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Abstract: A novel tricarbonyl complex Re(CO);(ECAF)CI containing the bipolar (9,9-bis(9-ethylcarbazol-3-yl)-4,5-
diazafluorene (ECAF) ligand was synthesized and characterized by NMR spectroscopy and high resolution mass
spectrometry. In order to study the thermal stability and photoelectric properties of complex Re(CO);(ECAF)CI,
the reference complex Re(CO);(SB)Cl containing 4,5-diazo-9,9-spirodifluorene (SB) ligand was also synthesized.
Compared with the decomposition temperature of reference (366 °C), complex Re(CO);(ECAF)CI (419 °C) exhibited
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better thermal stability. As a result of the increase of the optical energy gap caused by the electron-rich carbazole
group, compared with the luminescence wavelength of reference complex (572 nm), the wavelength of Re(CO);
(ECAF)CI blue-shifted to 565 nm. The luminescent quantum efficiency (39%) of Re(CO);(ECAF)Cl was slightly
higher than that of the reference material (37%). The spin-coating electroluminescent devices were fabricated, and
the optimized doping concentration of Re(CO);(ECAF)Cl-based device was as high as 30%, which was 2.4 times
that of the reference complex-based device. The quite low turn-on voltage (2.9 V) of Re(CO);(ECAF)Cl-based
(4.0 V), reflecting that ECAF can

depress luminescent quenching and improve the charge transporting performance of complexes significantly. The

device was significantly less than that of reference complex-based device

maximum current efficiency and maximum external quantum efficiency of Re(CO);(ECAF)Cl-based devices were
8.2 cd-A™" and 3.0%, respectively, which were lower than the efficiencies (9.7 c¢d+A™ and 3.9%) of reference
complex-based device. These results show that bipolar ECAF ligand is an excellent ligand for luminescent

rhenium complexes.
Keywords: tricarbonyl rhenium(I) complex; carbazole; diazafluorene; luminescent quenching; bipolar ligand; organic light-emitting diode
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Table 1 Photophysical properties for the rhenium complexes

Complex A / nm '/ % ™/ ps TelC Evpol V! Euone’ / €V Euno 1 eV E.& 1 eV
Re(CO)(ECAF)CL 565 39 4.99 419 0.78 -5.58 -3.05 2.53
Re(CO)5(SB)Cl 572 37 4.42 366 1.02 -5.82 -3.49 2.33

* Photoluminescence spectra were recorded in CH,Cl, at a conc. of 10 pmol :L™"; " Lifetime and quantum yields were recorded in

PMMA films at a conc. of 1% (w/w); © Temperature corresponding to 5% weight loss to the initial weight in TGA analyses; ¢ Oxidation
potentials £\ ,, (mV) refers to (E,.+E,)/2 where E,, and E,. are the anodic and cathodic peak potentials referenced to the Fe'/Fe couple in

CH,CLy; © Eyono=—4.8 —E 5 .. " LUMO levels were calculated from Eyoyo and E, . E, 4 was estimated from the absorption edge.



%4 Wi A5 T U P BTG 5 0 ) AR o 32 T K L B A 655

Re(CO),(ECAF)Cl H) v N 4.99 ws, K TZ LY
(4.42 ps)(E 1), HIL, 5 Re(CO)(ECAF)CI Re
(CO)s(SB)CI Hy a5 32 28 #8531 Ry 7.8x10* . 8.4x10% 57,
AR AR R 5 1.2%10°,1.4x10° s, L% Re
(CO(ECAF)CI 58 it s 28 AL T 2 Ly (H H AR
A A AT T REAR , B X RO RE R AN K,
2.3 BFEitEae

