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WD 2004/ 099338 PCT/ US2003/ 029007 ORGANI C
ELECTROLUM NESCENT COWMPCSI TI ONS FI ELD Thi s i nvention
WO edoaness3t o organi ¢ el ectrol um nescent 5 conppST/USINE029007
that are useful in organic light-emtting diodes and,
in other aspects, to devices, articles, and thernal

transfer dORGANSEECELBCPRODIMINESCEANT® CONPOSITIONRS. I N
still another aspect, this invention relates to

met hods for making devices conprising the
FE?ﬂBositions. 10 BACKGROUND Organic

el'ectrol um nescent devi ces such as organic

|ighThEBi1hVthﬂbﬁdESlé€bEDB¢ owpashcusteotgabiuminescent

materi al s Bgenerate [ are attractive

CQWP@FhS%PQE t ESaF?aHF?FgﬁaFnd?§%P5§C ¢aRbregiesing

afbgesexalp! en thdeaTﬁé¥§Ea|tg|§9b§¥§s(L§¥§lc§Eg, and
cat hode ray tubes many di spl ay

thppmaéatr@nsfeCLéﬁnoechheébgycemnrps@ngdéhevapmpgsltlons.

TfUYRYL R0ESoPNEE LCBsoRNd(RTo: oL 28, £01oexaMPlen. poas

I'nérease rlgﬁtne S, r|g er “Werg CRner > ofl

£30 hamaﬂgraepeeaklagmpamgengbehéetompmeﬁte6ﬁ50|ency,
fuller viewi ng angles, and self-lum nescence. OLED
devi'ces can be divided into three cl asses: snal

BABkERELRpdevi ces, light-emtting polyner (LEP)
devi ces, and nolecularly doped pol yner/ nol ecul ar film

(NDP@N@;ndevebestrQ5UGMaEBCﬁnte@aVeceevsueh agpbrghhyc
1 RER BRFaPiRg orarryePhPPely i Shrar Refdnt S cRaFgEiale

tbrgéﬁéﬁétenﬂi§hta|éréngneﬁtﬁﬁh&ﬁlvéOﬁﬂﬂéﬁnatEPedeMiCeS
conpri se |I% en1tt|ng onJugated pol ynmers as
tepdeEionahi AbSkLAY ERFDBRBPAGERS, (HAT cAxaresesoliquid

chyRESR! bYs fé§§rWLHBéLDP§daEétH£déh§a99¥h6§ (ERALIP for

transport UnCtI ons evi ces typl ca Fy conpri se
manycfasgeayrapspocatiansi x (WADchechnolbgycase pfovide
vggﬁgﬁs_a&vantages over LCDs and CRTs such as, for example,
increased brightness, lighter weight, thinner profile,
broader operating range, better power efficiency, fuller
viewing angles, and self-luminescence.

OLED devices can be divided into three classes: small
molecule devices, light-emitting polymer (LEP) devices, and
molecularly doped polymer/molecular film (MDP/MF) devices.
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
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,
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one polyneric material) and non-polyneric em ssive
walopanys3s Most commercially avail abl e OLED di sptBYS2003/029007

bei ng made today are small nol ecul e displays. Smal

nol ecul e devices 5 are typically fabricated using
cBﬁﬁ%Q%b%Vaﬁoﬂébenoh@CE6U9ﬁg§icTﬁﬁt§k§§lea%@?ﬂ%@—polymeric

chanbers, as well as shadow mask size and resol ution;
epafshivei doppatsi-ze of small nol ecul e displays. In

conpgriso : I.C can bri cat ed

Wt RGeS R R aued PLer BERD BT eBLsl P Tyngnae
tbdnge aaeeamhy 1sablkicaiepdaspiaiysg. Thudl mbPecané devices

MDP/ MF . di spl ays_  can potentially be | arge, and possibly
aFFe%VBPS?IEVp'@EFP??t9@PP@¢n3e§PEEQmOPV€P°§P§é9€r

£66hak qubdnabirhict ¥ithaBrLER e eBAMBUe st 0akh&ehg! 8l “Badow
ease of 15 incorporating various |um nescent dopants
mpfkostthe RDR/ WEsolMevent hehasd imVOPLRE gévieces bawél

méﬁ%ghxgddhgéﬁgggqne&%i%%gpggggntiOEE%h%EFtﬁ Fzggﬁgegﬁges

n
asses o device Ac&~BOt h"“Sna o

chEPbde¥hpeschaea, detrehsteamadkh ayet ebihiques,afd high
operation vol tages and significantly |onger 20
rSﬁ@FHFFBHaPnﬂiﬂéFgﬁeérFPo YeRahBPléoht RECCRRE 1Pgqui ABYS . LEP

t I AktLak 1,ngac a gi,ye ‘
=58, MERA0F Bolyaly! bt LLERL LRI, BEC T, Belpgoioty
fhewaebilgpi cal |y shown relatively high operation

| t | ti lifeti typi cal |
Vo R Rl bpy il aBRSEaL! Rkt SrelBey LHRLES Y
thO8bhotEy. thSaerEbodcoxaapl GueWoetheakel aPBpkl €dse of

,Physics Letters, 70, 1348 (1997) reporting NMDP device
1PFPEPPEBS 1BE HppreXFmatBLpesoent46oRanfEs anRgot GhR- YRP/MF .

8 V: g e . Led .
NEQCLRABR LS5 SMpr iy VasBEE et BlgcCkeBbi BBl gl dommercial

aktestimpstbén BDeapphexi mhbebys40fhOUED. HeRicWh since both
S%QQ%/%g?ggglgcgégsagggégggggg have demonstrated lower turn-
on and operation voltages and significantly longer
operational lifetimes (for example, the time required to
reach half of the initial luminance at a given constant
current) than MDP/MF devices. MDP/MF OLEDs have typically
shown relatively high operation voltages and very low
operation lifetimes, typically ranging from approximately
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

approximately 40 hours.)



SUMVARY | n view of the foregoing, we recognize that
there is a need for organic el ectrol um nescent

W@ 0vp0%93ss ons that can be used to provi de or geeii/vs2003/029007
el ectrol um nescent MDP/ MF devices 5 with inproved
operational lifetinmes and that operate at decreased
sumMarges. Briefly, in one aspect, the present
i nvention provides organic el ectrolum nescent
compdsi tiigHs ofhaheaforegefind i We &esoundizenithescdaiere is a

ﬂ@%@ 83 ¥ n%% el% %Ru%. Q%EQSCO %%SI%QOHS that can be

CO”DOSlth S conpri Se a) a arge tra port
u@@mpmbspﬁ@v&ﬁel@&@hndnee1@c&&bﬂum1h@&mﬂmmﬁMDFﬂMﬂWdﬂv1ces

.b) at | east, one non-polyneric, enlsS|ve opant; and

> é&% AFOreYSE ORETPEIOPALy Tl GhatT %é&n'ﬁ’ﬂ
aterlhiseq Uod@Bigesyroups directly bonded to nltrogen
the tertiary aromatic am ne being selected fromthe

gr oupriedayi stiongnef agbpcter tther prasemit ilovamties provides

wher ei n L east _oqne  of .the organi.c_groups conpris
orgaulstF%&FgaoéHgﬁyengg& co %&&ﬁﬁ&%a%%a% argpusé%%l in

etleetiroonmdoratieng slkelRitiekuenich Bst h€opakxap@dict,i @LEDs. The
' (relative to the direct bond to nitrogen) or two
10 CPW@@&éﬁd@ﬁ?lﬁoggFééﬁed el ect ron-donati ng substituents

in the) EekﬂaEgé'EE%%§p6&%|%%k%%x?Qoh%%lghESC%tbQQ%skoone

nltrogen) each el ectron-donating substituéent being a
edglostrionuemansphet RBtelamla het erocyclic substituent

et orlB3) B LoEof LB PPy ConSMECIC. BHES “inaPBPRtaL o

| eastichwat okakhe opegarire igr9URsocRAEh cCamRhleSeodprising
i ndependent|ly sel ected substituted bi phenyl or
15 t8ysst Praesdct PEeRERy Fige6tp Y3BoRa¢En§oanitrogen, the

t%&%‘i%ﬁ:% 290Rakh B HRY RSt hote‘i?lﬁt se'iekgédp%%mp%ﬁ' t%;%gu&vo

(re ative to the carbon-carbon connectlng
cphengltingngg of the bi phenyl or fluorenyl group) of
its - 3 (1) 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 heterocatoms,

(2) tertiary aromatic amines wherein at least two
of the organic groups each comprise an independently
selected substituted biphenyl or substituted fluorenyl 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
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WD 2004/ 099338 PCT/ US2003/ 029007 termni nal phenyl ring

(that is, the phenyl ring not directly bonded to
woedorogesy , and (3) tertiary aromati c am nes WAET/B5005029007

| east one of the organic groups conprises a fused

pol yaromatic group 5 and at | east one other organic

t@ERY¥RaEOBRENLGES rangUbshhtut ed thieppaByl,10kiadbsbit Hiedctrly
fluorenyl group having an el ectron- donating

bengedi taent tiragehe  pand- position (relative to the

b ' i -
Che o onaag T caRRlaEanEahhbdc| i hi8, BHERK Al LESTEEe one

ophengl orgagitOgbhps bSmpthSephanﬁhseﬂngomghrdmaeiblyroup
bonded_to nitrog en; t he tertlarﬁ aromati,c am nes_ of
apdt BhotPREL( 21e pofer graalas BEPHY G6RTPBASPFyaf gHPRAELtuted

b§HH§B&§u5§dsuBEEleﬂE¥dmfiﬁor€h§QtQQB&EOHQQEHQ an electron-
substituents; with the proviso that en the charge

donahspgr5uhatntuenl51nohbesp§respeﬁutabny oflahive to the

ctron ran ort rrater al t t IS non meric
FrESbePRrRPY B e PRRE E Rhoi B FiB, BRRAPT ¥TBRF RS the
bobhenylhap A0Oopehylregeup 8Esiek cakﬁgﬁay pBrhylanting
with the further proviso that when the char ,
FP%Esbértth?opﬁﬁPYFXréaﬁtaPﬁsdérﬁGF}VnPSEdeghéocﬁéFﬁegen)i

tranEHQrEe?@&ék?haQBHBEhéeémﬁnEQCBEdc99E¥B?£é§ (1), (2),

mat eri al ot her an a |yl m de has
addsééwebednghapttheaébmvéudeber|beUSOnganed, but only with

$Ie§trolén1ngscent PP?sitkons can be used to
Ctabriarecss ﬁpahﬁv gffrefent’and operationally stable
MDP/ WEtRLERe phavisg thbetwRes eheUphtegd, B08nbpYES RAAEtrix

nore. These OLEDs_ operate at | ower operation voltages
CPRENS P ePFBABFYAL EBoPE el ﬁtﬁ?NFOELE£§nSPﬁrFa@?teﬁﬁﬁ} that

1 OLEDS_£0MphhsiBY Lhe GQPP9§£§'QgémQEﬂEhgmhﬁ¥eQE'QQlected

sat1sfy the current operation tage and
febmlameney pehekr ehent sohepolvumeois sommescoél category (3);
di.splay and |ighting applications while show ng
H?anatlcally i nproved operation lifetines. Thus, the

conpesthi @A8 ehrther proviso that when the charge transport
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
highly efficient and operationally stable MDP/MF OLEDs
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
voltage and efficiency requirements for various commercial
display and lighting applications while showing dramatically
improved operation lifetimes. Thus, the compositions of the

invention meet the need in the art for electroluminescent
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I nvention nmeet the need in the art for
el ectrol um nescent - 4 WD 2004/ 099338
w483/ 029007 conpositions that can be uBEHUSI03/029007
provi de organic el ectrolum nescent MDP/ MF devi ces
with inproved operational Ilifetines while operating

c%hpb%ﬁ%&bﬁ@'EthWb&9|b@9ﬁ§edA€6|Fk@ﬂihkyorbbnﬂés been
di scovered that the organic ectrol um nescent

| eé@ﬁﬁ@@ﬂpméﬁ§S§EnthMDPMMEnﬁﬁUﬁcﬁﬁeWﬁéh igBipves| gpiesational

1BEBETRELLE; U oBLe.2:00 LBCLERLLY,BILNIBR §o gndcgan
g€ patterne trate or receptor |ayéer -using
therK&Blpabhaﬂmyng1t0h58bbeeﬁtd;sﬁOVeEédﬁﬁh&t &bleS ®iry@nic
di spl ays. ,Addi ti onal conponents are_ often necessary

e §FtI01YBoRFREP R OMPRRf4PIST OLEPRS tR¥SBtion are not

oﬁ?§pQB§HE§onh89%E%§s1b§%”%hh”§§e'Bﬁ@Bf%h%erhﬁth%lnt ble
el ectrical properties of the P. The conposi fions o?

anﬁecanvbﬁtp@ntareeﬂebhtguatedbﬁsratehernabcEpansféayer
wi. t ho add o onen The £ ma .
uB AP Rop he B PR L5 0t he ROk BPF AP RGer nEoToehmple, emissive

d@lﬁm§§BtI0A&dQE1bhallﬁbmﬁbh@ﬁtdeﬁﬁﬁsbfabﬁ perkbeERRYCES T
npar able_to those of devices grepared usin%
geeﬁvéhﬁraﬁé|tréﬁﬁﬁeanfuﬁéPﬁecﬁ P§BeSOMpPANERREr however,

séﬁ@%&ﬁé EHE%rEE¥@”gEQB %héoeEEE%EQ@élObQBBbgt;es of the

ectrol um nescent devices conpri si ng conposi tions
LERe Zbelnvmpbsmnlsashoésthéonneganpbe @rEDweldnduited for

grt C eg conmprisin I g éectrolun1@escegh
eviGes “EGBR 58, ¥ BPu ﬁgﬁ OB spFRYE O FR St | 7€
tﬁ@@hﬁ@&yaﬁaeﬁbrnbﬁl&DPHM?”HEOECEéo&bﬂgilalngethéd for
maki ng an organi c el ectrol um nescent device 25

CeBRpFL§iAGSt RE Sheplivvensfert AeBPYStrakst BerfRgmances
c8ﬁ§§9531e FSCEEBE ”b@eaggﬂEegOnggbgbanuganbhgonvent1onal

Invention froma onor receptor “substra
sbanyebaanogheechspgoes.this invention provides donor

sheets co r|S|n% an ogﬁanlc Sle trolgg1nesce

compogi OF FtPhe “M'hTenPYBRCLRAt 24P8 REEFAflepnorganic
el Bettabtin€atE088Bnef devices comprising compositions of the
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
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
of the invention that are useful in the fabrication of

organic electroluminescent devices.
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organi c el ectrol um nescent devices. - 5 WO

2004/ 099338 PCT/ US2003/ 029007 Definitions As used
weooeioyn33s el ect ron-donati ng substituents” descr@bEs2003/029007

substituents on an aromatic ring which have a

negati ve o Hammett 5 substituent val ue as descri bed by
peteffletort al., Rates and Equilibria of Organic
~Reactions, J. VVIey and Sons, Inc., p. 172, New York
A%1@6$§ hép@iynerlc" descri bes nol ecul es cont ai ning 10

or egEPQSngéngg #%eguBSEfg%eHQEtSdeggflgg uﬁﬂgékltuents

nDIecu non-p scri bes nol ecu
oﬁoﬂﬁaaﬁbﬁ@tﬂﬁ ﬂﬁﬂ@nﬁhidhrhaed aepegatimets Hammett
(non-oligomeric nDIecuIes% nd nol fles contalnln
Phedabyobebt

sylskt tepah YBlwBndferesee ¥ epeht I ehi €5 2l ’. "Rates and
e&Ql L §BPBLI 65 n@fg&HL@Sﬁeaéél%g Al bE%PE@QRAE&' | §hhdhernc., p.

ositions of the
17&vemewoﬁorthhﬂ@3both organi c el ectrol uni nescent
nol egu

03| |on and organi ¢
eIectP%?%%? é?sgr cules conE 1n1ng(&£wgr more

ecu y doped polyner
m@@@ﬁ@ﬁ#dé@ﬂﬁedlﬁe@@@tcaﬁEtQO ahda MDP conp05|t|ons t he
conposi tions include at |east one | ymer (as
conpofedt L orotpeutpar 9. t?%%sB%FYmﬁﬁ%? de%ﬁﬁ%%?s Rolecules

c%ﬁ@aiﬁiﬂﬁg%oam&H$M§Pra&ri€é&'?ﬁ%eéﬁoﬂﬁlté @Hbﬁe%11g$ﬂer1c

e case M- conposi tions, e conpositions do not
megbatal @sh o ymetechlesradheainbhy éﬂuer bbaeclpP em@fomer-

ents. The conpositions of the invention include,
AT Ve ahBreat TRECT of s b NUSFoT cbtt &FoF T hi
enbodi nrents: (1) a MF conprising a non-polymeric
em ssive dopant, a small nolecule tertiary aromatic

DEFARRED ;PBSGREREFON t ransport matrix 30 comprising a
S”“'&h??& §Hﬁ§chQi@cEf@f&H?ﬁés@@ﬁér+8%?8€9t§on§”3£'the

nol ecu ectron transport materi a
invention include both. organic electroluminescent molecular

film (MF) compositions and organic electroluminescent
molecularly doped 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 transport matrix
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conprising a non-polyneric em ssive dopant, a snal

nmol ecule tertiary aromatic am ne, and a charge
wWoe@nspost nmatrix - 6 WO 2004/ 099338 PCT/ US20B3r/02808129007

conprising an electrically inert small nolecule and a

small nolecule electron transport material; and (3) a

ch QQQEBQSEHQe@eegﬁlﬁgﬂigeEh@r@”b&ﬁ&iemGQE@ﬂqe and38l kma11
Fecule tertiary aromati c am ne, and a charge

molaasper eleatrpr SrevApersi MGCarsAdl | andl ddll @ MF
L | t th
BRBELFEAT & LoRTRer TRETthe eri sPrgsr Q0B eca SrRy L Re1ecure

OWi ng- nol écul ar
tdepedrpohysrateabadinent and( &) chabbe teanppbgitngadrix

non- pol ymeri c em ssive dopant, a small nol ecul e
CP@PFF§F99aPoﬁﬂPF& Qﬁﬂﬁ€U1§nBlSCEHSPgErPP§H§66rPaﬁﬁFFP%

10 C@HErb§hP95§t98h¥”8E'thohﬁvéﬁeﬁéﬁoéﬁsgaﬁﬁﬁﬂﬁheaﬂﬂe
a snal ecul e el ectron transport materi al

fm@ﬂbwmnprmgﬂnguéarhyndppbﬁnppﬂymenlsmbvélmepaﬁt (4) a MDP
conm on % ¥ ar%lss tand a Cﬁﬁrgglecule
? EﬁéﬁéP? ﬁaPr.xPS Fi&ng"a XFy Pﬁ% el 8P

téf@ﬂéﬁ?rérﬁﬁbeﬁbabmlﬁa) anlDR ebAPHeStREnipodt matrix
non- pol ymeri c em ssive dopant, a small nol ecule
CPEPELarHd ér@ﬁ&yméréﬁ1H@1eaﬁ§a§SEH§Fg@aFP§h§éoPﬁd a small

mHﬁEFF%eCQQBEt?bﬂgtﬁﬁnsﬁbﬁﬁtﬁhﬁéthl'”?ES Qohb?eEoﬁﬁglélng a
sha

nol ecul e el ectron transport materi al
nonﬁpolymagla apmspmVynéopantenassmaéldmpéatpla tertiary

ol ric tertiary aro
=PRUKERE EoiBEr | 308 o PlarHE ETaRSprPhorastie bRt ging o
pbngmép@etema&efbaltraﬁdpbék ﬁa&EPlamnpRB$!agM@P comprising
non-p nmeric em SSi ve dopant a Xmsrl cC tertl ary .
aaﬁ@ﬁaPPXYEﬁfhé e@hésavecﬁﬁpgéttrén§ﬁé L maiprrle tertiary

aEBHHEhé'Qﬂlﬁ pOEMHEE'EhS£ et LEapsPRLE - ARE e6hak-4 ?Rg an
¥ g .r0q Bt SrimBgips

organi c el ectrol umnescent device can
eﬁesposca@la hayet,polymayeasd af smalMF npldPBR1le electron

c ng§S| |ong th nveﬂéh the "organic laéﬁ é
B%P ?ﬁbﬁ%'a of&: pVﬁEhng BoPBRTPRIYET ic
enppkied &ephhe, davpeeymelkeet tensiadyeatbhn@etiedahhe, and a
the organic Iayer fromthe cathode and
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.

An organic electroluminescent device can be formed by
disposing a layer, or layers, 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
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
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anode. As the injected charges mgrate toward the
woppesyeed y charged el ectrodes, they can recopdi/ms2008029007

formelectron-hole pairs, which are typically

referred to as excitons. The - 7 WD 2004/099338

rBETHHS200840028@01cer edi Rich the deviesnknavhi ghnkhal1ly

excitons are generally forned can be referred to as
fohmedecanbbrarréarzefetoTREsEheexerPBRinasioaxerned These

gpegl.e e n t i.gh
SR ApSPoR S paERar T b8 SN R, B S Bhobbghn ene
férmanspoltighbt asxthbg degagi baekecbr al gprbnadcentte.
conpositions of the invention conprise a charge

transport matrix conprising at |east one electron

chh#gaPekhn8pbeti sherife charge transport 10 matrix can
—Uprgvnarry-cunrarn-ﬁrner conponents such as, for

exanfhe, ohgheitr eheporolumiaecsgkst adubpEohabnel oft £be

transport materials, glectricall e Lymers or.
BYERE 8, rEREFAEE RorBoFhrebrrngonarorraP e BREbeTginy o

leAgecbhBgelBatebhaksanapdrthaakickeéalandThiextHaege transport
thereof. 15 Electron transport materials are materials
MARREX FéElPPPéP@aFEE FﬁPEéﬂPoﬁtbﬁreF@@PP8ﬁ§t§n§BCPhés for

egéﬂﬁﬂbc h@igrtrgﬂgpbyg'ﬁagbgﬁaﬁbonaﬁefﬁﬁgngﬁeelectron

reconbi nati on zone. Electron transport naterials can
taksepact astarbaﬂsbeeléotruhelpasgagetODOhmmeSStorthmall

th i i.red, 20 As _noted-ab |
w6 FERONES: hace FAISCERRE RPECragtPal STROLRES Jecting
mE68P0ailki onadothetheikayeahtoniganrbe ehkkebf.pol yneric

or non-polyneric (small nolecules). Useful el ectron
tran@é@FFrﬁél§ﬁéP§PPﬁEI@aéeékaéﬁaﬁéﬁemaééﬁﬂaﬂﬁl R§a&nd

féE&§E9£€e ?HEaH?BFQtFBhVH?réleB@EBﬁéeEBEB'¥ﬁe 8§gaPu8elayer

exanpl es of usefu ectron transport polyners i1nc
apfatihezol migoatapni hgwpollybhef rrsofibonaexanpkene.n Electron

transport materials can also act as a barrier for the
passage of holes to the cathode, if desired.

