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DESCRI PTI ON ORGANI C ELECTROLUM NESCENCE ELEMENT AND
USE THEREOF TECHNI CAL FI ELD The present invention

wo edoaez®3i o an organi c el ectrol um nescence el ePENIR2007/067549
nore specifically, to an organic el ectrol um nescence
el ement using a phosphorescént conpound, and use
t hereof . BACKGROUND ART In recent years, in order to
expand the application of an organic
el ectrol um nescence el gEBRRrpRL call ed as "organic
EL elenment” in the present specitication) ,material
devel opnent focusing on a phosphorescent conpound that
exhi bits high | um nescence efficiency has been nade
intensivelg. In order to expand_the apglication of the
or gRRANIEL %F%%H%U%JANEEEENEH GLEMENReANPeP §E of HEREOF
di spl ay devices, the devel opnent of a material not
only having high |um nescence efficiency but also
all ow ng the devices to keep stable operation is
essenti al . TECHNICAL FIELD

The present invention relates to an organic
electroluminescence element, more specifically, to an organic
electroluminescence element using a phosphorescent compound,

and use thereof.

BACKGROUND ART

In recent years, in order to expand the application of
an organic electroluminescence element (alsocalled as "organic
EL element" in the present specification), material development
focusing on a phosphorescent compound that exhibits high
luminescence efficiency has been made intensively.

In order to expand the application of the organic EL

‘element particularly to the field of display devices, the

development of a material not only having high luminescence
efficiency but also allowing the devices to keep stable
operation is essential.

Japanese Patent Laid-Open Publication No. 2003-526876
(PatentDocumentl)disclosesthatthelumiﬁescenceefficiency

of organic EL elements is substantially enhanced by using
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Japanese Patent Laid-Open Publication No. 2003-526876

(Patent Docunent 1 ) discloses that the | um nescence
wetdosor®ery of organic EL el ements is substantPEi/iBr007/067549

enhanced by usingan organic.iridiumconplex as a

phosphor escent conpound. The iridiumconplex is

exenplified by tris (2- (2-pyridyl) phenyl) iridium

and its derivatives. Patent Docunent 1 describes that

he | ' I f ik di I '
angﬁgﬁséghgg%%%g HF%O%%I%X %@ealkbgéﬁ g&bgﬁfﬁéak%?pound.

replracing thé substi

havi ng .t he aromati ¢ structuyre by al kyl .or aryl graqup
ThE G UM SOREEE Pat EHETPAid 80 RYPGBIIAATT G NG 1Y)
2001- 247859 (Patent Docunment 2 ) exenplifies various
phenyds afigisdpanss itle degByaitiyests BrtepfsDpgument 1
(2-pyridyl) phenyl) iridium As a nethod for formng a
delsgmiibescehbtl azer luhinegaant &blerepEntlse 1hetimuraremplex
used generally a vacuum deposition process of
isl ewanBledC BlyarepRiaghihgorganistbedipaends aFd 1d gedalsi Mgving
process of a solution of high-nolecul ar-wei ght

theORReHAES ¢ EhEue@atlen ?)yp LAGESS oirS a2¢MaRLRYSUS bgcaHsae,

the production cost of "elenents is I'ow and el enents

saBabPe b9 SERA BUBREERRL ORIV 0B e hss (pacen:
Document 2) exemplifies various kinds of groups as the
substituents of tris(2-(2-pyridyl) phenyl) iridium.

As a method for forming a luminescent layer of organic
EL elements, there are used generally a vacuum deposition
process of low-molecular-weight organic compounds and a coating
process of a solution of high-molecular-weight compounds.
The coating process is advantageous because the production
cost of elements is low and elements with large area can be
produced easily. Element fabrication technology using the
coating process has been desired to be further improved.

Japanese Patent Laid-Open Publication No. 2003-342325
(Patent Document 3) discloses that the service life of organic
EL elements prepared by a coating process can be extended
by using a copolymer of a charge-transporting compound and
an iridium complex as the high-molecular-weight compound.

Patent Document 1: Japanese Patent Laid-Open Publication

No. 2003-526876
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coating process has been desired to be further
i nproved. Japanese Patent Lai d-Open Publication No.
WQoD8032325 (Patent Docunent 3 ) discloses thedT/aiee07/067549
service |ife of organic EL ﬁlenents prepared by a
coating process can be extended by using a copol yner
of a charge-transporting conpound and an iridi um
conpl ex as the high-nol ecul ar-wei ght conpound. Pat ent
ngse; P u : :
zoog"Eﬁég%%%fn?e" e Ce P BT SEOPLEBARTs M son
ai Ilcatlon hb. 2001- 247859 Pat ent Docunent
N°3 ?%9§p223§§ Pat ent Lai d- Open Publication No.
2003- 342325 DI SCLOSURE OF THE | NVENTI ON Regar di %_the_
or g&AtentIPerwt S :udrppnese Rateditukr édnpPerdiiblication
described in Patent Docunents 1 and 2 , the service
Nol.i 2@0Qevdliabed by |owering in lumnosity after a
constant current is applied to the el enents) of the
el ements prepared by coating a solution containing a
hi gh- nol ecul ar - wei ght conpound and an iridi um conpl ex

is extremely shest1,8SURRNDAI BGE INVENTION

Regarding the organic EL elements using the iridium
complexes described in Patent Documents 1 and 2, the service
life (evaluated by lowering in luminosity after a constant
current is applied to the elements) of the elements prepared
by coating a solution containing a high-molecular-weight
compound and an iridium complex is extremely short as compared
with that of the elements prepared by vacuum evaporation process
of the same iridium complex.

This is possibly because an element prepared by coating
process that has a difficulty in building up organic charge
injection layers has a high charge injection.barrier from
eleétrodes to the iridium complex as compared with an element
that is prepared by building up plural organic charge injection
layers between a luminescent layer and an electrode by vacuum
evaporation, andthusstill heavierelectrical loadisconsidered
to be imposed on the luminescent layer in the former element.

This high charge injection barrier from electrodes to

the iridium complex is not basically reduced by using such
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with that of the elenents prepared by vacuum
evaporation process of the sanme iridiumconplex. This

wo gooposwBdHl y because an el enment prepared by coRCT/oRp007/067549
process that has a difficulzy in building up organic
charge injection layers has*a high charge injection
barrier fromelectrodes to the iridiumconplex as
conpared with an elenent that is prepared by bui | di ng

a EB Bh “ra' Org"i‘Q'SesQ%‘{QSd' ”ﬁelf‘«ét&” 'Sé!c%% etéﬂfee” a
fnddeént | ayer "and an et éec vacu
ration, and thus.still heavier electrlcal | oadj s

R pEa e BEREnT ARELEN BRE L HEet (i HeCt RS oy of

the former elenent. This high charge injection barrier
thepgnebregnsoreeet o tiels drdphieesnpf &he prasent invention

basically reduced by using sucha copolyner as is
todpsoriibedannoPgapnt Ebcehem¢n®3 haTheg prisentuminesttdrore

has been carried out in view of these circunstances.
efficisnaly ahHeat 16hgt berpiesenifé nyenyeéon. to provi de an

organi c EL el enent havi ng high | um nescence efficiency

and a long service life as well. The present inventor

has conducted intensive studies to address the above

pro?h%”ﬁrgggnpaf§%éﬁ¥g¥jﬂgga%o%%u%E%%nkﬁtg%sive studies to

address the above problems and have found that an organic EL
element containing a phosphorescent compound with a specific
structure in a luminescent layer has a low charge injection
barrier from electrodes and exhibits a long sexrvice 1life, thus
accomplishing the present invéntion. Namely, the present
invention is summarized as follows.

[1] An organic electroluminescence element comprising:

a substrate;

a pair of electrodes formed on the substrate; and

"one or plural organic layers formed between the pair of
the electrodes, said organic layer containing a luminescent
layer,

wherein the luminescent layer contains a phosphorescent
compound represented by the following formula (1) and a

charge-transporting non-conjugated polymer,



el ement contai ni ng a phosphorescent conpound with a
specific structure in a lum nescent |ayer has a | ow
wW@e baBsgz9shj ection barrier fromel ectrodes and BXIIRRM0%067549
a long service life, thus acconplishing the present
i nvention. Nanely, the present invention is summarized
as follows. [1] An organic el ectrol um nescence el enent
conprising: a substrate; a pair of electrodes forned
on the substrate; and one or plural organic |ayers
forred n the pair of the electrodes, said
Or gardscC containing a lum nescent |ayer, wherein
1 nt |ayer contains a phosphorescent
eplesented by the following fornula (1) and-
a chagpgektrahsporti ng non-conjugated pol yner,in the

for npul Rl to R8 each are independently a
hydn a§er Bm or an al kyl group having 1 to 20 carbon
atons; Rplurglity of the al kyl groups may be |inked

with one andther tdflorma ring; at least two of RL to
R8 are each the al kyl group; and

inthe formula (1), R'toR®each are independently a hydrogen
atom or an alkyl group having 1 to 20 carbon atoms; a plurality
of the alkyl groups may be linked with one another to form

5 a ring;

at least two of R! to R® are each the alkyl group; and

at least one of the alkyl groups is an alkyl group having
a tertiary or quaternary oa-carbon atom.

[2] The organic electroluminescence element as described

10 in [1], wherein all of the alkyl groups are each an alkyl group
having a tertiary or quaternary oa-carbon atom.

[3] Theorganicelectroluminescence element as described
in [2], wherein all of the alkyl groups having-a tertiary or
quaternary a-carbon atom are each a tertiary butyl group.

15 [4] An organic electroluminescence element comprising:

a substrate;

a pair of electrodes formed on the substrate; and

one or plural organic layers formed between the pair of

the electrodes, said organic layer containing a luminescent

20 layer,
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at | east one of the alkyl groups is an al kyl group

having a tertiary or quaternary a-carbon atom [2] The
wo@e@anw®3el ect rol uni nescence el ement as descr i PEOIR2007/067549

[1] , wherein all of the aI?yI groups are each an

al kyl group having a tertiary or quaternary a-carbon

atom [3] The organic el ectrolum nescence el enent as

described in [2] , wherein all of the al kyl groups

havi a.tertiary or_ guaternar -car t a

R S R e A SR R RS LSS

el ectrol um nescence_ el epent, conprising: a supstrate; a
POTATETof 3 &1 RS 7 SHELCT BF fred b FREL3BHoY F o & PRATPRPRSBrent

plural organic |ayers forned between the fair of the
coglperindodepresanicor Buntbe| fgétovdngafarngla (2),

| um nescent | ayer,wherein the | um nescent | ayer

cont@i ns a norr conjugat ed pol ymer having a structura

uni t| deriR€d from a ph&%¥phorescent conpound

repr t he R34 RHig formula (2) , in the
forn R11 to each are i ndependently a
hydr B¢

'yIRﬁroup having 1 to 20 carbon
at on ~R

- - (2)

in the formula (2), R! to R'® each are independently a
hydrogen atom dr an alkyl group having 1 to 20 carbon atoms;
a plurality of the alkyl groups may be linked with one another
to form a ring;

at least two of RY™ to R'® are eaéh the alkyl group:;

at least one of the alkyl groups is an alkyl group having
a tertiary or quaternary o-carbon atom;

R?! to R?® each are independently selected from the group
consisting of hydrogen atom, an alkyl group having 1 to 20
carbon atoms, and an alkenyl group having 2 to 20 carbon atoms;
the hydrogen atom of the alkyl groups may be substituted with
a polymerizable functional group; a plurality of the alkyl
groups may be linked with one another to form a ring; and

at least two of R?' to R?® are not hydrogen atoms; and

at least one of R?! to R*® is the alkyl group, at least

one of whose hydrogen atoms is substituted with a polymerizable
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a plurality of the al kyl groups may be |linked with one
another to forma ring; at least two of Rl1 to R18 are
we@amk/02498s al kyl group; at | east one of the al kpCT/gr200ms7549

is an al kyl group having a tertiary or quaternary

a-carbon atom R21 to R28 each are independently

sel ected fromthe group consisting of hydrogen atom

an al kyl group having 1 to 20 carbon atons, and an

| kenyl . gr hayi ng, 2 arhbon_at ons; the
f”ﬁfﬁ%ﬁé’é@% aeelPor Ornar) é?r%%u%?g%%y be substituted

Wi t pol ynmeri zabl e functjonal group; lurali of ,

the L&k B T L BECT ¢ HRB e 4T ne TaRothge 55Ct ibed
forma ring; and at least two of R21 to R28 are not
inhydd ogehe e bRsat akRP St twoast Bnetef RKoareoerel astemelary

al kyl group, at |east one of whose hydrogen atons is
bugylspirouped wi th a pol yneri zabl ef uncti onal group, or

t he al kenyl group. [5] The organic el ectrol um nescence

el ement asedRsfdriedl ot fd]lumes@intcatlbrast daestribed

R11 to R18 are each a tertiary butyl group. [6] The

indM4ance §b§¢t LALYEE HESRENEEN ELEARRa BSd ISSEYhPEdFurther
contains a structural unit derived from at least one kind of
polymerizable compound selected from the group consisting of
a hole-transporting polymerizable compound and an
electron-transporting polymerizable compound.

[7] A display device equipped with an organic
electroluminescence element according to any one of [1l] to

[6].

EFFECT OF THE INVENTION

The aforementioned Patént Documents do not disclose that
the service life of organic EL elements can be improved by
appropriately selecting the kind, number, or position of
substituents.

The present invention provides an organic EL element having
alowchargeinjectionbarrier fromelectrodes, highluminescence

efficiency, and long service life as well.

