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Deep Blue Organic Electroluminescent Materials Constructed from
Acenaphthene Skeleton
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Abstract Four luminescent materials with carbazole or triphenylamine electron donor and cyanobenzene electron
receptor linked on the acenaphthene skeleton were synthesized. The single crystal structures of those molecules show
intramolecular steric hindrance, which makes the donor/acceptor non coplanar with the acenaphthene skeleton,

reducing the degree of conjugation and eliminating the 7 -7 stacking effect between molecules. Their crystals are
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stabilized by a large number of C—H* * * 77 intermolecular interactions, and only 3CzAB exists intramolecular 7 -7

stacking. All four compounds have very high thermal stability, with 5% weight loss decompostion temperature (T, )
above 343 “C. The luminescence of these materials in PMMA thin films is in the deep-blue emission region(403—432
nm), with high photoluminescence efficiency ranging from 0.60 to 0.94 and fluorescence lifetimes ranging from 5.4 to
8.6 ns. The electroluminescence property test shows that the device of PaAB has the best performance , the maximum
brightness can reach 2427 cd/m’, the peak current efficiency, power efficiency and external quantum efficiency are
243 cd/A, 1.53 Im/W and 1.58% respectively, and the Commission Internationale de 1'Eclairage (CIE, )
coordinates are (0.15, 0.09), which are in the deep-blue light emission area.

Keywords Deep-blue molecule; Organic light emitting diodes; Acenaphthene; Fluorescence
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GG AT 20184, Yang %6 AL T Zi BRI R RS Y 4PF (L 1), bR Y AR B 2 i i
KOME TR (EQE,,) « IR (CE,,) MR (PE,, ) 7390 5. 9%, 3.4 cd/AF13. 3 Im/W, #5fF
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Fig.1 Molecular structures of representative fluorescence emitters
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CIE,, ] (0. 15, 0.06). 20224, Xie % 3 il # 1 — Rl L 4 23 [0 AL FHLUK A B4 535~ CTPPL ', B A4k
I EQE,,., CE, FIPE 518 8. 1%, 1.4 cd/A F1 1.3 Im/W, 254 CIE, S} (0.16, 0.04). 2021 4F,
Nalaoh 8¢ i il T HA =48 =BT K (TTA) M T B 2 A1 B TPBACN, HAEB 425419 EQE,..,
CE,. M PE, 5314 3. 0%, 2.4 cd/A F12. 4 Im/W, #5{4 CIE, (0. 15, 0.08). 20194F, Hu%F "5 T

P AR PAIDO, HAS A AT 65. 1 ns, LR AIGFBEREIA 1. 6x107 s, HBIEF W EQE, .,
CE,, M PE,, /355 1k8. 8%, 7.6 cd/A 7.3 /W, F3{4CIE, H}(0. 15, 0.09) , #H{FAIRCRIE AL .
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BB R R T AR T2 A, i T a2 A (A BEL A 2R, 2 AR i 52 1A e 1
AFHE, AR5 CTPPLRIR A 1 i TR0 RN . —S0e e — M iRtk | e ey, H
556 SALRIGMEALE T, FHARR SR, AAAEBCRAIBE. T IR TR I RL, A SCl i 18
TRUE 5 S 6 S Lo T I AR A T A A S TR T2 A, WETE TRl T4 A
SV R 3 507 SO PR B RERI RN, FEHIME T AR ML EUR B, A TS T OLED
FORIT S .

1 SEIGERS

11 RXF 5

5,6- IR EUE (4l 95%) | 4- IR (413 98% ) A1 2R FE LN J75 12 FH s (PMMA, M ~10000) ,
T AR F] 5 A-( T IRFEMEEL ) SRR | 4- (OH-PRIE-0-3L ) AHIR . N-RJE-3-HRIE IR | 9- 753k
R -2-B IR A [ 1, 17- X0 (AR AE ) sk | S AKA [ PACL, (dppf) ], 2E)% 98%, i SRR 24 7 5
VU KIR . LR T |« A1k (60 ~ 90 °C) . A H % (CHLCL) FBRTRER , /rdral, 1= 2455 Ak 5
3]

