2 1 MAR 2007 WD 2004/ 099338 PCT/ US2003/ 029007 ORGANI C ELECTROLUM NESCENT
COWPGSI TIONS FIELD This invention relates to organic el ect rokjrﬂﬁﬁiﬁ ent

conpositions_that are useful in organic light-emtting diod in ot her
aspects, to HRGTIMALIB, (icles, and thermal transfer donBSTEREE%hnprising

the conpositions. |In still another aspect, this invention relates to

met hods for making devices corrgri sing. the c ositions. 10 BACKGROUND
Organi ¢ el ect rol um nes ORFPNFEy ELECTR (ﬁ%’%nfzgmpﬁﬁﬁi[‘?’gﬁi tting di odes

(COLEDs), which use organic materials to generate |light, are an attractive
alternative to 15 traditional display technologies (for exanple, liquid
crystal di spFaFEP(LCDs) and cat hode ray tubes (CRTs)) for many display

applicati ons. OLER,} £OIMALAG09RIREQY! € oaliosaadkant aes. QUGF, LODS and

CRTs such as, for exanple, increased brightness, |ighter weight, thinner

profile5 20 bropdeitopey aihan:g argngesfbbt treroyusmaic dfighe-emtytidail | er

vi ew ng angl %s and sglf-l u nescence O_tI%D ewi ces can.b d| vided into
? "o ts

t hree cl asses: srral ecul & "dévPees’ Ilgh63 M t L] ﬁirtpS ymar r( EP)

devi ces, and thﬁ’Eﬂn&EU&ﬁﬂalfdiOp}bdopOlsyﬁété nedrentilsdmof iches cMaBOMR)igleyi ces. 25
Smal | ol ecul e deyjces typically co rlse a nunber of functional organic

| ayers i ncor g8r gtHhh TGSV &SP Fow ]Fdﬁ TS ARG gidaCRar 8 T?Q?f?p%

materials ancio@mhéﬁir\(@ adloR SombEPs 98y 1 0eS aYsi%e ohsght -emi tting
conjugated polyners as el ectrol um nescent chronophores, which also 30

typi caHQ/ performnost or all of the device's charge transport functions.
MDP/ MF devi C%ick&ﬁbﬁ?ﬁ'y conprise a charge transport matrix (which, in the

case of MDPs, -
{ Organlc electroluminescent devices such as organic

light-emitting diodes (QLEDs), which use organic materials
to generate light, are an attractive alternative to

15 traditional display technologies (for example, ligquid
crystal displays (LCDs) and cathode ray tubes (CRTs)) for
many display applications. OLED technology can provide
varicus advantages over LCDs and CRTsz such as, for example,
increased brightness, lighter weight, thinner profile,

20 broader operating range, better power efficiency, fuller
viewing angles, and self-luminescence.

OLED devices can be divided into three classes: small
molecule devices, 1ight—emitting polymer (LEP) devices, and
molecularly doped polymer/molecular film (MDP/MF) devices.

25 Small molecule devices typically comprise a number of
functional organic layers incorporating relatively low
molecular weight charge transport materials and emissive
dopants. LEP devices comprise light-emitting conjugated
polymers as electroluminescent chromophores, which also

30 typically perform most or all of the device’s charge
transport functions. MDP/MF devices typically comprise a

charge transport matrix (which, in the case of MDPs,



Z 1 MAR 2007 WD 2004/ 099338 PCT/ US2003/ 029007 conprises at |east one
polynmeric material) and non-polyneric enissive dopants. Mst tbMielldially
avai | abl e OwieDRod/epdsays bei ng nade today are snmall nol ecule:2eizaplosys. Snal |
nol ecul e devices 5 are typically fabricated using vacuum evaporati on

techni ques. The size of vacuum chanbers, as well as shadow mask size and

resol ution, &sptidBd altheeskzeoRé ];Sd?[[%hﬁerl@lrrﬁ(tébrﬁadb SRh@YSon b GARAID son,
LEP and MDP/ MF devi ces can be fabri cat ed, without nasking techniques, to

hi gh 10 resofTSoVeasPPPEE§e area by sol ution processing. Thus, LEP and

MDP/ M di spl ays mtp%%ékékgylpea&ﬁ]%lea@@}zboa%gshx s Fhexhdlesadypi cal |y,
MDP/ MF devices offer greater color tunability than L devi ces due to the

rel ati ve easeoddy ¥4 soodporal eagl e adismigyisun fegéénrotiepahe sdévitaes he

MO/ M. 5 Neverd hel E‘igzt%h’léyjpéﬁ": 1 dSVe ‘?E%_‘E% S’ac%%ﬁi %64 E?&go Qrmer i al

attenti on than t asses &Vices Sin smal | nol ecul e
and LEP devi cashrhiawesdenthst satedof ometmmmrchamblarandaapee]allm algideages and

significantly |l onger 20 .operational |ifeti.nme exa e tinme
required to IX‘?SG,J% 382 PP9hf SPRLUT PR 121 bﬁf‘ﬁ%ﬂ%& “af'4 g%/e#f“%{)hnst ant
current) thao MRIM-adepiags. MiP/ MmgdEldsnhavert ypicabb yMr shontdLl ativel y

hi gh operation vol ta es and very low operation lifetinmes, typically ranging
from appr oxi FRft Ay EbTaRfates. | € kheHamakdte T66PRLTRES: (R 1T hr exanpl e,

Wi et gl . %l\ﬁqOﬁh)éﬁli%an&ét&féa kﬁQ’sojl%‘&ﬁoﬁlB%%eéEﬂ%t' ngNDP prgevi ce

l'ifetimes of approximately 20 - 40 hours and turn-on voltages of 8 - 11 V,
and Chang etand MDEXME idadpPAysiezn netqrdriallyobe208sat 2091y peyoitlivng MDP
device |ifetiyms,of, 30 approximtely 40 hours.) 2 2 1 MAR 2007

Typically, MDP/MF devices offer greater color

tunability than LEP devices due to the relative ease of

15 incorporating various luminescent dopants into the MDEP/MF.
Nevertheless, MDP/MF devices have received less commercial
attention than the other classes of OLED devices since both
small molecule and LEP devices have demonstrated lower turn-
on and operation voltages and significantly longer

20 operatiocnal lifetimes (for example, the time reguired to
reach half of the initial luminance at a given constant
current) than MDP/MF devices. MDP/MF OLEDs have typically
shown relatively high coperation voltages and very low
operation lifetimes, typically ranging from approximately

25 one to less than about 100 hours. {See, for example, Wu et
al., Applied Physics Letters, 70, 1348 (1997) reporting MDP
device lifetimes of approximately 20 - 40 hours and turn-on
voltages of 8 — 11 V; and Chang et al., Applied Physics
Letters, 79, 2088 (2001) reporting MDP device lifetimes of

30 approximately 40 hours.)



WO 2004/ 099338 PCT/ US2003/ 029007 SUMVARY I n view of the foregoing, we
recogni ze that there is a need for organic electroluninescewb @@gﬁ@fitions
that can be used to provide organic el ectrol um nescent NDP/ es 5

Wi th inprovéﬁoﬁﬂﬂngWgnal lifetimes and that operate at PHEEFREEENY o] t ages.
Briefly, in one aspect, the present invention provides organic

el ectrol um nescent conpositions that are useful in electrolum nescent

devi ces such HBMARYr exanple, OLEDs. The 10 conpositions conprise (a) a

charge transport naf Lii%,CORPELS| A oilnBaSlieORECoSh £AL IQIk T AASROLL 4
material; (b) at | east one non-polyneric em ssive dopant; and (c) at |east
one tertiary wmesshdioirc oxgneccehpr it lngnings CERE eeoP @RI orgr dlpes dianebel y
Donded L0 o L0k LOBLLALLL ALY AL UG AR DELIO ARl REL Sl Lol | he
group consisting of ) terfrary aromatic am nes erein at Teast one of
t he orgahi ¢ groupsirpappeidsepenasimstl tlitfed iphenyhd grivup o3 ataviang an

el ectron-dona hﬂgesugfti&gent in the para-position (relative to the direct
bond to nitrd%% Neieia rA88pendent |y sel ected el ect ron-donati ng
substituents in theiefeiya- pASHhé Apddtel ahievpresedhei Widiatiorb@rdviges
nitrogen), each el ectron-donating substituent_beinqﬁgzsubstituent,other 25

than a het er SFANIE §EBSEFPHSRINGRGE ISPTBORAEYORD | HAfemFetylodP by one

of its heter aalolhlnk8ELL AT Yo QBIEHARENEBo MBI RITL Al JIEREL Qe Of
the organi c groups each conprise an independently selected substituted
bi phenyi0or sttFcsigtiedsf FBRPERSE group 30 having an el ectron-donating

AR e S e B R L
-13 electron transport material;
(b) at least one non-polymeric emissive dopant; and
(c}) at least one tertiary aromatic amine comprising
15 three organic groups directly bonded to nitrogen, the
tertiary aromatic amine being selected from the group
consisting of

{l) tertiary aromatic amines wherein at least one
of the organic groups comprises a substituted phenyl group

20 having an electron-donating substituent in the para-position
(relative to the direct bond to nitrogen) or two
independently selected electron-donating substituents in the
meta-positions (relative to the direct bond to nitrogen),
each electron-donating substituent being a substituent other

25 than a heterocyclic substituent directly bonded to the
phenyl group by one of its heteroatoms,

{2) tertiary aromatic amines wherein at least two
of the organic groups each comprise an independently
selected substituted biphenyl or substituted ﬁluorenyl group

30 having an electron-donating substituent in the para-position
(relative to the carbon-carbon bond connecting the two

phenyl rings of the biphenyl or fluorenyl group) of its



WD 2004/ 099338 PCT/ US20b3} Mi&d07 terminal phenyl ring (that is, the phenyl

ring not directly bonded to nitrogen), and (3) tertiary aro I 1 hes
wherei n at hasskyeassgs of the organi ¢ groups conprises a ﬂ&s&;ﬁé&n@%% tic
group 5 and at | east one other organic group conprises a substituted
bi phenyl or substituted fluorenyl group having an el ectron- donating

substituent arh{1ea PYPRRASKE LGN (Eh&E afd VEHO ghlsgy1CaiRgnagardprebond .
connecting the two phenyl rings of the biphenyl or fluorenyl group) of its -
term nal phefhghded fep Foiteogn) i sanghe phenyl ring not directly bonded to

nitrogen); the tertiafy %@8@5&9 BPRES: Ofarfide20hkes 14 e {Qdst a0 (3)
being optionally further substituted, but only with elect ron-dsonatl ng
subst i t uent sef wikdr edumrprrowrsopPt hatmwieses lve folyedgeotvansparic netoyx 15

consi st % es.sg&gi | eaO%ft %Qleekgﬁ £Ogré£r%.'n(§%%rotllp”%to%%%§%eg hgt suli)s?titutec%
non-pol ymeri C, the tertiary aromatic am ne 1s selected  froman nes ot her .
t han non- pol yimiéxy aromesibet icat egof ud:Briyl andup hhvihe anréhestpsmovi So

t hat when the charge transport 20 matrix contains a,polyimde, the charge
transport ma ??@(t“g%rﬁd‘}k?%uﬁ%e&%n DIIAERE HraL8r i(gﬁa%‘fh‘é‘? tham&
pol yi mi de. |tahssnheanhdi $oauereinéhaing hhahave pdesgt i bedyorganiKe

el ectrol um nescent conpositions_can be used to fabricate 25 highly efficient
and oper at i oRBPR§EY A & IVOPERFE CBERP) IRiViltS ISeFEiPAesPRENh 624, 000 hours

or moreg ThepenfLES aRPERERyA! - LaeloORanaldiay yehtaacs, LARNa¥&Y) ousl y
reported /MF OLEDs. In fact, many OLEDs conprising the conpositions of

the invention satthd ycaridagyr peprabberanimms o0 caskoagéeantl bf f {2 ency
ST S VP LS SAUTERELS) b Sak AL T ErBLLE g
of the invealeorrareeiorntatengeedbsnitientart for el ectrol um nescent
with the proviso that when the charge transport matrix
15 consists essentially of an electron transport material that
is non-polymeric, the tertiary aromatic amine is selected i
from amines.other than non-polymeric amines of category (3);
and
with the further proviso that when the charge transport
20 matrix contains a polyimide, the charge transport matrix
comprises a second polymeric material other than a
polyimide.
It has been discovered that the above-described organic
electroluminescent compositions can be used to fabricate
25 highly efficient and operationally stable MDP/MF OLEDsS
having lifetimes of up to 1,000 hours or more. These OLEDs
operate at lower operation voltages than previously reported
MDP/MF OLEDs. In fact, many OLEDs comprising the
compositions of the invention satisfy the current operation
30 voltage and efficiency requirements for various commercial
display and lighting applications while showing dramatically
improved operation lifetimes. Thus, the ccwmpositions of the

invention meet the need in the art for electroluminescent



-4 2 1 MAR 2007 WO 2004/099338 PCT/ US2003/ 029007 conpositions that can
be used to provide organic electrolum nescent MDP/ M devices with inproved
operational lifetimes while operating at relatively |ow voltadesMAR 7007

Addi ti onal | yWO0MHa83%een di scovered that the organic 5 PEMEEE P nescent
conpositions of the invention are not only solution processible but are

al so thermally printable and can be patterned onto a substrate or receptor
| ayer usi ng ¢¢eosdltipact Bhat nepn o alsreidc &PePrPyi dexangheic eni ssi ve

di spl ays. Addéiécoa%humﬁgg@smwéﬂasofée%ceecmﬁr YrbPLvd® 49ad Lherqal

transfer of LEPs. These conponents, however, sonetines interfere wth the
el ectrical prbpeEtines whlihe09¢£5tlﬁﬂu§tc6@@9§ﬂ¥ﬁéﬁslow Yhetagreention are

well suited for nsfer ple) t di ents The
thermal Iy patterné%g&ggfﬂiig%V|%es conp%|5|%g %LQQ conpog} E55fF the

i nventi oh deniﬁédﬂr@ﬂemmﬁéé@éﬁﬁ”ﬁﬁﬁQOSMﬂnmﬁBabEethe ﬁh06ﬁtt6nckﬁu ¢R% prepared
usi ng conventi gnal i i

i.n coating fechni ques. ot her ects,. thls
i nvention al s¥ ﬁﬁ'Bgéoﬁrﬁﬁﬁﬁ?éé¥ﬁ Iﬁﬁ?n@ g8nth ﬁEW?ﬁ ReomiAPdeng

conposi tions &g tdae ndOphbveRtdPNosiech asibstehtexapplec&pEs. 1804 articles
conprising the organic el ectrol un nescent devices such as, _for exanple,

di spl ays. | n $HiNd CARETALr PASHRISHING Hios fPRYEREFBn PPHVERRICLE. MBSGA VEOr

maki ng an orQ@irg;ﬁa%ectméym&@éf%m;@%\éheg 4PeCORPLA ShaGe 416 StRp- Of
sel ectively transféerring an organic el ectrolum nescent conposition of the

inventi &h fromal dbroralsheansier of 6@t oFhsabsrpapenen s ydiovwavsther
aspect, this 1nQventl 9”18’&8%’459@@ vgno%ortht S'%%EE%:E?I Onbfég.?r%soro%a%% in the

electrolunlnescent co e 1 nven are usef
fabrication dﬂﬂnrg&heccempc$rtﬂmnn|td$¢@@tid9&ht@@n are well suited for

thermal transfer without additional components. The
thermally patterned MDP/MF devices comprising the
15 compositions of the invention demonstrate performances
comparable to those of devices prepared using conventional
spin coating techniques.
In other aspectg, this invention also provides organic
electroluminescent devices comprising compositions of the
20 invention such as, for example OLEDs, and articles
comprising the organic electroluminescent devices such as,
for example, displays.
In still another aspect, this invention provides a
method for making an organic electroluminescent device
25 comprising the step of selectively transferring. an organic
electroluminescent composition of the invention from a donor
sheet to a receptor substrate,
In yet another aspect, this invention provides donor
sheets comprising an organic electroluminescent composition

30 of the invention that are useful in the fabrication of

organic electroluminescent devices.
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herein: "el ectron-donating substituents" describes substituentsy 1earamn

aromatic ri g whi/e@bseave a negative o Hammett 5 substi t ugddgysadsiBesds

described by Leffler et al.,

Wley and Sons, Inc., p. 172, New York (1963). "polyneric" describes
nol ecul es ¢
nol ecul e" o

monomner - der iA®diseghégregnict s (non-ol i goneric

R A If1QnLk0 or nore nononer-derived repeat units; and 10 "small
r - e

nmeric" describes nol ecules containing no

contai ni ng fewer “EF %@E%Q&Ug%%yﬁ%Je%%at dlggbgfbégl L9OUEf . Cnes

nol ecul es).

conposi ti onsorofart keromanvenkiog whithdewotah neoganive el Bammetum nescent

nol ecul ar

nol ecul

conposi ti onsEqding HEaEPesi bieasi & ket dils | Gaswioee apal yows, (A% .8 ganponent
and/or in the formof a polyneric tertiary

of the charge Transpori matriXx
aromati c am hed.. Newn YPRE ¢4€83bf MF conpositions, the conpositions do not

rliy

15 DE e organic electrolum nescen

RSORS00 T €Lk oL AL s

contain a pol ymerpiyhekakRede 0 YoSiTald 1 8 18GULBNER 1 £ PAPONE NS -mokiee

conpositions of the invention include, for exanple, the follow ng nolecul ar

Definitions As used

Rates and Equilibria of Organic Reactions,

mol ecul es) and nol ecul es

J.

film enbodi megnaer-feridveR reofmE i Wi e a a8¢h- pol yneric eni ssive dopant, a

smal | il ecul e Lepbhar YoRLOPLL Co AN - AU G RA" A8 LEADID A JERITLX 30
conprising a small no e ho t t
el ectron tr anspehinimgt epi mbpofey -deMved agpeiasi ngissnémepod yimmeriem ssi ve

dopant,

15

25

30

a s

ecu e transpo erial and a snmm

rﬁ%fedﬂik%?”&%d molecules containing fewer than 10 monomer-

derived repeat units (oligomeric molecules]).

DETAILED DESCRIPTION _

The organic electroluminescent compositions of the
invention include both organic electroluminescent molecular
film (MF) compositions and organic electroluminescent
molecularly deoped polymer (MDP) compositions. In the case
of MDP compositions, the compositions include at least one
polymer (as a component of the charge transport matrix
and/or in the form of a polymeric tertiary aromatic amine).
In the case of MF compositions, the compositions do not
contain a polymer, but rather only small molecule
components.

The compositions of the invention include, for example,
the following molecular film embodiments: (1) a MF
comprising a non-polymeric emissive dopant, a small molecule
tertiary aromatic amine, and a charge transport matrix
comprising a small molecule hole transport material and a
small molecule electron transport material; (2) a MF
comprising a non-polymeric emissive dopant, a small molecule

tertiary aromatic amine, and a charge trdnsport matrix

nol ecul e



tertiary aromatic amne, and a charge transport matrix - 6 21 MAR 2007 WO
2004/ 099338 PCT/ US2003/ 029007 conprising an electrically inert small
nol ecule and_a small nolecule electron transport materia 1087 vF

conpri si ng a“RA¥Ieric eni ssive dopant, a small nol egﬁ?’gsz"%‘fz%?“éry

~aromatic amne, and a charge transport matrix 5 conprising a small nolecule
el ectron transport material. The conpositions of the invention also include
the fol | owi FPTWEHEEINaRPye Yoped GoilymePeshbstr fbritatequle 2uNDR sBakpri si ng

a non- pol ymen| g LuheSkYEcHPPAMN v o R hafBLegUL eanci efd) af ygaromati c am ne,
and a charge transport matrix 10 conprising a polyneric hole transport

mat eri al and cempralsingnsl e@mmolehmtllcoﬁmnsampo@@pm.era gma ll2kohedDbe

COMPI i Si g a . QN=RQ! YUBLLE; EL2SIYE HAPANLYRq ST, dIRLACYLE L gr ti ary

aromati c am ne, arge transport nmatrix orrpr|5| ng a polymeric
el ectronstr am@msdageal shall 31)olaad\Dla edraprirsnngrdrspomomapelryairi c

em ssi ve dopant, smal | ol ecul e t ar, aronmatic am n and_a charge
transport matrix %gﬁpff’ﬁ’ﬂﬁl%lhonselo ct:hl ?nFﬁ%?t 1;03% ugﬁ’dtgesnal I

nol ecul e el edtdlQBwihgams peshlaEteldopled bélyﬁeNDEmsmmMrﬁ;mg (aynanmppl ymeric
em ssive dopant, a polyneric tertiary argmatic amne, and a_20 charge
transport natquBPrééﬂ'BF’l 8 RGP P hEIar o PR GFAVE deradin a rsﬁﬁéﬁoF‘Plﬁ‘é‘t‘%?l al ;

and (5) a MDR &GRS hPOmA: DO MBhiCa SALS§E VEr AR A cpkymeric
tertlari/Q:arorratlc am ne, and a charge transport matrix conprising a

pol ymer el WﬂSlpﬂaﬁsE®lYm¢mltcehoéle tzenapobE garl er idle @ndokuminaklcent
device can b r a la r
%1#%cﬁ&g QXecgf§£O§QJ#%§%rk n&terfhi! fx 1) p %ONE Qgtﬁgﬁé and

conposi tions of the invention (t gani ¢ layer ween
an anode. V%m—@oliamenucaémlaeamaldoeaanto dhemdkVinel ewilectteohsarar e
injected intq.the organ ey fr%mthe cat hode andcao hal es . are, iarl\j ect ed

into the orgaarﬁ ma‘Itayer %g%lma e G foggoe transport matrix compri
polymeric electron transport material; (3) a MDP comprising

15 a non-polymeric emissive dopant, a small molecule tertiary
aromatic amine, and a charge transport matrix comprising an
electrically inert polymer and a small molecule electron
transport material; (4) a MDP comprising a non-polymeric
emissive dopant, a pelymeric tertiary aromatic amine, and a

20 charge transport matrix comprising a small molecule electron
transport material; and (5) a MDP comprising a non-polymeric
emissive dopant, a polymeric tertiary aromatic amine, and a
charge transport matrix comprising a polymeric electron
transport material.

25 An organic electroluminescent device can be formed by
disposing a layer, or lavers, of a MF or MDP compositions of
the invention (the “organic layer”) between a cathode and an
anode. When a potential is applied to the device, electrons
are injected into the organic layer from the cathode and

30 holes are injected into the organic layer from the anode.

. As the injected charges migrate toward the oppositely

charged electrodes, they can recombine to form electron-hole

pairs, which are typically referred to as excitons. The



As the injected charges mgrate toward the oppositely charged el ectrodes,
they can reconbine to formelectron-hole pairs, which are typfzaa{ARy007
referred tovaswex@oizsns. The - 7 21 MAR 2007 WO 2004/ G89338003/029007

PCT/ US2003/ 029007 regi on of the device in which the excitons are generally
formed can be referred to as the reconbi nation zone. These excitons, or
excited stateegpecies, tiA@etitt enelgich nHhexdiebmsohrki gbhedsy they decay
back to a ground state. 5 Charge _Transport Matri x The organic

el ectrol um nEQERFE VMR FELEREOI LIRS SHf SRSCHRIBBRPPR sEORC chafRese
transport mabgéXeGPIdiSidxgidba Seast ana iRlLcihanehhansnerty et erial . The
charge transport 10 matri x can optionally contain other conponents such as,
for exanpl eformlaf thigfidpast thay ed¢ed s bagdditd éngroepdcsEadhe- t ransport
materi alks, electrically inert polynmers or small nol ecules, hole injecting
materials, electron injecting materials, and the |ike, and m xtures

t hereof. 15 Ghaxde giranspeggoMatmikerials are materials that facilitate the

injection of elecgtrons into the organic |ayer. and their m tion toward
t he reconbi nat i oﬁf}}eonoéga@llgcfe%ﬁtr‘?f S IO LR e V< i LS é%%sa‘?égtlé%t as a

barrier for iheepassageonmpiribel eschardd e caidpade, mat rdRsesepri 2thdsamot ed
above, electron transpart materials that are , useful in the conpositions of

the inventi oh®dsh P& SISFEFONpbFIRTRTT SR LFFHAP0l yhBFi ERREFRI FrFHTRAUM es) .

Usef ul 1@l ect 90 {:f ansP It iBALY IR Sohtied AR HeXadbagBhent § 08Lah Ag Aand
triazol e-contai ning polyners. Representative 25 exanples of useful electron

transport poP¥dfRke i MllisdEraRaaPay drelacida niefdipdPyel eelest{dr exanpl e,
n NNV transport materials, electrically inert polymers or small
molecules, hole injecting materials, electron injecting
materials, and the like, and mixtures thereof.

15 Electron transport materials are materials that
facilitate the injection of electrons into the organic layer
and their migration toward the recombination zone. Electron
transport materials can also act as a barrier for the
passage of holes to the cathode, if desired.

20 As noted above, electron transport materials that are
useful in the compositions of the invention can be either
polymeric or non-polymeric (small molecules}).

Useful electron transport polymers include oxadiazole-
containing and triazole-containing polymers. Representative

25 examples of useful electron transport polymers include

oxadiazole-containing polyolefins (for example,

N-N
1N
o oo
R
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C(CH3)3(t-Bu) (PBVO as described by Jiang et al. in Chem N%t:ﬁ"ﬂég’ 2542
(2000)), coq%ugated ,Polyners conpri sing oxadi azole units _in ¢H oq mer
backbone (fOf *E¥4Mit%, n-act-00 N \-N 5\ n (0PO PPACHESHELYhed by
Meng et al., Macronol., 32, 8841 (1999)), conjugated polyners conprising
oxadi azol e units_pendant to. the conjugated backbone (for ex§pple,

copol yners of =oRadFB43) AR 17e frd CHG - GY? e AEPYRE R oS3 bedahil ¢ CSH,
CZ-0 HCeHn CellangNe€ &t C $h HerdinMa©eiN, 102 OCGHD (@Rl0) ) , CoRjudhQddl CBHLT70
(ODP2) - 9 21 MAR 2007 MO 2004/099338 PCT/ US2003/ 029007 8 17 8 ] J CSH'
C8 H17 N QoﬁyﬁerﬁkﬁomﬂﬂﬁsRBQAﬂxaQEBFE#e(fogﬁ in the polymer backbone

{for example,

5 n  {(OPO-PPV)
as described by Meng et al., Macromol., 32, 8841 (1999)),
conjugated polymers comprising oxadiazole units pendant to
the conjugated backbone {for example, copolymers of

oxadiazolyl arylene and fluorene such as, for example

10 a7 (ODP1)

CeHyy (ODP2)



and the like, as described in U S. Patent Application Serial 5 @@¥ @ titled
"El ectroactive Polyners" bearing attorney docket nunber 57906@Sb ? ed on
even date MNeQap#/099338 Preferred el ectron transport pol ynReEUS2AEI0He7

copol ynmers of oxadi azolyl arylene and fluorene such as, for 10 exanple,
ODP1, ODP2, and ODP3. Representative exanples of useful electron transport
smal | nnlecules i ncl ude oxadi azol es such as 2-(4-bip
5-(4-t-butyl phenyl)-1, 3, éﬂoxagpazole (PBD ‘
but yl phenyl ) -1, 3, 4- oxadléz /I )|berzene
1,3,5-tris(5- (p oct
2, 5-bi s(1- napht hyl 7 ql e (BN, S35 Ncuel M as starburss and
dendrineric derivatves of oxadiazolesc,g$ee°‘fo? ‘'exanpl e, Bettenbhausen et
al ., Synthetic Metals, 91, 223 (1997));YN-substituted triazole derivatives
such as 20 3-(4-bi phenylyl)-4-phenyl - ert-butyl phenyl)1,2,4- triazole
(TAZ), as well as starburst and dendri derivatives of triazoles; netal
chel ates such as tris(8- hydroxyqui nol atdy al um num (Al g3) and bi phenyl ato
bi s(8- hydroxyqui nol at o) al um num (BAI q); @nd,ot her conpounds 25 described in
C.H Chen et al., Macronol. Synp., 125, 1 (1997), and J.V. G azul evicius et
al., "Charge-Transporting - 10 2 1 MAR 2007 WO 2004/099338 (ODP3)

PCT/ US2003/ 029007 Pol yners and Mol ecul ar d asses, " Handbook of Advanced

El ectroni ¢ and Photonic Materials and Devices, H'S. Nalwa (ed.), 10, 233
(2001); and thea th&elao, m'sxtiusesibhar mfu.sPrrasftemtedp@Il&catﬁ)@ntsans@Drt

smal | rny ecul es include PBD, transport,materials are

CPCE and TAZ. il
mat eri al’s t hdP- faf++++fﬁe?“9?ﬁée§nj§ ?FBﬁo%ﬁt¥ﬁﬂeﬁ9HMW§ﬁFth ®ahiRR into the
organi ¢ | ayeattaped Bddkdt aabeenst ovendodher e Rakhonagene. The

herewith) .

Preferred electron transport polymers include
copolymers of oxadiazolyl arylene and fluorene such as, for

10 example, ODPl, ODP2, and ODP3.

Representative examples of useful electron transport
small molecules include oxadiazoles such as 2-(4-biphenyl) -
5-{4-t-butylphenyl)-1,3,4-oxadiazole {PBD), 1,3-bis[5-(4-t-
butylphenyl)-1,3,4-oxadiazol-2-yllbenzene (PBD dimer),

I35 1,3,5-tris{5-(p-octyloxyphenyl)-1, 3, 4-oxadiazol-2-yl)benzene
{OPOB), and 2,5-bis{(l-naphthyl)-1,3,4-oxadiazole (BND)}, as
well as starburst and dendrimeric derivatives of oxadiazoles
{see, for example, Bettenbhausen et al., Synthetic Metals,
91, 223 (1997}); N-substituted triazole derivatives such as

20 3-(4-biphenylyl)-4-phenyl-5-(4-tert~butylphenyl}l1,2, 4-
triazole (TAZ), as well as starburst and dendrimeric
derivatives of triazoles; metal chelates such as tris(8-
hydroxyquinolato} aluminum (Alg;) and biphenylato bis (8-
hydroxyquinolato)aluminum (BAlg); and other compounds

25 described in C.H. Chen et al., Macromol. Symp., 125, 1

(1997}, and J.V. Grazulevicius et al., “Charge-Transporting

- 10 -



conpositions of the invention conprise at

am ne of three specified categories (described

, Which is a hole transport material. The charge transgort mat ri x,
|l e

i nfra)

however, can"OlYtdt’ ¥ other hole transport materials, ifFCHYS

EPI0000

| east one tertiary 10 aromatic
supra and, injmmgeppetail,

transport materials that are useful in the charge 15 transport matrix can

be either

pol ymeric or non-polynmeric (small nnleculegg hol e transport
materi al s haFCAYTPEF a2y MY ehilgh iCdRicZ&Ei ontl

than about 54 cc@VhniSUbddbhit @i MaRBSRAIE RRLYPBS ScdNCIH
20 materials

, I ex -Vi nylcarbazot e)

pol y( 9-vi nyl d&dbazole. d¢ pheRAMHN nesCy tBRe} 18 pahy ek =t g tbhRASP L . and

pol ystyr ene- g plaenyLATL QN MPNS LAPALYTERa1 { P PEAS) e A1 plipef e 1 ed

hol e transport polyner. Suita ol'e transport snma nmol ecul €s i n¢l ude,

25 exanp e,
4,4'-bis(carbazo|-§-y

y hi gher
de hahgat ransport
PVK) ,

for

_ dgPaBy| amiinBAZnd triaryl am ne derivatives such as, for exanple,
NN bi (3 ety eyl d Nl e BLaCphen! Moeng gLpe (TR faciivare

prreny

4,4' 4" -tristher hazett Doyl 9f tHdlphedybanthe ahddd Antditer axampkesaiysel ude
copper phthal ocyani ne %(MF(?.SO and conBounds such as those des;ribed in H
Syht RETT T -

Fuj i kana et &Pd th

It dovarg theeifI9e TR iy FAPS -G &

P.  Strohri eglompo6hal §es T ansRorithRe tRehy FBhSr a8d M| rudonOassesry
Handbook of Advanced El ectronic and Photonic - 11 21 MAR 2007 WO

2004/ 098338 PCPMES2003MDPD00Y thvigeesParifand orivegesieH Gesgliked(ed. ), 10,
233-274 (2001), 2 the, 1] hXt Y h d nsport
. ecu&prang (aaefnT ng&gengﬂ%%?&_, Hh??a?}, ehePln I ef ef1ed hahepbra

smal |

conpri se el evptecakly Bhe rdargsoltyresypoor sabllx noteeres. caBl ectrical ly

inert"

arge transport matri x can

mat el ahs s 8L Co RLSTA S crlnlibel LR DetyPeLliNgq.