BRIEF DESCRIPTION OF THE DRAWINGS
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in[4] or [5], wherein the non-conjugated pol yner
further contains a structural unit derived from at
wo eas2wse ki nd of pol yneri zabl e conpound sel eRCEIP2H07067549
the group consisting of a hgle-transporting
pol ymeri zabl e conpound and an el ectron-transporting
pol yneri zabl e conpound. [7] A display device equi pped
with an organi c el ectrol um nescence el enent accordi ng
to one; of _ [ - —EEF -
Y ? 1914 %ghéﬂﬁéﬁgjcrogs ggggggngwEvi%WE%%l%%kgz%ﬁng

af or éement’i oned Pat ent cunents not dis

the service |jfe.of organic EL elenents can be .
anj AERv a8 - By BBBASIPT At ry SePEEETEG Phed Ko mipgRFding

or position of substituents . The present invention
topith@i BESSERToLGARNELEL el enent having a | ow charge

i njectionbarrier fromel ectrodes, high | um nescence

ef filci en&yasandubshgatervice life as well. BRIEF

DESCRI PTI ON OF THE DRAWNGSFIG. 1 is a schematic

Crogs-seahbdeal view illustrating an exenpl ary
enbodi nent of an organic EL el enent accordi ng
3 Luminescent layer
4 Cathode

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will be described in detail below.

1. An embodiment in which a luminescent layer contains a

luminescent low-molecular-weight compound

In an embodiment of the present invention, an organic
EL element relating to the present invention comprises a
substrate, a pair of electrodes formed on the substrate, and
one or plural organicrlayers formed between the pair of the
electrodes, said organic layer containing a luminescent layer,
whereinthe luminescent layer contains a phosphorescent compound
represented by the following formula (i) and a

charge-transporting non-conjugated polymer.

<Phosphorescent compound>

In the present invention, a phosphorescent compound



to the present invention. 1 dass substrate 2 Anode 3

Lum nescent | ayer 4 Cathode BEST MODE FOR CARRYI NG QUT
waREsH9ENTI ON The present invention wll be JdeRGDIRAEH67549

in detail below. 1 . An enbodinment in which a

| um nescent | ayer contains a | um nescent

| ow- nol ecul ar - wei ght conpound I n an enbodi ment of the

present |nvent|on an organic EL elenment relating to

[ t r, of

(L3, BRESERE LPY SRS, SOV 3PS SOBLSLE SRl o
. ani c Iayers formed between the pair of the
lSnggarodes, sai d organic |ayer containing a

| um nescent |ayer, wherein the |um nescent |ayer

contai ns , mwosphorescent conmpound represented by the

foll mula (1) and a charge-transporting

non- ed pol yner. <Phosphorescent conpound>

I

- - (1)

In the formula (1), R' to R® each are independently hydrogen
5 atom or an alkyl group having 1 to 20 carbon atoms; a plurality
of the alkyl groups may be linked with bne another to form
a ring;
at least two of R!' to R® are each the alkyl group; and
at least one of the alkyl groups is an alkyl group having
10 a tertiary or quaternary o-carbon atom (the “a-carbon atom”
is a carbon atomthat is contained in the alkyl group and adjacent
to a carbon atom of the aromatic ring bonding to Ir (iridium
atom)) .
It is considered that the oxidation potential of the
15 compound represented by the formula (1) is lower than that
of tris(2-(2-pyridyl) phenyl) iridium that has been used so
far, and therefore an organic EL element containing the compound
of the formula (1) as a phosphor has a lower injection barrier
from electrodes to the iridium complex, reducing electrical

20 load imposed on the luminescent layer, and thereby attains
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In the present invention, a phosphorescent
conpound(iridium conpl ex) represented by the foll ow ng
wo ooost®331 i s used . In the formula (1) , RIPEDJIIRB07/067549
each are independently hydrqpen atom or an al kyl group
having 1 to 20 carbon atongj a plurality of the al kyl
groups may be linked with one another to forma ring;
at least two of RlL to R8 are each the al kyl group; and

an?bxt 8ARL 406 Of LN  aLkyl groups i's an alkyl group
aving a terflary Oor quaternary a-carbon atom (the

-carbon atom' is a _carbon atomthat is contained in

{he T8 RYPLOA 80P anaRa] Q0BAt SFLOAL LAP LB St bIA pf THE the

aromatic ring bonding to Ir_ (iridiumatom ). It is
vieyreiaér ed Paking Her o8 Hdtabetidterti Aneofeepklve iridium

conpound represented by the fornula (1) is |ower than
compdexobet siterigallg-pyeildyed phenytheiothitumelbecules

been used so far, and therefore an organic EL el enent
con@@tiaedi g the tampnendent lhgefosamal &tfd)nssgaan organic

phosphor has a | ower injection barrier from el ectrodes
ELf 818h€nt [ iIHHIBhCORPL SXed IRAUGIJI18kBCT ¢ G& preferred that
all of the alkyl groups in the formula (1) be each an alkyl
group having a tertiary or quéternary a-carbon atom.

Further, in the formula (1), it is preferred that all
of the alkyl groups having a tertiary or quaternary a-carbon
atom be each a tertiary butyl group, because both of the effect
of lowering the oxidation potential of the iridium complex
and the effect of making the excited state‘_of the reactive
iridium complex be sterically-isolated from the other molecules
contained in the luminescent layer are large, and because the
organic EL elements advantageously attain extended service
life. A plurality of the tertiary butyl groups may be linked
with one another to form a ring as is shown by the complex
of the following formula (C5).
A phosphorescent compound represented by the formula (1)

in which any one of R! to R® is an alkyl group having a tertiary
or quaternary oa-carbon atom has been known so far. However,

a phosphorescent compound in which at least two of R' to R®

are each an alkyl group having a tertiary or quaternary a—-carbon
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| oad i nposed on the | um nescent |ayer, and thereby
attai nsan extended service life. In addition to the
wo ov8/0299335 dati on potential, fromthe viewpoi nt PCF/JP2007/067549
maki ng the exited state of ﬁhe reactive iridium
conpl ex be sterically-isol& ed fromthe other
nmol ecul es contained in the |lunm nescent |ayer and
attaining an organic EL el enent with an extended
service .life, it I I rr a
atom &?psq—'l r?utlﬁir]‘fyd %_Ealh% %%%re%geéghéor%& I]HE(; I]}lh/ﬁ’llaél’{(gl: least

gro

having, a tegti ar uat er nar
EuBE I ol B (4 TRAA i ST LA BRE T, SrarP bahehdiotheen
of the aIkyI

gr oups haV|n a tertiary or quaternar

spgacéhipohlit barve sackrn- t% tdey bty hagr 8q, Peeeatisewn
both of the effect of |lowering the oxidation potentia

sodfart tiea f endingarcanpl ex eard tture ref teetl agt epgkiorphtdrescent
excited state of the reactive iridiumconplex be

cofbetih@ahhy- & sphat eculs oy ther eided dheitd €si fkont ai ned
in the lum nescent |ayer are |large, and because the

or gagi €h§L?§é§éT§£‘t Snedyant _Rgeaus | yh & g e BN AR hpound
service A plurality of the tertiary butyl groups

maghgebSBEHn%fgngm 5? PRe &%frbael{l&? é@rm@ J]_l N A8 }Jlshds.

As the compound represented by the formula (1), the

complexes represented by the following formulae (Cl) to (C6)
are preferable, and the complex represented by the formula
(Cl) is particularly preferable, because an organic EL element
having particularly extended service 1life and high luminescence

efficiency is attained.

N Ir N
Ir 3 Ir
N1 i N Z N’/
) X U
A |3 BNE | |3
cn (C2) (C3)
N
NG \| Ir
J N‘/Ir y N//r 7 IN*/
|
U X \ N
L A3 - |3
(C4) (C5) (C6)

The

iridium complex represented by the above formula (1)



of the following formula (C5) . A phosphorescent
conpound represented by the fornula (1) in which any
wor®sn99s to R8 is an al kyl group having a terPCT/ar2007067549
guat ernary a-carbon aton1hg2 been known so far
However, a phosphorescent npound in which at | east
two of RL to R8 are each an al kyl group having a
tertiary or quaternary a-carbonatom (particularly, a
i.n f
maR RIS SR | ERPRRD Y RE 0Bk BE Sk hY g e SFadifing
eC|f cal Ly known so far Further, it has not been
Stﬁﬁ 0 Pg ﬁgt an organic EL el ement using the
| atter phosphorescent conmpound has a partlcularly _
ext 658Bd(Yer FPRELLNE & CPRPPYRA FeRISRENTRELN t8R, L2 hewing
phosphorescent conpound nay be used alone or in
focmnbendirdoh withworodivnr €IKkT hdsr i@zl evede opdwkate in
represented by the fornula (1), the conpl exes
5 a sepreasenten dsy2 tdehdoyd ttvamgl horanhdwees( Eo)150° ¢ €6)prrduce
preferable, and the conplex represented by the formul a

a ‘c@lnbohﬁdp@ébkééléﬁfé& B?efl% apb £1 o PECRUSSr i £ @i )G Elng
el enent having particularly extended service |life and

hi 9@ Lym pescepsecfif CLROCYohSodd 3 dlefksented by the

following formula (1-2) with the compound represented by the

following formula (1-1) inthepresenceof abase suchaspotassium
10 carbonate and in glycerin at about 150 to 220°C to produce

the iridium complex represented by the above formula (1).

RS R5RY RS
R7/\ R2

15 <Charge-transporting non-conjugated polymer>
The charge-transporting non-conjugated polymer is
preferably a polymer obtained by copolymerizing monomers

containing at least one kind of polymerizable compound selected
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(Cl) (C2) (C3) (C4) (C5) (Co) The iridium conplex

represented by the above fornmula (1) may be produced
whgosoznozexanpl e, amet hod conprising the foll oRETIGP2007/067549

steps (i) and (ii) : step ﬁi) . reacting a conpound

represented by the follow S formula (1-1) wth

iridium (I1l11) trichloride trihydrate in a solvent such

as 2-et hoxyet hanol at about 50 to 150 OC to produce a

gmpound represent.ed byt fal ' -l a A 4-2)

e GRIG B b PR T s T R Sor S ahRor S M ad i e e
the fqollopwing fornula (1-2) wi th the.conpoun

CoRBRRBI LT L T He 0T SRS GR LA LY T8 Ty ZPRLe rempound.
presence of abase suchas potassi um_carbonate and in

Iyl Yeerpreaenabmracibiratelapo We the I ddiReRHiFe g di um
conpl ex represented by the above fornmula (1).

poigharjeabtanspopoimg - thonj @it erbpdi sanspRo Mhiag
charge-transporting non-conjugated polyner is

poPyREel ahbyeacpapyurd Hbé adnesl dxyl topol yaley iZdIged a
nmononers containing at | east one kind of polynerizable

ch§9gaoeggn§sb§9iﬁglfﬁexnyﬁ@ﬁgém Eofsheid ng of a
ofe-transporting polynerizable conpound and an

el egLh 8R! M AREPORL LD POLYLEL L ZAD S GO W ated polymer
is preferably a polymer that contains a structural unit derived
from one kind or two or more kinds of the hole-transporting
polymerizable compounds or a structural unit derived from one
kind or two or more kinds of the electron transporting
polymerizable compounds. When such polymer is used, higher
luminescence efficiency is obtained because a higher mobility
ofchargegcanbeattainedintheluminescentlayerandatuﬁform
thin film can be formed by coating.

Further, the charge-transporting non-conjugated polymer
is more preferably a polymer that contains both a structural
unit derived from one kind or two or more kinds of the
hole-transporting polymerizable compounds and a structural
unit derived from one kind or two or more kinds of the electron
transporting polymerizable compounds. When such polymer is
used, still higher luminescence efficiency is obtained because

the polymer has both of hole-transporting and

electron-transporting functions, and thus holes and electrons
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In the present specification, the hole-transporting

pol yneri zabl e conpound and the el ectron-transporting
wpoiogneasz abl e conmpound are al so col |l ectivel y paEi/iedoz67549

charge-transporting polynerlzable conmpound. Nanely,

t he charge-transporting noH‘conJugated pol ymer is

preferably a polynmer that contains a structural unit

derived fromone kind or two or nore kinds of the

re@%m% ?Qi69££%9%1@8£Yg§&uﬁﬁp$fcfkfﬁgg@q§lm%h@sphorescent

structuaral uni erive rom one or t

ki nds of the electron transporting pol ynerizabl e
CoRBRBEEnds. Wen such pol ymer is used, higher

| um nescence efficiency is obtajned because a hi gher

nobiTherg iof neparfdsudan bnktaaionanitha hele u?%%%fe%*flng

| ayer and a uniformthin filmcan be forned by
podgakirngabfer thepounte sghdrgkettnpgporansgorting

non- conj ugat ed polynmer is nore preferably a polymer
polfake ré@abakensoipbinds si ¢ Undry als hiety Harevedpbl pnepheable

kind or two or nore kinds of the hole-transporting

ful?l%ItYLG%Ea'lZ é?bﬁp COFOUNGES (AN t5 e hlihahgURi po Ughé ¥eghble

fromone kind or two or nore kinds of the electron
functional group, and known charge-transporting compounds may
be used. |

Examples of the polymerizable functional group include
radical, cation, anion, addition, and
condensation-polymerizable functional groups. Among these,
a radical polymerizable functional group is preferable because
polymers can be easily produced.

Examples of the polymerizable functional group include
allyl group, alkenyl group, acrylate group, methacrylate group,
urethane (meth)acrylate group such as methacryloyloxy
ethylcarbamate group and the like, vinylamide group, and their
derivatives. Among these, alkenyl group is preferable.