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
examples of useful electron transport polymers include

oxadiazole-containing polyolefins (for example,

N-N
;N\
/[::T/kcghﬂ<::>‘0
R



NN/ I , O~ OR8 W) 2004/099338
PCT/ US2003/ 029007 R = H (PPVO) and R = C(CH3) 3(t-Bu)

w@ BRBY@)93s% descri bed by Jiang et al. in Chem PdvEUSI003/029007
12, 2542 (2000)), conjugated polyners conprising
oxadi azol e units in the polymer backbone (for

rexagpl epvo) OshdOrRO=~N(cHK ; & BU)ORGEHRY) a5 diesarithed by
by Meng et al. I\/Iacrom)l , 32, 8841 (1999)),

Jéanpught ad - pehy FEER . cHABET si nd20x 8R4z 6PEOGN) ¢ sconjugated

n c 0

D g R B e e b FPE, PR yier ackbone
(8sr &rampXanple CeHl7 C8HL7 C8H17 C8H17 / \ \ / \ -N
CHCH3n 4n 8 17 8 17 0 iN 10 OCBH17 (ODP1) -N O
C8H170 (ODP2) - 9 WD zZ00%/099338 PCT/ US2003/ 029007
CBH17 CaHn C8HL7 (&kL{ \' n

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 87 ' (ODP1)

CH
o170 (ODP2)
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N CaH ~ CaH' n i N OC8H17 (ODP3) and the l|ike, as

described in U S. Patent Application Serial 5 No.
we@adonhees " El ect roacti ve Pol yners" beari ng attBCTeg2003/029007

docket nunmber 57906US002 filed on even date

herewith). Preferred electron transport pol yners

i ncl ude copol yners of oxadlazolyl arylene Ml C.H

fl uorene su&h as, Lor

ODP3. Repr e§ehity o Q 8 Q

transpg ek Y oxadi af 3

2- (4_ @ Q \ Z] n

(PBD), \&3-b 5- (4~ - 17 CeHyz

butylphenyl) 1, 3, 4- oxadlazd?‘Q yl ] benzene (PBD diner),

15

1,3,5-tris(5-(p-octyl oxyphe -1, 3, 4- oxadi azol -2-yl )b
enzene (OPOB), and

2, 5-bi s(1-naphthyl)-1, 3, 4-oxadi azol e (BND), as well
as starburst and dendrineric &8&fwatives of

oxadi azoles (see, for exanple, Bettenbhausen et al.
Synthetic Metals, 91, 223 (1997)); N-substituted
triazole derivatives such as 20

3-.(4-bi phenyl yl) -4-phenyl -5-(4-tert-butyl phenyl)1, 2, 4-
apﬂ|5?§|glb$Az?s §§SW§PPe§sl§tHr§ur§9t§ﬁa derdicasips Serial

erivatives (o] 8 I h
o oo Sas S 4 e TRl $hagralel Bhasing
abtpheﬂyldbokbtséambhydEUQQQUSﬁOBaﬁ@ﬂaﬁuwnnawe@BAbqp

hand 0 §r conpounds 25 described in CH Chen et a
(-t ao) 125, 1 (1997), and J.V.

aZ@E@Yb%k@& @ﬂe@kron"GB&h@@OTtab§QQhEEBQinclﬁ@e VO
2004/ 099338 PCT/ US2003/ 029007 Pol ynmers and Mol ecul ar
cepadyBsrs PAnABagRa8P LKdy anyégneEpee: fdHPEerfdsuch as, for

ggb?% ?yag Bﬁ?%éaﬁﬂdD%bbge HS. Nalwa (ed.), 10,

(ODP3)

ke and m xtures thereof.
Pr ef @epegseheetivr txanppest ofnmakkfmdl edekesonntlradeport

sﬁg?l 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-yl]lbenzene (PBD dimer),
1,3,5—tris(5—(p—octyloxyphenyl)—1,3,4—oxadiaéol—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
3-(4-biphenylyl)-4-phenyl-5-(4-tert-butylphenyl)1,2,4-
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 (BAlqg); and other compounds
described in C.H. Chen et al., Macromol. Symp., 125, 1

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

- 10 -
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5 OPOB, and TAZ. Hole transport materials are

materials that facilitate the injection of holes from
wo b4y i nto the organic |ayer and their nmPQr/as10051029007

toward the reconbinati on zone. The conpositions of the

I nvention conprise at |least one tertiary 10 aromatic

paiReraf ahhr ee18pathll edacakeger HandbeeRCbichadvaserna
and in nore detall |nfra) mhlch 'S a hﬁle transport

%g”zr'iﬁ °E§§r(5852 tr?HEpQBE Eﬁk%réﬁpuplklugﬁé'E reof .

t Fansport mat t hat are use arge
PiEféEaﬁdpeﬂécﬂBbhlXraﬁﬁpbetesmhéﬂ pollgpaiiee @hclude PBD,
polymeric (small nol ecules) hole transport
OﬁQPer?H sTh4ving rel atively high ionization potentia
(typheakl ¥rhhapsrtt Raeeabeut ard m8¥£r1§%btéﬁb% kak€litate
transport polymners include hole transport
thatennab§1gnchfaboléerfewanphe apgﬁy(QnVDnyheapmazone)1ayer
ol L N ar ba o h l. an nost ne)
copo sﬁgrmXéﬁeﬁ EéA% wagéd 8 gm%lnnklon % ge. The
cpapystytene- dfphrayiarenesbyr esfpevpel yoeleabPSoRBASErtiary
PVK is a preferred hole transport polyner. Suitable
aﬁemétﬂFaﬁ§h8Pt°§nﬁPFeﬁDFE@GPéée?nEPﬁﬁgorﬁéﬁ (dgscribed
sGp2dPLA4d, dhﬁrMbﬁg‘BQtQB@ tEh@EX? ”hH?cHeﬁbVéthSQE $¥GHsport
—as, . for exanple, NN st3=met hyl phenyl') -
mbtsgphénylybenzhdrge @Taﬁyport matrix, however, can
‘:bis rbazo n
i ge bEREPC o, b b ob BT e Fr bRERGE ar Ae. SETERASL
O hernoexanphaspbrel deceoppsr thhthakecyasairae (QUPGe 3Barge
and conpounds such as those described in H Fujikawa
CERNgPOr! B?ﬁ?hétFénN@?aPétth p@éxmeigg7yraﬁan3pvlymerlc
| exhci LI a i :
Eofyiers Se el ohorar o SBess. MRRRTR C L Iap R Btag ively
hibbctponzetand Phoeohiel- (Lypiw@l20041088838han about 5.4
/ US2003/ 029007 Materials and Devices, H S. Nal wa
e? d.), 10, 233-274 (2001); and the like and nixtures

t her gafitaPref Bbledthahepbik8ngpiers 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). 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(carbazol-9-yl)biphenyl
(CBP), and 4,4',4"-tris(carbazol-9-vyl)-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”, Handbook of Advanced Electronic and Photonic

- 11 -
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smal | nol ecul es include TPD and TCTA. The charge
transport matrix can conprise electrically 5 inert
w@edogoea3ss or smal |l nol ecul es. "El ectrical ly i neet/US2003/029007
materials are materials in which the gap between the
mat eri al's highest occupied nol ecul ar orbital (HOMO
vahdrihoweshdupecedpsedunsl endlian qeliyal 10L.UNBB-Rg4 (2001);
sufficiently Targe enough that neither electrons nor
apgl EbecaikBeard BEKFEFERAt FPerRPEct eHTPAPETERehRBFeFransport
sﬁg9ﬂ1hxgbﬁéhe8r93 hGge® E%Btaﬂhu$bﬁgscent devi ce
electrode materials suc I ndi umtin-oxide,
aIunwhanphaabeiUHanapdrthmatrke caEIeomprcablylenerﬁcally

mat eri a |caII g? nlzatk%E oteng ,
1B hePOLRERL Bb6a: 8260 BoLRGHLSE 6 SOI8RAAFBLLVoRnEEE
matEinbht ¥ hewehatBanaabouh %h@chotﬁeoghFZbétagenwhﬁe

incorporated into the charge matrix ectrically
maﬁ@r@aééSyhégbeaﬁdogﬁupneﬁom@éepééaruﬁ§bn§ﬁlpﬁHﬁMpu|§nd

I [ t St .l
1Bhesk QHPESHBL R Autelhd8 bEBLER) RLoRB)Phe Butgigtently
lakgetenoabhythaerheiehpelngCSrbnslnde bollgst yaaenee

lyet hers, acrylates nd t hacryl at es,
EgF%SPBEBMa% ﬁsﬁyewﬁy ﬁaﬁ‘ﬁg ate ?romaﬁaptlﬁ@h pkganic
e@@étHbthEﬁ%sEBﬁEeQEv15éa€@E@%r@HeSHhE39h81s such as

el ectrically inert smal nmol ecul es i ncl ude ant hracene,
1pﬁgpanphnepgldgndalumlnum, calcium, and the like.

E%ﬁgt§1c?3§%r§8h Le§18X8'9 ngg?ienﬁavéSahf1%E§zatlon
arge trans or Brrx eont a
pﬁbahgeauramgh@ttthahrabooanﬁtoses absacoﬁdSpeVyHEdlélectron

material other than a imde. Preferably, the
aghapdey 9P5ﬁ§pBPanﬁPPP§ éo@stﬁoﬁbeBﬁtﬁlﬁ B8 yi mi de

(thafhks. 1n96§§8£§9é& 1598 Eﬂér9ﬁak5énﬁ99EEx”HE&bétrlcally
contains only materials other than pol yi mi des). The
1ohat990ﬂyaﬁspoandnamaﬂ& maheGUéescéupctsenhpremarlly as
cting materigls suck r rini
bln goun ge i g c%Oln ngﬁo%§an?ﬁéggcuac§£ gr?Pﬁﬁoyt of
cﬁarg@[b3994é99933ExEﬁﬁiU§26@3é629967e electrically inert

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.

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 polyimide (that is,
preferably, the charge transport matrix contains only
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 -



10

15

20

25

30

pht hal ocyani ne; el ectron injecting materials such as,
for exanple, alkaline netal conpounds conprising at
wo eagowee of Li, Rb, Cs, Na, or K (for exanpb@&r/us2003/029007
al kal i ne netal oxides or alkaline nmetal salts such as
Li 20, Cs20, or LIAIQ or netal 5 fluorides such as

phtha168Fhnias ; Wahkcagsohl OB;jeAt203, me@RBREEls such as, for
phthalocyanlne (CuPc); and additives such as, for

e¥RaRpEe, 21kp4RnesBatadr FAFPPRRREr SOMREASHRAL RE| dgast one of
nggﬁ%efeg' ngét Brag REGL Fk” mphee Delueen, aﬁg%f%lll Et@es or

00 "nim i nduci ng er outcoup ng o
adrdlénesseoalusibiosnstigh asoBSzQO Csyiki rgy agieviics, or metal

Ki, f | ast d h f | et
£ er=Ena ehnRral Fent FFVe ABHONNGSS SeRfsckber copper

pReRanbcyhgineMes k) ongnaf abiheth p¥antieR &8NMPEbEeedbmple,
| east one 15 non-polyneric en ssive dopant.

INghtpsFghterénenitédiees. dopanpsrthal ear édrusépypbily wheh a
pfLORn e ghectpalynbessent 160MROshhl 988 8h) ! B8: inducing

nven Fon~inc uorescent and phosphor
h@ghetebabbyupmmﬁghote&ﬁght)aﬁﬁabmlgshenuhﬁlfeﬁmhtgr5cross—

that are cagable of ,.emtting radiation within _a 20
1P8Fg89raﬁ68 513 ﬁﬁGEFéhﬁFﬁsOEpPéPEFéEPﬁerFroﬁPQb@HFnﬁéérs

fBE‘E9ng§€9UBx?%Qn”th”EEﬁlﬁagf?Eé@kivefEBHb%QHHE 400
nmto about . Preferably, the non-polyneric

em ssive dopants have a half-life of about 10-9

ut 10-2 seconds (nore preferably, about
g Qgé b QB 0 about 10-4 seconds) and a 25
| um pRscebRpogtianbum pEektdeoingbaut och%bapt0% GADLeast one

preferably, about 50%to 100% . Small nol ecul e
n@ﬁTPPéY§eHé§fSmlﬁﬁlYﬁedPﬁégﬁtloHOQrEOlﬁméFéFaSW§SSlVG

déﬁbﬁEEGQhEEOHEQUhgéﬁhﬁr1%”&5&96§ deibvedebE @B uminescent
fTuorescent pol ynucl ear carbocycﬁlc aryl ene and 30

chepesoaiphenefdehipvanivessiophosphodesfénprescent and
oRLEbRTFLBEL o REEF RS, OB BEER58LebE | hbgpgmonecute
ehli yeeescenhtchekbatepabpipl exesmot tiZg( khiiandoAl (ithin a
lérég 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 107? seconds (more
preferably, about 107° seconds to about 107 seconds) and a
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
heterocarylene derivatives, phosphorescent cyclometallated
chelate complexes of Ir(III), Rh(III), Os(II), Ru(II),
Ni(II) and Pt(II), and fluorescent chelate complexes of

Zn(II) and A1 (III).

- 13 -
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WD 2004/ 099338 PCT/ US2003/ 029007 Exanpl es of usef ul
fluorescent pol ynucl ear carbocyclic arylene emtters

wo pkes3sol ecul es derived from peryl ene, PCT/US2003/029007
benzo[ g, h,i] peryl ene, anthracene, pyrene, decacycl ene,
fluorene, and 2,5,8,11-tetra-t-butyl perylene (TBP) 5

Exanpkempobsusef ukefLuoregeeskcpakyputhfatlear carbocyclic
het er oaryl ene derivatives include nol ecul es derived
atydenecenibEehns dnepude molecules derived from perylene,

- (2-ben ' ) - -Let 0-
biRzb e Ry ET PRt ROE. ) pclirdefpbr) BRRLEED, despevsigne.
flupkguenokhdi - Bl 8one-taksa-krbwnyapeCgliraei 1TBH5T) ,
3-(2_10 benzot hi azol I)-7-diethy|aningcoun§rin (al so
knomﬁxﬁ§pl€ﬁuﬁﬁrPﬁe§¥} gﬁaorescent polynuclear

ndtbPbapheryk- PR ReXYEqUIREL (deaR8]1 PRl BEULBS idREI ¥odm
fromtricyclic pyronethene dyes such as, for exanple,

cohwseivesenirbedsi A0U(8-bPacehhineelya) 92637817 -EBsyehydro-

e I and_b 9,0 0 [.), eg of
1029?07l6ﬁg§8 8%§¥%é§?'§§¢¥§%§?%ﬂ?SPéap§?ﬁ§?i?25'5-
icomghexesiaintok-bhy, (BRhEbL! khowtsakl ToulRdflih) 548mg, 3-(2-

Pt(ll%_include nol_ecul es derived from phosphorescent
bSPESH ﬁéFQﬂVﬂé‘EI§FPtPVFP¥}nETSRﬁaFFPI$?1ETL§PPWPIPFX,

cbuhakid BR(ILhaXs LLkgERehih) 7YnebkhbgPlolihbtiy, bnk2Pt
(I'T) conpounds 20 where L' "and L2 can be the sane or
mdilfelent denivadhfirpwt améeycand myeowpthenal Hyes such as,

bstituted cycl L bi d Li gands of
3 (S5 RABEny ) bEns BXaTBLBeto Bnangt bERsERAZB g, L 916, 711

(Bopbengkbanzot hhazel ego2ophengbberzicni dazol.e, 7, 8-
benzoqui nol i ne, phenyl pyridi ne, benzot hi enyl pyridi ne,
3 25E#eMRéRY- 2fpRERY Py PRAFRECTERFERYI FYFiLaMREallated

ch@h){k@yﬁb%'ﬂgkeé ok%%?&?%‘}edRE?g(ﬁ}gg?eogr@W, Ru(II), and

consi sting of acetyl acetonate
Phéxaf | dnrdadet pbaectidrnat dersakcykpiepbpsphovksnang,

oRRAPEC A ar el Ay amnbatElich Ba” ghARsAARY y
Lafrst (iftutyed 30L8es { vary vestiBkuphenat heolime 1 compounds

bi pyridine. Useful cyclonetallated Ir(111) chelate
wherPvhi a3 M nAandds e samfe st iMdd sHeNRD G0 IS instance

aﬁadan Qﬁéléﬁéléy’saﬂgt§§8EHh cyclometallated bidentate

ligands of 2-(l-naphthyl)benzoxazole, 2-phenylbenzoxazole,
2-phenylbenzothiazole, 2-phenylbenzimidazole, 7,8-
benzoquinoline, phenylpyridine, benzothienylpyridine, 3-
methoxy-2-phenylpyridine, thienylpyridine, tolylpyridine; X
is selected from the group consisting of acetylacetonate
(acac), hexafluoroacetylacetonate, salicylidene, picolinate,
and 8-hydroxyquinolinate; and Y is selected from charge
neutral chelating compounds such as optionally substituted
derivatives of phenathroline or bipyridine. Useful
cyclometallated Ir(III}) chelate derivatives include those,
described in WO 0070655 and WO 0141512 Al, and useful

cylcometallated Os(II) chelate derivatives include those

- 14 -
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cyl conetallated Gs(11) chelate derivatives include
those - 14 WD 2004/099338 PCT/ US2003/ 029007
walemanddsarl in U S. Patent Application Serial NeCT/US2003/029007
09/ 935,183 filed August 22, 2001. Platinun(ll)
por phyrins such as octaethyl porphyrin (also known as

aBtEOERL aheuaksopysehul apErapptesnokeksghulo . 09/935, 183
fluorescent chelate conplexes of 5 Zn(ll) and AC(TITTY

fnheﬂuﬂegushpﬂéxegoﬁmch Béa§ﬂ§98iIGM|?@FPhUI?Pé)SUCh as
SFRECRY) PRrERS: (5 (RRPCIYBREYD) BERGRKRT obdchago voerur.

ZInCEkhhp195862 (1iBeful fluorescent chelate complexes of
hydroxypheni % 5- phen i -1, 3, 4-oxadi azole) zing(ll),
BAdT102BRphéAyTal 01BF Péehyamekﬁﬁaﬁnspsbo?§|Eﬁﬁﬁ§m

hBALILrobRELY! £ 1hLUOEESCRE (30 (EL1) chel ates i ncl ude

escrl y Tokito et aI , Synthetic Metals,
hydtotyphely3d) b2O00Oxaandair) v@n@lﬁ3923b1A22 wgef ul

1] h | ude . t
D VERERY o BE3 655 FRARADS) o7 B 1) 1o0bRareN Pad
heak8si¥ReHoRANESphBal,/Ude, Bi, 8= 62ad1azole> zinc (II), and
pheny IEyrldlnato N,C2" ) iridiun(lll)acetyl acetonate
bepbﬁny atpj B1p28pBHIBPEYEHIBAYREY! RAFRARED (BAlQ) . Useful

fgb??éé&ég UQBIIki?cShghQE@EOQﬁEfuégTEEBLe Béécgggeg by

uorop enyl ) pyri di nat o- N
Tpkiidouet| &) pi Eghihatéc2Pefhlepi ¢}1-112, 393 (2000) and in

LRV ETEE R Tl Rl A ey RTINS Sr B niipee

destaebbyl ipoupByr PALERECRB) 6and3py59nemaﬁaga5éz al
Pyr567) (available fromExciton Inc. ghton

NbstPEPéﬁ@F?@de@ﬁﬁ§éV€edQEB§ﬁFs1PﬁéP@8eb&ﬁo Bhorescent
ﬁer§iﬂg§lrl§1—g<l:l{:0 ~RNE2 Kl G uml &) & tc%t@é%t!o%d@”@ N®prIr),

y aronatic an1nes conprlse or gani ¢ groups
bdsFeétbynbomdedhuenglgyngﬂenatbFogen A class of hole

SRLATRISHOLE A oLl A O oA LSl U8 e
dl@@hSQQﬁMeﬁil)pyrldlnato -N,C?¥)iridium(III)picolinate
(FIrpic), 2,5,8,1l1-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

PPIr, BTPIr, and FIrpic.

Tertiary Aromatic Amine

Tertiary aromatic amines comprise three organic groups
directly bonded to a single nitrogén. A class of hole-
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
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tertiary aromati c am nes) includes tertiary aromatic
am nes wherein at | east one of the organic groups
wa@epoisss a - 15 WO 2004/ 099338 PCT/ US2003/ 0PQD032003/029007
substituted phenyl group having an el ectron-donati ng
substituent in the para-position or two independently
sﬁﬁé%QEﬁQe&'ﬁﬁéﬁ9ﬂ ge8abi AgvEHEShht veat srbA-8BBaFELE-
positions, each el ectron-donating substituent being a
sabsubsuenUenn ohheparhanoalhep@r@éyéwpclgdbsﬁndaehﬂy
L& tl eleggded égngp%n hSQ%EtQE?gHtQ ? eE%—
?S 5t Bhe" tRE N AEs~belng optional

pSQbSithteéachéléﬁtyoMkﬂhnaehﬁgtSﬁbsd@ﬁﬁénﬁgbelng a
substituents. A preferred class of  cate
SFE?PF5P9n5rBHB?FctﬁBnaﬁ1H@EeEaﬁyﬁélFeﬁPg§EhFéﬁn5ydﬂH@Ct1Y
g 0 SHv Bn R
o P oy L LR P Y e Cobndent 15 Sal gataa
aminaﬁtheiggooptlgﬁatbﬁsfsrthgrosuQSRytutegclbatkyhly with
nyl,..alk ny cycl oal kynyl, aryl,
ﬁ%fEF%ﬁr§ Xagﬁﬂg H%FﬁéFPSﬂg “t hereof (for exanple

cycl papkytesubgt tlatedodl kitegboyips)) teaehaR? hsomatic

i ndependently selected fromthe group consisting_  of
apiReRyCaBr PEoRGPrasRyFedi by 5h9|?ﬁibowana|Q9naﬁﬁkofozmulas=

di aryl am no, and conbi nations thereof (for exagpl e,

al ko substituted aryl oxy groups}i and each i's
indeggngentl elected fromthe greyp co i ng of
hydr ogen\ cl oal kyl, al kenyl ,N€ @ enyl ,
alkynyv/ cyc kyny?, aryl, and coqbinaﬁ‘o g thereof
(for ékanple cl oal kyl 25 substitmﬁed al kyl groups).
Preferably, ea Rl is an independently selfected aryl

(I) (IT)

wherein each R; is independently selected from the group
consisting of alkyl, cycloalkyl, alkenyl, cycloalkenyl,
alkynyl, cycloalkynyl, aryl, heterocaryl, and combinations
thereof (for example, cycloalkyl-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 -



group; each R2 is an independently selected

diarylam no group; and each R3 is independently
w@edoeoewses f rom t he group consisting of hydr ogeer/asmo3/029007

al kyl. 16 WD 2004/099338 PCT/ US2003/ 029007 More

preferably, each Rl is independently selected fromthe

gr ouplogeNBirstrieRdaty , PRakY rRaNds Niddpdrid@acly Relscted from
i ndependent |y sel ected fromthe roup consisting of

thepBERYPafioRs i sipFerfl PRenglmaRy Polkeryly asasd, Raris
1ﬂd%§8 gnQﬁ yE%H?@%Q&@%%%& tﬁ%d %% B%nsistlng

entlFy sél'ected from up consi sti ng of
dhpﬁeng&amlmet, hyil-phenlat-yi-, 3améthy1bht9y1|yl amino, and di(p-t-

Re entative exanples of categor 1 rtiar
5 by gﬂrﬁ PRYAAPREO) né ﬁild@aC&1 ﬁnl? tﬁfiép%mﬁﬁxlt%y\ z?l\?cted from
/ _ ~ \
t%F'S%rgu}aNE/()hﬁ\_l_/sltﬁﬁ%@' %Q\d'go\@%fhél}ne\t?y)&li %!7 butyf,~knk t
bpEo4/.-099338 PCT/ US2003/ 029007 n-Bu n-Cct n-Bu

Representative examples of category (1) tertiary

aromatic amines include:

L ST

sPsasle sUsaole
J O <UNe

s¥es ya

@N@%N Yoo
5 ofs

10



n-Cct / \' N n-Bu/ n-Ckt N-C N\V/ Nn-Bu/ N

n-Cct '\ / NN\ / n-Bu n-Cct n-Bu n-Cct n-Cct
wWOm2@3099338 O N Nn-Ct \ / / V' N N ON/ N Pe1$2003/029007
~N/ n-Ct A n-Ct 5 MO OWw Ph2N NPh2 N O&E NN N O
OOOI\/EO(]VbPhZNNPhZ//\I\IIVEO//OVE\I

\' NV I NN\ MeW\OVE NI N I NI/ N\ \ Ow
OVEB- 18 f}é004/099338 PCT/ U82003/0290 n-Oct

n-pu

N moa™y
I B
BU—Q\NQ n-Oct—QNg )

9

n-Bu n-Oct
n-Bu n-Oct

n-om\Q\NQ/n-oct QN Q‘O

5 . B
w~
voa—(")_ Q @”

N 3
A &

OMe PhyN NPh,

MeO

O Q0
SV gV

OMe PhoN NPh,

Qo VL oo
A0 VO OO

O-
O-
<0~
-0
-
2
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Ph2N NPh2 N\ I '\ N N/ Il NPh2 \ 1 | / \ Ph2N ~~

N~ N\/ N\/ NPh2 NPh2 A second class of
whedoentasasporting tertiary aronmatic am nes tPel/US®03/029007

useful in conpositions of the invention 5 (hereinafter

"category (2)" tertiary aromatic am nes) includes

tertiary argsqtic am nes wherein at |east two of the

organi ¢ grqupg each conprise an independently sel ected

su t ut @ phenyl or substit a4 #Nyor Pup
ha 2l ectron-donati ng substi t [ e
pa!ra-poi.tion of its 10 term nal phenyl ¥iny, the

3si nNg a-l dpal |y furt iren bst i ed, BUul \gply
@n ro ing substitu@ A efe
S of c@tedory (2) tertiary a an be

nt y the foll ow ng general R7 R7

_ RT RS RS Rs Rs R~ Rs R

(rer)y (rvy 19 W 2004
003/029007 R7 R7 R

A second class of hole-transporting tertiary aromatic
amines that is useful in compositions of the invention
(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
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:

(ITT) (IV)
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25

aN RS R6R6 RERRs s (V) wherein each R4 is
i ndependently selected fromthe group consisting of

wa@bdoylogosas/cl oal kyl , al kenyl, cycl oal kenyl, 5 aP&yrg1003/029007

cycl oal kynyl, aryl, heteroaryl, and conbi nati ons
thereof; each R5 is independently selected fromthe
gr oup consnstlng of al koxy, aryloxy, alkylthio,
arylg hi o, 1 ami no, diarylam no, and conbi nations
thereof; £ Bndependently selected fromthe
10s hydr ogen, al kyl, cycl oal kyl,
al kynyl, cycl oal kynyl, aryl,
hereof; and each R 7 is
pendently sel ected fromthe group consisting of
ogen, al kyl, cycloal kyl, al kenyl, cycl oal kenyl,
ynyl , cycl oal kynyl, aryl, and conbi nati ons
ergof. 15 Preferably, each R4 is an independently
Rsel ected aryl group; egen RS is an i ndependently
sel ected diarylam no group; each R6 is independently
sel ected fromthe group consisting of hydrogen and

al k each R7 i i dently sel ed fromthe
B ER AR S s TR D s AT e 67 oup
c@ﬁ@I@Eﬁ@éY®fe§Pﬁny-é§c18gfﬁ§ﬁdeﬁik¥n§f|e@&@ﬂoéi@@hyl

t he group conS|st|ng of phenﬁ and mtolyl; R5is
alhﬂ@pbnd@ﬁ@lyaka@z edafybm ﬁ%e§@®nblcoﬁ@ﬁs@@ﬁ@lﬁﬁtlons

%é%hg?y ty?Nﬁ@ﬁ%ﬁ%ﬁﬁ#&o%NH§%Exgéﬂggy :%g%enJénE&fup

csﬁée@teﬂgf@ﬂnalh@xygr@nplcﬁﬁslalkﬁgtniohydeQEHio,
pet hyl, n-but and t-butyl; 20 ,WD 2004/099338
dﬁ%ﬁ#Xﬁ%@b@?o B@?Y %%Hn%ac%néwc?@b+ﬁﬂEb%HEeE?F?eOf each Re

1§el§&éﬁgnéé§€1%h§e9é@€@d Egaﬁl@ﬁéngrsﬁphagﬁgggelng of
nmet hyl’, n-but oct
hydrogen, alkyl cycloalkyl alkenyl, cycloalkenyl, alkynyl,

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

Preferably, each Ry 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 R, is
independently selected from the group consisting of hydrogen
and alkyl.

