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Synthesis and Optoelectronic Properties of Iridium Complex Containing
Camphor Based Auxiliary Ligands
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Abstract: Iridium complexes 1 and 2 were synthesized with 2—phenyl quinoline as the main ligand and acetyl
acetone, and camphor based pyridyl pyrazole derivatives as the auxiliary ligands. The structures of the complexes
were characterized by nuclear magnetic resonance(NMR), infra red(IR) spectrum and mass spectrum(MS). The
photophysical and electroluminescent properties of the complexes were also studied. The results show that the
luminescence wavelengths of complexes 1 and 2 are 603 nm and 619 nm, respectively, which belong to orange
and red light emission accordingly, and the quantum efficiencies are 34% and 53%, respectively, indicating
that the camphor based auxiliary ligands could effectively improve the photoluminescence quantum efficiency of
iridium complexes. The electroluminescent wavelengths of the complexes 1 and 2 are red-shifted to 612, 622 nm,
respectively, indicating that the camphor based auxiliary ligands could effectively reduce the red shift of luminescence.
The maximum external quantum efficiency of the device based on complex 1 is 0.014%, and the maximum brightness
is 30.2 cd/m’. Compared with the device based on complex 1, the external quantum efficiency of complex 2 is
increased to more than 3 times, the maximum external quantum efficiency reaches 0.044%, and the maximum
brightness is 48.6 cd/m’. Moreover, its color coordinates are (0.64, 0.35), and close to the standard red color
coordinates. Therefore, the introduction of camphor group in the auxiliary ligand can effectively improve the
luminescence efficiency of the complexes, and make the luminescence color insensitive to their concentration.

These results are useful for the design and development of organic electroluminescent materials with excellent
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comprehensive performance.
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TER SRS 4 5 ¢ (32.9 mmol) BEKINAZ]S g (125.0 mmol) S ALHNAY 25 mL DU S HRI R , h it T
Pt S h 5T A 7 mL (51.8 mmol) 2-MkRE R LB, FiiHE S ho RN SERUS  FEVKIR SR FIEIR G oA
10 mL FFEERE O, SR 5 N 25 88 7oK PR SR FR U pHAE Wi o BEZERR 258 MLIA I G FH S e 2 1, A AL
JEHICAK R R AN T4, 2 BRI s, AR A TR A 30 mL FBEAT 12 mL /K &0, DA al 3 12 h, PR 2%
RV FIARAE ™ it o TS REL™ R S eV R0 , o rh M S AR AT A5 B Sl 3 =i 1 7, 8, 8— — HH k-
3-(2-MkhE—)—4,5,6,7-PUSE—~2H-4, 7477 I FF s s | BOARE AR LA, B3R R 52%

IR (KBr, cm™):N—H) 3 189 (m), (—CH;)2 957 (m), 2 867(m), (—CH,) 2 927 (s), (PhC=C)1 592 (m),
1566 (w), 1490 (s), 1 473 (m), C=N) 1 385 (m). 'HNMR (CDCl;, 400 MHz, 6):10.40 (s, 1 H), 8.52 (d, J=8.0 Hz,
1 H), 7.55 (t, J=69.6 Hz, 1 H), 7.51 (d, J=8.0 Hz, 1 H), 7.20 (t, J=13.6 Hz, 1 H), 3.10 (s, 1 H), 2.11~2.23 (m, 1 H),
1.81~1.85 (m, 1 H), 1.42~1.45 (m, 2 H), 1.34 (s, 3 H), 1.07 (s, 3 H), 0.73 (s, 3 H). MS ((+)~ESI): m/z=242 (calcd.
242 for CsHaN; ( [M+H])o
123 2-ZFEEWMEERE K
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Fig. 1 Synthetic routes of ligands and iridium complexes.

IR (KBr, cm™): v(PhC—H) 3 056 (w), v(PhC=C) 1 596 (m), 1 552 (w), 1 508 (w), 1 491 (m). 'HNMR
(CDCls, 400 MHz, 9): 8.23 (d, J=8.4 Hz, 1 H), 8.12~8.19 (m, 3 H), 7.90 (d, /=8.4 Hz, 1 H), 7.84 (d, J/=8.0 Hz, 1 H),
7.73 (t, J=7.2 Hz, 1 H), 7.54 (t, J=8.0 Hz, 3 H), 7.47 (t, J=7.2 Hz, 1 H).

