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B-DIKETONE ANCILLARY LIGANDS AND THEIR METAL COMPLEXES USED IN ORGANIC
OPTOLELECTRONIC DEVICES
CWEE

ANESBAIG T T — 47T il %A #8704+ (organic optoelectronic devices)Z &% 28 btk o Btz
B F A ok R — 46 Sk s Ay 0 A B 1545 2 T B 7 BF (acetylacetone) Bu A K 0 MAE R 4N E

FHREZ B BRIPEIFRERNFPte — T BAABE LR AR AE AR BB Y

A R AR — AR LR B R MR A X AR LA

The present invention discloses a phosphor for organic optoelectronic devices. The phosphor is a
complex comprising a metal (Ir or Pt) and a B-diketone ancillary ligand. The ligand is modified from an
acetylacetone. The external quantum efficiency of the organic optoelectronic device according to this
specification is higher than the prior organic optoelectronic with FPt phosphor. In general, a phosphorescent
layer is used to be doped by the phosphor. The specification further discloses a phosphorescent layer

comprises the phosphor as the major material.
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B-—ERAH BN B R H S B S EABMAT LA ZRA/
B-Diketone Ancillary Ligands and Their Metal Complexes Used in Organic

Opfoielectronic Devices

O = XA RApE

ABEABTT —HETANEBAEE L4 (organic optoelectronic
devices) Z 8 b8 b M A o £ L2 8 6 B 6 M B 4 — B8 Sk 88 A
#1454 2 2.8 % 8 (acetylacetone ) Bifn & » L0 i B3 & 4 41 & T
¥E2ZH 643 ’ B_'Eyb%ri%—?ﬁ%ék% FPte —f& Mm% » Bi6 8 % B X
ER B AHH ABRY  ABA RS — 86 6B B LR
M A EBHH > XY E -

D = EXBAME

!-\

The present invention discloses a phosphor for organic optoelectronic
devices. The phosphor is a complex comprising a metal (Ir or Pt) and
a P-diketone ancillary ligénd. The ligan‘d is modified from an
acetylaéetone. The external quantum efficiency of the organic
optoelectronic device according to this specification is higher than the
prior organic optoelectronic with FPt phosphor. In general, a
phosphorescent layer is used to be doped by thé phosphor.  The
specification further discloses a phosphorescent layer comprises the

phosphor as the major material.
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~ BREAREA
[ %A 77 B 2 Bua 4R ]

A A %E WP — B R M R LB A 0 R R K M5 — 4
%, 4k 44 A#h@’éyb%i‘ybﬁﬂﬁ?—ﬁ&m

[ AT 44 ]

— T 0 4 M % 5k —4& 8 (Organic Light Emitting Diodes, OLEDs)
/’3
~ AABBES @A —B#E (cathode)  — 4 (anode) 2 — % % /B

(mmmmmWwEMwaé%%ﬁﬁ%x%aA%%@ﬁ’quﬁ%
B R GIEE A — E ﬂﬁ # B (hole-transport layer » HTL) » 78 T £
B AR HEEMmA—EF4% %R (electron transporting layer » ETL)

AY ahARBE-BRGASLALIBAREBDIZRE (&
o~ &ikBmER) REMA - HBFAH KT H A & & (fluorescence) ~ &

% (phosphorescence) 2 2 H S 8 £ L & % X °

@)
- R A BROARABRARE GG CTFHBTANER - — AT
ITESBEFRE  BAOBIARELAL ZREERSUEL R

BRE - AN ALETTFRUAEEBERS éﬁéi%f&&ﬁ  HMBERETFTARELH
P #R 4 i (internal conversion) ~ % 4 B % A (intersystem crossing) ~ %
3 ?% # (external conversion) ¥ @ B 2 AL - £ F > % F E & (single)
&%ﬁﬁé&h% BREHNALRNBAEER - H4 Bh R HKEER

(intersystem crossing) @& & = & # & (triplet) % k@ | £ A& B 4%
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AEiE - BE B A ALBRAENSTFRERA)N BLTHEGAZES T
HBEB TR REATBHRE -

