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organic electroluminescence. Herein, a novel yellow iridium ([ll ) complex (Irl) is synthesized by
using chlorine-bearing cyclometalated ligand under the mild condition. The complex is confirmed by
nuclear magnetic resonance and X-ray diffraction analysis. In degassed CH,Cl,, the complex shows
bright yellow phosphorescent emission with high luminescent quantum yield of 51% and lifetime of
1.29 ps at room temperature. Notably, the full width at half maximum (FWHM) of emission
spectrum is up to 101 nm. Moreover, complex Irl is served as triplet emitter in organic light-emitting
device. The device exhibits broad yellow emission at 568 nm with FWHM of 88 nm, maximum
brightness of 18 310 cd/m”, external quantum efficiency of 20.8%, current efficiency of 58.2 cd/A
and power efficiency of 48.3 Im/W.

Key words: phosphorescence; iridium([ll ) complex; yellow emission; electroluminescence; full width

at half maximum
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Fig.2  (a) UV-visible absorption, photoluminescence
spectra of Irl at 298 K (in degassed CH,Cl;)
and at 77 K (in 2-MeTHF); (b) Luminescent
decay of Irl in degassed CH,Cl, at 298 K.
Inset: cyclic voltammogram under a scan rate of

100 mV/s in CH; CN.

T3 4 R AR N H e fo U 09 C AR Y B S
CLOBBRT s 7F 380~490 nm Z [0 FEH —4
SR B ) I L X = 443 nmL AT HJE T H
JiE SV Y 48 J B O A H far e A% B E 2N (CMILCT)
IBRAT s 76 490 nm LA I (4 52 55 A9 W Uiy 32 22 15
P F e 25 B Y 4 ) B B R R fr 5 A — A
CMLCTD) ML AN =FE & CLO WERE ", #
BRLFE 365 nm A T .BAY Irl £ & F
PRV P & S OGIE I E 2(a) fif s, 7] LLE Y Irl
FE 574 nm [ 3T A 58 A O 40 45 0 0 S &
SR FOMLCT & (9 3R 3R 5, b2 B ok
2.16 eV, & 5 i K W X8 1 9 U - 2 e Ak A
(MO EA Y Q= 560 nm) ", 32 B G F 19 W
HL R0 55 F FUR T, 5 AT Y E L A 5 T
—H, BCA YA A B R A T OR &
(77K 1.29 ps XHR W T RH0O8 N 51%, B
AR REIERCR . 5B TR, 77 K LR
TLEA Y Irl 76 2-H 3y Sk mg b 8RB R
0 2548 14 IR U DR IR R SR 43 il S 554 nm Al 598
nm , [A] i & 5 2 0 98 W 3 B AR, A R 73 nm, %
B O B2 X 12 5k D B 5 W 10 2 306 1% BAT 18 25 50
M, ARPEAC IR G AT A Il ) SRR
2.24 eV,

I H A2 TAE S K B A 4 Tl (4 HL Ak 2
PERT . BCG W Tl #E S W W i 0 3 AR 28 il 2k
WA 2Ch) i B ] LA Tel i 46 42 1k
AL 0.85 Vil il TSR 2] . Irl /9 35 & o5 8 43
FHIE (HOMO) BBl —5.65 eV, f kK o 4
I FHE (LUMO) RESL N —3.49 eV,

33 BRI

WA Tel FT & 98 0% 2 2 6 6 A AL
BT . Tl /86 & 1R b R, il o 12
WAEPE LW & T 458 F ITO/MoO; (3 nm)/
TAPC (40 nm)/TCTA (5 nm)/CBP = Irl (Jfiar
¥ 6%) (20 nm)/TmPyPB (50 nm)/LiF
(1 nm) /Al (120 nm) B #5148 44 B & 7 50 h
6% . HH ITO R L8 8 () . MoO, A =
AL (25 RIEAE) . TAPC Jy 4,438 3 —
(N, N-ZC4-H 328 380 OR i) (%5 Xie i 2
TCTA Jg 4,4",4"- = (Hm-9-F) = 2 iz (3 1 FH
PHRFIHL PP Z), CBP K 4,4~ = (9-MEme) B
KORIEZE ERM R, TmPyPB A 3,3'-(5'-(3-
(3-MEBE 2 3 (1,17:3", 1" =B 4)-3,3"-—



