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1a SH-4 BE-24 FE-6
2a SH-4 BE-24 FE-2
3a SH-4 BE-24 FE-7
4a SH-4 BE-24 FE-8
S5a SH-4 BE-24 FE-9
6a SH-4 BE-24 FE-1
Ta SH-5 BE-24 FE-6
8a SH-5 BE-24 FE-2
9a SH-5 BE-24 FE-7
10a SH-S BE-24 FE-8
11a SH-5 BE-24 FE-9
12a SH-5 BE-24 FE-1
13a SH-11 BE-24 FE-1
14a SH-11 BE-24 FE-2
15a SH-11 BE-24 FE-6
16a SH-11 BE-24 FE-7
17a SH-11 BE-24 FE-8
18a SH-11 BE-24 FE-9
19a SH-11 HTM-1 BE-24 FE-1
20a SH-5 HTM-1 BE-24 FE-6
21a SH-5 HTM-1 BE-24 FE-2
22a SH-5 HTM-1 BE-24 FE-7
23a SH-5 HTM-1 BE-24 FE-8
24a SH-5 HTM-1 BE-24 FE-9
25a SH-5 HTM-2 BE-24 FE-6
26a SH-5 HTM-2 BE-24 FE-2
27a SH-5 HTM-2 BE-24 FE-7
28a SH-5 HTM-2 BE-24 FE-8
29a SH-5 HTM-2 BE-24 FE-9
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EE F1ERE X | EHERE | BXESHE
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1b SH-4 BE-25 FE-6
2b SH4 BE-25 FE-2
3b SH4 BE-25 FE-7
4b SH-4 BE-25 FE-8
5b SH4 BE-25 FE-9
6b SH4 BE-25 FE-1
7b SH-5 BE-25 FE-1
8b SH-5 BE-25 FE-2
9b SH-5 BE-25 FE-6
10b SH-5 BE-25 FE-7
11b SH-5 BE-25 FE-8
12b SH-5 BE-25 FE-9
13b SH-11 BE-25 FE-1
14b SH-11 BE-25 FE-2
15b SH-11 BE-25 FE-6
16b SH-11 BE-25 FE-7
17b SH-11 BE-25 FE-8
18b SH-11 BE-25 FE-9
19b SH-5 HTM-1 BE-25 FE-1
20b SH-5 HTM-1 BE-25 FE-2
21b SH-5 HTM-1 BE-25 FE-6
22b SH-5 HTM-1 BE-25 FE-7
23b SH-5 HTM-1 BE-25 FE-8
24b SH-5 HTM-1 BE-25 FE-9
25b SH-§ HTM-2 BE-25 FE-1
26b SH-5 HTM-2 BE-25 FE-2
27b SH-§ HTM-2 BE-25 FE-6
28b SH-5 HTM-2 BE-25 FE-7
29 SH-5 HTM-2 BE-25 FE-8
30b SH-5 HTM-2 BE-25 FE-9
2 S
B \Cu/
N-N—""\ O
(Cu-1)
e LIRS P | ARSEE | BaHE
=5/l
1c SH4 Cu-1 FE-1
2¢ SH-4 Cu-1 FE-2
3¢ SH-4 Cu-1 FE-6
4c SH+4 Cu-1 FE-7
5¢ SH4 Cu-1 FE-8
6¢c SH4 Cu-1 FE-9
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Tc SH-5 Cu-1 FE-1
8¢ SH-5 Cu-1 FE-6
9¢ SH-5 Cu-1 FE-2
10c SH-5 Cu-1 FE-7
11c SH-5 Cu-1 FE-8
12¢ SH-5 Cu-1 FE-9
13c SH-11 Cu-1 FE-6
14¢c SH-11 Cu-1 FE-2
15¢ SH-11 Cu-1 FE-7
16¢ SH-11 Cu-1 FE-8
17¢ SH-11 Cu-1 FE-9
18¢c SH-11 Cu-1 FE-1
19¢ SH-5 HTM-1 Cu-1 FE-1
20¢ SH-5 HTM-1 Cu-1 FE-6
21c SH-5 HTM-1 Cu-1 FE-2
22¢ SH-5 HTM-1 Cu-1 FE-7
23¢ SH-5 HTM-1 Cu-1 FE-8
24¢ SH-5 HTM-1 Cu-1 FE-9
25¢ SH-5 HTM-2 Cu-1 FE-6
26¢ SH-5 HTM-2 Cu-1 FE-2
27¢ SH-5 HTM-2 Cu-1 FE-7
28¢ SH-5 HTM-2 Cu-1 FE-8
29¢ SH-5 HTM-2 Cu-1 FE-9
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— 3 (BE-26)
ey F1EE FE2ER | FHEEE | BABHE
=5

