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FLroafkagE. FAB
MS:524(M"+10), 523 (M");
'H NMR(300MHz, CDCL,,
92 ,TMS): 8
=9.02(d,1H,J=5.3Hz),7.944t,
1H,J=7.8 Hz), 7.87(d,
1H,J=7.4Hz),7.82(d, 1H,J=8,
0Hz),7.68(t, 1H,J=8.0Hz),7.
51(d,1H,J=7.7Hz),7.456(t,1H
,J=7.5Hz),7.41(d,1H,J=8.1H
7).7.21(d,1H,J="7.2Hz).7. 15(
t,1H,J=7.4Hz),7.02(t, |H,J=
7.5Hz),0.27(s,9H).

AL yEERBBE. FAB
MS:528(M"+H),627(M");

'H NMR(300MHz, CDCL,,
2 T ,TMB): 5
=9.16(d,1H,J=4,3Hz),7.97(
m,2H),7.85(d, 1H,J=8.1Hz),
7.75(t,1H,J=8.0Hz),7.55(m,
3H),7.48(m,2H),7.31{m,3H),
7.17¢t,2H,J=7.0Hz),7.05(t, 1
H,J=7.4Hz).

F Ly PEERB K. FAB
MS:542(M'+H),541(M");

'H NMR(300MHz, CDCL,,
22 T S TMS): 5
=9.07(d,1H,J=4.3Hz),7.92(
m,2H),7.82(d, 1H,J=7.8Hz=),
7.96(t,1H,J=8.0Hz2),7.53(d,1
H,J=7.3Hz),7.43(m,4H),7.2
7¢d,1H,J=6.4Hz),7.15(t,1H,
J=7.3Hz),7.10(d,2H,J=7 9H
2),7.02(t, LH,J=7.5Hz),2.35(
8,3H).

WO B K kK . FAB
MS:558(M"+H),557(M";

'H NMR(300MHz, CDCL,,
22 C ,TMS): 5
=9.12(d,1H,J=5.2Hz),7.95(
m,2H},7.83(d, 1H,J=7.9Hz),
7.724t,1H,J=8.0Hz),7.50(m,
9H),7.49(d, 2H,J=8.8Hz),7.3
0(d, 1H,J=6.6Hz),7.16(t, 1H,
J=7.4Hz),7.03(t,.2H,J=7.4H
2),6.84(d,2H,J=8.8Hz),3.82(
5,3H)..
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5 FLrJaEmi., FAB
| MS:E62(M*).'H
NMR(300MHz, CDCL,,
22 T ,TMS: o
=9.05(d,1H,J=5.1Hz),7.94(t,
1H,J=7.8Hz),7.87(d, 1H,J=7.
5Hz),7.81(d,1H,J="7.9Hz),7.
71(t,1H,J=8.0Hz),7.52(d, 1H
J=7.7THz),7.46(m, 2H), 7.45¢(
d,1H,J=8.5Hz),7.27(d, 1H,J
=4.2Hz),7.23(d,2H,J=8.8Hz)
,7.15(t,1H,J=7.4Hz2),7.03(t,
1H,J=7.4Hz)
6 B & f # 4 . FAB
MS:546(M"+H),545(M");'H
NMR(300MHz, CDCL,,
22 C  TMS): 4
=9.12(d,1H,J=5.2Hz),7.97(,
1H,J=7.9Hz),7.92(d, 1H,J=7.
Wi +©—F 6Hz),7.84(d,1H,J=8.0Hz),7.
{ 74(t,1H,J=8.0Hz),7.56-
7 7.47(m,5H),7.32(d,1H,J=7.6
— Hz),7.17(t,1H,J=7 4Hz),7.0
5(t,1H,J=7.5Hz2},6.98(pseud
0-t,2H,J=7.7Hz).

7 ALk R®R. FAB
MS:573(M*+H),572(M"):
'H NMR(300MHz,d,-DMSO,
22  ‘C  ,TMS): 5
=8.98(d,1H,J=4.5Hz),8.48(d
,1H,J=8.0Hz),8.32(t,1H,J=8
.0Hz),8.20(d,1H,J=7.4Hz).8.
—Pl—= NO, |14(d,2H.J=8.8Hz),8.11(t,1H
/ J=8.0Hz),7.99(d. 111,d=7.8H
2),7.83(t,1H,J="7.5Hz),7.68(
d,1H,J=7.3Hz),7.62(d,1H,J
=7.4Hz),7.58(d,2H,J=8.9Hz)
\7.11(t,1H,J=7.3Hz),7.05(t, 1
H,J=7.3Hz).

(#3]
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8 w a8 & & . FAB
MS:534(M+H),533(M";
'H NMR(300MHz,d,-DMSO,
22 C  ,TMS) )
=8.94(d,1H,J=5.1Hz),8.46(d
. _§. | 1HJ=7.9Hz),8.30(t,1H,J=7
N ,N—;" =—{ J |-8H2),8.17(d,1H,J=7.6Hz) 8.

N

N

08(t,2H,J=7.9Hz),7 96(d, 1H
,J=7.9Hz),7.84(t,1H,J=6.4H
. z),7.66(d,1H,J=6.2Hz),7.59(
d,1H,J=7.4H=),7.21(d,1H,J
=4.9Hz),7.10(t,1H,J=7.3Hz)
,7.08(t,1H J=7_3Hz),6.97-
6.92(m,2H).

g FrroagiimE. FAB
MS:604(M*+H),603{M");

'‘H NMR(300MHz,d,-DMSQ,
22 C ,TMS): b
=8.99(d,1H,J=4.8Hz),8.68(d
,1H,J=8.0Hz),8.50(s,1H),8.3
2(t,1H,J=7.7THz),8.24(s, 1H),
8.08-8.05(m,2H),7.84-
7.78(m,2H),7.70(d,1H,J=7.9
Hz),7.61-
7.566(m,3H),7.36(d,1H,J="7.2
Hz),7.26(t,1H,J=7.6Hz),7.1
7-7.01¢m,3H)

FrryyaffRfEk. FAB
MS:614(M"+H),613(M");

'H NMR({300MHz,CDC1,,
22 C ,TMS): &
=8.90{d,1H,J=5.4Hz),7.99(t,
1H,J=7.5H%),7.90(d, 1H,J=8.
0Hz},7.76(d,1H.J=6.2Hz),7.
60-7.87(m,3H),7.40-
7.31(0n,4H),7.26{d,1H,J=6.1
Hz),7.03-
6.98(m,2H),2.48(s,3H),0.33(
5,9H).

