SCLUTI ON PROCESSED ORGANOVETALLI C COWLEXES AND THEI R USE I N
ELECTROLUM NESCENT DEVI CES FI ELD OF THE | NVENTI ON [ 0001] The i nvention
rel ates to phosphorescent organonetal lic conpl exes and to

el ectrol um nescent devices conprising such organonetal Iic conpl exes.
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[0003] Initial attention in developing OLEDs focussed on fluorescent

emission. Upon the recombination of injected holes and electrons in
electroluminescent devices, approximately only one quarter of the generated excitons
are in the singlet state and capable of fluorescent emission. The remaining three
quarters of excitons are in the triplet state, and are generally precluded from relaxing
by radiative mechanisms in organic molecules near room temperature. As a result, the
energy contained in approximately 75% of excitons generated in an electrofluorescent
device is lost and the excited triplet states return to the ground state through non-
radiative pathways, which may undesirably increase the operating temperature of the

device.

[0004] Recent work has demonstrated that higher quantum efficiency devices
can be made from phosphorescent emitters, in which both singlet and triplet excitons
can be used for light emission (Baldo er al. 1998, Nature 395:151).  Spin-orbit
coupling between a heavy metal and an organic ligand may mix excited singlet and

triplet states, allowing for rapid intersystem crossing and the luminescent decay of the



excited triplet state by phosphorescence (Bal do et al. 1998, Nature
395:154). As a consequence, el ectrolum nescent OLEDs based on
phosphorescent materials have a theoretical internal quantum
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[0007] One approach to reducing T-T annihilation and concentration self-
quenching has been to use acceptors with shorter excited triplet lifetimes (Chen ef al.
2002, Appi. Phys. Lett. 80(13):2308; Baldo er al. 2000, Phys. Rev. B. 62(16):10967).
For this reason, iridium complexes are generally preferred over platinum porphyrins
which have about an order of magnitude greater lifetime (Chen er al. 2002, Appl.
Phys. Letr 80(13):2308).

[0003] Thompson ef al. have disclosed blue phosphorescent emitters based on
iridium complexes (US 2002/0182441A1; WO002/15645A1). High efficiency green
and red emitters based on (Ir(ppy)s) and bis(2-(2’-benzo[4,5-a]thienylpyridinato-
N,CY)iridium(acetylacetone) [Btpalr(acac)] have been also been developed (Adachi et



[ 0009] Recently, progress has been nmade to devel op sol ution
processabl e phosphorescent materials, wherein the phosphorescent
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(Baldo et al 1999, Pure Appl Chem. 71(11):2095). Higher generation dendritic

ligands may more effectively separate metal complexes from each other, thereby

ost

suppressing the bimolecular interactions that may cause self-quenching and triplet-
triplet annihilation (Markham ef al. 2002, Appl. Phys. Letr. 80(15):2645). The
suppression of these non-radiative decay pathways would allow for higher device

efficiencies.

[0012] Phosphorescent organometallic dendrimers may be processed into high

quality thin films through spin coating with host materials. For example, WO

)



designed to overcone internol ecul ar phosphor interactions that reduce
guantum efficiency and it is proposed that the dendritic architecture
keeps the cores separated and reduces triplet-triplet quenching.

[ 0015] US 2004/ 0137263 di scl oses a nunber of first and second
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transporting host material, good alfnty filnms may be prepared by
spi n coat i ¢apdeonsies amitorgen heterveryd @naii arergirpgent #hen sliaesly bound to at least

el ectron-t t ost material. [0017] & her non-dendritic bulky
| i gands may nazglggtﬁf%gusp}a;he effect on the device performance. X e et
al. (Adv. Mat 2001, 13:1245) disclose (Ir(nmppy)3), a pinene
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decreased éffitiendymandit i f@peseditha the deptiidy idhitdchipe Réeps tiad @randpirbed
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I r(nmppy)3 concentration, even at high (e.g. 26 wt % doping | evels.
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interacti opgupd SO U] Anthey Han themdemedn i suBl 18R RLOACKUrEARs REOYIE8e in
sol ution processabl e phosphorescent materials for efficient OLED

devi ces, tHéablesplvews. sAkeraathigh theclendidias wey bp scleqiefhiorbangedhe plectrical
resul ting gmbatied Sohor&c¥flohedr £di OUS, especi al Iy when hi gher
generations of dendrons are used. [0019] Organonetal lic conpl exes
based on Ir, and Zn with nono i r tri-dentate

Pt, Re, Rh . bi-
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faci l'i ti esddn@fietsad the same electron-transporting host material.

[0017] Other non-dendritic bulky ligands may have the same effect on the
device performance. Xie ef al. (Adv. Mar 2001, 13:1245) disclose (Ir(mppy)s), a
pinene derivative of Ir(ppy)s. Electroluminescent devices comprising Ir(mppy)z have
a less pronounced roll-off in quantum efficiency than devices containing Ir(ppy)s,
which is attributed, in part, to the decreased lifetime of the excited Ir(mppy); triplet
state and the reduction in saturation of the guest/dopant. The external quantum

efficiency of devices comprising Ir(mppy)s increases with increasing Ir(mppy)s
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[ 0020] Sol ution processing is a | ower cost technique and is nore
suitable for mass and fast production. It may al so be better suited
to prepare larger filnms that are required for |arge displays.

[ 0021] The present invention seeks to solve the above-nentioned

probl ens a C sphoresce ttlng
materi al s {hr%c“%n?ﬁg\gfg gect t%a%hﬁegT%r ﬂ%f’{) t?c??u ﬁ% sgucﬁéa %f%l% ‘rsﬂ]11

be readil yofpmleﬂa(rr@ﬂy)arpﬂosmyr b'ehlfgaéxf tmatredtiom @asl aftfinned tdike sftericﬁBy
with either I smal.| ecul host %‘ﬁl als. t.hroug ? tion
processi ng &L F‘é‘?n‘bﬁpﬁel?iE “P ONUED 8] PRV 0 R BRRYZe  Pymplecular

i nvention pHoaMidl@ferddtions ganonet al 1i ¢ conpound of formula (1): (1)
wherein Mi1s a d- bI ock nmetal having a coordination nunber z, wherein
z= 6 or 4, to R8 are |ndependently H, hal o, optlonally

substi t ut eﬁ’ﬂaw oﬂﬂfhoaalarﬂw dendsiater approgcy (ol MAVideo BRI Bem Prapessable
SUDS i t Ut eghRblr3kBdH: AR ORRFeiSH lzmlﬁ WEREesh aleeyRRk Y ling geltlﬁ&ﬁahl y

substituted heteroal kenyl, optionally subst'i t ut ed "het er oal kynyl
opt i onal I yOfsthbs\taandﬁtm %apyrbsultmg metehicomplordssisi vent daflidnst espoeinly | when

am no, er%éﬁ%ﬁi%s Of&rngygns a&Lﬂsf ) sul fino, thioan do, hydroxy,

hal o or cyao re of to R8 may forma ring together
with the carbon atons to Wmch they are attached, provided that if
any one of [0Q191 0 R4 Qrgandmetadhie cohplRE:stbasddSoni I, M, ReyrRh and Zn with mono,

bi- or tri-dentate coordinating ligands may be used as emitters for light emitting
devices and may have much higher quantum efficiency relative to fluorescent
emitting materials due to their ability to make use of both singlet and triplet excitons
generated in the emitting layer. However, so far, most of the OLED devices based on
organometallic complexes can only be prepared through vacuum deposition. While
vacuum deposition is an attractive method to deposit small molecules and may
additionally further purify the deposited organic molecules, the methods is genel;ally

expensive because of the high cost facilities required.

[0020] Solution processing is a lower cost technique and is more suitable for
mass and fast production. It may also be better suited to prepare larger films that are

required for large displays.

[0021] The present invention seeks to solve the above-mentioned problems
and to provide high-efficiency phosphorescent light emitting materials that have
decreased T-T annihilation. These materials may be readily prepared and may be
fabricated into uniform thin films with either polymer or small molecule host

materials through solution processing.

SUMMARY OF THE INVENTION

[0022] In one aspect, the invention provides an organometallic compound of

formula (I):



if any one of R5 to RBis H none of Rl to R4 is H or at |east one
of Rl to R8 conprises a spiro group; x is 1 to z12; L is a neutral or
anionic ligand; y is (z-2x)12; and R2 is not fluorine. [0023]1In

anot her aspect, the invention provides an organonetal lic conpound of
formula (1): R7 (1) wherein: Mis a d-block netal having a

coordi nation nunberRS, wherein z= 6 or 4;

wherein

M is a d-block metal having a coordination number z, wherein z= 6 or 4;

Ri to Rs are independently H, halo, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted heteroalkyl,
optionally substituted heteroalkenyl, optionally substituted heteroalkynyl, optionally
substituted aryl, optionally substituted heteroaryl, amino, amido, carboxy, formyl,
sulfo, sulfino, thioamido, hydroxy, halo or cyano, and two or more of R; to Rg may
form a ring together with the carbon atoms to which they are attached, provided that

if any one of R to R4 is H, none of Rs to Ry is H, or
ifany one of Rs to Ry is H, none of R1 to Re is H, or
at least one of R to Rg comprises a spiro group;

xis 1to z/2;

L is a neutral or anionic ligand,;

y 18 {z-2x)/2;

and Ro» is not fluorine.

[0023] In another aspect, the invention provides an organometallic compound of

formula (I):



R1 and R3 to R8 are independently H, halo, optionally substituted

al kyl, optionally substituted al kenyl, optionally substituted
allcynyl, optionally substituted heteroal kyl, optionally substituted
het er oal kenyl , optionally substituted heteroal kynyl, optionally
substituted aw, opgionally substituted heteroaryl, am no, am do,
carboxy, fornyl, sulfo, sulfino, thioam do, hydroxy, halo, or cyano,
and two or no of tqq may forma ring together with the carbon
atons to which the at tached, R2 is independently H,
optional Iy substi yI, optlonally substituted al kenyl,
optionally $uRg ynyI, optionally substituted heteroalkyl,

optional Iy substituted he| E?nyl optionally substituted

het er oal | cy YR5 , substWtuted awl , optionally substituted
het er oaryl , |am no A carboxy, fornyl, sulfo, sulfino, thioam do,
hydr oxy, or Leyano twoxor nore of Rl to R8 may foul™ a ring

toget her withthe~cagbon,atons to which they are attached, if any one
of Rl to R4 iS®H none of®R5 to RBis H or if any one of R5 to R8 is
H none of R to RARyks H, or at |east one of Rl to R8 conprises a
spiro group; x is 1 to z12; L is a neutral or anionic ligand; and y
is (z-2x)/2. [0024]{n anot her aspect, the invention provides filns
cont ai ni ng vakeganonet al 1 i ¢ conpl exes accordi ng to vari ous enbodi nents
of the invention. [0025]In yet another aspect, the invention

provi des el ect r 8 i hbleeionetabiayingascoprsinatips nwgbe Zgaheraiazalq ord;

conpounds accor g ngqt R, YAR04 REDRAIRINS, Rlio! BRidnaNE b BRuted alkyl,
opticnally substituted alkenyl, optionally substituted alkynyl, optionally substituted
heteroalkyl, optionally substituted heteroalkenyl, optionally substituted heteroalkynyl,
optionally substituted aryl, optionally substituted heteroaryl, amino, amido, carboxy,
formyl, sulfo, sulfino, thicamido, hydroxy, halo, or cyano, and two or more of R to
Rs may form a ring together with the carbon atoms to which they are attached,

Rz is independently H, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally substituted heteroalkyl, optionally
substituted heteroalkenyl, optionally substituted heteroalkynyl, optionally substituted
aryl, optionally substituted heteroaryl, amino, amido, carboxy, formyl, sulfo, sulfino,
thioamido, hydroxy, or cyano, and two or more of Ry to Rg may form a ring together
with the carbon atoms to which they are attached,

if any one of Ry to R4 is H, none of Rs to Rg is H, or
if any one of Rs to Rg is H, none of R to Rs is H, or
at least one of Ry to Rg comprises a spiro group;

x1s 1 to z/2;

L is a neutral or anionic ligand; and

y is (z-2x)/2.

[0024] In another aspect, the invention provides films containing organometallic

complexes according to various embodiments of the invention.



[ 0026] O her aspects and features of the present invention will becone
apparent to one of ordinary skill in the art upon review of the
follow ng description of specific enbodinents of the invention in
conjunction with the acconpanying figures. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ In_the figures, whjch illustrate, by way of exanple
only, enbog&f?élt s Bt Mot daksit o JERITBnProp e P iriacserindinges

schemati c l’c@rﬂﬁﬁﬁﬁ“’b?ah&ﬁet@lfhcacoﬁgﬁ%c% LVRfin 2R vab st b@YSfiments of the
el ectrol um nescent device 0029] Figure 2 shows the |I-V-L curves of

t he devi ce wentiony PEDOT: PSS/ PVK: PBD B2Ir(acac) (70 nm /BCP (12
nm/Alg3 (20 nm/My: Ag. [0030] Figure 3 shows the dependence of

f &
TT0 proor: PRV s Eae IR ¥l inign will bocpme appgien o
nm/ My: Ag deo:/ pE erdifa@O SN Fi therat dpghswswt dfethel écﬂmm@d@cnlﬁtmxafe;pacaﬁc
ffi t t
ol o ek BB AR L B Ron 6 R e e omommnedigies 20
nm / My: Ag devi ce.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]  In the figures, which illustrate, by way of example only, embodiments of

the present invention:

[0028] Figure I shows a schematic representation of a single layer and multilayer

electroluminescent device.

[0029] Figure 2 shows the I-V-L curves of the device of
ITO/PEDOT:PSS/PVK:PBD:Bzlr(acac) (70 nm) /BCP (12 nm)/Alqgs (20 nm)/Mg:Ag.

[0030] TFigure 3 shows the dependence of current efficiency on the current density
of a ITO/PEDOT:PSS/PVK:PBD:Balr(acac) (70 nm) /BCP (12 nm)/Algs (20
nm)/Mg:Ag device.

[0031] Figure 4 shows the dependence of external quantum efficiency on the
current density of a ITO/PEDOT:PSS/PVK:PBD:BalIr(acac) (70 nm) /BCP (12
nm)/Alqs (20 nm)/Mg:Ag device.

[0032] TFigure 5 shows the EL spectrum of the device of a
ITO/PEDOT:PSS/PVK:PBD:B:lr(acac) (70 nm) /BCP (12 nm)/Algs (20 nm)/Mg:Ag

device.

[0033] Figure 6 shows the I-V-L plots of a
ITO/PEDOT:PSS/PVK:PBD:Eslr(acac) (70 nm) /BCP (12 nm)/Algs (20 nm)/Mg:Ag

device.

[0034] Figure 7 shows the dependence of current efficiency on the current density

of the device of a ITO/PEDOT:PSS/PVK:PBD:Eslr(acac) (70 nm) /BCP (12 nm)/Algs



[0032] Figure 5 shows the EL spectrum of the device of a

| TO' PEDOT: PSS/ PVK: PBD: B2l r (acac) (70 nm) /BCP (12 nm/Alg3 (20
nm / My: Ag device. [0033]Fi gure6showst hel - V-Lpl ot sof a

| TO' PEDOT: PSS/ PVK: PBD: E2I r (acac) (70 nm) MCP (12 nm)/Alg3 (20

nm / My: Ag Q@x ﬁyg%ggg Flgure 7 shows the dependence of current

efficiency ® density of the device of a
| TQ' PEDOT: PSS/ PVK: PBD: E2Ir(acac) (70 nm) /BCP (12 nm/Algq3 (20

nm/ My: Ag deedsie. f[@ﬁ@&;] Eimrmeaiegmﬁcetmeﬂaﬂ@m@,ﬂﬁm efficeentproiathe
gquantum efficiency on the curren

70/ PEDOT: psgscrpw@wo o8 r TEUBEDOT TS T PO masy Tt (B (12

nm/ My: Ag showst heELspect r unof a
| TO' PEDOT: %ﬁg PBgﬁé%?Agggggf (70 nm /13CP (12 nm/Alg3 (20

nm / My: Ag deV|ce.240037]F|gureloshomsthel V- Lpl ot sof a
[0036] igure 9 shows the EL spectrum of a
ITO/PEDOT:PSS/PVK:PBD:ExIr(acac) (70 nm) /BCP (12 nm)/Alqs (20 nm)/Mg:Ag

device.

[0037] Figure 10 shows the I-V-L plots of a
[TO/PEDOT:PSS/PVK:PBD:GaIr(acac) (70 nm) /BCP (12 nm)/Algs (20 nm)/Mg:Ag

device.

[0038] Figure 11 shows the EL spectrum of a
ITO/PEDOT:PSS/PVK:PBD:Gzlr(acac) (70 nm) /BCP (12 nm)/Algs (20 nm)/Mg:Ag

device.
[0039] Figure 12 shows a synthetic scheme for BaIr(acac).
[0040] Figure 13 shows a synthetic scheme for Galr(acac).

[0041] Figure 14 shows the current efficiencies of devices comprising Axlr(acac),
Balr(acac), Calr(acac), Delr(acac), Ealr(acac), Falr(acac), Golr(acac) as a function of

current density.

[0042] Figure 15 shows the electroluminescence spectra of devices comprising
CaIr(acac), Folr(acac) and Galr(acac).

[0043] Figure 16 shows the absorbance spectra of Ajlr(acac), Balr(acac),
Calr(acac), DqIr(acac), Exlr{acac) and Falr(acac).

[0044} Figure 17 shows the photoluminescence spectra of Axlr(acac), Balr(acac),
Calr(acac), Dalr(acac), ExIr(acac) and Falr{acac).

[0045] TFigure 18 shows cyclic voltammetry traces of Aslr(acac), B:lr(acac),
Calr(acac), Dalr(acac), Ealr(acac) and Falr(acac) (FIG 18 A) and the derived clectronic
parameter of the complexes (FIG 18B).



| TO' PEDOT: PSS/ PVK: PBD: QI r(acac) (70 nm /BCP (12 nm/Alg3 (20

nm / My: Ag device. [0038] Fi gurellshowst heELspectrunof a

| TO' PEDOT: PSS/ PVK: PBD: @I r(acac) (70 nnm) /BCP (12 nm/Alg3 (20

nm/ My: Ag device. [0039] Figure 12 shows a synthetic schene for

B2l r (acac) . 040] Fi 3.shows a synthetic schenme for 2lr(acac).
[ 0041] Fi gur@%ﬁﬁhﬁtﬁgm}?’?@w efficiencies of devices conprising
A2l r(acac), B2l1(acac), C2lr(acac), D2lr(acac), E2lr(acac),

F21 r (acac) ,[0048]; ( abhseg is disclgsgd pncrganamsllesempandgd danmula (I 0042] Fi gur e
15 shows the el ectrol um nescence spectra of devices conprising
C2lr(acac), F2lr(acac) and QIr(acac). [0043]Figure 16 shows the
absor bance spectra B A2lr(acac), B2lr(acac), C2lr(acac), D2lr(acac),
E2I r(acac) and F2lr(acac). [0044] Figure 17 shows the

phot ol unmi nesc&s SPE( 10f A2lr(acac), B2lr(acac), Qlr(acac),

D2l r(acac), E21r( ang F2lr(acac).