wow ME A TR Al

B BB D FE 59 19 45 18O B o b e s R BUR 5

Fo knE R FAERNE) L LiF AL R TFiEA
J2) Al g )m s () . 3L & IiE)Z RER
NEEE 3 PR, 8 4 3E B SpectraScan PR655
AU i SO T i BOR O (EL) 63, A
BM-7A #BIGEE 1H J Keithley 2400 £ 5 2 I it 2%
PRI FERE (L)-HU R (V- HL 3% BE (O 2k .

>
2L
__________________ 35
2 8
12
02
k=]
=
2+
% 3 LiF/Al
2 Z
§'4_ & § = m
< | 1mo 2 %
8 5 o &
Qo =
2 6l
(=]
, MoO,

Bl 3 BRI A TR Z AR PR E K
Fig.3 Schematic diagram of the energy levels of the
yellow OLEDs

AR R BUR YOS A 4 () TR, 2 F B
FMREE N 6 %0 . an 1 BA R G gl R (3.3 V),
FEARRIK S L R (4 ~8 V) T HL B R Gl 1 K
568 nm,1931 CIE 44454 (0.51, 0.48), K
RAgE.6 VHE T R WE 4 FroR.
ML BUR OGS A AEAE AR B CBP 19 & 5, £ W
R B L R T Il MEREE, SCH T
CBP 2| Irl Wy 5¢ Rt e, oAb, AT ZH
PR R B R O HE Tl B9 TR S 63 A 13
WA, 50 S ) RE AL ER CID B A P #5 EAS TR
XiF 17 A 2 RE A A CTID i A 4 1 1 B B0 3 5
WIS LT o8 4 — 3 LR Iel Rk
T 2 16 BE (88 nm) Bb X 7 V5 VR & B 63 2
$E (101 nm) /N T 13 nm T ATH0 45 4 0 7] B
LA R L — "l &9 Irl 5 F1k
MEL CBP Z M AALE A HAEHT BEAR T BE &5 4 8
TR B T I AR AR AE U RN, AR AL T AR
(G R

EZBWE T (LA 4Ca), MHEH 4V
WAL E 8 VOB, HL BRI B Y 0 AN A, 1931
CIE A A2 brfa & 75 (0.51, 0.48),

T E B AR T AR (EQE)-HL W % ¥ () il

(@
104 CIE
——4V(0.510.48)
——5V(0.510.48)
3 084 ——6V(0.510.48)
S ——7V(0.51 0.48)
2 064 ——8V(0.510.48)
2
Q
g
0.4
m
0.2
0'0 T T T
500 600 700
Wavelength/nm
(b)
10- /__—\
560
=
m
o
53] 14
580
Ir1
0.1 T T T T T
1E-3  0.01 0.1 1 10 100

Current Density/(mA - cm?)

4 BB 0 BUR GG E () FS R T ROR-
MM (b, k.6 VI IETREE
JEE IR R ()M 1931 CIE A bR (R,

Fig.4 EL spectra (a) and EQE-J curve (b) of

yellow OLED. Inset: EL photograph (up)
and 1931 CIE coordinate (down) of device at
6 V.