1d SH-1 BE-26 FE-3
2d SH-1 BE-26 FE-4
3d SH-1 BE-26 FE-5
4d SH-2 BE-26 FE-3
5d SH-2 BE-26 FE-4
6d SH-2 BE-26 FE-5
7d SH-3 BE-26 FE-3
8d SH-3 BE-26 FE-4
9d SH-3 BE-26 FE-5
10d SH-4 BE-26 FE-3
11d SH-4 BE-26 FE-4
12d SH-4 BE-26 FE-5
13d SH-5 BE-26 FE-3
14d SH-5 BE-26 FE-4
15d SH-5 BE-26 FE-5
16d SH-11 BE-26 FE-3
17d SH-11 BE-26 FE-4

-43.




1646710

18d SH-11 BE-26 FE-5
19d SH-5 HTM-1 BE-26 FE-3
20d SH-5 HTM-1 BE-26 FE-4
21d SH-5 HTM-1 BE-26 FE-5
22d SH-5 HTM-2 BE-26 FE-3
23d SH-5 HTM-2 BE-26 FE-4
24d SH-5 HTM-2 BE-26 FE-5
i 7 7\
NN
R
NZ~N
\
L —~ 3
(BE-3)
L F1¥E 28 FRSEEE | BERE
=5/
le SH-1 BE-3 FE-3
2e SH-1 BE-3 FE-4
3e SH-1 HTM-1 BE-3 FE-3
de SH-2 BE-3 FE-3
Se SH-2 BE-3 FE-4
6e SH-2 HTM-2 BE-3 FE-4
7e SH-3 BE-3 FE-3
8¢ SH-3 BE-3 FE-4
9e SH-3 HTM-2 BE-3 FE-3
10e SH-4 BE-3 FE-3
1le SH-4 BE-3 FE-4
12e SH-4 HTM-1 BE-3 FE-4
13e SH-5 BE-3 FE-3
1de SH-5 BE-3 FE-4
15¢ SH-5 HTM-1 BE-3 FE-3
16e SH-5 HTM-2 BE-3 FE-3
17e SH-5 HTM-1 BE-3 FE-4
18e SH-5 HTM-2 BE-3 FE-4
N N
(L P
: é 1,
(BE-38)
=8 F1¥8 F2FB | AHSEE | BASHE
=5
1f SH-4 BE-38 FE-6
2f SH-4 BE-38 FE-2
3f SH-4 BE-38 FE-7
af SH-4 BE-38 FE-8
5f SH-4 BE-38 FE-9
6f SH-4 BE-38 FE-1
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7f SH-5 BE-38 FE-6
8f SH-5 BE-38 FE-2
of SH-5 BE-38 FE-7
10f SH-5 BE-38 FE-8
11f SH-5 BE-38 FE-9
12f SH-5 BE-38 FE-1
13f SH-11 BE-38 FE-1
14f SH-11 BE-38 FE-2
151 SH-11 BE-38 FE-6
16f SH-11 BE-38 FE-7
17f SH-11 BE-38 FE-8
18f SH-11 BE-38 FE-9
19f SH-11 HTM-1 BE-38 FE-1
20f SH-5 HTM-1 BE-38 " FE-6
21f SH-5 HTM-1 BE-38 FE-2
22f SH-5 HTM-1 BE-38 FE-7
23f SH-5 HTM-1 BE-38 FE-8
24f SH-5 HTM-1 BE-38 FE-9
25f SH-5 HTM-2 BE-38 FE-6
26f SH-5 HTM-2 BE-38 FE-2
27f SH-5 HTM-2 BE-38 FE-7
28f SH-5 HTM-2 BE-38 FE-8
29f SH-5 HTM-2 BE-38 FE-9
— —
NN
E j: > \Ir
NZ ;\
L 13 (B E-2 ) ,
85 F1¥HE Xl | AESEE | BIERHB
=54