More specifically, in the case where the polymerizable
functional group is alkenyl group, the charge-transporting
polymerizablecompoundpreferablyhésasubstituentrepresented
by the following formulae (Al) to (Al2) as the polymerizable

functional group or the substituent containing a polymerizable

functional group. Among these, the substituents represented



transporting pol yneri zabl e conpounds. Wen such
pol ynmer is used, still higher |um nescence efficiency
w0 20082®Bhed because the pol ymer has both of PCT/JP2007/067549
hol e-transporting and el ectron-transporting functions,
and thus hol es and el ectronsr ecorbi ne more efficiently
in the vicinity of the phosphorescent conpound. There
is no particular limtation on the hole-transporting
pal rizable np S el ect ran-t rtj
oY RRF TS 18 e EdpatAGe GETroHi Al ey nige ey T ¥kerable,
pol ynerj zabl e functional group or a_substityent
becahtai hMRge a° Pot Yhiets Hahl &t B EPgRAY groapduaRd Khotnthe
charge-transporting conpounds may be used. Exanples of
chapgepsirpnepPPzabne €ORRPYRAR group incl ude radical,
cation, anion, addition, and
condensat i on- pol yneri zabl e functionau; roups. Anong
t hese, a radi cal polynggbzable'fu tyormal group is
preferable begaﬂse pol yne can b é%sily produced.
ExGfipl es of—t@le pol yneri zebFe functi ¢rbdd group include
al | @H,gr oup, éthgnyl gFﬁé%H acrylafﬂ%group,
2

met hacryl ate group, CH,
(A1) (A2) (A3) (A4)
. ~ —CH,
HC=CH2
A
CH, .
(A5) (A6) (A7) Vath
H;C
—CH,
—C’Hz \CHz
(A8)
: (A9) CH
/4
H,C
H2C—C{'|2
—‘CHz H2C_CH2
‘ 2
H,C—CH;, CH,
_CH2
{A10) (A1) CH
/4
H,C
HzC‘OCH
] A
—0 CH,
(A12)

Specifically, the hole-transporting polymerizable
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uret hane (nmeth) acrylate group such as nethacryl oyl oxy

et hyl carbamate group and the |ike, vinylam de group,
w@eashmss derivatives. Anong these, al kenyl grPOUPP2067/067549

preferable. Mre specifically, in the case where the

pol ymeri zabl e functional group is al kenyl group, the

charge-transporting pol yneri zabl e conpound pref erably

has a substituent represented by the follow ng

co %%%'d@e B bri@elAl?) fiel ESm SLYGE' 28 éSelflt‘Q&tb%g”@’le

or “the subst I tuént conta n|ng a polyneriza

nct.i an se, bstituent .s
forlleiam%ggn?%alﬁg}?%%e@ﬁ“ﬁ% LA Tron EAE 1M TS of gpgrae
are nore preferable, because t hese substltuents
mo érlrll}'é( edsithy PRAF 680882 AfoPP hEME RS geler G RERg
conpounds . (A12) Specifically, the hole-transporting
repalepepitiedabl etoerfoumis agr d Ep) et er @bl ly atisemesappuatierable.
represented by the follow ng formulae (El) to (ES6)
From t he vi ewpoi nt of charge mobility in the

non-jconj ugat ed polyne t he conpounds epresented by
th ormul ae (El) to are nore pre[GDabIe (ED
(E2)Y (E3" SpeC|f|caII he el ectron- tr porting
TR, P 4
le) ‘qu

{E1) (E2) . - (E3)

: ;?
" G OO T
éj M@@g@ 5

(E4) (ES) (E6)

Specifically, the electron-transporting polymerizable
compounds are preferably the compounds represented by the
following formulae (E7) to (E15). From the viewpoint of charge
mobility in the non-conjugated polymers, the compounds
represented by the formulae (E7) and (E12) to (El4) are more

preferable.
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conmpounds are preferably the conmpounds represented by

the following fornmulae (E7) to (E15) . Fromthe
wo@spziops of charge nobility in the non-conj UREL/@&eR007/067549

pol ynmers, the conpounds regﬁesented by the formul ae

(E7) and (E12) to (E14) are nore preferable.(E7) (E8)
(E9) (E10) (E11) (E12) (E13) (E14) (E15) A compound
given b y replacing the substituent represented b y
the formula (Al) in the formulae (El) to (E15) by a
sybstituent represented b y any o f ghe fornul ae (A2) .
tol(Al2) may b preferably used. In particular, a
c ound havin substituent repres n) ed b y the
fofnul ae (Al) (A5) is preferabl e, Yecauset he
f tional gro may be introduced e#Sjly to the
p meri zabl e ggfpounds. A s the charge-transporting
noQ- conj ugated pol ymer, nore prefera e compounds
d%y n by copol rizing a conpound eSented by any
0

fornul ae to (E3) as the ex L ransporting
pol rizabl e co and a conpound\Lg¢presented by
any ofxthe fornul ae ( nd (E12) to (
€7 (E8) » (E9)
N

(E10) | (E11) (E12)

E13) (E14) (E15)

A compound given by replacing the substituent represented

by the formula (Al) in the formulae (E1) to (E15) by a substituent

represented by any of the formulae (A2) to (Al2) maybe preferably

used. In particular, a compound having a substituent

represented by the formulae (Al) or (Ab) is preferable, because
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as the electron-transporting polyneri zabl e conpound

anong these. Wen these non-conjugating polyners are
wais@d/2493 es and el ectrons reconbi ne nore effiBPCEMAY7/067549

on the phosphorescent conpqﬁpd and hi gher | um nescence

efficiency is obtained. In addition, in comnbination

W th the phosphorescent conpound, these conpounds can

forman organic |layer having a uniformdistribution,

r qv.i di [ L,.el hayi n xcel L ent
e R aY, BEORR ok n8 BEELa o Mgl e8 8L
ﬂsed f.or an organic EL el enment of the present
PO LY TERL 7R En G BRI R ng t he phosphor escent conpound
and _t he non-conj ugated pol yner, the phosphorescent
conﬁéuﬁaei%h%%ﬁﬁ%ﬁF%ﬂFRQF§4ﬂ9|%&ﬂﬁ99”ﬂ89ﬁ§&dfP8ﬁVWﬁé' more
non-conj ugated polyner in a dispersed state. A s a
predsukblel arenesmpaordshaivés byt cepeyymeryzeng a compound
conventionally, nanely the | um nescence by way of the
refpiriepleat celxbiyt adysbat ehef £oheupaes phdy ese e i3 ) canp Otitel
can be attained. Therefore, higher |um nescence

hodkliteheBeY ri $ngbpal PREr DYau s NgohpsuRd Jadn & 4 aysihpdied
charge-transporti ng non-conjugated polymer may contain
reBrabeieblr 8l YRLL oHEEh¥eHERAQIL NerPF Neky PRR YIPT{ S Al fa)
as the electron-transporting polymerizable compound among
these. When these non-conjugating polymers are used, holes
and electrons recombine more efficiently on the phosphorescent
compound and higher luminescence efficiency is obtained. 1In
addition, in combination with the phosphorescent compound,
these compounds can form an organic layer having a uniform
distribution, providinganorganicELelement havinganexcellent
durability.
Intheorganiclayer (luminescent layer) used for anorganic
EL element of the present inventiop and containing the
phosphorescent compound and the non-conjugated polymer, the
phosphorescent compound is contained in the matrix formed from
the non-conjugated polymer in a dispersed state. As a result,
luminescence that is not easy to use conventionally, namely
the luminescence by way of the triplet excited state of the

phosphorescent compound can be attained. Therefore, higher

luminescence efficiency is obtained by using the organic layer.
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conmpounds as long as the object of the present

invention is not inpaired. The other polynerizable
w@oopoeass are, for exanpl e, compounds havi ng POT/JP2007/067549

charge-transporting propertsﬁs exenplified by al kyl

(nmeth) acrylates such as ne acryl ate and net hyl

nmet hacryl ate, and styrene and its derivatives, but are

not limted to them The charge-transporting

nonTﬁenJcHg mgsdtpgh gsw#;g ﬁ?ﬁ zg@hgqhﬁa@a&fggfymer may

nol ecul ar I ght o prefe 000
2,000, 00 erabl fron15 0]
o] doorfaRe rek e Sl rrbRRims g ek abraetizable

represents the nDIecuIar wej ght with reference

COf“BOb‘BFiy?sﬁ‘?réﬁ@gwéﬁsEP%dOW?ﬁtC@E% %Ipﬁ%?%‘étlr‘b\‘?ntlon is
chromat ography) . It is preferable that the nol ecul ar

nofeiigheirsdwi tHie Qe alilymehige e spsw aumsspenpret or
is soluble in an organic solvent and uniformthin

exbmbie, arempbtiadnedavihe pbachergeansgosponging properties
non- conj ugated pol yners nmay be any of random bl ock,

exehglalt eENBYeatRPOMECh PacTPEa€EEAr §Ech I @OSROFRYNGacrylate
non- conj ugat ed pol ynmers nmay be

and methyl methacrylate, and styrene and its derivatives, but

are not limited to them.

- The charge-transporting non-conjugated polymers have a
weight average molecular weight of preferably from 1,000 to
2,000,006, and more preferably from 5,000 to 1,000,000. 1In
the present specification, the molecular weight represents
the molecular weight with reference to polystyrene measured
with GPC (gel permeation chromatography). It is preferable
that the molecular weight is within the above range because
the polymer is soluble in an organic solvent and uniform thin
films are obtained.

The charge-transporting non-conjugated polymers may be
any of random, block, and alternate copolymers.

The charge-transporting non-conjugated polymers may be
prepared by any method of radical, cation, anion, and addition

polymerization, but radical polymerization is preferred.

2. An embodiment in which a luminescent layer contains a
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prepared by any nethod of radical, cation, anion, and

addi tion polynerization, but radical polynerization is
wEe@Beeeexl. 2 . An enbodi nent in which a | um nBGLER07/067549

| ayer contain s aluninesceg&)polyner I n anot her

enbodi nent of the present inmvention, an organic EL

el ement according to the present invention conprises a

substrate, a pair of electrodes formed on the

1uiyhRstLakhe. »andepe or plural organic layers formed

——éerween—thg—pggr—of the el ectrodes, said organic |ayer
cont ai ni a |l um nescent er, wherein the. :
ot RS BYBPIEBRE R s PSR e OBt ot gegraanic
(hereinafter, called as "non-conjugated polynmer (2)"

EL gleprBtcasesydhadi hg BhStPERteRal IRVERL HR | SAPFIIAT &
phosphorescent conpound (iridi um conpl ex) represented

supptirhgef ok | pine f lmdtaqd®s foxBeduenuthe swbstrate, and
derived from phosphorescent conpound> In the fornula

one2pr pouRAB eaghnaceliapdepencendd yodtyk@gethatmam orofrthe
al kyl group having 1 to 20 carbon atons; a plurality

elf@fcttreaeal, kad i O62HRS i FBYa R LbRkednWhEh anRiaBatRAE TH/er,
orma ring;

wherein the luminescent layer contains a non-conjugated polymer
(hereinafter, called as "non-conjugated polymer (2)" in some
cases) having a structural unit derived from a phosphorescent

compound (iridium complex) represented by the following formula

(2).

<Structural unit derived from phosphorescent compound>

R22
R21 R23

- R24
L —Ir 25

R26

(2)

Inthe formula (2), R* toR'® each are independently hydrogen
atom or an alkyl group having 1 to 20 carbon atoms; a plurality
of the alkyl groups may be linked with one another to form
a ring;

at least two of R to R!® are each the alkyl group;

at least one of the alkyl groups is an alkyl group having
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at least two of R11 to R18 are each the al kyl group

at |l east one of the al kyl groups is an al kyl group
whawsog®3i ertiary or quaternary a-carbon at om BeTaP2007/067549

"a-carbon atont' is a carbon.atomthat is contained in

the al kyl group and adjacent to a carbon atom of the

aromatic ring bonding to Ir (iridiumaton) ). R21 to

R28 each are independently selected fromthe group

a ‘EQQ%%Egr googugxgmgﬁ &;cgg} % group@ﬁg%r‘%f%&% Litom”

bon .ato t he dro en. m t.he aIk rou
lsrﬁa&aﬁ S8 i e &vh%ﬁ Pk FEReE Fos & Roent
p; a plurallty of the al kyl groups may be |inked
tomﬁtﬁaéli%@na%’b?rﬁé? e grera tlicngingt PPedandt hw b Rogidium
to R28 are not hydrogen atons; and at | east one of R21
atpm)R28 is the al kyl group, at |east one of whose
hydrogen atons is substituted with a pol ynerizable
f uneti avak*geach, ape irvepdidemtl selpectield fsom the group
consi dered that the oxidation potential of the iridium

cogﬁgteltggsg[) 8R! ﬁg@f‘bggnbé(t&rﬂe é@rmnkf 1 (ohs Amgtmfb 20
pyrldyl) phenyl ) (5-vinyl-2-
caQ%oRyéﬁéh@) a %eQthlkenyl group having 2 to 20 carbon atoms;
the hydrogen atom of the alkyl groups may be substituted with
a polymerizable functional group; a plurality of the alkyl

groups may be linked with one another to form a ring;

at least two of~R21 to R?® are not hydrogen atoms; and

at least one of RuAto R?*® is the alkyl group, at least
one of whose hydrogen atoms is substituted with a polymerizable
functional group, or the alkenyl group.