>M_(L)y

wherein

M is a d-block metal having a coordination number z, wherein z= 6 or 4;

Ri to Rg are independently H, halo, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted heteroalkyl,
optionally substituted heteroalkenyl, optionally substituted heteroalkynyl, optionally
substituted aryl, optionally substituted heteroaryl, amino, amido, carboxy, formyl,
sulfo, sulfino, thioamido, hydroxy, halo or cyano, and two or more of R to Rg may
form a ring together with the carbon atoms to which they are attached, provided that

if any one of R to R4 is H, none of Rs to Ry is H, or
if any one of Rs to Rg is H, none of Ry to R4 is H, or
at least one of Ry to Rg comprises a spiro group;

xis 1 to z/2;

L is a neutral or anionic ligand;

and y is (z-2x)/2.

[0047]  The aforementioned radical groups are defined according to their ordinary
accepted meanings, as would be known to a person skilled in the art, as modified,

where appropriate, by the following definitions.

[0048]  As used herein, alkyl and heteroalkyl radicals have 1 to about 30 carbons,
if linear, and about 3 to about 60 if branched or cyclic. Alkenyl, alkynyl,

10



[ 0045] Fi gure 18 shows cyclic voltametry traces of A2lr(acac),

B2l r(acac), C2lr(acac), D2lr(acac), E2lIr(acac) and F2lr(acac) (FIG 18
A) and the derived el ectronic paraneter of the conplexes (FIG 18B).
DETAI LED DESCRI PTI ON [ 0046] There is disclosed an organonetal lic

conmpound of forpul o -(L 7 (1 er |s a d- bl ock net
ha\r/rip ng a célS'iﬁ’cﬁaﬁ‘g?ﬁ %\"ll ?\?fFFB@]ﬁ(Y’Qf E’\‘%lﬁ“@i é?aﬁg\? fe & % bon atom*i—‘\‘l???l‘bar I%gar e
I ndependentibyyth, to AB&QA.60QRIHA raaixﬁsylfskalﬂsﬁddtdﬂt@@hcauﬁxfl andORkdrOA tadicals
substituted al kenyl, optionally substituted al kynyl, optionally

subst i t ut eda¥reaberihiolapput 69 setbgRalomp. subst i t ut ed het er oal kenyl |
optionally substituted heteroallcynyl, optionally substituted aryl,

optional | yf[mt | LAl el hRESL oafiyl reﬁ:l?a{boa s@ﬁ&lﬁobraﬁ&feﬁgﬁ%y{:l O§amf5ted

sul fo, sulfino, thioam do, hydrox 0 or cyano of
Rl to Rs nélydrbmibalaphamngdmaig@hmmnn alherwﬁearcbrbkkmnlétr@ﬂas tat momtamated hey

h hat f RS
Fo R i o roret UG 198 g R RIS plpy Tl Bul it pGe et

or one carbon-carbon double bond, and one carbon-carbon triple bond, respectively.

[0050] The terms ‘“heteroalkyl”, heteroalkenyl” and “heteroalkynyl” refers to
“alkyl”, “alkenyl” and “alkynyl” radicals in which at least one carbon atom has been
replaced by a heteroatom, such as, for example, N, O, S, P or Si, including radicals
wherein the heteroatom replaces the connecting carbon. For example, in the context
of Formula I and where the heteroatom is oxygen, “heteroalkyl” would include
radicals having an internal ether (-R-O-R) group and alkoxy radicals (-O-R) where

the oxygen is connected to one of the carbon atoms of the 2-phenylpyridine ring.

[0051]  As used herein, “aryl” refers to a class of monocyclyl and polycyclyl
groups derived from an arene by the abstraction of a hydrogen atom from a carbon
atom, and includes, but is not limited to, phenyl, naphthyl, biphenyl, fluorenyl,
anthracenyl, phenanthracenyl, pyrenyl, indenyl, azulenyl, and acenapthylenyl. As used
herein, “aryl” also includes radicals wherein the aryl group is linked through a

£ 11

heteroatom, and would include, for example, “aryloxy”, “arylthio” and “arylamino”

groups. As used herein, “arylamino” includes diarylamino and triarylamino groups.

[0052]  As used herein, the term “heteroaryl” refers to the class of heterocyclyl
groups derived from heteroarenes by the abstraction of a hydrogen atom. The
heteroatoms of the heterocyclyl group may independently be O, S, N, Si or P. The
heterocyclic groups may be monocyclyl or polycyclyl. “Heteroaryl” includes, but is
not limited to, pyridinyl, pyrryl, furanyl, thiophenyl, indolyl, benzofuranyl, quinolyl,
carbazolyl, silolyl and phospholyl. “Heteroaryl” also includes radicals wherein the
heteroaryl group is linked through a heteroatom, such as, for example,
“heteroaryloxy”, “heteroarylthio” and “heteroarylamino™. Heteroarylamino includes

diheteroarylamino and triheteroarylamino groups.

11



at least one of Rl to Rs conprises a sp ro group; x is 1 to z12; L is
a neutral or anionic ligand; and y is (z-2x)/2. [0047] The

af orenenti oned radi cal groups are defined according to their ordinary
accept ed neani ngs, as would be known to a person skilled in the art,

as nodifie ere_appropr,iate, e follo def“lnltlons .
[ 0048] As uig@g\'ﬂer e]l':i‘}‘fB %ovﬁnﬂleﬂé‘fl‘éaoéﬁ"@&r‘l VE‘ Q%chal alkeale T2k About
30 carbons, “h!:tEnolalk??al'ieter&ﬂgengpohgtergaikﬁly?bGé’l'grl”@Qd"‘il&t@fo%gﬂ?h%%y%ﬁtl&iéﬁg ;

i cal 5 have o

Al kenyl , al kﬁwﬁ het er oal enyI and hef er oal k?/
about 30 cdebwhstiriefrsAs fused haeip, argubibisied Bdical"alsbus teone af Hvnalevens

|1 branched, fliofidChlifals @geéh%%o&e&% BRT bl AL ﬁtlfap YARME afot ©

about 60 car on atons. sed herein, ers
strai ght, hilenghetkyoyl, bytetorikyls aiswrc&ﬂl@dylhyldﬂ@ﬂmmywll agmahdnerbagh, aalino, The

ternms "al kenyl" and "al kynl" r.efer, to nqQn-saturat e str
br anched, ‘1%‘? - SRR li & ﬂEOBrWH?olE?‘é‘f‘g Arog¥radhy> Pl Sfle ’%h W[‘r’g 4t

| east one casbgdireacRenCH® 6 DERhe AB BB ﬁ@gtﬁ@éh‘c&g@i&@dln Bdl@'aﬁd
bond, respectively. 0050] The terms "heteroal kyl er oal kenyl " and

"het er oal | QYRAPKY) hgf dycsthemgselves be substituted.
[0054]  As used herein, “d-block metal” refers to an element in groups 3 to 12 of
the periodic table, and includes, but is not limited to, Ir, Pt, Re, Rh, Os, Au and Zn.

[0055]  As used herein, “spiro” refers to a group of compounds consisting in part
of two rings having only one atom in common, such as, for example, spirobifluorene.

The spiro atom may be, for exampie, carbon or silicon.

[0056] As used herein, “bandgap” refers to the energy difference between the
highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO).

[0057]  As used herein, “ring” may be monocyclic or polycyclic. “Ring” includes

fused systems wherein two atoms are common to two adjoining rings.

[0058] In different embodiments, the substituted 2-phenylpyridine group of

formula I may be:

12



"al kyl ", "alkenyl" and "al kynyl" radicals in which at |east one
carbon atom has been replaced by a heteroatom such as, for exanple,
N, 0, S, Por Si, including radicals wherein the heteroatomrepl aces
t he connecting carbon. For exanple, in the context of Formula | and
where the heteroqtonlls oxygen, "hq;eroalkyl" woul d |ncIUQe radi cal s
havi ng an inter ers (-R-OR) oup

wher e t he oxyge inected to d

2- phenyl pyridi ag rj 4051]A§ S

is not linited ) W) bi phenyl ,  fl,udreny

ant hracenyl , pﬁenanthracenyl pyrenyl i ndenyl , azul enyl
acenapt hyl enyl . As used herein "aryl" al so |nclud Sy -8
the aw group is |inked through a heterg am an&%
exanpl e, "aryl oxy", i :

herein, "arylampg
[0052]As used h
het erocycl yl grQug

and
cal s mhereln
ncl ude, for

ws of f'h& heterocyclyl gﬁodb'~' Ris
Qr P. The heterocycli c O

i ndependent |
nonocycl yl ¢ Al . -teroaryl i ncl udes, but T3 d
to, pyridinyl, furanyl, thiofghenyl,, indolylss R:

qui nol yI, carbazo
i ncludes radicals
het er oat om such A for exanpl e, _
and "heteroarylanrno" Het er oar yl am i ncl udes dlheteroarylanlno and
triheteroarylamno groups. [0053]&aeh of above nentioned radicals
("al kyl™, "alkenyl™, "alkynyl", "heteroal kyl", heteroal kenyl "
heteroal | cynyl™, "aryl"™ and "heteroaryl") may optionally be
substituted. As used herein, a "substituted radical" refers to one of
t he above nentioned radicals conprising one or nore substituent, such
as, for exanple, alkyl, alkenyl, allcynyl, heteroallcyl,

het er oal kenyl , “heter-,$kynylm aryl heteroaryl agi no, amido, -
car bonyl, sul f Q1) k Hi oam do, , hydr OXY, V), silyl DX

"Hal 0" or "hak-ﬁ@; a&efers t On & F ore, t he aha
substituents (exchudihghal o, XY) t*ensel
subst i t ut ed-£ [I0052}+ &dritel hi*ock FED ‘e)-er 3.-£0—a 1,
element in grodpé€®3 to 12 of whd periodic tabI and mncILuig; but ®i s

not limted to, .
"spiro" refers i
rings having only one atomin comon, such as, for exam
spi robi fl uorene. The splro aton1nay be’Mfor exanplga taf Bon or
silicon. [0056]As used {gef "

di ff erence betweén i‘“-

055] As useg.mmreim
a group of conpounds conS|st|ng in part “o%
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hi ghest occupi ed nol ecul ar orbital (HOMO and the | owest unoccupied
nol ecul ar orbital (LUMD . [0057] As used herein, "ring" may be
nonocyclic or polycyclic. "Ring" includes fused systens wherein two
atons are conmon to two adjoining rings. [0058]1In different

embodi ments, the suhstituted 2-phenyl peri di ne group of fornmul a | may
be: "RH Riz i Ris, iy

14



RRUR, OR* *aan a* Rt 5 al ilet 1 a aalie R n ata 4. ***
aeal ka
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aR3 R16 Rl 4R17 at at R* * a41]1 Gaat, 1 aRa* RI3 k,RP RR

wherein Ri1 to Rag are independently defined as Ry, above. As would be understood

by a person skilled in the art, bonds depicting any R group extending into an aryl or
heteroaryl ring indicates that the R group may be at any available position of the aryl

or heteroaryl ring. For example, the structures

would be understood include, 2/6-chloropyridine, 3/5-chloropyrindine and 4-
chloropyridine.

[0059] The branched substituted 2-phenylpyridine groups (hereinafter also
“branched ligands™) may be prepared through a Diels-Alder reaction in mild
conditions. The yields may be as high as 80 to 90%. For example, a reaction scheme
for the preparation of 2-(2°,3°,4°,5-tetraphenyl)-S-phenyl-phenylpyridine (B) is
shown in Figure 12. Briefly, 2,5-dibromopyridine is added to (trimethylsilyl)acetylene

16



wherein Rii to R26 are independently defined as R, above. As would

be understood by a person skilled in the art, bonds depicting any R

group extending into an aryl or heteroaryl ring indicates that the R
group may be at any available position of the aryl or heteroaryl

ring. For ex t he st e | Cl n t ood | ugde,
0 6%l or op AT Re Sl TR Rt e R G gy PropR e (25
[ 0059] The hlcﬁx?]ﬁﬂﬁ&i zs\umewéa QGkh - RA1EHRY IPYIE AL ARSI QMPS 16 fh%ﬁ@rh@antﬁr
al so "branch ands") nmy be prepared through a D el s-'Al der

reaction i d2m’ 4 50 theﬁlbﬂ]d@ erphré-byqrae E?;ﬂdﬂﬂafy(?’be asphingh3 was 861 repc®d%

For exanpl

2 la 5 g il EABLIAR ARG AUERAIAO NN e salusion of,
Fi gure 12. sBdiusf daybonﬁge&eldertnrtorgoma{tem nAltemat&dljed)etmanched ligands may be
(trinmethylsil cetyl ene | Wit h PdPh 2C12
create 2-trlf T’%ﬁ)‘ﬁlf %r%/%ffl%" Prtgl @VF@ [2%4 ??)CY‘%HH&B‘G% ZFS\N?@‘“? é‘ﬁ@t\gd
Wi th o- Xyl engndnibid,#eie REaRobo NaoH o -BaB erAl Guiehs, 2y, Klute and W. Tam,
(2,3 ,4,5 -tetraphenyl) henyl 5- brono-pyridine (3). Conmpound 3 was

then react &hem RBv-pJREACHHT-8Ri ¢ acid in

t et raki s(t hi phenyl phosphi ne) pal | adi um(0) in a solution of sodium

car bonat e/ tj ebstgne @i 9e BRhAERs BaviAl h%rfeﬁmsrgy f&le%r%%ﬁ&ph@ﬂdé bards
may be prepared by transition-netal -catalyze T

cycl ot ri meripwatipomaySe Sgpared é?ﬁdnerfhodﬁahwmt o, tl@wtr(seRefor @6@@16

2901- 2915; t d

29012915, MbybPUETG McdSbul BN Ve Tl ORI ek 1300 cP8e
| i gands of rtdvesdi witte irtdian cl‘l’hylddi)hychatepalfiﬁdl byhloettroldsd Kiresmin |htrght3heldart
(see, for a 0Q4/ 0843 d references.therein)

exanpl e, ¢ HEe %Qﬁmggq% %Qﬁag% n g el e b ﬂ“FdFdﬁ?fErﬂdS‘PPEﬂ%
hydrat e to |fg@hd® ax hivRIcR - By dgedndishmE b dirgbntyits! ﬁ@ld Te final novel

chl oro-bridged dimer can then be further reacted with one or nore
addi t i onal PRP{RAGEcEpL )compifxeh fafhch@respid dwisption (gHef MEPeAP/1564; yU§| d
t he final p f e
(see 0 027 T OB 00 I e e O B b P B BB A bl
al so be redeidaet It\/ldtlrherasmﬂllasrfobcxadgné@j ILlr(ilpil, ®ubhn asnefopharmpicent
L2Ir(Cl)2lr L2e.t 19 Ft% mventl ew phosphorescent material of the invention.
[0061]L in or mufat e nonodent ate, bidentate or tridentate.
Accordi ngly, the person skl Iled in the art woul d appreciate that the
M L bond dd@P€tled I im foonniallandy besnmaidelhthm bidehtite oa tridenigtee Abchrdaauiy,

but may inc¢] ude on wo_or thr bonds fo | a
Py e o ane R el A e G e i Db e S 024 dgiciefyin Formela T
or ganonet alif h& 1paralex smEQI’MHz(@de' But thdYEndnd@SROMYPN thik¥ IboSdséBvden

Bi s(3,5- Difluogro-2-(2-py rldyl)ghen yl - ZCarboxypyrldyI) iridium

(111) ("FI M gpe )L Hblfqrémm gy be feicded Wsiuap thepemescent propesiies pbthehe
f | aheny
Bi s(3, 5-Di oh‘%éﬁBﬁet%ﬂi(:zcdHﬁlb)gy r& e pﬁs@%&yi @ﬁf%’ﬁﬁgﬁﬁ‘ %fbwllﬂnh{sﬁlé)

conplex. Suitable bi-dentate L woul erso
skilled i nRiffeorar2(Camydidyhmicode?- Gbnbt)xwedﬁbtndmm (ﬂé)d(“Fb(pm)”) blue-shifts

hexaf | uor oacet sal I.C ne, .8-hydr
to Ru are ?%de%%ln QR 1Y e%F‘%/l YRES %%O\C;ﬁg@;gdﬁ the %"%fthqi'E{nF%ly he
d- bl ock rTEt(@dety}xfceﬁohﬁepﬁgﬁtﬂD(rHI cﬁhﬂpl@( csmﬁmlblexm &ErﬁatSll(thpfs @\foul’cﬁffﬁ«ﬁﬁﬂfﬁe
only. In specific errH nt S, é_ f acetyl acetone ("acac").

o a person ski e art and include, but are not limited to, hexafluoroacetonate,

salicylidene, 8-hydroxyquinolate, and
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[ 0062] Sui t abl e nono-dentate L groups woul d al so be known to a person

skilled in the art and include, but are not limted to: wherein

Ril to R13 are independently defined as R, above and the bond to the

netal atomis shown for reference only. [0063] Suitable tri-dentate L

groups woul d al so be known to a pergon skilled in the ap t and
e

i ncl ude, but #re not,linmited to: Wherein Ru to Rj 4
i ndependent | efi as above@and th
' K

are not de ed. 64] A gerson s ked ip
t hat conpl of ~gther al s <
i N 7
1 I S
=l
Ruz Riz \@2 Res Raz

_n
»

Rp
R1q
Byy
| o R‘H
AN - 1 |
VS N
| Ris e N <N
o
R
s 12

where R, to R, are independently defined as R, above and the
two bonds to the d-block metal of the organometallic
complex are shown for reference only. In specific

embodiments, L is acetylacetone (“acac”).

[0062]  Suitable mono-dentate L groups would also be known to a person skilled

in the art and include, but are not limited to:

—Cl Ry
—C=N
——S—C=N
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, such as, for exanple, Rh, Pd or Pt may be made by anal ogous net hods
(WD 2004/ 084326). [0065]1n other enbodi nents, one or nore of Rl to
128 in formula | may be a substituent containing a spiro group, such
as, for exanple, a spirobifluorenyl group In specific enbodinents,

the substi t |.py:r i, di n ve t he oW n

struct ur es: Hefeln R {ARLRAEPeffontl, BUR RECHE R 15 ol o0 lha el
above and vinen & shown f@ytefoende drdy. about 3. [0066] Spiro substituted

2- phenyl pyri di ne groups may be prepared with satisfactory yields by

met hods kn t. For a |rob f| uorenyl cont n|n

| i gands maaﬁ@%é]pr e%ﬂ‘i’a s ePté‘EgJ: rgg}é)lpsf P’VBB {ﬁc’t"ﬁl QPR dn
reagent or the drt idd HOLAL BGERE n@flindteln@NODbI phenyl followed by acid

treatment (Yu, et al, Adv. Mater. 2000, 12, 828-831; Katsis et at,
Chem Mater. 2002 14 1332-1339). If_this _spiro- biquorenyI gr oup
cont ai ns ang,add f upct i onalg,

group, it may De 4 r coupled W t
reaction, Stille COUp|I'J reaction, Suzuki c
coupling reaction to get /--mge5|red | i gandsy silicon
substituents may be prepafed according to net s known in the art,
for exanple, as described in US 6,461, 748, and coupled to

2- phenyl pyri di ne by known mnet hods.
wherein Ri1 to Ris are independently defined as Ry, above , and the bonds to the metal

I ng reac |on,N or
N\

atom are not depicted.