(#4]
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11 AL PEBEB X FAB
MS:618(M*'+H),617(M");

'H NMR(300MHz, d,-
DMSO, 22 T ,TMS): &
=9.04(d,1H,J=5.0Hz),8.69(d
,1H,J=7.9Hz),8.24(s,1H),8.5
0(s,1H),8.34(t,1H,J=7.THz),
8.24(s,1H),8.01(d,2H,J=17.5
Hz),7.84-7.74(m,3H),7.40-
7.30(m,4H),7.30(t,2H,J="7.5
Hz),7.18-
7.06(m,3H),2.40¢s, 3H).

12 OB M & FAB
MS:632(M"+I),631(M");

'H NMR(300MHz, dg-
DMSO, 22 € ,TMS) 4
=8.05(d,1H.J=4.9Hz),8.56(d
,1H,J=8.0Hz),8.34(5,1H),8.2
Pt 0(t,1H.J=7 9Hz),8.00(s,1H),

N 7.85(d,2H,J=8.1Hz),7.76-
7.68(m,2H),7.62(d,1H,J=8.2
Hz),7.31(d,2H,J=8.1Hz),7.2

CHy | 5(d,2H,J=8.0Hz),7.07-
6.97(m,4H),2.39(s, 3H),2.28(
s,3H),

13 F L CEREEH K. FAB
HsCO MS:634(M*+H),633(M");

'H NMR(300MHz, d,-
DMSO, 22 C ,TMS): &
=9.00(d, 1H,J=4.9Hz),8.69(d
,1H,J=8.1Hz),8.48(s,1H),8.3
2(t,1H,J=7.9Hz),8.26(s, 1H),
8.08(d,2H,J=8 8Hz),8.06-
7.81(m,2H),7.72(d,1H,J=7.1
Hz),7.35(d,2H,J="7.1Hz),7.2
6(t,2H,J=7.6Hz),7.186-
7.04(m,5H),3.84(s, 3H)

(0016] (%£5]
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IR TR FAR
MS:638(M");

'H  NMR(3OOMHz,  d,
DMSO, 22 ¢ ,TMS8): &
=8.99(broad,1H),8.64(d.1H,
J=7.7Hz},8.47(s,1H).8.31(¢,
1H,d=7.6Hz).8.21(s, 1H),8.0
o9(d,2H,J=8.1Hz),7.82-
7.68(m,3H).7.62(d,2H J=8 .2
Hz),7.38(d, 2N, J=7.2Hz) 7.2
80,217 J=7.3H=),7.18¢t,1H,J
=7.0H2),7.08-7.03(m,2H)

% & #F I 4 . FAB
MS:534(M +H),533(M");
'H  NMR(I00MHz,  d.
DMSQ, 22 C ,TMS: o
=9.01(d, 1H J=5.0Hz),8.46(d
,1H,J=8.2H»),8.85{1,1H,d=17
9H¢).8.02(d. 1H.J=7.6Hz),7.
06 (t, 1H,J=7.8Hz),7.85(r, 1 H,
J=6.4Hz2},7.72(d,1H,J=4.9H
2),7.86(d, 1H J="7 3H7) 7. 35(
d,2H,J=7.0Rz2),7.29(t.2H,J=
7.6Hz),7.17(t,1H,J=7.3Hz),
7.11(d,1H,J=4.6Hz).

18

LN U N FAB
MS:548(M'+H),547(M");
'H  NMR(300MHz, d,-
| DMSO, 22 ¢ ,TMS): @
=9,03(d,1H,J=5.2Hz),8.47(d
.1H.J=8 2Hz).8.34(t,1H,J=7
.2Hz),8.02(d, 1H,J=7.9Hz),7.
96(t,1H,4=7.7Hz),7.86(t. 1 H,
J=6.3H2).7.73(d.1H,J=4.9H
2},7.56(d,1H J=7.6Hz),7.296(
d,2H,d=7.9H2).7.13(d, 1H.J
=4.6Hz),7.11(d,2H,d=7.9Hz)
,2.30¢s, 3H)
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2w by IR
rA(RI
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it

MLECT 5 kB tm e /mol dmlem™)

Atz o/ 155 By
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ORGANOMETALLIC LIGI-TTJEFTI TTING MATERIAL

g M@E
" The subject application claims the priority of Unived States provisional patent
'apj:lmghop'Np. 60/274,142, filed on March 8, 2001.

' E[eld of thg Invgntmn

'I"lis mventmn refates to hght—ezmtung materials which are discrete orgammetalhc
molacules in pature, which ¢an be deposited:as a thin layer by vacuum deposition, aud
which can act as electrophosphorescent emitters in high-afficiency and high-brightness

organic light-emitting devices (OLEDs).

' . ﬂ_.a_'_cl_m g_ggd of the Invention

Tang and cowarkers first reported of high- performance organic I;ght—cmxttmg
devmes (OLEDS) in 1987 (Tang, C. W;et al, Appl. Phys. Lett. 51,913 (1987)). Their
mscovery was based on employing a multilayer structure containing an emitting layer and a
hole 1ransport layer of a suitable organic substrate. Alg, (q = deprotonated &-
hydroxygquinolinyl) was chosen gs the emlttmg material and proven tc be of high- .
performance becauss (1) it can form upiform thin fitms under 1000 A using vacuum
deposmon, (2) it is 2 pood charge carnier and (3) it exhibits strong fluorescence. Sifice then,
there has been a flourish of research on OLED; and materials used in these dcvmes Indeed,
nearly cvery large chemical company in the ‘world with optoclectronic interests has
demonstratecl some level of interest in OLEDS Clearly, OLED technology is headmg
dlrectiy and rapidly into the marketplace, as suggested in a commercial report by Stanford
Resources (by David E. Mentley, “The Ma:ket Potential for Organic L1ght-Em1ttmg Diode
stplayﬁ,” Commercial Repori, available at http Jwwrw,stanfordresourcees.com). The '
atizactiveness of OLEDs as it challenges traditional technologies such as cathode ra)r tubes
(CRTs), liquid erystal displays (LCDs) and piasina displays is bascd on meny featiires and
advantages, including: . ‘

. Low operating voltage,

Thm mon.ohthlc structure,
RS Emﬂs rather than modulates light,

1-
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« Good luminous efficiency,

* Full color potential, and

. I"Ilgh contrast and resolution.