P 4Ch) Pros . e fF K EQE 8 20.8% . &
Wz BC & W BA o B B SR D ROR . TR AR L
R 5 FAT T A E /Y 5O SR 2 BE AL B
CID FE A5 W AR L S 45 7 1 BE W AT IR JX T B
FT 5 1 495 A8 10 22 S e R (HOR R It
FATHP) B 2R PERE TR B T T 20 %0 . R W
AR — AT T T A B O Y T B B A
B FATARAE AT e RS A R — P R
e PEIERE

MHL AR (CED -5 B (L) - TR R (PE)
UL 5 Cad) AT LR L Y FU D 0,34
mA/cm? if A B R HE AR 58.2 cd/AL 4 H
WH LN 0.02 mA/cm? B, ik B K o) F 5%
48.3 lm/W. R J-H R (V)-S2 & (L) i 4
K S(h) s, RS R 9 VI, 38 Bl i R 5



N =] — Ny
6 VGRS RN %36 %
(2 ®) 300
o o 4104
< &————\ {100 & g 250-
3 . . s &
< < 410° |
S £ £ 2004 g
2 101 Y e 3
e g Z 1501 10 3
2 g 3 g
5 S 5 1007 Lo €
5 fio ¢ E k
2 O 501
4100
1 T T T T T 0 T T T T T T T
100 10! 102 10° 10* 3 4 5 9 10 1

Luminance/(cd « m?)

6 7 8
Voltage/V

5 BOLAS IR AY R IR 28R - - Ty 5 AR i 4 ) T L 3L 28 32 -1 T -5 2 1l 2 (b)

Fig.5

JE18 310 cd/m*, i i 8 £ {8 fb 32 M B4 KL B Fb
Je AT B B 0 TE AT B AT B i — 2P e
Com— F X85 5505 1 19 52 R e FEALBE 3 B 1
TEFEAT % AR AR Bk Sr T AR5 S4iE

CE-L-PE curves (a), J-V-L curves (b) of yellow OLED.

5 1 8 S8 3% T B TR & AT (E 3k 101 nm)
R KGR T 574 nm, KB BN 1.29 ps, i
FRORIRF] 51% . T B OCA RL R E fE B
Jt OLEDs fe K& ST F 568 nm, L EUL V62K
W 5 7K F] 88 nm., #{F R K52 B AN E TR R
TLAL RN Ty 20 43 i Gk ) 18 310 cd/m”,

JET D e AL Y B 3% 4 B @ et sk ClID B & W, F
10 3 A R 9 DL K X5 2k B R AT S AR A T TR

[2]

20. 8%, 58.16 cd/A #148.3 Im/W, iEH] T 42
il fb SR s 1T LA Ak S IR e M B TR 1A R S B
Heak D FCA Y . P15 25045 R B0 A U 9 3
A BOLE D BCG 0a BRH T s P ae B4

AR SO R A 45 BT ¥ o T — R A

YR ER ., REAEE AN T BEA W A LR .
% x Wk
FAN C, YANG C L. Yellow/orange emissive heavy-metal complexes as phosphors in monochromatic and white or-
ganic light-emitting devices [J].Chem. Soc. Rev., 2014, 43(17): 6439-6469.
WU Z B, LUO J J, SUN N, ez al. High-performance hybrid white organic light-emitting diodes with superior effi-
ciency/color rendering index/color stability and low efficiency roll-off based on a blue thermally activated delayed
fluorescent emitter [J]. Adv. Funct. Mater., 2016, 26(19): 3306-3313.
¥ B K, 3B KR I 208 KRR CsPbX, (X =CL, Br, D85 8k B 8 T 5 59 i 45 B HAE &6 =88 b i i

(3]

[6]

[J]. & A4 ,2019,36(8):932-938.

HUANG G B, LUO D F, ZHANG M S. Preparation of CsPbX; (X =Cl, Br. 1) perovskite quantum dots with
multicolor and high luminescence efficiency and its application in light emitting diode devices [J]. Chin. J. Appl.
Chem., 2019, 36(8): 932-938. (in Chinese)

YAM VWY, AUV K M, LEUNG S Y L. Light-emitting self-assembled materials based on d* and d'° transition
metal complexes [J]. Chem. Rev., 2015, 115(15): 7589-7728.

KAAINE I F LT 13, 13- 3k NG N-T-x B SE- 13 H-B I [ 1. 2-B -2 o 20K 3 i O A Hl e
BRI ] "5 2 7,2019,34(12) : 1136-1142.