DLk A bR, 30 0 BR AR 22 2l 1 ke
BV AL ERE(R 1. 5), Re(CO)(ECAF)CL
2 ANEEALHLAT 0.46 FI1 0.78 V(vs Fe'/Fe)ml 435l 19 )&
SRy W RN 42 B R 4K . Re(CO)5(SB)CL A AL A R
1.02 V (vs Fe'/Fe), HE M &EAEMA, & ERT
ECAF FLAK I BETL 5 ) Re(CO)(ECAF)CI By, A4
AL LA S 5 AR G B T AT B W B T2
HUIH BEDL ,Re(CO)(ECAF)CI [ HOMO ,.LUMO HE %
53510 -5.58 .-3.05 eV,Re (CO); (SB)Cl 1 HOMO ,
LUMO BEZRS391) H-5.82 ,~3.49 eV BEHT & L T ALK
ECAF [F] B 42 7+ e & %7 % HOMO A1 LUMO REZ% , {H
LUMO BEZTH R B £ | X — 4535 ik iE i —

Re(CO),(SB)CI

Re(CO),(ECAF)CI

— N

0.0 0.5 1.0 1.5 2.0
Potential / V (vs Fc*/Fc)

PS5 BRTCAPTE — ST 8 T A PR 2 il 2

Fig.5 Cyclic voltammetry curves of the rhenium

complexes in CH,Cl,

20 i LUMOs
2.3
2.7
30 | PVK | ra [TAPC 29
2 | r3ps! CaiAg
B g ko
[ I : | 349
Q 1 3
@ ! ! % 1 |TPBI
| <
5.2 | ! B R
. 8 [
ITO 52 L 3p8 sk
OXD-7 S i
i 62
6.5 :

HOMOs

Jie 2 = B FEBRIC A W0 1 LUMO e 322y — 0 B
BCAR Y 7 BUEE £ A Z58 — B0 B 45 52 5 3L
BE & %) Re(CO)(ECAF)Cl FRERR LL = LW K I K
W%, X5 PLOGIE M LI 45 R —3, KA Re(CO),
(ECAF)CI T+ 19 HOMO BEZ XS OLED i 4 1Y
A ETHRBNEIE W B R RS Z VTR,
24 HBHEERMRE

T VPR BTG G  H HBUR G MERE B Re(CO);
(ECAF)CI VA4 2 v FE (53 £ 53 B0 N 25% .30% .35% .
40% 15 7% & FEM EHZ LY Re(CO)L(SB)Cl 42 44
W PN 10% 12.5% . 15% 20%) , VAT i 125 il il — &
SIHLEURGar 1, d A Rk R 9 S 24 2L 1
6, H A Ekas 7 frE RE R PEDOT:PSS R %5 7
A B2 SUAE A B TAPC:TCTA:PVK:0XD-7 1E 4
L E AR, TPBI A28 BB A KL, B 6 W LLE
52 LY AH L Re(CO)(ECAF)CI B HOMO fE%
53 ARG T M IC R ARAR S

aePFYEREIIE 7 s . IER AT LR S 2
WIS, AR rERR R BA R F R e B E R
K&, L& ) Re(CO);(ECAF)CL F1 Re(CO);(SB)CI 1 i
FEFB 22U 5 5350 0 309% 11 12.5% , Re(CO)(ECAF)CI
MR 2R E NS YR 24 15, BEMh FHER
1925 (B A2 B AR ECAF RE B A3 4% R AR IC & 47 ] 119 AH
HAER ) K S B B E BRI T X B Ak
LSRN, S T HBME ERE, AT TR
WRE N WA PERE R BUR G TE (7(a) T AT, Re
(CO)(ECAF)C1 Re(CO)5(SB)CI HY FL B & It 6 3 A 1%
W43 ST 572584 nm, AH BT A0 e i RO
SN RET 712 nm, XEERARSYN B
AL R, FLA Y Re(CO)(ECAF)CL I ZLRE AR
BN, #E—LIAE T ECAF BoAR iy 25 A BHAE F L

0
g @g?)é}@r © @5)@ e

SOH

PEDOT:PSS TAPC TCTA
NNVQAT @“N @N@
ASvs e
PVK OXD-7 TPBI

B 6 AT 5mATR RELL AT L 454 5

Fig.6 Energy level diagrams and structural drawing of the materials used in OLEDs
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Fig.7 OLEDs properties and efficiencies at different doping concentrations of the rhenium complexes: (a) EL spectra of all
devices; (b) Current density-voltage-luminance (J-V-L) characteristics; (¢) Luminance efficiencies vs luminance curves;