[0064] A person skilled in the art would appreciate that complexes of other metals
, such as, for example, Rh, Pd or Pt may be made by analogous methods (WO
2004/084326).

[0065] In other embodiments, one or more of Ry to Rg in formula I may be a
substituent containing a spiro group, such as, for example, a spirobifluorenyl group.
In specific embodiments, the substituted 2-phenylpyridine group may have the

following structures:
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[ 0067] Fol | ow ng the sane procedure as descri bed above,
spiro-substituted 2- phenyl pyridine groups may be reacted with
iridiumchloride to afford the chl orobridged di mer which may t hen be
reacted with another ligand (L) to yield a phosphorescent conpl ex of
t he i nventioon. tern.klvely, the spiRQ-substituted 2- phenyl pyridine
groups nay D&EF eycted Wit h a chl oro-bri dgedyl (di-sel’, such as, for
exanpl e, L2Ir (S L7 t Ryl elR), a phosphosé :

i nvention. [0068] Ut pprRci ated b
art, the identf N
t herefore Iaﬁr’- N 0o ¢ bt & a
Non- conj ugat ed substu&i; ts may iFafluence Ilght em ssi orrR,due to Re
di fferent conjugatlon1fengths rel ative to conjugated substituents.
For exanple, the em ssion spectprum of Ir(ppy)-based phosphor may be
modi fi ed by the incorporatiqn of’electron donating or el ectron

W t hdrawi ng substituents.
derivatives ORu{ agac) MWedsg phot ol urf
bl ueshifted rel a{iy ' aCa®),. | ntroduc
groups onto (ppy) d or blue shi

maxi mum dependin- "|onR®f the subgti
al ., 2002, Chem& 4k785 Nazeeﬁud~' ;
Amer. Chem SO 97; Rsanansky et al ., 200ﬂ% Aner Cfem
Soc. 123: 4304- 4312 'NHK Laboratories Note No. 484 available online
at www. nhk. or. |p/strl/publ|ca/Iabnote/Iab484 htm ). [0069] Sol uti ons
of the organonetallic conplex of formula | may be made by dissol ving

s solvent. In sone R.st he sol ution

Fﬁ55|on is

further conprls:s/ geRcarr%lng host nate ' G solvéhﬁ IS
preferably a solve |anh|& >POF IRt he organo %{ ang%the
host are sufficy®en 53 A\ Sone enbod|r;= st a

vol atile orgapnik ynat
such as, for é%anpl e, R, onp
conprising branched subsiituted 2- °phenyl pyri di ne- base&*llgands 8
differ fron1phosphoresceﬁv dendrinmeric conpl exes discl &sed, for
exanple, in WD 03/079736, US 2004/0137263, WD 2004/ 020448 and WD

02/ 066552, in that the dendrons of the latter are generally attached

at only one.ar .t S|t|on of, t n ridi e rin

[0071] Fi | ne wngrein K 6 Ranars e dent?y %%&9?@% %1‘ osr g S’thW&ymﬁ%be L to
pr epar ed bybmnenventlonal solutlon processi ng techni ques, such as,
for exanple, spin coating or ink jet printing. In sone enbodinents
t he organo | conp un f,for Ia | may be conbjned with a
or gani c orﬁg% Eocﬁﬁsagﬁ r7PheRY pﬁg@pe 5%$B%nﬂaya o REPEEG owuh

conpri si I’lgséth&cfwﬁtyle@dhdbﬂHlﬁﬁﬁocﬁaﬁr@%ainstlﬁré}ﬁeslscﬂde}daﬂﬁjfb aspifrbthﬂwynﬂ
sol ution processing techniques (Lee et at 2000, Appl ﬁ tt.
81( 1) : 1509 °ntpintyg ipards Ay b Rserasgsaeicsing @uwn@wp@ﬂsa)ﬁ?ngkard Ff@@eﬁt 9t he

art, the changemCRhEME 8P 2- H?&rﬁsbl f'f@i omylgpﬁcﬁ%legﬁ{ Mr& Al diow,

eff|C|ent exciton transfer to t rganonet IC co Withl1ittfle
or no back Maran29Wx 12.r&25& 11t Katpisat abt Ghepn. dﬂarphdé@hdﬂeﬁﬂénl?ﬁé}n Iftthing

ters to_a triplet of the ho killed in the art woul d
be avar e ofis MBI Ckoln G bstr AaeBPral Snfiterl ong: LA

limted tohaldggheroyb; 4( ina?laﬁt h.)ﬂh):r c5u1j15t9 H’th- bthér 4edeehiaobiggh( Glibdard ,
4,4' -N, N di carbazo be bi nyl ( y-9- vinyl carbazol e
("PVK"), 2T¢8IE) éﬂ ntupling aeyaf*é% §HF‘W Cﬁ%ﬁg [Fyaction o4 ZHie£qppiing rgaction

to get the desired ligands. Spiro silicon substituents may be prepared according to
methods known in the art, for example, as described in US 6,461,748, and coupled to
2-phenylpyridine by known methods.
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("PBD"), 4,4",4"-tri-Ncarbazolyl -(triphenylamne) ("TCTA"), 1,3, 4-
oxadi azol e, 2,2 ' -(1, 3- phenyl ene) bi s[ 544- (1, 1-di net hyl et hyl ) phenyl ] ]
("OXD-7") or poly[2-(6-cyano-6-nethypheptyl oxy-1, 4- phenyl ene(" CNPP")
[0073] The HOMO and LUMO energi es of a nunmber of host materials are
known (And et : 19496 C . i
2003, Adv. WAEH 151?(?1{‘3)3".]‘1 T e shme oo ymHSo%%% ﬁlr’\édﬁ%bn%é’e%’érfgﬂggmg%d?
mat eri al meredpydiginer grovsdmby beretdvoris with aridinmncltldvaleatot affokd dbe sbioreet
al 1998, J. e oc. 120; 9496; Lo et at 2002, Adv. t 14:975).
fo07a1 1 ortdOBh T wERS, me Spgh it ettt ol SR, knty M waield' 2%
t he host i rphospharestent icomplek Adb@eitinddaibe abiithatHO%0 Hoepandiubgitead the
desired p;&@ergées_of the film a person skilled in the art would
know how mPERVSRYIIdRE SPEPSBMEParsacted bt p eRloresbidaed Jo dmgre Hich ashior

host mat er ieghmpGENEt @It » td REIIANHOLIHbHREnE BREIEohe flEntfoh! M shoul d

show em ssion principally fromthe ‘phosphor and little or no em ssion

fromthe haost nmaterial. At greater organonetallic corrg%ex
it

concent r at i[BA88] bi Mpwerld bsereiseipicd Ry eeip esillsdindhewt.ithmidsatity @b Bnda
em ssion a i it itle t - 8, re 395:
151) . Depe?\r%dlvngg%ﬁeﬁtg %eﬂgeglﬁ?@%ﬁ‘%’urﬁﬁl‘%gg%%ﬁotrgplr“glﬁ%‘?s%&gs ,p“%\%g%s of e
concent r at icoganofnetuis comgirenret @l-tdnpugadphisstitnaly nke iafheEnopliighatmisgion
varied. For, example,.the concentration of the organonetalljc conpl ex
oy bo sol et SRR o b ueR o BN Rl T et SRTHG Go® et
rol | -of f atthdi @hiesiort Wpe@iin M $i(pyeSasedObhoshhdrP May3 b6 OMRUEXES by Pk
efficiencies in CBP and PVK hosts are obtai ned at conpl ex

concent r at "SRR QhtelestangdsHnE B AlssEo STEREVInG eypBitante| yUS
(Bal do et alot/8883h1 Pyr. Phis @ ( hddis ; hys
Lett 2000, 77(15): 2280)560%(_)'%5] %Wirr?‘f‘%rél AN R %ﬁ%ﬁ%%“fﬁﬁh“@
phosphor es déntolvgrigesaente teaibsian eohlskdiftddntedative Ho stpyrfe(gcachpr duizodubing

auent e SLELERRRET, DB RISTARSTEDY A e e B 8 M
phot ol um nesxéntmgderehding ywinelhd H{oRitQY)ofi the tshisstiamioh d(Birakeki avher @es2,t he

sanme dendrier doped a ight ratio of 20% i nfo has a PLQY of
76 Sov | ndE AT Rat: T RETeBAURG) . PRH! AT P R CHE CBP
host to therds Cepysky bAgedosie 10k Crandsd:n g3t BTief8e INSRDBARL At@ ks Of

t he phosphorescent chronophores mnimzes T-T-annihilation (Lo et al
2002, AdvanteaNredevailableionliog shww ok or. my/ytipublicatetineicAab 484 :
organonetal lic conplex of formula | nay be advantageously used in

el ect r ol unifpgege Nt SAARINE &3 theSrohdrhetDBe BRPRE | ALBAMAY 13nsKbe el by
person, generally, and with refgerence to Figure A (which 1s not

depi ct ed t ¢lisselging)the spaplek oh unfniebleeslvedeev lir seme empedigentsn thenjodione

| ayer (300 i Sl r ] n tanial

i posed bePimerbhphild s fsbla R SRR AL UBIGEN B S sGven
inj ecting amedeh(B20)he drgamperctdlincengied b teshosome sofficimtle sofublehen
anode and the cathqde ?Emﬁébe deposi teq(} ﬁn a support (330%1, whi ch, may
be transparSHE COPHIRIGNES, e SUSTE 152 YHIaiiE opRaBin: thaials penehleyig solution

under st ood pm(;e@ﬁfgete@ﬁafqugg(gdchgg fbrexhmBleddin cdalifg.anode or the cat hode
may be transparent, sem -transparent or translucent, and the

transparen:{ _f(im -transparent or translucent, el ectrode mag be
di sposed o 007¢ ra 95 Fﬁsyengerﬁon}p}e_gtﬁgp&ogﬁpsgg tk?ré?fé“F‘_éuce%‘ stéuiphord .
In certainpg BRIsed 8RR OMIfed Frobd FNSRNAbRNent IEMrirhrRNSHRFIBH OF

transl ucent and i s disposed on a transparent sem -transparent or
t r ans| ucentdissiepysh for. cxpplE7inTE GO 36.309 R00#Y1 35865 Wai 200f{0R2pd48fandol d

or silver, Falell i i I i erally the
anode conpr QAT B BLAR, Yol Pl SRR fenliehy oS08 B by

| TO i s par twepbsnidng of thet2aficaylagidite anpde due to its high transparency
and el ectrical conductivity. In various enbodi nents, the anode (320)

[0071] Films of the organometallic complex of formula I may be prepared by
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deposited on a support (330), which nay be transparent,

sem -transparent or translucent. The transparent, sem -transparent
or translucent support (330) may be rigid, for exanple quartz or

gl ass, or may be a flexible polyneric substrate. Exanples of flexible
t ranspar ent.,S&is r 3 ! but
are not Iitr?ioted 1%%1',1 ?dgmpﬁn&deggﬁg {Sg ; é:ty’fsg %%%%%%@Ig’is«gg&éawgem K
pol yet hyl ege prietieg hichsiet caghod podnyso kref drgmoseeHicasnpobygsrdfyinede] aag

pol yet hyl ene, l. yam_des ol yvacrylonitril,e and pol yacrionitrile

Dol et hac o] SR kR Bl B boBRisk  Rre SRR, Rk “Sihgyind, Gnd

f 1 uori nat edolpibisn@hSrising thafoP ahy teatst afatdialsogbiegtadnato 4 G0 Yy HoRition

em ssive |layer (300) conprising the organonetallic conplex of fornula

| (her ei naPf¥essHIsdechniguey (Leg et G L90a1rrdfibwiletiof (D08t or ") may be
provided as a filmon the anode by known sol ution processing

t echni ques [gord] asas §&ild 8% apmt8ateS By 0 pEOGt sihbd iRARL 4l Ghe dHafeQIFFULT €
coating, gravure coating, bar coating, roll coating, wire bar )
coating, dilpstwaterisignaysysrsalpcied i ally, clfieieetepicitm wmnistey fo e exasnpnétpllic ng,
of f set pri QB&PQ%(%lthHﬂhé 6 ndPbdcR taler frdhn GELHIA at@%?%sgﬁ&és%emteﬁﬁ ing
em ssive | aye urther conprises an organic charge=carrying hos

mat eri al . Th#emshangepleanf therigsthoskhematsen iskillep limyis drtrpoukidrt awand eSai n

charge transport and acts as a.triplet urce to. transfer cite

Criplets & QUPRE Sovarargs SRy bibpie B3 e Eris) b foosol-fhemertD-
char ge- car ryghegylngst-ufRbRr (TWZTRY H-pNedRaibaAN-bishéhye|(SCBP'IN poly-9-
transporting material, such as, for exanple Al g3, TAZ, BCP PED,

0D 7, or prEiRdRt | VBRSO o CrdripsrYiagHisibeyt-Blendind i hexadiagle
exampl e, Ny¥Migsthphenwb 2N, N a—ﬂ;@ﬁhyl I;,;;a)nJﬂ '-b'ap[@[@y,-4, _
di am ne (" 'I(PD") )J,o PIar ’,21 'I%‘?g%%rrg N,'N' - _F({}ﬁ)m( né) ( lf Fa
Bi s( napht ha&kehazole2y (N 3Nthionyd ¢nshims(§13b hdinéthdethylhpriyl]] AGQXD-Ehalor

10081 1 n o B P PRl bR MRl BBt ol yer 111 m ray

have a thickness of about 50 to 200 nm A skilled person would
readi | y appf@tilat elledHOMO autdD dnhesidshif @ knebsr of hosteategas hteikagwhi | m

O e o ST LA T LS00 ST B0 G

char ge- car rnyi4sy AbshatvelyeFOMO BRY. UBOORAERs af £ovRiimahi o Qier@hrd §¢
carriers, for exanple, a blend of PVK and PBD (Limet al 2003, Chem
Phys Lett 3¥EShossynoyming prt fandergs eseloddsnly 45 Skpm 8- bk ¥9R; Lot gl
eni ssive | ayes ngetdaned:opg. of uniform conposition and may itself be
made up of a nunber of distinct layers (US 2003/0178619). [0082]In
sonme enbodi nents the em ssive layer (300) nmay al so contain a

f1 uor escend®E} t tlpwge pabedimant, the pegmametatligroomplanay, be added to the host

THBAND R b L R S e S
Ni | e Red (Hémet pabon2BORd inithplart WRnjdkndvehdw LB pf B OBJanometallic complex

El ectrol um_nescent device onpri si an.em,ssi.ve |.ayer of 1%
Cooy) 211 ( acE T Al B R e BT Ch v GpliB SPesife b gim
em ssi on f shenld ewNerhigsiReptiddipadly dphome phodbkdiaull LIBRI 2 @olemisioadrdndthany
particul ar ;theory, it is believed that_organgnetallic conpl exes of
formula | mESF Hekerids i filepiepiet rganpneallisgCupplpt onemiratgngg bImelpular
states for res&lpercbﬂgleﬁmbﬂa&fbnrrﬁgoqﬁewﬁérhi@ﬁoﬁ 2 Héh éﬁcﬁm&l&ﬁﬁggﬁao et
singlet states to the fluorescent emtting material through Forster
transfer. Ih ARsNefmyoddAl). Dpendingeers thet demired bwgnesgerd geerertéaadthe
fl uorescen it tin teri b esent within distinct,|layers
i thi et o congEchlol" OB Sl Ml Il EmRIOREL o8 b Phufill oBB0a, ¥ELR,
and f| uor esgangle, Baicbidentativat &rthabrgatienagdlie conples usdy bhadectddendahbw
subst anti aIth slgr)lectral overl ap behvveen the fl u?reﬁ,clgance emitter and the
e 11-off at hig

aximum lnminescence with no or little ro er current densities. For
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host material within the em ssive |layer (300) nay be about 0.5 to
about 20 wei ght percent. A person skilled in the art woul d appreci ate
that the optimal concentration of the guest in a given host may be
determ ned by known met hods, for exanple by conparing the | um nescent
properties i : : f t pakl an, of )
phosphor esclggg)qgﬁdengltﬁ?xeéeq%tgﬁ gﬂﬁlfc%s&%ﬁgl %%lt) ?%%F@Iégﬁ(%ﬁ{ér%ﬁ Ilé)e(r% Eg% O?jhté]&
phosphor esc@ntentyaiégis of sbaut 6ond ebdut &t imess peneent, géspesivalyd8sidp edal @90%)) of

| um nescenc t jve densi it h i-gnifi t

ol nort T i e drlue i EHAREDS R Ru Pl T o105 5 be any
mat eri al capabl e of conducting el ectrodes and injecting theminto
organi c | ay[@085] Thie icatlivde timmybldnding the whesphkrebaenr biganom@bliit comphwt al
al l oy, including, for exanple, barium_calciu nesi um i ndi um

Al um hum  yEet B Ra PR oA WP ERER By the GROsPIREESFHIL FIHASE P er
al l oy, suchcp@atideOem@XRHEPER tcRd) athYrg\Mg%E&hﬂ\riﬁl&e fihOML o @hiy0 2052
magnesiumto silver is about 10:1 (US 6,791,129) or an alloy where
the atomi c Rhgtolusnigesceitt ganmn gidd UIRLRYMh ins theberld etate; M0Breas thbgame

(2008) syntBeome sopd )¢ GY josd BF g T s B Prilien 70, ©

229). The oadibwihg tif3 ticiemaynchyy tansfiengicers|fayethe 6B Phiagetoahc bippo)dascd

structure. The.cat hode (310 y be reflectjve, transparent or

transl ucentqen‘?rﬁﬁ%%]a\#t#r@Fl)@P%ﬁcéeﬂa@tfﬁP gﬁféf’eléfhofmjgres et “chromophores
el ect r ol umnigasieey T-Tethiheatidy(LbWF H@02 CORLAD MNE- 5 14@7% of a hole
injecting layer (In) (340) disposed between the anode (320) and the

em ssive | (300), a hol.e blocking | ayer (36Q) disposed between
the emi ssi %ﬁ%‘yerﬁgﬁﬂ “PRETEES h%‘dé’r%agﬁl%}?tf"u‘énﬁor%ﬂe’él@c?qf’ﬁHlat ¢ aiEp et

| ayer (ETL)ad(fa”&%%o@lﬁ ReReth HettvpaRintRenth@viel! 0Ky b'eaéﬁ%fec 200)y and
t he cat hode é31 . As woul d be appreciated by a person skilled in the
art, the elskdled peisairasaeralit. agéviiderefrsgnopéo Pisapsatadwhighdonb depinted to
different | j ' : r ifically
ey oy LPUEL B LA 8y PLARGL AYE BB 100

t hi cknessesege dflectthiimigepems niaterfalydispostd batveea | asoelenadon dajetiiige dath@le

scale. [00 he .ETL,(350). conpri n electrpon. transportin

mat eri al . i@@sﬂgﬁ aﬁjé)rlee’inﬁf’h%a Bé'fsfogn%ﬂ PRI BPPedigeniyt i05|mq%§ of theny
material thabdal:h@Wae fatholibansf bi Cdepbliteli NhEGE k@ipoRf (BOECHERASMEY WO
the cathode (310) into the LUMO of the electron transport |ayer

mat eri al . TRESERIYLLFEPIEBRPAIESe O Hapshitalte nfs ayaaid bo yndqrepah by taj prgson
mat eri al , e il , . for
exanpl e, tﬁgﬁ%?q%g%i%{’é%eﬁen di%sfc ogae%&l[enﬁa Sggglg%%g{ﬁg%l é%%@?@a%l Y,
t he wor k f ursoslpemt, ogndt the tasione $esniranspaome of Hansladeot eledtrdde aivy be
greater thap | evel of the electroni¢ transporting terial,
nore pref e(r’j}g%%%%n(%)yvaﬁ)oﬁagsqaﬁeélﬁ %lennblﬁlfanﬁj.aéené\ffr %?ns Hreh F?B’rpgqpr gl? eFEBY |
about 0.5 eibodmsentshia ahdi i tihdspiremedentifirahiirak echdneNcét ansd RAdpbird
material (U52003/0197467). In certain enbodi nents the el ectron
transporti ifg & ST SN AARSRASI PE RFSWECHSUBASut 10 nm to about 100
nm [0087] The HIL (340) conprises a hole injecting material. Hole
injection IMBOET] al Bhetdr@d @320y hik Deta@in KRN MBS OF siNeAN@ hé@ frbera8Rode
to allow for the efficient injection of holes fromthe cathode into
the hol e i ApEeRiieR¥ide(fdP)( (Beerdly dha grad7yompgsee 2 Metae ithre Figbevorkl s
are gener al holeqt {\n I r i,St 1 i.shed. jin
That “they caruR(F57RanaRpE) UMITER: BhisEuany BHboRa® afpibdati g
convent i ondtanfpaiacy rad sisoricilngniwttizity.alls .vatiolseembjdendnits) gharatwici (A26)

i nclude, for exanpl. .