It isconsidered that theoxidationpotential of theiridium
complex represented by the formula (2) is lower than that of
bis(2-(2-pyridyl)phenyl) (5-vinyl-2-(2-pyridyl)phenyl)
iridium that has been used so far as a phosphorescent compound,
wherein the substituents on its aromatic ring other than the
substituent havingapolymerizable functional groupare hydrogen
atoms, and therefore an organic EL element containing the
non-conjugated polymer (2) as a phosphor has a lower injection
barrier from electrodes to the iridium complex, reducing

electrical load imposed on the luminescent layer, and thereby
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iridiumthat has been used so far as a phosphorescent
conpound, wherein the substituents on its aromatic

WO povg/ozober t han the substituent having a pol yPer/iRawl/@7549
functional group are hydro atons, and therefore an
organi c EL el enent contai nimg the non-conj ugat ed
pol ynmer (2) as a phosphor has a | ower injection
barrier fromelectrodes to the iridium conplex,

atﬁgQHgiggnggggggggag?%gggeiﬂygégd on the |um nescent

ayer, erebyattains an extended service life. In
addition to.the | ower oxidation potential, fromthe
o edBorRE L8 kPt Enoo ks et e e orStent el fan the
dridiumconplex be sterically-isolated fromthe other
vigypedntest cBakbndethe etiHed Fhateseénthpayeprchiye iridium
attai ning an organic EL el enent having an extended
cogpiercbel steriraliy-pseleteddiromttiae deaet nocoileil
to R18 are each a tertiary butyl group in the formula
cofiZ2hineA phuthki Llymohebbent eléyar yabdityttgioimps amyobganic
linked with one another to forma ring. A
erpBosphAt ﬁﬁ%@hgcgﬁPeﬂﬁgnHS@@éEﬂ@Q byrd hei f of gyb pe £Xred

in mhlcheany one of R11 to R18 is an al kyl group
thgﬁvéﬁgléa%@rttdoa% QI guaker DAL Ye A e BARaLeP BAsy Pesibup
nown so far. However,
in the formula (2). A plurality of the tertiary butyl groups
may be linked with one another to form a ring.

A phosphorescent compound represented by the formula (2)
in which any one of R to R'® is an alkyl group having a tertiary
or quaternary a-carbon atom has been known so far. However,
a phosphorescent compound in which at least two of R to R®
are each an alkyl group having a tertiary or quaternary a-carbon
atom (particularly, a phosphorescent compound in which at least
two of R to R!® are each a tertiary butyl group) has not been
specifically known so far. Further, it has Anot been known
so far that an organic EL element using the latter phosphorescent
compound has a particularly extended service life.

Examples of the substituent having the polymerizable
functional group includes any of radical, cation, anion,
addition, and condensation-polymerizable functional group.

Among these, a radical polymerizable functional group is

preferable because polymers can be easily produced.
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a phosphorescent conpound in which at |east two of R11
to R18 are each an al kyl group having a tertiary or
W@ e@BMeLI8F y a- carbon atom (particularly, a PCT/JP2007/067549
phosphor escent conpound in ich at least two of R11
to R18 are each a tertiary;%utyl group) has not been
specifically knowmn so far. Further, it has not been
known so far that an organic EL el enent using the
| at ter. pher e a i -
ext SR oS O ERF PR TR AL OCPu e R R tnctuae
o158, 2RO TR0, Shd Ik € DS S 1058 R,
condensat i on- pol yneri zabl e functi onal group._ Anpng
urehdsee 4AMehfa) earyYpargnBEPYRLFRCR URR LTS ?Cfﬁ%RXQQ%y
pref erabl e because pol yners can be easily
ethyddacbdmBER anpt @ip ondt hlee dolkarevipabhpifgramtdumaknd their
group include allyl group, alkenyl group, acrylate
degriou,i vaet hammyhqt ehegup 1 karet hayre ypretsh )p redelaatle .
group such as nethacryl oyl oxy et hyl carbanmate group and
t heM'o'rléespémehéglg?, It RYPRoAREoh Neh At S@rpyBfhaes(2)
Anong these, al kenyl group is preferable. Mre
Lihca , 5t : Lu ( ;
o aPaE y Fad 20RUELt PR POPES RELAT Ty [ e Lot towing

fofr?nlullczglvevI I’(]gl) to (Al2) as the polymerizable functional group

or the substituent having a polymerizable functional group.
Among these, the substituents represented by the formulae

(A1), (A5), (A8), and (Al2) are more preferable, because these

~substituents canbe easily introduced into the iridium complex.



formulae (Al) to (Al2) as the polynerizable functional
group or the substituent having a pol ynerizable

w0 vs2we®l  group. Anmong these, the substit uenPGr/JP2007/067549
represented by the fornulag,(A), (A5 , (A8), and
(A12) are nore preferabl e, "because these substituents
can be easily introduced into the iridium
conpl ex. (A12) A s the conmpound represented b y the
formula (2) , conplexes represented b y t fol |l ow ng
fornmulae (C13) to (C16) aggepreferable betatse an
organi ¢ EL el ene@Hzhavi ng &s i all yeﬂzgnded service
| H-€Hand hi gh_LgMm nescence ef'IZci ency carCHy e
attalgigd, and t onpl ex—TEpr esent ed—by! t he formul a
(C13) is nore pr rable. (C (C16) In\\éhe pr esent
I nveniAgn, the gogpound repggsent ed mqtheH? ormula (2)
may b'e ‘used al one or in conbination of two or nore
kinds . The iridiumconplex represesi@d, by the above
formula (2) may be produceiix=CHpr exanple, a nethod

conprig=nq the foll ow ng steps (i) an step (i)
: ccﬂqpound B ented b y

x \

CH; :

ol | owi ng

(A5) (A6) (A7) /A
H,C
—CH, “CH,
(AB)
(A9) CH
7
H,C
| | | H,C—CH,
—CH, H,C—CH,
s N\
H,C—CH, CH,
‘_‘CHQ
(A10) (A1) CH
y
H,C
HzC@-CH
/ A
—0 CHz
(A12)

As the compound represented by the formula (2), complexes
represented by the following formulae (C13) to (Cl6) are

preferable because an organic EL element having especially



formula (2-1) with iridium (IIl) trichloride

trihydrate in a solvent such as 2-ethoxyet hanol at
W@bwan2®es to 150 OC to produce a conpound reprBCEIM2067/067549

by the following fornula (2;2) ; andstep (ii)

reacting the conmpound represented by the follow ng

formula (2-2) with a conpound represented by the

following formula (2-3) in the presence of abase such

xg%eggaéa&v% aw@eagsdaﬂgghm&hyﬁ SEon8L SPOLLi R {an

UCE the 1ri um COITp ex represente

abov for <Structural r| ed fro
be ﬁﬁ};aé? BTN GOBBS ReF S LB S e TremuidMe13)
ymer having_a structural unit derived fromthe
lsc@ﬁﬁ@uﬁﬁeﬁéﬁﬁgéénted by the formula (2) is preferably
a pol ymer obtained by copolymerizing one kind or two
pre nononers ofrtheqiridiumconplex and a
of pol yneri zabl e
sistingof a
ound and an
compound. In the
sporting
e el e¢tron-transporting
‘ ‘ g0 colllectively called a
charge-transporting pol ymeri zabl e

(C13) (C14)
— — F -
Z
/Ir\
//Ir\ Z N NTX
Z IN NI N . | | A =
N Z 2
— — 2 - -
(C15) (C16)

5 In the present invention, the compound represented by
the formula (2) may be used alone or in combination of two
or more kinds.

The iridium complex represented by the above formula (2)
maybepfoducedby,forexample,amethodcomprisingthefollowing
10 steps (i) and (ii):
step (i): reacting@acompoundrepresentedkn/thefollowing
formula (2-1) with iridium (III) trichloride trihydrate in
a solvent such as 2-ethoxyethanol at about 50 to 150°C to produce _

a compound represented by the following formula (2-2); and
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15

conpound. Nanely, the non-conjugated polyner (2) is
preferably a polynmer containing a structural unit
walesoswzad3f r om one kind or two kinds or nore of P€TI&2007/067549
i ridium conpl exes, and a steyctural unit derived from
one kind or two kinds or re of the hole-transporting
pol yneri zabl e conpounds or a structural unit derived
fromone kind or two kinds or nore of the
el ectraon-tcans ' p '
nonSEeh duk aat aaryone oy ErhERR fRpRaunea B LR
Lym nescence efficigepcy, because hol es and el ectrqns
Fof dBYABPNEORBPL e T8I LTS BnCORROLRS Uk atotiq by the
derived from_the phosphorescent conpound. Further, the
foAdpvépajfegadd pol3nkr tbzpr@eﬁlF@f%rpaaBP?eéusawtasslum
containing a structural unit derived fromone kind or
catronkicadsndr inogéyoériheat rabpwen tohptex2s) @ to produce
structural unit derived fromone kind or two kinds or
theoheidaf uhheohpl ext rapspeehteg ol yierakzedhd ef xmnplounds), .
and a structural unit derived fromone kind or two
ki nds ar nore of the

R R15R14 R13
R 7\ R12
18_N 11
R R (2-1)

<Structural unit derived from charge-transporting
polymerizable compound>

The polymer having a structural unit derived from the
compound represented by the formula (2) is preferably a polymer
obtained by copolymerizing one kind or two kinds or more monomers
of the iridium complex and a monomer containing at least one

kindofpolymerizable compoundselected fromthegroupconsisting
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el ectron-transporting pol ynmerizabl e conpounds.

Suchhi gh- nol ecul ar-wei ght | um nescent materi al
wpomses®as all of the |um nescence, hol e-transpor/ar2e/067549
andel ectron-transporting f gctions, and thus hol es and
el ectrons reconbine nore efficiently on the iridium

conplex. As a result, still higher |um nescence
efficiency is obtained. There is no particul ar

of'c%%E%i—%aggpé]@gic{??gﬁ@%?xﬁ‘é‘???éx%ié‘gc SRS | APl &

ounds™an ansporting pol ynerizable

1 E G RO GhEP BPOEh " A WA Ao Bt ANafor ihghe Present

conpounds may be used. The pol yneri zabl e functiona
spgFblipcrhiyobe ARG B@l?aﬁ%WPO%%/\W%rPO]aYWWZ%]cﬁ tG@ppound
and condensati on-pol yneri zabl e functi onal groups.
anAnong etlleese ona tradispalr tpobypel yreabl zalh Lm compeaindgasepm 1 so
is preferable because polynmers can be easily produced.
colhecpokyngrcaabée &udiktoaat r giopiprt Snd heo Isamer iasald e
substituent having a pol ynerizable functional group
Coﬁgghﬁhning in the conpound represented by the formula
(2), and the preferred

Namely, the non-conjugated polymer (2) is preferably a
polymer containing a structural unit derived from one kind
or two kinds or more of the iridium complexes, and a structural
unit derived from one kind or two kinds or more of the
hole-transporting polymerizable compounds or a structural unit
derived from one kind or two kinds or more of the
electron-transporting polymerizable compounds. Such a
non-conjugated polymer (2) provides higher luminescence
efficiency, because holes and electrons recombine more
efficiently on the structural unit derived from the
phosphorescent compound.

Further, the non-conjugated polymer (2) is preferably
a polymer containing a structural unit derived from one kind
or two kinds or more of the iridium complexes, a structural
unit derived from one kind or two kinds or more of the
hole—transporting polymerizable compounds, and a structural
unit derived from one kind or two kinds or more of the

electron-transporting polymerizable compounds. Such
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groups are also the sanme. As the hole-transporting
pol yneri zabl e conpounds, specifically, the conpounds

w0 esez®es ed by the followi ng formulae (El) toPCEM206m@7549
preferable . The conpounds epresented by the fornul ae
(El') to (E3) are nore preférable, because these
conpounds provide a copol yner having | arge charge
nmobilitytherein . (E1) (E2) (E3) A s the

hi§hERbiQ ]i BOSOPEHL NBLRPL Y. %@éﬂ@%@eﬁ gé’é?ie 11 of

l§|OECI il ca % }gg npoun represent AC}P pyoes ©
f ow n for % &ElS) ar referabl The

the@w&&ﬁagepgs%ﬁﬁ B ERRE TG AR e e (IS 0

(E14) are npre preferable because these conpounds

fUBFBWH%r 22R8pRYFreRohewi M | 2k efet KIRT e G ING yore
therein. (E7) (EB) '(EQ) (E10) (E1l) (E12) (E13) (E14)

effE¢HEn ALl ¢ rp Ginedl pi dEwm gpmpdisizaci Ag 2 e ssulisst st hubhthigher
represented by the formula (Al) in the fornulae (El)

lulhdné&Eddncbye Af Stibsh¢§ uentostepiesent ed by any of the
formulae (A2) to (Al2) may be preferably

There is no particular limitation on the hole-transporting
polymerizable compounds and electron-transporting
polymerizable compounds as long as they have a polymerizable
functional group, and known charge-transporting compounds may
be used.

The polymerizable functional group may be any of radical,
cation, anion, addition, and condensation-polymerizable
functional groups. Among these, a radical polymerizable
functional group is preferable because polymers can be easily
produced.

The polymerizable functional group is the same as the
substituent having a polymerizable functional group containing
in the compound represented by the formula (2), and the preferred
groups are also the same.