(d) External quantum efficiency vs luminance curves
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Table 2 Summary of device luminescence and efficiency data of the rhenium complexes

with different doping concentrations

Comples Doping concentration / Aove / 1m Turn-on Brightness / Current efficiency / o %
o (who) votage / V (cd-m™) (cd-A™
Re(CO)(ECAF)CL 25 568 2.8 6 524 6.0 1.8
30 572 29 7 052 8.2 3.0
35 576 2.6 5723 12.3 3.8
40 584 2.8 5741 44 1.3
Re(CO)(SB)CI 10 580 4.1 7 739 114 3.6
12.5 584 4.0 7 049 9.7 39
15 584 4.1 6 700 9.2 39
20 592 44 6 480 7.4 2.6




%4

Wi A5 T U P BTG 5 0 ) AR o 32 T K L B A 657

(4, I ELRAE QN S B AW BE T ) X T DA 2 A7
TR A B | 4 — 2 Re(CO)(ECAF)CL W REZ 5 444
BEEMICEL 58 2% 0B YA B g BAT i 4%
T EHRE ), UL ECAF 7648 = 24 Mg Uy i
HWHR, T Re(CO(ECAF)Cl F1Z LW #5740 1 e K
SEREAYN R 7 052 A1 7 049 ed-m? AW 2ER

R WM 7(c,d) iR, % T Re(CO)s
(ECAF)CI #5% 4 1) J5e K FiL 38 303 R b o 7 380% 43 5
7 8.2 cd-A™" 3.0%, 3T Re(CO)(SB)CI #1419 5 K
HL VR AR A FRCR 5300 9.7 ¢d- A 3.9%., [A]
A} SCHR R 38 B4 SR T B RUR%: = BRI A 0 B K
6 R0 B ORI WAL T AR R A
Peu R C1 BT A BT Br JEF R S & O RN
F BRI o SR G A TR T s A AL
T, FRATT A BRI A P s R T — 2D AR T RO
RORFNERAPERE  [5)IE7E 1) o8 85 7 I e PR BE 2 5 T
BV EC Y EARR R, bk B DR T 2
(L E

3 & it

BT R ECAF Be AR 18 AL — $k Lk i
4% Re(CO)(ECAF)CL, 5 Z L ¥ Re(CO);(SB)C1 Xf
o BHTE T A B R E P RO FLPERE L Re(CO);
(ECAF)CI 193 fif i B2 2535 419 °C, AHEL TS 1LY
(366 °C), I T AT Ak G W te e P Re(CO)(ECAF)
Cl RN KA LS Wi | R ICRORIE A
HOMO REZA T, Re(CORECAF)CI JIT il e Uk &=
P35 8 48 22 MR BE (30%) BRI T 5 HL R (2.9 V)Ik
LT AU R FCAR ECAF A DB A 8 U 12 i 1 i A
B 1 25 A BELSONE 3k S 2t R 58 B T AR A 1Y)
ECAF FCR A8 245 Bk EC A W i e R P B i FL L
BN ECLR W SR BC G W0 1 RGO s R R A
REGFRFF2S ], RIX R A YA B TE o PR Rk
AU A LR GRS 2R

B, ROM E K AR B E S (No.21572001
21771110), (LI 48 H SR BR 27 5 4 (No.BK20141425), IL IR 4 =
SRR A RUE R IR (PAPD) R 8 (No. YX03002) 1 7%
& FF,