4 an o DT TBOAmORERY PR TS OHFS RE e upport (330).

(" m MIDATA") (US2003/ 0197467),

pol y(ent hyl[@dTB]oxyihhinghembpdipeht( Gleyreiee sithb anbde andGhéljathode may be

deposited on a support (330), which may be transparent, semi-transparent or
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[0088] I n certain enbodinents, the efficiency of OLED devices may be
i nproved by incorporating a hole blocking | ayer (360). Wthout being
limted to any particular theory, it is believed that the HOMO | evel
of the hole blocking material prevents the charges from di ffusi ng out
of the em Stl%hé’lﬁceln?-yq{le l?lldhs tap‘:ﬁt Q:Qlln?tlg gﬁjéﬁtn& tsﬁll:sélﬁllsu

sufficiently | ow el ectron barr| er to | ow e ctrons to p ss 1t'ml211¥ough
t he hol e blrgekiferexbmplerquad6o) gl@adorenﬁyd:m c’tﬂh@cﬂﬂﬁpelsmmc hubgteate. (BB@0ples
(see, for e 106. and.
2003023098(9;1& %19—1%’% “%’ls%arimr?cmhg?%l??r%‘#‘ OY\XB’IG?IHC“‘B‘E ‘aﬁg@%ﬁs P%Ege’pbé\t &lsot
skill ed i nlinkiedartb, pdilﬁnhdi]e&l ugelytefraflucexaiides, polyethylene terephthalates,
2,9-dimethyl-4. 7- dllf)hen y1l-1,10- phenanthroline ("BCP"). Cenerally the
hol e bl ockiPRlyolcEpss CP§6691YPT§P¥1F|‘?erﬁ’1“€rP°{Yﬁ%iN eflmobfﬁ@rrc&é R@b}fﬂﬁlﬂ/@nlmmiﬂ
such as ETlpo()%eEl@mtﬁ?eo04}’0@%@9}%3@)011}&11% S‘ﬁg@sﬁfm&d' B R t Eﬁoh@é e and
bl ocki ng | ayer iﬁ@(:i/ have a thickness of abolt nmto about 30
[ 0089] The Hietinated ralymers syehtah polyteirgByoresthdgrsy (300) may be an eXCI t on
bl ocking material. |In phosphorescent devices, the excitons are
bel i eved t gpgpFdimarfiay oy 'erl .
transferr eg to ]t he phce)sgS or eggégn 3‘]?“2%’1?5%&?%;&%;%{%#8@%&@% %’%T%ex (068
2002/ 01824 4armulEkibietconftbl asokefrgedrat @ “ghisst il ‘he@pne!) aldyybe Ipa)mdea as a

| ar ger bandgap t erials in.the adjacent .|l a nera -
exc tons. ddtRge B e LY ke sotfhicbd PSR RS Mnun B! Fishan. TEER TS, Spine o
a material chaitighghsting)ingbioprabaedgamganadnas ceatik] R chtRekion Gofiee irs!

may be use% to confjne the excitons within an em ssive |ayer Us
6, 784, 016) PIFERALR% il PRAINE P SOPHIMOR FleRIBIINgS Tlomringps ittseioprinting

encour age hokg;drRRRhSI 19 @ertaﬁl( %ﬁ%cﬁm@ﬁ@ %P Ql?rflsgflx@ 21"‘)/‘1*:iL arthER %om 1'15621 2l

phosphorescent "guest hmay itself serve as a hol e-trapping nat
wher e t he iosgfnitachange-povmgt hesk mﬁtertalhe ‘Pivo sivhigr esant hvgamesatemaé mgowat er

t han t hat d tot Ia r

descri bed i np@%ﬁ?@%é@%‘! gllme%? aSuna%c tr?escgé&lrqugesvoflrccg {/ané§§8XC1ted
cont ai n onerigets othe netal fdrenfisidndW M @3/02yB6E: a el ectron injecting

| ayer di sposed on the cat hode. As used herein an electron injection
he- cat hoddO 8 an LRcsbrane e fate e mah BERSler e  rgeeon O
mat eri al s wandpdrtbg Haeyinl, socia apefos Raskicl Aeg@, iTAZ, hecrr PBANMX DS, ugle,

for exanple, LiF or Li F/A. The el ectron i njecting | a er ener al |
may have aPFHCREHBEK ahpihrarsaeTiag mefsal iRk at Hporaesls, cBHMN
or of the agiagRMyIML qub h&RNEROuAEE (ayey- anﬁvﬁa e !
t hi ckness o%&‘(abott}liyp?1 %q : lpl r@rut’mS 0 nm k [ 0091] %/ng O@NN
appr eci at e@li‘r(mﬂhﬁlﬂk@ laﬂw —las(nhﬁtnék)b@lzxdmy sérN/fH?:”hDreAthawnaine hole
function i C r el ectron
transporti nqrggs%a % Z{t ge {s%)ﬁﬁt‘qgglﬁeg NOF?Bé)rgg)eﬁ’ggnd gap may al so
serve as a hol e bl ocki ng | ayer. Dual -function materials would be
known to al@@8Hdon Islcbﬂtaiedmbndimwetsaﬂlte e&mtz‘o]unﬁlhasdm,t pﬁlgmeeﬁhnrmh@ ha¥é\Z,
PBD and th s in the wou ow how to
ol ect 1 ho S ot SPRAAOPAIERE, b e hn PR el s e bt
appr eci at edoiithatthd fiekhddhor the redultdlz ey astexamples ¢oa¢roﬂllﬁg wheddiR@ion of

sufficientl % %‘geater than the LUMO | evel of the phosphorescent guest
to prevent CHHER-9 s apamiypt e Gechgluppneseeat pglme’ésht teriaHecRbpgiments,

Fur t her nor ey éHar%éQﬂdﬁgmglﬁﬂ ﬁﬁe@ﬂ%a@%%ﬁ% 4 Q@&lbﬁlﬂﬁmetff‘ c‘f’1§1‘g@ RaPREC tra
of the host sho overl| 8 the absorption spectra of

phosphor es €g#eplgrckiend ¢ pih BBQt{bve cha 0D b Biye ligtt ﬁﬂ@'SEﬂe As will
prepared b Ye rﬁ{[dgﬁg)%d kl%p\émsléﬂ?edt B@rs&r, Lhe emissive layer need not be of uniform

composition and may itself be made up of a number of distinct layers (US
2003/0178619).
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In certain enbodi nents, em ssive |layer (300) is prepared by solution
processi ng techni ques such as, for exanple, spin coating or inkjet
printing (US 6013982; US 6087196). Sol ution coating steps nay be
carried out in an inert atnosphere, such as, for exanple, under

nitrogen ggeos#) t emnanie/ @hibodi@RUR! the "BYis8fe ﬂﬁﬁpa(@r@ﬁb Byt 018 WBhtain a
evaporation or by vacuum deposition. Metallic | ayers may be prepared

by known t EBIFHSefReS cmilingnmeistialy gich ax.dppr@mpid &-mathybp-[B &dtesrhydiseam
evaporatlo ; S i ng. 1
ability of q?oﬁ%%%%@ ]8'%(13 E 93@2 ftl);l nv@ﬁ{apoﬁw&ggr even% %Sf))gn% dhie
anni hil ati dﬁDGMZESbriUSE\@&?:éﬁlﬁ&tﬁﬂ%umni\hﬁenﬁedm(ﬁeber dét 2008 nipg. b@hmtmmds
known in t As onedao the roll-off of.

ef fici encyrggfﬁélﬁggc)t roEFIE i 18%18%51‘1‘?“ déwct?éscoéﬁprﬁ}néh%? CUS &n? Yafeﬁé Pes
i's a charagpgpilfidac) @fd B NiRrRddnIPMK:0BD hbiveaadst velsiveldnfssisnemehy
state phot ol um nescence of a filmcontaining a phosphorescent guest

may be conphy ddler Red fEoioRrbarel uiihewtcesies ligrited e aiyerarticwarsBperty #nis
[ 0095] Al I GBS I &F fg{]ﬁ]

reference. d)‘[éo%k}gg] Al toﬁggﬁg‘ﬁ&ggf }Cgﬂgﬁé‘%bo I men ﬁglnla% alcﬂ%%%\%%@%ﬁ&élﬁ]
di scl osed ligemss, rallomytrlaldaﬁttﬂai fmsd dndngrediitbn cedombistiomie betramatered
within the scop entio accor.danc

gener al knéi\?’\/ls}en Fét S SP%%lsegy kesfﬁn%m n‘c{ Rrgn ﬁ?" ugﬁngﬁrs%éﬁaf‘%%%qwg
i ncl ude t h&:nﬁ;ubﬁﬁemt Ukd uteroftelnawikiOatieodRinfiorfsénca Ryni@is P eedteri nlahe
i nvention |n or der h% chi e e the same result in substantially the

sane way. ACPTSERH S%ﬂ?a AYELS SH i the emissivg laysk dPiRisFab i thedpteTsyHem

same meani %s&%g%%ﬂﬂ%@@%ﬁeoﬁt@& eReraf 2 r é@lé@%ﬁ%u%ﬂf'thét ﬂh@retige
art of this invention, unless defined otherw se. [0097] The word

"conpri si ngﬂbﬁt%’gﬂalséw% eerlep xtwasd etle tforpscenab smattar | | e dyfgisysient
to the phracf&ﬁm nekidi gy b%;&?ﬁe anE‘s&st E&ra ofkﬁéggJ) mﬁéﬁ;ihczlnﬂst guch

as "a" and I°n t’he specification 'NCO por a ess t he cont ext
di ct at es otahsrpi@epedotdf thdhmtessysigu caossmgohgbﬂfte([mﬂ; 0E8/01 780139 8$ublatantial

fol l owi ng exa are | rative of various aspe
i nventi on, Sgﬁgp L%Veﬁlgr‘f mﬂ’h’? fasl "H% %:f%rféa'ﬁg et S%&’egﬁ’e%g ﬁ@(gﬁé]ih’gﬁlgas
di scl osed herein. [0099] Exanpl es

[0083] The relative concentration of the guest material within the charge-carrying

host material within the emissive layer (300) may be about 0.5 to about 20 weight
percent. A person skilled in the art would appreciate that the optimal concentration of
the guest in a given host may be determined by known methods, for example by
comparing the luminescent properties of devices that differ only in the concentration
of the phosphorescent guest.  Generally, the optimal concentration of the
phosphorescent guest is a concentration that gives a desired level of luminescence at a

given current density without a significant roll-off in quantum efficiency.

[0084] The cathode (310) may be any material capable of conducting electrodes
and injecting them into organic layers. The cathode may be a low work function
metal or metal alloy, including, for example, barium, calcium, magnesium, indium,
aluminum, ytterbium, an aluminum:lithiom alloy, or a magnesium:silver alloy, such
as, for example an alloy wherein the atomic ratio of magnesium to silver is about 10:1
(US 6,791,129) or an alloy where the atomic ratio of lithium to aluminum is about

0.1:100 to about 0.3:100 (Kim et al. (2002) Curr. Appl. Phys. 2(4):335-338; Cha et al
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[ 00100] Exanpl e 1 [00101] Synthesis of 2-(trimethylsilyl)pyridine
(Compound 1) Si= Br <- Pd(PPh3)2C12/Cul/i-Pr2NHN 1 (95% [00102]To a
solution of 2-bronpyridine (4.74 g, 0.030 nol), Cul (0.14 g, 0.74
mol ), and Pd(PPh3)2Cl12 (0.52 g, 0.74 mml) in 100 mM of

di i sopr opyl(ami4yesymams radded (10t b7;NELhe: sl ldupsety! pRe1458:-9): 2200, GRP
nol). The m xture was stirred at room tenperature overni ght under
ni trogen atAbefhSLR) may bt singedpyan ordpve heompsupe srudiiige The eafinde (310)

pressure, LAR Y654 SerRbahd S8 R¥enf €duced pressure distillation
to offer 5.1%%9 B(ﬁ%}{ge’g%%p o? %&%ﬁgs coer?pound 1 of

2-(trinmethylsilyl )‘gfyri dine. [00103] Exanple 2 [00104] Synt hesi s of
2- (trimet hyiP883ly 1) WBhisefsrenpy to Hignee [Botp elastiolRininescent device may further

contain one or more of a hole injecting layer (HIL) (340) disposed between the anode
(320) and the emissive layer (300), a hole blocking layer (360) disposed between the
emissive layer and the cathode (310), and an electron transport layer (ETL) (350)
disposed between the hole blocking layer (360) and the cathode (310). As would be
appreciated by a person skilled in the art, the electroluminescent device may be
prepared by combining different layers in different ways, and other layers not
specifically described or depicted in Figure 1B may also be present. The thicknesseses

of the layers in Figure 1B are also not depicted to scale.

[0086] The ETL (350) comprises an eclectron transporting material. As used
herein, an electron transporting material is a any material that allows for the efficient
injection of electrons from the cathode (310) into the LUMO of the electron transport
layer material. The ETL may comprise an inherent electron transporting material, such
as, for example Alq3, or a doped material such as, for example, the Li doped BPhen
disclosed in US 2003 0230980. Preferably, the work function of the cathode is not
more than about 0.75 eV greater than the LUMO level of the electronic transporting
material, more preferably not more than about 0.5 eV, or even more preferably, about
0.5 eV less than the LUMO level of the electron transporting material
(US2003/0197467). In certain embodiments the electron transporting layer may have
a thickness of about 10 nm to about 100 nm.

[0087] The HIL (340) comprises a hole injecting material. Hole injection
materials are materials that can wet or planarize the anode to allow for the efficient
injection of holes from the cathode into the hole injection layer (US2003/0197467).
Hole injection materials are generally hole-transporting materials, but are
distinguished in that they generally have hole mobilities substantially less than
conventional hole transporting materials. Hole injecting materials include, for
example, 4,4’ 4 -tris(3-methylphenylphenylamino)thiphenylamine (“m-MT-
DATA”)(US2003/0197467), poly(enthylendioxythiophene):poly(styrene  sulfonic
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\ Si- ..--7- r , Br Pd(PPh3)2C12/Cul/i-Pr2NH\N\ 2 (90% [ 00105] To a
solution of 2,5-dibronopyridine (3.56 g, 0.015 nol), Cul (0.07 g,
0.37 mmol ), and Pd(PPh3)2C12 (0.26 g, 0.37 mmol) in 100 m of

di i sopropyl am ne was added (trimethylsilyflacetylene (1.47 g, 0.015

mol ). The mtidl GIREDWEPSST drepblinaliROMPANTEC I lckififin QUBbAInGAts, tdBsle
ni trogen atnosphere. After renoval of the solvent under reduce
pressure, tHEFHoaYRUBaNnAY cgibickcenofiaposy 294m abawn P enbf fer 3. 45 g
(yield 90% of conmpound 2 of 2-(trimethylsilyl)-5-bronopyridine.
[00106] Exanpdgs]3 In certain embodiments, the efficiency of OLED devices may be improved

by incorporating a hole blocking layer (360). Without being limited to any particular
theory, it is believed that the HOMO level of the hole blocking material prevents the
charges from diffusing out of the emissive layer but the hole blocking material has a
sufficiently low electron barrier to allow electrons to pass through the hole blocking
layer (360) and enter the emissive layer (300) (see, for example, US Pat No 6,097,147,
6,784,106 and US 20030230980). Hole blocking materials would be known to a
person skilled in the art, and include, for example, 2,9-dimethyl-4,7-diphenyl-1,10-
phenanthroline (“BCP”). Generally the hole blocking layer (360) is thinner than the
charge carrier layers, such as ETL (350) (2004/0209115). In some embodiments, the

hole blocking layer may have a thickness of about 5 nm to about 30 nm.