. OLED is a device built with organic semmonductors frorn which visible hght canbe
emitted upon clectrical stmulation. The bastc heterostructure of an OLED is descnbed in

' Fxgure I.

”I.‘he 1aye:s may be formed by evaporauon spin-casting or chemical self-assembly
The thlcknees ranges from a few monolayers {self-assembled films) to about 1000 to 2000
A, Such devices whose structure is based on the use of layers of organic optoelectomc
matenals generally rely on a common mechanism leading to optical cmission, namely, the
radiative recombination of s trapped charge.. Under a DC bias, ¢lectrons are m_]ecth from a
cathode (usually Ca, Al, Mg-Ag) and holes are imjected from an anode (usually transparent
indium tin o:ude (ITO)) into the organic matcnals, where they travel in the apphed f' eld
across the electron transporting layer (ETL) ‘and the hole transporting layer (HTL)
respectively until they meet, preferably on molecules in the emitting layer, and fotm a
Tuminescent excited statc (Frenkel exciton) which, under certain conditions, cchnenccs
radiative decay to give visible light. The electroluminescent material may be prescnt ina
separate el'x"nitting layer between the ETL aud the HTL in what is referred as 2 multl layer
heterostructure. In scme cases, buffer layers andior other functional laycrs are also
mco:porated to improve the performance of the device. Aliernatively, those OLEDs in
which the -electroluminescent emitters are the same materials that function ezther as the ETL
or HTL are referred to as single-layer heterostructures.

Iy addition to emissive materials tha.t are present as the predominant compbncnt in
the chargc carrier layers (HTL or ETL), other efficient luminescent material(s) may be
present in relatively low concentrations as a dopant in these layers to realize oolor toping
and cfﬁcmncy improvement. Whenever a dopant js present, the predominant ma.tensl inthe
charge carriet layer may be referred to as a host. Tdeally, materials that are present ashosts -
and dopant are matched 5o as to have a high level of encrgy transfer from the host to the
dopant, and to yicld ernission with a relatively narrow band centered near selectgd spectral
rcgnon with high-efficiency and hlgh-bnghmss ‘.

While fluorescent emitters with hi gh luminescence efficiencies have bcéﬁ
cxtcnswcly applied as dopant in OLEDs, phosphorescent emitters have heen ncglcctcd in

this domam However, the quantum efficiency ofan electrofluorescence device {5 limited

Q.
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by the low theoretical ratio of singlet exciton; (25%) compuared to triplet exeiton (75"/) upon '
electon-hole recoﬁbmation from electrical cxcﬂauon In contrast, when phosphorcsccnt

emitters are employed, the potentially high cncrgy/eleciron transfer from the hosts to the

phcsphoresccnt emitters may result in significantly supetior electroluminescent cfﬁc:ency
(Baldo, M. -A.; etal. Nature 395, 151 [1998) and Ma, Y. G.etal. Synth. Met. o4, 245
(1999}) Sévera] phosphorescent OLED systems have besn fabt icaicd and have mdeed
Provento. be of relative hi gh-officiency and high-brightness. -‘

11 is desirable for OLEDs to be fabncated using materials that provide
electmphosplmcsccnt emission correspondmg 1o one of the three primaty colors, !e ved,
green and blue so that they may he used as & component layer in full-color display dewces.
Tt is also desirable that such materials are capable of being deposited as thin films usmg
vacuum deposition techniques, which has begn prove 10 be a commeon method for ]:ugh
pexformance OLED fabrication, so that the thickness of the emitting layer can b¢ prec1sely ‘
controlled. - ‘ P

Presenﬂy, the highest efficiencies and brightness have been obtained with grccn
eIectophasphorescem devices (15.4 £ 0. 2% ‘for external quantum efficiency and ahnost
100% for internal efficiency, 10° Cd /! for maximum Iuminance) using Ierpy), (ppy =
deprotomncd 2-phenylpyridine) as emitier (Adachl C..etal. Appl Phys. Lett. 77 904
(2000)). An OLED emitting saturated red. hght based on the electrophosphorescent dopant
Pt(OEP) (H,0EP = = octaethylporphyrin) has also been published and patented ('Burmws, P,
etal, U. S. Pat. No. 6,048,630) but the maximum lsminance is only around 500 Cd m*
A relevant patent is the use of the cyclometalatsd platinum(J1) complex Pt(thpy), (thpy =
deprotonated 2-(2-thioenyl)pyridine) as dopant and PVK (poly(N-vmyl)carba.zole) a5 host in
a orange OLED (Lamansky, S.; et al. WO Pat. No. 00/57676). However, the Pt(ﬂ)
complex used by the inventors was not stable for sublimation or vacuum dcposmon, thus a
spinscasting method was applied, which led to higher drivipg voltages, quantum efﬁcxency
of 0.1:1_%_'amd Juminance of 100 Cd / ne? were obtal‘ned at22 V.

S ma oft e Invention

' The present knvention is directed tonovel organomerallic light-emitting’ matenals
which may be used as clectrophosphorcscent emitters or dopants in ki gh-performance
OLEDs Tn particulax, the present invention is directed 1o the design, synthesis, ptoperties

and apphcatzons of a family of phosphorcscent emitters which, when added in cﬂ'ectw: :

3.
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. Y Lo i
. amolmnista suitable host materil, including exmsswe compounds, electron uansportmg
oompouhds and hole transportmg compounds tune the color of ¢mission in the near—md

range and enhance the device efficicncy and brlghmcss Furthermore, the thermal sta.bthty

of these phosphorescent emitters in the present invention are sufficient to allow subhmatlon

. §0 that they may be readily incarporated into &ewccs using vacuum deposition iachmques,

~ and. hem:e hxgh—performance electrophosphoresccnt devices prepated entirely frum vacuum—

depnsmad matenal:; may be realizad.
o The.- family of electrophosphorescent ¢ em1
acctyhde (alkynyl) complexes of the Group 10 metals including platintm, with chﬁm.lcal

structuxwof enhcr Formula I or II: ‘ ) i

iiters for use in the present mverrtton are f c b

il

1
i
i
T
I
I
i
{
1
1
I

= wheremE Group 16 elements (mqludmg sulphur); M = Grroup 10 mctal 5:
(mcludmg p]atmum) R-R,, are each mdependentiy selected from the group :