1g SH-1 BE-2 FE-3
2g SH-1 BE-2 FE-4
3g SH-1 BE-2 FE-5
4g SH-2 BE-2 FE-3
S5g SH-2 BE-2 FE-4
6g SH-2 BE-2 FE-5
7g SH-3 BE-2 FE-3
8g SH-3 BE-2 FE-4
9g SH-3 BE-2 FE-5
10g SH-4 BE-2 FE-3
11g SH-4 BE-2 FE-4
12g SH-4 BE-2 FE-S
13g SH-5 BE-2 FE-3
14g SH-5 BE-2 FE-4
15¢ SH-5 BE-2 FE-5
16g SH-11 BE-2 FE-3
17g SH-11 BE-2 FE-4

C186846PA.doc

-45 -




1646710

18g SH-11 BE-2 FE-5
19g SH-5 HTM-1 BE-2 FE-3
20g SH-5 HTM-1 BE-2 FE-4
21g SH-5 HTM-1 BE-2 FE-S
22g SH-5 HTM-2 BE-2 FE-3
23g SH-5 HTM-2 BE-2 FE-4
24g SH-5 HTM-2 BE-2 FE-5
N __N
| L >—Ff
Fs;C~ ~F—N
— — *(BE-39)
88 E1¥8 F2FR | AR | BILRHE
=
1h SH-1 BE-39 FE-3
2h SH-1 BE-39 FE-4
3h SH-1 BE-39 FE-5
4h SH-2 BE-39 FE-3
5h SH-2 BE-39 FE-4
6h SH-2 BE-39 FE-5
Th SH-3 BE-39 FE-3
8h SH-3 BE-39 FE-4
9h SH-3 BE-39 FE-5
10h SH-4 BE-39 FE-3
11h SH-4 BE-39 FE-4
12h SH-4 BE-39 FE-5
13h SH-5 BE-39 FE-3
14h SH-5 BE-39 FE-4
15h SH-5 BE-39 FE-5
16h SH-11 BE-39 FE-3
17h SH-11 BE-39 FE-4
18h SH-11 BE-39 FE-5
19h SH-5 HTM-1 BE-39 FE-3
20h SH-5 HTM-1 BE-39 FE-4
21h SH-5 HTM-1 BE-39 FE-5
22h SH-5 HTM-2 BE-39 FE-3
23h SH-5 HTM-2 BE-39 FE-4
24h SH-5 HTM-2 BE-39 FE-5
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2082%Y - Erichsen)fE A HEHEN LIRS HK BB AR » SEBRHEHEES
M (EE 46 pm) o
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B -

HEEEEREZPLEERERETERQY)EH Rt KRG EAFEHEHPL
B 7T ERE M A4 (Hamamatsu - C9920-02FN)BHICHE R & * $tH =X
15370 nm > $F ¥ %£2-9%5310 nm) -

HERBRESHVWRBHS

HEZCHBEZZZRESHCH)GELUTEFEN @ ¥
& ERARIOKHZ N R FZ R ARBIFE 310 nmAIARE Z &8 - 4
B fi] AH A BE 0% 7 51 BU(TCSPO)Y ST AR M 2% 5 8 i To (% 8 HH To=1,/QY
STEMRE -