15

25

30

Hole transport materials that are useful in the charge
transport matrix can be either polymeric or non-polymeric
(small molecules) hole transport materials having relatively
high ionization potential (typically higher than about 5.4
ev) .

Suitable hole transport polymers include hole transport
materials such as, for example, poly(9-vinylcarbazole)

(PVK), poly{(9-vinylcarbazole-diphenylaminostyrene) copolymer
{PVK-DPAS), and polystyrene-diphenylaminostyrene copolymer
({PS-DPAS)Y. PVK is a preferred hole transport polymer.

Suitable hole transport small molecules include, for
example, diarylamine and triarylamine derivatives such as,
for example, N,N'-bis{(3-methylphenyl)-N,N'-
bis(phenyl}benzidine (TPD), 4,4’'-bis({carbazel-9-yl)biphenyl
(CBP), and 4,4';4“—tris(carbazol-9—yl)—triphenylamine
(TCTA) . Other examples include copper phthalocyanine (CuPC)
and compounds such as those described in H. Fujikawa et al.,
Synthetic Metals, 91, 161 (1997) and J.V. Grazulevicius, P.
Strohriegl, “Charge-Transporting Polymers and Molecular

Glasses”, Handbock of Advanced Electronic and Photonic

- 11 -
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material's highest occupied nol ecular orbital (HOMD and |owest unoccupied
mol ecul ar orbital (LUMD) is sufficiently |arge enough that nepthgRr 2007

el ectrons newo od@ssxsan be 10 efficiently injected into pdeusméareml from
typical organic electrolum nescent device el ectrode materials such as

i ndiumtin-oxide, alumnum calcium and the like. Electrically inert
materi al s typacatiylhausi amevimn'szaﬂi en N@M&ntéda.l) hi_@hemBhamabmﬂnG 0Oto
about 6.5 eV and electron 15 aff mty{) ifb d20to about 2.5 eV.
When i ncor pofRf eds M RET Aarge it b ?re%ﬁ ec ity PR&Pt “POPSARTS and
smal | nol ecublsl f uistean & iimetubly¥ @sp omddmrTAmterial, doing little to
assist in the transport of charge carriers. Exanples of suitabl e

el ectrically iner? ?@W%F@n?ﬁemd’éabﬁ’r’%‘ﬁﬂ é’r?é“prﬁéleyétlﬁél;?)lcally

pol yacr yl at esnapd »PAIETR! RACEYLERE C301 BOLYER bomqte%%meghxyvm&tv
napht hal ene) , dpthe 't ke and m xtures thereof. Exanples of suitable

el ectricall ym«iiﬁ@xxa@r&?lﬂe meltecaheés incvibeh dhe aeceetweghenhat hr ene, and
1234 tet T gohenvly | Foxel 0Nt adi e P8l fo ) N aRBOublaopRi L et 11 X

contains a polyrm hargé transpor rises a second
pol ymeric nﬁcbteeéstalurmdmxplteldamoaepollgr m:ﬂaltaﬂr efién@ab| v s shéfchbengely

transport matrix does not ntal mde (that s, preferably, the

charge transpdt¢® r’r"?ﬂcf‘}g{gl aflﬁéggﬁfygg CReE %% PSEREr CRR % pol yi mi des) .

The chdoge téﬁﬂﬁ@mﬁtl@hﬁijkcﬁ:éﬂ ahse erapfatse- il Eromnjteptital oBgfial s such

as, for exarrpl e por inic caonpounds_|like r phthal ocyani ne (CuPc) and
b 656996079

zinc - 12 2=ieqprebutpes@ensodar 599388 Eeg h#hal ocyani ne;
el ectron inj egding- vBl-&xides amﬁmlﬁﬁm,f@ﬂcﬁmmr@ t@kkakkge metal conpounds
conprising at least one of Li, Rb, Cs, Na, or for exanple, alkaline

met al oxi desEbeCt@l%‘éllllyhéthama§a¥%@1§u‘éFPJaFéall}lYZ avesap, 16RiZAN@ or met al
potential higher than about 6.0 to about 6.5 eV and electron

15 affinity lower than about 2.0 to about 2.5 eVv.

When incorporated into the charge matrix, electrically
inert polymers and gsmall molecules function primarily as
binder material, doing little to assist in the transport of
charge carriers. Examples of suitable electrically inert

20 polymers include polystyrene, polyethers, polyacrylates and
polymethacrylates, polycarbonates, poly({vinyl naphthalene),
and the like and mixtures thereof. Examples of suitable
electrically inert small molecules include anthracene,
phenanthrene, and 1,2,3,4-tetraphenyl-1,3-cyclopentadiene.

25 If the charge transport matrix contains a polyimide,
the charge transport matrix comprises a second polymeric
material other than a polyimide. Preferably, the charge
transport matrix does not contain polvimide (that is,
preferably, the charge transport matrix contains only

30 materials other than polyimides).

The charge transport matrix can also comprise hole
injecting materials such as, for example porphyrinic

compounds like copper phthalocyanine (CuPc) and zinc

- 12 -



5 fluorides such as LiF, CsF), as well as Si 2, A1203, copper
pht hal ocyani ne (CuPc); and additives such as, for exanple, H&@g@ljeri ng

fillers, s (preferably with a partlcle siz 10 nm
and 100 run) (Pg{!()%%é&m ng hi gher outcoupling of Iight :%‘gﬁé

uniformty, cross 10 Ii nk| ng agents, tackifiers or plastici zers and
quenchers | et _oxygen and simlar reactive .cqnpou s E

Dopaht The cBhﬁﬁ@?g?%ml T HET OB AR BRI EE AP qlseﬁg FRoRR %r
non- pol ymer i exefbse| VLl KWPaY mdvan- pohpoende ammsisieg depashstthied o e
useful in the organl c el ectrolum nescent conpasi t| .ons of ghe i nvention

i ncl ude 1 uoléscBRt ahd Nphd¥phor'é Q€ eAFATRT 21 H ARV D5 BEFRGr 8¥TLFH )OS nal |

ol ecul e enktiigl $né hateAr s Lapakhenohiseniid,i g, 6 AdbAatdien oM dhifea120 | arge
range of wavel engths (preferably, from about 250 nmto about 800 nm nore

preferably, flvaradesitsSudD é}ﬁnLtW ab6lt - 790791 )2s FrifrerabiQy; ¢omper
non- pol yner | Bh%H%%JP‘/&nﬂ?@a(‘H Vﬁnda %&Hu}éé & dh akoutk 10z % onds to
about 10-2 séecon ou

nmore preferab out” 10"9 seconds to 10. 4
seconds) and lagBE scmttmmoﬁaldrmm unaywmwml@odmeﬁ%rabliw%m ror e

preferably, ut . O%to eule ef in. the
i nvention ar pre rab y se etnea rgmﬂrjm ecul}danl] %fn er§ dglr“lh\l/%lchrom

fl uorescent p@byancb@womhbfgcwfl l¢garyhedeemitk i3t hetépoat vl eneross-
derlvat Ves, sphorescent cycl.onetal |l ated chelate conplexes of Ir(l111),
1| T 0 G AR RO SSET i TRk B b s S A oy SBBe A SRHeTSt 6
conpl exes Of foZN§ihgd1 @nNth:Alddd laha 5ih31a M3 001933 @0dndsMAR 2007

PCT/ US2003/ 029007 Exanpl es of useful fluorescent pol ynucl ear carbocyclic

arylene emtters include nol ecul es derived from peryl ene,
benzo[ g, h, i | pai ¥ £Pe, p&BHAY acene, pyrene, decacycl ene,

The compogitions of the invention comprise at least one

15 non-polymeric emissive dopant. Non-polymeric emissive
dopants that are useful in the organic electroluminescent
compositions of the invention include fluorescent and
phosphorescent {preferably phosphorescent) small molecule
emitters that are capable of emitting radiation within a

20 large range of wavelengths (preferably, from about 250 nm to
about 800 nm; more preferably, from about 400 nm to about
700 nm). Preferably, the non-polymeric emissive dopants have
a half-life of about 107° seconds to about 10? seconds (more
preferably, about 107° seconds to about 10! seconds) and a

25 luminescence quantum yield of about 5% to 100% (more
preferably, about 50% to 100%).

Small molecule emitters useful in the invention are
preferably selected from molecular emitters derived from
fluorescent polynuclear carbocyclic arylene and

30 hetercarylene derivatives, phosphorescent cyclometallated
chelate complexes of Ir{IIT), Rh{III), Os(II), Ru(IlIl),
Ni{(II} and Pt(II), and flucrescent chelate complexes of
Zn{IT) and AL(III).

- 13 -



fluorene, and 2,5,8,11-tetra-t-butyl perylene (TBP) 5 Exanpl es of useful
fluorescent polynuclear heteroarylene derivatives include nol equl gs #eri ved
from coumaWhogewedssas 10- (2- benzot hi azol yl) -2, 3, 6, 7- t SRCTAS2A3829007
|,1,7,7-tetranet hyl - 1H, 5H, 11H [ 1] benzopyrano[ 6, 7, 8- i,j]lquinolizin-1I-one

(al so known as Coumarin 545T), 3-(2 10 -
benzot hi azol yl ) - 7exhngillvd afi neebubhaf luoiad sntk podgnaslefoutarbocytliand \
3-t hi ophenyl - 7- pet hoxy.counar i.n;,: a(gd r’rPI ecul es, derived from t)ré'c clic '
pyronet hene BFEESEETHE STt FPCLRARPTIR: ST HSEe AFEL¢F HEETFnPEE 5Bt ent  Nos.
4,916, 711 (Peyes[fth,dllpergnend, 18t W2 (Boy @yyreheal dpcadbcExnapl es of
useful phosphorescent cyclonetallated chelate conplexes of Ir(lIIl),
RA(111), Os(Ftyorsrg. 1and énérBPE%rF?t%“%‘c‘?‘lRiJe?Yr?aeég’EFE? 48BFYed from

phosphokescent  organongt alel Leekud! F1dddddoerds FRNyhLEL arL1L21I T (111)X,
L'L Rh(PET)X, LI Os(T1) Y, L LoRu(IT)Y, L L2Pt(I1) conpounds 20 where L1 and .

L2 can be thbetarrantlajief feranativiesabtr jusds cudrg deeivedi bpan|y

substi t ut ed I ed bk dent g i fi _2- &l znap oxazol e,
2- phenyl benzgéé‘gljtz\o: e,s'a Aﬁ%ﬁ%ﬁy?@e%g%%za#gﬁe, ygﬁe%?bghgi ?n&ggé%$§g7, 8
benzoqui nol i he}, pHermdtpymetdhpé - 1HebiZ ot HH-eilylihygyziopymenod6, 258 -

nmet hoxy- 2- phen ridi.ne i enyl i di.ne, tolylpyridine; is,selected
fromthe gr ohpyL(g“Y I}Ocsjjtlizﬁa_g?_%ét ?/%g%oetkonr?a‘{‘fne as{&%é&“?,rm 548T) ;37 %‘

hexaf | uor oackéyteuteiaprale,) -3ali 6 yhy U@nhodag@lrihat @l soakRflown as

8- hydroxyquinolinate; and Y is selected fromcharge neutral chelating
conpounds sugﬁ”%rld’ptq)ona"fnfiy3§EB§‘PP}P‘EH3QJ73(TE&§HOWEPFW@§1N pR&nat hrol i ne or

bi pyridine. kisefaliesCelraebiaklahedrddfdililo mat8eder ayati ¥eshide) ude
those, described in WO 0070655 and WD 0141512 Al, and usef ul

cyl conet al | afed emde. chopaceddesyerd vids U el §@éepholes. 44°19 11hpR 2007
WO 2004/0993g§3§£JQMS%QQS/938097189?@§§i&53}érne9-§1.?@tent Appl i cation
Serial No. 09/935, 183

15 Examples of useful phosphorescent c¢yclometallated

chelate complexes of Ir(III}), Rh{(III), Os(II), Ru(II), and

Pt{II) include molecules derived from phosphorescent

organometallic LY%Ir (III), LYRh (III), L'L2Ir(III)X,

L'L°Rh(IIT)X, L'L?0s(II}Y, L'L’Ru{(II)Y, L'L’Pt(II) compounds

20 where L' and L? can be the same or different in each instance
and are optionally substituted cyclometallated bidentate
ligands of 2-{l-naphthyl)benzoxazole, 2-phenvylbenzoxazole,
ijhenylbenzothiazole, 2—phenylbenzimidazole, 7,8-
benzogquinocline, phenylpyridine, benzothienylpyridine, 3-

25 methoxy-2-phenylpyridine, thienvlpyridine, tolylpyridine; X
is selected from the group consisting of acetylacetonate
(acac), hexafluorocacetylacetonate, salicylidene, picolinate,
and 8-hydroxyquinolinate; and ¥ is selected from charge
neutral chelating compounds such as optionally substituted ‘

30 derivatives of phenathroline or bipyridine. Useful
cyclometallated Ir(III} chelate derivatives include those,

described in WO 0070655 and WO 0141512 Al, and useful

cylcometallated 0s({II} chelate derivatives include those

- 14 -



filed August 22, 2001. Platinun(ll) porphyrins such as octaethyl porphyrin
(al so known as Pt (CEP)) are al so useful. Exanples of useful fl Orﬁiiﬁﬂ
i s(8-

hel at 5 zn(!11 d Al(I1] | ud |
ARSI ol SR PRV R Sk er L06 A

bi s(2-(2- hydroxyphenyl)benzothiazolate) zinc(ll), bis(2-(2-
hydr oxyphenyl ) - 5- phenyl 4- oxadi azol e), zinc II and_10 bi phenyl ato

3
bi s( 8- hydr oxyRAGHE 0 B Hn$ nufR {BA &’?pplt’ﬁ@f'ﬁ? {Fcﬁ]esl‘lféntogzﬁ3(3l' $3chel at es

i ncl ude t hoser dese ?@@ltbyz Toka1 0 &h1 adli numPYNf hedighMelrd suchliz112, 393
(2000) and in WD 01/39234 A2, Useful Al (I11) chelates include those

descri bed i n WRethytleRPrYRBY T 57 2058, S¥3FNEKEK AT aP B OB ). ) 2118 apser ape gl -
em ssive dopants @&%&#Q@sbbﬁ &géﬂﬁh%QﬁBQﬁ th@aéH &%hxmplexes of

iridiun(lll)acetylacetonate ry, bis- benzo( i enyl pyri di nat o-

N, C2r)irbdi urgd (IHI))a@aﬁyRéééIbhaxrs:I(UBlEPk:p)nplbxss(wclﬁ as bis(8-

dlfluorophenyh) r|d| 195 N, . C2’ |r%g|q?1 ﬁll) pi colinate 20 (Flrpic),
2-

2,5,8, 11-t et ra-t le pe(r:’illze}lréc

benzothlazolyhkhimﬁpabhyhahtmmmxnﬂnmau&)(emunnrrn, ®is (Detzaet hyl porphyrin
(PtOCEP), and netgene r567 va|Ia fron1 ton I nc.

Daught on, ﬁy@&ﬂﬁ?? FBY S ?%ﬁéégh 8t% péﬁ?g 5% dphor escent 25
PPIr, BTPIT, }Wﬁicﬂybﬂleﬁyﬂ_efaIlblaér)&lArqumHL@xéﬂlﬁlﬁoir@Ytiﬁ{c}’(mof@hﬂC am nes

conprlse three organic groups directly bonded to a single nltrogen A cl ass
of hol e 180 t rRAIRSEVLRRG Pé?ﬁ?%ﬁ%ﬂﬁﬂﬁﬁﬂﬁﬂpélaﬁPh%%uW+EHm| AMgaful Upgtul

conposi tions ofdgceRvenhi opr( hataid %ftghclﬁééegﬁ6§é(ééscrﬂﬁ%ﬁtery aromatic
am nes) includes tertiary aromatic am nes wherein at |east one of the

organi ¢ groupkekidmpeitsed -a Synshetic] MggRr1200¥11 W3 2004 09GP9E) and in
PCT/USZOOB/O%&Q% 1/39234 a2. TUseful Al(III) chelates include thoge

described in U.S. Patent No. 6,203,933 (Nakaya et al.).

15 Preferred emissive dopants include bis-(2-
phenylpyridinato-N,C?' )iridium(IIT)acetylacetonate {PPIT),
bis-(2-benzolclthienylpyridinato-

C?)iridium(III)acetylacetonate (BTPIr), bis ((4,6-
difluorophenyl)pyridinato-N,C? )iridium{III)picolinate

20 (FIrpic), 2,5,8,1l-tetra-t-butylperylene {(TBP}, 3-(2-
benzothiazolyl)-7-diethylaminocoumarin {Coumarin 6},
octaethyl porphyrin (PtOEP), and pyromethene 567 (Pyr567)
(available from Exciton Inc., Daughton, OH}.

Most preferred emissive dopants include phosphorescent

25 PPIr, BTPIxr, and Flrpic.

Tertiary Aromatic Amine

Tertiary aromatic amines comprise three organic groups
directly bonded to a single nitrogén. A class of hole-
30 transporting tertiary aromatic amines that is useful in
compositions of the invention (hereinafter “category {1)~”
tertiary aromatic amines) includes tertiary aromatic amines

wherein at least one of the organic groups comprises a

- 15 -~



substituted phenyl group having an el ectron-donating substituent in the
para-position or two independently selected el ectron-donati ng ﬂy@@@qtuents
in the net aw@omibiopsas, each el ectron-donating substit uepdr/eossn:
substituent other than a heterocyclic substituent directly bonded to the
phenyl group by one of its heteroatoms; the amines being optionally further
substituted, shut e Pl dedVghny8! s%ﬁﬁnh&l@mg 0 SeksbhugbhaciRypreferred
class of category (1) tertiary aronmatic 10 amines can be represented by the
fol | owi ng geferatifusiiuligs theRpaga-FoR N 9r Nwe ondppemdeptBy R3 R2

(1) aher el e packeRletet.c: AdeRBAde s ye el @Rl oR) hg Acoup 1S consi sting

of al kyl,
het er oar yl ,

of alkoxy,

cycl oa

kenyl , cycl oal kenyl al kynyl , cycl oal kynyl

(1)

aryl,

andltxnnﬁ.n&ﬁﬁhnglecheoeodomatwnqnanhﬂuetueyclbaikglasubst|tuted
al kyl gloups ch R2 in n te [ t he, grou Qnsi sting
gu st qtﬁﬁ gﬁgg ge%%%gk%f éﬁ? %UL ng 6n6 élr 91

ar yT oxy; " aryrt am no,

anlno

and

conbrnatronsbbﬁmﬁdxﬁo(ﬁhm'pakagmlgroa@k@wyxusuhsumkuhedeabat@my,gﬂﬁups) and
i ndependent selected fromthe group consisting of hydrogen,

al kyl, cycl 38t ??cL qggﬁ?Fl°E§i$%a£ é%ﬁ %ﬁ%ﬁfﬁfpf gycPBEI%? |Wit qbryl and

conbrnatronselggﬁﬁgﬂ ddret ieyaBnbetr i ey&h©al Kyl 25 substituted al kyl groups)

each Rl is an independently selected aryl group; each R2 is an

i ndependent |y sel®dtesaf edrgfy FaRFR0CL FdERICANd ldatRT RBaFY FFeeberfdent | v

each R3 is

Preferably,

sel ect g¢ frogpihes WU ¢@RSESLLPG Oby el agan aRdgabkYbralbiormulas:

15

20

25

R
R1 R‘ 2
~
)i R, \/N
R1 R R1 R
3 R 2
(I) {II)

wherein each R; is independently selected from the group
consisting of alkyl, cycloalkyl, alkenyl, cycloalkenyl,
alkynyl, cycloalkynyl, aryl, heteroaryl, and combinations
thereof (for example, c¢ycloalkyl-substituted alkyl groups);
each R; is independently selected from the group consisting
of alkoxy, aryloxy, alkylthio, arylthio, dialkylamino,
diarylamino, and combinations thereof (for example, alkoxy-
substituted aryloxy groups); and each R; is independently
selected from the group consisting of hydrogen, alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl,
aryl, and combinations thereof (for example, cycloalkyl-
substituted alkyl groups).

Preferably, each R; is an independently selected aryl
group; each R; is an independently selected diarylamino
group; and each R; is independently selected from the group

consisting of hydrogen and alkyl.

- 16 -
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2 1 MAR 2007 WO 2004/099338 PCT/ US2003/ 029007 More preferably, each Rl is
i ndependently selected from the group consisting of phenyl andZFMﬁ@b%5;

each R2 is J ntly selected fromthe group consis
di pheny! ani A*t’)‘?g‘ﬁr?’gﬁgﬁw - N (3- net hyl phenyl ) ani no, and di (Iﬁéﬁg%z(a&’“”““

but yl phenyl )am no; and each R3 is independently selected from the group
consi sting of hydyogen thyl, n-bu , .and t- butyl.. Representative
exanpl es of cat sgUPSe (455 Terat iy SAr b acie RAFRELCPREMIGR 1R 1o a8 \ |
V' 1\ H N tNe ghbup doMbNdidg BF bheny1\ ahdMitdll/ eadh Rz, idN O "N\ \
17 21 MAR 2007 WD_20041099338 PCT/ US20031029007 n-Bu n-Cc[ _\1 \ / n-Bu
n-fit N - n-BGOEPERRARRE}Y /Sqlggted from (he 9TPuUR 9ORSIBERMOEct  n-Bu Oct
n-Cct n-Oct Gibhdh{1dmind, N-ghekl 1B -hetN1phdn N ) amino, and di (p-t-

5 butylphenyl)amino; and each R; is independently selected from

N
1

the group consisting of hydrogen, methyl, n-butyl, and t-
butyl.

Representative examples of category (1) tertiary
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n-Cct / A\ / ON/ n-Ct n-Ot \ 5 MO OV Ph2N NPh2 ou,N 0 O

MeOW Ph2N NPh2 \ V' \ ( N\ I MO\ | N\ I Ove/ Ove " / \" \ZHMARZUIJ?H
\L 1"\l Meokoowkdesss N N /1 /1 | 1 \ \ Conme OOV 18 2PCTVARIZEGIPT WO

2004/ 099338 PCT/ US2003/ 029007 \ N 90- Ph2N\ I N\ | NPh2 / \ Ph2N NPh2 \ |
NI / N\ I / V' / \' NN NPh2 NPhz A second class of hole-transporting .
tertiary aromatic amnes et is useful in conpositiong of the invention 5 )

(hereinafter "categary " tertiary aronmatic am ne ifcl udes tertiary

aromatic am ne§%h@[ | east two of thea n| roups each conprise an

i ndependently sel ected ubstituted biphenyl stituted fluorenyl group
ﬁ

havi ng an el ectron-da ing substigpent in the p position g}% its 10
term nal phenyl ring; Bsti

am el ng optionally t her ‘ tuted, but

only with el ectron donajN tuents. A prefer me@a@of category (2)

tertiary aromat Q N ~
n-Oct—@N

n- Bu
Bu n-Oct

n_Bu n-Oct

n‘oct\O\N Q/n-Oct @_N @.@

- O
ggg @ @Q
e

n-Oct

n- Oct

N NPhy

8 .
Q |

FPhz

MeO OMe thN

sU<IReVs Sl <V n
QA0 VO 000"
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am nes can be represented by the follow ng general fornulas: R? RR R 6 N
. RRRREgs NRs RER6 RT RE6 5R6 R5R6 RI15 (IIl) (1V) ﬁlﬁé
2007 WD 2004/ 099338 PCT/ US2003/029007 RR R _ I\NRs RS Rs U5 (V)
wher ei n eachHVR2001493¥dependent | y sel ected fromthe grouppcﬂﬁﬁ@ﬁﬁﬂﬂﬂa of

.al kyl, cycloal kyl, al kenyl, cycl oal kenyl, 5 al kynyl, cycloal kynyl, aryl,

het eroaryl, and conbinations thereof; each R5 is independently sel ected
fromthe group consi st j of al koxy, aryloxy, alkylthio, arylthio,

di al kyl am no, di aryl am_RQ and conblnatlonsp;per of ; each 5@ IS

i ndependently s¢g te-iﬁmon1the group consi st 1 drogen al kyl ,

cycl oal kyl alke oal kenyl, al kynyl, cy , aryl, and

conbi nati ons t ereof\\and cach R7 is |ngeHendent y Isel ect ed fron1the group
consisting o ydr n, @@ cycl oal kyI2 eny c Byl , al kynyl,
cycl oal kynyl 7 ~ady CBuTNEL | ons thereof

A second class of hole-transporting tertiary aromatic

amines that is useful in compositions of the invention
| 5 (hereinafter *“category (2)" tertiary aromatic amines)

includes tertiary aromatic amines wherein at least two of
the organic groups each comprise an independently selected
substituted biphenyl or substituted fluorenyl group having
an electron-donating substituent in the para-position of its

10 terminal phenyl ring; the amines being optionally further
substituted, but only with electron-donating substituents.

A preferred class of category (2) tertiary aromatic

amines can be represented by the following general formulas:

15 (ITIT) {IV)

._19__



15 Preferably, each R4 is an independently selected aryl group; each R5 is
an independently sel ected diarylamno group; each R6 is indepengempR 007

sel ect ed fr ovo tdogowsxygup consisting of hydrogen and al kyper/asdogacdyR7 i s

i ndependently sel ected fromthe group consisting of hydrogen 20 and al kyl .
More preferably, each R4 is independently selected from the group
consisting of phenyl ancamtalyl; RS is independently selected fromthe
group consistinggpof di pher | Ani no, N-phenyl - N- (3- net hyl phenyl ) ami no, and

di (p-t 25 butyl phenyl h,R6 is independently selected fromthe
group consisting_of h ¢{o] f-tﬂyl, n-butyl, and t-butyl; - 20 2 1 MAR
2007 WD 2004/ 09 / US20P3/ 029007 and each R-, is independently
selected fromt feoup® consi*sting of hydrogen, nethyl, n-butyl, and octyl.
Represent ati ve_gxanptes of category (2) tertiary aromatic am nes include: N
N) /" /17 1T/ NV)Y\VI NN\ 5 Athird class of

g tertiary aromatic amnes that is useful in conpositions
of the invengionR/(hereinafter "category (3)" tertiary aromatic am nes) 10
includes tertiary aromati c am nes wherein at | east one of the organic
groups conprises a fused polyaromatic group and at |east one other organic
group conprises a substituted biphenyl or substituted fluorenyl group
having an elgedronr demaki N SHedddddrAk 1iNsthecPasar PASI dHeOyfup t'S

term nal 15 phenyl ring; the am nes being optionally further substituted,
but only wi t®rRdiedtinghodordkyhg SYdstdtient £1kenygr eFEELedlEess of category

(3) tergiaryaﬂ&ﬂﬂﬁki%ycloalkynyl, aryl, hetercaryl, and combinations

thereof; each R; is independently selected from the group
consisting of alkoxy, arvloxy, alkylthio, arvlthio,
dialkylamino, diarylamino, and combinations thereof; each Rs
is independently selected from the group consisting of

10 hydrogen, alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, and combinations thereof; and each R; is
independently selected from the group consisting of
hydrogen, alkyl, cvcloalkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, éryl, and combinations thereof.

15 Preferably, each R; is an independently selected aryl
group; each Rs is an independently selected diarylamino
group; each Rg is independently selected from the group
consisting of hydrogen and alkyl; and each Ry is
independently selected from the group consisting of hydrogen

20 and alkyl.

More preferably, each Ry is independently selected from
the group consisting ¢f phenyl and m-tolyl; Rs is
independently selected from the group consisting of
diphenylamino, N-phenyl-N-{3-methylphenyl)amino, and di{p-t-

25 butylphenyl)amino; each Rg is independently selected from the
group consisting of hydrogen, methyl, n-butyl, and t-butyl;

- 20 -



am nes can be represented by the following general fornulas: Rtz Riz RO ~N
Rio RO\N RL0O R8 All Ru Re A11 Rn 20 (VI) (VIl) - 21 2 1 MAR %%ﬁ 20¥0
20041099338 ﬁg%g%%gg/ 029007 wherein each R8 is a fuse(% g/ ¥§r/omat| o
group; each 'S ependent|ly selected fromthe group coms @?Pz’ﬁ’&mof

al kyl, cycl oal kyl, al kenyl, cycl oal kenyl, al kynyl, cycloal kynyl, aryl,
heteroaryl, fused polyaromatics, and conbi pnations 5 thereof; each R10 is

i ndependent | YPi$kleacted” f FomndrPegrsnhLY cdmttStshd 6 &heoRyOuar vl oxy,

al kyl thi o, arddddlic@ingdbal kyhArdd0, ol aflBeey ANt @idati ons t hereof ;
each R11 is independently selected fromthe group consisting of hydrogen,
al kyl , cycl oal kyl Regrreaplat tye | owmmedippl ofarryagery 10 kyarddlakynyl , aryl,
het er oar yl , LQTRi nathons; fbargof; and each R12 is independently
selected fromthe group consisting of hydrogen, alkyl, cycloal kyl, alkenyl,

cycl oal kenyl, al kynyl ,#tycl&aj kynyl, aryl, heter oa@ mconbi nati ons
thereof. 15 Preferabl i's independently s L romthe group
consi sting of naphthyl, amthracenyl, pyrenyl, and phehanthrenyl; each RO is
i ndependently sel ected f the group consisting of yI and fused

pol yaromatics; each Rio "¢ an independently sel ected -& am no group;
each R11 is 20 independeptly selected fromthe group gogsi sting of hydrogen
and al kyl; and each R12 i ndependently sel ected fr he group consisting
of hydrogen and al kyl. More preferably, each R8 is independently sel ected

from the group consi g
each RO is i e S

" napht hyl , ant hr acenyN@ enant hrenyl ;
fr th gr gUp-Cefisi st4 f yl,
mtolyl, and h ; each R1 N/@ @N U‘ N@
, O QO .

A third class of hole-transporting tertiary aromatic

amines that is useful in compositions of the invention
(hereinafter “category (3}” tertiary aromatic amines)

10 - includes tertiary aromatic amines wherein at least one of
the organic groups comprises a fused polyaromatic group and
at least one éther organic group comprises a substituted
biphenyl or substituted fluorenyl group having an electron-
donating substituent in the para-position of its terminal

15 phenyl ring; the amines being optionally further
substituted, but only with electron-donating substituents.