—fg@E > A% k=M (OLED) Ja&# % % =4 (LED) &
FiEH - mAE RN - ARAREHD - FMERZHRETTA
BNEABERY CEANBALYEARANEASE - FENL NFH
%%%ﬁ%%%%ﬁﬂ’m%%&%%%&\ﬁ$ﬁﬁéﬁWMr

. rendering index » CRI) > 4% & 2K 5 & X #H 4 -

[#ARE]

ERLTHEZEAFEF ATRAAE L2 2R KEARM 12
D ST L Y U

AEVBET —MARBEMM LES

— 3%
M' 4% 45 % sk X R — F o4t & 3-327%-2,4-,&:_@@-0,0'

(3-phenyl-2,4-pentanedionato-0,0) - B X% A M M &) —H X% TF ¢
R7 R6 R5
O==
/7N
hﬁw%Jf
R1 RZ R3

Sb oL A—mdn A AP o ombs 1 K2 £ F R AR TUBAX

AR AR BR HEBILEA FTHAEMEFZ—F R F &% Cl1-C6
Bk ~Cl-C6 A £+ R-R R R & RETRAARAKEF -
ERPR R "REARHZEBIEL THHA AL —F 8ETF > 8%~

C1-C6 & & ~ mcm@ “C6-CIOXE%MA - 44 1-4/8:84 N-

]
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O-B-P-Si#BRFZS5EZTARESR
4 bz BB AMREAL tﬁtﬂzm%ﬁﬂ H oh 31
€ 3 4 2 ) S A FPt [platinum(II)
(4°,6’-difluorophenylpyridinato-N,C2°)(2,4- pentanedionato-0,0) ] ¥ Y-
BABERRZRBHM -
Wik MEEdz (3-%R8-24-%=8-0,0) RAKR S MM T
UK EBREEASHY > THARL B H =258 ﬁ_%’tiﬁbﬁ%’a
(O (triplet-triplet annilation)st & % #& & M JF A AL R 42 Bk b AT E
% & &L & (acetylacetone) BATHMAREASH EA XA BEHSGHE L
HEGES S %A%%l%iﬁlﬁ?ﬁﬁﬁ%ﬁﬁ% R TH—FEHE
F/BREANBREHY - X M A PteF o #45MA FEwWA (square planar) #)
BT EFEBBRARTEBE ok S FRGREEHTERA
B st 3k 4k A& 2 & (aggregated state emission) AF{5 EL ol B MK L B B
- |
O AEAERBBET - HEABAE AR ZARAE LY R FBLHE
AR BARAHEAEZEHM  BAMABEE LR LA RS
(Doping) ##7 > R E &

[Frwr K]

AEAELIE T AR AN RL AR o B T AU A
e T T T LT
BAEAMREANZABRZIBELA BTttt -5 —F @ RAA
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MR R T B AR AN T RBERERAEARLEZMRS -
AR BAET ARG F i T AnhTE R @Bz s &
BRBTUELMETLE LY TR T BAEFANRBRXTRE
Az EMNEE B E - |

AR B REHBE - MHEEREAHR S —BE LA
M' - M' 4% 48 % sk 5 X R — (3- % % -24- % = & -0,0)

(3-phenyl-2,4-pentanedionato-0,0) ; M 8} K% kb ke — K KX TF -
R7” R® RS

0

e

R' RZ RO

ﬁ‘_q: L % —fedr & ﬁ‘_wlv’mi%l‘}i,z’ﬁ_wla » R'#e R7 9T s 48 B & R

m’ﬂR% R7GEBLEL TH R 2 — % SEF - BE A

BA  Ee RLCRCRC-RER TUMEAXAR» B R R R

RERGHLELTrHEaL—F ARF % CL-C6 % &~ C1-C6

BERC6-CR2EE%MAKRSL A 1-4MEAEN-O-B-P-SiER
T2 5% TERBA HT C6-C2EXERBA &A£14®€EN~

OB P -Si#BERFXSETERRBARATHAHZI—FRAES

FSENS S
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B FRZBABAMMBREEITAR—HAEE LR LRAR
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AR HELOASTHH#Ez—% R T &% Cl-Cox%k ~ C1-C6