AVANCE 400 A% % 2L 9% % 1% 4% ("H NMR) , &y & Bruker 28 &) 5 TU-1901 B4 28 S - 0] UL S %%
(UV-Vis), dt.50 3478 F A B2 Al ; SMARTAPEX 117 X 548 8 S A5 S (XRD) , 72 [ Bruker 23 1 ;
Q-TOF6500 78 &5 43 ¥ it i { (HRMS ), SE [ Agilent /A ] ; DTG-60H BRI EE - 22 H1fL (TGA) , HA S
HYA ] 5 DSCO00 i 22 /R 4 5 #Y (DSC) , H A H S22 ] 5 1S-55 BRI (PL) , 3 [ Perkin
Elmer /A ] ; FLS980 B RN, ¥ [H Edinburgh 23 7] ; CHI1140B BUHs k27 T ARG, FIE RS A
BN 5 PR65S BGRESE#E i1, 26 Photo Research 23] 3 Keithley2400 75122, 35 [H Keithley 23 .
1.2 LR
1.2.1 4-(6-8-1,2-Z A J&-5-2) KM & & K2.4 ¢(7.7 mmol)5,6- " "5 . 1. 13 g(7. 7 mmol)
4-FHIRNR | 1. 06 g(7. 7 mmol ) BREREH | 0. 18 g(JiT it 7344 5% ) PACL, (dppf) . 30 mL PO E IR F1 20 mL
KRG, 7N TR 12 he ff RO o8 UG R H 2300, 2808 BR L0, Ak iR Ll (R
Fos: DAENRIFH, SrERAENE5] 4-(6-1R-1, 2- &5 -5-5) G @K 1.5 g(77 % 58%).
'"H NMR (400 MHz, CDCl,), 8: 7. 68(dd, J=7.8, 7.3 Hz, 3H), 7.47(d, J=8.5 Hz, 2H), 7.32(q, J=7. 1
Hz, 2H), 7.17(d, J=7.4 Hz, 1H), 3.43(d, J=11.7 Hz, 4H) ; HRMS[ (+)-ESI] (C,,H,,BrN *li{H ) ,
m/z: 356.0057(356. 0051)[ M+Na]*.

122 4-{6-[4-(9H-"f b -9-3) K F ]-1,2- = A 6 -5-3 | K (9CzAB) By & i 1L 7.7 mmol 4-(9H-
9-J) FKMER AN 7. 7 mmol 4-(6-1R-1,2- e -5-3) FRNEICEE 4- IR M AR A 5, 6- R — 5, KA
1.2 1 A L 9CZAB, I EA, 77486%, m. p. 262~263 °C. 'H NMR (400 MHz, CDCL,), &8: 8. 13
(d, J=7.6 Hz, 2H), 7.58~7.37(m, 8H), 7.30(t, J=7.4 Hz, 2H), 7.25~7.16(m, 8H), 3.55(s, 4H);
BC NMR (101 MHz, CDCL,), 8: 147.74, 147.69, 146.87, 141.56, 141.00, 140. 85, 135.78, 134. 63,
133.93, 133.00, 132.96, 131.01, 130.98, 130.43, 126.95, 126.42, 126.33, 123.38, 120.40,
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120. 08, 120.00, 119.64, 118.97, 109.74, 109. 65, 30.42, 30.37; HRMS[ (+)-ESI] (C,,H,,N, # it
{H), m/z: 497.2021(497.2018)[ M+H ",

123 4-{6-[9- H-9H-#fuk 3- 3 ]-1,2- = A & -5- 2 | K (3C2AB) B9 &k LA 7. 7 mmol N-HEHE-3-1:
MERIER N 7. 7 mmol 4-(6-1R-1,2- " F0)E-5-58) R IEAUE 4- AR MR 5, 6- — I — 50, R 1. 2. 1715
IEA I 3CAB, FIEEIA, 77 % 86%, m. p. 189~190 °‘C. 'H NMR (400 MHz, CDCL,), &: 7.89(d, J=
7.7 Hz, 1H), 7.67~7.59(m, 5H), 7.57(s, 1H), 7.51~7.45(m, 2H), 7.45~7.38(m, 3H), 7.35(d, J=
7.1Hz, 1H), 7.30~7.24(m, 1H), 7.08(d, J=8.3 Hz, 1H), 7. 03~6. 96(m, 2H), 6.91(d, J=10.9 Hz,
2H), 6.79(d, J=7.5 Hz, 1H), 3.54(s, 4H); “C NMR(101 MHz, CDCL,), 8: 147.72, 147.57, 145.95,
141. 43, 140.65, 139.57, 137.75, 136.38, 134.53, 133.54, 132.26, 131.92, 130.36, 130.19,
130. 06, 129.84, 129.42, 128.00, 127.80, 127.75, 127.35, 126.25, 123.02, 122.60, 122.21,
120. 24, 120. 04, 119. 89, 119.24, 118.91, 110.23, 108. 62, 108. 12, 30. 48, 30. 37; HRMS[ (+)-ESI]
(CyH N, FHIRAE) , milz: 497.2014(497. 2018) [M+H ]*.