A preferred class of category (3} tertiary aromatic

amines can be represented by the following general formulas:

F{12 R12
" " C 7
9N
ﬂ e )
/’ ‘/ 10
R R
8 Ry Ry 8 R Ry
20 (VI) (VII}



I's independently selected fromthe group consisting of diphenyl am no,

N- phenyl - N- (2- napht hyl ) ami no, N-(3- nethyl phenyl)-N-(2- napht hy 1)V 2687,

N- phenyl - N- @8 8304/0m8338y| phenyl ) am no, and di (p-t - butyl pheryiysamismesooeach R11
is independently selected fromthe group consisting of hydrogen, nethyl,
and n-butyl; and each R12 is independently - 22 21 MAR 2007 WO 2004/099338 -

PCT/ US2003/ 0R8094i s edaft ad igoa1fﬁﬁbéﬂﬁumydamm&t3bi@goaﬁ hyghroggnismet hyl, n-
butyl, and oqtél. Represent ati ve exanpl es of category (3) tertiary aronatic
ami nes i ncl udBdeRgpfienty sejeetrd) froR Hheygr oW RHEISALBgoPY 45 nd

category (2) cyeibhBEy1 ATAMaLYE, aFLDES1Kédy] S IM§hyAr eborablecihat, all three
of the organic groups directly bonded to nitrogen are identical. For 15 ,

category (3)arettibkeverpagvdti Eugsiineglyaronat ifsst a@ﬁeft@mbzbn@tl% 2 1 MAR

2007 19 200¢4099388 dxell Wor Al 9aRnachbel é&Per.g{ 4 e gan Grdopupe

directly bon fo hitrogen’ are ntica used yaronatlc rou

Preferred tecbhargtzngnuﬁ|a1kaxynearymokmdealkuitﬁmm | ewydghid, | N\ | CH N

I ALAN Ncﬁéaik§ﬁam1ng, ﬁ&ar gmi%oX' é combldatlons thereof; each R
is independently selected from the group consisting of
hydrogen, alkyl, cycloalkyl, alkenyl, cycleoalkenyl, alkynyl,

10 cycloalkynyl, aryl, heteroaryl, and combinations thereof;
and each Rj; is independently selected from the group
consisting of hydrogen, alkyl, cyclecalkyl, alkenyl,
cycloalkenyl, alkynyl, cycloalkynyl, aryl, heterocaryl, and
combinations thereof.

15 Preferably, each Rz is independently selected from the
group consisting of naphthyl, anthracenyl, pyrenyl, and
phenanthrenyl; each Rs 1s independently selected from the
group consisting of aryl and fused polyaromatics; each Ryp is
an independently selected diarylamino group; each R;; is

20 independently selected from the group consisting of hydrogen
and alkyl; and each R;; is independently selected from the
group consisting of hydrogen and alkyl.

More preferably, each Rg is independently selected from
the group consisting of naphthyl, anthracenyl, and

25 phenanthrenyl; each R9 is independently selected from the
group consisting of phenyl, m-tolyl, and naphthyl; each Ry
is independently selected from the group consisting of
diphenylamino, N-phenyl-N-(2-naphthyl)amino, N-(3-
methylphenyl) -N- (2-naphthyl)amino, N-phenyl-N-{(3-

30 methylphenyl)amino, and d4di(p-t-butylphenyl)amino; each R;; is
independently selected from the group consisting of

hydrogen, methyl, and n-butyl; and each R;; is independently

- 22 -



NV T NV YT VT NV NI/ N NN NS N N
.\ NI I Tertiary aromatic am nes useful in the organic 10 7 1 MAR 2007

el ectrol um n npositions of the invention are hol agents
with relati \%‘?39/0%#999 ﬁhol e nobility (preferably greater ?ﬁgﬁljggjﬁ%ﬁ)@? %0-5
.cn2/V s) and relatively lowionization potential (preferably about 4.8 eV
to about 5.4 SV ﬁé egti matgd using indirect electrochem cal J.edox 15
potential meaSuFERERt STCF ot PR Co AT ol T alfSt 1Y) 0 ethYd4 N31 AR
2007 WO 2004u099338nBCIHIPR003/ 029007 direct phot oel ectron spect roscopy
measur enent s, corresEondi ng to relatively hi 8h HOVD ggl %hest, occupi ed
mol ecul ar or bi t al RERRAEFEHFITHER 1P &S0t FECERPTes s HaT Y he i nventi on
are 5 typi cakbyapiepanededy:am dddmnn coupling reaction between
correspondi ng secondary aromatic am nes and aryl halides (typically
aryliodi des and aryl brom des). Conventionally, hmann. reactio re
conducted using copper catalysts such as those-dgscribed,_for nple, in

Macr onol ecul es, @ 5618 10 (199 but recently - @ nt appr oaches
usi ng pal | adFoy. cat alys 8 evel oped k i €&t 3 (see, for
exanple, J. Aq /CheH N 17 (1997)) Buchwal d e. (see,

for exanple, J. . 1, 3 (1996)). 20, a Suzuki -tApe coupling
reacti on. bet wee % correspondin ryl boronic @ and aryl hali with
pal | adi catal ysts (see, for exanple, Suzuki, A in Metal Catalyzed

D000 COU0D D)
e ‘
<
eensoliesnss

10
For category (1) and category (2} tertiary aromatic
amines, it is most preferable that all three of the organic
groups directly bonded to nitrogen are identical. For
15 category (3) tertiary aromatic amines, it is most preferable

- 23 -



Cross-Coupling Reactions, Diederich, F., and Stang, V.V. (ed.), WIey-VCH,
Chapter 2, Weinheim Germany (1998)) can be enployed to synt hggiMi@ 78ifne
tertiary arswooogossasnes, 20 particularly those conpri singystosaambr one

bi phenyl group. A few of the tertiary aromati c am nes useful in the
invention are commercially available. Preparation of Conpositions 25 The
conposi ti onstPt té id1vehisl eRganic berdmde diyecplgphohaed ar bl kit difert he u
charge transport matrix, non- poI nerlc dopant, and tertiary aromatic am ne.
Typical ly, @&Ff tdrtdgfdo %éﬁﬁé B? oSFC1Bfs of the invention can be
m xed toget her ar@k@he%&@dvearwaﬂysﬁmlcsuﬁhna& ihetudd exanple, a
chlorinated organic solvent (for exanple, chloroform chlorobenzene, or

di chl or obenz&p&}owngn aromati ¢ hydrocarbon sol vent (for exanpl e, tol uene)

and then filtered using a 0.2 to 0.5 gmfilter. R 2007 WO

2004/ 099338 PCT/ U 3*007 Generally, the co \@ of the invention
can contain about™g>i about 20 wei ght percenteqrel gtive to the total
wei ght of the conposjti on) non-pol yneric em ssive and from about 5
to about 70 weight p ent tertiary 5 aromatic antne char € transport

matri x makes up the enai nder of the conposi |on a I he charge

t ransport ma@é mmout 20 wei ght * u 00 wei ght
percent (rel al als in the chargew nsp i Xx) electron
transport nmateri about 0 0 weight percent to out 80 ht per cent
addi ti onal hol ranspor r electrically inert erlals d about O

wei ght percent t0© about 20¥Wei ght percent of addltloﬁbl conponents (for

exanpl e, nanoparticles, cross-linking agents, tackkfie pl asti ci zers,
quenchers, and the like). 15 /ﬁf)

LD ‘

@@S‘j@ |
e o Yo
S

. 0

Tertiary aromatic amines useful in the organic
10 electroluminescent compesitions of the invention are hole
transport agents with relatively high hole mobility
{preferably greater than about 107° cm?/V s) and relatively
low ionization potential {(preferably about 4.8 eV to about
5.4 eV as estimated using indirect electrochemical redox

15 potential measurements (for example, cyclic voltammetry) or

- 24 -



Organi ¢ El ectrol um nescent Devices The conpositions of the invention can be
used as the organic emtting layer in organic el ectrolum nescent (CEL)

devi ces such as, for exanple, organic light-emtting di odes 201 WELEDS). An
CEL devi ce é‘%ﬁ’lé‘}”’é{w\s’?sl ncl udes one or nore |ayers conpriRGHES28RO2Y7 nor e
suitable organic materials disposed between a cathode and an anode. The
organic el ectrolum nescent conpositions of this invention are particularly
useful as t hE1FPgaANPROEIRITILTYT EPEFEFASTIRY I afViedEs YSecause t hey provi de
a high effi C'c%'mss&shiw&o QR8LRL LAy hi&t I kEd r @30l ut:t:ggleaOCGSS' bl'e
and thermally printabl e conposition. The anode, typically nmade of

i ndi um ti n- oxicdecpliaO)orhifFaljewarably - sputtered onto a substrate. The anode
material is 30 e |l nduct i; } u y anspar ent
or sem -transpar e%%gé{él%ﬁ a%nﬁgég c %}ég%a;%?f@hg%a?% 191%%16“161“ aﬁéecause it
is partixul an:lypmelly rmﬁe;lmcédt byl apeUimaiol asipntmgy tleachdbe beaknsport

mat eri al HOVOD hes 2.1 MAR 2007. WD 20041099338 F I S2003/ 029007
occupi ed nol &€ FS If%ls)ecé’ﬁﬂiaﬁé’caﬁglgaﬁcl?rﬁnbeaﬁ FEhEBY B9 1887 ng

l'i t hographi ¢ (t-@ehbh queSaryin caddieki aAdt ry i ositd=ahl e coanede iBRARIY Al S
i ncl ude tran%par ent conductive oxides (TCGCs). (for exanple, indium oxide,

fluorine tinUdPPRB YFAT)LONS REes CHRANETEY ArERUABRTe CAEPAYSEFNS8% P de, and
the Iike) ands Rhghe Waddefi1uReE 1 @8- MBLAKS14 f Ofn Q&%@Mn%-le&ghgs coppetsg

pl ati num pall adiumsilver, and conbinations thereof). In pr actice, the
anode i K opt i{388Pby %%t@ji%ttlbf apsat eiﬁl%ﬁmatﬁfmr%@@%uéﬁna conducti ng

pol ymer such ag; 8 a% Jsoh%l%%leé NP 't?d}? ¥yLiii ophene)
(PERT) or poI yan%3 %%Rl’%t hel p anar‘Tpizet e sur ace gng : nodi fy
the effectivdsaer kfcﬁnm)tarmieof Jt hemanehlen Téee or ddidi,c 1866t i(AGIT ayeamcﬂs
generally dl%ﬁoﬁwald et al. (see, for example, J. Org. Chem., 61, 1133
{1996)). Also, a Suzuki-type coupling reaction between
15 correéponding érylboronic acid and aryvlhalide with palladium

catalysts ({see, for example, Suzuki, A. 1in Metal Catalyzed

Crosg-Coupling Reactions, Diederich, F., and Stang, V.V.

(ed.), Wiley-VCH, Chapter 2, Weinheim, Germany (1998)) can
be employed to synthesize some tertiary arcomatic amineg,

20 particularly those comprising at least one biphenyl group. A
few of the tertiary aromatic amines useful in the invention

are commercially available.

Preparation of Compositions

25 The compositions of the invention can be made by
preparing a blend of the charge transport matrix, non-
polymeric dopant, and tertiary aromatic amine. Typically,
all the components of thevcompositions of the invention can
be mixed together and dissolved in a sclvent such as, for

30 example, a chlorinated organic solvent (for example,
chloroform, chlorobenzene, or dichlorobenzene) or an

aromatic hydrocarbon solvent (for example, toluene) and then

filtered using a 0.2 to 0.5 um filter.

- 25 -



bet ween the anode and a cathode. The organic 15 el ectrol um nescent
conposi tions of the invention can be used as the organic emtypiimgRI1280/er of
t he OEL devmarzoo4fidessst hi ckness of the organic emtting |&yeusoos/dir devi ces
of the invention can generally range from about 20 nmto about 200 run
(preferably, fromabout 30 nmto about 100 rim. 20 The cathode is typically -
made of a | ow worderdeddQliyONth8eLtShpdE OF i ¥AMH @ hedlibfeRdAbnbashum cal ci um
samarium magnesium silver, magnesium silver all-oys, lithium ytterbium
or alloys ofceafaiumbeng Radnksi @rPubr2l Wi aBs e thdFedRY 1Y Rt can

i nj ect el ect{QnSdo wfeagh%%gl gLt r@&nﬁ%s?iﬂ:sjﬂﬁ{)t d&t%u?lnewm&igm
unoccupi ed nolecular orbital). OQher 1ayers such as, for exanple, .
addi ti onal hédrant radsgopn phger Tobprakiuy,7d seighgnpeecertitenriamy s(N- ( 3-

AT ST DR A T Dyl e
N, N' - bi s( naphériealrefea- lofy lkhe Nebinpbs £¢ pheny |Qdyenzildiyne thEPBhargaddi ti onal

el ectron traQs ort |layers.conpri si ng tris(8- %(;rox%g inolate) alum num
(111) (Al q), “bPHHRIHA ?ﬁ&rws?%n-c‘ff aby %ﬁi"tz GIbE0RPE08R 38

PCT/ US2003/ 09667 10y die@y)igUpeoteh©) atelddiung (fBAlaql, mdtedidlphemythe 5- (4-t -
butyl phenyl ) -1, 3, 4- oxadi azol e (PBD), or 3-(4-biphenylyl ){:4- —

phenyl - 5- (4- ¥R D UIEPPSRERY| 18 1F 9% - €+ FUZAe CPREPOFhofie erhp bt RRR1YE ayers
conpri gpng, (ﬁ%ef@@c’?e%ceﬁ@r PHYELBLE S0 GRITRAMNG ke 6aAPEL oRAT hadncyani ne

(CuPc) and zinc Tphthal ocyanine; electron injection |ayers conprising, for
exanpl e, al kb¥anapardt g expdesierl by kbreyte madtexiiadglit ndhabeut b ocki ng

| ayers conprisiig JQrgxapp! I | ar i | eca i e

)15 oD LA pRICERETD, foqel 55 heton o Rltne! oot Lol

bi phenyl) - 5-¢dmpornsuttgl glieny&xaip Be 4- mxastiaazclad esPBRY ps2-9inking

di met hyl - 4, 7ég(}jt=!erﬂ:hse,n¥:|a-c}(ijf9égg,en8 ‘;[tshtgz?‘clrlizneers(,B%lpl)ehC%iegg?ngll’lgt Bhe 1ike).
i5 '

Organic Electroluminescent Devices

The compositions of the invention can be used as the
organic emitting layer in organic electroluminescent (OEL)
devices such as, for exanmple, organic light-emitting diodes

20 (OLEDs). An OEL device generally includes one or more
layers comprising one or more suitable organic materials
disposed between a cathode and an anode. The organic
electroluminescent compositions of this invention are
ﬁarticularly useful as the organic emitting layer in OEL

25 devices because they provide a high efficiency and long
operation lifetime from a solution processible and thermally
printable composition.

The anode, typically made of indium-tin-oxide (ITOQ}, is
generally sputtered onto a substrate. The anode material is

30 electrically conductive and is usually optically transparent
or semi-transparent. ITO is often chosen for the anode
material because it is particularly well matched to inject

holes into the hole transport material HOMO (highest

- 26 -
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bi s( 8- hydr oxyqui nol at o) al um num (BAl ), and 3-(4-
bi phenyl yl') - 4- phenyl - 5- (4-tert-butyl phenyl)-1,2,4-triazol e QTﬁ@mjmplectron
bl ocking | ayers co r|S|ng, for exanple, 15

N, N - bi s( naph? A%, 38| -yl )-N, N - bi s(phenyl) benzi di ne (NBSZyUS#g29007

4, 4" 4" -tris(N-(3-met hyl phenyl)-N- phenyl am no)tri phenyl am ne ( MIDATA);
buffer layers; and the _like can_al so be gresent in OEL devices. In
addition, pRECOPHRANEELEMH ! dfadiitard ) caRYbREpRESR AT iiSt R8SECFRSRELLY 20 for

exanpl e, to ¢QAWErtithegEohiRic Aedhnghlicem t i£dady: diter R eebr okyfimeseent
material to another color. These and other such |ayers and materials can be

used to alte@n@ﬂetmﬁéer%?ﬁﬁeﬂ%ﬁ%HQGnFéaﬁﬁEﬁé?@Fe%OQQHFqiﬂﬁa@Kéﬁeﬁf(Tﬁ%slayered
CEL devi ce, ft%/rfvgfﬁgﬂms 56018 80N 8105, IRE & £ebURS (34961, 851

desired curren tage response, a desired device efficiency, §e3|red
col or, didesmmedebrvghaﬁeaw oxd desiziad-tdevosedei fatd rrive dnka)d@sﬁred

conblnatlon % ghhese fga%éi‘aév CEI%GYE8§"Stéﬁéigrévﬂ%en%rISe a | ayer

conpri si ng one es (t aRE%a’ devi ce 30
substrate. Twpamahhm, bhEl dtbMinC es idwiest r ahé somipiidsidoze thdewbee. | ayer during

manuf acturin sting, and/ oy use. vice su can_range from
rigid supporggafﬁlﬁ?ghFQQ i) BFeOEGﬁBB??g E?ﬁ$%§¢§E5E885i& KQbstrat es
include, - 28po2tliVBAR R0OF INQo204+0883881 Hedt USZA03/02930848s1it osnexanpl e,
gl ass, transparent plastics such as_ polyol efins, polyethersulfones,

poIycaernat€§mP56Fy§§t%@%¥ 3[ﬁﬂ?}éﬁ??&?@éOxb%my?Qﬁ?ﬂﬁﬁ (FEPYMePYc nultil ayer

films, and QBQQQhEﬁEHQrQﬁﬂtﬂ QQFE%& tElHHéEi&éyéﬂefddﬂﬁ%cthﬁé'Q&e 5rolls
of glass can al So be used. Such a naterial can be I|amnated to a polyner

carrier for Bedidy sheueffpeiiive wosdr fupctThe dbvilie aagidstrate material can
al so be opaque t9h¥'8£ L8 d éﬁ¥t€i% hlgﬁerr?ieS%ﬁgggf%y siajpLess steel,

crystalline silicon, pofy-silicon,
between the anode and a cathode. The organic

15 electroluminescent compositions of the invention can be used
as the organic emitting layer of the OEL device. The
thickness of the organic emitting layer in the devices of
the invention can generally range from about 20 nm to about
200 nm (preferably, from about 30 nm to about 100 nm).

20 The cathode is typically made of a low work function
metal (for example, aluminum, barium, calcium, samarium,
magnesium, silver, magnesium/silver alloys, lithium,
ytterbium, or alloys of calcium and magnesium, or
combinations thereof) that can inject electrons into the

25 electron transport material LUMO (lowest unoccupied
molecular orbital).

Other layers such as, for example, additional hole
transport layver comprising, for example, 4,4‘,4"-tris(N-(3-
methylphenyl)-N-phenylamino) triphenylamine (MTDATA), N,N’-

30 bis (naphthalene-1-y1)-N,N’'-bis(phenyl) benzidine (NPD)}, or
N,N’-bis{naphthalene-1-yl)-N,N’'-bis(phenyl)benzidine (TPD);
additional electron transport layers comprising tris{8-

hydroxyquinolate) aluminum (IIT) (Alg)}., biphenylato bis{(8-
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10 CEL devices conprising the conpositions of the invention can be used in
a variety of light-emtting articles and applications. Such ari{ MARe2i07

i ncl ude, fowo pepeeire, displays (for use in, for exanpl ec1pe6B3R8d007
conputers, cell phones, watches, handheld devices, toys, 15 autonotive or
aerospace applications, and the Iike), mcrodisplays including head-nounted -

m crodi spl ayﬁydf&mmbﬁ%ovﬁ@uﬂmmﬁ ofpaaxgnpke.(abackhbspi -9f (4iquid crystal |
di splays), indicator lights, and the like. In sone Ilght emtting articles,

the device |Byerlmenvidi-ddds2opeadiatide (BBP) dedicds (fnairkenylyl)gid- t hr ough
the device ?ﬁ’&ﬁlf—%t—emt-@é%db&t%i%thi' bi aneetihabibs (A ; ifyended

destination Tor the emtted her it be an actual hunman observer, a
screen, an opmzle:,tailqmriparﬁeﬁt coramrleirabt o exdawilee, porrhvweinike) .

Cpti onally, addidi.nah;23 optical e TR0l 3n9heOlBEec) S Ol fevi ces
sui tabl e for use mnth e BT & dlsp evices, or Tanps (for exanple,
t ransi st or aphmhaioqydmdheflélecsromxﬂn@Ecléba 1&@@@sptam33151mhffﬂﬁﬁars | i ght

gui des, Ienses Ilght trol filps, . bri htn s .enhance

i nsul ators, Fﬁ%§Q1§8 %?%%ﬂﬁéﬁ& %a&bPEsmEE%ﬁ ??&§%jqﬁgﬂetan be
provi ded bew&aartdwqa@aveceozh@y%n@d ﬂdiee)ktaﬁl\tb&'é,plii&lét@mﬂ n ot her

enbodi nents, the device | ayer can be positioned between the device

substrate antFadeaplenerdpbsiareke Jeriyatiyes. (F9r oxamppm R0A- WO
2004/ 098338 R(hd434903/. Q%nggutf?mﬁtéﬂﬁgn C@,nfal-g,staaaagalganpém Used when the

substrate is ‘transmssive to emtted by the organic enlttlng | ayer
of the devi céirgihwlhd . Jubdépheanel - Irh3e01prm@|apébraéﬁn9t O6BCP bmikihepylato

conflguratlo%ugﬂﬁ_}%%i §§§“ {Qﬁé léﬁﬂ&PqEAE qlsggaeg pgtmeen t he
substrate and the an |ng ayer o A& device does not transmit
the |ight enbimhﬂhﬂiwl)PhepﬂemybeB—(4—tertfbutylphenyl)-l 2,4-triazole
(TAZ)); electron blocking layers comprising, for example,
15 N,N’'-bis (naphthalene-1-y1)-N,N’-bis{phenyl) benzidine (NPD)}
and 4,4 ,4"-tris{N-{3-methylphenyl)-N-
phenylamino) triphenylamine (MTDATA); buffer layers; and the
like can also be present in OEL devices. In addition,
photoluminescent materials can be present in these lavers,
20 for example, to convert the color of light emitted by the
electroluminescent material to another color. These and
other such layers and materials can be used to alter or tune
the electronic properties and behavior of the layered OEL
device, for example, to achieve one or more features such as
25 a desired current/voltage response, a desired device
efficiency, a desired color, a desired brightness, a desired
device lifetime, or a desired combination of these features.
QOEL device structures comprise a layer comprising one
or more OEL devices (the “device layer”} and a device
30 substrate. Typically, the device substrate supports the
device layer during manufacturing, testing, and/ox use. OEL
device substrates can range from rigid supports to highl§

flexible supports. Suitable OEL device substrates include,
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The device | ayer can include one or nore OEL devices arranged in any
sui t abl e manner. For exanple, in lanp 10 applications for ?lf|Ml ?
liquid crystal displa nodul es, the device layer mght constitute a SI ngl e
OEL devi ce WR3WH8PAHs an entire intended backlight areaPCTEEYHMO7vely, in
ot her lanp applications, the device layer mght contain a plurality of

cl osely spaced devices that can 15 be contenporaneously activated. In sone
di spl ay appl fent exrepleg .t addawshe tdanppabeet fokastins ¢évhcas| ayer to include a

plurality of 8#99&9@@49% gaely%tﬂaﬁéﬁa%se@paﬁya%ngt@g egtt(%%@@eésaﬁe or

di fferent vice m ght represent separat & pi
separ at e subpph@tybﬁt@ picillyamededi spbhymés or m»da;rqilae'eraflltmgh aresol ution

di spl ay), epar at rrent or sub-segne a nment di.splay (for
exanple, a | 8\/\5‘?‘% Oriati 3ﬁuccgﬁt“8nfc'l§| grb' Ptljla or aﬁglg‘par a?ge}i“c}%  or portion
of an i&on, rerid app gleal‘ssalttahCQms()f be asafrpl €5udin d nditeatal @m be

appl i cations Vet hods for icatin El ectrol um nescent Device
Layers To foiﬁ’i“’t’?‘%t gte?nlacpé’ Fnijangr‘%F g tclt?ett(féﬂlisc,t&‘cﬁ’f‘ra%SO t he

invention, thgee@rPasi titors gaf/itBeshBYepit OmOrika gol Hikonpdenasided (for
exanpl e, by spin coating, dip coatlng |nk jet printing, casting, or other
known technFuesikle 4 aitn SNaPerSontor t PEAMNGIe SEQIEACER| At¢aler - 30 2 1

VAR 2007 V020041009358 RETLIS2003 02900 on oty aiadescr bed. for

exanple, in Pat ent No (Heeger et al.). In certain
appl i capi ons, it OEL dbsiicslsl eomprpatner nh@mceompn“smroelsl aﬁethe of an CEL

device onto subsirate Qr xarrpl e, bri gat esol ution
em ssive di s%Iwemaor}\/ls\ctat’lt1 Iﬁ)e g?gpaﬁ%r‘ﬁ?ﬂb |3ﬁ tlglgig%t gtLl “fransfer such

as, articles and applications. Such articles 1nc1ude, for
example, displays {for use in, for example, personal
computers, cell phones, watches, handheld devices, toys,

15 automotive or aerospace applications, and the like),
microdisplays including head-mounted microdisplays, lamps
{for use as, for example, backlights of liguid crystal
displays), indicator lights, and the like.

In some light-emitting articles, the device layer

20 includes one or more OEL devices that emit light through the
device substrate toward a viewer position {(that is, an
intended destination for the emitted light whether it be an
actual human observer, a screen, an optical component, an
electronic device, or the like). Optionally, additional

25 optical elements or other layers or devices suitable for use
with electronic displays, devices, or lamps (for example,
transistor arrays, color filters, polarizers, wave plates,
diffusers, light guides, lenses, light ceontrol films,
brightness enhancement films, insulators, barrier ribs,

30 black matrix, mask works, and the like) can be provided
between the device layer and the viewer position. In other
embodiments, the device layer can be positioned between the

device substrate and the viewer position. A “bottom
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for exanpl e,

thermal transfer, photolithographic patterning, inkjet

printing, screen printing, and the |like. Thermal transfer is a;pfpgpﬁﬁ
e

whi ch |'i ght Windbesprverted to heat through a donor fil rpcafyssiigRiseor’
causes the organic electronic material coated on the backside of the

sheet to be

substrate. Supsaquet cpeelghaskioRfcddiddonren ahegt thaesghsdtardinder

condi ti ons,

activated, wetting out and adhering onto the receptor

15 results in a pattern of the organic electronic nmateri al

7by
heat
donor

anbi ent ;

left !

on the receptEAnsuisstivgt &0 Thehbr et e Rcth6| ARIABSE efitl kb diaieans of
the inventign, gl th&ficasaliSrRE MESorL48N bengusressiul! Yor Palderned onto

substrates using nmethods of thermal transfer, 20 including |aser thernmnal
transfer. Thenirtesent” canénuivatien cvdndds asest Wbodnf ohe nakeqir €L devi ces

conpri skng
conposition
provi des a

el ectivel ran rri or.gani.c .el r o] um nescent
é}sgﬂ%§q %@éﬁ%ﬁ8n§%§o%¥é?%§§%§’agﬁeggetSggé%%%séﬁé%%ﬁ%?éntion
raeaptodr thebdbrvate. ddée 2E: thensali tt tAasi egh ool t odde ety

conprising a trapnsf.er layer conprising an organic el ectrol um nescent
conposi tion %ﬁet "S%vention. Preferably, the nethod of thermal trans
used for making 1@l adevkeesaisr | @aseriddiaimbntr 8pshéfe dm@seletiResmal

transfer is
(Hof fend et
6, 221, %43 (
al.), 6,114,
al.), 5,998,

described in U S. Pat. Nos. 6,242,152 (Staral et _al.), 6,2
rangeg ipgany3seifakie manngr.-)  Fog example. (ipllamy al ),

al so

fer
30
28, 555

€72 t8%ng! £br b@c]gﬂ-fg};sc.zﬂxf( Yolkiat cdlstal Gaildhl19 (VoI k et
8 - 31 21 MAR 2007 ~ WD Z004/7099338 PCTI US2003//029007 (Wbl k et

85 ldsshehg devate)lagey 259389 coarangutet aasingles OELO, 097

(Staral et ala)ice® 822 BB4nt PR Ge 1 AN ne2nbR S0 I HAr Al & al ).

15

20

25

30

Alternatively, in other lamp applications, the device laver
might contain a plurality of closely spaced devices that can
be contemporaneously activated.

In some display applications, it can be desirable for
the device layer to include a plurality of independently
addressable OEL devices that emit the same or different
colors. Each device might represent a separate pixel or a
separate sub-pixel of a pixilated display {(for example, a
high resolution display)}. a separate segment or sub-segment
of a segmented display {for example, a low information
content display), or a separate icon or portion of an icon,
or lamp for an icon (for example, in indicator

applications) .

Methods for FabricatiggﬁOrggpic Electroluminescent Device

Layers

To form the organic emitting layer of the devices of
the invention, the compositions of the invention can be
solution deposited (for example, by spin coating, dip
coating, ink jet printing, casting, or other known

technigques) in a thin layer onto the anode. Such thin laver
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The donor sheets of the invention conprise a base 5 substrate, a

| i ght-to-heat conversion (LTHC) |ayer, and a transfer |ayer czolnm)Rimpg an
organi ¢ el ectrolum nescent conposition of the invention. Donor sheets can
al so  opti oNed k0p4/69838r i se one or nore other |ayers such HI/U2R02¥0Anmpl e,
under| ayers, interlayers, or primng |layers. 10 The donor sheet substrate
can be, for exanple, a olymer film One suitable type of polyner filmis a
pol yest er fihatBedh aie qg‘ilcréiéaﬁpl £or 3t iRy eme U-fer Ephehil¥ee (PET) or

pol yet hyl enegnapht had a(t}FeeQ‘:y%EN)etfs}t'frF' However, other filns with sufficient
optical properties, 15 including high transmission of light at a particular

wavel engt h, or suffichar@inmepbantaslormnd itthersmalesdrabilki ty paptiomer tines,

dependi ng on_the particul ar .appl jcation, can be The dpnor substrate,
in at |east Cs”én%of%s]taé'negess?fi E,H #’?gté%%lct%acfntgoni %?I%Q’%%E?hg °%tan be forned
t her eon5 TheeR&mplDaorecs Hattriaheei Bigh Sedoipitdald pmiekectedi s oaysrat eri al s

that remain sta@ls despi te heating. of. opne or. nor.e Iaéers of the donor.
However, as HBERPTDHPHEPHRETPARY | HT UG O Dt VeuhdrF E§Er St visen t he

substrate andofnekdiid aydler&dl Peandisdd, thddaulabarhpri s ubst fateidg,om heat
generated in the 25 LTHC | ayer during inaging. The tgplﬁgnal t hi ckness of the
1

donor subst r ABBIpaRES FiNGm 58588 VDS alfi\d thel preferably from

about 0.05 to aboﬁe&a@l %n@kEPOPQ%tM&J@s kawhﬁEHnQEgHQnPé substrates
can be used. The nmaterials used to formthe donor substrate and an 30

opti ondf adj acenertadicrd dpat chnobeh seldatad fidm wpr sheet adhBsd dredset ween
the donor S“QQE&% erhk?é‘dort 81 ”Q‘fééé{c‘?ﬁie tnfat Ganyr %a@SSt%M fgport between
t he substratée and the under ayer, O con I’Oﬁ I'magli ng radiatron transport to
the - 32 21bMARs 200 6 ANDh2004h09 9838 P WE2CR3/i1029007 wekitlhd ayer ,arid
reduce inagigghgﬁqééﬂé%€g1 h%h%eégggbrpghbstrate. Subsequent peel-back
of the donor sheet, generally under ambient conditions,
15 results in a pattern of the organic electronic material left
on the receptor substrate.
The organic electroluminescent compositions of the
invention, either as MFs or MDPs, can be successfully
patterned onto substrates using methods of thermal transfer,
20 including laser thermal transfer. The present invention
provides a method for making QEL devices comprising
selectively transferring an organic electroluminescent
composition of the invention from a donor sheet to a
receptor substrate. The present invention also provides a
25 thermal transfer donor sheet comprising a transfer layer
comprising an organic electroluminescent composition of the
invention.
Preferably, the method of thermal transfer used for
making OEL devices is laser thermal transfer. Laser thermal
30 transfer is described in U.S. Pat. Nos. 6,242,152 (Staral et
al.), 6,228,555 (Hoffend et al.), 6,228,543 (Mizuno et al.},
6,221,553 (Wolk et al.}, 6,221,543 (Guehler et al.),

6,214,520 {Wolk et al.), 6,194,119 (Wolk et al.), 6,114,088
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optional primng |layer can be used to increase uniformty during the
coating of subsequent |ayers onto the substrate and al so incre§§@|Aﬁ2®7
n

bondi ng str @rpiohydeizgeen the donor 5 substrate and adj acgflyud280R8%07
optional underlayer can be coated or otherw se disposed between a donor

substrate and the LTHC layer, for exanple to control heat flow between the .
substrate angupfe of TG J A%l odbkRY (188G %02l O PIsOViLEe oBBChERLSE! |
e

stability 10 to the donor enent for storage, handling, "donor processing, -
or imaging. €xamplles Bf7HLIA%DbI(Standdr eyl s) . and IetNIdd Cohngt ovamid ng

under | ayers ar | p£4 osgd;,. f10r, agpple in U S. Pat. No. 6,284,425 (Staral
et al.). Thegﬁ%g'r?gyer czfr?ll S5Cl g‘gé?pr'mt erials that inpart 15 desired

mechani cal or thermaldprapetdces bd the Doremtiel enenpiriskeorn basapl e, the

der | i ncl ude materials  that exhibit ific heat_x densit
or 1 ow ther g™ Batie T Vi) T SPALPOE FOYHE WBo HSotrkeE: SRtan

under | ayer copakeraserhydr idapeasengeat dtqmi® dhwdrcansfiaeselnt ayer, for
exanple to inprove, the i magtlt ng sensitivity of the donor. The underlayer can
al so i ncl udeCHBRPeF I fFr WifeilRVeRBLPARANI BPPPF cHEIRGSe§28r 2£8P adhesi on

bet ween the éH@%ﬂi@iF{] abdile LIEGr Usbhg sdhdinden)axeisutRaks| MpEpves
adhesi on 25 between the substrate and the LTHC | ayer can result in | ess

di stortion i@xaheler anderhee¢risnageter e vther @asesmingoleyersit can be
desirablpe to enplay, ypdert ayers LHAL.  REOTDLE W 'fo?i%x%ﬁ cdegree of

separation between or anong layers during inaging, exanpl e to produce an
air gap 30 peilywen fialers Gher isngtalbgi ngee haf malymeroiide ast aer nal

i nsul ating fuggéop.rsteiplarati on dur i ng i magi g ca al.so rovi de a channel

for the rel 8% 01 Yases t Har cgﬁ’bto- %’?:Q%ii] ’I\A&ﬁr}?ﬁﬁ%‘y\}\fﬁEOOM 099338

PCTI US2003/ 028b&chthalate (PET) or polyethylene naphthalate (PEN) films.
However, other films with sufficient optical properties,

15 including high transmission of light at a particular
wavelength, or sufficient mechanical and thermal stability
properties, depending on the particular application, can be
used. The donor substrate, in at least some instances, is
flat so that uniform coatings can be formed thereon. The

20 donor substrate is also typically selected from materials
that remain stable despite heating of one or more layers of
the donor. However, as described below, the inclusion of an
underlayer between the substrate and an LTHC layer can be
used to insulate the substrate from heat generated in the

25 LTHC layer during imaging. The typical thickness of the
donor substrate ranges from about 0.025 to about 0.15 mm,
preferably from about 0.05 to about 0.1 mm, although thicker
or thinner donor substrates can be used.