As the hole-transporting polymerizable compounds,
specifically, the compounds represented by the following
formulae (E1l) to (E6) arepreferable. The compounds represented

by the formulae (El) to (E3) are more preferable, because these

compounds provide a copolymer having large charge mobility



used. In particular, a conpound having a substituent

represented by the fornulae (Al) or (A5) is
w@e@Berwbs e, because the functional group can BET/JP2007/067549
i ntroduced easily to thepokynerlzable compounds. A's
the non-conjugated pol ynmer (2) nore preferable are
conpounds gi ven by copol yneri zi ng a conpound
represented by any of the fornulae (El) to (E3) as the
hgl§htransporting pol yneri zabl e conpound, and a

onpound represented by any of the fornulae (E7) and
(E12) to (E14) as the electron-transporting
polymeri zabl e conpou anong these, andyt he |r|d|um
co ex, in conbinati Thus obt ai ned = conj ugat ed

r provides hig 1 nescence effi cy and high

: ! ce, and exﬁ;ﬁl

lw aby . The pol r CQRpou [
the for @ I) ta (E15) pro uced b

¢ polymer may corftdin a structural Jurjt

derived fr@mjthe ot her poly =QMrabIe conpounds.f The
ot her pol yn®ri zabl e conmpounds ~“are, for exanpl he

conmpourEys havi ng no chargemtransportlng prop@rtles
exenplified by

.‘3“

t

xcel | ent
t by

=

‘%“ é) f‘\% ﬁ@t o

Cﬁi@

(ES) (E6)

As the electron-transporting polymerizable compounds,
specifically, the compounds represented by the following
formulae (E7) to (E15) are preferable. The compounds
represented by the formulae (E7) and (E12) to (E14) are more
preferable, because these compounds provide a copolymer having

large charge mobility therein.



al kyl (meth) acrylates such as nethyl acrylate and

nmet hyl nethacrylate, and styrene and its derivatives,
whoedsar®3fhot [imted to them The pol yner has BCTER296067549

aver age nol ecul ar wei ght of oPr eferably from 1,000 to

2,000, 000, and nore preferably from5,000 to 1, 000,

000. It is preferable that the nol ecul ar weight is

wi thin the above range, because the polymer is soluble

I g an organi c solvent and uniformthin filns are

obflai ned. A desi ®ed pol yner nenti oned labove can be

0 i ned by sel i ng appropriately p ratio of the
i rifdi um conpl e o the charge-transpdgfti ng

p nmeri zabl e ound (hol e-t ransp' ng and/ or
efCtron-trans i ng pol yneri zabl e s @hpaund) . The

p mer may be y of random bl ock, 8 # ternative
CQRrOl yners. In e af orementi oned poiR , Wwhen the

nu of the strug®ural unit derived eom the iridium
co is "n and* unber of the st&{ctural unit
deriv fromthe chargeyansporti ng conpdund (the
total nunber of the structural units derived fromthe

hofe®- t r ansporti ng p@&Byneri zabl e conpou(Es)

P G &

(E10) €11 (E12)

E13) _ (E14) (E15)

~

A compound given by replacing the substituent represented -
by the formula (Al) in the formulae (E1) to (E15) by a substituent
represented by any of the formulae (A2) to (Al2) maybe preferably
used. In particular, a compound having a substituent
represented by the formulae (Al) or (A5) is preferable, because

the functional group can be introduced easily to the
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and/ or the el ectron-transporting pol ynerizabl e

conpound) is "n" (mand n are respectively an integer
we@owal299ss or |arger than 1 ) , the ratio of thRCT/JP2007/067549

structural unit derived frgﬁlthe i ridiumconplex with

respect to the whol e struct units, that is m/ (m

+ n) , isin the range of preferably from0.001 to

0.5, and nore preferably fromO0.001 to 0.2. Wthin

po%gh 269 gfeogoﬁgéuggg+ n ), an organic EL el enent

arge charge nmobility, a small effect of

con ation quenchi n um nescen
of -%ﬁeyneaﬁ BETGBE bt eROelef nEr) - [T H o Sk ks @2
t he af orenmenti oned pol ymer contains the structura
cogrPtnder PHBANT PYnrPRel HBPEL £ 2% sHoFYTRRURD pRRIRE AHEd by
the structural unit derived fromthe
angl| eft tba- framspaet (BY) coapdtdd, as hiehe ehal ¢ omsangraft ing
= X +y can be satisfied, wherein "n" is as described
podlaeeizaklei Sompeundetid of do@osinduetptiaketBetl by any of
derived fromthe hol e-transporting conpound, "y" is

thel iiRer (97) bhe @tlrzl)%&(ﬁi4Pﬁlsttl'ﬂaeélé/@’@lr&ﬁ%érlﬂ&?portlng
X

el ectron- transportlng compound, d "y" are

ST N R T
iﬁ%%ﬁglngklon Thus obtained non-conjugated polymer provides
high luminescence efficiency and high maximum attainable
luminance, and exhibits excellent durability.

The polymerizable compounds represented by the formulae
(E1l) to kElS) may be produced by known methods.

The polymer may contain a structural unit derived from
the other polymerizable compounds. The other polymerizable
compounds are, for example, the compounds having no
charge-transporting properties exemplified by
alkyl (meth)acrylates such as methyl acrylate and methyl
methacrylate, and styrene and its derivatives, but are not
limited to them.

The polymer has a weight average molecular weight of
preferably from 1,000 to 2,000,000, and more preferably from
5,000 to1,000,000. It is preferable that the molecular weight

is within the above range, because the polymer is soluble in

an organic solvent and uniform thin films are obtained.
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by the charge-transporting ability of each structura

unit, the charge-transporting properties,
w@onsersit i ons and others of the structural uPET/JP2007/067549

derived fromthe iridiumc | ex, wherein x/nis the

rati o of the nunber of the Structural units derived

fromthe hole-transporting conpound, and y/n is the

rati o of the nunber of the structural units derived

from fhe;ebachk, ?Qﬁ%5a8§99£5h88 ngPQUQ%%r|vé§b§ron1the

to the nunber e structural units

ge- transporti coppound, . We hIS '
sUSZH188 PRETONTJ= COMohG TOFLFof i hg®t he i rediahis £
| ayer of an organi¢c EL elenent, the values of x/n and
th?/ﬁhéégﬁ SFénFHOFEéngaﬁ@éy%?er%?%?a%?WP??%ﬁ1O 05 to
0.95, and nore preferably fromO0.20 to 0.80. Here, the
hpébattnr@ngpppt dhgxinel /ey keet gorhdl xinsPrhd imel mdaqu?ﬂayzable
be prepared by any of radical, cation, anion, and
coagdiuhidpn pohey ns 1 e ¢ omymiehoadw d:ﬁJtramizﬁnc;alblock, and
pol ynerization is preferred. 3 . Oganic EL

al@bgﬁg@&g@!g@gbgyh@ygr cont ai ni ng | um nescent | ayer>
The organic EL el ement according to the present

INVeRtLAB sforementioned polymer, when the number of the
structural unit derived from the iridium complex is "m" and
the number of the structural unit derived from the

charge-transporting compound (the total number of the structural

units derived fromthe hole-transportingpolymerizable compound

and/or the electron-transporting polymerizable compound) is

"n" (m and n are respectively an integer equal to or larger
than 1), the ratio of the structural unit derived from the
iridium complex with respect to the whole structural units,
that is m/(m + n), is in the range of preferably from 0.001
to 0.5, and more preferably from 0.001 to 0.2. Within this
range of m/(m + n), an organic EL element having large charge
mobility, a small effect of concentration quenching, and a
high luminescence efficiency can be obtained.

Further, in the case where the aforementioned pélymer
contains the structural unit derived from the hole-transporting
compound and the structural unit derived from the

electron-transporting compound, the relationship of n = x +
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has one or two or nore organic |ayers sandw ched

bet ween an anode and a cathode. At |east one of the
wWo@e@anw®3d ayers contai ns a phosphorescent conpPCFaP20¢v)067549

represented by the fornula (1) and a

charge-transporti ng non- conjugated pol ymer, or a

non- conj ugated pol yner (B) having a structural unit

derived froma conpound represented by the formula

y 62k pET O 81 DOl RL 0f o Lo C@@@glaﬁcg b Boove, "x"

extendi ng service an organlc ement, it
. _preferabl e that on- con ol avi the
=gt et Fruffe cher PREREFTE IR €rp%s f od
y the formula (2) is contalned FIG. 1 shows
hoéﬁeﬁﬁﬁaﬁy%%aa.%ﬁo% The 160rhe PHE‘PPérP%Fh?h%truCtural
organic EL el enent according to the present invention,
unpitde hivedfstonutheosl ef t 1ére- oraenar Eine compeungf, ame "x"
present inventionis in no way limted to this

anax&ypl ary eabpdctentlylan Aiieder eglalm tesoentadggrerthan
3 is provided between an anode 2 , which is provided

1.0NTe bipnsRal €81 ussst eat erak ioARIndakdtfyederd detd¥@nined
organi ¢ EL el enent may be provided with a

o1 ShE, SEAESE PEGhRHEE: DR DL P GOORR MALLIa wnie,
the charge-transporting properties, concentrations and others
ofthestructuralunitderivedfromtheiridiumcomplex,wherein
x/n is the ratio of the number of the structural units derived
from the hole-transporting compound, and y/n is the ratio of
the numbef of the structural units derived from the
electron-transporting compound, with respect to the number -
of the structural units derived from the charge-transporting
compound. When this polymer is used as the only compound for
forming the luminescent layer of an organic EL element, the
values of x/n and y/n each are in the range of preferably from
0.05 to 0.95, and more preferably from 0.20 to 0.80. Here,
the relationship of x/n + y/n = 1 holds.

The polymer may be prepared by any of radical, cation,

anion, and addition polymerization methods, but radical

polymerization is preferred.

3. Organic EL element
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an electron-injection |ayer between the | um nescent

| ayer 3 and the cathode 4. In the above description,
w@poosiemBs ¢ | ayer containing a phosphorescent POMPRROOTAG67549

(A) represented by the for@%Ia (1)and a

charge-transporti ng non-conjugated polynmer, or an

organi c | ayer containing a non-conjugatedpol ynmer (B)

having a structural unit derived froma conpound

<oF§QB§éeTL§Qrb¥o$P§1{¥atémhi@mﬂb %&%ﬁ‘?et > as a

m nesce Iayer t sporting and
el egtron- trans Qpertie esu
or GARP A B hrt BT a%ogﬁm@n‘f“‘@ceeﬁcsssﬁ.lcr%veen%tylon

can be advantageously fabrjcated wi thout faorm ng

hapagBe 6F tHe Of NBProrYsdiel fatdYesd sSanderdsd br?&ween an
particular limtation on the nmethod of producing the

anpggaticca lcaybodebut At Beastgurg ef|threprgani¢ dpyexamsingains
produced as follows. Firstly, a solution obtained by

a phesphotagcean phosygdwrres c@nt represendedApyr epe eSertedh (1)
by the fornmula (1) and a charge-transporting

anBOB- 6RAL YOt en PP YFBRg HEnacSO) whd 08y B Bmed by a
di ssol vi ng a non-conj ugat ed polyner (B) having a

no?%éUﬁSH&é‘ke&%&lﬁﬁéfV?g ) THOM By COMPOHNG [ PN 38N & B eq
froma compound represented by the formula (2). Froma viewpoint
of the capability of more extending service life of an organic
EL element, it is preferable that the non-conjugated polymer
having the structural unit derived from the compound represented
by the formula (2) is contained.

FIG. 1 shows an exemplary embodiment for the construction
of the organic EL element according to the present invention,
but the construction of the organic EL element of the present
invention is in no way limited to this exemplary embodiment.

In FIG. 1, a luminescent layer 3 is provided between an anode
2, which is provided on a transparent substrate 1, and a cathode
4. The organic EL element may be provided with a hole-injection
layer between the anode 2 and the luminescent layer 3, or with
an electron-injection layer between the luminescent layer 3
and the cathode 4.

In the above description, an organic layer containing

a phosphorescent compound (A) represented by the formula (1)
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formula (2) is prepared. There is no particul ar

[imtation on the solvent used for preparing the above
waeeisn2wsy but there may be used, for exanpl e, PCT/JP2007/067549

chl ori ne- based sol vents su as chloroform nethyl ene

chloride, and dichl oroethane, ethers such as

tetrahydr of uran, and anisole, aromatic hydrocarbons

such as toluene, and xyl ene, ketones such as acetone,

I : .
anfflcREL byl eLOWLKSE NG, oBRLEER1BHIRCAS AR, A0ELR! Srganic

buty etate, and ethylcello ve acet
ot hers. _Subsequent | the solution t prepared is
Lo et Rt g T W h gt vak 8 LET R S e ural
such as ink- jet coating, spin coating, dip coating,
undfqdgrigedngrortna %%E%H??a%%ﬁe%?mf?fg Ry ¢ oiPTRIla (2)
al though it depends on the conpound used and film
cahdran s edadiun ines cendrl axemnphet hasdiadtedleffpangparting
to 10 w%in the case of spin coating or dip coating.

andre 1du tromet, ranspoortdan gréopyeries. eadslayrésuiegd anamtganic
t hereby the production process can be sinplified and

ELaB1eheARNhavihj he?geiuﬁm@s@@ﬂc@eepfp@m SR hed
materials> In the form ng of each |ayer described

ad@gg\éggeéughghfé'@i%&{ W\ﬁ@hgtﬁ f@fn@fﬂ@la §§§¥£Qﬂf 8fe®bther
bi nder may be

organic materials.