[0089]  The host material in the emissive layer (300) may be an exciton blocking
material. In phosphorescent devices, the excitons are believed to primarily reside on
the host and are eventually transferred to the phosphorescent guest sites prior to
emission (US 2002/0182441). Exciton blocking materials will generally have a larger
bandgap than materials in the adjacent layers. Generally, excitons do not diffuse from
a material having a lower band gap into a material having a higher bandgap and an
exciton blocking material may be used to confine the excitons within an emissive
layer (US 6,784,016). For example, the deep HOMO level of CBP appear to
encourage hole trapping on Ir(ppy); (US 2002/0182441). The phosphorescent guest
may itself serve as a hole-trapping materials where the ionization potential of the

phosphorescent guest is greater than that of the host material

[0090] In addition to the layers described in Figure 1B, the electroluminescent
device may also contain one or more of the following layers: a electron injecting layer
disposed on the cathode. As used herein an electron injection material is any material
that can efficiently transfer electrons from the cathode to an electron transport layer.
Electron injecting materials would be known to a person skilled in the art and
include, for example, LiF or LiF/Al. The electron injecting layer generally may have

a thickness much smaller than the thickness of the cathode or of the adjacent electron
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[ 00107] Synt hesisof2-(2 ',3" ,4",5 Ltertraphenyl) phenyl-5-bronopyri di ne
( Conpound 3) [ 00108] To a sol ution of
2-(trimethylsilyl)-5-bronmopyridine (1.27 g, 5 nmmmol) in the m xture of
THF and net hanol was added 1 ml of NaOH (5N). The reaction m xture

was stirr edrahfortingl1@ef aid mhPBiveta@RiBRTead sfaBout UNEHm 2atithut £ net. hyl
acetate was added, the m xture was washed with water and bri ne and

dried with dr ous gnesium sul fate. After renpval of the solvent,
the resi due[sﬁg T WYk 3RPtasiapediromm, the e ey & Mafseiak me shvsaote shag ong o

mmol) in 5q”u1'iﬂt1oﬁ?f noa?fYélgdﬁ%ltﬁMﬁés@érﬁthv1c%f t @‘OICE’;&InﬁJ% dél\@ﬂrotnotrﬁx%ggﬂtmé
tenperature, the solvent was renmoved by flash col'um and the residue

was purifi euptesaly with ¢ sufficientalargmband cap i lsozedyetas rdwlet Wodifselaye, 17

g (yi eI d 8
3.3 5" 4 e S e sl bohogp o pesson sl i sty o
[00109] Exarq&hmplé, TADTPED i@t hksi s of Conpound 4

[0092] A person skilled in the art would know how to select the appropriate host
material. For instance, it would be appreciated that the LUMO level of the host
material should be sufficiently greater than the LUMO level of the phosphorescent
guest to prevent back-transfer of excited triplet states to the host. Furthermore, it
would also be appreciated that the emission spectra of the host should overlap the

absorption spectra of the phosphorescent guest.

[0093]  The above-mentioned layers may be prepared by methods known in the art.
In certain embodiments, emissive layer (300) is prepared by solution processing
techniques such as, for example, spin coating or inkjet printing (US 6013982; US
6087196). Solution coating steps may be carried out in an inert atmosphere, such as,
for example, under nitrogen gas. Alternatively, layers may be prepared by thermal
evaporation or by vacuum deposition. Metallic layers may be prepared by known
techniques, such as, for example, thermal or electron -beam evaporation, chemical-

vapour deposition or sputtering,

[0094] The ability of compounds of the present invention to prevent T-T
annihilation or concentration quenching may be determined by methods known in the
art. As mentioned above, the roll-off of quantum efficiency of electroluminescent
devices at higher current densities is a characteristic of T-T annihilation.

Alternatively, the steady state photoluminescence of a film containing a
phosphorescent guest may be compared to the photoluminescence of the guest in

solution.
[0095]  All documents referred to herein are fully incorporated by reference.

[0096]  Although various embodiments of the invention are disclosed herein, many

adaptations and modifications may be made within the scope of the invention in
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[00111] To a solution of 2-(trinethylsilyl)-5-bronmopyridine (1.27 g, 5
mmol) in the m xture of THF and nmet hanol was added 1 ml of NaOH (5N).
The reaction m xture was stirred for 1 hour at roomtenperature. Then
50 m of ethyl acetate was added, the m xture was washed wi th water

and brine apebréknceadviid th cammodr RusaMgResdgd o Shdst akBled M HGE aftenBNA!
of the solvent, the residue was refluxed wth cyclotone (2 g, 5.2

mol ) i n 50n¢difigions ngludndhe gestimugan of Anpwp cowiyplerts demanyt aspeeiosh the

t enper at ur gnyehfigh $PLURP ko Waie VMRS | @s esjgue
was purifi el’clllV by recryst a?l I z%tei on Si %eg%{#}atn%l &E-gtgﬁt%g@g%&%%fgr ‘5300
g (yield 73ehnwhl padt ecig@difisoigrmds 4sed BOeinhaEx ahplsemd fH&QinE33sSyemhedy s
of 2-(2',3 .4 .5 tetraphenyl.)phepyl pyri di ne .( . 00114] To

sol ution of™ e-lft? od B8 Ay gff)ﬁl%%i/rsg i %tl](eoé%é)fgtﬁ%SSlnHﬁ%]IO)” Pﬂl]e?shggﬁne‘i

m xture of oftdbwend nmet hanol was added 1 ml of NaOH (5N). The reaction
m xture was stirred for 1 hour at roomtenperature. 50 ml of ethyl
acetate wa ed, .the mxture was washed with water and brine and
dried wit higﬁﬂﬂdyoﬂ‘s@ RQth eSITRTS S f‘fﬁt‘@?f AP 1% P eddv - %lPstfu_PféﬂrﬁY
sol vent, t hguik @Bt eheNRFask efncuRG, WittBt lihEd @p.hes'iﬁ{%&mahm%a{iase@ene
(2 g, 5.2 mmlughé,l,n 50 m of o-xylene overnight. After cooled down to
room t enperd8d Uthe” int the seesificaren mgrpp@iﬁa%lé]@ssﬂge FonieH devttemethemadser heth
crude prodygd.; RHE k] by recrystallization in ethanol 2-3 tines
to offer 1.95 §ie eé’@&f}“' of pure

2-(2',3 ,4",5 -tetraphenyl ) phenyl pyridine (A). [00115] Exanple 6

[ 00116] Sy ntlP@¥¥]s oFheHollowing examples are illustrative of various aspects of the invention,

and do not limit the broad aspects of the invention as disclosed herein.
[0099] Examples

[00100] Example 1

[00101] Synthesis of 2-(trimethylsilyl)pyridine (Compound 1)

N S
I —
~
= / -\ _ ./
\ / Br T \ / — Sl--..._._‘_
N Pd(PPh;),Cl,/Cul/i-Pr,NH N \

1 (95%)

[00102] To a solution of 2-brompyridine (4.74 g, 0.030 mol), Cul (0.14 g, 0.74
mmol), and Pd(PPh3)Clz (0.52 g, 0.74 mmol) in 100 ml of diisopropylamine was
added (trimethylsilyl)acetylene (3.0 g, 0.030 mol). The mixture was stirred at room
temperature overnight under nitrogen atmosphere. After removal of the solvent under
reduce pressure, the residue was purified by reduced pressure distillation to offer 5.0 g

(vield 95%) of pure compound 1 of 2-(trimethylsilyl)pyridine.
[00103] Example 2

[00104] Synthesis of 2-(trimethylsilyl)-5-bromopyridine (Compound 2)
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[00117]In an argon flushed two-neck round-bottom flask, a m xture of
1.60 g (3.0 mvol ) of Conpound 3, 0.5 g (4 nmol) of phenyl boronic
acid, 36 ng (1 nol% of tetrakis(triphenyl phosphine)pall adium0), 15
m of 2 M sodium carbonate and 30 ml of toluene was added and heat ed
at reflux for two hours. After ~¢ooling down, the reaction m xture was
extracted with ethyl acetate an Slt-he.:organl c phase was washed with

brine and dried/ovex nagnesi um s/ul fate. After the nt was re’m)ved
on a rotaryB Brt heresidue—was—pur¥f iBn fl
el uted with hexaheNCH2C12 ]('QIPRI)3)3‘QH/C0V\B!&2H§H recrystalfi zati on

ethanol to provide 1.48 g of B (yield 929% . [00118] Exarrgl(go‘%)
[ 00119] Synthesis of C [00120]In an argon flushed two-neck
round-bottom flask, a mixture of 1.60 g (3.0 mmol) of Conpound 3,

1.51 g (4 mowigs]of CWHHQUI&dox?onE%llﬁier%S&id)rre Iz,ls@rgenms B 8061113(8@;'
36 ng (1 mol % of tetrakis(triphenyl hi ne [ adi un(

2 M sodi umOcHrpaabtad DeePEIe: Gl (626 g 3J7e1ﬁél0i&a%1 @éaf@mpmﬂmmemas
reflux for , r

ot ot ed i SRR RECIERN Ak U b reAARRLO RO L R 06
brine and dmmlﬁdammvem@menﬂem mitogef ath@splkfet, @rftet' rensal vfehd solast bedoved
on a rotar vapor at or reS|du rified b ol

O it od vt Hede RS bie 5o 75 el T b, B gabipn 20 ot oo

et hanol t o ope@MpdiRd 2-099-(@ithsilyyil £b@nh98dind. 00121] Exanpl e 8

[ 00122] Synt hesis of D

[00106] Example 3

[00107] Synthesis  of  2-(2°,3°,4’,5’-tertraphenyl)phenyl-5-bromopyridine

(Compound 3)
-0
nd _ Si/ THF/MeOH_ 0 . B
\ I\{/ _ Q" NaOH o-xylene "

3 (81%)

[00108] To a solution of 2-(trimethylsilyl)-5-bromopyridine (1.27 g, 5 mmol) in
the mixture of THF and methanol was added 1 ml of NaOH (5N). The reaction
mixture was stirred for 1 hour at room temperature. Then 50 ml of ethyl acetate was
added, the mixture was washed with water and brine and dried with anhydrous
magnesium sulfate. After removal of the solvent, the residue was refluxed with
tetraphenylcyclopentadienone (2 g, 5.2 mmol) in 50 ml of o-xylene overnight. After
cooled down to room temperature, the solvent was removed by flash column and the
residue was purified by recrystallization in ethanol 2-3 times to offer 2.17 g (yield

81%) of pure 2-(2°,3",4°,5’-tetraphenyl)phenyl-5-bromopyridine (Compound 3).

[00109] Example 4
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[00123] To a solution of 2-(trimethylsilyOpyridine (0.88 g, 5 mmol)
the m xture of THF and net hanol was added 1 ml of NaOH (5N). The

xture was stirred for 1 hour at roomtenperature. Then 50
acetate was added, the m xture was washed with water and

brine and qooerhjw t hsﬁﬂﬁ%@r&@nﬁgml um sul fate. After the renoval
of the solvent, the residue was refluxed with cyclotone (2 g, 5.2

reaction m
m of ethyl

nmmol) in 50 mM of o-xylene overnight. 0
tenperature, the solvent was renoved ®¢$®
was purified by recrystallization in/ethgngl
g (yield 85% of D. [00124] Exanpl e @H.

441 41013/

ol ed down to room

H \1‘1 Pd(_PPt'éZ) 4/125MNR2COB/ t ol wene N

N NaOH g o-xylene

2

4 (75%)

[00111] To a solution of 2-(trimethylsilyl)-5-bromopyridine (1.27 g, 5 mmol) in
the mixture of THF and methanol was added 1 ml of NaOH (5N). The reaction
mixture was stirred for 1 hour at room temperature. Then 50 ml of ethyl acetate was
added, the mixture was washed with water and brine and dried with anhydrous
magnesium sulfate. After removal of the solvent, the residue was refluxed with
cyclotone (2 g, 5.2 mmol) in 50 ml of o-xylene overnight. After cooled down to room
temperature, the solvent was removed by flash column and the residue was purified by

recrystallization in ethanol 2-3 times to offer 2.00 g (yield 75%) of pure Compound 4.
[00112] Example 5

[00113] Synthesis of 2-(2°,3°,4°,5 -tetraphenyl)phenylpyridine (A)

— /  THF/MeOH_ 0 =

——Si -
\ I\{/ i\ NaCH o-xylene

A (85%)

[00114] To a solution of 2-(trimethylsilyl)pyridine (0.88 g, 5 mmol) in the
mixtare of THF and methanol was added 1 ml of NaOH (5N). The reaction mixture
was stirred for 1 hour at room temperature. 50 ml of ethyl acetate was added, the
mixture was washed with water and brine and dried with anhydrous magnesium

sulfate. After the removal of the solvent, the residue was refluxed with
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%) 41/ 41/ 4E (92% [00126]1n an argon flushed two-neck round-bottom
flask, a mxture of 1.60 g (3.0 mml) of Conpound 4, 0.5 g (4 muol)
of phenyl boronic acid, 36 ng (1 nol % of

tetraki s(triphenyl phosphi ne) pal | adium(0), 15 m of 2 M sodi um

carbonat e andplfdyliclofentaaledane2vas Agaad) anh heast estyRhe bedthight. fGfer t WO
hours. After cooling down, the reaction m xture was extracted with

et hyl acet §Pchit Feroamdempeatyfeads SRESIHaEROTFd by Bashreluagandrthed
over magneghidipsdtubakSs pdfiea byl RESAMYAR NaThAhEIP Y& QN oTofpliafsy
evapor at or, thg resi dusepwas pt}ii fiyed 1bynjﬁillashwco um e‘%utogD i tagL &
hexane/ CH2 Gigld 3% pi puwt Raded .4y’ -reeephesyigpbenypyridine (A). et hanol to
provide 1.43 g of E (yield 92% . [00127] Exanpl e 10 [00128] Synt hesi s
of F [0012 lieqn ar fil yshed two-neck round-bottom flask, a

m xt ure of?dlﬂélglg (3.8 rﬁ%ﬁl) of Conmpound 4, 1.51 g (4 mmol ) of
2-(9, 9-di hexyl )-fluorenyl boronic acid, 36 ng (1 nol% of
t et raki s(t (@QH&hy| phSspiesinef @l | adi un(0), 15 m of 2 M sodium
carbonate and 30 nil of 1gluene was added and heated at re
two hours. After i oWn, the reaction mxture was ey

with ethyl acetaty Yhe or gani c se MRAs washed with
dried over nag i Afte Kol vent wa
rotary evapera ‘ c P f N cdl

wi t h hexane/ CH2EH - /ovweigbpigy/am 86 Cy.adiadel 1 23
provide 2.0 g of F (yiehd . 85% . [00130] Exanple 11

3 B (92%)

[00117] In an argon flushed two-neck round-bottom flask, a mixture of 1.60 g
(3.0 mmol) of Compound 3, 0.5 g (4 mmol} of phenyl boronic acid, 36 mg (1 mol%)
of tetrakis(triphenylphosphine)palladium(0), 15 ml of 2 M sodium carbonate and 30
ml of toluene was added and heated at reflux for two hours. After cooling down, the
reaction mixture was extracted with ethyl acetate and the organic phase was washed
with brine and dried over magnesium sulfate, After the solvent was removed on a
rotary -evaporator, the residue was purified by flash column eluted with
hexane/CH2Cl, (3:1) followed by recrystallization in ethanol to provide 1.48 g of B
(yield 92%).

[00118] Example 7

[00119] Synthesis of C

3 C (84%)
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[ 00131] Synthesis of AzlrCl21rA2 [00132]In 30 m of a m xture of

2- et hoxyet hanol and water (3:1), 0.2 g (0.57 mol) 1rC13. nH20 and

0.67 g (1.45 mol) A were added. The reaction m xture was refl uxed
overnight. Then the m xture was filtrated when cool ed down to room
t enper at ur go@dzd]was hBﬁarWirgdih nadhed raddedk! Bambbottoth Bdsk0a pak@reysl 1.60M;
solid of br| dge cggf)ound were obtained after dried under vacuum

(yiel d 7893V poalss] Evapging 31 3.5 got3apay At tregipeunsk 2-E24-ibesyl)-figorenyl
[00135] I'n ?e,gmmc £fd. 36 H?gﬂ k&{o‘?% ft%fr%%tm%gﬂ%%hﬁaa%tﬁ%ﬁ%)(é Frarofﬁ)- 2

g (0.57 mol C13-nHZ0 and
reaction thSGdiemvcalsbometblmﬁé@ ol ef wilught wa¥hddai artdulnestoders réflixt foatred

when coole to. reom.te

ot hano - 008 o R koA UL Bhlioh BRSRaT Bttt hutEe S0 B g ane
after dri edhdmgﬁﬁc placeua (idhel eithSHne aﬁ@@rla%ﬁdwﬁxaﬁghe@;uirﬁsulfatc After the

[ 00137] Synthesis of C2IrCl2IrC2 [00138]1n 30 m of a mxture of

2- et hoxyet HANBT Y& detaRed on @3otayy Svgperalgh. e seidpsirs Pyrifed ek ealema . 15

g (1. 45 MulukedGuite hBxRASLRHCL, 1S BRGIIOTYy RUSLEMARR fnehdhse
over ni ght. Theen t he 7?11 xﬁ?e 2\/\</<’?{s)f| I tra?[ge}’d \/\%’gn cool ed éom %opr%lg?n

t enper at ur d- BrEPfa6HIdSHK.h water and ethanol . 0.73 g orange solid of
bri dge conmpound C were obtained after dried under vacuum (yield 719 .
[ 00139] Exanpl e 14 [00140] Synt hesi s of D2IrCl21r D2

[00121]  Example8
[00122]  Synthesis of D
ave
-0

- /  THF/MeOH 0
— T T
N\ 7 R\ NaOH o-xylene

Y

D (85%)

[00123] To a solution of 2-(trimethylsilyl)pyridine (0.88 g, 5 mmol) in the
mixture of THF and methanol was added 1 ml of NaOH (5N). The reaction mixture
was stirred for 1 hour at room temperature. Then 50 ml of ethyl acetate was added, the
mixture was washed with water and brine and dried with anhydrous magnesium
sulfate. After the removal of the solvent, the residue was refluxed with cyclotone (2 g,
5.2 mmol) in 50 ml of o-xylene overnight. After cooled down to room temperature,
the solvent was removed by flash column and the residue was purified by

recrystallization in ethanol 2-3 times to offer 1.95 g (yield 85%) of D.

[00124] Example 9
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[00141]In 30 mM of a m xture of 2-ethoxyethanol and water (3:1), 0.2
g (0.57 mol) 1rd3nH20 and 0.67 g (1.45 mmol) D were added. The
reacti on systemwas refluxed overnight. Then the m xture was
filtrated when cool ed down to roomtenperature and washed with water
and et hanol[0025]4 g Peaitkesyadfiow sol i d of bridge conpound D were
obt ai ned after dried under vacuum (yield 68% . [00142] Exanpl e 15

[ 00143] Synt hesi s R1rE2 [00144]In 30 mM of a m xty

2- et hoxyet hanol ar £3:1), O. (0057 ol ) -
g (1.45 nnnl) E wer e\ add The re4§i> stem was ref| uxed

2 t %PP%MM%ZBQJAQLLGM .
gbt ai ned after dried under vacuum
[ 00145] Exanpl e 16 [ 0014 ynt hesi s of F21rCl21rF2 [00147]1n 30
a mxture of 2-ethoxyethandl and water (3:1), 0.2 g (0.57 mmol)
lrcdynH20 and 1.15 ¢ (1.45 mmol) F were added. The reacti §§*¢ystem
was refluxed overnight. Then the nixture was filtrated when cool ed

down to ro erature and er and et hanol .J7 g

or ange solﬁgb bri d b‘%%ﬁﬁﬂﬁ“ﬁ‘gwﬁﬁF@ THQHnE?ﬂ%?”HFW563J$&ﬁ'

vacuum (yi b0 mib8f) of COHRIABH EXRHRI( nikfol] &l%é&gl By RhReRIdS 30haAZ dagac)
of tetrakis(triphenylphosphine)palladium(0), 15 ml of 2 M sodium carbonate and 30

bri dge conpound E wer e

ml of toluene was added and heated at reflux for two hours. After cooling down, the
reaction mixture was extracted with ethyl acetate and the organic phase was washed
with brine and dried over magnesium sulfate. After the solvent was removed on a
rotary evaporator, the residue was purified by flash column eluted with
hexane/CH,Cla (3:1) followed by recrystallization in ethanol to provide 1.43 g of E
(yield 92%).