‘consxstmg of hydrogen; halogen; atlyl, subsututcd alkyl; aryi; substituted a.ryl wnﬁi

_substltuents selected from the group con51stmg of halogen, lower alkyl and

can also be selected from (C= C),,R,s, whm'e

_recogmzed donor and acceptar groups. R, ¢
n is selected from 1 t0°10,

.(C=C) yepresents a carbon-carbon triple bond (acetylide group),

'and R1, is sclectcd from alkyl, aryl, substituted aryl, and tri(alkyl)silyl. GrouP 16 eIcments :
ong ta Group

.are also knovwm as the Group VIA elements, Group 10 elements also bel

- VHIB i
As estabhshed by thetmogravunemc analysw, somne of these compl exr:s aré:
: thcnnaﬂy stable up to ~ 400 °C. These complexes are good phosphorescent € dmlttcrs and

‘ g_we;stmng orange to red emissions (Ao, 550—630 nmy) in fluid solutions by photo excltatmn

- ﬂndmOLBDs by electrical stimulation. ;. :
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Generally, fhe present inventicn is d1rccted to the syntheses and OLED apphcatmns
' of the family nf clectrephosphorescent crmttcrs definad by Fermula T and I Our clatms
_ include the synthetic method for these novel complcxeq as well as their use as l1ght-emlttmg
.‘ matcnal These OLED applications include OLEDs wherein these complexes ate 5
:'. mcorporated as components either by va,cuum depos:tmn, spin-casting or other deﬂce

! fabricatios methods.

lnthe present invention, the hght-e:rmtung maierial for use as an emitter of dopant in
an OLl'j_LD‘pan commprise one of more metal-acetyhde (metal-alkynyl) proups. In ahernatwe
g | the Iight-émiffﬁng materiel for use as-an emitier or dopant in an OLED compnses cme or

' more platinim-acetylide (platmum—alkynyl) groups in one embodiment, the hghi—cmmmg
' matenal for use as an emitter or dopant in an OLED can comptises a platinwn atom

. coordinated by a iridentate ligand using one- caxbon and two nitrogen atoms. In anothcr ‘
. embodunent the light-emitting material for use 2s an citter or dopant in an OLED
. I. compnsmg a platinum atom coordinated by atridentaic bgand bearing a deprmonated
B phenyl carhomon and 2,2"-bipyridine. o

In an exemplary embodiment, the hght—amlttmg material for use asan cmltter ot

dopant in an OLED can have a chemical stmcmre represented by either Foxmula I er Ii;

Ro  Rau L
Ry 1z
i ;
Ry \ Y —===Ry '
& !
Ry Fa

‘ : o,

- whcrcm E Group 16 elements (including, sulphur), M = Group 10 meta] (mcludmg
plaunum) Rl—-RN ar¢ each mdependently salcctcd from the proup consisting of hydrogen,

. halogen; alkyl substituted alkyl; arvl; subs‘umtcd aryl, with substituents selecled fmm the
group consxsnng of halogen, lower alkyl and recognized donar and acceptor gmups R, can
also be selected from (C=C),R s, where (C C) represents a carban-carbon tnple bond

i i
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(acety]iclé grqup), 1 is selected from 1 to 10, and R, is selected from alkyl, aryl,'suﬁééifuigd :
aryl, and ridaikyDsill. )

_- I éﬁc embodiment, the light-emilting ‘material can be deposited as a thin layer by
sublimdtion or Vacuum deposition. In another embodiment, the light-emitting matenal can

' be fabricated into OLEDS using spm-coatmg e: other methods.

Flgure 1. General heterostructure of OLEDs.
j Figurc 2 TG ourve of complex 2.
.. .Fjg'ure 3 TGA curve of complex 15. -
.. Figure 4 UV-vls abgorption and emission spectra of complex 2 in CH,CL; at 298 Kl
: Figire 5, UV-vis absorption and emission sPecta of complex 15 in CH,Cl, at 293K
Figure 6. The heterostructure of OLEDs in present invention. o
Fugnre 1. Electroluminescent spectrum, cm‘rent voltage (I-Y) and luminance- vo!tage (B-
V) curves and luminescent efficlcncy-curren_t density curve of the device using comglex 2 as
j exitter wzth adoping level of2%. . i
- Figare' 8. Electro!ummesccnt spectrum, curfent-voltage (I-Vyand luminance-voliziég ﬁB-.
V) curves and luminescent efficmncy-current density curve of the device using c&:ﬁﬁlex las
' emitter with a doping level of 4%. .
Figure 9. Electroluminescent spectrum, ¢ u:remwoltag,e (1-V) and lummance—vohage ®B- .
V) curves and luminescent e{ﬁcxency-current .density curve of the device using complex as
cnﬁtte:-‘"w‘ith & doping level of 4%.
Flgura 10. Electroluminescent spectrum, current voltage (I-V) and lummance—voltage
(B-V) curves and Tuminescent efficiency- cm‘ent density curve of the device usmg qomplex .

16 as einitter with a doping level of4%.

etaﬂ Besc tion_of the venti _
' The pregent invention is generally d]:ccted to syntheses and properties of'a fanuly of
organometalhc light-emitting raaterials and-their applications in high-performance. OLEDS
These novel complexes possess several chemical and structural characteristies as fol]mws
» Cyciometalated diimiae complexes of Group 10 metals, including platmum
.. Neuttal molecules,

g
ot

L. Square planar coordination envnonment around metal,

&



: ;Qé'spec‘moscopxc characteristics of b
reporicd ((a) Lai, S. W.; etal
. Chem. Soc, Dalton Trans. 1645 (1996). (c) Lai,

L (1999). (@) Yip, ). H. Ksetal
' Chem. 36, 6150 (1997)). The results demonstrated that these complexes are good réom-

temperaturs phospherescent emitters bothin. sohd state and in fluid solution.
long-lived emissions occwrring in the range ot‘ y .
triplet metal-to-ligand charge transfer (’MLC!I) or metal
(CMMLCT) excited states. o

embodxment of the invention. it being understoo

"1 g ilfustrative examples and the invention
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. Trid:ntate ligands defined 28 (C"N"N) oooupY thxee of the coordination s1tes, and