There isnoparticular limitationon themethodof producing
theorganiclayer, but theorganic layeris, forexample, produced
as follows. Firstly, a solution obtained by dissolving a
phosphorescent compound (A) represented by the formula (1)
and a charge-transporting non-conjugated polymer, or a solution
obtained by dissolving a non-conjugated polymer (B) having
a structural unit derived from a compound represented by the
formula (2) is prepared. There is no particular limitation
on the solvent used for preparing the above solution, but there
may be used, for example, chlbrine—based solvents such as
chloroform, methylene chloride, and dichloroethane, ethers
such as tetrahydrofuran, and anisole, aromatic hydrocarbons
such as toluene, and xylene, ketones such as acetone, and
methylethylketone, esters such as ethyl acetate, butyl acetate,
and ethylcellosolve acetate, and others. Subsequently, the

solution thus prepared is formed into a film on a substrate
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adm xed. Exanpl es of the high-nol ecul ar-wei ght
mat eri al include pol ynet hyl net hacryl at e,

wQoiogpzokdonat e, pol yester, polysul fone, and  PCT/JP2007/067549
pol yphenyl eneoxi de. Furthery the material used for
form ng each layer descri bed6 above may be a m xture of
materials having different functions, including a
| um nescent material, a hole- transporti ng mat eri al ,

bya%d c%at%s%eﬂohr QHEHOBE' DEk 0 ”ﬁé@r%@& %W&@atir{b

he organic layer containing t osp escent

diﬁo?§° roand §he non-conl yggted DOl YIEY: o e h%To1ution

. el ectron trans ortlng material may be adm xed _in ord
ispoadGPpBPR the SRR OPr BRS FeRTR AP Proisst erestt ’@rfe%lfmlng

Such a transporting material may be either a
congtieonése uf ar -awdmghte c rped@F@bdly drom 0.1 to 10 wt% in the
hi gh- nol ecul ar - wei ght conpound. Exanpl es of the
calsel ef ts@is pokttiing oateéip aloathaly .f ofnsthies way, the organic
hol e-transporting layer or is adm xed in the

lalyem AeseaBt 1hayeimbas! HHE BhéP¥b POt RS UbASdNEE b process
tri phenyl am ne derivative such as TPD

cé&%ﬁ% g%ﬂ?ff@éawdgneiém QX&HH%QﬂéEafeaéa n be produced.

I am ne a-N s [N

<otheRa Ehg_& ) 150 phenyl ani no]

In the forming of each layer described above, a
high-molecular-weight material serving as a binder may be
admixed. Examples of the high-molecular-weight material
include polymethylmethacrylate, polycarbonate, polyester,
polysulfone, and polyphenyleneoxide.

Further, thematerial used for forming each layer described
above may be a mixture of materials having different functions,
including a luminescent material, a hole-transportingmaterial,
and an electron-transporting material, for example. 1In the
organic layer containing the phosphorescent compound and the
non-conjugated polymer, the other hole-transporting material
and/or electron-transporting material may be admixed in order
to supéort the charge-transporting properties thereof. Such
a transporting material may be either a low-molecular-weight
compound or a high-molecular-weight compound.

Examples of the hole-transporting material that forms
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bi phenyl ), and m MIDATA (4,4', 4"-tris
( 3- net hyl phenyl phenyl am no) tri phenyl am ne) ;

w@oiogw299y3 car bazol e; a hi gh-nol ecul ar-wei ght ceoporMmer/067549
obt ai ned by pol ynerizing t above triphenyl am ne
derivatives after a polynerizable substituent is
i ntroduced into the derivatives, for exanple, a
hi gh- nol ecul ar - wei ght conpound having a tri phenyl am ne

thékﬁkf599r95§§%9§fgg'fh @PQﬂﬁﬁ. B@hﬁ&%dLﬁhdtﬁpefbminescent

i catlon and a fl uorescent

r- mel onpound C , ,
12 T T AU LRy URB RGO Dbl YIRS At vat ive

The hol e-transporting material may be used alone or in
SugBnBFnafPon of two or more kinds, or different kinds

of the hole-transporting naterlals may be built-u

(N} By efdmeTheltNi Bknédsmethy hehery bl t}a sp@#@b%@w135

is not specified in general because it depends on the
dienmhdag¢t i wi-NyDand, & hebi s kig- 01 -hdyeh tioy k) ¢ N-goisgoy amigo ]

| ayer, but it is desirable that the thickness be
b1§h§ﬁ9&ab|MnﬁrﬁnMiDnﬂAtO 5 mm, nore preferably from5

nmto 1 mm, and particularly preferably from10 nmto
(4?@0,@nltris(3—methylphenylphenylamlno)trlphenylamlne),
polyVinylcarbazole;akdgh—molecular—weightcompoundobtained
by polymerizing the above triphenylamine derivatives after
a polymerizable substituent is introduced into the derivatives,
for example, a high-molecular-weight compound having a
triphenylamine skeleton disclosed in Japanese Patent Laid-Open
Publication No. H8-157575; and a fluorescent
high-molecular-weight compound such as
polyparaphenylenevinylene and polydialkylfluorene. The
hole-transporting material may be used alone or in combination
of two ormore kinds, or different kinds of the hole-transporting
materials may be built-up in layers. The thickness of the
hole-transporting layer is not specified in general because
it depends on the conductivity and the like of the
hole-transporting layer, but it is desirable that the thickness
be preferably from 1 nm to 5 pm, more preferably from 5 nm

to 1 um, and particularly preferably from 10 nm to 500 nm.

Examples of the electron-transporting material that forms
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Exanpl es of the electron-transporting material that
fornsthe el ectron-transporting layer or is adm xed in

wao bh@sieayshiescent | ayer include a | ow nol ecul arPEEIRPMC7/067549
conmpound such as a quinoli derivative nmetal conplex
(for exanple, AlQ3 (alum numtrisquinolinolate) ), an
oxadi azol e derivative, a triazole derivative, an
i m dazol e derivative, a triazine derivative, and a

th%rélaéé‘érgﬁ{)bt 2 n r‘é"’l :g‘é 'y@f‘gr?lshé%ﬁii@%%‘{'h%rld}ﬁirg@écent

compoun yheri zing ove

| ,Qu nol ecul ar |ght co ound af r ey | zab

Loyl TR T e P EPh PR MERE T n s G cOnBOuETLLER%E o
|,ow- ol ecul ar - wei ght canpound, for exanple poly PBD

QUGNELE P& FT VIAFAREES % n%)%wl@él (§oBFSATPLBI |A<9éﬁy bl fplnum

H10- 1665. The el ectron-transporting material may be
trgsauiapdaBodRteh) conbi paddbnzote tgprbyahbie K rdsiaznle
di fferent kinds of electron-transporting materials nay
delbévbbiile, upni midyeose déeithtikeess tofidhine derivative,
el ectron-transporting layer is not specified in -

angeBetal abgeBysenet ddepeadsveon dhe £omtpetnyldouatweight
others of the electron-transporting layer, but it is

co%B%hBé%StéE‘ﬁédW? ﬁ@l%xké@f'&x'?& Prefgsaply from1l nm

mm, nore pre era

low-molecular-weight compound after a polymerizable
substituent is introduced into the low-molecular-weight
compound, for example, poly PBD disclosed in Japanese Patent
Laid-Open PublicationNo. H10-1665. Theelectron-transporting
material may be used alone or in combination of two or more
kinds, or different kinds of electron-transporting materials
may be built-up in layers. The thickness of the
electron—transbortinglayerjj;notspecifiedjjlgeneralbecause
it depends on the conductivity and others of the
electron-transporting layer, but it is desirable that the
thickness be preferably from 1 nm to 5 um, more preferably
from 5 nm to 1 um, and particularly preferably from 10 nm to
500 nm.

Further, a hole-blocking layer may be disposed adjacent
to the luminescent layer on the cathode side thereof so as
to suppress holes passing through the luminescent layer and

to promote recombination of holes and electrons in the
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3 B

from5 nmto 1 nm, and particularly preferably from

10 nmto 500 nm Further, a hol e-blocking | ayer nmay be
waele®poswaes adj acent to the | um nescent |ayer onP€TI&2007/067549

cat hode side thereof so as 0 suppress hol es passing

t hrough the | um nescent | ayér and to pronote

reconbi nati on of holes and el ectrons in thelum nescent

| ayer. The hol e-bl ocking layer is formed froma known

' S S [ i ; RV 0 i I
e i MG o e A Pt
ol e-injection |layer may_ be di.sposed_between_t he anode
A HoSVER: 2P ay o S5 A £ Adddd S gt Oxddtazole
hol e-injection barrier. The hole-injection layer is
derdvasdVver oAfd RnBARNARERFP LN RRr &2 bbper pht
hal ocyani ne, a m xture of pol yethyl ene di oxyt hi ophene
( PEBAT) 1 emin pedt 5oty rlayye rsuk i ope clispabgdeskweeanthe anode
fluorocarbon. An insulating |ayer having a thickness
andf theobuRidesoed® Iugdhisek asayobeediisposied helevern ddieion
cat hode and the el ectron-transporting |ayer, or the

batat Bede A {de. Of gatiG Jraely drhats ifo el tf ridfh 1aN known
| ayers adj acent to the cathode.

material suchascopperphthalocyanine, amixtureofpolyethylene
dioxythiophene (PEDOT) and polystyrene sulfonic acid (PSS),
and a fluorocarbon.

An insulating layer having a thickness of from 0.1 to
10 nm thick may be disposed between the cathode and the
electron-transporting layer, or the cathode and the organic
layer that is built up in layers adjacent to the cathode.
The insulating layer is formed from a known material such as
lithium fluoride, magnesium fluoride, magnesium oxide, and
alumina.

As the anode material, there may be used, for example,
a known transparent conductive material exemplified by ITO
(indium tin oxide), tin oxide, zinc oxide, and a conductive
polymer such as polythiophene, polypyrrole, and polyaniline.
The surface resistance of the electrode formed from the
transparent conductive material is desirably from 1 to 50 Q/0O

(ohm/square). The thickness of the anode is desirably from

50 to 300 nm.
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The insulating layer is fornmed froma known nateri al
such as lithiumfluoride, nagnesiumfluoride,

wore@nmesdosin oxi de, and alum na . A s the anode PEL/ar206i/067549
there may be used, for exa , a known transparent
conductive materi al exenplﬂfled by 1TO (indiumtin
oxide) , tin oxide, zinc oxide, and a conductive
pol ymer such as polythiophene pol ypyrrol e, and

po' WANELE NS, ¢ Al $H4HAGE 1T, e%hékg %ﬂfe e el ??E@Q&nple,

orrred romthne transparent con ve materia

fro are
> {iRkhnsetneiC - efinh XS IR fhnaabiEs gpper suen
nm As the cathode material, there may be used, for
asekanpie; B IHGWTScaBRoBekAhl B¢ | e~ dk ARk SeghogSaia, Ca
al kal i netal such as Li,, Na, K, and Cs; an al kal i ne
angapeh Adtabh ¥oBh aslny; @ad andaBhoy A0 f Bl vyt an |plkali
and an alloy of Al and an alkali or alkaline earth
ornel kdl e leaas hAhktahnhicdN €a.A11i ianddeiCa abllx tibadedimwable
t hi ckness of the cathode be preferably from10 nmto 1

tha® thandnhiekBeBEeber ahkychtRBUSObé O?EQQef%lWﬂbrﬁ 10 nm
highly active netal such as an alk or al kaline

toe§rﬁﬁhrgﬂdahoké H§§gerably from 50 to 500 nm. When a highly

~active metal such as an alkali or alkaline earth metal is used

as a cathode, it is desirable that the thickness of the cathode
be preferably from 0.1 to 100 nm, and more preferably from
0.5 to 50 nm. Further,.in this case, a metal layer that is
stable in the air is superposed on the cathode to protect the
cathode metal.~ Examples of the metal that forms the metal

layer include Al, Ag, Au, Pt, Cu, Ni, and Cr. It is desirable
that the thickness of the metal layer be preferably erm 10
nm to 1 um, and more preferably from 50 to 500 nm.

As the substrate of the organic EL element according to
the present invention, an insulating substrate that is
transparent to the luminescence wavelength of the above
luminescent material is used. The substrate is made of glass,
a transparent plastic such as PET (polyethylene terephthalate),
polycarbonate, and the'like.

The hole-transporting, luminescent, and

electron-transporting layers are formed by, for example,
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as a cathode, it is desirable that the thickness of

the cat hode be preferably fromO0.1 to 100 nm and nore
w@e@BmeeBsy fromO0.5 to 50 nm Further, in thi BCTaR007/@7549

metal layer that is stable4in the air is superposed on

the cathode to protect the dat hode netal . Exanpl es of

the netal that forns the netal |ayer include A, Ag,

Au, Pt, Cu, Ni, and Cr. It is desirable that the

<o OLRESengt; e B LY, O 1L g1 Sy 5 GmA .

t he substrate .of the organic EL e|lenent accarding to .
sPPﬁgeﬁr‘-Bgerh‘“i‘r?\?én‘f‘P%‘hl,n mSPhBUFERFHEI s ddStyatd t Hat* Y §29-
transparent to the | um nescence wavel ength of the
angpg¥ 8P eUFE RS s c RS fdtadGeaheps 1nge§VapREas ipat A e foct ron
made of glass, a transparent plastic such as PET
be@pokyephybtnent erepbhthbdbt g)usepolycdrdbormse,ofand t he
i ke. The hol e-transporting, |um nescent, and

loel-eoleonibranapghti sgmpayeds. armn ftoramechday off or
exanpl e, resi stance heating evaporation, electron beam

hi§KaReiatLPAr-RRUGhEr E8fpoiiis ] einEOfdE Nbating,
Spin-coating, printing, spraying, and dispensing.
spTRSESLRDRG, NERt LPInEYAROL L QN ANF, &L &4 Fon
The anode material is formed into a film by, for example,
electron beam evaporation, sputtering, chemical reaction, and
coating. The cathode material is formed into a film by, for

example, resistance heating evaporation, electron beam

evaporation, sputtering, and ion plating.

4. Uses

The organic EL element according to the present invention
is suitably used as pixels for a matrix or segmented image
display device with a known method. 1In addition, the organic
EL element is suitably used also as a plane light source without
formed into pixels.