More preferably, each R; is independently selected from
the group consisting of phenyl and m-tolyl; Rs is
independently selected from the group consisting of
diphenylamino, N-phenyl-N-(3-methylphenyl)amino, and d4di(p-t-
butylphenyl)amino; each R¢ is independently selected from the
group consisting of hydrogen, methyl, n-butyl, and t-butyl;
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Representati ve exanpl es of category (2) tertiary
aromatic amnes include: \ I N\ I V' I N'"O \ NI\ N

WO 20040993388 JD ZZ, ONYW NN \ I \ | \ I \ 5 FEC1/087003/029007

cl ass of hole-transporting tertiary aromatic am nes
that is useful in conpositions of the invention
aﬁﬁeésbﬂaﬂ of s "LASINK Yok By L1 BEY AFONBERE SPORSS)
Includes tertiary aromati c am nes wherein at | east
conelstlnghef ohgdnogegv ompshybnpnrbe§1/’é f apddoctyl.
pol yaromati c

grou BSﬁﬁFpgggg sﬁﬁng?uFea Slp%g Othgr SE%§E%F5Yed

atbMateByhmgheypihavi.ag:an el ectron- donatlng
substituent in the para-position of its termnal 15

phenyl ri[@\ tarri nes bei ng opti onal Ir@\ar r
substitu ~px-only with el ectron-do

substituents A preferred class of catego
tertiary ar i c am nes can be represent ¢
followi ng geyeral fornmulas: Rl12 R 12 R9 R RO\
- [/ 10 /N B R8 R11 All R8 R11 R11 204\ -
21 WO 20041099338 PCT/ US2003/ 029007 whe each R8

is a fused plyaromatic group; each R9 is

i'ndependefityy ected fromthe group c@
kyl oa | ken | oatk
cl a ynyI ary earmf @

and' conbi nations 5 Thefeof; each R10 i i ndependent |
sefegted fromthe gri consi st@ of al koxy, é
axy, al kyl t hi o, @ t hi o,

A third class of hole-transporting tertiary aromatic

amines that is useful in compositions of the invention
(hereinafter “category (3)” tertiary aromatic amines)
includes tertiary aromatic amines wherein at least one of
the organic groups comprises a fused polyaromatic group and
at least one other organic group comprises a substituted
biphenyl or substituted fluorenyl group having an electron-
donating substituent in the para-position of its terminal
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
R R
o~ NS
P Ao
R R
8 Rﬂ R11 8 F‘11 R
(VI) (VII)
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di al kyl am no, diarylam no, and conbi nati ons thereof;

each R11 is independently selected fromthe group
wa@ongisesshg of hydrogen, al kyl, cycloal kyl, abP&engi003/029007

cycl oal kenyl, al kynyl, 10 cycl oal kynyl, aryl,

het eroaryl, and conbi nations thereof; and each R12 is

whadeRandaBhl ¥, Sek est 8ds £805 L Per SROUD: §99SHStLABNOR, is
hydrogen, al kyl, cycloal kyl, al kenyl, cycloal kenyl,

iatepepdentyyl @allleyﬁyﬁ faey theepEPBRY gensasging of alkyl,
on her eof f bl y,; R

Cygggsgﬁgght %kgg Zéteg%?ro%?t g%’g¥%5§%%§hs? Cﬁoalkynyl

aggpht h;élteraatrmacen)gled pyleaybmaatds, phﬁﬁtaﬁbhlbeﬁwt,lons

each is I ndependent]y selected fromthe _group

tésesgp&. RECHF Rar yiS AMPRBEETIINY S OhRATRS,; Tt L @roup
chiis 188 i5AdeReRdRBLYY. o3¢h8cleddianyhal na gieuR, each

i ndependent [y sel ected from t he gfoup
d@@&ky@ﬁmmgoofdhy@y@g@nnoandndlkymblandleaehthtzep§; each R

.indegendegtl seleite n1th$ groug conS|st|n% off
1Ry dPEGRREERE A k§F e F %F.Sf“e 361 T OBRCRCRE 1SS 1Y ©
hiyagegendent kylsekeeted1kyaom atlRengloupyeonssiiskenhg , 0blkynyl,
na hthél, anthracengl, and 25 phenant hrenyl; each R9
cvslpadsperdentrylse 66?€8aFVém fRe C@msaaaééﬁglﬁsttbﬁgeof

afl Bheavk, Riz dics qlr?d loc RREERID S p

I ndependently se ect ron1t e group conS|st|ng o
cdnphenyhgnpfiohyBkpbenyl alky2- naphfibplkaii, ne lkkng3-

RECRILBRERYY ) N0 Lantiv ot CPLAVBLY1 BRAY! | 5hF G daenand

cBhbihstibAdepradenkl.y selected fromthe group
consi sting of hydrogen, nethyl, and n-butyl; and each

R12 PsefraapéHdeRBF) Rs 3z s erpuiesgdaRgelected from the
ﬁgﬁ%ﬁgggg%@%gﬂ%%f ﬁshﬁ‘eggﬁ fsﬂﬁh éeﬂgﬁupp‘&%ﬁﬁ“ Qda

pRepaashnanlveeexhnﬁbessoié%é@emmmwgié)sébe¢tadyfrom the
g?ESSHEE%sﬁs'QSS ggcgggﬁ:aLdC§§égEC%§i5grgmgtﬁcé; each Rip is
an independently selected diarylamino group; each Ri; 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.

More preferably, 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, m-tolyl, and naphthyl; each Rig
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 the group consisting of

hydrogen, methyl, and n-butyl; and each R;; is independently
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N\ / \V/ NNN _NN\V// VNN / N/ VN VNN

10 For category (1) and category (2) tertiary aronmatic
w@eion®e9338t i s nost preferable that all three pET/UB®03/029007

organic groups directly bonded to nitrogen are

identical. For 15 category (3) tertiary aromatic

s@lielR@%ed iffrdnS tHRS g e @odlieting2df Wd&%@r@9%@31yl, n-
PCT/ US2003/ 029007 that two of the organic groups
byitpdet BPch@§ded -to nitrogen are identical fused

poly | QRS- ferr rti.ar r td.G -

am n%s%lq%::sleu&e gh% ff a%r}%&\%l n%(% E%T\trteélﬁx/\ 6‘I3qrIII\E&eIIrCt’o;L A\
aMdnmalt i\l a@linvesl /ANclludd :N 6CHO \'' 1 V1 53 N\ | N \
O U A 0 T U O VO A N O %N o \ 1 I

\I\I \I Tertiary aromatic am'nes |nthe

organi c 10 el ectrol um_nescent corrpo o of Q
|n|on are hol e Q
OO0 ‘ ‘
., O O

%

o

|

Cp
.

&

=
~

OO0 OO0 QL
&

o
DO QoD

4

&

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
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15

transport agents with relatively high hole nmobility
(preferably greater than about 10-5 cn2/V s) and

wo edoanposed y | ow i oni zati on potential (preferabtyUusinos029007

4.8 eV to about 5.4 eV as estimated using indirect
el ectrochem cal redox 15 potential measurenments (for
tBXAMBIS, 0€YEhkCo¥ghhaBMBLbYpsOlirecBdy ¥HOnde844E8983880gen
PCT/ US2003/ 029007 direct photoel ectron spectroscopy
apeasdeehirns, fusedr peprAdPRgtie #EPEPPvel y hi gh HOMO
<h'9B@ékegggaphsgtlgegegygﬁggQFbaﬁ%h% sCIEEINke the
Tertiary aromatic am nes usetful I'n e invention are
t61liygpiagkly prepared by an U mann coupling reaction
bet ween correspondi ng secondary aromati c_am nes and

aryl hde typically aryliodi des and I b | des) .
Conv , U mann reactions are ggnd ed-usi ng
copper catal ysts such as those describéd,

exanpl e, Macr onol ecul es, 28, 5618 10 (1' , but
recent | yNr

pre efficient approaches usi ng pa  adi um ?W

taI e b¢~ developed by Fii:iym
"i&ljf;ESI Am Chem So ﬂg:jgl
and

B chmald et al. (see, for exanple

Chem , éllss (1996)). Also uzukl-ty‘
i ng reac n between 15 correspo g{arylb» oni ¢

aC|d and aryl halide with palladium catalysts (see,

for exanple, Suzuki, A in Mtal Catal dE;J
Cross-Coupl i ng Reactions, Diederich, F. ang,

ey- VCH, Chapter 2, VE|nhe| Cer many
(199@\#&@ oyed to synthesize so ertiary
arona , 20 particularly those comffising at
| east one~biphenyl group. A few of the te |ary

ful in the invention
il e. Preparation of Co IOSItlonS 25

the invention can
g of t he char tr on
I meric dop and tertlarifgqo C an1ne /[:j
D s

0 ()

Tertiary aromatic amines useful in the organic

aromat i d 1 nes us
conner0|. Iy avai

electroluminescent compositions 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

potential measurements (for example, cyclic voltammetry) or

- 24 -
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all the conponents of the conpositions of the

i nvention can be m xed together and dissolved in a
waalnes3such as, for 30 exanpl e, a chl ori nat eBCDUSENE/E29007

solvent (for exanmple, chloroform chlorobenzene, or

di chl orobenzene) or an aromatic hydrocarbon sol vent

dihRlk tepamRloa ] @ ben @b cand dshepy hidalstireshdttigng a 0. 2

to 0.5 mfilter. - 25 WD 2004/099338 .

CP@IE@EQM%M@Q9@016h§?m$%W1%ﬁgbh@QM@wd@§9h%WBCﬁﬁumygd

ti.Qn t al ut 0.1 to about 20 wei ght

mo@r%&%ﬁg(reﬁﬁt%ﬁg %%%rgﬁg'total wei ght of the

conpaeirtiiat)y Redmaeliymamitcemuseifvgd idopart iavedrtion are

abqut 5 to about 70 wei ght percent tertiary 5 aronpatic

CaRILAE L Lh@TERATSE PrafSpSIIaREl (OKPRES IfF ien Petween

ot PRI A SRE ERERYS lalrop L 1 e REH ALY arld @ SN34S des
transport matrix can contain about 20 melght per cent
(ttoprigbddly BEY lweidghie speande i y(Lbaloatides )t-o éJOInventlonally,
aLen! als dn the , charg Buic e Jar RQL L R X g s such
transport matéeri a apbo 8ht ﬁg?cent o Yausut®
a80 theisghtieperd®ri, addirt |e&aa1b1l@ol G_n Maaispoillecles, 28, 5618
electrlcally inert materials; and about 0 _weight
(déPeent Pu¢ ABGER Y W@F&h@fﬁéFééﬁF &PR&%%Qﬁ@§n¥Sln9
pETRANCHI $ohay eXamRl e RARORRLLICKRY (if astTlilAl RY a1.
agents, tackifiers, plasticlizers, quenchers, and t
Seke)forl@xﬁm@dﬁchEléatr@h@m négcentlDQV|dé§9Bhdl997)) and
co |t| ns.of the invention sed the
ByF g &% £di'nd SESyer OFn S6PYR |c Ie F@bl ﬂbSCé&t 1133
a@EB» .dauisees asBeuks - thoe exapnlieg @egariien between
ight-emtting diodes 20 (OLEDs).. An CEL device
C@éﬁ@ﬁgpp?lpﬁcPﬁﬂé§06ﬁ@16raﬁéﬂeanﬂaﬁéW§h@éﬁﬁﬁlylﬁ@-@ﬁéladlum
o ATRLE SSULLAl €0 QARG IRBL 8lizahs , Gl SROSA RSl el 19 7eq
cat hode ang an anode. e organic ect roFunmrmescent
C¢@S§6§pupdnsgoﬁeahmsomsve@ﬂbdﬁrac@ part eod Stleyg, V.V.

(BBC s kTR V5Pou CHEPA TR gn P BFaRey Bendoring 15089 5° can

be employed to synthesize some tertiary aromatic amines,

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

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 solvent such as, for
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 -



10

15

20

25

30

operation lifetinme froma solution processible and
thermally printable conposition. The anode, typically
worame/0e6338 ndi um ti n-oxide (1 TO, is generall yPCT/US2003/029007
sputtered onto a substrate. The anode material is 30
electrically conductive and is usually optically

trané@ﬁé%ﬁilyQVtﬁ%”kbhb%@%@@BﬁBtof'Iﬁbi§n9%h%@oﬁh%§ﬁr

for the anode naterial because it is particularly well
canteshadabouknPedt tohebeyti APowehghkobrerceatispoetlative to

teri highest - 2 : 4 9 . .
B FRESn o Thh0b 2 Elk, etRos Pialy artR Bitypprag emissive
dbpeauseanaf frbm ppbLer Bakbbi hpouusiogwkiyhegpaphieat tertiary

techniques., In addition to I TO, suitable  anode
aﬁﬁWéFFSI§mﬂﬁ€rud@h?rSﬁéﬁgﬁeﬁFaBSHBEEtmééré%iHé§e€T€Ethe
rbfQingXaBECcnbNdblBbOXtdey 1 4BRERE1ELN eXEdEnbELD) .
zinc 5 oxide, vanadium oxide, zinc-tin oxide, and’the
trakepoahdmahigh wenkcbonetihoabnetal§ ykoghexmepkent to

ol d, pper plati nu al l adi um silyer nd. .
B85 AP RRLopropBERY) (BRppEEVECES il aRBHsipLs in the
chatyenakhyspoateflavirifl) aboutt1Ont eradbputt1R8@efiaf ; aabout
conducti ng pol ymer such as conpositions 10 conprLsin?
Op@ryoBtiperRgnEntdi 8R9tki §phuRéyhtpeeryepf additional hole
LLi : I NAL | : .S a d
i R T Pl R AR S B
w&hghor gancenentdt ehgukagér wesghenpeakkytdospedddtional
bet ween th? anode and a cathodet.TEe organic &5 "
cePBREFBFtim AR5 cERERofpoBPEPBRE “oF LEfie FROBRTTOR<EEHA
afends¢dradRrithersr gpNheteribbkBY GayREn8Est NBn@Fkhe like) .
device. The thickness of the organic enmtting |ayer
in the devices of the invention can generally range
obba 8gubeefoiiihifealglt pgdfchm (preferably, from
. The cathode is
t ypi Thel yompdeivfioas| oW whekifuantion caethk (ked as the
exanpl e, al um nu bari,um calciu samari um
OFHBHLS! G 57 PYel oY RRghBS PERAGHFyEL Gl F By UM PPERPRA (OEL)
Ayt eeBi Yarhoksal EgysSebmpakCi YphaRHdcMRYPREL UMY tBhing diodes

(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
barticularly useful as the organic emitting layer in OEL
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 (ITO), is
generally sputtered onto a substrate. The anode material is
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
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conbi nations thereof) that can inject electrons into
the 25 electron transport material LUMO (| owest
waemsossed nol ecul ar orbital). Other |ayers BOUDOSAS3/029007
for exanple, additional hole transport |ayer
conprising, for exanple, 4,4 ,4"-tris(N-(3-
oY leph ey le)-ulttaph e Ry aai1n Okinki PlaeaylsaToFe 1(tw%%)ernab11ty

N, 30 bi s(napht hal ene-1-yl)-N, N - blsgphen
usdngi d pﬁ@o@mppglcopechnlques In addition to ITO, suitable

ag?gs)gh%%%ggaghﬁh%ﬁ%dg XE%n@ Qre%kSQB%ﬁﬂxkhQ%ﬂ%&ﬂkQ% (TCOs)
;a onal "el'ectron transport layers
éompe&sh@getru&@&umhpdndmyq&HM@kame)tabumkndm ((FT0) , zinc

bi phe atq bis - 27 WD,2004/ 099338
AR 7008 G5 P00 Ry AR Ao GFal Gt Y B4, 2nd
hag@ﬂ WRrRN &Rk 18 n( fieta 12Ut( xslo&h 1L, 3 gd1exadicgge

or 3-(4- blphenylyl)
péh@nyﬂums mltl@ritlublutsyllmnylapdl cpmpingitipdise theaZpf) . In
prgk%ﬁ nj%%tlggoh% %%n%%hiﬁ boa% dﬁ§§q%|%bout 10 to
porp yr|n|c 5 conp ounds Ke oo ht al ocyanine
abGulec )1 0810d Az ioifC a pbhﬁabmdm@np@&yme&eGMBhnasnpempdmitlons
| ayer s conpr|S|ng, exanpl e, al kal i ne netal OXIdeS
CSPngEéPSnQO&Eﬂéh s§FP§leﬁ&ﬂéOXHFQ&Wpﬁﬁn@éyéP§DT or
p6QTRNi3iRG (PRkI§XaEPhe1 pRhecuhake Qﬁ%db%%Q%%ea%%d to
triazol e derlvatlves (for exanple, 2-(4
mbdpifefmth}% @»f(faeqtlb'@t yloptte fyncti oz, &foxé@u amld@ (PBD),

I_met %I he yha e10 phenagggﬁﬁllgg ko )y
blphenflggg sf@l $ nolat8)51un1n § 5)
béﬁ%e&n(%he anode and a cathode The organic

hen{ ) - 4- phenyl -5-(4-tert- butylphen 1)-1,2,4-tria

e%@Féro ?KEPFSC@PéCFPBHOEPGé@Pﬁg°Ia%@@sl€8ﬁﬁﬁﬂ§Pn§anf@ﬁ used
a%x%ﬁglﬁr %ﬁlc emittin er of the OEL device. . The
, N -blsghaphtha | ene- -N, N - bi s(phenyl) benzi di ne

thNePRBnessnd 4 tive, ¢Tganns(Hm@3t¢@©hybwhen9h)tNe devices of
B SHRE L o ol AP S5 e pr E06iM T IMOEPOUs,PLean iy 2bout

28ddintni qpref@hamhzumfm@&cabburtatmr el $oCanode Poesert) .
in these | ayers, 20 for exanple, to convert the color
of | g8t Cefefed 16y tyRé cadilac fedieuitnes deit Wekkefugct ion

mEQaEaLn qtfla.%r e%%h%ﬁe ’ ng%ﬁll%ﬁ% ’ barium ' calcium ’ samarium ’

magnesium, silver, magnesium/silver alloys, lithium,
vtterbium, or alloys of calcium and magnesium, or
combinations thereof) that can inject electrons into the
electron transport material LUMO (lowest unoccupied
molecular orbital).

Other layers such as, for example, additional hole
transport layer comprising, for example, 4,4’ ,4”"-tris(N-(3-
methylphenyl)-N-phenylamino) triphenylamine (MTDATA), N,N’'-
bis (naphthalene-1-yl)-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 (III) (Alg), biphenylato bis (8-
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ot her such | ayers and materials can be used to alter

or tune the electronic properties and behavior of the
wo 200e0e3380EL  devi ce, for exanple, to achi eve BCIEUSI003/029007

nore features such as 25 a desired current/voltage

response, a desired device efficiency, a desired

h?&f@kyqﬁ1ﬂ8§hESga@ﬁhgﬂhﬂe$§Al§ )deginadnigavhee) -5- (4-t-
etine, or a desired conbination of these eatures

buﬁylﬁbenzé ) sty delupradiarptpséPBD) ayer donprsphgnpharl) -4-
L [ " d i
offediE S s Ve s BR R bli8ny REVACE, LB pkels: (Pl ofbLe

ihhectdleni teykayetodpripgngpnibacenample, t eskphgrinic
and/ or OEL device substrates can range from
CPW@PHHQEpibF?SCPBPﬁFgHP§ha PS%?BFBes&EBBFQsanéuFﬂaﬁle

piEha 84 §ﬁlﬁébS&&é&€§ohnthget1on2§ay¥@%29Qﬁ5998§§§
PCT/USZ 037029007 for exanple, glass, transparent

ephmsiecsaéh@hlae mpoayobeﬁdﬁs Opoayéaheneuméonéssalts, hole

oLYERLDPIOLES: ROLYERERLS: eopoLyBRul &l oy Ol LT des

yneric and ani C?nl norgani c

oraapasble aﬂattkaaeblélBaelvEtExeblefarrekhﬁpmé gbass-
can al so be used. Such a material can be | am nated to

bapbeny%ér céérFePUFwipBeﬂvé? 31 ubrarariaradegPBY) .
aIRerieYLe 7 SUSHEALE- IR 6LbALGAPN AR onbE ( ﬁ@@gueblFHenylato

visib such™as, for exanple, stainless stee
bcsysthYﬁrneyguhnobatopeﬂymsnumcéﬁAlqv t Bedl Bké4-10 OEL

o BE Ty LT T REE VAT Pt CP Er GHEYSRATEY ng 4t foFbaarole

(angd) appéneatreﬁSblébﬁhngrlayéee taﬁbudelngorfoexaﬁahple,
di spl ays (for use in, for exanp]e, personal

Nc%npe%eﬁeaPEEhelﬁﬁenésyl%aNcHesblﬁéﬁaﬁeva degngédine (NPD)
, *Qﬁﬁ 41§4QUEQgQRNV?3Oﬁeéﬁygﬁﬂéﬁ gp Li cations, and the
|

e), mcrodisplays Inc udlng - nmount ed
phénybdm$pbays;phanpiam@ﬁer M@EAﬁs fbuféxanbhgers, and the

1 ckI| 9 uideg yetahE di,s Ig |nda %
PREncet ARas R PrRecSrni8ohE| PEREEEM { FPngoart TePes,
phBEoUeMi 88sta¥€materials can be present in these layers,
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
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.
OEL device structures comprise a layer comprising one
or more OEL devices (the “device layer”) and a device
substrate. Typically, the device substrate supports the
device layer during manufacturing, testing, and/or use. OEL
device substrates can range from rigid supports to highly

flexible supports. Suitable OEL device substrates include,
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20 includes one or nore CEL devices that emt [|ight
t hrough the device substrate toward a viewer position
w@ tdvan9g3ss an i ntended destination for the enmPcT/882003/029007
i ght whether it be an actual human observer, a
screen, an optical conponent, an electronic device,

£8F éﬁ&nﬁlge)gl&py opphh¥pa Pt thoaatidS suthcak

el enents or other layers or devices suitable for use
pwurchl @f Betr oppbyetipraysfonesi ceelyerrbanpsesf opolyesters,

fateér\?g %Tq%?%%{%d#@&% J\u#fﬁy ri films, and

zers users

of@ﬁﬁﬁ@/1ﬁ®g@int©n¢®m¢oéitﬁBmubtigﬁyaﬂsﬁlEmhanCEDEﬂible
filnms, insulators, barrjer rlbs 30 black matri x

rohsk MrEkesancPrhRlIFPKRS Befdbe %ﬁl%kmeraat%%%eﬁa@h%e

l&ﬁYﬁggeéaygr a%gl§ﬂ§rV&§¥F{ePo§bf'B@ttéf St hgttural
enbod |nents devi ce ayer can be pOS|t|0ned

imeegwety t heThdedévicsubsbsaratanatéeivl eorn pbsdthbenopaque
tA "bot.t n1-.2$ WD 2004/ 0 9§3§xagT U8200§10§9007
ArTTTHRG BHAPT TGP Of cant be  tRRHE hans PRECETbRETFET 6
ctPstA I BSE1 $51 V€oh P ﬂ)bgﬂﬁtsﬁm&éﬁﬂ by the piganic
emtting layer of the device and the substrate. The
|nvé??%ddeY%ce$o%om%ﬁ+%%?%gthec%ﬁﬁpﬁ%%ﬁ%?%ﬁ ehnthe

%gt%‘:’?”cér'i‘ eleglyods 2 9&?9@&?%?91%9 %H?E%mg

trate an the organic emtting |layer o
ad9u¢besd@@@ aopltcansoms . th%u¢hgmrtEQi¢$ednbyudehefor
deviﬁe. Jhe gevic? | ayer can ipclude onf
SR tes CHTRhRYRd TR anS sttt abte AR S F%?r%% Ie
comiph 88Ps 10cappl pieahé ONswh eEhdac khagihé g Jiéﬁﬂtéls, toys,
crystal display nodules, the device |aye

2RO F IR OB APFOFRACELAPRLIFREIORAL 3 %h%n é’ﬁ?? re
ml Of &8 |ca |onsklﬁ%m% § &'&&Eﬂé‘éavrﬁlaroa{‘sgig%,'%s

app ayer m ght contai
(©¢nrw¢etqsoff@toseémpkgadbdcmbyghES ¢ﬁa11qmnd16ryeta1
or aneousl| | vat ed splay

S YR Ao YRl LIRSS o ST ERPL M evi ce
I aye]fnt@om@Cii@l@taerﬁitltﬂhgté[r@icl@ﬁ,epﬁlfﬂé’e@é‘bi/ce layer

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
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 control films,
brightness enhancement films, insulators, barrier ribs,
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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addressabl e CEL devices that emt the sanme or
different colors. Each device m ght represent a
wWGE epanga3ss pi xel or a 20 separate sub-pi xel of BCT/US2003/029007
pi xi |l ated display (for exanple, a high resolution
di splay), a separate segnent or sub-segnent of a
efggoengedcanspyayation exanpeeusad| wiehnthemtibelrate is
content disp Iayi or a separate icon or portion of an
tF%Bﬁmls%}V?aﬁﬁ ofhEnenth e?fBY ERanpreanis epdreaner layer

o £S5t REPALGALE ORSY - tﬂ%tQeﬂ§t£9£eFab@héaihosrgﬁaanbe “top

El ectrol um nescent Device Layers To formthe organic
eshttingg” | egefighrehéodevanebeohise8Owhée theealeonrode

t he conpos tlons f th nventio n be soluti
Aot Ra L ERSc AL FIBsLPYED! 480 80, Sonffc  bhotr ino
lapkrj6f ehé ndié*ﬁgce casésNgot Of rQHERT t KFWN1 i RENBLYHESH by

in athin layer onto the anode. Such thin layer - 30

the 20v4¢®99338 PCT/ US2003/ 029007 et hods ar e
deSCfﬁQegev{?é fé?@chan'fnéﬁéﬁ?egﬁgnérhmor? ?égsdéggces

(Heeger et a ertai n applications
aUE@mge®lEnt@nwa$m3tabbaemammennrerﬁyexampieanlﬁElamp

ice onto bstr for exapple, to fabricate
R b TEEH 1 PO RATELH PhC tRE pT bl REY RS GbrpIaY
mP@h 1 €& Ni Fige | & Lde E@éﬁtﬂni@hﬁ st €l t stisha asingl@roEL
exanple, thermal transfer, photolithographic

Appt¢er Hidly, SOAMKj 28 PREHES ngnt%@d%@rbc‘mkhtgh@ aaﬁ@l the
|
AiﬁéfhaQTW%f@' Iﬁa&éﬂgfh%%%%ﬁ£%9%§%%$9¥n¥ﬂ1or s %ce layer

10 converted to heat 1
mﬂ@hifmnmtanmusaslmhalntgamfCcEéﬁ@IYO@p@c@@t@éVﬂ&es that can
coated on the ksi de, of the donor sheet to be

b?uﬁ?%&ﬁQﬁPr%ﬁﬁ??% ot th¥yeddhering onto the receptor
subsid a sme W@p@?ﬁ&a% of t then donosieshebic for
nder

generally u ient conditions, 15 results in a
thatderiroflavrr ofyatnel edect rohio heterd &l in@spendent Ly

aé&?%éégﬁ&gc6E§QQ§${@g§ that emit the same or different

colors. Each device might represent a separate pixel or a
separate sub-pixel of a pixilated dispiay (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 Fabricatigg Organic 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

techniques) in a thin layer onto the anode. Such thin layer
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The organi c el ectrol um nescent conpositions of the

i nvention, either as Mrs or MDPs, can be successfully
w@aaoue993881 ont 0 substrates using nethods of theeTEE2003/029007

transfer, 20 including |aser thermal transfer. The

present invention provides a nmethod for making OEL
mdelbaesacanpiessirhgedsekeet exahpltr anaf er 5l NgadBnt No.

organi c_el ectrol um nescent conposition of the

8§n@98n(ﬁﬁﬁﬁ?5 86ndt-Sheet to a receptor substrate.