S,

[1] Baldo M A, O’brien D F, You Y, et al. Nature, 1998,395

(6698):151-154
[2] Kim G H, Lampande R, Park M J, et al. J. Phys. Chem. C,
2014,118:28757-28763
[3] Baldo M A, O’brien D F, You Y, et al. Nature, 1998,395:
151-154
[4] (@)Tang Y Z, Yu Y M, Tan Y H, et al. Dalion Trans., 2013,
42:10106-10111
(b)Tan Y H, Wu J J, Zhou H Y, et al. CrystEngComm, 2012,
14:8117-8123
(¢)Tan Y H, Yang L F, Cao M L, et al. CrystEngComm,
2011,13:4512-4518
(d)Tan Y H, Wu J S, Yang C S, et al. Inorg. Chim. Acta,
2103,399:45-49
(e)Tang Y Z, Zhou M, Huang J, et al. Inorg. Chem., 2013,
52:1679-1681
(HTang Y Z, Xiong J B, Gao J X, et al. Inorg. Chem., 2015,
54:5462-5466
[5] Tao Y T, Yang C L, Qin J G. Chem. Soc. Rev., 2011.40:
2943-2970
[6] Holmes R J, D'Andrade B W, Forrest S R, et al. Appl. Phys.
Lett., 2003,83:3818-3820
[7] Wang S, Zhang Y, Chen W, et al. Chem. Commun., 2015,
51:11972-11975
[8] Zhao G W, Zhao ] H, Hu Y X, et al. Synth. Met., 2016,212:
131-141
[9] Dibyendu B. Inorg. Chem. Commun., 2013,36:159-162
[10](a)Crosby G A. J. Chem. Educ., 1983,60:791-796
(b)Juris A, Balzani V, Barigelletti F. Coord. Chem. Rev.,
1988,84:85-277
(c)Sauvage J P, Collin J P, Chambron J C, et al. Chem. Rev.,
1994,94:993-1019
(d)Balzani V, Juris A, Venturi M, et al. Chem. Rev., 1996,
96:759-833
[11]Gong X, Ng P K, Chan W K. Adv. Mater., 1998,10:1337-
1340
[12]Mizoguchi S K, Santos G, Andrade A M, et al. Synth. Met.,
2011,161:1972-1975
[13]Zhao G W, Hu Y X, Chi H J, et al. Opt. Mater., 2015.47:
173-179
[14]Hu Y X, Zhao G W. Dyes Pigm., 2017,137:569-575
[15]Xiao L, Chi H J, Lu G H, et al. Org. Electron., 2012,13:
3138-3144
[16]Chi C C, Chiang C L, Liu S W. J. Mater. Chem., 2009,19:
5561-5571
[17]Wong K T, Chen R T, Fang F C. Org. Lett., 2005,7:1979-
1982
[18]Wang Y C, Xie Y Y, Qu H E. J. Org. Chem., 2014,79:4463
-4469



658 b7/ IR /e S 14 5% 36 4
[19]TONG Bi-Hai(Z £ #), LIU Yuan-Yuan(XiZ L), ZHANG 87:221103

Man(5K %), et al. Chinese J. Inorg. Chem.(F% A4 F 5 ), (d)Liu H M, Wang P F. Appl. Phys. Lett., 2008,92:023301

2014,30:1174-1178 [25]Gambino S, Stevenson S G, Knights K A, et al. Adv. Funct.
[20]Su H C, Fang F C, Hwu T Y. Adv. Funct. Mater., 2017,17: Mater., 2009,19:317-323

1019-1027 [26]Li X, Zhang D Y, Chi H J. Appl. Phys. Leit., 2010,97:
[21]Su H C, Wu C C, Fang F C, et al. Appl. Phys. Lett., 2006, 263303

89:261118 [27]Zhang F L, Guan Y Q, Wang S M, et al. Dyes Pigm., 2016,
[22]Chen H F, Wong K T, Liu Y H. J. Mater. Chem., 2011,21: 130:1-8

768-774 [28]Russell S M, Brewer A M, Stoltzfus D M, et al. J. Mater.
[23]Su H C, Chen H F, Fang F C. J. Am. Chem. Soc., 2008, Chem. C, 2019,7:4681-4691

130:3413-3419 [29]Lu G Z, Li X K. J. Mater. Chem. C, 2019,7:3862-3868
[24](a)Zhou G J, Wong W Y, Yao B, et al. J. Mater. Chem., [30]Chen X L, Lin C S, Wu X Y, et al. J. Mater. Chem. C,

2008,18:1799-1809 2015,3:1187-1195
(b)Xie H Z, Liu M W. Adv. Mater., 2001,13:1245-1248 [31]Mauro M, Yang C H, Shin C Y, et al. Adv. Mater., 2012.24:

(c)Liu H M, He J, Wang P F, et al. Appl. Phys. Lett., 2005, 2054-2058