1.3 KEAEWHNERK

FREL1.46 g (7.10 mmol) 2— /K KEMEMEA 1.00 g (2.84 mmol) IrCls - xH,O T L R B , A 5 mL 2555
F7KANS mL 2- 8B O BE  NARS B FHRZE 110 CROV 24 h, AR /AT 20 @A 1 58, 7l L 8
FIK, CEEBRU A, FARBE A58 — @ R A, 7230 41%. 44 0.10 g (0.08 mmol)#Kk — & Hr AR T
5mL S BRI, A 0.10 g (0.8 mmol) ZBEPEHEANF S mL L FE, Z A+ 4 h 5,50 CIEYE 2 he JlUE
ARBREA S BEVE R ik i R34l AR 2K S 1, 7R 36%.

IR (KBr, cm): (=C—H) 3047 (m), (—CH;) 2 920 (m), 2 850 (w), (C==0) 1 724 (m), WPhC—C)
1 604 (m), 1 579(s), 1 543 (m), 1 516(s). ' HNMR (CDCls, 400 MHz, 8): 8.52 (d, J=8.5 Hz, 2 H), 8.21~8.47 (m,
4 H), 7.92~8.10 (m, 4 H), 7.43~7.69 (m, 4 H), 6.90 (t, J=7.5 Hz, 2 H), 6.55 (t, J=7.3 Hz, 2 H), 6.39 (d, J=7.6 Hz,
2 H), 4.71 (s, 1 H), 1.56 (s, 6 H). FAB-MS: m/z=700 (calcd. 700 for CssH,sN,O.Ir ((M+H']),

$0.27 g (0.2 mmol)k — 5 HhalA, 0.5 g (2.0 mmol) Bk FEELA ,0.32 g (3.2 mmol)BRFREN A1 30 mL 2
AEECTHR G  TERSY T I 12 h S IR ITE , il IR 2L @R . F w S V(TP BE)(40: DS
VR R AE R A | 24l A5 SR A 2, 775N 48% .

IR (KBr,cm™): i— CH;) 2 958 (m), 2 860 (w), UC==N) 1 637 (m), WPhC=C) 1 607 (m), 1 543 (w), 1 515
(w), 1 466 (m). 'HNMR (CDCls, 400 MHz, 6): 8.25 (d,J=8.5 Hz, 1 H), 7.90 (d,J=8.0 Hz, 2 H), 7.61~7.84 (m,
8 H), 6.47~7.29 (m, 13 H), 4.11 (s, 1 H), 2.93 (t, J=8.5 Hz, 2 H), 2.86 (t, J=8.5 Hz, 2 H), 0.80~1.42 (m, 9 H).
FAB-MS: m/z=854 (calcd. 854 for CsHuNslr ((M+H ),
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AN PR S T AT 20 O o 55 20 2 Pl O T A e g B — SOk v (AR B b =4, AR il S 4 1
BC A 25 7 1) 2 (1) 77 23 48% , 111 FH Ik PRI it 25 7= 00 1 1) 7 238 LA 36% , i FF AR ik 2 8 By AR 1) A5 g
Lo P EsE . AZ R SRS R S W A R NS B & BB A W 1 R R R S
ST 24 H IR AR R IE E  TTARIEC 5 2 D000 B 7 AR i PR A R R R 0, AR 31 T IEAR R B AR . D3 4h
FEL S 25 FEL 5 SO R AE I AL A D S B oy T S B W) &, 25Ul T 7= %) IE A 1
2.2 RECEYRIEYIIEERE

B A WIAE 25 (5107 mol/L)Hh i1 58 /h—n] LI Lol .
s an s 2, 4B IR 2 T B A9 1R 2 254 % ' —2f
ML, PIRE A P02 5h- 0T RO AL, Hote = O8] 08 2
350 nm DA SRIGHCH 2 AR P LB S 06 ) 0.6 2
1] FL i % B ('LC(r—m*)) R 5 1A 5 17 A 350 nm 4E LS R —toa =
T T 05t 9 55 WS T LA U1 U8 g 4 5 T Ak = = oal L 55 I
FIRGRATEERS (MLCT) LR SRk Z g irge % [ e ) N
# ('LLCT) ,"MLCT, *LLCT FIEC AR .0 19 sn—n* BR 300 400 500 600 700
T WA TR, )2 A9 'MLCT BRif i i Bet/nm
BB 4 16 5 1 A 1L B MLCT, LLCT B2 SRAMME - RIS R
I 3LC(n—n*)ﬁﬁ‘?ﬁ'/a\“”,Mﬁﬁ@iﬁ%ﬁﬂ‘gft?%ﬂm Fig.2 UV-Vis absorption and photoluminescence
FOSREE . T 4h, BRI &0 1 2 BS54 53 1 spectra of the fridium complexes