The @ﬁe§§PEaiHV§ﬁbl9@a@kéﬁsprQH'ggsdésg?agm rE'Blpattern one

transfer donor sheet conprising a trans
Otomprésiﬂgeaﬂ ofgan|©EBIéeVmoéuunneseenubsonaasltEeﬁ
Lov ion. Preferabl t he nethod of therma
% s?ér sg%b¥%? St HaRi g Eﬁ%bﬁ%5?8%36?§5?é¥%rdﬂﬁ@?ﬁﬁﬁ

MétﬁﬁﬁéeforL@é@tefﬂﬁﬁﬁaincﬁgdér§@§§§E1V§ g?§ﬁ5f@§dsheh as,
U.S. Pat. Nos. 6,242,152 éStaraI et al. 6, 22
feroeranmler aheymak, Hpans %r(mlzgﬁ@lethwraphlc patternmg,

1%,‘%14,%20% i %%f%%.%%’“gﬁig %%%ﬁ%l e%kgt o

0, 11Hb@3@al GﬂanNIEQODd/@9@3%6e§§”%¥£ﬁ@ﬂ@ﬁ029%@39%3
5, 998, 085 er , 5,725
‘gr&fﬁ%ﬁbe o aﬁ)‘é‘sjt %hﬁ%g%géi% i %’F jhest ggsThp7heat
cd e RN he wﬂgaﬁl@%lé‘é@r&ﬁ@rrﬁét@flﬁi doatdd® Gonohe

sheets of the invention conprise a base 5 substrate, a
bagighide ehethe cﬂﬁw sthret LTHGe | ayeivated, avetramsfeut and
0 rqu escent
ac?:lgé(nler;%% t%égt% the i %%Fl%%&%n%? shnéee LA B RS ~back
Obptﬂil@rmmoyr cahmpstt S eyenerOF 1 youred o hatibi @yer Sosdthi &iss
exanpl e, underla ers, inter]ayers, or primng

r@?%%‘}ss I (P Bt ororO B SR Harel S QRic fraterial left

orexeH® | Becdbt POl It fdddn One suitable type of polymer
filmis a polyester filmsuch as, for exanple,

pol yEth\a%grniq e kgl WimdREnt romm st ol enef the
LRG3t 8 (NS S WP o BT ar# YT OB P11
patterned onto substrates using methods of thermal transfer,
including laser thermal transfer. The present invention
provides a method for making OEL 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
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

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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15 including high transm ssion of light at a
particul ar wavel ength, or sufficient nmechanical and
wo bnoed3dst abi ity properties, depending on tReT/US2003/029007
particul ar application, can be wused. The donor
substrate, in at |east some instances, is flat so

(Woatk eri Bar.m, ceatigrgs sean rkeeher rd atihgr,esn.72ENeg20 (chang
donor substrate is also typically selected from
eaierial & 7tlRat0 fert@itaratlalsite adedpi e 89Satdi0y (Ghamee , and

or, e I f .t onor. However, as descri bed
Sbgﬁgafiﬁhggﬁﬁ%ngF&nggfqan under | ayer between the

substrhat €ocand ahektiHCofayte dawvene ionsedmpd iisks W &age
t he substrate,fron1heatpgenerated,in the 25 LTHC | ayer

SHBERE temadi nd SbEné orisetaroryceRress (THC e 1aysior and a

tSHRSFER 8 JhRRIeSHAMi ABoUh BrP4m il0 AR QiR nBYcent
preferably fromabout 0.05 to about 0.1 mm although

cohibekéit iopr ofhitinee i nrendi osubs Doales sbaetise cased.1sThe
oRLSLLEhY used bo.form the donor, substirate and gn 30
SptPoRar Yad aként Sundér Pay & can ve sefect 8d g™ @S+ tor
ekBppOee uadikedizgeriet waeerilhgedenobrs phsiiaye 1aRe@rishe
underl ayer, to _control heat transport between the

substTR&t doRRd FhectusyLstapér, CRE O6nt £OF EragPdg: 2

b.atd ran r - 9 ,
PR BE00a 020007 SLHREETS, Syl ot palateR LT 15 a

pgé&eetsraﬁd}mheubhkes,Aforopxbmpgb,ppb&WRghUapap canf
SEebREtant cray B artorele L aers: eo0pndodres (PR films.

HoWekeas e otherb@idimadg ws the RO i betweebplithieadopebperties,
.Substrate_and adjacent | ayers. An_optional underl ayer
1pghupangokielt SroseReERied odi dp65Ed abePWBaH LA CHIABT
Sthate, @ ; a e I ontral
B PR berwsen The BibarrareIsad Phe CLTFRagsroilicy
pdopengiesagidegeoding pnovhéepaechanileal agppabickittipnlOcan be

R e ot o St ocage. yhandl g, dONces,
fupdesbaydes uandorht bedsiafspeawn dengohder kareesnar € The
dghgglgiggirggg 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
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
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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exanple in U S. Pat. No. 6,284,425 (Staral et al.).

The underl ayer can include materials that inpart 15
walemiuned3srechani cal or thermal properties to ther/usmwos029007

el ement. For exanple, the underlayer can include

materials that exhibit a | ow specific heat x density

L9ficl awykber g8l re@RbdUGhbylihy Belkdkkkeaha the d9RQr  an
substrate. Such an underlayer can be used to Increase

obgavnfaloprininge levemsten P68 Lgpdr tof dncegaspl entidormity
i.nprove. the i ing_sensitivi f o, The
aihags: Syer CoaN aPeRt: RuraaTeRrerryress SHinghe Cupstrate

aAachasbcahcpeaper thesvonhdiay adheageh between the donor
substrate and _the LTHC. Using an underl ayer that
SHRFEEFES aBAe8rdAC2HHeBXEES 't he substrate and the

LTHCALaygk 16881" Galkl 1LY ehesan Hestebtk@noNotherwise
transferreé i mage. In ofher cases, however it can ge
ddeppbsell betweenphoyonndeshbygerstehand phenbff@Caflayeast for

sone.degree of separati be en_or _anon | ayers

BOPBAE  PhagPRErofoneanary PEohPet s anther ThEs 3pd the
LbgtweapekayaksnguinaginGoeirngot pabveds peewbdecal stability
t her nal i nsulating function. Separation during
tPnilrngoran §ﬂ§@engr§9Fdét8réE8mnéﬁnﬂéﬂnﬂhedpépéase of

. hat n: s .33 099338 ;
PR P Leb00s 620009 5 dner SCaa by “neat  as aP FhefFRLavers
ahdyeettodengfi pagvidingPuodediingesachra dhanhekedanfor
lead. to,.fewer, i i ng defe . e underlayer can be
SABLEnLPal T 51 PRfspaPent” AEdt Ad> i HAGTRY Goverength,
or caRcalif@ebeagbr! eant ipantbal hicaralser phhveifpart
reflective of imaging radiation. Attenuation or

deefredt merhapirakgPhg thedmatli BropgrEhesufdeihgay 8pnean
d h Lon.ducing i LN :
e$§geﬁ§ac 8rC8§5@89ﬁéeghegﬁﬂaﬁéﬁhgegfth thﬁﬁaét&aterlals

ayer o onor sheet € presen

tha¥eakhoBi€oHpl 8w EpadhiatcORegBekgdehBt Byt B UBROEhermal
sheet. 10 The LTHC [ ayer preferably includes a
cpadnativatibs6LlBELVEnaP taBsepPBeTi AEbPEERRTLadI AuFbnan

u558518§@gp£§n E@Sﬁgehiggtln@ggase heat flow to the transfer

layer, for example to improve the imaging sensitivity of the
donor.

The underlayver can also include materials for their
mechanical properties or for adhesion between the substrate
and the LTHC. Using an underlayer that improves adhesion
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
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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converts at |east a portion of the incident radiation
into heat to enable transfer of the transfer |ayer
wo eawnn943es donor sheet to the receptor substraPer/uiH03/029007
Generally, the radiation absorber(s) in the LTHC | ayer
absorb light in the infrared, visible, or ultraviolet
gb£8F8P8a0h tH@a@LﬁgtBEWEHEGLTQCSP&?éfuahQBHgCQHMSEEg
t he absor%ed radi ation into heat. The radiation
Pa@@b@b@g(%wchre Ch?pﬂ@hl¢§nhlgﬁdyt9bgéwprlW@agiHGhéefectS-

sel e d 0 Lding,an LTHC | aye
oo PP TREL RIS Ache L OB cRERIATLO0 PUPLTHEGEVEE cne
1ma@gm@gwaadlahgen |ﬁrth&nrange bé asbdeasO. gat0ildl 0y
gher, Optical density of a |ayer is_the, absolute

ab%?ﬁ%tbvetﬁé F%Eé???hﬁ?(%%sémi@}n%fr?ﬁéaFéPPo ofttepgation
fnfsgﬁééylsﬁ bfgb&agiﬁgSPaaisgl Hrgygbh&h ?&é¥§5yé9 can be

5 intensity of '1ight incident on the layer.
U$@@|aolonnabsbrbeatnaeeeratleand@91ug|imagiygdisposed

ot streob it "Eab i Eahott SintRiebrala ph TR PEatEN!
iﬁ@@htgéﬁi@@u§ﬁéiakrabla@96ﬂ7ém@9§y Dﬁﬂoh@HEgﬁﬁﬁ@ﬂSsheet.

LTHC 30 | ayers can be used to control tenperature
The ofTHeslavicHorbeLeeproEnt BCLUHARS @akhagivelphsebgprber that

o005, Sl Stk o TREOH SN SlgERTLIEP anc

c@ﬁﬁétﬁ@O@G/D@@@@?a bet neen ®ﬁethatEndédentansﬂéation into
atterns actual _transfer atterns)., Suitable
nB8k €8 SRPRRSof BYRGEHh: O 1 P8 EEFRF HET LMBYSF of PO the donor
seXappt 8, tiiyeseléproexanpleratési bl e dyes, ultravnolet
(W dyes, infrared dyes, fluorescent d and

rad.%@m%ﬁaibb}thguﬁ@éa? 59n @b@ﬁ%ﬁ?§(shetﬁl§ CHLTHE layer
a508P U SN MBf at efiﬁffa agd gf@fﬁlﬁu'Bﬁb g9§9%?é99
suita

materi a anples o e radi ai1 on absorbers
re@nbmﬂesfcahéoal@tazkmagneaic opedesumaand nedavert the
e of a SU|%abIe THC, 10 er. can

BT SR PLORENe, LRER ST carbon TRALR: LancrRrorbells) are
typically highly absorptive of the selected imaging
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
intensity of light incident on the layer.

Radiation absorber material can be uniformly disposed
throughout the LTHC layer or can be non-homogeneously
distributed. For example, as described in U.S. Patent
Application Serial No. 09/474,002, non-homogeneous LTHC
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
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bi nder, such as an organic pol yner. Another suitable

LTHC | ayer includes netal or netal/netal oxide forned
w@sooa/ 09438 film for exanple, black al um num ¢¢chEs200%029007

a partially oxidized alum num having a bl ack vi sua

appearance). 15 Metallic and netal conpound filns can

bQ%wE@B”EHeantEﬁﬁga'ﬂggﬁsféycﬁa€§erﬁgraﬁ&aﬁgkﬁaﬂatransfer

sputtering and evaporative deposition. Particu
pesbaerngs.can be forned using a binder and any

i i ks

ekampl s, captai NEBY skAnpae, oidiBsentl,as, materkalislekonuy
exanple an LTHC | ayer can_be formed by vapor
ddepesibfrgrad (RRh PEper éﬂuBFSEReaFuﬁYﬁanwev@rradlatlon-

QQEEQQn%ya%egpntg%?ﬁePoérbﬂ@t9h§CngE§E°égﬂ8§ gersmetal

i nder suit use as radiation a
fiihma, Lihﬁ:oﬁﬁerayemtahmebebpoebeng matpaibileul aEgamples of
fo di ssqlved in mat eri a
SHAFEPAF So0t SEoPRnabrRt R E it LtaE opAaPoRReACE, metal
ofli8B8! seddpaethtukal einadi at bpa aks@pher 6r arguis8lie LTHC
the particle size can be, at |least in some instances,

lapent cap #metufess, Pagaesin Bechbast carkpdr b3ackesand a
b?ﬂﬁ&?blgugﬂeé '28'89§?598383g¥8§rth £n§9ﬁ8£bshggéﬁfe LTHC

i on of he S rum ecific e can
laheseMncbaéed metéacbnrmesamhmasalsokmaelEbyméd aand thin
conpati bilit 35, _.\WD 2004/ 09933 CT/ US2003/ 02900
Ef R EarLoktipl e, LPRAGK. Of BORtTadCBor ViRt SuBoGBALLY

okhﬁlzé@VsiﬁﬁgﬁﬂmrﬁagﬁngfaaﬁﬁgEEtVQBuaflQﬂﬁeéééﬁce)
materials can al so be used in the LTHC |layer as

Mehdil i ¢ orndbserder somprungl 851nf cant el opingdehys 5
' b k d
t%ﬁ?hygﬁegargggh AQC ﬁgP 3g%ﬁ55%éne8§§t$§kh agnd evaporative

ocyani nés, nic and
dppbgsenisn. deBertbedlanecSatPays das. bs, i66m684u51ng a

bigaggeéﬁ t al.% andb 5, ?13617 WIlians B t al i u LTHC
i | F9Y DRAERPLS 0L Hi GhetiEs Bﬁ%Eﬂ SntEEPPEAuES -
16PE081 Mg COPS EXES£8EmefiOby combining two or more LTHC
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
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 um or
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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10 exanpl e, pyrazol one yellow, dianisidine red, and

ni ckel azo yellow can be useful. Inorganic pignments
wa@24a9s68 be used, including, for exanple, oxPOBEESBEN029007

sul fides of nmetals such as alum num bisnuth, tin,

indium zinc, titanium chromum nol ybdenum

waleﬂgsgeepe%@@%t blh[ileg' BB Bhekel, shakkadi Ul 1211 as the

pl ati nuny copper, 'ver, gold, Zirconium iron, [ead,
wanelengithurbange bEtabsb@ptd@Q car bi des, nltrldes

carbanitri nze-structured X|des and . ox

S Bl Gty rar e ess’ FHE BhgR, B S8Rn GRTARE 9 1ayer

a8Xaaphari¥h2a8)koenaral sorhampsed. owb%ahtébdbabﬁgﬁents
absorbers can be used, either in the 20 formo

ipaturel £3rbas Bé3€ki pad pERPhASEands WELU, 8S Pat. No.

a l di,sgl 8
ofcpaRErApi R, DhicRp) i thiBTends, (Al BRAL: Bitrénes
desclitbed ihoU.exampke, Nabunﬁnaﬁﬁ bQﬂnﬂBhgnbrnetladLuwand

S RELL P 1B) S 1FREI BEeaLr I m AGRHERG B moPLAcE,eHo

pagmeheg %é@@ﬁ'%n @BEB@E'6rr@§k6ﬁ1uﬁfgbm§léﬁﬁgeof for
novol ak and resole resins), polyvinyl butyral resins,

epamplEny PYZe8paras, YQéﬂ9an¢uaaeéﬂdu§e rsdby@ndynpﬁéﬁé azo
y%E 8&'98% BOhX??hﬁ'atﬁﬁor ghh%‘ §'& arhers %1%%d g used,

ers, roce oses onates Ui ta
1bbmdaﬂaglncbmdexampmﬁersxldbsgamarsulﬁﬁdpelpﬁemsthnatsuch
hav heen, or can_ be rrized or crosslinked.
aﬁd&ﬁ?@%§§msubﬁsmﬁ§hphﬁﬂ vnﬂ? AUBr s 24BA - afd52pdum, chromium,

mb@ bH@ﬁthotﬁﬁgbkbhatéoba§@ O3 2004/ 0993881, palladium,
/'US2003/ 029 crosslinking of the LTHC binder. In

pééﬁénemboépnﬁﬁrs sthwerbi gadd, i gipeomapnl yitopredead, and

t%ﬁhﬂ AmCOREL Ad Bf ¢h %S"?§%bh%s FBRIERRS carbopitrides,

oer's MAt |ona The i"'nclrusi on
btbﬁzﬁnpka&ttareesbnlaéer andekedes5sp@hyﬁﬁkhlagnrelated to
nprove, in at_|least sone instances, the gerfornance

tPFoPrQQﬁﬁpﬁémlgVaﬁgPEreﬁ?@ﬁéﬁtl@9269 C@BafabPl PEy)SEf-
the 4 ZHG1 2¥@iatTBR BbBEebeta8NchACHEUBsed, either in the

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.

Suitable binders for use in the LTHC layer 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, cellulosic ethers
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 25 to about 50 wei ght percent (excluding the
sol vent when cal cul ati ng wei ght percent)
wo bmnoepBastic resin 10 (preferably, about 30 POI/EEDO3/029007
45 wei ght percent thernoplastic resin), although
| ower anounts of thernoplastic resin can be used (for

ce%a8pk 8k iagodk %hEOLTQQOBEnéérWB|QHtSBﬁEC%ﬁbbdlﬁgﬁts, the
thernoplastic resin is typically chosen to be

bcodpatnbléremha@lysfotmedlaseﬁ@ phasatipgcefbicmasisdinkable
with the th terlm ypically, a
m?ﬁerﬁgﬁlggtlgage5| tWa?hha 28§§F gSPVFeE par anet er
in tmﬁeraﬁgEuQﬁon9oEOalﬁhé@ﬁbbEHﬁklélEesmhefEb&bbkample,
9.5 to 12 (cal/cnB)1/2, is chosen for the binder.
PELYREF &sCaBf 1BREPHBI e 1RhBFmbERESt FETFedPRE2PREPUdERe

pEPEcSXaARLe (£8P0 @Qh&ﬁ@éy|E9§ns§E¥VBB%pQEEXEEC opol yners

and resins, and polyvinyl butyral: Cbnventlona
co@aabmglaydsogucheasTHﬂo&aeganpl@he bmnﬂactaan51andude

=E53F g PPoREeE TRoETHRCI Hyer oghn (BECCALEH bHEoSPREem®

wﬁénd@ambuiabihQaW@lgﬁtngeacéﬂtDethe@ﬁo@@ébtﬂg rekhads
known in_ the art. ynmeric or organic LTHC | ayer

(paffgenabLyl | §opBL éeagedabeus #hi vRAEEE BETEBBGt 0. 05
tHEEHo%?QHEléorghl PfeéﬁEﬁthh aBQUL Qméugg bOUt 10

nore prefera out 1 mto a
thaumgahastiEFEEQGnlayarbeansgénéfaklyxbmpdeatebono a to
hi ckness in, the ran 0. 0005 to about 10 m
=B oo 51 BPABRY. BREGHRCS . 00TREe LPERBIP RS hic, 28y inygs
t 289440993880 B6h/ US2883£6848807Hp1An (epktonal, iEBLAr hayee-phase
can_ be di sposed between the LTHC | ayer and transfer
cpabepatype) i Wikl aher oEharpravrgeads afnbbe bfinder.

?ﬁ@@é?i?- %hﬁhéPRSQFQ¥€EcC§E ?ﬁ EﬁQ@rEEEr ag@hﬂﬁ&llEg

ans mat er | romthe |gt to eat conver sl

psrhmyeer in cha abksgenpdubate &Be teipemdtUf e miteBénaoly,
transfer;layer so that rmal | y unstabl e

9ﬂ§t PI&FS Eai/sg Y %, 1s chosen §%r thg blné . Examples

of suitable thermoplastic resins include, for example,

polyacrylics, styrene-acrylic polymers and resins, and

polyvinyl butyral.

Conventional coating aids such as, for example,
surfactants and dispersing agents can be added to facilitate
the coating process. The LTHC layer can be coated onto the
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 um to about 20 um,
preferably, about 0.5 um to about 10 um, and, more

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

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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transferred. For exanple, the interlayer can act as a
thermal diffuser to control the tenperature at the

WO pdoendsee bet ween the interlayer and the tramsf/862003/029007
| ayer relative to 10 the tenperature attained in the
LTHC layer. This can inprove the quality (that is,

sur f eobeagﬂaﬁs§ntggggye&oeahn%%sdlgb%skdokeka%en the LTHC
transterred layer. The presence of an interlayer can

lalvew aeguttanﬁfewp&gyea pIEbﬁuenﬁ@wdﬁyemncamh@rOVlde a

t f I 15. T [ ] th terl
R R BRI ) ol TUPLORULY, LML S 138 e

tﬂ@eiraﬁbf@ksbﬁfha@ér@ﬁ@ﬁEQah|!hedeﬁgﬁmg$© ueder cbh@ersion
i magi ng conditions, particularly to an extent that
lﬁ@ﬁaerslﬁhéapraﬁ§9empéalaﬁ&géhﬁoﬁeweﬁéﬁﬁgﬁ§|attaﬁ@ed in the

tk%h?%h%yﬁgg Lypigakhy,r efBLAS 1Y ﬁﬁgkaﬁﬁgwhhﬁekﬁglkTﬁgn be
2 r

ayer ing the transfer process and is not
tsabstantedl.| yFotr ansfipleed thet hintkeelayensten hayens a

ui t abl terl a ers i ncl ud for _exampl e, I r,
CREEHEL RUCAPSEE bos CPPBF O EhE SembsagLutE, gt tog interface
bBeldkn kAYERBreriBQE@aBRNE kAKEESahkOeredagRhkereiakigel to
deposited 25 | ayers and vapor deposited |ayers of

thﬁoﬁg@ﬁeéa§%r9e§teﬁénedexanﬁhé LEHC) dayeri-t aAhas &A8
Eggbe”%%g'gﬁéhq €9) ) endpd; SOr gﬁnge'”Q%ﬂgger goragite

terlals suitab as i a er
raaghneabs enclmdebehh thansﬁsetedndayberwomhaspmesence of
materials. 30 Su |t§ble t her noset naterlgls i ncl.u

2Ped PRETLRYET cSATDE L SBr 68SHhked BYPREYE P&GF&ﬂFoWQmBFY in

tBeri-aakrbrealinRAtestgh . as, for exanple, crosslinked
or crosslinkable polyacr Iates pol ymet hacryl at es,

poly@ypéﬁ§11¥po%hésln§ﬁ§ pweyuhéﬁhhﬁéb theggalypesistance.

20044099326, PCT52002(02900 . The Hhergpsel MBterialsy,

can ayer r exa
débempbpbaahderptheuﬁmagingndosdﬁsequentbﬁrt&b&i&kﬂgked an

to forma crosslinked interlayer. Suitable
eﬁﬁ&PﬁoﬁPﬁ%tFE“ﬁﬁFérF FstFﬁBF%8§re§oﬂm§Q§nBP8 functional.

The interlayer typically remains in contact with the LTHC
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
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.

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

polymethacrylates, polyesters, epoxies, and polyurethanes.
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5 pol yacryl ates, polynethacryl ates, pol ystyrenes,
pol yur et hanes, pol ysul fones, polyesters, and

w@edogiovasses. These t hernopl astic organi ¢ nat ePCHUS2008029007
be applied via conventional coating techniques (for
exanpl e, solvent <coating, spray coating, or extrusion

Tﬁ%aEhEQ%osgiph8§EE¥aléocEHebQ|@%ﬁtEHaB%hb'Qﬂe LTHC, layer
tenperature ( thernoplastic materials suitable

as@rfgseexﬁmphe |mbermayéaSKSCabgapuzsocs @ndgsaasequently

ref bo t _50_2C QL nterlayer can
BoEEiiARRY, Pndhrtory croasdirhrty it PRl e

SOWESQQﬁBbmattﬁ@rhb@ﬁa@tlcamatbelaﬂgghﬁ@lﬁaera@bétb&ﬁmple,
mavelen& Inorganic materials suitable as interlayer
PRAYBFFHIStepncPRdeMetBRCEYARBRE, ROLAFSYTRBESl oxi des,

pgﬁyﬁkgﬁﬂgﬁb%espol§BQlEBﬁEg§?E819@§Qg Scoghhnggiylmldes

I nc I'ng those nateria at “are
Thearshhesinvplestief beghnie mateheaﬂsagangbéOappghbd via

wavel th. These r'aLs can

cPRPEnEAdbrL, PR S RTorEr RAr ERe A PS BEaFBOF - oRaTFRE
cvaeuHy, §§Hb§ebbaﬁan§aC@H”bﬁt@ﬁ@ﬁ@hl@6at@hg@|asﬁ9ph@blly,
deposition). The interlayer can contain additives,

thﬁcﬁ&éﬁﬁgtrﬁéﬁ1té?&nﬁ?@Peﬁﬁ§P6?nlFnbt@fsthgﬁm©@k%%h%%
makg g% 3 saitahﬁétkekzﬁ H”ghgoghkggéagn faEhsbout 25 °C

ness 0 nter ayer can depen ct or
osugheasertopreiampbéy theutnmberCabrofyrebeeirnt erhayer,

.t he terial apd properties of ., the LT | ayer, the
i RHEEL RHE T afG p PGB ERES GTAPRBLEPANEr ePOSPAPERY .t he

reavetbengeh et EBRel BBAbAAatadhathaRreo@Ndathend0imaging
duration of exposure of the donor sheet to i maging

repddpht PBnwarelepgihner interlayers, the thickness of

0. 05 RPF g TKGhaREPS R Bussab P EBh05  Bxadodtterials

1abmuﬁe10fpn1eEampneorganhmsinmetbayeksdééormexampbelfldes,

tal or npetal conpound.interla t hi ckness
2Bf SRe=PRELE! SpBPomy praaingsy oink Tkhe s Bes0r PaneEsals

tQa905r€1BQghly transmissive or reflectlve at the imaging
light wavelength. These materials can be applied to the
LTHC layer via conventional techniques (for example, vacuum
sputtering, vacuum evaporation, or plasma jet deposition).

The interlayer can contain additives, including, for
example, photoinitiators, surfactants, pigments,
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
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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about 10 m 5 The donor sheets of the invention also
conprise a thermal transfer |ayer. The transfer |ayer

WO k0338 an  or gani ¢ el ectrol uni nescent conmpoRCT/USIN0$29007

the present invention and can include any other
suitable materi al or naterials di sposed in one or

o[BGS L%Bh SThE' SRPRRLRS ACeP R bEENTEBE LB s

otnmE@éll@BﬁpBMnQnYnﬁékla?ées { r enaf enigrabasi sm when

the donor elenent is exposed to direct heating or to
integilageratyrpicahlyhats canthe abnoebed abyput 0.005 um to
| ight-to-heat converter nmaterial and converted into
ahedf. 195Mne way of providing the transfer layer is by

solU&hgndoﬁgétgﬂgeE%Dﬁk'Qﬁé'ﬁﬂbéhkﬂsﬂ'QXSB HBRSE&QE a

(t hat S conprising the organi
théemalotnansésreh&yennpo@héiOnansferhéayevemhcmnﬁesnhn
t he donoi substrate or any of the .layers gescribed

OLHPPAC (FOPCEXE Wéne?ﬁ8n5n88WP8§éFl°§0°FnF Pl By EFS2br

ihvEkthaMesha Yahnenthih8cMBhPodentheshii 88bieeRhtErNE] or
| ayer material can be solubilized by addition of a

mgperaple. c@hﬁﬁ@ﬁﬁﬁeléoPV@nPr mpdecbagbt-onibting davers-
Tﬁgb§££§£§e9f1§9¥roﬂs 85 ? aB9V§EL§¥e£ééQ¥tlve1

Spi n-coat I ng, gravure coat
tkahéEeﬁﬁaﬂlag andnihe0251h|bertibﬁssbyvaﬂy shmsable
Eref r abl es not_undesir interact with gfor

0
FE,méﬁB?P16W HP@%OFU@)gaﬂ rof LERENCal Pegifyosed to

d8¥E&ti RGat BYET Sri Pot DRaFONYr r8HESE i oAhENSPAELATLEABbsOrbed
t hen be anneal ed and the sol vent evaporated to | eave a

byr dhghertoapeat ggthéteramet@rlaéyendcaﬂthéheﬁelnto heat.

selectiv er r f 0 the £ |tin
dono§55h§%¥ %? ?gnen %oegé gréggﬁa eF% Foca gy s8%ution

cobeeepyothsubsyhatemidheng tapebenatérialdQthd® is, MFs and
2004/ 099338, PCT/ US2003/ 029007 desired, nore than one

MPFEnSPRPT I 2yRY E%etﬂﬁgaalﬁuﬁ%?FByg}uméaﬁgF?BEtFBHPP%ltlon
otr ensf envedr UshNJoALSi BALEaERBLT s§H8etatdNEr any of the

layers described supra (for example, the underlayer,
interlayer, or LTHC layer). Using this method, the light-
emitting layer material can be solubilized by addition of a
suitable compatible solvent, and coated onto thé donor
substrate or any one of the above layers by spin-coating,
gravure coating, Mayer rod coating, knife coating and the
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.