The materials used to form the donor substrate and an

30 optional adjacent underlayer can be selected to improve
adhesion between the donor substrate and the underlayer, to .;}
control heat transport between the substrate and the

underlayer, to control imaging radiation transport to the
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generated by heating of the LTHC | ayer during inmging. Providing such a
channel can lead to fewer imagi ng defects. The underl ayer can he

substanti al | trans arent at the imaging wavel ength, or can al sloA5e208t

| east partia ‘g’é’i)r ptive or reflective of imaging raBfEUPYR 247 enuati on
or reflection of |rrag| ng radiation by the underlayer can be used to control
heat . generati on during i nagi The LTHC | ayer of the donor sheets of the
present i nveiHCndaystpl Eolch‘&“atiiﬂlﬂglé‘ﬁeﬂ@%ei%?oa@%et%ﬁdﬁ(%heéﬂ 10 The

LTHC | ayer prcgmro@,lgllypwﬁiﬂgefa@ef adiabkonsalses befoddidle ARFeLRAS | nCi dent

radi ation (for exanple, laser I'ight) and converts at |east a portion of the
i nci dent radidudiow itheocoakednd taf eﬂmeﬁuﬁnanéﬁﬁﬁrﬁ)fonm tth%ra‘»@b@ltrhayer from

t he donor s t t t e pation
absor ber (s) r‘% I%OTE% %%}g/%? *g{e'bgnol%)?—‘o%lt#1 g% %ﬁgt rare Q’ Vi grgﬁl e, or
ultravi ofet s@gitoaseotnfihadHeaiy drggmeti c spectr um and convert t he

absorbed radiation into. hea#. chg% radi ation absorg Cﬁ(cﬁ) are p| cally
hi ghly absor pti ve “8f OPR&ECRRT SLIIGF 1a%egi 6728 r GBF &Y ﬁg an LTHC
| ayer with amiopidseadl bdenséh ya &Andﬂﬂ%u\wveheegaﬂdo&hé h@ﬂcmagly@g ragiation in

the range of about 0.2 to 3 or gher. Optical density of a Iayer is the
absol ute val (EPlEnEC| 6@%\217%rﬁe‘(%sféoro?eérfe?ﬂeﬂr%ﬁ@%fratrehénﬁnraﬁs| ty of

light transmided bheeughrihe 1Ruemd Qn:t ke BrolPaensddnamicail ghboipeigdent on
the | ayer. Radi ation absorber material can be uniformy disposed throughout

the LTHE | ayefo dthecdanbe abememnogensseskge, dhsndl ing edlonfar exanpl e, as
descri bed in P nt io nogeneous
s edRatento- Alpld ool o SeEhal No. OBLAT, W0eignc oo

LTHC 30 | aye Can be-use roI ure pr es in nor
el'enents. Thisarthode ofszerde\mctﬁormmnslleeéasethaaréraiae:cJrors:r&rdovédrtransfer

properties (fgr example, betjer fjdeldty, 34 2L.MRI0QT
The underlayer can include materials that impart

15 desired mechanical or thermal properties to the donor
element. For example, the underlayer can include materials
that exhibit a low specific heat X density or low thermal
conductivity relative to the donor substrate. Such an
underlayer can be used to increase heat flow to the transfer

20 laver, for example to improve the imaging sensitivity of the
donor.

The underlayer can also include materials for their
mechanical properties or for adhesion between the substrate
and the LTHC. Using an underlayer that improves adhesion

25 between the substrate and the LTHC layer can result in less
distortion in the transferred image. In other cases,
however it can be desirable to employ underlayers that
promote at least some degree of separation between or among
layers during imaging, for example to produce an air gap

30 between layers during imaging that can provide a thermal
insulating function. Separation during imaging can also

provide a channel for the release of gases that can be
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WO 2004/ 099338 PCT/ US2003/ 029007 between the intended transfer patterns and
actual transfer patterns). Suitable radiation absorbing matefi 848 2804n

i ncl ude, fowo »xeo¥pdse, dyes (for exanple, visible dyes, pgrtusawizob®ts (W 5
dyes, infrared (IR} dyes, fluorescent dyes, and radiation- polarizing dyes),
pigments, netals, netal compounds, netal filns, and other suitable :

absorbi ng nyjgldralkea Byapphesndfor SUid abke nagibat 4P APSHERAI, | ncl udes i
carbon bl ack, netal oxides, and netal sulfides. One exanpl'e of a suitable
LTHC 10 | aydiravddlingcrugk a ¢haymait cadudgadsteaf soar birrsinarte fectsi-nder ,

such as an or ganizf,PEhYER] ay N UdiPoes Wbk kIt LayipdAgludes agtal or
nmetal /nmetal oxide forned as"a thin film for exanple, black alum num (that
is, a parti aldagingxwdiveédngthunmsumaraeilsg hebhbckedssusdraippdar ance). 15
Metal lig and . .netal .c Qun ilnms can b ned t echnigues uch as, for
exanpl e;§ spuéf ST r'fjvgggre%‘/g%%?catﬁvveeo dé%‘%é?ﬁ?oﬁ?g%%*% Teul a&e eé%‘éat%llr?éls can be.
formed usi ngma rdiiledet oAandf atyagitid ataldd add ynobywehe carade rigateac kiainges. LTHC
| ayers can al so, be forned b}i\{ conbi ni n%é.rtwo or .more LTHC 20 | ayers contai ning

similar or d1%8& A P REPEREAs IS 2 RANPBPEI NE N P94 ayer can be for ned

by vapor depositimng arathigydaysy e Boack ahuatsUSE oMes prRafd ng t hat
contains carbon black disposed in a binder. Dyes suitable for use as
radi ati on abdOEBEAen FOUPLTHE rabiatdpsr eaghIbelpEeset dnPartie@i-ate form

diSSO!Y@d irﬁﬁ% LﬁhﬁdQEyggtﬁféfgraﬂy§ QEchﬁa§E Qafééﬁééibﬁﬁéﬂgﬂfﬁ@} Eﬂa@ bi nder
material. When dispersed particul ate radi ati on absorbers are used, the

particl e si ZAbscaipshbéncadeneasadiatiognd fopnskanpes, bboer liwhhlomndess, and
can be about. .} m.ar 30, Less. %!aiét% e o3V ERe! Exﬁ&'&&é h.rgﬁfi dves til;\%to absor b
in the IR region of the specaf um spécifirc dye can be choseéen ased on
factors sucthess, tsoknbblet yrangfeandfcampaticbnsfeéy laddr from the donor
sheet to the receptor substrate.
15 Generally, the radiation absorber(s) in the LTHC layer
absorb light in the infrared, visible, or ultraviolet
regions of the electromagnetic spectrum and convert the
absorbed radiation into heat. The radiation absorber(s) are
typically highly absorptive of the selected imaging
20 radiation, providing an LTHC layer with an optical density
at the wavelength of the imaging radiation in the range of
about 0.2 to 3 or higher. Optical density of a layer is the
absolute value of the logarithm (base 10) of the ratio of
the intensity of light transmitted through the layer to the
25 intensity of light incident on the layer.

Radiation absorber material can be uniformly disposed
throughout the LTHC layer or can be non-homogenecusly
distributed. For example, as described in U.S. Patent
Application Serial No. 09/474,002, non-homogeneous LTHC

30 layers can be used to control temperature profiles in donor

elements. This can give rise to donor sheets that have

improved transfer properties (for example, better fidelity

- 34 -



2 1 MAR 2007 WD 2004/099338 PCT/ US2003/ 029007 w th, a specific binder or
coating solvent, as well as the wavel ength range of absorption. Pignentary
materials can also be used in the LTHC | ayer as radiation abspHhbefis]

Exanpl es of WRiZPHEPE3Di gnents 5 i ncl ude carbon bl ack and PFERHPYE003s wel |
as phthal ocyani nes, nickel dithiolenes, and other pignments described in

U S Pat. Nos. 5,166,024 (Bugner et al.) and 5,351,617 (Wllians et al.).
Addi ti onal | y beltveek ahke ipigmisn Srisasddronatbppes and chrtomlumrenapeéexes of ,
for 10 exarrple,t %¥ra§olone yel I ow, di anisidine red, and nickel azo vyellow
can be usefulF. Inorg nic pignents can al so be used, including, for exanple,
oxi des and sul fi desiebbhetwddisLicin ahsoabmngnmmteiﬁa&andantﬂm&luﬁadiﬂ@r zi nc,

titanium chromu | ybdenum tungsten, . iridium,

pal | adi um 1§Xﬁﬁgg%nuﬁ§e%o &, S r,Vé8F§? %¥%§Nﬂ%ﬁﬁrﬁv et|zﬁﬁ> and
telluriun Mials, benkdesed Carbi dgfs, Nifllubdescecardesd t rifdeSadiation-

br onze- st ruct ur ed oxi des, and oxi'des structurally related to the bronze

fam |y (for SCARPLEINQOIVDY) cANHIESheMBERES MRS B L (GRIRAUNG  aBSbRber s can

be used, eithangisn Lhg o@ﬂ%ﬁ(EdEﬁﬁbﬂ%a%bbgkﬁ§mgaﬁa£@¥ialéﬁﬂiﬂk%&ph@§téﬁce in
U.S. Pat. No. 4,252 671 Smith), or as filns, as disclosed in US

No. 5, 256, 506‘»11(1Eab|1§ é@dmtn)on ahaomeésmtlgmdﬁm%mn hfl@fckexaﬁpab

AL UM e L TR L b DU UBh8No I 023 SULIARE DhACErS | or

use in the L ayer ‘inc orm ng po ners, suc or exanpl e
phenol i €0 resilayer(ten enchpie,a powneak , andchessl @riesi fslackpokydi ayl butyral

bol yacr yI at o6 EEFT uF et o el L O n BOCET e 5, M 1T UCeI 1 o008, L
pol ycar bonat asyedui hablh&es harder s mkademaﬁﬂbmﬁde of d1gRE S, aOthpel yners
that have been, of cal b1 PO N 290 thus' PoRRL NEed, A0 LLYes such
oxidized aluminum having a black visual appearance).
15 Metallic and metal compound films can be formed by
techniques, such as, for example, sputtering and evaporative
deposition. Particulate coatings can be formed using a
binder and any suitable dry or wet coating techniques. LTHC
layers can also be formed by combining two or more LTHC
20 layers containing similar or dissimilar materials. For
example, an LTHC layer can be formed by vapor depositing a
thin layer of black aluminum over a coating that contains
carbon black disposed in a binder.
Dyes suitable for use as radiation absorbers in a LTHC
25 layer can be present in particulate form, dissolved in a
binder material, or at least partially dispersed in a binder

material. When dispersed particulate radiation absorbers
are used, the particle size can be, at least in some
instances, about 10 um or less, and can be about 1 pum or
30 less. Suitable dyes include those dyes that absorb in the
IR region of the spectrum. A specific dye can be chosen

based on factors such as, solubility in, and compatibility
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as photoinitiators can also be included to facilitate - 36 WD 2004/ 099338
PCT/ US2003/ 029Q677 crosslinking of the LTHC binder. In song efotlhent s,

the binder w@2g5/b99898i | y forned using a coating of crosspimids@odPNONEr S
or oligoners with optional polymer. The inclusion of a thernoplastic resin

(for exanple, 5 polyner) can inprove, in at |east sone instances, the

performance (f oh, eXNBPL & £ it %%ﬁg& 9£09§£E1ﬁgg L1 vekaal ali hg&y)agf%ﬁée LTHC

| ayer. The bin can 1 nclude t 25 to about 50 wei ght percen
(excl udi ng t wevebénarh ragwen ofakhbepbapthgnwei ght percent) thernoplastic resin

10 (preferably, aboyte O%Azonhle%%aﬁé 2 UM s PUL g Eﬁ%ggp#é‘ﬁé'f al;ﬁgf' n),

al t hough | ower ano erioplastic resin can be Use
about 1 to abouddibt umi ginsombbeent)Exaﬂ@lednerﬁnmimm peégmants typi cal | y

chosen to be, conpati bl s, form one- phase .15 conbi nation) wth the
ot her ms?t eri éT‘girp‘? erfﬂ(%ﬁ’glaclk H)Pi CEFPY Y e | 88tic resin that has a .
solubility pREBARSEfartThdd)e niarge af tBié Derdds (caatid @Itﬁ)ai'/ BigResterably, 9.5

to 12 (cal/cnB)1/2, 1s chosen for the binder. es of suitable
t her mopl ast | 8efesibed | HelWide, PRS: @9%@?131562032&0“%‘@%% 85, astyrard-acrylic

pol ymer s andsr 66 Ng17 afft 1 RQkSY bRYA1 bt YT 2has GRMMANY, 083k kgL NG ai ds such
as, for exanple, surfactants and di spersing agents can be added to

facilitate Dheneoss iPRE Y O0e SOPPTHeOL THE Mgy complisgesoatedfont o t he 25

donor SiPs ! BEnbiBL NGB AANLELY 811 ARG, MELNOLS JehovBaias gL Afdo A

pol ymeric or “of ayer-can gene
about 0. 05 pgel dowboart mwmfulpretnos@ixys,c qjmmterﬁsScpm aibsabbeltué@:l,pm and,
nor e preferabl about 1 pm.t o about

;/ 1% r anl C%%O I can
general |y be BoRtdH 90 0% FFERRASs PR THE Ei“é gg 5b8 about 10
pm and prefgsabl ymimbhoUtbi@md@h,t 0in, indium, zinc, tltanlum, chromium,

molybdenum, tungsten, cobalt, iridium, nickel, palladium,

15 platinum, copper, silver, gold, zirconium, iron, lead, and
tellurium. Metal borides, carbides, nitrides, carbonitrides,
bronze-structured oxides, and oxides structurally related to
the bronze family (for example, W0, ) can also be used.

Metal radiation absorbers can be used, either in the

20 form of particles, as described for instance in U.S. Pat.
No. 4,252,671 (Smith), or as films, as disclosed in U.S.
Pat. No. 5,256,506 (Ellis et al.}). Suitable metals include,
for example, aluminum, bismuth, tin, indium, tellurium and
zinc.

25 Suitable binders for use in the LTHC laver include
film-forming polymers, such as, for example, phenolic resins
{(for example, novolak and resole resins), polyvinyl butyral
resins, polyvinyl acetates, polyvinyl acetals,
polyvinylidene chlorides, polyacrylates, celluleosic ethers

30 and esters, nitrocelluloses, and polycarbonates. Suitable
binders include monomers, oligomers, or polymers that have
been, or can be, polymerized or crosslinked. Additives such

as photoinitiators can also be included to facilitate
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about 1 pm - 37 21 MAR 2007 WO 2004/ 099338 PCT/ US2003/ 029007 An optiona
interlayer can be di sposed between the LTHC |ayer and transfer |ayer. The

interlayer can ‘Provi de a nunber of benefits. The interl ayer Z‘,‘amﬂ)@ga
barrier agai'f3t04PHa% ransfer of material fromthe |ight P¢EVRRE0REMver si on

5 layer. It can also nodulate the tenperature attained in the transfer
|l ayer so that thernally unstable materials can be transferred. For exanple,
t he interl ayerocgahimkinasrfa thendMigl bdnfeuser Ik oSemtgwlodimentenpehat ure at

the interfacg; REtveenLhe.NLei.a%eh 80n5he Loa0alelod YL NhehaLEYe to 10

the tenperature attal ne | ayer” This can 1 nprove e quality
(that is, sumbaocmersughnesigioredge witbughhessal epelymex. the transferred

| ayer. The preseniﬁeof AN iionter ayer can i\glms’g. relséjl - i(qE i_mproved plastic
menory in the transferfed mat & & S5 Wpical Ty Tihe iterTaV8r has hi gh
t her mal s esi ghaprer) Funefapatlye, tiheakneatayesmeofss tiicedi,Stthet or

chem cally decgnpose under the inmaging conditions, particularly to an
extent that P@’n’gggﬁa’?‘ﬁ% O SPEPPEE - | ﬁgaﬁsg%ﬁ-?ﬂ%‘ﬂ@ﬁ °T The interlayer

typically repBhRgbiDni ePNtACttHM thathealdHC 26nd ayBiadurdang ihkeukeansf er
process and is not substantially transferred with the transfer |ayer.
Sui t abl e i nt 8PPEyef? FhARRYE, FoedgBfpPer CPRT yherclydings theetallveayers (for

exanpl e, vapghodepesii e R dlej ghdY Bt ent NOF AN, 1 ANEIS har, exanpl e,
sol -gel deposited 25 layers and vapor deposited |ayers of inorganic oxides

(for eManpl dprsferaialytiakmvitailand ebhetr #etediwxi dewoentand
Cnerl ayer maRarnepSPER (s ihen sl FouRh T St ¢ rmaterial s 30
Sui t abl e t hethesebphaterd ates iimclandeer aseds (fdmtexcamplze about 1 to
about 15 weight percent). The thermoplastic resin is
typically chosen to be compatible {(that is, form a one-phase
15 combination) with the other materials of the binder.
Typically, a thermoplastic resin that has a solubility

2 preferably,

parameter in the range of 9 to 13 (cal/cm’)
9.5 to 12 (cal/em®)'?, is chosen for the binder. Examples
of suitable thermoplastic resins include, for example,

20 polyacrylics, styrene-acrylic polymers and resins, and
polyvinyl butyral.

Conventional ceating aids such as, for example,

surfactants and dispersing agents can be added to facilitate
the coating process. The LTHC laver can be coated onto the

25 donor substrate using a variety of coating methods known in

the art. A polymeric or organic LTHC layer can generally be
coated to a thickness of about 0.05 pum to about 20 um,
preferably, about 0.5 pum te about 10 um, and, more

preferably, about 1 um to about 7 pm. An inorganic LTHC

30 layer can generally be coated to a thickness in the range of
about 0.0005 to about 10 pum, and preferably, about 0.001 to

about 1 pm.
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crosslinked by heat, radiation, or chemcal treatnment such as, for exanple,
crosslinked or crosslinkable polyacrylates, polynethacryl ates]1patyEsters,

epoxi es, anghgp@byabsgkhanes. - 38 2 1 MAR 2001 WO 2004/ &58983903/029007
PCT/ US2003/ 029007 The thernoset nmaterials can be coated onto the LTHC | ayer

as, for exanple, thernoplastic precursors and subsequently crosslinked to

forma crossl i nkeg, igardaues ipeBULhgbh ecLhesanplaaidy HRLGLLA! snlnchide, for_;

exanple, 5 polyacrylates, poI ynet hacryl ates, polystyrenes, yur et hanes,
pol ysul foneslamiwsi drransded peygr m dEke 1ﬂ¢@§eﬁﬂ€t¥eﬁmpbaswdeomgam c

materials cap. e ARpl iedodia Coaxsnihgr iayglataa@gbte%h%%%?ér(%@élq%é”p' €

sol vent coatl ng, spray coating, usion coati ng) ypi cal
glass t ran5| thenttanperatafr exa(tEg)abfftdmrtﬁmli@ejhtc tovhkeeri absvetsiabl e for

use in the terlayer i s abqut C,_or greater referably.ab ut 50 2C or
gr eat er% The YRt er | Hy &% Sﬁ’em8fi'tl?1%?etE%‘?\?‘fﬁ‘%%%’\%é—‘urgb%%?ﬂ o) lrrlet'?l’l'e‘ecti ve,
or sonme conbtAgh s teF@0fso @hathehéfRglNg Jrstaadicamateriave! eagtbe

Inorganic materials suitable as interlayer materials include, for exanple,
metal s, metaFr¥RFERIEetret JIOTs GRATEES, CBAdLT YR IGNSTC C@Br B6R 28aRi ngs,

i ncl udi ng t hoge Bt efi @ Set Bat cBhexBl obhy éémtwevgtoehéeﬁ@&éfa{@e at the
i magi ng 20 light wavel ength. These materials can applied to the LTHC

| ayer via copgewesordle tiedienilgues ém@rt@amrtsfaraé@wﬁr spheteyYenge vacuum
) t
evapor gpi on tl‘? %’An%?é@aféu‘?: Q‘EQQ_SL#E?O?)% ﬂrQeL’i['ﬁH a4y &%?{:e.r E‘flg scoppain

addi tives, i nc exa 0| nitiators, surtfactants, pignents,
25 pl astici zﬁnp:omd:mmarlgtgl dshafhes t hswkfiress r@ughhessi nedgeayer can

depend on factors such %s e terie}l_ F} theel nterl ayer, the
materi al and PrIFFITes'S f f"ﬁe ﬁﬁ"%i’%@% eaﬁfﬁtrerlg “aRa®prdperti es of
the transferan interlayer can also result in 1mproved plastic memory in

the transferred material.

15 Typically, the interlayer has high thermal resistance.
Preferably, the interlayer does not distort or chemically
decompose under the imaging conditions, particularly to an
extent that renders the transferred image non-functional.
The interlayer typically remains in contact with the LTHC

20 layer during the transfer process and is not substantially
transferred with the transfer laver.

Suitable interlayers include, for example, polymer
films, metal layers (for example, vapor deposited metal
layers), inorganic layers {for example, sol-gel deposited

25 layers and vapor deposited layers of inorganic oxides {(for
example, silica, titania, and other metal oxides)), and
organic/inorganic composite layers. Organic materials
suitable as interlayer materials include both thermoset and
thermoplastic materials.

30 Suitable thermoset materials include resins that can be
crosslinked by heat, radiation, or chemical treatment such
as, for example, crosslinked or crosslinkable polvacrylates,

polymethacrylates, polyesters, epoxies, and polyurethanes.
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| ayer, the wavel ength of the imaging radiation, and the 30 duration of
exposure of the donor sheet to imaging radiation. For pol ymer2 b@‘kezré}ayers,
the thickness of the interlayer typically is in the range of A8t 05 Fun
to - 39 2MWRARYSYWEE WO 2004/ 099338 PCT/ US2003/ 029007 20050297 For
inorganic interlayers (for exanple, netal or nmetal conpound interlayers),
the thickness of the interlayer typically is in the range of about 0.005 pm
to about 10 Tpienrhsrmpeetdormirersiadst sanf be heocad pr@mriton thlesbTHENpeYSE a

thermal trangfer fggyg}gam%?%_ tgh%@?nggggggygfp}é‘&&&d&% afhg %nggéwgenn?l%l ude any

el ectrol um nesc¢ent conpo ion 0 resent 1 nvention an
ot her suitableeosal énkad or fawmt er cabsslinkpdsiutemtagme .or nore

light-emtting |ayers., 10 The transfer |ayer.is capable of being selectively
transferred as a éﬂ?fa%fei PAEER5by™a ?/r%%lf? alﬂfcgudteeraﬁgf’e?x%ﬁ%%%'ni sm

when t hes dongblehefPrites, xqlesardhborylates]) Menidtig@fest,0 i magi ng radi ation
that can be absorbed by light-to-heat converter materjal and_ converted into
heat. 15 OnePRAYUBECRARGT diffy Yise fPP8RAsT BP LY S5 et % s A S/LYEMSReS coati ng t he

light-emttiAgekayehefMbSTdid haknks, mMesr At é\A:PPSbeCQEB'.‘Liiéjinﬁié he organic
el ectrol um nescent conposition of the invention) onto the donor substrate
or any of thé&onvaperengkserdtiey sephalgres ekampi@malite Sadeebhayer, 20

nterlayer, QoLTH | ayer) cdiing {BLSoReLhothy LG i aN - AUbLLLYG | ayer

material can be so I Zed by addition o sui tabl e conp e sol vent,
and coait®kd orrhe thessonoxnsisiilyst tampeoatany Ohe off thermtwlesiiayers by
spi n-coating ravur e_coat.i neg,fol\lzayler rod_coatin knife cog'{Ji nngn_q:the 25

. td
like. The sol'\eént -2 %sse%llbarbe]f erabl ysaoé% %}(1) e es]iaryaebrl ﬁs FRPGFatt With (for

exampl e, swellr gredtesplyeifeaaaplef abbatr Bl readyr exdesitarg | @pers in the donor
sheet. The C?%Egggaﬁgﬁ can be either transmissive, absorbing,
reflective, or some combimnation thereof, at the imaging

15 radiation wavelength.

Inorganic materials suitable as interlayer materials
include, for exampie, metals, metal oxides, metal sulfides,
and inorganic carbon coatings, including those materials
that are highly transmissive or reflective at the imaging

20 light wavelength. These materials can be applied to the
LTHC layer wvia conventional techniques (for example, vacuum
sputtering, vacuum evaporation, or plasma jet deposition).

The interlayer can contain additives, including, for
example, photoinitiators, surfactants, pigments,

25 plasticizers, and coating aids. The thickness of the
interlayer can depend on factors such as, for example, the
material of the interlayer, the material and properties of
the LTHC layer, the material and properties of the transfer
layer, the wavelength of the imaging radiation, and the

30 duration of exposure of the donor sheet to imaging

radiation. For polymer interlayers, the thickness of the

interlayer typically is in the range of about 0.05 um to
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t hen be anneal ed and the sol vent evaporated to | eave a transfer |ayer. 30
The transfer layer can then be selectively thernally transferZdd!Mri8% t he
resul ting dewmroostmes or el enent to a proxi mately | ocat Bdroecspteny
substrate. There can be, if - 40 2 1 MAR 2007 WO 2004/ 099338

PCT/ US2003/ 029007 desired, nore than one transfer |ayer so that a

mul til ayer r i on ks _tt - S i heet,._.The
recept or subgﬁé}z‘% eﬂpcyrrln'be%ﬁygﬁ?g%gl&??ﬁﬁ%&]ﬂi%g%r% gg%’% %gggéléap%ﬁaclati on
i ncl udi ng, for rexteapleempglass inteahsparent thef ithiskneek| e€t the fil ns,

net al s, sem conductors, and gl astics. For exanple, receptor substrates can
be any type lBFeG\A¥Es VRI6ALAVspHP ad” titsirdiitidsuirfaBPeutof - P % pimyto

appl i cations C r substrates suitable for use in displays such as
liquid cryst%]?gg'f ?B‘f g')’/"si or em ssive 10 displays include rigid or flexible

substrates that are ddwest sahkkakl yfttlensimwsindent alebstbhprisghd . Exanpl es
of suitable rigid receptars include gl ass anq r.itlgid pl.asti ¢ that are coated

or patterned 3FTHR} fFeRRErnia¥RF de TITGF B HoFat 2YPE EPFELARF A with | ow

temperat ure digfily-iddtG@IuhkhBSteRf Uisiltidnsbt @heSHEHSEM €5,
including organic transistors. Suitable flexible substrates include
substanti al | ¥nvelttelon amd cABn3RTFLIYHS 2PbIQReT BUifableelpberide 94 | s,

tranSfleCtiVﬁaééfi@l’s,pgﬂi%yoéieﬁg?.ﬁi&@’OMCH qxahtgeﬁkeekﬁgo_l%%é&& and the

like. Flexible substrates”can also be coated or patterned w el ectrode
mat eri d0s or The ansirstfers lekor iexoampileld rehdiestnor seleaypsvédbynmed directly on

the flexibl e, substrate or tAsferrod o e fhexiBlesgupsiiate after
bei ng formed on aeferrporary carrier su straté]). uftapre pol yrer
substrat es | ncdngeepaleytshésmbaben (flog dxanpled emepol yet bybesned ttey epht hal at e,

p0|yethy|ened{gggglﬁga%ggé’or to imaging radiation that can be absorbed
by light-to-heat converter material and converted into heat.

15 One way of providing the transfer laver is by solution
coating the light-emitting layer material (that is, MFs and
MDPs comprising the organic electroluminescent composition
of the invention) onto the donor substrate or any of the
layers described supra (for example, the underlayer,

20 interlayer, or LTHC layer). Using this method, the light-
emitting layer material can be solublilized by addition of a
suitable compatible solvent, and coated onto the donor
substrate or any one of the above layers by spin-coating,
gravure coating, Mayer rod coating, knife coating and the

25 like. The solvent chosen preferably does not undesirably
interact with (for example, swell or dissolve} any of the
already existing layers in the donor sheet. The coating can
then be annealed and the solvent evaporated to leave a
transfer layer.