[00127] Example 10

[001238] Synthesis of F

Pd(PPh;)e/2M NaaCOs/toluene

4 F (85%)

[00129] In an argon flushed two-neck round-bottom flask, a mixture of 1.60 g
(3.0 mmol) of Compound 4, 1.51 g (4 mmol) of 2-(9,9-dihexyl)-fluorenyl boronic
acid, 36 mg (1 mol%) of tetrakis(triphenylphosphine)palladium(0), 15 ml of 2 M
sodium carbonate and 30 ml of toluene was added and heated at reflux for two hours.
After cooling down, the reaction mixture was extracted with ethyl acetate and the
organic phase was washed with brine and dried over magnesium sulfate. After the

solvent was removed on a rotary evaporator, the residue was purified by flash column
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[00150] I n an argon flushed two-neck round-bottom flask, a m xture of
0.23 g (0.1 nmmol) of bridge conpound A, 0.1 g (1 mmol) of
2,4-pentanedione in 1 mM ethanol, 0.5 m tetranethyl amoni umhydr oxi de
(25%in nmethanol), and 30 m of CH2Cl2 was added and heated at refl ux
for 5 hour shutdf wéh heamkiOHChowrl) foievddeRCiccOBtallizXiidl B WamolRSHedidu t h
brine and dried_ over rra(gnesi um sul fate. After the solvent was renoved
on a rotary-&%aHMAE6E> 7t he resi due was purified by recrystallization
in heptane to provide 190 ng of A2lr(acae) (yield 799%.

[ 00151] Exanpd 3048 [ OBladiSynt hesis of B2lr(acac) [00153]In an argon
flushed two-neck round-bottom flask, a mxture of 0.26 g (0.1 nmol)
of bridge conmpound B, 0.1 g (1 mmol) of 2,4-pentanedione in 1 m
ethanol , 0.180H1t et r SvshasipiofivbRlbidhy dr oxi de (25% i n net hanol ), and
30 mM of CH2Cl2 was added and heated at reflux for 5 hours. After

cool i ng doypgi3dle I eBCid A offh Miilhe: YOS MBR8En 4 \pdéérggslz,% gr(bs'y‘i

over magnesium sul fate. After the sol vent 'was renove ary
evapor at or mmele ICsiGeanies6par] 45 sundy Areere pddell The adactgm mixtire paane

to provide . B21 cac) (yvield 71%._.. 100154 le 19

[ 00555) Syncriaged bypinidlf, AR piahsfie) Mtk SRR RERCR Tl ek
round- bot t oemperateie, and waskdduwzh afatdd.ad6 cthafidl. 0.5MPOpIle §élldW sdlgicofiatigeund
C, 0.1 g (1 nmmol) of 2,4-pentanedione.in 1 m ethanol, 0.5 ni

t et r amet hyI°S/HHY dM}?’a’r%u&ﬁ@%@ 1o WAt ARS (,YI%MQ% m of CH2C12
was added and heated at reflux for 5 hours. After cooling down, the
reacti on m[g0183 wasexasfletzW th brine and dried over nmagnesi um
sulfate. After the solvent was renoved on a rotary evaporator, the

resi due wa i.fied by recrys | ,zation in heptane to provide 274
my of C2Ir ig@g%] (yi e?@%f?éz%ééﬁgﬂ Exanpl e 20 [00158] Synt hesi s of
D21r (acac)

[00135] In 30 ml of a mixture of 2-ethoxyethanol and water (3:1), 0.2 g (0.57

mmol) IrCl3-nHz0 and 0.77 g (1.45 mmol) B were added. The reaction mixture was
refluxed overnight. The mixture was filtrated when cooled down to room temperature
and washed with water and ethanol. 0.50 g orange powder of bridge compound B

were obtained after dried under vacuum (yield 68%).
[00136] Example 13
[00137] Synthesis of CoaIrCLIrCs

[00138] In 30 ml of a mixture of 2-ethoxyethanol and water (3:1), 0.2 g (0.57
mmol} IrCl;-nH>0 and 1.15 g (1.45 mmol) C were added. The reaction system was
refluxed overnight. Then the mixture was filtrated when cooled down to room
temperature and washed with water and ethanol. 0.73 g orange solid of bridge

compound C were obtained after dried under vacuum (yield 71%).
[00139] Example 14
[00140] Synthesis of D2IrCl:IrDs

[00141] In 30 ml of a mixture of 2-ethoxyethanol and water (3:1), 0.2 g (0.57
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[00159] I n an argon flushed two-neck round-bottom flask, a m xture of
0.23 g (0.1 nmmol) of bridge conpound A, 0.1 g (1 mmol) of
2,4-pentanedione in 1 mM ethanol, 0.5 m tetranethyl amoni umhydr oxi de
(25%in nmethanol), and 30 m of CH2Cl2 was added and heated at refl ux

for 5 hour snméf) T6Tl: 6100 L00.6DWTI.45 RemsIFaP twedd adict ! THEreWR RN WOSAREAM t h
brine and drjied over magnesium sulfate. After the solvent was renoved
on a rot ar yCREAoPsraght tThen fthes mxarenas dirgted ahepycopledr Jesymlte ito@ini on
i n hept ane i - Of I i 9 : .
[00160] xara Bt 8 R Ll et hAaRGH b PP Silous pplid gf brides
fl ushed twesonmgeknd o wek dhtaivasimfiet drsdd undervagtum &icdd 68426 g (0.1 mmol)
of bridge conmpound E, 0.1 g (1 mmol) of 2,4-pentanedione in 1 m

et hanol , O. tetr l, anmoni umhydr oxi de (25% i n net hanol ), and
G s BB 13 :

30 m of was and heated at reflux for 5 hours. After
cooling down, the reaction m xture was washed with brine and dried
over magnedPdtdHul f afenthaistdEbBRIEDl vent was renoved on a rotary
evaporator, the residue was purified by recrystallization in heptane

[o064) syndBELtA®o?" EER) PARE R B Feobnapl T TUg B

round- bot t anmbll) &K nHEOThed 072 gofl .48. BMol) K Sefe 4ad0d.) THef refddtiod g@steRQUN
F, 0.1 g (1 ) of ,é],x4-§)entanedi one inﬁé m et hanol, 0.5 m
t et r amet hy 'SHHGAT WS Pee o2 BUE S et HiwsP) WheRcoglydniiowst toroest 2

was added aafpdifaicesh@ivabiRhil With fdterSadiOBihanol AbleT o CRRlok NG1id AWWNbriddle
reaction m xture was washed with brine and dried over ‘nagnesi um

sul fate. AfcPEPoYIKE werenbtainogader dsindwaderoncwmnt oiel 1%y aporat or, the
residue was purified by recrystallization in heptane to provide 262

ng of F2I r([ggﬂ@g] (yi Ekﬁn@l@q/%- [ 00166] Exanpl e 23 [00167] Synt hesi s of
4,4" -di -tert-butyl bi phenyl (5)

[00146] Synthesis of FalrClaIrF2

[00147] In 30 ml of a mixture of 2-ethoxyethanol and water (3:1), 0.2 g (0.57
mmol) IrCl3nH20 and 1.15 g (1.45 mmol) F were added. The reaction system was
refluxed overnight. Then the mixture was filtrated when cooled down to room
temperature and washed with water and ethanol. 0.77 g orange solid of bridge

compound F were obtained after dried under vacuum (yield 75%).
[00148] Example 17
[00149] Synthesis of Azlr(acac)

[00150] In an argon flushed two-neck round-bottom flask, a mixture of 0.23 g
(0.1 mmol) of bridge compound A, 0.1 g (1 mmol) of 2,4-pentanedione in 1 mi
ethanol, 0.5 ml tetramethylammoniumhydroxide (25% in methanol), and 30 ml of
CH:Clz was added and heated at reflux for 5 hours. After cooling down, the reaction
mixture was washed with brine and dried over magnesium sulfate. After the solvent
was removed on a rotary evaporator, the residue was purified by recrystallization in

heptane to provide 190 mg of A»lr(acac) (yield 79%).
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cl FeCl3/CH2Cl1l2 [00168] To a stirred solution of biphenyl (15.4 g, 100
mol ) and anhydrous ferric chloride (80 ng) in dichloronethane
(100nl) at roomtenperature was added slowy tert-butyl chloride
(23.2 m, 216 mmol). The reaction was stirred overni ght. The product
was washed [08181]wat eExangle ¢xtracted with hexane (100 m) 3 times. The
conbi ned organi ¢ phase was washed with brine, dried over anhydrous

MpSH and trated jn. v and gave 26.6 g of Conpound 5 (yield
100%) . 11-iRW(400 YT@—T?{“?E‘PU%@B%C rmO: 6, ppm7.542 (d, 4 H), 7.444
(d, 4 H, 1.365 (s, 18 H). [00169] Exanpl e 24 [00170] Synt hesi s of

2- br omo- 4, 4001831t er t mbad ykbi AhBY hwd-Bdck rouRBbdtRRA1adk08 kfitdikOof.26 ¢

sol ution Of(O.Lll’IﬂrlnE)ic)”c;fttiE(fgé bc%%ngol?lif g?r(}yil g((?'§%08’0f125,4-%23ed%?13 in 1 ml
ethanol, 0.5 ml tetramethylammoniumhydroxide (25% in methanol), and 30 ml of
CH2Cl; was added and heated at reflux for 5 hours. After cooling down, the reaction
mixture was washed with brine and dried over magnesium sulfate. After the solvent
was removed on a rotary evaporator, the residue was purified by recrystallization in

heptane to provide 192 mg of Balr(acac) (yield 71%).
[00154] Example 19
[00155] Synthesis of Calr(acac)

[00156] In an argon flushed two-neck round-bottom flask, a mixture of 0.36 g
(0.1 mmol) of bridge compound C, 0.1 g (1 mmol) of 2,4-pentanedione in 1 ml
ethanol, 0.5 ml tetramethylammoniumhydroxid (25% in methanol), and 30 ml of
CH:Clz was added and heated at reflux for 5 hours. After cooling down, the reaction
mixture was washed with brine and dried over magnesium sulfate. After the solvent
was removed on a rotary evaporator, the residue was purified by recrystallization in

heptane to provide 274 mg of Cilr(acac) (yield 73%).
[00157] Example 20
[00158] Synthesis of D;lr(acac)

[00159] In an argon flushed two-neck round-bottom flask, a mixture of 0.23 g
(0.1 mmol) of bridge compound A, 0.1 g (1 mmol} of 2,4-pentanedione in 1 mil
ethanol, 0.5 ml tetramethylammoniumhydroxide (25% in methanol), and 30 ml of
CH:Cl> was added and heated at reflux for 5 hours. After cooling down, the reaction
mixture was washed with brine and dried over magnesium sulfate. After the solvent
was removed on a rotary evaporator, the residue was purified by recrystallization in

heptane to provide 158 mg of DaIr(acac) (yield 66%).

[00160] Example 21
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anhydrous ferric chloride (20 ng) in chloroform (30m) at 0 C was
added dropwi se bromne (2.4 g, 15 nmmol) solved in chloroform (10 m).
The reaction was stirred overnight. The reaction m xture was quenched
wi th sodium carbonate until the orange col or di sappeared. Then washed
w th wat er [80B1gxt r aSyrelcksisiof B.lRexane (50 mM) 3 tines. The conbi ned
organi ¢ phase was washed with brine, dried over anhydrous MgSO™ and

concentr at vacu HNI\/R urenme cate hat .t he
conver si on?e%’t% rg@b%n?‘?%éw%}] emb‘?‘g%ﬁpc?fn a%f‘% f Rt 9f QAhed
for furt her(OlIQﬁﬁlbl)Qﬂ bﬂc@@%&b&%ﬁml 0.128 ( i%zzﬂlo‘foz éﬁéﬂémoﬁa i®f1 ml
2- br onof | uor ene 59.89 40 mmol ) in pyridine (100 nF 25%

t et r anet hy lcandinVdrnh jateastbyannonielivapeide @5k in ynexhasolhda@éoﬁﬂaml vdom

t enper at ur Vs
reacti on sl % RN LR 18§ R EYE TN JHRR; i bfacton o
solid was meguyswad Washed vith teinhandldricd ogirveagpeditmwuligedh e tBe 88vant
(85% [ 00175 Ie 26 00176 si.s_of . .

bt oo (2 Ve ROV I R o e wifig bpaposalgisndy
[00177] To aeﬁt@ﬁmlpmmfzznh@g@ﬂmﬁ@cmqﬁumtswzf) 2-bromo-4,4' -di-tert-
but yl bi phenyl (3. 06 g, 5 mol ) in anhydrous THF (50 n1) was added

dr opw se ngbj‘ﬁfg" ‘:‘i nool ) in hexane at -78 C, stirred 1 h, then
t he mi xtur trang’Faéli‘pr%azto a solution of 2-bronofl uorenone (1 3

g, 5mol) in THF (20 mM) at -78 C and stirred overnight. Then the

reacti on wasotpmgnchegyitdsi offiiIREcaand extracted with ethyl acetate (50
m) 3 times. The organi c | ayer was conbi ned and washed with brine and

dried over rous 504 a d c ncentrated jn vacuo. The m xture was
di ssol ved ﬁ‘%@cu al gen Paneakyroundibation {laskga mixyre M3 Gne

drop of conpgenhmated ke %ﬁlpa@mﬁﬁl olief |(F’?§1§101? ot Al b@l{taﬁelaﬁmé 8Rqt {@N

was cooled to roomtenpérature, the precipitate was filtrated and
washed wi t sthaaelep.5 mh@etqaﬁwtkw}aglmm@nhydromde {25% in methanol), and 30 ml of

br ono- (2' EHgg&t\& %ﬁ lneaida Ut 7otk 70 Phil- N A 8N A8Y dow éhe reachlon

4, 4 d|-tert was separated by col um clrona
(eI uted wi tﬂlxﬂuB“XWHEE\)!aShed Mﬂth\brﬂlle agdldried pyaduagnesiud Aglf{te484ter tﬁHsd\lMﬁt

E 3?0 1M|::)Z : S _hl Orl%éﬁ%d?nl_% rota?y fg%?fazoriﬁbefrg%déﬁg%ds?u?r#é&y( r%@r—ysital?%é}tiog 'i%) 1
6.65 (s, 2hkptaneltobfovide,2628ndDf Falr(acac) (vield 70%).
[00166] Example 23

[60167] Synthesis of 4,4’-di-tert-butylbiphenyl (5)

FGCI'_:,/'CHQ(:Iz

5 (100%)

[00168] To a stirred solution of biphenyl (15.4 g, 100 mmol) and anhydrous
ferric chloride (80 mg) in dichloromethane (100ml) at room temperature was added
slowly tert-butyl chloride (23.2 ml, 216 mmol). The reaction was stirred overnight.
The product was washed with water and extracted with hexane (100 ml) 3 times. The
combined organic phase was washed with brine, dried over anhydrous MgSQO4 and

concentrated m vacuo and gave 26.6 g of Compound 5 (yield 100%). 'H NMR (4OO
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[ 00178] Exanpl e 27 [00180] To a solution of 4-brompaniline (2 g, 12
mmol) in concentrated HCL (4 mM) was added slowy the solution of
NaNO2 (1.66 g, 24 mmol) in H0 (3 mM) at 0 C The m xture was
stirred 1 h at 0 C and was poured into pyridine (50 m). The m xture
was sti rredHg, chi®r@oford): A, ppraid4p ik d E)oaﬂam(d;ar}b)ohaﬁfe(s( POHp) was
added and the slurry was stirred overnight. After cooling to room

t enper at ur O{éﬁ mxh%e Ivva? washed with water and extracted with

et hyl acet 9 he organ}? ayer was comnbi ned and washed with brine
and dried over anhydrous MgSO4 and concentrated in vacuo. After

col um chr et r aphPy:tsdsisi afa-lgeho-4et fiyterminatibiptenyh@iane = 1:10) to
gi ve product 1.03g (38% [00181] Exanple 28 [00182] Synt hesi s of
Compound 10 [00183] To a solution of 2-(4'-bronmophenyl)g¥ridi ne
(0.468 g, Qus THF (10 Iﬁ) was added SR i
(3 m, 3.6 M 3! TNe re¢ y
2-1sopropox 3 bor ot’g
nmol ) was added. The m xture was stllr?brzceg gﬁrm ght. Then the reaction
was quenched with wate¥ and extracted wi th dichl oronet hane (8@)m ) 3
times. The organic | ayer was washed with brine and dried over M504
and concentrated in vacuo. After colum chromat ography (silica gel,
et hyl acet 40817t exan®o=a tolu@@) of ¢4jidrecrpbwglbgthey] 22.99 ¢,3999mmol) and

[00184] ExargBL}?dr()zugs ferric chloride (20 mg) in chloroform (30ml) at 0 °C was added dropwise

bromine (2.4 g, 15 mmol) solved in chloroform (10 ml). The reaction was stirred
overnight. The reaction mixture was quenched with sodium carbonate until the orange
color disappeared. Then washed with water and extracted with hexane (50 ml) 3
times. The combined organic phase was washed with brine, dried over anhydrous
MgSO4 and concenirated in vacuo. 'HNMR measurement indicated that the
conversion ratio is about 50%. The crude product was directly used for further

reaction.
[00172] Example 25

[00173] Synthesis of 2-bromo-9-fluorenone (7)

@ ° Y
Br > Br
N(CHj3),OH/pyridine

7 (85%)

[00174] To a solution of 2-bromofluorene (9.8 g, 40 mmol} in pyridine (100
ml), 25% tetramethylammonium hydroxide in methanol (1 ml, ) was added at room
temperature. Then air was bubbled into the system and kept the reaction stirring
overnight. Then HoSO4 was added and filtrated. The solid was recrystallized in ethanol
to give yellow needles 8.85 g (85%)

3%




[ 00185] Synthesis of G 810G (64% [00186] A m xture of

2-brono-(2',7" -di-tert-butyl)-9,9" -spiro-bifluorene (0.35

g, 0. 7mmol ), conpound10( 0. 22g, 0. 78mmmol ), tetrakis(triphenyl phosph

ne) pal | adi un(0) (0.036 g, 0.03 nmol), aqueous sodi um carbonate (2 M
0.5 m), etf®@hdd] (0. Bxampls 26 ol uene (4 m) was deoxygenated and then
heated to reflux under nitrogen, stirring overnight. After cooling to

, th 1 X1 d wth . t d
w th ooyt L o' (S a5 RRe P mE s S D S RS vasneo

with brine and dried over MgSO4 and cgncentrated in vacuo...After
col um chr omat ogr y
give G 0.269g (642
Hy, 7.966 - i .
7.42 (d, 3 H, * Hy, 7.13 (t, 1 H), 7.044 (s, 1K
(d, 3 H, 1.17 (s, %18 H). [00187] Exanpl e 30 [ 00188] Synt he'
&R1rC121r& [00189] A m xture of G (0.813 g, 1.4 mol ), Ir
(0.247 g, 0.7 mmol), water (7.5 m), 2-ethoxylethonal (22 5 #5was
deoxygenat ed and then heated to reflux under nitrogen for 24 h. After
cooling to roomtenpegrature, the mxture was filtrated and washed
with et had®?124 gi vEC 02720lyties fr dBficerudy 3ggoduct of  2-bromo-4,4°-di-tert-
butylbiphenyl (3.06 g, 5 mmol) in anhydrous THF (50 ml) was added dropwise n-

BuLi (6 ml, 7.5 mmol) in hexane at -78 °C, stirred 1 h, then the mixture was

transferred to a solution of 2-bromofluorenone (1.3 g, 5 mmel) in THF (20 ml) at -78
°C and sttrred overnight. Then the reaction was quenched with water and extracted
with ethyl acetate (50 ml) 3 times. The organic layer was combined and washed with
brine and dried over anhydrous MgSO4 and concentrated in vacuo. The mixture was
dissolved in glacial acetic acid (15 ml) and refluxed, and then one drop of
concentrated HCI was added, refluxed 1h. After the reaction was cooled to room
temperature, the precipitate was filtrated and washed with water. The mixture of 2-
brome-(2°,7’-di-tert-butyl)-9,9’-spiro-bifluorene and 4,4’-di-tert-butylbiphenyl was
separated by column chromatography (eluted with hexane) to provide solid product
1.37g (54%). 'H NMR (400 MHz, chloroform-d): 8, ppm 7.84 (d, 1 H), 7.742 (d, 3
H), 7.5 (d, 1 H), 7.42 (m, 4 H), 7.14 (t, 1H), 6.87 (s, 1 H), 6.75 (d, 1 H), 6.65 (s, 2 H),
1.18 (s, 18 H).