. Acetyhd: (alkyny!) group occupies the fourth coordination site.
" The type of [(C"N’\N)Pt(l})] complexes which combine the structural and
oth diimine and cyclometalated Pi(II) complexes have been
forg. Chem; 38,4046 (1999). (b) Chewng, T- Cs etal J
$. W.; etal. Organometallics ] 3; 1327

Inorg, Chcm 39,3537 (2000). {(€) Neve, F. atal. Inorg

The relatively

530-800 nm have been assigned to
-metal-to-ligand charge transfer

The preseat invention w111 now be dcscnbed in detail for specific preferred : :‘

d that these embodiments are mtanded only

ig nnt to be limited thereto,

._:
To-

thisses of the ¢ lexes i
' Wc have s;rnthcsu:ed. a number of ’the identate cyclometalated PHID aryla.cetyh

‘;

fg o=
Ry — Pt .___.—---—-vﬁ, , —7; =R,

Ay
! Cul, EGN, cmcx,
N N
R I

des

Complexes 1-14

1.
i
t

with. dlfferent substituents on the aryl rmgs w]uch are depicted in either Formulal or H: The
s‘ynthehc mcthods are shown in Scheme 1 ' :

1
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Cul, EyN, CHiChz /
Complexes 15-16
Sch-b’me 1

. _The: mdentate (C™N"N) ligands were pxepacd according to Krohnke's methuci | .
| (Krghoke, F. Synrhesm 1(1976)). The vanous acetylenes were prepared with Soi?oﬁashiré's: :
:.‘method (Takahashi, 3. et al. Synthesis 627 (1980)) The Cl-ligated precursors 2
| [(C"N“N)?tCl] were prepared under Constable's condition (Constable, E. C.set al J
" Chem. Soc., Dalton Trans. 2251 (1992) and 443 (1950). The desired complexes were
. synthesized by Cu(l)-orgenic axmne-catalyzed reacuons For example, to & mixture of
[(C’*N"N)PtCl] (0.33 romol), terminal acetylene (1 mmol) and E1;N (3 mL)in degasscd
' CELC, (30, mL) solution was added Cul (5 mg) The suspension was stirred for 12 hunder
; amtrogcn atmosphere at room temperanire g and i the absence of light. The resultant '

mixture was rotatery~evaporated to dryncss " The crude product was puwrified by flas"h

: chroroatography (neutral Al,O, CH,C] as eluent) and/or recrystallization from

' d;chlommthmeidmmyi cther. Eo\amples are listed in Table 1 but not limited by ﬁem

Comiplex.]  Chemical Structurs 'E . Charactesization Data

‘ ul'a.nge erystalline powder. FAIB MS: 524 (M*+ ), 523 o~y
'HNMR(ZOD Milz, CDCY, 22 °C, TMS): §=19.02 @ IH, J=
53HZ), 7.54 [t, [H,f= 7.8 H2), TR7(3, 1, J=7 4H2),7 2 |
(6 1H, J=8.0 Hz), 7.68 (z, 131 /= 8.0 [Iz), 751, iI—!_J-'i‘I '
iz, 745 (& 111, J= 7.5 H. 741 (4, 1, J =81 Hz),?:l(a '
i, J=7.2 Ha 715 (1, 11, /=74 H2, 702 IH,J 135
!-12:), 0.27 (5, 9H). c

1 . i DSt — Sy

urangc crystailine powder. TAR MS: 528 M +HJ, 527 (M').

2 i (MR (300 Mz, CDC, 22°C, TMS): 3= 0.15 (1, J=
. 43 Hz), 797 (m, 21, 7.85 (4, (K. = 3”[’*)’775(“1}1"’—
o N—}a—r@ 0 iz, 755 (m, 30, 748 Omy 21, 131 (. 380, 74T (.28,
o N
N b

JET0H, 7.05 {1 1H,J = T4 Ha).




(£6)102-363552 (P2002—"

%

orange.-red c:y:lthnepowder FAB MS: 542 (MY +H), 5 541
(MH; 1I-I NMR( 00 MHz, CDCly, 22 °C, TiMS): 8 =5.07 {d,
1H, J=43 Biz), 792 (m, 214). 782(d, IH, J= 1.8 2}, 763
1§, J=8.0Hz), 753 (4 14, 7.3 Ha), 743 (m, 4H), 727(4,
14,J= 63]42).715& 114, J=7.3 Hzh 7.10 (4, 2H,J= 79
He), 7.u2 (€ H, /= 1.5 1z), 2.35 (5, 3M0). :

red crystallmc powder. FAR MS: 558 (M7 + H), 357 (M*L ‘H
NMR{NU MHz CDCl, 22°C, TMS): 8= 812 (4, 18, Jusz
Hz),ws(m.zﬁ),?ss{d 1 /=175 Hz), 7.72.(; 1H, Juao
Hz),?Sﬂ(m.SH) 749 (d, 213, /= 8.8 Hz), 730 (d, m,,r 65
Hz), 7.46 ¢t 11,7 = =14 Hz), 703 {4, 2H, J= 74]'12).684(d
2H.J__=‘8 8 Hz), 3.42 (s, 3K},

.."

orangc-rcd crystalline powder. FAB MS; 362 (M'); 'HHMR
(300 MEiZ, CDGh, 22°C, TMS): 5= 9.05 (& IF, J= S1HD,
794'(!; tE, J= 7.8 Hz), 7.87 (. 11, /=7, 5 M), 7.8% (d, 1HJ
""79112) 7.7 (1, 1H, J= 8.05Hz), 7.52(d, 1H, S= 7. 7[‘12},
746, 2H), 745 (4, 1H.J=5.5 12), 727 (& 11, J-42103),
723(& L J=4.8 Hy), 7.15 Q. UL, J= 74-Hz).703(‘l, IH,J'
—14Hﬂ

!m:k-rcd crystal:. FAD M5: 546 (M™+H), 545 (M.") ‘Hm

(300M1|;z €DCly, 22°C, 'TMS), §=9.12 (d, 1H,J = 5" Hz)