124 4-16-[9-FKFE-9H-rf ek 2-H |-1,2-Z A JE-5-2 | KF (2C2AB) B9 & & L 7. 7 mmol 9-FLIRME-2-
BIRR AN 7. 7 mmol 4-(6-15-1,2- 505 -5-3) A 4-FEER MR A 5, 6- I — 508, KA 1.2, 17157
AW 2C2AB, FG A, 723 87%, m. p. 229~230 °C. 'H NMR (400 MHz, CDCL,), &: 8.09(d, J=7.7
Hz, 1H), 7.82(d, J=7.9 Hz, 1H), 7.57~7.51(m, 3H), 7.47(d, J=7.2 Hz, 2H), 7. 45~7.38(m, 4H),
7.36(d, J=7.4 Hz, 1H), 7.32~7.27(m, 1H), 7.25(d, J=7.1 Hz, 1H), 7.04(dd, J=7.9, 1.4 Hz,
1H), 6.88(br, 4H), 6.81(d, J=0.8 Hz, 1H), 3.50(s, 4H); *C NMR (101 MHz, CDCL,), §: 147. 49,
147. 44, 146.23, 140.96, 140.46, 139.85, 139.63, 137.63, 136.35, 134.33, 132.52, 132.08,
129.76, 127.51, 127.15, 126.83, 126.13, 123.06, 122.15, 121.83, 120.33, 119.71, 119.49,
119.21, 118.63, 111.49, 109. 86, 108. 19, 30. 34, 30.27; HRMS[ (+)-ES) ] (C,,H,,N, B8 ) , mlz:
497.2021(497.2018)[M+H]".

125 4-{6-[4-( =R &) K ]-1,2-Z A JE-5- 2 KIF (PaAB) &k LL7. 7 mmol 4-( R IL AL )
ARMFRFN 7. 7 mmol 4-(6-V8-1,2- "5 -5-28 ) RIE R 4- T AR MR M 5, 6- IR =50, , K121
WA M PaAB, HARIA, 73 75%, m. p. 199~200 ‘C. 'H NMR (400 MHz, CDCl,), &: 7.43(t, J=
4.3 Hz, 2H), 7.41~7.37(m, 3H), 7.32(ddd, J=9.3, 5.4, 1.7 Hz, 5H), 7.18~7.15(m, 2H), 7. 05~
7.00(m, 6H), 6.85~6.81(m, 2H), 6.70~6. 66(m, 2H), 3.50(s, 4H); “C NMR(101 MHz, CDCI,), §:
147.90, 147.74, 147.57, 146.10, 146.01, 140.85, 136.18, 135.37, 134.17, 132.57, 130. 86,
130.41, 130.31, 129.44, 127.10, 124.61, 123.08, 122.52, 119.96, 119.48, 119.36, 109. 12,
30. 41, 30.29; HRMS[ (+)-ESIT](C,H,N,FRIEAE ) , m/z: 499. 2175(499. 2174 )[ M+H |*.

2 GR5H

21 B EUHNER . RIERHRIEEY

Scheme 175~ HERLA I 50 F L5 RIG S 2R . H AR A 35 2058 o A5 AR (R S A
B, TEESHI A B AR R 4TI R NER 5 5, 6- I —AUE A A AL PR ER S N, ;R
58%; SRJE , FIrAS ]y 4 R 43 0l 55 s i — R e ) B R ZE S (LA 1 T (RIS 21 B AR L5 4 9C2AB,
3CzAB, 2CzAB Fl PaAB, 7= 3RA1E 75%~87% 2 [0) . Fr A7 7= 4 () 45 ¥4 ¥ 18 3 "H/PC NMR F1 HRMS #E£7
TN

J T WA TR TR R o F AR B, 8 1E e 8 Y R = i A e b 3k T
9CzAB, 3CzABF12CzAB 1 &, FEA AR AT SN 1 =y 5454 . IE 2 /T LU 1, iR FsZ ik
S RERAE EUE M S SR 6 S, I EET, AR KHE R, (S S0 AL, 8 55k
ORI Z A IR AE 53°~67° 22 8], NITTAT SRR T 40 F L RE i . SRR 2 [l LA TR T HES
PIASZRER A0 B B E 0. 34~0. 38 nm Z 1], IAIFATE 26°~34° Z 1], HARH% 9CzAB, 2CzAB F13CzAB [
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R—---@— I (9CZABY); - N (3CZABY); N O (2CZAB); - Q (PaAB).