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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receptor substrate can be any itemsuitable for a
particular application including, for exanple, glass,
wo ecanspasent 5 filns, reflective filns, netal sSPCT/US2003/029007
sem conductors, and plastics. For exanple, receptor
substrates can be any type of substrate or display
dségﬂsat RyLLaphenf on dté&h§¥eraﬁayé9agboeﬁatF@Cﬁﬂ&Q&1ayer
SUDSEFAtes suitable Tof use in di spl ays such
cbngurdctiyst ak drapbﬂysred eﬁ18g|aesiﬁgldléphayssheet The
i ncl ude rigld or flexible substrates E s Le 1
reuBRE3ht Pl F§I?F§n§ﬁ?s FvaRY ot VPY| BRACE %ﬁt OEx@nprEgicular
ﬁ%l§ééE§Bhelﬁthdlﬁ§CGEb§réxaﬁﬁhédeggb§§$ 8Rdnsphgbft
astic that are coated or patterned with indiumtin-
fbkmae tefopcbivehailnse BeERLSEi seBigPRAurbars, and
tur 5 il P r | r
oLFFREEE: cofol PRI By £E00ntLe PingE RLOE" chhoBE BEO" cvpe
ofleubthasabstraieplapcéhdmesubsnaﬁhbmélﬁorcﬁéaplapd
tr insn133|ve mer filns, reflective &%
PP ahSPFLetfve F?¥ﬁ€toﬁoF%P?EFﬂ SFi Fiste ???Pﬁy%?e in
dQle&?E 3Qchi hgs1ighdat Beykike. dEEﬁIb?Eeo§UQﬁEE§E§é
can so be coated or patterned wth el ectrode
dpspéaval snotudeansysdops flexibégagpbetrahnsi sher are
e I bstrate or
Sa?éﬁéﬁerreg§ Q%ﬂe %%GXI égsﬁégﬁéh ?l gr bei ng
fornEﬁamplasteﬂp@ﬁﬁtabtarfigid8hb8épﬁbﬁ$ 1ﬁulnablglaés and
r substrates include %ester base

rgﬁhﬁpPéaStbSI§E?Ey?€ﬁec?%F% h? aP%FEerBG@yE%EQIéﬁélum tin-

oﬂﬁasth@hése&r tﬁgkygééb@ﬁ§&§1£§§éasw199lye%eééﬂperature
resins, polyvinyl resins (for exanple, polyvinyl

p@hYosnaeCOpoKwaﬁyl@de@éh@hlbradélstpcl§Vrn9tuaeétals,
ul ose, ester bases (for 30 exanple,

lnc?? Fogeofg%g%eta¥ansceF?uFose acetate), and other

conveuitabae poéyillécstibstBaveedinsladppoubstahoially
making _CELs on plastic substrates, it is offen

caéérraaﬁet¥an?ﬂéﬁaa%e %9%&m?reﬁl%mﬁnwB?féﬁaF%ﬁa 6hiBfe

t95n9959c§90£a§§§m9f bBeas i 4ingW: 2004/ Q99838ayver optical
PCT/ US2003/ 029007

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
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
example, cellulose 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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pl astic substrate to protect the organic

light-emtting devices and their electrodes from
wexpesus3as t 0 undesired |evels of water, oxygerCT/asm03/029007

the |ike. Receptor substrates can be pre-patterned

with any one 5 or nore of electrodes, transistors,
pGaRaGkt QB stz *0brotkbs. tHRACLEENiEONAGHH IS ing

bllack matri x, hole transport |ayers, electron
devanspornd ghers, cdndtovrhes é&remegrpogsulto updesired

el ectroni c_di splays _or other Vi . MFs and MDPs

lgg iQ?naatﬁé'oP§XHF€'ng§tFo u%ﬁ%%écent 10

conmpasktpens ehibkheateyeatnobeC pirebpattleetlddv@lith any one

transferred_ fromthe donor sheet to the receptor
OXuBerraPé By eFILaCrR§  CHEPELSLSFSr FRPEFLisPTEhe lB§NSRECT

rgg ?tsﬁgkgggqtckgth%ilE CePt B ASubgLhali& and e trapsport

el ective heati ng the donor sheet. For exanple, t
ldyros, skéettcan beasepecti velgriseabed loyhex elements useful

irradi ating.the.donor sheet W th .imaging radiation
Pl B B - A CaBGPEaY b Tt RETE TV APER and Conver t ed

i nt oMegabndTh®PdoRhpEheehgCa@Reberg¥pased 1@ thriBaiitiescent
radi ati on through its substrate, through the receptor

compeeiatensort kheninyrRatiani seRoRec &R lErEiYEd Yorgapsferred

f%\B/E\et avalangt Re 20 (pnehudiag yi s blepldght o LB 90cing
radiation from for “exanple, a |aser, lanp, of

tbeherassackrr ddyatri off sber denorPseketablkdyackehe to the

radi ation source is | aser. .Gt her. sel.ectiye heatin
TR PR AR EE o 8n s SR 1Sk ARNY hEPRiY PReaPr Sheet.
FBEI Bkahgad,OkndsiBloz bheeRblkahobestanRctfiok195heated by
exanpl e, a patterned thermal hot stanp such as a

insadéatiagl thendospanpherat wasl ampeliner rpdiesinnt ket can
a d.t,0 e [ h ri

o AR e PRSI 18 % o8k cHORRERy YR bioe.

t r angher dedotro saerecephobe substerdt €ol nrbkiiagmradéattion
gnageﬁﬁse forgleatterns of the 30 transferred materia

LBROPAE F&CeftEr FIPh Cmahl PHE ahCEs FSCRBIFRE SUPShERER . ©F

pBshNgThighbdibeion tah exanmpke. odel 3P Mk a8kl chgths,
patternw se expose the donor can be advantageous

ipedudéndol ispblacdighey aRd or UV radiation from, for

example, a laser, lamp, or other such radiation source.
Preferably, the radiation source 1is a laser. Other
selective heating methods can also be used, such as using a
thermal print head or using a thermal hot stamp (for
example, a patterned thermal hot stamp such as a heated
gsilicone 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
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 advantageous because of the accuracy and
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- 42 WD 2004/ 099338 PCT/ US2003/ 029007 preci sion that
can often be achieved. The size and shape of the
wo ecans9sss ed pattern (for exanple, a line, ciretBUS2003/029007
square, or other shape) can be controlled by, for
exanpl e, selecting the size of the |light beam the
pEXBOSUEE PALECEARSORLehNBe! hORL EAM LhE duballaR Shape of
Irected beam contact wth e donor sheet, or
thet eraak$eotetihpatdoron Sﬁeetexaﬁbéetraniﬁeen dlmaﬂEern

can_al so_be _contr IIe b rradi or
SGhBrEn: SERPOUGH SOMRSL. S4B PRARPPESCGFPECPY  andr example,
sé@é@ﬁ&ﬁ?eﬁh@fsEEbSoEnEEBtﬂQBh@rﬁeﬁﬂrthﬁé ekbbdsteabedtern
the foll ow ng exanples, but the particul ar
Oﬁaﬁéﬁuénghﬁnbeaw@uﬁhg gHERESPIr 0| éderhedhbsam contact
as_ot s_an e
oER R PhEngeRis Bkcrrued TEe, AANRKARIST ol PrfiiiBhbt: sncer.
ThevenhnsﬁerrS@nphesesnotapohyéN-bbnybnakbaieﬂebyo p-
55 Ian1n rene) PVK-DPA%% A Eogolgngr of
&nga ORPEhEACTPREr (RERPAB- 2282E86nt ai ni ng
nnnoner was prepared as described bel ow. The starting
materials used in this exanple are avail able from
EXRMPLER Chenicals of MIwaukee, W, with the exception
of pObs QQS né(h(?”lé\?éﬁ%’\éﬂ(_g@se c?t{]dchoféq%.r %qu:tl%gl a@e further
di phenyl'ant nost yr ene synt hes iZed pr epar at’i
i2bustratad bHo thatfaesssime ddanplew, ebualtheApgemucular
Chem Int. _Ed., 39, 517 (2000) as fallows. To a
mﬁF%Fb?%so?ni.aT?HT) y1ShAHo) ehy FoeEs0cHamgless as
wBIR! asFhkar Chem cabss Md waldea,s m@%@uld not be construed
thyltrlphenyl phosphoni um ™ brom de (26.22 g, 73
tamehfuindl dnyt t dr¥sahyirestturcan (450 L) 30 under
nitrogen was added a 1M sol ution of potassiumt-
but oxi de in tetrahydrofuran (80 nL, 80 mmol) over 5
spnboheeis ofhpolyXNuvényheasbacbdd-E6rpt7 hours at room
t epper at ur e. Vﬁter (400 n’% mas added and the
AN & Eyrene) , LF RPA

A copolymer of N-vinylcarbazole with a triarylamine-
containing monomer was prepared as described below. The
starting materials used in this example are available from
Aldrich Chemicals of Milwaukee, WI, with the excgption of p-
diphenylaminostyrene and others noted. P-
diphenylaminostyrene was synthesized by a preparation
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)
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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- 43 WD 2004/ 099338 PCT/ US2003/ 029007 under reduced
pressure. The m xture was extracted with ether, and
wWo bw4oea388 ned organic | ayers were dried over MyxSDIS20831629007
concentrated under vacuum The crude solid was
purified by colum chromat ography on silica gel using
uadé9/§Qdﬁbéaub%eésegeUE&H¥Iﬁ@ﬁtﬁggomageeﬁﬂgagﬁégh%igﬁ
give a yellow solid that was further recrystallize
ebhee, f anth hbranembadeflt ergsniaciaversowtirenddiby@ over MgSOs
gnetic_respnance .spectroscop (NMR),. A copolymer . _.
2BQnCaTERGTERFS HOAGhoY “GAS b 45T BHUSE SP61RoMRGuBITAL ted
b§okulifA ehrdmBbogrAbMinghcaibazal geands@nd2a950/50 mixture
p- di phenyl am nostyrene was prepared in 12.99

okebfy¥L ApEkehdaB1dsoandi BeXanat FOnIhiS adwéégewogaéié that
L =azahj z q u Nietp il AZ
R S T o R S e e S
stesuttiragconfiumedlbywasgspaigedenbhhnnet spgenrgasopor
20 ginutes, sealed in a bottle, and stirred for 20 h
(Q¥R8o C After cooling to roomtenperature, the

50|UAi@8F$@§mBQUESchBhQnQXEE§§ mBBRbRAROLaE618@eBfhled as
The resulting precipitated polynmer was collected b

fellevati oA andulipedodvér Abght Nrvinyiasubarevenand 8t42 g

r LS I tapn 4 ol % of
e R A e s AL R A T
mbatydethgilghtoaeer age thliecabautwenghbsobdddd30kgiadl g of

wth a  polydispersjty of 2.8 based on gel perneation
2c%r§ﬁﬁPBgFééﬁ?egéﬁiﬁuﬁﬁﬁeﬁFEﬁéﬁﬁé (KAE8t r &ty droh le from
D@P8hBSthBRL¥aL ¥l eRe1mZRg8bANdBENS. SYBt besiisthg mixture

el ectron transport polyner, ODP1 Part A Synthesis of

was5spRbgefolsehzopl tORYeRi des300rnk6 minutes| askalpdted a
B} A L0 SARRBRSS 05 RAGELC BELLER0NER, o
raod t&fipatraotirehi engl sehbhotodewadhpoured into excess
methanol (100 mL). The resulting precipitated polymer was
collected by filtration and dried overnight in a vacuum oven
at room temperature. This polymer contained 6.4 mol% of p-
diphenylaminostyrene based on 'H and ')C 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, ODP1

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 thionyl chloride. The

mixture was refluxed for 8 hours. Most of the thionyl
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m xture was refluxed for 8 hours. Mst of the thionyl
- 44 WD 2004/ 099338 PCT/ US2003/ 029007 chlori de was

wale@iioddsssl of f foll owed by renoval of the renpints2005929007

rotary evaporation. Distillation gave 40g 2, 5-
di br onobenzoyl chloride. 5 Part B Synthesis of

ngfi éy&)sgzaygbmé@ ng-;@o%m@wégnf)gnfémgtfa&hgff Lask

rom art A was ad g of 98% hydrazine. This
ramalnééruhgdrbbarﬁ h@&pgratlcﬁ CpisThélabdbadgsweutPgn2, 5-

S _poured i L_of water 10 and the precipitated
digf?ﬁ #?P?%¥ hiﬁEﬁ%ﬁ with copious amounts of water
and dried in vacuo to gi ve 4- octyl benzoyl hydrazi ne

(343 g, 91%yield, nmp 90 C). Part C 15 Synthesis of
P2r5-Bi brono- N -[4- (octyl oxy) benzoyl | benzohydr azi de

(0192 hydr azi ne and
S?%Fﬁgsgs gf g @cgg%g% ﬁreg%ﬁyapgg%$¥led triethylam ne
mereToadHedcbntsﬂﬂsnbfothdlﬁhhskoﬁebmahertTB whbssaddsd
d W t hani cal irring 57.4 of
38758 & ShoRba By aniber aihikrelS, 2arlidacter) sebaurs
(apd teecrysthal &bé@gdfééﬂfhdhﬁﬁtm{é pbar8anifdeo 3L of water
(DNF /water to give 79.38¢g (78@6y|eld) 2, 5-

apfpEbROPREC {1 taked é@}ﬁeﬁzéye{bénzﬁﬁybedzwaéh cggious

J(D‘oc{’f/go%?wﬁggk 1?5 3£§@d5 P‘QQ?QBDF %u,esau-

oxadl azo 2L fl ask was
otﬁ?lbduzeﬁlBﬁdiaglﬁé 0343 gpl y18fyield, mp 90 =C).
N- (2, 5-di br onobenzoyl ) - 4- (oct yl oxy) benzohydr azi de and
203 m 30 phosphorus oxychl oride. The m xture was
pheflyxed for 8 hrs and the solvent then evaporated
under slight vacuum The residue was poured onto
Sgntbaedsi et and-Bibovawd-No-§fand until the next day.

(ELELL8L) PBH2Y 61 Posh L SKYalBS Sae Wi Ch was
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
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% yield) 2,5-

Dibromo-N'-[4- (octyloxy)benzoyl]lbenzohydrazide.

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)benzohydrazide and 203 ml
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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nmet hanol, and solid material was obtained by addition
wm@booa/0hd3sg | e water. Filtration and dryi ng gavePQBSI03/029007

of the required product as a white crystalline solid

(59 % yield). 5 Part E Preparation of Electron

) I
A S0EP0 8 Y ERno e, 79150 (e (AP s obrgingd by
adﬁikrbmc¢ﬁlafllMMkﬁmwaﬂeBO Blldr®dRidd amdl dyying gave 112 g

o PRI S S ELY 4T R TR 8 SPEELT B4 0

yié’rlc@)Z ol e)
2- (2, 5-di bronophenyl ) -5-[4- (octyl oxy) phenyl ] -1, 3, 4-
oxadi azol e made as described in Ranger et al., Chem

qugggn 1597 (1997) were m xed together with 0.85 ¢
? 15 mmol e) ALI QUATTM 336
P & caaipt oyrh yob frest hyd e i tan sphd ot | Bel ymewai 0abl e from

Aldrich . i
Adacd 98 (i 301 TR 8udolls T3 Radein SSSPGERIR BN o e 2-

di&%éwﬂaﬁnﬁw £- Ve1S9 I edc eppagsesramé h 1ige ogem foz
hours at roomtenperature and then at 50 Cfor a

e e?, 2P0 oo, S 0104 by § DL 0BEemAOTEde a5 described in

etrakis(tqyip | phos ne)p d ) | abl
R o Al R A R Vit PR PR 85 s 02
mih®1 & he2 - mmwﬂord'ﬂftepm@wlnmg 4 kot el ovag) pieehed] at, 3, 4-
ref.lux_under nitrogen for 16 hours. A nifrogen

oA AP 191 TR A D AaS A 18 i ibRgizenet |"i‘11tol%‘ﬁ‘§ was

carifed. foiéweﬁlwna hdd hﬁfxe&h@w@t@ér%%go 0§5 g (2.09
tetraki s(tri phenyl phosphi ne)pal ladi um (0), and the

mm@$@1tAmgQMAKWuBe6merﬁbapryepumaeﬁyﬂammanmnmebhlmﬁlde,
hrs. After the reaction m xture was cooled to roo

ayzhirlpbe ufeom i AlgRkCh Seh L ¢ Ht b DR %%QH%O’FO%HH%H?h Tgothis
wdd echpbi b € kol lecied ec@&éti@tNQ&OJESlBE%hp' bakethe

was purified by repeated dissolution in nethylene
retibrime miture was then degassed with nitrogen for 2
hours at room temperature and then at 50 °C for a further 2
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
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 into 2L methanol and the
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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then precipitation in nethanol. The product was
obtained as 5.4 g of a light powder. Gel perneation

W@ booensesegyr aphy - 46 WO 2004/ 099338 PCT/ US2008¢ DRS07029007
anal ysis of the product gave: Mv 7.30 x 104, M 2.36 X
104, and polydispersity of 2.95. Synthesis of

aﬁ%ﬁ%&% ol 2nePeibaneky BRke . OOk 72 3*8aﬁé 10 Vb Ngst s x 10,
yl "4-oct oxybenzoate I'nto a flask were

andt podydedp2ssi0ygof12695nnl ) of net hyl

4- hydr oybenzoate, 276.37 g (1.99 nol) potassium

carbonate and 1200 g of acetone. This was refluxed for

s&ﬁthesﬁbno&obhawedohytkhﬁsﬂb&ﬁwb&&yad&itb@mzof 386. 17
gl 99 nol) of 1-octylbrom de over a 1 hour period.
P?ﬁ Peaction mixture was refluxed for two days.

sPhkhEatLoB olothercaoled Leachian o xture and

vapor ati on of trateé gave an oil. This was
t ake@ntp anféhhylwametaneraddceﬂtQédt@dgmuﬂh65 tollaOd £

nEEpRT A PROEPYbeagons Fed 2 bodes, (1o 28eRPiat BRtazAgum

chi-apsheer adat @280l thae@taﬁékeéhﬁba&&s The1cebbEeRLS 45
of the flask were subjected to high vacuum

mdns£pllawiednbyo thendyervhscerdddsion odt $Bbr-drfi ge (1TRE mol)
& 5§§¥2B§owgae ?%ggtBagﬁéfegrgg??%gySyn%hreaCtl n mixture

-oct enzoat e esl S
wasdrdifthkedolierzoyb Ghleri délkmtaianZolf fthaskobilktiedeaction

with a reflux condenser and. 25, netic stir-bar
mﬁﬁFPS&uéBé f@épﬁreél?§5°%oFPeZ%5q%gP€ﬁlQPHGeﬁEoP&lac

waBdtakanmip( 1n8athhh) aebthhkoanl e&ihackde. wikd 5 ¢ NaoH (2
m xture was refluxed for 8 hours. Mst of the thionyl

xchP8r mde Wwaslawsdi brewaset (8l Kowed W) renBhral ozbangife layer
[ O ar n S a
WS 0RL 00 44DRAT o oBr BB R srsaS e RR e e 1o
tgﬁgg B%@EgﬁaEﬂégk.1%Qe2€anE§Eblb@thﬁg F@ARK7/Qe2E Lubjected
mm .
to high vacuum distillation to remove the excess 1-
octylbromide. The pot residue was essentially pure methyl

4-octoxybenzoate (376g, 86%).

Part B
Synthesis of 2,4-dichlorobenzoyl Chloride

Into a 2 L flask fitted with a reflux condenser and
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. Distillation gave 130g

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

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

- 47 -



10

15

20

25

30

- 47 WD 2004/ 099338 PCT/ US2003/ 029007 Part C
Synthesis of 2,5-dichlor-N -[4-
W@ owuphs3s/) benzoyl | benzohydrazi de.  Under a bl eeike$2003/029007
nitrogen, 8.8 g (0.087 nol) 2,4 5 dichl orobenzoyl
chl oride was added to a solution of 23.0 g (0.087
paBL) c4- oct oxybenzoyl hydrazine and 12.13 ml (8.8 g,
0.087 nol) freshly distilled trlethylan1ne in 348 n
sypyheghfoPsf &r ArdarkeéPraloat 4one hour of stirring a

9@9§§oﬂ95E@nzB%%?b@hEéh?dQEziﬁs product was forned.

Stitring was continued until the next day. The
prodUndemas bdkhketedfbpittppenat BeB and0.087 mol) 2,4-

déggﬁé %gnﬁ q f&ﬁg%?&%ﬁ&%l/m@é é %O Igolu%lo% g§12§@% g

gootByI[)ﬁ&y)?Ené@ybkygaﬁ@bymra;ra@lazaﬁeaanfal te.sal id. (858 g,
ar ntnes! s
02082, Bodi chrerbphefyrriblpd. toéeyhykgpphenyn] 348 ml dry

cﬂlgﬁéf8fﬁd'§%egg EgggtaoggohghrfB@SEtEEEEﬁg gﬁhgng 3thte

anical stirrer and thernoneter was 1 nfroduce
pget¢Dp0686envlf) tRBe5p20duct was formed. Stirring was

di chl or-N - tyl ox enzo benzahydr azi de d 18
e IpRBAOHBE a5 SRSLRPSH B8V~ ThE PRPRHY b AHICELIPFERD BY
fioer8thes. an&beébr%QQamh19Edp59§ﬂh@EH§nQXYQak@&|G@ ¥age 31
distilled off wunder reduced pressure. The cool ed

gr é8ldbe Mﬂ@lébupédZoﬁt@lchépérNan&4crushed ice with

(ﬁégﬁ)%ﬁ géﬁ%ﬁglgﬂgn%h 8 Zésséaﬂﬂé%t Lbithe ice

reci pl ated whi fe so
collected by filtration, dried and recrystalllzed from
ethanol. There was obtained 25.7 g (89%yield, np 86
PeytoP

S§n€2e51glsb|QLQQhSDMhEhioEépﬁ@ﬁyy OsylﬂhQaﬁhkRéx§)ghenyl]—
oxadi azol e. The structure was confirned
1par é-expdigAetiezati on of 2-(2, 5-Di chlorophenyl) 5-[ 4-

Into a 250 ml flask fitted with a mechanical stirrer
and thermometer was introduced 30 g (0.0686 mol) 2,5-
dichlor-N'-[4-(octyloxy)benzoyl]lbenzohydrazide and 181 ml
phosphorus oxychloride. This refluxed and stirred for 8 hrs.
About 100 ml of phosphorus oxychloride was distilled off
under reduced pressure. The cooled residue was poured onto
water and crushed ice with manual stirring and allowed to
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% yield, mp 86 2C) of

-(2,5-dichlorophenyl)-5-[4- (octyloxy)phenyl]-1,3,4-

oxadiazole. The structure was confirmed by NMR.

Part E
Polymerization of 2-(2,5-Dichlorophenyl)-5-[4-
(octyloxy)phenyl]-1,3,4-oxadiazole.
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(octyl oxy) phenyl ] -1, 3, 4-oxadi azole. - 48 WO
2004/ 099338 PCT/ US2003/ 029007 Into a flask fitted

WwOowRdoh/0g933ept um and ni trogen purge was i ntroduckedr/gsio3/epsoo7

(9.77 mol ) of 2-(2,5-dichlorophenyl)-
5-[4- (octyl oxy) phenyl ] -1, 3, 4- oxadi azole, 2.85 g (10.89
mol Int&fat £1pkenyl pheaphi tie, a asdpOudlafd(did23dg8A0bhrge
of anhydrous_5 nickel éll% brom de, To this was_ added
wgs HPCEPYUERE Ant02% (At 74rgmedl uehe? - Thi 3-dhghlorophenyl) -
azgo ' se of 5 r ko, cerden
T boet byl SETTT Tha ol reereor“The” 7ol tener Tpoe? ™el)
of her tpid eyl pleasph tne sohndi On3 hag &Udedl anhot) hef afhBdrous

1 4 | ) of anhydrous nicke ) _brom.de under
nfekgt S o h B n agan SuraES T cuednlarnl af Y gBME dna 25
m{ O0flr¥0t o Ih &b eSTH 0% | P¥E da DYoot Repaddivi tBNtRE s 8f a Dean-

chl orobenzene as _end-cappi ng agent. The reaction was

Searoveendengevctedlpved goy hdbs sl htiny of f Theckoof ethe
e} ' r p 1Nt ef o
O OB P B P B o IR 9 BB L OB e
0n®l hyl ehedzhlmno e afidadiydEhuaddedkahd (Ibe bromplasender a
system stirred for about, an hoq$. Thﬁ resglthg soligs
STEPRT 1TTRIE DRTOSNdTRHG Y77 LRSRECT raRsf br FEdEeh &
mSSREE AL B8 V1 ol dNSY - tHBCa dQ@VEIoRT 88N Col §YER1¥BSbenzene as
separated and poured into an excess of nethanol. The

erGt¢aPmerd caderet cBhe washedlion w#s ha hbetiedoro apdogee@ddfor 8
B 8, 0 C ySi e ] .
ngGef € £oPed PIBCIBTa (e EIR YR 2o gAY BB MB0ahLg inco

alboet ape0 Nl estid aoneeaght £{ Meredf Bhd0sxli1Q3cakadwas taken
golydispersit éFI% of 2.97. 25 Synthesis of
u ,gggm$§hg%%@¥p_%% YHORyPRentA ) HGL 3agded and the two-phase

sgg@&h azel r2ad| $ HeNZEHEL (XBuFarthd ¥eLheshg 961ids were
- (p-octyl oxyphenyl)-1,2,3,4-tetrazole. 20.8 granms of

fpltercey| okly) pedizonet Filerdine divahs BorChdntecad Seppoayory

M | wau 8. rans, of sodi um, azi Al drich
T O Aoy, NP PRI =Y L e b el farea
into an excess of methanol. The solid was collected, washed

with methanol and dried to 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.