ZHANG H K, SUNJ, YANG D D, et al. High-efficiency long-life blue organic electro-luminescent diode based on
13, 13-dimethyl-N, N-di-p-tolyl-13 H-indeno[ 1, 2-b] anthracen-2-amine [J]. Chin. J. Liq. Cryst. Displays .
2019, 34(12): 1136-1142. (in Chinese)

LIU Y C, LIC S, REN Z ], et al. All-organic thermally activated delayed fluorescence materials for organic light-



g B WS, SR SE A A AR (D TS 0 A R e B B R s s B RO 7
emitting diodes [J]. Nat. Rev. Mater., 2018, 3(4): 18020.

[7] LAISL, TAOSL, CHANMY, et al. Iridium(Il[) bis[ 2-(2-naphthyD) pyridine] (acetylacetonate)-based yellow
and white phosphorescent organic light-emitting devices [J1. J. Mater. Chem., 2011, 21(13): 4983-4988.

[8] ZHANG ZS, YUE S Z, WU Y K, et al. Low driving voltage blue, green, yellow, red and white organic light-
emitting diodes with a simply double light-emitting structure [J]. Opt. Express, 2014, 22(2): 1815-1823.

[9] CHANG Y L, KAMINO B A, WANG Z B, et al. Highly efficient greenish-yellow phosphorescent organic light-
emitting diodes based on interzone exciton transfer [ J]. Adv. Funct. Mater., 2013, 23(25): 3204-3211.

[10] ZHANG B H, TAN G P, LAM C S, et al. High-efficiency single emissive layer white organic light-emitting di-
odes based on solution-processed dendritic host and new orange-emitting iridium complex [J]. Adv. Mater., 2012,
24(14) . 1873-1877.

[11] DUMUR F, LEPELTIER M, SIBONI H Z, et al. Highly efficient organic light-emitting devices prepared with a
phosphorescent heteroleptic iridium (Il ) complex containing 7,8-benzoquinoline as the cyclometalated ligand []].
Adv. Opt. Mater., 2014, 2(3) . 262-266.

[12] TAO P, LIW L, ZHANG ], et al. Facile synthesis of highly efficient lepidine-based phosphorescent iridium ([l )
complexes for yellow and white organic light-emitting diodes [J]. Adv. Funct. Mater., 2016, 26(6): 881-894.

[13] BARANOFF E, CURCHOD B F E. Flrpic: archetypal blue phosphorescent emitter for electroluminescence[ J].
Dalton Trans., 2015, 44(18) . 8318-8329.

[14] TAO P, ZHANG Y B, WANG J, et al. Highly efficient blue phosphorescent iridium([[[ ) complexes with various
ancillary ligands for partially solution-processed organic light-emitting diodes [J]. J. Mater. Chem. C, 2017, 5
(36): 9306-9314.

[15] ZHENG Y H, BATSANOV A S, EDKINS R M, ez al. Thermally induced defluorination during a mer to fac
transformation of a blue-green phosphorescent cyclometalated iridium ([l ) complex [J]. Inorg. Chem., 2012, 51
(1): 290-297.

[16] SIVASUBRAMANIAM V, BRODKORB F, HANNING S, et al. Fluorine cleavage of the light blue heteroleptic
triplet emitter Flrpic [J]. J. Fluorine Chem., 2009, 130(7): 640-649.

EZ A -

B M8 (1989 —), B LA AL 1
+,2017 4F F K 5 3 TR 345 1+
2L, TN AR REM AR 0 T iR
T KOt L # R O Y BF %Y. E-mail.:

iamptao@njupt.edu.cn

B OB 1978 ), L I AR AL TH
+ . #4%, 2007 4EF R H KA+
0, EEMNFEFHE YR T 2E

5%+ E-mail: iamqzhao@ njupt.edu.cn

EHE (1987—), B, vl E A, Bl #

T, -

v e $2.2015 4F T ARSI T R 4K 15 112
- 13+ 3 5 M oL T 85 0 R B L o

A\, / J7 T BIWFSE . E-mail: miaoyangin@tyut.
A VA

edu.cn