797(t,1H J=".9 2, 7.92 (4, 14, J=T6H2), 7 34fd 15,7

= 8.0 Ha), 774 (t. 1H. /= 8.0 Hz}, 7.56-T47 (m, SH). 132{d,

m.r 7.6, 717 (L1, J= 74H:w),705(1,m,_ﬁ1_
Hz), 6.98 (pseudo-t, 21,/ 7 7 He),

or:mgo crystallmu powder. FAB MBS: 573 {(M* -+ H), 5’12 {M*),

'HNMR (300 MHz, 4 _DMS0, 22 °C, TMS): & = 858 @IHJ |

—45Hz)a4a(a 1H, 7=8.0 Hz}, 832 (4 18, J= £.0 Ha),
8,300, 1,/ =74 Hz), B14 (4. 241,/ = 8.8Hz), 811 (L 1H.J
='80Hz},799(d.1HJ 2.8 Ha), 7.83 {1, 1H, J= 1.5 o),
7.68 (d, 1H, /= 7.3 M), 7624, 1H, /=74 Ha), 7.58 (¢, 2H, J
—391-17)111{: {1, J= 1.3 He), 7.05 {8, 1H,J= 731-Iz)
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brnwn vrysu!s TAB MS: 534 (M = H), 333 (M™% 'Hm
{3'|]DNIHZ, de-DMED, 22 °C, TMS): =8940, 1H,J= 51

i), 946 (& 1H.J/= 79112}, 830 ¢, 10, J= T8 o, 8174,
(1, Jom 7.6 He), 80R (L 218, J = 7.9 ). 7.96 (4, 1H, J=79
m),7s4 {t, 1M, J= 6.4 Hz), 7.66 (d, 1H, f—ﬁZI'[z),‘LSS (d

1, = 7.4 82, 721 (0, 11, J= 4.9 H. 700 G, 1, /= 73
1 tz), 7.08 (¢, V9. 1= 7.3 Hz), 6.97-6.52 (m, 2H).

orangc cnrshlhnc powder. FAB MS: 604 (M + H). 603 (M");
11 WMR (300 MBz, d-DMS0, 72 °C, TMS): 3= 8 99 (i S|
=431{w) 2.68 (d, 1H,J = 8.0 Kz), 8,50 (s, IH), B32 (4 1]-[,.] _
= 7.7 Ha), 8.2¢ (5, 1H), B.08-§.05 (m, 21, 7.84-1.78 {mi 2H),
7.70 {d, 1H, J=7.9 Hz), .61=7.55 (m, 36D, 7.36 (d, 1K, =
7.2 Hz), 726 (, tH, J="7.6 11z, 7.17-7.01 (m, 3H). :

10

orange crystalling pawdet, FAB MS: 614 (M7 + ), B13 (M*]
't NMER (300 Mz, CDCY, 22°C, TME): 8= £90(d m,.r—
541{1},199{1, 1], J= 7.5 112), 790 (d, 1H, J= 8.0HZ, .76
(@, 18, J=6.2 1), 1.60-7.57 (m. 31), 7.40-7.31 (m, 4H), 126
(4 1}11,1- 6.1 [z}, 7.03-6.98 (m, 26D, 2.48 (s, 3H), 033 (s,
SH): o

- 11

. s
= N
HyG
-—N\
Pt
.'"/ \
EMay
(TR
=
N,
|

umﬂge crystalline powder. FAB MS: 618 M-+ H), 617 (M")
HNMR(BDO Milz, d-DMSO, 22 °C, TMS): 5= 9.54 (d 18,4
= SUHZ),SG‘) (d JH.J=17.9 He), B350 (5, YH), 8.34 (1, 1H,J
=7 7H2.).824(s. 13, 8.01 (4, 2H, S = 2.5 H2), 7. 847714 (m,
TH), 7.40-7,20 {m, 4H), 7.30 (L, 2H, JS="T.5 Hz), 7. 18—7{!6( X
H), 2,40 (5, 3H). :

-10- T
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12.

=T oryerals, TAB MS. 632 (M 7 1), 631 (M*),IHNMFW- i
M, 5 DMSO, 22°C, TMS): 5+ 5.05 i, 1H,J~49Hz),
.56 (d, 11, /=80 K2}, 834 (s 1H). 820 (¢ 1H /=7 5 Fizy
8.00 (s, 1, 7.85(d, 2H, U= 8.1 Hy), 7.76-7.68 (m, 2]'1),7.52

|1 & 1H,J-=82Hz) 731 (d, 24, J=7 K.1 Hz), 7.25 (4, 2}-1.

8.0 Hz), 7.07-6.07 (m, 4H). 2.39 (s, 3H), 228 (5, 3H)r

13

orangc c:ysrallme powder. FAB MS: 634 (M* +T), 633 (M‘)
' Lﬂmcanﬂmm.dr, .DMS0, 22 °C, TMS). 3=9.00 (cg IH,J
| = 4.5Hz), 8.69 (4, 1H,J= .1 Hz), 8.48 (5. 1H). 8320 [H,J

=1.9'H2), 8.26 (s, LT, 8.8 {4, 2H, /= 8.8 12), 806-7. 81 (im,
280, 7.72 (d, 14,/ =71 Ha), 735 (3. 24, = 7. Ha 736 (4
2H, 5= 7.6 ). 7.16-7.08 (m, 5H), 3.84 (5, 3H).

14

¢l

i ___—'l
brown crystlline powder, FAB MS: 638 MY; TH MR 300

MH?, d-DMSO. 22 °C, TMS): 5= 8.99 (broed, 1H). 3. .54 .
LH, 7= 7.7 Hz), 847 (3 1), 831 3, 1H, J= 7.6 Ha), B21s,
M), 8,09 (d, 2H. /= .1 Hz), 7.82-7.68 (m, 3H), .62 .25 J
= s;‘i'Hz). 738 (d, 2H, J = 7.2 1D, 7.28 (1, 20, J= 7.35_[{;);
7.1 (¢, 1H, J = 7.0 Kz), 7.08-7.03 (o, 21D i