() ERE-C6-C22¥FMBAKEA 14MEAN-O-B-P- Si 218 &
FZSETARREL AV COCREERMARLA 1-4M2 B N~

O-B-P-Si%BRF2 52 TERBRAEATHABMZ—HIELEE
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& z 7 B ® (six member ring) % & B 3% (five member ring) °
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REAEHRBZE— SRR T Lillzda (Rik) BEHEL

4 FF &4
5
) —
3-(3( =/ F £)E L)% 2, 4 = & [3-(3-(trifluoromethyl)phenyl)pentane-2,4-dione]
2R EAE R FAML -
O O
O

CF3

'H NMR (400 M Hz, CDCI3):  1.87 (s, 6H), 7.36 (d, 2H, J=7.2Hz), 7.38 (s, 1H), 7.51 (t, 1H), 7.59 (d,
1H, J=7.2 Hz). 3C NMR (100 M Hz, CDCL): & 24.1 (CHs), 114.1 (C), 124.4 (C), 124.5 (C), 127.8
(C), 127.9 (C), 129.41 (C), 134.6 (C), 137.8 (C), 190.8 (C). HRMS (E, m/z): caled. for CisH11F30;
244.0711 found 244.0716 M ).

2 (4 (9 f -k =% 9) X £ ) K 2 4 = ®

17
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[3-(4-(9H-caljbazol-9-yl)phenyl)pentane—2,4—dione] Z R A EFEHR I TF AT
O O

Yield: 82.2%. 'H NMR (400 M Hz, CDCl3): & 2.01 (s, 6H), 7.31 (t, 2H), 7.40-7.48 (m, 6H), 7.60 (d,
2H, J=8.4 Hz), 8.16 (d, 2H, /=8.4 Hz). '>C NMR (100 M Hz, CDCL): § 24.3 (CHs), 109.7 (C),

114.5 (C), 120.1 (C), 120.4 (C), 123.5 (C), 126.0 (C), 127.3 (C), 132.6 (C), 136.1 (C), 137.1 (O),
140.7 (C), 191.0 (C). HRMS (EI, m/z): calcd for Co3HisNO; 341.1416 found 341.1419 (M ™).

3- (3 (9 & -+ = 9) X X ) &K 2 4 = H

[3-(3-(9H-carbazol-9-yl)phenyl)pentane-2,4-dione] X EEXEF#H o T
. o ,
@)

Yield: 43.3%. 'H NMR (400 M Hz, CDCl): § 2.03(s, 6H), 7.29-7.33(m,3H), 7.38-7.45(m, SH),
7.57(d, 2H, J=8.0 Hz), 7.64(t, 1H), 8.15(d, 2H, J=8.0 Hz). >C NMR (100 M Hz, CDCls): & 24.3(CHs),

109.5(C), 114.5(CH), 120.2(C), 120.5(C), 123.5(C), 126.0(C), 126.3(C), 129.6(C), 130.2(C),
138.2(CH), 138.9 (CH), 140.7(CH), 190.8(C).

6 =
48 4 4 4 [Platinum (1) '(2-(4',6'-difluorophenyl)pyridinato-N,Cz )

(3-phenyl-2,4-pentanedionato-0,0)] ¥ # (XA F 45 Pt 1)

18
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, ~
cl N~ 0
F JON_/ 10Na2C03, 2-ethoxyethanol
P Pt Fo* 3 100°C, 16hr
"N Cl (o] \ L
™ ' )
F

B 1.00 % = £ ¥ & abox dfppy-dimer (1.2 mmol) ~ 0.613 33 K & /& =8
phenylpentane-2,4-dione (3.6 mmol) ~ 1.24 % % B &4 Na,COs; (10
mmol) ~ X & 14 £ 2-TEHEXTLEH (2-ethoxylethanol) 7 §L R E K T