Specifically, the organic EL element according to the
presentinyentionissuitablyusedforapplicationsexemplified
by display devices for computers, television sets, personal
digital assistances, cellular phones, car navigation systems,

video camcorder viewfinders and others, backlights,



10

beam evaporation are suitably used in the case of

| ow- nol ecul ar - wei ght conpounds. I n the case of
whe@koeBecul ar - wei ght conpounds, i nk-jet coatP@mJP2007/067549

Spi n-coating, or printing % sui tably used. The anode

material is formed into a filmby, for exanple,

el ectron beam evaporation, sputtering, chem ca

reaction, and coating. The cathode naterial is forned

el%gtgo?hgkgﬂkgérgtoflfé@fpggioﬁefi§%@n§5hEE¥gjr¥kcording

evaporati o ctron beam evapor I on, sputtering,

.a ion plating. 4 . es. The organi c _EL el eney
1B TR S0 PRE e O UG TG 20 Eablgh hsR e

pixels for a matrix or_ segnmented i nage display device,
s1gntPrar dhofih SREBHRP2IIF adBErdRT IHE TIYTiT gpd optical

el ement is suitably used also as a plane |ight source
cominthdgatfionmed into pixels. Specifically, the organic

EL el ement according to the present invention is

sui tably used for applications exenplified by display

devi ces for conputers, television sets, persona

Examples

The present invention will be further described in detail
with reference to the following Examples, but it should be
construed that the invention is in no way limited to those

Examples.

Synthesis Example 1

<Synthesis of iridium complex (Cl)>
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di gital assistances, cellular phones, car navigation

systens, video cantorder viewfinders and others,
whawkiozyht s, el ect r ophot ography, il lum nation |PghgP2007/067549

sources, recording |ight squrces, exposure |ight

sources, reading |light sources, sign boards, display

boards, interior accessories, and optical

comuni cation . Exanples The present invention will be

further described in detail with reference to the

fol | owi ng"Exanpl es, but it shoul d be construed that

t he i nvendi Lf i o way limted to those Exanpl es.
_F%i}hﬁsis_éiizgiLl is of iridiumconplex (d)
>)=Li (a) (b) (CD Thewe I' be explained with

reference to the above geaction scheme. To a m xture
of 1.6 g (0.24 nol) of lithiumand 200 m of diethyl
ether, 25 g ([0.12 npl) of 4ft;butyl bronobenzene

IrCl3 (H,0)3

—_—

KoCO;3

- ’/Ir
Z N
\I

(C1)
Therewill beexplainedwith reference tothe above reaction
scheme. To a mixture of 1.6 g (0.24 mol) of lithium and 200
ml of diethyl ether, 25 g (0.12 mol) of 4-t-butylbromobenzene
were added dropwise. After 2 hours of stirring at room
temperature, 50 ml of a diethyl ether solution dissolving 16
g (0.12 mol) of 4-t-butylpyridine were further added dropwise,
and the resulting reaction solution was stirred at room
temperature for 2 hours. Subsequently, oxygen gas was blown
into the reaction solution for 30 minutes, and the solution
was stirred at foom temperature for 12 hours. Water was added

to the resulting solution, and then the organic phase was
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were added dropwi se. After 2 hours of stirring at room
tenperature, 50 m of a diethyl ether solution

wale@sokawshg 16 g (0.12 nol) of 4-t-butyl pyri di PET/SRE067/067549
further added dropw se, and ,he resulting reaction
solution was stirred at roomtenperature for 2 hours.
Subsequent |y, oxygen gas was blown into the reaction
solution for 30 mnutes, and the solution was stirred

ex%%aE‘BQHlt WPEFE%qu{ergtszQwe‘?nov%kgr d‘ﬂ@ii@qg%_dLoh%nder
the resulting solution, and then the organic phase

sextracted. After the. solvent S, Irenp

refREN PECh Shranusrrreife ol b ke R HR S o thsins

.obtained by further distillation under reduced
digFeddaFEON SBLEBRHEI FSIRCHT XPEFRS®FE1.0 g (3.7 mmol) of

the conpound (a), 0.65 g (1.8 nmmol) of iridium '

tri EArondde, t2 imixrure oBd -M Jof( 32/emmoxyephaiid campound

20 M of water was heated under reflux for 12 hours.
(aTheOr6Sug t { ng purmexli )picfatie iddsmwashedlwiribiecotthydrate, 60

nmet hanol, and dried under reduced pressure to obtain

m1CROUBHokb: thaftbnaldy/ 2020 BYlwfe Olh¥satddt aenhadaddect1ux
to a mxture of 1.0 g (0.66 nmol) of the conpound (b)

for P» %L&s(l %h@np']eguf:’{ing precipitate was washed with cold
methanol, and dried under reduced pressure to obtain compound
(b) .

Finally, 20 ml of glycerin were added to a mixture of
1.0 g (0.66 mmol) of the compound (b)), 0.40 g (1.3 mmol) of
the compound (a), and 0.25 g (1.80 mmol) of potassium carbonate,
and then the resultant mixture was heated and mixed for 24
hours at 200°C. Water was added to the resulting reaction
solution, and then the resulting precipitate was filtered off
and purified by silica gel column chromatography to obtain
0.58 g (0.59 mmol) of iridium complex (Cl).

Identification results of the compound (Cl) are as fc_>llows.

_ Elemental Analysis

calculated (Cs7H7,IrN3): C 69.05, H 7.32, N 4.24; and

measured: C 68.71, H 7.45, N 4.4¢6

Mass Spectroscopy (FAB+): 991 (M)

Synthesis Examp‘le 2




the conpound (a), and 0.25 g (1.80 mml) of potassium

carbonate, and then the resultant m xture was heated
wa@anasneeesl for 24 hours at 200 OC . Water was BCO&rR0070067549

the resulting reaction solytion, and then the

resulting precipitate was i’ tered off and purified by

silica gel colum chromatography to obtain 0.58 g

(0.59 mmol ) of iridi umcorrpl ex (d). ldentification

ULl IR () 2o 25 10 0

enent al a ySiS ca 7TH721 rN3) : C 69. 05,
H 7.32, N 4.24; and msasur ed: C68.71, H7.45 N 4.46
Mass\S E{(&;);zcopy (FAB+) : 991 (M +) Synthesis Exanp

| e 2<Synthesi's of iridiumconplex (C13)>\-J \ -B(OH)2

e) (CGu®ph:xpl anati on I/ be given with reference to
\{ he abd‘v“é’areactl\on schem®> To a m xture of 10 g (47
| y—of—2=brono ﬂl | pyridine, 6.9 g (47 mmol) of

N4 &i nyl phenyl
(e)

\Ir/ \Ir/ b
L~ ~
X ! ! =
| ]2 | 12 — -
=
K>;CO3
BHT
> Ir.
7 N// \N N
N L~
L 12
(C13)

Explanation will be given with reference to the above

reaction scheme. To a mixture of 10 g (47 mmol) of

5 2-bromo-4-t-butylpyridine, 6.9 g (47 mmol) of 4-vinylphenyl
boronic acid, 1.0g (0.87 mmol) of tetrakis (triphenylphosphine)
palladium and 17 g (0.12 mol) of potassium carbonate were added
50 ml of 1,2-dimethoxyethane and 25 ml of water, and then the
resultant mixture was heated under reflux for 5 hours. An

10 organicphasewasextractedfromtheresultingreactionsoiution.
After the solvent was removed by distillation under reduced
pressure, compound (e) was obtainedbypurificationusingsilica

gel column chromatography.
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boronic acid, 1.0 g (0.87 mmol ) of tetrakis
(triphenyl phosphi ne) palladiumand 17 g (0.12 nol) of

W@ i08s%9983n car bonat e were added 50 m| of 1  PCT/JP2007/067549
, 2-di met hoxyet hane and 25 of water, and then the
resultant m xture was heat ea6 under reflux for 5 hours.
An organi c phase was extracted fromthe resulting
reaction solution. After the solvent was renoved by

di Steleld g%b;gr”pgp?ﬁﬁ bed i?QePEHS\%HFS aSQQ?OHQd (rﬁixi‘.’\@f'e of

obt ai ne |cat| n-usi ng Ssi IC& col um

0 %ﬂ "ﬁqﬁx%r FB%% 67305 porgotgl b Tre Eotbotndires’
(0. 66 mml of the conpounm pr epar ed as
th&b%ﬂ}’épowcﬂbb PFfpéﬁﬁﬁlI&)S DPOPRL AsSP taf BBRaAY ©apgtassium

0.020 g (0.090 mol) of 2 ,6-di-t-butyl-p-cresol, and
carhenagsudndit. 070xg u{0s ORPsmheht ef and-girEredtal-pooresl,
for 24 hours. Water was added to the resulting
andeahti passbtart ani aénd-d kasr Bsattdngnreci piddatbe 288°C for
filtered off and purified by silica gel columm

24chparBat ogiapdy W@ abbalnt 8- &k <1k ngekhcel ohr 81w on

conplex (C13) . Identification results of the conmpound

an@C{%L S %u§%1B8|59@@1plggggewgglff@@éYéaSoff and purified

by silica gel column chromatography to obtain 0.10 g (0.10

mmol) of iridium complex (C13).
Identificationresultsofthecompound(C13)areasfollows.
Elemental Analysis

cglculated (CssHegeIrN3): C 68.71, H 6.92, N 4.37; and

measured: C 68.38, H 7.05, N 4.63

Mass Spectroscopy (FAB+): 961 (M')

Synthesis Example 3

<Synthesis of copolymer (1l)>

In a sealed vessel, 500 mg of the compound represented
by the formula (E2) and 500 mg of the compound represented
by the formula (E14) were charged, and further dehydrated toluene
(9.9 mL) was added. After a toluene solution (0.1 M, 198 uL)
of dimethyl-2,2’'~azobis(2-methylpropionate) (Trade name:
V-601, manufactured by Wako Pure Chemical Industries, Ltd.)

was added, freezing and degassing were repeated five times.
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cal culated (C 55H66IrN3) : C 68.71, H 6.92, N 4.37;
and nmeasured: C 68.38, H 7.05, N 4.63 Mss

wEp@snewstopy (FAB+) @ 961 (M +) Synthesis Examqi/@&P2807/067549
<Synt hesi s of copolyner (1)> In a seal ed vessel, 500
ng of the conpound represented by the fornmula (E2) and
500 ng of the conpound represented by the formula
(E14) were charged, and further dehydrated tol uene

T%§88%€§%1 V‘?&?’:a?%%%ﬁe?%ﬁ exéac?q%ngg%ﬁfetﬁé)lf’gémérp s]oll\dtlon
waby s Bakbr e tSpéa‘n”EﬁTfeb O aIGR T o€ ULEdUrNiY ainfdcaction

free2|ng and degassing were repeated five tines. The
sojusden was adde ddFﬁPVh%%uﬁ?a%‘gotlﬁIe PERIF N ULFIR LN
was stirred at 60 OC for 60 hours. Subsequently, the
a psgctipohasel utTion nwescigtided dmgsnitden ¢wBG@aredofto
acetone to obtain a precipitate. The precipitate was

- rebleniptibpecbadptioi fepaetopi taiconupirg fa icatednsdWweae: of

using a m xed solvent of toluene and acetone, and
to\(l?)éHHmaH&' 8 O¥RENT GRE RAhc®@n0&r 18 aba i SIOPAUYBI°C to

obtain copolymer (1).

The copolymer (1) had a weight average molecular weight
(Mw) 0f 118,500 and amolecular weight distribution index (Mw/Mn)
of 2.60. The x/n and y/n values of the copolymer estimated
from the results of elemental analysis and '’C-NMR measurement

were 0.47 and 0.53, respectively.

Synthesis Example 4

<Synthesis of copolymer (2)>

Copolymer (2) was synthesized similarly to Synthesis
Example 3, except -that 500 mg of the compound represented by
the formula (E2) and 500 mg of the compound represented by
the formula (E14) were replaced by 80 mg of the iridium compound
(C13), 460 mg of the compound represented by the formula (E2)
and 460 mg of the compound represented by the formula (E1l4).

The copolymer (2) had a weight average molecular weight
(Mw) of 75,400 and a molecular weight distribution index (Mw/Mn)

of 2.36. The m/(m + n) value of the copolymer estimated from



The copol yner (1) had a wei ght average nol ecul ar
wei ght (Mw) of 118, 500 and anol ecul ar wei ght
waele@snoedss i on i ndex (Mw Mh) of 2.60. The x/n apdI/y#¥2007/067549
val ues of the copolynmer estjgmated fromthe results of
el enental anal ysis and 13C-NVR neasurenent were 0.47
and 0.53, respectively. Synthesis Exanple 4 <Synthesis
of copol ynmer (2)> Copolymer (2) was synthesi zed
th\%I fgéﬂrﬂ Yok AnE Beshen EX ARG 13 51 sSHXEEPlo PRI m &P Mhent

he conpound represented by the fornmula (E2) and

of e r epr. t t
?4?9\/\&% erlt r ep @g%%%gs,/%%ﬁ%%g geplx?l 58%59%M£ ou2r1)d were
13 4 of the c npound represented by the
0. %g ﬁ%ﬁa gg)ngﬁapﬁgﬁlﬁﬁ %f the conpound represented by
t he fornula (E14) . The copolyner (2) had a wei ght
aver age nol ecul ar wei ght (My) of 75, 400 and a
nol ecul ar wei ght distribution index (Mwv M1) of 2.36.
5 Coffiperativénbynhhésiyal Beamplé he copol yner esti mated
fronthe results of an ICP el enentary anal ysis and

<s¥3EnbvRsmeaSUbBHERhe Wa$3D>040. The x/n and y/n val ues
of the copolymer (2) were 0.50 and 0.50, respectively.

Copolymer (3) was synthesized similarly to the synthesis

of the copolymer (2), except that 80 mg of the iridium complex
(C13) were replaced by 80 mg of the following iridium complex
10 (f).

' The copolymer (3) had a weight average molecular weight
(Mw)of59,900andarmﬂecularweightdistributionindex(Mw/Mn)
of 2.10. The m/ (m + n) value of the copolymer estimated from
theresultsofanICPelementaryanalysisandl%}NMRneasurement

15 was 0.043. The x/n and y/n values of the copolymer (3) were

0.48 and 0.52, respectively.