30 The transfer layer can then be selectively thermally
transferred from the resulting donor sheet or element to a

proximately located receptor substrate. There can be, if
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pol ycarbonate resins, polyolefin resins, polyvinyl resins (for exanple,

pol yvi nyl chloride, polyvinylidene chloride, polyvinyl acetal s ztlhe
like), cellulose ester bases (for 30 exanple, cellulose triacetate,
cel l ul ose ackPatUP93¥hd ot her conventional pol yneric fiPrEUSHSP27
supports. For making CELs on plastic substrates, it is often desirable to
include a barrier filmor coating on one or both surfaces of the - 41 21
MAR 2001 WDd2804£099838e PAHIUS2€081829007 vt e $dbst pareltblayert ect t he

or gani ¢ ”ghtc'oﬁ@c} EPGoh 1 HQVIE8$ 2D %tﬁﬁiﬁ ?%(%%%%%&E?”&ﬁé% surgdo
undesired | evel s of water, oxygen, and the ¥ike, eceptor substrates can be
pre- patt er nedenephoanyulosterate eannbeeanfy etactswdedlet fansasparsicular

capacitors, inSﬁLatgr riQ%I(ﬁpacers col or filpfrs, Qlack nmatri x, hole
transport | AYBF$CaEF QR IBH UTEN pb6PT TRYRRES: SHE S h&F BPBAETRS useful for
el ectrord ¢ difrsphaysrefledhiere davingesmeMss anseiMRmduetpieSi agdt he or gani c

el ectrol um nescent 10 conpositions of the invention can be sel ectively

transferred PRASM-ERe doMOreXBLe t 5 RREPR RV L F5s CRRt BEb3HI B Sy  t he

transfer layer ehptheadoney SiRpehyadiasent $0:iddie rReeRigp1gWbstrate and
sel ectively heating the donor sheet. For exanple, the donor sheet can be

sel ectivel y Featéaapyons. | rhasdPaPrngupher dondrsuiiedtlewifel vaagimg radi ation
that can begbgeLbed the 1Tl ayeEe 80 VR ed kRt 9sfeat. The donor
sheet can be ex%osgd %gg?naginéﬂrad?af%%n tﬁ%%hgh its suggtrate, t hr ough

t he recHpt or ddabdevat enclude huohd Fheftedihlée omlzdrates| adet omee or nore

vavel engt hs, 20 ncl udi ng wi.sible Light, IR of W adiation from for
example, a |aser, Panp, rHISTEEY SEUER FAY AT TN sodrce. Preferably, the
radi ati on source Ezaaplesesf stihebleselegidiwecdigainsndneetiledslaan aldso be
used, such ag;using a  thenml pLint Pegd, or islNg & Lhelmala gt sfamp (for
oxide (ITC) or that are circuitized with low temperature
15 poly-silicon (LTPS) or other transistor structures,
including organic transistors.
Suitable flexible substrates include substantially
clear and transmissive polymer films, reflective films,
transflective films, polarizing films, multilayer optical
20 films, and the like. Flexible substrates can also be coated
or patterned with electrode materials or transistors (for
example transistor arrays formed directly on the flexible
substrate or transferred to the flexible substrate after
being formed on a temporary carrier substrate}. Suitable
25 polymer substrates include polyester base {(for example,
polyethylene terephthalate, polyethylene naphthalate),
polycarbonate resins, polyolefin resins, polyvinyl resins
(for example, polyvinyl chloride, polyvinylidene chloride,
polyvinyl acetals, and the like), cellulose ester bases (for
30 example, celluleose triacetate, cellulose acetate), and other
conventional polymeric films used as supports. For making

OELs on plastic substrates, it is often desirable to include

a barrier film or coating on one or both surfaces of the
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25 exanple, a patterned thermal hot stanp such as a heated silicone stanp
that has a relief pattern that can be used to selectively hpawpgghenor).
Mat eri al frewo fohgoobdser mal transfer |ayer can be sel ectipalnszbgzaneherred to
a receptor substrate in this manner to i magewi se formpatterns of the 30
transferred material on the receptor. In many instances, thermal transfer
using light £iom ;. fOibaxai €o BrbedPe Ahd 83%fanild 1R8ht ELAM SErEXPOSe the -
donor can be advant ageous because of the accuracy and - 42 2 1 R 2007
2004/ 099338 RETiwWS2 08! 018007 elprerededrf ndntexpmsugit 6n badeshieted. The

si ze and sha st p (+f:qr, exanple, a line, circle,
square, or o?%‘ég{s‘éh%%gﬁt{:% ggyggﬁfr%ﬁ#g{i{%y{l or exanpl e, selecting the
si ze of the |ightrRdssmort [smbasxpases ecpatbemre-pagfterrhed| wight dwamnd he

dur ati og of directed be mct%nt act with itsh:e donar shegt or.the materials of
the dondr sh8Bt™OTerraf (FLGTIFEAFEd patTEr T Fan S8GBECESnt FBF T HF By
irradiating thes dosHcetsmentokhEougdra, mMsick HadeXAVPhESe Cot &edisoand
advantages of this invention are further illustrated by_the follow n

g
exanpl es, butaY®es pRIGEFCR STARERPT bl L@YHTF afBithCS heRerdBPerR ittt Yln t hese

exanmpl es, asgopelic@scaiReaicpndi ki oRsoand drkaides,. shoul d not be construed
15 to unduly limt this invention. Synthesis of poly(Nvinylcarbazol e-co-p-
di phenyl an nost yriéfRe)agPViRPBPASYP AL & b | Yife 0 TR INCY eARE EHp bapbl&Safiitth a
triarylgm ne: t gl ni n y\?ﬁj e |,b The
starti nlg) mat g?lﬁ[g?iﬂuscg{ ioggttﬁigsgggéxrlrp e g{agpg)\r?agleggfzg? %%%1 g%lgﬁ%?ed
Chemi cal s of fibhwehk ednddl sheiet htohehexceFritar chbgtrdiphenyp b ingst yr ene
and ot hers n%gd. P- iqu%%lragifngﬁéyé ene Syt hesi zgdtgytl,?e preparation

transfe onor she adjacen
receptor substrate and selectively heating the donor sheet.
For example, the donor sheet can be selectively heated by

15 irradiating the donor cheet with imaging radiation that can

apas

be absorbed by the LTHC layer and converted into heat.

The donor sheet can be exposed to imaging radiation
through its substrate, through the receptor substrate, or
both. The radiation can include one or more wavelengths,

20 including visible light, IR, or UV radiation from, for
example, a laser, lamp, or other such radiation source.
Preferably, the radiation source is a laser. Other
selective heating methods can also be used, such as using a
thermal print head or using a thermal hot stamp (for

25 example, a patterned thermal hot stamp such as a heated
silicone stamp that has a relief pattern that can be used to
selectively heat a donor). Material from the thermal
transfer layer can be selectively transferred to a receptor
substrate in this manner to imagewise form patterns of the

30 transferred material on the receptor.

In many instances, thermal transfer using light from,
for example, a lamp or laser, to patternwise expose the

donor can be advantageocus because of the accuracy and
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25 simlar to that described by Tew et al., Angew. Chem Int. Ed., 39, 517
(2000) as follows. To a m xture of 4- (di phenyl am no)benzal deh g A@zﬁ 706 g,
73 mol, Fluka Chem cals, MI|waukee, W), nethyltriphen hos honi um

bromi de (26240988 1) and dry tetrahydrof uran (450 %"L 03 (AT
nitrogen was added a 1M sol ution of potassiumt- butoxide in tetrahydrofuran
(80 m., 80 mml) over 5 mnutes. The mxture was stirred for 17 hours at
room t enper abueeisidmttdrat( 400 nffenale azdeteantl t IThe stizehyddofhrmpe efas
renoved - 43, 21 MAR 2007 4 V\?%OOM P? 33§xaPCT U820q3/ Q29007 under reduced
pressure. Thé fi XEUre Was eXEFaet8d Wit ethet d"the con%l hed organic

| ayers were smugce over dWhs®4 shapd) comané I’@dirﬁii‘dlﬂdﬁ]‘ bvac dom eifeh@réude solid

was purified ﬁ%/ colu hromatgg gh?/}/%?h ilica usmgf 50 mixture 5
of nethyl ene®% %'HIH% ShéRah B 5 oW oleixE’oF 5? ta‘e?rbrt her
recrystallized m@elifg}mnﬂé%anehanaura@mﬁtdmiwe%t@@nbbaﬂiedobya@@gneti c
resonance spect roscop& (N A copol yner cont aini n%élt hi s nononer was

prepared as Withfdhe OrAS%Pth‘Bﬁ b Jnae g absviofy tE&r Ba26F eShERE 0. 42 g
p- di pheny| ankROSE Y4 8N Ma% Bh %Eé?ﬁdcéx‘i‘ A2 9% cdmtyhekhylketone. To this
sol ution was added 0.0243 g of 2, 2'-azobis(2-nmethylbutyronitrile) (VAZOTM
67, avai |l abl &rfadiatihgdie Qﬁen“rcal%melwwhlr@{g}ha DEFk-The resulting mxture
15 was sparged with nitrogen gas for 20 mnutes, sealed in a bottle, and
stirred for 20 h at 80 C. After cooling to roomtenperature, the solution
was pouPed | BxmMBIMER®SS nethanol (100 nL). The resulting precipitated
pol ynmer was coll cte bé il raté on an gél ed, overm ht |nfa yacuum oven 20
at room tenper at ure RE POV AT & 8. Bl e Hur
di:phenyl am nﬂshygt&maebla@gdtn@ ﬂd—ljamdn3§36xhlﬁvﬁle@ndodtactm p\aetg&nhlaa:ver age
nmol ecul ar V\Blght of 14.3 kg/nol wiith a
terials and amounts thereof recited in these examples, as
well as other conditions and details, should not be construed

15 to unduly limit this invention.

Synthesis of poly(N-vinylcarbazole-co-p-

diphenylaminostyrene) (PVK-DPAS)

A copolymer of N-vinylcarbazole with a triarylamine-

20 containing monomer was prepared as described below. The
starting materials used in this example are available from
Aldrich Chemicals of Milwaukee, WI, with the exception of p-
diphenylaminostyrene and others noted. P-
diphenylaminostyrene was synthesized by a preparation

25 similar to that described by Tew et al., Angew. Chem. Int.
Ed., 39, 517 (2000) as follows. To a mixture of 4-
{diphenylamino)benzaldehyde (20.06 g, 73 mmol, Fluka
Chemicals, Milwaukee, WI}, methyltriphenyl phosphonium
bromide (26.22 g, 73 mmol} and dry tetrahydrofuran (450 mL)

30 under nitrogen was added a 1M solution of potassium t-
butoxide in tetrahydrofuran (80 mL, 80 mmol) over 5 minutes.
The mixture was stirred for 17 hours at room temperature.

Water (400 mL) was added and the tetrahydrofuran was removed
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pol ydi spersity of 2.8 based on gel
measurenments in tetrahydrofuran agai nst polystyrene 25 standajyd$iAR 980lt hesis

per neati on chromat ography (GPC)

of el ectronwiyRANSHeE pol ymer, ODPI Part A Synthesis ofpchni2bdshempbenzoyl
Chloride 30 Into a 2 L flask fitted with a reflux condenser and nagnetic

stir-bar was introduced 50 g (0.1786 nol) 2,5- di bronobenzoic acid and 150

ot Ol oo B LB BB SR LA B St of (1

t hi onyl
distilled ofdtHeot | eined thy rembyvaédofrddreic leysirsderrbydrbédryveyipEat i on.

Distillation ve 40%2,%- d|brormbenzcl)1¥ hl ori de. 5Prt BS“{A{l s of
4- Oct oxybenﬁgflﬁ?@rcg thE P8 PRESEoM ST 'S K& “FrasRIFH o Partr added
387.14 g of ¥B8%Jyghaznrematbysapls drefdilied ben bshayrs s¢i96 BQrurkhe
cool ed solution was poured_into 3L of water

f||terea

welsh & e nEo fR 685 T da ndm RS endCe @ 14/ d 2dY E

10 and the precipitated solid
gélo‘f’ns Vel Fhad gi ve

4- oct yl benzpyd hygrazinecc3¢3e §11 9% Yirklel o 9Q:RBL aRAric L 15 Synt hesis
of 2,5-Dibronmo-N -[4- (octyloxy)benzoyl]benzohydrazide 50.88 g (0.1925

mol e) 4- oct @WN}?I cepdi BPEAcb P IR 4E FeEOrE0PS AOREYTeseEM v distill ed

triethylamn

added to 800 mL of dichloronethane. To this was added

with 20 nechani cal stirring 57.43 g of 2, 4-dibronobenzoyl chloride. The
product was filtér edpaigmeeccystalhimedHisomodgiometrhywhs poepamdieas( DVF) / wat er

79 3 8% | d 5- .
[P 51 LS PEAREG) By df Asridayicarbazele and 0.42 @

p-diphenylaminostyrene was prepared in 12.99 g

to giv
Di bro

15

20

25

30

methylethylketone. To this solution was added 0.0243 g of

2,2' -azobis{2-methylbutyronitrile)
Dupont Chemicals, Wilmington, DE).

was sparged with nitrogen gas for

(VAZO™ 67, available from
The resulting mixture

20 minutes, sealed in a

bottle, and stirred for 20 h at 80 °C. After cooling to

room temperature, the solution was poured into excess

methanol (100 mL). The resulting

collected by filtration and dried

precipitated polymer was

overnight in a vacuum oven

at room temperature. This polymer contained 6.4 mol% of pJ

diphenylaminostyrene based on 'H and *’Cc NMR, and had a

weight average molecular weight of 14.3 kg/mol with a

polydispersity of 2.8 based on gel permeation chromatography

{(GPC) measurements in tetrahydrofuran against polystyrene

standards.

Synthesis of electron transport polymer, ODP1l

Part A

Synthesis of 2,5-Dibromobenzoyl Chloride

Into a 2 L flask fitted with

a reflux condenser and

magnetic stir-bar was introduced 50 g (0.1786 mol) 2,5-

dibromobenzoic acid and 150 ml of

mixture was refluxed for 8 hours.
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25 Part D Synthesis of 2-(2,5-Di bronmophenyl)-5-[4-

~(octyl oxy) phenyl 11, 3, 4-oxadi azole Into a 2L flask was introduced 39.1 g
(0.0743 mol) of N-(2,5-di bromobenzoyl) -4-(octyl oxy) benzohydr azi téAR#7 203
30 phosphor US0G%#@A38% i de. The mi xture was refluxed for 8CKHUS2003H800F he

sol vent then evaporated under slight vacuum The residue was poured onto
crushed ice and allowed to stand wuntil the next day. Filtration gave a
sticky mass, chibehdeasas disstid 12AVARE26071owdd 260 4/0868238 cBRCThEIS2003/ 029007

di ssol ved in_nethanol,, and solid nmaterjal . obtained by additiopn of a
little water .reE‘FFPESf i Bh ﬁvﬁﬁoﬁg\kléoﬂﬁjgsuo]falai%eonr SquEr ghgpf oduct as a
whi te cryst aldibremspthfo BT hongidel.d). 5 Part E Preparation of Electron
Transport Polymer, ODP1 5.38 g (8.37 mml e)

2,7-Bis(4,4,5,5-tetranmet hyl -1, 3, 2- di oxaborol an-2-yl)- 9, 9-dioctyl-fluorene,
1.80 g (&.92pL@¢npol ) 2, 7-di brono-9, 9-di octyl fl uorene nmade as described in
Ranger et al., Can. J. Chem, 1571 (1998) and 2.50 g (4.92 mmole)

2- (2, S-di br oFyphea§LY - Sf [4-QUcrsybsryPphbyig¥dzine, 4- oxadi azol e made as

described in Ramg@[)1@@16”3#D nel_)eq'&%{n&%g%lugﬁ%s%@m( 1997 were Eg eg together

with 0.85 g (2.09 tricapryl yl met hyl ammoni um
chloride, av&ilable ¢f A ddrelziCkenThad )wash S0l uded dlogefehoTosthis  was

added 28 niL n,aquequs 2M olution, and fhe resulting mxture was
t hen degassegfl\(?\ngt heﬂitr egecno%l(l;le%?%giﬁgﬁ?rsl e r%oourﬁetéer%ﬁletroat%z'r 8tfa%%t?1ﬁen at 50
C for alfurthesd Phe2frdoifiscat®cd4oqi@0fOBSere®) @jashed with copious

tetraki s(tri phenyl phosphi ne) pal ] adi.u 0) available frogm Strem Chem cal,
Newbur ypor't, aﬂ}ﬂu{\il{/ﬁg ‘?ﬁe"?ﬁtﬁ%ﬂ@dﬁl girllﬁg] YRS give 4- ‘

octylbenzoylhydrazine (343 g, 91% vyield, mp 90 2C).

Part C
15 Synthesis of 2,5-Dibromo-N'-[4-
(octyloxylbenzoyllbenzohydrazide
50.88 g (0.1925 mole) 4-octoxybenzoyl hydrazine and
19.48 g (0.1925 mole) freshly distilled triethylamine were
added to 800 mL of dichloromethane. To this was added with
20 mechanical stirring 57.43 g of 2,4-dibromobenzoyl chloride.
The product was filtered and recrystallized from dimethyl
formamide (DMF)/water to give 79.38g (78% vield) 2,5-
Dibromo-N'-[4-(octyloxy)benzoyllbenzohydrazide.

25 Part D
Synthesis of 2-(2,5-Dibromophenyl)-5-[4-
(octyloxy)phenyl]l, 3, 4-oxadiazole
Into a 2L flask was introduced 39.1 g (0.0743 mol) of
N-(2,5-dibromobenzoyl)-4-{octyloxy)benzchydrazide and 203 ml
30 phosphorus oxychloride. The mixture was refluxed for 8 hrs
and the solvent then evaporated under slight vacuum. The
residue was poured onto crushed ice and allowed to stand

until the next day. Filtration gave a sticky mass, which was
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m xture. The resulting m xture was heated at ref |ux under nitrogen for 16
hours. A nitrogen purged solution of 1 nL 25 bronobenzene in qumﬁnﬁﬂyas

added fol | owpghyessfsurt her charge of 0.04 g of PCT/US2003/029007
tetraki s(triphenyl phosphi ne)palladium (0), and the resulting m xture was

then refluxed for another 16 hrs. After the reaction m xture was cooled to

room tenperatur if .was ured into 2L. . Ql. .and the 30.precipitate
col l ected byg??ffi%ﬁé . mfﬁgaﬁ?gti%?$a?é}%£é£&%ﬁPF igasbﬁbgﬁbggggﬁy
di ssol uti on addteidrylcehea dhikeledeaaad. Fienrgriec phtiaBirginigngses heawlg The

product was optained as 5.4 of a |ight powder. |  perneation

chr omat ogr apf gh%ﬂ?eQXfrﬁﬂRpﬁge?CtVQ§Z%O%Fd§©§§§sﬁgiﬂB%?Oﬁ%ibé96%% ¥ anal ysi s
of the produgiep@yve: Mv 7.30 x 104, M 2.36 x 104, and pol ydi spersity of )
2. 95. nt hesis of Electron-transport polyner, ODP2 5 Part A Synthesis of
Met hyl 4- oct oxybenzoate Into a flask were introduced 251.0 g (1.65 nol) of )
met hyl 4-hydgoybenzoate, 276.37 g (1.99 nol) potassium carbonate and 1200 ¢
of acetone. This was refluxed for 45 10 mn foll owed by the dropw se
addi ti on of Beeparatgonl of9 Edefyronf ToanwmordthPediviierovePPA 1 hour period. The

reaction m xtuigesghgs §efj yxed J,0n HW%%g?g??tgi%%E%Féé%%éﬂ}lﬁﬁ?3% ol ed

reaction mxturé and evaporation of ft ra ave an-oil. is was
taken up i n @idwdbaoAtaam--ghd-eXt 9 adiecdwilitHl uor¥nNaCOH. 82 45(4.4D0 nl)

follo by water ( 100 ml) he. or i.c |ayer s dried SOA.
conceﬁﬁ at ed™ahd fﬁgﬁéﬁngﬁa'?ogégi Céﬁiﬁ%ﬁ?ﬁ%&?kgagglﬁgkée éﬁg%%ﬁéhts of
the flask wekengawbjactaad, tanhi gh eashum ikt i(iloaih oanfio2 r spoye(4 hep excess
1- octyl brom de. The pot residue was essentially Rure nmet hyl

20
4- oct oxybenZBRE)( 278y, SeespronpaRenyl) -5- [4- (octyloxy) phenyl] 1,3, 4-

oxadiazole made as described in Ranger et al., Chem.

Commun., 1597 (1997) were mixed together with 0.85 g {2.09

15 mmole) ALIQUAT™ 336 (tricaprylylmethylammonium chloride,
available from Aldrich Chemical) in 150 mL toluene. To this
was added 28 mL of an agueocus 2M NapC0; sclution, and the
resulting mixture was then degassed with nitrogen for 2
hours at room temperature and then at 50 °C for a further 2

20 hours. 0.04 g (0.035 mmole)
tetrakis(triphenylphosphine)palladium (0) available from
Strem Chemical, Newburyport, MA was then added to the
mixture. The resulting mixture was heated at reflux under -
nitrogen for 16 hours. A nitrogen purged solution of 1 mL

25 bromobenzene in toluene was added followed by a further
charge of 0.04 g of tetrakis(triphenylphosphine}palladium
{0}, and the resulting mixture was then refluxed for another
16 hrs. After the reaction mixture was cooled to room
temperature, it was poured inte 2L methanol and the

30 precipitate collected by filtration. The precipitate was
purified by repeated dissolution in methylene chloride and
then precipitation in methanol. The product was obtained as

5.4 g of a light powder. Gel permeation chromatography
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Synt hesi s of 2, 4-dichl orobenzoyl Chloride Into a 2 L flask fitted wth a
reflux condenser and 25 magnetic stir-bar was introduced 150}12191 ‘q}g} figp nol)
2,5- dichlorobenzoic acid and 575 m (7.85 nol) of thionyl oride. The
M xture was WORPHOS®WBor 8 hours. Mbst of the thi onyl cRCEUSHE3/03R807
distilled off followed by renmoval of the remainder by rotary evaporation.
Distillation gave 130g 30 (79% vyield) of 2,4-dichlorobenzoyl chloride (pot
tenperature a0 2Gs difstchel arbdnmcit erqrer0 96 /7.0078 1od,Hoydn 2-.347x 24°.MAR
2007 WD 2004/0 93 C1/ USZgO g 0] Part C[ Synthesis of

2, 5-di chl or - N\*® éﬁflp(?if V) bénZ 5‘?] enzohydrazi de. Under a bl anket of
nltrogen 8.8 g (0 087 nol) 2,4 5 dichl orobenzoyl chloride was added to a
sol ution of 23. .(0.087 mol ) 4- oct oxybenzoyl hydrazi ne and 12.13 m (8.8
g, 0.087 ITD|%mth€Sq|‘Hsy°(§l ELPFFERR T Y T IR PRAYPRER48PRF dry chloroform
After about ahgheur of stirring a dense white precipitate of the product
was formed. Stirring was 10 continued until the next day. The product was
col | ect ed by Syrithesats ef Maghy bct yetivbeagoftém et hanol /water to give 31 g

(81 5% yiel d) of 25l cBaueN,:f4 Laciooud benzavh] bergomiskazicde as a

white solid. 15 Part D ynt esl's
2- (2, 5-di chl ovegphenW-hysirpgbénetyt@xy3thenylg] (1123, obk gub e iim nt o a 250

m flaskfltted cal tlrrer t her no |ntroduced 30
g (0.0686 nol9 Vgg‘% IR ch?ggb NE-Ta-Tocty ox@ 63n¥%3s/lf%%elﬁuz}6 afr %zi'de and 181

m  phosphor ummmfﬂo@relddey The sarefiipeeddand ishi bEedlsad or7 & h(sz 99 Abaut 100
m  of phosph s ox ori de was di stl |.l ed of f gnd reduced pressure. The
cool ed reSId éama goover a 1 hour perio e reaction mixture .
{ was refluxed for two days. Filtration of the cooled reaction
mixture and evaporation of the filtrate gave an o0il. This

was taken up in ethyl acetate and extracted with 5 % NaOH (2

15 x 100 ml) followed by water (2 x 100 ml). The organic layer

was dried (MgSOy), concentrated, and transferred to a 1L

three necked flask. The contents of the flask were subjected
to high vacuum distillation to remove the excess 1-
octylbromide. The pot residue was essentially pure methyl

20 4-octoxybenzoate (376g, 86%).

Part B
Synthesis of 2,d4-dichlorobenzoyl Chloride

Into a 2 L flask fitted with a reflux condenser and

25 magnetic stir-bar was introduced 150 g {(0.785 mol} 2,5-

dichlorobenzoic acid and 575 ml (7.85 mol) of thionyl
chloride. The mixture was refluxed for 8 hours. Most of the
thionyl chloride was distilled off followed by removal of
the remainder by rotary evaporation. bDistillation gave 130g

30 (79% yield) of 2,4-dichlorobenzoyl chloride (pot temperature

110 °C; distillation temp 70 °C / 0.70 mm Hg) .

- 47 -



wat er and crushed ice with manual stirring and allowed to 25 stand until the
ice had nelted. The precipitated white solid was collected by F1MAR &7 on,

dried and rgdY@l/@biisszed from ethanol. There was obt ai nged00b08e00S9%0
yield, nmp 86 (r)C of 2-(2,5-dichlorophenyl)-5-[4-(octyloxy)phenyl)-1,3,4
oxadi azol e. The structure was confirnmed by NVR 30 Part E Pol ynerization of .
2-(2,5-D chl ggephenyl ) -5-[4- (octyl oxy)phenyl]-1, 3, 4-oxadi azole. - 48 2 1
MAR 2001 WD 2004/ 099338 PCT/ US2003/ 029007 Into a flask fitted with a septum’
and ni trogenSpotkpsisved Pnbrédabdar4¥ 104y (9. 77 mol) of

2-(2,5-dichl hﬁgw oD yl']-1, 3, 4-oxadi azole, 2.85 g
(10. 89 nmol )%g?ytri B)ﬁgﬁ‘?f’%‘ﬁ}gﬁs’%ﬁ%%ﬂéﬁﬁ%ﬁ%&&m g (1.421 mol ) of anhydrous 5

ni ckel (I11) broniWglerTe birskatsofdaibtrgmemd 8dBy aDVE . 8Ad @61) i3, 4ry t ol uene.
This was azeqtroped.wi th the, use.of a Deap- rk denser d by
S oft-Rbar e CpiPiade o fReCel 8 SRR oL S

distilli'ng o e cool edr utl was
added a furtherosD.mdll )g 4CbcdBkypamtdy Dfimaapdheuandi ckel3 (hl) (broong,de under

a 10 strong ni en purge, .Thi.s was heated at 80.C for 30 j nutes foll owed
by the addi tpo{lugﬂgg“glbo ] EﬁllgrGb%ﬁ’z]zjn%cfa?leéﬁ’éﬁl@g‘ﬁﬁrenbnag’é‘?\t“ﬂ reaction
was al | owed tR1PFICAGH 7@Ee8 aBOWE Sord Hhr2Gr Thereonhed asaed i@idd xture
was poured into about 500 mMl acetone and filtered. The solid cake was taken

15 up in et ByeeiRd @ rifdEngnBr PRUHE Wad foa™eRd SheTThed pFfase system

stirredgf or abouin.am hewil THE RESUl 44N BQ) idSawekewabi Loel e & fn,and the
filtrate transferred to a separatory Tfunnel. The | ower organic |ayer was

separ at ed anfipetatddn iaptdorgarexeatbizdd faomarshbanthéwaber dtawedivoldlect ed,
washed 20 wi th thanql -and dried to .gi ve.2. 8,9 of polymer. GPC anal ysis
Ao o e R

gave a wei gh ar’' weig
(octyloxy)benzoyl]benzohydrazide as a white solid.

15 Part D
Synthesis of 2-(2,5-dichlorophenyl)-5-[4-(octyloxy)phenyl] -
1,3,4-oxadiazole

Into a 250 ml flask fitted with a mechanical stirrer
and thermometer was introduced 30 g (0.0686 mol) 2,5-

20 dichlor-N'-[4-{octyloxy)benzoyllbenzohydrazide and 181 ml
phosphorus oxychloride. This refluxed and stirred for 8 hrs.
About 100 ml of phosphorus oxychleoride was distilled off
under reduced pressure. The cooled residue was poured onto
water and crushed ice with manual stirring and allowed to

25 stand until the ice had melted. The precipitated white solid
was collected by filtration, dried and recrystallized from
ethanol. There was obtained 25.7 g {89% vyield, mp 86 2C} of
2-({2,5-dichlorophenyl) -5-{4-(octyloxy)phenyll-1,3, 4-
oxadiazole. The structure was confirmed by NMR.

30
Part E
Polymerization of 2-(2,5-Dichlorophenyl}-5-(4-
{(octyloxy)phenyll-1,3, 4-oxadiazele.
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(Mv) of 2.49 x 104, a nunber average nol ecul ar weight (Mi) of 8.40 x 103,
and a pol ydi spersity (PD) of 2.97. 25 Synthesis of

1,3,5-tris(5-(p-octyl oxyphenyl)-1, 3, 4- oxadi azol - 2-yl )benzeneZ(RHABﬂmeart A
Synt hesi s ofW&2Q040%E18y| oxyphenyl ) -1, 2, 3, 4-tetrazol e. 20PET/YPWAF025407

p- (octyl oxy) benzonitrile (A drich 30 Chem cal Conpany, M I|waukee, W), 8.8
granms of sodiumazide (Aldrich Chem cal Conpany, M| waukee, W), and 7.2
grans of ammoni uﬁ@hl%rﬁl(i’ékméﬁétﬁﬁx‘éﬁt}?ofgeﬁ%%ﬁd@r nitrpggenpurd® 7 1 MAR

2007 WD 20%599%33@@(1%2%350%9097 W%EEW@ €4, %‘%Qcﬁho bofLy J[JNF

(dried by stirring with potassium hydroxi and distil romca
oxi de under 5nl4+ oyadylapydoppheve) - 1A$1@T03E¢F@-qf7€¥él@tl én 8r$| m Un'ié &&smmnsl)l rred

Fempor at ur 6. CnEt R W ERER00 i M8 o set iy BT e LT AL
reactio m Xhlei]ee]I\la(SIIaCi}:ﬂiofniléd wrrd hthis | wa e dm}cttrd)(firﬂ arli dr&CDEiF ami 1%e

resulting white_ soli IIected by filtr t|on he solid was washed
Weh 300 B iR WSS PO | SR IRP S0 GRenBREnaT fobtdued by 10

drying in a §§§t}6C<§:trQIerié:@i'elfo‘1§6UHH\ bQBdﬂstglla_fm@ldfe: sRkhdofptrduct was
collected and its structuire confirnmed by NVR_ Part B Synthesis of

1, 3, 5-tri s(5-PPpIeRe yIToX HiFefigP)ed, ?ﬁ@l‘:t:ELGHn GRIdtEAN vesypygefzantuydrPeB) 5

grams of 5-(p- 99'[%/0%%%*199%&) 104 §m14yc§§51535‘2rﬁc§ceﬂnq111} PronalE Ader a
1,3,5-tricarbonylirichl obenzene (Al drich Chem cal Conpany, M | waukee, W)

wer e stlidr r edsoverqingirdaen 2erae . ofhde yway rhefitrsd &t B€f PGxfande? nitrogen
methanol . a PP e DS oAb Se Bab PRt AR M 4 SrRE R WO i 11
addi ti onal rrertnﬂ:amxbgnfg)lalg@\md Eyedryaemgmrn wadwe allowed to proceed for 8
hours at 80 2C. The cooled reaction mixture was poured into
about 500 ml acetone and filtered. The solid cake was taken
15 up in methylene chloride and 1N HC1l added and the two-phase
system stirred for about an hour. The resulting solids were
filtered off and the filtrate transferred to a separatory
funnel. The lower organic layer was separated and poured
into an excess of methanol. The solid was collected, washed

20 with methanol and dried teo give 2.8 g of polymer.

GPC analysis gave a weight average molecular weight
(Mw) of 2.49 x 104, a number average molecular weight (Mn)

of 8.40 x 103/ and a polydispersity (PD) of 2.97.