100°C ok 16 /B « UERBRFABBERBESR  ERBAGHENR AT

Vb o AEEBEFKIEREEMEK > KRBT XGELEY BB E W

HA AT/ FEAER AEA459% Lz éasd oM A RXETH
4o F AT iR

'H NMR (400 M Hz, CDCL3): 8 1.76 (d, 6H, J=3.6 Hz), 6.57 (t, 1H), 7.10-7.20 (m, 4H), 7.27-7.31 (m,
1H), 7.35-7.39 (m, 2H), 7.83 (t, 1H), 7.97 (d, 1H, J=8.4 Hz), 9.01 (d, 1H, J=5.6 Hz). HRMS (EI, m/z):
caled for CyH7F2NO,Pt 560.0875 found 560.0832 (M +). Anal. Calcd. for C22H17F2N02Pf : C,
47.15; H, 3.06; N, 2.50 %. Found: C, 47.32; H, 3.36; N, 2.69 %.

46 & 4 4%  Platinum (II) (2-(4',6'-difluorophenyl)pyridinato-N,Cz')

(3-(3-(triﬂuoromethyl)phenyl)-2,4-pentanedionato-0,0) z R X EFHT A

# 0 (ST R#EPL2)

ey
Ll
vk

19



1419955

-~
lu

Yield: 58.7%. 'H NMR (400 M Hz, CDCL): & 1.73 (d, 6H, J=3.2 Hz), 6.57 (t, 1H), 7.07-7.15 (m,
2H), 7.39 (d, 1H, J=7.2 Hz), 7.48 (d, 1H, J=6.4 Hz), 7.52 (d, 2H, J=7.2 Hz), 7.57 (d, 1H, J=8.0 Hz),
7.84 (1, 1H), 7.97 (d, 1H, J=8.4 Hz), 8.96 (d, 1H, J=5.2 Hz). HRMS (EI, m/z): calcd for
Cy3H,FsNO,Pt 628.0749 found 628.0748 (M™¥). Anal. Calcd. for Co3H;6FsNO,Pt: C, 43.96; H, 2.57;
N, 2.23 %. Found: C, 43.90; H, 2.75; N, 1.86 %.

48 4 4 4 Platinum (1D (2-(4',6'-diﬂuorophenyl)pyridinato-N,Cz')
(3-(4-(9H-carbazol-9-yl)phenyl)-2,4-pentanedionato-0,0) Z EEXEHTH

o (AT #EPL3)

' Yield: 37.1%. "H NMR (400 M Hz, CDCL):  1.90 (d, 6H, J=2.8 Hz), 6.59 (t, 1H), 7.13-7.17 (m, 2H),

7.29 (t, 1H), 7.40-7.46 (m, 6H), 7.59 (d, 2H, J=4.4 Hz), 7.85 (t, 1H), 7.99 (d, 1H, J=8.4 Hz), 8.15 (d,
1H, J=7.6 Hz), 9.02 (d, 1H, J=5.2 Hz). HRMS (EL m/z): calcd for C34Ha4F2N,0,Pt 725.1454 found
725.1452 (M ).

44 4 4 4 Platinum (1) (2-(4',6'-difluorophenyl)pyridinato-N,Cz')
(3-(3-(9H-carbazol-9-yl)phenyl)-2,4-pentanedionato-0,0) Z % & & # 4 T Af

#: (T4 Ptd)

oy
LA
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Yield: 18.4%. '"H NMR (400 M Hz, CDCL): § 1.91(d, 6H, J=2.8 Hz), 6.57(t, 1H),
7.10-7.15(m, 2H), 7.27-7.32(m, 3H), 7.40-7.44(m, SH), 7.54(d, 1H, J=8.0 Hz), 7.63(,
1H), 7.83(t, 1H), 7.96(d, 1H, J=8.0 Hz), 8.14(d, 1H, J=3.6 Hz), 8.98(d, 2H, J=5.6 Hz).