=
Ir
Z N \N\
N L~
2

®
Example 1
20 A substrate with ITO (supplied by Nippo Electric Co.,

Ltd.) was used. The substrate had two ITO (indium tin oxide)
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Conparative Synthesis Exanple 1 <Synthesis of
copol ynmer (3)> Copol yner (3) was synthesized simlarly
W 00802993y nt hesi s of the copolyner (2) , excepPCT/he00B$7549
nmg of the iridium conplex 3) were replaced by 80 ny
of the follow ng iridiumcornplex (f). The copol yner
(3) had a wei ght average nol ecul ar wei ght (My) of 59,
900 and a nol ecul ar wei ght distribution index (Mw M)
( i e y
LGt RarRa Tram Lhe T anirr G Aol ep ol chafyFyhec on one
anal SIS nd 13 rement was 0.043. The x/n
faced y/n 9a ﬁ%ssg? E/Reggg%%l ynerqlf%femler} %8 and
. respectively e A substrate with I TO
( suEbFFE&Yb;?hﬂla&weEﬁL&&tﬁ%%th £fd e)le\%?’ﬁ‘?éd“as’rfﬁéeated
substrate had two I TO (indiumtin oxide)el ectrodes
withnBdeyzoneachhaivntdier wirgehegf wa thnpxypaadebasmwaefor 30
face of a glass substrate 25 mm square in size.

‘seEbndsl.y, Sthel ahoveheybdtheatsibsitida tleT@aad ectrjedtedwias the

treated
similar plasma treatment for 60 seconds using fluoroform in

place of oxygen. Next, 8.0 mg of the iridium complex (C1)
and 82 mg qf the copolymer (1) were dissolved in 2,910 mg of
toluene (Reagent grade, supplied from Wako Pure Chemical
Industries, Ltd.). The resulting solution was filtered with
a microporous filter having a pore diameter of 0.2 pm to prepare
a coating solution. Then, the coating solution was spin-coated
on the substrate with ITO electrodes at a rate of 3,000 rpm
for 30 seconds. The coating was dried at room temperature
(25°C)forBOndnufestoforma]xmdnescentlayer. The thickness
of the luminescent layer was about 100 nﬁ.

Secondly, the substrate with the luminescent layer was
placed in a vacuum deposition chamber. Calcium and aluminum
were co-deposited in a weight ratioof 1:10 to form two cathodes,
each having a width of 3 mm, lined perpendicularly to the
longitudinal direction of the anodes. The thickness of the
cathodes was about 50 nm.

Finally, lead Wires (wirings) were attached to the anodes

and cathodes in argon atmosphere to obtain four pieces of organic
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with UV ozone, and further treated with oxygen pl asma

for 30 seconds. Still further, the substrate was
wgaieeesl to the simlar plasma treatnment forPGDJP2007/067549

seconds using fluoroformi place of oxygen. Next, 8.0

nmg of the iridium conplex ) and 82 ng of the

copol ynmer (1) were dissolved in 2,910 ng of tol uene

(Reagent grade, supplied from Wako Pure Chemi ca

E}LI Qgﬁrﬁéﬁtgs’eaﬁ;ﬁj 4) 3r ?\ﬁﬁkﬁ!&gzes.m %ﬁmieoge%§t£hjct<$f&9nlc

a m croporous f aving a pore I amet er

eLogeRgt ouR Eﬂ‘emgg‘:é’af' A st By A e @ odaee
| TO el ectrodes_ at _a rate of 3,000 rpm for 30 _seconds.
wifhe BHAFT HyHRLe GFi W RIS ch’rﬁrteé‘er% AFof éTﬁfééP fPRYgied

mnutes to forma | um nescent [ayer . The thickness of
bytARVANFRSTeSesnt ) | ayEre wagiapoae aDoharg leehdkby, medrured

substrate with the |um nescent |ayer was placed in a
wivacauhurlieposed ingrt ccha@eB., Gahcifamcanddabyni opoomeerp. ) .

co-deposited in a weight ratio of 1:10 to formtwo

cat hages, 1 eedwhaHNd uthiedBnelt 3oMBY, | h&LOmum luminance
perpendi cularly to the |longitudinal direction of the

ex@@995§'qagﬁtﬁﬁi859§§§e9éythfhminescence efficiency), and

the time (life) elapsed until the luminance of the element

was degraded by half when the element was subjected to continuous
light emission by applying a constant current to the element
at and an initial luminance of 100 cd/m?, and thereby forced

into deterioration.

Example 2

AnorganicELelementwas fabricatedandevaluatedsimilarly
to Example 1, except that 8.0 mg of the iridium complex.(Cl)
and 82 mg of the copolymer (1) were replaced by 90 mg of the

copolymer (2). The evaluation results are shown in Table 1.

Comparative Example 1

AnorganicELelement was fabricatedandevaluatedsimilarly
to Example 1, except that 8.0 mg of the iridium complex (C1)
were replaced by 8.0 mg of the following iridium complex (g).

The evaluation results are shown in Table 1.



cat hodes was about 50 nm Finally, [ead wres
(wrings) were attached to the anodes and cat hodes in
ware@smesirosphere to obtain four pieces of orge@i/gE007/067549
el enents, each 4 mm by 3 fn size. The resultant
organic EL elenment was allowed to emt |ight by
applying a voltage with a programmabl e DC
vol tage/ current source (TR6143, supplied by ADVANTEST
Cor )71 The lum nance of the el ement was neasured
Wi t [flum nance neter (BM 8, manufactured by Topcon
Cor Table 1 shows the | um nescence col or, maxi num
| um|{ngnderext ernal quantum efficiency (lum nescence
ef fi cy) , and the tine (life) elapsed until the
[ um|n g of the el enent was degraded by half when the
el ement was subjected to continuous |ight em ssion by
appl yi nggya constant current to the elenent at and an
initial lumnance of 100 cd/m 2, and thereby forced
into deterioration. Exanple 2 An organic EL el ement
was fabricated and evaluated simlar |y to Exanple 1

ca&@@@gklbaagxgm 18920f the iridiumconplex (C) and 82
of the copolymer (1) were replaced by 90 ng of the

AnorganicELelement was fabricatedandevaluatedsimilarly

to Example 2, except that 90 mg of the copolymer (2) were replaced
by 90 mg of the copolymer (3). The evaluation results are

shown in Table 1.



copolynmer (2). The evaluation results are shown in
Table 1 . Conparative Exanple 1 An organic EL el enent
woawshzg9ss cat ed and eval uated simlar 1y to EXeapieodr/q67549

except that 8.0 ng of the irkidiumconplex (C) were
replaced by 8 .0 ng of the oIIovv| ng iridium conpl ex
(g) . The evaluation results are shown in Table 1

. Conpar ative Exanple 2 An organic EL el ement was
fabricated and eval uated simil arly to Example 2 ,
except that 90 ng of the copolynmer (2) were replaced

by 90 ng of the copolynet (3) . The evaluation results
are shown in Table 1. Table 1CLAIMS 1 . An organic

el ectrol um nescence el enent conprising: a substrate; a
pair of electrodes forned op the substrate; and one or
pl ur al ~of ganj c | ayerls fornmed between the pair of the

el ecr Adess sai @ ordaBi ¢ Bayer containing a

| umi Hegca | ay&t, whereifl {he |uminescent |ayer
cortal-ﬁs a” phosphor escent—cpnpound represented by the

f ol Lawi nty ninula( ) and a : ' :

{

{

5
4
.6
2

Luminescence
efficiency
(%)

6
3]
5
5

Luminescence
color
Green
Green
Green
Green

8.0 mg
8.0 mg

+

(Cl)
82 mg

(g9)
82 mg

(1)
(2)
(copolymer containing the

Coating material
(1)
(3)

structural unit derived from
the iridium complex (C13))

Iridium complex
Iridium complex

Copolymer
Copolymer
Copolymer
Copolymer

Example 1
Example 2
Comparative
Example 1
Comparative
Example 2

Table 1
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charge-transporting non-conjugated polyner, in the

formula (1) , RL to R8 each are independently hydrogen
wa@ewsozo3an al kyl group having 1 to 20 carbon BECDIRD07067549

plurality of the alkyl groyps may be |inked with one

another to forma ring; at T"east two of RL to R8 are

each the al kyl group; and at |east one of the alkyl

groups is an al kyl group having a tertiary or

quaternary a-carbon atomgramglhe Organic

el ectrol um nescence el enent accordi ngto claim1 ,

wherei n 8l| of the ﬁﬁk I gyoups are eacT an gl&ﬁ% C e
groap havP'ng & 1T 9 aﬁ‘gy}r JuafterTary &= tArBon- dtom S $Y:
. The organic el ectrol um nescence el enent according to
cl aPmgPStHAERei n all of the al kyl groups having a
tertiary or quaternary a-carbon atomare each a
t er gi peyrbofyelgroupdes formedremanilee substrate; and
el ectrol um nescence el enent conprising: a substrate; a
pai onef oel gt rodesrJarired agre rish€ ogmbdt bateeceantdheonsa or of
plural organic |ayers forned between the pair of the

th|§| e%eegsateswsgi@rs@@aﬁi& VLY FUBHMAhP a luminescent

um nescen

layer, .
wherein the luminescent layer contains a phosphorescent

compound represented by the following formula (1) and a

charge-transporting non-conjugated polymer,

in the formula (1), R' to R® each are independently hydrogen
atom or an alkyl group having 1 to 20 carbon atoms; a plurality
of the alkyl groups may be linked with one another to form
a ring;

at least two of R! to R® are each the alkyl group; and

at least one of the alkyl groups is an alkyl group having

a tertiary or quaternary a-carbon atom.

2. The organic electroluminescence element according
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| ayer, wherein the |um nescent |ayer contains a

non- conj ugat ed pol yner having a structural unit
wa@leswze33 rom a phosphorescent conpound repr eSRCIL/ERROWY067549

the followng fornula (2), «,n the formula (2), Rl1 to

R18 each are independently a hydrogen atom or an al kyl

group having 1 to 20 carbon atons; a plurality of the

al kyl groups may be linked with one anothert o forma

tor&fglmaf vﬁ%sxteltnwaqu B]‘% éoaﬁ]ﬁ r%u‘f%cgrtehga@hkéﬁll alkyl

group; at least oné o e al kyl groups |s an a kyl

ou haVI n t rt1 ar uat er nar Om
orfh8 RaV B " Er e A e S ALY G S L

group conS|st|ng of hydrogen atom an al kyl group

having 1 to 20 carbon atons, and an al kenyl group

having 2 to 20 carbon atons; the hydrogen atom of the

al kit grBopsonagnbe eleetreliuminesEence ml it Agterding

functional group; a plurality of the al kyl groups nay
tobeldimked whidre imne lanof hgre tad Kydr mraupisngavand attertiary

| east two of R21 to R28 are not hydrogen atons; and at ‘

or!| gaste PREr Pf o FRrdch Ra%nl Sirdheaahkyl tgroudry abut EBSfroup.

4. An organic electroluminescence element comprising:

a substrate;

a pair of electrodes formed on the substrate; and

one or plural organic layers formed between the pair of
the electrodes, said organic layer containing a luminescent
layer,

whereiﬁ the luminescent layer contains a non-conjugated
polymer having a structural unit derived from a phosphorescent

compound represented by the following formula (2),

R22
R21 R23
\|r R24
L— \N N R25
|
R8N\ “R26
2 R27

(2)

in the formula (2), R to R'® each are independently a
hydrogen atom or an alkyl group having 1 to 20 carbon atoms;

a plurality of the alkyl groups may be linked with one another
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one of whose hydrogen atons is substituted with a
pol yneri zabl e functional group, or the al kenyl group.
WG 2008/093%r gani ¢ el ectrol um nescence el enent aPCDIRMOOTNGTS49
toclaim4 , wherein at least two of R11 to R18 are
each a tertiarybutyl group. 6 . The organic
el ectrol um nescence el enent according to claim4 or 5
, Wherein the non-conjugated pol yner further contains
asgtrugt gg@%;;unit derived fromat |east one kind of
pol ynmeri zable conpound sel ected fromthe group
consisting,of a hol grntransportin I rizable ]
conﬁct)ut%ﬁagﬁdfcgﬁei)gc F orot riangpr)gr F‘Eé %ggyﬁerﬂygagfgup'
conmpound. 7 . A display device equipped with an ,
or g&hi %e%%&%PénFﬁ%s%}é‘erle géPélﬁgn%ga%fbﬁﬂd‘iY&ggFBUBn?PVlng
one of claims 1 to 6 .
a tertiary or quaternary oa-carbon atom;

t

O

R*! to R?® each are independently selected from the group
consisting of hydrogen atom, an alkyl group having 1 to 20 -
carbon atoms, and an alkenyl group having 2 to 20 carbon atoms;
the hydrogen atom of the alkyl groups may be substituted with
a polymerizable functional group; a plurality of the alkyl
groups may be linked with one another to form a ring; and

at least two of Rﬁ'to R?*® are not hydrogen atoms; and

at least one of R?*!' to R*® is the alkyl group, at least
one of whose hydrogen atoms is substituted with a polymerizable

functional group, or the alkenyl group.

5. The organic electroluminescence element according
to claim 4, wherein at least two of R!! to R!® are each a tertiary

butyl group.

6. The organic electroluminescence element according
to claim 4 or 5, wherein the non-conjugated polymer further
contains a structural unit derived from at least one kind of
polymerizable compound selected from the group consisting of

a hole~transporting polymerizable compound and an
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electron-transporting polymerizable compound.

7. A display device equipped with an organic

electroluminescence element according to any one of claims

5 1 to 6.