Synthesis of 1,3,5-tris(5-(p-octyloxyphenyl)-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-(octyloxy)benzonitrile (Aldrich
Chemical Company, Milwaukee, WI), 8.8 grams of sodium azide
(Aldrich Chemical Company, Milwaukee, WI), and 7.2 grams of

ammonium chloride were mixed together under nitrogen

- 49 -



10

15

20

25

30

amoni um chl ori de were m xed together under nitrogen -

49 WD 2004/ 099338 PCT/ US2003/ 029007 at nosphere in 90
workooefodssy DVF (dried by stirring with potasspamns2003/029007

hydr oxi de and distilling from cal ci um oxi de under

ni trogen atnosphere). After the reaction m xture was

a§hb5%ﬁ@r@V€ﬁn9@h&lUﬁﬂearylDMPQ@Br@EdlﬁQ Srithend whiune
cooled to roomtenperature, and m xed with 700

patageioni bedrovkderandf destwhl tnot feomeaelrbamnpxidpeunder
nY8%o hdééﬁgg?ﬂé£9? d'AHESr“Xﬁ% gégE%Snaﬁ Qtu?gdwége
e SO

resu |ng id was y f| tration
sﬂhﬁrsdlbdeMﬂSgMﬁS@BﬂeMﬁnhtBGQen1abflOdeﬂDnldhﬁim%ﬂmure was

follgmed b% 300 M of hexane, follomed b 18 Qg

caoled| Eeat BPR UhGBPERALHEA 3300Td<8R Whibe e8I Ty deionized

wRE8guch rnas &Hi&ﬁctﬁg ABdctisnshidetveewaonhbiAREiBY with
NVR ~ Part B Synthesis of

dilgts- bYAsg6R1pr bet 36 oy oAy Fhe Lr8Fu1t 169 white solid was

gi?g%g%gyo%x %€%€??S§;nggﬁg?e%razg$e$%ﬁ%ed1W%tBrgﬂg ml of

d@ioﬂ13e5 watear bonybkedchyobpenzebeof Ahdxanb, €bthbowald by
Company, M | waukee, W) were stirred overnlght in 20
dry 19 H?y p???ﬁ?ﬁ%t%f YRESF yXAGRRr %?t?o%eﬂ white solid

pPLAREPNGLE. 3D &Eten £0Q! 1 Pg dEwn-EQr£00LE EPREGALYT RMR .
and addition of nethanol, a white precipitate forned,

which was filtered and washed with additiona
%hgnol followed by drying in the desiccator under
uum 3.5 grans of the crude product were isolated,
Syt BBsasof UL 1 hes - put & T § e dp byc epl orppRENE D DRt pgraphy
on_silica gel with 50:50 nixture of
OWREhRBP bRt inheeREAYF at@P@PL and its structure

Conts GPiros MR et D ap Rl 4 S 45K e300 ana
lS§nghem$SObflA3EEohnl@hﬁbdmwhénythhobeneene (Aldrich
Chemical Company, Milwaukee, WI) were stirred overnight in
20 ml of dry pyridine at reflux under nitrogen atmosphere.
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
chromatography on silica gel with 50:50 mixture of

dichloromethane:ethylacetate and its structure confirmed by

NMR.

Synthesis of 4,4’,47-tris((4-

diphenylamino)phenyl)triphenylamine (TDAPTA)

Part A

Synthesis of 4-Bromo-N, N-diphenylaniline.
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50 WD 2004/099338 PCT/ US2003/ 029007

4- Brono- N, N-di phenyl ani |l i ne was nade essentially as
walemwanddserl in Creason et al., J. Og. Chem, 3FCT/442003/029007

(1972). Part B 5 Synthesis of

N, N- di phenyl -4-(4,4,5,5-tetranet hyl -1, 3, 2-

d|oxabBfehanmzwyaipnahyuaﬁl82n57w&b abhda 2sBMhsehutk 0B s

of n-Butyllithium (A drich Chem cal) was added

8?65%P§@ ¥RaCEprFABectoa - sofut PEH - oFhem. . g3770. 4240 (1972) .

nol e) 4-brono- N, N-di phenylaniline in 175 m dry 10

tetrahydrofuran (THF) and -78C. Stirring was conti nued
Part-B782C for an hour and then at -502C for an hour.

s%%fg?%é%fégppmﬁog§p 89110148426 808 11.22:4,09:99%3.

dﬂoﬁaﬁoﬁoughnanynhahlilgez di oxabor ol ane (Al drich
Chemi cal _ Co.) was added via syringe in one portion,
The BénpérBbuPé a52waY AalwtaPRedfan-Bugytlishiumr éaldrich

CHQHEéal?h@aQOQ&HQQ g?& w1¥@sv5§n8¥§gpggdt§hg ES?&% 8n of 24

left to warmto room erature andin
ngOh@wésmoIhe 4ehr®m0ﬁN N+diphenymanpmmned1nnlm5 ml dry

sat u ed annDnl cet extracted with ether.
<SRLAE PP RERR (NP GRrd sl A e Ak SRTeaed at -
7and E£6ACEALRALLUaHhQ Gh¥E AtVis§6eUSE8t! an ﬁyﬁkf'@ﬁé'ﬂﬂxture
by col unm chromat ography $S|I|ca gel eluting wt
wiexapeledl bene’&i k€ upred b 2%c@eé@+ﬁ@2§rm@1@ht2fnaﬂpr0poxy-

ighgé?gﬁeny?@§§§gf2fg§g@e&l&%ﬁﬁorolane (Aldrich Chemical

Co el remet agded, B 2- sy pkaper bh aon- ybyanohi menastafpthture
%19.9.25 ﬁ, %Z.SW eId) which slowy crystallized to
wat S hratied taba Th kel thrs oands o Thpnpal Soo Sach

wad). QQvaéﬁgaﬂdnB@é,r§aé@18ﬂuléftth*ﬁéPmeﬁal 786m
(4,4,5,5-tetranmet hyl -1, 3, 2- di oxabor ol an- 2- yI)anlllne

t%mmgr@tu{g @@lhﬁn$ta4d€@@|ﬂ?rtlZsmqub$owﬁbhen9aqan®me
m |qua?#%f%@%g}géjlé%b)saeu4&tgé onlum acgggteqUIg)

extracted with ether. The ether layer was dried over
magnesium 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-yl)aniline as an oil (19.9
g, 72.8% yield), which slowly crystallized to a solid on

standing.

Part C
Synthesis of TDAPTA

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 equiv) Aliquat™ 336
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- 51 WD 2004/ 099338 PCT/ US2003/ 029007 (Al drich
Chem cal Co.) and 17 nL 2M aqueous Na2CCB3 sol ution
W@ 2744993801 , 7.55 equiv) were added to 160 nlL BET/US2003/029007
toluene. This mxture was purged with a stream of
nitrogen for Ihr followed by |hr at 50 C. Under a
i tehraki stk I hi ;
T O E0 0 b0, D13 o ST Ve HRee FRgurion
(Teattmonl N Xt bb eeqasvi heare ehdlde@dté 0t 60 LBLho . tdheene.
cpol ed reacti on was t%ansferred to_a ggparator

T LR CIRE { FR° PREFFS AVere cOFF edbeot ThoregtRofer 1hr

fbBVShed By EXEracted W ! ukidiera and Adperc ied 130 mg
organic layers 10 dried and evaporated to give an oily

telralgl srhssipirery bphosplking hikenl Lpdiwnhet (@ ol demeokhnd0 . 012
I Lk pi e ' sql I.d e
PSS, REEEAP TR Bl 80 plEOME Sl Sendhop gy for
1% ayes . chiionadbobedphyadbexanead tohweferted)tdoa separatory
consjst of a mmjor conponent. ﬁﬁ%gnn chr omat ogr aphy

fynnet 3nd sthie| 4P RLE of WeTR <° ‘ﬁ%dgr%‘?eﬁ? £PoM laver

wad® 0% ¢ PA HELE) wIEN CetBed 0284 (£ 126 JbnthEhdd Qf%JEfETfayers
Positive-ion mass spectrum gave nmz 974 (C/2H54N4 _

drieedi ard MWaANTLILSYnEhesige orn pol 4i¥ | sot éheneopol Pheroil was
ont ai ni n 0 I C ectron trapspor

R o o 50 AT Pt fo ey BEEE T LAEEPE bighe

bBowh dsOTiy| - Bhd-birec¢ dpdtdHtd-was filtered (7.3 g) and shown

tetranmet hyl -1, 3, 2-di oxabor ol an-2-yl)-f| uorene and
bg_@@g@ %qgernﬁg¥%watography (hexane’/ toluene 1:1) to

cdné 250~ & bs onRPHE YIS dAr 0Cty| GY) PREOY L odrphly (silica
oxadi azol e were n1xedptogether with 2.02g (5 mole)

gl i gLl T DBe1386: | nezdre ndradi erehelfrdm 10H0S sotpens) omave

5 WAy adeg 3 ”1Le18L gM AOEEPRS gSB; sol ut ) on and Lhe
m xt3re wWas®theh purged ~W ni trogen fot “Bnehout

gand mhenoal 6526-Mr realfiras Mhowr4) 0.232g (0.2 mmol e)
tetraki s(triphenyl phosphi ne)pal | adi un(0) was then
added 30 under nitrogen. The reaction was refl uxed

SYRERd s 14 t § £I581 v DlioBerl@YSopdl rhe P cHALAPRERE €E6 NS De
—added—anmd—the reactironm fTurtner refriuxea for 18 nours.

pe¥cent {of elbection 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]-1,3,4-
oxadiazole were mixed together with 2.02g (5 mmole) Aligquat™
336 in 212 mL toluene. To this suspension was added 36 mL
of 2M aqueous 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
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. After the reaction was

cooled down, it was poured to 500 mL of methanol and water
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cool ed down, it was poured to 500 nL of nethanol and
water - 52 WD 2004/099338 PCT/ US2003/ 029007 (9:1).
wabm4ped3gsrer precipitated out as rubbery gl ue-PeRES2003/029007
sem solid. The solid was filtered and dri ed under
suction. The cake was redissolved in chloroform and
(Pr egi pi tRéegol vy ﬁ?éb@ﬁ@tataheonteagpknaberyaglue like
filtered and washed with 5 nethanaol to give a white
sepli golopc SﬁbﬁeaoélﬂmﬂginllRﬁr§d6ﬂp Qeg under suction.
n f
TR aRE L Pal refliseatued injchloroform, and precipitated from
me¢thadolm( | The pretybatetenwae tSIENt@@Iamdlﬁaéhéa gith

le) 3-Trifluoroneth hen bo on ac d
mpRRaRP o CenEiTear VRLye 6OTED (1575 ShaPes &CkA=21k,
MR=Pr gROPYHLEGI e  and 5.04 ¢ (60 nnole) NaHCCB wer e

m xed together in 60 nL ethylene glycol dinmnethyl
ether. The solution was purged with nitrogen for an

Sggﬂﬁegiéogf Qiégzi?Q3E%é5?1&@§oﬂggﬁglpﬂ§§¥i?pﬁ%f&ﬂﬁgto-

Ny 4o tirdd ivag 1000 | et etglacetionatiex t(SHTEFMAVRPINt r act ed
mﬁth her, _and the conbi ned et her ] ayey was washed .
wi t h4 é %2dm%PFﬁé e ?Fé?géPﬁgweﬁg¥¥PgﬁB¥ide§°nlC acid
(AP&@EMhe&ﬁéﬂiééloﬁo th@.?égd@lﬁfQdMﬁ51$?52VB9HMHbyr1d1ne
distilled to give 2.Qg o product as |ight brown
an@l| 5. PLoducbOsrmote ur Baligss corife mveted yodgrhen 8560 mL

u th h n
oA B 21 Y VOLATEL BRSO, LA " Buc 808 e
nethoggﬁthaﬁohnahdu£8bafomater5gTh9hﬂmmE@r@awaadded. The
refl uxed 25 under nitrogen overnl ht . ﬁﬁter t he
miEEEF £ oMefiasSEbured ua%%ﬁ niéﬁoﬁF oPVREEeF has 68886 the

r@agt%ﬁ%ggt égslag@sdéwmeehe ML REECYREL 8kEr¥BEed with
[tered and washed consecutively with water, di et hyl

eéhher and hbﬁaﬂembgngdvethenzgamerawasgW@shgde@hth water

ALy ET OINEL o5t LUGLYT 5o uas fONLLT B, bY N, 3003 f20n,

ghtSgreen-sol'td was suspe
tﬂee&haagephaaﬂbt Qaasv@caﬁmh52££81aed 2¢ oive, 3-0g of
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
under nitrogen overnight. After the reaction was cooled
down, 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.

1.42 g of the light green solid was suspended in 40 ml
of 2-ethoxyethanol. 0.23 g of Na,C0O; 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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pent anedi one were added. The suspension was refl uxed
under nitrogen overnight. The resulted sol ution was
w@oaed9osss M - 53 WO 2004/ 099338 PCT/ US2003/ 0PQD 032008629007
water to precipitate out a greeni sh powder. The powder
was filtered and washed consecutively w th water,
9'ﬁ%€@£ e8! @é?égﬁtgééagﬁttg @fa@n;ghoﬁo@dgfeenThe powder
conmpound was subj ect ed
wa@bflha¢r©@ amdevaghad 10eBs¢ontively W8©h2®@€bro 8¥gthyl

f an o owder was obt.ained. Product . stru e
e e Rt | Do By RV T ohPes bt TV aT BB udeR: [ AR Of the
c@fmg@ﬁm Wh ECE e} HEt 8@ SESNub TbKh €85n COAREL SR N PYK RBRr at

bl 'ends doped w th_phosphorescent 10 iridiumenitters
18Drpal o i V- Ekanpf edn AOTRRER PPW@eT nVeF apbtained. Product
s EHECLLOL UM DeSGEREEEE b ARRCE and oper ati on
conventi on mol ecul arly doped pol yner
(MDP) organic electroluninescent devices nade with a
c:I\/PD I aé/er

d@@i@ééaéamﬁ&iﬁiﬂ&pﬂ@ﬂYbﬁD5bién&§r&oped w1th phosphorescent
YT phenyr J- I, 3, 4-oxadazol € (PBDJ;, and varr ous

1éh¢§@mv@mlﬁh®§%ts I ndi umtin-oxide(lTO-glass

S““&%%f%éﬁ@ﬁ ﬁ)?gmquiégsA Sodé%’EP%%t {90y  kpngnont,

are) were rinsed “in acetone,
eljémeﬂommtn@s&émgenpeﬁﬂdrmaMedamitdsrpérzx-lﬁiﬁn Veteérbldd of

Seal ed- Border $ L ;{Texvvl g Upper Saddl e River,
CRPYeRbERRY | RO het bty Bt ymees MePk presnic
e BebE £61 @i nd Oc OXY 988 PLAS "Ra di& 6RL FENS ﬂﬁDzﬂgﬁggoéémprls1ng
base oxygen pressure 25 and out put power 0 Win a

hakehtir azsppee op@bm@rvembh 9Ewamélca199@m%e80 PY&M

3
ejgo%&f%%nedpu %/ﬂt)ﬁl op ene 1y{1 yreh%%%ﬂg H% %:i%l??t
b@t/yﬁlﬂ)la&hﬁl ps1 PEDT —éﬁ@&aﬁ&ﬁge( PED) p, afiit tablogh, ePdssive
PEDT 4083) was filtered through 0.2pm nylon
deparefilters and then 30 spin-coated fromits water

SUSPERS] @R- @{n259@d£¥$&§P1@1§§§e§ubstrates (Applied Films

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 methanol. The substrates were then subjected
to oxygen plasma treatment at 200 mTorr base oxygen pressure
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 0.2um nylon microfilters and then
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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onto prepared substrates. The resulting coated
substrates were anneal ed under nitrogen gas flow at
wa1@@o9wss about 15 minutes. Bi s(2-phenyl pyri dPEEUS20D3/029007
C2') iridium(lll) - 54 WD 2004/099338
PCT/ US2003/ 029007 acetyl acetonat e (PPIr) and
| t PYhi 081 9-pdh £27 5 .
2GR aEEotace THERE PYRACRERLS et o b bl L blaco
Nreborheddunmﬂﬁélhlbeeawaaee@gaetefdBT@iaﬁpbemplexes were
Lamansk al | nor 1704 (2001))
SPOTRC ot LRI PR e Gob PP bl CEERT UaP (BREneEor example,

L5R888RY) . e 408D, Of T RBRy ( Dohéndo M| ecubar (Teohnol ogi es,
Gai t hersburg, MD.) and 2ng of PPIr or BTPIr wer e

di ssdbnedofi AVH, Sﬁﬁlzmeér8©@¥ﬁ¢ The. re@grvahg Quebec,

on re.f er
cEfRdAl PPobe" &r bt T 581 1h30 HIDLa R BleRlo1 00 0.
G40B8RBeBsbst ¢ AtES . ataﬁdspm@ sﬁeeﬁlﬁfOQSB@Fﬁﬁﬂ®erefdﬁﬁsolved
the MDP | aye arative_ Exanp efuB and D, a

In
1ma§e$m%fc%¥%€?f%ﬁm tr H%pﬁ??uﬁﬁi%glﬁ? tions wéere filtered

tl‘ifbéﬁ(yﬁ @Yﬁpr@xﬂﬁybﬂ%ﬁé%fﬁw&é‘uﬂl&'é In-€8h82d onto ITO-
avaiTable fromH W Sands, Jupiter, FL was deposited

gl@S@hPBDTh@O&&Fsmb§9rauﬁﬂeatv@c@mnm(@Eeedoos EbPPRPM to
e%Q¢% t|on rates 0.5-2 A/s. Each device was
app%% at hode conposed of about 7-10A of

||thrmnmémp@fad9véﬁt£ampE@§aB £ﬂd DWa& d1ddykt, obPe) e@titlon-
2000A of alum pum (Al fa Aesar Co.), dep03|ted under
tm@ﬁp%%umﬁ%%a% 1Br 55 { BrRydro¥ygaineiabe) gabupinyy, (I11)

aQ?aﬁ?a@f@V§r$ﬁrHAdw Deyihge, SLSELEP! URLNESCCAESosited

Iun1nance current-vol tage characteristics were
onEasUhedMDPthazﬂrrendedemscuums(¢ang1%§ thetriesnt2 and

er at ti es S were condu
SR TREre RoRst whi® oL preRtafuree s S0RHEtauith
cﬁ@Né@@Scoﬁﬁéi@dn@ﬂC§b6@§UVt§ORr@fSyﬂﬂﬁiuﬁeﬂluﬁria§|eAlfa
. In spite of hi eak efficiency observed in
A@%@rc%% A-‘@J(%&Il%f @B& ) PRAK2eP PR cPEneyuminys. g§5lfa Aesar

Cgv{f‘ééﬁogfyé&euﬁﬁéfdh§gﬂ 6§é£h$of106 10°° torr)at rates of
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 continuous constant current for all tested
devices.

Performance results are summarized in Table 1. In spite
of high peak efficiency observed 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
the time required to reach half of the initial luminance at

given constant current, do not extend beyond about 10 hours.
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device C), operation lifetines, which are defined

herein as 30 the tine required to reach half of the
wo mootiogd33g um nance at gi ven constant current, PADUSIHN3/029007

ext end beyond about 10 hours. - 55 WD 2004/099338

PCT/ US2003/ 029007 Conparative Exanples E and F. MNP

organi c el ectrol um nescent devices conprising

relatively high ionization potential hole-transport
SEEEEE&EEXELEEEE@¥E$(EI%ﬂd1FWnMDP ¢Kg@nm%nﬁlemtrolumlnescent

hdl&lﬁramkwﬂf Gﬁméiﬂ:th]a second soI ut| on of 15rrg of

PVK, of N, N -Dbis( ht hal ene- |
bi s(ibh%%i}b%fhz? m%mqw%) PVE) sJoo%ﬂla%F b %’ TP b garkgzol-9-
yﬁ@ﬁl};é&yﬂ-of@B@f PRR, 8o 280F Pbm RPI v . '@aﬂd§”ﬂd]l.0m TOf PBD,

chl’orof orm were spin- coated onto separate IT
ard 83ng ubSt PRI esiprepimbdchkssentiml ayd o slesend bedlipion of

nparatiye anpl . Vi C I E: F
1 eO# Z%Y]%l’ca a%gol\?’cﬁ]ﬁgbjt o??%ht}b%)%rg%ur ﬁe?@?}]ﬂbed
bi $(SEPAT pbdvei dixadpl erd) , 181 Eevieei pasforfieheeHand. Sands,
lifetines of devices E and F are sunmari zed in Table

1amg /e RBRreed 3d avf vBPTE hight - $Bhi Glat 9B PO efieT @l Spin-
c%@da tn Ctade) POLLA PG & Ef +d ASYDAT POBS | ub P DESs SYELLBSeq

Dto the PVK.PBD natri x does not cause any
esé@m&iabhmtas rrﬁﬁesmnem:ﬂ sin rC@meaJaattl:mle | EXatp hesB of D@@ices

E t han. 20 h d
£ AT NG O yPo9d LTSS s B BHERr aa Or e ot Sl ng
pletedé&@ré @& TR € O1H &t srhph- e & eEkamp ES PECt i vel y.

l es 1-4: MDP organic_el| ectrol um nescent devices

25 denmpk TS i PR Ernancarird e} e UMemi Pesdenices E and F are
S\ GRAROSL L4 oS fPa(b dhe 'mdcﬂ‘éié’rﬁ‘ §P'#éié?£‘§v%( Pﬁ*-][ _
ample E

essentially as escrl be Conpar ati ve
1@W&Zﬂ¢ﬂbﬁﬂp¢&pﬂﬁhm@ H&&é drahsgderting tertlary aromatic

tris(N-(3- I ¢\Lh %}% yl agi ne
b L PR e PhemLam g US Rhen 30 o
céﬂ%kf%ﬁfnﬁignlflcant improvements in operation lifetimes of
devices E and F. Half lives of less than 20 hours and
approximately 30 hours are observed for CBP-containing

device E and TPD-containing device F, respectively.

Examples 1-4: MDP organic electroluminescent devices

comg;ising the organic electroluminescent compositions of

the invention

Solutions prepared essentially as described in
Comparative Example E incorporating 15 mg PVK, 4,4’ ,4"-
tris (N- (3-methylphenyl)-N-phenylamino) triphenylamine
(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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2 ng PPlr or 2 ng BTPIr in 1.8 m chloroformwere

spi n- coated onto | TO PEDT 4083 substrates prepared
we@s®enyidad | y as described in Conparative ExanptBU$2005/029007

Conparative Exanple B. - 56 WD 2004/ 099338

PCT/ US2003/ 029007 Devices 1 and 2 were nmade accordi ng
DRFGRIUr e f18SGld Rethdde LUMA Bl Y oIS d*egrl%ed in

respectively. Device performnce and [ifetimes
Cadwaredsi Ve £xamo 1 esu ey zBadfespératUheelN Al'l devices

1-4 howlovver oeratlon v€te}lgeesq(fd§ exa l.e 7-

V att AT B3 IR Shi TG anth S SVe o‘f)]ecr iore are
sdmnfa&tllzrmﬁ 0. ff.%b’a.)él 103 A1ourdesditc gaurr-entshdle nsdvier Bperation

6-1.7 mA/cer) conpared to the devices of
qéérﬁgeﬁSat ESRERTt s 7A8FV B dé@p/aﬁnat i pedeRaapiidd cently

.ln@ré)cterdgl%dtﬁﬁEr)r(?es]toé'hfhgf lé’}sess CQ{PPH $IMg h8fl§-s at current

addASPYH i1NG -0l ey / JviK- BBA§a§@aut;boraaem@m%%p@rfed
using essentially the procedure of Conparative

Compapsitd vR Feseguptes HatF 25 ng PVK- 15 DPAS, 10 ng PBD,
and either 2 mg PPIr or 2 ng BTPIr in 1.8 m
chl orof orm were spin-coated onto gl ass-1TO PEDT 4083
Com]iaeim Hxamplresp & stndH ¢ind Rxaipliece S eusl Bt e MDY
H resect | ve,I

tz%?!gp&ru%ﬂca’ﬁ{err aﬁm-lbphsﬁ m chl or of orm wer e

Spin-coated onto glass-1 1O PEDT 4083 substrates for
pr eferlattiiomsofweartte ReHages! Mleagarﬁ;ﬂSeegltaaldnd e

f L
leﬁig&ze \%efrg%gg%{r?acét S0 TAce o |ng ?eggﬁ?)e procegz:jgr)ér%S PVK=

Dmsﬁsscrjjoba@; HED,CaingBreditheer Bxarplre: o25 Deng GXPIr in 1.8
perfor ce and |ifetines of devi ces of Cg/par at i ve

mleCHQAred EMMELS SR BEARHSS Bt @ lesa T
subs ke kofg%yﬁ%&w%@%é%ﬁfc&omwae@a in

Exanpl es G and H showed operation lifetines of only 1
mratmﬁe@@ptm Gompes il imarpasft itved Y ety arg PVK-DPAS,

%@P@Eﬁiﬁ? ;- 10 mg PBD, and either 2 mg PPIr or 2 mg BTPIr

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.

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
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
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30 lifetimes from 60 (Exanple 5) to 200 hours (Exanple
6). This exanple, with Exanples 1-6 show that using
wo bw4ovgasi ¢ el ect rol um nescent conpositi ons BET/UE®03/029007
invention in MDP - 57 WD 2004/099338
PCT/ US2003/ 029007 devices leads to lifetinme and
depetati Daadsl tageirepineearat spevhthoa wleagangepebvements
hol e transport polynmer matrices. Exanples 7-8 and
WEEHpﬁrHF?@erERgﬁpP FOIWDPrGPﬁﬁﬁFE Bolymer matrices.
el ectrol um nescent devices conprising electrically
inert polystyrene (PS) Sol utions were prepared as

Ekambdes: 716 and gomparagivgcEx gﬂsle(mh/ =MDB o0®@fanic
Tya‘lagle fromA d&[Chc ghgo'. . .

p&lﬁsayrehbonpéwrn1mhlch was then spln coat ed onto
gl ass 4083 substrates according the
pr océlrblgBscYRrERIPY APEBRParEt £0& 1 EWarPI 0AMEg0 for m
%@L9rzne$' TRLAr Lot L5408, 1040 MDATA: ot Ca s o
P and 2 B Plr was di ssol ved in 1.
Chhmmcaﬂornnawdukpan W5, coat d MWDAmAn1EQamgIEBB 40dng mg

B Renp) voRg it S5PLFom P WP (SaFLoFRORY FBLChataSs then

sPUnBEBht c§288EoVEL8sHi 390/ vEHTI B0838suBbteAtBEORBERYding
and spin-coated to form Conparative Exanple |I. The

thevpresednrrexdapreibedain QoﬁﬁéréﬁhﬁarEﬁﬁmélExénﬁpefPrm
e-fab Si rocedur.e ib

EZIniEEcy A0bLERLaE1 Yo L 0Y hOO P! O8SINGoNABATR, 96 kD eeD,

ahdf et ngeBTAle waandisgetlved imabl.e thl 851basédrmtﬁnd spun-

|, _which i ped |
CPBHFIAEPORORB: BREPE o1 Brt Fir PoabBrutPenanbnd” (4CTA) 25

tﬁxBIBaksgzb@meoygsabhgnehyﬁeRT&@Aﬁ7 BOHK $aBleCORSMAR W.
current density drive of 1.6 mNcnR In conparison,

S@gdpased mWDPBQeVPQQSZC@ﬁpBTBﬂﬁg 2he) organi éissolved in 1.8
| t
oL B PLATRSREE L ROTRABLL 002 oL Do 0L 00 1.