HELEREBEESYBE-24RHFHE - BEXLEHBFE 1R
FE-2F{EsZ %8 -

RIBETLGESEMERAERRE TZHEB 7 FBE-24 - WEAFEZ
#5457 (FE-1 X FE-2) & Wi f& K [E £ 8 57 F (PMMA K SH-11) 7 U {F %
FIfEEEBEERE -

i | 28 | BEER) | AEGH) B w/ns | t/ns | QY Amax.em
BE-24 | FE-1 2% 0% PMMA 700 875 80% 440 nm
BE-24 | FE-1 0% 0.10% PMMA 4 4 98% 468 nm
BE-24 | FE-1 2% 0.05% PMMA 49 63 78% 468 nm
BE-24 | FE-1 2% 0.10% PMMA 44 57 77% 466 nm
BE-24 | FE-1 2% 0.20% PMMA 27 38 71% 469 nm
BE-24 | FE-1 2% 0.40% PMMA 17 25 68% 470 nm
BE-24 | FE-1 10% 0% PMMA 700 843 83% 447 nm
BE-24 | FE-1 10% 0.05% PMMA 69 103 67% 468 nm
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BE-24 | FE-1 10% 0.10% PMMA 57 89 64% | 468 nm
BE-24 | FE-1 10% 0.20% PMMA 25 48 52% | 473 nm
BE-24 | FE-1 10% 0.40% PMMA 24 49 49% | 473 nm
BE-24 | FE-1 2% 0% SH-11 - 71% | 449 nm
BE-24 | FE-1 2% 0.05% SH-11 57 98 58% | 453 nm
BE-24 | FE-1 2% 0.10% SH-11 40 70 57% | 454 nm
BE-24 | FE-1 2% 0.30% SH-11 17 31 55% | 458 nm
BE-24 | FE-2 0% 0.10% PMMA 5 5 100% | 458 nm
BE-24 | FE-2 2% 0.10% PMMA 240 282 85% | 460 nm
BE-24 | FE-2 2% 2% PMMA 20 27 74% | 487 mn

ZRZF-HBOETRELZB/PMMAT EE 2% {88 BE-24 & K [
REZZERFE- 1IN S - E—TERAHBQ%IEHEREIAFT00 ns
ZREBREBER(CIU KON B FEXR K N440 nmE 5 K5 -
M ZREOI%ZIEBEREEEYIO0% Y 8 FUERE 3.7 ns2 H&
MEEFar - HH 468 nmBERE KN - WEAEBUKZBIERERH
> BAR4AEHHRESZR I BERNEEHR(AEAESRBEREER
HI80%MHLL » FEO 1N ZWMBEZE R TE FRERTE%) - FR A
55440 nm(ftA8)E468-470 nm(Z W)X A B X ERLEER(ZRE2K
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/0ZFE17 ns o
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CIE.y ~ RRE & &F it (ns) - 1£310 nmEFIT AR BEQYZ M E » &
LR F e 2R E A -
22

$1 ¥ H10% 2 BE-24 ~ x% 2 FE-7 [ 90-x% 2 PMMA4H RL Y H fE &
M EF ERQY) (%) ~ CIE, R &5 Fdito (ns) -

x /% | QY /% | CIE, | CIE, | t/ns
SRE1 0 791 0.156 | 0.148 | 1030
2| 0.2 96 | 0.158 | 0.267 | 43
3| 0.5 98 [ 0.161 | 0.307 | 24
WEEa | 1.0 99 [0.170 | 0.374 9

723
8B H10% 2 BE-24 ~ x% ZFE-2 [ 90-x% 2~ SH-114H L Y H & &

2 FERQY) (%) ~ CIE, KB HFdito(ns) °
BB | x/% | QY /% | CIE, | CIE, [ 1y/ns
SHES | 0 89 0.179 | 0.200 | 1320
6| 05 | 78 |[0.138[0226]| 40
W7 10 | 72 |0.138[0235( 39

