEN P, WANG X, et al. Charge-transfer-featured materials—promising hosts for fabrication of efficient
OLEDs through triplet harvesting via triplet fusion [J]. Chem. Commun. , 2014, 50(57): 7586-7589.

[ 23] TANG X Y, BAI Q, SHAN T, et al. Efficient nondoped blue fluorescent organic light-emitting diodes (OLEDs) with a
high external quantum efficiency of 9. 4% @ 1 000 c¢d*m™ based on phenanthroimidazole-anthracene derivative [J]. Adw.
Funct. Mater. , 2018, 28(11): 1705813.

[24 ] LIUW, YING S A, GUO R D, et al. Nondoped blue fluorescent organic light-emitting diodes based on benzonitrile-an-
thracene derivative with 10. 06% external quantum efficiency and low efficiency roll-off [J]. J. Mater. Chem. C, 2019,
7(4): 1014-1021.

[25] L1 W, CHASING P, NALAOH P, et al. Deep-blue high-efficiency triplet-triplet annihilation organic light-emitting di-
odes using hydroxyl-substituted tetraphenylimidazole-functionalized anthracene fluorescent emitters [J]. J. Mater.
Chem. C, 2022, 10(27): 9968-9979.

[26 ] YANG G X, LIU D H, GU Q, et al. Triplet-triplet annihilation enhanced deep-blue organic light-emitting diodes by
naphtho [ 1, 2-d Jimidazole-isomer derivatives with spin-orbit coupling [J]. Adv. Opt. Mater. , 2023, 11(18): 2300455.

[27]JHUJ Y, PUY J, SATOH F, et al. Bisanthracene-based donor-acceptor-type light-emitting dopants: highly efficient
deep-blue emission in organic light-emitting devices [J]. Adv. Funct. Mater. , 2014, 24(14): 2064-2071.



55 2 4 HOBAE, AE L T BRI R 5 B L EUR et fE 279

[ 28 ] REINEKE S, BALDO M A. Room temperature triplet state spectroscopy of organic semiconductors [J]. Sci. Rep. ,
2014, 4(1): 3797.

[29 ] MONGUZZI A, MEZYK J, SCOTOGNELLA F, et al. Upconversion-induced fluorescence in multicomponent systems :
Steady-state excitation power threshold [ J]. Phys. Rev. B, 2008, 78(19): 195112.

HHAE(1975-) 20, AR EOR AL W
&, B H 4%, 2006 4F T A R T K
RAFA L2, BN H I RE A P
T RS .

E-mail: zyh@gcp. edu. cn

BEF(1974-), B Wbk K 0 A,
{4 S, 2006 4F T
[ A 2 B ) AL 2= B 5T T 3R A3 1 -2
A, 3B AL B L D) RE B R
575 T B Y o

E-mail: yphuo@gdut. edu. ¢n

9

B 3T 48 (1988-), 5, )" A lb AL 1
+, Bl #2018 4F F o [ Ak T
KepFA A0, EENF AL
T ReA R R A RS R

E-mail: wencchen@gdut.edu.cn