Tﬂ%.déyaﬁpbeof Eeamp$ésaﬂeanﬂhatahﬁFComparative 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 operation 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
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30 devices conprising electrically inert polynmers and
the organic el ectrolum nescent conpositions of the

WO pwen9d3ss)  exhi bit i nmproved operation |ifeti nBST/US2003/029007

wher eas Exanple 8 denonstrates that MDP conpositions

with relatively high - 58 WD 2004/ 099338
1 RCTLAIS200 3 O28007a1 | o8t ZohiPnapoheditabmigesi akMibit lower

aromatic am nes exhibit |ower operation |ifetines.
0E§é®®¥%“91léetkﬂﬁsorgan|c el ectrol um nescent devices

5 conprising electron transport polymer, ODPl

Sol utions were prepared essentially as in Conparative
Efamapbé €9 AL2 nc bR r atgamyi COFlec M AGINTNi nadc 8P| devicésur

dlfferent r tlos in chloroforn11 cs 9-12. The
c =t t p

SUbSééP&@ﬁoAQ @éﬁ@aﬁﬁgpgﬁé@néé§éﬁﬂ1§§l§e§§riﬁe@omﬁaratlve
Conparative Exanple B. Devices of exanples 9-12 were

Exaiplead ebnecteprabing @RP1 n MTRNpArandvBTE anphefgur’

e n e 12 e
o D PLERER forgt P B MhraPlBe B ta
séDmti&nﬂeW$£€Ss§1ﬂ2cMEt€dI@ntbeIﬁ@@PEﬁ@ ho8® sabgerates

a current densl of about 1.7 _mA cn. These Exanglef
pe%m%%@r%%%eﬁh% ‘%?%’é%b%%nb?l SPHGRERBLYF oftampie B.
D&V POSPOLE PRLY, ??é§ @ﬂﬂ2tﬁ@re0f8@£i§a€é§0é£§éﬂﬂlﬁﬁ§§GQE in

conposi tions of the invention exhibit inproved
C¢m§@t@h€@e Egarphpalat i ve Exanple J and Exanple 13:

VDP ganic e S devi c [ n

el ec ron ?r%%géorngpol e flgéﬁﬁgg%lﬁf %%%B%%éé 9-12 are
spiepet eed ebsendabhd | Y. asmm@maxﬁfeu.ﬁﬁ%&xmbe for

|ncorporat|ng ODP2, CBP, _and_ BTPIr into ngarative
d%&hﬂ%$e9j %hﬂe{fﬁﬁn %ﬁ@’ SQADAYA PavE BYRPE fhtd current

dé%@f%é%ﬁBabJ@@ B0} Uhh PR Weithe SPI kRl Qldhstrate that
| TO' PEDT 4083 substrates prepared essentially as

Migesdevhbess i gomprising electron transport polymers and the

organic electroluminescent compositions of the invention

exhibit improved lifetimes.

Comgarative Example J and Example 13: MDP organic

electroluminescent devices comprising electron transport

polymer, ODP2

Sclutions were preparéd essentially as in Comparative
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
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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Conparative Exanple B. Devices were fabricated for
Exanples 30 J and 13 essentially as described in
w@oparess ve Exanpl e B. Device perfornmance aneCT/US2003/029007
lifetimes of Conparative Exanple J and Exanple 13 are
summari zed in Table 1. Device 13 denonstrated an
aOPGEALhONGARL ] i b8 apPrARZELWNGHOLOULRIAE cho%an
2004/ 099338 PCT/ US2003/ 029007 a current density of
clr7enty Compahat tas beavécet fielsahehatlirpénitSohparaaive
Device J lost.half of its Lhnitial LN ewthin 1
LR ESF R et Mg REETt no T GRRERS EHEE! FF cRFHESLEn:
e LOEPHS1 i DRSS ©fnt heotpuent i 6fis CDP2thei tRVeNESohhEDP2
_operation lifetinmes of_the MDP devices conprising
imppovesxbipl @kenation LbPebiyani ef efBet ¥BP udrviéseent
' C i sing a PVK: MTDATA: PBD host and Pt CEP
cOigLEE g quag PVK, 10 ng MIDATA, 10 ng PBD, and 2 ng
2,3,7,8,12,13, 17, 18- oct aet hyl - 12H, 23H por phi ne
E |l atj nu ﬁl . L CEP ag¥ail ble from M d- Cent yr

1 ices

c6RbPiHing " FVR: B ObATA OPBDAROSEI #nd CPEOED @8bant
T PEDT 4083 substrates prepared essentrally as 15

desctd bed PYK Cohparat MTRAER anpf em@ BRE, Bhfaf abPve
e i £es 61 ¥er e fabpi '
e e s e R
(Po0PR) advael&xhapieoB MidsPpestuvel ghebevate, Chicago, IL,

erformance and |jfetinmes of anpl es. 14 and 15 20 .
wEFe diARArT 0P nl TAPG SPLepet athon hEl FoTpEeRopas spin-
b8t 8a NP o f oroubabt 0nggs eblibs Q- 690p /802 POMT 8sE@RTEally as
at a current density of 1.7 mA cnR denonstrating that

deprr teed cer Compprativig Exenbigahi enél cerpatrabmtnesbsarple
co | LLONS: O t i ngLQp. | a .

BT BRI b ERoeRhont TREr | peokTERE S senrial ly hay

deststhbe@ thopantpasaused. EXanphe ad i ¥ed ERanphest Kvandxample B
and Exa es 16 and 17: MDP el ectrol um nescent

rgRReCksY rising fluorescent dopants

Device performance and lifetimes of Examples 14 and 15

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 mA/cm’ demonstrating that MDP devices
comprising the organic electroluminescent compositions of
the invention increase electroluminescence lifetime

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-
benzothiazolyl)-7-(diethylamino)coumarin (C6, Aldrich
Chemical Co.) were dissolved in 3.6 ml chloroform to form a
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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50 ng PVK, 20 ng PBD, and 0.15 ng [3-(2 30

benzot hi azol yl )-7-(di et hyl am no) coumarin (C6, Al drich
w@henioesBs Co.) were dissolved in 3.6 m chl or oP©T/II$1003/029007

forma solution that was used to prepare Conparative

Exanple K 30 ng PVK, 20 ng MIDATA, 20 ng PBD, and
405451 98 0o VT & 111 6001 Y, 2904/ 099838 PETELBR0034 02990 7,y s

dissolved in 3.6 mM chloroformto forma solution that
used tasedepareripamel Exhopl eSd6ng 5BVRY PYKng 2bBRy #8D,0.15

ORI R T BrLCor Uod  PLAE W chi BYEraPm PB) vere

df e @egolnit3 0n hhatheso Botiseto t Popnepasel Colpar ehat ewas
Exanple L. 25 Wg PVK, 20 ng%XNWDATA, 20 ngy PBD, and
uged sLoPEEPHe? CMRIBR VY | FABLE| L - chi drB¥ oP ¥t 020 mg
a s Hti whi us P, 7
R R R e L e o
clsldpst fatrest prEpameal esbenioml Vyick dascusbedtonpifpare

Co ' le B. Devi f.Co i Exanpl
BRI Elp i 160 R LT R L Es S BeeRar e POt et 0/ fapr
4 085 CEhbee- 4 e s Gormss 8&d Ves ExaPPh BL B. aDedé§€ribed in

performance and |ifetines of Conparative Exanples K
Camppiaahee BosapPee B6 Bedla9s ook Semparaede| Bxanple K and
1 | ping ; d

N R S s A R S s
Céotearangee ©tamm®De 750 hours at a current density of

1.7 mA cn?2, whereas conposjtjions of arative,

EcarBPELCK B P TRRGR ot T A b SoHTSE 19 Rapeatative
Exdfsid9e8. add)i s dndli €RAMS1édat6 tACI 0T YARH-6 ZB@mmarized in

el ectrol um nescent conpositions of the invention |ead
Talple i hcr SAERAT 2t @R b R G edeerrees | (Feampres nHeperdecht)

: e: | ; -19:

A TG F AL TRk ottt on PP Eipdd $ A range
of radpose mambesiat sa CROBramd BND:ilSy ngf PVK7 dl/em2, whereas

MIDATA, . 10 qg OoPOB, and, 2 BTRir were_dissol ved in
CYMROH L LD OF o TR theS riesii® 7y K and L demonstrated

only 1-4 hour lifetimes. This indicates that the organic
electroluminescent compositions of the invention lead to
increased electroluminescence lifetime independent of which

emissive dopant is used.

Examples 18-19: MDP electroluminescent devices comprising

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),
available 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 19. The solutions were

spin-coated onto ITO/PEDT 4083 substrates prepared
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solution was used to prepare Exanple 18. 15 ng PVK, 10
nmg MIDATA, 2,5-bis-(l-naphthyl)-1, 3, 4-oxadi azol e

W@ BNDP9933O avai | abl e from Lancaster Synthesis, P(W/Uslzh)m29007
NNH, 2 ng and BTPIr were dissolved in 1.8 m
chloroformto forma sol ution which was used to

R o oty e o R e SR Gs he

déﬁﬂhﬂdﬂ%ﬁiﬁBﬂaﬁﬁﬂdaﬂﬂﬁydhaﬁhrﬁakiyuaﬂ|dﬂdqxrbed in
descrlbed [ arative Exanple B. The devices were
é%?ggﬁF §TIy as described in Conparative

Exaquc% JeHicienRRId AIHENGE efighdd fott |H¥Eé§n;§2[fes 18 and 19
Exanpl es 18 and 19 5 are summarjized in Table

angp ErEmiagH 26 g r‘#‘@bife é(arﬁﬂeerafaomdslfc@@mqfe@xaénm@ 18
I ouden

waasb CI%?QH\(/%\]]I < tlson 1<, eoglttchujraC{Oeﬁ]e orélar{nc?/ecr OJ c;lur7rent density
ofellect mol umineshanh ¢ndﬁoatbsonhaofthbeomgmaﬁtlon | ead

to_ inpraoved operational, stabili .NDP devi c
SIEGHRAIATHG S oG CAMRAS 9eTE & & Vo HraREPor Fad to
infRRRRE Yperdidmles b iand 2 MPP HHANSs comprising a

el ectrol um nescent devices conprising hole transport
varatedn #lfs eNBR tarrh TIAPEROIS: ing RUPOIENS -TDAPTA, 10

nmg PBD, and 2 ng BTPIr were 15 dissolved in 1.8 n

chl oroform and the resulting solution was used to
Exjaini{lase 26 amd 2120, MOP ru;:d%‘ﬂic HleurddINminescent devices

h

chi qrsofnfy rpvq@d 1ot ff@ rq%%tﬂqtpl ng_osngﬂpacm e uﬁ% tHrpIr were
pr epare Exanple 21. The 20 'sol utions were spi n-coat ed
digscd- VEPOIPEDRT 84083 chulsstatates angt dfe e@seslﬁmg #dtdeon

d in Conp '
w3 bed, L omaratiys BApl @ By Do 068 Ay v -

bﬂﬁxaumétﬁiuphé&mmamamavenEx®m@n?ﬂ3 H&ﬂznﬂangnmmmnanqm mg
and lifetinmes of Exanples 20 and 21 25 are summari zed

PED, a6l @ 19 Biérlat |“€ﬁ¥éﬁ Jissalivimss 16F LK NMyshiQkefonn and
tH Qe A0Q-16Q0 AUft AN At LWT §He i8NSIt 1e 21. The

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
are summarized in Table 1. Operational lifetimes of the
devices fall into 400-600 hour range at a current density of
ca. 1.7 mA/cm® indicating that these tertiary aromatic amines
can also be used as added hole-transport agents in MDP
device formulations to achieve improvements in device

operation stability.

Examples 22-24: MDP organic electroluminescent devices with

varied thickness of the MDP layer
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ca. 1.7 mAcnR indicating that these tertiary aromatic
am nes can al so be used as added hol e-transport

w@o®ange3ssh MDP device formul ati ons to achi evePCT/US2003/029007

i nprovenents in device 30 operation stability.
Exanpl es 22-24: MDP organi c el ectrol um nescent devices

Wi t hppyar C Est he; MRy | ayer
R S e exaﬁﬁfggﬁégg%Fﬁgge

penformanetegndobneracscentefpeimosmaficebandcopeedt MDA
lifetimes of n t he

APt ERHOCESEr ThE ERPERRG.| Qe hast DEER10, kP e, has been

vaheefol | owi ng stock sol utions were prepared and
bl ended in the proper conbinations to prepare spin
coated emtting |layers for Exanples 22-26: 10 MIDATA:

(4, 45, 4" 35 y =
phenyhant Ry OF1 BhosyTam Re) (DA 38557 P o7~ &dngad Plended
ifotpe, prdpprteombfhatioﬂsQkémpmﬁpanechpbnotoaned emitting

lfllte d apd dis gegfe? t hrough a Wat man Puradi sc T™M
BYgES ?%I?ﬁ?%%é? PP) syringe filter. 15 PVK:

Pol y(9-vi nyl carbazol e) (Al drich Chenical Co.

M | waukee, W) 1.0 9%&§/2% in chloroform filtered and
MBPABanseddt Af ohightal neghgdpsenyii oN45 m

oBOhYPERDILEOPIpLER) SHIREPCBEA S630206PER, gancs coro.
Jopadeazorb) (Dopi adoy/&) 01806 ¢l wyofornhl 6f bt eradwasd

filtered and dispensed through a Wiat man Puradi sc TM
dpsrenaed pehyprehyd cWeatppy Byradgect|| Oed> P8 Pplypropylene

(§b§ ggrggggykgygéglnato N, C2")iridiun(lll)

PVK: Poly(9-vinylcarbazole) (Aldrich Chemical Co.,

Milwaukee, WI) 1.0 % (w/w) in chloroform, filtered and

dispensed through a Whatman Puradisc ™ 0.45 um Polypropylene
(PP) syringe filter.

PBD: 2-(4-biphenylyl)-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 um

Polypropylene (PP) syringe filter.

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
a Whatman Puradisc™ 0.45 pum Polypropylene (PP) syringe

filter.
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acetyl acetonate was prepared essentially according to
the nmethod described in J. Am Chem Soc., 123, 4304
W@ 200039338 0. 25 % (W w) in chloroformwas filtereriusind3/ 029007
di spensed through 30 a Watnman Puradi scTM 0. 45 m
Pol ypropyl ene (PP) syringe filter. - 63 W)

B04/ 098338 PO R0Y 02900 by B RIMato-N, C2') iridium (IIT)

Bi s- (2-benzo[c]thienylpyridinato-N, C2')iridiun(lIl)
acRtathAcRtErsHeR ol Waka PHRRERS £SR3 Al Y P erustdihdg e ohe

Slzngcégis 1| bed 4 Sq‘tem .y ,

mez%&?fé 2 g%ﬂ( \j\blle'valnp'n%ghﬁ%g} of orm %’f i%%ﬁ?e‘d ang )
0.disspenset)5 itrhraduighr cf e tween fRulrtaediest BMD. dissgamsed

Pol ypropyl ene (PP) syringe filter. Receptor
thyighitly & ddhaiatean & asOf 6P | sPolymeppyilenem (PR

4 I (Delta Technol ogies, Stillwater, 10 I,

SY esng']eez hfgLnﬁSZeg( ‘ohns/square, 1.1 mmthick) which was

patterned using photolithography, was ultrasonically
cleaned in a hot, 3% solution of Dedcone_xTM 12NS

det GEREPBFERS AR ¢S PAFRRGTT i i)
TG kst Bte MRS telks p('lﬁ_lﬁllq:% iqrédrhfol%hgaﬁéh@, S ENGRater,

PS 500 (Pl asma Science, 15 Billerca, MA) high radio
MN,r dpsendyhasl adhwhrseamarang, 5000 mwmtthst (ke svhwanpyas
wer wWth.an o en .fl.ow of 100 scemf.aor. 2 .m nutes
PR G5 BB AT it erles ALK oY ¢leaned
irfalr_:al_D_BoQ',l' 800Q vas: i b CaRdeshant 01308 aecepsehe B er
CIe00& pPd y (@Bidhwaitlhy |Seriddiendarid Jophdited poibgtstareshempd dchen
nic 20 aci.d)).-sol ution (CH om-Bayer AG
b aé:veéjrzkll?sgcr%l,e) C;Pelrar?énr?y,scéll Ut 298-’0%:%6 \Aﬁ'rEt]ha 5 osr?c\flzeerl e
BilAledda Wam )f iHilggt ethdiy dugimeenddhailmmPurdtitser B 500
0.45 pm pol ypr,opyl ene (PP) syringe filter and
wada%éﬂéi i ) t REWETOWE ECe pPoP*¥ABSL FALW, OFhd00 scem for 2

mirRGERY or In&%é%ﬁta[@él% was 6N SRED dideadnan ResedlGltion of
spi ncoater) at 25 2000 rpmfor 30 s yielding a PEDT

PECIF S0D®@ FGJd mashisakimesadfed ambemthal Iregfeptiner. PEDT CH-

t r-at wer eatecfl t0.200 C for, 5. mnutes un .
SRR A Dot e gl ol FndifiFonsc
acid)) solution (CH-8000 from Bayer AG, Leverkusen, Germany,

diluted 1:1 with deionized water) was filtered through a
Whatman Puradisc ™ 0.45 um polypropylene (PP) syringe filter
and dispensed onto the ITO receptor substrate. The receptor
substrate was then spun (Headway Research spincoater) at
2000 rpm for 30 s yielding a PEDT CH-8000 film thickness of
40 nm. All of the substrates were heated to 200 °C for 5
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
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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onto the PEDT CH 8000 at different speeds, resulting
in sanples with 65, 75, and 95 nmin thickness, to

wo eooned3es 30 devi ces of Exanpl es 22-24 respect POBUF2003/029007
The device was conpleted by vacuum depositing in
sequence 200 A Alq, 7 A LiF, 40 A Al and 4000 A Ag.
Results are shown in Table 2. - 64 WD 2004/099338
PCT/ US2003/ 029007 Exanpl es 25 and 26: NDP

m&wﬂmm ens | whth gfar hed

emtter t':l'ﬂlass Pnphe SEL ]I_Qes initial
rmance and operation

l'i f eth P SeRdmSe Nd&o@t Bl d/Dbhi €leyl C€Bed tryhiginébeence
concentration_of the em ssjve dopant in _the MDP_| ayer
PRECBRNeRl . AL EPP AR 3 Wi et Hrepa? bdSkspngrated MDP
iall Jethod descri bed
B R T e Orpoey T bre. soin Shabig glopant in
tIREDIDEH 800 wds weaei ¢dr mOBER dasicdovwere lExap@teé using

25 and of Table 1.  Results are bIe :
SRR 0o B AT WG B LaeS A LR 2224
eﬁé@@lt%a@'@%rc%xhb@ﬁe@f&ﬁ% é’@YﬂlC@@a@Q@iﬁ)ﬁéSPmI‘ CH-8000

hosphorescent iridium 15 emtter This exanple
FBU M fd Vi g eShewmpkh sExRuTPes PRENA b rofeFalpke 1.
Réggf%e L based 00 MIDATA,, | dg PBD, and PPIr. ITO
rates were prepared essentially according to

Conpar ative Exanple A PEDT 4083 was spl n-coated onto

the 20 slid
ouo- g I I

_‘Al

(apout Z W% SOl 1 ds), B0, U"ddbg 'PD U, 10789 PED,
emitkemg PPIr, 0.0540g MIDATA, 9.77g CHO 3; c) 0.0370g

WDA@Q%O?Q%?@ dF mlganxgé'S%%IPBcPevggeg Oi9- 1 18q PedY pep,

) "wer e spun
PH’ﬂ'ﬂxREE’uﬂOtﬂ'BoséIMecatommmM Seib Ut PRI, candv\aBIr. ITO
@g{yn coat onto | TQ PEDT 4083 s]i des at 3500 RPM A

ST oFT SRTRPH €T VT E Bh P weofto

CHhpHR DY daSxample A. PEDT 4083 was spin-coated onto the
slides at 2500 RPM and annealed as in that same example.
The following solutions were prepared: a) 0.0397g TPD,
0.0638g PBD, 0.0021g PPIr, 5.18g CHCl; (about 2 wt% solids);
b) 0.0336g TPD, 0.1078g PBD, 0.0040g PPIr, 0.0540g MTDATA,
9.77g CHCls; c¢) 0.0370g MTDATA, 0.010g TPD, 0.053g PBD,
0.004g PPIr, 5.0g CHCl;. Solutions a) and b) were spun
coated onto ITO/PEDT 4083 slides at 4500 RPM. Solution c¢)
was spun 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.
Molecular film compositions (weight fractions), performance
and reliability data for the three sets of devices are shown

in Table 3.
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deposited as described in Conparative Exanples A and

B. 30 Mol ecular filmconpositions (weight fractions),
w@eooiovasesice and reliability data for the threer/s81083/029007

of devices are shown in Table 3. - 65 WD 2004/099338

PCT/ US2003/ 029007 The lifetime of the device of

0 i.Qn. o

MTDA gto the ‘k# resg?% e%é?%% é%gzg%%égglﬁ ‘fg e %I%emlted to
aleddt c3 emes es mddli b dight heSEDAEX anpl Eise 27 B@suuPBed in a

However these devices exhij b] ted Si gnlqtil cant |

5
SR THRARRALT | Tt | HEGLCExaibt L L B a7 oo LR FRSSS dbfgrmoles
2phaet ¥t hawly,& dF ansd && dé\ﬁ:\/@és Pedh OB t&Q- BEMificantly
conversion (LTHC) solution was prepared 10 by m xing
ipBsvedirisiewimen. bl ack pignent (Raven"" 760 Utra
Col unbi an Chem cal Co., Atlanta, GA), 0.63 parts
pol yvinyl butyral resin (ButvarTM B-98, Solutia Inc.,
Eximpleod®:; BfdpardtDén pof ts gt | sheesiwitdowery | dhdnsfer
6/, S. C. Johnson & Sons, Inc., Racine, W), 0.32
_i?é?is di sper sant (DsperbykTM 161, 15 Byk- Chemni e USA,
MN|A}¥H ﬁLtéjaeaé)égh$@¥§fbﬁlfﬁwﬁ@he§$P@%10n was prepared
surfactant as taught, for exanple, 1 n Exanple 5 of
bW EximRat BI85 Habds I&drbdr?. @Bacaar;b:sgre@wym@wéﬁ@ 760 Ultra
acryl ate (Ebecr | TM 629, UCB Radcure_ Inc.
Cobiyirtan GrgmigabeCoar tAtLartdl |2k esh nbd El’%%%?t%q%’vmyl
b 1! ﬂ‘(’r}’ﬂa& :P‘“CBL9§/E”EB!1§1:1§OIEBD @t82LBﬁEtsS MO)
enzyl - di net yI am no) - | - (4- (nor phol'i nyl') phenyl)
lbﬁlﬁagrmnes(acugsabm eﬁ%ﬁﬁQ(J@@wﬂ& §Y. Sor for dphoren & Sons,

Cg': gy acﬁr?'egacﬁ e’l’l\ﬁllzéﬁialg%ftb% gdr o ‘i‘gl §1§ %%?{%Y%mnxgl

By @eiee ansh 2 dP1 pagtsrd, Py op@n@@ll Shr tONEMES Fydhemical
ether 25 acetate. This solution was coated onto a 0.1

SW%%%IP(‘: o | YEIIBF enPX tepR bl ate Py leid et U.-S.

rat r [ o]x%’f‘é‘%- i was
per or%eﬁggégsn{g ngadls-%lééPS%slk Lab Coater, l\/bdie%l&'g

(DA E0" 628PngUEBnRedogravine.;oNl Augusta, SC), 8.06 parts

acrylic resin (Elvacite™ 2669, ICI Acrylics Inc., Memphis,

TN}, 0.82 parts 2-benzyl-2-(dimethylamino)-1-(4-
(morpholinyl)phenyl) butanone (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
acetate. This solution was coated onto a 0.1 mm thick
polyethylene terephthalate (PET) film 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-

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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with 150 helical cells per inch. The LTHC coati ng was
in 30 line dried at 80C and cured under ultraviol et
w@ bddy/09933&li ati on. A Fusion 600 Watt D bul b at AODY52003/029007
energy (UVA 320 - 66 WD 2004/099338
PCT/ US2003/ 029007 to 390 nm output was used to supply

td Mo d argrh)aéﬁg%\ft EXDOSUL &3 t‘f@ss@ﬁpl@y 1o m-faiNexdy . tanExposure

I nterlayer ution was made m xi ng 14.85 par
was i aet byl ohfmopane triacryl ate ester (SR 351HP, 5

avai |l abl e from Sar PA 0.93 parts .

B NSRS G TEL s Gy Tl adE BELARing 14.85
padFEACtF BIM 1366 1 Pr dfandaf ¢ Bad ¥ @Pbats eddM 484 (sH83 pant s

2- but anone and 32 parts 1- nethoxy-2-propanol. This

asol labba fvasm coat eoment cExten cuPd, LTHE payes Btytﬂar”" B-
rot ogravure coating nethod using the Yasui 10 Se

9§ ab? ctAtRAL t WoHRIC NS 16@ i 2R BaKFEr d5PAGUFE c%9 0.19

oiase PRt or L84 Al 6BE" Ba>CbY G GNAGR ™ OPabRorEl

mé@ﬁox&fﬂuﬁﬁcgﬁhofl”|Tﬁh§W§bIﬁ%{éﬁrWﬁ%tﬁbé@@@'@ﬁtéh@he cured
coating er a Fusion 600 Watt D bul b at 60% ener gy

LB Dl@YeHSOPr%wa@mwmvme sm@ﬂmsm%hocﬁae@m@rmgmasm
p S
S%tjpr epar a ?tg%]?o?ﬁ e%gp %%I%St r a% esgﬁg%gp %r%?urg roll

haswrsd rm@ﬁw\?eicmbr@@mgob@s Hiaseal batchn  Exhsptesting was
22-24. Preparation of Solutions for Transfer Layer 25

lnrhlem%ldm@]ga%t%i@ saidutquatesl werde rp idgiareat:o 1 e DATFA:
& - 3- et
sadiderchy P he ST v RIANQIB s i b sore ing

uddp.a Fudhidbri eeroo Rigt2.B Balw ag 0% leRerth¢hbotoet hane
and 2.5 30 4w w) in toluene, filtered and di spensed
through a Whatman Puradi sc TM 0. 45 m Pol ypr opyl ene

PR r SV asr fdd i@ ions for Receptor
PEDT CH-8000 was prepared as described in Examples 22-

24.