D RHl=
LMz HAEHRH
FPtf4 — B kB AMH ReSC@BAREREE AREAMBEZ
Pt 4Pt 1-Pt2 -Pt3)a 4 Eah2 B AMAEME - FPt £ —#& X

o F

F
F O
/Pt\ )
Q N ©
- \ I

¥ — AB 4 FPt @1 Pt &4 4Pt 1~ Pt2 Pt3)X R B & A MHE K
(Photoluminescence * PL)E - % % » #| A ?E%ﬂ‘ﬁﬁ‘]%%i‘?&iﬁ(i%i%iﬁini&
E:340nmm)BTEFBRARRKREGSMH e Pt S0 MEF REALTF R E
A Bl Pt3 SROBAEREQNARER FPt RBOFLHRE
(16%) o

ré&Smz A ENRY

[ 5]
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Ir(PPy)2(acac)th —# £ B A H ¥ > RS @AM E - M AR
Mgz rgbhositizciBAmcmk £ - BEAIr&#6
4 Iridium (ITT) bis (2-phenylpyridinato-N,C2") (3-phenyl-2,4-pentanedionato-O,0)

(AFHAIr 1) Z e MHEAB - ((PPy)y(acac) #oMHE — KA TF

O==
\l/ ‘)
4 N
2N O
L X I_ 2

9
Ir 4 44 (Ir(PPy),(phacac)) H—#& X % TF -
0=
:Ir< J:’
>N %%
L2
APt o MEABAERBA_ERE LR XREL Y (dopant)
o) EAZDREYT » 55X FPt 82 Pt 44464 (Pt1~Pt2~Pt3) 4f

BEABZABHH BB LAAARBA_BRTELL
HEak rdzatiBas: BREL (450 2550 &k) RsH
WEK (550 2 750 2 k) - MFCHBAFGRMABE o EBEH
RBEER EFARERAAAERSS F-BAXREHTRE  -$w
BAANEFRERTARER -

5]
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O

BLOPt & & W K B B k% F B F E = 4 B (non-doped
electrophosphorescent WOLEDs) Z &% 5t % % & |
LAEZHZEY > >3 A FPt# Pt 445 HmPt1-Pt2-Pt3) 454
BARHH W BEEBMA T PR EETA L Lk R BERA (550
2750 A% )  tEMELBAFR M ARSI HEDNE LA RS
ﬁﬂﬁﬁﬁ’%ﬁ@ﬁ%Tmﬁxﬁizﬁﬁ%%ﬁ@(mmMMmd
range, NIR) - #l40 - H# B (Pt3) H bk kB8 » E #.8 (FPt; 628 &
) H S0 2kEMB -  EXNEHTEHTRE - - FLEANNET TR
AHTAEAB BPFEHEEBANRTIRFEAILELS %> dsb

T EERHEEBZHHEFRERANSCAFURBIAHBAREARZ R

BEX—_ER -

AI1ZKEEBEP BTa4—U Pt #£46%Pt 1) BhazatiEi
B+ % &4 — 4 it & ¥ (dipyrenylbenzenes) % 5 % % & (PPP -~ DOPPP -
DMPPP)- 4o # \NE A5~ * 1 £ K ¥ & 2 /% & # (Color Rendering Index °
CRID%® A% 70- %?LE]%%E%%EE BT BEAINFETREHER
FEB wBEABAT LM ZEEN4ZES KRS - 27N 16 KREF
EHNRBRE 3ES5*10°cd/m® s TEKEEA R TEK AL T(5000
cd/m?) BEHE AN 10 B2z T FuE - Bob B EL_BHRALARF
HERAMR - L BERBRARE N R — AR -