[00178] Example 27
[00179] Synthesis of 2-(4’-bromophenyl)pyridine (9)

LN B NaNQ,/HCI -
2 : pyridine N\ I\{ Br

9 (38%)

[00180] To a solution of 4-bromoaniline (2 g, 12 mmo]) in concentrated HCI1 (4
ml) was added slowly the solution of NaNO; (1.66 g, 24 mmol) in H20 (3 ml) at 0 °C.
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[ 00190] Exanpl e 31 [00191] Synthesis of @&Ir(acac) [00192] A m xture of
chloride dinmer (0.100 g, 0.036 mml), 2, 4-pentanedione (50 ng, 0.5
nmml ), ethanol (0.1 m), dichloronethane (3 m) and 25% of

t et ramet hyl anmoni um hydr oxi de i n nmethanol (0.05 m) was deoxygenat ed
and then heated to reflux under nitrogen for 2 h. After cooling to

room t enpermk wiigurd W& sisd Uhet peg aﬁd’ﬂ'@@}ﬁ@frrﬁﬁntorby&’ﬂﬁl'é gso At Bhe hb@ure
sol vent was renoved on_a rotary evaporator, resi due was @urlfled

by recryst arasisdEed $A0;°q fereph h%SOﬁlrw P%orrf\@ (12@ ebVasapifeq andaty slogry el d
70% . [001 q r 0. n
deé?ce[froﬁﬁkgpﬁ agg%?%FOOIQ 1§$§Eﬁ%g?@nﬁg?ﬁﬁQQLéﬂhﬂﬂh:$§§%Q&md
pol y( 3, 4- etwitl Wmedlamd(ymncmdh‘emle)ethjbpmiatw The pghni¢ d4ver enesoinbowd and

pat L brned S0 HE T HOPES Pi SBEBR TGS LA ERr L e gt

about 50 nmpluAint Efrodktiogdplin (salﬁbaogeenetajn ac2Qfe: fhekane +Y105 Qb WhiveOfroduct
containing 4 m_toluene, 40 ng PVK 15 ng PBD, and 3.3 ng Allr(acac)

was spi n- cddt’8d3Bm o the first | ayer to forman emtting |ayer with a
t hi ckness of about 70 nm On the polyner layer, 12 nmof BCP, 20 nm
of Alq3, 1%6o1emof MixAgplcagd 10 nmof Ag were thernally deposited
sequentlally unAer vacuumof 3 x le Pa. The organic
electrolunlnescent devi ce obtai ned was examned in air. The

bri ght ness [B&HZeachSeresiscd Copparndl) v and t he maxi mum current
efficiency is 4.3 cd/ A [00196]Exanp|e 33 97] Preparati on of

el ectrol um nescent device fron1BZIr( 53%%

98]A first |ayer of
pol y(3, 4-et edi |ophen§&Ldo
N

9 10 (39%)

[00183] To a solution of 2-(4’-bromophenyl)pyridine (0.468 g, 2 mmol) in
anhydrous THF (10 ml) was added dropwise n-BuLi (3 ml, 3.6 mmol) at -78°C. The
reaction was stirred 1 h, then 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(0.52 ml, 2.5 mmol) was added. The mixture was stirred overnight. Then the reaction
was quenched with water and extracted with dichloromethane (30 ml) 3 times. The
organic layer was washed with brine and dried over MgSQ4 and concentrated in
vacuo. After column chromatography (silica gel, ethyl acetate: hexane = 1: 20) to give
product 0.22 g (39%).

[00184]  Example 29
[00185]  Synthesis of G
Q‘O T OO W
O ay M NaxCOS B O Aoluens O.Q oy a

g 10 G (64%)

[00136] A mixture of 2-bromo-(2°,7’-di-tert-butyl)-9,9°-spiro-bifluorene (0.35
g, 0.7 mmol), compound 10 (0.22g, 0.78 mmol),

41



pol y(styrenesul fonic acid) (PEDOT: PSS) was spin-coated on a gl ass
substrate with patterned ITOto forma hole injection layer with a
t hi ckness of about 50 nm After dried in an oven at 120C for 5 nmm
solution containing 4 m toluene, 40 ng PVK, 15 ng PBD, and 3.3 ng
B2l r(acac) was spin-coated onto the first layer to forman emtting

| ayer with tetrdkin(iciphe@gphofphalsipatladiGmn (0Q36t Be 0ol yimed), | apesys dalivim of
BCP, 20 nm of Alq 0. nmo - Ag, .and 10 nmof Ag were thermally
deposi t ed <BGIAHE f%ﬁ;imgle?t[’%}’gg gﬁgﬁ% t‘gu‘ipe |(& MW xY¥#yaisH @nd then

el ectrol Umlﬁ@t@@ﬁﬂﬁeﬂﬁ?ﬁﬁd&?nﬁ@%@i, REinBRSer8iRATRH cddlingkd rook@mperature,
bri ght ness can reach 50866 cd/n2 at 20 V and the maxi mum current

ef fici ency theamgguiedyss WaEbolel) ErErpreegncrd G200TIR epcirtal?bml)oY times.
ooy s o R Rl Y sk AR A SeRE SRR A5 05 Al

pol y(3, 4-ethyle I ophene enesul fonic

aci d) (PEDGT vRSS) Afes capimn-choatatekrahy Asifjtagd, shiisicetatee hutanb «pht f)eo ned
I TOto form.a l.e i njectl r. wth._a thickness qf abo 50 _nm
After dri e&l‘fenéﬁr%%g\@%atﬁ % @@MW%’ 91?11%?%0%1"& § W%&n@a} mr{'gg 6&%{1
tol uene, 4G my7BYKd, 1148), Ty6PBR, 5 BRY.5. (3, m?,%zr(ﬁ,ayﬁ?‘;,h.qu,smn*mgqi ed
onto the first layer to forman emttin ayer wWith a thickness of
about 70 nrﬁH)@ﬁ-Oﬁﬁé%éHDqﬁr?@ﬂ(qLa%yfé)ﬁ}-ii’;ﬁs,dg\PBf BCP, 20 nm of Alg3, 150
nm of My: Ag, and 10 nmof Ag were thermally deposited sequentially
under vacuygppd7]3 X EQaflpiP3e The organic el ectrol um nescent device
obtai ned was examned in air. The brightness can reach 30543 cd/ n2 at
20 V and the maxi mumcurrent efficiency is 31 cd/A [00202] Exanpl e 35

[ 00203] Pref89t88lon ofywhesistafshlifl2F8ecent device from D21 r(acac)
[ 00204] A first layer of poly(3,4-ethyl enedi oxythi ophene) doped with

pol y('styr enggiddioni c aagixdire 6FePE IR ,)1.4"\@&05]0&@&91@&@)?9.2@? ?Oglnﬂﬁ(ﬁ)ﬁ
substrate with patterned ITOto foilT" a hol'e Injection gyer wth a
t hi ckness ofateib@ut nB0 2wthoxatetimmald(326'd miln wan devrergerated] 20 tHepr hebteditn,
solution c i ni I PVK, 1 PBD, ..and. 3.3

D21 r (acac) q%@" ‘%@ﬁ“ @rgg%neg)?c‘)z%te}g%ffﬁeg%? &?@t tolrgglnequel%qger %Ifemt%nmg%an t“lgl%g

| ayer wit h fétrdted aldnesiedditabetibnaGe give 001 gdierquaty(Me¥).| ayer, 12 nm of
BCP, 20 nm of Alq3, 150 nmof Mj: Ag, and 10 nmof Ag were thermally

deposi ted tial under vacuum of 3 x 104 Pa. The organic
el ectrol umﬁ@t@gnt dg%?%lgeggt ai ned was examined in air. The

bri ghtness can reach 3177 cd/n2 at 20 V and the maxi num current
ef ficiency [08121]7 cdSfnthdsBOZhrxanpl e 36 [ 00206] Pr epar ati on of
el ectrol um nescent device from E2lr(acac)

[00192] A mixture of chloride dimer (0.100 g, 0.036 mmol), 2,4-pentanedione
(50 mg, 0.5 mmol), ethanol (0.1 ml), dichloromethane (3 ml) and 25% of
tetramethylammonium hydroxide in methanol (0.05 ml) was deoxygenated and then
heated to reflux under nitrogen for 2 h. After cooling to room temperature, the mixture
was evaporated in vacuo. After the solvent was removed on a rotary evaporator, the
residue was purified by recrystallization in heptane to provide 73 mg of Galr(acac)
(yield 70%).

[00193] Example 32
[00194] Preparation of electroluminescent device from Azlr(acac)
[00195] A first layer of poly(3,4-cthylenedioxythiophene) doped with

poly(styrenesulfonic acid) (PEDOT:PSS) was spin-coated on a glass substrate with
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[ 00207] A first layer of poly(3,4-ethyl enedi oxythi ophene) doped with
pol y(styrenesul fonic acid) (PEDOT: PSS) was spin-coated on a gl ass
substrate with patterned 1 TOto forma hole injection layer with a
t hi ckness of about 50 nm After dried in an oven at 120 C for 5 mn,
solution containing 4 m toluene, 40 ng PVK, 15 ng PBD, and 3.3 ngy
E2I r (acac) pamsnsipilio woitmed lond ﬂlijhﬁn fdyeistvith aytﬁfclqte@s bbabouan0 em. tafteng

Iayervmtha hi ckness m On the | ayer, 12 nm of
BCP, 20 nm9gf Mﬁ&?ve%foﬁﬂn@g mA@D g ontyipg ‘gfn%u PHEVKRl y
deposited s@quBDYL iaad 13y3 ‘fl‘fgdﬁ';h(\ﬁ@eﬂéy%Q;Eam?’cdétehoon-{@%cpﬁﬂ;@ﬂéﬁr to form an

el ectrol um nescent devi ce obtained was examned in air. The

bri ght ness cEu#ng Eaevigh 7 thickaessmt abow G0y higolymer lyen ELrmafBCP,
ff 7 10
ol ectr ol uni e ot Ay rsoL AR ﬁ%i“ﬁig?a ik B SEOTRERABRP Hefsic
pol y(3, 4- etsényeatmdigi widyt hacopineste) d oy dawiThd o;gah:;c(@tqrnbhmaaubérmrdemce
d) (PEDOT d | tt d
170 1 o' or APaTREPe FRrRBE B e AR R ngeh CUR Abgt 8 i

After dri eehaxfimah cOyén efiicichdPle4f104d/L. nm sol ution containing 4 rri
toluene, 40 ng PVK, 15 ng PBD, and 3.3 ng F2lr(acac) was spin-coated
onto the fW@ﬁ ayer to forman emtting layer with a thickness of
about 70 n t he ’6"’} ? | ayer, 12 nm of BCP, 20 nm of Alg3, 150
nm of My: Ag, and 10 nmof Ag were thermally deposited sequentially

under vacuygo1¥7]3 X Bfpratih of ERerSEAGnLiSedTRINBIRBSEENt device
obt ai ned was examned I1n air. The brightness can reach 5697 cd/mZ at

19.5 V andﬁé(g Xi mum current efficiency is 4.8 cd/ A [)00211 anpl e
38 [00212] @&HZU oft dftstella¥arr §f uﬂ%@s%%ﬁvea@w%mmh% GAPpeh cWHY

[00213] A f ipbBtstdraeanifddiic w&w@ybﬁbsgl enediipxyddd ophena) dorat Wihh

poly(styrenesulfonlc acid was spin-coated on a gl ass
substrate @ﬁ@%@aﬂ&@n@mlaﬁ@l@ uuefc@pmrﬂaezemmtb aj thiclsesss ohataay 80 npj. tAften

t hi ckness t f n n,
sol ution cgn%(g?%%novgrg T%%t olféﬁlrélﬂ{ gfggtldn 39@% rﬁé{%&]mﬂ%‘%g n%g gvg %
&l r(acac) nmEBEpmnd Goated Banhenc) s fspmsdoatedy(&lto ttlna ficr mayan te forid ang

| ayer with a knes out .7 h nmer | ayer, of
bop. " 20 nveliting BAOSTRLS Inidesior Hhg ot £ e PR Rt e 12 vt BT,
deposi ted gequwenrtish],yisonderofwas: gm &fd 30 )ﬁnﬂ-Qf%gPﬂfereTt'ﬂ@m@llgadéb&zted

el ectrol um nescent devi ce obtai ne s exanmned in air.

bri ght ness SEBA" IO EZY RPN ><a110 2&ay Ths @raapie fﬁ%@iﬂiﬁﬂﬁl@ewawce
ef ficiency oh@inkd wadlhmin¥ Tl FhCLALIYELS kb reach 50866 cd/m® at 20 V and the

maximum current efficiency is 34 cd/A.
[00199] Example 34
[00200] Preparation of electroluminescent device from Calr(acac)

[00201] A first layer of poly(3,4-ethylenedioxythiophene) doped with
poly(styrenesulfonic acid) (PEDOT:PSS) was spin-coated on a glass substrate with
patterned ITO to form a hole injection layer with a thickness of about 50 nm. After
dried in an oven at 120 °C for 5 min, solution containing 4 ml toluene, 40 mg PVK, 15
mg PBD, and 3.3 mg C:lr(acac) was spin-coated onto the first layer to form an
emitting layer with a thickness of about 70 nm. On the polymer layer, 12 nm of BCP,
20 nm of Algs, 150 nm of Mg:Ag, and 10 nm of Ag were thermally deposited

sequentially under vacuum of 3 x 10™ Pa. The organic electroluminescent device
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. An organonetal lic conpound of fornmula (1): R7 (1) wherein: Mis
a d-block netal having a coordination nunber z, wherein z= 6 or 4;
Rl to Rg are independently H halo, optionally substituted al kyl,
optionally substituted al kenyl, optionally substituted al kynyl,
optionally substituted heteroal kyl, optionally substituted

het er oal kemptainedpids erahingd sudistTint brightnéss tew matlk §o648 cdmptat@dal hnd the

substituted aryl, optiopally sulstituted heteroaryl, am no, am do,
car boxy, fdNRY wh§H$WEFH§ﬁW¥Yﬁ§,CF -oani do, hydroxy, or cyano, and
two or nore of RL to R8 may forma ring together with the carbon

atons to whoerozalhey akenpltBsched, provided that if any one of Rl to
R4 is H none of RS to Rgis H or if any one of R5 to Rg is H, none
of Rl to Rﬁ“hﬁhii or_at |east_one of Rl to conprises a spiro

group; x i 7/ 2?reparat10n of electroluminescent delsrgce from Dalr(acac)
[00204] A first layer of poly(3,4-ethylenedioxythiophene) doped with
poly(styrenesulfonic acid) (PEDOT:PSS) was spin-coated on a glass substrate with
patterned ITO to form a hele injection layer with a thickness of about 50 nm. After
dried in an oven at 120 °C for 5 min, solution containing 4 ml toluene, 40 mg PVK, 15
mg PBD, and 3.3 mg Dalr(acac) was spin-coated onto the first layer to form an
emitting layer with a thickness of about 70 nm. On the polymer layer, 12 nm of BCP,
20 nm of Algs, 150 nm of Mg:Ag, and 10 nm of Ag were thermally deposited
sequentially under vacuum of 3 x 10" Pa. The organic electroluminescent device
obtained was examined in air. The brightness can reach 3177 cd/m” at 20 V and the

maximum current efficiency is 2.7 cd/A.
[00205] Example 36
[00206] Preparation of electroluminescent device from Ealr{acac)

[00207] A first layer of poly(3,4-ethylenedioxythiophene) doped with
poly(styrencsulfonic acid) (PEDOT:PSS) was spin-coated on a glass substrate with
patterned ITO to form a hole injection layer with a thickness of about 50 nm. After
dried in an oven at 120 °C for 5 min, solution containing 4 ml toluene, 40 mg PVK, 15
mg PBD, and 3.3 mg E:lr(acac) was spin-coated onto the first layer to form an
emitting layer with a thickness of about 70 nm. On the polymer layer, 12 nm of BCP,
20 nm of Alg;, 150 nm of Mg:Ag, and 10 nm of Ag were thermally deposited
sequentially under vacuum of 3 x 10 Pa. The organic electroluminescent device
obtained was examined in air. The brightness can reach 6177 cd/m” at 20 V and the

maximum current efficiency is 5.1 cd/A.
[00208] Example 37

[00209] Preparation of electroluminescent device from Falr(acac)
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L is a neutral or anionic ligand; y is (z-2x)/2; and R2 is not
fluorine. 2. The organonetal lic conpound of claim21 wherein none of Rl
to Rg conprises a spiro group. 3. The organonetal lic conpound of
claim2 wherein any one of RL to R4 is Hand none of R5 to Rg is H.