Preparation of Receptor Substrates
Receptor substrates were prepared as described in

Examples 22-24.

Preparation of Solutions for Transfer Layer

The following stock solutions were prepared:

MTDATA: (4,4’ ,4”-tris(N-(3-methylphenyl)-N-
phenylamino) triphenylamine) (OSA 3939, H. W. Sands Corp.,
Jupiter, FL) 2.5 % (w/w) in 1,2 dichloroethane and 2.5

% (w/w) in toluene, filtered and dispensed through a Whatman

Puradisc ™ 0.45 Um Polypropylene (PP) syringe filter.
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- 67 WD 2004/099338 PCT/ US2003/ 029007 PVK
Pol y(9-vi nyl carbazole) (Al drich Chem cal Co.,

wokdmaedsee, W) 2.5 % (ww in 1,2 dichloroet heeieusiwd3/029007

2.5 %ww in toluene, filtered and di spensed through
a What man Pur adi scTM 0. 45 pm Pol ypr opyl ene (PP)

Py | gl (9 teiny Beabato o) of AXdRAh Clhefodad Vo i N
toluene was nade, filtered, and djspensed through_a

MARRR TR PRI S M (V4% pit ol yhrIpiaerrthamg and 2.5

[og, fd 10 £RD ;
TS - & (A B TATReRASa yrqpon @ Whatman
Puxadli 8781 e . A Pojunnde) yBropi énbw PPN dy2ifAyehEoreethane
and 2.5 %w in toluene was filtered and di spensed
through a What man Puradi sc TM 0.45 pm Pol ypropyl ene

PR): syrd {]ter 1 I rs ;
Séé%@l(%yp%pe%%{%/r idé”l 5na%i o(l:iNN/,P‘BCZI'n )tollrulle |%n‘?(laﬁ IIS\ade' filtered,

aral el yd el e adier Wash [ e ecthracmorLiing- tY phesngkhod
described in J. Am Chem Soc., 123, 4304 (2001)) 0.25
Palyrugryjlene 1(EP )i oratrethaieemvas filtered and
di spensed 20 through a Wat nman Puradi scTM 0. 45 pm
Pol ypropyl ene (PP) syringe filter. BTPIr:

PHD s (| 2-hehzai ] driv ey {5 § 4H treat to-N G2 ghenydi 13 14 -
acetyl acetonat e S. prepared according.ta the t hod
oA b i % Chaln o 1 Bidletomhe and
2.6 25w WiV edudnl W N orastdangmyas SddtLedk@vligh a
di spensed through a Watnman Puradi sc TM 0.45 pm

WHaimeptr apytaeties € PP) 0. 4yr imgeolybtepyl80e STPM PRYringe
Bis(2-(5 -trifluoromethyl phenyl) pyri di nat o-

fll‘%,t@“')i ridium(l11) acetyl acetonate was prepared
essentially according to the nethod above. 0.25 %
(Ww in toluene was - 68 WD 2004/099338

PRICT/ USRGO3(Daonw lpyridinato-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
through a Whatman Puradisc™ 0.45 um Polypropylene (PP)

syringe filter.

BTPIr: Bis(2-benzo[c]thienylpyridinato-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
through a Whatman Puradisc ™ 0.45 um Polypropylene (PP)

syringe filter.

5TFM 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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filtered and di spensed through a Wat man Puradi sc T™M
0.45 m Pol ypropyl ene (PP) syringe filter. Conparative
waxanpdsss N and 0 and Exanpl es 30-34: 5 PreparBti/0o82003/029007
transfer |layers on donor sheet and transfer of
transfer layers Transfer |ayers were forned on the
£ 140 S RERT Hi¥pePRIMIE AYHY Mhd it BRRALI O™ 0.45 pm
outlined in Table 4. To obtain the blends, the
Podotpataponiens e(Pit)edyiomaend ithtarsf er 10 Iayer wer e
m xed at the appropriate ratios and the resulting
bl end solutions were stirred for 20 mn at room
CcompiRitiivg Exampled NRIHED ladid Exdryle gl qumsgded on
The donor sheets by splnning (Headway Research
Preparatdon b trandfer dayensnen dongr shepts and \hnansfer

fatfzjgr;gfté}l q_lgﬁ,gﬁ% of approximately 100 15 nm Dpnor
2 streets coateu as descri bed above were brought into
conﬂatamS/ﬁetrh Tragearst Memkfsimm@snres:éantdcaidry sArcets of

des d in Exanples 22-24,, wth t exceptlon that
EXOR L 1o s Sl 6 RS sy A To

obl\d%)ih e AR RN Ot MYA utTReed pf%ﬂa&éawo% rtglee ‘d"f%q{%sfer
:YAG | asers. Scanning was perforned using a system
lacyfen WedaRr MIgE @rvo rrdice BHOPIRIRIHE atife redrilsisnedd ddw resulting
bl%%%“"ﬁﬁ hogused %ttr% (NG PGS PG 5 %S'arkg A ddEdature.
ens as of A~ near-tel€centri
Theo nfriagis fatr djayeﬂase wea%rd@mesrlgtyedjeﬁsmhe Zornmas dhektiso by
Q.8 J/ch The | aser t si,ze, neasured at the 1/e 2

SHIRRdRG tireaieyaies §é’ﬂ§1°6§?t§5fd fitc PaPRtte L0 O 00
rpn TR 3l0A%et SRA 1VRI0FH Y Was Adidist a eistiosserdly 100
and 30 neters per second, neasured at the inmage
nmpl ane. The | aser spot was dlthered per pendi cul ar to
the gl%ﬂfﬁ%gﬂﬁﬂg %. é%?fbé&‘%ﬂé%éaR%HI %n%p%
pm anrp 9t G transter a ers Were transterred
inltione®narica wieh e@emfoﬁ%ub\é@rméy @AM ially as
PCT/,US2003/ 029007 substrates, .and the i ntended_w dth
qﬂcqﬂggq Hﬁe§xﬁﬂ?¥%§ ¥ —24, with the exception that the

substrates were unpatterned ITO-coated glass. Next, the

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
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
direction with about a 100 pym amplitude. The transfer

layers were transferred as lines onto the receptor
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100 um The transfer layers were transferred in a
series of lines. The results of imaging are given in
wQa 2004099838 wherein 5 "good imagi ng" i s when t hBCT/US2003/029007
material transfers within 10% of the requested |ine
width and the entire thickness of material, with edge
su4ghness 1886 dhan m AJLPOREAANG M dHe m{@%@é about
nurrber of voids and surface defects. 10 Conparative
10&xawpl e P and Exanpl e 35: Preparation of |aser

I ndyged r i.n Ord | ted organi
I um%%lescgét%%gv ceé%\?ﬁ%vfeayer S Mt rcc%n%oy talgosnesrles of
lilnest.ed The TadHE ths wet emddibg patd erinesh Qi araigicept, Gitferein
essentially as in Examples 15 22-24. LITI patternin
3 “dpes dERMICEd wh%&heag@rteerﬁérlgf%n#ea@ J'Yld#ﬂl of
e flls dd AihoGladd A AHLdil 2 SedGRAl di nes
that were in overlaying registry with t ITOstrlpes
magrertikeg. .r eue:m CﬁdgeArrcaigémersmw Jiasoammart 3 ayigrronsAl gnd with
fall.o aLlF /. cat ade 6gd€o ted ont o
& fhéag 5’t ﬁ{eé) % a§u&Jef§ccrﬁ SH-Exanpl es
22-24 to form the LITI devices of Conparative Exanple

P and Exanple 35. The device results are shown in
10 Comparative Example B and Example 3y Reepakation off daser

1rfdﬁ%e‘ae\eh%§§lal7Qma l'&oo(ﬂlq&g3ﬁbprqga% Q-,07 N /C\)

=TT V -

lufinescent Heviced wUd O+ + d+1 v O" M+l +1 a

R o653 % i S5 mpapd taong X 14D g habiqy® weze

LITI patterned onto 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,
Alq, followed by a LiF/Al/Ag cathode, was deposited onto the

20 patterned MDP layer as described in Examples 22-24 to form
the LITI devices of Comparative Example 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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will become apparent to those skilled in the art without
departing from the scope and spirit of this invention. It
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

claims set forth herein as follows.
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1. An organic electroluminescent composition

comprising

(a) a charge transport matrix comprising at least one
electron transport material;

(b) at least one non-polymeric emissive 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 independently selected electron-donating substituents
in the meta-positions, each said electron-donating
substituent being a substituent other than a heterocyclic
substituent directly bonded to said phenyl group by one of
its Aeteroatoms,

(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 said organic group comprises a
substituted biphenyl or substituted fluorenyl group having
an electron-donating substituent in the para-position of its
terminal phenyl ring;

said tertiary aromatic amines of categories (1), (2),
and (3) being optionally further substituted, but only with

electron-donating substituents;
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becone apparent to those skilled in the art w thout

departing fromthe scope and spirit of this invention.

It 3 ghauld eundersinodHdats 414 ﬁ:ﬂd_'}?qeéqtéloal’hé.ﬁ‘oﬂ?tmatrix
intended to be unduly limted by the 11Tustrative
cagrebicdi srestsendrich ldyamd e setedtorarh thersippandigtetial that

. such ex | es and,_.emhodinents are pr.esent.ed by way of

lSe>Pz:1°r1f’p—lpeoé!L §F it PR TS o5E ot rtcﬁréaq_i v Eititn Ji%tse%]ueecoted

frigh Renilndd tatheanlthaby ridie-gdl vedeat i SeitndDrdth tRjdyry (3) ;
as follows. 75 WD 2004/099338 PCT/ US2003/ 029007

anfhat is claimed is: 1. An organic el ectrol um nescent

CO”HHSJH JReaes .ﬂ&'@fééiﬂ%\ﬁ&ﬁ)u@a@w&? stari%qsc@'flc{rtge

matri x conprising at least one electron transport
t raatsgraral ma(ty)ixatcdrdasitnsoree pronipoldarverseci enitsgigee transport

opant; and c). at least ane tertiary aromati.c amnne
el GaY (SR L 35 B S Lo PR Y I GHI (hen &
pdliviiid@rRN, said 10 tertiary aromatic anmine being

sel ected fromthe group consisting of (1) tertiary

aromati c am nes wherein at | east one said organic

gro co ' jt yl i AN
o) obr on el SRR A R AP R, S0 B0
polymeric emissive dopant is phosphorescent.

3. 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.

4. The composition of claim 1 wherein said charge
transport matrix further comprises one or more hole

transport materials or electrically inert materials.
5. The composition of claim 1 wherein said tertiary

aromatic amine is represented by one of the following

general formulas:
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15 or two independently sel ected el ectron-donating

substituents in the neta-positions, each said
w@bmenywss donati ng substituent being a substircED$2003/029007

other than a heterocyclic substituent directly bonded

to said phenyl group by one of its heteroatons, 20

(2) tertiary aromati c am nes wherein at |east gwo

sai qgor gani c_groups each conprise Rn i ndependgnt |y

selectﬁd S i\t uted bi phenyl or sbistity

fl uoren

subst|tment\ the par a- posi tion of j of g nal

wherei n at Ieasb one sg,d organic group c-aprlses a
fused polyaromatic group and at |east one other said
organi ¢ grldup conpri ses a substituted bilgdhenyl or
substituted fluorenyl group having an

el ectron-donating substituent in the para-position of

wHelrein3@dar | nak Eﬁ@@iﬁbnﬁéﬁﬁlyséledaebﬁéﬁl Erpmat8BBGroup
am nes of categories ]&5 and (3) being

copstiistriald & @liner %tqat 8d, Bdeerotl -y qulhvalkenyl

ub ue %%ﬁ%
124(@? SZ%ﬁg%gl&r%%ﬁw %ﬁrjﬁ}lhe%p?fcgvﬁogﬁlhg\grﬁen sai
thehaodfe Eﬁaﬂspertsnﬁhdbpendastiysseiseﬂbdaﬁkpmcth&ngroup
el ectroon tr ort mater.i al non- pol.yneri c,
BT T 3 et P TAe O edBEed PRt nes
AiQhkEH 1 dntidd NI-RYEBRHL M o i reatiRMR Y Hedsof ;5 and
and with the further proviso that when said charge

ea{qhaﬁ"spéﬁt 1ﬁﬁ?pmd@@ﬁﬂ—m ﬁ@lacEQIﬂyfﬁpmeth§a9§0éﬁaﬁgéslStlng

© mgygﬁég he?£4 an a§$§q? gﬁﬁ&%gdPO| Jeflkenyl,

ahhynykyluymidﬂlhynyhn hnyheranmsnmmbumathnﬂyunyﬂabf.
em ssive dopant is phosphorescent.

6. The composition of claim 5 wherein each R; is an
independently selected aryl; each R; is an independently
selected diarylamino; and each R; is independently selected

from thevgroup consisting of hydrogen and alkyl.

7. The composition of 6 wherein each R; is

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;3

is independently selected from the group consisting of

hydrogen, methyl, n-butyl, and t-butyl.

8. The composition of claim 5 wherein said three

organic groups directly bonded to nitrogen are identical.
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3. The conposition of claim1 wherein said electron
15 transport material is selected fromthe group

wa@ ongioswssg of PCT/US2003/029007
2- (4- bi phenyl )-5-(4-t-butyl phenyl)-1, 3, 4- oxadi azol e,

1, 3, 5- Lo . . , .
trid¢5- (PhBcEGMBRSpheAY PL1C32dMm0kaHhsF 6N SPi T ERFEASTY

R RO RS G R L e

generatofFermahdsoxadi azol e- cont ai ni ng and
triazole-containing 20 polynmers. 4. Thegconppsition
of claim 1l wherein said charge t&ansport’:u FiX
further _conprd or nore hol e tr# '

/ UB2003/ 029007 R R
2 (1) (1) wherein
¥ RL is independently sele fromthe group 5
R conspsting of al kyl, cycl oal 8L kenyl ,
5cycl oal kenyl, al kynyl, cycl oalfkynyl, aryl, heteroaryler
and i nations thereof; each .S i ndependentl|y
selég?gg fromthe group consistfﬁébzf al koxy,
aryl oxy, alylthjo, arylthio, dialkylanm no,
di agyl am no~&Rgd conbi nati ons thereof; and 10 each R3
IS i G cted fromthe group consisting
LV, cycloal kyl, al kenyl, cycl oal kenyl ,
ynyl, aryl, and conbinati ons thereof.
n of claimb5 wherein each RL is an
i nd@®endently selected aryl; each R2 is an
sel ected diarylam no; and each R3 is

|,

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 Rs is 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 combinations 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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fromthe group consisting of hydrogen and al kyl. 7.
The conposition of 6 wherein each RL is 20

wo pbepeassent | y sel ected fromthe group consi stPemusfo03/029007
phenyl and mtolyl; each R2 is independently sel ected
fromthe group consisting of di phenylam no,

N-pheny!| - ZonPRidiIH e )AEin,9 afHbrein each R, is an
di (p-t-butyl phenyl)am no; and each R3 is
indepepaieted yFlddak@milomadd diddub ReoAsi eni ngdepepgently

séﬁé@ﬂgﬁﬂald?§fgﬂ mdl” Q%k%LR6a9g EnB%b&hdegtlgrselegted from

corrp03| tion-ot clai’'m erein sal ree
pdlqoexstﬂ%pzmgwbefd Hyal rigteno geral alecylderaatnd:aiach R; is

. /099338 PCT/ US2003/ 029007 9. The
lné&ﬁﬁ\ég%%gﬁf 9161 & RS FAWP oSt ndarmitidr ogen
andman&.i1s represented by one of the follow ng general
formulas: R7T R7 RRA NRSE R- NRS RS Rs R6 Rs R
RS Rs RRRRs 55, 50r 5 ((IIl) (IVV R7T RT RN

1%6 R@héq%Jﬁﬂ%éiéion of claim 10 wherein each Ry is
independently selected from the group consisting of phenyl
and m-tolyl; each Rs 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
independently selected from the group consisting of

hydrogen, methyl, n-butyl, and octyl.

12. The composition of claim 9 wherein said three

organic groups directly bonded to nitrogen are identical.

13. The composition of claim 1 wherein said tertiary
aromatic amine is represented by one of the following

general formulas:

12 12
LN (S
/N O O o /N O e
R R
8 Ry Ry or 8 Ry Ry
(VI) (VII)

wherein each Rg is a fused polyaromatic group; each Ry is
independently selected from the group consisting of alkyl,
cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl,

aryl, heterocaryl, fused polyaromatics, and combinations
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(V) wherein each R4 is independently selected from

the group consisting of alkyl, cycloal kyl, al kenyl,
waeyokogdskenyl , 10 al kynyl, cycl oal kynyl, aryl , PCT/US2003/029007

het eroaryl, and conbi nations thereof; each said R5 is

i ndependently selected fromthe group consisting of

tlRdkxf; @doh oy, il kihkpeadeat Yt BelectdiakkyhahBOgroup
di aryl am no, and conbi nations thereof; each R6 is

cqnRfepeitfe | A Herwtit RFY FRT + Hellgr bpl @ onsret tlmnip of 15
. al k hggy cycl oal kenyl ,
d%ly%)nyi, n%’yié%{ %%’T}%%Jﬁ%ai%ﬂd aéan c%%}gnrg i%ﬁ%reg%’ each Ry
ig higrddendent backe Rictiel fimstepensentdyp sebeei o6 fg onf
the grou onsi sti f _hydragen,_ al kyl, cycl oal kyl
h%%?e‘%iﬂ’, paeﬁaf al%%?“%%ﬂk%ﬁﬂt enyelc | Gt enylyjalkynyl,
cbclaagiymat | hesedfoardd - oA MO0 099338 ereot;

PCT/ US2003/ 029007 10. The conposition of claim
argl \gGrstteiFrz e himdepsndant hdepehdeheflyfsenethedgaoyb;

1, .S ' i nd t l.ect ed
FRERTE o el R bRl ¥ om
cytdieagrkeuyy Icorslikstiyig afy diydriogery 1anthmt Ky lhe @b £a€h and

R7 .is 5 independently selected fromthe group
CQﬁ%ﬁﬂ%ﬁ% gen and alkyl. 11. The conposition

of claim 10 wherein each R4 is independently sel ected
fromthe group consisting of phenyl 10 and mtolyl;

eacRH4R5 iThe mpamesddridny ofeldatied ¥ ovheresingremgh Rg is

i St of_.di phenyl am _na, ..N-phenyl - N- ( 3-
SRR b cafd RIS S BB A anhedeny
pyRenyd , iamdepergenidhr «sgilecteedf RaMithengepeBdently selected
conS|st|n%ﬁPf hydr.ogen, nethyl, n-butyl, and t-butyl;
frofy togc FIRPR £OPFg g StdErmly aad darsedt mgimameaiatics;

eaho WP, CONSASt{ Mgl MnadydiPaeM o cﬁ]ycﬁi?l\ﬁypéﬁylllo p; each
octyl. 12. The conposition of claim9 ereln sa

Rit hreelndgrprrden ghoupsl off tet t f yorb orite dy toumi ¢oogkst Are of

hyﬁ%%@%bpﬁhd alkyl; and each R;; is independently selected

from the group consisting of hydrogen and alkyl.

15. The composition of claim 14 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,
m-tolyl, and naphthyl each Rj; is independently selected from
the group consisting of diphenylamiho, 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
the group consisting of hydrogen, methyl, and n-butyl; and
each Rj; is independently selected from the group consisting

of hydrogen, methyl, n-butyl, and octyl.
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20 13. The conposition of claim1l wherein said

tertiary aromatic amne is represented by one of the
wo edoko93sg) general fornmulas: R12 R12 R R N ROr/85103/029007

R1I0 R8 R11 R11 or R8 R11 R11 25 (M) (VIl) wherein

each R8 is a fused pol yaromatic group; each RO is

i ndependemtd ysdasttebd M dihe rgroUREONSI St Nef R, are
_al kyl, cycloal kyl, al kenyl, cycl oal kenyl, al kynyl,
idgptiisga kyinaed nahyar gpatedico gmAuPsS used pol yaronati cs,

and conbi nations - 80 WD 2004/ 099338

PCT/ US2003/ 029007 thereof; each R10 is independently

sel dct.ed Theomdnipe sgrtdum cfordiesini g wiferad ik0X3a1d tertiary

aryl ax [.t hi di al kyl am no,

, | k , | 1 hio, . .
5 adgmaed® Aiine din ORETAo0h S o et GRS 80 of

i ndepgndent sel ected fromthe gr copsisting of 5
hydr n, @j yl, cycl oal kyl , al kenE; l’| c?fl h)al kenyl ,
al kynyt >~n" ¢ycl oal kynyl , aryl, hetgroaryl,"and

conbi n ns thereof; and each R12 ig tndependently
sel ect romthe group consisting o ydrogenH
al kyl, cycl oal kyl, al kenyl, cycl oal kepyl, al kynyl,
AL 230, o o S
: X onposi tion 1 St each
R

8 lis selectgd fromthe group cgusisting gfi naphthyl,
a racenyl , @ renyl, and phen renyl ; h RO is
i Nn&€épendent | el egted 15 fromthe §toup comnSisting of

aryl and fused polyaromatics; each R10 is an
i ndependent |y sel ected diarylam no grogﬁn e R11 is
i ndependently sel ected fromthe group sons| ng of

hydr n apd_alkyl; and each R12 is independently
sel e d Ei’- he group consisting of h pbgen and
N

<a1kl><“>t>
e oo Pen
3 5 5

4 ’

CJ ()
oot

10
18. The composition of claim 1 wherein said charge
transport matrix does not contain polyimide.
19. An organic electroluminescent composition
15 comprising
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20 15. The conposition of claim 14 wherein each R8 is

i ndependently selected fromthe group consisting of
wo2phodosBs ant hracenyl, and phenant hrenyl ; eachCRBS1083/029007

i ndependently selected fromthe group consisting of

phenyl, 25 mtolyl, and naphthyl each R10 is

indep@hde@t¢yasgéetredsponn1mah51§roumpnoash§thﬁgeméctron

di | am ho, . he napht h am no, .
PR R EREIDT S RLYSE R ST om) b Y00, Consisting of 2-
mmmeﬁyiﬂmtmytpb@ﬂyiﬁh@wnml anda dbkPalazole, 1,3,5-
butﬁéphenyl am no, each R11 is independently sel ected

C¥}D Q@‘Q%@Yb?%MQh%@h%)s%q%gﬁtﬁx¢@@ﬁ@@bn2 vt hghzeaad 3-
- I
. ?H%H%¥od6ﬂggn§?g§ ydrogeﬂgfﬁtiébég ff%u?y%rom

tm@k@be,yland c&iadmm@ﬂ%ﬁ&mé%%)ﬁﬁéﬂzﬂ@wonﬂélning
e conposition of claim 13 wherein R8 and RO are
? tital fused polyaromatic groups. 17. The

conpas) tion Dfast abhe hdheseiPhS @ &1L ARG adpant: and
aromatic amne is chosen fromthe group consisting of

~ ~{ch Nt depst gng PErjNANH Namatid Nmin€HshdseN from
10 tl%\(g%mjp%&léigtﬂgl\“/ \' 1 I/ NI/ NNON and

Q0 SO
© |
QT OO sUsaele
<<l < @

QNQ
L &

s ps
O‘QQ@ QNNQ
O O

15
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10 18. The conposition of claim1 wherein said charge

transport matrix does not contain polyimde. 19. An
we@e@anys3el ect rol unm nescent conposition 15 cop@r/USions 029007

- 82 WD 2004/099338 PCT/ US2003/ 029007 (a) a charge

transport matrix conprising an el ectron transport

nate?gal B¢ ecomplof  bhon het ge bapmcbhsveeragnosa?d charge

’5 %Qggpgmér?x<€u£tﬁg£yé8£59¥ézs1¢§é4ogxrﬁgl:228£ 5
tramséﬁrtpm@@éyi@xypbﬁnglécﬂrﬁcdiD%aﬂmé£@|mgtéklgﬁﬁzene
3-

(4 blphenylyl) 4- phenyl - 5- (4 tert-butyl phenyl)1, 2,4
triazple, Tﬁ@dc6ﬁﬁ@é969$§ &Pnéfé?%nﬂ9aﬁ$ere%no%%1d non-

triazol e-containing polyners eas
PoyMenl ¢ nemi £s Bné sddwvan dopanthoswitorésdent . | east one

tertiary aromatic am ne chosen from 10 the group

consisting of \I  ~CH3 N\ | \ CH3 ONJYONC NN \ |

\' | CH3 An\odgdhic\eleNtoludidedcént ¢dmdbdic{och
N W O and 15 83 WD 2004/099338 PCT/ US2003/ 029007

CIP T e Eonposition of claimi19 wherein said charge
trangport f e
(Sé)) r@"ia[llg}% é'ﬁ:[atrllkegg J:C@rﬂpartl, Jﬁ?ycol er? sl er a %ast one

transport mat erial s or ectrlca
electron transport materlal;

(b) at least one non-polymeric emissive 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.

23. An organic electroluminescent device comprising

the composition of claim 1, claim 19, or claim 22.

24. The organic electroluminescent device of claim 23

wherein said device is an organic light-emitting diode.

25. An article comprising the organic
electroluminescent device of claim 23 or the organic light-

emitting diode of claim 24.

26. The article of claim 25 wherein said article is a

display.
27. A method of making an organic electroluminescent

device comprising the step of selectively transferring the

composition of claim 1, claim 19, or claim 22 from a donor
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5 21. The conposition of claim19 wherein said non-
pol yneric em ssive dopant is phosphorescent. 22. An
woe@anys3el ect rol um nescent conposition conprPEI/I§RE029007
(a) a charge transport matrix conprising at |east one
el ectron transport material; (b) at |east one
sheat pod yaerécephbssives€opeat ; and (c) at | east one
tertiary aromatic amine having a hole nobility
greater than about 10-5 cn2/V s and an ionization 15
pot epg i al  bgt NN BboUt - 4nBr £Y; A0d about 5.4 eV. 23.
An organi c el ectrolum nescent device conprising the
conpbzl tionswbstraten 1, claim 19, or claim22. 20 24.
The grgani c. el.ectrolum nescent device of claim?23
wher @?ﬁ i o HNT R PR B O T O i JS%Y@%m 4 ng
di odgs) 2% #raddtde| BapOFMEdip s 1A Ohf8bkposition of
el ectrol um nescent device of claim23 or the organic
claghtl. Blak 139 newivbeinf22) ai m 24. 26. The article
of claim25 wherein said article is a display. 30 27.
A nmet hod of making an organic el ectrol um nescent
devi ce conprising the step of selectively transferring
the conposition of claiml, claim19, or claim?22
froma donor - 84 WO 2004/099338 PCT/ US2003/ 029007
sheet to a receptor substrate. 28. A donor sheet
conprising (a) a substrate, 5 (b) a light-to-heat
conversion |layer, and (c) a transfer |ayer conprising
the conposition of claiml1, claim19, or claim?22. 85
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