.-OO Me OO
EHE Y Y

DOPPP _ DMPPP

k- PtHAoMZEHEALE

ey
L
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RE T T kg HTE g, LEER

# g [ITO/Organic layers/LiF (1 nm)/Al (100 nm)] Lo XE e (cdA”, ImW', (xy) 1 & EL
(nits, V) (%, V) V) V) A&tk [b] (nm)[b]
44608 9.6, 25.4, 13.3, 0.44,0.46/ 470, 503,
A: PPP (40 nm)/mCP (10 nm)/14% FPt in mCP (25nm)/BCP (40 nm) .
(1L5)  (6.0) 6.0 (6.0 67 588
) 48171 121 325, 12.0, 0.44,0.46/ 470, 502,
B: PPP (40 nm)/mCP (10 nm)/14% Pt1 in mCP (25 nm)/BCP (40 nm)
. (14.0)  (8.5) 85 (8.5 68 580
25868 8.2 21.6, 9.7, 0.35,0.43/ 474, 500,
C: PPP (40 nm)/mCP (10 nm)/14% Pt2 in mCP (25 nm)/BCP (40 nm)
(11.5)  (1.0) (1.0)  (7.0) 68 572
16912 4.5 11.6, 3.3, 0.35,0.43/ 470, 500,
D: PPP (40 nm)/mCP (10 nm)/14% Pt3 in mCP (25 nm)/BCP (40 nm)
h (15.0)  (11.0) (11.0)  (11.0) 59 575
4796 8.6 13.4 6.0
E: PPP (40 nm)/mCP (10 nm)/FPt (25nm)/BCP (40 nm) 0.58, 0.41 628
< (14.0) (7.0) (7.0)  (7.0)
PP (40 nm)/mCP (10 nm)/ Pt1 (25 nm)/BCP (40 nm) o121 146 34,101, 0.54,0.45 602
nm)/m! nm)/ Pt nm nm . .54, 0.
(j ) - (17.0)  (10.5) (10.5)  (10.0)
21110 106 22.6, 9.7, )
G: PPP (40 nm)/mCP (10 nm)/ Pt2 (25 nm)/BCP (40 nm) 0.55, 0.44 610
: (145) (8.0) (8.0)  (9.0)
56436 123 342, 8.3,
H: PPP (40 nm)/mCP (10 nm)/ Pt3 (25 nm)/BCP (40 nm) 0.49,0.49 582
(19.5)  (13.0) (13.0) (11.0)
’ 30331 8.2 16.1 5.6 0.37, 0.32/
I: NPB (20 nm)/ MPPP (30 nm)/mCP (5 nm)/Pt1 (25nm)/BCP (40 nm) 454, 600
(16.0)  (9.0) (9.0)  (9.0) 84
40961 125 30.0, 14.5, 0.47,0.37/
J: NPB (20 nm)/ DOPPP (30 nm)/mCP (5 nm)/Pt1(25nm)/BCP (40 nm) ) 472,598
(15.0)  (7.0) (7.0)  (6.0) 70
' 48456 10.2 23.9, 9.0, 0.43, 0.41/
K: NPB (20 nm)/PPP (30 nm)/mCP (5 nm)/Pt1 (25nm)/BCP (40 nm) 484, 598
(15.5)  (9.0) (9.0) (1.5 79

Mt x © & B (luminance, Lpax) * 2 2F & F 3k £ ( external quantum efficiency,

Mext )’ Aﬂ&ﬁ-%& # (current efficiency, . ) £ EE ()X H AE.[D]SKER -
O s BraXahtakd ARHTRASSOBERE

2 -BALFEALAMMAMGBAMNRRAAZEE N RER > R T Lk F

TETEETLELEY S SUTS FAL R

LA KR
HzBAEhRpme  RIEAUARIAERAZIITIFENEE AL ER

MBAZAMBTIBEF THARDFRAEREH HRLTETHE

P EAHERAN -
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[BXEERA]
¥ — A Bt FPt #1 Pt 44 %H (Pt 1~Pt 2Pt X AHER
(Photoluminescence > PL)@ - |
2 -BE#AIrs#sss (Irl) LB AE -
P-_B#4 AEZEDEEZ2EHH AL (EL) B -
PB4 AEZDEEXREHERE -
YwBEAAZDEBZNNETFAEHERTAER -
() ¥ ZE4 EZ H (non-doped) K EX T HALHE -
%X E 1 EZ H(non-doped) R EX REHTEH -

% B 1 E % H (non-doped) £ EZ I HNEFHEHERELE -

&)

¥ ANE1 1% K (non-doped)( EZ T LH -
¥ HB1% 1% K (non-doped) L EX R EHERE -

¥+ B4 1% K (non-doped) £ B2/ ETHREHIERFER -

[xE&aH45%5A])
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AR R RH A — AT
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A 2% R-R-RC-RE R TABRA&KAF» & RP-R»
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