25 Synthesis of 1,3,5-tris(5-(p-cctyloxyphenyl)-1,3,4-

oxadiazol-2-yl)benzene (OPOB)

Part A
Synthesis of 5-{p-octyloxyphenyl}-1,2,3,4-tetrazole.
20.8 grams of p-(cctyloxy)benzonitrile (Aldrich
30 Chemical Company, Milwaukee, WI}, 8.8 grams cof sodium azide
{Aldrich Chemical Company, Milwaukee, WI), and 7.2 grams of

ammonium chloride were mixed together under nitrogen
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desi ccat or under vacuum 3.5 grans of the crude product were isol ated,

whi ch was further purified by colum 25 chromatography on sili 6a Pﬂ?ll W th
50: 50 m xt uk sbs/o@sxghl or omet hane: et hyl acetate and its spetgérdizmeant | rmed
by NWVR Synthesis of 4,4',4"-tris((4 30 di phenyl am no) phenyl)tri phenyl am ne

(TDAPTA) Part A Synthesis of 4-Bronmp-N, N-diphenylaniline. - 50 21 MAR .
2007 VIO 20044 0R95FH RCTHUS0RY/ 029807 e BIAPIecNDY didbesybagibine vas made .
essentially as escribed in Creason et al., J. Og. Chem, 37, 4440 (1972).°

Part B 5 Synedleadsiugt qdmowi greapf- di ¢l bl 5y firopy gpdehym- ¢x8de-under

di oxabor ol an; 2: ydJanidg B8y . Maplef &ENSAULHOR;QtuRaBYLY! 11 thi um
(Aldrich Chemcal) was added dropw se via syringe to a solution of 24 ¢
(0. 074 nol e)s¥itreshevNrNidhphengdeanii tregém 73 0@ °dr ytHO nisttvuatey easf ur an

(THF) apd -78C irrin S Lhued at .- .782C f. hour .and then at
'S02C 181 anits thaommxEerEelheen My vy gk 209"y 98N 0s
nol e) 2-i soprapaxxy-afded, Fhichethanetiyt idn In2etdirex aber abaab s { A dri tdh

Chem cal Co,),was  added. via.syringe in.one portiaon. The.tenperature 15 was
it ned 11 SEUGEnIRE 48 btie ARt G SBaEnALS PerDydiiaind e
reaction | eféoleddddNbiO fR0GFL i BAPETIRE WEE MhiWe Shandangitrrid® dows. The
reaction mxture was poured into saturated anmmonium acetate and extracted

with ether. JREPTAfET WRkpEr IRALOURH Y o1t Ml fadisEarem Sattared dnd

concenfpat edyt i i Ve @ KesSOH 8! unadrifdiGatl on By gCakupR; chr imtpgr aphy
(silica gel eluting wth hexane:toluene m xtures of “i ncreasing gradi ent
from 100% hexehict a0 héraned gadel s Netdiuysiemel coanfirgeg Iy NMR.

Part B .
Synthesis of 1,3,5-tris(5-(p-~octyloxyphenyl}-1,3,4-

15 oxadiazol-2-yl)benzene (QPOB)

5 grams of 5-(p-octyooxyphenyl)-1,2,3,4-tetrazole and

1.5 grams of 1,3,5-tricarbonyltrichlobenzene (Aldrich
Chemical Company, Milwaukee, WI) were stirred overnight in
20 ml of dry pyridine at reflux under nitrogen atmosphere.

20 After cooling down to room temperature and addition of
methanol, a white precipitate formed, which was filtered and
washed with additional methanol, followed by drying in the
desiccator under vacuum. 3.5 grams of the crude product were
isolated, which was further purified by column

25 chromatography on silica gel with 50:50 mixture of
dichloromethane:ethylacetate and its structure confirmed by

NMR.

Synthesis of 4,4’ ,4”-tris((4-

30 diphenylamino)phenyl) triphenylamine (TDAPTA)

Part A

synthesis of 4-Bromo-N, N-diphenylaniline.
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tetramet hyl -1, 3, 2-di oxaborol an-2-yl)aniline as an oil (19.9 25 g, 72.8%

~yield), which slowy crystallized to a solid on standing. Partw@ fynthesis
of TDAPTA 30 10.90 g (29.4 nmmol, 3.15 equiv) N, N-di phenyl -4-

(4, 4,5, 5-t et¥Qupf4#93381 3, 2- di oxaborol an-2-yl)aniline, 4 4372008829867 mol , 1

equi v) tris(4-bronmophenyl)anine (Aldrich Chemcal Co.), 1.41 g(3.5 nmol,

0.375 equiv) AliquatTM 336 - 51 2 1 MAR 2007 WO 2004/ 099338

PCT/. us2003/ 0290074 - RrAmdine - @héﬁﬁ@ﬁlﬁ@ﬂl)ﬂear‘veswaﬁlﬁ ORF auEdLSY NER2 COB

sol ution (78edcrmla {f: $38auhvicver e afldelochan. 9! &@wegemﬂh' s

m xture was purged with a stream of nitrogen for I"hr | owed I'hr at 50
C. Under a nitrogen purge, 130 ng 5 tetrakis(triphenyl phosphl ne)

pal | adi ur’r(O)Péj(f)tlé) mol, 0.012 equiv) was added. The reaction m xture was
then refluxed ' Tor 18 hrs. The cooled reaction was transferred to a

separat6ry S$untiedsiandchft hueNeﬂgghbﬁyla«yeM 405l setedrambehae o2 ayer was
extracted with ether and th% bl ned organic layers 10 dried and evaporat ed
to give an ofF¥ETY IaSsYITABLOIP®was taken up in hot tol uene and cool ed

to precipitate a 4 gt mibcewa s0bidsoliiteidy @¢i piBatglWashibmt eret-ich 3 9)
and shown b thin Iayer chr.omat ography (hexane / toluene 1:1) to consi st
of a maj or ). Wesl @rfeBnfABRBIY B APy SYEPPEata 52 gBP Ly 19 tfl $éne

hexane gradl §nto {5 AAQY hobysmslmg@v&f&n a8ifin6 YaYied iy Q:{ryTDAPTA

Positive-ion nass spectrum gave niz 2H54N4 requires M
Synt hedPs of tperaiirdrmriaenc ¢FEF Y nend coti’ §| nEhgermaes @tp@ménatof

6, o oct yl - 07 prg( 475 HB6E. Sgt PEER)ar e S8 AN | I WiLor ene
and 8.856g (48s mmle t2 (2852di bn@nbbmémg )(050@450@;1@@94@%@@@ -3, 4-
4,4,5,5-tetramethyl-1, 3, 2-dioxaborelane {Aldrich Chemical
Co.) was added via gyringe in one portion. The temperature
15 was maintained at -78 2C for three hours. The cooling bath
was removed and the reaction left to warm to room
temperature while standing for 12 hours. The reaction
mixture was poured into saturated ammonium acetate and
extracted with ether. The ether layer was dried over
20 maghesium sulfate and concentrated to give a viscous oil.
Purification by column chromatography (silica gel eluting
with hexane:toluene mixtures of increasing gradient from
100% hexane to 40% hexane) gave N,N-diphenyl-4-{4,4,5,5~
tetramethyl-1,3, 2-dioxaborolan-2-¥l)aniline as an oil (19.9
25 g, 72.8% yield), which slowly crystallized to a solid on

standing.

Part C
Synthesis of TDAPTA

30 10.90 g (29.4 mmol, 3.15 equiv) N,N-diphenyl-4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline, 4.49 g
(9.30 mmol, 1 equiv) tris{4-bromophenyl}amine (Aldrich

Chemical Co.), 1.41 g(3.5 mmol, 0.375 eguiv) Aliquat™ 336
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oxadi azol e were m xed together with 2.02g (5 mvle) AliquatTM 25 336 in 212
m. toluene. To this suspension was added 36 nL of 2M aqueous Mﬁmﬂm

sol uti on andyd b@4/fdexdsur € was then purged w th nitrogen $@Fuags/eer and
then at 65QC for half an hour. 0.232g (0.2 mmol e)

tetraki s(triphenyl phosphi ne) pal | adi un( 0) was then added 30 under ni t rogen.
The reaction fl d i m)benzene
was added an&x\fﬁie %eacgt)é?lgﬁgﬁ]f g‘%tﬂ cIiI{&)q’fl uxe gg%éuﬁoé?é 3A18P ‘r‘1 the
reaction vvas(';'@:omlmdﬂdoﬁnsa equirs) pmrreechdchdS(ﬁG s6b nf, @Ethanmén@nd wat er -
52 2A MAR 2W WO 2004/ 099338 PCT/ 820t /02 007 %% %ﬁ P%%%

preci pi t at ed ot HECPAELERT BrEEST e r§8f“l F Erg%‘f‘?d s-Hiltered

and dried ungleri &t benlhrTHE sake vvaadéedaslsptr/@@em pwy<or afar mgand
pr eci pi tated from_ nethanol. The precipitate was filtered and washed with 5

met hanof to ef%iekd siiriehepyighospringlonad 1adftmd 9k (0 - ph=mek, PR g.

Synt hesi s ofg c?lfv( Piaz abfibfl U%Q%Mﬁ?ﬁﬂﬁ&kﬂ)&%‘ %BaEHen N:Qlﬁ:kéd digpr(111)
acetyl acet ona (5TFM PPIr) 10 4.18 g (22 muol e) 3-Trifl uoromet hyl phenyl

boroni c aci 18 (Inf=dr iThie Chedbdare@ption Warpsfranpiernndl &y 2- bepTOPSIIWi ne
and 5.04 g (ﬁ%dﬁpﬁ'a?)d lé'ﬂ'é'CS@gX‘ﬁIc? r);%erd JQ9ethe i A,80, &Heo&é rﬁ#gﬁé}e gl ycol
e sol

di net hyl et her uti on~was d wth nitrogéen before
0. 5g (Ph3P) 4k veas: radded. wihk &ﬂlmmﬁethﬂasombﬁhaﬁedrganim hateogen

overni After_th reaction s cool ed down, the.m xture was tracted

o th dPher G R SSREPRAGCRI T 1R & KA abhta AT, vEE S i r e
After ether wwicerd eppuadhby tolaéye erap@allic@nto bbhecipuderproducthavas vacuum
distilled to give 2.0% of 20 product as light _brown oil. Product structure

was confi r meEOBy 1TBSgPTEC ) ks Jwas filtered (7. 3 g) and shown
2'(3"TriflQQFQﬁﬁkhMEQQ%”&E}OQXEéékdﬁhy (hexane / toluene 1:1) to

consist of a major component. Column chromatography (silica

15 gel with toluene : hexane gradient from 100% toluene} gave
5.10 g { 56 % yield} of TDAPTA. Positive-ion mass spectrum
gave m/z 974 (CyHsyNy requires M' 974) .

Synthesis of polyfluorene copolymer containing 50 mole

20 percent of electron transport oxadiazoles (ODP3)

12.84 g (20 mmole) 9,9-dioctyl-2,7-bis{(4,4,5,5-
tetramethyl-1, 3, 2-dioxaborolan-2-yl) -fluorene and 8.856g (18
mmole) 2-{2,5-dibromophenyl)-5-{4-octyloxy)phenyl]l-1,3,4-
oxadiazole were mixed together with 2.02g (5 mmole) Aliguat™

25 336 in 212 mL toluene. To this suspension was added 36 mL
of 2M agueous Na,C0; solution and the mixture was then purged
with nitrogen for one hour and then at 652C for half an
hour. 0.232g (0.2 mmole)
tetrakis(triphenylphosphine)palladium(0) was then added

30 under nitrogen. The reaction was refluxed under nitrogen
for 3 days. 1 mL of bromobenzene was added and the reaction
further refluxed for 18 hours. Aafter the reaction was

cooled down, it was poured to 500 nl of methanol and water

- 52 -



and 1.24g Ird 3. xH20 were m xed together in 84 m 2- ethoxyethanol and 28 ni
‘water. The m xture was refluxed 25 under nitrogen overnight. M\'g\pﬂ_ﬂﬂﬂhe
reaction was cooled down, 100 m of water was added and preC| pitate was
formed. TheWpree#PeBdte was filtered and washed consecuPCYEB300#I20607 wat er,
diethyl ether and hexane to give 1.42g of a light green solid. Product
structure was confirnmed by NVR 30 1.42 g of the |ight green solid was
suspended in @0 1l1l. Bhe2pelyroxy attrmielitaQed3ogt ofs NaQ:@@BryalgduEgld;keZ 4-

pent anedi one \wer.e e pensi_o f e nitr

over ni ght . Thgmrlesuﬁged SO ?ut%ﬁ?\l&\;\a@a agéwggﬁ%)gn%ﬁa( %31 %denﬁﬁﬁ 53 Wj

2004/ 099338 RGHE USE@O@A@ZE@@:?ssc@ﬁvamuer chd)opo’é@rrplatrai @mﬁlpatgr.eénfsdxn
powder. The po iltered vvashe onse ut i with, ter

et by of hBE AT RexaRRe (6 G o AT oorad i LETE Foui wAtr Bit

conpounds was n@t@a@@uedotglwmiwraiﬂeoaoumder Qpcx sn@avfed@rmwatmﬁ 180 230' C.

0. 37g of an orange powder was obtained. Product structure was confirnmed by
NMVR. ~ Conpar at¥vd -BXanpPes- & D: MDP organi ¢ el ectrol uni nescent devi ces
conprising PVK: PBD bl ends doped wi th phosphorescent 10 iridiumemtters
Conpar ati ve Exa I es A- D descrl be i ni t| al eI ect roI um nescence per f or mance
and oper at i oE¥AH : » > pEer ( MDP)
organic el egf, 'e:ohtirplra%m& z§ley] 665, D) (@ W i»f‘é’)er conprising 15

hol e-transpo | ectron-transport
mat eri alQ 2 (4- bi Qhéﬂyb){&(mdla)t -B—Bmﬁﬂphemyéghﬂlmehydxan@tamhe £&#BD); and

various em ssi p unrti N ubst rate Appl i ed
Films 20 Corﬁg%ﬁl g %fﬁ?‘@%% gggut ?ésg 'ﬁ“ﬁ% gquar Y REr et agré\%ed in
acet one, dri eghawist. bangt ¢ egefinoland NaﬁﬂiEb@dvWé hnikéH0t0gether in 60 mL

ethylene glycol dimethyl ether. The sclution was purged with
nitrogen for an hour before 0.5g (PhyP),Pd was added. The

15 mixture was refluxed under nitrogen overnight. After the
reaction was cooled down, the mixture was extracted with
ether, and the combined ether layer was washed with water
and brine. After ether was removed by rotary evaporation,
the crude product was vacuum distilled te give 2.0g of

20 product as light brown oil. Product structure was confirmed
by NMR.

1.85g (8.29 mmol) 2-(3'-Trifluoromethylphenyl)-pyridine

and 1.24g IrCl;.xH,0 were mixed together in 84 ml 2-
ethoxyethanol and 28 ml water. The mixture was refluxed

25 under nitrogen overnight. After the reaction was coocled
downi, 100 ml of water was added and precipitate was formed.
The precipitate was filtered and washed consecutively with
water, diethyl ether and hexane to give 1.42g of a light
green solid. Product structure was confirmed by NMR.

30 1.42 g of the light green solid was suspended in 40 ml
of 2-ethoxyethanol. (.23 g of Na,C0; and 2g of 2,4-
pentanedione were added. The suspension was refluxed under

nitrogen overnight. The resulted solution was added 40 ml
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VectraPM Seal ed- Border W pers (Texw pe, Upper Saddle R ver, NJ) soaked in
nmet hanol . The substrates were then subjected to oxygen pl asmpy Mieagrent  at
200 niTorr bassexesy) pressure 25 and out put power of 5(}.(3\/1\/,5@0@,0 ‘ﬁ,glpnl cs
Mcro Reactive lon Etcher, Series 80 (K& Conpany, Dublin, CA). Poly (3, 4-
et hyl enedi oxyt hi ophene)/pol y(st yrenesul fonic acid), avail abl e as PEDT 4083
(Bayer Corp, Pit sbur DT 0 f d thr h 0.2pm nylon.
mcrofilters® tt:teﬁen (sa(f)f' E% Ak? #%ﬁmh égwsuspen egﬁ) é?'tdz 500 RPM *
spin speed xmatstcflprtemadednau\bsé}ﬁ@d emns“élcatneamyt whghceatar siikatnates were
anneal ed under, nitraogen gas flow at .110C for about 1 m nut.e

Bi s( 2- pheny|%3h‘%rdiaﬁ§t§ Ng%? £9 %Y%ﬁ%ﬁ% p) 9resy Py Rd D664/ 569338
PCT/U82003/Q&%&Qﬁndﬁ%@%ygﬁﬁﬁé@ﬂﬁiQx(Eﬁb&hmaﬂﬂon under 2 x 107% torr at

bi s( 2- benzo[5 thienylpyridinato- N, C2') iridiun(lll) acetylacetonate (BTPIr)
conpl exés wet §>9nf3he§ 3¢9 af FepAEE PAVARE VREePREMINEY sedrotyCtexanyl e,
Lamansky et &l ,cehRQr GasCREAY i A v/ @Hr(2001)). 5 25ng of PVK (Pol yner
Source Inc., Dorval, Quebec, Canada), 10ng of PBD (Dojindo Ml ecul ar

Technol ogi es Gaithersburg, MD.) and 2nmg of PPIr or BTPIr were dissolved

in 1 8m Ch'@ﬁa%@iv&“ﬁx&:ﬁﬁi‘éé'f@?% b203RLE" B1LLLLSHGH pdduaan 0. 2pm
nyl on m cr of = strates at
a spin speedafic2s00RRbriging OPVE {RED MIBnHgydopeflnwilltinphadphogreEcams| es B

and D, ﬁ1 | ayer, dof el ec;: on- transport material, tris(8-hydroxyquinol ate)
al umi ndth (1 I%—ﬂ—%"——[&-ﬁﬁfl able fromH W Sands, Jupiter, FL was deposited
15 onto the MDP lcaywpardidees Nagiad eap aasértigériny\ﬂ;m sublimation rates

0.5-2 Al's. Each device was capped with a cathode conposed of about 7-10A of
l'ithiumfl uo?JietférPAPf“éneﬁ%%‘Fe arriqgegcq ppd Wefa'éh‘ﬁf‘ AIFEA e SaPdni num

(Al fa Aesar c&Rreht 168R9Sht e8cdndery, igRavasvme ¢ 10mbp L Osydidld ) at rates of

electroluminescent devices made with a MPD layer comprising

15 hole-transport polymer, poly(9-vinylcarbazole} {(PVK),
electron-transport material, 2-(4-biphenyl)-5-{4-tert-
butylphenyl)-1, 3, 4-oxadazole (PBD); and various emissive
dopants.

Indium-tin-oxide(ITO}-glass substrates (Applied Films

20 Corporation, Longmont, CO; about 25 ohms/square) were rinsed
in acetone, dried with nitrogen, and rubbed with TX1010
Vectra' ™ Sealed-Border Wipers (Texwipe, Upper Saddle River,
NJ} soaked in methancl. The substrates were then subjected
to oxygen plasma treatment at 200 mTorr base oxygen pressure

25 and output power of 50 W in a Technics Micro Reactive Ion
Etcher, Series 80 (K&M Company, Dublin,CA). Poly{(3,4-
ethylenedioxythiophene) /poly(styrenesulfonic acid},
available as PEDT 4083 (Bayer Corp, Pittsburgh, PA., PEDT
4083) was filtered through 0.2pum nylon microfilters and then

30 spin-coated from its water suspension at 2500 RPM spin speed
onto prepared substrates. The resulting coated substrates
were annealed under nitrogen gas flow at 110°C for about 15

minutes. Bis(2-phenylpyridinato-N,C?') iridium(III)
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20 0.5A/s for LiF, and 15-20A/s for Al. Device electrolumnescence and
‘lum nance-current-voltage characteristics were neasured with c%emm
densities ranging between 2 and 20 md cnR. QOperation lifetinmdt S were
conduct ed undenreaessBhiuous constant current for all testedTE300deM0CES.
Performance results are sunmarized in Table 1. In spite of high peak
efficiency observed in devices A-D (for exanple peak efficiency of 25-35

Cd/ A'for devigetf1ahdtond £d{Fp10r ande i 62 Gen HPES Atk DEh 1 AlidRS £ oWhi ch
are defined herejn as 30 the time required to reach half of the initial
| umi nance at N/§7 Ved TdGASMARE L b upF oAl 2GRS WG Se X PERGT he§OMEL 81Dt WERF hour s.

- 55 71IMARNQ.p eQQQéé0@@%&@@&%@%@2999&;%%@%] V&P&&%ﬁb@é E and
rising relatively

F: MDP organi C el ectrol um nescent devices conp rgh’
i oni zati on pdeenatsly eholle-t ramspor Cheat er £81 570 s63QWion. of 15ng of PVK,

10ng of 4,4'-bis(garbazpls9: v bi ph , ilaple fromH W Sands,
10ng of PBD, andgs% %f PF}%r(é%lyfe%mggﬁkf:%?gﬁ%ima%%va:ﬂs uoer?cfcsiol ution of
15ng of PVK, chagadf Ny -df HBrapimicidhenemMbl gt)idN; Nrediusd lpheirad,) benzi di ne
(TPD), also available fromH W Sands, g 10 of PBD and f PPIr in
1.8 chl or o6 REFRUSH rMD'c)oaﬁriéjd%B‘ﬁtE?fsé &f at ?%5%%6@%@3@@ at es
prepared essenti ahl YeRBo€tesaii bedhen reeapet af i ¥&1 xasmd evdd:e Baviceesd of
Exanples E and F were fabricated according to the  procedure described in

Conpar ative ERERBFB B: 2w HE\ATE &ISEPLdr Rt e2BACT T eieerd gint@®edi’®es E and

Fare symmaghaed,bEptald®s louddidie@n 20f af 8ot | ¥6dag N @hysd itz bl on
potential hol'e-transporting tertiary aromatic am nes such as CBP and TPD to
t he PVK: PBD ferm khedd’P ngtyercause any significant inprovenents in operation

lifetimes of 20 deyiegE-ANd & exddilcheli ¥en8ip! 63514080 40 SUkgoand

transport material, tris{8-hydroxyquinoclate} aluminum {(III)
{({Alg), available from H. W. Sands, Jupiter, FL was deposited

15 onto the MDP layer under vacuum (ca. 107> torr) with
sublimation rates 0.5%-2 A/s. Each device was capped with a
cathode composed of about 7-10A of lithium fluoride (Alfa
Resar Co., Ward Hill, MA.) and 2000A of aluminum {(Alfa Aesar
Co.}, deposited under high vacuum (10°%-10"° torr)at rates of

20 0.5A/s for LiF, and 15-20A/s for Al. Device
electroluminescence and luminance-current-voltage
characteristics were measured with current densities ranging
between 2 and 20 mA/cm’. Operation lifetime tests were
conducted under continucus constant current for all tested

25 devices.

Performance results are summarized in Table 1. In spite
of high peak efficiency obgerved in devices A-D (for example
peak efficiency of 25-35 Cd/A for device A and 3-4 Cd/A for
device C}, operation lifetimes, which are defined herein as

30 the time required to reach half of the initial luminance at

given constant current, do not extend beycond about 10 hours.
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approxi mately 30 hours are observed for CBP-containing device E and
TPD-contai ning device F, respectively. Exanples 1-4.: NMDP org BAR 7901

el ectrol um passRNivosiRVi ces 25 conprising the organi c el esdyd4eERaHseNt
conpositions of the invention Solutions prepared essentially as descri bed

in Conparative Exanple E incorporating 15 ng PVK, 4,4', 4"- .
tri s(N-(3-nethyl phenyl)-N phenyl am no)tri phenyl am ne 30 (MIDATA), avail able 3
fromH W Sands, 10 ng PBD, and either 2 ng PPIr or 2 ngy BTPIr in 1 8m 7
chl orof orm wmlmtg dﬂFD’EEIyPM yanipsede: Saiat
essentially . 2

nmade accordlmq}m&aﬁépbes ndetseﬂéﬂhd in Corrpar ative Exanpl es A or B
of,

respectively. Device rfor n and_|jf s I cCes

surrmari%ed in Tab éoi CAPT @ f’%@% At £ MneF gpgr E\RRY) a@wlt dges (for
exanpl e 7-8 M atpipmhea2)cand, saxgaufama@tﬂbbm MRWOVEEn@PEr BdrhProd i, mes
(0.5-2x103 hours at current density of 1.6-1.7 mA/cnR) conpared to the

devi ces of ashparacivEPExahp| bsSAl Ehlqr oiPaclti ¢S Examp| L3 WG iaf o and
Bxanpl es 5 anhdbo VBB O 93RI 5¢ & P10l JHRSRTENEndeY L pepF QTR [ Sing hol e-

transporting polymer PVK- S Sol uti ons were prepared using essentially the
procedur e ofbiGoipparatl) penEkdinpt el TEDlex celpto taWatllablﬁngVK H197 DF%SGSIO ny

Engn gg{gt g:jto % érg’gsgp%ﬁ%%ﬁél%%ﬁ SJLQI ggéggr;%%g“r'%lt nf t he
devi ces evala;aett@@ﬂ ontoCeapar at ¢ VETE&EET elSJSG an@sblra%@amtepﬁeigd or 15 ng
DRSO BMISIA 100 S0, a0 S BB ST 20 1
of Examples E and F were fabricated according to the
procedure described in Comparative Example B.
15 Device performance and lifetimes of devices E and F are
summarized in Table 1. Addition of relatively high-
ionization potential hole-transporting tertiary arcmatic
amines such as CBP and TPD to the PVK:PBD matrix does not
cause any significant improvements in operation lifetimes of
20 devices E and F. Half lives of less than 20 hours and
approximately 30 houxs are observed for CBP-containing

device E and TPD-containing device F, respectively.

Examples 1-4: MDP organic electroluminescent devices

25 comprisigg the organic electrcluminescent compositions of

the invention

Solutions prepared essentially as described in
Comparative Example E incorporating 15 mg PVK, 4,47 ,4"-
tris (N-(3-methylphenyl)-N-phenylaminoc) triphenylamine
30 (MTDATA), available from H. W. Sands, 10 mg PBD, and either
2 mg PPIr or 2 mg BTPIr in 1.8 ml chloroform were spin- }
coated onto ITO/PEDT 4083 substrates prepared essentially as

described in Comparative Example A or Comparative Example B.
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4083 substrates for preparation of the devices in Exanples 5 and 6. Devices
of Conparative Exanples G and H and Exanples 5 and 6 were fabricate
"according to the procedure described in Conparative Exanple B} MAB Vi ce
per for mance woRop4/®eB8 nes of devices of Conparative Exampiras2@s/erd’H and
Exanples 5 and 6 are summarized in Table 1. PVK- DPAS-based devi ces of
Conparative Exanples G and H showed operation lifetinmes of only 1 hour,
wher eas the opewpessti ansd of («Ieh% 'tna\ﬂenhbomdiﬁ@qﬁdo@ﬁade%dbia&ﬁi]bémslrf rom 60
(Exarrple 5) to 200 hours Fé Zﬁ This exanmple, with Exanples 1-6 show
that using t REBREARTEE aé@tlreél r}mo eBcERTP UM ¥ ons of the invention in
MDP - 57 21 MAR ag@zcé/\@mw%%asan&mﬁ&zm Q290R7 i cdevicpsateads to
lifetime and operation voltage inprovenents wth a wide range of hole
transport poPyRBRrHEtd ilgedlablpdnpped FeBlenl Iodmsdout loweExappration NDP
organi ¢ & el ?mgé&g [R5 larfll GE8_ GORRTdiil e sﬁargg&kme Ay

pol ystyrene PS) Sol utions were prepared as fol |l ows: y(1 tyrene)
(PS) (MM Mp000ed @epvaidahine 1fifemidbdr (ehs- m%nadlrs I\A& waxﬂmt W, 15 ng
MIDATA, 10 PBD, and 2 10 BTPI¢ were dissolved in 1,8 m chl or of or m
whi ch was th ﬁnsébeno%dlatgg Jnfr’&/ﬁf“a)sscquﬁrﬁéﬁoﬁég deBiteatds accordi ng

t he procedur eoflgseit pad BiunarRanaki ve Exanple A to form Exanple 7.
Simlarly, 15 ng PS, 10 ng MIDATA, 10 ng PBD, and 2 ng BTPIr was di ssol ved
in 1.8 m chloroformand spun 15 coated to form Exanple 8. 10 ng PS, 15 ng

4, 4", 4" o tri gbRALDAZANe Saidnb1RisPREANE fi TEdd)mx elsalgl &nfi @M HpV  Sands,

10 ng PBD, a i m—cfrorof or m and
spi n- coat ed pugénien GpptyciunincErend| éeviceSTr@mwseag bpléxanples 7 and 8

?deOCorrprrg?;?t kvgngxgrn‘pmg poagmwg_r g&agﬁhgat ed using the procedure descri bed

Seolutions were prepared using essentially the
procedure of Comparative Example A, except that 25 mg PVK-

15 DPAS, 10 mg PBD, and either 2 mg PPIY or 2 mg BTPIr in 1.8
ml chloroform were spin-coated onto glass-ITO/PEDT 4083
substrates for preparation of the devices evaluated in
Comparative Examples G and H respectively or 15 mg PVK-DPAS,
10 mg MTDATA, 10 mg PBD, and either 2 mg PPIr or 2 mg BTPIr

20 in 1.8 ml chloroform were spin-coated onto glass-ITO/PEDT
4083 substrates for preparation of the devices in Examples 5
and 6. Devices of Comparative Examples G and H and Examples
5 and 6 were fabricated according to the procedure described
in Comparative Example B.

25 Device performance and lifetimes of devices of
Comparative Examples G and H and Examples 5 and 6 are
summarized in Table 1. PVK-DPAS-based devices of Comparative
Examples G and H showed operation lifetimes of only 1 hour,
whereas the compositions of the invention demonstrated

30 lifetimes from 60 (Example 5) to 200 hours (Example 6). This
example, with Examples 1-6 show that using the organic

electroluminescent compositions of the invention in MDP

- 57 -



Exanpl e B. Device performance and lifetinmes are sunmmarized in
PS- based MDP device |, which contained a relatively high Iormzﬁﬁ)ﬁﬁ
ifetime

pot enti al %650§{I.y99%50nati c anmne (TCTA) 25 exhibited |

(7 hours at

cons

PS-based MDP devices conprising the organic electrolum nescent

COMPOS! L1 on%aBhiddie NEAMENELON EXOLRL Lath QRRLAAR, LU ELRRu Rl G200

hours (Tabl e

el ectroPum O PIRIneS %t
Sol uti ons vveﬁglpgt_q&;yn@d (ggsentl al | y as in Corrpar ative Exanple A
i ncorporating ODPL,_ MIDATA and BTPIr in four different ratios in chloroform

denonstrates t

=

oper.at 1.on Ilfetlrres E_xa Ie9-12: VDP or ga anllrc

for Exanples 9- 12kﬂxﬁé°n§owareom§emﬁﬁ%dgﬁiﬁiéd@wéd ohPom¥ TQ PEDT 4083

substrates

Devi ces of exarrp

in Tabl 1.
500- 7088 hour

[ifetimes.

15

20

25

30

wer e

range a?t a Cu ren OUt

procedure desc in Comparatlve Exampge A to orm
Example 7. Similarly, 15 mg PS, 10 mg MTDATA, 10 mg PBD,
and 2 mg BTPIr was dissolved in 1.8 ml chloroform and spun-
coated to form Example 8. 10 mg PS, 15 mg 4,47,4’'-
tris(carbazol-9-yl) biphenyl (TCTA), available from H. W.
Sands, 10 mg PBD, and 2 mg BTPIr (2Zmg) were dissolved in 1.8
ml chloroform and spin-coated to form Comparative Example I.
The devices of Examples 7 and 8 and Comparative Example I
were fabricated using the procedure described in Comparative
Example B.