Scheme 1 Synthetic routes of the target compounds
Reaction conditions: (i) PdCL(dppf), K,CO,, THF/H,0, 110 °C, 12 h.

&) ©

N1

N1

D)

Fig. 2 Crystal structures of new compounds
(A) 9CzAB, CCDC#2210201; (B) 3CzAB, CCDC#2210200; (C) 2CzAB, CCDC#2210198; (D) intermolecular

interactions of 9CzAB.
AR /N, B AR O R B R /NTF 0. 4 nm, {H HA 3C2AB B9 Il /T 20°, AT DA RA
3CZABAETEST T N - WEBWE T, BEBA AR5 B0 BN R 2% 40 F N HE R AR R Rl s2 ), 3= R R
3 AL v B R e R AT 1) R I R A R e R A 2 [ R AR A — o e A (AR R, IR A TE
56°~59°Z [A]). LML A PSR B A, T TR AAETE m-m HEBUWE R, REA Rk 5 kB
WK . oy FIREE R C—H- - 23 F A EAE R E , LIMEA 9 9C2AB A, IE 1(D) AT I,
TEUE M AL | R R RN R A SRR T DL e R R T T Y C—H e B XU
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Gy IRVAH BRI AT AR SR AT 25 A NI, BRI F4R 20, IImHE spr R RS e PERUR Rk .

H AR A P AR 2 B by iy Az e v (1 3). BB 3(A) AT I, A6 40 9C2AB 11 5% 4% TR &
(T,.5.) Fe w2 400 °C, 16454 PaAB Fll 2CzAB IR 2, 43 364 #1355 °C, b5 4 3C2AB ik, (A
344 °C, X HHEAMAIE A (190 C) A K. MBI, RAT & SIS Y 9C2AB REN H B RS {1 5%

ARREE (253 °C), HEAea Y e BIW A AL
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Fig.3 TGA(A) and DSC(B) curves of as-prepared compounds
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i, ZMOCHRL 18 JHHE B2 L& W0t , 120 T U & T AR B IR TR T 270 nm I 22 54
K, AEJE T AE T2 R SO . A5 9C2AB W] 73 2 2 i, 132 DA DAy I e b 46
Brigiehiksk, JHERR B IR, IR 21 a7 il
A 2T R fo ok, UL 25 32 A ] F A e R B WL, X S5 B AR AT SR 0 T2 R — 2. AL 5 %) PaAB ()
WG FE S350 3 A ZLRS T 30 nm LA, Ul I =R 15 U 2 ] (14 L A L A2 A i

FUARAL S e — S T Bei O 3 Y R YRR YR (PMIMAA., 4222 T i 5340 19 ) W P i 208 an

(L-mol-cm™1)
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Fig. 4 UV-Vis absorption spectra(A) and photoluminescence spectra(B) in CH,Cl, solution or in PMMA

films, photos under UV light irradiation(C) and emission decay curves(D) of as compounds
9CzAB, 3CzAB, 2CzAB and PaAB at room temperature
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4B AR . 7E & W BiH, 4 MEA I & 6C60E R 56 M TOAS 450 D C RIS & 5T, &5
16 420~484 nm Z i), K3 9CZAB, 3CzAB, 2CzAB Hl PaAB (i F AR U3 k. 76 PMMA #ifid, H
FrAb AW & 6K I 2 403~432 nm Z A PR WG IX 8, F2 B2 ol PMMA 1R Sy WA A 50 i R
B TR e IR s . FE ALY, LAY 3CAB I ECHE KRR/, A 7 nm, HE
AL BEREIL 16 nm, /LAY PaAB SRS IR, iK% 52 nm, X AT RESE ML A1 3C2AB 94T
W - ERUWEFIRGE T TR, SEOMNEEEILE L mEsN, L&Y PaAB ) =R M 45 H (1)
2ANRIRTT LA [ HieRE , AR fbie K. %F OLED #4 & e b Bl B PR5% 55 78 PMMA J8 58 o o g 22
T, B2 098 T H PMMA B & e TR A ar . thR 10l L, Bk AR A1
RICHCE, TE60% L) |, 151 9C2AB, 3CzAB Hl PaAB (1) & SRR K 77%, 61% F170%, 1b4
Y1 2C2AB Bk 94%. A MLE WD CTFAAE S. 4~8. 6 ns ZIA], 4T A 75 EFFaria N, (A}
BALB P I R AR RO, R RS R K A &, RIS TG LB R 9. 741,
ﬁuﬂ“ RETE 77 K 9 CRBE TS (WA SC LR35 B SRR TSR K =48 MR s N

Aedl, HIEpF - = HEASRR (AL WE KT 0.1 eV, Wil T X 2k &Y A 1] fig 2 A $0F L 18R
%7‘6.