15

brnwnneedtes FAD MS: 534 (M" + H), $23 (M) ‘HNMR
(3001vmz.dﬁbmso 22 °C, TMS): 3=5.01 (4, IH,Jnsu
Hz} 246 (d, 14, S=8.2 1), B.35 (¢, tH,J= 79Hz}.$02(ﬁ,
11-1,.1-7611.:).796(1. 1, J= 7R Hz), 7.85 (t, 1H, J-64
) 7.72 {4, 11, J= 4.9 H2), 7.56 (d, 1H, S = 73Hz)'r3a(¢
ZH,J—T.U Fiz). 7.29 (¢, 2i,J = 7.6 Hz), 7.17 {r, tH, .{_=-‘.'3
Ha), 711 (@, 1./ = 46 Kz

16

brvwn Taeedios FAB MS: 548 M’ +H), 547 (M"} ‘HNMR
(300 MHz, 4,-DMSO, 22 °C. TMS): 5=9.03 (&, u-!,f-s;a
Hz},sd';'(d IH,J = 8.2 1iz), 834 (L, IH,J= 721—1;),&02(&
{H, J=7.9 12), 7.96 (¢, IH./ = 7.7 H), 786 (4 lH,sts
Hz), 7.73 (d, 1H.J =49 Hz), 7.56 (d, 1H, /= 7.6 Hz), .26 (4,
28, /=79 Hz), 7.13 (4, IH,J= 4.6 Hg), 7.11 {d, 2H,J-19
r@.z 3t {5, L)

~ M-
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Ta;blel

T ability of the cor lexes
Idcally, a low molecular weight component ta be used in OLEDs should bc

: ‘ subhmablc and stable at standard deposition condmons Importantly, many of the

. complexes mthc present invention are thermally stablc up to — 400 °C and decumpase to

: give metallic plaﬂnum only at tfemperature above 420 *C (see TGA curves for com1nlexes 2
and-15 mPlgurcs 2 and 3 respectively). .

' The observed thermal stability of thsse complexes described in the present mvenuon
which contain & tridentate cyclometalating li gand, conirasts sharply with the bidentaie
Ptithpy), émitte‘r deseribed by Lamasky et al. which are unstable upon subhmatmru

ggctto;gog;g properties of the romnlexes _
In presem; invention, the ligation nf an acetylide group to the (C"N"N)Pt(ﬂ) mon:ty‘
neutrahzcs the positive charge centered on Pt(II), enhances the stability of these cnmplexf:s,
and moreover, shifts the “MLCT ermnission bathochromically, The family of comp].excs

depicted by Formula Y and [I display strong orange 1o red photoluminescenee in ﬂmd

solution. Examples of charactedstic absurptxon and emission hand of these emnters in

present invention are summarized in Teble I

~12-
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. Complex . §
I Absarption FEmission -, ,
(seo Table]) . f i o b
I 1T MLCT Band / o (2 / ol dm” eni') ,,,E,/mn(tofpy q,L_r
Tl 427 (5490), 450 (sh, 4920), 505 (sh, 430) 570 (0.31; 0.041)
2 434 (5180), 455 (4940), 510 (sh, 470) 582 (0.39; 0.037)
3 440 (5090), 465 (sh, 4950), 515 (sh, [150) 600 {0.17; 0.019)
4 240 (4200), 460 (sh, 4220); 520 (sh, 1570) 630 1L
N 432 (8670), 455 (sh, 8310), 515 (sh, 720) 598 (0.53; 0.076)
6 '433 (4880), 453 (sh, 4768), 515 (sh, 640) 585 (0.33; 0.033) .
R 415 (sh,12930), 510 (sh, 540) 560 (0.93; 0.077)
F 15 436 (4970), 460 (sh, 4490), 515 (sh, 460) } 615 (1. 02; 0.029),1660 ( sh)
16 442 (5010), 465 (sh, 480@) 520 (sh. 670) | 616(0.91; 0.025), 660 (sh).

Table Il
Nouce that al! the data were collected with dcgasscd CH,CL, solution af 298 K, *
Exemphﬁed absorpﬁon and emission spectra for complexes 2 and 15 are shown m F1gur«c 4
and § respectwely The intense arange o rcd phosphorescence of the complexes i m he
prescnt invention together with their stab:l:ty towards sublimation means that thcse

matermls ¢an be used as emitters or dopants in high-performance OLEDs.

mﬂm@.&gﬁm&
. The de:wces using the comploxes mpresent invention, as fabricated by Prcif. S T

Lee of City University of Hong Kong, poss‘,pss the multi-layer heterostucturs shm'rm 1n
Fig};rg 6. :

: " Allibe or gam-., layers including the: Pt complexes described above and cathodes
were vacuu-deposited onto the [TO subira,tc NPB (N,N-di-1-naphthyl-N, N'-diphenylv
benzmme) and A]q_-, (q=8 hydroxyqumolmyl) were Used as the hole trmsportmg a.nd
elect:on transporting layez, respectively. BCP (2,9~dimethyl-4,7-diphenyl-1, 10- 7
- phenanthmhne, bathocuproine) was used to confine excitons within the lununescent zone.
Magnesmm sxlvcr alloy was applied as the carhode The selected Pt complex was doped
into the conductwc host material CBP (4, 4'-N N'.dicarbazole-biphenyl) as phosphorescent
emitter. The 0pt}mal doping levels were gcl_]usted at 2, 4 and 6% and e]ectrolmmnescence

- ﬁbén the Pt gnm}:alexes were observed.

13-
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‘ A uui;ubcr of examples are listed beloxé{ 1o frther illustrate the invention :

mb_l 2
Complex 2 was used as the emmitter. Ty]noal elestroluminescent specttum current-
3; voltage (I- V) and luminance-veltage (B-V) curves and luminescent efﬁmency—cum:ut
| density crve of the device witha dopmg level of 2% are shown in Figure 7. Tum-on
voltage: ~ 5 V; maximum luminance: 3600 Cd /m?at 12 V, maximum efficiency: 4. 2 cdf
A at 25 mA./ cm?®. In the electroluminescent spcctmm a peak at 430 nm besides the band ‘At

560—630 nm is bbserved, indicating msufficwm energy transfer between the host and the .

* dopant.

Example 2:

The perfonnancc of the device using complex 2 as emitter with a doping lm?el of 4% '
are shown in Figure 3. “Turn-on voltage: ~ 5.V; maximum fuminance: 7900 Cd/m’ at 10
V: maximum efﬁcmncy 24Cd/Aat30mA/co’. Atthis doping level, energy - t‘ansfcr
Between the host and the dopant is saturated; thus emission from the host is avmdq;d

Example 3.