Device performance and lifetimes are summarized in
Table 1. PS-based MDP device I, which contained a relatively
high ionization potential tertiary aromatic amine {(TCTA)
exhibited low cperation lifetime (7 hours at constant

2)- In comparison, PS-based

current density drive of 1.6 mA/cm
MDP devices comprising the organic electroluminescent
compositions of the invention exhibited operation lifetimes
of 180-280 hours (Table 1). Example 7 demonstrates that MDP
devices comprising electrically inert polymers and the
organic electroluminescent compositions of the invention
exhibit improved operation lifetimes whereas Example 8

demonstrates that MDP compositions with relatively high

- §8 -

Tabl e 1.

current density drive of 1.6 rrA/c n-compari son,

ces onpr|5|ng
el ectrical | ywinierd waleymengeanfl hdke magmporrtelp@dWetunmnescwt conpositions
of the invention exhibit inproved operation |ifetinmes whereas Exanple 8

denonstrates that MDP conpositions with relatively high -
2004/ 099338 Eednpisd) #3/80 2280Fomp Od Zixkd Exampilentri.al MDRr bigayi@r omati ¢ anmines -
exhi bit | ower

58 21 MAR 2007 WO

r, O0DP1

1 EAAeR 053881 | il 1. @5 desgri Dodi i CONpALALLYE SExaNDl € B

ricated essentially as in Conparative
Exanpl e B. [Ehewqiermﬁwankeeaﬂdﬂ |Jffetmgmd§‘D®f1‘AExéﬁptngsPBD,12araie2 wsunari zed
ation lifeti measur f,0 5 es, 912 werg in the
§¥$¥ re_dissolved d%%SI%p ]T &or% % n%&Ch wa%hé%e Exanpl es
denonstrate shai- cdmddemtceglagﬁpﬂcmmiel@@ur @Dbbtﬁﬂﬁ@@l’&ccpm&cjyimjs and t he

organi c el ect}rlol um nescent co%)gétl ons of the inyenti exhi i mproved
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20 Conparative Exanple J and Exanple 13: MDP organic el ectrol um nescent
devi ces conprising electron transport polyner ODP2 Sol utions were prepared
‘essentially as in Conparative 25 Exanple A incorporating ODPPMARCHE! and
BTPIr into wWonpeioesss/e Exanple J and ODP2, CBP, MIDATA, PEHUSBIBRIZ900T Nt O
Exanpl e 13. The solutions were spin-coated onto | TO PEDT 4083 substrates
prepared essentially as described in Conparative Exanple B. Devices were
fabricated fdbnExaumresso&&ni:iandtéBt?ess:erﬁlicadalt;imarrdeseréhhﬁbitn Xewepar ati ve
Exanpl e B. DeV|ce lngpnce and lifetinmes of Conparative Exanple J and
Exanpl e 13 arB® §ﬁﬁﬁar|£é i'f°Tabl e 1. Device 13 denpnstrated an operation
hal f |ife approaching 100 hours at - 59 21 MAR 2007 WD 2004/ 099338
PCT/U82003/029007 a _urrent den3|t A/ cn¥ mhereas upder the same )
current Conpafs THEES ARRaRT® within 1
hour , |qﬁlca&bﬁgriggﬁgtgygdygaantgangbefﬁrﬁalymd&QSQQQu conp05|t|ons of the

i nvent i on ODPZ— 5 Tnproves the operatron li1etines or the MDP devices
conprising ODP2. EXHNpINS Yere5pTRPPref (Rl teladder asuAnnégreraratdien ces
conprising a a P, 10 ny
MTDATA, 10 EE%@)M dﬁ‘&%?g&%?%f‘?, gD%Oﬁgrﬁ%%lgngit% 3’%? ﬁ;? ?1%/(531'23H por phi ne
platinun1(|Iﬁlftétémiﬁr&ﬂEQSIablehipoqf@nm fGentExaypCeenPed? s, Ti@hi cago, | L,
wer e di ssol ved |g ns&} ngrecgl grof:or The S(ﬂ,.[l.g/lp vv%§8§pjsu-s oated onto

| TO' PEDT 4083°sibst T at'es pr pgrea sen y ‘as T5 2483 cF Bk rl%bnparatlve
Exanpl el0A angr&paped aéssceltﬁnarlpl as Besaei/bezfe&nl@oa@dréﬁimerﬁxé:ﬁ;blre @at ed

essenti al | as descrj bed i ative anpl e ative Example B
respect|very evices o% examples ngE were ta éy%ate essentfgf{y as in P

Comparative Example B.
Device performance and lifetimes of Examples 9-12 are

summarized in Table 1. Operation lifetimes measured for

15 devices 9-12 were in the 500-700 hour range at a current
density of about 1.7 mA/cm?’. These Examples demonstrate that
MDP devices comprising electron transport polymers and the
organic electroluminescent compositionsg of the invention
exhibit improved lifetimes.

20

Comparative Example J and Example 13: MDP organic

electroluminescent devices comprising electron transport

pelymer, ODP2

Solutions were preparéd essentially as in Comparative
25 Example A incorporating ODP2, CBP, and BTPIr into
Comparative Example J and ODP2, CBP, MTDATA, and BTPIr into
Example 13. The solutions were spin-coated onto ITO/PEDT
4083 substrates prepared essentially as described in
Comparative Example B. Devices were fabricated for Examples
30 J and 13 essentially as described in Comparative Example B.
Device performance and lifetimes of Comparative Example
J and Example 13 are summarized in Table 1. Device 13

demonstrated an operation half life approaching 100 hours at
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Devi ce performance and lifetines of Exanples 14 and 15 20 are summarized in
Table 1. Qperation half-lives of both MDP fornulations fell jnMQRG@@-?OO
hours range i ,@s6dd5dgent density of 1.7 mA cn denonst rgting.dshadeeiVOP
devices conprising the organic el ectrolum nescent conpositions of the

i nvention increase electrolumnescence lifetinme 25 i ndependent of which .
em ssive dopant is uysed. npataf i anp a Exanpl es 16 and
17: MDP el eBt FOIUH né%%ggﬁ Yd%%i%éﬁ‘é%’ﬁ%% lé"?’%ﬁ%%ﬂ%?%%%erl < &85‘ nts 50 ngy L
PVK, 20 ng PBRxreéid Cdmparagi{rd-pavidfe J lost half of its initial

benzot hi azol yl ) - 7- (di et hyl,am np) counari.n (C6, dri Chem cal Co.) were
di ssol ved ini/?%"glarﬂcecﬁ’llcg%/’bfloh‘l%‘érfo’rrfélé:a(ts]ﬂ%tAtl!hS‘ﬁ %’Hﬁto’&%%mtf‘sed to prepare
Conpar ati ve EXafitdl hindQcefl PMipo2D: 1dh MUIATtAe 20velt PRD oswid 0. 15 mg C6
were - 60 21 MAR 2007 WO 2004/ 099338 PCT/ US2003/ 029007 dissolved in 3.6 ni
chl or of 8r m t PBEIYASa 56l gPrEAticatl iRt ingfe ®Tt Sher UPRréeB@®ml e 16. 50 ny
PVK, 20 ng PBL.,.2f nQr L5pomy Pyronet hene 567 (Pyr567, Exciton Inc., Dayton,
OH) were di ssolved In 3.6 m chloroformto forma solution that was 5 used
to prepare Conparative Exanple L. 25 ng PVK, 20 ng MIDATA, 20 ng PBD, and

0.15 My O6 ekl 3594r8d; | Aind, SrPini SURIA AT Qe LOLI AagpddLd on_vhi ch vas
used to pre - = | TQ PEDT
4083 subst r at@spyirs=ing ad PVESHTDATA { BBy chagts @andh P4OER dfpdBunpar ati ve Exanpl e
B. Devi.ges of Co rative Ex | e K and anpl e 16 re fabricated

essent ilgl ly as dgg-’gﬂgb&p(i' nlggﬁ’r‘p‘&?%qﬁ/e @H\%IPEDB. a&v?é‘ég per f or mance and
lifetines of2Compay,abi,ue, 1Exagpbesadcand 12 nd sEwaph ese 181 alithuky/ (1T
sumari zed in 15 Tabl e_1. MIDATA-cont ai ni ng devi ces_(Exanples 16 and 17)
show si gni f i EBHER} iAvErérRYe opEPRIN B (o eYmEdemacehe. rdhg@9%f 1B00- 750
hours at a cyerents denskhyiff 118 MmIMEIHno A8 €88e solution was spin-

coated onto ITO/PEDT 4083 substrates prepared essentially as

15 described in Comparative Example A and Comparative Example
B. Devices 15 and 16 were fabricated essentially as
described in Comparative Example A and Comparative Example B
respectively.

Device performance and lifetimes of Examples 14 and 15

20 are summarized in Table 1. Operation half-lives of both MDP
formulations fell into 600-700 hours range at a current
density of 1.7 maA/cm? demonstrating that MDP devices
comprising the organic electroluminescent compositions of
the invention increase electroluminescence lifetime

25 independent of which emissive dopant is used.

COmParative Examples K and L and Examples 16 and 17: MDP

electroluminescent devices comprising fluorescent dopants

50 mg PVK, 20 mg PBD, and 0.15 mg [3-(2-
30 benzothiazolyl)-7-{diethylamino}coumarin (C6, Aldrich
Chemical Co.) were dissolved in 3.6 ml chloroform to form a 4
solution that was used to prepare Comparative Example K. 30

mg PVK, 20 mg MTDATA, 20 mg PBD, and 0.15 mg C6 were
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conpositions of Conparative Exanples K and L denonstrated only 1-4 hour
lifetinmes. This indicates that the organic 20 el ectrol um nescent
“conpositions of the invention lead to increased el ectrol um neb t ¥Ak 4007
lifetime i ndependessssof which em ssive dopant is used. BgEOpI0ex028@719: MNDP
el ectrol um nescent devices conprising 25 electron transport materials OPOB
and BND 15 ng PVK, 10 ng MIDATA, 10 ng OPOB, and 2 ng BTPIr were dissol ved
in 1.8 mM chhossdoren and 3t BemiesHl btagorsotaiticain wasoclsedohorpaepase Exanpl e
18. 15 ng PVK, 10 ng MIDATA, 2,5-bis-(I-paphthyl)-1, 3, 4-oxadi azole (BND),
30 avai | abl eUFRdnt L HFEHETEr ESFRPhEST]; Vﬂ:dﬁgarﬁ‘%’?xl MO ™9 FEPandPd A} were
di ssol ved inm%-ﬁzf@mméﬂeofs@nm(bgrtmm@x@pddﬁim.,vwﬁia%oﬂ@smysapef@ prepare
Exanpl e 19. The solutions were spin-coated onto | TQ' PEDT 4083 substrates
prepared - 6dissalyak P0Gz SWBl20bkPp9d33B PCIiarSRG03rAR0007 thasaras al |y as

descri bgd | %@&p%o%fe\b%r@@mbsrﬁltﬂgeaxmé:%s. \A@rsemfgae{zks:awﬁﬁssenti ally

as described In arative Exanple B. Device performance and etinmes of
Exanpl es 18 MAOATA, B ange PBOmmaniizedl? mJdii evele Giesatlived inf2té mel of
Exanpl e 18 ) ;f‘odcgéoerr rritrg}ec%oto Qes%e}gout 50Q. haur s under a _current density of

I tion was used | re S 2
1.7 mA cne, Ch i Hdl cat S hat STnet organi ¢ el"6ct rofim ReREeRt” Tonposi ti ons

of the inventxamlead t o Thenpbovetlonperate aain-stcahied byitof IMYPPERNI ces

conprising a, 10 variety of electrgn transporting conponents, Exanples 20
and 21: MDOP & %rﬁ%’seﬁr eFoPEﬁPﬁE@%eﬁfs%Hac]e]é’ a%or‘?ﬁrslcﬁlhﬁdhb‘lle transport

mat eri alps NDPomgehr HRART Axbaple BVKpedOc @ JDARIMbarkQ ivg PREnp8&Itk 2@ BTPIr
were 15 dissolved in 1.8 chloroform and the resulting solution was used

m
to prepare ERSMPREe AP WEFengapykcaiedpgsagially as described in
bi s(3- met hyl phgawt dr NN edinpiBhgNYl) benzidine (NPD), 10 ng

Device performance and lifetimes of Comparative

Examples K and L and Examples 16 and 17 are summarized in

15 Table 1. MTDATA-contalning devices (Examples 16 and 17)
show significantly improved operation lifetimes in the range
of 500-750 hours at a current density of 1.7 mA/cm2, whereas
compositions of Comparative Examples K and L demonstrated
only 1-4 hour lifetimes. This indicates that the organic

20 electroluminescent compositions of the invention lead to
increased electroluminescence lifetime independent of which

emissive dopant is used.

Examples 18-19: MDP electroluminescent devices comprisging

25 electron transport materials OPOB and BND

15 mg PVK, 10 mg MTDATA, 10 mg OPOB, and 2 mg BTPIr
were dissolved in 1.8 ml chloroform and the resulting
solution was used to prepare Example 18. 15 mg PVK, 10 mg
MTDATA, 2,5-bis-{l-naphthyl)-1,3,4-oxadiazole (BND),

30 avallable from Lancaster Synthesis, Windham, N.H., 2 mg and
BTPIr were dissolved in 1.8 ml chloroform to form a solution
which was used to prepare Example 1%. The sclutions were

spin-coated onto ITO/PEDT 4083 substrates prepared
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PBD, and 2 ng BTPIr were dissolved in 1.8 ml chloroformand the resulting
sol ution was used to prepare Exanple 21. The 20 sol utions wer ¢ |9fiRriHtloat ed
onto | TQ PE _ bstrates prepared essentially as d ' '

Conpar ative é’?r%?gg . Devices of Exanples 20 and 21 mf@?%gﬁﬁég’t&éd
essentially as described in Conparative Exanple B. Device performnce and
lifetimes of Exanples 20 and 21 25 are sunmarized in Table 1. Operational ' -
lifetines ofeSSKBLiBeVY @3 F219r 1k 1B06°BBBIAbLYS (@R Bx dfrent density ¢
of ca. 1.7 3goyicue {sodhcaih a4t dkeseiheili a8 yaasommld L @i nes can al so
be used as added hol e-transport agents in MDP device fornulations to

achi eve i npCorersative nEx¥EW ke B0 operation stability. Exanples 22-24: NDP

organi c el ectrol ym.k gggg .&%!S 4t B 5 g¥ak L ed 5@%&{}8;135 fy gt | ayer - *
62 21 MAR 2007 B\%\}Sgggg%%%Q C#%S%OB/@O‘]SQOO? Thi s exa%gegggs'v??i bes

i nitialS el eetreobuminaeszedcien Trifeorlnafperahdonpk: &t ome |of ébdampd eofl 8

spi n-coated_ NDP . devi ces ere the thi.ckn of e emtting. layer.has been
varied. 5 TR&ESf SFES mﬁ%e%}tl\%%kbes(ﬁbl?tu:;tor?g%mg§§rspr%%§erréaa and é:ngéaml M the
proper conbiofatli. ansAYemfr epdc-d Spdhcaoas echaan tid rnggandyers for Exanpl es
22-26: 10 MIDATA. (4,4' ,4"-tris(N(3-nethyl phenyl)-N_ .

pheny! ani no) FFﬁﬁ@&W‘h‘Pﬁ%%ﬁm( 6§g{‘ §iops 9\? %%d%‘“f%"rtp’:",n 1566 £8r, FL) 1.0
% (W W in Ghbeoobar fhefit {180 ARGhi 1dicspensEOP t APl aJMhatikanagPyr adi sc TM
0. 45 Fun Pol ypropylene (PP) syringe filter. 15 PVK: Pol y(9-vinyl carbazol e)
(Al drikh chemréaryoef, elgtipiuite@nspeyting SoRRPR@nt s chli oroform filtered
and

Examples 20 and 21: MDP organic electroluminescent devices

comprising hole transport materials NDP and TDAPTA

15 mg PVK, 10 mg TDAPTA, 10 mg PBD, and 2 mg BTPIr were
15 dissolved in 1.8 ml chloroform and the resulting solution
was used to prepare Example 2¢. 15 mg PVK, 10 mg N,N'-
bis (3-methylphenyl)-N,N’'-bis(phenyl) benzidine (NPD}, 10 mg
PED, and 2 mg BTPIr were dissolved in 1.8 ml chloroform and
the resulting solution was used to prepare Example 21. The
20 solutions were spin-coated onto ITO/PEDT 4083 substrates
prepared essentially as described in Comparative Example B.
Devices of Examples 20 and 21 were fabricated essentially as
described in Comparative Example B.
Device performance and lifetimes of Examples 20 and 21
25 are summarized in Table 1. Operational lifetimes of the
devices fall into 400-600 hour range at a current density of
ca. 1.7 maA/cm® indicating that these tertiary aromatic amines
can also be used as added hole-transport agents in MDP
device formulaticons to achieve improvements in device

30 operation stability.

iy

Examples 22-24: MDP organic electroluminescent devices with

varied thickness of the MDP layer
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di spensed through a Wat man Puradi sc TM 0. 45 Fun Pol ypropyl ene (PP) syringe
filter. 20 PBD: 2-(4-biphenylyl)-5-(4-tert-butyl phenyl)-1, 3, 4- %ﬁﬂ zol e
(Dojindo) 1.0 % (ww in chloroformwas filtered and di spensé@j gh a
What man Pur aslose+d3gs 45 Fun  Pol ypropyl ene (PP) syri ngep€i/tsmos/022@m7 PPl r:
Bi s- (2-phenyl pyridinato-N, C2" )iridiumII1) acetylacetonate was prepared
essentially according to the nethod described in J. Am Chem Soc., 123,

4304 (2001)) 0. 2pn 26 (Mamplieh qelbeiBESr thvasaT id teied1andndispensed through
30 a What man Puradi scTM 0. 45 pm Pol ypr opyl ene (PP) syringe filter. - 63 21

MAR 2007 WO PEBAPTRRRER RS/ oBsre03,D250b7t e |ot ‘sBia-cpatg@ntioP | c]

thienyl pyridigpat Qe witekd did dhyBkhbil) or agal YAnﬁCtectﬂBaﬁLQyéWaﬁaQrﬁ@éH ed
essentially according to the nethod described in J. Chem Soc., 123,

4304 (2001)) var@eds % (ww) in chloroformwas filter ed and di spensed 5

t hr ough @ What man Pur adi scTM 0. 45 Fun Pol ypropyl ene (PP) syringe filter.
Recept or substrates were prepared as follows: |TQ(indiumtin oxide) glass
(Del ta Technol ogi Ese SilldwiaigestockOsdMNati@ss weran p2@paked/ sgdaskended mm

t hi ck) which was. patterned usi hotol it aphy, .was uItrasom cal ly
cl caned i 4Pn5RE BHERD: GAMBHGF LEBS oF iy NTINS <Rafior GEHET BB Ef "her e
AG Zuchwi |, 18yketzefdantamplilee subgtrates were then placed in the Plasma

Sci ence PS 500 (Plasnma Science, 15 Billerca, MA) high radio frequency plasma
treater at 500 watts (165 WcnR2) power with an oxygen flow of 100 sccm for

2 mnufes. MBRdhat ely of ter tgggqﬁa(grﬁ@gmhe@ﬁa&qutl on of PEDT CH 8000
was spin coated onto t he receptor. PEDT

phenylamino) triphenylamine) (OSA 3939, H. W. Sands Corp.,

Jupiter, FL) 1.0 % (w/w) in chloroform, filtered and

dispensed through a Whatman Puradisc ™ 0.45 pm Polypropylene

{PP) syringe filter.

15
PVK: Poly(9-vinylcarbazole) {Aldrich Chemical Co.,

Milwaukee, WI) 1.0 % (w/w) in chloroform, filtered and

dispensed through a Whatman Puradisc ™

0.45 pm Polypropylene
{PP) syringe filter.
20
PBD: 2-(4-biphenylvyl}-5-{4-tert-butylphenyl}-1,3,4-
oxadiazole (Dojindo} 1.0 % (w/w} in chloroform was filtered
\ and dispensed through a Whatman Puradisc ™ 0.45 pm
Polypropylene (PP) syringe filter.
25
PPIr: Bis-(2-phenylpyridinato-N,C? }iridium{(III)}
acetylacetonate was prepared essentially according to the
method described in J. Am. Chem. Soc., 123, 4304 (2001))
0.25 % (w/w) in chloroform was filtered and dispensed through

30 a Whatman Puradisc™ 0.45 um Polypropylene (PP) syringe

filter.
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8000( pol y( 3, 4- et hyl enedi oxyt hi ophene/ pol y(styrenesul fonic 20 acid)) solution
(CH 8000 from Bayer AG Leverkusen, Germany, diluted 1:1 with peMmﬁlﬂﬂéd

wat er) was {J | hrough a What man Puradi sc TM 0. 45 | ene
(PP) syri ng{e‘J(ﬁuﬁ{/@rgs3%and di spensed onto the I TO recept or@d@%@%&%@gyﬁe

receptor substrate was then spun (Headway Research spincoater) at 25 2000

CUbst ratos BBFETheab o 6 0T LCt o 60V EPVHI AL eay i | Foybin G |

conposi ti onaceeyasptonLioat pths paeparhd PERDINCH BDOG:@iodiifcetenthepeeds,
resulting in anpl.es wth 65, 75 and. 95 nmin thickness, tq formthe 30
devi ces of EﬁaﬁﬁaggeﬁﬁgfpﬁqégbébtP@elgbe*he Hevi ¢ ‘553%%H3ﬁ8§g&'by vacuum
deposi ting pn2seguenge) 200 hidrefofmAwaki Fildordi Alndnth 400ReA Ag. Results
are showmn in Table 2. - 64 | MAR 2001 WO 2004/ 099338 PCT/ U 2003/ 029007
Exanpl s 25thndugh: a DR erpdsireidéns ™ Wiot- 4 5v 4mi Bdlyeoppeherat (RFs of the
emtter This exa Igifgégribes initial electrolum nescence 5 perfornmance
and operatiSX M98t T hes™of spi n-coated MDP devices in which the
concentration of the em ssive dopant in the MDP | ayer was varied. OLED

devi ces were pregared usin essentially the sa ng%g'd described in
Exanpl es 22-24 BXREEDER Sttﬁé‘téén%’é?t%ﬁ%a%%%‘ra?% 6 PEDT CH 8000 10

were forml atrediAgishonh idki@eanBhess2panta 2bedindiad i sl. scResubtsrare
shown in Table 2. Conparative Exanple M and Exanpl es 27 and 28: M organic

el ect ri® uni M¥sceaEs el ek QST SePAGephbshhBr esltisrit) iHifihuas15 enitter

Thi s exanpl j : LS 1 TR Pl ose
based on Mr 3§2§P$%§fu%%Ef%§%§%35F§58%§§§98d%£%1%&{§§3&§%§a5}g§g§ggnéﬁ

essenti al | yiacaondt ng3 ¢ asddonjiahabifveebxaapte 12NS PEETe APE3: wasrspi n- coat ed
onto the Chemie AG, Zuchwil, Switzerland). The substrates were then
placed in the Plasma Science PS 500 (Plasma Science,
15 Billerca, MA) high radic freguency plasma treater at 500
watts (165 W/cm?) power with an oxygen flow of 100 scem for 2
minutes. Immediately after plasma treatment, a solution of
PEDT CH-8000 was spin coated onto the receptor. PEDT CH-
8000 {poly(3,4-ethylenedioxythiophene/poly(styrenesulfonic
20 acid)) solution (CH-8000 from Bayer AG, Leverkusen, Germany,

diluted 1:1 with delionized water} was filtered through a
Whatman Puradisc ™ 0.45 pm polypropylene (PP) syringe filter
and dispensed cnto the ITO receptor substrate. The receptor
substrate was then spun (Headway Research spincoater) at

25 2000 rpm for 30 s vyvielding a PEDT CH-8000 film thickness of
40 nm. All of the substrates were heated to 200 °C for S
minutes under nitrogen. The compositions were spin coated
onto the PEDT CH-8000 at different speeds, resulting in
samples with 65, 75, and 95 nm in thickness, to form the

30 devices of Examples 22-24 respectively. The device was
completed by vacuum depositing in sequence 200 A Alg, 7 A
LiF, 40 A Al and 4000 A Ag. Results are shown in Table 2.
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20 slides at 2500 RPM and anneal ed as in that sanme exanple. The follow ng
solutions were prepared: a) 0.0397g TPD, 0.0638g PBD, 0.0021g PPIr, 5.18g
'CHC13 (about 2 wt%solids); b) 0.0336g TPD, 0.1078g PBD, 0.23]4'@@ 209!,

0. 05409 MTDAWA, 200499338 CHC13; c) 0.0370g MIDATA, 0.010g FeDusi®d&se7PBD, 25
0.004g PPIr, 5.0 CHC13. Solutions a) and b) were spun coated onto | TQ PEDT
4083 slides at 4500 RPM Solution c) was spun coat onto | TQ PEDT 4083
slides at 3500 RPM A cathode consisting of 7 A of LiF and 2000 A of

al um num was _ deposited as described in es A and B. 30

Mol ecul ar fi EREE8ABE Ot Fo : oFfeREE8 and reliability
data for thedohceatsetford ckewhecemateeshown in Table 3. - 65 21 MAR 2007
WO 2004/ 099338 PCI7T USZ0037 029007 The Ti1tetine of the device of Exanple M was
linited to aboutThifrexangis desaréPeRMBATAI?D 2iRCIMCluBdDEEEENFR a

decrease in ' effici [ a ' : and 28.
However ejt hesggggg?}éélgg%xﬁ%ﬁpgj}%g?gﬁi 1"11 ?f:g%%g g&iﬁ rsrspé%{(/ggg Ilclgge??}fzres Exanpl e
29: Prepar at deniofsainorvicts tdet cahthpbtrabion arsfEre drapeivA dopdtt tin heat
conversion (LTH ol ution was prepare 0. by. m xi 3.55 parts carbon

bl ck. pi grent PERITEN TR 7600 VPh. hol abFar TS At P SRR P S w TR 0. 63
parts pol yvi egkenbliaylal thee Hame( Batad Tk 8: OBredalutExamphes, 25t24 Loui s, MD),
1.90 parts a(ré{)%lic resin (Joncryl TM 67, S. C. Johnson &_Sons 86@@., Raci ne,
W), 0.32 paft$eBFspe?saits (EperbyRM I I3 Byt h&RPE B8A%ORRI i i ngf ord,
CT), O.0P -pakisel Fyonerdedd Gl showhf agt admpbed atPhing her ocexaaple, 11 n
Exanple 5 of U S. Patent 3,787,351, 12.09 parts epoxynovol ac acryl ate
(Ebecryl TM 6ZgSules ®e@lciha™m de TaRlepdgusta, SC), 8.06 parts acrylic resin
(ElvaciteTM 2669, I1Cl Acrylics Inc., Menphis,

Comparative Example M and Examples 27 and 28: MF organic

electroluminescent devices comprising phosphorescent iridium

15 emitter
This example compares MF devices comprising TPD, PBED,

PPIr versus those based on MTDATA, TPD, PBD, and PPIr. ITO
substrates were prepared essentially according to
Comparative Example A. PEDT 4083 was spin-coated onto the

20 slides at 2500 RPM and annealed as in that same example.
The following sclutions were prepared: a) 0.03%7g TPD,
0.0638g PBRD, 0.0021g PPIr, 5.18g CHCl; {about 2 wt% solids);
by 0.0336g TPD, 0.1078g PBD, (.0040g PPIr, 0.0540g MTDATA,
9.77g CHCl;s; ¢) 0.0370g MTDATA, 0.010g TPD, 0.053g PBD,

25 0.004g PPIr, 5.0g CHCly. Sclutions a}) and b) were spun
coated onto ITO/PEDT 4083 slides at 4500 RPM. Solution c)
wag gpun coat onto ITO/PEDT 4083 slides at 3500 RPM. A
cathode consisting of 7 A of LiF and 2000 A of aluminum was
deposited as described in Comparative Examples A and B.

30 Molecular film compositions {weight fractions), performance
and reliability data for the three sets of devices are shown

in Table 3.

- B85 -



20 TN), 0.82 parts 2-benzyl -2-(di met hyl am no)-1-(4- (norpholinyl)phenyl)
but anoneh(ljrgacureTM 369|, G Ea- Gfai Ey CorE)orati on, Tarrytown, ZNE;?AR @9712
parts 1-hy . exy pheny etone (lrgacureTM 18 . ha- , 45.31
parts 2- bu?éaBr%“ﬁg 3n 27.19 parts 1, 2-propanedi ol nnnorri]{%@ag“ﬁ eéroggS
acetate. This solution was coated onto a 0.1 mmthick polyethylene -
terephthalate (PET) filmsubstrate (M7 from_Teijin, Osaka, Japan). Coating .
was performed usiTh§ al¥gsime okjtkie 98yi€6aLer EXRBRLE ¥Ara shimitedngoa o
i crogravur ey Qld s wrkh 128abeldcds eaipagapes kAehwr Thes kil Geatki ng was i n-
30 line dried at 80C and cured under ultraviolet (UV) radiation. A Fusion
600 Watt D blgdremseldnsthaedgyiqaveifigiencggs and RpRoDOOTsN\OEXQ001699338
PCT/ US2003/ o3 Qg%g . d : y . £.adi ation.

Exposur e vvac%ﬁ%t%i&z?'rﬂ %18?{. g‘%}pégéen\&%ﬁtlgg a?gglggf)%i %{n&\%aé&%g el&by m Xxi ng
14.85 part siripmovedhyliéepiopane triacryl ate ester (SR 351HP, 5 avail able
fromSartonmer, Exton, PA), 0.93 parts ButvarTM B- 98, 2.78 parts Joncryl T™M
67, 1.25 parts IrgacureTM 369, 0.19 parts IrgacureTM 184, 48 parts

2- but anone a¢hmpd ep 20 S Pepatiting of @ dpabel shébt Switheiit G vaaasEeat ed onto
the cured gTFlC 'layer by a rotogravure coating nethod using the Yasui 10

Sei ki |ab ca®¥&, Mdel CAG 150, with a microgravure roll having 180

helical cells pen hijpgalcbigbat TS 5@aALKNYLIES) LH1LE N6h AFdLPra3ba8RE and
cured under ultraviolet (UV) radiation. Curing was perfornmed by passing the
coati ng0 undes reixEngi GnS600a¥es tcddduml blatk6pY%gmart gyRaperplt 76 A 3I1Repar at i on

oL SO ST G RECRI g0, T 8000, BASPRb: 5, SRR Bram s

butyral resin {Butvar'® B-98, Solutia Inc., St. Louis, MO),

1.90 parts acrylic resin (Joncryl™ 67, S. C. Johnson & Sons,
Inc., Racine, WI), 0.32 parts dispersant (Disperbyk™ 161,

15 Byk-Chemie USA, Wallingford, CT), 0.09 parts fluorochemical
surfactant as taught, for example, in Example 5 of U.S.
Patent 3,787,351, 12.09 parts epoxynovolac acrylate
(Ebecryl™ 629, UCB Radcure Inc., N. Augusta, SC), 8.06 parts
acrylic resin (Elvacite™ 2669, ICI Acrylics Inc., Memphis,

20 TN), 0.82 parts Z2-benzyl-2-{dimethylamino)-1-(4-
(morpholinyl)phenyl) butancne (Irgacure™ 369, Ciba-Geigy
Corporation, Tarrytown, NY), 0.12 parts l-hydroxycyclohexyl
phenyl ketone (Irgacure™ 184, Ciba-Geigy), 45.31 parts 2-
butanone and 27.19 parts 1,2-propanediol monomethyl ether

25 acetate. This solution was coated onto a 0.1 mm thick
polyethylene terephthalate {PET}) £ilm substrate (M7 from
Teijin, Osaka, Japan). Coating was performed using a Yasui
Seiki Lab Coater, Model CAG-150, using a microgravure roll

with 150 helical cells per inch. The LTHC coating was in-

30 line dried at 80°C and cured under ultraviolet (UV)

radiation. A Fusion 600 Watt D bulb at 100% energy (UVA 320
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Receptor substrates were prepared as described in Exanples 22-24.
Preparation of Solutions for Transfer Layer 25 The follow ng stock sol utions
were prepared: MIDATA: (4,4',4"-tris(N(3-nethyl phenyl)-N 21 MAR 2007

phenyl am no)wpi2plésgsBam ne) (OSA 3939, H. W Sands Cor p. PCTHSpIOB/erno7FL) 2.5
% (wWw in 1,2 dichloroethane and 2.5 30 4w w) in toluene, filtered and

di spensed through a Whatman Puradisc TM 0. 45 m Pol ypropyl ene (PP) syringe
filter. - 67to0239 AR 2OBp WO WwR04/s089838 s kel {S200 F LRI 6n PVExposure

Pol y( 9-vi nyl car bazol e% (Aldrich Chem cal Co., MIlwaukee, W) 2.5 % (ww in
1, 2 di chl or o¥8fafk Gnt /% Nogw w) in toluene, filtered and di spensed
through a Wat manyefur agh sgiM:Q.42 rMsBohy psoPyh eneadLR)y swkdinge1hibser. 5
Solution of CDP3: 0.5 % (ww) in toluene was nmade, filtered, “and di spensed
t hrough a Wheerafs Poiaeiscloiprrnenep i iperyprepyders (ER 3SHPage filter. 10

Gh (/w51 n 183501 e by DR S 5 R O U | 15] O WeC PP ToPEd and

di spensed thogugh ag Mhatdmep,Ryrae s TH 054 ap&P@waé@péﬁhle§1@9,( RP1ssyringe

filter. 15 PPIr: Bis-(2-phenyl pyridinato-N, iridiun(ll

acet yl acet onahtetpasrgsepesed] & cordigag tiso 2t-betarbhedandesrrpdrad i1n J. Am
Chem Soc., 123, 4304 (2001)). 0.25 % évv/vx%I in 1,2 dich] oroethane was
filtered and™&FBpERseePEPaAtHougHd SWASL HRROPUY 2% SRAMD 8% Ot B8 §pTedy| ene

(PP) ~ syringerhl w]Fer BIPld ‘rRicravheazebsl {hd eryd iy il inat @nbl, v&2u)
iridi urr%l 1) acetyl acetonate (was prepared according to the method
| Seiki lab coater, Model CAG-150, with a microgravure roll

having 180 helical cells per lineal inch. This coating was
in-line dried at 60°C and cured undexr ultraviclet (UV)
radiation. Curing was performed by passing the coating

under a Fusion 600 Watt D bulb at 60% energy ocutput.