Table 1 Physical properties of as-prepared compounds

Sample A¢ /am 7' (%) 7'/ns EIE; [eV ES IV HOMO"eV  LUMOeV  EM/eV T, s /TIIC
9CzAB 420(403) 77 5.4 3.36/2.48 0.86 -5.66 -2.32 3.34 400/253
3CzAB 426(419) 61 8.6 3.39/2.52 0.68 -5.48 -2.22 3.26 344/-
2CzAB 454(409) 94 6.3 3.47/2.38 0.83 -5.63 -2.33 3.30 355/-
PaAB 484(432) 70 8.0 3.09/2.42 0.44 -5.24 -2.21 3.03 364/-

a. PL spectra were recorded in CH,Cl, and in PMMA films at a mass fraction of 1% (in parentheses) ; b. lifetime and quantum yields were
recorded in PMMA at mass fraction of 1%; c¢. in PMMA films at mass fraction of 1% at 77 K; d. HOMO=-4.8 - E{},; e. LUMO levels were
calculated from HOMO and E. E,™ was estimated from the absorption edge; f. T, 5,: 5% weight loss decomposation temperature, T,: glass

transition temperature.

23 BUFEEREERITE

WFFE 5 F 1 e 5 A 43 F1EE (HOMO) FURARA 4 FH1E (LUMO) BB A B FIR A BEf# 4> 11
SEVIRRE T . B e AR AR TAE R, R FAR R B A, A R KCL Y Ag/AgCILYE St
W, MR T B S0 — AP e A b . FRIEI S AT, 541 9C2AB, 3C2AB Fl12CzAB & Ak
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Fig.5 Cyclic voltammetry curves of 9CzAB(a),
3CzAB(b), 2CzAB(c) and PaAB(d) in
CH,Cl,
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Fig. 6 Calculated frontier orbital distribution and energy levels of 9CzAB(A), 3CzAB(B), 2CzAB(C)
and PaAB(D)
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Fig.7 Energy level diagrams of the fabricated devices(A) and the molecular structures of the used

materials(B)
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Table 2 Summary of device performances of as-prepared compounds
Device Afy pe/nm  FWHM/nm  V2/V - CE /(ed-A™")  PE_/(Im-W™') EQE: (%)  7"(%) CIE!

D-9CzAB 424 86 4.3 0.72 0.33 1.03 4.46—6.69 0.16, 0.05
D-3CzAB 436 82 4.1 0.84 0.45 0.81 4.43—6.64 0.16, 0.07
D-2CzAB 424 86 34 0.94 0.66 1.12 3.97—5.96 0.16, 0.06
D-PaAB 456 66 3.2 2.43 1.53 1.58 7.52—11.29 0.15, 0.09

a. Values at 7 V; b. turn on voltages at 1 cd/m*; ¢. maximum luminance; d. exciton utilization efficiency.

o %) P T 2 P - T A FE R AN 8 (B /s . AT L, g BT I L R E 3. 2~4. 3 V 22 [1] . fbf
Y19CzAB, 3CzAB F12CzAB il £ 1) 3 4™ 5 S5 40 1 i e RS2 BE AR, 7E 499~524 ed/m? Z [8], JEitk i)
W TEE (FWHM) 75 82~86 nm 2 [A], ML T4 A4 PaAB B2l 6 S (10 Je Fome ik 2427 ed/m?, AN
B, GG TE RS 66 nm. [RIET, ZEAHIRIFLRER , PaAB #4414 L I 285 B I Jd o T
34, ATRESE IR LAY PaAB I REFR /), R F2UR FRILH 526 . 3-SR4 ReEH
PR, W H R (CE,, ) TE 0. 72~0. 94 ¢d/A Z [8] | WE{H IR (PE,, ) 1E 0. 33~0. 66 Im/W 2 [#],
R AN TR (EQE,, ) TE 0. 81%~1. 12% 22 [] . PaAB #$1F SRR &, CE,,., PE,, A EQE,, 74
2. 43 cd/A, 1. 53 Im/W il 1. 58%.

BRI, R ERCR I B T H PLACKIER MBS, NOZ S8R AT 55 /9 HOMO REZ AN
KIRERA 5, BRI T AR X L5 T I RE LA A0CR . WEIRBER A M — 4 =R R, 2041
[N RS
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