Cnmplex 3was used as the emittet. ’Ihe performance of the device witha: dopmg
level of 4% are shown in Figwe 9. A bathochrom:c electroluminescence is ubserved (M
580 nin}, which is coineiding with the trend of the photoluminescence shown by these
complexes in room-temperature CH,Cl, solutions. Tum-on voltage: -~ 5 V; maximum

lummanoe. 4000 Cd/m*at 12 V; maxlmum efﬁc1ency 1.4 Cd/Aat20mA/ cm

: Empl_e_
Complcx 16 was used as the emmer The performance of the device with’s a dopmg

level of 4% are shown in Figure 10. The clactrolummesccme is red with v1bromcally :

structured emission spectrum (A, 610 nm, 660 nm). Tum-on voltage: ~5V; rnaxnnum

lurminance: 3200 Cd/mPatl13V; maxxmum efficiency: 1.0 Cd/ A at30ma/ cm
Generally, the organometallic light-cmitting materials as depicted in Flgu:eI and i

in present invention are dermonstrated to be novel electrephosphorescent emitiers. apphcable '

to }ugh—e_ﬂimency and -brightness orange 6 red light OLEDs.

_14-
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i

Wkile it is apparent that the embodhnénts of the invention herein disciosed;a;re well -

_ smted to fulfill the objectives stated above, lt will be appreciated that numerous
mod:ﬁcatmns and other embodiments may be unplcmentcd by those skilled in the art and it
is mtended that the appended claims cover a11 stich modifications and embodnnents that fall

‘ wnhm the true spirit and scope of the present invention.
A numbcr of references have been c1ted and the entire disclosures of wh1ch are

E ihqcirpogat;d 'he;cm by reference.

< 15-
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What is cdaimed is:
1. A light-emitting material for use as an emitter or dopant in an organiclight-

emitting device comprising one 0f TMOIT metal-acetylide groups coordinated to a metal,

9. A light-emitting material for use as an emiter or dopant in an organic light-

emitting diode comprising one or more acetsrlide groups coordinated to platinum.

3. Alight-emitting material forﬁ.tse as an emitter or dopant in an organi¢ light-'
emitting diode comptising a tridentate ligand which is coordinated to platinum using one

carbon and two nitrogen atoms.

4, A light-emitting, material fcn: vse as an emitter o1 dopant in an orgam:c hght—
emitting diode comprising a tndcntate hgsnd which s coordinated to platinum usirg a
dJ.lmme group sclected from 2 ,2"-bipyridine and substituted 2.2%bipyridines, and a

deprotonated aromatic group selected from phenyl, aryl and hetematom-conta.mmg aryl.

5. A light-emitting materia] for use as 2n emitter or dopart in an orgaﬁcjlight—

emitting didde having a chernical structure represented by either Formula ! or II:

wherein E = Group 16 elements (iflciuding sulphur); M = Group 10 metkal-E
 (including platinum); R—-R,, are each independenily selected from the group consisting of
hydrogen, halogen; alkyl; substituted alkyl; aryl; substituted aryl, with substituents selected
from the: group consisting of halo gen, lower alkyl and recognized donor and acccptor

groups; R, cam also be selected from (C=E),Ry;, where (C=C) represents a carbon-carbpn

;15.
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triple bond (zcetylide group), n is selected frojm 1to 10, and R is selected from alkylaryl,
suibstituted aryl, and trialkyl)silyl. : )

6.  The light-emitting material in accordance with Claims 1,2,3, 4 or 3 which

can be deposited s a thin layer by sublimatich or vacuum deposition.

7. The light-emitting material inaccordance With Claims 1,2, 3, 4 or § which

can be fabricated into organic light -emitt ng diodes using spin-coating or other methods.

J17-
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Figure 1. General hetelfostmcture of OLEDs,
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Figure 2, TGA curve of complex 2. ° __ .
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Figuie 3. TGA curve of complex 15,
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Fignre 4, :UV-vis absorption and emission spectra of complex 2 in dichloromethane at

298K
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Figure 5. UV-vis absorption and erﬁission-_spectra of complex 15 in dichloromethéne at

202K.
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Figure 6. ’I‘he heterostructure of OLEDs in;ffpresent invention.
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: Figure 7. Electroluminescent spectrum, 'cﬁ:j;"ent-voltage (I-V) and luninance-voltage (B-
V) cutves and luminescent efficiency-curtent density curve of the device using

complex 2 as emitter with a doping .l@el of 2%.
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Figure 8. Electroluminescent spectrum, cﬁfrent—voltage (I-V) and lumjnance-volté‘gc (B-

V) curves and luminescent efficiency-current density curve of the device usmg

complex 2 as emitter with a doping level of 4%,
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-F iggre' 9. Electroluminescent spectrum, cﬁfri;:nt-voltage (I-V)and luminance—voltage'(B:
V) crves and luminescent efficiency-current density curve of the deviée u.smg |

complex 3 as emitter with a doping level of 4%.
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Flgura 10. Electrolummescent spectrum, cun'ent-voltagc (I—V) and lumlnance-voltage

" (B-V) curves and Juminescent efﬁctency _current density curve of the device | usmg

: complex 16 as emitter with a dopmg levcl of 4%.
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Abstract

Disclosed herein are novel hght-ermmng materials of Formula { and II belcrw These
new complcxcs are synthesized and found to be sufficiently stable to allow subhmahon and
'vacuum deposition. These new emitters are ciectmphosphorcscent and can be used in
organic light-emitting devices (OLEDs) for device elements capable of emitting light of
color ranging from orange to red with high-efficiency and hi gh-brightness. '

_ wherein E = Group 16 elements (including sulphur); M = Group 10 metal’ ; ‘
' (including platinum); R,~R,, are each independently selected from the group
- consisting of hydrogen; halogen; alkyl; substituted alkyl; aryl; substituted aryl, w1ﬂ1
" substituents selected from the group consisting of halogen, lower alkyl and
recognized donor and acceptor groups. R, can dlso be selected from (C=C),R,;, where
‘ (C= C) represents a carbon-carbon triple bond‘.'(ajcetylide group), n is selected from 1 to 10,
and R, is selected from alkyl, aryl, substituted aryl, and tri(alkyl)silyl.