=4
¥ EH10% 2 BE-38 ~ x% Z FE-2 }790-x% 2 PMMA%H B Y S B =

HHEFERQY) (%)~ CIE, K FH Eft(ns) °
B [x/% | QY /% | CIE, | CIE, [ 7o /ns
SWRES | 0 62 0.157 | 0.177 | 934
W9 | 05 | 72 |0.135|0230] 46
MEE10| 1.0 | 64 |0.131]0260| 25

=5
¥ H10% 2 BE-38 ~ x% 2 FE-7}290-x% 2 PMMA4H Kk #Y S fiE =

HHETERQY) (%) ~ CIE K EHEdito (ns) °
BH [ x/% ]| QY/% | CIE, | CIE, [ t/ns
R |0 62 0.157 | 0.177 [ 934
W12 02 | 75 [0.158[0266| 46
W13 | 05 | 83 |[0.162]0316] 21
W14 10 | 89 |[0.170]0370] 9

26
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¥ 10% ZBE-40 ~ x%Z FE-4 57 90-x% > PMMA4H BX 19 8 j2 =

SMEVETER(QY) (%) - CIE, KB Zdit, (ns) -

Bl |[x/% | QY /% | CIE, CIE, | 19 /ns
HEE15| 0 76 0.325 | 0.556 | 877
16| 10 | 87 |0379|0595] 79

=7
$t ¥ H10% 2 BE-39 ~ x% 2 FE-5 90-x% > PMMA4H ¢ ) # j& =

SV E FEFR(QY) (%) - CIE, K &5t =it (ns) ©
BB | x/% | QY /% | CIE, | CIE, | to/ns
HEE17 0 86 0.222 | 0.419 | 976
SIS | 02 | 97 |0262]0.621] 31
HEE19 | 0.5 96 0.289 | 0.641 15
W20 1.0 94 0.304 | 0.642 10

=8
STBfE10%Z Cu-1 ~ x% 2 FE-2 % 90-x% 2 PMMA#H 5t 7 58 & & JHI

HY 8 T Z R (QY) (%) ~ CIE, K #EH Edit, (ns)

BB | x/% | QY /% | CIE, | CIE, [ 7/ns
W21 | 0 47 0.171 | 0.215 | 32125
MEE22 | 02 | 67 |0143]0231| 41
ME23| 05 | 77 | 0136|0243 36
W24 | 10 | 83 [0132]0259] 29

=9
Pt ¥ EH10% 2 Cu-1 ~ x%Z FE-7 90-x% 2 PMM A 4H 5% 15 58 B2 & 3

W& T ERQY) (%) - CIE,,R#EH FHdit (ns)

BB | x/% | QY /% [ CIE, | CIE, [ w/ns
W50 |47 0.171 | 0.215 | 32125
26| 02 | 72 [0.163[0302| 16
WE27| 05 | 86 |0.166]0351| 1.5
28| 1.0 | 92 [0171]0385| 1.7
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MEZEBRZEMBELAPLENEE » WO BARMITHEINE FLE
FHHEHRENZ BRI ZBEREMEML -
bR FLBITZE

B DEKBESBHEEYW BN TEEERNKENE®(D.
Andrae + U. Haeussermann - M. Dolg -~ H. Stoll X H. Preuss Theor.
Chim. Acta 77, 123 (1990)]#9 f&[R #IBP86 [J.P. Perdew” Phys. Rev. B
33, 8822 (1986) 52 J.P. PerdewZ Phys. Rev. B 33, 8822 (1986)]/SV(P) [A.
Schifer + H. Horn &z R. Ahlrichs22J. Chem. Phys. 9, 2571 (1992)}47 # & 1% 1k
PEMB O T REMEHE  ER=LOEHEENES  $WITHRA
BEFsSFEUHES-TIoH - A8 S > &% F AB3ILYP-E 4 &
[Becke ~ A.D.2>J. Chem. Phys. 98, 5648 (1993))45 & FF 5 B T e
BHEES[E. van Lenthe X E.J. Baerends>J. Comp. Chemistry 24, 1142
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X E.J. BaerendsZ Journal of Chemical Physics 110, 8943 (1999)]f1$E {F
SCFALZE R » 2N RE > K HESHER(F. Wang K T. Ziegler”
Journal of Chemical Physics 123, 154102 (2005)]3h 47 0% 5 46 B 22 FE o1
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ADF2009.01, SCM, Theoretical Chemistry, Vrije Universiteit,
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AMEE - Hhig - FHHELI07-10°ZE T LL4Y0.5-5 nm/minY H 3R K AH
B T XRAZERM 2B ERFRZER -