4. The organonetal lic conmpound of claim3 wherein each of R5 to Rg is
a substitutf@eskid] unsAbdfikt utyd anfybolg(&)@ﬁth@lbn@ii@uﬂﬁdﬁhbmﬁ)ediopdfd with

unoubstl o LS 5o s, L gener 8L L g corpound of,
6. The or gaa@RERITO & RATROI ifictish BlyBBwHRArBickn@R6NaRut b nh ARy S
a dried in an oven at 120 °C for 5 min, solution containing 4 ml toluene, 40 mg PVK, 15
mg PBD, and 3.3 mg Falr(acac) was spin-coated onto the first layer to form an
emitting layer with a thickness of about 70 nm. On the polymer layer, 12 nm of BCP,
20 nm of Alqgs, 150 nm of Mg:Ag, and 10 nm of Ag were thermally deposited
sequentially under vacuum of 3 x 10 Pa. The organic clectroluminescent device
obtained was examined in air. The brightness can reach 5697 cd/m” at 19.5 V and the

maximum current efficiency is 4.8 cd/A,
[00211] Example 38
[00212] Preparation of electroluminescent device from GIr(acac)

[00213] A first layer of poly(3,4-cthylenedioxythiophene) doped with
poly(styrenesulfonic acid) (PEDOT:PSS) was spin-coated on a glass substrate with
patterned ITO to form a hole injection layer with a thickness of about 50 nm. After
dried in an oven at 120 °C for 5 min, solution containing 4 ml toluene, 40 mg PVK, 15
mg PBD, and 3.3 mg Glr(acac) was spin-coated onto the first layer to form an
emitting layer with a thickness of about 70 nm. On the polymer layer, 12 nm of BCP,
20 nm of Algs, 150 nm of Mg:Ag, and 10 nm of Ag were thermally deposited
sequentially under vacuum of 3 x 10 Pa. The organic electroluminescent device
obtained was examined in air. The brightness can reach 20620 cd/m” at 20 V and the

maximum current efficiency is 12 cd/A.
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substituted or unsubstituted aryl group or a substituted or
unsubstituted heteroaryl group. 7. The organonetallic compound of
claim2 wherein none of RL to Rg is hydrogen. 8. The organonetallic
conmpound of claim2 wherein at |east one of Rl and R2, R2 and R3, R3
and R4, R4 anfh Ry cRapapp (Rs, R6 and R7, R7 and R8 forma ring. 9.
The organonetallic conpound of claiml1l wherein at |east one of Rl to
Rg conprises a spiro group. 10. The organonetal lic conpound of claim

9 wherein at |eagt - : ri . a spirobifluorenyl
group. 11.EThe‘%é8%%%%@%%ﬁ%g%%@§%%%ﬁﬁgmg?ﬁilain11 wherein the
substituted 2- phenyl pyridine group is

wherein:

M is a d-block metal having a coordination number z, wherein z= 6 or 4;

R; to Rg are independently H, halo, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted heteroalkyl,
optionally substituted heteroalkenyl, optionally substituted heteroalkynyl, optionally
substituted aryl, optionally substituted heteroaryl, amino, amido, carboxy, formyl,
sulfo, sulfino, thioamido, lyydroxy, or cyano, and two or more of R1 to R8 may form a
ring together with the carbon atoms to which they are attached, provided that

if any one of R; to R4 is H, none of Rs to Rgis H, or
if any one of Rs to Ry is H, none of R; to Ry is H, or
at least one of Ry to Ry comprises a spiro group;

x1s 1 to z/2;

L is a neutral or anionic ligand;

y is (z-2x)/2;

and R is not fluorine.

2. The organometallic compound of claim 1 wherein none of R; to Rg comprises

a Spiro group.
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12. The organonetal lic conmpound of any one of clainms 1 to 11 wherein
Mis Ir, Pt, Re, Rh, Gs, Au or Zn. 13. The organonetal lic conpound
of claim12 wherein Mis iridium 14. The organonetal lic conpound of
any one of claims 1 to 13 wherein y =1. 15. The organonetallic
compound of 3any Trerghotlkalliteohpbmdlod clatie eitardin a8 one of K| adaeti9Hemd
16. A solution ?%n“gjrﬁsj %ig t he organonetal | i c conpound of any one of
claims 1 to"¥8° R #% | m conpri sing the organonetal lic conpound of
any one of claims 1 to 15. 18. The filmaccording to claim 17
further congri sing a charge-carrying host material. 19. The film

t

accor di ng cl allinorgogmetadicsompaundiod elgan 8 athesamepch 65Rs tedtsdt tal i s
PVK or a PVihEBReBbetubstituted aryl group or a substituted or unsubstituted heteroaryl

group.

5. The organometallic compound of claim 2 wherein any one of Rs to Rg is H and

none of R to R is H.

6. The organometallic compound of claim 5 wherein each of Rj toRsis a

substituted or unsubstituted aryl group or a substituted or unsubstituted heteroaryl
group.

7. The organometallic compound of claim 2 wherein none of R; to Rg is

hydrogen.

8. The organometallic compound of claim 2 wherein at least one of R; and Ry, Ry
and R3, R; and R4, R4 and Rs, Rs and R¢, R and Ry, R; and Ry form a ring,

9. The organometallic compound of claim 1 wherein at least one of R; to Rg

comprises a spiro group.

10. The organometallic compound of claim 9 wherein at least one of R; to Ry

comprises a spirobifluorenyl group.

11.  The organometallic compound of claim 1 wherein the substituted 2-

phenylpyridine group is
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20. The filmaccording to claim18 or claim 19 wherein the wei ght

ratio of the organonetallic conpound to the charge-carrying host

material is 0.5%to 50% 21. The filmaccording to any one of

clainms 17 to 20 wherein the filmhas a thickness of 20 nmto 200 nm

22. The filmaccording to any one of claims 17 to 21 wherein the film
: 3 techni que. ;%

ol ution proc

| ayer, the eniss
according to any dng

charge-carrying host material. 26. The el ectrolum nescent device
according to cl ai ﬂ‘ereln the wei

conpound to the host 'r»erlal
devi ce accora ) r

by a sol ution proce55|ng technlque 29. The electrolunlnescent
devi ce according to claim 28 wherein the solution processing
technique is spin coating. 30. The el ectrol um nescent device

according tp an of clalns 24 0. 29 fur i.sin .
hol e- i nj ectfﬁng ?Lhé;grg?mme%lﬁc Bonffind 8¢ &5 oabof Qs IR 'Heftth B is 1,
Re, Rh, Os, Auor Zn.

13. The organometallic compound of claim 12 wherein M is iridium.
14. The organometallic compound of any one of claims 1 to 13 wherein y =1.

15.  The organometallic compound of any one of claims 1 to 14 wherein L is

acetylacetone.

16. A solution comprising the organometallic compound of any one of claims 1 to
15.

17. A film comprising the organometallic compound of any one of claims 1 to 15.

18.  The film according to claim 17 further comprising a charge-carrying host

material.

19. The film according to claim 18 wherein the charge-carrying host material is
PVK or a PVE/PBD blend.

20.  The film according to claim 18 or claim 19 wherein the weight ratio of the

organometallic compound to the charge-carrying host material is 0.5% to 50%.

48



31. The el ectrol um nescent device according to claim 30 wherein the
hol e injecting |ayer conprises PEDOT-PSS. 32. The el ectrol um nescent
devi ce according to any one of clains 24 to 31 further conprising an
el ectron transporting |ayer. 33. The el ectrol um nescent device

accordi ng t7. cl AheiBA avdoedifgd 1 anh en€bRLdime N7 td ANGRQEH HROKIA4e
comprises Alg3. 34. The el ectrol um nescent device according to any

one of cl aithisksas ef209m o Z00REY conprising a hol e bl ocking |ayer. 35.
The el ectrol um nescent device according to claim 34 wherein the hole
bl ocking layer conprises BCP or TPBI. 36. An organonetallic conpound
of fornula %l ) : The figm peagfiérgiorny Whe of clainls BT tocdd whereih theafilinrig prgpared

coordi nat i %Mmﬁﬁpﬁce@é\ﬁg&&mq&é 6 or 4;

23.  The film according to claim 22 wherein the solution processing technique is

spin coating.

24.  An electroluminescent device having an emissive layer, the emissive layer

comprising the organometallic compound according to any one of claims 1 to 15.

25.  The electroluminescent device according to claim 24 wherein the layer further

comprises a charge-carrying host material.

26.  The electroluminescent device according to claim 25 wherein the weight ratio

of the organometallic compound to the host material is 5%.

27.  The electroluminescent device according to claim 24 or claim 26 wherein the

host material is PVK or a PVK/PBD blend.

- 28. The electroluminescent device according to any one of claims 24 to 27

wherein the emissive layer is deposited by a solution processing technique.

29.  The electroluminescent device according to claim 28 wherein the solution

processing technique is spin coating.

30.  The electroluminescent device according to any one of claims 24 to 29 further
comprising a hole-injecting layer.
31. The electroluminescent device according to claim 30 wherein the hole

injecting layer comprises PEDOT-PSS.

32. The electroluminescent device according to any one of claims 24 to 31 further

comprising an electron transporting layer.

49



R1 and R3 YO R8 are independently H, halo, optionally substituted
al kyl, optionally substituted al kenyl, optionally substituted

al kynyl, optionally substituted heteroal kyl, optionally substituted
het er oal kenyl, optionally substituted heteroal kynyl, optionally

substituted ryI nal. | stltute het ryl, am.no, am do,
car boxy, f o%3a Thft'ffef’kol e¥‘ieﬁ'b VIR PERHT Bt ‘ﬁ%}l&?g ifiereip the slegeon ang
two or nDreﬁﬂﬁp&ﬁnéﬁy&ﬁnﬂ@ﬂmigﬂﬁla ring together with the carbon
atons to which they are attached, R2 is independently H,
optional Iy substituted al kyl, optlonally substituted al kenyl,

opti onal | y SbstHeleRfokyi devi%@fa&&ﬂﬁﬁ%% aﬁygﬁé bttcgzﬁﬁg z@t&gﬂ%&y'
optionally substituted heteroal kenyl, optionally substitut
heteroalkyd?ﬂmn@ﬁgﬁ@ﬁéﬁ&ykgﬁﬁgﬁituted aryl, optionally substituted
het eroaryl, am no, am do, carboxy, fornyl, sulfo, sulfino, thioam do,
hydr oxy, or cyano, and two or nore of RL to R8 may forma ring

t oget her wiih t tﬁtec@p@imnatemt degicohcohditdie\cldm S 4 atieseihthd holef any one
of Rl to Rﬁﬂ# jaione of Eécg E?B s H or if any one of R5 to R8
is H none o ?%r RTPLe or east one of Rl to Rg conprises a
spiro group; x is 1 to z12; L is a neutral or anionic ligand; and y

is (z-2x)/ 37., The or onetalllc conpound of claim 36 wherein none
of RL to Rglonph}¥sEe %gﬂicr"ém@’f:’ ffomggla Fhe or ganometal i ¢ conpound
of claim 37 wherein any e of RLto Ré is Hand none of R5 to R8 is
H  39. The organonetalli conmpound of claim 38 wherein each of R5 to
Rg is a substitutedrgr ubs®;tuted aryl group or a substituted or

unsubstituted heteroar gryup..  40. The organonetal lic conpound of
cl ai m 37 wherein jany one of({R5 to Ry is H and none of Rl to R4 is H

>M—(L}y

wherein:

M is a d-block metal having a coordination number z, wherein z= 6 or 4;

R; and R; to Ry are independently H, halo, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally substituted
heteroalkyl, optionally substituted heteroalkenyl, optionally substituted heteroalkynyl,
optionally substituted aryl, optionally substituted heteroaryl, amino, amido, carboxy,
formyl, sulfo, sulfino, thioamido, hydroxy, or cyano, and two or more of R to
Rsmay form a ring together with the carbon atoms to which they are attached,

R is independently H, optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally substituted heteroalkyl, optionally
substituted heteroalkenyl, optionally substituted heteroalkynyl, optionally substituted
aryl, optionally substituted heteroaryl, amino, amido, carboxy, formyl, sulfo, sulfino,
thioamido, hydroxy, or cyano, and two or more of R; to Ry may form a ring together
with the carbon atoms to which they are attached,

if any one of R; to R4is H, none of Rsto Rgis H, or
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41. The organonetal lic conmpound of claim40 wherein each of RL to R4
is a substituted or unsubstituted aryl group or a substituted or
unsubstituted heteroaryl group. 42. The organonetallic conpound of
claim 37 wherein none of RL to R8 is hydrogen. 43. The

organonetal i ¢ conmpoynd. of cl.aim 37 erein at. | east one of Al and R7,
R2 and Rg, Rg and R %?anhanea#&%ﬁg%{g’ﬁ  BPRF 9560 198+ 58 °R7, R7 and Rg

forma ring. 44. Thet ledsparaTey & R{ GupEERAWBH. efoup) ai m 36 wherein at
| east one of RI to, 128 conprises a spiro group. 45. The
organomet al | i ¢ &OWp&AH of claim 44 wherein at |east one of RL to Ry

conprises a spi 1gbhhbHAI 8Miond 4Rd; and6. The organonetal lic conpound
of claim1 wherein the substituted 2- phenyl pyridine group is

47. The or ganonm@ti&fz3x¢2conpound of any one of clainms 36 to 46 wherein
Mis Ir, Pt, Re, Rh, Gs, Au or Zn.

37. The organometallic compound of claim 36 wherein none of R to Rs comprises

a spiro group.

38.  The organometallic compound of claim 37 wherein any one of Ry to Ryis H

and none of R5to Rgis H.

39, The organometallic compound of claim 38 wherein each of Rsto Rgis a

substituted or unsubstituted aryl group or a substituted or unsubstituted heteroaryl
group.

40, The organometallic compound of claim 37 wherein any one of Rsto Rgis H
and none of Ryto Rsis H.

47. The organometallic compound of claim 40 wherein each of Rjto R4is a

substituted or unsubstituted aryl group or a substituted or unsubstituted heteroaryl
group.

42, The organometallic compound of claim 37 wherein none of R to Rz is

hydrogen.

43.  The organometallic compound of claim 37 wherein at least one of R; and Ry,
Rzand R;, R3 and Ry, Reand Rs, Rsand R, R and Ry, Ryand Rg form a ring.

44.  The organometallic compound of claim 36 wherein at least one of R; to Rg

comprises a spiro group.

45, The organometallic compound of claim 44 wherein at least one of R; to Ry

comprises a spirobifluorenyl group.
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48. The organonetal lic conmpound of claim47 wherein Mis iridium

49. The organonetal | ic conmpound of any one of clains 36 to 48 wherein
y =1. 50. The organonetallic conpound of any one of clains 36 to 49
wherein L is acetylacetone. 51. A solution conprising the

organonetal Jic nmpound of an one .of. cl aj 36 1o 50, . Afilm
conpri si ng %% §3§8H@W§P§@PF8 Hﬂﬁﬂﬁ%ﬂ lgﬁ?ﬁﬁﬁé 8$Q€W§$%E 36 to 50.
53. The fl|ﬁﬂ@®ﬂpﬁﬁ&%d@mﬁplsc|aln152 further conprising a
charge-carrying host material. 54. The film according to claim53
wherein the charge-carrying host material is PVK or a PVIC/ PBD bl end.
55. The film acc

rati o of the ofg
material is O.
52 to 55 wheféy
filmaccordi g
pr epar ed

47.  The organometallic compound of any one of claims 36 to 46 wherein M is Ir,
Pt, Re, Rh, Os, Auor Zn.

48.  The organometallic compound of claim 47 wherein M is iridjum.
49.  The organometallic compound of any one of claims 36 to 48 wherein y =1.

50.  The organometallic compound of any one of claims 36 to 49 wherein L is

acetylacetone.

51. A solution comprising the organometallic compound of any one of claims 36
to 50.

52. A film comprising the organometallic compound of any one of claims 36 to 50.

53.  The film according to claim 52 further comprising a charge-carrying host

material.

54.  The film according to claim 53 wherein the charge-carrying host material is
PVK or a PVK/PBD blend.
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by a solution processing technique. 58. The film acco
57 wherein the solution processing technique is spin c
el ectrol um nescent device having an em ssive |layer, th
| ayer conprising the organonetal lic conpound according

m nesc

rding to claim
oating. 59. An
e em ssive

to any one of

nt . devi ce accordin

| ai 36 tq 50. . The..el ectr.ol to
gl g: ?59 whet e ﬁrhfe%gmlaﬁi%qmg Wr“ﬁ%@rsgc%ﬁlﬁ}n? g‘é%’hﬁre ‘?l_ﬂ@lg@ar?‘i‘%/? Ee host
material .  diganotRaiR REHb@IAUFHRAHESBaENE Rést AGRARIAE 0G94 @ 5842l M 60

wherein the weight ratio of the organonetallic conpoun
material is 5% 62. The el ectrol um nescent device acc

d to the host
ording to claim

59 or clai me®l WighiehRcdRBn@Shy BRE & di si5§t0P§‘éKvﬂ)éfreiﬁﬂﬁa\ﬂg€n%?PgPlngng'9

63. The el ectrol um nescent device according to any one
to 62 wher dhiskgasgoisdfimsiod0nayer i s deposited by a so
processi ng techni que.

57.  The film according to anyone of claims 52 to 56 wherein the

by a solution processing technique.

ution

film 1s prepared

58.  The film according to claim 57 wherein the solution processing technique is

spin coating.

59. An electroluminescent device having an emissive layer, the emissive layer

comprising the organometallic compound according to any one of claims 36 to 50.

60.  The electroluminescent device according to claim 59 wherein the layer further

comprises a charge-carrying host material.

61.  The electroluminescent device according to claim 60 wherein the weight ratio

of the organometallic compound to the host material is 5%.

62.  The electroluminescent device according to claim 59 or claim 61 wherein the

host material is PVK or a PVK/PBD blend.

63. The electroluminescent device according to any one of claims 59 to 62

wherein the emissive layer is deposited by a solution processing technique.

64. The electroluminescent device according to claim 63 wherein the solution

processing technique is spin coating,

65.  The electroluminescent device according to any one of claims 59 to 64 further

comprising a hole-injecting layer.

66.  The electroluminescent device according to claim 65 wherein the hole

injecting layer comprises PEDOT-PSS.
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64. The el ectrol um nescent device according to claim®63 wherein the
sol ution processing technique is spin coating. 65. The

el ectrol um nescent device according to any one of clains 59 to 64
further conprising a hole-injecting |ayer. 66. The

el ectrol um nescent device according to claim®65 wherein the hole
injecting |layer conprises PEDOT-PSS. 67. The el ectrol um nescent
devi ce accqyydi NOht QleBiuRMBscRht d&lidé BRorlhd 19 aBPoddriciahs SPRIY6 gy an
el ectron transporting |ayer. 68. The el ectrol um nescent device
accordi ng ﬁ@ﬂ@ﬂaﬂﬁﬂ@%ﬂﬁﬁ@ﬂ@$ﬁmﬂwe1@@éctron transporting |ayer
conprises Alg3. 69. The el ectrol um nescent device according to any
one of clains 59 to 68 further conprising a hole blocking |ayer. 70.
The el ect r dBuni Abs elenrolduintssentalevioe aedcnglitgto clagm ¥V 6Qeminaheelacttdne hol e

bl ocking | qyaﬁépo%?n%%e%%ém&r%@s qu;.TPBI '

69.  The electroluminescent device according to any one of claims 59 to 68 further

comprising a hole blocking layer.

70.  The electroluminescent device according to claim 69 wherein the hole

blocking layer comprises BCP or TPBI.
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