15
Preparation of Solutions for Receptor
PEDT CH-8000 was prepared as described in Examples 22-
24 .
20 Preparation of Receptor Substrates
Receptor substrates were prepared as described in
Examples 22-24.
Preparation of Solutions for Transfer Layer
25 The following stock seolutions were prepared:
MTDATA: (4,4',4”"-tris{N-(3-methylphenyl)-N-
phenylamino) triphenylamine} (0SA 3939, H. W. Sands Corp.,
Jupiter, FL) 2.5 % (w/w) in 1,2 dichloroethane and 2.5
30 % (w/w) in toluene, filtered and dispensed through a Whatman

Puradisc ™ 0.45 um Polypropylene (PP) syringe filter.
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25 described in J. Am Chem Soc., 123, 4304 (2001). 0.25 % (ww) in 1,2
di chl oroet hane was filtered and di spensed through a Wat maR Mﬁgrz@[gi sc T™™

0. 45 pm Pol ne (PP) syringe filter. 30 STFM PPIr;

Bi s(2- (5' "ol ?‘f‘%ﬁ%’r‘?@& hyl phenyl ) pyri di nato- N, C2')iri di ubfVP3Po3029007

acetyl acetonate was prepared essentially according to the nethod above.

0.25 % (wWw,int ene was - 68 2 7 004/ 099338 ,
PCT/ US2003/ - o7%??’F?eFéﬂ%ﬁ%%%%&?@?&ﬁt%%ﬁsugﬁﬁsmbﬁ% % Puradi sc TM 0. 45
gm Pol ypr opyillenraikcP) wsyr 2 nges f (wher .irCanpadathier&xangmhesard and 0 and
Exanpl es 30-_34: Preparation of transfer layers on donor sheet and transfer
of transfer §&/&s Fr §Adrere| a ’e]r%e]i/ﬁéf@%fir’réﬁe{}ﬁeahgh’a%m asrexf‘b?[t?a&

Exanpl e 29 ygj,ng ;sthe It L{Hed igpyT gptain the '
bl ends, thel@or%g%]i onsqg{ﬂégg%neggpgg’g%}é trandsfe)r %?qu’éﬁerﬁ\%érg m xed at the
appropri¥ate ratios and the resulting blend solutions were stirred for 20
mn at room erature he, t sfer layers.were deposited t he .donor
sheets by s%:i ﬁ?& Elfiegg\l?\gy ??eiggr%'ffws)pi%cggthé‘re?ea‘f’a b%%cge‘ZO%SL-tfgﬁ&' rpm

for 30 s t0 el pehisk LhickesS s aRRY @i-aRE8LY™1@04515nnm Donor sheets
coated as descri bed above were brought into contact with receptor

substrat es dsdemriopyllengs (PHeseyqburk ifilbeanpl es 22-24, with the exception
that the substrates were unpatterned | TO coated gl ass. Next, the 20 donors
were inmaged using two single-nmode Nd: YAG | asers. Scanni ng was perforned
usi ng & systeam:of 2-i(dediphgay ahoriet @r-3erwi-bhtyhpheoyb) e laser beans

near -t ol ConPPIRBSHF QEPALTER i § A ont: by deheh ISF e 6% 1o 0.8
J/cn2. The |laser spah Shzeolh@as uied Al tleted and dispensed through a
Whatman Puradisc ™ 0.45 um Polypropylene (PP} syringe
filter.
15
PPIr: Bis-(2-phenylpyridinato-N,C* )iridium(III)
acetylacetonate was prepared according to the method
described in J. Am. Chem. Soc., 123, 4304 (2001}) 0.25 %
{(w/w) in 1,2 dichloroethane was filtered and dispensed
20 through a Whatman Puradisc™ 0.45 um Polypropylene (PP)

syringe filter.

BTPIY: Bis(2-benzo[c]thienylpyridinato-N,C? )iridium(III)
acetylacetonate (was prepared according to the method

23 described in J. Am. Chem. Soc., 123, 4304 (2001). 0.25 %
(w/w) in 1,2 dichloroethane was filtered and dispensed
through a Whatman Puradisc ™ 0.45 um Polypropylene (PP}

syringe filter.

" 30 STFM PPIr: Bis{2-(5'-~trifluoromethylphenyl)pyridinato-
N,C? )iridium(III) acetylacetonate was prepared essentially

according to the method above. 0.25 % (w/w) in toluene was
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| /e2 intensity, was 30 mcroneters by 350 mcroneters. The Ilinear |aser
spot velocity was adjustable between 10 and 30 neters per Sef?mR asured
at the inmage plane. The | aser spot was dithered perpendicul a t2 maj or
di spl acenent waodi/oesgi on with about a 100 pm anplitude. pChastooansbier

| ayers were transferred as lines onto the receptor 69 21 MAR 2007 WO

2004/ 099338 PCT/ US2003/ 029007 substrates, and the intended w dth of the
lines was abeuireddd M diRQehkafStRFol@y &f syt Papshess e bsa geries of
lines. The results of_ imagi n% are given in Table 4, wherein 5 "good

i magi ng" i s RAGYPYPRY e riFR) erakrderStWehi n 10% of the requested |ine
width and the entire thickness of material, with edge roughness less than 5
mcrons, and with a mninmal nunber of voids and surface defects. 10

Conpar ati ve Esmpptative) Rkamples| ¥ 5d Pranth Bramplesf 30236 i nduced t her nal

| magi ng (LI T 1068, 1 UPNeIGeNoSYaes, Miba | ANSL M th
conposi ti ons et Her-e e et ont-o~tecept Hons
essentially af traks@ewllesgrerkd 22-24. LITI patterning was conducted at fixed

| aser energy of 0.55 J/cnR. The transfer |layers were transferred. in a
series of Iines tfﬁﬁ‘i‘n@#eerrg%iaﬁfe6\?ew?‘é‘§/i eégiqﬂ PSWICROFhEPeF SO X ri pes on

the recept or ExAfp B €P4 NI g’ @NBPEHIpdSYETons Autlinell ewedabye a1 Li FIAl / Ag
cat hode, was deposited onto the 20 patterned MDP | ayer as described in
Exanpl es 22- 2Bta R fighenblemsls,| thedeo] eekonst regmsaest £08 BRanpransesnd
Exanpl €¢35. 1Ibe, dgmi L6 inebiStRE e, idt el 36 03 2hA BRI N-La88SLy Oreen
light was emtied fromthe devices. 70 21 MAR 2007 WD 2004/ 099338

PCT/ US2003/ 0Rbend sclutions were stirred for 20 min at room temperature.

epal

The transfer layers were deposited on the donor sheets by

spinning (Headway Research spincoater) at about 2000-2500

rpm for 30 s to yield a film thickness of approximately 100
15 nm.

Donor sheets coated as described above were brought
into contact with receptor substrates essentially as
described in Examples 22-24, with the exception that the
substrates were unpatterned ITO-coated glass. Next, the

20 donors were imaged using two single-mode Nd:YAG lasers.
Scanning was performed using a system of linear
galvanometers, with the combined laser beams focused onto
the image plane using an f-theta scan lens as part of a
near-telecentric configuration. The laser energy density

25 was 0.4 to 0.8 J/cm®. The laser spot size, measured at the
1/e? intensity, was 30 micrometers by 350 micrometers. The
linear laser spot velocity was adjustable between 10 and 30
meters per second, measured at the image plane. The laser
spot was dithered perpendicular to the major displacement

30 direction with about a 100 pm amplitude. The transfer

layers were transferred as lines onto the receptor
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11nes. The results of imaging are given in Table 4, wherein
5 “good imaging” is when the material transfers within 10% of

the requested line width and the entire thickness of

material, with edge roughness less than 5 microns, and with

a minimal number of voids and surface defects.

10 Comparative Example P and Example 35: Preparation of laser

induced thermal imaging (LITI) fabricated organic

luminescent devices

MDP layers with compositions listed in Table 5 were

LITI patterned onteo receptions essentially as in Examples

15 22-24. LITI patterning was conducted at fixed laser energy
of 0.55 J/cm?. The transfer layers were transferred in a
series of lines that were in overlaying registry with the
ITO stripes on the receptor. An electron transport layer,
Alg, followed by a LiF/Al/Ag cathode, was deposited onto the

20 patterned MPP layer as described in Examples 22-24 to form
the LITI devices of Comparative Examplie P and Example 35.
The device results are shown in Table 5. In both cases,

green light was emitted from the devices.
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Various modifications and alterations to this invention
will become apparent to those skilled in the art without -
departing from the scope and spirit of this invention. It
3 should be understood that this invention is not intended to
be unduly limited by the illustrative embodiments and
examples set forth herein and that such examples and
embodiments are presented by way of example only with the

scope of the invention intended to be limited only by the

10 claims set forth herein as follows.
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2004/ 099338 PCT/ US2003/ 029007 Various nodifications and alterations to this
i nvent i on whaid i hecoidmnappasent to those skilled in the art without
departing Tfromthe scope and spirit of this invention. It 5 should be
understood that this invention is not intended to be unduly limted by the
illustrative enbodi men I ; | ].E?C@J' such
exanpl es and (raibrfbodi ne%?%s%;a}%gr%ﬁ;ggrﬁ eﬁ;uav\l/g{/et%&g{(g%?e on'{i)}%wi th the
scope of tdumgrieamig en ¢ iMendethear ber b Tddd ardnpdyi die dbrddics sset
forth herein as follows. 75, 2 1 MAR 2007 o

said blended composition components comprising:

{a) a charge transport matrix compriging at least one
electron transport material;

{b) at least one non-polymeric phosphorescent dopant;
and *

{c) at least one tertiary aromatic amine comprising
three organic groups directly bonded to nitrogen, said
tertiary aromatic amine being selected from the group
consisting of

(1) tertiary aromatic amines wherein at least one
said organic group comprises a substituted phenyl group
having an electron-donating substituent in the para-position
or two independentiy selected electron-donating substituents
in the meta-pcsitions, each said electron-donating
substituent being a substituent other than a heterocyclic
substituent directly bonded to said phenyl group by one of
its heterocatoms,

(2) tertiary aromatic amines wherein at least two
said organic groups each comprise an independently selected
substituted biphenyl or substituted fluorenyl group having
an electron-donating substituent in the para-position of its
terminal phenyl ring, and

(3) tertiary aromatic amines wherein at least one
said organic group comprises a fused polyaromatic group and
at least one other sald organic group comprises a
substituted biphenyl or substituted fluorenyl group having
an electron-donating substituent in the para-position of its

terminal phenyl ring;
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What is clained is: 1. An organic el ectrol um nescent conposition conprising
a single |layer of blended conposition conponents, said blended q§pwﬂ§ymjon
conponents conprising: (a) a charge transport matrix conprising at |east one
el ectron transport material; (b) at |east one non-pol yneric phosphorescent
dopant; and a (c) at |least one tertiary aromatic am ne conprising three
organic groups directly bonded to nitrogen, said tertiary aromatic am ne
bei ng sel ect edsfidnteheigrpuprovehsfsampgesf of 1fateperaeg ddomat(2d ,am nes

wherein at_Le n said.or |,C C Ll su i tuted phenyl
gr oup ha%?%g?%L %?g% r%ﬁgﬁgﬁgipkgfgﬁgggFt%gﬁ?kiﬁaF%g’pgﬁg-ﬁgéﬁiP@ﬁ% or two
i ndependesgl éyt Beheddbrdt ehgckubatdonahtng substituents in the

nmet a- posi tions, ,each said el ectron-do ating&gsugstituent bei ng a substituent
I

other than a hBteRot\e| PEOViERstRbeECHi £ GNBEHGeGTRESERTE FRERVE group

by one Pfco£é§sé§tSéQéheﬂﬁllgzbftEBFE?é%t%bﬁ”%&bﬁsﬁ%&@e%dﬂg%ﬂglnﬁﬁét‘eaSt
two said organic groups each conprise an independently sel ected

substi t ut #d bophpayymerisubseitutedtfihuyr enphmagicupmhae ng saiected

el ectron- onating subsgétUﬁgg in the gira-gosition of its terninﬁl phenyl
ring, and*f3} BIPFarGAFonEPAR BRPABRSLWREFAFn B IFEaSE GRESSREYY G dani ¢
group conprises a fused polyaromatic group and at |east one other said

organi c group conprises a substituted bighenyl or substituted fluorenyl
group having Hhte| eker 6Hrabast PEgVIERsthetiehennSpRE FRRETGSosition of its

2:{2&2?:eg?%g%#o%g?ﬁ5t31§ eonMaRN2097 5085k i kNt kah% 2hATR G AR Of
matrix comprises a second polymeric material other than a
polyimide;
wherein said organic electroluminescent composition is

solution processible.

2. The composition of claim 1 wherein said electron
transport material is selected from the group consisting of
2- (4-biphenyl) -5- (4-t-butylphenyl)-1,3,4-oxadiazole, 1,3,5-
tris (5- (p-octyloxyphenyl)-1,3,4-oxadiazol-2-yl)benzene, 3-
(4-biphenylyl) -4-phenyl-5-(4-tert-butylphenyl)1,2,4-
triazole, and oxadiazole-containing and triazole-containing

polymers.

3. The composition of claim 1 wherein said charge
transport matrix further comprises one or more hole

transport materials or electrically inert materials.

4. The composition of c¢laim 1 wherein said tertiary
aromatic amine is represented by one of the following

general formulas:
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and (3) being optionally further substituted, but only with

el ectron-donating substituents; with the proviso that when said charge
transport matrix consists essentially of an electron transport W@?ﬁRU&”
that is non-polyneric, said tertiary aromatic amne is sel ected

am nes ot her than non-polyneric amnes of category (3); and wth the
further proviso that when said charge transport natrix contains a
pol yi m de, said charge transport matrix co rlses a se08qd pol ymeric
mat eri al ot herRthan a —ps| yi m de; wherein s or '
conposition is ssible. 2. The co
said el ectron NsSpy teraal is selectedFﬁk

of claim1l wherein
oup consi sting of

2- (4- bi phenyl) - a (4-t-pbutyl phenyl)-1, 3, 4- oxadi.gzol e, 3, 5-

tris(5-(p-octyloxyphenyl R 1, 3, 4-oxadi azol - 2-ylI')tbenzene
(4- bi phenyl yl') - 4- phenyl - 5:¥4 tert-dwtyl phenyl)1,2,4- t¥iaZole, and

oxadi azol e- cont ai ni and triazol e-containing poI 3. The conposition
of claim1l wherein id charge transport matrix fﬁffher conpri ses one or
nore hole transport materials or electrically inert materials. 4. The
conposition of claiml wherein said tertiary aromatic amne is represented
by one ofwhéwreifmleavit iy igenadapergianiilas selgrted NAR®OGTe Roup R /N _ R2

R N|Q~0n81§%1ng og afk}l(lc}cloalkyl alkenyl, cycloalkenyl,
alkynyl, cycloalkynyl, aryl, hetercaryl, and combinations
thereof; each R; is independently selected from the group
consisting of alkoxy, aryloxy, alkylthio, arylthio,
dialkylamino, diarylamino, and combinations thereof; and

10 each R; is independently selected from the group consisting
of hydrogen, alkyl, cycloalkyl, alkenyl, cycloalkenyl,
alkynyl, cycloalkynyl, aryl, and combinations thereof. -

5. The composition of claim 4 wherein each R; is an
15 independently selected aryl; each R; is an independently
selected diarylamino; and each R; is independently selected

from the group consisting of hydrogen and alkyl.

6. The composition of claim 5 wherein each R; is
20 independently selected from the group consisting of phenyl
and m-tolyl; each R; is independently selected from the group
consisting of diphenylamino, N-phenyl-N-(3-
methylphenyl)amino, and di{p-t-butylphenyl)amino; and each R;
is independently selected from the group consisting of

25 hydrogen, methyl, n-butyl, and t-butyl.

7. The composition of claim 4 wherein said three

organic groups directly bonded to nitrogen are identical.
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wherein each Rl is independently selected fromthe group 5 consisti ng of
al kyl, cycloal kyl, al kenyl, cycloal kenyl, alkynyl, cycloal kynyl,
het eroaryl, and conbi nati ons thereof; each R2 is i ndependent |y sel bﬁé%&ﬂm
fromthe group consisting of al koxy, aryloxy, alkylthio, arylthio,
di al kyl am no, diarylam no, and conbi nations thereof; and 10 each R3 is
i ndependently selected fromthe group consisting of hydrogen, alkyl,
cycl oal kyl , al&enyl, Tyel oatnbeﬁylt,ionablfynylla,imcycMh&hfle;imylsaia} ertdrdy
conbi nati ons thereof 0S| tééo m .4 V\g%% in.each RL is an
15 i ndepdHd&iRa Yy @Jé'bef eJas arr?ﬁre HLH Ysoré% ? depe ?Vl el ect ed
di aryl amggierand eagh i s i ndependently selected fromthe group
consi sting of hydrogen and al kyl. 6. The conposition of cI aim5 wherein each
Rl is 20 independently selected fromthe group conbig fng of phenyl  and
mtolyl; each R2 4s independently selected fi,omt e -- consi sting of
di phenyl am no, N-phe phenyl )am ‘ ‘ w R,

i N oo- sel ected fromthe

di (p-t-butyl pheny
group consi sti @ drogep,” net hyl, Lyl , Fand t -BButyl. 7. The
| serei nfsaid thre ﬁll c groups directly bonded to

conposi tion of O
dentiBal . -78 2 1 MAR 2007=8. The conposition of claim1
rtiary aromatic anmne is esented by one of the follow ng
RR R RNRaNRS % ) RS R5 R RS R RR

' , Or
5 (II1) (IV)

wherein each Ry, is independently selected from the group
consisting of alkyl, cycloalkyl, alkenyl, cycloalkenyl,

10 alkynyl, cycloalkynyl, aryl, heterocaryl, and combinations
thereof; each said Rg ig independently selected from the
group consisting of alkoxy, aryloxy, alkylthio, arylthio,
dialkylamino, diarylamino, and combinations thereof; each Rg
is independently selected from the group consisting of

15 hydrogen, alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, and combinationsg thereof; and each R, is
independently selected from the group consisting of
hydrogen, alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
cycloalkynyl, aryl, and combinations thereof.

20
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BRRRRS 5550 5 ((IIl) (1VV RR RRR RRRSER R55 (V) wherein each
R4 is independently selected fromthe group consisting of alkyl,
cycl oal kyl, al kenyl, cycloal kenyl, 10 al kynyl, cycl oal kynyl aryI 21 MAR 2007
het eroaryl, and conbi nati ons thereof; each said RS is i ndependently

sel ected fromthe group consisting of alkoxy, aryloxy, al kyI thio, arylthio,
di al kyl am no, d| aryl am no, and conbi nations therepf; each RG _is

i ndependent | y el ect ed ?rSﬁWPﬁElE;FBBpOEo%%ﬁ ﬁgWBFrT?snh?&Fngﬁ ig) gy,
cycl oal kylgelkiyle1 o 10U N 1y 18] KU 1ea 16 08Ik ¥y linddpdnaetfid y

conbi nati ons "'t hereof; and each R7 i s mdependently sel ected fromthe gr oup

consi st ﬁ@lﬁctd@/(ﬁ'l@gedar@mq1 eagfc|Raaliky Lpdebleadgnt 1oy sledaicany Ifrcal kynyl |
cycl oal k)é |, Al |, o anc:lL (%_nbl nat i 1N therea(%Id 38,79 2& MﬁélR 20&)7 9. The
conposi ti SF PR SRS e S ea chRPS's A i penaaenc%l y sel gct'éd ar yl;

eacls sai drmpe‘hmumdw%dﬁmd VEraae et eftdliraradredd swoineasch WRpdtrsSgen

i ndependent]y selected from the group consisting of hydrogen and al kyl; and
each R7 i#&% qlrliﬁ’elpendent |y selected fromthe group consisting of hydrogen
and al kyl. 10. The conposition of claim9 wherein each R4 is

10. The composgition of claim 9 wherein each Ry is

independently selected from the group consisting of phenyl

10 and m-tolyl; each R; is independently selected from the group
consisting of diphenylamino, N-phenyl-N-(3-
methylphenyl)amino, and di (p-t-butylphenyl)amino; each R¢ is
independently selected from the group consisting of
hydrogen, methyl, n-butyl, and t-butyl; and each R, is

15 independently selected from the group consisting of

hydrogen, methyl, n-butyl, and octyl.

11. The composition of claim 8 wherein said three

organic groups directly bonded to nitrogen are identical.

20
12. The composition of claim 1 wherein said tertiary
aromatic amine is represented by one of the following
general formulas:
R12 R12
Rg\ Rg\ '
W Ve Ny e W
Rs Ry Ryq Re Ri1 Ry
or
25 (VI) (VII)

wherein each Ry is a fused polyaromatic group; each Ry is
independently selected from the group consisting of alkyl,
cycloalkyl, alkenyl, cycleoalkenyl, alkynyl, cycloalkynyl,

aryl, hetercaryl, fused polyaromatics, and combinations
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i ndependently selected fromthe group consisting of phenyl 10 and mtolyl;
each R5 is independently selected fromthe group consisting of

di phenyl am no, N-phenyl-N-(3- nethyl phenyl)am no, and 7 1 MAR 2007
di (p-t-butyl phenyl)am no; each R6 is independently selected fromthe group
consi sting of hydrogen, nethyl, n-butyl, and t-butyl; and each R? is 15

i ndependent ly selected fromt he group consi sting of _hydrogen, nethyl,
n-butyl , T&FFEGEy 820 RaThES cHAPBRFRASHE bY %?]a??r?%dV\EEP@l RN€aP¥CHRAr ee

organic @o%‘é&%tcil'rfge@}ﬂ Ya1hended 4,8, 101k ogan-Arg i dend i fRlhio 20 12. The
conposition of claim1l wheréin said tertiary aromatic amne is represented

by one ofdltaﬂéyfl@lrﬂl@w,ngilag:aﬁ@@lnd,oranﬂ ammFrm Rk ReredR10zaqB Ri11 R11

or R8 R11 R11 25 (\\ | 1 erei R8 is.a fused ar mati c group;

each RO i'§ 1 "ﬁicz%’ g’r%?)é‘r%yy %ee]1 Wq:t CF Te Hrotp Cc%l}lss]im{) rr‘% al kyl ,

cyclpal kiHydralgernylal kspc) Qﬁ}}diLQijylr?\J |‘eMD<)ény1 YQﬂyQﬁldfaYIWén)f] ﬁlra’ikyﬂmﬂ eroaryl,
e

fused pol yaromatics, and conbinations -80 2 1 MAR 2007 r eof ; gach R10 is
i ndependemalpaddvavtled Fmbim thRE ey loorsid taaTeP iota tal dex yt hersd by,

aI kyl t hi r I o] d i ons thereof;
ach Rlloa |d";lél‘[an(#(;péﬁdentf{lf5 }é%%%]@%l?r%%%‘g{%‘gr%ﬁ%ﬂcBﬁ‘gFQ{f?ﬁé of 5 hydrogen,

aI kyl', cywimesldeiing alkemdrogyc] edlikeny lcycldaiinl, £Medwgl kynyl, aryl,

heteroaryl and comhi natl ons thereaof; . and each R12 is i ndependent |y

sel ect ed RS ou R L KSBRE! s 1Y G GEF og ety b 158 EeX3RTBH 131D~ al kenyl |

cycipal kerin i il dound cvrdoal kynyl, aryl, het eroaryl, and 10 conbi nations
t her eof .

13. The composition of claim 12 wherein each Ry is
selected from the group consisting of naphthyl, anthracenyl,
pyrenyl, and phenanthrenyl; each Ry is independently selected

15 from the group consisting of aryl and fused pclyaromatics;
each Rig is an independently selected diarylamino group; each
Ri11 is independently selected from the group consisting of
hydrogen and alkyl; and each R;; is independently selected
from the group consisting of hydrogen and alkyl.

20
14. The composition of claim 13 wherein each Rg is
independently selected from the group consisting of
naphthyl, anthracenyl, and phenanthrenyl; each R9 is
independently selected from the group consisting of phenyl,
25 m-tolyl, and naphthyl each R;; is independently selected from

the group consisting of diphenylamino, N-phenyl-N-(2-
naphthyl)amino, N- (3-methylphenyl}-N-(2-naphthyl)amino, N-
phenyl-N- (3-methylphenyl)amino, and di(p-t-
butylphenyl)amino; each R;; is independently selected from
30 the group consisting of hydrogen, methyl, and n-butyl; and
each R;; is independently selected from the group consisting

of hydrogen, methyl, n-butyl, and octyl.
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13. The conposition of claim12 wherein each R8 is selected fromthe group
consi sting of naphthyl, anthracenyl, pyrenyl, and phenanthrenyl'1§@gquﬁ@ IS
i ndependently selected 15 fromthe group consisting of aryl and ?u

pol yaromatics; each Rio is an independently sel ected diaryl am no group;
each Rl11l is ilkdependénel gospbedtednf ndmetlireé mgrl@uphesesins tRsngndf Ry hydr ogen

and al kyl_; and, each is independently selected fromthe group consisting
of hydro@gﬁ &(?é%ﬁ%ﬁ?u%ﬁ?%éLpﬁik?%QW%§%§t?%ﬁﬁ%?'cIain113 wherein each Re is
i ndependently sel ected fromthe group consisting of naphthyl, anthracenyl,

and phenant hrenyl; each RO is independently selected fromthe group
consi sting of Yhenyl, Ths RPIBPFILL19Rd ChapHER lead®neid istihdeidident |y

SeleCtedJyé%gtﬁ{f%gﬁ%%?ﬁ%%%?§%A gﬁggﬁ€%%??%§§ﬁ%gkﬁﬁgn¥k‘N—(2_

napht hyl )’am no, phenyl) - 2-na

phenyl - N- ( 3- met byl pheryl ) am no, and di (p-t- | phenyl ) am no; each Rl11 is
i ndependent |y cf rom 30 the group coni@\i U@f hydr ogen, nethyl, and
n-butyl; and e&EhWRIZ is independently sel®cted fromthe group consisting
of hydrogen, neth n-butyl, and octyl. -81 21 2007 15. The
conposition of cl 12 wherein RO and R9 are

groups. 16. The com

ical fysed polyaronatic
osition of claim1l erein.sajd.tertiary aromatic am ne
i s chosen om@\pisting of \/@ja-g N\ NN~ ~ \~
\INI/ 1/ A\ f ¥aeH N N N
A, O
0
QL0 ®

J
QIR 00y
5 7

I L

Boo

17. The composition of claim 1 wherein said charge

transport matrix does not contain polyimide.

18. An organic electroluminescent composition
comprising a single layer of blended compesiticn components,

said blended composition components comprising:
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VI NV\Y (I / N~N NN\V\NI N/ / N\ 6 and 17. The conposition of
claim1 wherein said charge transport matrix does not contain polyimde.
18. An organic el ectrolum nescent composition conprising a singl?e MsRyH07 of
bl ended conposition conponents, said blended conposition conponents
conprising: -82 21 MAR 2007 (a) a charge transport matrix conprising an

el ectron transport material selected fromthe group consisting of 2-

(4- bi phenyl ) - 580 4- £- SRR ERANEPPTS, MASKAS £AFRE 1sfing mn electron

tris(5- (RxAGkHePeY RR&RH )1 o314 PR 820 2y IR &hsibting of, 2-
(4- bi phenyl yl')-4-phenyl -5-(4-tert-butyl phenyl )1,2,4 triazole,™ and
oxadi azol(g-bamhainyilng Sard -tr-karotlehemantladi-i, g 4 potadierznl € b)l &, 9-east one

om0l Y11 PRSEDRLSESRL ORI 0L ol SR WS IGL! A ST
N\ A\ Q- B phidny@yNh MaOig By 1) -5 N B)e dhtNigde e nyandL 8 4 -
triazole, and oxadiazole-containing and triazole-containing
polymers;
(b} at least one non-polymeric phosphorescent dopant;

and

(c) at least one tertiary aromatic amine chosen from

the group consisting of

2,0 SO
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Ve
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-83 21 MAR 2007 wherein said organic electrolum nescent conposition is

sol ution processible. 19. The conposition of claim 18 wherein said cqg{gﬁ
transport matrix further conprises one or nore hole transport mat drli MR 08}
electrically inert materials. 20. An organic el ectrolum nescent conposition
conpri sing a svigreinapeidoprppaigesleskpodimionscemborompssitsaind il ended

conpositi38189£$§2§958e%gg852§ing: (a) a charge transport matrix conprising

at | east one ron transport material; (b) at |east one non-polyneric
phosphorescent dopant; and (c) at |east one tertiary aromatic am ne havi ng
a hole nobilit greﬁter t han ahout O.i ¢n2/V s_and an iaonjzation

pot enti al betméén abBhit CRMBOSVLARE RboGt 28M4 18VWhGHELE Fadsl FReatgsi c

el ectrol upl-nesEEPt ROPPOSR ELIQRKES cofbHlilRl PHRCESShih& 1ehe AN Organic
el ectrol um nescent device conprising the conposition of claim1l, claim18,

or cl ai mgoangporTheabeyanils ekreeflectmiicaddyennedéyimedesfiadlsai m 21 wherein
said device is an organic light-emtting diode. 23. An article conprising
the organic el ectrol um nescent device of claim21 or the organic |ight-

em tting diodexof claimn 22rgdic TEEeaftoThki &bt t3@pwherebn said article
is a display. -84 2 1 MAR 2007 25. A nethod of naking an organic
el ectrol uRPRESEBRRIdaVEERIEEMPRYSENG Lt Récafed 6PMBepéELpPYeF9mMPPARRERY i ng

the compasiti picRlics! abibds: 1@ Mdfboin AMASfingm a donor  sheet to a

receptor substrate.
(a) a charge transport matrix comprising at least one

electron transport material;

(b} at least one non-polymeric phosphorescent dopant;
and

(c) at least one tertiary aromatic amine having a hole
mobility greater than about 107" cm®/V s and an ionization
potential between about 4.8 eV and about 5.4 eV;

wherein said organic electrocluminescent composition is

solution procegsible.

21. An organic electroluminescent device comprising

the composition of claim 1, claim 18, or claim 20.

22. The organic electroluminescent device of claim

21 wherein said device is an organic light-emitting dicde.
23. An article comprising the organic
electroluminescent device of claim 21 or the organic light-

emitting diode of claim 22.

24 . The article of claim 23 wherein said article is

a display.
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26. A donor sheet conprising (a) a substrate, (b) a light-to-heat
conversion |layer, and a transfer |ayer conprising the conposition of claim
1, claim18, or claim20. -85 71 MAR 7007

25, A method of making an organic electroluminescent
device comprising the step of selectively transferring the
composition of claim 1, claim 18, or claim 20 from a donor

sheet to a receptor substrate.

26, A donor sheet comprising
(a) a substrate,
(b) a light-to-heat conversion layer, and

a transfer layer comprising the composition of claim 1,

claim 18, or claim 20.
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