4 568,590 nm, DAL — F RELR 250 91 2.18,2.10 eV, KL & 2 I BER 2E UL S 1/ 3% F 82
B SN e R o o N Wl L L ) e

3BT 2 I AEEUE SEIE T A BRI A W RO G RS R & 5T e A 1Y & ST 603 nm, T &
V)2 KL 2 619 nm, AL IR 5 5 RIS Z1R 1) S P — 350 e &40 2 I 619 nm 4221 42T
JCRGT N =AY £ RS AT SR I . A[Ru(bpy)s]CL A FRHEY)(P.=0.062) , I EK L & W 7E —
S BE R L ECR R T RCR (Do), P LAY 2 B T ROR A 53%, I FL I 4 1) FRUCR %, H
34%. VARSI SEEBC AR AL RE IR ST K CI A, B ok H B A R IR RE AR R AIG R T IC A A B R AR S B ROk
VK HE e R TR
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P TRE B W 5 T v e I o PR A WrK/mm

E3 SEMREE
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e s O A 1 BRE I B KA TR N 0.014%, TEARCE A 0.007 ed/A , B KAEFE N 30.2 cd/m?, TTHC &4 2
P B R R AT SRR R, e KA TR K 0.044% , T AR 4 0.023 cd/A, it K25 E M 48.6 cd/m?®, {H
I, PR B R RCRARAR , 3X 5 2254 Hh A 23 7RIS 2 AT 330 T 5 48 0 U B 3UTE A6 2 1)
HAAH X BLA Y 248000 RO GHEREAH L EC &4 1 H2 T 8, S 8 i = 21 3 A% DAL, U BH AR i S (A i
B RRAR R BUROC IR BT K

Fig. 3 Electroluminescence spectra of devices

®1 BERLHEEFRIERE

Tab.1 Performances of the electrophosphorescent devices

s CENA) FHL % LR/ BRI mRIMET RS . LG ENE
i ) ) . v ) Ak bR
\Y (mA/cm?) (cd/m?) Fl(cd/A) BOR 1Y% (cd/m®) \Y
1 6.2 122 6.2 0.007 0.014 30.2 (0.57,0.36) 5.0
2 124 187 41.4 0.023 0.044 48.6 (0.63,0.35) 10.8

P4 g as A FL R - RS 2k . MR

4TI E W AR R N AR SR B, 3 BT
LG W s A S AR UG EFOERL  E 100
S5 [N Be A 1 2 PRI € A8 H5 M (0,57, 0.36) , 1l g =
BiA 10 2 B €0 A8 5 4.(0.63,0.35) , Bt &4 2 (5 Ak bR 210 3
Pzl 35 B B R g 28 L2 i U I PR E AL (6 (5 & =
HEFR(0.67, 0.33)7 1 TE TABZIGE RV It 5 e
T o A A M B B 60 (6, T B PR
Mo, ROCRLR R R &, W58 T AR F BUR B 2R —
FTERE. 4 SBMmRE-r R

Fig. 4 Current density—voltage—luminance curves
3 _Q_:él: 'L/I’_\. of the devices

W B 25 AT 5 | BN R TC A b, IF 3 e A% I
PREE LT AN BT it W I LA B ORI A D 25 A T AR 5T , L O R RE I R

1) B IEEREC A P B &I M 619 nm, T 4B 216 & 5, A HL T L BEN AR EC & 0 & e e %, HoR:
TR R

2) EOBUROGIEA L, A SEAR I A 4 10 B BRI R AR 4T, (6 Ak 5 4(0.64,0.35), T bR LT
R E AR, R IEER L A e F R W R R 10.8 V, B KA B 4 48.6 cd/m?, 5 Z BEN BAR BT S A e , H:
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