b
Ay
O

FBEHERZEFRIA - EREFEHRFHEER & IDPBIC)s
HEEEF60 nmEi100 nmZ [ > EH50 nmZE 90 nmi2 5 H MoO; -
Ir(DPBIC);Hy &% 10 nm3t & B 7 [HET & -

bE1% > £ HEEML)FEHLI40 nmZ BEERBILBEMALEE HE
KBS B E S YWBE-X (2 wt% ZE 40wt%) - & ¢ & & #8 FE-X

Q@ Q-
oo
(0. oswt%Ez 0wt%)&£§%’1bé%

o
O O (SH-2) (58 wt%®97.95 wth)Z 8E&Y) - BE1& >

SH-115%SH-238 e SRAH LR LAS nm 2 [ B8 2 7R AF 7% B0 FHET A
() ®
8 &
j&%’ﬂﬂ%¥¥{§%@’ (ETM-1) &

Li/N\ /

(SH-11) &

o~

(Liq) (50:50)Z R EMFEHRMEAEEE (25 nmE3S5 nm) - ##
Z > HBHAEHRMEALEETZI nmBKFLE 2% EBHEHRERL
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HI00 nmBEZAIERG - FARAEATEEERERKAB TUMSES RS
RHIEE -
thEFE B 1 KA f1
EEREFEIE S AT 22

ITO - 80 nm 2 Ir(DPBIC);:Mo0O; (90:10) - 10 nm= Ir(DPBIC), -
40 nm~ BE-24/FE-1/SH-11 (2:0:98) - 5 nmZ SH-11 - 25 nm> ETM-
1:Liq (50:50) - 4 nm KF - 100 nm2~ Al

EBSEHEUNEEREBEIZEEL - L TEAREBIZEELE:

ITO - 80 nmZ Ir(DPBIC);:Mo0O; (90:10) - 10 nm= Ir(DPBIC); -
40 nm” BE-24/FE-1/SH-11 (2:0.05:97.95) - 5 nm2>SH-11 - 25 nm>~
ETM-1:Liq (50:50) - 4 nm> KF - 100 nm2” Al

RYMEILOLED  HEEERKBE T TR B LN -
S SEHEERNER-ERFEHEUMNE SR YA EBRINEE FHE
(EQE) - FrIEEZ F iR » HFHE (L)=1000 cd/m"BL LT EFHEEUR
EQEHfESmA/cm’ R 45 H IR B E E & (CIE)EE - FIEEE R EE
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€39

The present invention relates to organic light-emitting devices comprising (a) an anode, (i)
a cathode, and (e) an emitting layer between the anode and cathode, comprising 2 to 40 %
by weight of a luminescent organometallic complex X having a difference of the singlet
energy (Es1(X)) and the triplet energy (E11(X)) of smaller than 0.2 eV [A (Esi«(X)) = (Er1i(X}))
< 0.2 eV], 0.05 to 5.0 % by weight of a fluorescent emitter Y and 55 to 97.95 % by weight of
a host compound(s), wherein the amount of the organometallic complex X, the fluorescent
emitter Y and the host compound(s) adds up to a total of 100% by weight and the singlet
energy of the luminescent organometallic complex X (Es1(X)) is greater than the singlet
energy of the fluorescent emitter Y (Es1(Y)) [(Es1(X)) > Esi(Y)]. By doping, for example, an
emitting layer containing a luminescent organometallic complex having a small S:-T,
splitting, with a fluorescent emitter the emission decay time can significantly be shortened
without sacrificing external quantum efficiency (EQE) because of very efficient energy
transfer.
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